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D Series Linear Family

EG&G Reticon's D Series image sensgrs are high-speed,
self-scanned, charge-coupled photodiods (CCGPD) arrays.
The D Series Family, consisting of the STANDARD-D,
VALLE-D, FAST-D, and LOLIGHT-D image sensors, allows
the designer to select just the right device for a particular
application. Typical applications include aptical character
recagnition, document scanning, mspection, pattern recog-
nition, noncortact measurement, and other applications
requiring high guality, broad spectral response imaga acqui-
silion.

Key Features

+  Antiblooming

Video data rates up to 30 MHz

High phito sensitivity

Wide dynamic range

266,612, 1024, and 2048 clements

12 wm x 13 um and 13 um x 26 pm picture slements
Low power consumption

Wide spectral response (UV 10 near IR}

General Description

The D series family of image sensors features the CCPD
architecture which combines the best features of CCD and
photodiode tachnology. The CCD read-out structure allows
very high speed, low nogise operation. The photodiode
sensing slements provide supsrior light sensitivity, especially
in the blure and near-LV portion of the spectrum.

The STAMDARD-D davice is the nominal compeanent of the
D series family. It operates atdata rates upto 20 MHz, has
13 pm x 13 pm pixels, and features very high dynamic
range. The YALUE-D device is a lower cost versign with
all the same features as the STAMDARD-D, but has a
maximum data  rate of 10 MHz and slightly reduced
dynamic range. The FAST-D device is specified for
operation at data rates up to 30 MHz. The LOLIGHT-D!
device is a wide aperture version featuring 13y x 26p pixels
for higher photo sensitivity.

Functional Description

The sensing elements for the D Series Linear CCPDs are a
row of diffused p-n junction photodiodes spaced on 13 um
centers and interdigitated into a sensing aperture 13 pm
wide (26 pm for LOLIGHT-D). The photodicde sensing
clements provide very broad spectral response while the
COCD readowt registers and output buffer amplifiers aliow
very low-noise signal extraction. Figure 1 shows the pinout
configuration and Figure 2 is a& simplified schematic
diagram. Figure 3 shows the aperiure response function
and sensor geometry. The dimensions shown in Figure 3
are as follows: the photodicde diffusion width a is 7 um, the

Charge-Coupled
Photodiode Array

-]

!

g _1 ‘ 2l eq

Ve 12 ¢ M|l REC

g _3 ‘ 00 8,

Bgg 4 | B VW

Ve 5 1 8|l s

Vaur je 7w

8Be T 7 181 SBx

Vape _ B ‘ ‘ 150 Vom

viD; J9 ©oaf vip,

Vig 9:0 3l Voo

Ve O | \ 2|l GND

L

Figure 1. Pingut Configuration
* {Pin 17 Is N/C tor ALO25GD, ¥, for all other D
Series devices)

center-to-canter spacing & 15 13 prt and the aperture widih ¢
is 13 pm or 26 um. Note that the entire 13 pm {dimension &)
produces phetocurrant which divides bstween the two
diffusions, with most of the charge going to the pixel nearest
tha site of the photan absorption.

In addition, D Series Linear devices contain an antiblaoming
gate which can be used to sither sLppress blooming or to set
the integration period independent of the fine rate. That
allows these devices to be used over the widest possible
range of lighting conditions.

Light incident on the sensing aperture generates a
photocurrent which is integrated and stored as a charge on
the capacitance of sach of the photodiodes. If the chargs
accumulated on any dipde exceeds a saturation value, the
excess is shunted to V,, threugh the antiblooming gates,
contralled by V, . to control blooming effects. Refer te Figure
2

The antiblooming gate is biased at a DC potential which is
below that of the junction barrier and transfer gate @ “low”
barrier. When the signal charge reaches the level set by
the antiblooming gate, the excess will be sunk into V,, thus
preventing blpaming.

At the end of each integration period, the charges onall the
diodes are simultaneously swiched through transfer
gates, o, into one of two GGD analog shift registers for
readout. The odd numbered diodes are switshed into one
registar and the evan diodes into the other. Immediataly
after this parallel transfer, a new integration perod begins.

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 84086-4197  (408) 738-4266  FAX: (408) 738-6979
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Figure 3. Senser Geometry and Idealized Aperture

Readou is accomplished by clocking the CCD shift
registers so that the charge packets are delivered sequen-
tially into two on-chip charge-detection circuits. The
registars deliver the charge packsats to their outputs on
alternale clock phases, allowing the inactive charge detecior
to be reset 1o a fixed level, ¥V, while the opposite detector is
active. The outputs of the two detectors may then be
multiplexed off-chip if a singls continvous video autput is

——— 88, j

2; i A_ {External to the Chi)

degired. Each video signal is developed accross a 2-5K02
resistive load, R,

Operation

D Series devices reguire two complimentary shift register
clocks, 2, and @,, and a transfer gate pulse. g., for normal
operation. An additional transfer pulse, &, is raquired if a
scan byuffer output is desired. The clocks and their timing
relationships are shown in Figure 4. The videe ocutput and
scan buffer outpui, 3B, are alse shawn in Figure 4,

The scan buffer output provides two markear bits; the first
pulsa coincides with the first video element, and the second
with the last vidso element. The scan buifer output is
obtained by differencing 5B, and SB,, through a differential
amplifier. The circuit shown in Figure & will provide the
retjuired interface between the device’s scan buffer output
and its paripheral TTL circuit. Use of the scan buffer at
higher speeds is not recommended. t may be defeated
by applyingOVio o

The transfer pulse should swing between -3 and +5V and
must have a width greater than 0.2 psec. In order to
transter the charge from the photodiodes into the CCD
register, the @. clock must remain high during the blanking
and transfer interval {sea Figure 43, The odd and aven video
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D Series Linear Family

oufputs are also shown in Figurs 4. Tha odd and even
output reset clocks, B, and &, ara derived from the same
sgurces as @, and g, and are nominally synchranous with
tham. Figurs 10 shows the schematic of a typical voltage
drive circuit for the D Series.

Antiblogming and line reset operation may be accemplished
by applying & small positive voitags to the antiblcoming
gate, V. Theactual biasvalues vary from device to device.
Antiblooming requires & DC bias of typically 1 - 3V. Line reset
requiras ¥V, to be clocked to lypically 2.5 - 4 5V for ap-
proximately 1 ps. Using line resat may significantly increass
nonuniformity.

Figure 9 shows typical wvides oulput waveforms as
measured across a 3KQ load resistor.  Relative timing is
indicated inrelationtoa, andw, clocks. The rise and fall times
indicated are relative since they are affected by capacitive
lzading, including oscilloscopa probe capacitance.

A high speed amplifier output circuit such as shown in
Figure 5 is not required but is recommended to reducea the
leading effects of extermal circuit capacitance. This will
rasult in video rise and fall timas of 50 ns o lass.

Performance

Spectral respense of D Sarigs devices cpvers the range
from UV o the near 'B. A ground and polished glass
window is provided on the STANDARD-D, VALUE-D, and
FAST-D devices. A guartz window is provided on
LOLIGHT-D devices. Relative spectral response is shown as
a function of wavelength in Figure 7.

Since most applications for these devices {OCR, machine
vision, eic.) uss visible light, the responsivity and uniformity
of response are specified using a light sourge with the
spectral distribution shewn by tha dotted line in Figure 7.
This spactral distribution is produged by filtering a 2870°K
tungsten source with a Fish-Schurman HA-11 heat absorb-
ing 1 mm thick filter.

Transfer charactaristics showing the noise level and satura-
tian output voltage can be seen in Figure 8, Since Reticon
line scan devices cperate in the charge-storage moda, the
charge output of each diede (below saturation) is propor-
tional to exposure; ie., tha iradiance or light intensity
multipliad by the intagration time or tha time interval betweasn
successive transfer pulses. Thus, there is a trade-off be-
twean scanning speed and requirad light intensity. Light
intensily in watts needed to saturate a pixel at a particular
integration tima can be obtained by dividing saturation
exposure by intagration time. Thus, langer integration times
may be used to detect lowar light levels. However, this
approach is ultimately limited by dark leakage current
which is integrated along with the photocurrent. At room
temnparature, dark current will typically contribute less than
0.1% of a saturated signal for an integration time of 5 msec.

Drive Clrcuit

The circuit shown in Figurs 10 will interface a TTL level
contral circuit to D Seres COPD devices. !t will ensure that
the &, and @, clack transitions cross at or above the
midpoint; i.e., 50% clock crossing or higher. The supply

10 -
{ Quartz Window /">
; Rasponga )

Relatve Hasponss

Weualengih (nmj

Figure 7. Relative Spectral Response as a Function of
Wavelength
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]I
.47 1.0

Figure 8. Typital Transfer Characteoristics

voltages tothe &, and o, clock drivers, devices 3and 4, are
as follows: V=0V or ground and ¥ = +12V,

The clock drivers, devices 1A and 1B, will provide voltage
swings consistent with thase given in the specification table,
The supply voltages to device 1A are ¥V, = +5V, pin 6 and
W = -4V The supply voltapes to device 2A ara V,, = +12V,
pin B, and ¥, = +5V. (Note: Both supply pins are positive to
keep the minimum swing 1o +5¥.)

Evaluation Board

A complete evaluation circuit board (RCO730LNN) is avail-
able for the D Series and is recommended for first-time
avaluation. The board contains all reguirad logic and drive
tircuitry and has buffered outputs capable of operating at
data rates up to 20 MH=z.
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Table 1. Array Bias and Clock Level Requiremants

Symbel Parameter Min Typ Max Units
Voo Resel drain bias +11 +12 +13 Y
Voo Output drain bias +11 +12 +13 Y
Vi Input bias +11 +12 +13 v
Ve Antiblooming drain +11 +12 +13 v
Vi, Antiblooming gate

Disabled -1 0 +1 v

Antiblooming active +1 +1.7 +2.5 v

Lina reset active +25 +3.5 | +4.5 v
Vo Substrata bias -6 -5 -4 v
@, @, CCD transport clock

High +11 +12 +13 v

L =1 0 +1 ¥
@ Transfar clock

High +4 +5 +6 v

Low -4 3 -2 v
&, Transfer clock scan buffer

High +11 +12 +13 Vv

Low +4 +5 +6 v
Ve Receiving gate -1 0 +1 v
Vea DG input seanning +11 +12 +13 W

“Min and Max valuss shown represent the allowable tolerance to maintain normal
opsaration and ara not absolute min and max values”.

Table 2. Absolute Maximum Ratings
{Above Which Useful Lite May Be Impaired)

Storage temparature

Operating temperature

Valtage on any pin with
raspact to substrate

-25°C to 85°C
-25°C ta 55°C

-0.3V to 22

Table 3. Linear D Serles Array Capacliance Values '

Typical Capacltance (pF}

Piit No. Symbal RL2043D RL1024D RLOS12D ALO2560
1, 20 . 280 T35 80 A0
3,18 -3 280 135 &0 40
4 O 25 13 B 6
7,16 S8, 5B, 5 4 4 3
9, 14 VID,, VID, 5 4 4 3
10 " 14 14 14 14
22 @, 85 31 18 12
Notes:

' Measured with raspect to devica substrate {pin 6) with a DC. bias voltage of +12¥
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Table 4. Array Performance Characteristics

CONDITIONS: {unless ctherwise specified)
T,=25"C.f_ =400KHz t_=10ms, R, (at video output) = 3KG, ¥, , = 2V, Light Source = 2870°K + Fish Schurman HA-11,

1 mm filter. All other gperating voltages are nominal, as specified in Array Elactrical Characteristics
First and last pixels of @ach vidso output ars ignored

Symbol Parameter Min Typ Max Units
LK,. Lynamic range '
Standard-D, LaLight-D 2600:1 - -
Value-D, Fast-D 2000:1 - -
DR, Dynamic range
Standard-D, LoLight-D - 13000:1 - -
Value-D, Fast-O - 10000:1 -
E.. P-to-P noise equivalent exposure - A8 - njfcrme
LoLight-D .09 njem?
Epar Saturation exposure a0 47 63 Wjfcmz
Lolight-D A5 24 32 wjfem?
R Responsivity 20 2.7 3.3 Vipjfomz
LoLight-D 4.0 5.4 6.6 Yinifom=
PRMNU Photorespanse nonuniformity «©
0256 | ° - 3 8 1%
0512 | = - 3 3 =%
1024 | = - 3 10 +%
2048 | ¢ - 5 12 %
L' Average dark signal 5% - 03 25 %
Y Maximum dark signal ** - 08 s %
V.- Saturation output voitage 0.8 1.3 1.6 v
F DC Power dissipation 5 - 126 - myw
M. Peak-to-peak noise - 0.5 - my
Yoa Output DG reset level® - 70 - W
Yoo Qutput DC dark level* - 87 - i
Z, Cutput impedance® - 2 - 14
Y, Video output balanca? - 20 80 my
Output DG drift = - 10 - mweC
{7 Maximum guaranieed video data rate”
Value-D 10 - - MHz
Standard-D and LoLight-D 20 - - MHz
Fast-D 30 - - MHz
Notes:

' Dynamic range is defined as ¥_, /M, ., RMS noise is approximately N_ /6

Measured at an exposure level of approximately V,, /2. PRNU is defined as 100°[(V __ -V W, Jwhere V__ is

output of highast pixel (toward V_). ¥__is output of lowest pixel (towards dark) and V__is the numerical

average of all the pixels in the video line

Y Measured at ambient temperatures Ta = 25°C, t, = 2.5 ms. Defined as 100* (¥ V ) where V_is the numerical
average of the output of all pixels in dark and V_ is the numerical average of all pixefs in saturation.

1 Measured at ambient temperature T =25"C, t = 25ms. Defined as 100" {V_/_)where ¥ _ is the pixel with

the maximum gutpui of all pixels in dark and V_ is the numerical average of all of pixals in saturation

Measured with device in the dark

% Measured with cutput current of 2 mA

f.. 5 defined as Z times | where f, |

limited by increases in dark signal.

& Dark signal approximately doubles for each 7-10°C increase in temperature

¢ Defined as the difference in de dark level output (D) batwesn the two vides cutputs

ra

is the frequency of the B, or e, clack. The minimum frequency is
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Package Dimensions RL0256D
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Figure 11. Package Dimenslons
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Figure 11. Package Dimensions {cont'd)

Package Dimensions RL2048D
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Ordering Information
Standard-D Value-D Fast-D LoLight-D Evaluation Board
ALOZEGDAG-011 RLOZG6DAG-020 ALOZE6DAG-D2 RLOZEBDKO-011 RCOT30LMN-011
RLOS12DAG-011 RLOG12DAG-020 BLOS12DAG-021 RLOS12DKO 01 1 RCO730LNN-0O11
RL1024DAG-011 RL1024DAG-020 RL1024DAG-021 | RL1024DKQ-011 | RCO7I0LNN-D11
RL204BDAG-011 RL204B8DAG-020 M RL24BDKCH-011 RCO730LNN-O11

The quartz window supplied standard on LoLight-D devices is available as an option for all D Series devices.
For options, consult EG&G Reticon.
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D Serles Tapped
High Speed Charge-Coupled |

Intrgduction

EG&G Reticon's RL12820, RL1284D and RL12880 are ultra-
high-speed, self-scanned charge-coupled linaar arrays with
vidao output faps every 128 diodss. The RL1282D has two
sactions and a resolution of 256, the AL1Z840 has four
sections and a resolution of 512, and the RL12880 has eight
sections with 1024 resclution.

Applications for these arrays include optical character
recognition, high-spasd document scanning, pattern
racognition, noncontact measurement, or any Process
requiring a high-speed linsar array.

Key Features

« 256, 512 or 1024 elements

= 18 um x 18 um picture elements

= Low powsar requirements

+15 and -5V supplies

On-chip preamplifier

Wide dynamic range

Low noise aguivalent exposure

Video sampling rates up to 15 MHz par sutput thanng!
Effoctive data rates to 240 MHz

4.2 s line scan time

Wide spectral response, near UV to naar IR
Antiblosming circuitry

Line reset featurs

L T |

Funetional Description
The RL12820, RL1284D, and RL12880 have 256, 512 and

1024 contiguous diodes respectively, divided into sections of

128 pixels. Each block of 128 pixsls has two shift registers
for readout, ore for odd-numbered pixels within & section
{odd videa channel), ths other for sven-numbersd pixsls
within a saction [even video channel). Tha RL1282D,
RL12840, and RL12880 have, raspectively, 4, 8, and 18
CCD analog shift registers and the same number of video
output lines. Each video putput has a preamplifier and can
obtain pixel ratées up to 15 MHz. Pin configurations are
shown in Figure 1. Figure 2 is a simplified schematic
diagram.

The sansing slemants consist of a row of diffused p-n
junction photodicdes spaced on 18 um centers and
interdigitated into a sensing apsriure 18 um wide. Figure 3
gives the aparture response function and sansor geometry
where a = 11 pm photodiode diffusion width, 5 = 18 um
cantar-to-center spacing, and ¢ = 18 pm apearture width. Light
incident an the sensing aperture ganerates photocurrent
which iz integrated and stored as a charge on the
capacitance of each of the photodiodes. If the charge
accurnulated on any diode exceeds a saturation valus, the
antibiooming gates g turn on, shunting the sxcess to tha
rasat drain VRp (see Figure 2) thus reducing blooming
affects.

Photodlode Array
m— S ——
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HC o7 [E| i Fan

Figure 1. Pinsut Configurations

At the end of each intagration pariod, the charges on all the
diodes are simultanecusly switched through transfer gates,
o1, into CCO analog shift registers for readout. The
photodiodas of agch 128 slement saction are dividad, with
the 64 odd diodes switched into one register and the 64 aven
dipdes inta the other. Immediataly aftar this parallel line
transfer, a new integration period bagins.

Readout far sach block is acpomplished by clacking the CCD
shift ragistars so that the charps packets are delivarsd
sequentially inte two on-chip charge-detsction clreuits (refer
to Flgure 5 for timing). The registers daliver the charge
packets alternately, allowing the inactive charga dstactor {o
be resst to a fixed level of age o agn while the opposita
detector is active. The outputs of the two detectars may then
be multiplexed off-chip 1o obtain & stepwise-continusus video
signal.
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Figure 2. Schematic Dlagram
Operation
£ The O Series Tapped arrays require two clock phases, a4
g and @z, a transfer gate pulse, a1, and several bias inputs (all
& P 2 N1 N voltage references are to commaon or ground level). The oy
E and g, dlock waveforms should swing between 0 and +15V.
‘% The two-phase clock waveferms are depicted in Figure 4 with
0 5,' waveforms crossing at the 60% amplitude level. Tha clack
Dislance crossings must ocour at or above B0% (see Figure 4). The
B @4 and 22 clock crossings must ocour at or above §0% (see
_.l‘: ;.-‘ " Figure 4). Likewiza, the B4/ore and ea/ore clock crossings
T 7T z T ET must oceur at or below 50% for maximum performance. For
& g 118 : sash His high-speed operatian, the rise and fall should be less than 30
L 3 fae % e g nanoseccnds, with no over- or under-shooting on the clock
£ ¥4 X e LLEd edgas.
1 3 -1 N

Figure 3. Sensor Geametry and ldeslized Aperture
Response

T,=Tys 3% na

Figure 4, Two-Phase Clocks

The transfer pulse, o, should swing between -3 and +5V and
have a width greater than 0.5 psec. In order {0 transfer the
charge from the photodiodes imo the CCD register, the g,
clogk must remain high during the blanking and transfer
interval, as shown in Figure & This same figure alse shows
gre. the even reset clock, and its relationship to 24 and oz
clocks, as well as the odd and even video outputs. The
output reset clock, ege, can be derived from &3 and the even
raset clock, re. can be derived from @4, providad the clock
crossing requiremants described above are met.

A bias charge level is required in. tha CCD registers to cbtain
operation.  This charge is supplied by biasing the Vige and
Viag inputs 1o the registers with a positive voltage which s
nominglly set at 8.5V. Also, in order to balance the de output
levals of the two registers, ona input level can be adusted
relativa to the other. Resistive dividers {potentiometers} may
be used since very little current is raquired.
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Note: Rise & Fall time of @, 0p, 8 & 8gE see Figura 4
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Figure 5. Timing Relationship of the Array’s Clocks and Output
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Figure 6. High-speed Video Qutput Buffer

The optimum cutput gate bias voltags, Vg, is betwesn 4
and 8.5V and varies from device to device. Since the output
gate draws nagligible current, it may be biased using a simple
resistive voltage divider.

The substrate, ¥gyg, i3 hseld at -5V, the cammaon refarence
and the antiblooming gate, aap (if not used), are at ground,
and the output amplifier drain, Vpn, is at +15V. The VRg
gate is used for test purposes at the factory and is normally
set at +10V during operation.

The reset drain, Vrp, normally is set to 2.5V bslow Vpp (386
Tabls 3). In some applications, it may be desiratie to define
an integration period shorter than the readout tims.  This may
be accomplished by resstting the diodes with ths
antibloaming gate. At the desired reset time, dap is pulsed to
+3.5¥ nominal (2.5 - 4.5V) for at least one psec and then
back to ground. Ths integration period is then the time
between the trailing edge of the oag pulsa and the trailing
adga of the naxt Bt pulse. At low voltages (typically 2-3V),
dapg drains off saturatioh charges. This can ba used to
aliminate blooming effacts. With the cutput at saturation, eap
i increased from ground until the output voliage begins to
decrease. At this point, charge in excess of saturation is
shunted to VRp.

A suitable high-spsed video output cirouit is shown in Figurs
8. This circuit is preferable to a 3KL load resistor because it
reduces the current demand while maintaining speed
capabilities.

Performance

Spectral response of the D Series Tapped arrays is similar to
that of gther high-quality silicon photodetectars, covering the

Array
‘/ Spectral
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1 ]
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Wavalarigth {nm]

Flgure 7. Relatlve Spactral Response ag a Function of
Wavelength

range from near UV to near IR. A quariz window is standard.
Relative spectral response is shown as a function of
wavelangth in Figure 7.

As most applications for these devices {OCR, machine vision,
atc.) use visible light, the responslvity and unifermity of
response are spedified using a source with the spectral
distribution shewn by the dotted line in Figure 7. This
spaectral distribution is produced by filtering a 2870°K
tungsten source with a Fish-Schurman HA-11 heat-abserbing
1 mm thick filter.

Transter characteristics showing the saturation output valtage
can ba seen in Figurs 8. Since Reticon line scanners oparate
in the charge-storage maode, the charge output of sach diods
{below saturation) is proporticnal to exposure, be., tha
irradiance or light intensity mutiplied by the intsgration tima
or tha time interval between successive transfer pulses.

There is a trade-off between scanning speed and the
raquired light intensity. Light intensity {watts}, needed to
saturate a pixel at a paricular integration time, can be
oblained by dividing saturation exposure by intagration time.
Lohger integration times may be used to datett lowar light
levels. Howevor, this approach is ultimately limited by dark
leakage current which is integrated along with the
photasurrent.

Wideo Qutput waveforms shown in Figure 5 typify video
output performance as measurad across a 3K load rasistor.
The rise and fall times ara relative since they are affected by
capacitive loading, including oscilloscope probe capacitance.
For data rates greater than 3 MHz, an output circuit such as
Figure 6 is recommended and video rise and fall times of 50
ns or less are typical.

Circults

A complete evaluation circuit board is available far the D
Seties Tapped arrays (RL1284 and RL1288, only} and is
recommendad for firsttime avaluation. The RC0716 Board
contains all required drive circuitry and has buffsred outputs
capable of spaads to 10 MHz/tap.




D Series Tapped

a
2 Table 1. Absolute Maximum Ratings
{&hove Which Useful Life May be Impaired}
10—
= Storage temperature -25°C tu 100°C
—_ Operating temperatura -25°C to 55°C
: Voltage on any pin with -0.3V o 22V
i respect fo substrate
o~ : . i
— 2 v diem P
> = i
E_ E Table 2. Typlcal Clock Capacitance *
= 1 ——
© ] . Clock Capachtance (pF)
N ]
= | | L1282 RL1284 RL1288
—_— ]
—_ : )
- &9 65 137 186
] oo 64 143 163
o o ' 65 155 187
]
001 : , . 24 65 120 194
T TTIT T TTTmn T T 7T et 19 42 56
0.4a01 0.4t a1 10 8RO 7 11 18
Exposure { Jiom 5 BAR 18 18 18
BRE | 2] 13 19
T ]
Flgure 8. Typleal Transfer Characteristic * Measured with 10V applied to the terminal
Table 3. Drive and Voltage Requirements 1
Sym Parameter Min Typ Max Units
VRD Resat drain bias 2 11.5 125 13 y
Voo Output drain bias 145 1.5 15.5 v
Voo Output gate bias 3 4.0 8.5 8.5 v
Vig Input gata bias 4 6 7.8 9 v
BAR Antinlooming gate 5 - 0 - v
Vsue Substrate bias -5.25 -5 -4.75 vV
@4, do GO transport clocks 14.5 15 185 ¥
03 o] +0.5 v
aT Transfar clock  High 5 7 15 ¥
Low -5 -3 -2 ¥
ERE. TR Resat - Migh 14.5 15 15.5 W
eRE. @A Clocks - Low -0.3 0 +0.5 W
VRG Receive gate 9.5 t0 10.5 Vv
Telack Video sampling rate 8 - 15 MHz
Notes:

1

2
Kl
4

o

All voltage referenced to COMMON. Use typical valuss for best performance.
Optimum device performance is achieved when Vg is set to 2.5V balow V.

The optimum bias level for Vg varias from devics to device,

Tha odd and aven input gate biases may be adjusted differentially to achieve an odd/even balance
in the video output.

See text.
Maximum effective array data rate is as follows (15 MHz per video output); RL1282D = 60 MHz;
RL12840 = 120 MHz, RL1288D0 = 240 MHz,
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Table 4. Array Performance Characteristics (@ 200 kHz, 25°C)
(Use Typical Voltages shown in Table 3)

Sym Parameter Min Typ Max Unita
DRFPM Dynamic ranga FPN 1.8 240 1500 -
DRTN Dynamic range thermal noise 2 1200 THOC I
ENE Peak-to-peak noise aquivalent axposure 3 - 0004 wfem?2 :
Egar Saturation exposure 3 0.45 0.7 Hifem2
Spectral response range limits - 0.2-11 - wm
R Responsivity 3.4 2.0 2.4 . V per pjcm2
Photoresponse nonuniformity:
Individual output 358 5 10 %
Match across array 2.5.7.8 7 15 %
VDark Average dark signal & - 05 4 my
FPN Fixed pattern noise © - 1 5 my
WYgar Saturation output voltage 1.2 1.5 - W
= Power dissipation DG 4 - 600 - Y
Ro Output impedance - 1500 - 0
Npp Peak-to-peak noise 2 1 5 my
Dark level DC mismatch 150 400 my
{output to output}
Dark level ¥ 8.0 W
CTE Charga transfer efficiency 89995
Notes:

1 Dynamic range defined as Vgayp-p fixed pattern noiss
2 Dynamic range defined as Y¥ggy/single pixel rms thermal noise; rms noise is defined as 145 of p-p noise
3 Measured using 2870°K light source of Figure 7. Filtared with Fish-Schurman HA-11 heat absotbing filter
4 3K load resistors and Vpp = 14.5¥
S Measured with unifarm illumination at approximately 50% of saturation
6 At 20°C with 1 msec integration time. Dark signal and dark signal nenuniformity are proportienal to integration time, and
appraximately double for every 7°C increase in temperature
See Figure & for output schematic
8 Calculated as:  + % NU = [Max Diode - Avg./Avg.) x 100
- % NU = {Avg. - Min. Diode/Avg.) x 100
% Caleulated as: X - Y/X whara X and Y are the average outputs of any two taps of the arrgy, and X is tha output of greater amplitude,
output is defined as the difference between the diode dark level ang the diods level in the light.

-
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Packaging Dimensions RL12820

4808 mm
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Figure 9. Package Dimensions
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Fackaging Rimensions AL1ZBED
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| L
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Figure 8. Package DHmensions (Continuad)

Ordering Information *

Part Number

Evaluation Board

RAL12820A0-111
RL1284DAG-111

i RL1283DAQ-111

Mo Board Availabie
RGO716LNB-020
RCO716LNB-011

* Includses standard devices. For options, consult

EGA&G Reticon sales offices.

_.,|

=== 0,100+ 0.0

15 Equal Spaced & 100 - 1.500 = 00— =

155-0044
Qctobar 1991

£ 1531 EGEG RETICON, Gomeants may nof ba repeocuced In whole of In part wihout the weitten consenk of EGaG FETICON. Spectications ara suect te changa withoud notica. Printed in
W.8.A. Intbrridtion lwtished hersa it beksvad 1o be acsural and reliable. However, no mspensibilly |s dssumed by EGEG RETICON tar s uss, nor 160 any irfingemant «f patama or ather

tighte of third parties which may result from it usa. N licensa is grented by implicalicn. or stharwise e any patenl of palen; sghis of BGREG RETICON
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G Series
128, 256, 512, and 1024 Elements

Introduction

EG&G Reticon's G Seres solid state line scanners are opti-
mized for sscond-generation solid stats image sensor appli-
cations, Devices in this series sontain 128, 2566, 512 or 1024
photodiotias on 25 um centers {the ALO128G, RLO2564G,
RLOS12G, and RL1024G, respectively). Applications includa
optical character recognition, pattern recognition, facsimite and
noncantact measurement.

Kay Features

On-chip driver and parts of video processing circuit
Simplicity of use — single-phase TTL clock (opan collector
TTL or CWMOS 5Y)

Several units can be directly cascaded for higher reso|ution
Differential cutput for on-chio noise cancellation

Charge storage mode operation for high sensitivity
Standard dual-inline ceramic package with aptical window

General Description

The Reticon G series is a family of monolithic self-scanning
linear photodiode amays. The devices in this seties consistofa
row of silicon photodiodes, each with an assoclated junction
capacitance on which to integrate photocurrent and multiplex
switch for pefiodic readout via an integrated shift register
scanning circuit. Theshift registerclock driver is alsa integratad
30 that only a single-phase TTL clock is required for scanning.
A row of durmmy dicdes is read out differsntially with the
photodiodes to allow cancellation of multiplex switching fran-
sients, and to provide a clean video signal with & minimur of
extarnal circuitry. The 512 and 1024 devices are designed for
low-cost facsimile applications and can easily be cascaded for
extremely high resolution by optically dividing the field of view
between two or more devices. The 128 and 255 element
devices ara well suited for OCR applications. Any of thess
devices may be used for noncontact measurement and in-
spection depending on the required resojution.  Finout ¢on-
figurations are shown in Figure 1.

Equivalent Circuit

A greatly simplified equivalent circuit of a G geries line scanner
i shown in Figure 2 -, Each cell consists of a photodiode and
a dummy diode, both with an associated junction capacitance.
These diodes are connected through MOS multiplex switches to
video and dummy recharge lines which are comrnon to all the
calls. The switches are sequentially closed for ane clock paripd
by the shift register scanning circuit, thereby recharging each
cell to 5Y and storing a charge of approximately 3 pC on its
capacitance. The scanning circuit is driven by a single-phase
TTL clock with a pericdic TTL start pulse introdueed to initiate
each scan. Tha cell-to-cell sampling rate is the clock frequency,
and the total time between ling scans is the interval between

NEG Supply
Start
NG
NG
POS Supply 12| End of Scan
Buffer Supply 11 |Dummy Recharge
Yideo Aecharge 10 | Recharge Gate
Video Buffer | 8 9 Dummy Bufter

RLO128G & RL0256G

WO W
-
m
st
Q

18| NG

17| Clock

18| Ground

15| POS Supply

End of Scan

t3| NC

12| NG

11 | Dummy Recharga
10 | Recharge Gats

RLO512G

NEG Supply
Start

NC

POS Supply
Buffar Supply
NC

Video Recharge
Video Buffar
Dummy Buffer

o3 RN N T AN
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NEG Supply
Start

Grourd
17| POS Supply
16 |End of Scan
MG 15| HC
Video Recharge 14 | NC
Video Buffer | 10 13§ Dummy Recharge
Dummy Buffer [ 11 12 | Recharge Gate

RL1024G

FQOS Supply
Buffer Supply.

=
]
O Dt W N =
-
o

Figure 1. Pinout Conflgurations

start pulzes. During this line time, the charge stored on sach
photodiode is gradually removed by photocurrent. The pho-
tocurrent is the product of the diode sensitivity and the light
intensity or imadiance, The total charge removed from each cell
is the product of the photocurrent and the ling time. This charge
must be repiaced through the video line when the diede is
sampled and reset once each scan.

* In the schematic diagram of Figure 2, the block labeled “shift
register scanning circuit” consists of two two-phase dynamic
shift registars and a drive circuit which gernerates four clock
phases and two propedy fimed start pulses to load the two
registers. The individual cslls are actually interdigitatad with the
odd elements being sampled by one register, and the even
numbered colls by the other register.

345 POTRERQO AVENUE  SUNNYVALE, CALIFORNIA 940864197  (408) 738-4266 FAX: {408) 738-6379
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G Series

The part number (RLO128G, etchindicates the number of diodes
in the various devices. The diodes are on 25 ym centers in all
cases. Thedevices are packagedin 16, 18, or 22-pin dual-inline
integrated circuit packages with ground and polished optical
windows.

In addition ta the signal charge, switching transients are capaci-
tivaly coupled inte the video line by multiplex switches, Similar
translents are introduced into the durmmy line and, therefore,
they can be reduced and & clsaner signal recovered by reading
out the vidso and dummy knes differentiafly.

In many applications, the recharge gate is biased tothe negative
supply potential and an output signal is obtained simply by
differentially amplitying the recharge pulses on the vidso and
durntmy recharge lines. However, intemal buffer amplifiers are
also provided which may be used as part of a sample-and-hold
video cutput circuit.

Sensor Geometry

In G line seanners the light-sensing area is a long, narow
rectangular region defined by an apertura In an opagque mask.
Bar-shaped photodiodes extend across the aperture and are
connacted i the multiplex swiicheg burled under themask. The
antire aperture is photosensitive. Photocurrent genarated by
light incident betwesn photodindes will be collecied by the
naarest diode. Figurs 3shows the aperture geometry along with
an idealized response function which would be cbtained by
szanning a point source of visible light along the length of the
aperture.

The dimensions a, &and ¢ indicated in Figure 3 are as follows:
the photodiode width a is 15 um, the center-fo-center spacing
B ig 25 pm, and the aperture width £ is 26 pm.

Sensitivity and Spectral Response

The spactral responss of the G series devices is similar to thal
of other high-quality silicon photedetectors, covering the range
from tha near UV tc the near IR. A glass window is standard;
however, an optional guartz window is available. Relative
spaciral responsa is shown as a function of wavelsngthin Figure
4, Note that relatively high sensitivity is maintained even in the
blua end of the spectrum because there is no interfering
structure covering the dioda. As most applications for these
devices (OCR, fax, etc.) utilize visible light, the sensitivity and
uniformity of response are specified using a source with the
spectral distrbution shown by the dotted ling in Figure 4. This
spectral distribution is produced by fitering a 2870°K tungsten
source with a Figh:-Schurman HA-11 heat absorbing filter 1 mm
thick.

Since RAsticon line scanners operate in the chargs storage
mode, the charge cuiput of each dicde (below saturation) is
proportional to exposure, i.e., the irradiance or fight intensity
multiplied by the integration time or the tima interval between
successive start pulses. Thus, thate is an obvious trade-off
hatwaer scanning speed and the raguirad lightintensity. A plot
of charge oulput versus exposure is shown in Figure & for the
light source of Figura 4.
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Figure 2. Simplified Equivalent Clreuit
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Figure 5. Signal Charge per Cell as a Function of Exposure
(Light Intensity x Line Scan Time}

Uniformity of response along the length of a photodiode array
is a function of wavelength. Devices tend to be less uniform at
lang wavelengths (IR} and more unifarm at shart wavelengths
fvisible). The nonuniformity specifications of the G series are
kased on the light source of Figure 4,

Dark Response and Dynamic Range

There are three components to the dark output signal from a
Reticon line scanner: {1) the integrated dark ieakags current,
2} the fixad pattern noise caused by incornplets cancellation of
clock switching transients which are capacitively coupled into
the video line, and (3} the random pixsl roise.

The dark leakage current will vary from element to element but
is typically less than 2 pA at room temperature, Assuming this

value, leakage currentwould contribute an cutput charge of 2pC
with a 1 sec lina time or .08 pCwith 240 ms line time, Thus, since
the saturation charge is typically 4 pC, dark current will contrib-
ute about 2% of the saturated output signal for t = 40 ms, 3.2%
forty =4ms, andso on. Thedark currentis avery strong function
of temperature, approximately doubling for every 7°C increase
of photodiode ternperature. Thus, the maxirmium allowable line
time becomes correspondingly shorter at high temperatures,
and longer at low temperatures. An important feature of the G
device design is low power dissipation which means that self-
heating is negligible. Dark current does not become a limiting
factor inthe dynamicrange unless very longintegration times or
highly elevated termperatures are used.

The switching noise appears as a fixed pattern which is spatially
random exceptthatitmay have a slight 1, 2, 3, 4 pattern because
alternate diodes are sampled on different phases of an inter-
nally-generated, four-phase clock. Fixed pattern noise is lasgely
removed by differential readout; its residual amplitude will
typically be 1% of the saturation levet,

Pixel noise is the randgm, nonrepafitive fluctuations which are
suparimpased on the dark level andis the ultimate imiting noise
which cannct be removed by signal processing. s s value
will generally be amilifier imited at a vatue lessthan about 0.1%
of the saturation level, depending on the noise bandwidth and
preamplifier used.

The dynamic range that can be achieved depends on circuit
complexity and layout techiniques. Care must be exercised in
circuit layout to provide for adequate ground plane, circult
deenupling, and avaidance of electrostatic pickup.

+5Y +5V
Clie | 100K
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Adj. ’ Clock
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Figure 6. Clock and Counter Circuit Suitable for Generating TTL Clock and Start Pulses. The nuimber of clock perlods
between start pulses may be set at any value up to 4096 by setting the switches
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G Series

Drive Requirements

Two powar SUpplios 1o the array are raquired—nominally +5and
-10V. Theclock and starttiming signals may be at TTL level, and
may be supplied from other parts of the system or generated by
using a simple circuit such as that shown in Figure 8. In this
circuit, the stant pulse is obtained by counting clock pulses. By
setting the appropriata switches, the number of clock perieds, i,
betwean start puises may be set at any desired value greater
than or squal to N, the numbar of slements in the aray.
However, the tolal time batween start pulses t| = n/fg should not
excesd approximately 40 ms {at room temperature) to pravent
integrated dark current from making a significant contribution to
the outpul charge.

A timing diagram showing the relationship between the clock
and start pulses and the video and end-of-line outputs is shown
in Figure 7.

Signal Extraction

The video output of the G devices is a train of N charge pulses
flowing onta the video recharge line and durmmy recharge line
capacitances during each secan, with timing as shown in Figure
7. The pulses on the dummy line contain switching transients
onty; those on the videaline contain switching transients plusthe
video signal. An output circuit is required which is capable of
differentially amplifying these pulses tc a useable voltage level.
Twao types of amplifier circuits are in common use: (1) asimple
differential current amplifier, and {2} a video ling intagration,
sample-and-hold circuit. The former has a pulss output while
the latter has & boxcar output waveform.

Current Amplifier

A simple differential currant amplifier circuit is shown in Figure
8. The same circuit can be used on all G saries devices. Inthis
moada of operation, the recharge gate is biased ON by connect-
ing it to the negative supply and the signal is obtained through
the wideo dummy and recharge lines. The unused buffsr
amplifiers are biased OFF by connacting all pins to the positive
supply. An axample of the vidso output of the circuit of Figure
B is shown in the oscilloscope photegraph of Figure 9.

Integrate, Sample-and-Hold Amplifier

A simple buffer mode operation circuit and its associated timing
diagram are shown in Figure 10a and 10b. This allernative
signal processing scheme makes use of the internal buffer
amplifiers and racharge switches. Immediately after the multi-
plex switch is closed to sample a diode, the voltags changs on
the video line is sensed through the buffer amplifier, and
sampled and hald. The recharge gate is then pulsed negative
to reset the video line before the next diode is sampled. The
rasult is a sampled-and-held boxear videao signal such as that
shown in Figure 11,

End-of-Scan

An output pulse is provided when the next-to-last element ig
sampled by the shift register scanning circuit. This end-of-scan
output is provided primarily for test purposes. When notin use,
it sheuld be connected to the positiva supply to avoid introduc-
tion of unwanted “glitches” into the videa. In some applications,
however, it may be desirable to use the end-of-scan output. tn
these cases, it is recommended that the voliage excursion on
the: end-of-scan terminal ba minimized by using a circuit such as
that shown in Figure 12. This figure shows a common appli-
cation in which the end-of-scan output of one array is used to
generata the start pulse for & second array. The timing is such
that the last slement of the first array and the first element of the
second array are sampled on successive clock pulses.

Circuit Cards

Brirted circuit cards containing all required drive and amplifier
circuitry for eperating G series salf-scanning photadiode arrays
are available from Reticon. These circuits are highly recom-
mended fer first-lime array evaluation. |n many cases they are
also useful for design inta final equipment,

Two families of gircuit cards are available, comesponding to the
twa amplifier configurations described earlier. Both cireuits are
complets except for pawar supplias and have the flexibility to
operate over a wide range of scan rates and integration times.

RCO3N0 Series. These boards incorporate the alock and
counter circuit of Figurs & and the ampilifiar circuit of Figure 8.
They provide a pulse type output such as that shown in Figure
9 and give good performance at lpwest cost. The boards are 3
inches square and have mounting holes in sach corner on 2.6-
inch centers.

RCO0100 Series. These circuits provide an integrated, sampled-
and-held boxear eutput such as that shown in Figure 11. Thay
are racommendsd for high-performance applications which
require this type of output wavetorm. Each circuit is divided inte
two boards—a standard “motherboard”, which contains most of
the circuitry, and a small “array board”, which cortains only
those components which must be located close tothe array. The
array board may be pluggsed directly inta the motherboard or can
ba extended up io 30 inches away via an optional ribbon cable,

The motharboard {RCH10ILNB) is 4.5 x 6.4 inches in size and
is terminated by a standard 22-pin edge connector. The amay
boards (HCU1 04L) are 3 inches sguare and have mounting
holes in each corner on 2.6-inch centers. A different amray board
is reguired for each array type.
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G Series

Table 1. Electrical Characteristics (25°C)

| Min | Typ | Max | Units
Fositive supply voltage Ve 1 . +45 +5 | +55 | ¥
Negative supply voltage Vi, \ -10.5 -10 8.5 v
Clock voltage low Yot q05 | o | 1| v
Clock voltage high Ve Vp-1 +5 Vp v
Start voltage low Vg -10.5 ‘ 0 +1 W
Start voltage high Vg V-1 +5 Vp W
Recharge gate valtage low Vi, -10.5 ’ -0 | 85 | v
Rechargs gate voltags high Ypp Vp-1 +5 Vp Y
Clock pulse width 0.2 | - - us
Start pulse width See Figure 7
Clock freguency fcs - - 1 MHz \
Integration time t, - - 40 ms
Clock input capacitance CCZE - 4 \ - pF
Start input capacitance Cg - 4 - | pF \
Video line capacitance Cy 2 ‘
RLO128G - 8 - \ pE ‘
RLO258G - 12 - pF
RLOS12G - 20 - l pF |
AL1024G - 30 -\ pF
]. End-of-scan output resistance - 5 - K
DC power dissipation * - a5 - ‘ m

Test Condltions:

A, Typical supply parameters used
B. Light source of Figure 4

C. Clock frequency = 500 kHz

0. RCO100L seres cireuit used

Notes:

1 No terminal should ever be allowed o go mare pasitive than Vp

2 Jeasured with nominal power supply voltages

3 Integration time can be longer if the array s cooled and/or if the application
can tolerate a larger percentage of dark signal

4 Mostly due to use of on-chip buffers. When recharge mode is used {buffars
biased off), power dissipation is on the order of 1 mW

Table 2. Electro-Optical Characteristics (25°C)

Min N Typ Max Units

Diede center-te-center spacing - 25 - wm
Diode aperture width - 28 - um
Photodiode sensitivity 1 - 25 - pCALNemE
Noruniformity of sensitivity 1 I

RLo128G - 7 10 %

RLO256G - | 7 10 | %

RLOS12G - g i1 1%

RL10240G - 12 14 +%
Saturation exposure 1 - 18 - pdiem2
Saturation chargs -4 - pC

Note:
' Measured using light source of Figure 4 neglecting first 2 and |ast 2 dicdes

Absolute Maximum Ratings

J Min | Max | Units []
Valtage on any terminal Wp-20 ‘ Vp v |
Storage temperature -55 | 4125 W2 L
Temperature undet bias -55 ] +85 G !
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* Includes standard devices. For options, consult your local sales offices,
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H Series
Salid State Line Scanners |
1024, 1728 and 2048 Elements

The Reticon H Series devices are high-resolution solid state
image sensors designed specifically for facsimile and related
appiications. These monolithic silicon intagrated circuits con-
lain a row of 1024, 1728 or 2048 photodiodes on 15 um centers,
together with shift register scanning circuits for sequential
readout. The RAL1728H and RL2048H allow high-resolution
facsimile using only a single devics to read a full 8.5-inch pags
width. The AL1024H may be used for lower resclution require-
ments,

Key Features:

High resolution—up to 2048 elements on 15 pm centers
Internal scanning for serial video output

Diffsrential cutput to reduce fixed-pattarn noiss

Charge storage mode operation for high sensitivity
Requires unly simple extérnaf circurtry using standard com-
ponents

+ Standard dual-inline package with optical window

LI I

General Description

The Reticoen H series is a family of monolithic self-scanning
linear phetodiode arrays. The devices in this series consist of a
row of silicon photodicoes, sach with an associated junction
capacitance and muitiplex switch for penodic readeut via an
integratad shift register scanring circuit. The part number of
each device indicates the number of elementsin the array fe.q.,
1024 or 1728). H series devices have elements on 15um {0.58
mil) centers. The sensing area is defined by an aperture which
is 16 um wide and rung the full length of the array.

The devices are packaged In 18- or 22-lead dual-inline inte-
grated eircuit packages with ground and palished optical win-
dows. Pin configurations for the H devices are shown in Figure
1 and package dimensipns are shown in Figure 12,

Equivalent Circuit

A simplified equivalent circuit of an H series line scanner is
shown in Figure 2. Each cell congists of a phetosensor and is
connected through an MOS transigtor switch (o a common video
autputline, The switchas are tumead on and off in sequancs by
tha shiit registar multiplexing circuits, thareby periodically re-
charging each cell to 5V and storing approximately 2.2 pC on its
intrinsie junction capacitance. The multiplexing circuits are
driven by six ctock phases which are easily generated from a
TTL master clock which sets the cell-to-cell sampling rate.
During the lins scan tims, the charge on each junction capaci-
tance is gradually ramoved by the raverse current flowing in the
photodiode.

The reverse current is made up of two components:  the
photocurtent and the dark leakage currant. The photocurrent is
propartionalto the lightintansity or irradiance. Duringaline sean
time, the charge removed from each cell is the product of the
photocurrent and the line time. This charge must be replaced
through the video line when the diode is sampled once each
scan. Thus, the output signal obtained from each scan of an N
elament array is a train of N chargs pulses each proportional to
the: light @xpesure on the corresponding phetodiode.

Video [1* 18| Dummy Yideo Vidao | 1* 22| Dummy Video
Ground | 2 17| NG MG |2 21| NG
NG| 3 18) End of Sgan MG 3 T 20| NC
POS Supply |4 T 15{ POS Supply Ground | 4 § 15| End of Scan
N05§14NC NC|s B 1[N
6|6 & 13|a, FOS Supply | 6 E 17} POS Supply
&7 12|ey il=} i} § 1B[NG
P N 1Y - a,|8 E 150y’
NG5 10] 5tan a9 14|a@y
a, |12 13[ag
NG 11 12] Slart

Figure 1.
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Sttt Regisler ri L pomive
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[t—— A .
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Flgure 2. Equlvalent Clrcult

The H seres devices also contain a row of dark dummy diodes
which are in ane-tg-one correspondence with the sensing di-
odes. By sampling the sensing dicdes and the dark dicdes
differentially, switching fransients associated with the multiplex
awitches are reduced. This givas a high quality videa signal with
a minimum of extemal circuitry.

Sensor Geometry

In the H series ling scanners the light sensing ares is a long,
naraw ractangular region defined by an apertura in an opagque
mask. Bar-shapad photodiodes extand across the aperturs and
are connected to the multiplex switches buried under the mask.
The entire aperture is photosensitive; photocurrent generated
by light incident between the photodiodes will be collected by the
nearsst diode. Figure 3 shows the aperture geometry and an
idsalized response function which would bs obtained by scan-
ning a point source of visible light along the length of the
aperture,

The dimenszions &, b, and cindicatad in Figure 3 ara as follows:
the photodiode width & is 7 um, the photodiode spacing bis 15
um and the aperture width ¢ is 16 um. Wide apearnura H Series
devices with dimensions ¢ = 300 um are availabie in 1024 and
2048 elements. They are the RL1024HDC and RL2048HDQ,
respactively.

345 POTRERC AVENUE  SUNNYVALE, CALIFORNIA 94086-4197  (408) 738-4266 FAX: (408) 738-6973
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H Series
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Figure 3. Sensor Geometry and Idenlized Aperture
Response Function

Sensitivity and Spectral Response

The spectral response of the H series devices is similar to that
of other high quality silicon photodeteciors, covering the range
from the near UY to tha near IR. A giass window is standard for
arrays with & 16 pm aperture while arrays with the 300 pm
apénture have a quartz window. Relative spectral response is
shown as a function of wavelength in Figure 4. Note that
relatively high responsivity is maintained even in the blue end of
the spectrum becausa there is no interfaring structure covering
the diode. As most facsimile related applications for those
devices use visible light, sansitivity and uniformity of response
are specified using a source with the spectral distribution shown
in the dotted line of Figure 4. This spectral distribution is
produced by filiering a 2870°K tungsten source with a Fish
Schurman HA-11 heat absorbing, 1 mm thick filker.

Since Rsticon line scannars operate in the charge storage
mods, the charge oculput of each diode (below saturation) is
proparticnal to exposure, i.a., the irradiance or light intensity
multiplied by the integration time or the time interval belween
successive start pulses. Thus there is &n obvious trade-off
betwesn scanning speed and the required light intensity. Plots
aof charge output versus exposure are showh in Figure 5 far the
light source of Figure 4 and the amplifier circuit of Figure 8.

Unifonmity of response along the length of a photodiods array is
& function of wavelength. Déavices tend to be less uniform atlong
wavslangths (IR) and more uniform at short wavelengths {vis-
ible). The nonuniformity specifications of the H series are based
on the light source of Figure 4,

Dark Response and Dynamic Range

There are three components 1o the dark output signal from a
Reticon M series line gcanner: (1) the integrated dark leakage
current, (2} the fixed pattern caused by incomplele cancellation
of clack switching transiarts betwaen the sensing and dummy
diodes, and (3) the random pixel noise.

The dark leakage current will vary significantly from element te
element but is typically 1.0 pA per diode at room temperature,
Thus, dark current wilt contribute about 2% of the saturated
output signal for ty = 40 msec, 0.2% for | = 4 msec, and 50 on.
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Figure 4, Relative Spectral Response as a Function of
Wavelength. Dotted Line Shows Spactral Distribution of
Light Source Used for Sensitivity Measurements. Quartz
and Glass Windows Have Similar Response Except the
Glass Window will Fall Off at Approximately 300 nm as
Shown Above.

The dark current is a very streng function of temperature,
approximately doubling every 7°C. Thus, the maximum allow-
able line time becomes carrespondingly shorer at high tem-
peratures and longer atlow temperatures. An important feature
of thesa devices is tha low power dissipation, which means that
self-heating is neghigible.

The switching transients are very nearly cancelled by the
diffgrential cutput. Residual uncancalled transients will result In
a fixed pattem which is about 1% of the saturated output signal
for unprocessed video.

Pixel noise is the random, nonrepetitive fluctuations which are
superimposed on the dark level, and is the ultimate limiting
neisa which cannot be removed by signal processing. Its rms
value will generally be amplifier imited ata value lestthan 0.1%
of the saturation leve!, depending on the noise bandwidth and
preamplifier used.

Tha dynamic rangs that can be achievad is circuit depandent,
Care must be exercised in circuit layout to provide for adequate
ground plane, circuit decoupling, and avoidance of electrostatic
pickup. The typical dynamic range for the RL1728H array
operating in the RC1728H/LN low noise avaluation circuit is
375:1 when measured as a ratio of the saturation output to the
peak to peak dark fixed pattam. The typical dynamic range is
3000:1 when the saturation level is compared to the ms noise
on each pixel.

Drive Requirements

Six clock phases are required to driva the H serios devices and
a properly timed start pulse is required to initiate each sean.
Figure & shows the proper timing of the input clock and start
signals. Note that @4 and @2, and @'y and 2°; are two pairs of
complementary squars waves. The ¢y and o clocks are
complamentary, butare not square waves, Diodes are sampled
on the negative going transitions of o, @p, #°p, 8p, 81, Bp_8"1.
The start pulse timing is noncritical excepi that it must be
negative for ene positive going transition of a1 and the following
positive going transition of ¢'y. The number of master clock
periods n between start pulses is arbitrary excapt that itmust bs
edual to or greater than N when N is the number of elernents in
the array.
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Figure 8. Suggested Amplifler Circuit

A suitable drive circuit forthe H serias devicas is shownin Figure
7. The start count n may be sst at any value up to 4096 by
closing Ihe appropriate $8t of switches on the 9316 counters.

Signal Extraction

The video cutput of the H series devices is 4 train of N charge
pulses lowing onto the video line capacitance during each scan
with tirning as shown in Figure 6. Supetimposed on the video
signal are periadic switching transients which are introduced by
the multiplex circuitry. Since similer transients also appear
without the signal on the dummy video line, the twa cutputs may
be amplified differentizlly to obtain a cleansr video signal. Two
types of amplifier circuits are in common use: (1) a simple
differenfial current amplifier; and {2} a video line integration,
sample-and-hold gircuit. The former has a pulse output while
the latter has & boxear output with greater signal to noise ratic,

Current Amplifier~Circuit Card
RC1024L and RC1728L

These circuit boards, available from Reticen, ingorperate the
drive of Figure 7 and the amplifier circuit as shown in Figure 8
{using the Reticon CA10A op amp connected as a differantial
amplifier). They provide & pulse type vidso output as shown in
the oscilloscope photograph of Figure 9.

Integrate, Sample-and-Hold Amplifler—Circuit Card
RCD100L Serles

I this alternative signal processing scheme, the output charge
pulses are integrated on the video and dummy line capaci-
tances. The woliage change on these output lines is then
amplified differentially, and sampled-and-held for one master
clock period.  After sampling, the output lines are reseét to
integrate the naxt charge pulse. The resultis a sarmpled-and-
held-boxear video signal such as that shown in Figure 10.

Tha RCO100L circult cards are recommended for high perfor-
mance applications which require this cutput waveform.

Circuit cards are highly recommended for first-time array evalu-
ation. In many cases they are also useful for design inta final
equipment. Thay contain all required drive and amglification
circultry for operation of the H arrays. These circuits, complote
axcept for power supplies, have the flexibillty to operats overa
wide range of scan rates and integration times.

—.

= TEpF

Figure 8. Oscilloscope

Figure 10, Oscllloscope

Photegraph showing Photograph showing
Video Cutput of Flgure 8 Sampled-and-Held Boxear
Video Sighal

End-of-Scan Output

An end-of-scan output pulse is provided when the last two
diodes arg sampled. This end-of-scan output is provided
primarily for test purposes and, if not in usa, it should be shonted
externally to the +5Y supply. In those cases where the end-of-
scan pulse is usad, the voltage excursion of the end-of-scan pin
should be minimized by using a circuit such as that shown in
Figure 11. The timing of the end-of-scan output is shown in
Figura 6.
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Figure 11. Suggested End-of-Scan Qutput Circuit
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H Series

Table 1. Electrical Characteristics (25°C)

Table 2. Electro-optlonal Characteristles (25°C)

Min | Typ | Max | Units Typ Max Units
Positive supply voitage Vp 1 4.5 5185 |V Number of sensors
Clock voltage high Yep Vp-1 5| Vp V' RL1024H, Hf20 1024
Clack voltage low Vi, 75| 7|85 |V AL1728H 1728
Start voltage high Vg ¥p-1 5| vp |V RL2048H, H/z0 2048
Start voltage low Vg -7.5 -7 -5 vV Center-fo-center spacing 15 Lm
Sampls fraquency fg 3 | MHz Apertura length
Clock input capacitance 2 RL1024H, H/20 1.536 om
(Phases 1, 1,2 29 HL1728H 2592 cm
RL2048H 65 pF RL2048H, H/20 3.072 o
RL172BH &0 pF Aperture width
RLt024H 35 pF H 16 o
Clock input capacitance 2 H/20 200 o
{Phases A, B) Sensitivity 1
RL2048H 140 pF H R:] pAUWICm?
RL*728H 125 pF Hi20 12.0 nA/uWemz
RL1024H 75 pF Nonuniformity of
Video line capacitance Cy 2 : sengitivity *1.2:4.5
{Active and dummy} H, Hf20 10 15 | +%
RL2048H 70 pF Saturation exposure !
RL1728H ] pF H 3.0 wliem?
AL1g2aH 35 pF Hr20 2 whem?
End-of-scan output Saturation charge
resistance 5 K H, Hi20 22 pC
Dynamic range 2
Additional test conditions: drive and amplifier circuits as H, H/20 ara
shown in Figures 7 and & at 600 kHz sample rate Average dark leakage 2 4| %

Notes:

1 No terminal shouid ever be allowed to go more positive
thar Vp

2 Capacitange measured at 5V bias

-

Nonuniformity is £11% maximum on 1024 arrsys, £15%
maximum Qn all others.

Additional test conditions: drive and amplifier circuits as
shown in Figures 7 and 8 at 600 kHz sample rate

Matas:
1

2
3

Specifiad for light saurce of Figure 4

Neglecting first 4 and |ast 4 dicdes

RL1728H measured in RC1728H/LN circuit board at 1 MRz
scan rate neglecting first 4 and tast 4 diodes. Dynamic range
iz defined as the ratic of saturalion signal to peak fixed
pattern noise in the dark.

% of saturated output at 40 ms integration time a1 25°C
Clock crossing 75%, rise and fall ime 10 ns to 100 ns
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Absolute Maximum Ralinga

Min Max Units

Woltage on any terminal Vp-20 Vp Vv
Storage tempesrature 55 | +125 “C
Temparature under bigs 55 +85 “C
Winctow Cuanz Window
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Figure 12, Packaging Dimensions of RI.1728H {Left) and RL1024H (Right). The RL2048H is similar to the RL1728H
except the Aperture is 1.209 and the Overall Package Length Is 1.8 rather than 1.8.

Ordering Information *

Evaluation Board
Crdertng Number Current Amplifier Integrate, S/H Amplifier
RL1024HAG-011 RC1024LNN-G11 RCO100LNB-011/RCO107LNN-011
RL1024HDOQ-01 1 RG1024LNN-011 RGO100LNB-011/RCO107LNM-011
RL1728HAG-011 RC1728LNN-011 RCO100LNE-011/RCOT108LANN-011
BL2048HAG-011 RC1728LNN-011 RCO1Q0LNB-011/RCC108LNN-011
RL2048HDO-011 RC1728LNN-011 RCO100LNB-011/RCO108LNN-011

* Includes standard devices. Far options, consult your local sales office.
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S\ EGzG RETICON

K Series
Wide Aperture Linear
Photodlode Array

Introduction

The EG&G Rsticon K Seriss linear photodiode arrays are
designed for applications that reguire higher sensitivity and
wider dynamic range than is availabla with square slement
geometries. Devices in this series contain 128, 296, 512 or
1024 photodiodes on 25 um centers.  Typical applications
include HPLC, conventional spectrascopy, and noncontact
rneasurement in robotics and factory automation.

Key Features

128, 266, 512 or 1024 elements

Wide 250 um aperura for highar sensitivity

Single-phase TTL clock {open collector TTL or 5% CMOS)
On-chip driver

Diffarantial sutput for on-chip noise cancellation

Packaging

Devices are packaged in 16, 1B or 22-pin dual-infine |C pack-
ages with ground and pelished quartz windows. The pinout
configurations are shown in Figure 1 and package dimen-
signs are shown in Figure 11,

General Description

The devices consist of a row of silicon photodiodes, each with
an associated junetion capacitance on which to integrate pho-
tocurrent, and a multiplex switch for periodic readout via an
integratad shift register scanning circuit.  The shift register
clack driver is also integrated so that only a single-phase TTL
clock is required for scanning. A row of dummy diodes is
read out differentially with the active photodiodes to aillow
cancellation of multiplex switching transients and to provide a
clean video signal with @ minimum of extemal circuitry.

A simplified equivalent circuit of a K Series photodiode array
is shown in Figure 2.

Each cell consists of an active photodicde and a dummy
photodiode, both with an associated junction capacitange.
These diodes are connected through MOS multiplex switches
1o active video and durnmy video recharge lines that are comn-
moen ta ali the cells. The switches are sequentially closed for
one clock periad by the shift register scanning circuit, thereby
recharging each cell te 5Y and storing a charge of approxi-
mately 4 pC on its capacitance. The scanning circuit is
driven by a single-phase dynamic shift register (actually two
registers in parallel, one for even-numbered diodes and the
other for odd-numbered diodes) and a drive circuit which gen-
erates four clock phases and two properly-timed start pulses
to load the two registers, The individual calls are actually
interdigitated with the odd elerments being sampted by ane
register and the even-numbered ceils by the other register,

NEG Supply | 1 16 | Clock
Start| 2 15| NC
NP3 14| Ground
NC |4 13| NG
POS Supply |5 12 | End of Scan
Buffer Supply | § 11 | Dummy Recharge
Video Recharge |7 10 | Recharge Gate
Video Buffer | 8 3 | Durnmy Buffer
RLO12EBK & RLOZ56K
NEG Supply | 1 18 |NC
Start| 2 17 { Clock
NC (3 16 | Ground
POS Supply | 4 15|POS Supply
Buffar Supply |5 14 | End of Scan
NC (& 13|NC
Wideo Recharge | 7 t2|NC
Video Buffer | & 11| Dummy Recharge
Dummy Buffer{ g9 10 | Recharge Gate
RALO512K
NEG Supply |1 22 yNC
Start |2 21| Clock
NC |3 20| NC
NG |4 19| NC
NC |5 18 | Ground
POS Supply |6 17| POS Supply
Buffer Supply (7 16| End of Scan
NG| & 15 |NC
Video Rechargs |9 14| NC
Video Buffer[10 13 | Dummy Recharge
Dummy Buffer| 11 12 | Recharge Gate

AL1024K

Flgure 1. Plnout Configuratlons

Clack End of Sean
z:] Snifi Reglater Scenning Cireult l_—cv MEG Supphy
Start Chamrroy Butfier

Durreny Dlodes G\,.[
LR ] _'_ Buffar Supply
+ Auminy Reehange
Vider Aechargs
CV_L Aachargs Gata
a4+ a0
Phatodindes T
H—o Video Butler
—————0 FOS Supply

Figure 2. Simplified Equivalent Circuit
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K Series

The celi-to-cell sampling rate is the clock frequency, and the
integration time is the interval between start putses. During
this line time, this charge stoted on sach photodiods is gradu-
ally removed by photocurrent. The photocurrent is the prod-
uct of the diode sensitivity and the light intensity or irradiance,
The total charge removed from each cell is the product of the
photogurrant and tha lina time. This charge must be replaced
threugh the vidao line when the dicde is sampled and reset
once each scan.

In addition to the signal charge, switching transients are ca-
pacitively couplsd into the active video line by the multiplex
switches. Similar transients are introduced into the dummy
video line and therefore can be reduced {and a cleanear signal
recovered) by reading out the active video and dummy video
lines differentially.

In many applications, the recharge gate is biased to the
negative supply potential and an cutput signal is obiained
simply by differentially amplifying the recharge pulses on the
active video and dummy video recharge lings. Howewver, in-
termal buffer amplifiers that are also provided may be used as
patt of a samplg-and-hold video output circuit.

Sensor Geometry

In the K line scanners, the light-sensing area is a long, nar-
row rectangular region defined by an aperture in an opague
mask. Bar-shaped photodiodes extend zcross the aperture
and are connecled to the multiplex switches buried under the
mask. The entira apsrture is photosensitive; photocurrent
generated by light incident between the photodiodes will be
collected by the nearest dicde. Figure 3 shows the aperture
geometry along with an idealized responss function that
would be obtained by scanning a point saurce of visible light
alang the length of the aperture. The dimensions &, b, and ¢
in Figure 3 are as follows: the photedicde width 2 is 15 um,
the center-to-center spacing & is 25 um, and the aperture
width ¢ is 260 um.

Sensltlvity and Spectral Response

The spectral response of the K Series devices is similar to
that of other high quality silicon photodetectors, covering the
rangs from near UV to the naar IR. A standard quanz win-
dow assures a full spectral bandwidth. Relative spectral re-
sponse is shown as a function of wavelength in Figure 4,
Note that a smooth spectral response down to the UV is
maintained, unlike CCDs, which use a polysilicon layer over
the photosite and thus have no response in the UV,

Since Reticon photodiode arrays operate in the charge stor-
age mode, the charge output of each diode (balow saturation}
is properticnal to exposure; i.e., the imadiance or light inten-
sity multiplied by the Intagration time or the tims intarval bs-
tween successive start puises.  Thus, there is an obwious
trade-cff betwesn scanning speed and the required light in-
tensity. A plot of charge output versus exposure is shown in
Figure 5.

Uniformity of response along the length of a photodiode array
is a function of wavelsngth. Devicas tend ta ba less uniform
at long wavelengths {IF) and more uniform at short wave-
lengths {visible).

Aparurs Rssponss

1 2 N1 M
Q 4

pixel number

Figure 3. Sensor Geometry and Idealized Aparture
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Flgure 4. Relative Spactral Response as a Function of
Wavelength
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Figure 5. Signal Charge Per Cell as a Function of
Exposure {Light Intensity x Ling Scan Time)




K Series

Dark Response and Dynamic Range

There are three components in the dark output signal from a
Reticon line scanner: (1] the integrated Jdark sakage current;
{2} the fixed pattern noise caused by incomplete cancellation
of clock switching transients which ars capacitively coupled
into the video line, and (3) the random pixel noise.

The dark leakage current will vary from element to elernant
but is typically less than 2 pA at room temperature.  Assum-
ing this value, leakage current would contribute an output
charge of 2 pC with & 1 sec line time, or .08 pC with a 40 ms
ling time. Thus, since the saturation charge is typically 4 pC,
dark current will contribute about 2% of the saturated cutput
gignat for t| = 48 ms, 0.2% for t, = 4 ms, and so on. The dark
current is a very strong function of temperature, approxi-
mately doubling for every 7°C increase of photodicde tem-
perature.  Thus, the maximum allowable line tima becomes
correspondingly shorter at high temperatures, and longer at
low temperatures. An important feature of the K device de-
sign is its low power dissipation, which mseans that sslf-heat-
ing is negligivle. Dark curent does not become a limiting
factor in the dynamic range unless very long integration times
or highly elevated temperature are used.

The switching noise appears as & fixed pattarn which is spa-
tially random except that it may have a slight 1, 2, 3, 4 pattem
bacause altemate diodss ars sampled on diffsrent phases of
an internally-generated, four-phase clock.  Fixed pattem
noise is largely removed by differential readout: its residual
amplitude will typically be 1% of the saturation level at a 40
ms integraticn time.

Pixel npise is the random, nonrepetitive fluctuations superim-
poged on the dark level and is the ultimate limiting neise that
cannot be removed by signal processing. Its rms value will
generally be amphifier-limited at a value |less than about 0.1%
of the saturation evel, depanding on tha noise bandwidth and
preamplifier used.

The dynamic range that can be achigved depends on circuit
complexity and |ayaut techniques. Care must be exercised in
circuit layout to provide for adequate ground plans, circuit
decoupling, and avoidance of electrostatic pickup.

Drive Requirements

Twno power supplies to the array are required—nominally +5
and -10%. The clock and start timing sigrals may be at TTL
level, and may be supplied from other parts of the system or
generatad by using a simple circuit such as that shown an
Figure 6. In this circuit, the start pulss is obtained by count-
ing clock pulses. By setting the appropriate switches, the
nurmber of clock periods, n, betwean stard pulses may be set
at any desired value greater than or equal to N, the number
of elemants in the array. Howsver, the total tima between
star pulses t| = nffg should not exceed approximately 40 ms
{at room temperature) to prevent integrated dark current from
making 4 significant contribution to the output chargs.

A timing diagrarm showing the relationship betwsen the clack
angd start pulses ang the video and end-of-line outputs is
shown in Figure 7.

Signal Extraction

The video output of the K devices is a train of N charge
pulses flowing onto the video recharge line and dummy re-
charge line capacitances during each scan, with tirming as
shown in Figure 7. The pulges on the dummy line contain
switching transients only; those on the video line contain
switching transients plus the video signal. An output circuit is
required which is capable of diffsrentially amplifying thess
pulses to a useable voltage level.

An integrated sample-and-hold amplifier similar to the type
used on Reticon's evaluation board is recommended for the
best signal-to-ngise ratio performance,

The signal processing schems makes use of the intemnal
butfer amplifiers and recharge switches. Immediately after
the multiplax switch is closed to sample a dicde, the voltage
change on the video line is sensed through the buffer ampli-
fizr. and sampled and held. The recharge gate is then pulsed
nagative to reset the vidso line before the next diode is
sampled. The result is a sampled and held boxcar video
signal such as that shown in Figure 8, Timing and cirguitry
for this mode is shown in Figures 9A and 9B.

End-of-Scan

An output pulse is provided when the next-to-last element is
sampled by the shift register scanning circuit. This end-of-
scan output is provided primarily for test purposes. When not
in usa, it should be connected to the positive supply to aveid
introduction of unwantad “glitches™ Into the video. In some
applicalions, however, it may be desirable to use the end-of-
scan output.  [n these cases, it is recommended that the
voltage excursion on the end-of-scan terminal be minimized
by using & circuit such as that shown in Figure 10.

Evaluation Boards

Evaluation circuitry containing all the required drive and am-
plifier circuitry for the operation of the K Series is available
from Reticon. These circuits are highly recommended for
firgt-time array evaluation. In many cases, they arg also Uss-
ful far desiga into final equipment.

RCO100B Series

Thase circuits provide an integrated, sampled-and-hold-box-
car ouiput as shown in Figure 8. Each circuit is divided inte
two hoards—a standard “motherboard” which contains most
of the circuitry, and a smal "array board” which contains only
those components which must be lacated close to tha array.
The array board may be plugged directly inte the
motherboard or can be extendad up 1o 30 inches away via an
eptional ribbon cable.

The motherboard (RCO100LNE) is 4.6 x 6.5 inches in size
and is terminated by a standard 22-pin edge connector. The
array boards (RCO104N, etc.) are 3 inches square and have
mounting holes in each corner on 2.6-inch centers. A differ-
ent array board is required for each array typa.
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Figure 8. Oscilloscope Photograph Showing Video
Qutput of Integrate, Sample-and-Hold Amplifiar
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Table 1. Electrical Characteristics (25°C)

Min Typ Max Units

Positive supply voltage vp 1 +45 +5 +55 W
Negative supply voltage Vy -10.5 -10 -9.5 W
Clock voltage low Vi <108 1] +1 1
Clock voltage high Vo Wp-1 +5 Ve v
Start voltage low Vi -10.5 0 +1 W
Start voltage high Ygn Wp-1 +5 Ve v
Recharge gate voltage low Vg, -10.5 -10 -9.5 W
Recharge gate voltage high Vey | Vp-1 +5 Ve v
Clock pulse width 0.2 - - us
Stant pulge width See Figure 7
Clock frequency fo - - 1 MHz
Integration time t; 3 - - 40 ms
Glock nput capacitance Cg 2 - 4 - pF
Start input capacitance Gg 2 - 4 - =1
Video line capacitancs G, 2

RLO1ZBK - 8 - pF

RLO256K - 12 . pF

RLO512K . 20 - pF

RBL1024K - 30 - pF
End-of-scan output resistance - 5 - K0
DG power dissipation 4 - 45 - mw

Notes:

1 No terminal should ever ba allowed 10 go mora positive than Vp

2 Measured with hominal power supply voltages

Integration time can be langer if the array is cooled and/or if the application can tolerate a larger percentage

of dark signal.

4 Mostly due to use of on-chip butfers. ¥¥hen recharge made is used {buffers biased off}, power digsipation is
on the arder of 1 M.

Table 2. Electro-Optlcal Characteristics (25°C})

Min Typ Max Units
Dicde canter-to-center spacing ! - 25 - um
Diode aperture width ] - 250 - W
Photodiote sansitivity ! P- 25 - pGiudicm?
Monunifermity of sensitivity 1 ;
ALO128K - K 10 1%
ALO25EK - ¥ 10 1%
RLOS12K - 9 " 1%
RL1024K - 12 14 1%
Saturation charge - 4 - pC
Saturation exposure 0.18 phem2
Note:

1 Measured using a 2870°K broadband light source filtered with a Fish-Schurman HA-11 heat absorbing filter.,
The first 2 and the last 2 diodes are neglected

Absolute Maximum Ratinga

Min Max Units
Voltage on any terminal Vp-20 Ve Y
Storage tamperature -58 +125 °C
Temperature under bias -85 +85 "G I
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Ordering Information *

Part Numbar

Currant Amplifier

Evaluation Circuit
Integrate, S/H Amplifier

RLO128KAQ-0M
RLOZ58KAQ-011
RLOS12KAQ-011
RL1024KAG-011

RCL301LNN-011
RCOZLNN-011
RCO302LNN-011
RCO303LNN-011

RCO00LNB-011/RCO104LNN-011
ACO100LNB-011/RCO104LNN-011
RCO100LNB-011/RCO105LNN-011
RCO10OLNB-011/ACC106LNN-011

* For standard devices. For options, consult your local sales offices.

055-0208
January 1992

W 1932 EGEG RETICON, Condents may red ba reproducad in whole or im pan without the writlen conser of EGAG RETHCOM.  Specificatione am subject b change without notice.  Frintadl in
USA Infereatinn fyrnishad herem e bekoved b be agourake and rellabte. Howevar, no segpanglbliny 12 jaeurved by EGAQ RETICON for Its use, nor for any Infingement of paterds ar obmar

nghie of third patties which mey result from he Lge. N license is grented by Impllzation or othanwlse undser any palent or petard sohtes of EGAS RETICON.



R Series
Dual Image Sensor

| JNEG=6 RETICON

General Description odda, 0% /T 82 Ewno,
Ddda, [2 2] Eweao,
The EG&G Reticon R Series (RLOS12R and FBL1024R) Odd Stert []3 32 [1 Even Start
combines two S Series devices on a single, monolithic Poe Supply a4R []4 31 [I @ND s&B
substrate. They are positioned in parallal 1o each other. Ewen Stat [ 5 a2 [ God Slan
They operate completely independently, allowing simuttanecus Evena, [ 2l owa,
readoLrt, saguential readout (first one side and then the othet), Buang, [7 sl Oo,
or any number of other user-defined formats. Each R Series EvenECS [je a7 [ Cod EDg
device comes in a 34-pin ceramic side-brazed DIP. Twa Py Suppey Bubetrat: ARE [ 26 1 Pos Swly Subsirate ALE
kinds of windows are available: a ground and polished quartz EvenFAsset [ 10 25 [] oo Aeset
window, or a fiber-optic window. Evan Duthary Vides  []11 24[] o Dummy Viden
Evan Aciive Vidao [[12 23 [1 Oad Active Vidac
The R Series has virtually all the advantages of the standard Hesst Bhas &85 O3 22 [1 Fos Supply ARE
RLOS12S. Refer to the S Series data shest for information Odd Active Yideo []14 21 [] Even Active winken
o internal scanning citcuitry, timing, electrical charactaris- Od Dummy Wilao [ 15 20 1] Even Gummy Video
tics, dark signal and noise characteristics, and amplifiar Oud Reser [] 16 18 f] Even Reser
requirements. od EQs [[17 18] EvenEQS
The R Series is ideal for applications such as dual-beam ) )
N Fine 1-17 Pine 18-34
spectroscopy {sample and reference beam), time-resolved Sensing Aren B Seonging Ama A
spectroscopy of a single beam (by delaying the start of ane
of the arrays), or other instrumentation requiring parailel
arrays in perfact registration. Figure 1. Pinout Conflguration
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Figure 2. Package Dimensions
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Ordering Information

Array Part Number

ALO512R with Cuarz Window BLO512RAQ-011
ALO512R with Fiber Cystic Facepiate | RLOS12RAF-011
BL1024R with Quartz Window RL1024RAQ-011
RL1024R with Fiber Optic Faceplate | RL1024RAF-011

055-0220
March 1992

42 £ 1802 EGAA RETICDN. Conkenta may not be vepaocyced In whcie o In part wilhout Ihe wiithan congant o EGAG RETICON. Spacileatlons Bra aybject o shanpe without notice. Frinted in .58,
Frfarrmation furnlahed harein ie believed to ba acpwale and rallable. Hewewer, no reaponelbllin ls saecomed by EQSE RETICOGN for e use, nor for any Infringemant of patanie o ethar righta of tied
partiee which mey reeutt from ite uee. Blo canze & grantad by impliceten or otherslse under any patent dghts of EG&G RETICON.



S\ EBGzG RETICON

3 Series |
Solid State Line Scanners
128, 256, 512, and 1024 Elements

General Description

The Reticon 8 series is a family of monolithic self-scanning
linear photodiode arrays eptimized for application in spectros-
copy. The devices in this series consist of a row of silicon
photodiodes, each with an associatad junction capacitanca in
which to integrats photocurrant and a multiplex switch for
perlodic readout via an integrated shift registar scanning cir-
cuit. The part number of each device indicates the number of
elements in the array {e.q., 128, 256, 512 or 1024).

The § series devices are mounted in ceramic side-brazed
dual-inline packages which mate with standard 22-pin inte-
grated circuit sockets, The pinout configuration is shown in
Figurs 1. Packags dimensions ars shown in the outline
drawing of Figure 11. Standard S series deviges are sealed
with a ground and polished quartz window. However, the
optional finer optic faceplate version shown in Figurs 11 is
alzo available. The fiber optic faceplats has 6 pm diameter
fibers and a numerical aperture of 1.0,

Key Features

*  Simultaneous integration on 128, 256, 512 ar 1024 photo-
diode sensor elements with 28 um center-to-cernter spac-
ing

- Each sensor slement has a 100:1 aspect ratio (25 pm x

2.5 mm)

Intagration times as short as 64 psec or as long as 0.3

sec are possible at room temperatura.  Integration times

of minutes ar even hours without sensors saturating can
be achieved by cooling.

= Low power dissipation {less than 1 mwatt) to facilitate
cooling

» Clock controlled sequential readout at arbitrary total sffec-
tive data rates up to 5 MHz (f, =1.25 MHz max)

« Differantial qutput to cancel clock switching transients and
fixed patterns

= Low output capacitance for low noisa

* High saturation signal charge (14 peouly for wide dynamic
range

+ Wido spectral response {200 - 000 nm)

« Choice of quartz window or fiber optic faceplate

= Standard 22 laad dual-inling intagrated circuit package

Sensor Characteristics

The Reticon S series self-scanning photediode arrays contain
128, 256, 512 or 1024 silicon diode sensor slements on 25
Hm centers corresponding to a dansity of 40 diodes/mm and
an cverall apsrturs length of 3.2, 6.4, 12.8 or 25.6 mm. The
helght of the sensar elements is 2.5 mm giving each elsment
a slit-iike geometry with 100:1 aspect ratio syitable for cou-
pling to manochromators or spactrographs. The sensor ga-
ornatry is shown in Figura 3.

Charge gensrated by light ingident on the n-type surface be-
tween two p-regions will divide between the adjacent diodes
to produce the response function shown in Figure 3.

Figure 4 shows typical output charge as a function of expo-
sure at 750 nm wavelength, Exposurs in njoulas/cm2 is cal-
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Evena, [| 5 18 [1 Odda,
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Figure 1. Pihout Configuration
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Flgure 2. Equivalent Circuit

culated by multiplying the light intensity in pwattiem?2 by the
integration time in msec. Note that the response is linear with
exposure up o a saturation charge of 14 pooul at a saturation
exposurs of 50 njoulesicm?, The sensitivity is defined as the
rafio of saturation charge to saturation exposure and is 2.8 x
104 poouljoule/em? fat 780 nm). Typicai sensitivity as a
function of waveléngth is shown in Figure 5. Quantum affi-
ciency can be obtained by dividing the sensitivity by the area
of & sensor alament (6.25 x 104 cm2) and multiplying by tha
anargy per photon in eV. Peak guantum efficiency is about
80% at 650 nm. The dark current of an 5 series device is
typically about 2 pA per diode at 25°C and is a strong func-
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Figure 3. Sensor Geometry and Aperture Response
Functlon

fion of temperature as shown in Figure 6. The dark signal
charge is given by the dark current multiplied by the integra-
tion time.

Scanning Clrecuit

A simplifiled equlvalent circuit of an RL10245 photodiode ar-
ray is shown in Figure 2. Each cell consists of a photodiode
and a dummy diode, both with an associated junction capaci-
tance. These diodes are gonnected through MOS multiplex
switches to video and dummy racharge lines. One pair of
recharge lines is commaon to alt the odd elsments and an-
other pair is common to all the even elements. The shift
registers are drivan by multiphase clocks with periodic start
pulses baing introducad to initiate each scan. The cell-to-cel
sampling rate is determined by the clock frequansy.

Ths integration time is the interval between start pulses. The
output signal obtained from each scan of an N element array
i& a train of N charge pulses, each proporional to the light
axposure an the corresponding photodiods. By properly
phasing the clock drivas to the two shift registers, all of the
diodes can be sampled in proper sequence. The two video
linas can than be connected together to provide a continugus
train of output charge pulses. In addition to the signal
charge, switching transients are capacitively coupled into the
vidao lines by the multiplex switches. Similar transients are
introduced inte the dummy lines and therelere can be re-
duced and a cleaner signal recovered by reading out the
videg and dummy lines differentially.

Clock and Voltage Requirements

Scanning is by means of two indepandent integrated shift
registers, one to address the odd-numbered diedss, and the
other ta address the even-numbered dipgdes. Each shift reg-
ister is driven by two-phase clocks. Thse clocks may be
complementary square waves, or they may have shorter
negative duty cycle. In na case should 24 and 82 be negative
simultanegusly, as this will cause the scan to be terminated.

Saluration
12 Charge

Quartz.
10 = Window

Flber Optic
6 — Window

Signal Charge {peoul)
[+4]
I

2 - Saturation Exposure

L 1 1 1
o] 10 20 30 40

Expocyre (pioulesicm® )

J

Figure 4. Sighal Charge Versus Exposdre at 750 hin
Wavelength

The same pair of clocks and the same start pulse may be
applied to both registers, but this will result in diode pairs 1
and 2, 3 and 4, etc., being sampled simultanecusly. Figure 7
shows a simple two-phase clack drive circuit for this maode of
operation and its related timing diagram. Altematively, four-
phase clacking may ba used in which the two phases which
drive the even register are delayed with respect 1o the two
phases which drive the odd register. This results in all the
diodes bsing sampled in proper sequence. Four-phase
clocking is used in the Reticon RG1000/AC100% board set
evaluation cirguit (described below}.

In the specifications, all voltages are expressed with respect
to the substrate. However, for compatibility with TTL clocks
and ease of signal extraction, it is recommandsd that
the substrate bg run at +5¥. The clock phases should
then swing between +5 and —7V nominal. The start pulse
should averlap ong positive going transition of @4 as shown in
Figure 7.

End of Scan

Output pulses, useful primarily for test purposes, are pro-
vided when the last odd and even slements are sampled by
the shift register scanning circuit.  When not used, they
should be shorted externally to the array substrate to avaid
introduction of unwanted “glitches™ intc the video. The volt-
age excursion on the end-of-scan terminals (when used),
should be minimized by using a circuit such as that shown in
Figurer 8.

Amplifier Requirements

Two types of amplifier circuits are in common use with
Reticon photodicde arrays. These are (1} a simple current
amplifisr, and {2} a video line intagration, sample-and-hold
circuit. A current amplifier holds the video line at wirtual
ground and senses the current pulses flowing into the video
ling to racharge the diodes through their respactiva multiplax
switches as they are sampled in sequence. These current
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Figure 7. Simple Two-phase Clock Drive Circuit and Relatad Timing Diagram

pulses, which contain a charge up to 14 peoul at saturation,
are converted by the amplifier to a train of voltage pulses
corresponding to the light intensity on the various dindss.

With a video line integration sampls-and-held circuit, the
video line is reset to ground prior to closing the multiplex
switch to each diods. When the swilch is closed, charge
divides betwaen the diode and the video line and the result-
ing change in video line voltage is sampled and held. The
video line and dicde are then reset to greund prior to opening
the multiptex switch to the next diode. The result is a boxcar
output waveform,

Dark Signal and Noise

There are two components to the dark fixed pattarn signal
from the 5 series arrays. These are due to (1) spatial varia-

tions in the switching transionts coupled into the video line
through the clocks and the internal multiplex switches, and
{2) the integrated dark current. A portion of the switching
transient effect will ba spatally random and a portion will
have tha periodicity of the clocks. The latter portion can be
minimized by matching the clock amplitudes and rise and fajl
times and by good circuit layout to minimiza capacitance be-
tween clocks and video lines. The peak-to-poak fixed pattern
due to all switching transient effects should be lass than 1%
of the saturated signal. The fixed pattern due to dark current
is the dark current multiplied by the integration time. It can be
arbitrarily reduced by lowering the temperature {see Figure 6)
or by reducing the intagration time.

There are three identifiable sources of readout noise: (1)
raget noise, (2} shot noise, and {3} amplifier noise. Reset
noise gr kTG npise is associated with resetting the diods
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Figure 8. End-of-Scan Clrcuit

Preampiifiars

+15Y

Photodiode Array

Aotive Odd

Active Even

+15¥

Durmmy Odd

o

Dummy Even

capacitance 1o a fixed voitage. Its rms value is given by
¥KTC /g where k is Boltzmann's constant, T is the absolute
temperature, q is the elecironic ¢harge, and C is the total
capacitanca of the photodiods (approximately 2 pF), the
video ling it connects to, and the capacitance of the extemal
circuitry. At room temperature, the KTC noise for the 10245
armay is approximately 2000 electrons. It can be reduced
somewhat by cooling. The rms datk current shot noise is the
square root of the number of electrons in the dark signal
charge. For example, with a rcom temparature dark current
of 5 pA and 10 msec integration time, the rms dark current
shot noise is approximately 560 electrons. Becausa of the
exponential temperature dependence of dark current, shot
noise can be reduced dramatically with a modarate amount of
cooling. Amplifier ngise deperds on the amplifier circuit
usad. In general, the low video ouiput capacitance of the S
setiss makes it easier to achieve low amplifier noise, and
values below 2200 electrons are posshle.

Evaluation Clrcuit

A complete evaluation circuit for the S series arrays is avail-
able from Retican. The RC1000/RC1001 evaluation boardsat
provides the user an easy means to evaluate the operation of
the S serias photodiode arrays.

The RC1000/1001 has a sample-and-held vidso output with a
typical dynamic range of 4000:1. Provision for coaling the
array using a thermo-alectric cooler is provided by means of
an ageess hole logated directly beneath the array.

The boardset requires +5 and 115V supplies and can bs
ad|usted for pixel rates up to 250 kHz.

Buffer and Sample/Hold

——o DC Restore Cutput Stage

Video
Output

+H15Y

DC Offsat
Adjust

-18Y

18V

Integrate Sampling Clock

Figure 5. Simplified RG1000/RC1001 Evaluation Board Quipnat Circuit
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Table 1. Electrical Characteristics (25°C)

Tabla 2. Electro-Optical Charactaristics (25°C)

Min Typ Max | Units
Video lina bias 1 -4 -5 6| ¥
Clock amplitude 1 -11 -12 A5 W
Start pulse amplitude 1 -1 ] 12 19 ¥
Substrate bias +4.5 +5 +55 | VDC
Total effectiva pixel 51 MHz
output rate
Clock frequancy 1.25 | MHz
Capacitance of each
clock lina (@ 5V hias) 3
ALO1285 3] pF
ALD256S 23 pF
RLOS12S 30 pF
RL10243 g0 RpF
Capacitance of sach
video ling (@ 5V biasg) 3
RLO1285 3 pF
RLO2565 9 pF
ALOS12S 12 pF
RLt0245 24 oF
Capacitance of sach 2 pF
photedicde (@ 5V
bias) 3
End of scan output 5 KQ
resistanca 3
DC power dissipation 2 i mwﬂ

Notes:

1 Measured with respect to substrate. Substrate is normally
run at +3V for compatibility with TTL clock circuits.

2 The AC power is given by 2.V 2l where G is the
capacitance of sach clock line, ¥ is the clack voltags,
and fg is the scan frequency.

3

Calculated typicals - not measured.

Typ  |Max Units
Canter-to-center spacing 25 Ty
Aperture width 25 ,mm
Sensitivity 138 2.8 %104 coulfjoulicm2
Nonuniformity of 5|10 |+%

rasponsg 2.8
Saturation exposura 1,38 50 njoules/cm?
Saturation sharge 14 pooul
Avarage dark current .6 2| 5 |pamp
Quartum effisiercy 1.2 75 %
' Spectral response peak 3 750 nm
Spectral response 200-1000 nm
ranga 3.4

Notes:

1 Peak, typical at 750 nm, quartz window.

2 Measured at 50% Vg4 with 2B870°K incandescent
tungsten lamp filtered with a Fish Schurman HA-11
heat-absarbing fiter.

3 Fipar optic facaplate will modify sensitivity ag shown in
Figurs 5.

4 From 250-1000 nm sensitvity 220% of its peak value.

5 Max dark leakage 1.5 x averaga dark leakage.

o Measured at 40 milliseconds intagration at 25°C.

All specifications ignare first two and last two dlodes.
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S Series

Absolute Maximum Ratings

Ordering Information

| Min | Max | Units
Voltage applied to any terminal 0 20 ¥
With respect to common
Storage or operating temperature
Quarlz windowed {SACH 78 +B5 C
Fiber aptic (SAF} -40 +85 G
A B
RLO1285 | 1.080£.011 | 3.2 mm
RLOZ56S | 1.080+.011 | 64 mm
RLO5125 | 1.080+.011 | 12.8 mm
RAL10245 | 1.600+.016 | 25.6 mm
Quans Window
At I
| i . coffe D20+ 002
380-.010 Ml _sui i
B v T, 215 e [ | —Bllican Chip
on K [ : | |- 0462010

25 r.‘

e
© 400
Ref
N
_,f H.wsi.ow
Figure 11. Package Dimensions. Dimensions are In Inches
Except Where Milllmelers (mm) are Indicated.

[

S e 1005008
L—:.oom.mﬁJ

Optional Flber Optic Window

RLO2588AQ-011
RLOB125A0-011
RL10245AQ-011

Part Number Evaluation Cir¢uit
Qluartz Window
RLO1288A0-011 RC1000LNN-011/RC1001 LNN-011

RCA000LNN-011/RC1001LNN-011
RCADOGCLNN-011/RC1001 LNN-(+11
RC1000LNN-011/RC1001LNN-011

Fiber Optic Window
RLO128SAF-011
RLO25G3AF-H1
RLOS1 2SAF-H1
RL10245AF-011

RC1000LNN-011/RC1001LNN-011
RCAO00LNN-011/RG1001 LNN-C11
RC10C00LNN-011/RC1001LNN-011
RG1000LNN-011/RC1001LNN-011

Custom madifications to the S series devices ara also possible,
i.e., minimum thickness (1 pm) protactive oxide |ayer for use in

soft x-ray detection.

055-0107
October 1991
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RLO1285AX, RLO5125AX, RL10245AX

[ " B N | SAX Series

¢§ EGRG RE T[CON X-Ray Sensitive

Solid State Line Scanners

General Description

The SAX is a custom maodification of the 5 series solid state line

scanner with the fiber optic face plate option. Resolutions Ground
available arg 128, 512, and 1024 elements. The modification
consists of adding an X-ray phosphor to the: inplt side of the fiber
optic face plate. This providas spectral sensitivity to X-rays in Ever Start
the rangs of 10 to 75 keV. The fiber optic face plate acts as an
interface between the phosphor and the diode array and pro-
tects the array from X-ray damage as well {See Figures 5 and 6). Bvan g,
For detection of soft X-rays (1.2 to 12 keV) ses reference Mo. 2. Substrate

-
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NG

Ground

Odd Start

Quid B

Cdd &y

Substrate

Odd End-af-Scan
Odd Reset Gate
Gdd Dummy Videa
Odd Active Video

Substrale

Even Gy

Optical alignment af the SAX device is possible because the X- Even End-of-Scan

ray phosphor has approximately 50% transmission to visible Even Reset Gate
light. During operation, X-tays striking the phosphor are corn-
verted to gréen light. The green light is transmitted through the
fiper optic face plate to the silicon phetodiodss where the light is Even Active Video
converted to an electronic charge. The resulting charge is
integrated on each photodicda se that after a pariod of time each
phetosits has collacted a charge proportional to the local flux of
the X-ray beam. When the array circuitry scans the diodes, the
charge packets are sequentially converted to a voltaga level
which, when displayed on an oscilloscope, reproduces a spa-
tially resolved one-dimansional X-ray image. Integration times
of .026 to 500 msec are possible at room temperature. Caaling
the array can extend infegration tims to minutes or hours by Qg ~
reducing the dark current.
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Figure 1. Pinout Cenflguration

=
=
1

The SAX series has all the advantages of the S series arrays.
Refer to the S series data sheet for detailed infermation on the
internal scanning circuitry, the package and pin configuration,
elactrical characteristics, dark signai and noise characteristics,
amplifier requirements and evaluation circuit.
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RLO128SAX, RLO512SAX, RL1024SAX
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RLO128SAX, RLO5125AX; RL1024SAX

Tabrle 1. Electro-Radiological Characteristics (25°C)

Parameter Typ Unlts

Center-to-cantar spacing 25 um

Aperture width 25 mm

Sensitivity 1 25 pCiliome

Nanuniformity of responss 10 %

Saturation axposure 1 56 wJicm#

Saturation charge 14 pC

Average dark current 5 pA

Spectral respanss range 10-75 ke¥ ;
Note:

143 keV monochromatic x-ray source

A
B

¥
1 380070
[# Seneng Arem z5 mm|
5

i '| 135 010
L

(1.
:

S 00008 H.ms. 1o
) .ma—-r_

Fikser Oiptic: Windam -//

1

TN
=1
EX=]

:

A B
RLO1285 | 1.080 011 3.2 mm
RLOS125 | 1.080 011 |12.8 mm
RL10245 | 1.600 .18 [ 256 mm

Figura 7. Packaging Dimensions

Ordering Information *

Part Number

Ewvaluation Clrcult

RL01288AX-011
ALO5125A%-011
RL10248AX-011

RC1000LNN-011/AC1001LNN-011 -
RC10O0LNN-01 1RGO LNN-011
RC1000LNN-31 t/RC1001LNN-011

"Includes standard devices. For all options, consult your

local sales office.
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n RL2048S
cNEG26 RETICON Solid tate Line Scanner
2048 Elements
General Description Commond 1~ 32pGND
Start 3 [ Start 1
The RL204BS is a monolithic self-scanning linear photodiode Start 4 h Start 2
array optimized for spectroscapy applications. The device B4z [0 0 meo
consists of a row of silicon photodiodes, each with an @41 O 0 &gy
associated junction capacitance on which to integrate photo a0 Daiy
currant and a multiplex switch for periodic readout via four G54 0 e

independent integrated shift registers. The device is an
addition to Reticon's S Series tamily of arrays, and offers the
sarne operational and parformance characteristics.

The array die is bonded in a 32-pin DIF with dimensions of
2.758" length by 0.6" width and sealed with a choice of a
polished and ground guariz window or a fiber oplic faceplate
as shown in Figure 1. The fiber optic faceplate has € um
diameter fibers and a numerical aperture of 1.

Key Features

+ Simultaneous integration on 2048 photodiode sensor
slements with 25 wm canter-to-center spacing

+ Each sensor element has a 100:1 aspect rafic {25 um x
2.5 mm)

+ Integration times as short as 1 ms or as long as 0.2 sec
are possible at room temperature.  Integration times of
minutes or even hours can be achieved by cocling.

o Low power digsipation {less than 1 mW) to facilitate cooling

« Clock controllad sequential readout at arbitrary total sffec-
tive data rates up to 5 MHz (f; = 625 kHz, max)

= Diffarential output to cancel clock switching translerts and
fixed pattems

¢ Low output capacitance for low noise

» Highsaturationgignal charge {14 pC) for wide dynamic range

= Wide spectral response (200 - 1000 nm)

* (Choice of quartz or fiber optic window

« 32 lead dual-inline integrated circuit package

Sensor Characteristics

This addition to the Reticon S Series self-scanning phote-
diode amays cortaing 2048 silicon dicde sensoer elements on
25 pm centers, corresponding to a density of 40 diedes/mm
and an ovaerall length of 52 mm. The height of the sensor
elements is 2.5 mm giving each element a slit-like geometry
with 100:1 aspect ratio suitable for coupling to monochroma-
tors or spectrographs. The sensor geometry is shown in
Figure 2.

Charge generated by hight incident on the n-type surface be-
twash two p-ragions will divide between the adjacent diodes
to produce the response shown in Figure 2.

Substrate ] 8 251 Substrate

Even EOLQ @ 24 0 Cdd EOL
Video 41 0 Video 2
Oummy Video 40 0 Dummy Video 2
Dummy Video 3 0 0 Bummy Video 1

Videg 3 [ N Video 1
Substrate [ [ Reset Bias
Reset Gate 4 0 [ Reset Gaie 2

Reset Gate 30 16 17 1 Reset Gate 1

Figure 1. Fin Configuration
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Figure 2. Sensor Geometry and Aperture Response
Functlon
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RL2048S

Figure 3 shows typical output charge as a function of expo-
sure at 750 nm wavslength. Exposure in ndiem? is caleulated
oy multiplying tha light intensity in p‘u."-ﬁ’cr'n2 by the Integration
time In ms. Mote that the response is linsar with exposure up
o & saturation charge of 14 pC. A saturglion exposure is
typizally 50 ndiem?. The sensitivity is definad’ as the ratio of
saturation charge to saturation exposure and is 2.8 x 107
Cidem? fat 750 nm). Typical sensitivity as a function of
wavelength |s shown in Figure 4. Quantum efficiency can ba
obtained by diw‘din% the sensitivity by the area of a sensor
element (8.25 x 10% cm?) and multiplying by the energy per
photon in e¥. Peak quantum efficiency is about 80% at 850
nm. The dark current of an § Seres device is typically about
2 ph per diode at 25°C and is a strong function of tempera-
ture as shown in Figure 5. The dark signal charge is given by
the dark current multiplied by the integration time,

Device Structure

The device structure provides a variety of readout eptions.
See Figure 8 for a simplified equivalent ¢ircuit of the
RL20485. Each of the four independent registers are
connected to a sat of 512 activa photodiodes and 512 dummy
diodes. The diodas are connected 16 their respective active
and dummy video lines through multiplex switches. A reset
switch is connected from each of the video lines 1o an exter-
nal pin connection,

As shown in Figure &, two registers control readout of the first
block of 1024 dicdes; 512 odd dicdes and 512 even diodes,
respectively. The remaining 2 registers control readout of the
next block of 1024 dipdes.

Operational Description

With a bias of approximately 5V betwaen the substrate and
both dummy and active video lines, a charge of 5V is placed
on the dinde’s depletion capacitance each fime its multiplex-
ing switch is claosed. Whan the switch is opened, the photon-
ganerated charges ars allowed to integrate on the
photodiode's capacitance during the integration time, which is
the time between switch closures. These charges are
removed when the dindes are recharged to 5, The charge,
which is proportional to the impinging light anergy, can be
read with a current pulse detector during the diode racharge
period. Figure 7 is an example of a transconductance
amplifier which is used to detect the impuise current of the
signal charge.

As the shift register clocks a bit sequentially through its
output lines, it opens and closes the multiplexing switches.
Henece, the switch closure rate of a given diode will equal the
scan rate or the integration time for the light exposure.

Since the gate of the multiplexing switches of the active diode
and its corresponding dummy diods are connected in parallel
to sach cutput of the shift register, the active as well as the
dummy lines will ke read out together. Because the charges
which are introduced in the dummy diodes are anomalies
such as fixed pattern nuises generated by the clocks, they
can be reduced through a differsntial summation of the
charges from the durmmy and the active signals, leaving only
the signal component. An exarmple of the differential detec-
tion circuit is shown in Figure 8. First, the pixel charges from
the active and dummy video lines are preamplified with &
trangconductance amplifier, then these amplified signals are
appliad to & differential integrator whete the dumrny signals
are subtracted from the active signdls. Leaving the integra-
tor, the diffsrence signal can then be sampled and held.
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Figura 6. Simplified Dlagram of Device Structure

Clock Drive and Voltage Requirements

Since the four shift registers are independent, the cloch
operational description for any one applies to the others.
Figure 9 is a timing diagram of a shift register's operation. [t
i5 driven with complementary clocks ¢4 and 5. The scan-
ning process is intiated when the start pulse 13 loadsd into
the ragister. The start pulse is locked into the register with
the rising edge of 8, as noted in the timing diagram. Figure
9 also shows a simplified diagram of the two-phase clock
generator and its start pulse. The start pulse should be low
for a minimum setup time of 20 ns prior to the rising edgs of
@4 and for & reirirnum hold time of 20 ns after the adge. The
start pulse should not overap two 21 edges going high,
otherwise it will load multiple start pulses into the register in
succession, one for every @1 rising edge.

As tha shift register shifts & bit down the register, the mult-
plaxing switches are saquentially clocked and the photodiode
o which the switeh is connected preduces an impulse signal
current proportional to the pheta exposure on the dinde site.
These video pulses are sensad at tha output terminal of the
vided lins.

In reference to the substrate, the clock amplitude should be a
maximum of -11¥ to a minimum of -15¥ with the typical at
-12¥. For all clocks, the minimum rise and fall imes are
10 ns and the maximumn rige and fall times are 200 ns. It is
recommended that the clock rise and fall ba as symmetrical
as possible. The complementary clocks should have their

clock crossing between 50% to 100%. See Figure 10, which
illustrates the definition of the clock crossing.

Modes of Operation

Taking advantage of the devices's four indepandent registers,
the designer is given flexiblity in matching the various types
of readout modes to suit the application. Seme of the basic
modes will be described.

Mode 1 - Serial Readout. Figure 11 depicts the clock timing
diagram for sequantial readout. The registers controlling the
odd-number diodes are ciocked by one complementary
phase while the other clocks the shift register with even-num-
bsared diodes. The start pulses are staggered fo scan in &
two-part sequence, one for the first 1024 diodes and the
gther for the last 1024 diodes. The integration time is the
interval batwaen start pulses en the same start line.

The signals can be combined by lying all four active lines
together and the four dummy lines togethar and processing
through a single differential preamplfier. ARermately, each
line may ba processed separately; the choice depends upon
the noisa requiraments. If the limiting noise is the kTC noise
of the video line capacitances, then an amplifisr must
terminate each video line separately, Otherwise, the video
lines can be combinad in paraltel.
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Mode 2 - Parallal Readout. The paraliel clocking mode is for
high-speed scanning applications, where for any pixel rate,
the readout rate is two times that of the serial meda. The
timing diagram is shown in Figure 12, for a single scar. n
thiz case, all four registers are clocked in parallel; ie., a
common complamentary set of clocks and a commen start
pulse are used on all registers. For the video processing, &
preamplifier is required for each video line.

Other Medes - A variety of different operational modes can
ke implamented by combining the serial and paraliel clocking
modes. The adjacert pixels could be réad on the odd and
even video lines and directly subtracted from each other, thus
praviding direct and real time signal differencing operatiens.

End of Scan

The end of scan output pulses, useful primarily for test
purposes, are provided when the |ast odd and even elements
are sampled by the shift register scanning cirguit. When not
used, they should be shorted extemally to the array substrate
to avoid introduction of unwanted “glitches™ Into the video.
When using the end-of-scan terminals, a circuit such as that
shown in Figure 13 is recommended.

+15V

Video Input >— 10K

=15y Video Cutput

Figure 7. Simplified Diagram of Transconductance
amplifier

GRﬁ_lrge + Gy, Is for AC coupling
£ G, is an integration capacitor
A.;E;?Rrgig Cn Cy, is & noise and DC canceller
Quiput ul o
oP _| _| _qDC
Amp
oP ] Buffer
Charge Amp Arnplifier
o (Qdd Sample
From Qdd and Hold Switch Combined
h Cn < h
Dummy Video Video CGuiput
Output Sampla and
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Ame Gapacitof % Amplifier
Odd
Integrator L4 L L ]
logk
me\E;@“ Odd Video Charge Amplifier
ActweDL:tpeL?t and its Differential Integrator
From Even o Em——————— |
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| Amplifierand Its | 1T
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Figure 8. Simplifled Differential Integration

and Hold Switch
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Dark Signal and Noise

There are two components to the dark signal from the S
Series self-scanning photodiode arrays. These are due to:
{13 switching transients coupled into the vides iing through
the clocks and the intarmal multiplex switches, and (2) the
integrated dark current. A portion of the switching transiernt
effect will be spatially random and a portion will have the
periodicity of the clocks. The latter portion can be reduced by
matching the clock amplitudes and rise and fail times and by
geod circuit layout to minimize capacitance betwesn clocks
and video lines. The peak-to-peak fixed pattern due to all
switching transient effects should be less than 1% of the
saturated signal. The signal due to dark cumrent is just the
dark current multiplied by the integration time. It can be
arbitrarily reduced by lowaring the temperature (see Figurs &)
or by reducing the integration time.

There are three identifiable sources of readout noise: (1)
reset npise, (2) shot noize, and {3) amplifier noise. Resat

noise or KTC noise is associated with resetting the dicde
capacitance to a fixed voltage. Its rms vaiue is given by
{KkTC)1/2/g where k is Boltmann's constant, T is the absolute
temperature, q is the elactronic chargs, and C is the total
capacitance of the photodicde (approximately 2 pF), the
video line it connects to, and the capacitanee of the external
circuitry, At room temperature, the rms KTC noise is approxi-
mately 2400 electrons. [t can be reduced somewhat by
cooling. The rms dark current shot noise is the square root of
the number of electrons in tha dark signal charge. For
example, with a room temperature dark current of 5 pA and
10 ms integration time, the rms dark curremt shot noise is
approximately 580 electrons. Because of the exponential
temperature dependence of dark current, shot noise can be
raduced dramatically with a moderate amount of cooling.
Amgplifiar noise depsnds on the amplifier circuit used. In
genearal, the low video cutput capacitance of the S Series
facilitates low amplifier noise circuits.  Noise values below
2500 electrons are possible.
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Figure 12. Timing Dlagram of the Parallel Mode

Table 1. Electrlcal Characteristlcs (25°C)

Parameter Min | Typ Max | Units
Video line bias ! -4 -5 -8 ¥
Clock amplitude 1 -11 A2 A5 |V
Start pulse amplitude ! -1 12 A5 | W
Total effective pixel cutput 5 MHz
rate
Clock frequency 625 | kHz
Capacitance of aach
vldsq line {at 5V blas)
Active video 1 35 pF
Active video 2 35 pF
Active video 3 35 pF
Active video 4 a5 pF
Dummy video 1 47 pF
Dummy viden 2 47 pF
Dummy video 3 47 pF
Dummy video 4 47 pF
Capacitance of each
clock line (at 5 bias)
Clock 11 95 pF
Clack 12 a5 pF
Clack 21 105 pF
Clock 22 105 pF
Clock 31 o5 pF
Ciock 32 95 gF
Clock 41 105 pF
Clock 42 105 pF
Capacitance of sach 2 pF
photodiode {at 5V bias)
End of scan output 5 Ko
resistance
DC power dissipation 2 1 m
Notes:

1 Measured with respect to substrate. Substrate is normally
run at +5Y for compatibifity with TTi clock cirguits.

2 Tha AC power is given by 2G.V.2f whara G Is the capa-
citance of each clogk line, V; is the clock voltage, and fg is
the scan frequency.

+5Y
HP2800 2K
Out
— —
[ 2MaZ64
QOdd End
of Line
Pin 24 B
RL2048
Ping

Even End of Line
fUse Same Circult a5 Above)

Figure 13. End-of-Scan Cirguit

Table 2. Electro-Optleal Characterlstics (25°C)

Parameter Typ Units
Center-to-genter spacing 25 pm
Apetture width 2.5 mm
Sensitivity 3 oaxiod Ghlicm2
Nonunifarmity of respanse 10 1%
Saturation exposure 3 50 niem?
Saturation charge 14 pC
Average dark current 5 pA
Quantum efficiency 1. @ 75 %
Spectral responsa peak 3 750 nm
Spectral respanse ranga 2. 3 250 - 1000 nim

Notes:

1 Typlecal value specified at 750 nm wavelength.

2 Sensitivity within this ranga is typically at least 20% of
peak sensitivity,

3 Spaecified for quartz windowed devices. Fiber optic
faceplate will modify response characteristics as shown in
Figure 4.
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Absclute Maximum Ratings

Parameter Min Max | Units
Voltage applied to any 0 -20 Y
tarminal with respect
to commor
Storage or operating
tomperature
Quartz windowed (SACH -78 +B3 G
Fibar optic (SAF) -40 +35 G
2' o
32 25 24 17
L — 1 0.6"
‘ 1 8 g 16
038" - 2.7a0" -
+010 *

1op
1*3: 100 Typ::l e +010
- 1.200"

125

A. Package with Quariz Window

200"
038"
& 1 ||
t .
t 100 Typ—] |+ + 010
-:ig 1.200"

B. Package with Fiberoptic Window

Silicon Sensor

030
+.002 Quartz Window
R ¥
rﬂr?—{
00 7 Ret T 1;%5013
+.010 )
030 Silicon Sensor
+.002
(R _t
¥ 4
I 051
100 6 +.008
+010

Figure 14. Package Dimanslons. Dimenslons are In Inches except where mlllimeters {(mm)} are indicated
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Genegral Description

The EG&G Reticon SB series is a family of monoclithic self-
scanning linear photodiode arrays optimized for apphcation in
spectroscopy. The devices in this series consist of a row of
silicon photediodes, each with an associated junction capaci-
tance on which to integrate photocurrent and a multiplex
switch for pericdic readout via an integrated shift register
sganning ¢ircuit.  The part number of each device indicates
the number of elements in the array {example, 128, 2566, 512,
and 1024).

The SB series devices are mounted in ceramic side-brazed
dual-inline packages which mate with standard 22-pin
infegrated circuit sockets. The Z256-elorment array is also
available in a ceramic LCC package. Finout configurations
are shown in Figure 1. Package dimensions are shawn in the
outline drawings of Figure 8. Standard SB devites are sealed
with a ground and polished quartz window. However, an
opticnal fiber optic faceplate version is also available in side-
brazad packages. The fibar optic faceplate has 6 pm
diameter fibsrs and a numerical apartura of 1.

Key Features

» Simultaneous integration of 128, 256, 512, or 1024 photo-
diode elements with 25 pm center-to-center spacing

+ Each sensor element has & 100:1 aspect ratio {25 um x
2.5 mmy

= Extremely low dark leakage current for longer integration
times

*  Low power dissipation 1o facilitate cooling

= Clock-controlled sequential readout at rates up to 10 MHz

= Single-supply operation with HCMOS-compatible inputs

+ Single shift register design for simplified clocking
requirements

= Differential video output to cancel clock switching fran-

sients and Fixed Pattern Noise (FPN)

Low qutput capacitance for low noise

High saturation charge for wicke dynamic range

Antibleoming function fer high-contrast images

Line Reset Mode for simultaneous reset of all photodiodes

Wigde spectral response

Choice of quartz window or fiber optic faceplate {(LOC

package has only guartz window)

* On-chip dicdes (twe) for temperature monitoring

LR

LR I I |

Sensoar Characteristics

The SB series self-scanning photodiode arrays contain 128,
258, 512, or 1024 elamants {LCC package: 256 elemenis,
only) on 25 pm centers corresponding to a density of
40 dindes/imm and an overall length of 3.2, 6.4, 12.8, ot
25.6 mm. The height of the sensor elements is 2.5 mm giving
each gloment a slit-hke geometry with 100:1 aspect ratio suit-

SB Series
Solid State Line Scanners
—
S
Antblooming Gate [| 1 22 |] Stan
Temp Diode1 [ 2 21 1 et
Antblooring Drain [| 3 20 0 Vag
Vpps U 4 190 22
NG I s i [ Ne
Vo [ € 7 Vg
ne 07 16 1 NG
ResetGate [ & 15 5 NC
TempDiode2 [ & 14 1 End-OkScan
Reset Drain [ 10 130 Vpp
Active videe [ 11— 12 [I Dummy vides
DIL, Top view
NG NG NC MK NG
SR
Vidlep Qut [ 28 4 | Dummy Qut
Agsat Drain | 25 S| ¥pop
Temp Diggs | 24 | [&] e0s
Reset Gate | 23 [7] ne
Vou [22] [a] vgup
NG [21] o] NG
MC [=a o] ne
NC (18 |1‘I an
Vope 1B 12 | Vgg
I

qav [5]
spoigdwa) 3
say [ o |
useg [z

e [

LCC Package, Bottom View
[28&-elemant array, only)

Figure 1. Pinout Configurations

able for coupling to monochromators or spectrographs. The
sensor geometry is shown in Figure 3.

Charge gensrated by dight incident on the p-type surface be-
twoean two n-regions will divide between the adjacent diodes
to preduce the respense function shown in Figure 3.
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Figure 4 shows the typical output charge as a function of
exposure at 750 nm wavelength. Exposure in nJ/cmz is cal-
culated by multiplying the light intensity in pWem? by the
integration fime in ms. Note that the response is linear with
exposure up to a saturation charge of 10 pC at a saturation
exposure of 35 ndfem2, The sensitivity is defined as the ratio
of saturation charge to saturation exposure and is 2.9 x 10-4
CiJiem?2 (at 750 nm). Typical relative sensitivity as a function
of wavelength is shown in Figure 5. Quantum efficiency can
be cbtained by dividing the sensitivity by the area of a sensor
element (6.25 x 10-4 cm?) and multiplying by the energy per
photon In @Y. Peak quantum efficiercy is about 80% at
B850 nm. The dark current of an SB series device is typically
20 pA at 25°C and iz a strong function of temperature,
approximately doubling for every 7°C increase in tempera-
ture. The dark signal charge is given by the gark current
multiplied by the integration time. See Table 2 for Electro-
optical Characteristics.
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Scanning Circuit

The simplified equivalent circuit of an SB series photodiode
array is shown in Figure 2. Each cell consists of an activa
photediode and a dummy photodiods, both with an associ-
ated junction capacitance. These dicdes are connecied
through MOS multiplex switches 1o active and dummy video
lines. The shift ragister is driven by complementary squars
wave clocks with periodic start pulses being introcuced to
initiate each scan. The pixel sampling rate is determined by
the clock frequency. Integration time is the interval between
start pulses. The output signal obtained from each scan of
an N-slement array is & train of N charge pulses, each
preportional to the light exposure on the corresponding pho-
todiode. In addition to the signal charge, switching transients
are capacitively coupled into the active video lines by the
multiplex switches. Similar transients are introduced into the
dummy video lines and, therefore, can be reduced and a
cleaner signa! recovered by reading out the video and
dummy fines differentially.
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Clock and Voltage Requirements

Scanning is achieved by maans of an integratad shift regis-
ter. The shift register is driven by compiementary square
wave clocks, g1 and Bp. Table | gives rise and fall times and
crossover points for these clock waveforms. The clock am-
plitude stould be equal 10 Vpp - ¥gg. With Vpp = 5V and
Vgg = 0V, the clock inputs will be HCMOS-compatible.
Since wach photodiode is read out on a negative transition of
oo {sea Figure &), the frequency of the clock signal should be
set equal 10 the desired video data rata.

The start putse of similar amplitude to the clocks is required
to load the shift register and initiate each readout period
{each scan of the amay). The start pulse is loaded when o3
i& high; the start signal is pulsed high for a minimum of 10 ns
during ona and only one oz clock high cyels. A timing
diagram for the start and clock signals is shown in Figure 6.
Caution: @4 and @o clocks need to be continucusly applied
to the device. The intagration petied should be controlled by
varying the time between start pulses.

For gptimum performance and minimum switching noise, it is
importart that the clocks are exact complements and that
their rise and fall times comply with Table 1. A recommended
gircuit for generating thase clocks is shown in
Figure 7.

End of Scan

An output pulse useful primarily for test purposes is provided
two clack cycles after the last photediods is sampled by the
shift register scanning circuit. The timing of the EOS output
is shown in Figure 6. The voltage levels on the EQS output
will be determined by the Vpp and Vgg voltage levels
supplied to the photodiode array. When Vpp is at +5v and
Vg is operated at OV, the EQOS output will be compatible with
the HCMOS family of logic devices.

Amplifier Requirements

The recommended amplifier circuit for use with the SB
devices is a simple current ampiifier. A current amplifier

VgH —»
Start f \
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Clock  #
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Figure 6. Timing Diagram
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Figure 7. Two-Phase Drive Circuit

hoids the video line at a vitual ground and senses the current
pulsss flowing inte the video line to recharge the diodes
through their respective multiplex switches as they are
sampled in ssquence. These current pulses, which sach
contain & charge of up te 10 pC at saturation, are converted
to a train of voltage pulses corresponding to the light intensity
on the various diodes. In this mode of operation, the cumrent
amplifier must provide a positive bias voltags to the vides lins
since the photodiode anode (the p-substrate) is biased to OV
[Vgg) Figure 8 shows a differential recharge amplifier suit-
able for use with 5B series davices.

Line Reset/Antiblooming Control

Under certain opsrating conditions, it may be desirable o
control integration time indapendent of the line scan time
{tima betwsen start pulses). This can be accomplished by
the use of the Antiblooming Gate control input.  When the
Antiblooming Gate is held at Vpp, all photodiodes are simul-
tanecusly reset to the bias voltage on the antiblovming drain
(typically Vppo/2). GConversely, when the antiblooming gats is
held at ¥gg, the antiblooming transistor is off and the photo-
diodes can then integrate photocurrert.  Thus, when ah ac-
tive high pulse is applied to Vapg, the integration time for
dicde ‘N’ then becomes the time between the negative-going
transition of the aniiblooming gate to the time in which dicde
‘N' is read out through the diode muitiplex switch.

Under normal eperating conditions, 3B series devices do not
require any blooming control due to their excellent
antiblooming chatacteristics. However, under extramely high
contrast conditions, blooming control can be implemented to
further enhance this performance. In this mode of cparation,
a bias voltage {the same voltage as the video line bias, typi-
cally ¥Ypp/2) is required on the antiblooming drain. The
antiblooming gate is then biased to 1-3¥. By adjusting the
bias |evel on the antiblcoming gate, excess charge prasent
on the video line is shunted ¢ the antiblooming drain.

Dark Signal and Noise

There are two components of the dark signal from the SB
serigs, These are due to: (1) spatial variations in the switch-
ing transients coupled into the video Xne thraugh the clocks
and internal multiplex switches, and (2) the integrated dark
current, A portion of the switching transient effect will be
gpatially random and a portioh will have the periodicity of the
clocks. The latter portion can be minimized by matching the
clock amplitudes and rise and fall times and by good circuit
layout to minimize capacitance between clocks and video
lines. The peak-to-peak fixed pattarn due to all switching
transient effects should be less than 1% of the saturated
signal. The dark signal due to dark current is the dark current
mulfiplied by the integration time. It can be arbitrarily reduced
by lowering the termparature or by raducing the integration time.
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Figure 8. Ditferentlal Recharge Mode Video Amplifier

There are thres identifiable sources of readout noise: (1)
reset noise, (2) shot noise, and (3) amplifier noise. Reset
noise is associated with resetting the diode capacitance to a
fixed valtage. Its root mean squars valug is given by (KTC)!
2/q where k is Bollzmann's constant, T is the absalute tem-
perature, q is the electronic charge and € is the total capaci-
tance of the photodicde [approximately 4 pF), the video line it
cohhiects to, and the capacitance of the extarnal circuitry. At
room temperature, kTC noige is approximately 1500 elec-
trens s, It can be reduced somewhat by cooling, The s
value of the dark shot noise is the square root of the number
of electrans in the dark signal charge. For example, with a
room temperature dark current of .25 pA and 10 ms integra-
tion tirme, the rms dark current shot noise is approximately
125 electrons. Becauss of the exponential tempsarature de-
pendence of dark current, shot noise can be reduced dra-
matically with a moderate amount of cooling. Amplifier noise
depends on the ampiifier circuit used. In general, the low
video output capacitance of the SB series makes it easy o
achieve low amplifier noise and values below 2000 electrons
arg possible.

Temperature Diodes

The SB Series arrays each have 2 on-chip diodes far sansing
array temperature. The standard method of use is to force a

fixed forward currsnt (normally 10 pA) through the dicdas and
measure the forward diode voltage drop. For details, please
refer to Application Note 127, How fo Use Reticon Tempera-
ture Diodes.

Evaluation Circuit

A complate evaiuation cireuit for the SB series is available
fram Reticon ({side-brazed package, only). The RC1030
board provides the user with an sasy means of evaluating
operation. The RC1030 uses an alternative circuit o that
shown in Figure 7.

The RC1030 has a sample-and-Feld video output with a typi-
cal dynamic range of 4000:1, Provision for cooling the array
using a thermal-electric cooler is provided by means of an
access hola locatad diractly beneath the array.

The board requires +5 and 115V supplies and can be ad-
justed for pixel rates up to 50 kHz.
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5B Series

Table 1. Electrical Characteristica (25°C}
{All voltages measured with respect 10 Vgyn)

Signal Sym Min Typ Max Units
Yoo Voo 45 5 55 W
Vpp guard VDG Voo v
Vgs 0 v
Antlhlooming drain YasD Vs v
Start Vg High Yoo - .1 Yoo Y
Vap Low Vas Vgg + .4 v
Clock 81, 82 ¥Hi, ¥Hz  High Vpp - .1 Yoo ¥
VLL VLQ Low V55 VSS + .4 v
Reset gate VHRG High Vop- -1 Yoo v
VIRG Low Vgg Voo + .4 v
Antiblooming gate VHABG High Wi - 1 Yoo v
Vs  Low Vs Vgg + .4 v
Video bias Wy 2 Vpp/2 Vpo -2 v
Reset drain VRO 2 Vpop/2 Vpo-2 v
Clock rate 001 10 MHz
Start rise time trs 10 50 ns
Start fall time ts 10 20 ns
Start pulse width tows 10 ns
@1 Rise time tr 10 20 ns
24 Falltime 1 10 20 ng
2 Rise time trz 10 20 Ng
o Fall tims te 10 20 ns
Video delay time tvp 20 ns
Clock crossings X4 o] 50 S
Xo o 50 %
Capacitance a4, @ Ce
at 5V bias 1
RLO1285B 26 pF
RLO2565B 27 pF
RLO5125B 3 pF
RL10245B 35 pF
Capacitance, each video Cy
line at 2.5¥ bias
RL0128SB 5 pF
RLO25658 <] pF
RLD51258 10 pF
BL10243B 18 pF
Note:

1 Caleulated typicals - not measured.




5B Series

Table 2. Electro-Optical Characteristics {25°C)

Gonditions:

Al voltage levels set to typical values shown in Table 1

Light soures is 2870°K Wungsten filkered with & 750 nm bandpass filter
Video data rafe = 250 kHz

Characteristics Typ Max Units
Center-to-center spacing 25 urm
Aperiure width 25 mm
Sansitivity 1.2.3 29x 104 Ciliome
MNenuniformity of response

AL1288B 24,5 5 10 1%

RLO256SB 24.5 5 10 +%

RLOS125B 24,5 5 10 +%

RL10245B 245 5 10 %
Saturation exposure {(Ega7)1.2.3 35 mJiom2
Saturation charge {QgaT) 10 pc
Dynamic range 31,250

{Qeat'Gnpise (rms})
Average oark currant & 0.20 .50 pA
Spectral response peak 750 nm
Spectial response rangs 5.7 200-1000 nm

Mates:

1

2
2
4

&

Absolute Maximum Ratings

Measured at 2.6V video fine bias

Peak, typical at 750 nm

Fiber optic faceplate will madify sensitivity as shown in Figure 5

+% PRNU is defined as [(Vmax - Vavg)Vawyl X 100% and -% PRNU is defined as
{(Vavg - Ymin)/Vaygl ¥ 100%, where

Vmax is the output of the pixel closest to saturation level,

VYmin is the output of the pixel closest to dark level,

Vavg 1 the numatical average of all the array pixels.

The first and last pixels are not counted in this measurernent.

Measured at an exposure level of Egat/2

Maxirmum dark current 1.5 x average dark current

From 250 - 1000 nm, sensitivity is typically at least 205 of its peak value.

Min Max Unlts

Voltage appied to any terminal
with raspact to substrate (Vgs) 0 +10 v
Storage of operating temperature
Cuarz window -78 +85 ‘G
Fiber optic -40) +85 i
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: F o845
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. - =100
- +.000 -
Optional Fiber Optic Windaw—/
Device . A B
RLO128SE 1080 | 1260 (3.2 mm)
RLDZGESE @ 1.0BD | 2530 (6.4 mm)
RLOS125E |, 1.080 | 5038 {12.8 mm) 0.350
RL102456 ; 1.500 | 1.008 {26.6 mm]| £0.008, typ.
0.070 = 0.607
0.020 = 0002 —w] |—
0.060, typ.
0.040 = 0,505 4
0.030 + 0.003
Q020 1 0e02 o
Bottom of Packaga
L—]
) Ll
Quartz Wlnduwh_____‘ I
[
=l 0.050, typ

LCC Package. Side View

Note: Sensing aperture in LCC

is centered with respect to cavity edges LGC Package, Bottorm View

Flgure 9. Package Dimenslons {all dimenslons are typical and In Inches unless atherwlse specifled)

Ordering Information

Part Number

Evaluation Circuit

Quartz Window

RLO1285BGQ-011 RC1030LNN-011
RLO2565B0-011 RC1030LNN-011
RLO5125BQ-011 RC1030LNN-011
RL1024SBQ-011 RC1030LNN-011
Fiber Optic Window

RLO128SBF-11 RC1030LNN-011
RLOZ565BF-011 RC1030LNN-011
RLO5125BF-011 RG1030LNN-011
RL10245BF-011 RC1030LNN-011

Quartz Window, LCC Package

RLOZ2385BQ-111

none
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SR Series
Random Access Linear Array

General Description

The SR Serigs is & unigue family of manglithic linear image
arrays with randomly-accessibla photodiode sensors. The
photodiodes are accassed via 5 binary address lines. Like
the Reticon S Series, the SR sensors are 25 pm by 2500 um
fgr the high sensitivity required in spectroscopy and scientific
applications.

The SR Series davices are mounted in 34 pin, .6" wide, side-
brazed ceramic duakinline packages as shown in Figure 8.
Pin descriptions are shown in Table 3.

Key Featuras

= Randomly accessible photodiode sensors - easily ac-
cessed with 5V binary-aencoded MOS-levet address lines

+ Sensor structure based on Reticon's S Sariss arrays —

sensor spacing 26 um center-to-conter with aspect ratio of

100:1 {25 um by 2500 pm)

512 and 1024 element versions

Very low dark lzakage current for longer integration times

Low pawer dissipation

Address clock rates up to 1 MHz

Very low output capacitance for low noise

High saturation charge for high dynamic range

Ghoice aof quartz window or fiberoptic faceplate

LI I R I ]

Sensor Characteristics

The family of SR Series devices consists of 512 and 1024
photodiode sensing slements on 25 pm centers correspand-
ing to a density of 40 diodss/mm and an overall langth of
appraximately 12.8 and 25.6 mm, raspectively, The height of
the sensor elsmants is 2.5 mm, giving sach sensor a slit-like
geometry with a 100:1 aspect ratio suitable for coupling to
manachramators or spectrographs.  The equivalent circuit is
shown in Figure 2 and sansor geometry in Figura 3.

Charge generated by light incident on the ptype surface be-
twoen two n-regions will divide between the adjacent diedes
to produce the responss function shown in Figurs 3. The
photo rasponse profile as shown is a function not only of the
silicon geometry, but also of the wavelength. See Reprint
#lA-6, Design Considerations for a Solid-State Image Sens-
ing System, available from EGAG Reticon, Typical relative
response as a function of wavelangth is shawn in Figure 4.

A typical optical-to-elactrical transfer function at 750 nm
wavelength is shawn in Figure 5. Exposure in njoules/icm? is
caloulated by multiplying the irradiance (pwatt/cm?} by the
integration time {msac). Note that the response is linear with
axposure up to the saturation charge of 19 peoul at a satura-
tion exposura of 4¢ njuules.fcmg Thae sensitivity is defined as
the ratio of the saturatiun c:harga to the saturatfon exposura
and is 2.5 x 1074 coulfjoulefern= {at 760 nm). Quantum effi-
ciency can be cbtained by dl\ﬂdmg the sensnwny by the area
of a sensor etement {6.25 x 10°* am?} and multiplying by the
energy per pheton in e, Peak quantum sfficiency is about
80% at 650 nm.

. :
Vo |1 \\._/ 34 ] Ay
Addrass Srobe | 2 33 ] A-
Line Reset _ Bl 32T| Ap
NG |4 3! | no
Voo |6 0] As
Temp Dioda _| & 28] Ay
ne [ 7 28( | As
NG [ 8 77| | He
v [ 2 26 | Vsl
we 1o 25| NG
Brgs O 24 g
Temp Dinge (12 23] Ar
[/ Rt za[ | ne
Ve [ 14 21 Ay
video Out [ 15 0[] A"
Dummy Gut | 8 14 | ARa:
Vag 17 18] ] Vo

* NC for ALDS12 BR

Figure 1. Pinout Configuration

The dark current of the SR Series device is typically 0.5 pA
per diode at 25°C and is a strong funstion of temperaturs.
The general “rule of thumb" i that the current doubles with
every 7°C. The dark signal charge is given by the dark
current multiplied by the integration {imea.

Davice Qperation

The equivalent circuit of the SR Series is shown in Figure 2.
It is eomposed of five sections: (1) an address dacoder; {2)
an address strobe; (3) a line raset; (4) an array of active
photadiodes and an array of dummy photodiodes; and (5) two
video lines (gne for the active diodes and the other for the
dummy digdes), each with an associated reset switch,

A single sensor or photosite is selactad by the address lines
via the address decoder. When the muitiplexing gata is acti-
vated by the address strobe, the phote-convertad chargs in
the active dipde is placed on the vidso line and sensed at the
output. The addressed photodiods is automatically reset by
the readout operation and will start integrating charge for the
nexd scan after it is deselected.

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 94086-4197  {408) 738-4266 FAX! (408) 738-6879
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SR Series

Address

Liness {AD ) Ag}
- L
Address Decoder
a 1 2 N-2 MN-1
Address , I
Strobe *
Ling i
Raset © L)

Substrate » 3 4 N2

I——i? %I——& %I——EH H

? RDZ
e S o T

+ Active Vidso Output

Figure 2. Simplified Block Diagram

The line reset input is used to simultaneously reset all of the
diodes. When this input is activated, all of the dicdes are
recharged and, if exposed, will start integrating the photo
converted charges simultansously. Otherwise, this reset
function can serve to recharge the diodes for shutter opera-
tion or flash expasures. A line reset pulse (positive-going to
+5V) sheuld |ast at least 2 psec, with 10 - 15 usec preferred
for more complete resatting.

The dummy diodes serve to diffarantially cancsi most of the
fixed-pattern noise genarated from the clocks. Yhen a diode
is selected, both the active and the dummy diodes are simui-
tansously connected to their respective videq lings. The re-
sulting charges are read simultaneously, and can be differen-
tially subtracted by an axternal differencing ampiifisr.

Signal Extraction Circults

Figure 6 shows a simplified example of two charge sensing
amplifiers with their outputs diffsrentially connscted to a
resetiable integrator along with its asscciated timing dlagram.
The voftage levels at the output of the integrator, representing
the integrated charges, can then be sampled and held,

In appilications where noise performance is not tha limiting
criteria, & simpler circuit can be implementsd. The accassed
signal charges from a selected dipde can be deposited di-
ractly on the video line and then dischargaed just prior to ac-
cessing the next photodiode. The vidao lines are discharged
with the active and dumimy rasst switches. Figure 7 shows a
typical method and timing diagram for huffering the videa line
and using it as a holding capaditor. In this mode, the video
line exhibits the characteristics of a MOS capacitor. The
active and dummy outputs can be differentially processed, if
desirad. In cases whers flxed pattern naise can be ignored,
the dummy line can be tied to a potential equal to the active
viden line.

Dummy Vidao Qutput
= ®raa

VRD1

Clock Requirements

All of the clock input lavels are designed to operate with 5V
CMOS levels. The decoder requires binary encoded ad-
dresses. The pin out diagram of Figure 1 shows the address
inputs starting with Ay as the least significant bit. The se-
lected diode site is clocked out with the address strobs. The
signal charges appear at the output of the video line with the
rising edge of the address strobe.

Ternperature Reference Diode

There ars two temperature dicdes, one at each end of the
3R deviges for temperature monitoring.  The diodes are for-
ward biased by applying a negative potential to the input pin
with respect to the substrate (Vgpm). The anode of each
temperature diode is intarnally connactad to the substrate
{¥gyup). Since there are several methods which can be used
to monitor temperature with the diodes, and since each will
require davice as well as circuit calibration, the terminals of
the diodes are provided for the user to calibrate and to use
as desired. Examples of the different methods are as fol-
lows: (1) One methed is to measure the open dircuit junction
voltage as a function of temperature. This method will re-
guire calibration of an extarnal buffer amplifier, which is used
to isolate the diode terminal from the extemal circuit. {2)
Angther method is to reverse bias the diode and measure the
leakage current as a function of temperature. This method
will require cafibration of the leakage current. (3) Another
mathod is to measure the forward dieda drop as 2 function of
temparature. This methad not only raquires the calibration of
forward voltage drop as a function of temperature, but it re-
quires drawing current through the substrate which will de-
grade performance as well as causs localized heating in the
substrate. Charge injected into the substrate will diffuse into
nearby pixsls. If this method is used, forward biasing should
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only acour during ocutput scans that can be discarded. More-
over, a few scans should occur after the temperature dindes
ara turned off to “clean out’ the substrate. If the temperature
diories are not used, these pins should be tied 1o ground.

Dark Signal and Holse

There are two components of the dark signal from the SR
Series random access arrays. These are dus to: (1) Spatial
variations in the switching transients coupled into the video
line through the clocks, and {2} the integrated dark curremt. A
portion of the switching transient effect will be spatially ran-
dom. Keeping the clock transient effects to a minimum re-
quires strict abservation of good layout tachniquas, such as
splitiing of grounds betwesn the digital and analog circuits.
The dark current leakage can be controlled by the integration
time or by coeling the device. The dark current can also be
maostly cancelled if the integration time of the given photo site
is kept constant betwsen readouts, because its leakage value
can ba stored and subtracted from each of the succeeding
scans.

Evaluation Clrcult

A complete evaluation circuit for tha SR Series arrays is avail-
able from EG&G Retican. The RGC1010/RC1011 hoardset
provides the user with an easy means aof evatuating the op-
eration and performance of the SR deviees. The board set
allows the wser to address the devices via an on-board
EPROM of inputting the address through a 25-pin D-type
connector. It requires +5 and +15V supplies, and has a
sample-and-held videa output with a typical dynamic rangs of
2000:1. Provisions for cooling the array using a thermo-
electric cocler are provided by means of an access hote Jo-
cated directly beneath the array.
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Table 1. Electrical Characteristlcs (25°C)

Min Typ Max Units

¥DD 45 50 &5 v
Voo 4.5 5.0 55 v
Vgg 0
Video line bias +2 Yooz Vope v
Clock and address linss amplitude Vpo--5 +5 Voo v
Clock repetition rate 1 MHz
Capacitance of each clock line (@ 5V bias)

RLOS125R 10 pF

RL10245R 15 pF
Capacitance of each video line (@ 2.5V bias)

RL05125R 12 pF

BL10245R 20 pF
Capacitance of each photodiode (@ 2.5V bias) ! 4 pF
DC power dissipation 1 ut'y)

Notes:

1 Calcutated typicals, not measured

Table 2. Electro-Optical Characteristics (26°C) 5

Typ Units
Centerto-center spacing 25 | um
Aparture width 25 mm
Sensitivity 3.6 25%10% | couljoulercm?
Nonunitormity of response *5 10 | +%
Saturation exposure * 40 | nlom?@
Saturation charge 10 pC
Average dark current 0.5 pA
Quantum efficiency 1+3 80 | %
Spectral response peak 750 | nm
Spectral response range 23 200-1000 | nm

Notes:

1 Typical value specified at 750 nm wavelength.

2 Frgm 250-1000 nm sensitivily =20% of peak valua,

3 gpecified for quartz windowed devices. Fiber optic faceplate will modify response characteristics as shown
in Figure &.

4 Measured at 50% VSAT with a 2876°K incandescent tungsten source filtered with a Fish-Schuman HA-11
heat absorking filter. First and last dicdes are ignorad.

5 Data rate = 100 kHz. Devica operatad in serial readout mode. Vpp = Vpog = +5Y.

B At 750 nm.

Table 3. Pin Descriptions of Figure 2

Pin Number Dascriptien

1 ¥gg - negativa supply (GND)
2 Address strobe - latches address bits. Video clocked out on rising edgs of straba
3 Lina raset - simultansous rasat of all diodes
5 Vppg - same patertial as Vpp
8,12 | Temperature dicdes - one on each end of die for temperature measurements
g, 26 ¥gug - substrate (GND)
11,18 | @pge BRGI - active and duremy video lina reset gates
14,17 YRp2: VRo1 - attive and dummy vided line reset drains («2.5V)
15 Active video output
18 Cummy video output
18 Voo - pesitive supply (+5V)
34, 33, 32, 30, AD-AB - address bits. Open collactar TTL or CMOS levels (GND to +5V)
29, 28, 24, 23,
21,20
All pther ping Mo connection (should be tied to GND for best noise immunity}
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Absolute Maximum Ratings

lu'llrl—[ Max
Voltage applled to any terminal D 7
with respect to commoen
Storage or operating temperature
Quartz windowed =70 | +85
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SR Serles

Ordering Informatlon

Part Humbar Window Evaluation Circult
RLOS125RG-011 Cuartz RCA1010LNN-D11/
RCA01T1LNN-011
RL1Q24SRG-011 Quartz BC10410LNN- 1/
BCA0{1LNN-01 1
RLOS125RF-011 Fiber optic RCI1010LNN-gH 1/
RG1011LNN-01 1
RL1G24SRF-011 Fiber optiz RC1010LNN-G11¢

RC1011LNN-{H1

055-0238
November 1991
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EG:G RETICON

T Series
Solid State Line Scanners
64, 128, 256, and 512 Elements

General Description

The Rsticon T sariesis a family of monolithic self-scanning linsar
photodiode arrays optimizad for application in spectroscopy.
The devices in this series consist of 8. row of silicon photodiodes,
each with an associated junction capacitance in which to inte-
grate photocurrent and a multiplex switch for petiedic readout
vig anintegrated shift register scanning circuit, The part number
of each dsvice indicates the number of elements in the array
(e.g., 684, 128, 256, 512).

The T series devices ara mounted in ceramic side-brazad dual-
inline packages which mate with standard 22-pin integrated
circuit sockets. The pinout configuration is shown in Figure 1.
Packags dimensions ars shown in the outline drawing of
Figure 11. Standard T series devices are sealed with a ground
and polished quartz window. Hoawever, the optional fiber optic
faceplate version shown in Figure 11 is also available. The fiber
optic faceplate has § pm diameter fibers and a numerical
aparturs of 1.0,

Key Features

* Simultaresusintegrationon 64, 128, 256, or 512 photodiode
sensor elements with 50 pm center-to-center spacing

¢ Each sensor alement has a 50u1 aspect ratio (S0 pm %
25 mmj

« Integration times asshortas B4psecoras longas 0.3secare
pogsible at room temperature. Integration times of minutes
or gver holrs without énsors saturating can be achigved by
cooling.

¢ Low power dissipation (less than 1 mW) ta faciiitate cooling

»  Clockcontrolled sequential readout at arbitrary total effactive
data rates up to 2.5 MHz {f; = 1.25 MHz max.)

+ Differantial output to cancel ¢lock switehing transients and

fixed patterns

Low output capacitance for low noise

Highsaturation signal charge {28 pC) for wide dynamicrange

Wide spectral responsa {200-1000 nm)

Choice of quartz window or fiber optic faceplate

Standard 22-lead dual-inling integrated circuit package

Sensor Characteristics

The Rsticon T serias salf-scanning photodiode arrays contain
64, 128, 256, or 512 silicen diode sensor elements on 50 pum
centers correspanding to a density of 20 diedes/mm and an
averal! length of 3.2, 6.4, 12.8, or 25.6 mm. The haight of the
sensor elements is 2.5 mm, giving each element a slit-like
geometry with 50:1 aspect ratio suitable for coupling to mona-
chromators or spactrographs. The sensor ggometry is shownin
Figure 3.

Chargea gsnsrated by light incident on the n-type surfacse be-
tween two p-regions will divide between the adjacent dicdes to
preduce the response function shown in Figure 3.

Ground [ 1 ez[ING
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NIE 20{ stant
NC 4 18l oa
NC s 181y
Substrate [ & 17 [l Substrate
NCl 7 16 [] End-of-Sgan
NCle 15 [] Reset Gate
Ncl o 14 [ Bummy video
NG [ 10 L 13 [] Active Video
Reast Bias [ 11 12 [l Substrate

Figure 1. Pinout Configuration
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Figuis 4 shows typical outout charge as a functlon of exposure
at 750 nm wavelengih. Exposure in nicm? is calculated by
multiplying the light intensity in ¥M/cm< by the integration time
in msac. Mota that the response is linsar with exposure up to
a saturation charge of 28 pC at a saturation exposure of
50 nJem?. The sensitivity is dafinad as the ratio of saturation
charge to saturation exposure and is 4.4 x 10 Gilfem? (at
750 nm). Typical sensitivity a5 & function of wavelength iz shown
in Figure 5. Guantum efficiency can be obtained by dividing the
sansitivity by the area of a sensor element (6.25x 10-4 em2) and
multiplying by the energy per photon in e¥. Peak gquantum
efficiancy is about 80% at 850 nm. The darkcurrent of a T series
device is typically about 4 pA per diode at 25°C and is a strong
function of temperature as shown in Figure 6. The dark signal
charge is given by the dark curcent multiplied by the integration
time.

Scanning Circult

A simplified equivalent circuit of an RLO5S12T photodicds array
i shown in Figure 2. Each call consists of a photodiode and a
dummy diode, both with an associated junction capacitance.
These diodes are connected through MOS multiplex switches o
video and dummy recharge lines. The shiftregister |s driven by
two-phase clocks with periodic start pulses being introduced to
initiate each scan. The cell-to-cell sampling rate is detarmined
by the clock frequency.

The integration time is the interval betwesan the start pulsas, The
output sigral obiained from each scan of an N element amay is
a train of N charge pulses, each proporional to the light
exposure on the corresponding photodiode. In addition to the
signal charge, switching transients are capacitively coupled into
the videa dine by the multiplex switchas. Similar transiants are
introduced into the dummy lina and, therefors, can be reduced
and a cleaner signal recovered by reading out the video and
dummy lines differentially.

Clock and Voltage Requirements

Seanning is by means of an integrated shift register. The shift
register is driven by a two-phase clock. The clock phases may
be complementary square waves, or they may have a shorter
negative duty cycla. In no case should 24 and @ be negative
simultanenusly, as this will cause the scan to be terminated.
Figure 7 shows a simple two-phase clack driva cireuit and its
related timing diagram.

In the specifications &/l voltagss are expressed with respoect to
the substrate. However, for compatibility with TTL clocks and
ease of signal extraction, it is recommended that the substrate
be runat +6Y. The clock phases should then swing between +5
and -7V nominal. The start pulse should overlap one pesitive
going transition of &4 with approptiate set-up and hold times as
shown in Figure 7.

End of Scan

An output pulse, usefyl primarily for test purposes, is provided
whet the [ast element is sampled by the shift register scanning
circuit. When not used, it should be shortad exdernally to the
array substrats to avoid introduction of urnwanitad “glitches” into
the vidao. The voltags sxcursion on the end-of-ssan terminal
(when used) should be minimized by using a eircuit stich as that
shown in Figure B.
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Amplifier Requirements

Two types of amplifier circuits are in common use with Reticon
photodiode arrays. Thess include: (1) a simple current ampli-
fier, and (2) a video line integration, sample-and-held circuit. A
current amplifier holds the video line at virtual ground and
senses the current pulses flowing into the video line 1o recharge
the diodes through their respective multiplsx switches as they
ars sampled in sequence. These current pulses, sach contain-
ing a charge of up to 28 pG at saturation, are converted by the
amplifier to a train of voltage pulses whose lavel correspends to
the exposure on the various diodes.

With a video line integration, sample-and-hold circuit, the video
line iz reset to ground prior to closing the multiplex switch to each
diods. YWhan the switch is closad, charge divides betwesn the
diode and the videa line and the resulting change in video line
voltage is sampled and held. The videe line and diode are then
reset to ground prior to opening the multiplex switch to the next
digde. The resylt is a boxcar output waveform.

Dark Signal and Neise

There are two compenents to the dark fixed pattern signal from
the T series arrays. These are due to; 1) spatial variations inthe
switching transients couplad into the video line through the
clocks and the internal multiplex switches, and 2) variation inthe
integrated dark curent. A portion of the switching transient
sffect will bo spatially random and a portion will have the
periodicity of the clocks. The latter portion can be minimized by
matching the clock amplitudes and rise and fall times and by
good circuit layout to minimize capacitance between clocks and
videg lines. The peak-to-peak fixed pattemn due to all switching
transiant effacts should be less than 1% of the saturated signal.
The fixad pattarn due to dark current is just the variation in dark
current multiplied by the inegration time. It can be arbitrarily
reduced by lowering the temperature ar by reducing the integra-
tion time.  This is not to be confused with the average dark
current as shown in Figure 6.

There are thres identiflable saurces of readout noise: 1) reset
noise, 2} shot naise, and 3) amplifier noiss. Reset noise or KTC
noise is associated with resetting the diode capacitance to a
fixed voltage. Hs rms value is given by {(KTCYVe/g where k i
Beltzmann's constant, T is the absolute temperaturs, g is the
electronic charge, and C is the total capacitance of the phote-
diode (approximatsly 4 pF), the vides lina, and the capacitance
of the extemal circuitry. At room temperature, the KTC noise of
the 512T is approximately 2100 electrons. ! can be raduced
somewhat by cooling. The rms dark current shot naise is the
square root of the number of electrons inthe dark signal charge.
Forexample, with a ropm temperature dark current of 5 pA and
10 msee intagration fime, the rms value of the shot noise is
approximately 560 electrons. Because of the exponential
temperature dependence of dark current, shot noise can be
reducad dramatically with & moderate amount of cooling. Am-
plifier noise depends on the amplifiercircuit used. Ingeneral, the
low video oulput capacitance of the T series makes it easier lo
achieve low amplifier noise andvalues betow 2200 electrens arg
possible.
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Evaluation Circuit

A completa evaluation circuit for the T saries amays is available
frem Reticon. The RC1000/RC10M evaluation beardset pro-
vides the user an easy means to evaluate the operation of the
T series photadiode arrays.

The RC1000/RC1001 has a sample-and-held video output with
a typical dynamic range of 4000:1. Provision for cooling the
array using a thermno-glectric cocler is provided by means of an
aceess hole located directly bensath the array.

The boardset requires +5 and +15V supplies and can be
adjusted for pixel rates up to 250 kHz.

Table 1. Electrical Characteristics {25°C)

Min | Typ | Max | Units

Video line bias 1 -4 -5 6| W
Substrate bias +4.5v +5 | +55 | ¥ DC
Closk amplitude 1 =11 -2 15 W
Start pulse amplitude 1 11 f 12 -15 | ¥
Total effective pixel : 2.5 | MHz
output rate
Clock frequency X 1.25 | MHz
Capacitance of each
clock line (@ SV bias) 2
RLOAGAT a pF
RLO128T 23 pF
BLO238T 30 pF
RLOS12T 60 pF

Capacitance of each
vidaa line [ @ 5V bias) 2

Table 2. Electro-Opfical Characteristics {25°C)

Typ Max | Units
Cearnter-to-contar 50 wm
spacing
Apartura width 2.5 |omm
Sensitivity 1:3.6 ' 4ax10 Ciliem?2
Nenuniformity of ' 5 10 %
response 2.8 '
Saturation exposure 4 50 nJicm?2
Saturation chargs | 28 pC
Average dark current 5.8 4 10 | pA
Quantum efficiency 1.3 75 %
Spectral response peak 3 TS0 . nm
Spectral response 200-1000 ! nm
range &4 |
MNotes:

1 Peak, typical @ 750 nm, quartz window.

2 Measured at 50% Vegt With 2870°K, incandescent
tungsten lamp filtered with & Fish-Schurman HA-11 heat
absorbing filter.

3 Fiber optic faceplate will modify sensitivity as shown in
Figure 5.

4 From 250-1000 nem sensitivity =20% of ity paak valua,

5 Max dark leakage <1.5 x avg dark leakage measured at
40 msec integration & 25°C.

& All specifications ignore first two and last fwo diodes,

Absolute Maximum Ratings

Min Max | Units

VYaltage applied to any terminal 0 -20 v
with respect to substrate

Storage or operating temperature
Quartz windowed (TAQ) -78 +85 G
Fiber optic (TAF) -40 +85 G

RLOOEAT 3 pF
RLO128T 9 pF
RLO256T 12 pF
RLOS12T .24 pF

Capacitance of each 4 pF
photedinde (@ BY bias) 2

End of scan output 5 it
resistance 2

DC power diszipation 3 1 mw |

|
Motes:

1 Measured with raspect to substrate, Substrate is normally
run at +5V for compatibility with TTL ¢lock circuits.

2 Calculated typicals—not measured,

3 The AC power is given by 2C.V.2f, where G is the
capacitance of each clock line, Wy is the clock voltage,
and {5 is the scan frequency.
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General Description

The EGAG Reticon TB seties is a family of monolithic sslf-
scanning lingar photodiode arrays optimized for application in
spectroscopy. The devices in this series consist of a row of
silicon photodiodes, each with an associated junction
capacitance an which 1o integrate photocurrent and a
multiplex switch for perodic readout via an integrated shift
register scanning circuit. The part number of each device
indicates the number of alamants in the array (example, 128,
256, and 512},

The TE series devices are mounted in ceramic side-brazed
dual-inline packages which mate with standard 32-pin inte-
grated circuit sockets. The 12B-element array is also
available in a ceramic LCC package. Pinout configurations
are shown in Figure 1. Package dimensions are shown in the
cutline drawings of Figure 8. Standard TB devices ara sealed
with a ground angd polished guartz window. However, an
optional fiber optic faceplate version is also available for side-
brazed packages. The fiber optic faceplate has & pm
diameter fibers and a numerical aperture of 1.

Key Features

+ Simultaneous integration of 128, 256, or 512 photodicde
elements with 50 pm center-to-center spacing

= Each sensor element has a 50:1 aspect ratio (50 um x
2.5 mmy

« Extremetly low dark current for longer integration times

+  Low power dissipation to facilitate cooling

»  Clock-cantrolled sequential readout at rates up to 10 MHz

¢ Single-supply operation with HCMOS-compatible inputs

« Single shift register design for simplified clocking require-
meants

» Differential video output to cancel clock switching tran-
sients and fixed pattern noise (FFN)

+ Low output capacitance for low naise

= High saturation charge for wide dynamic range

¢« Antiblooming function for high-contrast images

¢ Line Reset Mode for simultaneous raset of all photodiodes

= Wide spectral response

= Choice of quartz window or fiber optic faceplate [LCC
package has quartz window, only)

* On-chip diodes (twa} for temperature monitoring

Sensor Characteristics

The TB series self-scanning photodiode arrays contain 128,
256, or 512 elements {LCC package: 128 slements, only) on
50 pm centers corresponding to a density of 20 dicdes/mm
and an averall length of 6.4, 12.8, or 25.6 mm. The haight of
the sensor elements is 2.5 mm giving each element & slit-like
geometry with 50:1 aspect ratio suitable for coupling to

TB Series
Solid State Line Scanners
i —
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Figure 1. Plnout Conflgurations

mengchromaters or spectrographs. The sensor geometry is
shown in Figure 3.

Charge generated by light incident on the p-type surface be-
tween two n-regicns will divide between the adjacent diades
to produce the response furiction skhown in Figure 3.
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Figure 4 shows the typical output charge as a function of
exposure at 750 nm wavelength. Exposure in ndiom2 is
calkeulated by multiplying the light intensity in pWrem? by the
integration time in mg. Note that the response is linsar with
exposure up to a saturation charge of 20 pC at & saturation
exposure of 34 ndiem2. The sensitivity is defined as the ratio
of saturation charge to saturation axposure and is 5.4 x 167*
Crliem? (at 750 nm). Typical relative sensitivity as a function
of wavalength is shown in Figure 5. Quantum efficiency can
be obtained by dividing the sensitivity by the area of a sensor
element (12.5 x 104 cm2) and multiplying by the enargy par
photon in eV, Peak quantum efficiency is about 80% at
650 nm. The dark current of a TB series device is typically
5 pA at 25°C and is a strong fundlion of temperature,
approximately doubling for every 7°C increase in tempera-
ture. The dark signal charge is given by the dark current
multiptied by the Integration time. See Table 2 for Electro-

optical Characteristics.
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Scanning Circuit

The simplified equivalent circuit of a TR series photodiode
array is shown in Figure 2. Each cell consists of an active
photadiode and a dummy phetodiods, both with an associ-
ated junction capacitancs. These dindes are connectsd
through MOS multiplex swiiches to active video and dummy
video lines. The shift register is driven by complementary
squars wave clocks with periodic start pulses being intro-
duced to initiate each scan. The pixel sampling rate is deter-
mined by the clock frequency. The integration time is the
interval between start pulses. The output signal obtained
from each scan of an N-element array is & train of N charge
pulses, each propaortional to the light exposure on the corre-
sponding photodiode.  In addition to the signal charge,
switching transients ars capacitively coupled into the active
video lines by the multiplex switches. Similar transients are
intreduced into the dummy video lines and, therefore, can be
reduced and a cleaner signal recoversd by reading out the
video ancd dummy lines diffarentially.
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Clock and Voltage Requirements

Scanning is achieved by means of an integrated shift regis-
ter. The shift register is driven by complementary square
wave clocks, @1 and @2, Tabls 1 gives rise and fall times and
crossover points for these clock waveforms. Tha clock
amplilude should be equal to Vpp - Vgs. With Vpp = 5V
and Vgg = 0V, the cleck inputs will be HCMOS-compatible.
Sincs each photodiods is read out oh a nagative transition of
@z {see Figure 8), the frequency of the clack signal should be
set equal to the desired video data rate.

Tha start pulse of similar amplitude to the clocks is required
to load the shift register and initiate sach readout period
{each scan of the array). The start pulse is lpaded when @o
is high; ther start signal is pulsed high for a minimum of 10 ns
during one and only one @2 clock high cycle. A timing
diagram for the start and clock signals is shown in Figure 6.
Caution: @1 and ep clocks need to be continuously applied
to the device. The integration period should be controlled by
varying the time between siart pulses.

For optimum performance and minimum switching noise, it is
important that the clocks are exact complements and that
their rise and fall times comply with Table 1. A recommended
circuit for generating these clocks is shown in Figura 7.

End of Scan

An output pulse useful primarily for test purposes is provided
two clock cycles after the last photediode is sampled by the
shift register scanning circuit. The timing of the EOS autput
is shown in Figure 6. The voltage levels on the EQS output
wilf be determined by the Vpp and Vgg voltage levels
supplied to the photodiode array. When Vpp is at +5Y and
Vgg is operated at 0V, the EOS output will be compatible with
the HCMOS family of logic devices.

Amplifier Requirements

The recommended ampiifier for use with the TB devices is a
simple current amplifier. A current amplifier holds the video
line at a virtual ground and senses the current pulses flowing

|
|
|
|
|
|
I
b
t
|
|
|
|
|

Clock @q 100%
Crossings gy 0%

Figure 6. Timing Diagram
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Figure 7. Two-Phase Drive Circuit

intg the video line to recharge the diodes through their
respective multiplex switches as they are samplsd in
saquence. These current pulses, which each contain a
charge of up to 20 pC at saturation, are converted to a train
of voltage pulses corresponding to the light intensity an the
various diodes. In this mode of operation, the current ampli-
fiar must provide a positive bias voltage to the video line
since the photodiode anode (the p-substrate) is biased to
0V {Vgg}). Figure 8 shows a differential recharge amplifier
suitabile for use with TB series devices.

Line Reset/Antiblooming Control

Uinder certain operating conditions, it may be desirable to
contrel integration time indeopendeant of the line scan time
(time between start pulses). This can be accomplished by
the use of the Antinlooming Gate control input. When the
Anliblosming Gate is held at Vpp, all photadiodes are simul-
tanequsly reset 1o the bias voltaga on the antiblooming drain
{the same voltage as the video line bias, typically Vpp/2).
Conversely, when the antiblooming gate is held at Vgg, the
antiblooming transistor is off and the photadiodes can then
integrate photocurrent.  Thus, when an active high pulse is
applled to ¥apg, the integration time for diode ‘N' then
hecomss the time between the negative-going transition of
the antiblooming gate input to the time in which dicde ‘N’ is
read out through the diode multiplex switch.

Under normal operating conditions, TB series devices do not
require any blocming control due to their excellent
antiblooming characteristics. However, under extremely high
contrast conditions, blooming contrel can be implementsd to
further enhance this pedormance. In this mode of aperation,
a bias voltage {the same voltage as the video line bias, typi-
cally Vop'@} is required on the antiblooming drain. The
antiblooming gate is then biased to 1-3V. By adjusting the
bias level an the antiblooming gate, ex¢ess charge present
on the video line is shunted to the antiblooming drain.

Dark Signal and Noise

There are two components of the dark signal from the TB
series. These are due to: (1) spatial varations in the switch-
ing transients coupled into the video line through the clocks
and internal multiplex switches, and (2) the integrated dark
current. A portion of the switching transient effect will be
gpatially random and a portion will have the periodicity of the
clogks. The latter porion can be minimized by matching the
clack amplitudes and rise and fall times and by good circuit
layout to minimize capacitance betwesn clocks and video
lings, The peak-to-peak fixed pattem due to all switching
transient effects should be less than 1% of the saturated
signal. The dark signal due to dark current is the dark current
multiplied by the intsgration time. It can ba aritranily reduced
by lowating the temperature or by reducing the integration timea.
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Figure 8. Differential Recharge Mode Yidea Amplifler

There are three identifiable sources of readout noisa: (1)
reset noise, (2) shot noise, and (3) amplifier noise. Reset
neise is associated with resetting the diode capacitance to a
fixed voltage. Its rms value is given by (KTCY!2iq where k is
Beoltzmann’s cgnstant, T is the absolute temperature, q is the
elactronic charge and C is the total capacitance of the photo-
diode (approximately 7 pF), the video line it connects to, and
the capacitance of the external circuitry. At rcom tempera-
ture, kTC noise is approximately 1700 electrons rms. It can
be reduced somewhat by cooling. The rms value of the dark
shot noise is the sgquare root of tha nurmber of electrons in the
dark signal charge. Far example, with a room temperature
dark current of .75 pA and 10 ms integration time, the rms
dark current shot noise is approximately 210 electrons. Be-
caugse of the exponential temperature dependence of dark
current, shot noise can be reduced dramatically with a mod-
erate amount of cooling. Armplifier noise depends on the
amplifier circuit used. In general, the low video output ca-
pacitance of the TB seres makes it sasy to achieve low
amplifier noise and values below 2200 electrons are possitile.

Temperature Diodes

The TE Series arrays sach have 2 on-chip diodes for sensing
array tamperature. The standard mathod of uss is to fares a
fixed forward current (normally 10 pA) through the diodes and
rmeasure the forward diode voltage drop, For details, please

refer to Applicatior Note 127, How fo Use Reticon Tempera-
itire Diodes,

Evaluation Circuit

A complete evaluation circuit for the TB series is available
fromn Reticon (side-brazed packages. only). The RC1030
beard provides the user with an easy mean:z of evaluating
operation. The RG1030 uses an altemative cirguit to that
showrn in Figure 7.

The RC1030 has a sample-and-held video cutput with a typi-
cal dynamic range of 8,000:1. Provision for cooling the array
using a thermal-electric cooler is provided by means of an
access hoie located directly bensath the array.

The board requires +5 and 15V supplies and can be ad-
fusted for pixel rates up to 50 kHz,
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Table 1. Electrical Characteristics (25°C)
(Al voltages measured with respect to Vgup)

Signal Sym Min Typ Max l Units
Voo Voo 4.5 5 2 v
Yoo guard Vopg Voo v
VYgs Ves 0 v
Antiblooming drain VaBD Vgg v
Start VaH High Voo -1 Vop V
VgL Low Vgg Vgg+ .4 V'
Clock 81, o2 VH1 ¥Hz High Yoo -1 Voo )
Vg, Ve Low Vgg Vgg + .4 v
Reset gate VMRG Higih Vop- .1 Yoo v
VLRG Lo Veg Veg+ 4 Vv
Antitiooming gate VHARS High | Wpp-.1 Voo v
Vi ABG Low Vag Vgg+ 4 v
Yideo bias Vy 2 Vopd? Vop- 2 V
Reset drain VRD 2 Vopi2 Ypp - € v
Clock rate 001 10 MHz
Start rise time trs 10 50 ns
Start fall time tg 10 50 ns
Start pulse width pws 10 ns
B4 rise time tH 10 20 ns
@4 fall time 1 10 20 ns
@p rige time 2 10 20 ns
o falltime o 10 20 ns
Video delay time o 20 ns
Clock crossings X 0 50 %
Xz 0 50 %
Capacitance &4, 8» G,
at 5V bias !
RLO28TBE a3 pF
RL0258TE 38 pF
RLOS12TB 44 pF
Capacitanca, each video Cy
at 2.5V bias
RLO128TB 6 pF
RLO258TE 9 | pF
RLOS12TB 16 T PF
Note:

1 Calculated typigals - not measured




TB Series

Table 2. Etectro-Optical Characteristlcs (25°C)

Caonditions:

All voltage |levels set to typical values shown in Table 1

Lignt saurce is 2870°K tungsten filtered with & 750 nm bandpass filter

Wideo data rate = 250 kHz

Characteristics Typ Max Units
Center-to-center spacing 50 pm
Aperture width 2.5 mm
Sensitivity (Egar}! 23 5.4 x 1074 Ciliem?
Nonunifermity of response i
RLg128TR 245 - 5 10 %
RLO256TR 245 5 10 +%
RLOS12TB 245 5 10 %
Saturation exposure (Egar) 123 34 nJfem?
Saturation charge (Qgath 19 pC
Dynamic range 54,000
Q57 Qyoise trms)}
. Averaga dark currant g 5 75 pA
Spectral response peak 750 nm
Spectral response rangs =7 200-100¢ nin

Notes:
Measured at 2.8V video line bias
Walue specified at 750 nm

B R —

Vavg - YminhVavgl X 100%, where

Fiber optic faceplate will medify sensitivity as shown in Figure 5
+% PRNU is defined as [(Vimay - YavghVavg] X 100% and -% PRNU is defined as

Wiy ax 1S the output of the pixel ciosast to saturation level,
Vmin is the cutput of the pixel closest to dark level,

Vaug i% the numatical averags of all the array pixals.

The first and last pixels are not counted in this measurernert,
5 Measured at an exposure level of Egat/2

L]

Maxirmum dark current <1.5 x average dark currant

7 From 250 - 1000 nm, sensitivity is typically at least 20% of its peak value.

Absclute Maximum Ratings

‘ Min Max Units
‘ Voltags applied to any tarminal
with respect to comman 0 +10 A
Storage of operating tempsrature
Quartz window -7B +85 0
Fiber optic -40 +85 “C
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Crdering Information

Part Number Evaluation Clreult
Quartz Window
RLO128TBQ-011 RC1030LNN-020
RLO256TBG-011 RC1030LNN-020
RLOS12TBQ-011 RC1030LNN-020
Fiber Optic Window
RLO128TBF-011 RC1030LNN-020
RALO256TEF-011 RCAD30LNN-020
RLOS1ZTBF-011 RC1030LNN-020
Quartz Window, LCC Package
RLO128TBGQ-111 nane
055-0263
March 1992
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Area Arrays

Photodiodes
RAQ100A/RAD1Z8N
RAD256B
RA1441A
RA1B62N
RAZ568N
RA3812P
RAG464N

CCDs

RAOS12J
RA1024.)
RA1200J
RA2000J
RAZ2048J
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RA0100A/RAD128N
Solid State Sensor Arrays

Description

The Reticon RAQT00A and RAO128N are twe-dimensicnal
self-scanned optical sensor arrays with optimized characteris-
tics. The discrets photodiodes are geometrically arranged in
100 x 100 and 128 x 128 matrices. In contrast to comparable
CCD devices. discrete photodiode sensars reguire no surface
electrodes, so there is no interference pattemn or light loss
and the full inherent sensitivity of & silicon photodiode is ob-
tainabla.

The scanning method permits pixel rates up to 10 MHz. Each
line of pixel information is paralleHoaded inte two high-spesd
bucket-brigade {BBD} analog shift registers and seguentially
shifted out. The cutputs of the rogistors are then combined
extarnally to reconstruct the line information. All of the 100 or
128 lines may be sequentially accessed to give a single
frame, or allemate odd or even lines may be selected to
produce cne-half of the lines per figld in an odd and even
pattarn. The integration time is normally one frame period,
giving maximum sensitivity.

The primary applications of these devices are in industrial
and scientific instrumentation systems, such as:

* Noncontact optical measurements
+ Pattem recognition

* Inspection and robotic systems

+ Industrial process monitering and control
» Laser profiling

Key Features

+ 10,000 or 18,384 light-sensitive elements in a high-resohy-
tion 100 x 100 or 128 x 128 malrix, respeactively

* 80 um center-to-center element spacing in both X and ¥
diractians

= Frame storage.
the entire frame.

+ Self-scanned in both ¥ and Y directions by high-speed on-
chip circuitry, to provide gither single frame or imerlaced
vidso output

= Variable data rates up to 10 MHz

+ Low power dissipation, small size, and solid state reliability

* 24-pin duakinline package with scratch resistant quartz
window ¢r optional fiber optic faceplats

Each dicde integrates photocurrent for

Functional Description

The RAQT00A and RAG128N are each packaged in a 24-pin
ceramic side-brazed, dual-inline package with a ground and
pelished window covering the active area. Figure 1 is a
pinout configuration of the devices and Figure 11 shows the
package dimengions.

The devices are fabricated using 2 doubla-poly NMOS pro-
cess. Each device consists of saveral functional glements,
shown in Figure 2, to control the operation of the device.
These elements have been indicated on Figure 2 by dotted
lines. They are:

CommonéSubstrate 1 _| 24 ey
ﬁ 2] [ 2a gy
o 3 _ Ll 22 Yauan
LE 40 21 LT
LR &[] — 20 w05 Evan
Odd vy B [ Sensing 18 Ygg
osave; 70|, A || 218 vAzEven
{ﬂ}ﬂ BE_l— '_'17 ux1}
Cdd = Evan
axz 90 16 a3y
FRG 10 ~ 018 Vg
FRD 11 | — 14 Vpp
Odd W10y 12 [] . 1% WIDg Even

Figure 1. Plnout Configuration
1. Photodiode Array

Tha first element congists of a 100 x 100 or 128 x 128 diode
array matrix, schematically indicated by tha columns and
rows of individual photodiodes. The diedss in each column
are conngsted one at a time through multiplex switches to a
video line, which is common to all diedes in that column.
Farallel connection ¢f the multiplex switches simultaneously
selacts one dicde from each column. When a diode is se-
lected by the: multiplex switch, the reverse-bias of the diode is
reset tu a value of Vgm-VTm, where Vg (14.5V typical) and
V1M (2V typical) are the clock high woltage and threshold
voltage of the multiplex switch, respectively. The signal
charge removed from the selected dicde will be transiared
inta an analog shift register through the column video line for
readout. After the multiplex switch is turned off, the diode
starts to integrate photon-generated charge and its reverse-
bias desays. The total integration time of each diode is the
time between two consecutive readouts of the same diode.
Thus, the device opsarates in a frame starage mede.

2. Digital Dynamic Shift Register (Y Register}

The second element consists of a two phase (2a) dynamic
shift register which controls the multiplex switches. The reg-
ister turng on sach row of diodes in sequence and transfers
the corrgsponding signal charge into the appropriate BED
analog shift register through each column video line. Thus, a
complete row of information is loaded at one time. The dy-
namic shift register is driven by a hwo-phasa clock denoted by
2y1 and eyz in Figurs 2. It can be self-lcaded for sequencing
or controlled by an exernal start pulse Ygpae. These func-
tions are performed by a "NOR" circuit.  Tied to each qutput
of the shift register (except for the 100th or 128th position}
are inputs fo a NOR gate which provides for the self-loading
feature. When there is an output from any of the 89 {or 127}
sutput positions, the NOR gate keeps the shift register from
loading. ‘Once the bit occupies the last position, the NOR
gaie’'s output goes high and the shift register loads with the
fsing enge of gy, Note that Yoian is connectad to the NOR
gate. It can be usad to inhibit the ragister from loading by
pulling ¥Yguan to Vpp, Odd lines are accessed while ayy
clock is high, even while myz is high.

345 POTRERO AVENUE  SUNNYVALE, CALIFORMIA 94086-4197  (408) 735-4266 FAX: (408) 736-6979
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Figure 2. Schematic Diagram RA(MD0A {the RAG128N has a Similar Format with the Exceptlon of 128 Lines and 128

Plxels Per Line)

The NOR gats cutput is conpected to an extémal pin, EOF,
through an epen-drain invartar. This output is normally tiad to
Voo through an B.6KIL resistor; therefore, when there is a bit
in any row except the last, or if Yy is active, EOF will
remain high. It goes immediately low on the tising edge of
ays if Yguar is low, and none of the rows 1-93 {or 1-127) are
active.

3, Bucket-Brigade Analog Shift Register

Two tetrode-gate bucket-brigads shift registers, sach with a
gated charge-integrator output, form the third element. These
are the odd and even transport registers which accept pixel
infarmation in parallel from their respective odd and even
video dinde columns and shift the pixel information sequen-
tially to the output amplifier. Each shift register is driven by a
two-phase clock, denoted by ayq, and gy in Figure 2. A “fat
zero" input is provided to improve the transfer efficiency of
the register. The cutputs from both shift registers are multi-
plexed off-chip to obtain cne line of combined vidao informa-
tion (refer to the RCOS02A Evaluation Circuit).

As shown in Figure 2, there are several other terminals asso-
ciated with the two BBD registers. Vpp is the tetrode-gate
bias which is usually set at a DC voltage about 1V below the
@yq and gyp high level. Yoy and Yqp are the blasss for the
“fat zery” input. Thess inputs control the bias level in the
dark. Nominally, these terminals are set to approximately

10¥, Howeaver, when the odd and sven videog are surmmed
together, either input hias voltage may be used to adjust the
corresponding dark-level output to remove the odd and even
pattemn. Figure 3 shows the relationship between output dark
signal level and Vg4, Vige bias voltage. The shaded area
represents the optimum hias range.

¥R4 and ¥Ro are the reset clocks for the output gated-
charge amplifiers. These terminals, shown in Figure 2, pro-
vide reset voltages for the gated-charge amplifiers at the out-
puts of both bucket brigades. On the aven side, the signal
appears at the gats of the culput source follower when @xq
drops o a low potential. While 8x4 is high before tha next
sample appears, this node is cleared by charging it to the
reset voltage, Vpp. Thus, réset is accomplished when this
terminal is clocked synchronously with @xy. The compla-
mentary situation applies to the odd output, with signal ap-
poaring while ay2 is low and reset while oy is high. The
extra half-stage in the even side allows the altemating se-
quence desired. Normally, the synchronous relationship is
cbtained by direct connection of ey to YRz and direct con-
nactioh of dxg to VA4

V1D and VID» are the respective odd and sven video output
terminals. The video output is that of a source follower.
Mormally, the cutput of each source (ollower is connected to
KLY, which Is referenced to ground. This configuration pro-
vidas the proper bias current for the source follower. Figurs
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4 shows the output voltage across such a load resistor,
showing the relationship of video pixel information relative 1o
the superimpesed reset clock amplitude. Figure 5 shews
output impedance of the source follower as a function of the
bias cutrent. This graph can be used to design an intzrface
circuit with suitable DG bias translation (6.9 an smittar-
coupled transisior with the base biased near the video output
line potential).

4, Line Transfer (LT}, Line Reset (LR}, and Buffer Gate
Veure

The fourth element consists of a video line reset switch, LR;
a transfer switch, LT; and a buffer gate, Y. The reset
switch, LR, provides a reference bias for all video lines while
all the sensor diodes are integrating. Al chargas collected
on stray capacitancas along the video lines and all excess
signal charges leaked from the sensor dindes are drained
inta the sink veltage, Vpp. through the LR gate. Therefore,
LR functions as an antiblooming and anticrosstalk gate.

7L LT=LR =140V
Vgp = 13.0¥
Voo = 15.0¢

Byy=Gys =14.5Y

Output Dark Lavel (V)

2 1 1 I
8 95 10 108

Voy @nd Vg Input Blas Voltage (V)

Figure 3. Operation Range of Vg4 and Vg2 Bias

F 3

~gV

t— Video Signal—2.5v

Time

Flgure 4. Typical Video Signal Seen Across ZKL: Load
Resistor

Frior to the moment when the dynamic register is to select
another row of diodes, the LR gate is tumed off and ths
transfer gate tumed on. This makes conditions ready for the
signal charge from the next row to be transferred Into the
8BD registers.

The woltage applied to the LR switch should be squal to or
lower than that of LT. This will prevent possible loss of signal
charge through LR as a result of threshold voltage mismatch
between LR and LT transistars. The effect of different gate
potentials on LR and LT results in adding a fixed amount of
charge, {J, to tha video signal, where Q; = (AVg + AVT) Cy.
These quantities AVg and AV are the gate potential and
thresheld voltage differences of the LR and LT gates, respec-
tively, and Cy is the capacitance of the video line.

To minimize Gr a buffer gate Vg is introduced in front of the
LR and LT switches. This buffer gate is biased at a DC
patential below the LR and LT “high" potential. The function
of this buffer gate is to isofate the video line capacitance Gy
from the affact of AVg and A¥T. With the introduction of this
buffer gate, O bscomes {AVg + &V7) Cj, where Cjis the
junction capacitance of the n+ diffusion beiwaen LR and LT.
The capacitance C; is much smaller than Gy and results in
great reduction of (.J.h Mormally LR is clocked synchrongusly

2.4
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1201

Impeadance (KL)
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4] 1 F 3 4 [5
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Flgure 5. Typical Video Output impedance Versus
Bias Current
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with @yy. Howsver, to avoid crosstalk and to permit adjust-
ment for optimum blooming control, a separate driver is used
for LR.

5. Field Select Switches {LO and LE)

The fifth functional alement is the field select swilches, LO
and LE. The LG input terminal controls the gates that switch
all the odd-numbered outputs from the Y shift register, and
the LE terminal controls the gates that switch the even-rurm-
bered ocutputs. In tum, these Y register outputs control row
selection. When the LO line is hald at Vpp, the odd rows of
diodss may be selected by the Y shift register. When the LE
line iz held at Vpp, even rows of diodes may be selected.
The salectad diodes are connactad to the colurnn video ines,
which in turm are connected to tramsport bucket brigades
through buffer transistors and the line transfer switches.
Typically, the LO or LE, when selected, is switched from a
low of 0.4¥ 10 a high of Vpp. For sequential scan of all lines,
both LE arnd LO are continuously held at Vpp.

6. Frame Reset Gate (FRIG) and Frame Reset Drain (FRD)

The sixth element consists of the frame resst gate, FRG, and
frarme reset drain, FRD. This switch provides access to the
multiplex switthes of all diodes in the matrix and allows the
entire frame to be reset simultanecusly. Since the dicdes in
each line are automatically reset when the line is accessed,
the frame reset control is not normally used and is held low.
However, when a particular exposure is desired, this contrel
may be used fo clear the diodes to start g fresh integration
cycle by setting the FRG terminal to Vpp. When this mode is
used, a shutter or pulsed-light input is required because the
digdes are sequentially accessed and will thus differ in expo-
sure time if ight input is confinued during the read-out se-
quencse, With FRG and FRD active, 3 line scans are done to
fully recharge both the pixels and vides lines through the
BB registers. Depending on the timing or lighting, more line
scans may be needed. LR could be used, but a line scan
with the BEBD rogistars is then needed to avoid excessive
fixed-pattern noise (FPN).

Tha minimum timing requirements for the frame cperation are
shewn in Figure 6. The longest of the contrel pulses are LE
and LO which are pulsed off during this gperation. They
should be held negative 200 nanossconds wider than tha
frame reset gate, with pulse width overlap as shown in tha
figure. The FRD can be continuously active, but within and
hefore the trailing edge of FRG, FRD must be pulled to
ground to allow the vertical shift registers multiplexing line to
dischargs. This operation ensures turn-off of the multinlexing
switch. Except for FRD, all the clock voltagss are set with tha
low swing at 0.0 +0.26/-0V and at Vpp +0/-1¥ an tha high
swing. FRD's elock is the same low as called out on the other
elocks, but the high end is set to Vpp -3 0.5V,

Device Operation

Figure 7 shows the timing diagram for the devices in the
noninterlaged and continuous mode of operation. |t requires
two sets of complementary clocks, namely @y and evys to
drive the dynamic shift register, and 6xq and axp to drive the
two BBD registers. It also requires an LT closk to control
charge transfer from the ¢olumn videa line into the BBD reg-
isters. The line reset clock, LR, is the blooming contral and
has the same timing as @y The reset gates, VR4 and VRa,
are to control the output charge integrators, and are directly
tied to oyo and ox4, respactively. The timing relations and
rise and fall times of the vanous clocks are summarizad in
Table 1.

Befare a new row of diodes is selected by the Y shift register,
which oceurs when oyq and evo change states, the line reset
LR should be turned off to prevent signal charge being
drained inte Vpp. The requirement of a certain typ dalay, as
shown in Figure 7, wamants this condition. A minimum pulse
width of LT ig also required to accommeodate complete charge
transfer from the video ling into the BBD register. During the
tire when the signal charge is being transferred into the BBD
register, the clock driving the register must stop at high po-
tential an the buckets receiving charge from the video line.
This will cause a deep petential well for the signal charge to
flow into. The buckets receiving charge for both the odd and

b e LU LU

e T _'—'_"J"U_'—”—'—'MU;L—J_*_ S aipinin
o e ;—1'ro

o =5 . T

oaveeo W W W W W T RN

EvenVideo _ ol Tnd hef B LI T

|

LT N N
e S NS

—= le—IF

) By1 Bya

Oy Bxn SORE N 0% Clock
CrOSEOVErE V) o s LCrossquer
B Points

Max Typ —=i iv—50 N5 Max

Figure 7.

Timing Diagram for RAT00A/RADT28M Noninterlaced Continuous Operatlon
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even transport registers are driven by eys, and the charge
transfer takes place simultanesusly for hoth registers during
the tims By is hald high. Note that thare is an sxtra clock of
ays within the LT pulse. The function of this extra clock is to
dump the “fat zero™ charge of the BBD register into the video
ling, where it will combine with the signal charge and then
spill back together into the BBD registar. This “fill and spill”
action significantly improves the transfer efficiency of the sig-
nal charge.

The LT clock is then shut off before the BBD register shifts
the signal charge to the output amplifiers. On the readout,
the oold BBD registsr produces the first pixel. it reads out on
the second low-going @xa clock after the transfer peried. The
sacond pixel is produced by the even BBD register. Since
this even pixel must transfer through an extra half-stage
which Is contralied by @y, it is produced when @y goes low.
This provides an easily multiplexed signal by means of a
simple external adder-amplifier.

Specifications

Table 1 summarizes the elock timing of Figure 7. Table 2
lists the mechanical specifications of the array. Table 3 and
Table 4 are the operating biases and clock amplitudes in
accordance with the timing diagram of Figure 7. The capaci-
tances are listed in Table 5. With the exception of supply
inputs, such as ¥pp. the input terminal impedance is essen-
tiglly capacitive.

Optical Performance

Table & lists the optical characteristics and Table 7 summa-
rizes the array output characteristics. The circuit used to
cbtain the typical performance characteristics is essantially
identical to the evaluation circuit offered by Raticon under the
designation RCO502A. However, the video processing circuit
has not been used. Instead, all measuremeants have been
taken across a 2K lead to ground. The optical source for
the performance data is a 2870°K tungsten lamp with a Fish-
Schurman HA-11 filter. lllurnination levels are measured us-
ing a detestor with a flat response from 370 to 1040 narm.

The spectral response is the standard silicon photodicde re-
spanse shown in Figure 8. In contrast with CCD detactor
arrays, no semmi-transparert slectrode covers the sensors,
hencs, o interference patterns appear in the pass band and
no additional attenuation eccurs at short wavelengths.

The transfer function, Figure 9, shows a linear oplical-to-elec-
trical relationship with dynamic range exceeding 100:1. This
lingar ralationship depands on application of the proper elec-
trode potentials, especially thase for Ve, and the line reset
pulse level, LR. Improper potentials can cause substantial
nonlinearity.

Antiblooming

Blooming is defined as excess charge integrated on the col-
umn video line during a sample period as a result of excess
EXPOSUre, Blooming IS generally less severe in the RA0100A
and BAD128N type of structure as comparad to typical CGD
structures because the ssnsor elements are separate and
distinct p-n junction photodicdes. However, since there are
common video lines for each column of diedes, a vertical-
hlooming effect is observed when some excess changs is
collectad.

Falative Rasponse

1 )
a0y 1003 1200
Wavelength (am)

L
200 4400 GO0

Figure 8. Spectral Respanse
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Figura 10 is a curva of this ratio, i.6., points on the horizontal
axis represent multiples of saturation exposure and points on
the vertical axis represent the output of 2 nonexposed diode
located 15 diodes away from the exposure center sharing the
same column video line. The output is normalized to the
output voltage of a saturated diode and piotted in percent of
the saturation voltage. The exposed area is circular with a
diameter of approximately 10 diodes.

Evaluation Circuit Board, RC0502A

The BCO502A ewaluation circuit board is guailable from
Reticon. It contains all reguited drive and amplifisr circuitry
and is recommendad for first-time array evaluation. The cir-
cuit board measures approximately 4.5 x 6.5 inches in size
and is terminated by a standard dual 22-pin printed clreuit
board edge connector.

Table 2. Array Mschanical Specifications

Table 1. Clock and Control Line Timing

Parameters Sym | Min | Typ | Max | Units
Continunus 1T | 25 4 ps
operation o 0 30 ns
tvyo Q 30 ns
Bx4, Gxp rige fime 4= 20 60 ns
axq, gxa fall time tr 20 60 ns
@y, Gyp rise time 1= 20 80 ns
By1, @y fall time tr 20 60 ns
Clock crossing o | 40 50 % Vpp
PR, Bx2
Clock crossing 20 50 8t | % Vpp
By, @va

* Note: Clocks may be nonoverlapping with 2 maximum of
50 nanoseconds dead time between rising and falling edges.

RAD100A RAQ128N Units
Nurnber of diodes 10000 16384
Biode X, ¥ center-to-center spacing 60/2.26 &0/2 36 wmimits
Dinde sensing area 2562 2562 pme
Package size (24-pin DIP} 6x1.2 Gx1.2 inch
Table 3. DC Voltage Requirements
Paramaters Sym Min Typ Max Unlts
Supply voltage Voo 12 15 16 vV DC
Quigscent current Iop & 8 10 mA
Transport bias VER Voo2Vv Vpp-2.0V Vpp-1V VDG
Isglation gate Veu Vop-2V Vpp-1.5V Yoo VOC
BED input Vo Vs 9.2y 9.5V 10.5
Note: All voltages are measured with respect to common {ground/substrate)
Table 4. Clock and Control Voltage Requirements
Parameters Conditlons Sym Min Typ Max | Units
X-Clock High state By @2 Vool |Vppo-B5 | Vpo | ¥ DC
Low state - .25 5| VDO
Capachitance H 120 pF
Y-Clock High state Dyq, Byo Vpp-1 |Voo5 | Ypo | VDC
Low state - 25 5| VDO
Capacitance 25 pF
End-of-frame High state Epne Vpo | VDC
opendrain Low state (sync current) 15 [ mA
Capacitance 5 pF
Line transfer High state 8T Vool |Vpp-5 | Yoo | VDG
Low state -4 .25 5§ vDC
(Capacitance a7 pF
Line reset High state [: 10~ Vpp-1 |Vpo-&5 | Vpp | VDG
Low state -4 25 5 | vDC
Capacitance 27 pF
Video reset High state oyR1. ®vAz | Vee+tl |[Vpp-5 | Voo | VDO
Low state -4 25 5| VDG
Capacitance 5 pF
Y-Stait High state
Low state
Capacitance 4 pF




RAO100A/RAQ128N

Table 6. Typical Terminal Capacitance with 10V Bias

Fin Sym RAG O0A RAQ128N Units

2 ECF ] 5 pF

3 L 20 22 pF

4 LE 20 22 pF

5 LR 22 27 pF

7 YRy 5 5 pF

g BFxq 55 &0 pF

) Byco 55 60 pF

10 FR 14 15 pF

12 vID4 5 5 pF

13 VIDs 5 5 pF

16 Bxo 55 B0 pF

17 By 55 60 pF

18 VRp 5 5 pF

21 LT 22 27 pF

22 1 Yetap 4 4 pF

23 - @y 20 25 pF

24 Bys 20 25 oF
Table 6, Optical Characteristics
I Parameters Conditions Sym | Min Typ Max Units
i Responsitivity | 1385 Viudiem?
. Saturation exposura 1.2 EgaT | 158 wdem?
! Noise equivalent exposure Peak-to-peak | Epg 0015 plicm2
I Phatoresponse nonuriformity 1,25 +10 % VaaT
Notes;
1 Measured with typical cleck and voltags requirements

Measured using 2870°K light source with HA-11 filter at 20 ms frame period

2  Ignoring first and last columns/Airst and last lines
Table 7. Output Characteristics

Parameters Sym Min Typ Max Units

Impedance Zn 2 9%

Saturation voltage 1. @ Vgar 2.5 Y

Pixel rate Fsamp 0.2 10 MHz

Baseline reference 1. 4 6 B v

Fixed pattern noise 1: 4 3 20 my

Average leakage 1. 3 20 80 my

I;vlotes:

in d o M

Measured with typical clock and voltage requirements
Maasurad using 2870°K light sourcea with HA-11 filter at 20 ms frame period
Measured at 25°C, 40 ms frame period
Measursed at 20 ms frame pariod
Ignoring first and last columns/first and last lines

97



98

RAO0100A/RAD128N

Quarz Window Edge

For RAQT00A, A = 0.236
For RAQ128M, A = 0,302

]
b= 0.030 +0.002
1 1 1 1 3 1 1 1 1
\ Cuarlz Window
—— Silicon Chip
Sansing
:) Area A 0595 +0.040
| I g NN R N [ NN [ S R N R S R S R S R S R S R S| S
1.200 012 —0.051 £ 0.010

1
—WG_‘ID{J + 0,005

1100 = 05—

Gptional
Fibar
{ptic
Window

0.185 1 0.010 —-{

0.600 = 0.010

Figure 11. Package Dimensions. Dimensions are in inches except where millimeters {mmj} are indicated.

Ordering Information

Array

Ordering
Number

Evaluation
Circuit

RAO0100A (quarttz)

{0 defects)

RADT00A (quartz)
{1-8 detects)
RADIBOA (fiber optic)
{0 defects)

(0 defacts)
RAG126N-020 (fiber optic};
{1-9 defacts) ;

HAD100AAG-011
RAD100AAQ-020

RAGTO0AAF-011

RAOQ1ZBMNAF-020

RCOS02ANA-011
RGOS02ANA-011

RCOSOZANA-011

RAGT00A (fiber optic) RAO100AAF-020 RCO502ANA-011
(1-8 defects)

RAC12EN (quartz) RAD128NAG-011 RCOS02ANA-020
(0 defacts) ;

RAC12BN (quartz) | RAO128MAG-020 RCO562ANA-020
[1-8 defects)

RAG128M-011{fiber optic) 1 RAD128NAF-011 RCOS02ANA-G20

RCOS02ANA-O20

Note: A defect is defined as any diode out of specification.

055-0099
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2\ EGz6 RETICON

RA0256B
Solid State
Image Sensor Array |

Introduction

The EGAG Reticon RAQ256B is a two-dimensional self-
scanned optical sensor array with perfectad characteristics.
65,536 discrete photediodes are geomstrically arranged into
256 x 256 matrix. In contrast to comparable CCO devices,
the discrete photodiode sensors requira no surface sactrode
so there is no interference pattem or light loss and the full
inherent sansitivity is obtainabls.

The scanning method pstmits pixel rates up to 5 MHz. Each
line of pixel information is paralle-loaded into a high-spesd
bucket-brigade analog shift register and sequentially shifted
out.  All 256 lines may be sequentially accessed to give a
256-line frame, or alternate odd or even lines may be
selectad to produce 128 lines per field in an odd and even
field pattern. The integration time is nominally cne frame
period, giving maximum sensitivity.

Features

+ 65536 light-sensitive elaments in a high-resolution 256 x
256 matrix

* 40 pm canter-to-canter element spacing in both X and ¥
directions

+ Frame storage—each diode integrates photocurrent for the
entire framg

« Self-scanned in both X and ¥ directions by high-speed

on-chip circuitry to provide either single frame or interlaced

add/even field multiplexed seral video output

Nonburning sensors

Solid-stats reliability

Low power dissipation

28-pin dual-inline package with scratch-resistant gquartz

window

General Description

The RAG256B is packaged in a 28-pin dual-inline pin packags
with a ground and polished window covering the mask-
defined active area, Figure 1 is the device's pinout configura-
tion. The device, fabricated on 8 monolithic sificon chip,
contains the matrix diode array with access and reset
switches in addition to both the X and Y readout shift regis-
ters. Figure 2 is a schematic representation.

A MOS dynamic shift register sequentially selects the dicde
rows while twe hucket brigades connsct to each column.
Each position of the shift register selects two diode rows
through two multiplexing gates, s and eg, one for the odd
and the ather for the even, providing the ussr the choice of
selecting the odd of even fields.

Together the shift register and the bucket brigade process the
signal in the following sequence: The shift register selscts
twa rows, one of which is selected by the a4 or op clock. The
transfer gates paralleltransfer the selected dioge in each col-
umn inte the bucket brigade.

Vsue[] 1 ~ 28[]oy,
coMm[]2 27 | ey,
EOF[]3 26 |oygr
og[ 4 25| |NiC
AIE 24(]vpp
vir[|e 23[]o ¢
viot []7 Sensing 22 {Vige
op[]® Area 21 []vep
oyi[]o 20[] o,
oxa[] 10 18] vpp
NC[ |11 18] | NiC
Vero[ |12 17 ] voq
Vepa[] 13 16| Va4
viD, {]14 15| ] vID,

Figure 1. Plnout Configuration

One bucket brigade obtains information from odd and the
other frem even diode columns and each then shifts that
information sequentially to the output. On the output sids,
thera are three extra buckets on the even videa transport and
two extra buckets on the odd video, Therefore, the even
viden is delayed an extra 1/2 cycle of the shift frequency,
@x1, 10 obtain the desired time sequence. The alternating
odd and even signals are than transferred w0 corresponding
cutput pors, ¥iDy and VID2.

The integration times are determined by the time interval be-
twean accesses for a given diode. This interval can be con-
trolled thraugh the special frame reset clock or through the
normal sequential readout. The difference between the bwo
reset processes lies in the integration time for each diode.
Frame reset initializes all diodes simultaneously and hence
allows each diods to incraasa tha integration time monotoni-
cally as the diodes are sequentially read-out—while in the
array’s normal scanning made, each diode is acesssed peri-
odizally with a constant time interval. Henes, in this mode
sach dicde has the same integration time.

Input/Output Definitions and Funetional
Description

The area array has furctional elements which serve to control
the timing sequences for diode access, te transpart the pixel
infermation to the output, (o control integration time, to contral
the odd and gven fislds, to provide for interlace, and to buffer
each video output. The external circuit provides the timing
and the bias o these functional elements as well as clocks to
comtrel 24, 2p. LT, Veypr. @vg7. EQF, FRD, agy. @Rs.
YigaVige.

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 94086-3197  (408) 738-4266 FAX: {408) 738-6979
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Flgure 2, Schematic RA0256B

1. The Qdd and Even Bucket Brigade Transports and Their
Clacks, @x1-@yo.

Figurs 2 shows two bucket brigade analog shift registers lo-
cated on each side of the device. These are the odd and
aven transport registers which accept the plxel information in
parafiel from their respective odd and even video diode caol-
umns and shift the pixel information sequentially to the cutput
amplifier. Each bucket brigade must he provided with a two-
phase clock as shown in Figurs 3. Note: To ensure high
transfer efficiency, it is important that the clock waveforms
cross at or below the 50% level. The two limits on clock
trossing are shown in Figure 3. Normally these clocks swing
from a low of 0.4V to a high of 15V.

As evident from Figures 2 and 4, the transfer into both shift

registars takes place simultanaously while the @xp is held
high. However, the add bucket briggade produces a pixel first,
sinca it reads out on the second low-going Gy clock after the
transfer period. The second pixel is produced by the even
shift ragistar. This pixel must transfer through an extra hali-
stage which is controlled by the gy clock; thus, even plxels
are procduced 1/2 cycle oyt of phase with the odd pixels to
provide an easily multiplexed signal by means of a simple
adder amptifier.

The multiplexing increases the pixel rate to 2 times the trans-
port clock fraquency. See Figure 4 for the clack timing
diagram. Figure 5 shows the detalled ralationship between
oxq and @1, the line transfer clock. Figure 6 shows the
detailed ralationship betwesn &, and &g, the vertical multi-
plexing clocks, and &y, the shift register clock.
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2. The Y Dynamic Shift Register

This shift register is shown in Figure 2 as a block with 128
outputs, each connected to two multiplexing gates plus cne
extra stage at each end. The gates are connected to two
rows of photodicdes and select those rows in accordanca to
tha multiplex clocks, @y and og. If 04 and ap are alternately
clockad, the rows will be sequentially accessed, each se-
lected diode connected to its respective column's video ling,
Then the photodinde information on each column ling is
fransferred to the bucket bhigade. Tied to each stage of the
shift register are inputs to a NOR gate which provides for the
self-loading feature. When there is a “1" in any of the 130
stages the NOR gate keeps the shift register from loading.
Once the bit has been clocked out of the last stage, the NOR
gate's output goes high and the shift register loads with the
falling edge of eyy. Note that 8ygT is connected to the NOR
gate. It can be wsed to inhibit the register from loading by
pulling evgT to Vpp. The register raquires a two-phase
clock which typically swings from a low of 0.4V to Ypp.

Note there are twao extra stages, une in the first and another
in tha last position. The purpose of tha stages i3 16 minimize
the interfereénce caused by the starting and terminating
process of the shift register,

3. Line Select Controls, ¢ and eg

As gvident from the schematic diagram, Figure 2, the &4
input terminal controls the gates that switch all of the odd-
numbared rows from the Y shift registar, and the gg terminal
controls the gates that switch the even-numbered rows.
These gates, oa and g, select the rows of diodes as dis-
cussed under Section 2, The time relatisnship is shown in
Figurs 8.

4. line Reset, LR

The LR maintains the potential of tha column video line
batweer ling transfers by bleeding off the excess charges
collected under excess illumination. It will require adjustment
when the frame reset function is used. This adjustment is
discusged under Optimum Relation Between Clocks and
Bias.

5. Line Transfer, LT, and Line Bufler, Veyrr

The LT pulse input controls the perod during which the row
of dipde information is transferred into the bucket-brigade
transgport registers.  This pulse must occur while LR is off
{low). Normally this LT input is clocked as seen in Figures 4
and 5 with rise and fall as shown. The line buffer controi,
VBauFE, is normally held at approximately 0.8 Vpp and ad-
justed to optimize blooming contral,

6. Y Shift Register Start, eygT

The eygT input provides access to one of the inpuls to the Y
shift registers NOR gats {Figure 2). When this input is held
high, the output of the NOR gate is held low and inhibits
loading of the shift register; however, when the eygT input is
pulled low, the NOR autput rises and a bit is ioaded into the
register with the falling edge of oy clock. The first two rows
are then accessed on the next gy rising edge.
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7. End of Frame, EOF

As discuased under aygT, the Y shift register has a NOR
gata which provides control for the self-starting feature. The
NOR gate output is connected to an external pin through an
cpen-drain invarter. This output is nemmally tied to Vpp
through an 8.6 K{i resistor; tharafore, when there is a bit in
any row, or if @ygr is active, EOF will remain high. It goes
immediately low on the rising adge of eyz, when the bit
lzaves the last stage of the shift register. This point will sink
a maximum ¢f 1.5 ma.

8 Frame Reset, FRG

This input controls access switches to every diode in the
matrix and provides simuitaneous resetting of all diodes.
Since the dicdes in each line are automatically reset when
the line is acgessed, the frame reset control is npt normally
used, and, as such, is held low. Howsaver, when a paticular
exposure is desired, this control may be used to clear the
diodes to start a fresh integration cyale,

The minimum timing requirsmerts for the frame operation are
shown in Figure 7. 05 and og are held in a high-impadance
state during the entire procedure. FRG and FRD are pulsed
as shown to connect all photodiodes to their respective video
lines. During this connection, the array is taken through at
least three lina-transfer-and-readout sequences. This resets
the video lines ahd photodiodes through the BBD output rég-
isters {the LR function cowld be used, too, at the expense of

LR \%ggj;%
w\§g‘_’w’:§

E Coni lt.lar\s\5

asfBeg

FRG trra !
i i i
i P
b | i EDun‘h
FRD & Crt Cara FRD ra— 1pg i
Hh Cars
_'JI Lt— 1y
Min TyR Max Remark
— Mate: Glack rlss and fall
toLg 200 ns times are not critical,
T . n Henenawer it iz
To be consistant
Tage w?m thF:hl:'_-‘. san recommendad not to
excged 0.5 pa. Whils
rRe | 2.5ma 25ma frame resst is active,
— tha rasal takes plags
trrn |25 ms by performing at least
L. 3ilne scans using the
BBD registers. Kno bit
!’ 4dps
2 . - ig e the ¥-registar [i.a.,
between frames), o,
Fn B2ps and g naad nol be

taken ko 8 high-Z state
durlng Trame reset.

Flgure 7. Timing Sequence for Frame Reset. This Is only
performed before or after a line transfer séquence.

more fixed-pattern-noise (FEN). This FPN can be reduced by
going through one line readout sequence after the line reset
is done). Aftar tha resst is finished, FRD is taken low to tum
off the multiplex switches. It is important to wait the indicated
time, tpg, to make sure the multiplex switches are nat left with
therr gates floating “on.”

For best perfermanca, the frame reset drain input may require
adjustment. The adjustment procedure is described under
Optimum Relation Between Clocks and Bias.

9. Reset Clocks for the Gated-Charge Amplfiers, ey and
2Rz

These temninals provide reset voltages for the gated-charge
amplifiers which are shown in the schematic diagram,
Figure 2. at the cutputs of both buckst brigades. On the even
side, the signal appears at the gate of the output source
follower when @xq drops to a low patential. While axq is
high, before the next sample appears, this node is cleared by
charging it to a resst voltage. Thus, reset is accomplished
when this terminal is clocked synchromously with @yq. The
complementary situation applies to the odd output, with signal
appearing while oz is fow and reset while ey is high. The
extra half-stage in the egven side allows the alternating
seguence desired. Mormally, the synchronous relatienship is
obtained by direct connection of @4 to egz. and direct con-
nection of @xa to gy, The timing seguence for the output
signal iz shown in Figure 4 ralative to tha transfer pulse time.

10. Video Output Terminals, ¥IDq and ViDs

The video cutput i$ that of a source follower. Narmally, the
output of each source follower is cornected to 1KE2 which is
referenced ta ground. This configuration provides the proper
bias current for the source follower, Figure 8 shows the
cutput voltage across such a lead resistor, showing the
relationship of the video pixel information relative to the
suparimposed reset clock amplitude.,

Figure 9 shows the output impedance of the source follower
&5 a function of the bias current. This graph can be used to
design a desirad interface circuit with suitable DC bias trans-
lation {8.g., an emittar-coupled transistor with the bass biased
up near the video output line potentiaf).

11. Input Bias, V|1 and Vigp

Bias voltages are connected to the inputs of both bucket-
brigade transports: V|gq to the odd and ¥ gz to the éven.

These inputs control the bias level in the dark. Nominally,
thesa terminals are hiased to approximately 10V
—— Fesat Laval
Dark Level
"Fat Zerg"
Sawrated
B5 108V Signal Level
oV Ref Grouynd

Figure 8. Typical Video Signal Across a 1 K2 Output Load




RAD256B

=
o
1

o
o
|

Output Impedance {KL1)
— ra
o o
T I

o | | 1 1 1 1
0 1.0 20 3.0 4.0 50 6.0

Source Biag Current {ma)

Figure 9. Qutput Impedanee vs. Qutput Source Current

Flgure 10a. Scope Output

Anexample of worst case adjustment. Single frame scan of
viden gutput after frame reset. Horizontal ¢.5V/div, Vertical
0.002 secidlv.

Flgure 10b, Scope Output

An example of properly biased output. Single frame sean
of video autput after frame resst. Horlzontal 0.5V/dIv,
Vertical 0.002 sec/div.

AdJustment of V|1 and Vg2

Since Vign and V|2 bias the internal operating levels of the
buckst brigade, they affect the output signal level Since

ihere are two bucket brigade outputs, when the two are
summeg together, an odd and even imbalance may be expe-

rienced. One easy method to balance out the odd and even
patterns in the summed video is to make one of the Vig
inpts adjustable.

Typically these voltages are set to 10V and they will produce
an output bias condition as seen in Figure B where the differ-
ence between the “fat zero” (or the dark level) and the reset
level will maintain & magnitude of approximatsly 2. How-
ever, when Vpp is reduced, the fat zero” level roduces
propertionally.  In this case, Vg and Wige may be reduced
to maintain the “fat zero” level. In any case, both Vg
voltages and ¥Wpg must be limited according to F=Vig<10V
and 8.5=¥gp<Vpp-0.5.

Optimum Relation Between Clocks and Bias

Greatest performance from the device s normally obtained
with the ayo and LT clocks intereavad as shown in Figure 4.
In this mode of operation the opfical to slectrical transfer
function is given in Figure 11. The dynamic range is in ex-
cess of 100:1 with an nms noise-equivalent exposure of less
than .5 x 10-3 pJfom?.

The impartant relationships that must be observed ara timing
of the clock transitions of ayq, @yz. 8y and Bys; the zero
level of LT; and the relative timing relationship between LT
and ayz (this ereates a fill-and-spill phenomanon to improve
transter efficiency).  Furthermore, when FR is employed,
both the LR and FR voltage level wil require adjustment (see
Frame Reset Adjustment).

10.0

1.0

UOutput V)

01

0.01
0.001 0.01 01 1.0

Exposure {lLlicm2)

Figure 11. Exposure Chant
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@y 1 and ey» are complementary clocks with crossover of the
transition edge taking place at or below 50% of the clock
amplitude. Rise and fall Urmes preferably are on the order of
20 nanoseconds. I an MHQO26 or equivalent is empgloyed,
place a 50Q resistor in series between the driver autput and
the cloek input pins. This edge contrel is required to obtain
the cptimum sfficisncy from the bucket-brigade transport (refer
to Figure 3 for 8y clock shapes).

gy and dyp also are complemsntary and should cross
apptuximately at the 50% leval at the transition edges and
should have rise and fall times the same as the oy clocks.
The tansition-edge spacing of the interleaving clocks et and
ayz should be kept as shown in the detailed timing diagram of
Figure 4.

Frame Reset Adjustment

When FR iz employed, FRD and ¥ g voltages may require
adjustment. With the application of the voltage as given in the
specification table, the array will provide operation suitable for
most applications. However, to obtain the best balance be-
tween low noise, high sensitivity, and antiblooming contral, the
following adjustment precedure is racommended.

With the array gperating with the voltages as speci-
fied in the specification table, maks the following ad-
justment. Apply a uniform light across the array sur-
face to provide an output which is approximately 1/4
of the total saturated output. Apply the frame reset
clock as spacified in Figure 7 and the specification
table. COperate the array atapproximately & MHz
sampling rate. With the Frame Reset pulse synchro-
nized to the scope, the frame scan as shown in
Figure 10A will be 2een. Lower LR amplitude to
approximately 12V then lower FAD wvoltage
towards 10V until a linear gutput as seen in Figure
10B is achieved,

Transfer Function and Spectral Response

Figurs 11 is a transfer function graph which shows a linear
optical-to-electrical relationship with dynamic range exceeding
100:1.  This {inear relationship depends on the proper slec-
trode potentials, especially those for Vgypr and the line reset
level, LR. Improper potentials can cause substantial
nonlinearity.

The array spectral response is shown in Flgure 12.
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Flgure 12, Photadiode Response

Table 1. Array Mechanical Characteristics

Units
Mumber of diodes 65,536
Dipde X, ¥ center-to-center spacing | 4041 57 pmimils
Diods gensing area 912 pm?
Package size (28-pin) 08x1.4 | inch

Table 2. Terminal Input Capacitance

Typlcal Capacitance with 10V Blas

Pin Sym Capacitance {pF}

3 End of frame
4 2R
5 oA
6 VLR
7 Vigt
8 VR
a9 BY
10 Bx2
12 BFRD
13
14
15
16
17
20

- —

BEeBo2ralaalBiiBaubily

BFRG
VID4
ViDo
VBUFF
Vog
VRz
21 VeB
22 Vinz
23 oLt
26 BY5T
27 By
25 Ry2

ey




Table 3. Array Performance Characterlstles (Ta = 23°C)

Sym Parameter Typ Max |= Units
DR Dynamic range (P-F} 1 100:1 —
EnE Peak-to-peak noise equivalent expasure 2 25% 103 [T
Egat Saturation exposurs 2 n.4 pddern2
R Responsivity 2 4 V/(jLtom?)
PRNU Photoresponse nonuniformity 1.2 +10 +15 %
Yhark Avarage dark signal 2 1 2 %
WYsat Saturation output voltage 4 16 2 ¥
Ro Qutput impedarca 5 1 KQ
fe Video sample rate & 5 MHz

Notes:

1
2
3
4
5
<]

lgnorng lines 1, 2 and 256 as well as the first and last two diodes of each line

2870°K tungsten lamp with a Fish Schurman HA-11 visible spectrum filter was used as the source
Integration time 20 ms. Dark signal changes by a factor of 2 every 7°C
Voltage measured acress 1.5KL2 [oad resistor

See Figure 9
Odd and even

video outputs combined

Tabie 4. Electrical Specifications

Parameter
Definition Sym Min Typ Max 3 Dimension
X-register clock amplitudes 2 Bx1 1.5 14 Vop v
By 115 14 Voo v
Yoregister ¢lock amplitudes 2 By 1.5 14 Voo v
@ya 1.5 14 Voo i
| Y shift register reset arnplitude ovaT 1.5 14 Yop v
" Line transfer amplitude LT 115 14 Vop v
i Line resst amplitude VLR g 12 Yop Y
X-register input bias cdd Vicn 10 v
X-ragistar input bias even Vige 10 v
Video reset 1 {odd}) : VR, Vpp-0.5 Voo v
i Widso reset 2 (aven) VAz Vpp-0.5 Voo v
| Frame reset gate ! FRG Vpp0.5 Yoo v
Frame reset drain 1 FRD 10 Vop v
Isolation gate VBuif 11 12.75 13 V
DG supply Voo 11.8 15 16 v
| DG current Ipp 6 8 10 ma
. X-register tetrode gate bias Vep 8 12.5 Vop-5V v
- Multiplsx clock amplitude 24 11.5 14 VoD V
Multiplex clock amplitude Jaf3) 1.5 14 Voo v
Substrate bias Vaub -2.95 -33 -3.65 v
Notes:
1 Seetext

2
3

Al voltages measursd with referencs 10 common (grond}. Sea text
For optimum performance use typical value. Other in-spec voltages will operate the array but with reduction

in performance
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Figure 13. Package Dimensions and Seanning Sequence

Ordering information

Evaluation Circuit Adjacent Defects
Part Number {Current Amplifier) | Formlng a Group
AAQ256BA0-011 RCOS0IANC-011 i up to 2
{112 defects)
RAQ256BAQ-020 RCOS03ANC-011 up to 4
{13-50 defects)
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SN EGzG RETICON

RA1441A
Solld State
Image Sensor Array

General Description

The RAI441A is a solf-scanned area photodiode array
containing 14 rows of 41 sensing etemsnts each. The canter-
to-center spacing of the elements along each row is 4.1 mils;
the center-ta-center spacing between rows is 3.6 mils,

Scanning is accomplished by means of a static shift register
which sequentially samples the dindes in each line with all 14
lines being read out in paraliel. The shift register is driven by
an gxternally-generated single-phase TTL level Clock which
determines the sample frequency. The device is operated in
the internal start mode; no additional timing signals are
retuired. There is & “flyback”™ time of two sample periods
betwesn the completion of one scan and the beginning of the
next, thus, the readeut time is given by 43/f;, where [ is the
clock frequency. An EOS output pulse is provided during the
flyback time to indicate the complstion of each scan.

Package

The RA1441A is packaged in a standard 22-pin ceramic DIP
with a ground and polished window. Fackage dimensions are
approximately 0.4 x 1.1 inches. Pinout configuration is shown
ir Figure 1 and package dimensions are shown in Figure 5,

Performance

A ltest circuit which provides the clock input, load resistors
and biasing is shown in Figure 2. Clock frequency is set by
potertiometer Ry and operation is guaranteed up to 400 kHz.

Typical spectral respense is shown in Figure 3.

Equivalent Circuit and Timing

Figure 4 is an equivalent circuit showing a 3 x 3 section of the
RA1441A. To accomplish each sean, a sampling pulse is
automatically lcaded and clocked thraugh the shift register so
that each cell is accessed in sequence for one clock period.
A source follower on each cell provides a high level boxcar
type output across an external load resistor connected
between each video line and common. Mote that while a cell
is belng sampled, the previous cell is being reset to the nega-
tive supply voltags. Betwasn the time it is resst and the time
it is accessed on the next scan, the voltage on a cell will
decay by an amount propattional to the exposure on that cell
{light intensity times scan time). Thus, the remaining voltage
an the cell when it is sampled is a measurs of the light
intensity. The output becames more positive with ingreasing
exposure, saturating at 0V (common). The EOS signal is
narmally obtained across a load resisior connactsd betwasn
the EOS output and Vop.

videa 7 [ 1 4 22 [1viden 5
Yiden 3 [ 2 21 HVideo 3
Video 11 [ 3 200 vidaa 1

videe 1304 a0 g |0 19PNE

nels 181 EOS
vppO® 17 1 Gommen
NC[I 7 16 ] Clock
a0 O (e
Video MLIB 15[INC
Video 12[j @ 4] Video 2
Video 10010 13[1videe 4
video & [] 11 12P\.I'i|:|euﬁ

Figure 1. Pinout Configuration

e
50 mé
390
oo ]

5V

ol IN751
£ B2
1 15 =

oo | [ 250 pF
o 14
R 9602 126
3.6 (ne Shot | L
5 24K
3 oV
11 BY End of
3 1316 Tps Scan
l__{—l_ TH R
17 RA1441
* [ 201421132212 11121038 & 4. 8
wago) (1T T ITITTTTT dwideo
i 12
R, A,

Figure 2. Test Circuit Schematic
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Figure 4. Equlvalent Circuit

RCO0501A Evaluation Board for RA1441A
Photodiode Array

Thig beard, which mates with a standard 22-pin edge connec-
tor, provides appropriate interface cirouits for evaluating the
RA1441A4. The clrcuit requires a single negative supply
voltage and provides clock, sync, and all video outputs. As
supplied, the clock freguency may be adjusted over the range
50 to 200 kHz using a trim pot.  Higher or lower fragquency
ranges can bs obtained by simply changing a capacitor on
tha board. |If desired, an external clock may be used by
chapging in the INT-EXT jumper to external and connecting
the extarnal clock to pin 21.

The video ouiputs are taken across 51KQ load resisiors
suitabla for operatlon up to about 200 kHz, At higher
frequencies (up to 400 kHZ) lower value load rasistors should
be used. Output voltage swing (dark to saturaticn) is propar-
tional to load resistance and ¥p, and is about 2V with 50K
loads and -17¥. Vpp can be operated betwesn -12 to -17V.
External capacitance should be kept below 50 pF on all
outputs.  Clock supplied on pin 22 of edge connector is
inverted from that supplied to pin 16 of the amay.




RA1441A

Table 1. Electrical Characteristica (25°G) 1
{Voltages with respect to commaony)

Min

VYR Max

Supply voltags {single supply)
Clock amplitude (single phase)
Maximum scan rate

scan rate)
Timing

Average output voltage from saturation o
dark (~15V supply, 51K(l Ibad, 100 kHz

-12
-5

-17
-15
400

43

clock cycles
per scan

Naote:
1 Test Gonditions:

a. Vpp = -17Y with respect to common
b, Clack awing = -12V with respect to common

c. Clock fraquency = 250 kHz

d. Load resistance = 51KQ

8. 2870°K Tungsten light source

f. Appreximate 50% saturation level

Table 2. Electro-Optical Charactetistics 12

[ Min

Typ Max

' Unlts

Saturation exposure
Dark level nonuniformity 2

Nonuniformity {per kne) at 50% saturation 2

Line-to-lina deviation
Dark level minimum dicde

042

-2.25

070 A70
110
112

10

-3.25

Notes:
1 Test Conditinns:

& Vpp = -17V with respect to common
b. Clock swing = -12V with respect to common

¢. Clock frequency = 250 kHz

d. Load resistance = 51K

&, 2870°K Tungsten light sgurce

f. Approximate 50% saturation level

2 Nonuniformity is defined as the difference in output veitage of the highest and lowest elements

pdicmé

o,
)

in @ach line dividad by the average voltags swing betwsen dark and saturation. The 41st
element of each row is not included in nonuniforrmity measuremasmts.

Table 3. Mechanlcal Characteristics

Typ Units
Number of diodes 574
Elament spacing center-to-center 4.1 along row mils
3.6 between rows mils
22-Pin DIP package size
Width 0.4 inch
Length 1.080 inch
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RA1441A

Absolute Maximum Rating

1
‘ Min Max Units |
Storage temparatura -25 +85 G
' Temperature under bias 0 +70 G
22-pin Ceramic
-t 1060 +.011
P S
a3 21 13 12
98
+.009
12 1011
| —— e —— e — ey — a — ] = —

=0.038" far AA1441 848, typ
= 0.024° tor RAT441 AAG, hp

A
1.000 —. 005 A=D

100 = 005 e
| o |

t

'038 =010

.G £.002

Flgure 5. Package Dimenslons

Ordering Information *

Part Number Evaluation Circuit i

RA1441AAB-0T1 RCOO01ANN-011 |

* lncludes standerd devices. For options, cansuit your local sales office.
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‘ RA1662N
| N

< EGz:G RETICON Parallel Output

Photodiode Area Array

General Description video 701 o/ 22D1Videos
The RA1862N is a self-scanned area photodiode array con- Video 800 2 21 OViden 3
taining 16 rows of 62 sensing elemants sach, The cantsr-to- i RATB62N )
center spacing of the slemants along each row and hetween Video 11003 20 O Video 1
FOWS 15 100 pm. Video 1304 193 Stant Inhibit
Scanning is accomplished by means of a static shift register Video 150 5 @ 18 @ Clock
which seqguentially samples the diodes in each line, with all 16 gl b

lines being read out in parallel. The shift register is driven by Common[} 6 § 5 1THEOS
an externally generated single phase TTL level Clock which video 1601 7 16 0 Vieg
determines the sample frequency. 1 the device is operated in ]

the internal start mode, ne additioral timing signals are Video 140 8 15OV Array
required and there is a "flyback” time of twe sample periods ) 12 14 0 Video 3
between the complation of one scan and the baginning of the Video 12019 leee
next. Thus, the readout time is given by 6d/f5, where f is the Video 10 10 13 0 Video 4
clock frequency. If desired, the flyback time ¢an be increased ) .
arbitrarily by holding the Start Inhibit input negative until it is Video 814 11 12 [1Video &

desired to initiate a scan. An EOS output pulse is provided
during the flyback time to indicate the completion of each
scan.

Figure 1. Pinout Configuration

Packaging

The RA1662N is packaged in a standard 22-pin ceramic DIP
with a ground and polished window. Package dimensions are
approximately 0.4 x 1.1 inches. Pin configuration and the
direction of scan relative to the package are indicated in
Figurs 1 and package dimensions are shown in Figura 6. K =

Performance R

B2
Ore Sacd — — =

A test circuit that provides the clack input, load resistors and AEK
biasing is shown in Figure 2. Clock frequency is set by poten- 5
tiometer Ry and will operate up to 400 kHz. The array supply &
voltage Vapay may be varied using potentiometer Ry to " C'\"—U—
adjust the dark output voltags to the desired valus, By using 3 13 18| s
this adjustment, Vpgrk on all arrays may be set at any value )
aver a minimum range of 0 to -2.5Y. = 5 L) 15 16 17

Typical spectral response is shown in Figurs 3 and typical ; " Rangazm

curves of cutput voltage wersus exposure for 2870° K tung- 2014291322121 112103 0 4 B § 7
T

sten light source are shown in Figure 4. i L L

All of the data reported here was taken with 25K<2 load resis- A A

tors. |t should be noted that if the load resistance is too high - =
of if thers is capacitive loading, the fime requirad 1o make a . i
light/dark transition will be increased. Figure 2. Test Schematic

345 POTHERC AVENUE  SUNNYVALE, CALIFORNIA 94086-4197  (408) 738-4266 FAX: (408} 738-6873
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Figure 3. Typical Spectral Response

3.8

a0
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VRQQ =-15Y
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o 1 1 | ] | | | |
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Exposure (uwlicm)

Figure 4. Typical Curves of Quiput Voltage Versus
Exposure

Equivalent Circuit and Timing

Figure 5 is an equivalent circuit showing & 3 x 3 section of the
RA1662N. Separate supply voftage inputs VReg and Yamay
are provided to the shift register and the diode array, respec-
tively. The shift register supply VReg is nominally -15V. The
array supply may be the same as the register supply or it may
be adjusted several volts lower. Reducing Varry reduces the
amplitude of the video output.

For uperation in the intemal start made, the Start Inhibit input
is connected to Gommon.  In this mode a new scan is auto-
matically initiated every 64 ciock pericds. To accomplish
gach scan, a sampling pulse is automatically loaded and
clocked through the shift register so that each cell is
accessed in seguence for one clock period. A source
follower on each cell provides a high level boxcar type output
across an extemal load resistor connected between each
video line and common. Note that while a cell is being
sampled, the previous cell is being reset to the negative
supply voltags. Between thse tima it is veset and the time it is
accessed on the next scan, the voltage on a cell will decay by

an amount propartional to the exposure on that cell (light
intensity times scan time). Thus, the remaining wveltage an
the cell, when it is sampled, is 2 measure of the light inten-
sity. The output becomes maore positive with increasing
exposure, saturating at QV (common). The EGS signal is
nommally obtained across a load resistor connected betwean
the EQS output and Vieq.

In the above and all subsequent discussions, it is assumed
that the device is operated with the common terminal held at
ground and the clock swinging negative with respect to
ground. However, for TTL compatibility, it is sometimes
desirable to bias the common terminal at +5V and YReq
at -10v. The Clock should then swing from +5V to ground,
With this biasing scheme, the videc signal is referenced to
+5V in saturation and swings negative to about +3V in tha
dark.

| Starl
Claek jj Self Loading Stalic Shift mﬁibu
Camman | Ragizter Soam Cirguit | Yiug
Varray |
¥ : | HL
] (- At ECS
! I
1 ¥ |
] - L — |
i - B g I
| t Wldaa 1
1 |
1 : AL
V| (| || [
1 H I =
1 |
1 |
1 E I
1 - ks - |
: : Viden 2
| |
I [
R e 2l e ol Bl |
| =
| |
I |
| = = L |
1 - - | .
i T Video 3
. |
AL

Figure 5. Equivalent Circuit of a 3 x 3 Section of
RA1662N




RA1662N

Table 1. Electrical Charactetistics (25°C)
{Voltages with respect to eommon)

Min Typ Max Unlits
Supply voltage {single supply) -12 -7 ¥
Clock amplitude {zingte phase) -5 -15 v
Maximum scan rate 400 kHz
Average output veltage from -2.25 Y
saturation to dark 1. 2
Timing 64 pixels per
scan
Notes:

1

A separate pin is provided to bring all array outputs within £10% using a single
potentiometer adjustment,

Test conditions:

. Vpp = -15Y with respeact o cammon

. Clock swing = -10V with respect to common

. Clock freguency = 250 kHz

. Load resistance = 25KQ

. 28707 K tungsten light source

f. Approximate 50% saturation levsl

= B R = |

Table 2. Electro-aptical Characteristlcs 1

Min | Typ | Max Units
Saturation exposure 0.3 ! udiom?
Park level nanuniformity 2 o | %
MNenuniformity (per line) at 50% +12 %
saturation 2
Lina-to-line daviation 10 S
Dark l=vel minimum diode -2.25 Vv
Notes:
1 Tast conditions:

4. Vpp = -15¥ with respsect to common

b, Cloclk swing = -10V with respect to common

¢. Clock frequency = 250 kHz

d. Load resistance = 25KQ

&, 2870° K tungsten light source

f. Approximate 50% saturation level

Nonuniformity is defined as the differenca in cutput voltage of the highest and lowest

elements in each line divided by the averags voltage swing betwesn dark and saturation.

The B2nd element of each row is not included in nonuniformity measurements,

Table 3. Mechanical Characteristics

Typ Units
Number of diodes g9z
Element spacing center-to-certer 100 % 100 um
Package size:
22-pin DIP, ground and pelished window, 04x141 inches
hermetically sealed
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Figure 6. Package Dimensions

QOrdering Information*

Part Number Ordeting No.

RA16682N RA1682ZNAG-011

* Includes standard devices. For all options,
consult your local sales office.
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J\ EGzG RETICON

RA2568N
High-Speed Solid State
Image Sensor Array |

General Description

The EG&G Rsticon RA2568N High Speed Tapped 256 x 256
Array is a two-dimensional scanned optical array with
optimized-geometry of 65,536 discrete photodiodes read
through eight video output taps providing high frame rate,
minimal interference-pattern loss, and the full inherent senzi-
tivity of the photodiode structure.

The RA2568N is available in a 28-pin duakinline package
with a ground and polished guartz window over the active
area. Figure 1 shows the pinout configuration. The device,
fabricated in monolithic NMOS silicon, contains a diode array
matrix with access and reset switches in addition to eight X
and a single ¥ readout register. Figure 2 is a black diagram
of the device. The array mechanical specification is given in
Tabla 1.

Key Features

« High frame rate: 500 frames/second

+ 40 ym spacing in X and Y directions

+ Frame storage. diodes integrate photocurrent for entire
framms

«  Low power dissipation

« 28-pin dual-inline package

*  Frame reset capability

Qperation

There ars 256 columns and 256 rows of photosensors with
center-ta-center spacing of 40 um in bath the vertical {Y) and
herizontal {X) axis. The individual photosensor is formed by a
p-n junction diods with an associated junction capacitancs.
The photosensars in one column are connected to a commaon
video line through an access switch. All the access switches
in one row are connected in parallel and turned on simulta-
neously by the ¥ Scanning Shift Register, FPhatossnsors
connected to each access switch operate in a charge-integra-
tion mode.

When a row of 256 switches are closed by the ¥ Register, the
photodiede charge is placed on each of the column video
lines. The horizontal seanning Shift Register switches the
charges out in groups of 32 sequential pixsls through & vidso
output ports. A train of 32 pixels is sequentially scanned by
each of eight horizontal shift registers, which divides the array
into four sections. Four of the shift registers scan out the odd
numbered pixels while the other four scan even numbarad
pixels.

]
sug(|1 28] oy
N
EoF[|2 gr|levs
o [|3 z6[]ovsT
anfla | . . N B
BT 0dd | 5 | 241 @%ST Evan
eLrai]6 2a[|LAD
video 1|7 22 (] video 2
Viden 3| 8 1 z1]lvidec 4
videa 5[ 8 20[]Video &
video 7[[10 | 19(]video 8
Wpo[] 1 g E'.f Y - 1 18]}ermn
oFpg[|12 —————— —— 17]lecs
@x2[12 16[]@xa
ax1f] 14 15(12x3

Figure 1. Pinout Configuration

YO Functions
¥-Reglster Clocks

Tha ¥ Registar is a dynamic shift register driven with comple-
mentary clocks (gvyq. @yz). A Start-Inhibit Pulse {aysT)
controls or inhibits the Ipading of the shift registers. To keep
the number of shift register stages to 128 while accessing
286 rows, each shift register position is provided with two
multiplexing switches which are clocked by o5 and 5. As
the shift register is scanned, these switches alternate the bit
on each of the register's outputs between two vertical linss,
thus accessing twa rows of diodes for sach of the register
positions (256 rows are accessed with 128 stages). There
are two additional dummy stages, one at the beginning and
one at the end of the register, for a total of 130 shifts for one
¥ scan. The typical clock waveforms (By 1, vz, 8p, g, and
aysT) are depicted in Figure 3, and their timing relationship is
given in Table 2.

345 POTRERQ AVENUE  SUNNYVALE, CALIFORMNIA 94086-4197  (408) 738-4266 FAX: (408) 738-6879
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Line Reset Gate and Drain

Line Resst Gate {LAG) and Ling Resst Drain (LRDS ars usad
to reset the charges that accumulated on the video lines and
to clamp the video line to a reference voltage just prior to
accessing the photadiodes. The drain is normally cennected
1o the same potential as its correspanding video output.

Frame Reset Gate and Drain

The Frame Asset Gate (FRG) and Drain (FRDY are used to
recharge the photodiodes prior to the initiation of a frame
integration period invalving the simultaneocus integration of all
photodiodes,  Bath inputs are clocked during the diade-
recharging duratien. The FRD and FRG must be activated
and released as shown in Figure 5. which shows the typical
wavaforms and timing relationships between Y clocks and the
frame resst clocks.

Signal Processing Circuit

The signal output charge is proportional to the photosits
exposure. The charges are processed through a circuit (or its

equivalent) as depicted in Figurs 6. Photo-integrated
charges are converted to voltages by the transconductance
amplifier and are integrated. The integratad pulses are then
sampled and heid to provide the zero-order hold signal.

Electrical Specifications

Table 3 lists /O pins’ corresponding symbols, funstions, and

electrical spocifications, Electrical functions are described in
the text. Clock waveforms and their respective timing

relationships are described under IO Functions,
Table 4 lists the capacitance of each terminal.

Performance Characteristics

Table 5 lists the optical and electricat signal performance
characteristics. The output signal format will depend on the
charge-converting circuit; for example, the saturated charge
of 0.8 pC can be transformed to cumrent or voltage pulses
through a transconductance amplifier, or it can be converted
o voltage determined by capacitance through a charge
integrator, simitar to the integrator in Figure 6.
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Table 1. Array Meschanlcal Spacifications

Table 2. Timing Specifications 1.2.3

Units Sym Parameter Min |Typ | Max | Unite
Numker of diodes 65,536 byt oy to @xgr delay 50 ns
Diods X, ¥ centerfo-center spacing | 40/1.57 | pm/milg tea | exgtloas or pg delzy | 100 ns
Diode sensing area 963 um2 1} s and eg pulse width | 0.4 6.4 ns
Fill factor g0 % tiAG | &LRG pulse width 15 ps
Packags size (28-pin DIP) 08x14 inch? lFra | R PUlsE width 14 us
'FRD | 9FRD pUlse width 10 TE]
IDLR | PFRAG 'o @LRg delay 1 ps
trs | BFRD {0 2FRG Celay 4 pe
bya, Bya 1o @ delay 20 ns
tg Set-up time 80 ns
1 Hold time 50 ns
Notes:
1 5 MHz clock rate oparation
2 t . 4.10-15ns
2 Clock amplitude _13.6¥
4 tya=tvg
Table 3. Electrical Specifications
Fin Sym Function Min Typ Max Units
1 5UB Substrate -10 -6 -2 ¥ DC
2 EQF End of frame pulse 7 v Ampl
3 25 Multiplex clock 2 9 135 15 ¥ Ampl
4 Ba Multiplex clock & 9 135 15 v Ampl
5 @xsTo | Horizontal odd start g 135 15 ¥ Ampl
6 BLRG Line resst gate 5 13.5 15 ¥ Ampl
11 Voo Positive supply 7 A 15 ¥ DC
12 IFRG Frame reset gats 7 8 15 ¥ Ampl
13 | axe Herizontal even clock 2 12 135 15 v Ampl
14 %1 Herizontal odd clock 2 12 13.5 19 W Ampl
15 | o3 Horizontal odd clock 2 12 135 15 v Ampl
18 | ayq Horizonta} even clock 2 12 13.5 15 v Ampl
17 ECS End of szan pulse 7 W Ampl
18 9FRD Frame reset drain 7 135 18 WV Ampl
23 LRD Line reset drain 0 VDG
24 | oxgre | Horizontal even start 9 135 15 v Ampl
25 Voo Positive supply 7 8 15 VDG
26 BYSaT Vartlcal start clock 2 8 135 13 ¥ Ampl
27 | ave Vertical ¥ elock 2 10 135 15 v Ampl
28 | eoyy Vertical Y clock 2 10 13.5 15 v Ampl
Notes:

1

EQS and EOF were pulled up to +5V with a 2KQ resistor
052 (Vo) -Sub< 1,

0<Vpp - Youdt

£1,

where (Vo k) - and (Vg k)* are the negative and positive rails of the clock.
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Table 4, Terminal Capacitance with 10V Bias

Pin Sym Cepacitance (pF}
2 EQF = :
3 ] - 22
4 ap 2
5 aysTO 9
8 B RG 48
7 VID A 5
8 ViD 3 5
9 VIR 5 5
1n VID 7 5
12 GrRG 27
13 Oy 30
14 By 30
15 @x3 30
16 Y4 30
17 EQS 4
18 SFRD 135
19 viDe 5
20 viD B 5
| ViD 4 5
22 viD 2 >
23 LRD 48
24 BYETE 10
26 @vaT 4
27 Byo 28
28 dy1 ) 29 B
Table 5. Array Performance Gharacteristics
Sym Parameter Min Typ Max Unlts
DR Dynarnic range {max signal/BMS noise) 1 300:1
EnE Noise equivalent exposure (p-p) 2 001 iom?
Egat Saturation exposure 0.37 | 045 piom?
Cgat Saturation charge 0.8 pC
R Responsivity | 578 | 668 Vipdfom?
VDark | Avsrage dark sighal 3 2 a %
i Video sample rate 4 40 MHz
PRNU Photo responss nonuniformity 1 5 10 1%
Notes:

b A 2870°K tungsten source and.an HA-11 visible spectrum filter was used with the bangwidth
of 370 nm to 1040 nm measured @ 50% Vggay

th B ¢ K

At 570 nm
As a percentage of saturation; Integration thme = 40 ms
Eight videq outputs combined
All measurerments taken with application circuits in Figures B and 9
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Figure 10. Package Dimenslons

Ordering Information

Part Number Description

RA256BMNAR-011 High frams rate
256 ¥ 256 matrix array,

quartz window .

RA256BNAF-011 High frame rate
258 x 256 matrix array,
fiber optic window
Evaluation board for
RAZ568NAQ-011 and

'l RAZ56BMNAF-011 arrays

RCOS04ANN-011
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 JNEBz6G RETICON

RA3812P
Solid State Image Sensor Array

Introduction

The Reticon AA3812P is a two-dimensional self-scanned
optical sensor array consisting of 456 silicon photodiocies in a
38 x 12 matrix. This device is a functional equivalent to low
regolution vidicon camera tubes, but with the advantages of
higher geometnic accuracy, high sensitivity, small size, low
voltage, low power, and all-solid-state ruggedness and
reliability. The RA3812F is designed for applications in the
areas of pattern recognition, character recognition, and
guidance.

Key Features

+ 456 light sensitive alements

* 4-mil element centers in both X angd Y directions

+ Frame storage—each diode integrates pheto-current for
the entire frame time

+« Self-scanned in both X and ¥ directions by an-chip shift

registers and multiplexers to provide a single seriab video

output

Nonburning ssnsors

Solid state reliability

Low power dissipation

16-pin ceramic dual-inline package (0.3 inch x 0.8 inch)

with scratch-resistant glass window

PR

General Description

The RA3E12P is housed in & 16-lead integrated circuit
package {0.8 inch x 0.3 inch outtine) with 2 ground and
polished window (see Figure 8). The devices are fabricated
an @ menolithic silicon chip containing the photodiode matrix,
as well as access switches and two integrated MOS shift
registers for scanning in the X and Y directions. Each shift
register i driven by a two-phase clock. The diode-to-diode
sample rate is set by the X-register clock freguency, while the
line rats is set by the Y-register clock frequency.

A basic circuit for driving the RA3812F is shown in Figure 3.
This circuit supplies clock signals for both the X and Y
registers and provides first-stage video amplification which
has a vidleo output similar to that shown in Figure 4.

Clock and Start Requirements

This array is salf-starting, with no external start pulse
required. The X-register should be drivan by complementary
square wave clock phases 94 and oo as shown in Figure 4.
These two phases can be generated from an input TTL clock
run at the desirad data rate which supplies the basic timing.
The Y-ragister is driven by complementary square wave
clocks run at the desired line rate. Keep crossovers on clock
phases closs to 50% to minimize odd/even fixed pattern
naise.

o1 X-Register 1— \\._./[ -18 EOL
o X-Reglater 2- -15 MNC
NG 3| W ‘14 Vpo
1 M L/ |
Voo 4f| | | _13 NC
Vayp (Substrate) 5_ i f -12 NC
L 1
NC 6- r | ] |1\ '11 Bq Y-Register
NG ?- -10 o Y-Reagister
Video B— -9 EQF

Figure 1. Pinout Configuration
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3 | 12
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|
[ | Foth—t 11
i
1
|
7 ) 10
g [ -]

Figure 2. Block Diagram
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Figure 3. Basic Circuyit for Qperation of RA3312P Photodiode Array

Signal Extraction

The video output appears on pin 8 and consists of a train of
currant pulses each containing a charge equal to the
photocurrent in the corresponding photodicde integrated over
a frame timse. To obtain good signalkto-noise or dynamic
range, these pulses should be processed by a resettable
integrator which may be followed by & sample-and-hald
circuit.  Switching transients will be supsrimposed on the
current pulses, but the effect of these is essantially eliminated
by the intagrator circuit which integrates the current flow in
each sample period including both the signal and the switch-
ing transignts, Since the switching transients must integrate
to zere, even lew-level signals can be recovered.

End-of-LIne and End-of-Frame

End-cf-ine pulses appear one sample period after the last
alement in each line {see Figure 4). The end-ol-line output
can be used to time the Y-register clocks so that the next line
cah be scanned. After the last line is scanned, a new bit is
auvtomatically loaded into the Y-register ta start a new frame.
i more sophisticated scanning is required, the Y-register
should be timed by an externally-gensrated TTL pulse train
with an appropriate repetition rate. Fer example, an interlace

pattem where only the odd lines are scarned in ons frame
and only the even lines in the next frame can be produsad by
clocking the Y-register at twice ths line rate and adding one
step at the end of each frarme.

An end-of-frame output (ses Figure 5) appears on pin 9
during the last and first line of each frame. This output can
be used for frama synchron|zation purposes.

Sensitivity and Spectral Response

The FRA3B12P cperates in thé frame storage mode. This
means that each diode integrates photocurrent for an entire
frame time and smpties the integrated charge onte the video
line when it is sampled once each frame time. The sensitivity
of sach diode ls, therefora, over 456 times the sensitivity of
an individual diode of equal size operated in the photocon-
ductive mode. The output of each diode {below saturation} is
proportional to the light intensity times the frame fima and can
be specified in terms of charge out per unit of exposure. A
plot of output versus axposure is shown in Figure 6. Spectral
respanse is typical of high-guality diffused silicon photo-
diodes, covering the range from the near UY ta the near IR
with peak response at 750 nm. Typical spectral respense is
shown in Figure 7.
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Table 1. Electrical Characteristics (25°C)
{Voltages with respect to substrate (pin 5);
substrate typically held at +5V)

Min | Typ Max ! Units
Video output line bias -5 8| v
Supply voltage Vno -11 -12 A3 | ¥
Clock pulse amplitude =11 -12 13 | W
End of line/fframe 5 KQ
output resistance
End of line output pulse 2ff 3
width 1
Vidao ling capacitancs 40 pF
{at -5V with respect
to substrate)
Dliode sample rate {f} 104 43108 | Mz
Frame rate 2 19 7500 | fps
Power dissipation (DC} 10 mw
1 1
Notas:

T { « diode sample rate
2 fps = framas per second

Table 2. Electro-Optlical Characterlstics {(25°C)

Typ Max Units
Photediode sensitivity 1 g pC/udiem?
Uniforsmity of sensitivity 1< #H | H2 | =
Saturation exposure 1 A8 piem?
Saturation charge 1.6 pC
{with typical input
and bigs voltages) i
Notes:
1 2870°K tungsten source
2 Neglects first and last elements of sach line
Table 3. Mechanical Characteristica
Typ Linits
Mumber of diedes 456
Number of rows 12
MNumbsr of columns 38
Spacing (row and column) 4 mils
Diode sensing arsa 8 mils®
Packaga sizs (16-pin DIP) S1x .8 inch

Absolute Maximum Rating

Min | Max ! Units

Voltage with respect to substrate 0 20 |V
Storage temperature -55 +85 | C
Temparature under bias -55 +856 | °C
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Figure 8. Package Dimensions

Ordering Information

Part Number

RA3812FAG-011

055-0221
January 1992
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Preliminary

RAG6464N -
Solid State High Speed *
Image Senscr Array

Descripticn

The Reticon RAG464N is a very-high-speed PMOS 64 x 64
pixel imaging array. It has 32 parallel outputs that allow
extramsly high read out rates. Frams rates o over 24,000
frames per second maka it ideal for high spesd motion
analysis and athar applications formetly rastricted to high-
speed film cameras. The 'center-out half-plane scanning’
seguence makes it well sulted for high-speed tracking and
guidance applications since the center portion of the array is
read out first.

The RAG464N is furnished in a rugged B9-pin ceramic pin grid
array (PGA} package. Top and bottom views of the package
are shown in Figure 1. The pin assignments are shown in
Figure 2. The unique 'center-out’ scan sequence is shown in
Figure 3. Package dimensions and meschanical information
are illustrated in Figure 10.

Key Features

* Center-out half-plane scanning

Very high speed operation {24,000 FPS)
High sensitivity (EgaT = 50 nd/om?)
Large activa pixel area

32 parallel video outputs

Device Operation

An inputioutput diagram is shown in Figure 4. A simplified
diagram for the device is shown in Figure 5. Notice that the
photo-sensitive area is divided into two half-planes. These
half-plangs output their contents simultanegusly, each
through their dedicated 16 paralial cutputs.

The device has a dynamic 'center-out' shift register that is
loaded in the middle and shifts in both directions towards the
ends. A "1" is loaded into the middle of the register. As the
register is clocked, amy stage containing a “#" connects an
entire row of pixels to their respective video lines. Then, the
o clocks connect those video lines 1o the output circuitry.

Since there is one output for sach set of four columns in each
half-plang, it only takes four cycles of the gy clocks to output
tha entire row. Each half-plane is doing this in parallel, ¢ two
rows are output togather,

The readout continues until 84 rows have been output.  This
takes only 16 cycles of the y-register (vertical} clocks. The
integration time {the total light-gathering time) is the time be-
tween start pulses.

Notation of Cutputs: Cutput nB {or nk) refers to the output
pin that outputs information for columns n, n-1, n-2, and n-3
on the Right {or Left) side of the array. Examples: output 4R
outputs information for columns 4, 3, 2, and 1 on the right
side of the array; output 36L outputs information for columns
36, 35, 34, and 33 on the left side of the array.

T E @@
& @
© @
o

X | gensing @ @

* Area | i G

i & &

! =]

¥~ ; E—iE @

i S E

L4 : TEE SRS @

Top View Battam View

Figure 1. Sensing Area and Pinout Conflguration
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Figure 2. Pin Assignment

Location (pg) refers to the pin at coordinates p and g as
dafined by the grid in Figure 2. Examples: (L2) refers fo the
pin at location L2 in Figure 2 (which is eutput pin 4R}, (B7)
refars to the pin at location B7 in Figurs 2 {which is clock
input @a). Therefore: BOL {B10} refers to the output for
columns 60, 59, 58, and 57 on the left side of the array,
located at position B10.

345 POTRERC AVENUE  SUNNYVALE, CALIFORNIA 84086-4197  {408) 738-4266 FAX: (408) 738-6972
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Timing

Tha y-register clock ssiects two rows {one in each half-plans)
with each clock transition. Than, the x-multiplexer clocks are
each pulsed to sequentially connaect each of four diodas to
tha same output. The y-register clocks change state again,
and the cycte continuas until the entire array has been read
out. It is important to note that the yeregister shifts on svery
transition {change of state) of g1 and ap, not just every full
clock periog.

The sequence is started by loading a start pulse into the
y-register, The start pulse is a negative-guing pulse. The
start pulse must fall to its negative value at loast 50 ng bafore
the rising edge of ez and must stay negative for at least
2Q ns after @p has reached its positive state. As Figure Ba
shows, the start pulse can ocour early and last well beyond
the rising edge of @o. The first lwo rows are accessed when
the rising edge of 6o loads the start pulse, The rise and fall
times of the start pulse are not critical.

o1 and oo clocks are usually complementary square waves.
The two clocks can both be positive at the same time, but
should never be negative at the same time. Simultanegus
negative clocks cause unpredictable behavior. Clock tran-
sients are minimized if the two clocks are axact complements
and have 50% clock crossovers. Hising and falling edges
are more critical than those of the start pulse.
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Figure 6. Timing Dlagram

The multiplexing clocks directly connect the photodiodes and
their video linegs to the outside circuitry. The negative-going
pulses must not overlap or pixel signals will become mixed.
The FET switch {muitiplexer clocks) rise and fall times are not
eritical.

The sequence given in the Yiming diagram is the typical
sequence to output the pixels. However, the multiplexer
clocks can be pulsed in any desired erder if the application
requires a different scanning sequence. The y-register may
only be operated as described abave.

Opto-Electronic Performance

Figure 7 shows the device spectral response with a quartz
window and with a fiber optic window. The specification table
valuas were determined using a 2870°K light source with a
Figsh-Schurman HA-11 infrared-absorbing fiiter,

The pixels are located en 100 pm centers in beth the x and y
axes. Thersefore, the area per pixel is 10,000 |.J,m2. The
active area (the area that can sense light) is B768 pmz whigh
corresponds to a fill factor of about 88%.

Saturation charge is 2 pC, ar about 12.5 million electrons,
The rms read noise is about 1100 noise elactrons.
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Figure 7. Typical Spectral Response
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Signal Extraction

The signal is simply the voltage or current pulse that occurs
when each photodicde is connected to the cutput line {see
Figure B), Only a simple resistor load is needed to read the
voltage pulse (see Figure 8a). A current integrator {Figure
8b) can also be used, thus averaging out the effects of clock
transients, otc. This integrator's output must be sampled-
and-held and then its capacitor must be reset alter each pixel
fs read out.

The RAE464M can alsoe be used as an array of fewer — but
higger — pixgls, The usar need merely sum up charge from
adjacent pixels before resetting the external charge integra-
tor. Therefore, the RAG484N can also be used as a high-
spesd 32 x 32, 16 x 16, ofc. [f the application doss not
require square pixels, the user can configure the raadout for
84 x 32,16 x 32, 64 x 1, and so on.

Example Circuits

A circuit that provides all the necessary timing signals to
operate the RAG464N is shown in Figure 9,

The applied clock is a TTL level square wave of up to 20
MHz. This clock goes into a 9316 IC canfigured as & divide-
by-three counter. It's output is fed into another 8316 which is
configured as a divide-by-four counter. This counter outputs
to & D flip-flop that toggles and generates the two y-register
clock phases. The DS0026 drivers translate the TTL level
signals to the propar voltage levels.

The outputs of the counters slso feed the shift and clock
inputs of the 74L5164 shift register. The shifted pulse from
thig registar becomes the four multiplexer clock phases.

The last section gengrates the statt pulse. The switches are
connected to the 8316 preset inputs. The switches set the
number of counts per frarne and thus the integration time,

Appropriate output circuits are shewn in Figure 8.
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Figure 8. Video Output Circuits
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RAG464N

Table 1. Input Requirements

Parameter Sym Comments Min Typ Max Units
Nagativa supply Voo -9 -7 -5 ¥
Paositive supply Vag +3 +8 +7 v
| Shift register @1.02 High clock level +4.5 +5 +5 v
. clock phases 1 Low clock level -7 -7 -8 ¥
Hise & fall times 10 20 100 ns
Clock line 15 pF
capacitance
Fraquency 4 775 kHz
Multiplex, clock B4 B2, High clack level +4.5 +5 +5 ¥
phases ! 2z M4 Low clock level s 7 -8 W .
Rise & fall times 10 20 100 ns
Clock line 10 pF
capacitanca
Note;
1 All 2-phase and 4-phase clocks should use the same high and low clock leveals.
Table 2. Electro-Optical Characteristics
Parameter Sym Comments Min Typ Max Units
Center-to-center Both axes 100 Qi
spacing
Active area 3768 ume
Fill factar 88 %
Sensitivity 40 x107° Cilferm?
Photo response 45 PRMNLU @ 600 nm 18 1z %
nonunifarmity @ 5% Qgat
Saturation Qgat 2.0 pC
charge
Saturation Esat @ 800 nm 50 niem?
exposure
RMS noise Readout noisa 1100 8-
glectrons
Noise gquivalent 1 EnE 50 nfcm?
gxXposure
Average dark 1 2 pA
current
Dyhamic range 24 DR DR = QgafFPNp_p 7001
Power dissipation 2 P 10 mw
Maximum RLoad =2 KO
video output Pixel rate = 50 kHz 280 my
Pixel rate = 500 kHz 280 my
Pixel rate = 5.2 MHz 160 my
i Pixel rate = 6.4 MHz 130 | mh

I:latES:

Noise equivalent exposure is datermined by the external interface circuit compenants and layout. With an amplifier
input noise = 1000 electrons per pixel, and with reasonable cirouit tayout, 8 X 103 ndiem? or less is possible.

ra

FPNp._p = fixad pattern noise {peak-to-peak)

3 The power dissipation increases with clock frequency. For a pixel output frequensy of less than 2 MHz, the power

dissipation is less than 10 mW.
4 First and last rows, first and last columns are not included.
5 At 50% Qgay with HA-11 fitter:

+% NU = [Viax - ViaughV avgl X 100%
% NU = [{V g - Viin} VAvg] X 100%
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Figure 10. Pachage Dimensions

Ordering Information

Part No. Description

RAG484MAL-011 High-speed 64 x 64 array,
with quartz wingdow

RAG484NAFR-011 High-speed 64 x 64 array,
with fiber opfic window

—:‘:Il
-

N 008 £ .002

‘ {-203 + .050)

E,

l 032 + 002

018 +.002
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T{312 +.050)
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RAO512J
Full Frame CCD Imager

General Description

The RAQS12) is a full frame CCD sensor designed specifically
for use in astronomy, spectroscopy and related scientific im-
aging applications. Its combination of very low noise and low
dark current make it ideal for low light level, high dynamic
range, and high resclutien applications.

The imager is structured in a serial-parallel-serial canfigura-
tion so charge packets (imaging data) in the vertical (parallel}
registers can be shifted either up or down to two identical
herizontal {serial} shift registers. One is at the top and an-
other is at the bottom of the aray. Three-phase clocks are
naeded to drive hoth vertical and harizontal shift ragisters.

The array is availatle in a 40-pin ceramic package as shown
in Figure 1. Package dimensions are shown in Figure 7. ltis
available with a quarz window or unwindowed. The device is
indifferent to its orientation in a circuit due 10 the symmetry of
the pinout (see Table 1 far complete pinout description).

NOTE: - The RA0512J does not contain gate
protection circuitry to protect the input and
output pins from static damage. Speclal han-
dling precautions should be used to avoid
static damage.

Features

~ 262,144 picture elements (pixels) ina 512 x 512 configura-
tian

27 pum sguare pixels

+  3-Phase butied chanmel process

+  On-chip output ampiifier for low noise and high spaed
readout

*  High dynamic range: over 938 dB at -110°C {183°K)

+  Serial-parallel-serial configuration for selectable bidirec-
tional reataut

v Usable spactral response fram 450 nrm to 1050 nm

MPP Operation

A major sourca of dark current in devices such as this origi-
nates in surface states at the Si-Si0y interface. A unigue
design and process enables the RAG512J fo be run in the
“Multi-Pinned Phase” or MPP mode of operaiion. This helps
sliminate dark current genaration in the interface surface
states. By holding the vertical clocks at megative potential
during integration and harizontal signal readout, the surface of
the sensing area is inverted. As a result, the surface will not
be depleted ard surface states will not generate dark currant.
Dark current dsnsitias of less than 50 pafem? have been
achieved using the MPP mode of opsratien, resulting in inte-
gration times of more than 30 seconds at room temperature.

Functional Description
Imaging Area

The imaging area is an array of 512 columns (vertical CCD
shift registers} which are isolated from each other by 5 um

_channal-stop regicons.

Bag [Q N/ 401] &4
MC [ 2 38 [] @ag
Brga [ 3 38 ] Prgp
Vg [ 4 37 [] Bagp
Gga ] 5 35 [] Ypoa
Veeca [] 8 35 [J Yoy
gz [ 7 2 [] Ysyp
85 [] 8 331 Yrog
Gyp [ 2] Opsp

NC [ 10 =[] Voge
Voga O Mt 30 ] NOC
Braa [ 12 2o 24g
Viroa [ 3 23 [] @zp
Veus [ 14 2r ] 93p

Voura [ 15 28 [1 VReoa
Vooa [ 15 25 [} 9sg
Frga [ 17 24[] Vg
Bras [] 18 23 [] Prag
@ye [ 12 221 nNe
B [ 20 21 [} 950

Figure 1. Pinout Conflguration
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Figure 2. Typical Spectral Response

Each column has 512 picture ele-
ments. The pixe! size is 27 pm x 27 um. The total imaging
area is 13.8 mm x 13.8 mm. Typical spechal response as a
function of wavelangth is shown in Figurs 2.

In the vertical direction, each pixel corresponds to one stage
(three electrodes) of the shift register, The thres-electroda
groups are driven by thres-phase clocks {81 - eac) brought
in from both sdges of the array to improve clock electrods
raspense time.

Charge packats {imaging data} in the vertical registars can be
shifted either up or down to the top or bottom horizontal regis-
ters by irterchanging two of the three phases (@3¢ and g2}
See Figure 3 for functional diagram.

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 94086-4197  (408) 738-4266 FAX: (408) 738-6979
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Figure 3. Fungtlonal Dlagram

A transter gate (gTr) is provided at the interface of the vartical
and harizontal registers for controlling charge flow. Charge
flow is from @4 gate of the vertical shift register inte gz and
dq gates of the horizontal shift register. The control function is
performed by pulsing the transfer gate sither high or low to
permit or prevant the charge flow from the vertical ragister into
the horizontal register for readout.

When the potantial of the vertical register electrodes is held
steady, a potential well is created heneath the storage pates
(@1 and @z¢:}. When an image impinges on the sensing
arga, an elactrical signal of the scene will be collected in the
potantial well during this intagration period.

Fallowing the integration interval, the collscted charge (signal}
in the array can be read out as a full-frame image by transfer-
ring the charge, one or more rows at a time, into the horizontal
ghift register. From there, charge can be shifted serially to the
output amplifier.

A mechanical shutter is needed to shield the array from inci-
dent light during the read out process. A strobe illumination
could be used to simulate the shuttered mode of operation.
Image smearing degrades the parformance, particularly at how
data rates, unless such shuttering is provided.

Harizontal Registers

Thera are two idantical horizontal shift registers which are
driven by three-phase clotks{as-g55. 915-935), Oone at the
top and one at the bottom of the imaging area. Each shift
register has 512 stages plus an extension of 50 stages. As a
result, amplifier power is dissipated more efficiently and dark
current generated by ocalized heating is minimized.

Summing Mode

At the end of each serial ragister, there is an output summing
wall which can be clacked to allow multiple-pixel summation
of the scens. This summing well is located after tha 50th
extra stags of the horizontal registers and prior to the DG
hiased gate (Voa) as shown in Figure 5. The summing gate
[{SG) can be clocked with one of the serial clock phases or
with its own clock penarator {see Figure 6 for summing gate
timing}. For axample, twa paralis| lines of charge are addi-
tivaly transferred into the serial register, then the summing
gate is pulsed low after the charge from two serial pixels has
heen transferred into the summing well. Thus, the resulting
sighal represents the sum of charges in four {2 x 2) contigu-
ols pixels fram the imaging saction. |t effectively reduces the
512 x 512 device to a 256 x 256 array and increases the pixel
size by 4 times. Other variations of this technique can be
useful for low-light level situations, i.e., scenes with low con-
trast, or a low signal-lo-noise ratia. There is, of course, a loss
in resolution which accompanias the gain in effactive pixe!
size.

Quiput Amplifier

There is an on-chip amplifier which is located at the end of
each extended szerial shift register. The amplifier is a singla-
stage burisd-channel transistor (Figurs 5) designad to oper-
ate in the source-follower configuration with an pff-chip load
resistor {1KQ - 20K}, It has a bandwidth of approximately 5
MHz with a 10 pF load.
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Timing Requirements

The timing recommended to run the RA0512.) imager in the
low speed and low noise mode of operation is shown i
Figures 4A and 4B. Other types of three-phase clocks can
also be used to drive both the vertical and horizontal regis-
tars, For example, 50% duty cycle, three-phase clocks can
be used to drive the horizontal register for high-speed opera-
tion. However, {he large full well capacity and low noisa floor
will be sacrificed.

Figurs 4A shows the timing of the herizomtal three-phase
clocks, summing well clock, reset clock, and external clamp-
ing and sampling clocks. To achieve high charge transfer
efficiency and high full well capacity, senial clacks must gvar-
lap by mors than 1 pus. In addition, the rise and fall timas of
the thres-phase clocks may be more than 300 ns to prevent
possible injection of spuripus charge into the CCD channel.
After the three-phase clock transitions, the clocks are held
steady to provide a guiet period for signal readout. During
this guist period, the output amplifier is clamped and the
signal charge in the summing well is transferred into the
output sensing node. The output signal is then sampled and
the sensing node is reset,

This timing is repeated 562 (or mora) times o allow the
readout of ohe complats fine of the image. The video signal
from ene pixel is also shown in Figure 4A.

Figure 4B shows the timing requirements fer the vertical reg-
ister. Owerlapping of the vertical ¢clocks are normally longer
than 5 ps. Rise and fall times of all clocks may be 300 ns or
langer. All cleck transitions should cteur when the horizontal
clocks are held steady.

Tiring for MPP and nommal mods is shown, The difference
hetwean the twoe modes iz that during an integration, all
clocks must be held low for MPP mode. The slocks should
repeat 562 times (or more) 1o read out the entire image.
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Figura 4B, Vertical CCD Shift Register Timing Diagram

Array Cooling

Both the dark current and noise performance of the array can
be improved by cooling. The dark current will be reduced
50% for evary 7°C reduction in array temparatura. The noise
floor of the cutput amglifier is proportional to ykTC where kis
Boltzmann’s constant, T is the array temperaiure in degrees
Kelvin and C is the output node capacitanca of approximately
¥ gF. Cooling can be achiaved via a thermo-glectric, Joule-
Thomsan cooler, of liguid nitrogen dewar.

UV Coating

The RADS12JAU CCD is available with & special UY enhance-
ment caating which extends the spectral response range 1o
120 nm. A thin layer of lumogsn is depesited directly on the
frontside illuminated arrays and will emit at 550 nm when
excited by 120 nm - 450 nm light. The coating is transparent
in the visible and near-infrared spactums. UY coated devices
are desigrnad by the -3XX part number.

Backside lllumination - Thinning

The RADS12JAU is also available in a thinnad version which
greatly improves the guantum efficiency in the visible and
naar-infrared while also giving excsllent perfermance in the
200 - 400 nm UV range. The imaging area of the device is
thinned to 10 W using a chemicat etch procedurs, Then a
flash-oxide treatment is applied te the thinned area. To acti-
vate the flash cxide it is necessary to UV fleod the amay
{expose the array to a UV light source for 5 - 10 minutes or
longer, using a mercury lamp {eprom eraser)) 1o charge the
device. Once the array is returned to room temperature, the
charge will decrease requiring ancther charging. Thinned
devices have pinouts which are mirrer images of tha frontside
devices and are designated by the 2X0{ part number.

Specifications

Recommended operating conditions for the RAQS12J are
shown in Table 2. Typical device specifications aré shown in
Tabia 3, and Table 4 gives typical capacitance values.
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Table 1. Pin Descriptions

VAR
Pin
MNo.| Sym Function Register
e 4{ Voo 1 | Bap Parallel phase 3 clock C
2 | NG
J °so Yom 3 | oTga Parallal transfer gate 1o reg. A A
4 | VINA Input diode A
| 5 | ega Input sample gate A
& Ona Staga Amplier 6 | VREGA | Input receiving gata A
| 7 | e3a Serial phass 3 clock A
Qutpu Mods 8 24 Setial phase 2 clock A
Vst g | oy Serial phase 1 clock A
10 | NG
11 | Voaa Output bias gate A
12 | BREA Aeset gate A
13 | Vapa Reset drain A
. 14 | Vgup Substrate bias
Figure 5. Quiput Structure 15 VQ:T‘q Vidao amplifier cutput A
16 | Vppa Orain supply of amplifier A
17 | SGA Summing well gate A
18 | oTOA Farallel transfer gate to reg. A C
ST 1% | ese Parallei phase 2 clock c
20 | By Parallel phase 1 clock G
21 | Bag Parallel phase 3 clock c
HLTEEE N a9 Mt
23 | eTeE Parallel transfer gate ta rag. B B
‘ 24 | VING Input diade B
#e ' L 25 | ogp Input sample gate B
Bag I J 25 | VRECB Input mecaiving gate 8
ag; 1 | I 27 | ®ap Serial phase 3 clock B
arg 1 i 28 | @2 Serial phase 2 clock B
L 23 | B1g Setial phase 1 clock B
RAapaal 256 Times Minimum 1o Tranglss and Read 30 NI
Qut the Vidas Slgnal of iha Whals Frame. 3 VOGE Output bias gate B
32 | #pee Reset gate B
33 | Vaps Raset drain B
i 34 | Vsup Substrate bias
Figura 6A. Timing Gomparison Betwesn as g and &g 35 | Voute | Video amplifier output B
38 | Voos Drain supply of amplifiar B
37 | SGB Summing weill gate B
B |e Parallel transfer gata to reg. B G
Bre.2 ! ! L 39 EZEB Parallel phase E%Icck ? c
Ban, 3 [— [— 40 | @0 Parallal phase 1 clock G
Bap, 3 [ L]
Mote:  Pins 1, 18, 20 are internally connsected to pins 21,
39, 40 respectively. This allows the vertical clocks
Byn | 1 r to bs driven from both sides of the sensor to im-
g ml [ prove clock response tima,
S n—|

B5aMPL
[Ewternnﬁ

J—————PF=paal 2231 Times Minimurm to Fed
t1he Whole Line of 512 Pirels

Flgure 6B. Timing Comparlsar between o, p and pgg

136



RA0S512J

Table 2. Recommended Operating Conditions

Parameter
Mormal Mode MPP Mode
Definition Symbol Low | Typ | High | Low | Typ | High | Units
DC supply VoD 20 21 22 20 21 25 VDG
Output gate bias Voo 3 6 8 1 2 b VoG
Reset drain bias VRD 12 13 14 12 13 14 VoG
Substrate bias Ve, Vs 0 0.5 -5.0 \] -1 ] 50 VDG
Serial clocks High I op o8 12 10 v
Lenw v} ! -2 v
Vertical clocks High 24g, ¥2¢, 930 12 2.0 v
Loy o -10 v
Transfar gate glock | High 2TG L2 pJ Y
Low 0 -10 W
Reset gate clock High 2a0 15 12 i
Low 0 0 a 1 v
Summing gats clock | High | agg 12 5 v
Low 0 -5 i
Table 3. Typical Device Specifications
Test Gonditions: Temperature - 230°K {-43°C}; Pixel Rate - 50 kHz; Tint - 10 sec
r B
" Parameter Sym | Min Typ Max Units
Format : 'I 512 x 512 full frame
Pixsl siza ) 27 um x 27 um
Imaging area | 13.8 mm x 13.8 mm
Dynamic rangs 1 DR
Normal maode §3,333:1 (98 dB)
MPP mode 58,3331 (95 dB)
Full well charge . Qgat .

Mormal mode : 500 K elactrons

MPF medes 350 K alectrons
Saturation voltage 2 WVgat

Mormal mode 350 my

MPP mode ' 220 my
Dark current 387 oL

Normal mode 1.0 natgm?

MPP mods 50 pajorm?
Saturation exposure Egat ; 57 uiem?
Responsivity 20 Viulom?
Photo-response FRMU 5 10 1%
nonuniformity 4
Dark signal nonuniformity 3 | DSNU 4 my
Charge transfer CTE 89993
efficiency
Output amplifisr gain : 69 uVfelactron
Read noise 8 _J 8 electrans

Notes:
1 Full wellfread noise

2 Rpggg=5.1K
2 Pixels greater than 30% of the local average of 10 pixels on a line are considered defects and are ignored.
4 Pixels greater or less than 10% of the local average of 10 pixsls on a ling are considerad defects and are ignored.
5 Measured at -110°C.
g Typical dark current for thinned version is 2 times higher than frontside illuminated devica.
At 23°C.
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Tabtie 4. Typical Capacitance Values

Absolute Maximum Ratings

Parameter Sym Pin No. Typ Value | Units Storage temperature: -150°C to +50°C
Parallsl ag 20, 40 2100 pF Voltages: measurad with respect to substrate pins 14 & 34
clocks 205 18,39 | 1580 pF
Bar 1,21, 2150 pF Pin1,3,7,8 9 17,18, 18, 20, -15Y to +15V
Serial AR 8, 28" 135 pF 21,23, 27, 28, 28, 37, 38, 39, 40
clocks TN 8, 28 20 pF All other pins 0V to 26V
@34/B 7,27 180 pF
Transfer oTeAaB | 3, 18,23, 38 71 pF
clacks
Video output : VoutaB 15, 356 i0 pF
Reseigale : orGam 12,32 21 pF
clock
Sumiming F5GA.B 17, 37 9 pF
gates clock !
|
Sensing Area
t: Ers j {.5433 50}
J:l_rlnHHHl-il |-||-||-!I P | QuartzW’mdowJ
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Figure 7. Package Dimensions
Qrdering Information
\ Maximum Maximum Maximum j Unsealed
Point Column Cluster Part Quartz
Grada f Defacts i Dofacts | Defects Humber Window
0 1] RADS12JAU-011 | RAO512JAQ-011
1 10 RAQS512JAU-020 RADS12JA0Q-020
2 10¢ RAO512JALI-021 RAOS12JAQ-0M
Defect Definltion
A.  Point defects - Hat, low or trap
1. Hot pixel - a pixel with an gutput signal 10 times greater than average dark currant.
2. Low pixel - a pixel with an output signal 50% lowar than averaga background near full-weil
3. Charge trap - defect greater than 0.7% of full-wel|
B. Other
1. Column defect - Ten or more contiguous point defects in g single column
2. Cluster defect - Twa to hine contiguous point defects
055-0280
February 1992
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General Description

Tha RA1024 is a full frame COD sensor designed speacifically
for use in astronomy, spectroscopy and related scientific im-
aging applications. Its combination of very low noise and low
dark current make it ideal for low light level, high dynamic
range, and high resclution applications.

The imager is structured in a serial-parallsl-gerial configura-
tion so charge packets {imaging data) in the vertical {parallel)
registers can be shifted either up or down to two identical
horizontal [serial) shift registers. One is at the top and an-
other is at the bottomn of the array. Three-phase clocks are
needed to drive both vertical and horizontal shift registers.

The array is available in a 40-pin ceramic package as shown
in Figure 1. Package dimensions are shown in Figure 7. It is
available with a quartz window or unwindowed, The devics is
indifferant to its ariantation in a circuit due to the symmatry of
the pinaut {see Table 1 far complets pinout dascription).

NOTE: The RA1024J does not contain gate
protection circuitry to protect the input and
output pins from static damage. Special han-
diing precautions should be used to aveid
static damage.

Features

* 1,048,576 picture slements (pixels) in a 1024 x 1024 con-
figuration

« 13.5 um squars pixals

= 3-Phase buried chanrel process

+ On-chip output amplifier for low noise and high speed
readout

« High dynamic range: over 97 dB at-110"G (183°K}

+ Seral-parallel-serial configuration for selectable bidirec-
tional readout

+« LUsabig spactral response from 450 nm to 1050 nm

MPF Operation

A major source of dark current in devices such as this origi-
nates in surface states at the Si-5i0p interface. A unigue
design and prosess ehables the RA1024J to be run in the
“Multi-Pinned Phase™ or MPP made of operation. This helps
eliminate dark current genaratien in the interface surface
states. By holding the vertical clocks at negative potential
during integration and harizontal signal readout, the surfaca of
the sensing area is inverted. As a result, the surface will not
ha depleted and surface states will not generate dark currant.
Dark current densities of less than 58 pa‘om? have been
achieved using the MPP mode of operatian, resulting in inte-
gration times of more than 39 secoends at room temperature.

Functional Description

Imaging Area

The imaging area is an array of 1024 columns (vertical CCD
shift registers) which are isolated from each gther by 3.5 um

RA1024J
Full Frame CCD Imager
_
214 [Kq ./ 40 [] Paaa
Qonpl2 39 [1 Voga
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Figure 1. Plnout Configuration
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Figure 2. Typical Spactral Responss

channel-stop regions. Each column has 1024 picture sle-
ments. The pixel size is 13.5 pm x 13.5 um. The total
imaging area is 13.8 mm x 13.8 mm. Typical spectral re-
sponse as a function of wavelength is shown in Figure 2.

In the vertical direction, each pixel corresponds to one stage
{three electrodes) of the shift registar. The three-slectrode
groups are driven by three-phase clocks (8¢ - @3¢ brought
in from both edges of the amray ta imprave clock electrode
response time.

Charge packets fimaging datay in the vertical registers can be
shifted either up or down to the top or bottom harizontal regis-
ters by interchanging two of the three phases (g and aac).
See Figure 3 for functional diagram.

345 POTRERQ AVENUE  SUNNYVALE, CALIFORMNIA 94086-4157
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Flgure 3. Functlonal Diagram

A transfer gate (pTg) is provided at the interface of the vertical
and horizontal registers for controlling ¢harge flow, Charge
flow is from @3 gate of the vertical shift register into the @o
and @3 gates of the horizontal shift register. The control
function is performad by pulsing the transfer gats either high
or low to permit or prevent the charge flow from the vertical
register nto the horizontal register for readout.

When the potantial of the vertical register siectrodes iz held
steady, a potantial well is created beneath the storage gates
(@1 and @ac). When an image impinges on the sensing
arga, an electrical signal of the sceng will be collected in the
potential well during this integration periad.

Following the integration interval, the coilected charge (signal)
in the array can be read out as a ful-frame image by transfer-
ring the charge, ong or more rows at a time, into the horizontal
shift register. From there, charge gan be shifted serially to the
putput amplifier,

A machanical shutter is needed to shisld the array from inci-
dent light during the read out process. A strabe illumination
could be used to simulate the shuttered mode of operation.
Imags smearing degrades the performance, particularly at low
data rates, unlass such shuttering is provided.

Horlzontal Reglsters

There are two identical horizontal shift registers which are
driven by three-phase clocks (@4a - 834, g - Bag). One at
the top and one at the bottom of the imaging area. Each shift
ragister has 1024 stages plus an extension of 48 stages. As a
result, amplifier power is dissipated more efficiently and dark
current generated by localized heating is minimized.,

Summing Mede

At the end of each serial register. there is an vutput summing
well which can be clocked to altow multiple-pixel summation
of the scene. This summing well is located after the 5{tth
exfra stage of the horizontal registers and prior to the DC
biased gate {Vog) as shown in Figure 5. The summing gate
{S3) can be clacked with one of the serial clogk phases or
with its own clock generator (see Figure 6 for summing gate
timing). For example, two parallel lines of charge are addi-
tively transferred into the serial register, then the summing
gate is pulsed low after the charge from two sarial pixels has
been transferred into the summing well. Thus, the rasulting
signal repregants the sum of charges in four (2 x 2) cantigu-
ous pixels from the imaging section. It effectively reduces the
1024 x 1024 device to a 512 x 512 array and increases ths
pixel size by 4 times. Other variations of this technigue can
be useful for low-light level situations, i.e., scenes with low
contrast, or a low signal-te-noise ratio. Thera is, of course, a
loss in resolution which accompanies the gain in effective
pixel size.

Quiput Amplitler

There is an on-chip amplifier which is located at the end of
each extended serial shift register. The ampiifier is a single-
stage buried-channel transistor (Figure 5) designed to oper-
ate in the source-follower configuration with an off-chip load
resistor (1KL - 20K(). |t has a bandwidih of approximately
10 MHz with a 10 pF load.
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Figure 4A. Horirontal CCD Shift Begister Timing Diagram

Timing Requirements

The timing recommended t@ run the RA1024) imager in the
low speed and low neoise mode of opseratlon is shown in
Figures 4A and 4B. Other types of thres-phase clocks can
also be used to drive both the vertical and horizontal regis-
ters. For exampile, 50% duty cycle, three-phase clocks can
bs usad to drive the horizontal register for high-spaed opera-
tion. However, the large full well capacity and low noise floor
will be sacrificed,

Figure 4A shows the timing of the horizontal three-phase
clacks, summing well clock, reset clock, and external clamp-
ing and sampling clocks. To achiewve high charge transfar
efficiency and high full well capacity, serial clocks must over-
lap by more than 1 us. In addition, the rise and fall imes of
the thres-phase clocks may be more than 300 ns to prevent
possible injaction of spurious charge inte the CCD channel.
After the three-phase clock transitions, the clocks are held
steady to provide & quiet period for signal readout. During
this guiet period, the output amplifier is clamped and the
signal charga in tha summing well is transferred into the
output sansing node. The output signal is then sampled and
the sensing node is resat.

Thig timing is repeated 1,072 {or more) times {o allow the
readout of one complets line of the image. Tha video signal
from ona pixel is also shown in Figurs 4A.

Figure 4B shows the timing reguirements for the vertical reg-
ister. Owariapping of the vertical clocks are normally longer
than 5 ps. Rise and fall times of all clogks may be 300 ng or
longer. Al clack transitions should occur when the herizental
clocks are held steady.

Timing for MPP and nomal mede is shown. The difference
between the two maodes is that during an integration, all
clocks must be held low for MPP mode. The clocks should
repsat 1,024 times {or more) to read out the entire imags.
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Figure 4B. Vertical CCD Shift Aeglster Timing Dlagram

Array Cooling

Both the dark current and noise performance of the array can
be improved by cooling. The dark current will be reduced
50% for every 7°C reduction in amay temperature. The noise

floor of the output amplifier is proportional to VkTG whate K is
Beltzmann's constant, T is the array temperature in degrees
Kelvin and C is the output node capacitance of approximately
A7 pF. Cooling can be achieved via a thermo-slectric, Joule-
Themson cooler, or liquid nitrogen dewar,

UV Coating

The RA1024JAU CCD is available with a special UV enhance-
mant eoating which extends the spectral response range to
120 nm. A thin layer of lumogen is deposied direstly en the
frontside illuminated arrays and will emit at 550 nm when
excited by 120 nm - 450 nm light. The coating is transparent
in the visible and near-infrared spectrums. UY coated devices
are designated by ths -3XX part numbar.

Backside lllumination - Thinring

The RA1024JAU is also available in a thinned version which
greatly improves the guantum efficigncy in the visible and
near-infrared whils also giving excellent performance in the
200 - 400 nm UV range. The imaging arsa of tha device is
thinned to 10 p using a chemical etch procedurs. Then a
flash-oxide treatment is applied to Ihe thinned area. To acti-
vate the flash-oxide, it is necessary o UV flood the array
{expose the array to a UV light source for § - 10 minutes or
langer, using a marcury lamp {eprom eraser)) to charge the
device. Once the array is returned to room temparature the
charge will decrease reguiring anothsr charging.  Thinned
devices have pinouts which are mirror images of the frontside
dewvices and are degignated by the -2XX part number.

Specifications

Racommended operating conditions for the RA1024J are
shown in Table 2. Typical device specifications are shown in
Tabla 3, and Tabla 4 gives typical capacitance valuas.

Repeal 1024 (+) TIes 16 ——s-=— [ntagration
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Table 1. Pln Descriptions

Pin
MNo. Sym Function Register
1] 214 Serial phase 1 clack A
2| @z Serial phase 2 clock A
3| @ap Serial phasa 3 clock A
4| VRECA Input recalving gate A
5| @ga Input sampla gate A
8| ViNa Input diode A
7,30 | @sca Parallel phase 3 clock C Upper
8,31 | 2=2ca Parallel phase 2 clock C Upper
9,32 | a1ca Parallel phase 1 clock C Upper
10,27 | @scp Parallel phase 3 clock C Lower
11,28 | @ocp Parallel phase 2 clock G Lower
12,29 | aicp Parallel phase 1 clock C Lower
13 | o1GB Transfer gate clock B
14 | Vsup Substrate
15| gRGE Reset gate clock B
18 | Vane Reset drain B
17 | VouTs Video output B
18 | YooB Drain supply of amplifier E
14 | Voge Cutput gate bias B
20 | o508 Summing well gate closk B
21 | 21 Serial phase 1 clock B
22\ Bop Setlal phase 2 clock B
23 | Bap Serial phasge 3 clock B
24 | VRECcR Input receiving gate B
25 | B3 Input sampie gate B
26 | Vine Input diode B
33 | o1 Transfor gate clock A
34 | Vsup Substrate
' 35| Brea Reset gate A
36 | Vapa Reset drain A
37 | VouTa | Video output A
38 | Vpopa Drain supply of amplifisr A
39 | Voga Output gate A
40 | @sea Summing well gate clock A
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Table 2. Recommended Opearating Conditions

Parameter
Normal Mode MPP Mode
T
Definition Symhbol Low | Typ High Low Typ High Units
OC supply Voo 20 2 22 20 21 25 VDG
Output gate bias Yoo 3 G 8 1 2 o ¥ 0o
Reset drain bias YRD 12 13 14 12 13 14 v DC
Substrate bias Vaye Vasg 0 0.5 5.0 1] -1 5.0 v DO
Seriat closks High | ea. 85 12 10 W
Low a -2 ¥
| Wartical clocks High | @qg. 20, 8ac 12 2.0 v
Low . o] =10 W
Transfer gate clack | High | aTg 12 2 W
Low o] -1 Y
Reset gate clock High IRG 15 12 v
Low o 0 4 1 Y
Summing gate clock | High | e#sg 12 5 W
Low o -5 Y
Table 3. Typlcal Device Specifications
Test Conditions: Temperature - 230°K {(-43°C); Pixel Rate - 50 kHz; Tint - 10 sec
Parameter Sym Min Typ Max Units
Fommat 1024 x 1024 full frame
Pixel size 13.5umx 13.5 um
Imaging area 13.8 mmx 12.8 mm
Dynamic range ! DR
Normal mode 58,3331 (85 dB)
MPP mode 40,0001 (92 dB)
Full well charge Qsat

MNermal mode 175 K elactrons

MPP made 120 K electrons
Saturation voltags 2 Vaat

Normal mode 150 my

MPP mads 120 my
Dark curtant 3.6.7 DL

Normal mode 1.0 nafem?

MPP mede 50 pafom?®
Saturation exposure Egat piema
Respans ity R Viiem?
Phote-response PRMU 3 5 —
nonuniformity 4
Dark sighal ronuniformity 3 | DSNU 4 v
Chargs transfer efficiency CTE 985499
Qutput amplifisr gain £2 u¥/elactron
Read noise 3 3 olactrons

Notes:
1 Full wellfread naise
Fload = 51K

Measured at -110°C,

~ M B

At 23°C,

Typical dark current for thinned version is 2 times higher then frentside illuminated device.

Pixels greater than 30% of the local average of 10 pixels on a ling are considered defects and are ignored.
Pixels greater or less than 10% of the local average of 10 pixels on a line are considered defects and are ignored.
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Table 4. Typlcal Capacitance Values Absolute Maximum Ratings

T
Parameter Sym i Pin No. Typ Vaiue | Units Starage temperature: -150°C to +50°C
i
Paralls| B0 i 20,40 2100 pF . ; .
elocks 620 19, 39 1550 bF Voltages: measured with respect to substrata pins 14 & 34
Serial :?ﬁrs 19’ g; E}gg EE Pins 1,2,3,7,8,0,10,11,12, | -15¥to +15¥
clocks B2AB 3: o8 a0 pF 13, 20, 21, 22, 23, 27, 28, 28,
RIAR 7,27 180 pF 30,81, 32,33, 40
Transfer PTGAR | 3. 18.23,38 7 pF All other pins Wi 25V
clocks
Video oulput | Voue 15, 35 10 pF
Resstgate | PREAE 12,32 21 pF
clock
Surnming BSEA R 17,37 ] pF
gate clock
. Senslpg Area
{5433 5q)
Quartz Window l'
o] ole
~, E§ § g‘é?&@ T'bgj.l.
\ & ilican
b L
setiaey '
v |
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~Pin 1 2.000" -t
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s
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£ 002 i
| 1.900" —+| _l~— 100" REF
[ 1 005 -
Figure 7. Package Dimenslons
Ordering Information
Maximum Maximum Maximum
Paoint Column Cluster Part
Grade Defects Defects Defacts Number
1 10 ¥ 1 RA1024JAL)-020
2 100 ¢! z RA1024JAU-0H
3 100 10 o RA1024JAU-022
Defect Definitlon
A.  Point defacts - Hot, low or trap
1. Hot pixel - & pixel with an cutput signal 10 times greater than average dark current,
2. Low pixel - a pixel with an output signal 50% lower than average background near full-well
3. Charge trap - defect greater than 0.7% of full-well
B. Other
1. Column defect - Ten or mara contiguous paint defects in a single column
2. Cluster defact - Two to nine contiguous point defects
055-0308

February 1992
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General Dascription

The RA1200J is a full frame CCD sensor designed specifically
for use in astrongmy, spectroscopy and related scientific imag-
ing applications. Its combination of very low noise and low dark
currant make it ideal for low light level, high dynamic range, and
high resalution applicatians.

The imager is structured in a serial-parallel-serial configuration
so charge packets {imaging data) in the vartical {parallet)
registers can be shifted either up or down to two identical
horizontal (serial} shift ragisters. One is at the top and another
is at the bottom of the array. Three-phass clacks are needed to
drive both vertical and horizontal shift registers.

The array is available in a 48-pin ceramic package as shown in
Figure 1. Package dimensicns are shown in Figura 7. It is
available with a quartz window or unwindowed. The device is
indifferent to its arigntation in a circuit due to the symmetry of the
pinout {see Table 1 for complete pinout description).

NOTE: The RA1200J does not contain gate
protection clreuitry to protect the input and out-
put pins from static damage. Special handling
precautions should be used to avoid static dam-
age.

Features

» 480,000 picture slamants (pixels) in & 400 x 1200 configura-
tion

¢ 37 um square pixels
3-Phase buried channel progcess
On-chip output amplifier for low noise and high speed
readout

+ High dynamic rangse: over 102 dB at -110°C {183°K}

*  Serial-parallel-serlal configuration for selectable bidirac-
tianal readout

= LUsable speciral response from 450 nm to 1050 nm

MPP Operation

A major source of dark current in devices such as this originatas
in surface states at the S5i-5i0; interface. A unique design and
progess enables the RA12004J to be run in the "Multi-Finned
Phase” or MPP mode of oparation. This helps eliminate dark
current ganaration In thaintarface surface statas. By holding the
vertical clocks at negative potential during Integration and
horizontal signal readout, the surface of the sensing area is
Invarted. Asarssult, the surface will notbe depleted and surfage
states will not generate dark current. Dark currant densities of
less than 50 pa‘cm? have baen achieved using the MPF mode
of oparation, resulting in integration timas of mors than 30
secohds at room temperature.

Functional Description
Imaging Arsa

Theimaging areais an array of 1200 columns {vertical CCD shift
ragisters) which ara isolatad frem sach other by 5 um channel-

Fult Frame CCD Imager
M— — —
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Figure 2. Typical Spectral Response

stop regions. Each column has 400 picture slements. The pixel
size is 27 um x 27 um. Tha imaging area is divided into two
sections of 200 x 1200 pixsls. Each section can be operated
independently with its own threa-phase vertical clock. If both
sections share the same clocks, the device cperates as a full
frame 400 x 1200 imager. Typical spactral response as a
functian of wavelength iz shown in Figure 2.

In the vertical directipn, each pixel correspands to one stags
{three elactrodes) of the shift register. The three-electrada
greups are driven by three-phase clocks (@4 - @3¢ broughtin
fram both edges of the array for improving respense time,

Charge packsts (imaging data} in the vertical registers can be
shifted either up or down to the top or bottom harizontal ragisters

345 POTRERD AVENUE  SUNNYVALE, CALIFORNIA 84086-4187  (408) 738-4266 FAX! (408) 738-6978
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Figure 3. Functional Riagram

by interchanging one of the thres phasss (@1 and @2¢;). Ses
Figure 3 for functional diagram.

A transfer gate (o) is provided at the interface of the vertical
and horizantal ragisters for contralling charge flow. Charge flow
is from a3 gate of the vertical shift register intc 92 and B3 gates
of the horizantal shift register. The control function is pserformed
by pulsing the transfer gate either high or low to permitor prevent
the charge flow from the vertical register into the horizontal
ragistar far raadout.

When the potential of the vertical register electrodes is held
steady, a potential weli is created beneath the storage gates
{21 and @oc). When animage impinges on the sansing area,
an electrical signal of the scena will be collectad in the potential
well during this integration period.

Fallowing tha integration interval, the collected charge (signal}
in the array can be read out as a full-frame image by transferring
tha charge, one or maore rows at a time, into the horizontal shift
ragister. Fram there, charge can be shifted serially to the cutput
amplifier.

A mechanical shutter is needed to shisld the array frem incident
light diuring the read out process. A strobe illumination could be
used to simulate the shuttered mode of operation. Image
smearing degrades the performance, particularly at low data
rates, unless such shuttering is provided.

Horizontal Registers

There are twa idenhtical horizontal shift registerswhich are driven
by threa-phass clocks, one at the top and one at the bottom of
the imaging area. Each shift register has 1200 stagss plus an
extension of 50 stages. As a result, amplifier power is dissipated
mora efficiently and dark current generated by localized heating
is rinirmized.

Summing Mods

At the end of each serial register, there is an output summing
well which can be clocked to allow multiple-pixel summation of
tha scene. This summing well is located after tha 50th extra
stage of the horizontal registers and prior to the DC biased gate
(Vo) as shown in Figurs 5. The summing gate (SG) can be
clocked with one of the serial clock phases or with its own clock
generator (see Figure 6for summing gate timing). Farexample,
two parallal lines of charge are additively transferred into the
serial register, then the summing gate is pulsed low after the
charge from two serial pixels has been transferred into the
summing well. Thus, the resulting signal represents tha sum of
charges in four {2 x 2} contiguous pixels from the imaging
section. it effactivaly reduces the 400 x 1200 device to a 200 x
600 array and increases the pixel size by 4 times. Other
variatiens of this technigue can be useful for low-light level
situations, i e, scenes with low contrast, oralow signal-to-neise
ratio. There is, of course, a loss in resolution which accompa-
nies the gain in effectiva pixel size.

Qutput Amplifler

Thera is an on-chip amplifier which is located at the end of each
extended serial shift register. The amplifier is a single-stage
buried-channe! transistor {Figure 5) designed to cperats in the
sourca-followsr configuration with an off-chip load resistor {1K£2
- 20K}, Ithas a bandwidth of approximately 10 MHz with a 10
pF load.

Timing Requirements

The timing recemmended te run the RA1200J imager in the iow
speed and low noise mode of operation is shown in Figures 4A
and 4B. Other types of three-phase clocks can also be used to
drive both the vertical and horizontal registers. For exampie,
b0% duty cycle, three-phase clocks can be used to drive the
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Flgure 4A. Horizontal CCD Shift Register Timing Diagrarm

harizontal register far high-speed operation. However, the
large full well capacity and low neise floar will be sacrificed.

Figure 44 shows the timing of the horizontal thres-phase
clocks, summing well clock, resat clock, and external clamping
and sampling clocks. To achieve high charge fransferefficiency
and high full well capacity, the sertal clocks must averlap by
maore than 1 ps. In addition, the rise and fall times of the three-
phase clocks may bs mare than 300 ns to prevent possible
injection of spuricus charge into the CCD channel. After the
three-phass clock transitions, the clocks are held steady to
provide a quist period for signal readout. During this quist
periad, the output amplifier is clamped and the signal charge in
the summing well is transferred into the cuiput sensing node.
The putput signal is then sampled and the sensing node fs resst,

This timing is repeated 1,250 {or mors} timses to allow the
readout of one complate line of the image. Tha video signal
from ene pixel is also shown in Figure 4A.

Figure 4B shows the timing requirements for the vertical regis-
ter. Overlapping of the vertical clocks are normally longer than
5 us. Aise and {all times of all clocks may be 300 ns or longer.
All cleck transitions should occur when the horizontal clocks are
held steady. :

Timing for MPP and normal mode is shown. The difference
between the two modes is that during an integration, all clocks
must be held low for MPFF modae. The clocks should repeat 400
times {or more) 1o read out the entra imags.

Array Cooling

Both the dark current and noise perfermance of the array can be
improved by cocling. The dark current will be reduced 509% for
every 7°C reduction inarray tempsraturs. The noise floor of the
output amplifier is proportional to VKTC where k is Boltzmann's
constant and T is the array temperature in degrees Kelvin and
C is the output node capacitance of approximataly .17 pF.
Cooling can be achieved via a thermo-elactric, Joule- Thomson
coolar, o liquid nitrogen dewar.
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Figure 4B, Vertical CCD Shift Register Timing Diagram

UV Coating

The RA1200JAU CCD is available with a special UY enhance-
ment coating which extends the spectral response range to 120
nm. Athin layer of lumogen is deposited directly onthe frontside
illurminated arrays and will emit at 550 nm when excited by 120
nm - 450 nm light. The coating is transparent in the visible and
near-infrared spectrums. UV coated devices are designated by
the -3XX part number.

Backside lllumination - Thinning

The RA1200JAU is also available in a thinned varsian which
greatly improves the quantum efficiancy in the visible and near-
infrared while also giving excellent performance in the 200 - 400
nrn UV range. The imaging area of the device is thinned to 10
w using a chemical etch procedure. Than a fiash-oxide treat-
ment is applied to the thinned area. To activate the flagh-oxide
it is necessary to UV flood the array {axpose the array fo a U¥
light source for 5 - 10 minutes or longer, using a mercury lamp
{epram eraser))to charge the device. Once the array isreturnad
te room tempsraturs the charge will decreasa requiring another
charging. Thinned devices have pinouts which are mirror
images of the frontside devices and are designated by the 2XX
part number.

Specifications

Recommended operating conditions for the RA1200J are
shown in Tabls 2. Typlcal device specifications are shown in
Table 3, and Table 4 gives typical capacitance values.
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Van Table 1. Pin Descriptions
Pln
No. Sym Function Reglster
L] vop
a a Vag 1,24 | NG C Upper |
y 5 e Stace Ami 2,23 | maca Parallel phasa 3 clock C Upper
T T e Etage Ampitiar 3,22 | ®10a Parallel phase 1 clock C Upper
| 4,21 | gaca Parallel phase 2 clock C Upper
- | 5 20 | oToaA Transfer gata clock
6,7 | NG
Nmzs‘ Y gt 8| oaa Serial phase 2 olock A
S| @op Serial phase 2 clock A
onhip 10 | oqp Serial phase 1 clock A
} 11| NiG A
12 | ¥poga Qutput bias gate A
13 | PRGA Reset gate clack A
. 14 | ¥ Resat drain A
Figure 5. Output Structure 15,39 VggA Top side contact of
substrate
16 | Youra Video output {top} A
17,41 | Vaus Substrate
915, TRXLOE 18 | Vppa Drain supply of amplifisr A
924, i TARARA 19 | 258Ga Summing well gate clock A
an, o TEORRH 25,48 | N/C C Lowar
26,47 | vaca Parallel phase 3 clock G Lowear
27,46 | aicp Parallel phase 1 clock G Lower
oc ) 1 e 28, 45 | oenB Parallel phasse 2 clock C Lower
b — — 29,44 | atae Transfer gate clock
— — 30,31 | NC
#a0 b 82| asg Serial phase 3 clock B
ara 1 i 33 | mop Serial phase 2 clock B
34 | B4 Serial phase 1 clock B
Repaat 200 Timas Minimum to Transfer and Raad 35 | NiG B
Cul the Yider Signel of tha Whale Frame. 36 | Voae Output bias gate n
FlguresA. Vertical Summing Two rowsof date are summed g; iﬁea g::z: g:;clock g
into the horlzantal (serlal) shift reglster 40 VE&?B Vidso output {bottom) B
42 | Vopoe Drain supply of amplifier B
43 | ogee Summing well gate clock B

Fie B [ 1
LY 1 L1
LET -} | — |
Boml ] |
9Ra M r
;E';%“‘“ ] n
(g 1 L
te———————— Fepenl E25 Times Minimum ki Asgd——

Cul tha Whoka Line of 1200 Pizals

Flgure €B. Horizantal Summing Two rows of data are
summed Into tha horlzontal (sarial) shift register
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Table 2. Recommended Operating Conditions

Parameter
| Nonmat Mode | MPP Mode
Definitlen Bymbol Low | Typ High Low Typ High Units
DG supply Yoo 20 21 22 20 21 25 . VDG
Cutput gate bias Voo 3 6 8 1 2 5 , VDC
Reset drain bias VRo 12 13 14 12 13 14 VDO
Substrate bias Vgyp, ¥ag 0 -0.5 5.0 1] -1 -5.0 VBo
Serial glocks High B4, B8 12 10 W
Low 0 -2 Y
Vertical clocks High 10, 820, 930 12 2.0 ¥
Low 0 <10 W
Transter gate clock | High | e7qg 12 2 v
Low Q -10 v
Rezat gate clock High | opg 15 12 Y
Low 0 1] 0 1 ¥
Summing gate ¢lack [ High g5G 12 5 ' W
Low 0 -5 |V

Tahle 3. Typical Device Specifications

Test Conditions: Tempearature - 230°K {-43°C); Pixel Rate - 50 kHz; Tint - 10 sec

Parameter Sym Min Typ Max Units
| . |
| Format 400 x 1200 full frame
Fixel size 27 prmn X 27 pm
Imaging area 32.4 mm x 10.8 mim
Dynamic range 1 DR
Nermal mode 125,000:1 (102 dB)
MPP mode 118,666:1 {101 B}
i Full well charge Qgat
Mermal mode 500 K alectrons
MFP mode 3_0 K electrons
Saturation voltage 2 Vsat
Mormal mode 250 my
MFP mode 220 my
Dark current 38,7 DL !
Narmal mode 10 | na/cme
MPP mode 50 pa/em2
Saturation exposure Esat 87 p.JJcI"l"l2
Responsivity R 20 Wipdiom?
Photo-response PRNU & 5 %
nonuniformity *
Dark signal nonuniformity 3 | DSNt 4 my
Charge transfer efficiency CTE 08993
Cutput amplifisr gain & WWielectron
Read noise © 3 | sloctrons
Notes:
1

Full well/read noise
2 PRigaq=5.1K
3 Pixels greater than 30% of the local average of 10 pixels on a ling are considered defects and are ignored.
4 Pixels greatsr or less than 10% of tha local average of 10 pixels on a line are considered defects and are ignored.
5 Measured at -110°C.
s Typical dark current for thinned version is 2 times higher then frontsids illuminated device.
At 23°C.
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Table 4. Typlcal Capacltance Values Absolute Maximum Ratings

Parameter Sym Fin No. Typ Value | Units Storage temperature: ~150°C to +50°C
Paglallel l g;g ?g gg ?1523 EF Voltages: measured with respect to substrate pins 15, 17,
v 1,21| 2150 oF 3v&A
Serial 218 9, 29 135 pF T '
cincks Poan 8,28 90 pF Pin 2,3,4 5, 8,9,10, 19, -15V 1o +15V
GanB 7,07 180 pE 20, 21, 22, 23, 28, 27, 28, 29,
Transfer eTenB | 3018, 23 38 | pF 32,33, 34, 43, 44, 45, 46, 47 i
clocks All othar pins GV 1o +25Y :
Video output | VoA 15,35 10 pF
Resetgate | PRraan ig,32 21 pF
clock
Summing BSGA B 17,37 g | pF
gate clogk ]
2.400= G — AzE1.012
183+ 017 025 £.003 —H]
25 £ 05 e
1275 ] 025+ 003 ——rti 4
s
z T
8 LELLES i enerre rartentaay g Z B g
b= Bt AR ¥ fo A
k- fg‘*“*:*ﬁggg:::::::::if £ 2 8
W aveaiit H S 5 & =
i I E
y S
1.1480)
k- 2.30 + 005
Figure 7. Package Dimenslons
Ordering Information
! Maximum Maximum Unsealed
Point Column Part Guartz
Grade Defects Defects Mumber Window
1 10 0 RA1200JAU-020 RA1200JA0-020
2 100 a RA1200JAU-021 RA12(0JAG-021
3 100 10 RA1200JAL-022 RA12004AQ-022 ]
Defect Definition

A, Point defects - Hot, low or trap
1. Hot pixel - a pixel with an output signal 10 times greater than average dark current.
2. Low pixel - a pixel with an output signal 50% lower than average background near full-well.
3. Charge trap - defect greater than 0.7% of fult-well

B. Other
1.  Column defect - ten or more cantiguous point defects in a single colurmn
2. Cluster defect - two 1o nire contiguous point defects

D55-0247
April 1992
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RA2000J
Full Frameg CCD Imager

General Description

The RAZ2000J is a full frame CCD sensor designed specifi-
cally for uss in astronomy, spectroscopy and related scientific
imaging applications. s combination of very low noise and
low dark current make it ideal for tow light level, high dynamic
range, and high resolution applications.

The imager ig strugtured in a serial-parallel-serial four quad-
rant canfiguration so charge packets (imaging data) in the
vertical (parallel} registers can be shifted either up or down to
four identical horizontal (serigl) shift registers. Two are at the
top and two are at the bottom of the array, Three-phase
clocks are needed to drive both vertical and horizontail shift
registars.

The array is available in a 56-pin metal package as shown in
Figure 1. Package dimensions are shown in Figure 7. [t is
available with a quartz window or unwindowed, The device is
incifferent to its orientation in & circut due to the symmetry of
the pinout (see Table 1 for complete pinout description).

NOTE: The RA2000J does not contain gate
protection circuitry to protect the input and out-
put pins from statlc damagde. Special
handling precautions should be used to avoid
static damage.

Features

o 4,194,304 picture elemants (pixels) in a 2048 x 2048
configuration

13.5 um square pixels

3-Phase burnied channel process

On-chip output amplifiers for iow noise and high speed
readout

High dynamic range: over 95 dB at -110°C {183°K)
Serial-parallel-serial configuration for sslectable four

gquadrant readout
+ Usable spectral response frorm 450 nm to 1050 nm

MPP Operation

A major source of dark currant in devices such as this
originatag in surface states at the Si-Si0: interface. A unique
esign and process enables the RA2000) to be run in the
“Multi-Pinneg Phase” or MPP mode of cperation, This helps
eliminate dark current generation in the interface surface
states. By halding the vertical clocks at negative potential
during integration and herizontal signal readout, the surface
of the sensing area is inverted. As a result, the surface wilf
not be depleted and surface states will not ganerate dark
current. Dark current densities of less than 50 pAem® have
heen achieved using the MPP mode of operation, resulting in
integration timas of more than 30 seconds at room
ternperature.
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Figure 1. Pinout Configuration
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Figure 2. Typical Spectral Response

Functional Description
Imagjing Area

Tha imaging arca is an array of 2048 columns {vertical CCD
shift registers) which are isolated from each other by 3.5 pm
channel-stop  regions. Each eolumn has 2048
picture elements, The pixel size is 13.5 pm x 13.5 pm. The
total imaging area is 27.6 mm x 27.6 mm. Typical spectral
response as a funetion of wavelength is shawn in Figure 2.

In the vertical direction, each pixel corresponds to one stage
{thiee electrodes) of the shift register.  The three-electrode
groups are driven by three-phase clocks{eq - @ag)
brought in from hoth edges of the array to improve clock
slectrade response time.

345 POTRERO AVENUE  SUNNYVALE, CALIFOANIA 834086-4187  (408) 738-4266 FAX: (408) 738-8978
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Figure 3. Functional Diagram

Charge packets (imaging data} in tha vertical registars can be
shifted either up or down te the top or bottom horizontal regis-
ters by intarchanging two of the three phases (21 and eac).
See Figure 3 for functionai diagram.

A transfer gate (e7g) is provided at the interface of the verti-
cal and horizontal registers for contrelling charge flow.
Charge flow is from sac gate of the vertical shift register into
aig and @5 gates of the horizontal shift register. The control
function is performed by pulsing the transfer gate oither high
or low to permit or prevent the charge flow from the vertical
register inta the horizontal register for readout.

When the potential of the vertical ragister electrodes is held
steady, a patential well is created beneath the storage gates
{21 and @ze). When an image impinges on the sensing
area, an electrical signal of the scene will be collected in the
potential wetl during this integration period.

Following the integration interval, the collected charga
{signal} in the array can be read out as a full-frame image by
transferring the charge, ones or more rows at & time, into the
horizontal shift register. From there, charge can be shiffed
serizlly to the output amplifisr,

A mechanical shutter is needed to shield the array from ingi-
dent light during the read out process. A strobe illurnination
could be used to simulate the shuttered mode of operation.
Image smearing degrades the perfermance, paricularly at
low data rates, unless such shuttering is provided.

Horlzontal Reglsters

Thara are four identical horizontal shift registers which are
driven by three-phase clocks (@1a - 834, 218 - 23p). two at

the top and two at the bottom of the imaging area. Each shift
register has 1024 stages plus an extension of 16 stages. As
a result, amplifier power is dissipated more efficiently and
dark current generated by localized heating is minimized.

Summing Mode

At tha end of each senial register, there is an output summing
well which can be clocked to allow multiple-pixel summation
of the scene. This summing well is located after the 16th
extra stage of the horizontal registers and prior to the DC
biased gate {(Vpg) as shown in Figure 5. The summing gate
{3G) can be clocked with one of the serial ¢lock phases or
with its own clock generator (see Figure 6 for summing gate
timingh. For example, two parallel lines of charge are addi-
tively transferred into the serial register, ther the summing
gate is pulsed low after the charge from two serial pixels has
been transferred into tha summing well. Thus, the resulting
gignal represents the sum of charges in four (2 x 2) contigu-
ous pixals from the imaging section. It effectively reduces
the 2048 x 2048 device to a 1024 x 1024 array and incroases
the pixel size by 4 times. Other variations of this technique
can be useful for |ow-light level situations, i.e., scenes with
low contrast, or a low signalto-noise ratio. Thers is, of
coursa, & loss in resclution which accompanies the gain in
effective pixel size:

Qutput Amplifier

There is an on-chip amplifier which is located at the end of
each extended serial shift register. The amplifisr is a single-
stage buried-channel transister (Figure 5) designed to oper-
ate in the source-follower configuration with an off-chip load
resistor {1KL3 - 20K0). It has a bandwidth of approximately 5

MHz with & 10 pF load.
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Figure 4A. Horizontal CCD Shift Register Timing (far both
Normal and MPP Mode)

Timing Requlrements

Tha timing recommended to run the BA2000J imager in tha
low speed and low noise mode of operation is shown in
Figures 4A and 4B. Other types of three-phase clocks can
alse be used to drive both the wvertical and horizontal
reglisters. For example, 50% duty cycla, three-phass clocks
can be used to drive the horizental register for high-speed
operation. However, tha large full well capacity and low
noise floor will be sacrificed.

Figure 4A shows the timing of the horizontal three-phase
clocks, summing well clock, reset clock, and external clamp-
ing and sampling clocks. To achieve high charge transfer
efficiency and high full well capacity, serial clocks must
averlap by more than 1 us. In addition, the rise and fall times
of the three-phase clocks may be more than 300 ns to
pravent possible injection of spurious charge inte the CCD
channel. After the three-phasa clock transitions, the clocks
are hald steady to provide a quiet period for signal readout.
During this quiet penod, the output amplifier is clamped and
tha sigmal charge in the summing well is transferred into tha
output sensing node. The output signal 1s then samplsd and
the sensing nods is resst.

This timing is repeated 1,040 {or mora) times to allow tha
readout of each 1024 x 1024 quadrant of the image. The
video signal from one pixel is also shown in Figure 44,

Figure 4B shows the timing reqguirements for the vertical
register. Owverlapping of the vertical clocks ars normally
longer than 5 ps. Fisa and fall imses of afl clocks may be
300 ns or longsr. Al clock transitions shouid acour when the
hofizontal clocks are held staady.

Timing for MPP and normal mode is shown. The difference
between the two modes is that during an integration, all
clocks must be held low for MPP mede. The clocks should
repeat 1,024 times {or more}) ko read out the entire image.
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Figure 4B. Vertical CCD Shift Reglster Timing Dlagram
(8,4) (and iis relationship te harizontal clocks in both
Normal and MPP Mode)

Array Coollng

Buoth the dark current and noise performance of the array can
he improved by cocling. The dark current will be reduced
50% for every 7°C reduction in array temperature. The noise
ftoor of the autput amplifier is preportional to VKTC where k is
Boltzmann's constant, T is the array temperature in degrees
Kelvin and C is the output node capacitancs of approximatsely
.17 pF. Cooling can be achioved via a thermo-glectric, Joule-
Thomsen cooder, or liguid nitrogen dewar,

UV Coating

The RA2000JAL CCD is avaitable with a special UV en-
hancement coating which extends the spectral response
range to 120 nm. A thin layer of lumogen is desposited
directly on the frantside iluminated arrays and will emit at 550
nm when excited by 120 nm - 450 nm light, The coating is
transparent in the visible and near-infrared spectrums. LY
coated devices are designated by the -3XX part number.

Backside llumination - Thinning

The RAZ2000JAL s also available in a thinned version which
greatly impraves the guantum efficiency in the visible and
near-infrared while also giving esxcellznt performance in the
200 - 400 nm UV range. The imaging area of the device is
thinned to 10 p using a chemical etch procedure. Then a
flagh-oxide treatment is applied to the thinned area. To ach-
vate the flash oxide it is necessary to UV flood the array
{expose the array to a UV light source for & - 10 minutes or
langer, using a mercury famp (EPRCM eraser)) to charge tha
device, Once the array is retumed to reom temperature, the
charge will decrease requiring another charging. Thinned
devices have pinouts which are mirrar images of the frontside
devices and are degignated by the 2XXX part numkber.

Specifications

Recommended operating conditions for the RA2000J are
shown in Table 2. Typical device specifications are shown in
Table 2, and Table 4 gives typical capacitance values.
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Figure 5. Qutput Structure
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Figure 6A. Timing Comparison Between a, gne o, In the

Summing Mode.

Two vertically adjacent pixels are

summed into the Horizontal {Serial} Register before belng

read out (Vertical Clocks @, are in the MPP Mode).
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Figure 6B. Timing Comparison Betwesn o, and a_ In the
Summing Mode. Two horizantally adjacent pixels were
sumtned Into the Summing Well (controlled by &) before

being read out serially.

Table 1. Pin descriptions for the RA2000.

1
Pin# | Sym Function Reglstar .
1 VRDA Reset drain A
2 ' Vopa Drain supply of amplifier A
3 Voua Yideo output A
4 Voaa Output bias gate A
5 FSEA Output summing gate A
6 F1HA Serial phase 1 A
7 FoHA Serial phass 2 A
B BAHAB Serial phase 3 AB
9 B2HB Serial phase 2 B
10 21HB Serial phase 1 B
1 2aGR Summing well gate clock B
12 Voce Output bias gate B
13 Vous Video output B
14 vooB Dirain supply of amplifier B
15 VRDB Reset drain B
18 BRGE Rasat gate clock B
17 TGE Transfer gate clock B
18 Veub Substrate
18 a1ye Parallal phass 1 B
20 azyp Paralle| phase 2 B
21 Rave Paraliz! phass 3 B
22 Baye Parallel phase 3 C
23 Boye Parallel phase 2 C
24 a1ye Paralls| phass 1 G
25 Vauk Substrate
26 Vaub Substrate
27 BTHRC Transfer gate clock C
28 TRGC Reset gate clock c
I 29 VeoG Reset drain c
30 Yooe Drain supply of amplifer c
2 Youc Vidao output c
32 Yoge Cuput gate bias c !
a3 2sa0 Summing well gate clock e
34 B1HC Sernal phase 1 C
e QaHC Serial phase 2 c
: 36 @aHe/D Serial phage 3 cn
37 8sHD Serial phase 2 D
28 21HD Serinl phase 1 o}
29 85GD Surnming well gata clock D
40 Yoaon Qutput bias gate D
4 Voun Video output D
42 Vooo Drain supply of amplifier D
43 VRroD Aeset drain D
44 RGD Reset gate clock 0
45 2TGD Transfer gate clock 3]
16 Vgup Substrate
47 21vD Parallel phase 1 D
48 aoyp Parallel phass 2 D
49 BavD Paralisl phase 3 D
50 ?3vA Parallel phase 3 A
51 BoyA Parallsl phass 2 A
B2 21y4 Parallel phase 1 A
B3 VY5up Substrate
5d Voub Substrate
55 2TGA Transfer gate clock A
58 YRGA Reset gate clock A
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Table 2. Recommended Operating Condltions

Parameter
Normal Mode MPP Mode
Dafinltion Sym Low Typ | High Low | Typ High | Units '
DC supply Vpp | 16 18 22 16 \ 18 22 's
Qutput gate bias Yoo 5 ] g 1 2 ] v DC
Resat drain bias YRD 10 14 10 14 v oC
Substrate bias Voub -5 o 0 -5 o vV oC
Serial clocks High [ 19 12 \ +8 v
Low o] I ) W
Vatical clocks High @y 12 +3.5 Vv
_ Low 0 i -10 v
i Transfer gats clock  High TG 12 2 ¥
Low 0 -10 '
Reset gate clock High #ne 12 10 Y
Low 0 0 0 a 1 v
Summing gate clock  High O5G 12 5 v
L. . low 0 5 Vv
Table 3. Device Speciflcations
Parameter Sym Min Typ Max Units
Format 2048 X 2048 Full frame
Pixel 5126 13.5um X 13.5 pm
Imaging ares 278 mim ¥ 27.6 mm
Dynamic range ! DR
Nomal mode 57500:1 {95 dB}
MFP mode 40000:1 (92 dB)
Full well charge Qgat
MNormal made 175 K slectrons
MPP mode 120 K slectrons
Saturation voltage 2 Ysat \ \
Nomal mode 125 my
MPF mode . B8O my
Dark current 3:6.7 DL
i Normal mode 1 nAfom?2
WPP mode 50 phAfem?
Saturation exposure Egat 1.42 plom?
| Responsitivity R 20 Viud/iem?2 \
. Photo-response PRMNU 3 5 %
nonuniformity 4 .
Dark signal DSNU my
nonuniformity
| Charge transfer efficiency CTE 0.59999
Qutput amplifier gain 1 LWfelactron
Read noise ¥ 3 electrans
Notes:
1 Full wellfread noise
2 Plosd=5.1K
3 Pixels greater than 30% of the local average of 10 pixels on a ling are considered defects and are ignored.
4 Pixels greater or less than 10% of the local average of 10 pixels on a line are considered defects and are ignered.
& Measured at -110°C.
? Typical dark current for thinned version is 2 times higher than frentside illuminated device.
At 23C.
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Table 4. Typicat Capacitance Values

Typ Absolute Maximum Ratings
Parameter Sym Pin No. Value | Units
Storage temperature;  -150°C to +50°C
Farallel By, B, .0 | 52,19, 24, 47] 4200 pF ,
clacks PaviA B o D | 51,20,23 48| 3100 bF Voltages: rv!easured with respoct to substrate
BaviA B oD | 50, 2%, 22, 49| 8600 BE pins 18, 25, 26, 46, 53 & 54
Setial Sia, B, 0 | 6 10,34,38) 135 pF " Pins1,2,3,13, 14, 15, OV to +25Y
clocks osA B C. D | 7.9.9537| 90 pF 29,30, 31, 41, 42, 43
348 B, C, D B, 38| 180 mF All other pins -15¥ to +15¥
Transfer OTEM4, B, C. D | 95, 17,27, 45 71 pF - . - -
Clock
Wideo Vouwa, B, c,pl 3,13, 31, 41 10 pF
output
Resat gate | Orgya, B, , 0 | 56, 16, 28, 44 " pF
clock
Summing | gga B, c,. 0| 5. 11,33, 39 ] pF
gate ¢lock
- 160 412 10 8 6 4 2
[ 140 ——n] 15113]11|9|7|5 3]
A
EEEEE e TET ) L e E e LT
& 16—1@ &1 58
e 17 & 55
@ @ 15— G54
@ @ 1 & 53
@ @ 0@ BH—52
9 ) 2 1t ) @ 51
1,600 —HE@ = 22— Sensing &4 50
2] & 23 @ Area & g
=] @ 24—1@ B 48
= & 25 & & 7
& o 26-11® O 48
] & 27 @ & 45
& ) 20-—11@ B4
3 DOCeDHDEBFOTED c@ﬁb@@@@@ O DREBOD
NN EENENELEE
.OEDdPIEcss—_P[L— 7056 —J Ft— .10} \(.0?5H4Plaoeﬂ 2233 |3£3 35| 37 [ 3% 41§43
Dia, Typ. Typ. 30 32 34 35 3B 4) 42
050 E0 — + PFin Sequanca
i 450
=0 250 T— B0 A Typ.
poooOoE@mOOOOOON Q10 A Typ.
+.002 .019 Dia.
Figure 7. Packaging Dimensions
Ordering Information
Maximum | Maximum Maximum Unsealed Quartz Window
Grade | Point Defects | Column Defects | Cluster Defects | Part Number Part Number
1 130 8 20 RAZ000JAU-020 | RAZODOJAQ-020
2 300 20 40 RAZ2000JAU-021 | RAZ00GJASC-021
3 800 ; 40 80 RAZ000JAU-022 | RA2000JAQ-022

Detect Definltlon

A.  Point defects - Hot, low or trap
1. Hot pixel - a pixel with an autput signal 10 times greater than average dark current.
2. Low pixel - a pixel with an output signal 50% lower than average background near full-well.
3. Charge frap - defect greater than 2500 slectrons.

B. Cther
1. Column defect - Ten or more contiguous point defects in a single column

2. Cluster defect - Two to nina contiguous point defects 055-0316

April 1992

@ 1992 EGEG RETICOM. Contents may net be mepraduced in whala or In pan without the wiittan conoam of EG&G RETICOM. Specilcailons are eabject to chenga without notice. Printed in
U.&a Infarration furighed herein ic belleved to Be goutate and miiabls, However ne esponsibilty i sssumed by EGRG AETICON for s e, nor far any infringsment o patonts or ciher
rights ¢d Jhind partias which may result freen ds use, Wo license is grantad by implicadion or atherwise wrder any patant ar patert rights of EG&G AETICON.



| EGz6 RETICON AAZ0AS.
TN TDI CCD
ioti oo 1 840 Bqp
Description o Oz N/ 63 0 Gu
! . . 3 B2
EG&G Reticon's RAZ048J array is a high-speed CCD Imager aLﬁ: E A o Z;z:
designed to cperate in the Time Delay Integration (TDI) dna 05 80 [ Vas
made. This array was designad for industrial inspection, By [ 6 528 Yopig
noncortact measurement, pattern recognition, and any pro- v"”\ O g 58 ﬁﬂﬂﬂi
duction line inspection tasks needing high-speed in very low Vgg: E ot :; \;8::;
light. Vora 010 55 [1 Vomie
C;NQA 01 54 ;0511
oa1 [] 12 53 oato
Key Features Yo a b 52 Vors
. . 1
+ 2048 x 64 elements (integrating along the 64 elements) vgﬁ d 1; 2{1, vgg?
¢ 22 pm x 27 pm picture elemgntsl ) Vous O 18 49 0 Vops
« 27 pm center-to-center spacing in x and y direction Vops [ 17 48 8 Voas
*» High dynamic range x‘m I ot 305‘
= High chargs transfer efficiency Voue g =0 Vo
« Effective data rates to 128 MHz Voew O 21 441 Voai
+ Vertically-sumimed charges for increased sensitivity Voun: [ 22 43 1 GNDg
+ Bidirectional vertical shifting oatz = 42 EOGB
= 16 paralisl ouipuls per direction for high effectiva data vons E o i Vices
rates Yoats [ 26 3 2ip
\"\?Aiﬁ 027 W80 0pp
i sus [] 28 ¥ esp
Packaging Sras 0 20 360 g
Devices are packaged in 84-pin dual-inline side-brazed ce- 5;‘2‘; E o il EEB
ramic packages with ground and polished glass windows, Ao Q3 3 Bap

The pinout configuration and pincut furctions are shown in
Figure 1 and Table 1 respectively. Package dimensions are
shown in Figure 9.

Functional Description

The RA2048] TDI imager is structured in a senal-parallel-
serial configuration and is imended to cperate in the TDI
moda. This device can also be operated as a full frame
imager if shuttered.

Time Delay Integration (TDI) Mode

T is a known technique for imcreasing the sansitivity of a
line scan imaging array. The RA2048J provides a series of
&4 lines (liinear arrays) of integration with a horizontal resolu-
ticn of 2048 elements each. By synchronizing the relative
motion of the image scene with the clock freguency in the
vertical or transverss (TDI) diraction, the charge is summed
over the number of avaitable TDI elements {64).

This mode of operation effectively increases the fotal amay
exposure time by a factor of 64, compared to a typical line
sCan sensor, without sacrificing tha rasolution or tha scanning
spaed. The TDI mode also provides an increase in signal-to-
noise ratio via an averaging down of random spatial variation
of photoresponse and dark signal. The charge packets (im-
aging data) in the vertical ragisters are shifted in parallel to
the serlal shift register.

The image of the stane impinges on the array frorm the front.
Photo-generated charge representing the scene will be col-
lected in the potential wells during an integration period which
comasponds to one line time, One line time equals the recip-
rpcal of the vertical clock frequency. The chargs packets are

Figure 1. Pinout Configuration

then shifted vertically to the next sequential row. As the
seane is allowed 16 be imaged on subseguent rows, the addi-
tional charge created is summed with charge generated in
previous rows. This process is repeated over the 64 TD)
rows, resulting in a column of 2048 slements that have inte-
grated for 64 line times. Information is then transferred in
paraiiel viz a trangfer pulse to the honzontal shift register, to
be clocked out serially within ane line time. Since the subse-
guent ling follows only ons row behind, the next Ing scan is
read aut with almost no delay.

Full Frame Imaging Mode

The arrgy information can be read out as a full-frame. When
the device is operated as a full-frame imager, a mechanical
shutter is meeded to shisld the array from incident light during
the readout process, Strobed Hlumination could be used (0
simulate a shulter. Shuttering improves the performance,
particularly gt low data rates, by avoiding smearing.

Schematic Description

Figure 3 shows a schematic layout of the chip. The imaging
area is an array of 2048 verical &64-stage buried-channel
COD shift registers in parallel. The parallel shift registers
{TDM columng) ars contiguous optically and are isolated from
each othar by 5 um beron-implanted channsl stop regions.
All readaut registers ara drivan by the sama four-phase cleck.
To reduce the RC time constant and response time of the
lang pely gates, the four phage clocks are brought in from
both edges of the array. The charge handling capacity of

345 POTRERO AVENUE  SUNNYVALE, CALIFORMA 94086-4197  (408) 738-4266 FAX. (408) 738-6973

57
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CCD TDI Array

Horlzantal Output < < 0CD [Registar AY j signa
Cutpt
AI\ Transfer Pulse
Drirection
tf Charga
Bdx Charge .

Fiowe 64 Fram Seane _‘I"_Isn:téﬂg!“alock

Summation 7 = = —
N

AM

Bax Charge Vartizal Clock

Flow 83 Fram Scene T'IEH’I;'BS G
m ~
m/—-——\\-‘ R
Fow 2x Charge Venical Clock
: From Seene Time 2
—_—

TOI Bewvs ,/\\

1x Charge Varticat Clock

Row 1 From Seene Ti?ﬂé o Lo

Figure 2. Image on Array Moves Relative to, and Synchronous with, Direction of Charge Transfer

each pixel is approximataley 1 million glectrons. Five addi-
tiomal dummy shift registers are added at each end of the
array to eliminate the edge effects which may cause re-
SpanSs noAUnIformity.

Output

The TDI imager is designed for high-spsed imaging by using
multiple output structures. There are two identical horizontal
shift registers (A and B) which are driven by four-phase
clocks., Shift register A is at the top and shift register B is at
the bottom of the imaging area. Each shift register has its
own transfer pulse, eTa and a1g respectively, and 16 taps
(video outputs), one for every 128 X 64 elements. If the
device vparates at its maxirmum frequency of B MHz, this
paralle| output structure provides an increase in the maximum
affective serial scanning rate 1o 128 MHz (8 MHZ X 16},

Egch video output tap has its own two-stage amplifier, as
shown in Figure 4, which has 4 3 dB bandwidth of 25 MHz
and a gain of 0.75,

Geometry

The image area is an array of 2048 optically continuous col-
umns (vertical CCD shift ragisters) which are isclated from
each other by 5 um channel-stop regions. Each column has
64 picture elements (pixels). The pixel size is 22 pm x 27 pm
migrgmeters.

Operation

When vartical clocks $4¢, @20, 930, 4 a8 applied ta the
tour phase slectrodes of the vartical raglsters, potential walls
are created beneath the high gates so that the charge can be
integrated and stored in these wells. The charge can then be
shifted, up into the horizontal {serial) shift register A or down
into the horizontal shift register B. At the interface of the
verical and horizontal registers, a transfer gate is provided
for controlling the charge flow.

The diagram in Figure 5 shows the timing needed to transfer
the integrated charges from the vertical shift registers into the
horizontal shift register A. The voltage transition from high
{5V) to low (-8¥) applied to the vertical clock will result in a
transfer of charge contained under each corresponding gate
to the next high gate. This, in turn, will transfer the charge to
the next high gate by the same mechanism. After 64 sets of
four transitions from high o low of 84c, @1¢, gec and 8gc,
the charge flows through the transfer gate (Brga) set high,
into the high gate of the horizontal shift register (@414, g} as
shown in the figure. The transfer gate B {eTaR) is always at
low state (0W) when the A register is yused.

The samea timing diagram is used to transfer the charge into
the horizontal shift register B except that the clocks applied to
the vertical shift registers, 8q¢ and oar, are intarchanged.
An identical transter gate clock {eTga, ) is applied to the
transfer gate B (ergm). The transfer gate A (prna) is main-
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tained at low state (V) for this case. For horizontal clocking
of register B, use oyp through @4p instsad of &4 through
B4p.

The output amplifier is a gated charge integrator.  In this
output scheme, the output nede (node A in Figure 4) is reset
to the DT wvoliage (Vpp) applied to the drain of the reset
transistor when the reset gats clock (9Rg) is pulsed high to
turn an the reset transistor.

When sgaa g is low, the reset transistor is off and the signal
charge can be dumped to the capacitance of nede & when
@14, B 9085 low. The charge variation of node A i then
measurad as & voltage at the cutput of the twoe-stage ampli-
fisr which is operated in ths source-follower configuration
with an external resistance lcad. For simplicity, the reset
gate 2paa (9ReE) can be tied to @14 (@qg) to achieve the
reset function. Figure 6 shows the fiming relationship be-
Ween 614, B, BRGA, B and video output {Voa, Yop)

Table 2 shows recommended cperating cenditions for this
device.

Performance

Tabla 3 summarizes the performance characteristics of the
device, while Table 4 lists typical clock input capacitances.

Spectral response of the RA2(048J is similar to that of other
CCD devices. A typical spectral response curve is shown in
Figura 7.

RA2048J Evaluation Cireuit

A complete evaluation circuit for the RAZ048) is available
from Rsticon. The RCOS0SANN board provides the user
with an sasy means of evaluating the operation and perfor-
mance of the RA2048). The board measures 4.5% x 9.3",
requires +5¥ and =15V supplies, and can be adjusted for
pixel rates of up to 8 MHz per output tap.

Further details can be obtained from the RBCOS0SANM
manual.

One Directional Option

The RA2048J array can be purchased with either twa direc-
tianal or one directional shifting, depending on the user's
application. |f the one diractional option is chosen, the func-
tonal side (A or B) is indicated by a dot on the edge of the
package, (see Figure B).

Top Harizontal Shifl Register A

2048th{H) 128th{H}
Vigao 16th Video 1st
15I(H)
G~ Bap /_
F o T e F T
b 1
Ho H |
o1aa _A B "1\_
2 I Bath{v}
Gy — a0 2
]
E sty
FTap 3 /-
L | 1 H -l
R P H = H e
| — 41 | — | iy
¥
TstiH) v.ueo 15t Videxts 16t
1ZEth(H] 2048th(Hy
Bottom Harizontal Shift Register B
Figure 3. Schematic Layout
Bian Pzap Paab Yarb PiaBYomss  PRGAE Reset Transistor

[T P

I'l+

VDDA.EI
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Stage
Amplitiar
/ +—0Voure

Mode A Extemnat
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Flgurs 4. Output Charge Detection Circuitry (2 Stage
Amp)
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Table 1. Pihout Functlions for the RA2048.F

Pin# Sym Functlon Reglster
1.33 LTy TOI vertical phass 2 G
2,4 a0 TO vertical phase 3 c
3,30 aTGA Transfer Gate (top) A
4 Bap Horizontal phase 4 A
5 B Horizontal phase 3 A
8 Bop Harizontal phase 2 A
7 Bip Horizontal phase 1 A
8 Vooa Drain supply - amplifier A
g VRDA Drain supply - raset transistor A
10 VoA Qutput bias gats A
11 Gnd-A Amplifier ground A
12-27 Yoa1-Yoals 1s5t-16th video output A
28 Ysup Backside contact
pats| BRGA Reset gate clock A
3,63 Bac TOI vartical phase 4 G
32,64 #iC TOI vartical phase 1 G
35, 62 oTRE Transfer gate {bottom) B
K2 B4R Harizontal phase 4 B
37 oag Harizontal phase 3 B
i a8 Asg Horizontal phase 2 B
a9 24 Horizontal phass 1 B
40 YoDse Drain supply - amplifier B
41 YRDB Drain supply - reset transistor B
42 Yoce Qutput bias gate B
43 Gnd-B Amplifisr ground B
44-58 Yori-Voris 1st-16th video output B
60 Vs Top side common
61 YRGB Reset gate clack B

Table 2. Recommended Operating Conditions

Parameater Supply Voltage **

Min Typ Max
BC supply Yoo 1 12 13
Reset drain bias VRD* 11 11.8 12
Qutput gate bias Vo X:] 47 7

Transfer gate clock eg  (Low) Vsup
{High) 11 12 13

Horizontal clocks 2a 8 (Lowl ¥
{High) 11 12 13
Vartical ciock ap {Low} -7 -7.5 -8.0
oc {High) 4 B &

Ground voltage GHND Q
Substrate bias Vss 2.5 3.0 -5.0
Ysum 2.5 4.0 50

Reset gate clock epe  (Low) 0
{High) 11 12 13

* Tomaximize charge transfer efficiency, Vpp = opg -1V

tw

For best performance, operate at typical
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Table 3. Array Performance Characteristics in the Clreuit Shown In Figure 5
{Temperature 25°C, Fish Schurman t mm Thick HA=11 IR Fliter Used, Device Operated in TDI Imaging Mode)

Min Typ Max Unit
DR Dynamic range 1 5500:1
Esat Saturation exposure 2 4.3 ntfeme
R Responsivity 2 230 Vindiem2
PRNL Photo response nonuniformity 2, 3 +5 +12 %
Taptotap 2,4 7 7 Y
VoA Dark signal © 07 1.0 %
Vaat Saturation cutput voltage 2 0.8 1.0 v
Npp Paak-to-peak noise 1 my
Fos DG reset level B 4.2 W
Dpe DG dark leval & a9 Y
! Ppe DC power dissipation & 600 M
" folock Qperating frequency 8 MHz
Quarntum efficiency 7 42 P
CTE Charge transfer efficiency 99990 0.99595
53,000

L

Max line rate per sgcond i

Notes:
Defined as Vg/Nimg, where Nz = Np-p'S @ 1 MHz

1
2
3

m

Measured with a 2B70°K tungsten light source with HA-11 filter

Measured at about 50% Vgat. First elements of every tap are ignored and alse the last element of tap 1
+ NU% = (Vmay - Vayg)/Vayg * 100
- NU% = (Vayg - Vimin) Vayg ™ 100

Cefined as +NU% = {Maxavg - Avg)fAvg ~ 100 and -NU% = (Avq - Minavgy'Avg * 100, where

Avg = (Tapiavg + TapZavg . . . + Tapidavg)16
Measured at 25°C with 312 ps integration time
Meazured with ne illumination

At 700 nm

Table 4. Typlcat Clock Capacltance *

Clock Capacitance {pf}
18 =B 550

Bop =038 400

@3p = Bap 400

#4p = Hag 320 !
Bic=4gaC 450 :
Bor = G 260

PRGA = YRGB 110

PTGA = OTGB 180

* measured at 10Y hias
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General Description

The ROQ720B is a high resclution circular solid state scanner
designed specifically for applications such as focusing,
tracking. angle discrimination, ete. This monglithic integrated
circuit contains g circular array of 720 photodicdes at §.5°
spacing and is available in two aperture versions, .2 and
1.8 mm, designated the ROD7Z0BAG and ROO720BJG,
respectively. These arrays are packagad with a ground and
polished glass window,

Equivalent Circuit

The package and pin configuration is shewn in Figurs 1 and a
simplified equivalent circult is shown in Figure 2. The actual
array is circular with the No. 1 diode at right center {scan is
clockwise), and with the last diode physically adjacent to the
firgt diode (Figure 1}, The array may be operated in either a
self-start or extemal start mode, The sel-start mode permits
uniterrupted circular scan and is accomplished by buffering
the End-of-Scan output with external circuitry and connecting
it to the start input. The exdernal mode may be used to obigin
longer integration time, much as in a linear array.

Each cell consists of a photosensor with an associated
junction capacitance and is connected through an MOS tran-
sistor switch to a common video output line. The switches
are tumed on and off in sequence by the shift-registar multi-
plexing circuits, thereby pericdically recharging sach cell to
SV and storing appreximatsly 5 pC on its capacitance,

The multiplexing circuits are driven by four clock phases
which are easily generated from a TTL master cloek which
sels the call-to-cell sampling rate, During the cycle scan tima,
the charge on each junction capacitor is gradually removed
by the reverse current flowing in the associated photodiode,

The reverse current is made up of twe components:  the
phoiocurrent and the dark leakage current {the latter is
typically 1 pA per pixei at room temperatura). The photacur-
rent is proportionat to the light intensity or irradiance. During
a scah time, the charge removed from each cell is the product
of the photocurrent and the scan time. This charge must be
replaced through the video ling when the diode is sampled
once each scan. Thus, the output signal obtained from each
scan of an N-element array is a train of N charge pulses,
pvach proporticnal te the light exposure on the corresponding
photodiods.

In addition to the signal charge, switching transients are
capacitively coupled into the vidsu line by the multiplex
switches, The RO0720B has associated with each sensing
dinde a dummy diode covered with an opaque mask. Tran-
sients similar to those introduced into the video line are
introduced inte the dummy video line and, tharsfore, can be
nearly eliminated and a cleansr signalf recovared by reading
out the videc and dummy lines differantially.

RO0720B
Circular Array
i
Substrate (Pas 1 [ = N fas NG
RETICON
GnD 2 [ a7 &
NG 3] ze o2
NG 4] i Dos ea
NC 5 ] T24 9B
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Figure 2. Simplified Equivalent Circuit

Sensor Geometry

In the ROO7208B circular scanners the light-sensing area is a
long. circular region defined by an aperture in an opague
mask. Bar-shaped photodiedes extend across the aperure
and are connected to the multiplex switches buried under the
mask. The entire aperture is pheotosensitive; photocurrent
generated by flight incident between the photodiodes will
usuglly be collected by the nearest diode. Figure 3 shows
simplified aperture geometry along with an idealized
response function, which would be obtained by scanning a
puint source of visible light along the length of tha aperture.
The dimensions a, b, and ¢ indicated i Figure 3 are as
follows for the ROO720BAG: the photodiode width a is
20 pm, the center-tg-center spacing £ is approximately
30.1 um at the inside radius, and the aperturg width ¢ is
200 pm. Refer to the Array Mechanical Characteristics and
Figure 4 for detailed gsometry of both the RO0720BAG and
the ROO720BJG.

345 POTRERO AVEMUE  SUNNYVALE, CALIFORNIA 84086-4187
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ROD720B

If the full angular resolution of 0.5 is not required, the aray
may be operated with simplified clock drive and 1° resclution,
In this mode, the A and B clocks are beth connected to Vieq:
performance is otherwise similar except individual diode
output charge is doubled and reselution halved Clock
generation is alse simplified.

i 2 M—1
0 ity

Digtance

Apertura Hasponsa

Figure 3. Sensor Geometry and ldeallzed Apertura
Response Funpction

Sensitivity and Spectral Response

The spectral response aof the ROO720B is similar to that of
other high-quality silicon photodetectors, covering the range
from the near U to the near IR. Relative spectral response
is shown as a function of wavelength in Figure 5. Note that
relatively high respensivity is maintained aven in the blue end
of the spectrum because there is no intarfering structure
covering the diode. Since many applications involve use of
vigible light, sensitivity and uniformity of regsponse are speci-
fied using a source with the spectral distribution shewn in the
dotted line of Figure 5. This spectral distribution is produced
by filtering a 2870°K tungsten source with a Fish-Schurmnan
HA-11 heat-absorbing 1 mm thick filter.

Since Reticon scarners operate in the charge-storage modle,
the charge output of gach diode {below saturation) is propor-
tional to exposury, i.e.. the iradiance or light intensity
rmultiplied by the integration time or the time interval between
successive start pulses. Thus, there is an obvious trade-off
between scanning spead and the required light intensity.
Plots of charge output versus exposure are shown in
Figure 6 for the light source of Figure 5.

Dark Response and Dynamic Range

There are three companents o the dark cutput signal from a
Reticon scanner: (1) the integrated dark leakege current, [2)
the fixed pattern caused by incomplete cancellation of clock
switching transients between the sensing and dummy diodes,
and (3) the random {thermal} pixei noise.

The dark leakage current will vary significantly from elemant
to element but is typically 1 pA per diode at room tempera-
ture. Assuming this value, leakage current would contribute
an output charge of 4 pG with a four second line time. Thus,
dark current will contribute about 1% of saturated output sig-
ral for t| = 40 ms, 0.1% for { = 4 ms, ang so on. The dark
current is a very strong function of temperature, approxi-
metely doubling every ¥°C. Thus, the maximum allowable

. Quler Badius

1y Inner Radius

Figure 4. Geometry for the RO0720B Array
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Figure 5. Relatlve Spectral Response as a Function of
Wavelength. Dotted line shows distribution of light
source for performance measurements.
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Figure 6. Signal Charge Per Cell as a Functloh of
Exposure for Light Source of Figure 5
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scan period becomes comespondingly shorter at nigh tem-
peratures and longer at low temperatures. An important
feature of these devices is the low power dissipation, which
means that self-heating is negligible.

Tha switching transients are very neatly cancelled by the
differential autput. Residual uncancelled transients will result
in a fixed pattem which is typicafly 1% of the saturated output
signal for unprocessed video.

Pixel noise is the random, nonrepetitive fuctuations which
are superimposed on the dark level, and is the ultimate limit-
ing npise which cannot be removed by signal processing. Its
rms value will generally be amplifisr-limited at a valus less
than about 0.1% of the saturation level, depending on tha
noise bandwidth and preamplifisr used.

If the saturation level is compared to the amplitude of tha
dark-signal nonuniformity, the dynamic range is typically
better than 100:1 for unprocessed video (refer to Acray
Performance Characteristics and Nots 8).

If the =aturation level is compared to the ms neise on aach
individual element, & dynamic range of greater than 1000:1
can be achieved with these devices.

Drive Requirements

Two power supplies to the array are required—nominally
+5 and -10 volts. Four clock phases are required to drive the
ROO720B and a properfy timed start pulse is required to
initiate each scan. Figure 7 shows the proper timing of the

input clock and start signals. Mote that &y and ¢ ars
complementary square waves. The g and @g clocks ars
cormplements, but are not squars waves. Pixel diodes arg
sarmpled on the negative-going transitions of oo, vg, 91, 98,
@2, g, efe. The start-pulse timing is noneritical except that it
must be negative at least 50 ns before one positive-going
transition of @4 and holding beyond g4's rise by a minimum of
50 ns. The number of master clack periods between start
pulses is arbitrary except that it must be equal to or greater
than 720.

A suitable drive circuit for the ROO720B is shawn in Figura 8.

eag| [ L I |
ay — [-_—10l:|-ns min
ag =] |=—54 115 min
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Video 1 3 4
Y
End ol r r;

SN

[For continupous scan;
atherwise dalayed until

717 Eat-] el T

scan h i*
00 500 "1 MHz
kHz Hz

Figure 7. Timing Diagram
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Signal Extraction

The video output of the ROQ720B is a train of 720 charge
pulses flowing onto the video-recharge-line and dummy-
racharge-ling capacitances during sach scan with timing as
shown in Figura 7. The pulses on the dummy line contaln
switching transients only, those on the video line contain
switching transients plus the video signal. An output circuit is
required which is capable of differentially amplifying these
pulses to a usable voltage level. Two types of amplifier
circuits are in commoen use: {1) a simpla differential current
amplifier. and {2) videc-line integrate, with reset. The latter
typically will be followed by a sample-and-hold eircuit which
can provide a greater signal-to-noise ratio.

Current Amplifier. The video signal may be amplified using
an op amp connected as a differential amplifier. A suggested
circuit is shown in Figure 9. In this mode, the recharge gate
is biased ON by connecting it to the negative supply and the
slgnal is obtalned through the video and dummy recharge
ines. The unused buffer amplifiers are biased OFF by
connecting all ping to the positive supply. An example of the
videa output of the circuit of Figure 9 is shown in the oscillo-
scope photograph of Figure 11,

Videofing fntegrate, with Hesef. This altermative signal-
processing scheme makes use of the intarnal buffer amplifi-
ers and recharge switches, Immediataly after the multiplex
switch is closed to sample a diods, the voltage change on the
vieo line is sensed through the buffer amplifier. The
recharge gate is then pulsed negative to reset the video line
before the next diode is sampled. This circuit configuration is
shown in Figure 10.

From drive
aireuit af

Capacitors are in JF unless otherwize indicated.

Figure 9. Suggested Current Amplifier Cireuit

End of Scan

An output pulse is provided when the last four diodes are
samplad. The end-of-scan {EOS) output is provided primarily
for tast purposas, but it may be used for positive synchroniza-
tion of the start sequence, or for self-starting in the continu-
ous-scan moda. The waveforms are comparatively slow, so
that external pulse shaping is ardinarily required. (Refer to
EQS waveform, Figure 7.}

¥¥hen not in use, the EOS output should be connected to the
positive supply to aveid introduction of unwanted “glitches”
into the videa., When EOS is used, it is recommaended that
voltage excursions on the EQOS terminal be minimized.
Figures 9, 10, and 13 have different buffers; amplifier circuits
shown for the EOS output and the circuit selected far a given
application are dependent on the user's requirements. The
circuit in Figure 12 can be used when the EQS output is
cannected to the start input to give an uninterrupted circular
scan, with the first element interrogated immediately following
the last element. Some aceessory circuit boards, notably the
ROO720B board, are nat capable of functioning in this
manner {without modification) because of a built-in fyback
interruption that occupies a minimum ¢f eight counts.

Ewvaluation Circuit Board, RCO720B

The RCO720B evaluation circuit board which contains all
required drive and amplifier circuity for operation of the
ROO7208 is available frem Reticon. The circuit provides a
high-quality sampled-and-held output as shown in Figure 12
and is highly recommended for first time array evaluation,
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Figure 10. Video Line Integration Differential Amplifier Circuit
(Sample-and-Hold Gircuit not shown)
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Flgure 13. Suggested End-of-Scan Output Circult

Figure 12. Oscifloscope Photo Showing Video Output of
Integrate Sample-and-Hold Amplifier
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Table 1. Array Mechanical Characteristics
{Refer to Figures 4 and 13)

ROC720BAG | ROO720BJG Unlta
Number of dicdes 720 720
Center-to-canter spacing
at inner radius (by) 301 153 prm
at outer radius {bo) 31.8 21.9 prmn
Aperture inner radius (rq) 3.45 1.75 mm
Aperture outsr radius {ra) 3.65 3.85 mm
Aperture width frg - 11} = C 2 1.9 ' mm
Diode diffusion width
Inner radius (a4) 20 I Tyl
Quter radius {a,) . 20 20 m
Table 2, Array Performance Characteristics (23°C)
Parameter Min Typ Max Units
Sensttivity
BAG ! 11 pGiudom?
BJG ! e pCiLliom?
Mon-uniformity of 10 15 +%
response (NU3) '
Saturation exposure
BAG 35 wliem 2
BJG 18 wlicm 2
Saturation charge
BAG 3.9 pC
BJG 148 pC
Dynamic range
DRpmg ® 2000 rms
DRrpy * 100 200
Notes:
; Using light source of Figure 5.

Measured with uniform ilfumination at approximately 50% saturation. Neglects first 2 and last 2 diodes.
3 Dsfined as saturatsd output ta RMS pixeal noise.
4 Defined as saturated cutput to peak-to-peak dark fixed patterm,
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Table 3. Electrical Characteristics (23°C)

Parameter Min Typ Max Units
Positiva supply valtage Vp! 4.5 5 | &5 v
Clock voltage high Vo VR 5 | ¥ y
Clock voltage low Ve 10 -10 -85 v
Start voltage high Ve Vp.q 5 Vp v
Start voltage low Vg, -10 -10Q -5 ¥
Sample frequency fs 1 MHz
Clack input capacitance < 45 pF
{Phases 1 and 2)
Glock input capacitance 2 97 BF
{Phases A and B)
Video line capacitance Gy 2 45 pF
{Pins 4 and 9 tied)
Dummy line capacitance Cp 47 pF
{Fins & and 9 tied)
Buffer output capacitance Cg ! 2 oF
Recharge gate ' 3 pF
. capacitance {Pin 8}
2 pF

(’ End of scan capacitance

Notes:

1 Mo terminal should ever be allowed te go more positive than Vp.

2 mMeasured at 5 bias.

Absolute Maximum Ratings

‘ Min ‘ Max Units |
[ T
Voltage on any terminal ' Vp-20 l\ Vp W
Storage temperature -55 | +125 G
Temperaturs under bias -65 +85 G
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Figure 14, Package Dimensions

Ordering Information *

(Part Numbar Evaluation Clrcuit
ROO720BAG-011 RCO7200ONB-011
RO0720BJG-011 RCOT200ONB-011

* Includes standard arrays. For all options, consutt your local
sales office.
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RAO0128NIU
128 x 128 PiS| Focal Plane Array

Introduction

Reticon hag successfully combined the adwantages of thin
film PtS| SBD technology with our standard photodiode arrays
to produce a 128 x 128 monolithic area array which is sensi-
tive in the mid-infrared (MIR} spectral ragion. The platinum
silicide Schottky barriar dioda {(P1Si SBD) is the most practical
and cost effective technology for providing high resolution
infrared staring focal plane arrays (FPA} for both industrial
and military applications.

The 128 x 128 PtSi FPA is backside illuminated and is sensi-
tive in the 1 o 5.5 pm spectral range. VWisible and near
infrared photons are absorbed in the silicon before they reach
the photo-detector area, and long-wavelength IR {(LWIR)
photons creats holes with insufficisnt anergy to jump the
metal-semiconductor (Schottky) Barrer. With backside illumi-
nation, the array is sensitive 1o wavelsngths from 110 5.5 pm
without the need for sxternal filters. Applicalions include
noncantact temperature monitoring for industrial and medical
uges, missile seekers, surveillancs, tracking, process control,
and nendestructive testing,

Key Featuras

High resolution: 128 x 128 elements

High fill factor: 59% with & 60 wm x 60 wm piksl size
Twa horizontal readout registers for high speed imaging
High frama rate: greater than 450 frames/sec

Spectral response: 1to 5.5 um

Excslient elsment-te-slement unifermity. 0.5% rms
High video sampiing rates: up to 10 MHz pixel rate
On-chip pre-amplifer and reset structure

High slectron sansitivity: 0.7 p\/e”

Wide dynamic range =1000:1 rms

Backside illumination provides inherent {visible and near
infrared) filtering

«  38-pin dual-inline ceramic package

Description

The 128 x 128 Pi5i FPA has 16,348 pixels arranged in a
matrix of 128 rows by 128 columns. Each pixel has a fill
factor of 59% and is 60 pm X 60 pm. Tha chip dimensions
ara 433 mil x 453 mil of which 302 mil x 302 mil is the sensing
area. This device is provided in a standard 28-pin dual-inline
ceramic package, (see Figure 7), which accommodates back-
side illumination of the chip and simplifies cryogenic cacling.
Figure 1 shows the pinout configuration and Table 1 shows
the pin description of the 128 x 128 PISi FPA.

(o
Vsug l: 1 28 [] NG
GND [] 2 27 [J ey,
EoF O] 3 26 [1 ay,
L] 4 25 [ egrapr
le[d s 24 o7
g L] 6 23 [ vy,
v, O 7 22 1] Vg
o L] 8 21 [] og,
o0 L 8 20 |1 ayqe
Tymo L] 10 19 ] oxoe
FRG [] 11 18 [ Voyuee
FRD [ 12 17 [ Voo
viD, [] 13 16 [ viD,
ne [ 14 15 [ N

Figure 1. Pinout Conflguratian

The array can be scanned with pixel readout rates up to 10
MH2 to yield frame rates greater than 450 framesfsec. Each
line of photodiodes is parallel lpaded into two high spsed
bucket-brigade device {(BED) analog shift registers and then
sequentially shifted out. The outpuls of the two BBDs can
then be easily multiplexed externally to reconstruct the ling
information. The entire frame of 128 lines may be sequen-
tially accessed, or just the odd or sven lines may e rsad out.
If the output of one BBD is used and just the even or odd
lines are accessad, a frama will contain avery other pixel in
B84 lines for g 64 x 64 array. The time between the readout of
a pixel, one frame period, 15 the integration time.

The devices are fabricated using an advanced double poly
NMOS process. Each device consists of several functional
elaments 1o contrel the operation of the device, as shown in
Figure 2. The functional elements are described in the fol-
lowing paragraphs.

345 POTRERO AVENUE  SUNNYVALE, CALIFORMA 34086-4197 (408} 738-4266 FAX: (408) 738-6878
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Figure 2. Schematic Diagram RAO128NIU

Photodiode Array

The first element consists of a 128 x 128 Schottky barrier
photodiode array, schematically indicated by the columns and
rows {lines} of individual photodicdes. Each diode in a col-
umn is connected through a multiplex switch to a column
video ling, which is comimon to all diodes in that column, The
gates of all the multiplex switches in a row (line) are
connected together, so that when a row of multiplex switches
i tumed on, the signal in a row of diodes is transferred
simultanecusly to the 128 column video lines. When a diode
is selected by the multiplsx switch, the potential of the diode

will be reset to a value of (Vg - V). where Vg and Vg
reprasent the clock high voltage and thresheld voltage of the
multiplex switch, respectively. The signal charge ramoved
from the selected diode will be transferred through the
column video line into the BBD for readout.  After the multi-
plex switch is tumed off, the diode staris to integrate the
photon-gensrated charge. The total integration time of sach
diode is the time between two consecutive readouts of the
same diode.
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Dynamic Shift Register

The second elarment consists of a two-phase (28) dynamic
shift register. The shift register turns on each row {line) of
multiplex switches in sequence, allowing the photodiode
charge to transfer through sach column video lins into the
appropriate BBD. The dynamic shift register is driven by
wo-phase clocks denoted by eyq and gyg in Figure 2. Odd
lines are accessed whils oyq clocks are high, even |ihes
while @ys is high. The dynamic shift register can be self-
starting if fast consecutive frames are desired, ar it can be
controlled by an external start pulse {(Bgtaq). These functions
are performed by a “NOR" circuit, Tied to each output of the
shift register {exceapt for the 128th position) are inputs to a
MOR gate. When there is an output from any of the 127
output positions, the NOR gate keeps the shift registar from
restarting. Once the bit occupies the last position, the NOR
gate's output goes high and the shift register starts again
with the rising adge of eyy. The Bgian is alio connected to
the NOR gate. It can be used fo inhibit the register from
starting by pulling ega to Vpp, The shift register will not
start to access lines until both egiu and the outputs from
lines 1 - 127 are low.

The NOR gate output is connected to an external pin, EQF
{End of Frame}, through an open drain inverter. This output
is nomally tied to Vpp through a 3K. resistor. When there
iz & hit in any row except the last, or if ag is active, EOF
will rernain high, It goes immediately low on the rising edge
of gyz if @gpan is low, and none of the rows T - 127 are
activa.

Bucket-Brigade Device Analog Shift Register

Two bucket-brigade analog shift registers accept the signal
from the column wideo lings and shift it out sequentially to
two output amplifiers. Each BBD is driven by a two-phase
clock, dencled by @y and @xz in Figure 2. A "fat zaro” input
port is provided to improve the transfer efficiency of the reg-
ister, The outputs from both BBD registers are multiplexed
off-chip to obtain one fine of combined vidao information.

As shown in Figure 2, there are several other terminals asso-
ciated with the two BBD registers. Vpgp is the tetrode-gate
hias that is biased at a DC voltage a few volts below the ex1
and gxso high level, Voq and Vgz ara the input bias for the
“fat zero” input port.  These inputs control the bias level in
the dark. Mormally, thess terminals are hiased to approxi-
mately 10V; howewver, when the odd and even videos are
summed fogether, either input bias voltage may be used 1
adjust the corresponding dark-level output to remove the
odd-and-even pattern. Figure 4 shows the relationship
between the output dark signal level and Vg1, Vo2 bias volt-
age. The shaded area represents the optimum bias range.
¢r1 and @r> are the reset clocks for the output amplifiers,
which are shown in Figure 2 at the outpuis of both bucket
brigades. Cn the even side, the signal appears at the gats of
the output amplifiers when oy¢ drops to a low potential.
Whila gy is high and before the next sample appears, this
node is cleared by charging it to the reset voltage, Vpp. This

1EQ .. CRE 10
% E1 CQE=r%
B
5
§ 1E2 L OE=01%
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Figure 3. Spectral Response

7 | =¥ g =140 Volis
Veur = 13.0 Volis
W [w]n] =15.0 Volis
By SGyo =145 Volls
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| .
g 0.5 1¢ 10.5
Vi and Voo Input Bias Voltage (Volts)

Figure 4. Operation Range of Vg1, Yoz Bias

can be sasily done if @ga is clocked synchronously with @xq.
The complementary situation applies to the odd video output,
with signal appearing while gyo is low, and raset while oye is
high. Nermally, the synchronous relationship is obtained by
direct eonnection of exq 10 @ra. and direct connection of axo
woR1.

VID4 and VID, are the respactive odd and even video output
terminals. The video output is that of a source follower. Nor-
mally, the output of each gaurce follower is tarminated by a
3Ki2 resistor to ground. This configuration provides the
proper bias current for the source follower.
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Line Transfer {oLT), Line Reset (o g) and
Buffer Gate (Vgyurr)

The fourth functional slement consists of a videa line reset
switch, @ g a line fransfer switch, a1; and a buffer gats,
Veurr. The line reset switch, o g, provides a reference bias
for all the videa lines while all the sensor diodes are integrat-
ing signal charges. All the chasges collacted from stray
capacitances along the video lines and all the excess signal
charges leaked from the sensor diodes are drained into the
sink voltage, Vpop, through operation of the g g gate. In this
way, 8| g functions as an antiblooming and anticrosstalk gate.
Pricr to the momeant when the dynamic shift registet is to
select a row of diodes, the & R gate is turned off and the
transfer gate (@ 7} is turned on, This prepares the video lines
lo accept charge from the next row of photodiodes to be
transferred into the BBDs.

The bias applied to the @R switch shauld be lower than that
of g 1. This will prevent possible loss of signal charge
through the 8| g switch as a result of threshold voltage mis-
match between the 8 g and s 1 transistors. The sffect of
different gateé potentials on o) g and 8 T results in adding a
fized amount of charge Qf into the vides signal whers
Gt = (AVg + AVTICy. These quantities AV and AVy are the
gate potential and threshold voltage differences of the a g
and T gates, respactively, and Gy is the capacitancs of the
video line.

To minimize Gf. a buffer gate Vgppe is introdused in front of
the & g and & 1 switches. This buffer gate is biased at a DC
potential below the @ g and o1 “high” potantial. The func-
tion of this buffer gate is to isolate the video line capacitance
Gy from the affect of AVg and AVT. With the introduction of
this buffer gate, Qf becomes (AVg + AVTIC), where G is the
junstion capacitance of the n diffusion between ey g and s T
switches. The capacitance C is much sma¥er than Gy and
results in great reduction of Q. MNomally @ g is clocked
synchronously with @yz. However, to avoid crosstalk and
permit adjustment for optimumn blooming control, a separate
driver is used for agg.

Field Select Switches LO and LE
The fiith functional element consists of the field salect

switches LO and LE. As evident from Figure 2, the LQ input
terminal contrgls the gates that switch all of the odd-num-

fg=tn J1T LTI L]

bered outputs from the dynamic shift registsr; the LE terminal
controls the gates that switch the even numberad outputs.
Thess dynamic shift register outputs tn turn control the row
selection. Whsn the LO ling 5 held at Ypp, the odd rows of
diodes may be selected by the dymamic shift register, and
when the LE line is hald at Vpp, the even rows of dindes may
be selected. The LO and LE gates are turned on by applying
a high (Vpp) petential and are turned off by applying a low
{0V) potentlal. For sequential scan of all 128 lines, both LE
and LG are held at Vpp.

Frame Resat Gate {FRG} and Frame Reset
Drain (FRD)

The sixth element consists of tha frame ressi gate FRG and
reset drain FRD. These switches provide an access to the
multiplex switches of all the diodes in the matrix and allows
the entire frama to be reset. When the frame reset control is
not being used it is held low. However, when a particular
exposure is deslred, this contrel may be used to clear the
diodes by taking the FRG terminal to VYpp. When using the
frame reset. a shutter or pulsed-light input should bs used to
shsure the same exposure for all the photodiodes.

There are two inputs for controlling the frame reset gperation,
the frame reset gate, FAG, and frame reset drain, FRE. In
addition, LE and LO must be pulsed off during the reset op-
eration. The timing sequence for this operation is shown in
Figure 8. The longsst of the control pulses are LE and LO.
They should be held negative 2({) nancseconds longer than
the frame reset gate with pulse width overlap as seen in
Figure 6. The FAD can ba continuously active, but within and
bafore the trailing edge of FRG. FRD must be pulled to
ground to allow the vertical shift registers multiplexing line to
discharge. This is done to ansure that the multiplexing
switches are off.

Device Operation

Figure 5 shows the timing diagram for the device when oper-
ated in the noninterfaced and continuous mode of operation,
It requires two sets of complementary clocks, gy and gy, to
drive the dynamic shift register and ey and axz to drive the
two BBD registers. It also raquires a e T clock to contrel the
charge transfer from the column video lines into the BBDs.
The line reset clack, 6 g, is for blooming contral and has the
same fiming a8 &y, The resst gates orq and opa for the

MLrrere

O I 1 6 O 0 I N e M N W

i pigipipinEuinin

Im—
- Fill & Spill

LT l_"_._ wus‘wp—-—fm—nﬂin=30ns
21=8ys i & 30 ng — fa—
. 12 qar | u
Vidso 4 — R
17 1
Video 1 pERUITInt

Figura 5. TIming Blagram for RAD128MIU Noeninterlaced Continuous Operation




RAOT28NIU

_min = 190 ng i = 100 hg
LOALE || —|
FRG i Y S
— - - B —
FHDny?’ o Cara 7l — min=1.5ms - - — me
ol w—min 0.7 pa min = 254 ps.

Figure 6. Timing Sequence for Frame Reset

output amplifiers are directly tied to gxs and ey, respec-
tively, The timing ralations and rise and fall times of the
various clocks are summarized in Table 3.

Before a new row of diodes is selected by the dynamic shift
register. which occurs when @vy and @yz changes states, the
line resed & 7 should be turned off to prevent signal charge
from being drained into Vpp. A minimum pulse width of g 1
is also required to accommodate complete charge transfer
from the video line intc the BBD register. During the time
when tha signal is baing transfarred into the BBD register, the
@x1,2 Clocks driving the register must stop with the clocks at
high potential on the buckets receiving charge from video
ling. This will cause & desp potential well for the sighal
charge to flow into. The buckets recetving charge for both
the cdd and even transport registers are driven by 2y and
the charge transfer takes place simultanegusly for both regis-
ters during the time @2 is held high. Mote that there is an
extra clock of xs with the 8 T pulsa. The function of this
extra clock is to durnp the "fat zero” charge of the BBD regis-
ter into the video lines, This "fill and spill” action significantly
improves the transfer efficiency of the signal charge from the
vigen lines into the BBD register.

The s T ¢lock is then shut off before the BBD registar shifts
the signal charge to the output amplifiers. During readout,
the: add BBD register preduces the first pixel. it reads out on
the second low-going @xz clock after the transfer period. The
gecond pixel is produced by the even BBD registar. Since
this even pixel must transfer through an extra half-stage,
which is controlled by @y, it is produced when gy goes low.
Thiz provides an easily multiplexed signal by means of &
simple extermal adder-amplifer.

Specifications

Tahle 4 shows the operating biases and clock amplitudes in
accordance with the timing diagram of Figure 5 With the
exception of the supply inputs, such as ¥pp, the input imped-
ancs o input terminals s essentially capacitive. The capadci-
tances are listed in Tabie 2.

Optical to Electrical Performance

Table 5 lists a summary of gptical characteristics, and the
spectral response is shown in Figure 3.

Evaluation Detector Head

A complete LNZ cooled detector head useful for evaluating
the performance and vperating characteristics of the
RAD128NIL is available from Reticon. The head consists of
a LN2 dewar with 4 hour hold time, completa drive and vidao
circuitry, and a 100 mrm F1.8 silicon lens. The output at the
RHO128N| detector head is RS170 compatible video which
can be displayad on any standard TV monitor, Contact your
local sales office for more information on the RHO128NI
datector head.

Table 1. Pin Description

Pin Number | Pin Name Pin Definition
1 Vaun Substrate voltage
2 GND Ground
3 FOF End of frame
4 LG Qdd line control
5 LE Even line control
B =T~ Video line reset switch
7 Vot Qdd analog shift register
inplt bias
8 PR Reset gate clock for the
old reset switch
2] F¥i0 Phase 1 clock to the
! Odd BBD register
10 Y20 Phase 2 clock to the
(Qdd BB register
11 FRG Frame reset gate
12 FRD Frame reset drain
13 VID4 Odd video output
14 NG Mo connection
15 NC Mo connection
16 ¥IDz Even video output
17 Voo Power supply voltage
158 VBUFF Buffer gate switch bias
18 BYoE Phase 2 clock to aven H
BED register
20 Bx1E Phasa 1 clock to aven
BBD register
21 Fre Reset gate clock of the
avan raget transistor
22 Vep Tetrode-gate bias
23 Vaz Irput hias for the even
analog shift register
24 g7 Line transfer switch
25 FStart Start pulse for Digital
dynamic shift register
28 Byq Phase 1 clock to
Digital register
27 Typ Phase 2 clack o
Digltal register
28 NG Mo connection

177



178

RA0128NIU

Table 2. Terminal Input Capacitance

Fln Number Symbol Capacltance {pF)
1 Veun Substrate
2 GND 800
3 EQOF 5
4 1O 17
5 LE 17
8 2LR 17
7 Va1 4
8 =3-%1 3
] Bx10 22
10 Bx20 23
11 FRG 12
12 FRD 140
13 VIO, 12
14 NC Mo connaction
15 NC MNe connection
16 YIDo 12
17 vop 230
18 VBUFF 32
19 BX2E o3
20 By 1E 23
21 PR 3
22 Vg 3
23 Yoo 4
24 eLT 17
25 ?Stan 5
26 ayq 33
27 By3 33
28 NG Neo connection

Tahle 3. Clock Rlse and Fall Timing

’1

Paramatars

T
Min | Typ | Max | Units
@x1. 9z Rise time 20 60 ‘ ns
By, Bya Fall time 20 60 ns
a@yq, Bya Rise time 20 £0 ns
&y (. Byo Fall tima 20 60 ns
Clock crossing dxq, Bx2 ol 40 50 % ¥Yon
Clock crossing @yq, Byg 20 50 1 a0 % VoD

Hota:
1

Clocks may ke nonoverlaping with maximurm of 50

nanosaconds dead time between rising and falling edges.
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Table 4. Electrlcal Characteristics (77°K)

l' Symbol Parameter Min Typ Max Units
| o Bucket-Brigade registar High Vop-1 VYppo-0.5 Vop v
clock Low 0.5 03 0s
P Ay Digital register clock High Vop-1 Voo .5 Voo v
Low 0.5 0.3 0.5
H T Lime transfer ngh UDD—‘l VDD-D 5 VDD 1Y
Lo -0.5 0.2 0.5
oL Line reset High Vop-1 Vpop-0.5 Voo v
Low 0.5 0.3 0.5
BR Video reset High H Voo Yoo+t Ypp+1.5 v
Low 05 0.3 0.5
BStant Digital register start pulse  High I Vop-1 Vop 05 Yoo v
Low 05 \ 0.3 \ 6.5
BERG Frame reset gate Higth Vpo-1 Voo 0.5 Voo v
(frame resot mode anly)  Low -0.5 3 05
2FRD Frame reset drain High Vop-3.5 | Vpp-3 \ Vop25 W
iframe reset mode only)  Low 0.5 0.3 0.3 ‘ \
EOF End of irame High Voo V|
{sync curent) Low 1.5 mé \
Voo Fower suppiy voltage 12 15 18 v
Vi BED input bias 9 10 Mmoo,V
VBUFF lsclation gate bias Vop-2 Ypp-1.5 Voo W ‘
Vep Transport bias Vo3 Yop-2.5 Vo1 v
Ysub Substrate voltage -1 0 W
LO&LE Line control Vop-1 Ypp-0.5 Yoo ‘ v

Tabie 5. Electro-optical Characteristics (77°K and 2.5 MHz Pixal Rate)

Paramater l' Typical || Units
Architecture Photodiods
Array size 128 x 128 pixels
Pixel size 60 x 60 um?
Fill facter 59 Yo
Chip size 433 x 453 mil2
Cutoff wavelength {iy) Optical: 5.0~ 5.5 M
Saturation charge (Qgap 2000K alactrons
Electron sensitivity 0.7 yWe
Horizontal clock fraquency 5 MHz
Maximum deta rate 10 NHz/pixel
Frame rats =450 frames/sac
Horizontal CTE ».999396
Readout noige at 80K background 2000 electrons s
Readout noise at 300°K background 2200 electrons rms
Dynamic range >1000:1 peak signal ko rms noise
MRAT {without uniformity correction) 1 o
Uniformity  {stement to element) 20.5% s

{overall) £45%
Offspec pixels =20 pixels
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Ordering Information

Part Number ‘ Detector Head
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Sl Series
PtSi Solid State Line Scanners

General Description

Reticon has successfully combined the advantages of
thin-film platinum silicide Schottky-barrier diode {PtSi SBD)
techrology with seif-scanned readout methods to produce &
self-scanned PtSi infrared linear array for scientific applica-
tions. This device is available in a standard 34-pin dual-inline
ceramic package (which accemmodates backside-ilumination
of the chip and simplifies the cryogenic cooling requirement}
as shown in Figure 1. Table 1 shows the pin definition of tha
P51 51" series arrays.

Since the substrate material is silicon, backside-illumination of
the chip has the inharent advantage of blocking the visibie
and very near infrared photons {i.e., by absorption) from
reaching the photo-detector area. In addition, long wave-
length infrared photons lack sufficient energy o excite
carriers to jump the metal-semiconducter {i.e., Schottky)
barrigr thus limiting the photoresponse from the shortwave
infrared (SWIR) to the midwave infrared (MWIR) spactral
region.  The result is an array which is sensitive o wave-
lermgths fram 1.1 10 5 um without the need for external filters.

The array comes in two sizes, 1024 and 512 elements. Each
element of the array is 25 um wide and 2500 um long giving
each a slitdlike 100:1 aspect ratic suitable for coupling to
monachromators or specstrographs. Applications for this array
include: IR spectroscopy, remote sensing, push-broom imag-
ing, and industrial temperature monitoring.

Key Features

PtSi Schottky-barmier diode

1024 and 512 element IR linear array

25 um pixel-to-pixel spacing

2.5 mm pixel length

S0% fill factor

1.1 to 5 pm infrared spectral response

Belf-scanned structira

Excellent slementto-slement nernuniformity; <1% rms

Sensor Characteristics

The photasensing area of this device is composed of an array
of thin-film PiSi SBDs. The pixslto-pixel spacing is 25 pm.
The pixel langth is 2.5 mm. Each PtSi SBD is surrounded by
an nt guard ring for suppressing leakaga current. A channgl
stop i5 used o separate two adjacent pixels. Figure 2 shaws
the sensor geomatry. The photo sensitive area of each pixel
is 15 um x 2500 mm, The length of the senser elements is
2.5 mm giving each element a slit-like gecmetry with 100:1
aspect ratio suitable for coupling te manochremators or spac-
tragraphs. Figure 3 shows the typical spectral response and
quantum efficiency.

NG f] 133 ] NG
NG 2|30 NC
NG [ 3 32 [ NG
NC [ 4 arf BT
Temp Dipde 1 [ & 300 &,
NC I 8| |28 vay
Yo O F z8 [l @z
NG [ 27 1 NG
Vaug 0 9 26 | Vs
NG D10 | 125 opas
Bpao Q11 24 1 ®pap
TempDipde2 Q12| [23[ Vug
Veoo 013 | 1220 Vags
Your 1 Voour
NG I MNC
[ I NC
NE I MC
Figure 1. Pinout Configuration
-1 ] N+1
%f—’-— \ 2.0 mm
\-..______—-/
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Figure 2. Sansaor Geometry
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Figure 3. Absolute Quantum Efficiency versus Wave-
length. Typical Reticon PtSi SBD shown, Optical cavity
peaked for 3.5 um wavelength.
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Operation

In order o understand the operation of the PtSi SBED array, it
is helpful to know some of the similarities and differsnces that
exist between a p-n junction dicde and an SHD detector. The
SEBD operates in the storage mode just like the p-n junction
diode. |ts capacitance per unit area is about the same as the
p-n junction diede and they both have a similar voltage com-
pliance. Therefore, the saturation charge is comparable for
similar diotle areas. The SBD also has reverse hias charac-
teristics similar to the p-n1 junction, however, its dark leakage
currenl is several orders of magnitude larger than that of a
p-n junction of the same area at the same temparature. As a
rosultit is necessary to cool the SBD array in erder o reduce
the dark leakaga current to a negligible value. In order to
realize reasonable integration times, the array must be oper-
ated near liquid nitrogen temperatures fi.e., 77°K}.

Both the SBD and the p-n junction dicde are photon detec-
tors. However, they differ significantly in sensitivity. [n the
visible and very near infrared region, photons are absarbed in
the bulk silicon and a p-n junction will collect charge gener-
ated up to a distance of a diffusion length. As a result, & p-n
junction detector has a collection volume mueh larger than
the actual depletion region of the junction. In contrast to this,
photons. in the infrared spectral region ave not absorbed in
the bulk silicen but only in the thin silicide fiim. therefore, tha
colfection volume of a SBD is much smaller than that of a pn
junction detector. This is one reason for the much lower
sensitivity of the SBL as compared to the p-n junction detec-
tor of equal surface area.

21 92
b e
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FtSi Lf lf T i Ei

Figure 4. Equivalent Circult

Scanning Circuit

The simplified equivalent circuit of an 3l Seres P3| array is
shown in Figure 4, Each cell consisis of an active SBD
photodiode and a dummy photodiods, both with an associ-
ated storage capacitance. These diodes are connected
through MOS multiplex switches to active and dummy video
lings. Tha shift ragister is driven by complimentary square
wave clocks with perodic start pulses being introducad to
initiate each scan, CelHo-cell sampling rate is determined by
the clock frequency. Integration time is the interval between
start pulses. The output signal obtained from each scan of
an N elemant array is a train of N charge pulses sach propor-
tional to the light intensity on the corresponding photodiode.
in addition to the signal charge, switching transients are
capacitively coupled into the active video ling by the multipiex
switches. These same transients are introduced into the
dummy video line and, therefors, can be eliminated and a
clean signal recovered by reading out the video and durmmy
lines differentially.

Clock and Voltage Requirements

Scanning is achieved by means of a digital shift register. The
shift register is driven by complimentary square wave clocks,
@q and gz The clock amplitude should be egual to
Voo - Vgs. With Vpp - 5V and Ygg = OV, the clock inputs
will be HCMQOS compatible. Since each photodiode is read
out en the positive transition of 9», the frequency of the clock
sighal should be set equal to the desired video data rats,

The start pulse of similar amplitude to the clocks is reguired
to lnad the shift register and initate each readout period. A
timing diagram for the start and clock signals is shown in
Figure 5. MNote: o4 and @y clocks need to be continuously
applied to the devica, The time between start pulses deter-
mings the integration period. MNote: Six dummy dictdes are
providad for dark reference at the front of both the
RLOS125IU and RL1024SI1U.

End of Scan

An output pulse useful primarily for test purposes is provided
after tha last photodiode is sampled by the shift register
scanning circuit. The timing of the EOS output is shown in
Figure 5. The voltage levels on the EQS cutput will be detar-
mined by the V¥pp and Vs voltage levels supplied to the
photodicde array. When Vpp is at 45V and Vg is operated
at OV, the EOS output will be compatible with HCMOS family
of logic devices.
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Figure 5. Timing Ciagram

Amplifier Requirements

A recommended output gircuit for use with 3| devices is a
simple current amplifier. A current amplifier hoids the video
line at a wirtuai ground and senses the current pulses flowing
inta the video line to recharge the diodes through their
reapective multiplex switches as they are sampled in se-
quence. These current pulses are converted to a train of
voftage pulses corresponding to the light intensity on the
vatious diodes. In this mode of operation, the current
amplifier must provide a positive bias voltage to the video
line sincea the PiSi photodicde is reverse biased in actual
operation. Figure § shows a simple recharge amplifier suit-
able for use with S series devices.

Dark Current

BDuring normal operation, at liquid nitrogen {i.e., 77°K) tem-
peratures, the array will saturate in =10 seconds due to dark
current lzakage. Under actual operating conditions, however,
the meaximum integration time is usually determined by the
background photon flux hitting the detector and not the dark
current leakags. For unfilterad 300°K blackbody radiation,
the array saturates in :=0.1 seconds with standard FOV
apeitures in Reticon’s standard evaluation detector head.

Evaluation Detector Head

A complete, pour filled LNa cocled detactar head ussful for
evaluating the performance and operating characteristics of
the Sl Series arrays is available from Reticen. The
AHO51251U or RH102481U consists of a 512 or 1024
element PtSi linear array, an | Ny dewar with =8 hour hold
time and complate drive and vidso processing circuitry.
Cantact EG&@G Reticon for more information.
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Figure 6. Simplified Recharge Mode Video Amplifier

Table 1. Pin Definition of the Wide Aperture, Linear
PtSi IR 51 Series Array

Pin Number | Pin Name Pin Definitlon

1 NC

2 NG

3 NG

4 NC

5 D1 Temperature diode #1

& NC

7 Vo Guard ring voltage

8 NC

g Vaub Bottomside subsirate contact
10 N
11 PRGG Active video reset gate
12 TD2 Temperature dioda #2
13 VRDOO Active vidao resat drain
14 Vout Active video output
15 NG
15 NG
17 NG
18 NC
12 NC
20 NG
21 Vpow  ; Dummy video cutput
22 VRrDD Dummy video raset drain
23 Voo Scanning register (N-Well)
24 "' @pep Dumrmy vickeo reset gate
25 BEOS Entd of scan pulse output
25 Vaub Botiomside substrate contact
27 NG
28 i as Shift register clock; phase 2
29 Vag Topside substrate contact
a0 = Shift register clock: phase 1
ey FaT Start pulse input
32 NG
a3 NG
34 NG
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Table 2. Electrical Characteristics {(25°C)
{AlF voltages measured with respect to Pin 29, Vgg)

Signal Sym Typ Units
Scanning register {N-Well) Yoo 5 v
Guard fing Vg, 5 v
Substrate Ygg, Vaup 0 v
Start pulse wgt VHy High 5 v
Vs Low 0 v
Clock 21, ap VH1 YRz High 5 '
Vi, Vio Low 0 Vv
Reset gate @0, BAGD Virso, VARG  High 5 v
VIRGo. VLRGD  Low 0 Y
Video bias Yout ¥Dout 25 v
Reset drain Vroo. VROD 25 v
Chack rate o4, 92 fq, fo 1 MHz {max
Capacitance 4. B2 C1.Cs
at &Y bias '
RLOs125iU 31 pF
RL102451U 35 pF
Capacitance, each video Cout: Coowt
ling at 2,5¥ hiag !
RLO5123IU 10 ) pF
RL10248IU 18 | pF .
Note:

1 Calculated, not measured.

Table 3. Electro-Optical Characteristics {B0°K)

i Parameters Typ Units

| Center-to-center spacing 25 prm

| Pixet width factive area) 15 Ty
Pixel length {active area) 2.5 mm
Fill factor 80 %
Number of pixels 1024 angl 512 elemants

| Quantum efficiency € 1.15 um B %
Cutoff wavelength {Ag) 5.0 pm
Maximum rsadout rate 1 1 hHz
Saturation charge 7 pC
Saturation voltage 2 7 v
Dark signal (80°K dark slide) 0.15 W
Light on signal (300°K blackbody) £ 3.5 V
Light off signal %3 2.5 v
Themodynamic noise {300°K blackbody) 2 1.0 mVeme
Dynamie range <+ 3500:1 rms
Pixel-to-pixel nonuniformity {300°K blackbody) 2 <1% ms

Nates:
1 Calcutgted, not measured

7 Measured using RH102451U Evaluation Dewar with no cold filters and 2 41 ms

integration time

2 Measured with the dewar window covared by a black anodized afuminum blank at

ambient temperature

4 Dyn R = (Vggar - Light an signalthermodynamic noise}
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Table 4. Absolute Maximum Ratings
'

Min Max | Units

Voltage applied to any terminal ‘ 0 +15 1
with respect to Vag

A B

ALosizai [ o567 006 | 0.504 inch
RL10245IU 1 1,071 =011 | 1.008inch |

Fin 34

e A {window} sl
- —— B [gensor)

L | . | '—|“.5EL,010

0.162 & .009 ¥/ /7 Sensing Area 77/ 7/ e.0se
t

Pin 1

P
\\ |

- IR

N\ ™ o

‘ 4001005 w |-
1,800+ 003

ANANARANANANYY

{Emnpty)

—= 'S0 mils + 2 mils
| 25+ 2 mils
[ 25+ 2 mils
‘ ‘ l=——100 1 5 mils

Figure 7. Package Dimensions (all dimensions are typical and in inches unless otherwise specified)

Qrdering Information

Array Evaluation
. Part Number Detector Head
{includes detector)
RLOS1251U-011 RHO51251U-011
I RL102451-011 RH102431U-011

055-0298
March 1992
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Custom Arrays
- |

EGA&G Reticon prides itsslf in having the broadest selection of image sensors of any
manufaciurer, enabling users to select an off-the-shelf device for use in a new product design.
However, some naw product requirements cannot be satisfied with available devices. In order to
provide the optimal new product spacifications, a special image sensor may be required.

EG&G Reticon offers a full custom capability to satisfy numerous special heads:

+« Charge-Coupled Devices (CCD) -- Our advanced CCD technolegy offers high data rates,
low noise, and small pixel gaometries. Also, we can combine CCD technology with backside
thinning of dice for greater sensitivity and UV response.

EGAG Reticon offers custom CCD analog signal processing capability as well. We make CCD
transversal filters, convolvers, binary-analog and analog-analog correlators, beam formers,
mulliplexers, adaptive equalizers, and many other innovative custom CCD products. The many
high-frequency applications for these devices include DFT spectrum analysis, spread
spectrum processing, voice Processing, sonar processing, and modems.

+« Page and Character Scan Image Sensors - EG&G Reticon is a leading supplier of
image sensors for scanning applications. Whether you need a matrix configurattan for OCR or
a long-line lingar array for scanning documents, we can provide a custom configuration to
satisfy your spacific requirements.

+ Spectroscopy Image Sensor - We introduced the use of wide-aperture image sensors
for spectroscopic applications. Wide-aperture devices provide the highest possible dynamic
range for special applications. Alsc we make sensors with fiber optic faceplates for coupling to
image intensifiers, achieving still higher performance.

+ Special Image Sensors -- We handle the many special requirementis needed for state-of-
the-art imaging systems. We can provide devices with high-resolution pixe! geemetries, ultra-
low noise performance, and super-high pixel scanning rates using special parallel processing.
Also, we design custom multiplexers for IR sensing devices.

To sustain operation in special environments such as space, cryogenic, and military testing,
unigue packaging configurations can also be provided.

Customn image sensors are available with many different window configurations, Glass and quartz
are used on standard devices, and sapphire, fiber optic, or other materials are also avatlable.

Please consult our sales offices to discuss your custom requirements.
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M Series
Multiplexers

The EG&G Rsticon M Seres paralls/-in-serial-out multiplexer
is & general purpose digital scanner for hyhrid imager appti-
cations, especially applicable for infrared arrays made with
compound semiconductor materials (InSb, ste.). These de-
vices are available in die form and dual-inline packages for
evaluation and/or nophybrid applications {see Figure 1).
A simplified block diagram of the multiplexer is shown in
Figure 2.

The M Series is available in four lengths (32, 64, 128, or 256
multiplexing switches) on 4-mil centar-te-centsr spacing.
Each switeh has an input cornestion banding pad on-chip,
with a 70 pm x 200 pm area for wire bonds or flip-chip bonds
{see Figures 3 and 4).

Mirrar-image configuration iz provided for interdigitated image
applications {see Typical Application). Tha M Series is fabri-
cated in standard Reticon PMOS silicon gate technology.
Very small photodiodes are eohnected to the multiplex
switches for use in testing.

Key Features

« 32, 64, 128 or 256 slemsnts (RLO032MW, RLOCE4M,
FLO128M, and RLO256M respectivaly)

* 100 pm spacing

+ On-chip bonding pad suitable for wire bonds or fitp-chip

bonds

Photadiode with each bonding pad for optical testing

Standard and mirror images availahle for interdigitated lin-

edr array

Low power requirements

Diode reset feature

Dummy videa output for fixed pattern cancellation

Low output video line capacitance

Operation

As shown in Figure 2, the shift register is clocked with a two-
phase complementary clock {see clock specifications). A
start pulse is required to initiate the scan {ses start pulse
specification). Upon entry of the stant pulsa, the dummy and
the active video signals are sequentially intarrogated through
the multiplexer switches as the loaded bit is clocked down the
shift register. An End-Of-Scan (EQS) signal ocours at the
termination of each scan.

The off-chip sensors are bonded to the pads. There are two
sets of switches, one an active and the other a dummy
switch. The sources of the active switches are connected to
the bonding pads, while the dummy switches are not con-
nected to any pads. When the switches are simultanecusly
scanned by the shift register, both the signal charge and the
dummy signal are read out through the active and dummy
vide lines, respestively. Tha dummy video line cutput signal
is then subtracted from the active video line output signal in
external cireuitry, minimizing the fixed pattem noise gener-
atad by tha multiplexing switches.

s it 2finc Nz [ 29[ Siart
Lomman [|2 I H [ 2* [} common
o, [lx 20[] NAz me[Js 2y
o[+ [] Wit MG [+ 13| e,
E"SS:; i HB{] M Wz [ls 1 ]ggﬂD1
Bubsirae [la ] ubstrate Sutstraie [|§ 17 (] suterale
our [ lve wolp w2
e Tla N we wers I8 15]] s
Bare¥ [ 1aflne wiolla 1af) Demm
Here}’laifzg [ 2l R I-'| 1o 1 ;Flsﬂ:;?snas
ﬁﬁg[ﬂ 12; His T u]ﬁbl‘f
—ulr Righit

Figure 1. Pinout Configurations

I

3] 4 Substrate
Video Reference
E: Video Reset
L —

i Dummy Video
@q In 2
o N > Shift Register << End of Scan
Start In >+
{5 o Active Video
E Video Reset
Bonding Fads Video Reference

—{f < Subsirata

Flgure 2. Simplifled Block Diagram of the Multiplexar

Multiplex switch resistance as a function of clock voltage is
provided in Table 1. The test setup used to obtain these
resistance measurements is shown in Figurs 8. /O capaci-
tance is given in Table 2.

Reset switches are provided on each video for use in signal
processing (see Typical Applicationl. The switch resistance
values are given in Takle 3. A reset swilch resistance mea-
surement set-up is shown in Figure 10.

General /O timing relationships are shown in Figure 5. The
detailed clock specifications and timing are coversd under
Clock, Start and EOS Specifications.

345 POTREARO AVENUE  SUNNYVALE, CALIFORNIA 94086-2197

(408) 738-42668 FAX: (308) 738-6972
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M Serles

Left Image
Arive Raget
G []3mm Eos[&] ez [Z]
[2] oummy videa o,
[2]vidse Raferenca Common{g]
fove OO0 \\OOD  swef@
...... 3 21
Input Tonnection
gl M. 3 a2 A
vaes Q0 aoo Start [T7]
—={ =100 um
E\Fideo Referevice Gnmmonm
Dummy Yideo a,
(5] Qummy Eos[e]e,
Actva Resat
Right Image

Figure 3. Left and Right Sida Flip Chip Set {Shift Register
Seanning from Right to Left)

The photodiode sites, indicatad in Figure 2, ara usad for test-
ing. They are sach in parallel with a sensor bonding pad;
together with the pad, each represents & capatitance of 0.3
pF.

Electrical Specifications
1. Shift Register Clocks (o4 and @z}

Thess clocks operate the shift register. For optimum multi-
plexer oparation the ciocks should cross at the midpoint. Fig-
ure & shows the typical midpoint crossing of 50%. The range
of operalion should be between 25% to 75%.

The clack rise ({t) and fall {) times should be between 5 na
and 100 ns. The cleck amplitude operates within the range
-8V to -16¥ and is typically at -15¥ with respect to the sub-
strats. The clock frequsency f{o 1) ranges from several kHz to
7 MHz.

2. StartPulse (BgT)

The start pulse (@gy) Inads the shift register with a voltage
pulse ta initiate the scanning process. It loads the registar on
each gp low-to-high {negative-to-positive) transition as long
as the start pulsa is held low. Thearefore, to ensure that only
one bit is loaded, the start pulse should be 10w during only
ohe go riging edge. Figure 5 illustrates the timing relationship
with respect to @z, The rise (i} and fall () times should be
between & ns and 100 ns. The clock amplitude of ég7 should
be between -10V and -7V, The setup time (taq) should be at
least 30 ns, the hold time (thgg) at least 30 ns, and iy at
lzast 50 ns.

Note: The shift register will load multiple hits if the start pulse
is low for more than one o) rising edge.,

3. End of Scan (EOS)

The EOS pulse is generated at the output of the shift register
to mark the termination of the scan. The last position is

T Bl Al v
BB B
- E N
O

mel
0 b
| .
mEm .
=i -
0

¥ % ﬁ % N % ‘{///I’: %

Sum-—3= - L
= F0pm e Al Bonding Pad
D A Bonding Pad.

Flgure 4. Swltch Connection Bonding Pads

accessed with the g4 clock going negative. On the next g2
falling mdge, the cuilput pulse is applied to the gate of the
EQCS transistor. The drain of this transistor is brought out on
the EQS pad, and the source is tied to the commorn. There-
fore, tying a resistar »5KG from EOS to -5V {referenced to
substrate) provides a foad on which a positive-going pulse is
observed upon the scan termination. See Figure 5 for EQS
tirning ralatienship referenced to ;. The internal delays (de-
lay for Tum On [tgn] and Tum OF [tyf) are typically in range of
50 ns = tgy < 100 ns and 10 ns < g < 100 ns. The internal
switch resistance with -15Y clocks is typlcally 8Kk EOS
amplitude is determined by tha value of the resistor tied from
EQS ta the minus supply. Typical resistance value of 10K
provides a positive-going 4V pulse.

Typical Application

Figure 7 shows the interdigitated application of the mirrcrad
devices where both left and right side devices are used with
an array of sensor diodes. Al three chips are bonded in a
hybrid substrate, the pads bonded as shown. The clock
inpuis and video outputs are then bonded either to other dice
on the substrate or to pin connections on a package to ac-
commadate inputs and cutputs for the clocks and the viden.
In this particular application photodiodes are accessed by
using two devices, ong for aceessing the even numbared
diodes and the other far the odd numbered diodes in the
array. When the multiplexers are scanned, integrated-image
charges will appear in sequence at the output, each one
propartional to the light exposure at a given site.

Feset switches are provided for use in signal processing.
They can be usad to integrate signal charges on a capacitor
{i.e., the video line capacitor or an external capacitar) then
used to reset the capacitor after each multiplex site has been
read out {see Figure & and Figure 8).
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Figure §. General Linear M Series Timing Diagram
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Buifer Amp [ Shitt Register |
5 + ’ A
-La Video Multiol
—-1- ultiplex
A4 out — — “witch 10K
Integrating
]
Resst  capacitor PAD
B
Sﬁrls‘;or Se:lsor Ressat switch KLY
Note: v

The reset switch'can be continuously active, while the

shift register remains inactive, thus discharging any
extransous charges accumuiating on the video ling.

Flgura 8. Reset Switch

&

voLy

The resistances were measured Using
paints A and B in the circuit as shown.

Figure 9. Multiplex Switch Resistance Test Set Up

. Dummy

' Video

—
10K

. Active

f Video
10K

Dumrmy [:l Active Video

Reoset Reset Heferanoa
\_V_"
Gate

Flgure 10. Reset Switch Aesistance Measurement Set Up
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Flgure 11. Test Clrcult
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M Series

Table 1. Multiplax Switch On-Resistance versus
Clock Amplitude

Small sample variations are lass than 5% of the typical
fesistance.

Clock Typical

Amplitude Resistance
-16¥ 83 KO
14y 10.5 K
-13¥ 15.0 KQ
-12y 267 Ki)
11 B8.0 Ko
10V 235.0 Ki

Table 2. /O Capacitances 1,2, 3

Devica Type
256 Tapse |128 Taps | 64 Taps | 32 Taps

%1 81 41 2 ' 13

@xn &1 4 w2 13
| Bgtart 4 3 4 3
; EQS 20 1" K 5
Active videa 15 B o] 4

Dumimy videa 15 2 5 4

Active reset 4.5 3.8 1.2 3

Dummy reset 45 3.8 1.2 3

Video reference 5 3.5 1.2 3.5
Nates:

1 Capacitance in picofarad (pF).
2 Measursd with bias of -5V (with respact to substrate).
3 The readings are typical values.

Table 3. Resat Switch On-Resgistance versus Reset
Gate Yoltage

Rezeat | Reslstance
Gate Voltage ! of Reset Gate
-15Y 3.3 ki
-14% 35K
-13V 3.7 K&
12y 4.7 KL
=11V 4.7 KQ
-0y 52 K2

Table 4. Electro-Qptical Characteristics {25°C})

Min | Typ | Max | Units
Center-to-cantsr spacing 100 pm
landing pads
Pad aperturs width 175 T
Pad capacitance .03 ., PF
Dark fixed pattern ! 3 1 %Vsar
nonuniformity 1. 2,5
Between adjacent Z | %eVgar
elements 1. 2. 5 :
Photo response . 7 +10 | %
nonuniformity 1. 3.5 '
Dark signal leakage 1. 4. 5 4| WV
£nd of scan resistance ] 10| K
Saturation 1, 3,5 13| 16| 18|V _|
Notes:

1 Allmeasurements taken with typical clock and power supply
voltages, using test circuit in Figure 11,

2 Grantime =1.3ms

3 Using 2870°K light source with HA-11 filter

4 Measured at 40 ms scan time

% This specification applies to the small photodiodes on the
die used to test the multiplex switches,
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M Series

Table 5. Electrical Characteristics (25°C}

Min | Typ | Max | Units
Clock amplitude 1 9|15 | 16| ¥
Start amplituds 1 -7 A0 | ¥
Reset clock amplitude 1 Tl 18| <168 W
Common voltage +4.5 | +85 | +55 | ¥
Substrate voltage +45 | +5 [ 455 | V
Video reference 2 2 D10 |V
Clock frequency 7 | MHz
Notes:

1 Measured with respect 1o substrate. Substrate is normally
run at +5V for compatibility with TTL ¢lock circuits.
2 With +5V substrate and -15V clock with respect to

substrate,
A
RLOO32M | 1.080+.011
RLOOG4M | 1.080x.011
RL0128M | 1.080+.011
RLO256M | 1.600+.018
Chuartz Window [Taped Ong
W
“‘m._\_; *riﬂt ooz
3901010 E(—Silicon Chip
o L 048
! s o o b 04Bx010
[ M

1{

- T 100008
I-— 10404008 —.lk

Flgure 12. Package Dimensions

Ordering Information*

Mux Package Die
Type Order Number Order Number
RLOO32ML RLOO32MAU-011 RLODIZMALD-001
RLOG32MR RALO03ZMAU-(20 RLOG3ZMAD-002
RLOGGAML RLOOG4MAL-011 RLOGE4AMAD-001
RLOOB4MR RLODG4MALU-020 RLOOBAMAD-D02
ALO128ML RLO128MAU-011 RLG128MAD-0D1
RLO1 28MR RLO128MAL-020 RLO12BMAD-002
i RLO2E6ML RLO258MAU-011 RLOZGEMAD-001
1 RLOZ256MR RALOZ56MAL-G20 RLO256MAD-002

L denctes left element mux
R denotes right element mux
*Includes standard devicas. For all options, consult your local sales office.
055-0209
January 1932

£ 1BBE EGRG RETHCON. Contants may nol ba rapreduced In whole orin part withaut the writlien consent of EGRG RETHCGHN. Spaclhcallons ere subjac to charge wilhout nedlce. Prinled In
W.5.A. Informatizn formiahed heesin is balievad to be courets &nd ralisbla. Howavar, ne respanelblity 1e assumed by EGR&G RETICOMN for 113 we, nor for eny infimgement of patents o ciher
rights &f third parties which may rasult from itz was. Ma licanse ia grarved by impdication er atherize undar 2y patant ar pebent rights of EGAG RETICON.



RAO0128M

| _
‘ érIQ EG:zG RE TICON Solid State Area

MuHltiplexer Array |

General Description

Comman 024 &y
The RADIZ28M is a 128 % 128 area multiplexing array. This ECF 123 @y
device is derived from a slight modification of the EG&G Reticon LO 22 Ysan
standard area image sensor (RA0128N). Each sensing diode is LE d21 LT
madela accessible direutl;é from the surface of the device through LR 020 VG, Even
an aluminum matal landing pad. The dimansion of the metal
landing pads are 50 wm x 50 pm. Using this landing pad, ather ggg zg‘ % 13 :,SE Ever
types of sensing materials can be coupled to the sensing dicds ! 2
otthe devica, and thus it can function as a multiplexsr to read cut Odd{ @ x4 017 exy } Even
the video signals detected by the foreign sensing materials. @ xz . 116 @x
Figure 1 shows the 10 pad layout of the RA0128M. Figure 2 FRG 100G H15 Veyre
shows the cross section view of gne multiplexer cell. FRD 11 [ 114 Voo

Oad ¥IDy 12 [ [113 WID, Even

The opsration and specifications for the 128 x 128 device can be
found in the RAG100A/RA0128N datashest. Essentially it is a Figure 1. Pinout Configuration for Packaged Devices
two-dimensional self-scanned optical sensor with optimized
characteristics. 16,384 discrste photo diodes are geometrically
arranged into a 128x128 matrix. The center-to-center spacing

of the photadiodss are 60 um In both the horlzontal and vertical LO BOF GND &y, &y ¥

Start

directions. A two-phase dynamit shift register is used to scan O o o o o 0o Y
the vertical lines in saquence. When a vartical line is addressed LE | o ot
by the dynamic shift register, the signal charges stored in the
sensing diodes in that line will be transferrad in parallel inta two LR | O o | Vg Bven
vertical buckat brigade (BBDY analog shift registers. The odd-
numbered diodes are transferred inta one BBD register, and the Yo O | o il a5
evan-numbsred dindes into another BBD register. Tha signal o Odd & Even SOUArE
charges are then clocked out to two quiput nodes, whera the R = B
charges are conver?ed into_viqao voltages. The RAD126M is 5., 08 | o ol ay, Even
packaged in a 24-pin dual-in-ling package with a ground pal-
ished window covering the mask-defined activa arsa. However, PO | o o | 0yp Even
the RAQ128M is usually delivered in die form singe it requires )( O @ B o o o ¢
additional processing steps far coupling the detector sensing
i i FR ADFR Qdd Even V. V

material onto the device. vID, V‘I'De: oo Y Buf

Apenure Gontains

Fixels on 60 M

Canter-io-Contar

Spacing

Figure 2. Pad Layout for Unpackaged Dla

Alurninum
Matal Landing

Fad for IR
Delector  erlical Mux Column Vidao
/_ Switch (Cannectad to BBD
Regizter Through A
5—';‘—‘;‘#'/—( Transter Gate)
Channel
E 1 l w Stop

Flgure 3. Cross Section of One Multiplexer Cell

345 POTREROD AVENUE  SUNNYVALE, CALIFORNIA S4086-4197  {408) 736-4266 FAX: {408) 738-6379
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RAQ128M

Quartz Window Edge

el 0302 | —| |—0.030 0.002
1 3 1 1 1 1 e
Quarz
Window Silicon
i Topee N Chip
< Sansing ¢ 0.302 595 .010
ity T +
e
| NN R NN [y N S [ N [ NN G NN D S B SR G bkl NN R S )  S—|
—— 1200 01— ] —p| |o—0.051 0.010
—
0100 0.005

|<71.100 0.00544

Figure 4, Package Dimensions {in inches) for the RAD126MAU-111

Ordering Information

Multliplexer Package Dle

RAO128M RAC128MAL-111 RACG128MAD-002

D55-0224
Octaber 1991
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Typical Evaluation Board Performance Gharacierisiics

ea-‘\\
s D Rh) @Sg -
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& & 5 SRS
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& ‘bf S » q@&iﬁ & o
& @9*‘ xf’ ﬁ{\é@ @L@‘* @q\@’ S éo& X 5%
& a (\ ﬁ \@E\
« é"q’v‘“ S L0 QM@ «.ﬁ%@ ¢ 8
+5Y | @300 mA Solder terminals!
RCO20GLMNY recharge | 1B | @ 7S mA Included in 14-pin DIP 45% 6.5
RLOOG4AAG | RCO201LNN {neg) +18Y | @ 40mA | A&V 50kHz | 200kHz | 1oOmy dak pattem 361 | socket 225538 ]
Y| @400 mA
RAQ00AAL +18¥ | @150 mA Dual 22-pin PCB
RADTO0AAF | RCO5028NA SH -5¥ | @ 40mA | 20V |500KHz| S5MHz | 20mv | BODmY | Smv 70011 | edge connector | 4.5%65 1
Dual 22-pin PGB
RA1441AAB | RCOSO1ANN | Buffered | -15% | @ 50mA | 20¥ | 50kHz| 400kHz | 106mv | 200mv | WA 201 | edge comnector | 45x 4.5 14
+8Y | @100 mA
+15Y | @200 mA Dual 22-pin PCH
AAN256BAQ | RCOS03ANC SH 15 | @150mA | 3.8Y |1OMHz| S8MHz | 2omV ] 3s0my | 15ev | 2304 |edgeconnactor | 45x65 1
+5Y | @560 mA Dual 22-pin PCB
Pulged | +15¢ | @800 mA adge connector
RL12B4DAG | RCOT16LNE-020 | {neg) 15 | @ 50mA | 15V |10MHz| 10MHz | s5mv | 200m¥ | <Imv | 1B00H | (156'SP) 45%9 B
+5Y | @500 mA Dual 22-pin PGB
Pulsed | +15Y | @300 mA edge connectar
RL1288DAQ | RCO716LNB4011 | {neg) 5V | @ s0mA | 15% |10MHz| 10MHz | <Smv | 200wy <tmy | 15004 |(156'SP) 4559 16
+5 | 3200 mA
rechange | -1V | @ S0mA 8 Male wire wrap
RL128GAG ) RCO301LNN {pos) S0V | @ S0mA | A0V 75 kHz 1MHz | 300my 300 my 10 my 30001 | pinson AG-C 323 1
Dual 22-pin PGB
edge connector
RCO106LNBY S'H -15% | @300 mA {198"SP)1E pin | 4546/
RLO128GAG | RCOO4LNN {neq) +3Y | @TOOMA | 24V | 30 kHZ 1 MHz 30 my 7B my §my aoor1 | socket ax3 ]
25mv [ 4000
HEY | @ 75mA 15B) {36 {Dual 22-pin PCH
+5 | @ YO mA 125 my| BOOD:1 | edge connector
SB/TB Serias| RC1030LNN SiH ASY | @ BOmA | 10V 50 kHz (TE} e} | (156'3P) dxa 1
February 1992 Page 1
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Typical Evaluation Board Performance Characteristics

RN

) )
3 &
=
o @é“ @&é@@@ ) 5 @@ 4@ 85
f f s ST &E F ‘g"“k 0*‘&9 ée?'
& & S @@ ﬁ
9" gﬁ 12 /S & & «@9
+15Y @ 75mA Dual 22-pin FCB
RG1010LNN | S/H +5V 2200 mA afge cannector | 45xH
SR Series RC1OTILNN | (reg) -15Y @ 75mA | 5.5V 100 kHz 30my | 20001 | {.156"SP) 453 1
+18v @450 mA Dugl 22-pin PCB
Pulse +5V @B mA edge connector
RA2048) RCO505ANN | (neg) -16Y @150 mA | BV 250 kHz 8MHz GAGmY| 5600:1 | (.186"SP) 43x93 16
Dual 22-pin PCB
gdge connector
RCCHOOLNE § SH BV | @300mA {156'SPy16ipin | 4.5x 8/
ALO256GAG | RCOTG4LNN | (neg} +5Y &Tooma | 1.8¥ | 300 kHzZ 1 MHz 20my | Tomy gmy 20011 | socket Ixnd 1
+BY @200 mA
recharge | +15Y @ 50ma B Male wire wrag
ALOZAGEAG | RCO3EILNN | {pos) A6V | @ S0mA | A0V | TSkHz| 1MHz odmy | 300my 10my 3007 | pinson GG 3x3 1
Dual 22-pin PCB
edge conneclor
RCO10OLMNBY | SH A5V ] @300mA (156"SP)I6 Fin | 4.5x &/
RLOG12GAG | RCO1O5LNM | {neg) +5Y @700mA | 24Y | 300kHz | 1MHz WWmy | Tamv Bmy 2501 | Socket 3x3 1
+5Y B200 mA
rechame i +15Y @ 50mA 8 Mals wirs wrap
RLOBTAGAG | RCO3G2LNM | {pos) 10V 8 50mA | 3.0V 75 kHz 1 MHz 300 my 300 my 10my¥ 3001 pins on 1G-C 3x3 1
+5Y @200 mA
recharge | +15¥ & 50ma 8 Male wire wrap
RL1024GAG | RCO303LNN | ¢pos) -10v @ bomA | 3.0V 7S kHz 1 MHZ 300 mv 300 my 10 mv 3001 pins an 1" C-C Jx3 1
Dutal 22-pin PGB
edge connector
ROGTQOLMES | SH 15y @300 mA {.156"3P)HGpin | 45x8
RL1024GAG | ROOTAELNN | {neg) +5Y Q700 mA | 20V | 300kHz | 1MHz 26mv | 75mV amy 25001 | socket 3x3 1
Dual Z3-pin FCB
oo connecter
RL1024HAG! | RCODOLNES | 8H -18Y 300 mA {(156'5P) 16 pin | 456
RL1024HDG | RCHOVLNN | (neg) +BY 700 mA | 2.5¥ 300 kHz| 1.5MHz 30 my 50 mv 10 my 250/ | socket 3% 3625 1
Page 2

February 1982
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Typical Evaluation Board Performance Characterisucs
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+5Y @200 mA Dual 22-pin PCB
RL1D24HAGS +15Y 2 40 mA edys connactor
RL1024HDG | RC1024LNN | racharge | 15V @100ma | SV | 300KHZ | 1 MHz 23 my Tomy 25 my 20011 {.156"5P) 4x475 1
Dual 22-pin PCB
aedge cannactor
RCQ100LNE! | S -16Y @300 mA {.156"SPiHGpin | 4.5x8
AL1728HAG | RCO0BLNN { {neg) +5Y FT00 mA | 3.0V | 300kHZ | 1.5 MHz 16 my 30 my 10 my 3001 sncket Ix36 1
Dual 22-pin PCB
edge connactor
RL2048HAGS | RCO10OLNB! | SiH -15¢ @300 mA {(156"SMHG pin | 4.8x8
RL2D48HDG | RCO10BLNN | {neg) +BY @700 mA | A0V | 300kHz | 1.5 MHz 15 m¥ 30my 10 my 3001 socket 3x36 1
Dual 22-pin PCB
edga connector
RCOODLNES | SH A5y | @300 mA {156'SPIMBpin | 45x6
ALO128KAG | RCO104ENM | {req) +5Y 700mA | 24V | 300kHZ| 1MHz 30 my o my amy 3001 socket 3x3 1
+5Y @200 mA
recharge | +15 & 50 mh 8 Male wire wrap
ALD12BKAG | RCOIOILNN | {pos) Qi & S0mh | 30V TikHz | 1 MHz omy | 300my 10my 3001 |pinson 1C-C 3x3 1
[hual 22-pin PGB
edye connector
RCOMBOLMES | SH 15V 2300 mA [156"SPY16pin | 45xE
RLO2SBKAG | RCO104LNN | [neg) +5Y a700mA | 1.8¥ | 300kHZ| 1 MHz 20my TEmy amy 2001 socket EEE 1
+5Y @200 mA
racharge | +15Y & 50 mA & Male wire wrap
ALOZBGKAGQY | RCO301ILNN | (pos) S0 & 3pmA | 3oy To5kHz | 1 MWHz 00 my 308 my 10 mYy J00H pins an AC-G ax3 1
Dual 22-pin PCB
edge connector
RCOI00LME! | SH -15% 2300 MA [ 158"SF}16 pin 45x 6/
RLOS2KAQ | RCO10GLNN | fneg) +oY @r0mA | 24y | 300KkHz | 1 MHz Wmy | THmy &my 30| socket 3x3 1
+5Y @200 mA B Male wire wrap
recharge | +15Y @ 50mA pins on .1G-C
RLOS12KAQ | ACO302LNN | {pos) 10 @ 50mhk | 30V TakHz{ 1MHz 30 my 300 mv 10my 3001 | sockel 3x3 1
February 1992 Page 3
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Typical Evaluation Board Performance Characteristics

'@\\
QP o S
~c?5‘ \ &“'\ \‘55& 2‘\ s @@
" é” o& g ,\@ =, &
AT \‘ AW AT &
& Q's' <3 C- c.f ¥y & eﬁ & NV
Dual 22-pin FCB
adge connector
RGO10GLNE | SH -15¥ #300 mA {.156"5P)E-pin | 45 %8
AL1024KAQ | RCO10ELNN | {neq) +5W 700 mA | 20V | 300kH:z 1 MHz 26 my 75 my amy 2501 | socket 3x3 1
+BY @200 mA 8 Male wire wrap
rachame | +15v & 5S0ma pins on .1 C-C
RL1024KAQ | RCO3D3LNN | (pos) 10 & 50mA | 30V 75 kHz 1 MHz 30 my 30 mv 10 my 30001 323 1
+5 @300 ma Salder terminats’
RCO4QULMN/| recharge | -15% & T5mA Included in 14-pin DIP 4565/
RLOZ8LAB | RGO402LNN | (neg) +18¥ & A0mA | 5.0V 5 kHz | 308 kHz 100 my dark pattern B0M | socket 225x%3.5 1
+i @ &0 ma
recharge | +18Y @ 50mA
RODOB4MAG | RCOOB4ONN | {neg) -15Y @ 50mA | 60V S0 kHz | 700 kHz 20 my 20 my 5 my 120041 | Test Points 4565 1
+9¥ @400 mA
+15% @150 mA 70041 | Dual Z2-pin PCB
RAQ128NAG | RCOSOZANA | S/H 154 @ 40mA | 20V | 500 kHz 5 MHz 20 mi 800 my amy edoe cornector | 45x6.5 1
+5W @750 mA
RLA0DGNAG SiH +18Y @150 mA Included in 704 | Dual 22-pin PCB
RL4B9ENFO 1 RCA096LNA | {neg) -15¥ @300mA | 25V |4 kHz| 2 MHz 35 my dark pattern edge connector | 45x10 1
+aY @600 ma Dual 22-pin PGB
D Series SH +H2v @350 mA 250011 | edge connecter
Lingar RCOTIILME | (pos) 12y @200ma { 25V ] 10DkHz| 10 MHz g my 150 my imy {.156'5P) 45x 10 1
Dual 22-pin PCB
+5Y @500 mA £dne connector
RCHQQILMMNS| SH +154 @175 mA 400011 | {156"SP)1EB pin
34T Serigs® | RCT001LNM | {pos} -15¥ @175 mé | 6.0V 20kHz | 250 kHz 10 my 200 my 1.5 my socket 45x80 1
* At 250 kHz clock fraquency hotas:

February 1992

! Valtage limits are naminal + .1v
2 Minimum and maximum sampiing frequencies are the typical values attainable with the standard oscillatar components supplisd with
the evaluation cireuit. IF other frequencies are desired, component values must be changed and perormance characteristics may be altered,
3 Exgludes dark loakags sigral
RMS single pixel noize would be 1/4 to 1/6 the randarm P-P value
% pynamic range is defined as Vo single pixel random noise and excludes dark leakaga, dark palern naise, and clock switching noise. Page 4
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S\ EGzG RETICON

N |
RCO100 Series

Circuit Board
Alignment Procedures

General Description

The Reticon RCO100 series circuit provides all clock, start,
video amplifier, and blanking requirements for Reticon C, E, G,
H. K and some FA series photodiode arrays.

Each circuit consists of two printed circuit boards — an
RCO100LNE-011 "Motherboard”, approximatsly 4.5 x 6 inches
in dimension, which contains the clock and start generators,
blanking circuit, sample-and-hold circuit, and buffer amplifiers,
and the array board which centains a socket forthe array, clock

driver circuits, and a pre-amplifier.

Different array boards are needed for the varicus types of

arrays:

RLOZ256CHX-XXX
RLOST2CH XXX
RL1024CH 620X

RLO128GXX- XXX
RLO288GXI- XXX
RLOB12GHX- XXX
RLID24GXX-HXX

RLO128KXX-XXX
RLOZSBKXX-XXX
RLOST2K X=X X
RL1024 KX X-XXX

RLOAZ8EXX-XXX
RLOZ5GEXX-X XX
RLOS12EXX-XXX

RL1024HXC- XXX
RL1728HXX-XXX
RL2048HXX-XXX

RASOSOANX-X XX
RAJZIZAXN-XXX

RGO 01LNN-011
RCO102LNN-011
RCOT03LNN-011

RCO104LNN-C11
RCO104LMNN-01F
RCO105LNN-011
RCO106LNN-G11

RCOT04LNN-011
RCO104LNN-011
RCO105LMNN-011
RCO10ELNN-011

RCO101LMN-011
RCO102LNN-011
ACGO103LNN-011

AGO107LNN-011
RCO108LNN-0H1
ACOT08LNN-011

RCOT10ANA-O11
ACO110ANA-020

The array boards are connected to the BCG100 Mother-board
via connactor J1/P1, or an eptionai 16-pin, 30 inch maximum,
flatribbon cable can be used. 11 isthe 16-pin connector located
approximately inthe centerof the RCO100 board. P1 isthe male
mating connactor lecated on the array board. P2 is the edge
connecter of the RCO100 board.

Internal/External Clock Operation
The RCI100 Motherboard contains an internal clock generator

which supplies the master timing signal. Provisions are also
made for an exdernal clock input.

Far intemal clock operation, jumper INT CLOCK. The fre-
quency range of the intemal ¢lock is contralted by the selection
of capacitors C1-A and C1-B. Refer to Table A of the
RCO100LNE-011 schematic drawing for values for desirad
fraguency rangs. R2, a 50K pot will allow for variance of the
frequency within the selected freguency range. Boards are
shipped from the factory with the clock frequency set at approxi-
mately 200 kHz internal operation.

For gxternal clock operation, jurmper EXT CLOCK, and apply an
external clock into P2-2. The external clock pulse should be an
active TTL high clock with a reinimurm pulse width of 20 ng, and
& maximum pulse width of 200 us.

Internal/External Start Operation

The RCO100 Motherboard contains an intarnal start pulse
genarator. Provisions for an external start pulse are also
available.

For internal start operation, jumper INT START, and set the
desired interval between the start pulses, using the three four-
position rocker switches 51, 52, and 53. Each switch has a
weight of 2n and a maximum count of 4096 is availahle. For
aptimum operation, the scan time should not exceed 40 ms,
because dark current increases with longer integration time.
The minimum count between start pulses is sight, plus the
nurmbet of slements in the array. Boards are shipped from the
factory setin this configuration.

NOTE: If a sean time of »5 ms is used, change C28 on the
RCO100 board to a .1 pF capacitor.

Because of aninherent countof one inthe start pulse generatar,
the setting on the rocker switches will be une less than the
actual count, i.e., if a count of 520 is desired, set the rocker
switches to 515.

The blanking period (time betwsen last element of previous
acan and first element of next scan) is defined as the count of
the start pulse generator minus the number of elements in the
array.

For external start operation, jumper EXT START, and inject an
external start signal inte P2-A. The external start should be an
active high TTL pulse with a minimum pulse width of the clock
pulse width plus 50 ne, and & maximum pulse width of less than
ona clock period.

If an external start is used, it should be synchronized with the
neyative-going edge of the slock to ensure that the start pulse
envelopes one and only one positive transition of the c¢lock
pulse,

345 FOTRERO AVENUE  SUNNYVALE, CALIFORNIA 34086-4197 (408} 738-4266  FAX. (408) 738-6975
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Power Requirements

Connect +5+ 01V @ 700 mA and -15 £ 0.1V @ 300 mA t©
P2 - E and P2- Y, raspactively. Connect ground to any pin from
P2-1toP2-22

CAUTION
While performing the alignment procedure as outlined in the
following pages, it will be necessany to manitor the output of the
CA10A at TP3 (J1 Pin 1). If, at any time, this pin is shorted 1o
any other pin orto ground, damage will result o the CA10A. Usa
caution when hooking probes to TP3.

Section 1
Alignmant Procedure

RCO1C0 Motherboard with RC0101, 0102, or
0103 and Four Phase C Array

1. Jumper Connectlons. Split pads are provided to program
tha RGO100 board for the desired configuration. Refer to
Teble B of the ACO100LNE-011 schematic for correct
configuration. See Figure 1 for location of split pads. Place
the 2 phase/4 phase jumper (W3} in the
4 phass position,

2. Monitor TP1 and adjust R2 {if internal clock is used) forthe
desired frequency. The maximum frequency is
2MHz. Adjust B11 for a 300ns, negative going pulse width.

3. Monitor P2-B and set the desired start pulse interval (if
internal start is used). Synchronize the scopa at P2 - B
tiuring alignment.

4. Monitor TP2 and adjust R&4 for & 100ns pulse width.

5. Monitor TP3. Darken the array and adjust R4 (pot on
componant side of the array board} until the video signalis
centered around —5Y DC. Saturate the aray, readjust if
necessary, o no signal or switch spike is more negative
than -8¥ DC. Do not over saturate.

8.  Moanitor J2-N [video output). The video output will be a
sample-and-hold boxcar type signal.

7. Darken the array and adjust R36 until the average video is
centered around the blanking period. (Dunng blanking
tima, the video line is clamped 16 zaro.)

8. AR50, B51, and R52 control the odd/even pattern balance.
With the array in complete darkness, adjugt RS1 for equal
amplitude of the odd vidao elements.

8, Wih the array still in the dark, adjust RE2 for equal
amplitude of the even video elements.

10, With the array still in the dark, adjust RS0 for equal
amplitude of the odd and even ¢lements. There is some
interaction betwsen AS1, R52, and RS0, Repeat Steps &,
9, and 10 until the desired degree of balance is obtained.

11. Withths array stillin darkness, adjust B32 until the first two

video elements are as close in amplitude as possible to the
other elemenis.

12. Monitor P2-N. Adjust R11 until optimum performance is
obsgerved at the video output. Optimum adjustment of R11
results in a balance of maximum video output, minimum
switching spikes, and fixed pattem tracking from dark to
B0% of saturation. If clock fraquency is below 500 kHz, R11
should be fully clockwise. This adjustmeant will interact with
al! the previous adjustments. Go back to Step 7 and touch
UP &5 Necessary.

Section 2
Allgnment Procedure

RCO0100 Motherboard with RC0101, 0102, or
0103 with E Array

1. Jumper Connectlans. Refer to Table B of the
RGCO100LNE-011 schematic correct cenfiguration. See
Figure 1 for location of split pads. Place the 2 phasaf
4 phase jumper (W3} in the 2 phase position.

2. Monitor TP1. Adjust R2 for desired frequency {if intermal
clock is used). Maximum freguency in 2 MHz. Adjust R11
far a 300 ng, negative going pulse width.

3. Monitor P2 - B. Setdesired start pulse intsrval using rocker
switches 51, 52, and 83 (if internal start is used).

4. Monitor TP2 and adjust AB4 for a 100 ns pulss width,

5. Manitor TP3. With the array in complete darkness, adjust
R4 (pot on cormporent side of the array board) until the
video is centered around —5¥ DC. Saturate the amay,
readjust if necassary, so no signal or switching spike is
mare negative than —8Y DC. Do not over saturate.

6. Monitor P2-N. Video output signal will be a sample-and-
hold boxcar signal.

7. Darken the array and adjust R348 until the video elements
are centared arcund the blanking level. {The blanking
period is clamped to zero )

8. Withthe array stlll in tha dark, adjust either R&1 or R52 until
every other element is the same amplitude. {(One of these
pots will have no effact on the vidao signal.)

9. With the array still in the dark, adjust R50 to bring tha ocid
and aven slements togsther,

10, With the array still in the dark, adjust R32 (pot on the
Motnerboard} until the first two slements are as close ta the
same amplitude as the other elements as possible.

11, Adjust R11 until optimum performance is observed.
Qptimum adjustment of B11 results in a balance of
maximum video output, minimum switching spikes, and
fixed pattern tracking from dark to 80% of saturation. If
clock frequency is below 500 kHz, R11 should be fully
clockwise.




RCO100

12. Due to interaclion between all the previous adjustiments,
return to Step 7 and reakign until the desired response is
achieved.

Sectlon 3
Alignment Procedure

RCO100 Motherboard with RC0104, 0105, or
010€ and G Series Array

1. JumperConnections. Split pads are provided to program
the RCO100 board far the desired configuration. Rafer to
Table B of RCO100LMB-011 schematic for correct
configuration. See Figure 1 for location of split pads.

2. Monitor TP1. Adjust R2 for the desired frequency, 1 MHz
maxirmur. Adjust R11 for a 700 ns, negative going pulse
width.

3. Monitor F2-B. Set the desired start pulse interval, using
rocker switches 51, 82, and 53,

4. Monitor TP2 and adjust R64 for a 100 ns pulse width.

5. Darken the amay, monitor TP3 and adjust R2 (pot on the
compenent side of the array board) to where the video
signalis approximately centered at -2V to-3V DC. Saturate
the array, readjust R2 if necessary, sono signal or switching
spika is more negative than —8Y DC. Do not over saturate.

NOTE: Potentiometer R51, 52, R50, and R32 have no effect
whah the RCO100 is Used in conjunction with & G Serias array
board.

6. Mioniter P2-N. The video vutput will be a sample-and-hold
boxcar signal,

7. Darken the array and adjust R36 until the video signal is
centerad around the blanking level. {Elanking is clamped
at zero.)

8. Adjust R11 until optimum perfarmance is observed on the
video, Optimum adjustment of A1 1 results in a baiance of
rRERIMUM vides output, minirum switching spikes, and
fixed pattarn tracking from dark to 80% of saturation.

9. With the amay in dark, readjust R36 if necessary, to bring
the video level with the blanking.

Section 4
Alignment Procedure

RC0100 Motherboard with RCO104, 0105, or
0106 and K Series Array

1. Jumpar Connections. Split pads are provided to program
the: RCO1 00 board for desired configuration. Referto Table
B, column G, of the RCG100LNB-011 schematic for cgrrect
configuration. See Figure 1 for location of split pacds.

2. Monitor TP1. Adjust R2 for the deslred frequency, 1 MHz
maximum. Adjust R11 for g 700 ns, negative going pulse
wicith.

3. Monitor P2-B. Set the desired stant pulse interval, using
racker switches 51, S2, and 53.

4. Monitor TP2 and adjust R64 for a 100 ns pulse width.

5. Darken the array, monitor TF3 and adjust R2 (pot on the
component side of the array board) to where the video
signal is approximatsly centered at —2 10 -3V DG, Saturate
the array, readjust B2 if necessary, sono signal orswitching
spike is more negative than —8Y DC. Do not over saturate.

MOTE: Potentiometer R51, R52, RAD, and R32 have no effect
when the RG0100 is used in conjunction with a K Series array
board.

B.  Monitor P2-N. Ths video sutput will be a sample-and-hold
boxcar signal.

7. Darken the array and adjust B36 until the video signal is
centered arcund the blanking level. {Blanking is clamped
at zero.)

8.  Adjust R11 until eptimum performance is chserved on the
video. Optimum adjustment of R11 results in a balance of
meximurm video autput, minimum switching spikes, and
fixed pattern tracking from dark to 90% of saturation.

8. With the array in dark, readjust R36 if necessary, to bring
the video level with the blanking.

Section 5
Alignment Procedure

RC0100 Motherboard with RC0107 or 0108 and
H Saries Array

1. JumperConnections, Split pads are provided te program
tha RGG100 hoard for the dasired config-uration. Refer to
Tahle B of the RCO100LMB-011 schematic for correct
configuration. See Figura 1 for location of split pads.

2. Monitor TP1 and adiust R2 {if internal ¢lock is used) for the
dasired frequency. The maximum frequency is 1.5 MHz.
Adjust R11 for a 200 ns, negative going pulse width.

3.  Monitor P2-B and set the deslred pulse interval {if Internal
startis used). Synchronize the oscilloscope at P2-B during
alignment.

4. Monitor TP2 and adiust B84 for & 100 ns pulse width.

5. Monitor TP3, With the array in dark, adjust R24 (1K pot an
tha array board) to 2ero the baseline of tha video. Saturate
the array and readjust P24 i necessary, so no signal or
switching spikes go more negativa than —8v DC. Do not
over saturate.

203
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NOTE: R31, RS2, RS0, and B3z onthe RCO1G0 board will have
no affect whan an H Serias array board is used.

8.

With tha array still in the dark, adjust B7 (20012 pot on the
array board) for best odd/even pattern.

Menitor the video output at P2-N. With the array in the dark,
adiust R36 on the Motherboard until the video is centerad
with the blanking leval.

Adjust R25 (100K pot onthe array board) urtil the first threa
video elements are as close in amplitude a5 possible to the
other elements.

Adjust R11 yntil optimum performance is derived on the
video, Optimum adjustment of R11 results in a balance of
maximum video cutput, minimum switching spikes, and a
fixed pattemn tracking from dark to 90% of saturation. This
adjustrment will interact with the previous adjustments. Go
back o Step 5 and touch up as necessary.

Section 6

Alignment Procedure

RC0100Motherboard with RCO110ANA-020 with
RA3232A Array or RCO110ANA-011 with
RAS5050A Array

1.

Jumper Connections. Split pads are provided to program
the RCO100 board far the desired configuration. Refer to
Table B of the RCOI00LNE-011 schematic for propsr
configuration.

Manitor TP1. Adjust R2 for desired frequency. Maximum
frequancy is 1 MHz. Adjust R11 for a BOO ns, negative
going pulse width.

Manitor P2-B, Set desired start pulse interval using rocker
switches 51, 52, and 83 {if internal start is used). Start
pulse interval must be at least 41 cloek periods for an
RA3232A or 58 cluck perlods for an AABOB0A, giving a
minimum ling "flyback” of 9 clock periods.

Monitor TF2 and adjust R64 for a 100 ns pulse width, syne
scepe at EQF terminal on the array board.

Maonitor TR:3. With the array in complete darkness, adjust
13 (potentiometer on component side of array board)
uritil tha video is centerad around -5 DC. Saturate the
array, readjust if necessary, 30 no signal or switch spike is
fnore negative than —8Y DC. Do not over saturate.

Moniter P2-N, Darken the array and adjust R38 until the
video slaments are centered around the blanking level.
{The blanking period is clamped ta zero.)

.

Adjust R11 until optimum parformance is derived on the
video. Optimum adjustment of R11 results in a balance of
maximum video output, minimum switching spikes, and
fixed pattern tracking from dark to $0% of saturation.

The first element of each line is always low in amplitude.
The sscond elemeants amplitude can bs corractsd by
shorting out GR1, CR2 and/or CR3. This will vary with
arrays and may reguire nong, gne, two or all of these
shorted out for best results.

[

12345

65558 2
E10 =
EOL E12

12345

T T T T

L
E11

START

Figure 1. Split Pad Location
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Q5C or Ext Clogk 16 | | I i | [ | f { | | I I f

Clock Li14 | U U u U vy uru U u
sepeDeyus7 | [ L{ L[ LJ LI LI LI LI LI LI LI L ifL

samperueves - (| U U U U0 U U U U U™ U
swnPwsedt-+ | L LT LT LT LT LT LI TLITLILIL

Countar Reset 108.2 I_I
Start Qut or BExt Starl P2A I

reickorckouvssrzcf] [T T N N T MMM 111 n_nmn

Ref Stan Us-a/La-T

[ ]

Start Array BD[ 19 I
eyAmyBO{UCA] | [ L__ I _____ [
evanyeOlOe__ [ | [ 1. [ 1 T
o2 Areay BD[UI-10‘L—F—I——I—I——,—I—
- . L. 1 L

o Artay BO[ -7

eosviod |, L f
ampoutdt S N ! L N8
Blanx Gen Reset Pulse LI12-10 | |_J
Blank Qut LM 1-@F2-0 |
Video Out P2N =1 | ! 1 2 3

* Danotes MOS revel sHinals, all athar axcapt vidan ara TTL

Flgure 2. Timlng Diagram, AGO100 Series Circuit BDS, 4 Phase Qperation, C Series Array

5 or Ext Glack LI1-6 | | I [ [ ! | [ | | |
U

[T T
coscurel[” 1 10 A 10 W WU WU U 1 1r
U U U U

Sampla Delay L&-#

Sample Pulse Ug-a | | U U U

Shuni Pulse J1-7

Counter Rasat Lig-2

Start i or Ext Stad P2-B

Ret ik orcik cutUsr2e [ [ ] n_n I I f 1
Ref S1arn Usa/La-7 '_—-|
Start Amay BOf L1-5
@ Aray BO[U11° | | 1 = ]
B2 Ary BO[ U116 | [ | | ] |
Eosuigt [ |
Amp Out 14 N |
Blank Gen Reset Purse U12-16
U11-9/P2:D
idao Oul Pa-N . N

i
[
W
[3

* Derotes MOS level signala, all oher except video are TTL

Figure 3, Tlming Diagram, RC0100 Sarles Circult BDS, 2 Phase Operatlon, E Serles Array
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USC or Ext Clock U1-6 | | I I I I | | | I ! |

!
cokutel[ I I U U U u Uy U
Samplz Delay UA-7 | I [ |. I TU_UTU_UW
sampepuseuse I U U U U U U U 1 U U
sntpase s | L LT L L LT T L L rLL
Siart or Ext Start P2-B It I
Ref Start LI9-5 1
Start Array BO[ J1-8°
Clack Array BO[M-107 rl n_ H H ﬂ ﬂ |'| ﬂ |_| ﬂ
Tl ﬂ_,,ﬂ : i

11

End of Sran U10-1

smpoutia L LT 1 2 3 ! 5
n-2 n—1 n ——
Blank Sut Pulse P2-D | I

|
viges Out P2-l n-2 _, n-1 n | ' [ | 1 2 3 4 5
|
* Denotes M3 level signats, all other axcept vidaa are TTL

Figure 4. Timing Diagram, RC0100) Series Circuit BDS, G Series Array
|

0BG ar Ext Clack U1-8 | [ | | l_ [T T ] | [ |

coakurs |11 (U T I

Samgle Calay UB-7

Sample Pulse UB-9 U l
ShuntPuIseJ'I-?’l I I [ | | | l 1 I I I

Start or Ext Star P2-B ¢
" Raf Starl Up-i

q:l_
o
—
=
=
—
=

Start Arey BO[J1-9°

clack aray BorH-oT [ | [ ﬂ_,,ﬂ nJjoJ_ a1 n.T°

Eng of Sean U10-1

|
ampoutdil 1 271 27 ’ | 1 2 3 2 5
BankOutPuseP2n o " " [ " i ]
Viden Qut P2-N L | n # l[ 1 1 2 3 4 5

* Denctes MOS loval signals, all other gxcept video ars TFL

Figure 5. Timing Dlagram, RC0100 Series Circult BDS, K Series Array




RC0100

O or Ext Chock U1-6 | ”' Iy

[ I

mmgu—u—u—u—u—'*u — U U U U U
sampeDelayUsr | [ LT LT L LI L LT L L L L L L
samgepusauss 1] U U U U UTU U U U U U U~
swnpussot T L L L L L ML ML LT LT L LT

Cauntar Rasal L2 | i
Slart or Ext Start P2-B " I I
Retckorckouwue-aPz-c [ L 1 L N_J1 I _f {1t N__JT1 Jl_ T
Rel Start US-8A3-6 " !
Start Array BO[ U1-5 I—._I I___
sasrayBOLUTS"| [ LHHI I_I__J [ER I SO B A
ag Aray BO[UT-7 [ | — 1 I N | I | [ | | L
&1 Anay BO[ Ug-5* ] | -
1 Ay BO[US-7* | " I 1 I—
ag Artay BO[ UG-7* | , [ |
ag Armay BO[ US55 [ _I:; I
EOL U10-1 | ot n I—‘: ]
Amp Oul 11 | ! 2 3
Blank Cut F2-D ) I |
Vidlen Out P2-N n—1 n i 1 2 3
* Denoies MOS [eyvel signals, afl other except video are TTL
Figure &. Timing Dlagram, ACO0100 Series Clrcuit BDS, M Series Array
i
OBC or Ext Clock U1-6 | | I | I I [ T | I I I I I
cock s [T L ! 1 1B
Serple Delay UB-7 Wm
Sampie Puise Ugs | [ U U U Uy U U
Shunt Pulse J1-7° me
Start or £xt Start Out P2-B i 1
Aol Start Lis-3/U9-7 " 1
Start Array BD[ Us-2- T i
@) Arrgy BD[ Ua-5"_| L [ l I 7L | J [ I | [ ! [
oz Army BD| Ug-7 I L., | L [ | | | [ L
goLusd | L ; |
Amp w11 N[5 i i 2 3 4 5
Blank Qut P2-D | | 1
Viden Cut P2-N 50 * [ R 2 3 4 5

EOLWHO-1 [ |45 [a7 [ 48 [E: [s0 []1 [z IBE

End of Frame Array BO[ TP-1 | |

Startof Ext St Cui P28 [T M Mn M I N N M
oy, 87 Array BD{ Ua-12 | ] f ]

* Denates MOS level signels, alf other execepl videa are TTL

Flgure 7. Timing Dlagram, RCO100 Series Circuit BDS, RAS0S0A Array
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RCO0730 |
Operation and Alignment Instructions

Genera! Description

The RAC0730 is an evaluation circuit board for Reticon's
D Series Linear Charge Coupled photodiode amays and is
intended for those who want to gain rapid familiarity with the
device's gperational characteristics. The board containg the
necessary clock generation circuits and analog signal process-
ing circuits for operating the device; however, It has not been
optimized for any specific application.

Power Reguirements

The baard is designed to operate from a thple output linsar
source supplying +15, +12, and —12V DC. Powsris apphed to
the board through edge connsctar ping or test peints: +5¥ on H
or TP8, +12V an E or TF9 and -12¥ an A or TP14, Ground
connections to the board are on edge connactar ping 1 through
22, Ses "Specifications” section for current and voltags
requirements for each of the power inputs.

Specifications

Mechanical:

Dimensions: 45" x 10

Electrical:

Power Inputs: +12 {011V DC @ 275 mA
=12 {011V DC @ 150 mA
+5 {01}V DC @ 450 mA

Clogk fraquency (TP4): 20 MHz maximum

Heset level:
Dark level:
Saturated output:

Data rate:

BC level:

Saturated output:

P-P pixel noise:
External clock input:
External start input:

Clogk outputs:

Sync output:

100 kHz minimum

Video outputs (Wideo load resistor = 3 KQk:
Discrets videg outputs (TP14 and TP16):

6.5y DC
5.8v DC
=1V + 20% helow dark leval

Combined video output {TP18):

18 MMz maximum
Adjustable +1 to -1V DC
+ 2.4V 1 20%

3 m¥ (typical)

TTL Compatible

TTL Compatible

TTL Compatible

TTL Compatikla

Operational Description

There are two basic citclits interfacing the imagé device. The
block diagiram, Figure1, shows the two circuits separated by a
dotted line. The analog signal processing circuit is focated on
thie right side of the dottad line and tha digital circuit is located
on the left. Refer to schematic diagram 011-0658 and timing
diagram 020-0363 for specific circuit and timing information.

Digital Section

The master oscillator U5 pravides the master clock (MCLK)
signal used to generate all the board timing. Frequency of the
MOCLK can be adjusted with R1 and CB. The MCLK signal is
dividad by two with UG for two phases 50% duty cycle output
signals from pins 5 and 8. The crossover points of these signals
are controlled with U10 and U11 and then level transtated with
U12and U14 to provide the image array main clocks 84 and g,
The transfer clock o is derived from the output of the D flip-flop
U7 pin 8. The transfer clack (U7 pin 6) is clocked low with the
vutput of the intagration counter U3 pin 15. The output of the
integration counteralao anables the transfer counter U4 to start
counting while disabling itsel. At the complation of the transfer
couht sequencs, the output of the transfer counter will resst the
transfer clock high and snable the integration caunters, thus
completing the sequence. The transfer putse is buffered and
levet translated 1o provide the image array et clock. The video
sampling and myltiplex timing is derived from the same source
which provides the image arrgy main clocks {6 pin § and B),
gated by NOR cirquit US and level translated by U290,

Analog Section

The array, driven by the clocks derived in the digital circuit,
praduces video outputs with amplitudes proportionat to
exposure {light intensity multiplied by integration time). These
signals appedar as voltage levels on the video output load
resistors A54 and 55 for the combinad video or B51 and 52 for
the discrete vided outputs,

Tha RCO730 board can be configured to process the videa
signals intwo ways. Selecting jumper settings WE and WH G will
configure the board to output the "odd" and "even' video signals
as two discrete outputs. High spead emitter follower transistors
Q5 and Q6 provide the buffering necessary for 20 MHz opera-
tign. The odd video ¢utput is on test paint 14 and the even videq
output is on test point 186.

The odd and even video outputs can be combined into a single
output signal by selécting jumper settings W7 and W11. The
odd video autput is then routed to the high speed video op-amp
U117 theat provides gain control with R4, The even video output
is routed to a second high speed video op-amp 18 with fixed
gain. Gain of the odd video channel can then be adjusted using
R4 to match the signal level of the sven video charnnel and
therefors sliminating gain imbalancas in the system. The amn-
plified vidgo signal from U7 and U1 8 is AC coupled by C74 and

345 FOTRERO AVENUE  SUNNYVALE, CALIFORMIA 94086-4187  (408) 738-42686 FAX. (408} 738-6979
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C¥6 and ther1 DC restored once per line by FET transistors in
UJ18. The DG restoration levelis adjustable for the odd and even
video channels with R5 and RE, raspactivaly. Tha odd and even
video channals are combinad by alternately sampling, holding
and multiplexing ths two slgnals with tha FET switchas in U21.
While the odd video channel is being sampled onto hold
capacilor86, even videa is multiplexad tothe high impedance
output buffer U22 from hold capacitor G391, During the next
cycle of the clock, even video is sampled while odad video is
multiplexed to the output stage. The combined, sampled and
held video signal is buffered with emitter follower transistor Q8
and can he monitored on test point 18,

Input Signals

In the usual mode of operation the RCO730 evaluation board
generates all the necessary signals to operate the image aray,
however, the beard dosshave provisions for accepting external
mastercloek and/or stan sigrals. These extemnal inputs can be
used to syhchronize the image array output to the user's
gystem.

Clock Input (pln W/TP2)

The RCO730 can be extemally clocked by sslecting jumper
setting WS and applying a TTL clock signal on this input. The
combined video data rate (at TP18) will be equal to the
frequency of this clock. The timing of this signal is non-critical
with the exception of 2 minimum low time of 25 ns. Frequency
of this signal should be limited to 20 MHz maximum.

Start Input (pin PITPS)

By salecting jumper setting W2 and Inputting a TTL signal on
this input, the array tranafar clock and thus the start of a readout
and new integration peried will be extemally controlled. A low
to high transition will enable the transfer counter, U4, to count.
A minimum high time of 50 ns is required to meet the &, to o1
array clocking requiremants. The high to low transition of the
startinput signal will set tha array 2 clock active and thus start
anew integration pericd when g ends. The terminal countfrom
U4 will then set o1 low to end the transfer sequence and start
the video read-out. Gare must be taken to ensure that the array
clock iming requirements are met when the external start input
is used.

Line Reset Input (TP12}

The sxternal Lina Reset function can be implamented by
connacting jumper W9, This connects the image aray Line
Hesetinputto TP12. A reset signal {active high) can be applied
ta this terminal to simultaneously reset the photodiodes at any
tirme during scan. Operation and timing of this inputis shown in
the timing diagram, Figure 2. The positive and negative voltage
swings of this signal will need to be adjusted to compensate for
image array performance varigtians.

Whenoperating the image array in the "normal” {non-line reset)
mode, integration time is measured from falling edge to falling
edge of a. When employing line reset, integration time is
maasured from the falling edge of 8| g to the falling edge of o1
Image array output is directly related to integration time.
Therefare if integration time is “halved" by invoking &, g whils

light intensity remains constant, video cutput will be halved.
This is Important to bear in mind when adjusting the peak
positive excursion of the @) g input (VLRH). Typically VLRH
would be from +2.5V to +4.5V {(+3.5¥, nominal} above ground
potential. For proper array anti-blooming characteristics the
o g negative swing (VLRL) typically rangss from +1.5V o +2V
fram ground potential.

As can be seen, the @ g input is relatively critical in tarms of
timing and amplitudes. This array input is also sensitive 1o
"glitches" on the rising and falling etges of ¢ 5. It is recam-
mended that user circuitry devslop a oy g sighal that is
synchronous with Start or Syne, that VLRL and VLRH be
adjustable and that g 5 be free of glitches and "ringing.”

Output Signals
Syne (pin KITP7)

This is a TTL cutput for the purpose of synchronizing an
oscllloscops or user circuitry to the array line scan time. The
timing and polarity of this output is shown in timing diagram
020-0388.

Clock Output {pin T/TP4)

This is & TTL output for the purpose of monitoring the master
clock frequency of the board. It may be used for re-sampling
purposes such as A'D conversions. The combined video data
rate (TP18) is equal to the frequency of this clock while the
discrete video outplt rate (TP14, TP18) is ona-half this rate.

Scan Buffer Qutput (pin ZTP1)

The Scan Buffer output is & signal produced from the image
array which praovides pulsss that are synchronized to the timing
ofthefirst and the last pixel of the image array. The timing of this
signal is shown in timing diagram 020-0369. Tha scan buffer
output signal can be usad to synchronize extarnal circuitry with
the tims in which the array is outputting active video
information.

Discrete Video Quiputs {TP14 and TP16)

The separate odd and even buffered video sutputs can be
monitared on these test points. The odd video is on TP14 and
tha even is on TP16.

Combined Video Gutputs (TP18)

The combinad processed videa signal can be monitered at this
test point.

Alignment

RC0730 evaluation boards, as shipped from the factory, have
been thoroughly aligned with eitner the uger's array or with a
typical test array. Upon applying power to the board, the
following procedure should be followed to optimize circuit
performance. Proper alignment of the RGO730 can be accom-
plished only when the board is driven with power as specified
i this document. Photographs in this document were taken at
a clock frequency of 5 MHz.
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Procedure

Connect the power supplies to the RC0720 evaluation board in
accordance with the pin-out listed in the section "Fower
Requirements." Install the D Series image sensor in the L3
sacket, making sure of correct orientation. Apply power ta the
board.

Master Clock

The RCO730 master clock may be derived from the on-board
clock oscillator or from anexdernal source. Ifthe on-board slack
generator is desired, select jumper setting W4. From Table A
select the capacitor for the frequency range desired and install
it i the Berg pin socksts far G8. (The RGO730 is factory shipped
with a 47 pF capacitor installed.) With an cscilloscope, monitor
the clock cutput on pin T or TP4 and adjust potentiomatst R1
far the desired data rats.

If an extarnal master clock is desired, ssiect jumper setting WS
and input the external clock on edge connector pin W or TP2.

Table A
: Capacitor (C8) Clock Frequency
i Value (pF) Range TP4 (MHz)
10 10 — 20
47 3 - 10
100 1 -4
250 6 -2
! 500 2 -1
L
Start/Sync

The AGO730 start pulss repatition rate which controls integra-
ticn (line sean) time may he dstived from tha on-board counters
or from an external sourea. 11 tha on-hoard counters ars desired
selact jurmper setting W3, The intagration time is controlled by
the presetting of a 4-bit Transfer Counter and a 12-bit
Integration Countar. The transfer counter, programmed by
SW4, should be preset to provide a minimum of .2 15 transfer
time. The transfer pounter must be settoa value of 2 or greater;
with an ascilloscope, monitor g signal on pin 22 of U13. Adjust
the Transfer Counter value using SW4 for the desired transfer
time (high level) or aminimurn of .2 ps. The integration counter,
which is controlled by SW1, SW2, and SW2, can ther be preset
to the desired intagration time. The minimum count for the
integration counter s the array length plus 15 counts. Adjustthe
binary weighted switches SW1, SW2, SW3 for the desired
integration timeé {low level).

When using mastar clock frequencies of 1 MHz ar less, it is
suggssted that the transfer counter be programmed to 4 count
of 2. At frequencies greater than 1 MHz, a transfer count of 15
is recommendad.

If external start operation is desired, select jumper setting W2
andinput the externally generated start signal at TPS.or onedge
connector pin P in accordance with the timing shown in
020-0369.

NOTE: Use the sync output to synchronize the oscilloscope
for the remainder of this procedure.

Combined Video Qutput (TP18)

To combine the two video outputs from the image array into one
output signal, select the jumper settings W7 and W11. With an
oscilloscope, monitor the video output of TP18. Completely
darken the array {U13) by placing a suitable {non-abrasive}
opagque covering over the window. With the vertical sensitivity
of the oscilloscope set to . 1Vidiv. andthe vertical input coupiing
to GMND, adjust the ground references of tha scope trace so that
it is on the graticule centedine. Set the channel coupling to DC.
Adjust potentiometer RS and RS until video dark level is at
ground and the oddfeven pattern is minimizad. See Photos 1
and 2. Thare will be some interaction batwaan R5 and RE during
this adjustrment and thersfors it willrequire several adjustments
of each potentiomstar. To fully optimize this
adjustment itwill requirs increasing the verticle sensitivity of the
oscilloscope.

Remavethe opagque matenal covering the array. With a suitable
light source {preferably a steady state DC powered source),
illuminate the array to approximataly 50% of saturation. Adjust
the gain patentiometer R4 until the odd/even patternisremoved
i the illuminated video signal. See Photos 3 and 4. Since this
adjustment may affect the previous dark level adjustment,
repeat the Dark and Light adjustments until the odd/even
patterns are removed throughout the light/dark range.

MNOTE: This autput is limited to 10 MHz video data rate. For
optimum performancs capacitive loading of this cutput should
e <20 pF.

Antl-BloomIng Control

Salectjumper setting Wa. Adjust potentiometer R2 fora voltage
of OV on pin 10 of U13. lluminate the image array to an
exposure level beyond saturation. The output video signaf will
appearasshownin Photo 5. The video line will bloom during the
retrace time as shown. The degree of blooming will depend on
exposure level. Adjust potentiometer R2 untit the video line
bBlooming is minimized as shown in Phote 6. The saturated
video output sigral will be approximately 2 - 2.2V for the correct
adjustment of A2,

Discrete Video Outputs (TP14 and TP18)

Selsct jumper settings W6 and W10, With an oscilloscope
manitor the video output signals on test points TP14 and TP16.
lluminate the array to approximately 50% of saturation, The
signals should appear as shown in Photo 7.

Scan Buffer Output

With an osaillascope, moniter the scan buffer output signal
[TF1 or pin Z] and the video output signals (TP14 and TP16).
Adjust potentiometer B3 until there is a single pulse coincident
with the first and the last video pixsl. Refer to Phato 7 for an
example of the proper adjustmeit of this signal. The photos
below are expanded views of the first and last pixals of the
image array showing the timing of the Scan Buffer output
pulses.
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DC Level Adjusted
Correctly

-—— [ Volts BC

Pheoto 1 Photo 2

Gain Adjusted Incorrectly Gain Adjusted Correctly

Dark Lewvel
(O Volts DG}

Dark Lavel
{0 Volts DG}

Photo 3 Photo 4
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Saturated Output without
Blogming Control

Saturated Qutput with
Blooming Ceontrol

(¥ = 0 Volts) (V| g = 1.73 Volts)
| . DarkLeval «_.Dark Levs|
(0 Volts D) {0 Volts DC)

Photo 5 Photo 8

L Nate Blooming of Dark Level

TP1  Scan Buffer Qut
TP14  Qdd Video

TF16 Even Video
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Photo 7
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RC1000/RC1001
Operation and Alighment Instructions

General Description

The RCG1000 WMother and RC1001 Satellite evaluation boards
form a set designed to previde all of the necessary signals and
video processing circuitry to operata the Reticon Sand T Series
Linear Photodiode Arrays. This evaluation board set provides
the uzer an easy maansto svaluate the operationof these linear
photodiods arrays. External Start and Clock control inputs are
provided at the edge connector of the mother beard to allow
synchronization of the board operation with a user system.

The evaluation buard sst has been designed to provide gocd
neise perfermance at a reasonable cost. The Sampled and
Held video output signal will have a typical dynamic range of
4000:1 (saturatad autput/p-p pixel noise). With care inshielding
of the satellite board from external elactra-magnetic radiation,

aven higher igvels of performance can ba seen. In order to
achieve this levet of performance the video data rate is limited
o avalua lowst than the capability of the photodiode array itself,

The satsllite board may be remgtely located from the mother
board by extending the analog and digital cables. Some degra-
datipn in neise performance may be seen with incraasing cable
lengths. Shislding of the videe signal lines from RF signals is
suggested when using extended cables.

Provision for cosling of the photodioda array using a thermo-
electtic cocler is possible by means of the access hole located
directly beneath the array.

Specifications
Mechanical
Dimensions: Mothar Board 45 x 8.0inches
Satellite Board 4.5 x 2.0inches
Connectors: Mother Board Edge 22/44 pin dua!
Satellite Digital 16-pin ribbon !
Satellite Analog & pin :
Electrlcal
Power Inputs: +15 analog +158Y DG {+ 010 @ 75 mA
+15 digital +15V DC (£ 0.1} @ 100 mA
+ & digltal + 5V DC (201} @ 500mA
-15 analeg 15V DC {+0.1) & 75 mA
-15 digital -15¥ DC (£ 0.1) @ 100 mA
Fraquency Rangs: 250 kHz maximum ‘
Vidleo Output: Saturation +6¥ £ 20%
Peak to Peak Pixel Noise 1.5 mV typ.
PC Dark Level Range +300 M to —B600 my
Clock Qutput; Pulse Width: 2 5 psecond negative
Amplitude: TTL Compatible
Ext. Clock input: Pulse Width: 50 nancsecond minimum
Amplitude: TTL Compatible
Ext. Start Input: Pulse Widih: See Timing Diagram
Amplitude: TTL Compatible
Sync Cutput: Pulse Width: See Timing Ciagram
Amplitude: TTL Cempatible

NOTE: Peak-to-peak plxal noiss is dependant upah a number of parametsrs. Gareful attention should be givan to

the following parametsrs for optimum noige performarnce.

' Power supply noise and ripple levels should Be <1my pop.
2 Utilize low impedance powar supply connections.

3 Minimizs the lemgths of the: analed and digital cables.

4 Shisld the board from electro-magnetic radiation sources.

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 54086-4197

(408) 738-4266 FAX: {408} 738-6979
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Power Requirements

The board set is designed 1o be operated from & triple output
source supplying +5¥, +15V and —15V to the circuit's separate
analog and digital sections. For lower noise operation, power
can be supplied to the analag and digital sections of the mothar
board from separate sources with a common low impedance
ground conmection at the PG board edge connector, {See
specifications section for current and voltags requirements for
gach power supply input.} The edge connecter pin assignments
are shown helow,

Signal Symbol Edge Pin Test Polnt
+15 analog +15VA G 7
+15 digital +15VD H 5
+5 digital +5Y K 4
=15 analog —18VA A a
-15 digital -15%D E &
Ground 1-22 10

Operational Description

There are two basic circuits interfacing the photodiode array.
Figure 1 is a simplified block diegram that shows the fwo
sections separated by a dotted line. The digital section is on the
left and the analog section is on the right. The circuitry
contained on the satellite board is shown within the center box.
Refer to the schamatic diagrams of the RC1000LNN-011,
-020 and RC1001LNN-—011 for the detailed cireuit of the block
diagram and the timing diagram for functional timing
information.

Digital Section

The one-shet pscillator and pulse width control (U11) provide
the master clock (MCLK) signal used to generate all the board
timing. Frequency of the MCLK can be adjusted with R35. The
integration counters (U8, U9 and U10) are clocked at the MCLK
frequency and provide an output pulse on pin 15 of U10 that is
active high for 1 out of N MGLK cycles. N is determined by the
hinary weighted count of the setting of switches SW1, SwWe, and
SW3. This output signal (MSTART) along with MCLK are inputs
to the clock and start genarator (PAL U7}, U7 outputs & "start
pulse” and four properly timead clock phases which are then
level trarslated and sent to the photodiode amray,

Analog Section

The analog portion of tha circuit begins on the satellite board
with the active and dummy video outputs of the photodiode
array. These outputs are each amplified by transistor amplifiers
1, Q2 and Q3 for the active video and G4, 5, and Q6 for the
dumrmy video. The amplified videa signal lines are then routea
to the differential integrator (U1) on the mother board. The
intagratoris reset once each pixel by the signal generated by U7
and level translated by 15, The output of the integrator is AC
coupled and then DC restored by Q3 to an adjustable DC levei
set by R1. The video signal is DC restored synchronously with
the integratar reset. The DC restored vidse signal is buffered

with a unity nain amplifier (U2} and then sampled and held by
Q5 and C24. Tha S&T jumper {E4 — E6) controls the sampling
process. For 8 Series arays, a sample pulss otcurs every
MCLK cycle. T Serles dovice video is sampled onge for every
two MCLK cycles. Q4 serves to reduce any glitches intreduced
by the sampling procsss, The sample timing and pulse width is
developed by one shot U1 2. The sample and held vidae signal
is buffered with unity gain amplifier L3 and sent to the output
ENC connecter 1.

Input Signals

In the usual mode of cperation, the RC1000 mother board
generates all the necessary signals to operats the photodinds
array. The board has provisions for accepting an external
masterclock and/or start signals. These external inputs can be
used to synchronize the amray output to the users system.

Ext. Clock Input (pin X/TP1)

The RC 1000 mother board can be externally elocked by select-
ing jumper settings E2-E3 and applying a TTL clock signal on
this input. Timing of this signal is non-critical since the pulse
width will be detemmined by the one shot U1 1. The freguency of
this signal will cetarmine the video output pixel rate and should
nat exceed 250 kHz.

Ext. Start Input {pin M/TP3}

The read out cperation of the photodiods array can be exter-
nally controlled by sslecting jurmper settings E8-E9 and
inputting an active high TTL signal on this input. The extarnal
MSTART must have a minimum positive pulss width of 200
nanosaconds. The falling edge of EXT MSTART must occur no
sooner than 20 nanaseconds after the falling edge of MCLK at
TP-9. The minimum number of master clock cycles between
start pulses must be the array length pius 4 counts for S Series
arrays and twice the array length plus 4 counts for T Series
arrays. The number of clock cycles between start pulses must
be divisible by 4.

Qutput Signals
Clock Qutput (pin USTP9)

This oulput is provided to synchronize user circuitry 10 the
RC1000 BNC video pixel data. 1t may be ussd kor re-sampling
purpases such as A/D conversions. J1 video pixel data is stable
at the rising edge of MCLK at TP-8. The MCLK cutputis at TTL
levels.

Sync Output (pin P/TP2)
This is a TTL cutput signal for the purpese of synchronizing an

oscilloscope or user circuitry to the photodiede array line sean
tima. The timing and polarity of this output is shown in Figure 2.
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End of Scan {EQS) Outputs {Satellite Board Test Points)

The photadiods array produces an output pulse from each (ocld
and even) shift register at the time when the last pixel is being
read out. Thess signals can be monitored at the test points
provided on the satellite board. Timing and polarity is shown in
Figure 2. Capacitive loading of these output signals will affect
the fall time.

Video Output {J1)

The final sampled and held video output signal can be moni-
tored at this output. The timing of this signal is shown in
Figure 2.

Alignment

Tha RC1000 and RC1001 boards as shipped from the factory
have beentharoughly aligned with either the Liser's array orwith
a typical test array. Upon applying power to the board, the
following alignment procadurs should be followsd to achisve
optimum circyit performance. Proper alignment of the board set
can be accomplished only when the board is driven with power
as specified in this document.

The photographs used in this alignment procedure were taken
using an RC1000LNN—-011 mother board and an
RL10245AQ-011 array. The MCLK frequency was set at
100 kHz. The MSTART repetition rate was setat 1024 +128 for
aasa i recagnizing "fiyback” time. Ground potertial for all
photos is the oscilloscope graticule centedine.

Procedure

Connectthe powear supplies to the mother board in accardance
with the pin out as listed in the "Power Requirements* section.
Install a Photodiotie Atray in the socket of the satellite board.
Apply power to the board.

If the array in use is an S Serias, tha S&T jumper, on the
RGC1000, should be set from E4 to ES. For T Series arrays, set
thig jumper from E5 to EG.

MClk

The RC1000 mother board Master Clock may be derived from
the on-board oscillator or from an external source. If the
on-board clock generator is desired, select jumper setting
E1-E2. With an oscillossope, monitor the clock oscillator cutput
on pin § of LJ11. Adjust potentiometer B35 for the desired video
output data rats. If sxternal master clock operation is desired,
selsct jumper satting E2-E3 and input a ctock signal on pin X of
the board edge connector.

MStart

The ARG 000 mother board integration time (start pulse) may be
derived from the on-board integration counters or from an
external source. If internal operation is desired, select jumper
setting E7-E8. The integratian tirme will then be controlled with
the hinary weighted switch settings of SW1, SW2 and SWa.
With an oscillascope, monitor the sync output on pin P of the
board edge connector and set the integration time for the
desirad rate. S Series devices require a minimum star repeti-
tion rate of n + 4, where n aquals the number of array
phaotodicdes. The minimum number of counts for the setting of
the switches for T Series arrays is {n X 2) + 4.

if extemal integration time control is desired, select jumper
setting E8-E9 and input the start signal on pin M of the edge
connector in accordance with the conditions described in the
"Input Signals" section.

Useé the Sync output 10 syhchronize the oscilloscape for the
remainder of this procedure,

Dark Fixed Pattern

With an oscilloscopa, monitar the videa output on the BNC
connector J1. Completely darken the array. Set the vertical
sensitivity of the oscilloscope to SV/division.

With R1, R23, R24 and R25 set to the center of their ranges,
dark output video might appsaar similarto thatin photo 1. Adjust
the “even pixel offset adjust’ potentiometer, R23, until the even
pixels appear as in photo 2. Adjust the "odd pixel offset adjust”
potentiometer, R25, until the odd pixels appear similar to photo
3. Increase the vericle sensitivity to 200 mv per division.
Alternately adjust R23 and R25 until the odd and aven pixeal
offset is minimized as shown in phato 4. Increase the verticle
sensitivity to 100 mV per division, Adjust the "oddieven pixal
hatance adjust” potentiometer, R24, until the dark fixed pattem
is minimizéd as in photo 5,

Dark Yidec DC Level

Increase the veriicle sensitivity to 50 mV per division. Adjust
potentiomater B1 until the DG level of the video cutput trace is
at ground level as shown in photo 8.

lluminate the amay with a suitable DG light source. The
"saturated” video output should appear similar to that of
phota 7.
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Photo 3 Photo 4
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General Description

The RC1030LNN is a general purpose evaluation circuit
designed to provide all of the necessary timing signals and
video processing circuitry to operate the Reticon 5B and TB
Series Limear Photodicde Arrays. The evaluation board
provides the user an gasy means to evaluate tha operation of
these linear photodiode arrays. External Start and Clock
controk inputs are provided at the edge connector of the board
to allow synchronization of the board operation with a user
systern.

The evaluation board has been designed to provide good
noise performance at a reasenable cost. The Sample-and-
Helg video output signal will have a typical dynamic range of
4000:1 for the SB device and 8000:1 for the TB. Dynamic
range is defined as the saturated output divided by the peak-
to-peak pixel noise. In terms of AMS naise, the dynarnic
range would be approximately 5 times greater or 20000:1 for
the 5B and 40000:1 for the TB. In order to observe this type
of performance, powar suppliad to the board must be in
accordance with that described in this manual. Carefu!
shielding of the board from extermal electro-magnetic sources
is also required due to the high gain amplifiers on the board.
In order to achieve this level of performance, the video data
rate is limited 1o & value lowser than the capability of the photo-
diode array itself.

Frovigion for cooling of the photediode array using a therme-
slectric cooler is possible by means of the access hole
lncated directly beneath tha array.

Power Requirements

The Board is designed to be operated from a triple autput
source supplying +5Y, +15V, and -15V to the circuit's sepa-
rate analog and digital sections. On-board voltage regulators
provide an analog +5¥ supply and an analog -5V supply from
the +15 and -15¥ inputs. The analeg and digital ground
planes have been completely separated on the board and are
each brought separately to the PCB edge connector. These
two ground planes can be tied together at the board edge
connector and then grounded at the power supply using a
good low impadancs conductor.  Alternately, each ground
plane could have a separate low impedance cable with a
common connection at the power supply itself.

The PC board adge connsctor pin assignments for each
pewer supply input and ground connections are shown below.
See "Specifications” section for current and voltage reguirg-
ments for aach power supply input.

- RC1030LNN

Operation and Alignment

Instructions
Specifications
i Mechanical
| Dimensions: 3.0inx4.0in
i Connectors: Edge connector 22/44-pin dual
| 100" CTG
i Video output Coaxial BNC
" Electrieal
Power Inputs: +18Y +15V DG {1V DC)
& 75 mA
+8Y +5Y DC (+.1¥ DC)
@ 70 mA
~15V -15% DC (+1V DG}
& 50 mA
Video Data Rate: 50 kHz maximum
Video Qutput: Saturation +10V (+20%:
Peak-to-peak
pixel noise
o 2.5 mV (typ)
-020 1.25 mV (typ)
DG Dark Level
adj. range +2¥ 1o -2V
Clock Output: Pulse width 2 |s positive
Amplitude HCMOS
compatible
Ext. Clock Input:  Pulse width 50 ns minimum
Amplitude HCMOS
compatible
Ext. Start Input:  Pulse width See Timing
Diagram
Amplitude HCMOS
compatible
Sync Cutput: Pulse width See Timing
i Diagram
Amplitude HCMOS
compatitie

Maote: Feak-lo-peak pixe! noise is dependent upon a number of
parameters. Careful atteantion should be given to the following
paramsters for optimum noise performance.

1 Power supply nofse and ripple levels should ba <1 mvp_p.
2 Utilize low impedance power supply connections.

3 Minimize tha longths of the analog and digital cables.

4 Shisld the board from electro-magnetic radiation sources.

Signal Sym Edge Pin | Test Paint
+15 Volts +15V OGC g TP 1
+5 Volts +5V DG 22 TR 3
-15 Volts -18v DC 7 TR 2
Analog Ground AGND 11, 34-44 TP 11
Digital Ground DGND 13, 23-33 TP 4
345 POTRERC AVENUE

SUNNYVALE, CALIFORNIA 34086-4197  {408) 738-4266 FAX: (408) 738-6479
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RC1030LNN

Operational Description

There are tweo basic circuits interfacing the phetodicde amay.
Figure 1 is a simplified block diagram that shows the two
sections saparated by a dotted [ine. The digital section is on
the left and the analog section is on the right. Refer to the
schematic diagrams of the RC1Q30LNN for the detailed
circuit of the block diagram. Refer to the timing diagram of
Figure 2 for functional timing information.

Digital Section

The one-shot oscillator and pulse width control, L2, provide
the master clock (MCLK} signal used to geherate all the
board timing. Frequency of the MCLK can be adjustsd with
R1. The MCLK signal clocks the 16 bit pre-settable counter,
U4, used to control integration time of the photodicode array.
Refer to the schematic of the EPLD L4 for the detailed circuit
of this device. The output of U4, pin 8, is an active bigh pulse
for 1 cycle of N MCLK cycles. N is determined by the binary
weighted count of the setting of the DIP switches SWH, SW2,
SW3, and SWd. This cutput signal, 3YNC, is routed to the
timing generator, EPLD U%, and is also used to reload the 16
bit counter for the next count cycle.

Tha timing genarator, US, regquires 4 inputs and produces 5
outputs for the photodiode array and video processing
section. Hefer to the schematic diagram of US for the de-
tailed circuit of this EPLD. The MCLK and SYNGC signals
are used to derive the 3 photediode array signals, a1, o, and
START. @y and @2 are cemplimentary 2-phage clock signals
uged to clock the photodiode arvay shift register. The phote-
diodes will be accessed at the frequency of these signals
which is 1/2 the frequency of the MCLK signal. The start
signal iz a pulse shaped version of the SYNC signal and
controls the loading of the pholadiode array shift register and
thus the start of a new readout pariod. A delayed and pulss
shaped MCLK signal from U3, DCLK, is used to derive the
SAMPLE signal for the sample and hold circuit. The MCLK
signal input is used to develop the RESET output signal for
the resetting of the integrator in the vidag processing section.

Analog Section

Tha amalog portion of the circuit begins the with the active
and dummy video outputs of the photodicde array. These
outputs are differentially amplified by operational amplifiar,
UB. A video line bias of +2.5V is providad by U7 and zener
dioge CR1. The output signal from UB is a train of voltage
pulses corrssponding to the charge detected on each
photodinde as they are readout in sequence. The pulses will
ride ona +2.5V DC level. A second stage differential ampli-
fier 9 is used to cancel the DC offsst of the video signal.
The amplifisd charge pulses from tha photodiode array are
than imegfated by 110 on capacitor C29. The integrator is
reset by Q2 once each period prior to the next charge pulse.
The output of the integrator is AG coupled and then DC
restored by Q4 to an adjustable DC level set by R37. Tha
video signal is DT restored synchronously with the integrator
reset. The DO restored vidso signal is then sampled and
held by U11 and C36. The sample-and-held video signal is
routed to the output BNC connector J1 and to the PCB sdge
connactor P1 - 2,

Input Signals

In the usual mode of operation, the RC1030LNN evalyation
board genarates all the necessary signals to oparate the
photodiode array. The board has provisions for accepting an
external master clock andfor start signals. These extemal
inputs can be used to synchronize the array cutput to the
user's system.

External Clock Input, pin P1 - 15/TP7Y

The RC1030 can be externally clocked by selecting jumper
ssttings E1 - E2 and applying an HCMOS level clock signal
oh this input. Timing of this signal is nonciitical since the
pulse width will be determined by the one shot U2-B. The
frequency of this signal will be twice that of the video output
pixel rate and should not exceed 100 kHz.

Ext. Start Input, pin P1 - 20/TP&

The readout operation of the photodiede array can be
extemnally controlled by selecting jumper settings ES - E6 and
inputting an active-high HCMOS signal on this input. The
external START must have a minimum positive pulse width of
200 ns. The falling edge of EXT START must ocour no
sooner than 20 ns after the falling edge of MCLK at TPA.
The minimum number of master clock cycles, MCLK's, be-
tween start pulses will be twice the array length plus 4
counts.

External Line Reset, TP9

By selecting jumper setting E7 - EB simultaneous resetting of
the photodiodes can be contrelled by this input.  Pulling this
input low will resat all the photodiodes in the array. The
integration time is then different for each photediods in the
array. The integration for a given dicde n is the time betwean
the rising edge of LA to the next readout time for diode n.
This made of operation is suitable for synchronizing the array
with flashed or pulsed light sources.

Qutput Signals
Clock Output, pin P1 - 17/TP8

This output is provided to synchionize user circuitry to the
RC1030 BNC videc pixel data. The frequency of this signal
will be twice that of the video data rate.

Sync Output, pin P1 - 19/TPS

This is an HCMOS output signal for the purpose of synchro-
nizing an oscilloscops of user circuitry to the photodicde
array line scan time. The timing and polarity of this output is
shown in Figure 2.

End-of-Scan (EQ3} Quiput, TP10

The photodiods array produces an output pulse from the shift
register at the end of the active array scan time. The timing
of thig signal is shown in Figure 2. This iz an HCMOS com-
patible output signal,

Video Output, J1
The final sampled-and-held video cutput signal can be

menitored at this output, The timing of this signal is shown in
Figurs 2.
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Alignment Procedures

The RC1030 evaluation boards, as shipped from the factory,
hava been thoreughly aligned with sither the user's array or
with a typical test array. Upon applying power to the beard,
the following alignment procedure should be followed to
achieve optitnum circuit performance.  Proper alignment of
the board set can be accomplished only when the beard is
driven with power as specified in this documant.

The photographs used in this alignment procedurs were
taken using an RC1030LNN-011 board and an
RL10245B0-011 array. The MCLK frequency was set at
BD kHz. The MSTART repetition rate was set at 2048 + 128
counts for ease in recognizing “fiyback” time (ime between
active scans).

FProcedure

Connect the power supplies to the board in accordance with
tha pineut as listed in the "Power Reguirrernents” section.
Install a photodiodsa array In the socket for U1, Be cartain to
ocbserve proper pin orentation when installing the photodiode
array. Apply power to the board.

MCLK

The RC1030 board Master Clock may be derived from the
on-board clock escillator or from an external source.  |f the
on beard clock generator is desired, sefect jumper setting
E2 - E3. With an oscilloscopa, monitor the clock oscillator
vutput on test point 8, TP 8. Adjust potentiometer R1 for the
desired clock rate. |f extermal master clock operation is
desired, select jumper setting E1 - E2 and input a ciock
signal on pin P1 - 15 of the board edgs connector or TP 7.

MSTART

The RC1030 board integration time (start pulse) may be
derived from the on-board integration counters or from an
external source. |f internal operation is desired, select
jurnper setting E4 - ES. The integration time will then be
controlled with the binary waighted switch settings of SWi,
SW2, SWS3, and SW4. With an cscilloscope, monitar the
sync output on pin P1 - 19 of the board edge connector ang
set the integration time for the desired rale. The minimum
count for a given array size is given by the equation
{2 x n} + 4, where n equals the number of array photodiodes.
For example, the minimum count setting for an RL10245B
device would be {2 x 1024) + 4 or 2052 counts. The DIP
switch settings would be as follows:

— SWd — — 5W3 — —SW2 — — SW1 —
off off oif off cnoffoffoff off off offoff off on off off
{msb} (Ish}
2048 + 4 =2052

If external integration time control is desired, selact jurmper
setting ES - E6 and input the start signal on pin 20 of the
edge connector in accordance with the conditions described
in the “Input Signals"” section.

Use the Sync output to synchronize the uscilloscope for the
remainder of this procedure.

Integrator Blas Ad|ustment

With an pacilloscope, monitor the output signal from pin & of
U10. Darken the photodiode array using an opague material
1o cover the window over the array. Seat the escilloscope
vertical sensitivity to .2¥/div. and the horizontal time base for
50 usddiv.  Adjust the potentiometer R20 until the slops an
cach pixef is minimized. See photos 1, 2 and 3 for
exampies of this adjustment.

Dark Video DC Level

Set the horizontal time basse to 5 mSidiv. Monitor the video
output signal at J1 or edge connector pin, P1 - 2. Adjust
potentiometer B37 until the DC level of the video “flyback”
time is at ground level as shown in photo 4.

Antiblooming Control Adjustment

If external LR control is net desired, select jumper setting
E8 - ED. Set! the oscilloscope vertical sensilivity to 5¥/div.
Adjust potentiometer R42 fully clockwise. Remove the
opaque covaring from the array and incraass the illumination
on the array with a suitable DG light source to a level such
that the output from the photodiedes stops increasing and the
“fiyback” time starts to go poesitive from the ground level. The
“saturated” video output should appear similar to that of
photo 6. Adjust the antiblooming controd, R42, counterclock-
wise until the “flyback™ time is brought back to the ground
level. Adjusting R42 too far will result in reducing the satu-
rated output voltage as shown in photo 7. With the correct
setting of R42, the video should appear similar to that shown
in photo 8.

Video Output

The final 4 photos indicate the typical array perfonmance
wher exposed to various fight levels. Actual performance
seen from other photodiode arrays may vary somewhat from
the photos due to nermal process variations in nonunifermity
of sensitivity, dark leakage current, saturation charge, etc.
Photo & iz exposed to "saturation”, photo 11 i3 zery exposure.
Fhoto 12 is the typical p-p noise level on a singls pixsl.
Phote 12 was taken by storing maximum and minimum
excursions of a given pixel for 128 scans using a digital
oscilloscope.

233



234

RC1030LNN

o rrrrrrrrrrfrrrrr’

LL\.LLLLLLLLLLLL.

Photo 1. Integrator Blas Set Corractly
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Phota 3. Integrator Blas Set Incorractly

Photo 5. Dark Level Set Incorrectly
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Phote 2. Integrator Bias Set Incorrectly

Photo 4. Dark Level Set Correctly

Photo §. No Blooming Control
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Photo 7. Blooming Control Set Too Low

Photo 8. Blooming Conftrol Set Correctly
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Photo 8. Video Output @ Saturation Exposure
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Phaoto 11. Video Qutput @ Zero Exposure Photo 12, Video Qutput P-P Pixel Noise
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Application Information
|
llfumination Sources

EGA&G Reticon image sensors detect electromagnetic radiation from 200 to 1100 nanometers.
The short wavelength response wilf be limited to about 350 nanometers whan using gither a glass
window or fibar optic faceplate.

Sources of illumination with energy in the detection wavelength range are all suitable for image
sensors. A few of the possible sources are.

In¢candescent larmps
Fluorescent lamps
Sunlight

Light emitting diode (LED)
Laser

Phosphor output

The primary requirement is to have a sufficient amount of intensity to aperate the imags sensor at
the desired integration time.

Please refer to Applications Note 121 for more information on light souwrces and spectral
response.

Cleaning Windows

The windows of an image sensar must be kept clean to ensure transmittanca of incident radiation
through the window, Lack of window cleanliness will contribute to nonuniformity of sensitivity and
may prevent proper operation in some applications. The windows are easily cleaned by using a
soft lint-free cloth or paper scaked in a residue-free organic solution, such as alcohol.

Note: Windows shoufd never be wiped wilth a dry cloth or paper. Never clean a
window with array energized,

Fiber Optic Faceplates

Some image sensors are available with fiber optic faceplates instead of quartz ot glass windows,
This enables the user to efficiently couple the image sensor to other electro-optical devices such
as animage intensifier. The S Series wide aperturs linear image sensor and the RAQOT00A/0128N
area image Sensors ara availabie as standard products with a fiber optic faceplate. The aptical fiber
used on these devices has a 8 micron core size with a numerical aperture of 1. Most EGAG
Reticon image sensors can accommodate a fiber optic faceplate. Please consult the factory for
more details.

Cooling Image Sensors

The signal-to-neise ratio performance of any image sensor can be improved by reducing its
temperature. For sach 7* Celsius drop in temperature, the dark leakage current is cut in half.
Some applications call for a very wide dynamic range and/or long integration times which can only
be achieved by cooling the device,

Typically, cooled devices are hioused in a nitrogen purged atmosphere ta prevent condensation.
Cooling can be achieved in several ways. The method most often used is a thermoelectric cooler.
Using the Peltier effact, and multiple stage coolers, it is possible to cool an image sansor by over
50°C. Thers are several manufacturars of these coolers which have configurations suitable for
Reticon image sensors.
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Another cooling methad is the Joule-Thomsen cocler which cocls by adiabatic expansion of a gas
that is initially below its saturation temperature. The expanded gas, thus cooled, is passed back
over the incoming gas, resulting in regenerative cooling. There are also several manufacturers of
this type of cooler available for image sensors.

A third method is to mount the image sensor on a "cold finger' which is attached to & dewar of
liquid coolant.

Image Intangifiers

Some applications require higher sensitivity than can be achieved by standard image sensors,
EG&G Reticon offers several wide aperture devices for increased sensitivity. The coupling of
image intensifiers, available from several magnifications, can improve the sensitivity of photodiode
arrays.

An image intensifier consists of a photo cathode for converting light into electrons. These
electrons are multiplied through a microchanne| plate and then strike an output phosphor coated
on the inside of a fiber optic faceplate. These image intensifiers can provide gains of 1,000 to
10,000, enabling lower light level operation. The cutput by the image intensifier couples directly
to the fiber optic faceplate of the image sensar and can be attached with an appropriate optical
cament.

Special Selection

At times, the specifications on the EG&G Reticon image sensors are not adequate for some
applications. Special requirements for characteristics such as lower dark leakage or improved
nonuniformity of sensitivity may be accommodated by requesting specially selected devices,

Plaase consult one of our sales offices with your special requirements. We will gladly consider
your request and detarmine if we can satisfy your need. There will be a selecticn charge and
additional delivery time.
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|

101 - "Apnplication of Reticon Photodiode Arrays as Electronic
and X-Ray Detectors"

121 - "Spectral Response of Reticon Linear Photodiode Arrays"






No. 101 Application Note
i —

SN EGsG RETICON

Application of Reticon
Photodicde Arrays as
Electron and X-Ray Detectors

General Description

Reticon self-scanning photodiode arrays were designed
primarily for detection of visible and near infrared light;
hawevar, thess devices make excallent detectors of mare
energetic radiation as well. They are paricularly useful for
detecting soft x-rays in the 1 to 10A wavelength {1.2 to
12 Ke¥ photon energy) range and electrons in the 10 to
100 KeV range. These ranges can be extended by relatively
minor changes in the device structure.

Although, in principle any Reticon photodiode array can be
used to detect electrons or x-rays, the mast suitable standard
dovices are the "C" and “B’ series with the wids aperture
option.! 2 The “C" seties devices have & 17 mil wide
sensing area with 128, 256, 384 or 512 individual sensors on
2 mil centers or 256, 512, 768 or 1024 sensors on T mil
centers, The “B" series devices have a 24 mil wide sensing
area and sither 512 or 1024 slements on 1 mil centars.

The user should provide an extemal shield to protect the
areas of the silicon chip autsids the sensing aperture. Thesa
areas contain mutiplex switches and shift register scanning
circuits which can be damaged by exposure to ionizing
radiation. The actual sensing area should then be defined by
an aperture in the shield which is aligned imside the 17 aor
24 mil aperture on the silicon chip. The proper alignment is
illustrated in Figure 1.

- Rl
4 -J-" ¥
" CEDENT
ENTERMAL ZMIELD 3 BEAN
#WITH AFERTURE | i

.

A giLitoN
HIP

— ELECTRIAL
EADS

Figure 1. Cross Section of Packaged Reticort Array
Showing Required Alignment of External Shield to
Device Aperture

Retlcon arrays are normally assembled in a ceramic dual-
inling package and sealed with a quartz window 20 mils thick,
For x-ray or electron sensing appheations this window must of
course be omitted. In addition, the sensing area of a stan-
dard atray is covered by a protective silicon dioxide layer
nominglly 3 wm thick. This layer is completely transparent to
light but will partially abserb an incident electron or
¥-ray baam. For this reason, it is sometimes desirable to

raduce the thickness of the oxide layer. With a relatively
mingr process change devices can be produced which have
the silicon dioxide layer thickness reduced to 1 pym. ‘With
mara substantial process changes, the oxide layer can be
sliminated compistely in the area over the dicdes. An oxide
layar should remain between the diodes for reliakility
reastns.

Electron Detection

An incidant high energy electron dissipates its eanergy over
some path length by the creation of secondary slectron-hale
pairg. In silicon, che electron-hele pair is created for each
3.66 &V of energy dissipated. Al of the sscondary holes
generated in the silicon within a diffusion length of the surface
{approximately S0 um} will be collectad and stored on the
nearest photodiode. This charge wil be read-out as signal
charge when the array is scannad. Heles generated within
the oxide or desper than ana diffusion length within the
silicon will not be collected and will not contribute to the
signal charge.

Low energy electrons will lose all or most of their energy in
the oxide layer covering the silicon surface and may therefore
not be detected. The calculated range of electrons in Si05 is
shown in Figure 2 as a function of enr—,lrf_:u.r.3 It can be seen
from the figure that electrons with energy less than about 25
KeV will be stopped in a 3 pm thick oxide layer and electrons

3

T T T TTTT]
S |

1

RANGE [microns)

Lol ! [
0 108
FLECTRON ENERGY [Ke:

Figure 2. Range-Energy Relationshlp for Electrons in SiG,
{see Reference 3)
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No. 101 Application Note

with enargy less than about 12 KeV will be stopped in a 1 pm
oxide layer. Enargies in excess of these minimum values but
less than about 100 KeV will be deposited in the silicon within
one diffusion length of the surface and will
generate a signal of one slectronic charge per 3.66 av of
anargy. Electrons with energy graater than 100 KeV will
penetrate deeper than a diffusion length and only a fraction of
the generated secondaries will be collactad,

An experimental curve of charge gain as a function of
incident electron energy is shown in Figure 3 for & device with
a 1 um oxide layer* The offset of about 11 KeV agress
reasonably well with the theoretical range energy curve of
Figure 2. MNote that & single incident 30 KeV electron will
produce a detectable signal of 5000 electronic charges.
Studias on standard Reticon dovicss with a 3 pm oxide layer
show similar results except that the offset voltage is
ingreased to approximately 25 KeV as expected from
Figure 2, ¥
6000 T T T T T

5000 $ .
anool ﬁ

3000 * -

ELECTRON GAIN

1000+ F _

L 1 | | 1 L
0 5 o] 15 20 25 30 30

ELECTRON EMERGY [KeV)

Flgure 3. Charge Galn Versus Electron Energy for RL1024B
with 1 um Oxide Layer (see Reference 4}

One application in which Reticon arrays are used as slactron
detectors is in the self-scanned digican tubss manufactured
by Electronic Vision CGorporation, 11661 Sorrente Valley
Road, San Diego, California 92121.

These devices cansist of a semitransparent photocathode, a
magnetically focused electron imaging section and a Reticon
photodiods array target.  An optical image on the photoca-
thode generatas photoalectrons which are accelsrated
through approximately 20 KeV and focused onto the Reticon
array where ona incident photoslsctron generates sevaral
thousand secondary electron-hole pairs to produce a corre-
sponding charge gain. The read-out noise is sufficiently low
that single glectron events can be detected. %8 A discussion
of the self~scanred digicon for apphications in low light level
astronomical spectroscopy is presented in Referencs 4.

In addition to low light level imaging tubes such as the
digicon, Raticon arrays may be used in electron spectros-
copy and a variety of other electron datecting applications.

X-Ray Detection

When an x-ray beam is incident on a material such as
silicon, it is attenuated exponentially, i.e.. its intensity
decreases with distance according to the relation
| =1y @xp {=#/a) where |, is the incident intensity and | is the
intensity at any distance x from the surface. The parameter
o (the absorption coefficient) is the probability per unit path
length of an x-ray photan being absorbad. On tha averaga
photon will travel a distance of 1/ befere being abserbed.

When a photon is absorbad its energy is transferred to an
electron which then gives up the energy by generating
secondary electron-hele pairs. From here on the problem is
the same as for direct detection of electrons. One secondary
is produced for each 2.68 eV of absorbed energy and all the
secondary holes produged in the silicon within a diffusion
length of the surface will be collected and coniribute to the
sighal charge.

The absarption coefficient of silicon is shown as a function of
wavelehqgth (or photon energy) in Figurs 4. The absorptien
coeflicient of Si0, is slightly different but has a similar wave-
length dependence. Mote that short wavelength (high
energy) x-rays have a very low absorption cosfficient and a
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Figure 4. X-ray Absorption Cosfficlent of Silicon as a

Function of Wavelength and Photon Energy




No. 101 Application Note

beam would penstrate all the way through a sflican device
with very lithie energy being absorbed. Long wavelength {low
energy) x-rays, on the other hand, have a very large absorp-
tion coefficient and most of the beam energy will be ab-
sorbed in the oxide without reaching the silicon. Calculated
rasponse curves considering both effects are shown in Fig-
ure 5. The calculations were carried out for three oxide thick-
nessas: 0, 1 and 3 wm, A diffusion length of 50 um was
assumed in each case. The notch in the response curves is
due to an abscrption edge associated with silicon atoms in
the SiQ, layer.
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Figure 5. Theoratlcal X-ray Response of Reticon Photo-
diode Arrays for 0,1 and 3 pm Oxide Thickness and 50 i um
Diffusion Length

It can be seen from Figure 5 that the peak sengitivity is at
about 5 A wavelength and that standard devices make quite
good detectors over a range from about 1 1o 12 angstroms.
At long wavelengths the sensitivity can be
significantly improved by raducing or eliminating the oxide
layer. For wavelengths longer than 15 or 20 angstroms, the
sensitivity is expected to decrease even for zero oxide thick-
ness. This is because most of the energy is absorbed so
close o the silicon surface that some of the secondary
electron-hole pairs will be lost by surface recombination.

For wavelengths between very soft x-rays fabout 20 &) and
the wltraviolet {about 2500 A) no experimental work has been
reported and calculations are difficult. It is possible, however,
that Reticon devices could ba ussful over a portian of this
range.

For wavelengths shorter than 1 A the sensitivity falls off
rapidly, but the devices may still be useful for high intensity
boams. In this range the sensitivity in coulfwalt sec is

approximately given by 1.4 x 107 tirmgs g in em 1.

The method of calculating the signal charge which will be
read-out of sach call when the artay s scanned is illustrated
by the following example:

Caonsider a standard “C 17 series array masked extemally to
expose a 10 mil wide sensing area. Each cell then has a
sensing area of 1 mil x 10 mil = 10 mil 2 = 6.5 x 10 5 em2,
Suppose an x-ray beam with an intensity of 10 wwattiem? and
a wavelength of 4 A is to be detected and the array is
scanned at 100 linesfsec. The energy incident on sach cell
per line is ther:

10°5 watts x 6.5 x 1075 em? x .01 sec = 6.5 X 10712 watt sec
=3
Ty

From Figure 5 the sensitivity at 4 A is 0.2 couliwalt sec.
Therefore, the signal charge is:

0.2 _coul x 65x 1012 watt sec = 1.3 pC.
watt sec

Since the saturation charge of a "C17" device (see data
sheet) iz 3.2 pC, the above exposure results in a signal equal
to 40% of saturation.

Radiation Damage

While many Reticon devices are being used in slectren and
¥-ray applications with no serious problems, the user should
bs aware that continued expusure fo high energy radiation
can cause radiation damage effects. & 7 These effects are
cumulative and permanent.

The most serious effact, which can fortunately be eliminated
by shiglding, i3 a shift in the threshald voltage of the MOS
transistors wsed in the multiplex switches and scanning
circuits of the array. If these arg not shiglded, the scanning
circuit will coase to function after a radiation dose of about
10% rads. The absorbed dose varies with the oxide thickness
and the electron or x-ray energy. For 20 KeV slsctrons
incident on a silicon surface coversd by 1 pum of oxide it is
about 3 x 1077 rads per incident electronfom2.  Working
through the numbers, this means that the device would fail
after an exposura sufficient to cause saturation about
2000 times.

With proper shielding the failure mechanism described above
can be completely eliminated. Howeaver, thare is a second
radiation affact which reiates to the sensor elemenis them-
selves and therefore cannot be eliminated by shielding. This
effect is an increase in the dark leakage current which has a
typical initial value of about 1 pA per cell and increases by
about a factor of 10 after a dose of 107 rads. The effect is not
catastrophic and saturates after the above dose. A dark
current of 10 pA is not objectionable for mast applications. If
it is a problerm it ¢an be raduced by cooling the davice. Dark
current changes by about a factor of 2 every 7° G.
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Ordering and Handling Information

Reticon photodiode arrays for use as radiation detectors must
be specially ordered WITHOUT SEALED WINDOW. Devices
=20 ordared will be shipped with a window 1aped in place to
provide mechanical protection doring shipping and handiing.
The devices can be functionalty tested as light detectors
while this temporary window is in place. After removal of ths
window, care should be taken to avoid touching the silicon
surface or the delicate 1 mil diameter wire bonds. Unsealed
devices should be stered and handled in & clean, dry
anvironman.

Any standard Retdicon array with & 3 pm oxide layer may be
ardered unsealed at the regular price. Any "CAT" or
"B/24" seriss devices may also be ordered with a 1 um oxide
layer. However, a 10% premium is charged for special pro-
cessing and handling. Tooling is now available ta
fabricate "B /24" devices with 2ero oxids thickness over the
dipdes and 1 pm oxide between digdes. These are also
available at a 10% premium over standard prices.

For applications not covered by standard “B/24" or "CA7°
series devices, Reticon has a complete custom design
capability. Customn devices can be built in a wide variety of
geometric configurations,

Disclaimer

While the information contained in this article is believed to
be accurate, Reticon sensor arrays are designed and tested
only as optical detectors and no specific performance guaran-
tees can be made for devices used to detect x-rays or
electrons.
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Spectral Response of Reticon
Linear Photodiode Arrays

1.0 Preface

The purpose of this application ncte is to provide users of
Reticon linear arrays with more detailed information on spec-
tral response and guantum efficiency than is contained in the
data sheets.

Included in this information are calibrated spectral response
data taken on samples of the Reticon RL10245 device with
fiber optic window, with a quartz window and with no window.
Also included are data for glass windows calculated using
published optical absorption data for the glass material. Be-
cause of design similarities, these data apply to all Reticon
photodiode arrays (as well as the S series and T series listed
in Table 1).

The S series and all wide aperture amays in these families are
normally shipped with & quartz window. Narrow aperture ver-
siong are shipped with a glass window unless otherwise
specified.

2.0 Sensitivity

Sensitivity 15 the photocurrent famps) flowing in a diode per
unit of light intensity or irradiance (W/em®). Since Ax sec= G
and W x sec = J, sensitivity can be equivalently expressed in
terms of slgnal chargs (C) storad on a dioda per unit of axpo-
sure {(Jom®y, where exposura is defined as the integral of
irradiance over the integration time. Thus, tha units of Sensi-
tivity are ANV/CmE = Chlicm?=,

Because silicon photodiodes are not equally sensitive to all
wavelengths, it is necessary o spacify the wavelsngth distri-
bution of the light source in order for a sensitivity specification
to be meaningful.

3.0 Sensitivity with Monochromatic Sources

Tables 3, 4, 5 and & give sensitivity data as a function of
wavelength. The data in the column headed REL SEMS are
the sensitivities at each wavelength relative o the peak at
750 nm and are applicable to all device types considered in
this report.

The data in the column headed ABS SENS should be multi-
plied by the pixel area {cm?) for each sensor type to yield the
sensitivity in AAW/em? at each wavelength. Thus neglecting
any effects of the window used to seal the package, the
sensitivity of the various types in the table below simply scale
with their pixel area. The pixel areas for each family of
sensors are given in Table 1. Refer to Figurel for typical
SENSOr gaomatry.

4.0 Window Effects

The data in Table 3 were lakan on a windowless davice and
show the basic silicon sensitivity. The data in Table 4 are for
a quartz windowed device and are identical to Table 3 except
for a 5% reflection |oss across the entive spectral range.
Tahle 5 shows data for & glass window used in many Reticon
devices. It is similar to the quartz window data except for a
loss of response in the ultraviolet which is unimportant for
maost appiications. Table & gives data for a fiber optic face-
plate available on S series devices. The relative response
data from Tables 3 to 6 are plotted in Figures 2 to 5.

Unless specially ordered otherwise, the windows used on the
various device types are as shown in Table 1.

Table 1. Pixel Area and Window Materlal for Varlous Reticon Linear Diode Array Famllles

1
Pixe!
Sensor Type Diode Spacing b {pm) | Aperture Width c {(pm) | Areabxc [cmzj Window

A 50.8 50.8 258x 10 glass
C : 25.4 26.4 645x106 | glass
chv ) 254 4318 110x 104 | quarz
G : 25.0 26.0 85x108 glass
H 15.0 16.0 ’ 24108 glass
H/z0 15.0 300.0 _ 45% 103 quartz
L 63.5 76.2 C 484 x10° glass

: 5 25.0 3500.0 6.25x 104 quartz

i SF 25.0 2500.0 B.25x 1074 fiber optic

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 94086-4197

{408) 738-4266 FAX: (408) 738-6979
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Figure 1. Typical Sensor Geometry of Reticon Line Scan-
ner. Center-to-center spacing of dlodes is b, Aperture
width is o.

5.0 Sensitivity with Breadband Light Source

In most applications the light source is not monochromatic,
but is rather a lamp or lampfiter combination with output
distributed over a range of wavelengths. Because of various
cohsiderations (including convenience in testing, differences
in intended application, and historical reasons) various
Reticon devices as well as those of ather manufacturers have
sensitivity specified with different light sources. This makes a
direct comparison between the device types difficult on the
basis of data sheet numbers. The intent of this saction is to
present the information necessary to facilitate such compari-
sons. The various light sources include the following:

2870°K tungsten lamp. This iamp puts out a very broad
spectral distribution with most of its energy in the infrared
at wavelengths bayond the rangs where silicon s sensi-
tive. Therafors, since most of the snetgy is wasted, sensi-
tivity tar this source will appear relatively low.

2870°K tungsten lamp band limited between 370 and
1040 nm. The same lamp is used, but the energy at
wavelangths longer than 1040 nm {to which sificon is not
sensitive) is ignored in measuring the irradiance or expo-
sure, Therefors, since the same signal charge is obiained
at a lowar measured exposure the specified sensitivity
number is higher. 1t wilk actually be an average of the
sensitivity over the 370 to 1040 nm wavelength range
weighted by the intensity distribution of the lamp aver this
range.

2870°K tungsten famp with HA-11 filter. The output ofa
tungsten lamp falls off rather shamly at short wavelengths
while the Fish-Schurman HA-11 filter absorbs long wave-
lengths, The cembination gives a roughly symmetrical
spectral distribution centered at 600 nm and having an
approximately 200 nm width at half height. The response
to this source will be very close to that measured for a
menochromatic source at 800 nm.

The relative response of a Reticon linear array to these and
nther commen sources is shown in Table 2.

Table 2. Relative Response of a Reticon Linear
Array

1
Relative
Source Responsivity
750 nm monochromatic 1.00 ;
2B70¢°K tungsten, band-fimited .90
370-1040 nm
He-Ne laser 90
2870°K tungsten, with HA-11 filter 78
White fluorescent lamp 72
2870°K tungsten, broadband an

6.0 Quantum Efficiency

Quartum efficiancy (QE) is the efficiency of converting input
photons of light inta elactrong of charge and is expressed as
a percent. Quantum efficiency is related to sensitivity, but the
two are not proportional becauss the energy caried by a
photon depends on wavelength according to the relation
Ep = he/i where Ep is the photon energy, b is Planck’s con-
stant, ¢ is the velogity of ight and & is the wavelength. If E is
expressed in eV and A in nm, the above relation becomes
Ep = 1240/L.

If githar the guantum efficiency or the responsivity is known,
the other can be calculated from the relation GQE = EpS/A
where Ep is the photon energy in eV, 5 is the sensitivity in
C/liem? and A is the pixel arsa in cm?.

In Tables 3 through &, guanturn efficiency is given as a
function of wavelength in the column headed QE. These data
are applicable to all devices with the indicated window
independent of pixel area.

7.0 Examples

At times it is desirabls to compare sensitivity performance of
a number of Reticon dicde sensor families. Since sensitivity
is dependent upon light source characteristics, and these
characteristics are not always identical, it is helpful to calcu-
late sensitivity of the various families for a particular given
light saurce. Example 1 is a sample of one such comparison.
Example 2 extends the comparisen one step further by caleu-
lating saturation exposure when the sensitivity is known.
These calculations are particularly useful for determining light
power requirements and integration time when using lasers
as a light source.

Example 1

Calculate and compare the sensitivity for tha G array and the
narraw aperture C array using a 600 nm monachromatis light
source. The data sheet sensitivities are considerably differ-
ent because the C is specified with broadband light and the
G is spacified using a broadband light filtered with a 1 mm
HA-11 filtar. Howsver, with monochromatic tight both should
ba similar because both have approximalely the same pixel
ared.

A, G Array
1. From Table 5 (Glass Window), the ABS SENS at
600 nm = .3789.

2. From Table 1, the pixel area is 6.5 x 107 em?.
3. Using [ABS SENS} x pixel area (o) = sensitivity:
(3789) x (6.5 x 1075 cm®) = 2.46 x 10°F Anwrem?
= 2.46 pA/WomZ,
Mote: This sensitivity is close to that given in the G data
shaet since 600 nm is near the peak of the HA-11 filter.

B. C Array (Narrow Aperture)

1. From Table 5 {Glass Window), the ABS SENS at
600 nm = .3789.

2. From Table 1, the pixel area is 6.45 x 1075 em2,

3. Using (AB3 SENS) x pixal araa {cm=) = sensitivity:
(3760} X {6.45 x 10°% om?) = 2.44 x 1075 AMom
= 2.44 pALNCME,

C. Comparison

From the calculations of Step A and Step B, one deter-

mines the sensitivities of the G array and the C array with

the narrow aperture are approximately equal, ie.,

2.46 pAuWiem? = 2.44 pA/nWicm?,
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Example 2

Referring ta the calculations in Example 1, if the sensitivity is
known, then the saturation exposure (Egatl can be calou-
laterd. The satwation exposwie is that exposure level that
produces a saturated output charge. The relationship of
saturation charge (Qsgi). saturation exposure (Esgi) and
sensitivity (S) is graphically shown below:

Saturation

|
|
|
|
|
|
|
| Saturation

:/'Expusure

Exposure (Light Intensity ¥ Integration Time)

Charge Qutput

Sanszitivity

Deriput charge versus sxposure characterigtic.

A G Array
1. Sensitivity (8) = Qga/Egar , tharefere Egy = Qg/S.
2. From Example 1, 5 = 2.46 pA/uWiem=,
3. From Section 2, AMtiorn® = Crliem?, therafore
246 pApWicm2 = 2.46 pCindicom?,
4. Qgaris a data shest parametgr and for a G array it is
specified as 3.2 pC.
5. Itthen follows that Eggp = Quqgi'S
= 3.2 pC/(2.46 pClndiem2)=1.3 psiem?.
B. For the case of the narrow aperture C array
1. Qggt is specified on the C array data sheet as 4 pC.
2. From Example 1, 5 = 2.44 pAuW/icm?
= 2,44 pCludiem,
3. It then follows that since Esgy = Qgat'S then Egar
=4 pCi2.44 pCludiem?) = 1.84 wdiom?,

Table 3. Typical Photodiode Spectrat Response
Quartz Window Removed

Peak absolute sensitivity is 4737 AW at 750 nm.

I Wavelength {nm) | ABS SENS = RELSENS QE

I

I 250 Da7d 2057 4832

; 300 A320 . 2786 5456

: 350 1550 3071 5490

! 400 2103 4438 6518
450 2884 . BB23 7340
500 aaz 6738 7016
550 3425 7230 | Tree
600 3978 8397 | 8221
850 4447 Rtz i .gasa
700 4542 9538 ' 8048
750 4737 1.0000  .7B32
800 4843 0 9800 7198
s 4o07 1 @asl G137
900 3588 7781 5079
250 2529 5338 3300
1000 RE k! 2771 1628
1050 0333 0702 .0393
1100 LOFE] 0303 0162

Oplical measurements referenced to standard OP444B8.

Table 4. Typical Photodiode Spectral Response
Quanz Window

Peak absolute sensitivity is 4512 AW at 750 nm.

Wavelength (nm) | ABS SENS : RELSENS | QE
250 0943 2090 ABTT
300 1242 2754 5135
380 1800 3325 5315
400 1992 4415 8175
450 | 2525 5596 8957
500 3028 6712 7510 |
550 3362 7452 7581
600 a7a9 8397 7830 !
850 4192 9292 7998 .
700 4313 9560 7640
750 4512 1.0000 7459
800 4403 9759 6825
850 4085 8588 5815
900 3539 7843 4876
950 2412 5348 3148
1000 1259 2791 | 1562
1050 0318 0705 0375
1100 maz 0304 0155

Optical measurements referenced to standard OP4448.

Table 5. Typical Photodiode Spectral Response
Glass Window

Peak absolute sensitivity is 4512 AW at 750 nm.

Wavelength {nm) | ABS SENS | RELSENS  QE
250 0000 .0000 0000
300 0000 .0000 0000
50 1140 2527 4036
400 1932 4282 5989
450 2500 Bh40 B900
500 3028 6712 7510
550 3362 7452 7581
a00 3788 8387 T30
650 4192 0282 7900
700 4313 0560 7640
750 4512 1.0000 7459
00 4403 0758 5825
850 4055 8988 5915
900 3530 7843 4876
9h(t 24312 H346 3148

1000 1258 2791 1562
1050 0318 0705 0475
1100 0137 0304 0155

Optical measurements referenced to standard OP444B.
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Table 6. Typical Photodiode Speclral Response 1ok
Fiber Optic Window =
g oost
Peak absolute sensitivity is 4165 AW at 750 nm. § 08 B
208k
i
Wavelength {nm) | ABS SENS | REL SENS QE g o4 i
Z 0
250 0016 0038 0078 & o2 i
300 0000 0000 0000 L
350 0085 00589 0088 ol 1 | L 1 L L |
400 1162 2790 3602 200 400 £00 E00 1000 1200
450 2012 4830 5543 Wavelength (rnm)
500 261% 6288 5485
oa 133 TR22 FO63 Figure 4. Typical Relative Spectral Response, Glass
800 3473 B339 177 Window
650 3752 8010 7158
700 4001 9606 7087 ~
780 65 1.0000 .BBE6 1ok
800 3954 9493 6128 -1
850 3295 791 4806 ¥ aal
300 2625 6aoz 3616 5 L
950 697 4074 2215 LT
1000 0768 1845 0953 % -
1050 0207 0497 .0244 % 04
1100 002 0246 0115 ] -
o
0z
Optical measurements referenced to standard OP444B. g 0 . | . | N . . . |
200 400 60 200 1000 1200
Wavealangth [nm}
10 Figure 5. Typical Relative Spectral Response, Fiber Qptic
r Window
2 oal
=
8_ =
3 06
I -
2 4
g 04r
= L
E opal
[1] _ | | | | 1 | |
200 Eic] 800 8OO 1200

Figure 2. Typical Relative Spectral Respanse, Window

Removed

Relative Response
= = = =
'S 23 wm o
T T T T

=
]
T

L]

Wavclzngth {nmy)

B00

860

12040

Wavelength {nm)

Figure 3. Typical Relative Spectral Response, Quartz

Window 056-0322
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Evolution of the Solid-State Image Sensor

Hsin-Fu Tseng, John Robert Ambrose, and Masoud Fattahl
EG8G Relicon, 345 Polrero Avanus, Suinyvake, Catifoniz 94088

In any project, research musl by doose wfiod the state-of-the-art in
design and tabrication. The field of solid-slate image sensors is bo
exeepyion, otherwise time and resources would ba wasted repeating
tests and observations dopumented years ago. In today's enginsering
environmenl, this waste cannot exist, T'o obtain this necessary pre.
liminary design heckground, extenaive research was made into the
heginnings of the image sensor. This paper covers the three main
divciplines: CCD, CIT, and photodiades, inchiding early works, the
refinements, and the present lechnology.

Journal of imaging Scignce 2% 1-F {1385

Introduction

The present day solid-state image sensor comes in three dif-
lerent technologies: self-seanned dinde array; charge injection
({CID array; and charge-coupled (CCD) array. All of these
sensors work on the principle of charge storage (or photon-ux
integration) to improve their sensitivity.

The major difference between these sensors is found in the
readout techniques utilized: the diode arrav uses a digital
seanner to muliiplex each signal charge into a coramen video
ling; the CID array injects charge into a sense node; and the
CCTY sensor shilts the signal charge in series to an output-
sensing node. Fach techniyue has its merits as well as draw-
backs, which lends each technique to certain specilic appli-
cations and makes it difficult to say that one is superior to the
others overall. The trend for future development in salid-state
inage sensors is to combine the merits of these different
rechniques into one device.

Each of ihe three image sensors have come a long way [romn
the first primilive forms lo their present siructures. The de-
velopmental history of each of the three Lechnologies is the
stibject. of this paper.

Charge Storage Operation of Lhe Photodiode

{ne of the most signiticant developments leading to the
realization of a practical solid-slate fmage sehsor was the
utilization of the p-n junction photodiode in an integrating
or storage mode,! Charge-storage operation is hased on ihe
prineiple that, if a p-n junction is reverse-hiased and then
open-circuited, the charge stored on the depletion-layer ca-
pacitance decays al a rate proportionat to the incident illu-
mination level,

In the dark, only generation-recombination currenti [dark
current) is available to discharge the depletion-layer capaci-
tance; and, since both depletion-layer capacilahce and gen-
eration-recombinaiion current are directly proporticnal to

Faper presenled ut the 3PSE 27th Annual Conferenes, Beston, Ma, Moy 2024,
1954. Received June 14, 164 revized Nov. §1, F354

£ 14985, Society of Photographic Scientiats and Engineera,

area, the time constant iz independent of area. In the dark,
Lime conslants of several minutes may be attained in large-
area, properly processed silicon-planar-junctions; however,
for most standard MOS processes, and for small-geometry
photodiodes, a time constant of several seconds fa more typi-
cal. Figure 1 shows a typical unilluminaied decay character-
fstie for a high-quality p-n junciion. Figure 2 shows decay
characteristics of the same diode for several illomination
levels, The photon-generated current ia directly proportional
te the illumination level and therefore the amount of charge
removed in a given interval of time is directly proportional to
the integral of illumination taken over that interval. Thus, by
moniloring the charge required periodically to re-esiablish
the initial.vollage condition, one may obtain a signal pro-
portional lo Lhe incident illumination. The advantages of this
mode of operation are:

1. Improved responsivity resulting from integration of the
incident illumination;

2. Electronic eontrol of responsivity by varving the integration
time, hence a wide dynamic tange.

Two Tuncdinnal elerenta are neceasaty to realize charge-
slorage operation:

1. A charge-storage eicmnent. This can be a p-n junction diode,
as used 1o self-scanned photodiode arrass, o an MOS-
induced junetion, as used in CID and OO arrays;

2. A charge-reset and sensing circuil.

Figure 3 shows a practical structure which possesses the
above characteristics with a p-n photediode for the photon
deteclion and charge siorage, The charye-reset and senaing
are done by a MOS FET swileh and a vollaye source, together
with a load resistor, R, When the MOS switch is turned on,
the p-n junction will be reset to a fixed potential, Vg The
charge removed will generate a voltage drop acress the load
reaistor, RL, which represents the total iMlumination during

VOLTAGE ACPOSS JUNCTION fyaM sl
101

& T T T T T T T T T
1 2 3 L] H 5 T B ]

TIME {3acinds}
Figure 1. Voltage decay of a silicon planar p-n jutction in the
dark.
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VOLTAGE ACROAS JUNCTION {Wallk)

POIMTE ARE MEASURED
CUPVES ARE CALCULATED

tH i EBf-Cdp
N X % dz 1% o 2% ' 28 d2 @ as
TIME (M}l [inavomnds)

Figure 2, Valtage decay of an illuminated silicon planar p-n jung-
tion.

i )

Figure 3, Practical structure neing an MOS switeh for charging the
photodiode.

the integration period. This structure forms the heart of the
self-scanned diode array. The CID and CCD use different
charge-reset and sensing schemes, which will be discussed
later.

Self-Scanned Diode Array Structure—Advantiges
and Drawbacks

The first practical implementation of storage-mode oper-
ation in & monolithic integrated structure was shown in 1965,2
This device used MOS field effect transistors to access pho-
todiodes (Fig. 3), and was the predecessor to today's self-
scanned photodiode arrays. The first array consisted of 200
photodiodes on 2.5 mil centers. Each photodiode was associ-
ated with a MOS-FET. The gates of the MOS-FETs were
individually brought off-chip where they were conneeted to
an externally fabricated scan generator, This was done before
the advent of gate protection, and thus required the utmost.
care in handling. )

The photodiode image sensor was almaost immediately
displaced by the phototransistor operating in the storage
mode.? The phototransistor was thought to have many ad-
vantages over the photodiode MOS-FET combination, partly

GOLUMKN COLUMN
[ 1
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Figurs 4, Circuit diagram of an x/y-addressable phototransistor
array.
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Figure & Eguivalent cireuit tor a self-smarmned diede array.

because transistor technology was much farther advanced at
that time then MOS technology. Some of the advantages
supporting the phototransistor approach were:

1. Lower operating valtages;
2. Signal enhancement due 1o the transistor gain;
3. Ease of fabrieation,

The major disadvantages, and factors which eventually re-
turned the photodiode to favor, were the randem variations
in transistor gain and the low-level threshold due to the
emitter offeet. However, during the several vears of develop-
ment effort tryving to improve phototransistor uniformity, both
linesr and area arrays were developed using phototransis-
tors.

Figure 4 shows an integration of phototransistor array and

_insulated-gate FET int; an x-y addressable matrix. The

scanning of the x and y required an external scan generator.
The interface between the external scanner and the array
degraded performance, increased cost, and reduced reli-
ability,

During the period when the phototransistor was in vogue,
MOS technology was being developed, and in particular, sil-
icon gate technology was developed. The marriage between
MOS intagrated circuit technology and the photodieds array
has resulted in today’s self-scanning photodiode image sen-
sors.

Figure & shows an equivalent circuit of a seif-scanned
photodiode array. The bagic device consists of a silicon chip
containing a row of photodivdes and a paralle) shift register.
Connected to each stage of the shift register is the gate of an
MOS switch which couples the adjacent photodiode to a
common video line. The shift register is driven by comple-
trentary aquatre wave clock voltages and each sean is initiated
by a start pulse, The start pulse loads a bit which is clocked
through the repister, successively closing and opening the
switches, thus connecting each photodiode in Lurn to the video
line. As each photodiode is accessed, it is charged to the video
line potential and left open-circuited until the next scan.
During this period it will be discharged by an amount equal
to the instantaneous photocurrent integrated over the line
scan time. Hach time a diode is sampled, this integrated chacge
must be replaced Lhrough the video line. The resnlting video
signal is a train of charge puises, each having a magnitude
proportional to the light intensity on the corresponding

Figure 6. Qutput waveform using the circuit of Fig. 5.

Tseng, Ambroge, Fattoht



i .-
-;3_ SHIFT REGISTER N0 OF BGRN
Lt | | -
1 I © R 00D ¥IDED
N )
—
& =€d 3 T4 ;_JT-cu

' E Ml 0w
) o

EVEM YIDEQ
Beg ._I__
L I
A

—
| BHED OF 5C8M
Figure 7. Equivalent circuit for an interdigitated diode array.
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photadicde. Figure & shows an oscilloscope pholo of such a
charge oulput.

The center-to-center distance of a self-scanned photodiede
array is usually limited by that of the scan register. T'o inerease
the density of a diode array, an interdigitated structure was
itttraduced. Figure 7 s an eqlilvalent ¢iteuil of such an intet-
digilated sensor. Tt consisis of two simple self-scanned arrays
with the sensors interdigitaled (rom eilher side to form a
continuons row. By properly phasing Lhe clock drives to the
two shilt registers, all of Lthe diodes can be sampled in proper
sequence. The two videa Jines can then be connected together
to provide a continuous train of output charge pulses. Figure
8 ghows the historical developmend of the linear solid-state
image sensor,

To achieve a two-dimensional diode artay, each diode re-
quires bwo multiplex switches, az shown in Fig. 9. This re-
quiremenl makes Lthe center-to-center distance of the array
guite large {100 wm). As a result, the highest-density array
that has ever been made using this structure is about 50 by 50
pizeis. To obtain a higher-density array, a line integration

MNUMEEH OF ELEMENTS ON [MAGE SENSCR

o, oy B
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Figure 1. Schematic of a two-dimensicnal area array, each diods re-
quiring fwo multiplex switches.

,_ HORIZMTIL SCHNMER
r ) ' PUT
HHDS -, . ”’ Gy

VERTICAL 5CANNER

Figure 10. Two-dimensional area array using ling integration, each
diede requiring only ene multiple switch.

structure was developed as shown in Fig. 10. The vertical
scanner selectd one row at a time, transfera the diode charges
inte Lhe veriical video lines, and then reads out in sequence
by a horizontal scanner, Using this structure, avea arrays with
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Figure 3, Historicol development of the linear solid-ztate imags senaor,
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the resolution of commereial TV cameras have heen devel-
oped.* The advantages of the self-scanned diode are:

{a) High quantum efficiency—the full and smaooth silicon
spectral reaponses can be utilized;

{0 Ease of manufacturing—compatibie with modern MOS

techoology;

(] Low dark current;

{d) Flexibility of design—the photodiode can be in any shape,
any size. Custom arrays with very wide apertures, circular
apertures, as well as random aceess siructures can be
easily implemented;

() No smearing, no shading problem resulting from charge
transfer foss aa in CCD arrays;

(f} Tsolated dicde—less of a blopming problein;

(g} Entire aclive area is sensitive to light,

The drawbacks of the diode array are fixed-pattern noise and

high video-line capacitance, which make low-light-level

imaging diffigult.

—

CID Array Siructure—Advaniages and Drawbacks

The development ot charge-injection image scnsors started
in the early 70°s at General Electrie.®¢ CID sensora employ
intracell transter and injection to sense photo-generated
charge at each sensing site. Sites are addressed by an x-y
eoincident.vollage lechnigue similar Lo that used in digital
memory. In early structures, readout was performed by in-
jecting the charge from individual sites into the substrate and
detecting the resultant displaccment current. Figure [lg
depicts a basic CID atructure, The charge collected during the
integration is maintained in the potential well formed by the
two MOS storage capacitors, as shown in Fig. 11b. Readout
of a selected gite iz aceomplished by removing the voltage on
buth capacitora, allowing the charge to be injected into the
substrate, as shown in Fig. e, When the voltage is removed
from only one of the electrodes, as occurs along a sclected row
and eolumn during readeout, charge is transferred to the re-
maining potentisl well and is not injected into the sub-
slrate.

The raw video signal consisis of the substrate charge in-
jected from each sensing sile in sequence. The signal appears
in combination with the parasitic capacitive coupling of the
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drive voltage to the substrate. The drive voltage interterence
can be canceled oul theough the use of an Integrating readout
technique. The pulse train of Fig. 12z shows the subsirate
current signal that results from interrogalion of a dark and
an luminated element. The level of Hlumination will cause
a change in the height of the leading pulse edge. If this current
signal is integrated, the light-zencrated information i= re-
covered. The integral of this current waveform, as seen in Fig.
12, results in self-cancellation of the parasitic drive-line In-
terference. This type of readout scheme ia referred to ax “se
guential injection,” ¥

Readout can also be implemented by measuring charpe
transfer between twi storage capacilors thal are used al each
sensing site in an array. In an X-¥ addressable array, the
transfer can be performed on all sensing sites along a row in
parallel. Each row can also be cleared of signal charge by
performing the injection operalion in parallel at all aites in the
addressrd row. This readout technique has been termed
“parallel injection.” "

A diagram of a 4 X 4 array using parallel injection is illus-
trated in Fig. 12 with the relative surface potentials and signal
charge included. At the beginning of a line acan, all rows have
voltage applied and Lhe column lines are reset to a reterence
valtage, Vs, by means of switches 51 through 84, and then
allowed to float. Yolinge is removed from the row selected for
readout (3 in Fig. 13} causing the signal charge at all sites of
that row to transter to the column electrodes. The voltage on
each foating column line then changes by an amount equal
to the signal charge divided by the colunn capacitance. The
harizontal scanning regisler is then operated to scan all col-
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Figure 13. Schematic diagram of a 4 % 4 CID array designed for
parallel-injectivt readoul, Silieon surface potentisls and signal charze
locations are included.
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umn voltages and deliver the video signal to the on-chip
preamplifier, 1. The input voltage to @1 is reset to a refer-
ence level prior to sach slep of the horizontal scan register.

At the end of each line scan all charpes in the selected row
cah be injected simultaneously hy driving all column voltages
to zero through switches 51 to 54. Alternalely, the injeclion
nperation can be omitted and voltage reapplied to the row
after readout, eausing the sipnal charge to transfer back under
the row electrodes. This action retains the signal charge and
constitutes a nondestructive readout (NDRQ) operation.

I'he CID imaging technique requires that the collected
photon-penerated charge be ultimatelsy disposed of by injee-
tion inin the substrale. Upon injaction, this charge musi either
recombing or be collected to avoid interferetice with subse-
quent readouts, For the high lifetime material usually required
for image sensors, recomnbination is not a suitable method of
charge disposition, since recolleclion of this charge can give
rise ta objectionable imagce lag and crosstalk, For this reason,
most CID inagers are fabricated on epitaxial material. The
epitaxial junction, which underlies the imaging areay, acts as
a buried collector for the injected charge. If the thickness of
Lhe epitaxisl layer is comparable to the spacing hetween
sensing siles, most of the injected charge will be collected by
the reverse-biased epitaxial junction and injection crosstalk
is minimized,

CID comeras with resolution close to standard T'V cameras
are commercially available. They are cormmonly used in se-
curity and surveillance systems as well as for industrial ap-
plications. CID imagers have Lhe {ollowiog advanlages:

() Low blooining due to expitaxial structure;

{6) Flexibility of operation—can be operated in neonde-
atructive readout mode;

{) Flexibility of desipn  can be implemented in randem
aceess strueturs,

i) No smearing, no shading due 1o charge transfer ineffi-
CIBNCY,;

{e} Entire active arca is sensitive to light;

if1 Low dark eurrent.

The drawbacks of CITD) sensors are:

{a} Poor spectral resonse due to absorption of long wave.
length photons by polysilicon gates;

{6 Fixed pattern noise and high video Jine capacitance make
law-light-level imaging difficult;

ic) Requires an epitaxial substrate, which is not compatible
with standard MOS procesa;

(e} Loz of sensilivity due Lo absorplion of phoetons by epi-
taxinl layer.

COCD Array Struclure—Advantages and Drawhacks

Lulike the bucket-brigade {(BBD) devices in which the
gignal charges are traneferred by charging and discharging of
vapacitors,? Lhe CCD devices wansfer the signal charge by
manipulation of MOS potential wells. The development of
CCT began in 1969 al Bell Labw.® In the simplest implemen-
tation, CCTY's consist of closely spaced capacitors on an iso-
lated surface of a semiconductor, as shown in Fig, 14. Figure
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Figure 16. Longitudinal cross section through a bulk channel CCD
showinyg Lhe chantel Tayer in contact with the reverac binsed imput-
output diodes and equipotential lines which indicate the actual po-
sition of the transfer charnel.

14a shows the potential well during integration and storage
when only one electrode is turned on. During charge transfler,
with two adjacent electrodes simultaneously turned on to the
same potential, the charge packet will distribute uniformly
underneath the two electrodes. When the first elecirode is
turned off, the charge will be pushed complelsly to the second
one {Fig. 145}, To continue this charge transfer, the following
electrodde 12 pulsed to a high potential, ond 80 on, This sim-
ple-but-powerful concept proved to be so stimulating that,
almost overnight, 8 host of electrode structure variations and
dozens of potential applications were conceived.

The device described here transfers and stores the signal
charge in the potential wells at the silicon-silicon dioxide in-
terface and is referted to as a surface-channel CCD. The in-
terzetion of the signal-charge packels with interface statea
imposes certain lower limits on transfer inefficiency and
tranefer noise. To prevent this interaction, the effective
transter channel can be loented away from the 8i-5i0; inter-
face, deeper into the bulk of the device, with the use of an
epitaxial or ion-implemented ailicon layer of opposite polarity
10 that of the substrate. As shown in Fig. 15, this layer is in
elecilrical contact with the outpul diode, which drains ont all
muobile cartiers when suitably reverse-hiased. The potential
minimum under cach transfer clectrode will then be formed
inside this layer, bat generally away from the 51-510; intar-
face, The clock pulses applied to the transfer elecirodes
modulate the channel potential to produce moving polential
wells, just 85 in the case of a surface channel CCD. This device
iz referred to as “bulk channel” or “buried channel
Cene

Thraugh the development history of the CCD, numerous
electrode struclures have besn propesed. Some popular
struclures used by designers are:

{a} Two-phasze, double-layer poly-zilicon gate with ion-
implanted barrier;

(&) Four-phase, double-layer silicon gate strueture;

{c) ‘Three-phase, triple-layer silicon gate struclure.

Recently a new virtual phase structure has been developed
at Texas Instruments.”! T'his structare, utilizing surface po-
tential pinning effects, reguires onky a one-layer poly-silicon
gate. The other electrode 1s an accumultion layver formed by
ion-implantation on the sillicon surface. As a result, it provides
low dark current and smooth spectral response for image-
sensing applications.
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Flgure 16. Readout organizations of CCD linear image sensors, (o}
CCD with separate integratiot sites, () bilinear arrangement.

The application of CCD» to image sensing iz straightforward.
Figure 18 shows a block diagram of & linear array. In Fig. 16a,
the linear sensor consists of a row of isalaled photosensors, a
transfer gate, and a light-shielded COD readout shift register.
The photosensors, normally depleted MOS capacitors, inte-
grate the photons. After one integration period, the transfer
gate is opened, and all the charges integrated ai the photo.
sensors transfer in parallel into the CCD readout register,
which has one complete tranafer cell opposite to each photo-
sensor, Alter the gale is closed, the photosensors immediately
start inlegrating the next line, while the previous line is read
out along the Lransfer register. At the end of the register, there
is an output amplifier, normally a galed charge integrator,
which converts the charge into signal vollage. The maximum
number of resclution elements obtainable from such a device
16 given by the maxdmum feasible overall device length divided
by the cell dimensicn. A practical limit on the number of ele.
ments ia given when the transfer inefficiency product of the
readout register exceeds about (1.5, at which point the modu-
lation transfer function for apatial {frequencies at the Nyguist
lirnit incident at the end of the device farthest from the output
15 Tedueced to 37%. In both caszes, when the resolulion is limiled
either by the cetl dimension, or by insufficient transfer effi-
ciency, a bilinear approach, according to Fig. 166, can yield
an additional factor of twe in resolution, Two structures cor-
regponding to Fig. 16a are integrated into a single device by
interdigitating the twa sets of photosensers. The pulse trains
from the two registers are combined at the cutput with an
alternate merge that conserves the proper phase relation.

For grea imaging vzing CCD, two readout organizalions are
being used; a frame-transfer structure, and an interline-
transfer structure, as shown in Fig. 17, In the frame- irans{er
structure (Fig, 17a), a separate shielded storage area is needed.
After integration, the charges collected in the sensing area are
shifled rapidly into the storge area. While the sensing area is
integrating the next field, the signal chatyges in the storage ares
are raad out line by line. Tn an interline structure (Fig, 170},
a separted, shielded vertical COID regisler is needed along each
column of sensing cells. After the end of inlegralion, the
charges in the sensing cells are transferred into the verlical
shift register in parallel. While the photosensors are inte-
grating the next field, the vertical shitt register transfers the
charge into the horizontal readout regisier one line at a time,

Figure 17, Readout arganizations of image sensars; () frame-transfer
organization, and {5) interline-transfer device.

Journel of lmaging Science

The major advantages of CCD image sensors are:

{a) Low noise, high sensitivity-—suitable for low-light-level
imaging;

(b) A CCD structure suitable for high resolution sensor in-
tegration;

{c) Low dark curtent, smooth spectral response for virtual
phase structurs;

Howaver, the CCT) imagers alao possese the following draw-
backs:

{2) More complicated fabrication process;

(b} More serious blooming and smearing problems as cam-
pared with other types of sensors;

(£} Poor quantum efficiency and spectral response for
multi-layer gate structures;

(d) High dark current for buried-channel structures;

{¢] Limited operating voltage range lor virtual phaee struc-
tures,;

{(f) Lesa flexibility of design compared with other types of
SeNSOrs]

{g} Low saturation charge.

Present Status for Solid-State Image Sensor
Developrients

Although tremendous progress has been made in the de-
valopment of solid-state image sensors, efforts to develop a
hetter, denser, and cheaper array have never stopped. The two
major driving forces hehind the development of the next-
generation sensors are the VOR consumer market and robatic
indusirial applications. For the VCR market, the major con-
cerns are the sensor cost, sensitivity, spectral response,
hlooming control, and dynamic range. To achieve the required
parameters, efforts have been made Lo combine the advan-
tages of the photodiode, with its beiter spectral response, and
the CUD register, with its low-noise readout.' 1 Considerable
progress has also been made on blooming contral, A vertical
bleaming conirol scheme? and electron-hole recombination
scheme through surface traps'* have been sueccessfully im-
plemented.

In industrial applications, the major consideralions are
higher density, especially for eopier and printing applications,
and faster speed. To nbtain 4 higher density, a linear array
with serpentine shifl regialers has been implemented.’ A
bilinear array structure with four oulput registers has enablad
the integration of s h732-element sensor in '5"-long silicon.1®
Far high speed operation, in addition to pushing for higher
cock Tﬂat.Eﬁ. multiple autput structures are also quite pop-
ular, 171

Conclusions

"This brief diseusaion of ihe various structures of solid-state
image sensors is inended to provide some basie technical
infermation and historical background for the reader, It s
hoped this introduction will stimulate inlerest for further
research in the field of solid-state image sensors.
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Self-scanned photodiode array:
detector

Yair Talmi and R. W. Simpson

a multichannel spectrometric

The perlormance characterisiies vl a 1024-slament sedi-seanned photodiode arravy, related 1o its use as a mul-
lichannel spectrimnetric deteclor ave described. The parameters discussed inclode, spectral and temporal
resprotise, Plooining. geoirtelric accuracy, noise souroes, dyoamic range. signal integration and spectral as well

uh spatini resalvtion.

I.  Introduction

In the last decade, there has been cunsiderable in-
terest in Lhe utilization of image devices, both linear and
area, as multichannel {parailel) spectrometric detectors.,
‘The adventages of such detectors are derived from their
capability to menitor simultaneously and digitally ac-
quire entire spectra. The speed and eese of data ac-
quisition and interpretation achieved by these elec-
tronic photographie plates have turned them inte an
attractive candidate for the evolutionary cvele of
spectrametric detector develupment, i.e., photographic
plates {parallel} to electronic phutomultiplier tubes
{I*MTs) isingle) wo optoelecironic image devices i par-
aliel).

Until recently, unturtunately, optoelectronic image
devices {(MDs} were designed by manutacturers with
very little knowledye of, interest in, or sympathy for the
needs of research spectroscopists ("'an economically
unipteresting, eccentric, and rare group of scientists”).
Cunsequently, the spectrometric performance of these
ilevices has heen always unsatisfactory in some respect:
an insufficient number of individual sensors (pixeis);
poor UV and IR response; laggy signal readout; pixel-
to-pixel signal eross talk {blovming); too narrew dy-

The authors are with EGEG Princeton Applied Research Corpo-
ratiun, L B 25655, Princeumn. New Jerscy 585H),
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- 1980 Opical Society of America.

namic range; Wrong geometry; poor gecmetric stability
and registratiog; stray light in the detector's enclusure:
ete.

Recently, after vears of unsuccessful persuasinn
campaigns, conducted by a handful of “poor” spec-
troscopists and finally won hy fewer vet, “rich™ ones,
EG&G-Reticon has introduced & new self-scanned lin-
ear photodinde arcay (SPD} that has been specifically
designed as a parallel spectrometric detector. A self-
scanned linear photodiode array is a large scale inte-
grated circuit fabricated on a single monolithic silicon
crystal. It contains a row of photodiode sensors, Lypi-
cally on 25-pm centers, along with a scanning eircuitry
for sequentiai readout (Fig. 1),

In a self-scanned phatodiode array the photodiode
veumetry is defined hy diffused p-type bars in a n-type
silicon substrate. The center-to-center distance be-
tween the diodes defines the resulution {n the scan di-
rection. The height of the diode sensing area is deter-
mined hy an aperture in a rmetal mask, which runs per-
pendicular to the p-type bars. Light ineident on the
BENSing area generates a charge, which is collected and
stored on the p-type bars during the integration period.
The accumulaied charges are then seguentially
switched into the video cutput for readout. The n-type
as well as the p-type silicon surface is photosensitive.
Light incident on one of the p-regions will generate
charge, which is stored on that dicde. Charge generated
by Light incident un the n-tvpe sutface between two
p-regions will divide hetween the adjacent diodes to
produce the idealized response funetivn shown at the
hottom of Fig, 2.

In conventiongl devices designed for {acsimile scan-
ning applications, the aperture dimension is the same
as the center-to-center spacing, resulting in a square
resolution element.  In spectroscopy, where often the

1 May 1980 / Vol 19, No. ¢ / APPLIED OPTICS
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measured record is one-dimensional, it is desirable to
increase the aperture to collect more light.

This paper intends to present an account of the
gpectrometric performance of s new SPD, the EG&G.
Reticon S-geries device, with individual diodes whose
apertures have been increased to 2.5 mm (Fig. 2), so that
an aspect ratio of 100:1 has been achieved, corre-
sponding to the typicsl aspect ratio of a conventional
polychromator slit. This evaluation is generslly ap-
plicable, but specific resultz were phtained with the
EG&G-PARC Optical Multichannel Analyzer {OMA)
detection system, model 1218 (detector controller) and
mode] 1412 (detector head).

This paper will be succeeded by a sequel 1o be pub-
lished in Analyvtice! Chemistry that will discuss more
specificatly the feasibility of this detection system to a
few areas of spectroscopy including molecular absorp-
tipn and emission (fluorescence), laser miccoprobe, and
induction-coupled-plasma atvmic emission.

APPLIED OPTICS / Woi 19, Na. & / 1 May 1950

I,  Spectral and Energy Response

A, UV-NIR Regicn

Experimental setup: deuterium, tungsten, and
xenan {shert-arc) lamps were used as primary sources.
Monaochromatic light necessary {or quanium eliiciency
measurements was obtained through the use of narrew
bandpass spectral filters (Lwo matched filters in tandem
arrangement for each poinih,  Neutral-density filters
{ND} were used for light attenuation. An EGEG cali-
brated photodiode served as the radiometric detector.
Similar measurements were performed by the EG&G
Electro-Optics Division, Salern, Massachusetts, and
Optronics, Inc., although the equipment used was dif-
ferent {spectrometer-hased radiorneters), and the SPD
was electrically shorted, i.e., transturmed o a giant
single photodiode.  This was necessary because neither
comnpany had an OMA system availahle 1o them.

Figure 1} shaws the spectral response curves obiained
by the three laboratories. Only the Optronies dais are
shiwn, however, <250 nm, because the spectral flters
availahle to us {in this region) were Loo broad (=30 nm
HBW). The experimentsal agreement between the
three curves is well within what is expected ior such
measurements.  The UV response of the SPIy is very
high and duoes not show any declining tendency even at
190 nm. Although not vet verified, it is expected that
the SPI} will be responsive in the entire VUV region.  In
the soft x-ray region, however, <H0U eV, it bas heen
shown 1o be rather insepsitive, '

We vacuum depasiled direetly on the suriace of the
diodes a very thin (~(.2-ym! laver of various organic
phosphors (UV to blue Light converters! that extended
the response of the SPD to the VUV and x-ray regions
(2= 15-20% quantum efficiency at 130 nmb  In the x-ray
region, however, rare-eatth phosphors (nonvolatile)
should be more appropriate.! Al Lhe higher x-ray re-
giom, Le., >2 keV, it seems advantageous o depuwsit the
phosphors om an optical fiiwr coupler attached tr the
disde array.* This approach allows easy removal of the
phosphors if necessary and provides much hetter pro-
tection of the array from the high energy photons,

B. Direct X-Ray and Electron Detaction

Because their energy is higher, x rays produce more
charge pairs per incident photon in silicon devices than
visibie or IV light. It has been shown that both diede
arrays* and CCDs? respond direetly Lo soft x ravsinthe
1-10-keV region. Considering the low preamplitier
noise of these devices and their high x-ray guantum
efficiency, a sensilivity approaching pholon-coanting
levels should be easily achievable. No damage to the
array was observed when the array was used as an x-ray
spectrometer detectur.”

Self-scanned diode arrays are also excellent electron
detectors. {Approximately one charge s produced for
every 3.6 eV of electron energy once the silicen-oxide
overcoat is penetrated.) Diode arrays were used as
largets in electron bombarded (EBT) intensified im-
agers, e.g., Digicons,? and alsv a8 transmission electron
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At electron energies <20 keV (Digicons) low-level

target damage has heen noticed, manifested as an in-

crense in the dark charge level by as much as a factur of

L0 aver the initial level.’ An effect of that magnitude

is telerable in many applications. Furthermore, this

damage can be anneaied by exposure of the array to

4.7-keV energy electrens® {possibly correlated to the

energy required to penetrate the trapping silicon—silicon

oxide intertacel. At higher energies.” however, the in-

crease in dark charge level did not show a tendency to

reach a saturation level but rather increased at s rate EneReY

roughly proporticnal Lo the square rool of the exposure Fia 4. Electron trnsmission spectrum of curbon directly detected

{equivalent} charge. [t has noL as vet been established
whether damage ui that magnitude can be annealed.
Mevert heless, since the respinse of Lhe diode arrav to
high-energy electron radiation is very high, singie
gleciron detection is easily acvomplished* so Lhat in
many applications the ineident tlux can he greatly re-
durced to minimize target damage. Figure 4 shuws Lhe
eleciron transmission spectrum of carbon ohtained in
real Lime. Finally, dicde arravs can also be used as
spatial {as well a5 spectral) multichannel deteclors fur
heith electron radiation and x rays.”

M. Readout Lag

Readm lag i= a phencemenon associated with electron
readeut beom imege devices (vacuwm devices ), whereby
a complete readout of Lhe Lztent signal stored on target
cunrndl he achieved with 4 single sean.

he ST however tsimilur 1o ol her monvacuum solid
stale imagerst is practically lag-free: each diode s tullv
recharged in <1 usec

T phutodide areay.

1i has been repurted™ that a residual charge (lag} of
~1% was uhmerved after saturation of the SPD.  This
pheriamenon, huwever, has heen atteibuted to the 1-
msec time constant of Lhe preamplifier feedback cireuit
and was not observed with the EG&EG-PARC voltage
mode prezmphiier.

The lag of the 5P} was measured in the fullowing
manner: The emission spectrum of 1 single xenon tlash
nroduced by a stroboscope was devected (stored by Lhe
SP1. This (lash, whose decav time is substantially
shorter than the %P1 scan time (16 msec). also provided
the external trigger pulse necessary to initiate tive se-
quential readout seans.  Any residual charge ilag) not
read in the {irst scan would have shown in Lhe following
fur scans. Figure 5 shows the first lve consecutive
seans lin o display-compressed muode) as weli as the
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expanded lall 1024 pixels) first and second scans, N
apparent trace of the enon spectrum ix neliceable in
the second scap.  Even when the light level was raised
tsr ~5 1imes the ADC level 1for the most intense xenan
spectral feature}, the lag was <(i1%,

1¥. Biooming

As will be shown, stray light in the detector assembly
can drastically reduce the intraspectral dvnamic range
ul an image detector. Bimilarly, blooming, signal cross
taik between adjacent pixels (due Lo charge spillovert,
may also reduce the dvnamic tange, although the ap-
parent eftect is more specific in nature, similar o Chat
caused by near-field veiling glare. Blooming will de-
grade the accuracy of the transferred spectra since high
intensity spectra features can partially (or fully) mask
any neighhoring weak spectral features, i.e., spectral
interference.

To study the extent of hlooming in SPDx, (wo ex-
periments were performed:

(1) The line emission spectrum of a Ne discharye
lamp (600-800-nm region) and the UY transmission
spectra of various spectral filters were on-targst re-
corded at various integration times, As the integration
time was raised, the magnitude of the signals was pro-
purtionally raised, firat above the ADC level (=2 X 107
electrons) and then abuve the dide saturation level { 22
% 10* electrons). Low-intensity speciral features were
measured and the interference from nearby saturated
features studied. By measuring the intensity profile
of istlated spectral lines 41 the same intagration times,
it was pussibie to determine the intensity measured by
the line.wing diodes {apparent blovming) and therefure
to differentiate it from real blooming.

A spectral filter, 40% peak transmixsion at 240 nm
and a HBW of 5 nim, was selected to simulate a trans-
mission spectrum. This spectrum wan recorded on-
target at different integration times, and the reciprocity
of the signal was measured at a few diodes {Table Li,
The reciprocity has been clearly maintained despite the
saturation of nearby diodes. thus indicating that the



blaoming is minimal. [ndeed, the architectire of the
SPD suggests that charge spillover iz a gradual and
contained process, one diede at a time, and its effect is
theretore highly localized (particularly considering the
magnitude of the diode junction capacitance). Simi-
lartv, the discharge lamp expetiment has shown that
even at a line intensity ratio of 5300:1 (the highest ratio
vhserved for twe adjacent lines), no apparent blovming
was observed for two lines separated by as little as 12
pixeis.

2y A He-NMe laser beam was split with a prism. and
each beam was separately attenvated (ND filters) and
focused into the target of the SPD. By varving the
degree of attenuation and the spatial separation he-
twaen the beams, the combined eiferts of hlovming and
veiling glare were measured.

At a 10N ] signal intensity ratio, eveh whete the more
intense beam produced a charge signai 20 times above
the ADC saturation level and with a spatini separation
{peak to penk} of 15 dindes, the cross talk measured was
< 1.

V. Geometric Accuracy

Spectrometty in general and spectrophotometry in
particular require a high degree of wavelength accuracy,
i.e.. the accuracy at which a predetermined narrow re-
wion of the spectrum can be addressed. Furthermore,
adequate wavelength accuracy is absnlutely sssential
{or various computer data processing manipuiations,
e.g., differentiation, smocthing, and spectral stripping,'!
where relatively minute addressing errors can cause
serious measurement errors.

Unlike scanning spectkometers, whose wavelength
accuracy is mechanically limited, an 5PD-hased spec-
tremeter is limited mainly by vibration and thermal
expansion ol the nptical components, assuming stability
af the light source. Thus, the wavelength accuracy of
an 5P} spectrometer s directiv related to the geometric
(spatial) aceuracy of the grating, a spectral-to-spatial
transformer. The geometric accuracy uf the 3P0 itselt
is excellent. reflecting the accurate manulaciuring
technigques of intezrated circdits and the miilidegree
{Celsiusi precision thermexiating achieved.

Tur evaluate the overall geometric accuracy perfor-
mance of 4 SPD spectrometer. the (ollowing experi-
meits were performed.

11} The SPTY was aceurately placed at the exit foeal
plane of an EG&EG-PARC model 1208 fan Ehert-Fustie
mount) 03m polychromator, A 230-nm blaved
24003-¢/mm grating has produced g spectral bandpass
of ~L035 nm/diode.

To reduce the effect of polychromator vignetting,
only the centeal 2.5 mm ol the (beal plane UHN eentrul
dindes} was used. The UV-transmission spectrum of
a holmium-—oxide filter was detected in real time, The
fiiter. securelv held in front of Lthe entrance slit. was
removed and reinstalled a few times. and the wave-
length position {diede addressi of the 240 and 288-nm
hands was determined s Tabde [[3. As ling as the gran-
ing pasition remained constant (unaitered spectral
window}, the ahsolute position of the hands also re-

Tabie M. Geomeirie Acouwscy (W tarugih w1 Diode N
Maasurad wilh Ho—-Oxide Sgecirnl FiHer

t of 1ha SPD

Ny oo
Uirating  measure: Peak zatie Pixel sepacation
position meniss Thand 280/ Taned He) Ierween peaks
L (]} LAT5 4w 7 [ IE K]
4 L La1TH £ 1aNA HIL & 118k
1 10k 13178 £ 0uW4 IR R
4 tn 1417 & s Py

" Hidmium-oxide filter wias rernoved and reset each measures
ment.

mained constant. (These measurements were taken
during a 1-h perind.) Furthermore, even atter the
spectral window was changed igrating rotation), the
relative position of the Lwo bands remnained constant o
within a single diode (0.035 nm). The error of one

diuvde. which sets the limit on the geometric accuracy of

the 8PD, vriginates from the architecture of the OMA
systemn |see Sec. (X). Other systems utilizing centroid
finding technigues should provide a genmetric accuracy
that is a small fraction of a diode width. Alternatively,
Hg emission lines were used as internal spectral stan-
dards trom which the apexes of the two bands could be
determined, again with an accuraey of 0.0235 nm.

{2) The geometric accuracy was also determined with
a JACO modet 75-150 a 1-m Czerny-Turner mount
polvehromator with a 5%0-g/mm grating blazed at 250
nm, 0.0206-nm/diode spectral bandpass. The SPD was
weed to monitor the emission spectra of various samples
excited by an induction coupled plasma source.

Using ¢:inly two internal standard reference lines. le-
cated al dissdes 6 and 20, it was ossible to determine the
tdentity of all other lines across the entire array {1024
dicdes) with a wavelengih accuraey of 0.0206 nm.

Thus, unless a highly spatially unstable source is
used, 2 pulychromator with a linear dispersion eouid be
generally expected to provide a minimum overall
wavelength accuracy of 0025 mm (diode width) X re-
ciprocal linear dispersion tnm/mm).

¥l. Noise Sources

There are many definitions for dvnamic range when
applied to optical multichannel spectroscopy, as will he
discussed. Nevertheless. regerdless of its definition,
chmamic range is set by the ratio of the magimum signzl
level that the detection system ¢an accommuodate
iwithuout being overtoaded) and its overall noise.

Thus, a discussion of dvnamie range should be pre-
veded by a discussion concerning both the anise sourees
in the system and other limiting (actors,

4. Fixed Pattern

Kach diode array has a characteristic fixed pattern
tspectrum] that @ caused by strav capacitive coupling
ol the transients arising from the ciock driving signais
Lo the video lines by external stray capacitances and by
dinde-to-diode dark charge varistions. The level of this
lixed partern is tvpieaily I% of full senle range. and it s
easily digitally fcomputer) subtracted 1 Fig. 8. How-
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ever, although it is subtractabile, any temporal variations
in the fixed pattern increase the overall noise of the
system.

The fixed pattern is temperature dependent and
appears to have a 1/f (flicker noise} characteristic.
Although the exact origin of the flicker noise hag not
heen determined, i1 is suspected that it relates 1 flicker
noise in the {MOS-FET) multiplex switches. The
flicker noise limits the extent to which the SNR can be
improved by in-memory digital averaging to approxi-
mately a factor of 1¢in the present system.

B. Dark Current and Dark Current Shat Noise

All zilicon image detectors are subject ta thermally
genetated dark current and its associated statistical
fluctuations {noise). The adverse effects of dark cur-
rent un the overall performance of the diode array can
take a few forms: (1) Dark current buildup can rapidly
reduce the maximum signail limit hy reducing the net
signal-reading range of the ADC and, in long expusures,
by competitively (with the photon generated signal)
discharging the reverse-hiased diodes. {2} Dark noise
can become large ennugh t¢ compramise the overall

noise performance of the diode array, (3) Dark current |

fuctuations, caused hy corresponding detector tem-
peratute fluctuations, can alsa contribute to the sys-
temn’s noise. All these effects, however, can be signifi-
cantlvy reduced by couling the array. since the dark
current is halved for each 6.7°C reduction in tempera-
ture.

The dark current shot noise Ny in electrons is given
v

Fd 112
Ny (—] ‘
e

where f, is the dark current, £, the integration {expa-
aurel time between consecutive readouts, and g, is the
electronic charge. At 25°C, the typical Ny velue for an
N-series diode array, after | sec of integration, is ~36003
electrons rms. but at ~20°C it is only 546 electrons rms.
Figure 7 shuws ¢, values at which the dark current be-
comes significant at various temperatures and illumi-
nation levels.

Clearly, as the light flux increases the dark curreng
becomes less significant, and the integration time at
which the sum of dark and light shot noise equals that
of the preamplifier approaches the asymptote; f =
[N )/F. where N, 15 the readout nuise, and F is the ef-
fective light fTux in charges/see, ie., the light flux in
photons/see multiplied bw the guantum efficiency.

Since the dark current is temperature dependent.
tluctuations in the temperalure of the detector cause
propartional {luctuations in dark curcrent. I the
techrigque of digitized subtraction of a {stored) dark
spectrum s wsed to remove the effects of dark current
and lixed patlern, these temperature dependent thuc-
tuations show up as low (requency noise.  The higher
the lemperature of the sensor, the higher the ettect of
temperature luctuations on dark current.  Ideaily. the
Fluetations in dark carrent should be kepr below the

INTEGRATION TikE, SECONDS

» ] -5 Bl ] =133 -0
TEMPERATURE , "C

Fig.7. 3ignal integration time et various temperatures and illumi-
nation levels (in charges) ar which the combined dark current, shat,
nuise and signal shot noiss are equal Lo preamplifisr noise.

readout noise level of the sensor. Ty achieve that, the
temperature fluctuaticns 47° must not exceed
- ATON,
tdy o2
where 6,7°C is the temperature increment that doubles
the dark current level, [4,¥, ia the readout noise (at ¢;
= 16 meec}, T is the sensor temperature {in °C), and fuy
is the dark current at 0°C. For an integration period

T

= 8. TN 8 D In2) exp{ T/6.7 In2),

of 15 sec, at T = —20°C, the dark current is 47 fA and

it N, = 1300 electrons = 2.4 X 10~ % coulomb, the nec-
egsary temperature stability is 47 = 3.3 x 10— °C,
clearly requiring high stability thermostating. Alter-
natively, the criterion tor thermostat performance may
be chosen as that degree of control that limits the un-
certainty in dark current to 2 value no greater than that
of the dark current shot noise. Now

87 g Y
PRGN . [ ] .
I8,

and for the conditions stated, 4T = 468 X (07 *C. To
achieve such a degree of thermostating, it is necessary
t emplov a closad loop thermostat with the highest
perssible loop gain that is consistent with atability con-
siderations, The most convenient and controllable
appreach for moderate cooling, ie., —25°C, is to use
thermoelectric | Peltier elfect) ceolers, [n using these
coolers, it is essential that no noise he impressed on the
cooler drive. since it can be transterred to the pream-
plitier by stray capacitance.

T avoid water condensation on the couled detector's
surface, the detector head assembiv s kepst at 2 mod-
grate vacuum L~20-400 Torrk, Typically, reevacuation
i necessary every 21— weeks.
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C. Thermodynamic Noise

Thermodynamie noise of SPI areavs is the resuloff
the uncertainty in resetting the individunl diodes during
the readout provess. T'his noise has been deneribed '
hy & = (g HET (e + 20 00|47 where K is the
Boltzmann constam. T 1he absobute temperature, 7,
the diode capacitance. and o the clock line-to-video
line siray capacitance. At 25°C, Noy s ~ 1K electrons
rms for the 1024-element {S-series) diode array.

0. Preamplifier Moise

The preamplifier noise is given by N, = (Lig, )t )"
+ {0, (¥4 where i, is the preamplifier noise current
referred 1o the input. ¢, Lthe preamplifier noise vidhage
referred to the input, ¢, is the diode readout time, and
(" is the tatal capacitance at the amplifier input node,
including that of the video line. amplifier input, and
stray capacitances. With the praper choice of the input
device and the circuit design, NV, can be reduced belnw
the thermodvnamic noise. Thea total readout noise N,
is given by N, = {N2 & N3 )2,

Vil. Dynamic Range

OIDs are designed, manufaciured. and tested by
electronic and optical engineers primarily for TV and
other imaging applications. The jargon and definitions
used to characterize the performance ol these devices
are, Lherefore, not aimed at or meant Lo be coherent 1o
physical scientists. We, theretore, chose to begin this
discussion by redefining dynamic range in terms that
are both characteristic ot parallel detectors and more
meaningfu! to spectroscopists.

A. SimuMlaneous-intraspectral Dynamic Range

This term is eseentially the spectroscopic equivalent
of the maure familiar intrascenic dynamic range term
used in imaging applications. 1 is defined as the ratio
of the most intense and least intense spectral features
that can be simuligreousiv detected within a single
readout regardless of the length of integration time ¢,
between consecutive readouts. The apparent simplicity
of 1his definition, hewever, can be very misleading, as
our axperience suggests.  First, dyhamic range does not
aulomatically mean linear transfer characteristics
{signal input e signal output relationshipl.  In fact,
often {particularly in imaging applications) a nonlinear
transier characteristic is preferred. Second, intrascenic
dynamic range should net be confused with vingle-dinde
opteelectronic dynamic range, defined here as the ratio
ol the most and least intense spectral feature that can
be detected by a single pixel or resolution element.
This parameter, therefore, refers to the dvnamic range
of each indiutdual dinde and not to that of the paraife!
multichanne) device as a whole. The main reason for
the difference between the lwo terms i the verling wlare
phenomennn, stray light in the detector enclosure due
tr internal reflectiong.  Veiling glare is particularly
severe with image-intensified deteciors, primarily be-
cause of light transmitted through the semilransparent
photueathode that is internally reflected by the glass

APPLIED OPTICS | Vol 19, No. 8/ 1 May 1960

and metallic imernal components. A point-in-case is
the imuge dissector, an impging deviee with an up-
welectronic dvnamic range charncteristie of PMTs.
1), The intrascenic dynomice range of this device.
however. can be <1001 because ol veiling glare. The
inLrascenic dynamic range of the SP1) can alse be lim-
iled by ils dark current.  Even with a 14-hiv ADC,
thermally generated idarkt charge buildup can sericusly
reduce the uselul xignal-reading range ol the detection
system. Figure 8 shows the integration time values §,
at which 20 and 100% of the ADC range and 100M% of the
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Fre- 3 Integration time values ul dilferent 1e mperatures a0 which
and 1Pl the ADC range and HRTcof Uhe dinsde charge storage
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diode charge sturage are utilized for parasitic dark
charse readout at different temperatures. Further-
muore, because of the relatively large diode-to-diode dark
current variations, it is imnpossible 1o use simple elec-
trenie (signal-bias) elipping procedures to increase the
uselul range ol the ADNC.  Nevertheless, integration
periads of a lew hours have been successlully accom-
plished at very low temperatures, ' even though at the
expense of reducing the deteclor’s red response.

8. Accumulative (Memory} Dynamic Range

The uselul dvnamic range of the SPD c¢an be en-
hanced by ensemble averaging. i.e.. accumulstion (su-
perimposition) of consecutive digitized spectra (read-
outsl in the computer memory rather than on-target
lintegration). The OMA-2 has a memory dvnamir
raige of 2.1 X 10% (2% counts,  However, as previously
stated. the experienced averaging advantage for long
accumulation times has been asomewhat kower than the
theuretical value [square root of the number of coh-
secutive (stored) readouts] because of 1/f type nwise
dominance.

C. Variabia integration Time (VIT)

This mode of operation is unique tn energy detectors
capable ol signal integration. Ditferent signal inte-
gration times are used for different regions of the
spectrum, inversely proportional to their correspanding
signal levels, 1o make maximum use of the available
range of the ADC. The principles of operation of the
WIT technigue are demonstrated in Fig, 9. In this case,
six exposures of the {simulated) spectrum are pbtained
at six integration time periods t; (progressively in-

LT RS

I+

HRELATIVE INTEMSITY - DA COUNTS

creased by a factor vi 4) and stored in memory. This
procedure enables the elevation of each of the six
{real-time} signal-level intervals to the same 4096-
16,184 -count. measurement level, thus greatly improving
the spectrometric accuracy and precision. However,
a certain degree of signal delerioration can be expected
due 1o dark charge buildup, localized (and limited}
bluming, near- and far-field veiling glare, and spec-
trometer stray light. The transmission spectrum of a
Ho-oxide filter (Fig. 10} demonstrates the low Jevel
interferences, due to bleoming, characteristic of the
SPD, This technigue has proven more flexible and less
susceptible to instrumental errors compared with other
commaon constant energy (signal) technigues, e.g., slit
wifith serve and automatic variable preamplifier
Fain.

To measure the dynamic range, the linearity and
reciprocity {signal intensity X integration time} of the
SPD, the {ollowing experiments were performed:

1. Calibration with Neutral Density (ND) Filters.

{a) The linearity {transfer characteristics with a 4
value of 1) of the single-diode optoelectrenic dynamic
range was tested with precalibrated ND filters, whose
precise values (to within <1%) were ubtained inde-
pendently with linear photon counters (PMTY.  Colli-
mated beams {rem highly stahilized light sources
passing through various spectral filters were used to
measure the linearity at different wavelengths.

{b} The intrascenic dynamic range was measured
with a neutral density wedge filter (Kodak, photo-
graphic step tablet 2) whose discrete vptical density

Fig. 1. Transmiszion spectrum
of Hu—oxide fileer. JACO iMark
X1 poivehromator waz used with
M-y imm  {blazsd at 30W-nml
grating, 6 nm/diede (25 umi: {a}
transmiszion spectrum, 133-meee
signal integration; (b} tranamitted

(e
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spectrum, 18%-msec sigmal inte.

pration; Lol same as (bl bue 1.68

sec, Parte (aland {h1 are on page
1408,



{absurbance) steps vary from ~0.405 1o 3.0 The inei-
dent and transmitted ([* and £,) images of the wedye
filier (backilluminated with an elongated tlunrescent
lamp) were focused with an 85-mm (f/1.8) lens onio the
target of the SPD. These images along with the dark-
pattern image D; were used to produce the absorbance

image,

T =)
A o=l ?—_H .

where i is the variable diode index (from 0 to 1023},

2. Calibration with Puised LEDz.

This experiment served two purposes: ta verify
Talbot's (law) behavior of SPD detertors and to deter-
mine their reciprocity. Talbot law in its modern version
states that light fluctuating pericdically is exactly
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equivalent to steady radialion of Lhe same average value
RIF( = RIF|, where F= J|Fiede /T, Fit)is the pe-
rindically lucluating light, and £ is the evoked re-
sponise,  LEDs (either with green or red spectral re-
sponsel were used as the variable frequency chopped
{pulsed) light sources. The pulse width was kepl con-
stant lalways <% duty [actor), while varying the pulse
freguency within the (L 1-Hz to 1t-kHz range.  Alter-
natively, both pulse widih and pulse irequency were
altered. In either case, conirol of pulse width, pulse
frequency, and detector integration time delermine the
total photon energy incident un the 8PT). The spectral
output of the LED {2 red shilt was observed at high
frequencies when the pulse width exceeded 4% ol duly
factor) was carefully monitared and maintained con-
stant to within 21 dinde (.14 am}.  Pulse widih and
pulse frequency were measured with an accuracy hetter
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Verifieation of reciprocity o photsdiode array detector:

signal intensity X signal integration = consiant,  Hed.emitling LEL}
was pulsed ar Irequencies varving From L He o 106 kHz2.
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than 1 and 3%, respectively. Verification oi Lhe reci-
procity o the LED itself (k] Hz w 1080 kHz) was
achieved independentiy using EG&G-PARC photon
couniers. '

¥IlIl. Results and Discussion

The measured diode elect rooplical dvnamic rahge of
the HP1) wax in good agreement with the 14-hit ADC
limit « the derection system. This hehaviar was an-
tieipated from the nonlaggy nature of the SPD and the
relatively high saturation level uf iLs individual dicdes
[= 1" counts).  The linearity within the 1{H:] measured
range was <<1%. The reciprocity of the SPD {by pulsed
LEIs} over a range of 1{¥:1 was found Lo be linear Lo
within <% tthe overall estimated accuracy of the
measurement apparatus) (Fig. 11}, Based on work
done elsewhere.™ it should be pussible to siretch sig-
nificantly the reciprocity range hy further couling the
SPD.

Muore diftficult 14 assess and less conclusive results (at
the present timed were chtained lor the intrascenic
dvnamic range. With the experimental setup uiilized.
stray light. primarily from the high transmittance steps
ol the wedge lilter, was ohserved. (Good linearily. slep
positinn v& step optical density, was oblained when a
signal (1.1% the magnitude of the first transmissicn atep
was subtracted from all subsequent steps (2-21) (Fig.
12}, This apparent far-field veiling glare (strav light)
enuld have been caused by internal light reflections
between the dinde’s silicon surface and the winduw of
the SPD. However. mast probably.' it is the result of
rlare in the focusing lens.  Veiling glare in the detector
itsel should be reduced by

11) remuving the SPD's protective window, especially
sinve the evacuated detecior head has its vwn quartz
window: and

02 wsing the ¥PD with an optical-fiber {coupler)
facenlale window, eliminating window-to-target light
reflections.

NELATIVE MTF

Hevent experiments' have shown the veiling glare
level 1o be lower than ke stray light level of varinus
short focal-length (0.2-0.5-m) polvchromators vypically
wsidd in conjunction with OMA detectors.

IX. Resolution and Spectral information Transter

The arehitecioral structure of the RL.10245 detector
was discussed previously. The device comprises 1024
discrele pholodiodes with a 25-pm center-to-center
separation, each 2.5 mm high, The 1001 aspect ratio
ol the diodes is an excellent design compromise aimed
a1 matching the profile of a tvpical spectrometer slit,
Hased on thase data, the spectral resclution of the diode

LE-}
(3L

04

QPTICAL DEMSITY IABSORBANCED

o3«

TR 3O JoO 430 KO0 ADG TOO MO0 MO b0

MXEL WO
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recnynized,  Raw dala were computer compensaled For the U.1% sh-
served stray lghl tmestly from the camera [eps),
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array s otlen erroneously detined as its dinde spectral
handwidth, 0,025 mm X reciprocal dispersion tnm/mm)
of the spectrometér. Actually. the spatial response
ptofile of the photodiode array along the array axis is
trapezoidal rather than rectangularc’* (Fig, 2). There-
tore, altheugh the diodes are diserete, their specteal ior
imaging) information transter shows a partial overfap.
This averlap leads toa substantial reduetion in aliasing
with only a slight reduction in resolution.  Figure 13
compares the modulation transfer function (MTF of
the RL-10245 diode array with a 25-um diode width and
pitch to that of two other theoretical arrays (CCDs) with
a rectanyular response pixel profile, one with a 25-u4m
pixel width and piteh and the other with a 12.5-um
width and a 25-um pitch (similarte Fairchild's 488 x
380 area array CCD).  Clearly, the last twe arrays,
particiilarly the second, have higher MTF values be-
vond the Nyquist criterion limit and are therefore
subject to severa response aliasing,

Aligsing can cause severe interpretation errors when
spectra with periodic line stroctures, e.y., molecular
vibronic spectra, are measured, as shown in Fig, 14, for
the SPD and the second theoretical (CCD array. The
aliasing detector can falsely increase the apparent pe-
rivdic wavelengih-separation (intervalsi hetween the
lines well above the real value (resylting in a lower ap-
parent spatial resclution). Even more serious are the
potential errors gssociated with arrays with dead spaces
isecend thecretical array) between the pixels. A narrow
spectral line could fall on a dead space instead of an Lhe
pixel and theretore be severaly attenuated, or worse,
undetected (Fig. 153,

Finally, although the physical overlap of adjacent
diedes causes a certain degree of information cross talk,
the spectral resolution of the 8PD is practically limited
hy the spectral dispersion system utilized (Fig. 16).
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A need and method for nonuniformity correction in solid state image sensor

Satoru C. Tanaka
EG&G Reticon Corporation
345 Potrero Avenue, Sunnyvale, California 94086

Apstract

When the sofid state imace devices were introduced into the eptigal industry, they
rovoluticnized the techhigues for image detection, but not without the user bolerating its
nemeniformity.  This nenuniformity ancmaly is uwzually ignored in many oontical imsgino
applications;: accordingly, its edistence and effects are knowh onhly by a few among the
device implementotrs. 1n gome applicatiens, this ancmaly may seriously impalr a system
design; conseguently, the uhwary should be informed of its existence. The nobuniformity
can be induced electrically andfur optically into a widec signal's transmission path, and
in turn it produces ar arbitrary dgray scale on an image space, derived {rom 4 upniformly
exposad target. Thisz paper defincs the nonruniformity in relalion to the solid state
imaging dewices, demonstrates the need to compersate it in low-contrast imayc applicaticn,
and discusscs an inedpensive network to pertform the compeonsaticr and +he resuits of its
implementation.

Intreduection
Thke solid state imaging devices '+? otherwise known as mosaic devicesj, have substan=
tially breadened and entanced many applications in the field of cptics, but not witheout
the usmcr tolerating its norunifornity.

The importanrce of the nonuniformity and ils correction lies in enhancing the signal-toe
noise raotic especially in luw-contrast signal delectior. In mcet applications, this

nonuniformity is neglected, but in somc, il can obscure the image sigral and render the
gergor's detectalillity useless. The sketch in figure 1 exenplifies the process of the

Effects in Low Contrast Image Detection

EXAMPLE OF SIGNAL QONE LINE 5CAMN
CONTAMINATION IDEAL QUTPUT
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| w——1 scAN TWE——=]  |«— RETRACE INTERVAL  [e—— 1 SCAN TIME ——

OME LINE SCAN QUTPUT WITH IDEAL OPTICAL CONDITION

Figure ia

signal-to=noise degradation with a single scan of the wideo signal as it could be seen on
the seohe trace. Figqure la shows the image signal while figure 1b shows the same signal
ohscured in the nonuniformity noise. Furthermore, its correction should generally be
desired, because the state of the art makes it difficult to design a dewvice with ideal
uniformity, i.,e., the nonuniformity inherently exists in all present day solid state
imaging devices on the market.

This paper defines nonuniformity in relationship to the image deviges, discusses its
effects on the optical signals and presents a method for its compensation. In addition,
the discussion includes a related nonuniformity effect which is found in most optical paths.
The nenuhiformity is characteristieally similar to those existing in the devices, and in
most applicaticng, they coexist.
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0f the two major organizationa of image devices, the line scan and matrix array, the
discusgion will be based on the line scan array. The distinction between them iz that the
line scan array has all the photo sensing cells aligned in a single row, whereas the 2
dimensicnal metrix arrays are arranged in rows and columns. However, they are similar
enough that the line scan discussion will suffice for hoth.

WITHOUT MAGE WITH IMAGE

/— IMAGE

VIDEDQ AMPLITUDE

PR
&

SIGNAL TO NOISE RATIO DEGRADED WITH NONUNIFORMITY

s

080 026D

Figqure lb

Definition and Characteristic of Nonuniformity

Nonuniformity is the wvariation in the video pixels from an array whose photo cells are
illuminated with agual exposure. It is expressed in plus or minus percent deviations from
the average level, where the average is the sum of the maximum and minimum pixels diwvided
by two.

Monuniformity causes the slope of each cell's conversion transfer fungticn to differ

among one another. Accordingly, when gach photo cell is illuminated with egqual exposure,
the output pixzels will wvary im proportion to the transfer slepe, in other words, its gain.

Hypothetical Array with Three Photo Site
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Figure 2 illustrates this gain difference with a 3-photo-cell hypothetical lihe array.
Congistent with the slope changes, the nonuniformity of the array can be compengated hy
changing cach cell’'s gain with an output circuit and making the gain of each cell equal.

The intercept point of the transfer funetion was ignored because nonuniformity is
discussed in light of the low-contrast signal-to-noise ratio enhancement, whereas, the
intercept point is related te low-light signal processing, The intercept point is a
measure of the offset levels of each pixel with no illumination., These variations, Kknown
as fix-pattern noise, FFN, are usually less than 1% and in some devices less than 0.1% of
the maximum ovtput at saturation exposure. Hence, if these wariations are compared to
nonuniformity of £10% at 50% saturation exposure, such as in case of low contrast signal
with high background exposure, FFN c¢an he ignored.

A Compensation Technigue

There are many slope correction technigues employsd in the industry. They enploy a
variety of circuits, i.e., digital, analoy or the combination of t+he two, but mogt are
based on an old established algarithm, that is used in automatic gain ceontrsl and voltage
regqulator circuit=. In its simplest form, the correction takes place within & closed loop
feedback network with a multiplier as its variable gain element. This loop will hold a
cohstant cutput as the input voltage is varied. Figure 3 shows the feedback network.

Simplified AGC Loop al! Filters for
Base Band Signal Process is Ignored

_—__<vr

Figura 3
Briefly described as the input, Vin+ is varied, the leop maintains the output very cvlosé to
the reference, V,, because an error, e, develops as the absolute difference between W _ and
Vy and changes the multiplicer ecefficient to reduce this difference. This corrcction
algorithm is used in the compensation network presented in this paperx.

The correction requires a two step operation, one is the write mode ard the other the
read mode, The write mode stores the multiplying coefficients by the feollowing process.
The aryay is first exposed under unifeorm illumination, ther each pixel is processed through
the loop and forced to a censtant level. As the loop corrects each pixel, its corrsspon-
ding multiplying correction factox, MCF, proportiocnal to g, is sgtored in memory. These
stored factors are then used to correct the multiplier gain in the read mode.

The read mode is the normal imaging process where the array produces the pixels propor-
tional to the image exposed on the array., As each pixel is pacsed through the multiplier,
each corresponding MCF stered in memory is read out and multiplied with the pixel. The
pixel multiplication with the MCF corrects the cell’s transfer gain to produce nonunifor-
mity corrected pixels. Figure 4 is a hlock diagram that illustrates both of the above
deseribed processes. Figure 4a is the system reading in the MCF, while the system is
illuminated under a constant expasure. FPigure 4h is the system in its normal imaging
pperation with its nonuniformity cerrected.

This proegess of controlling each cell's gain toc equal all others, hot only corrects the
nonuniformity caused by the imaging devices, but it can ¢orrect those uwptical gain
wariations induced by the optical path. The optical correction follows from the slope
correction if theo intensity wvariatiom is raused by a constant attenuation factor in the
transmigsicn path., An example is the shading caused by limited aperture width, dust
particles on lens, etc. Since the undesired shadings, to the first order, effect the
trangfer gain of each spatial peoint on the object line or plane o the image line or plane,
the shading correction can alse be simultaneously corrected with the imaging device. The
corregtion to include shading is performed with the same twe step operation,
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The only difference is that a uniformly reflecting target is placed in the ohijact plane
of the optical system when the system is in the write mode.

Implomentation Design Method

In the discussion of the compensation design method, the following definition will be
uged te describe the compensaticon performance.

The Uniformity Correction Factor, UCE, ig defined as the ratio of nonuniformity hefore
correction over the residue nonuniformity left after correction, i.e., when a device with
nonunlformity equal to +10% is corrected to +1%, it will have UCF = 10.

The Correcting Range, CR, is defined as the maximum rangs over which ths system will

correct the nonunifeormity, i.e., in a system where ronuniformity is +15%, a CR = 30% will
sufficiently cover the range +to compensate the nonuniformity whersas CR<30% will not.

The limits of CR and UCT are predicted by parameters of the olosed loop transfer
function of figure 3, and constrained by the dynamic range of circuit, which is usually
determined by its components.

The two parameters of concern are the closed loop gain, G, and the erroer, &, because
1) ¢ determines the limits of CR, and 2} t¢he error, &, determines the limits of UCF,
becanse the final maximum residual value of e after compensation, over the reference
voltage is the corrected value of the nonuniformity,

The clesed loop gain of the block diagram in figure 3 is
VrK

, k=1

Vln 1

G =
where Vr is the reference voltage
v,n iz the output voltage
k'"is the apen loop gain
Thig gimple relatignship shows, if Kvinbl, then G approaches

G =" .
v

in
henge, the output approaches Vg = Vy. Furthermore, they show that the maximum limits

impoaed on CR dre boundless, i.e., Mmaaimom value of Vin is bountdless, and its minimem value
ig determined hy VinK>1.

The error, £, approaches

g = 'r if v, K»»l,
T. % in

thus, by making ¥r «<K, £ can be made arbitrarily small, Again, the limits on e, hence
Vin

UCF, that are imposed by these relatjonshipg are boundless. Accordingly, limits on both

CR and UCF are set by the type ©f circuit and its parameter and companents.
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Circuit Implementatich

To minimize the real estate of a full digital implementation abd to retain a relatively
high wideo sampling rate, a system incorpecrating both analoy and digital cireuwits was
implemented. The video signal was kept in its discrete timo analog samples, while the
Mecr, proportional to the crror, was converted +o digital signals and stored in memory.

Figure 5 shows a hloek diagram ¢f this implemecntaticn. The similarities to the gircuit

Uniformity Compensation
Circuit Block Diagram

SAMPLEFHOLD SAMPLE/MHOLD

Vin )-—o\T MDAC -—o‘\:.I« Vo
g | T | we

MEMORY
Vo
AR £
Vr
COMPARATOR
INPUTS:
SAMPLING CLOCK >—————] CONTROL
SCAN START Y]  CIRCUIT
Figure 5
in figqure 4 and its operatiort are readily apparent. In place of the maltiplicr is a

multiplying digital to anzleg converter, MDAC., The chief advantage of this configuration
iz khe signal pixels remaining in analog [ormat, hence, wnalog to digital and digital to
analeqg conversions are not regquired.  Sitce MCE is conveniently cobverted and gtered in
digital format, the errar and its control circuits were Aigitally implemented. The MDAC is
simply & miltiplier for the analog signal which is multiplied with a digital multiplying
coefficient. The error for each pixel is converted to a digital MCF by the corbined
operation of the comparator and the successive approximation redister, SAR.  Tha cutput
signal is compared to a reference voltage at the input of the comparator. Then the
comparator produccs a single bit, its polarity depends on the cutput signal level relative
te the rcference voltage. Each kit is successiwvely processed by the SAR which produces
tke digital MOF proporticohal ta &, The MCF in turn changes the gain of the MPAC until the
output woltage approaches the reference voltage within the limit of error, g. This limit
value determines the value of MCP which is stored in memsry.

In the inplementation, the gain factor was sct to 512, becausc an 9 bit MDAC was set

with a maximum gain of 2.0. Then the lowecst gain will be _2 = 7.81lx10 ?, but as it is
256

readily evidant from table 1, below, this low gain is unusakle.
I Gain Error
[
[ 3 valt 0. 334 [T
| 2z wvelt 6.5 9.78x10"
| 1 vault 1.0 1.96x1D07 7
3.5 wolt 2.01 3.92x107 9
[£.3 valt 3.36 6.55x10" 7

Table 1
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The table was calculated using the previcusly discussed relationships with K = 512 and
¥_ =1, The maximom gain is 2.0 and the maxipum input signal Vi, is 3 volts. As
a'result, the maximum correcting voltage range is 6.5 to 3.0 volts or CR = *0.71. Then
the minimum residual nomuniformity is f maximum £ = #0.003% or £0.39%,

¥

Az described in conjuhetion with figure 4f after the MCF has been stored and the
compensation gircuit is switched into its normal image secanning mede, the memory
segquentially produces the MCF to change the gain of the MDAC for each MCF's corresponding
pixel. Muring thig rea? mode, the rest of the circuit remains inactiwe. &n advantage with
the memory used in this configuration lies in a large wvolume application, where an image
dovice along with itg optical system ig qgompensated together. The MCF could be preprogram-
med into a read-only memory and provided with the system, thus eliminating the need for the
5AR, comparator, contral vireunits, ete. and reducing not only complexity but cost as well,

Exparimental Meagurements

A nonuniformity compensation circuit was constriucted in accordance with the block
diagram of figure 5. It was cohstructed to compensote ES&G Hetiecon's RLITZ8H scanning
diode array. The array operated inm a circuit identical to the BC172E L/N peripheral hoards
A uniform light source was nlaced owver the array. To exaggerate the nonuniformity, a piece
of transparent tape was placed between the light source and the array. The array was set
to sample at 1 MHz while the exposure integratlon time was set to approximately 2 milli-
seconds. The MCF was sampled inte the memory by advancing ohe pizmel for each scan,
starting with the first until all 1728 pixels' MCF were stored. Figure i i5 a scope

Figure B. A pompensated vs. Uhcompehsated vides sutput of a signal line scan.

photograph of two ocutputs. Each is a full line sgan of the 1728 digdes. The top trace is
the ocutput afiter the uniformity compensaticon and the hottom trace is the uncompensated
output. Each line scan is approxXimately §.3 divisions and is scen terminated with the end
of line, EQOL. The vertical sensitivity of the top trace is uncalibrated and is adjusted
to digplay equal amplitude =so that the two traces can be easily compared. Clearly, this

photograph shows, at least gualitatively, the improvements in the compensated over the
uncompengated video outputs.

T damonetrate the importance and the need for unifeormity compensaticn in lew-cantrast
detection, a picce of wire was placed in the optical path. The output of this image is
shown {n figure 7, The image signal-to-noise enhancemant is in excess of 20 db. The
bottom trace shows the target buried in noisc whereas the top trace glearly shows thae
target.

To demonstrate nonuniformity correction in the cptigal path, a narrow aperture lens was

mounted before the array and focused on a uniformly reflecting object plane. The Iimited

aperture caused gradual reduction in the exposure as the array ends are approached, and
produces a hending video scan line. Thisg hending scan line is shown in the top trace of
figure 8, while the bottom trarce shows the compensated output which is free of the non-
uniformity caused by the lens. Again, a target was placed in the object plane to demon=-
strate the enhancement of the signal-to-noise ratios, Figure 9 is a photograph of the =ame
traces ag shown jn figure B, ewxcept that the sengitivity of the scope was ingreased to
enphasize the improvements in nonuniformity correction and to show its walues in low-—
contrazt detection. In this particular case, if a simple level detector was employed, the
target could not be detected unless the signal is corrected,



Figure 7. Video outpul comparison with a Figure &, Nonuniformity caused by limited
target im the cptical path. aperture.

X

i IR PR

Figure 9. Higher sensitivity trace of figure 8.
Performance measurements showad that the nonuniformity of the corrected cutput was
approxivately +1%; hence, the exaggerated nonuniformity of 230% in the Zfigure T has g UCE
aguial to 30. Measurements of CR showed slightly greater than £30%.

Discrepancy Discussion

The theorclkical limit for the corrected nomaniformity is £0.39%%. The discrepancy
between the moasured value of #1% and the £0.39% is gaused by two factors with cumilative
effects, 1) the FPY¥N and 2) the tangential-thermal necise produced by the ¢ircuit companents.
Together, they produce noise variatigneaf approximately 10 mv. Witk the reference ecual
to 1 volt, the noise limited corrected nonuniformity will be t1%.

The discrepangy between the thegretical CR = 714% te the measured value, which is slight=
ly greater than 60%, is caused by the limited Vi, The output of the array board is the
input valtageo o the ceompenzation board; however, instead of anticipated 3 wolks maximuom,
the board produccd an ouvtput slightly greater thab 2 wolgs.

In light of the low-contrast signals, this paper has 1) discussed the nonuniformities?
effects on degrading the signsl-~to=-noise ratio, 2) demonstrated the degradation and the
need for rvestoring the signal-to-nolse, and 3] suggested a method for its cofrection,

Using the suggested correction circuit, measurements were cohducted with a 1728 slement

imaging devico. Thess measurcrents have shown the effectiveness of the uniformity compen—
sation netwoxk in restoring the degraded sighal-to=noise ratio with an example of an image
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gignal huried in nonunifeormity noise.

Furthermore, a limited-aperture coptical system was measured. Thie measurement showed
the nenuniformity, caused by the limited aperture, reduced the detectability of the image
signal in a manner analogous to the image device. Ag a consaguence, the same compenzation
network removed this nonuniformity and restored the image's detectability.

In low—contrast detection, nonuniformity correctn¥s are hot only needed for image array,
but for some opticazlly induced non-uniformities as well, esperially in applicaticns where
a large number of gray lewvels must be detected.
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Cormporation,

Charge Transfer and Blooming Suppression of Charge Transfer Photodiode Area Array,
Hsin-Fu Tseng, Gene P. Weckler, and Shang 5. Li, Member, IEEE, IEEE Joumal of Solid
State Circuits, Vol. SC-15, No. 2, April 1980,

Coping with Charge Transfer Inefficiency Affecting Modulation Transfer Function (MTF) of
Charge-Coupled Devices (GCD) by Satoru C. Tanaka, Reticon Corporation. A reprint from
Optical Enginearing, the Journal of the Society of Photo-Optical Instrumentation
Enginaers, 18:5:504 September/October 1979

Design Considerations for a Solid State Image Sensing System, by Ron Hopwood. A
reprint fram the Proceedings of the Socisty of Photo-Optical Instrumentation Engineers,
Yolume 230, Minicomputers and Microgomputers in Optical Systems, April 8-9, 1880,
Washington, DC.

Noise in Large-Aperture Self-Scanned Diode Arrays, by Raymond W. Simpson, EG&G
Princeton Applied Research, P. O. Box 2565, Princeton, NJ 08540, (Recgived 18
Novernbier 1978; accepted for publication 20 February 1979},

Principles of Low-Noise Signal Extraction from Photodiode Arrays, by Rabert B. Buss,
Satoru C. Tanaka, and Gene P. Weckler, Reticon Corporation.

Selt-Seanned Charge Coupled Photodiode {CCPD) Sensor Arrays, be E. H. Snow and G.
P. Weckler, Reticon Corporation, reprintad from SPIE Vol. 116 - Solid State Imaging
Devices 1977,

Solid State Image Sensing with Photodiode Arrays be Gene F. Weckler, Reticon
Corporation, 1973 |IEEE Intercon Technical Papers, Saession 1.

A High Speed Tapped CCD Photodiode Linear Image Sensor by P. J. Chen and H. F.
Tseng, Qctober 1981,

Evolution of the Solid State Image Sensor by Hsin-Fu Tseng, John Ambrose, Masoud
Fattahi, Journal of Imaging Science, Jan/Fab 1985.

Section B - Intensifled/Low Light Level (Eleciron Collectlon and Deatection)

IB-3

Diode Array Detactors in Astronomy, by Fobert G. Tull, the University of Texas at Austin,
Austin, TX.

{Astronomy - Low Light)
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IB-7

iB-11

IB-14

IB-15

Photon Counting with Intensified Solid State Arrays, by T. E. Stapinski, A. W. Rodgers
and M. J. Ellis, Mount Stromlo and Siding Spring Chservatories, Austrafian National
University Canberra, Australia.

[RL1024C, Astronomy - Spec.)

Single Electron Recording by Self-Scanned Diode Arrays, by S. B. Mende and E. G.
Shelley, reprinted from Applied Optics, Vol. 14, page 631, March 1875.

{RLG128L)

An Electro-Optical MS lon Betactor, NiH Grant GM20850 Fina! Progress Report Years 03
and 04 by C. E. Giffin, Jet Propulsion Laboratory, California lnstitute of Technology,
Pasadena, CA, 1 July 1978,

(RL1024SF)

Electro-Optical lon Detection Using Solid State Photodiode Array Detectors by C. Giffin,
K. Briiten, J. Boettger, J. Conley, . Norris, Jet Propuision Laboratory, Pasadena, CA
51103, American Society for Mass Spectrometry, Seattle, WA, 1979,

{RL10245F)

Sectlon C - Astronomy (alsc see entitled "Image Sensors: Intensified/Low Light

IC-1

IG-2

IC-4

Level {Electron Collection & Detection)

An Acousto-Optical Spectrometer for Radio Astronomy, by D. K. Milne and T. W. Cole,
teprint No. RPP 2050, August 1977.

A Self-Scanned Silicon Diode Array for Astronamical Phatometry, by Dainis Dravins, Lund
Observatory, 5-22 24 Lund, Sweden.

{RLO128EC)

The Lockheed Diode Array Magnetograph, by Robert C. Smithson, Lockheed Solar
Observatary, Burbank, CA {Received 20 September 1974).

(RLO512)

Sectlon D - Spectroscopy

ID-2

13-4

D&

A Minicomputer-Automated Array Spectrometer for Liquid-Chromatographic Dataction of
Metabolites, by Raymond E. Dressy, Warren D. Heynolds, Wayne G. Nunn, Christopher A,
Titus, and Gregory F. Moler, Climcal Chamistry Vol. 22, No. 9, March 1678,
(RLO2SEEC/T)

Characteristics of Photodiode Arrays for Spectrochemical Measurements, by Gary Horlick,
Volume 30, Number 2, 1976,

{RL1024C/1T7)

Evaluation of Self-Scanned Photodiode Array Spectrometer for Flame Atomic Absorption
Measurements, by F. S. Chuang, D. F. 5. Natusch and K. R. O'Keasfe, Dept. of Ghemistry,
Colorado State University, F1. Collins, CO 80523,

(RLO512C and RL1024CA7)



I0-7

IC-&

I0-9

IB-10

I0-11

ID-12

ID-13

ID-17

ID-18

iD-20

ID-21

Linear Photodiode Array Spectrometers as Detector Systems in Automated Liguid
Chromatographs, R. E. Dessy, W. G. Nunn, C. A, Titus, Journal of Chromatographic
Science, Yol. 14, April 1976.

(AL1024G)

Poriable High Resclution Laser Monochromator-Interferometer with Multichannel
Electronic Readout, Mark B. Morris and Thomas J. Melrath, Applied Optics, Vol. 18, No.
24, 15 Decamber 1979

(RL1024G})

Proximity Filter Specirometers, data shest from HSS Inc., H35-D5-80045, 2 Alfred Circle,
Bedford, MA 01730, February 1980.

Seif-Scanned Photodiode Array: A Multichannel Spectrometric Detector, by Yair Talmi
and R. W. Simpson, Applied Optics, Vol. 19, No. 3, 1 May 1980.

(s

Seif-Scanning Photodiode Arrays for Spectroscopy, by Cr. Edward H, Snow, reprinted
from Proceadings of the Technical Pragram, Electro-Optical/l aser 78 Conference 7
Exposition, Boston, MA, September 18-21, 1978,

Simultansous Multielerent Quantitative Spactrochemical Analysis Using a DG ARC
Source and a Computer Coupled Photodiode Array Spectrometer, Edward G. Cogging,
Gary Haorlick, accepted for Spectroscopy Letts, Vol. 7, MNo. 1.

{RLO512G17)

Some Characteristics and Applications of Self-Scanning Linear Siticon Photodiode Arrays
as Detectors of Spectral Information, by Gary Herlick and Edward (. Codding. Analytical
Chemistry, Val. 45, No. 8, July 1873.

(RL0256)

Photodiode Array Measurement System for Implementing Abel Inversions on Emission
from an Inductively Couplad Plasma by M. W. Blades and Gary Horlick, Dept. of Chemistry,
University of Alberta, Edmonton, Albarta, Canada T8G 2G2. Reprinted from Applied
Spectroscopy, Vol. 34, Number 6, 1980.

Photodiode Array Studies of Near Infrared and Red Atomic Emissions of C, H, N, and O in
the Argon Inductively Coupled Plasma, by Steven K. Hughes, Robert M. Brown, Jr., and
Robert C. Fry, Dept. of Chemistry, Kansas State University, Manhattan, K8 66508.

Wide Dynamic Range Array Detector for Absorbance and Rotation Spectrometry by Peter
S. Aidlo and Christie (. Enke, American Chamical Society, 1883.

Double-Beam Optical Multichannel Analyzers by Yair Talmi. Reprinted from
Spectroscopy, Vol. 1, No. 6.

{R Series)
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ID-22

ID-23

1D-24

Subnanasecond Spectroscopy using Stripline Micrechanne! Plates and Reticon 10245F
Linear Arrays by Charles R. O'Brien, James M. Zumstein, Mark J. Eckart, Wax E. McGee,
Hal Schulte, and Willlam R. Edwards, LLNL.

(RL1024SF)

Schottky-barrier Infrared Focal Plane Array for Spectroscopic Applications by Leland R.
Hudson, Hsin-Fu Tseng, Weng-Lyang Wang, Gene P. Weckler published in Optical
Engineering, March 1987, Vol. 26, No. 3.

PtSi Infrared Area Array Utilizing MOS/CTD Readout by Leland R. Hudson, Hsin-Fu
Tseng, and Weng-Lang Wang, published in SPIE, Vol. 819 Infrared Technology X1l
(1987).

Saction E - X-Rays

IE-1

E-3

IE-4

IE-5

IE-6

IE-7

iE-8

IE-9

Active-Recording Crystal Spectrometer for Laser-Induced Plasmas by Louis N. Koppel,
April 8, 1976. This papar was submiitad to the Raview of Scientific Instruments.

{RLD512CG/17)

Diract X-Ray Response of Self-Scanning Photodiode Arrays, by Louis M. Koppel, August
1975. This paper was submitted to the proceedings of the Conference on Applications
of X-Ray Analysis, Denver, Colorado, August 6-8, 1975.

(ALO512C)

X-Ray Analysis and Advances in Portable Field Instrumentation, by Clayton Q. Ruud,
Denver Research Institute of Denvar, Colorado. Journal of Metals, June 1379.

X-Ray Applications of Self-S¢annad Photodioda Arrays by John MeGinnis and Ronald K.
Hopwood, Reticon Corporation and Louis N. Koppel, Indepandent Consultant,
Pleasanten, CA 94566,

X-Ray Applications of Self-Scanning Silicon Diode Arrays, by R. D. Bleach and D. J. Nagsl,
reprinted from Applied Optics, Vol. 16, page 572, March 1977,

(RLO512C)

X-Ray Sensitive Photodiode Array, by John McGinnis, EGAG Reticon, 345 Potrero
Avenue, Sunnyvale, CA 94086. Reprinted from Industrial Research and Development,
March 1980.

Applications of a Directly Exposed Seb-Scanning Photodiode Array as a Linear Position
Sensitive Detector in a Small Angle X-Ray Scattering Instrument by C. 5. Borsc and 8. 8.
Danyluk, Div. of Biological and Madical Research, Argonneg National Laboratory, Arganne,
IL 60439, Submitted to Review of Scientific Instruments 51, 1669 1980,

Soft X-Ray Detection with a Phosphor-Coated Photodioda Array, by F. Zutavemn, T. Aton,
C. Franck, and S. Schnatterly, Unlversity of Virginia,

Sectien F - Optical Character Recognition {OCR})

IF-1

IF-2

Optical Character Recognition, by M. David Freedman, Bendix Research Laboratories,
reprint from [EEE Spectrum, March 1974,

OCR System Design Benefits from Technological Advances by Richard K. Dove, Ball
Computer Products, Inc., Oakland, CA.



Section G - Miscellaneous

G5

IG-11

IG-12

IG-13

1G-14

lon Chromatography, by W. E. Rich, Dionex Corporation, Sunnyvale, CA, August 1977,
Articte is based on a paper pressnted at the 23rd Annual ISA Analysis Instrumentation
Symposium, Charleston, SC.

Use of Charge Transfer Device for Particle Detection, M. Algranati, A, Faibis, R. Kaim and
Z. Vager, Nuclear Instrument and Instruments and Methods 164 (1979) 615-616;
recaived 16 March 1979 and in revised form 25 May 1979,

{RAQ100/0128N)

Control of Fiber Manufacturing Frocesses, Laurence 5. Watking, Member, IEEE, Western
Electric Company, Engineering Research Center, Princeton, NJ 08540. Proceedings of
the IEEE, VYolume 70, No. 6, June 1982, Paper received Novemnber 6, 1981; revised
December 15, 1981,

Applications of Lasers 1o Production Metralogy, Control, and Machine "Vision', Timothy
R. Pryor with Diffracto, Lid., Windsor, Ontario, Canada N8T 1J9, R. K. Erf with United
Technologies Research Canter, East Hartford, CT 06108, and A, D. Gara with tha
Physics Dept., General Motors Rassarch Laborateries, Warren, Ml 48090, Manuscript
received January 16, 1982; revised February 22 1982. Proceedings of the IEEE,
Volume 70, No. 6, June 1982.

A Nead for Method for Nonuniformity Correction in Solid State Image Sensor, Satoru C.
Tanaka, EG&G Raticon, 345 Potrero Avenue, Sunnyvale, CA $4086. Preprint of a paper
to be presented at the SPIE conference on Focal Plane Methodolegies |11, August 24-25,
1982, San Diego, Galifornia, and to be published in SPIE Proceedings, vol. 350.

Section H - Thermoelectric Cooling

IH-1

IH-2

tH-4

Esiimating Heat { oads on Multistage Thermoelectric Coolers, Marlow Industries, Inc.,
1021 South Jupitar Road, Garland, TX 75042,

Guide to Thermoelectric Heat Pumps, Marlow industries, Inc., 1021 South Jupiter Road,
Garland, TX 75042,

Low Temperature Thermoelactric Cooling of Self-Scanned Arrays by Raymond Marlow,
Marlow Industries, nc., 1021 S. Jupiter Rd., Gadand, TX 75042. Reprint from
Proceedings of the Society of Photo-Optical Instrumentation Enginsers, Vol. 187,
Systam Aspects of Electro-Optics, May 22-23, 1878, Huntsville, AL,
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Glossary
|

Active Area

Active area is the effective light-energy collection area in the neighberhood ol any given
photodiode or photosite. The capturad photons are cenvertad to charge and stored in the
photosite storage area until they are accessed. This area is a function of davice geometry
wavelength.

Blooming

Blooming occurs when the ingident light andfor integration time causes an excessive charge huild
up; this results in spill over inte either the video lines or the adjacent slemeants.

CCPD (Charge Coupled Photodiode Device)

A CCPD is a solid state integrated device, which is made in twe parts: an array of photediodes and
a Charge Coupled Device, CCD. The CCD is a well-known analog discrete time delay line which
stores and passes charges in a form similar to a long "bucket brigada"; hence, it acts to transport
the charge representing image signals, The charge packets generated by each diode are
simultaneously transferred into the CCD register, then they are sequentially clocked out.,

Dark Signal
Dark signal is the output signal in the absence of light; it is comprised of the following:

{1} Inmtegrated dark leakage current
{2} Fixed pattern noise
(3] Tha thermodynarmic noige

Data Rate

The data rate is the frequency at which pixels are being clocked out of the camera or atray.
Dynamic Range

There are two common methods of determining dynamic range:

RMS single pixel: This is whare the oulput from each pixel is individually considered
and its dynamic range is the output at saturation divided by the BMS noise on that pixel. A
fair approximation of the RMS noise on a single pixel can be determined by measuring the
P-P random jitter ana dividing by 4 to 6. This type of dynamic range applies to applications
requiring high guality imaging such as aerial reconnaissance, graphic arts, spectrascopy,
etc., and where the ability of a computer sxists to massage out the effects of both
nonuniform sensitivity and fixed pattern noise. The RC10245 evaluation circuit is
specified in this manner, 10000:1.

P-P across the array: This is sometimes referred to as machine-readable dynamic
range that could be obtained with a simple comparator. This can be defined in two ways
depending on the particular video procassing circuit used: (1) for a simple currant
amplifier {Reticon recharge circuits), the average saturation vatue divided by the peak
value of the switching transients; {2) for a sample-and-held or resettable integrator
waveform, the dynamic range is the average saturation value divided by the P-P dark fixed
pattem including any nonuniformity of fixed pattem by excluding diode leakage.
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Fixed Pattern Noise {FPN)

FPN is a pixel output pattern in the dark that is the same from scan to scan under fixed conditions.
The output may be a petiodic 1, 2 or 1, 2, 3, 4 pattern, 3 random high or low single pixel or group
of pixels along the scan output, a low frequency cyclic variation, a positive or negative ramping
#long the scan or any combination of the aforementioned patterns.

The 1,2 0r 1, 2, 3, 4 patiem is due to the fast that alternate diodes are sampled on different clock
phases. This type of FPN is depsendsnt on clock rise and fall times and on circuit layout. The
major source of the FPN is the capacitance between the access switches and the video line. As
the nth access switch is turning off, the {n+1)st access swilch is turning on; thus as one drives a
charge into the video line, the cther is removing a charge. If both the coupling capacitances
between the switches and the video line and the voltage excursions of the switches are the same,
then the net charge remaining on the video ling is zere. However, if ona is looking at current, then
any lack of absolute coincidence of the two switch edges in time or shape will resuit in a switching
transient in the output videa.

Tha other menticned typa of FPN can be caused by precess variations, contamination, and other
such miscellaneous factors.

Frame Rate

Frame rate is the total numbar of frames frem frame start to frame start within a given period of tima.
The frame rate is equal to the reciprocal of the frame integration time, provided the frame has not
been reset between starts.

Frame Reset

Frame reset implies that the entire frame of elements has been resat to & zero charge. The
release of the frame reset signal indicates the start of integration of the entire frame
simultaneously.

Frame Storage

Frame storage is analogous to the storage mode employed in a RAM device (Random Access
Memory). The whole frame video infarmation is stored in a capacitive memory cell as charge which
is proportional 1o the photon energy impinging in the neighborhood of the phetodiode. The
differences between the BAM and Image Device are; (1) the image device stores the photo
integrated charge in analog while the RAM stores charge in digital or ones and zeros; and (2} the
RAMSs are randomly accessed while frame-type image sensors to date have all been accessed
mostly sequantially.

Gray Scale

Gray scale i3 a measure of the intensity levels of the impinging light source. in most cases, the
tenm is defined relative to the number of resalvable bits of A/D resolution.

Integrated Dark Leaskage Current
The dark leakage current is the output signal in the dark which may vary frem element to element

but is typically 1% of the saturated output at 25°C and 40 ms integration time. It is causad by
thermally generated elactrons and can be decreased by a factor of two for each 7°C of cooling.



Integration Time

Integration time is the time interval betwesn diode accesses for a given diode. Hence, in a
sequentially scanned diode array, the integration time is the interval between the scan initiation or
the start pulzes.

Line Reset

Line reset is the condition in which all of the elements are reset t0 a zero integration and held at
zero intagration until the reset line is released. When the line reset line is released, integration will
start.

Line Transfar

The term is operationally defined for the CCPD. The photo converted charges in a ling of
photodicde arrays are simulianecusly transferred into their respective storage locations of a CCD
register, which then seguentially transports the charges out of the array.

Nonburning Sensors

The term nenburning sensors implies the immunity that the selid state image devices have against
damage caused by high light exposure. In contrast, a vidicon's phosphors are easily damagsed
under high light exposure. A photodiode solid state sensor will withstand several orders of
magnitude of incident radiation owver its saturation exposure.

Nonuniformity of Sensitivity

Sensitivity nonuniformity is defined as the differences of photodiode sensitivity along the array
whan illuminated with a uniform specified light source. |t is measurad at approximately 50% of
saturation and is specified as a * percentage obtained by dividing the diffarences of the most and
least sensitive elements by the average value of diodes along the array. Cneck the specific data
sheet for light source requirements and diodes ignored. For some older arrays, the measurement
conditions are the same except that the formula is:

Highest diode + Lowest

Both give comparable results.
Sample-and-Hold
This term is used in signal processing systems. Operationally and ideally, the sampling switch
samples a signal veltage or current and stores its value or magnitude at the instant when the
switch closes and opens.

Saturation

Saturation cecurs whan increasing the exposure fwatt-sec) of the array does not increase usable
output.

Saturation Charge

Saturation charge is the charge output of a given phetodiode at saturation. This is usually
specified for & given bias, typically 5V.
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Saturation Exposure

The exposure (light intensity x integration time) level that produces a saturation cutput charge is
the saturation exposure, The light wavelength distribution must be specified for a meaningful
valua.

Scan Rate

Scan rate is the total number of scans from scan start to scan start within a given period of time.
Example: 500 scans per second. The scan rate can also be considered as the reciprocal of the
integration time.

Sensitivity

The photo current (amps) flowing in a diode per unit of light intensity or irradiance (watt/cm2). The
units of sensitivity are amps/watt/om? or coulfjoulaa'cmz. The wavelength distribution of the light
source must be specified in order for a sensitivity specification to be meaningful (reference
Application Note 121},

Spectral Response

Spectral respenss is the normalized output of an image diode response as a function of
wavelength or frequency of the light exposure. Usually, the response is normalized to the output
at the most responsive wavelength.

Stored Charged Mode (SCM)

In simplified operational definition, the photodiode is viewed as a simple storage capagitor and a
current generator. The photodiode preduces current in proportion to the incident photo energy
in the neighborhood of the diode. The current is callected or stored on the capacitor. Then the
charge is read from the photodiode after a given integration time. (The capacitor is really the
photodiodes junction capacitance.)

Thermodynamlc Noise

Tharmodynamic noise is the random, nonrepetitive fluctuations which are superimposed on the
dark level. This is the ultimate limiting noise which cannot be removed by signal processing.

Transfer Function

Transfer function is the term used to describe the optical conversion from light exposure to the
video signal output for a given pholo element, i.e., the ratio of output signal relative to the light
expasure. The output is usually described as charge, but it can be described in valts or amps.



Dice Policy
|

1. Testing - 1005 are tested for electrical functionality

2. Visual - 100% visual inspection

3. Maetallization - Aluminum with nominal thickness of 10,000 angstroms

4, Backing - Gold, neminally 2,000 angstroms thick

5. Passlvation - Phosphorus silicate glass

6. Mechanical Information - Die thickness - 20 +1 mil (525 +25 pm)

- Bond Pad Size - 5 x 5 mils typical

7. Packaging - Antistatic waffle pack

8. Storage - A dry nitrogen atmosphere is racommended, particularly for
compression gold ball bonding applications, Thermosonic
aluminum wire bonding is recommended,

9. Handling - All standard procadures for handling and assembling MOS
dice should be observed.

10. Ordering Information - Minimum order and/or release quantity is 500 pieces.

THE FOLLOWING ARE IN LIEU OF ALL WARRANTIES,
EXPRESS, IMPLIED OR STATUTORY, INCLUDING BUT
NOT LIMITED TO ANY IMPLIED WARRANTY OF
MERCHANT ABILITY OR FITNESS FOR A PARTICULAR
PURPQSE AND OF ANY OTHER WARRANTY OBLIGATION
ON THE PART OF SELLER. SELLER SPECIFICALLY
MAKES NO WARRANTY COF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR FURPOSE WITH RESPECT
TO THE DICE.

SELLER, except as otherwise hereinafter provided,
warrrants the DICE delivered hereundsr against faulty
workmanship or the use of defective materials and that such
DICE will conform to this specification. SELLER warrants that
at the time of shipment, SELLER has title to the DICE free
and clear of any and all liens and encumbrances. These
warranties are the only warranties, @xcept as otherwise
provided in this document, made by 3ELLER and can be
amended only by a written instrument signad by an officer of
SELLER. SELLER shall not ba liable for any consequential
or incidental damages under its warrarty, as SELLER'S sole
liability is to either replace or refund the purchase price of any
defective DICE, at SELLER'S option, which are returned to
SELLER within ten (10) days from date of shipment of the
DICE in question,

SELLER'S above warranties shall apply to each DIE for ten
{10) days from the date of its shipment and shall not apply 1o
any DICE which (1) have been repaired or altered, except by
SELLER, or (2) have been subjected to misuse, negligence,
or accident by a party other than SELLER, or {3} have been
subject to die attach or wire bond procedures or otherwise
damaged or altered during manufacturing or assembly
operations.

This warranty replaces and has precedence over any other
warranty representation made by SELLER or any Quote,
Acknowledgement or Invoice document.

11. Warranty
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Other EG&G Reticon Products

Analog Signal Processing Integrated Circuits

Switched-capacitor filter IC's for special applications, such as modem front ends, and for general
purpose use; Audio delay lines for telecom and special musical effects; CCD transversal filters for
high speed signal processing.

Solid State Camera Products

Cameras and support hardware -- camera ¢ontrollers, microcomputer interfaces, object
illuminators, and optics -- for design use in robotics, industrial process contrel and noncontact
measurement tasks. Heticon camera products have been used for quality assurance, sorting,
procass control, material handling, robet guidance, test and calibration, machine menitoring and
safety.

For more information . . .
on these product lines, contact your nearest local sales office.
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. EG&G Reticon is the world's
leading designer and manufac-

turer of image sensors, solid

state cameras and analog signal

processing Integrated circuils,

Contact a sales office for copies

of the Solid State Camera

Products Data Book and/or the

Analog Signal Processing
Integrated Circuits Data Book.

Direct Sales
Northwest Sales Office
345 Potrero Avenue
Sunnyvale, CA 94086

408 245-2060

FAX 408 738-6979

Southwest Sales Office
23832 Rocktield Bivd., Suite 235
El Toro, CA 92630-2896

714 583-2250

FAX 714 583-2277

North Atlantic Sales Office
35 Congress Street

Salem, MA 01970-6529

508 745-7400

FAX 508 741-4583

Mid-Atlantic Sales Office
221 Commerce Drive
Montgomeryville, PA 18936
215 368-4003

FAX 215 362-6107

South Atlantic Sales Office
103 Springfield Center Dr

Suite 100-B

Woodstock, GA 30188

404 928-1910

FAX 404 928-1836

Central Sales Office

2260 Landmeier Rd., Suite J

Elk Grove Village, IL 60007-2693
708 640-7785

FAX 708 364-7079

European Sales Office
EGA&G Reticon
Hohenlindener Str. 12
8000 Munich 80

West Germany

Tel 089 92692-666

FAX (089 436 25 45

s
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!
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