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ek DAUTION ##+%

This instrument may ba damaged  oparated with
thi LINE VOLTAGE SELECTOR sat for the wrong
applied ac Inpul-ssurce voltage or if the wrong
fuse is instalbad,

LINE VOLTAGE SELECTION

The SRR10 operates from a 100V, 120V, 230V, or
240V nominal ac power source having a line
treguency o 50 or 60 Hz. Belfore connecting tha

cord 1o a power source, verily that tha LINE
WOLTAGE SELECTOR card, located in the rear
panél fese holder, is 521 50 that the corect ac
input voRage vakee is visibla.

Comersian 1o ather ac input vollages requires a
changa in the tuse holder vollage card position
and fuse value. Disconnec tha power cond, opan
the huse halder cover door and rotate the fuse-pull
lever lo remove the fuse. Remove the small
primed circuil board and select the operaling
valtage by orianting the printed circuit board fo
pasition the desired voltage to be visible whan
pushed firmly into is skot, Rotate the fuse-pull
lever back inlo &2 normal position and insert the
correc] luse nto the fuse holder.

LINE FUSE

Verily I:hlul the comect line fuse is installsd belore
conmeiing the line cord.  For 100V and 120V,
use 8 12 Armg luse and for 2200 and 240V, use a
114 Amp Tuse,

SAFETY AND PREPARATION FOR USE

LINE CORD

Thiz instrument has a detachabla, Threa-wire
power cord with a three-contact plug for
connaciion to both the power Souerce and
protective ground, The pratecthee ground sontact
aonnacts to the accessibla metal pans af (he
ingtrument. To prevent elactrical shock, always
use a power source cutlel thal has a properly
grounded protective-ground contact.

OPERATE WITH COVERS IN
PLACE

To avaid persenal injury, do nol remove the
product covars or panels. Do not operate the
produc without all covers and panels in place

WARNING REGARDING USE WITH
PHOTOMULTIPLIERS

I is refatlvely easy lo damage the signal inputs if 2
photomultiplier is used impoperly with the lock-in
amplifier. When left complately unterminaled, a
PMT will charge a cable to a fow hundred valts in a
wvary shor time. if this cable is connected to the
lockin, the stored charge may damage the front-
end transistors. To awvoid this problem, provics a
leakage path of about 100 K to ground Inside
the baze of the PMT to prevent charge
accumulation



Genaral
Power
Macharical

Warranty
Signal Channel

Inputs

Common Mode

Galn Ascuracy
Gain Stabdity

Signal Fittars

Dynamic Reserve

Frequency
Inoul Impedance
Triggear

SRA510 Specification Summary

100, 120, 220, 240 Vac (50/60 Hz); 35 Watls Max
177 x 177 x 35" (Rack Meunl Included) 12 bs.

Two years pars and tabar.
Volage: ended or True Differartial
Curreni: 10 Vohe/Amp
Voltage: 100 ML + 25 pF. ac couplad
Current: 1 kil 1o virual ground
Voltage: 100 nV {10 nV on axpand) to 500 mV
Current: 100 1A 1o 0.5 pA
Voltage: 100 Ve, 10 Vac damage threshaokd
2 Vac peak-lo-peak eafuration
Current: 10 mA damage thrashold
1 uA ac peak-io-peak saturation
Voltage: 7 nViWHz a1 1 kM2
Cument: 0,13 pAWHz a 1 kHz
Rangs: 1 Wol peak; Rejection: 100 dB d¢ 1o 1KHz
Abova 1KHz the CMRF degrades by & d2Octave
1% (2 Hz o 100KHz)
200 ppm~C

&0 Hr noich, -50 dB (Q=10, adjustablia irom 45 o €5 Hz)
120 Hz nolch, -50 dB (Q=10, adjustable fram 100 1o 130 Hz)
Tracking bandpass set 10 within 1% of raf freg {O=5

20 48 LOW (1 ¥ 1o 500 mV sensitivity)
40 cf NORM (100 nV 19 50 mV sansitivity)
60 g8 HIGH (100 nV 1o 5 mV sensitivity}

Bandnass filter adds 20 dB 1o dynamic resanvi
Ling Moich filters increase dynamic raserss to 100 dB

Reference Channel

0.5 Mz to. 100 kHz

1 MLy, ae coupled
SINE: 100 mV minimum. 1%ms nominal
PULSE; 1 Voll, 1 usec mindmum wigdth

Fundamental () or 2nd Harmanic (24

ZoGec at 1 Hz
G Secal 10 Hx
2 Sec at 10 kHz




E

Slew RAala
Phase Cantral

Phasa MNolse
Phasa Drilt
Phasa Error
Demodulator

Stability

Timea Constaniz

Ciizad

Hamonic Rej

1 decade per 10 5 at 1 kHz

90" ehifts
Fine shifts in 0.025° sleps

0.07° rms al 1 kHz, 100 msec, 12dB TG
015G
Leszs than 1° abowve 10Hz

5 ppm/=C on LOW dynamic resere
50 ppm™C on NORM dynamic resenve
500 ppm™G an HIGH dynamic resaere

Pra;  1msec to 100 sec (6 d2/0ctave)
Post  1sec. 0.1 sac, none (6 dB/Octave) or nona

Up to 1X full scafe (10X on expand)
-55 dB (bandpass filter In)

Dutpuls & Interfaces

Outputs
Output Metar
Culput LCD
Dutput BNC

Rafarenca LCD
RSZ32
cPIB

Ratio

Imternal Oscillator

X (Acas®), X Ofset, Maize
2% Pracision mirrored analeg meter
Four digit aulo-ranging LCD display shows same values as the analog meters

10V outpul correspands to full scale input
=1 L1 output impedanda

Four digit LCD display for reference phase shift or irequency

Interface controls all functions. Baud rates from 300 10 19.2 K

Interface controts all functions. ( IEEE-488 S )

4 BMNC inputs with 13 bit resolufion (=10.24 V)

2 BNC outputz with 13 bit rasolution (£10.24 V)

Ratio output equals 10X signal output divided by the Denominater input,
E‘IEEHEH? :Elazpt;niq_?:kl-h 196 accuracy

Distortion: 2% THD
Amplitude: 1% accuracy, 500 ppm/~C stahbility



e

4 .

Front Panel Summary

Signal Inguis
Signal Filters

Sensitivity

Dynamic Resere

Stalus Indicators

Cisplay Select

Anaing Meters
Oulput LCD's
Culput BNC's
Expand

REL

Cifset

Time Constanis
EMBEW

Referance Input
Raferance Trigger
21 Mede

Phase Conirols

Reference LCD
Powar Switch

Single Ended (A}, True Diflerantial (A-8), or Guren (F]

Bandpass: C-od-5 Auto-tracking filter (b ar Oul)

Line Match: 3-of-10 Motch Filer at ing frequancy (In or Cul)
2¥Lina MNotch: Cof-10 Matsh Filter at twice line fraquancy (in or Oul)

Full scala sensilivity from 100 nV to 500 mVY RMS for voltage inputs
or from 100 1A to 500 nA RS for currenl inputs.

Eslecl Dyngmic Reserve  Slakilly — Sensiivity Ranges

LOW 20 dB 5 ppm 1gV  to 500mV
MNORM 40 dB Ed ppm 1040 oV to 50 miy
HIGH &0 dB 50 ppm 100 nv to 5 mv

OVLD  Signal Cverload

UMLK FLL is not lockied 1o the relerence npul

EAR liegal or Un nized command

ACT RS232 or GPIB Iradace Activity

REM Remate moda; fromt panel has been boked-out

X Signal Amplitude at the selectad phase |AcosE)

OFST Display the oflsel which is baing added to the signal output
NOISE Compute and digplay the nolse on the signal

Displays Signal, Ofisat, or Noise as a fraction of full scale

Displays Signal, Citset, or Noise in absalute unis

Dutpid fellows Aradog Meters, £ 10 V for £ full scale

Multiplies the Analog Matar and Output voltage by a factor X1 or X10.

Set the Offset to rmdl the outpul: subsequent readings are relativa readings,
Enables or Disables Offset, and allows any offset (up to tull scale) 1o be entered.

Pra-lifter has time constants fraom 1 mS 19 100 5 |6 dB/Octava)
Past-fmer has lime constants of 0, 3.1 or 1.0 S {8 dB/Oclave)

Equivalent Mose Bandwidth. Specifies the bandwidih when making
Mose measurements. [ 1Hz or 10 Hz ENBW )

1 ML Input. 0.5 Hz fo 100 KHz, 100 m\ mimmum
Trigger on riging edge, zero crossing, orfalling adge
PLL can lock 1o either X1 or X2 of the relanance input frequancy

Adjust phase in smoothly accekerating 0.025° steps, or by
80° steps. Press both 20° buttons to zero the phase

Display reference phase sefing or reference Irequency
Instrument setings tram the lasl use are recalad on power-up



Abridged Command List

A
AD
Al

B
B
B1

L
s ]
1

L&)

0o
]|
D2

E
ED
E1
E

G
Gl

G24
H
(]
I
12

J
Jn.mo,p

K1
K27
L1
L1,0
L1,1
Lz

L2.0
Lz

i

RAeturn the ‘AEL" Status
Turn the ‘REL" alf
Turn the ‘REL" om

Return Bandpass Filter Stabus
Take out the Bandpass Filtar
Put in tha Bandpass Filter

Returm the Reference LCD Siatus
Crisplay the Relerence Frequendcy
Display the Reference Phase Shilt

Retum Dynamic Resarve Setling
Set DR to LOW range

Set DR 1o NORM range

Sat DR to HIGH range

Return Expand Status
Tum the Expand of
Tum the Expand on

Refurn tha Redarence Fraguancy

Return the Sensitivity Setting

Salact 10 nY Full-Scale
(G1-G3 with SRS preamp only)

Salact 500 mV Ful-Scake

Return Preamp Status (1=installed)

Retsrn (ke Remote’Local Status
Salact Local : Frond panel aclive
Salect Remate: Front panel inaciive
Select Remaote with full lock-out

Sel R5232 End-ol-Recond 10 «<or>
St End-of-record fo n.mop

Simulates Key-press of button #1
{see un-abridged command Est)
Simulates Key-press of button #32

Rewsn S@aius of Line Mablch Filler
Aemave Ling Maotch Fillar
Imsert Ling Nateh Filer

Fetum Slatus of 2XLIne Filer
Ramawe 2XLine Motch Filter
Insert 2¥Lina Motch Filter

Feiurn the 2f Status
Sel relerance mode 1o |
Set rafarence mode o 24

289 EF=
-

EI?T'

Return the ENBW setting
Select 1 Hz ENBW
Select 10 Hz ENBEW

Redurn the CHzel Siaius
Turm aff tha Cifset
Tum on tha Offset, v = ofiset

Aaturn thie Phase Setting
Set the Phasae 1o v. Abs(v)< 959 dag

Haturn tha valug shown an the
Oulput LCD

Beturn the trigger mode

Set the trigger for rising edge
Sel the trigger for + 2am crossing
Set the trigger for faling edge

Return the display sfatus
Dizplay X = Acos@
Display Olisat setiing
Display Moise

Return pre-filter setting
Set the pre-filter TC to 1 m3

Sat tha pre-filter TC to 1005

Rafurn the posi-filer setiing
Remaove past filer

Setthe postfiter TG0 0.1 5
Set the post liter TC 0 105

Raturn the value af the SAQ mask
Sod the SRO Mask fo the value n
iSea ihe Status Byle defindion)

faturm the AS232 wait intarval
Sai RE232 wall interval to nX4mS

Return the woltage at the rear panal
analog port n, (n from 1 %o &)

Got analog por 5 bo valage v
Sat analog por & ko vallags v

Refurn the Status Byle value
Test bit n of the States Byl

Reset to dedaull settings and cancal
all pending commands,
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289 EF=
-

EI?T'
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Raturn the value af the SAQ mask
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Return the woltage at the rear panal
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Status Byte Definition

e R R S =

Meaning

Linprocessad commands are pending
ks out-of-range

Command Parametar
Mo datectabie relerance inpul

PLL b5 not kocked 1o the reference

Signal Cverioad

Auin-otfsat failed: signal too large
SRO
e et

Configuration Switches

Thera are two banks of & switches, SW1 and SWE,
located on the rear panal  SW1 sels the GPIB
address . and SW2 sais the RSZ3Z  paramelers.
The configuration switches are read continuously

and any changes will ba effecve immediately.

SW1:GPIB Mode Switches

it
1
l

O OB L3 B —a

=

Il they GPIB mode swiches are Sel as shown in the

sxample column above, then the lodkin will be
addressed as GPIB device #23, and all GPIB
commands and dala will ba echoed aver tha

:

55

Example Functian

GPIB Address Swilches
Auddress O fo 30 allowed

up
U
up 'up' tor bt = 1

down ‘down' for bit = 0

up  (Most Significant Bit)

‘down’ 1o echa an AS212
{rarmally ‘up)

Mot Usad
Mot Usad

RS5232 for de-bugging pumposes.

SW2:R5232 Mode Switches

Bt1 Bt2 B®3 BaudRate

u u 19200
dgwﬂ l.l: ﬁ BEDD
up  down up 4800
down down up 2400
up:. up down 1200
down up  down G600
up down down 200

Bit Setting Explanation

4 up Odd pari
down  Even

5§ up Mo
down mehd

8 wp Mo echo (for computer )
down  Echo mode {ior terminal)

7 up Twn siop bits
down  One stop bil

B urid

Eight data bits are always sent, regardiass of the
parity setiing. Tha most signilicant bil iz always
zern.

Exarmple: B0 1 'down’ ard all othars ‘up’ for RE232
communication at SE00 baid, no ¥, hwo sinp
bits. and no 2cho or prompts by the SR510.



SR510 Guide to Operation
Front Panel

The frord panel has bean designed te ba almast
sall explanatory, The affect of each keyprass is
usually reflected in the change of a nearby LED
incicator or by a change In the quantily shown on a
digital display This discussion explaing aach
section of the front panal, procesding heft ta right.

Signal Inputs

Thare are lves inpul conneciors locatad in the
BIGHAL INPUT soection of ihe front panal, Tha
rocker switch located above the B inpul selecis
the input mode, either single-anded. &,
dittaramlial, A-8, or curmeni, I,

The & and B inputs are vaoltage Irputs with 100
M1, 25 pF npul impedance. Ther connecior
shields are isolaled from the chassis ground by 10
{1 Thesa inputs are protected 10 100V dc bul the
ac input should naver excaed 10Y peak. The max
ae inpul betsre ovarad = 1Y peak.

The | input @ a current input with an ingut
impedance of 1 K 1o 8 virua ground.  The largest
allowable do current belore ovaroad s 1 pA. Mo
current larger tham 10 mA should ever ba applied

to this input. The conversion ratio is 108 WA,
thus, the full scale cument sensiivilies range from
100 (A to 500 nA with 2 max ac input befara
overoad ol 1 pA peas. You should wse shor
cables whan using the cumant inpu,

signal Filters

Thera are three user selectable signal filers
available; a lne Ireguancy notch, a 2X Ene
freguency noteh, and an auks-tracking bandpass.
Each af (hi filters has a pair o indicater LEC's and
a lunction key located in the SIGNAL FILTERS
section of the front panal. Pressing a kay will
toggla the status ol the approprizte fiker. The
status of aach fitar is csplayed as IM, fitar acties,
ar OUT, filbar inactive.

The natch fMters have & G ol 10 and a depth of at
ast 50 dB. Thus, the line ireguency noich is &
Hr wide and tha 2¥ lina nolch has a width of 12 Hz.
Bath af these fiters can increase the dynamic
reserve an additional 50 dB at the notch
fraquencies. The achievable resenva is Emited by
the maximum allewable signals al ihe Inpuas. The
nateh frequancies are sal al the factary to aithar
80 Hz or 80 Hz. The user can adjusi these
frequancies. (See the Maintenanca and Repair
section for alignment detalls.) These filters

pracad the bandpass filtar in tha signal ampdilier

The bandpass filter has a Qof 5 and a 6 dB roll off
in eihar dirgclaon, Thas, the pass band {betwean
To% pass poinis) i always equal to 1/5th of the
caniar frequency The center freguency is
continually adjusted o be equal o the intemal
demadulator trequency.  When the referance
miace 18 1, the filter tracks tha raferance. When the
made ia 21, tha filter freguency is twice the
reference Ingud frequency. Thea caniar irequency
tracks as fas! as the referance ascillator can slaw
and may be used during frequency scans. The
bandpass fiter adds wp to 20 dB of dynamic
regerve for nokse signals outside the pass band,
and incraases (e harmanie rejection by at least
13d8. (2rd harmondc atteruated by 1.3 4B, higher
harmonics attanusted GdBioctave mare.) o nat
needed to impove the dynamic resana or the
rarmanic rajecton then the filter should ba lelt
OuT.

Sensitivity

The sansithity ks displayed as a value (1-500) and &
scale (nV, uV, mV). When using e cument nput,
which has a gain of 10% ViA, these scales are read
A, pA, and nA respectively. The bwa keys in the
SENSITIVITY section mowve the sensitivity up
and down. W either key is held down, [he
sangitivity will continue o changa in the desired
dirsction

The ful scalé sensiivily can range fram 100 v 1o
500 my, The sensilivity incication is mot changed
by the EXPAND junction. Tha EXPAMD
function will increase tha output sensiivity by 10
(Volls oul fwolls in) and increase the resolution of
the digital output display

Hot all dynamic reserves are available al all
sensitivities. Il the sensitivity |s changed 1o a
selting for which the dynamic reserve is not
allowed, the dynamic reserve will change to the
nexi satting which is aliowed. Sensifivily [akes
precedence over tha dynamic reserve. The
sensilivity range of each dynamic resanse is shown
bl

Dyramic Rgserve  Sensiivity Range

Lo 1 pV through 500 my
NIORAM 100 n' frcisgh 50 my
HIGH 100 nV through 5 my

Dynamic Reserve

The dynamic resarsa {DR) 5 set using e Keys n
the DYMAMIS RESERVE sectian. The resana
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The frord panel has bean designed te ba almast
sall explanatory, The affect of each keyprass is
usually reflected in the change of a nearby LED
incicator or by a change In the quantily shown on a
digital display This discussion explaing aach
section of the front panal, procesding heft ta right.

Signal Inputs

Thare are lves inpul conneciors locatad in the
BIGHAL INPUT soection of ihe front panal, Tha
rocker switch located above the B inpul selecis
the input mode, either single-anded. &,
dittaramlial, A-8, or curmeni, I,

The & and B inputs are vaoltage Irputs with 100
M1, 25 pF npul impedance. Ther connecior
shields are isolaled from the chassis ground by 10
{1 Thesa inputs are protected 10 100V dc bul the
ac input should naver excaed 10Y peak. The max
ae inpul betsre ovarad = 1Y peak.

The | input @ a current input with an ingut
impedance of 1 K 1o 8 virua ground.  The largest
allowable do current belore ovaroad s 1 pA. Mo
current larger tham 10 mA should ever ba applied

to this input. The conversion ratio is 108 WA,
thus, the full scale cument sensiivilies range from
100 (A to 500 nA with 2 max ac input befara
overoad ol 1 pA peas. You should wse shor
cables whan using the cumant inpu,

signal Filters

Thera are three user selectable signal filers
available; a lne Ireguancy notch, a 2X Ene
freguency noteh, and an auks-tracking bandpass.
Each af (hi filters has a pair o indicater LEC's and
a lunction key located in the SIGNAL FILTERS
section of the front panal. Pressing a kay will
toggla the status ol the approprizte fiker. The
status of aach fitar is csplayed as IM, fitar acties,
ar OUT, filbar inactive.

The natch fMters have & G ol 10 and a depth of at
ast 50 dB. Thus, the line ireguency noich is &
Hr wide and tha 2¥ lina nolch has a width of 12 Hz.
Bath af these fiters can increase the dynamic
reserve an additional 50 dB at the notch
fraquencies. The achievable resenva is Emited by
the maximum allewable signals al ihe Inpuas. The
nateh frequancies are sal al the factary to aithar
80 Hz or 80 Hz. The user can adjusi these
frequancies. (See the Maintenanca and Repair
section for alignment detalls.) These filters

pracad the bandpass filtar in tha signal ampdilier

The bandpass filter has a Qof 5 and a 6 dB roll off
in eihar dirgclaon, Thas, the pass band {betwean
To% pass poinis) i always equal to 1/5th of the
caniar frequency The center freguency is
continually adjusted o be equal o the intemal
demadulator trequency.  When the referance
miace 18 1, the filter tracks tha raferance. When the
made ia 21, tha filter freguency is twice the
reference Ingud frequency. Thea caniar irequency
tracks as fas! as the referance ascillator can slaw
and may be used during frequency scans. The
bandpass fiter adds wp to 20 dB of dynamic
regerve for nokse signals outside the pass band,
and incraases (e harmanie rejection by at least
13d8. (2rd harmondc atteruated by 1.3 4B, higher
harmonics attanusted GdBioctave mare.) o nat
needed to impove the dynamic resana or the
rarmanic rajecton then the filter should ba lelt
OuT.

Sensitivity

The sansithity ks displayed as a value (1-500) and &
scale (nV, uV, mV). When using e cument nput,
which has a gain of 10% ViA, these scales are read
A, pA, and nA respectively. The bwa keys in the
SENSITIVITY section mowve the sensitivity up
and down. W either key is held down, [he
sangitivity will continue o changa in the desired
dirsction

The ful scalé sensiivily can range fram 100 v 1o
500 my, The sensilivity incication is mot changed
by the EXPAND junction. Tha EXPAMD
function will increase tha output sensiivity by 10
(Volls oul fwolls in) and increase the resolution of
the digital output display

Hot all dynamic reserves are available al all
sensitivities. Il the sensitivity |s changed 1o a
selting for which the dynamic reserve is not
allowed, the dynamic reserve will change to the
nexi satting which is aliowed. Sensifivily [akes
precedence over tha dynamic reserve. The
sensilivity range of each dynamic resanse is shown
bl

Dyramic Rgserve  Sensiivity Range

Lo 1 pV through 500 my
NIORAM 100 n' frcisgh 50 my
HIGH 100 nV through 5 my

Dynamic Reserve

The dynamic resarsa {DR) 5 set using e Keys n
the DYMAMIS RESERVE sectian. The resana
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REL tunction is turned off using tha REL key, the
olfzad is turmed off bul the value 8 not lost. i the
mangal OFFSET is now turned OM, tha offsat will
be that set by the REL funciion,

Offset

The OFFSET section conirols the manual
OFFSET. The oifset is lumed ON and OFF
using the upper key in the OFFSET secthan,
When the ofiset is ON, the lower two keys are
used 1o sal the amount of offsel. A single kay
press will advance the offsel by 0.025% of full
scale. |f the keay s hald down, the olfset advances
in larger and larger incrementa, the largest
incrameni being 10% of full scale. When the
offset &5 fumed OFF the appled offse! returmns to
zero but the oitsat value B nol lasl.  The nax
prass of the upper offsel key (relurns o OMN) seis
tha olfsat io the previsusly amered valua.

I an aitempl is made o advance the offset value
beyand full scale, the OFFSET ON LED will
blink. An offset up to 1.024 times the full scale
sensitivity may be anlered. When the expand is
an, thig is 10X the full scale gulpe.

if the REL funciion is OMN when the manual
OFFSET is turned OM, tha HEL function is
turned QOFF but the offget value remains tha
s=ame, Tha QFFSET keys may now be used 1o
adjust ihis offsel value,

Mote that the offsels (either manual offsat or thosse
generated by the REL function) represent a
fraction of the full scale reading, and so thair
absolule valye will change when the sensitivity
scale B changed. A signalwhich has been nulled
by an affsat will nat be nulled whaen the sensitivity
scale is changed. The analog meler and the
cutpul BMC indicate the valua given by the
equalion:

Vot = 10AgIA NV COSD-V e)
whera_..
As = 1 or 10 depending on the Expand
sefting
Ay = liSensilivity
Vi = magnitude of the signal
e =

phase between 5il?nal & referance
i

Yog offset (raction of FS < 1.024)

Time Conslant
There are two posl demodulator iow pass lilters,

labeled PRE and POST The PRE filter
prececas the POST filter in the output ampiiliar.

Each filer pravides & dBioct athenuatian,

The PRE filter tima constant ranges from 1 mS fo
100 S and is selected by 1he two Keys balow the
PRE filer indicalor LED's. Holding down either
ke will achvance he time constan! bwice a second
in the degired diractaon,

Tha POST fiter time conslan can be set 1o 1 5
or 0.1 5, or can be ramoved altegether, HOME,
using thi hwo Keys balow e ENBW indicalors,
When sl 10 NONE, the otal afbermuation & 1t of
the PRE fiter, or & dffoct. 'When tha POST lilfler
is1 8 ar0.1%, the iotal attenuation is 12 dBact
for ireduency components bayond the larger of
the POST and PRE liter bandwidths (reciprocal
time2 consiant].

MNoise

Whan the DISPLAY is sei to NOISE, none of
the PRE and POST indicatar LED's are an.
Instead, one of the two ENBW Indicaters will be
on, showing ihe Equivalend Moise Bandwidth of
the s noise calculmion, The ENBW i Sef using
the keys below the ENBW indicalor LED's (same
kays as usad to sof the POST fiier. Tha PRE
filer keys do mothing in this case. Prassing the
upper kiy when the bandwidith is already 1 Hz will
raged tha rms noise average (output] to zero,
restaning (he calculation. Likewise with pressing
the lower ey when 10 Hz is aleady selected,

Tha noise is the rms deviation of the output within
a1 or 10 Hz equivalend nose bandwidth at fhe
refarance freguency. A doc outpuwl doss nat
coniribute 1o the noise, the nolse is delerminad
only by the st “wiggles' al the oulpul. By
measuring the nolse at diferent reqguencles, tha
rmqrgmy dependence of the noise density can
be found. Thes usually has the form of voake -
14. The noise computation assumes that the
naisa has & Gaussian distribution (such as
Johnson noise).  Since the computalion takes
Frany fime conslans (reciprocal bandwidih), ihe
naige oulpul should be allowed to approach a

valua belore a reading i taken. For the 1
Hz EMBW, this lime is on 1he ordar af 15 to 30
seconds; for the 10 Hz ENBW, the oulput
stabilizes mech faster, The noise outpul wil
changa since there will akways be noise variations
that are slow comparad e the bandwidth. Any DC
campanent in tha output will not conlrbuts 19 tha
noise. However, a large DC outpul will cause the
neise computalion fg iniflally nse o a large value
belgre approaching the linal answer, As a rasull,
the computation will take longer to selila.

To obtain a value for the nome density. (e noise
reading shousd be divided by the square root of



this EMBW, Thus, whin the ENBEW is 1 Hz. tha
noige oulpul & the neise densily, and when the
EMEW is 10 Hz, the nolss denslly Iz the nalza
output divided by 10, Far example, if the input
noise s measured to be 7 nV with the ENBW gei
W 1 Hz, the noise density Is 7 /ViHZ. Switching
the ENEBW to 10 Hz rasults in a laster
meaasuramant and a reading of 22 nV on the
output, The noise density & 22 aVA10 Hz ar 7
nviHHz. At frequencies = 10 Hz, the nolse density
should be indepanden of the ENBW

Reference and Trigger Level

The REFERENCE INPUT BHNC iz located in
this saction. The input is ac coupled and the
impedance is 1 Mg, The do voltage at his input
should nod excesd 100 v and the langest ac signal
showld be lags than 10 WV peak The three
indicalors above the inpult BMC display the
TRIGGER MODE. The gingle kay above the
input BNG & used 1o select the TRIGGER
MODE.

Il the center TRIGGER MODE LED is an, the
moda 5 SYMMETRIC and the refarence
oscillator will lock 1o the posiive 2ero cressings of
the ac refarence Input. The ac signal must be
EYMMEnic (8.0. Hne wive, Squans wave, o ) and
hiEve @ peak to peak amplitede greater than 100
m¥. A signal with 1 Vrms amplitude is
recommended. The phase accuracy of the
reference channal is specified for a 1Vima
singwave in the symmelne gger mods,

Il tha uppar TRIGGER MODE LED is on, the
mode is POSITIVE, The trigger threshold s 41V
and tha raleranca oagillater will lock 10 the posisive
paing transitions of the referance input.  This
mode tiggers on the rising edges of a TTL type
gﬁ; frain. The pulse width must be greater than

i the lawear TRIGGER MODE LED ik on, the
made is NHEGATIVE. The trgger threshold is -1
and ‘!_I'IE refergnce oscillator will lock to the
negative going Transitions of the reference input.
This mede riggers on 8 negative pulse train or on
the falling neﬂd?:ﬂas al a TTL type pulse train
[remermbering that the input is ac coupled). The
putse width must be graater han 1 ps

Above the TRIGGER MODE indicalors are tha
AREFEREMCE MODE LED's. The hey balow
the REFERENCE MODE indicators toggles
between fand 2. Whenihe MODE &4, the kek-
in will detect signals at the reference npu
frequency. Whan the MODE iz 2f, the lock-in
datects signals al twice he seference input
irequency. In edther case, the reference oscillator

has a maximum freguency of 100 KHz, thus, when
in the 21 mede, the relerence input reguency
ey Pt exsoed 50 KHE.

The REFERENCE DIGITAL DISPLAY shows
gither tha raferance oscillator freguency or
phassahill. The displayed parameler toggles
batwaen the tawo whenever the SELECT kay s
prassed. The appropriate scale indicator below
the display will b2 on. 11 ks uselul to check 1he
frequancy display 1o verify that the kock-in has
comactly ocked to your referencs. The relerence
frequancy is measured 1o 1 par in 256 recalsion.

Phase Conirols

Tha phase shift betwaan the reterance oscillatar
and (he refarence inpul i 580 using the four keys
in tha PHASE seciion. The twa keys bolow the
FIME lzbsal incrament the phase satting In small
amouns. A single key press will change tha
m&:a by 0.025 degreas in the desired direclion.

lding the key diown will coninue 1o change ihe
phasze with larger and larger slaps with the langesi
glap being 10 degrees. The hwo 80° keys are
used to change the phase by 30 degree
increments.  Tha uppar key will add 90 degress
and the lower key will subltract 50 degrees.
Holding both keys down &t once seis the phase
shidl back 1o zero. The REFERENCE DIGITAL
DISPLAY aulomatically displays the phase
whaswvar any o the PHASE Keys are pressed.
The phass ranges from -180 degrees lo +180
degreas and s the phase delay from the referenca
inpan signal.

Power

This Is the instrument's POWER awitch. Whan
ihid power it urnad off, the front panai saltings are
retained so that the instrument will reium o the
sarmie sellings when the powar is ned lurmed on.

Whan the power s tumed on, the QUTPUT
DIGITAL DISPLAY will shaow tha SERIAL
HUMBER of the instrument and {he
REFEREMNCE DISPLAY will show the firmwane
VERSION. Both displays retum to normal atter 2
seconds,

Local and Remote

When the ingtrument is programmed wia the
computer interface to be In tha REMOTE siale
WITHOQUT LOCK-QUT, the DISPLAY UP kay
will returm the irsirument 1o LOCAL franl panal
condrol.  H the instrument s in the REMOTE
WITH LOCK-DUT state, no froml pana! key will
refurn e Siaws o LOCAL. Inthis case a



RETURN to LOCAL command musl be sant
ower the computar imerdfaca ar the powar must ba
turned off and back on

Dafaults

Il i REL kay Iz held down whan the POWER is
twrned on, tha instrument sattings will ba sat 1o
the defaults shown below inslead of the seftings
in efleci when tha power was tumed ol.

Parametet Sattlng
BANDPASS ouT

LINE ouT

LIME X 2 ouT
SENSITIVITY 500 mV

O¥N RES LOW
DISPLAY X

EXPAMND OFF

HEL OFF

OFFSET OFF (valua=0)

PRE TIME COMNSTANT 100 m&
POST TIME CONSTANT 0.1 8

ENEW 1Hz
REFERENCE MODE i

TRIGEER MODE SYMMETRIC
REFEREMCE DISPLAY FREQUEMCY
PHASE o

Whenever defaull values are used al powar up,
thia rad ERRA LED will tum on for about £ seconds
It tha ERR LED is on whan the mstnument is
powansd on without the REL key down, than e
instrument s ignaring the retainad setfings. This
can be due to 3 kow battery.

11
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SR510 Guide to Operation
Rear Panel

AC Power

The & line vollage selector cand, line fuse, and
ling cord receplacle are kcated in the hese holder
al {ha boft side of the rear panal. Sae tha seclicn,
Praparation for Use at the front of thes manual
for instructions on setliing the ac vokage selecior
and choasing the Lamedt lusa.

GPIB Connector

The EAS10 has an IEEE 488 [GPIB)} nterfaca built
in. The GFIB address is saf using SW1 located 1o
the right of the inerface connectors. Reler to
page & lor swich sefiing details.

R3232 Connector

The SRE10 has an AS232 [nferface. The
conneclar 8 canfigured as 8 DCE. The bauwd rate,
parity, stop bits, and echo mode are selected
uging SW2 localed to tha 1 ol the inferaca
conneciors. Reler to Page 6 for switch setting
detais.

Signal Monitor Output

This BNG provides the buffered owtpul of the
slgnal amplifiers and fllars. This is the Signal just
befom the demodulxor. The oulpul Impedance s
<1 03 When a tull scale impul iz applied, the peak-
bopeitsike armplilucie At thia output B 20 my, 200 my
or 2 W for dynamic rasenve sattings of high, nonm,
and low, réspeciively,

Preamp Connector

This 8 pin "D° connecior provides power and
control signals to extamal peripherals such as pre-
an':glirius. The availlable power is described
balow.

Bin  Moltage Currend Svadable

+20 100 mA
+5 10 mA,
=20 100 mA

Signal ground
Digital ground

o =l O P ==
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General Purpose A/D and D/A

There are four analog mpul pons, labatked X1
through X4, These inpuls may be digitized and
read via the computer interfaces. The range is -
10.24 ¥ 10 +10.24 V and the resalution is 0.0025
W, The input impadance is 1 MO, A cghization
c&n be performed in abowl 1 mS bul the resull may
take konger to trarsmit over the interface baing
uzad

Thare are two analog cutput ports, labeled X5 and
X6. The voltages at these poris may be
programmed via the compuler iMeraces. Tha
range k5 -10.24 V1o +10.24 ¥ and the resolution
is 0.0025 V. Tha outpul impadancs is <1 £3 and
the output current is limited ta 20 mA

Hatio

Cutput X5 is the ralio oculpul when not
programmad by the computer interface. XB
becomes the ratio outpul whansver the unit s
turned an.

The voltage at X5 is the ratio of the datected
signal output, X, to the analog voltage at por X1,
An output of 10 V comesponds to a ratio of 1. The
ratlo i computed by digitizing the demodulator
output and the voltage al porl X1 and then taking
the ratio. The resolution ks 0.0025 V. For best
accuracy, ihe sensiivity should B2 821 10 provide
al least a 50% Ml scala signal and the analag
denominalor [X1) should ba 5V or greater, The
ratia is wpdated approximately ewvery 1.5 mS. For
tha Ralio featurs 1o work, the voltage at the
danoiminalor inpul must escaed 40 MV,

Internal Oscillatar

The INTERMAL OSCILLATOR Iz a vk
controflad oscillator with @ sine wave output . To
uze the oscillator as the relergnce sourca,
connect the REF QUTPUT on tha rear panel 1o
the REF INPUT on the frant pansel, The REF
COUTPUT is a 1 Vrms sine wave. The SINE
OUTPUT may be usad as the stimulus 1o the
grperiment, The SINE OUTPUT can be set o
thres amplitudes, 1V, 100 mV, and 10 mY (s3]
using the ampliude swilch. The outpul
impedance is 600 2. The AMP CAL screw
adjusts the amplituda.

Thie oscillator frequency s controlled by the VCO
INPUT wvoltage. A voRtage from OV 10 10V will
adjust the frequency according to the VYCO
RANGE selecied. Three ranges arg available, 1
Hz/v, 100 HzA, and 10 KHz'V., The Inpul
impddancs is 10 k2. The FREQUENCY CAL



sCraw adjusis e frequency,
There are four ways i sat the frequency:

1) Connect X5 or X6 (VA oulpuls) to the YCO
INPUT. The frequency is now controligble wia the
computer intariaces,

2} It the YVCO INPUT is keft open, then the
oscillaior will run at the top of its range (Le. 10 Hz.
1 KHz, or 100 KHz),
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3) A 10 KO potentiometar may be connecied from
the WCO INPUT to ground. This pot will then sat

the frequency.

4) Connect the VGO INPUT to an external voltage
Sourca which can provice O to 10V,

In all fowr cases, i the REF OUTPUT =
connected 10 the REF INPUT on the froni panel,

the freque be read on the front panesl
REFERENCE DIGITAL DISPLAY oar via the
computer interaces.
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SR510 Guide to Programming

The SAS10 Lock-in Amplilier k5 remotaly
pragrammable via both RS232 and GPIB
inferfaces. It may be uszed with laboratary
computers or simply with a terminal, All from panel
features (except signal input salection and powear)
may be cantrolled and read wia the computar
interiaces. The SA510 can also read the analog
oulputs of other laboratory instruments using is
four general purpose analog inpul ports. There
are also two programmable anakog cutpul poris
avallable to provide genaral purpose Conirgl
voltages.

Communicating with the SR510

Before using elther the RSZ32 or GPIB Inmarface,
the appropriale configuration switchas nead to ba
gat. Thera ara two banks of B swilches, S5W1 and
SW1, located on the rear panel. SW1 sets the
GPIB address and SW2 gels the RS232
parameters. The configuration swilches are read
canlinwsualy and any changas will ba affectiva
immediately. For details on swilch seflings. see
page & at the front of this manual.

Command Syntax

Communications with the SR510 are done using
ASCIH charactars. Commands o the SAS10 may
be in either UPPER or lowar casa.

A command 18 1he SR510 consists o a single
command lelter, argumenis of paramelars il
necaszsary, and an ASCI camage return {oors| or
linefead (<If=) ar boih. Tha diferam paris of the
command do nol need 1o be separaled by spaces.
i spaces are noluded, they will be igrored. B more
than ane parameter is requirgd by a command, the
parametars miust be separated by a comma
Examples of commands are:

G5t set 1ha Sensilivity 1o 200 AV
T1.4 =tcr=  sat the pra tilker to 30 mS

F «irs read the releranca frequency

P 4510 <cr= sat phase shifl bo 45107
X 5.1.23E1 <gr= setpor X5 to -0.123 ¥

Mulliple commands may be sent on a single line
Ther commands must be separated by a semicoken
(] character. The commancs will nol be exacuted
until the terminafing camiage ratum is sent.

An example of & mulliple command is:

G5 T1.4;P45.10 <or=
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it is mot necessary to wall betwesn commands.
The SR510 has a command input bulfer of 255
characiers and processes the commands in the
afder received. Likewise, the SA510 has an
ouiput bufier [lor aach inteérace} of 256
charactars.

In general, i a command i5 sant wilhaul
parameaters, i is interpreted as a request 19 read
the status of the associaled funciion or setting.
Values returned by (he SA510 are sent as a siring
ol ASCH charasiars lerminated usually by carmiaga
retumn, ling feed. For example, after the above
command is san, the following read commands
woulkd gengrate the responses shown below.

Command Hesponsa from the SES10

3 <Cr> Botr=<ii>
T1 <o docrscils
P wors 45 10<cr=<l>

Tha shaice al terminating characters sent by tha
SR510 is delermined by which inferface is being
used and whether the 'echo’ featurs ig in use. The
ferminating sequence for the GPIE imedace is
ahways <ora<if= (with EQl). The defaull sequence
far AS232 I8 <or= whan tha acho maods is alf, and
<Cr><lf> whan the echo mode is on.  The
ferminaling sequance for the RS232 interdface may
b changed using the J command.

Mate that the terminating characlers are sent with
gach value returned by the SR510. Thas, the
rasponse to the command string G.T1,P<cr>
while using the AS232 nan-echa made would ba
Bccradecr>45. 10=<cr>

Front Panel Status LED's

The ACT LED flashes whaneves the SR510 s
ganding of feceiving intarmation aver the
compurer inlerfaces.

The ERR LED flashes whanawer an effor has
occurrad, such as an flegal command has been
received or @ parameter is oul of range, or &
communization buffer has exceeded 240
charactars. This LED flashes for about two
saconds on power-up # the batery voltage is
insullicient 1o retain pravious instrument setlings.

The REM LED is on whenever the SR510 is
programmed to be in the remcde state

RS232 Echo and No Echo
Operation

In ardar fo allow ihe SR510 to be operated from a



lerminal, an acho festura has baen inclded which
causes the unil 1o echo back commands received
over the RS232 port, This featwre s enablad by
seting switch & on SW2 to the DOWRN position. In
this mode, the SR510 will send line-leeds in
addillan 1o carrlage returng with aach walue
retumed and will zlso sand the prompts ‘OKs" and
T=' to indicate thal the previous cammand ling was
githar essed or conlained an emgr, Operating
e SRS10 fram a terminal s an deal way to learm
thia cammands and responsss before atiermpting
bo program a compuler o control the SAS10.
When tha unit is controlled by a computar, tha
echo healure should be wrmed ol 1© prevant he

sanding of spurious characters which the -

compatar B not eapacting.
Try-Out with an ASCIl Terminal

Belore aftemnpling any detaled programming wilth
the SAS10, it is best 10 Iy oW The commands
uzing a terminal, Conneel a terminal with an
RS5232 port to the RS232 connectar on the rear
panal of tha SR510. Sel tha bauwd rate, parity, and
slop bits to match the terminal by setling SW2 per
the swilch sefing lable given on page 6. The
eche mode should ba enabled (swich 6 DOWN),
Aftar setting SW2 and connecting the larménal,
hald down the REL kay whila furning the unit on
This causes the SR510 to assume is delault
sefiings so hal (he fellowing discussion wil ]
with the actual responses o the SR510,

ACT and ERR LED's on the front panal will flash
for a second and the sign-on massage wil appear
an the tarminal. Follwing the message, ithe
promgl 'O will be displayed. This indicates that
the GRG0 s ready o accept commands.

Typa the lettar 'P* lallowed by a cardage raiurn
{P=cr=). Tha SR510 responds by sending 1o the
lermingl the characters 0.00 indicaling that the
phese is sel to O degrees, In general, a command
with ne arguments or parameders reads a setting of
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tha unil. Ta sat tha phass to A5 degrees, Iype |
command, P45<cr>. To see thal the phase i
change, usa the SELECT kay on {he fram pa
o display the phase on the REFERENC
DIGITAL DISPLAY, Typing lhe phase ra
command, Paoors, will now return the string 45.
ta the terminal.

Mow read the gain using tha sensitivity sl
cammand, Gecr=, The response should be 3
rn-uﬂmiha.l the sensilivity i al tha 24th selting
500 . Change the sensitivity by iyph
G13=crs. The sensitivity should now be 10 m)
Check the front panel to make sure this is s0.

The outpul of the lock-in & read by typing th
command, Oeors, The response s a signs
flaating point number with up to 5 significant digh
plus a signed exponent. Change the gain ta

UV using the G10 command, The responss 1o

O command now will be smilar to the previous g
axcipd that the expanent i diffaren

The vokage al the X6 outpul can be sel usng N
X8 command. Type MEE Dzcr- and the EE
output will change to 5.0¥. Ta read this back &
tha terminal, just type X6<cr=. Whan seifing &
B vollage, the voltaga may ba sanl a5 an inké;

(5), real [5.000), or flealing painl (0.500E1
nurmbar. Mow connest he X6 outpud jo the
inpul (alsa on tha rear panal). X1 thowgh X4 5
analog input ports, To read tha vollage on X
simply hpe Xl<tr>, The response 5000 shok
appear on the lerminal. The analog pons K
through XE can be used by your computar 1o 1
oufpuite of other instruments &5 wall 28 o o3

cither labaratony parameters.

Al this point, the user should experiment withg
few of the commands. A defailed cormmand
follows.



SR510 Command List

The first letter in each command sequence i5 the
command. The rest of the secuence consists of
parameters, Multiple parameiers are separated by
a comma. Those parameters shown in {] are
optional while those without [} are reguired.
Variables m and n represant infeger paramatars
while v represents a real number, Paramaters m
and n must be expressed in inleger format while v
may b in integer, real, or loating point lomat.

A [n}

fnis ™" the A command causes the auto
offsat rouling 1o run. Every time an “A 1°
cammand is recaived, the auls allss lunction is
gxecuted. I nis 0", then the aulo offset is tumed
o, W ni absenl, then the auto olfsal siates k=
raturnad. Mata that ¥ the manueal affzed is on, an
"A 1" command will urn aff the manual ofisat
belore axacuting the aulo offset function.

8 {n}

It mis *1% the B command sets the bandpassa
filtar i, W m is "0", tha bandpass filter ke taken aul
If n iz absent, then the bandpass filter status is
returned.

C [n}

If nks "1°, the G command sats the reference
LED display o show the phase sefting. Il nis
0%, the LCD will display the relerance frequancy.
If n iz absent, the paramater baing displayed
(frequancy of phasa) s returned. Mote that e P
and F commands are used to read the actual
valuas of the phase and fnaquancy.

D {n}
i n is included, the D command sets the dynamlc

regarve. If n is absant, the dynamic reserve
setting is retumead.

a Dyn Bes

1] LOW

1 NORM

2 HiGH
Mote thatl not all dynamic reserve seattings are
allowed at every sansitivity.
E {n}

It nig "1°, the E command wrns the oulpul
expand on. If nis "0", the expand s turmned off. i
n is absent, the expand stalus & retumed.
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F

The F command reads the referance frequency,
For example, il the reference frequency is 100 Hz,
the F command relurna the strng =100.0°. | tha
referance frequency s 100.0 kHz, the string
"100.0E+3" & returnad, The F command & a read
only command,

G [n}
I nis included, the G command sefs the galn

(sensilivily). It n is absent, the gain setling is
returmed,
o Sensitivity
1 10 n¥
2 20 nV
3 g0 nV
4 100 nWY
g 200 nV
[ E0D nV
7 1 pv
] 2 pv
g -] pv
10 10 pv
i1 20 pv
i2 0wV
13 100 pv
14 200 pv
16 500 pVv
16 1 my
17 F my
18 g my
19 110 mv
20 20 mv
21 B my
22 100 mV
2d 200 mv
24 500 my

Hole that sensitivity seflings below 100 nV are
allowad only when a pre-amplifier is connactad,

H

The H command reads the pre-amplifier
stalus. i a pre-amplifier is connected, a "1" is
returned, otherwise, a 0" is retumed. The H
command is a read enly command.

1 {n}

Il nis inchuded, the | command sets the remote-
local status, | nis absart, the remole-local staus
s returmed.




0 Stalug
0 Local: all iront parel kKays are aperative

Ramata: front panel keys are nof
operalive. The display up key relums the
status to local.

2  Lock-out: front panel keys are not
operativa. Mo key returns tha status to
iocal. Another | command is neaded to
return 1o local,

When using the GPIB interace, the REN, LLD,
and GTL commands are not implameanted. The |
command s vsed by both inedaces (o sel the
remate-local status,

4 (n1,n2,n3,nd}
The J command s&1s the BS232 end-of-recond
charactars sant by the SRA510 to those spacified
by the ASCH codes ni-nd. || no argument is
inchudad, the end-of-recond sequence relums 1o
ihaé cidaclt (2 carrizge refum), atherwise, up o four

ers may be specilisd. The and-ol-recard
required by the SR510 when receiving commands
s nolt altecied

Kn

The K command simulales a front panel key
press. The eflect is exaclly the same as pressing
ihe selected key once. Tha parameler n s
reguingd,

Bey

Post Time Constant Up

Post Time Constant Down

Pre Tirme Constant U

Pra Time Conztant Dawn

Ofisat Up

Ofteel Down

Zera Phase [Simultaneous 30° Up and
Do)

Line Hateh Filter

Bandpass Fillar

10 Ling X 2 Maich Filler

11 Relaiive [Auto Ofset)

12 Ofiset (OnvOif)

13 Expand

14  Local (Display Up when REMOTE)
15 Reference Trigger Mode

16 Reaferance Mode (1F21)

o W ghth A=

17 Dagraas Up
18  Degreas Down
18  CuadUp

20 Quad Down

21 Select Display (Mphase)
22 Sansitivity Lp

23 Sansilivity Down

24 Oyn Res Up

25 Cwn Res Cawn

26  Desplay Up

27  [Display Down
L m {,n}

The L command seis and reads tha status of tha
ling mateh filterg. M m i ™17, then the 1X Hlna
natch I8 selected, i m & “2°, the 2X line noich s
sefected. The paramater m s required. H nis *15,
thie L command sels the selected flles in. I nis
"0, the selectad filter is taken out. |f n ks absent,
1he siatus of the =elected filter Is retwmed.

M [n]}

Hnizg=1"° the M command sz the relerence
mode to 2{. | nis 0%, the relerance mode & 58l
tof. I nis absent, tha reference modes s returned.

M {m]

I mis"1%, the N command sets tha EMBW 10 10
Hz. i mis 0", the ENEW s selto 1 Hz. Hmis
absent, tha ENBW setiing is reiumad.

O {n} { v}

it nis =17, the O command lums the offsat on, 16
is 07, the offsat is wrad aff. B nis abseni, ke
ofisel stalus (on or off) is relumed. (The vale of
tha affest & read using the 5 and O commands.] If
n is includad, then v may also be sent. v is the
ofisa! value up to plus or mimes full scale in unis-al
wolis. For exampie, 1o ofiset halt of full 3Cale an
the 100 pV senaitivity, v ahoulkd be "50 0E-8" aren
equivalent value, Howswver, if the sensithdily |z
ihen maﬂm 1o 200 p¥, the oftset is now half of
the new full scale or 100 UV, Whan the sansilivity
is changed, the offsel (s mt&lnﬂd as a canstant
fraction of full scale rather than as a wolage
referred fo the input. The axpand function wil, on
iha other hand, presare the value of the offsel &
an inpul refemed voliage. Once 3 value ol v 2
sani, the ofset may be turned off and on wihou
bosing the offset value by ueing the C command
without the v parameter. MNote that i the aob
oftss s on, an "0 17 command will lum 1ha auld
oftssl off and tum the manual offsel on willkaul
changing the actual offset value.

P v]

If ¥ is absent, the P command retlums the phass
salting from -180 16 +180 deghees. Whan v B
included, the phase is sel 1o (he vakse of v up i
+080 degreas.

Q

The © command returns [he oufput raading i
ends Of volts. Fof an input Sagnal of 50 g an g ul
scale sgensiivity of 100 pV, the O command wil
refurn tha string "S0.00E-6". The parameter rmad
i% the same as that being shown on the oulpul
dizplay and can be changed with the 5 command




MTTTTTITINEY

A [n}
W n lg incleded, the B command sets the

refearance input trigger modae
I triggar moda is retumed.

It nis absant,

i Wods

v} Posltive

1 Symmatnic

2 Negative
8 (n)

I n is included, the 5 command selscis the
pararmater shown on the analeg metar and autput
digital display a3 well as the owlpuf BNC. Fnis
absent, the paramater being displayed is returned.

i Disclay
il x

1 Ohsed
2 MNose

Tm {,n}

The T command seis and reads the status of the
lima constants. | m s "1° the pre time
constant is selectad, il m is "2°, the post time
corstant s selected. 'I'I‘-a-mnamlt-fmm

# nis included, the T command sets the selected

ime constand. Il n s absend, the seltling of the
selecied lime constant is returned,
o  EPreTime Consiant (m=1)
1 1 ms
2 3 ms
4 10 s
4 a0 m&
& 100 m&
B 300 ms
7 1 5
a8 a &5
] 10 g
10 a4 5
11 100 8
o Eosl Tems Constant (M2}
i none
1 015
) 15
Um {nj

The U command sets and reads the unifs AOM
calibratlon bytes. m i thi address offset of tha
byta, 0-255. If n is abseni. the value ol the
addressed calibration byte &5 returned. Il nois
inchided. the addressed calibration byte & set lo
ihe walue of n, 0-255. The new value will be in
afiact until the power is turnad off or a resst
command i ssued. Use of this command Iz not
recommended,
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¥ {n}

If nls included, the ¥V command sats the GPIB
5RO [sarvice requeast) mask 1o the valie n. ITn s
absent, the value of the SRO mask = retumed.

W [n}

Thae W command setes and reads the RS232
characiar waill inberval. B n B included, the SAS10
will walt n"4 mS bebadan characters sert over the
A3232 imerface. This allows slow computer
imeriaces o keap up. n can range from 0 1o 255
It m ks absent, the wail valuse & returned. The wait
intarval is set bo 6 on powar-up

X n|wv]

n designates one of the & genmaral purpose
analog ports located on the rear panel, If n is
1.2.3, ar 4, tha X command will return the voliage
on the designated analog input oo (X1-X4) in
valts. I mis 5 or 6, then ¥ may also ba send. Il v is
includad, the designated analog output por (X5 or
XE} will be sl to v volts wihere v has the range -
1024 to 47024V, Il v iz absent, the owlpa
valug ol the selacted port is returnad.  Cn powar-
up, port X35 is the ratlo output, An "X 5 command
will read the ratio outpul. An “X 5° command with
the paramelar ¢ will 528 port X5 1o v volts,
ovamiding the ratlo oulpul, Port X5 will refurn 1o
thi ratio cutput on power-up or reset.

T {n}

The ¥ command reads the status byte. (See
below for a definition of the Status Byte) n
dasignates one e, 0-7, of the stalus byle. Hnis
included, the designated bit of the slalus byte is
réturmid, The bif which is read is then reset. lfnks
absent, the value of the antire byte is returmad and
all status bits are then reset, This stabus byle may
akso bea read over the GPIB using the sedal pall
command.

4

The £ command causes an intemal reset. All
saitings rabum fo their dafault values. Tha ERR
LED will B¢ on far abaut 2 seconds o indicate that
the stored instrument settings are being ignored.
It the RS232 echd modea i on, the sign-on
messags  sanl over the ASZ3Z imeriace.



Status Byte

The SR510 maimains an 8-bit stalus ragster wiich
the wsar may read to obtain information an the
unit's status. The slatus byte may be read in two
ways: by sanding the ¥ command, which returms
the value af the byte in ASCH codad decimal, o,

whan using tha GPE, b':rpm'fml:?' a serial pol.
The returned stalus byle reflects all of the staius
conditiong which have pccurmad since the last lime
the byle was read. ANer the siatus byle has bean
raad, i |z cleared. Thus, the stetes byt should ba
read inkially to clear all previcus conditions
(especially afier a power up or after sefings have
baan changed).

The definitions for each bit of tha status byte ans
given bedlow:

Bit d

Busy. Whan ihis bif is sel, it indicates the SRS10
has unprocessed commands pending on its
command quews. For AS232 communications,
this bi is always high since the ¥ command Rsalf
will be an unprocessed command, This b is not
resat whan read but only when there are no
pending commands. Since the SR510 buflers
incoming commands, § i5 not necassary 1o read
this bit before sending esach command.
Commands recaived while the SR510 is axecuting
a previcus command are stored until all previously
receivad commands have been executed.

Bit 1

Command Parameter Out of Range. This
bit Iz gat i a paramater asgociated with a command
is nat in the allvwed range

Bit 2
Ho FAeference. This bit i 38t when no
reference input s detecied, either because 1ha
amplilude & foo low ar the frequency is out of
range.

Bit 3

Unlock. This bil is et whan the reference
oscillator i nat locked to the reference input. M
thére 5 no reference input, bit 2 {no refarenca) will
be et bt Bl 3 (unlock] may ol be.

Bit 4

Overload. This bl iz st # there iz a signal
owerioad. This can nappen when 1he senstivily is
toe huighy, 1ha dynamic reserve is koo low, the offsel
iz on, or the expand iz an, Overlsads an tha
general purpose &/D inpuls or the ratio oulpud ans
not detected.
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Bit 5

Aute Offsel Cut of Range. This bit is set i
thie awto offset lunction cannot zerd the output
because lhe autpul exceaded 1.024X full scale,

Bit &

SHQ. Thiz bit is high if the SR510 has generatad
an SAG on the GPIB interfaca. This bt &= resal
aftar the SAS10 has baan serial pallad, This bit &
ol only for status eads via & sedal poll, &, Bil §
always zero for the RS232.

Bit T
Commeénd Error. This b#t is sal when an ibagal
cammand Sifng is moaived.

Errors

Whenevar a ‘parameter aul ol rangs' ar an
‘unrecognized command' errof occurs, the
approprale status bits are sel and the ERR LED
flashes. In addilion, any commands remaining on
the current command Ene (up to the next <cr»] are
lst. The EAR LED will also light il any of tha
imfgrnal communication bulfers overflows. This
ooccurs whan 240 charactens are ps an tha
command quewe or output cusua. The ERR LED
will go off as soon as all buffers drop below 200
characters again.

Resat

The £ command reses the onil 1o i defaoh staie.
The defaull front pansf settings are listed in the
DEFAULTS saction of the Guide to
Operations. |n additon, the imedace staus
reilums o LOGAL, the SR mask i= cleared, tha
RS232 character WAIT Interval k= 5ot to &, and 1ha
terminating seaguence i rasel to the propar
defaults.

The command and oufput butters are cleared by
the Z command. Theredore, i s bad pracice o
ues the £ command bafaro all pravious commands
have Been processed and all responses have
been recalved,

Trouble-Shooting Interface
Problems

i you are havirng difliculty gening your comguar o
coimmunicate wah the SAS10 bok b the seclions
on tha RSZ32 and GPIB interfaces for some tips
specilic o your paricular interface.

An ASCI terminal is 8 valuable aid for debugaing
imerface problems, You canusa itio;




1) bacome familiar with the SR5105 command
struciure,

2) gmee GPIB bus fransactions by using tha GPIB
acho mode,

3} eavesdrop on ransactions when using the
RE232 ineriaca,

4} substiute a human for the EHEWT? LﬁirgEl
null modem cable | fo make the DTE a DCE §
and atiaching the terminal 1o the pord fo which
you would narmally have connected the
SR510. This allows you to 1est your program’s
responses 1o inputs which you provide from
the temminal

Comman Hardware Problems include:

1) Tha RS232 or GPIB cables are naot properly
attached.

) The condiguration Swilches lfor the ARSI
characterlgtics or GPIE address are not 2al
comecily (Maka sure the RS232 echo is off
when wusing the RS232 indedace with a
computer., The GPIE with RSZ32 echo mode
should be ol when nol debugging the GPIE
mtarfaca.)

41 Your computer requires an RS232 control lina
o be asseried, bul your cable does nol pass i
betweean the SR510 and the compular, of,
your computer 8 not assering the DTH fine an
ihe RE232.

Common Software Problems include:

1} You have sent the wrong command to ask for
data from tha SR510. Your program will wait
forever for @ responsa which is nal gaing to
coma. This may not be your fault; we have
seen Microseft's imepreted  Basic on the IBM
PC occasionally send a curly bracket (ASCI
253) whan it was to have sent a
carmiage return [ASCH 13).

2) Your computar's baud rate has been changed
and no longer malches the SR510% baud
rata.

31 The initial command sent 1o the SA510 was
invalid due fo a garbage characier kef in the
command queue from powarup, or, tha first
charactar in you compudars LIART is garbage,
alzo dus 1o power-up. it is good practice 1o
send a few carriage relurns 1o the SRA510
whan your program begins, and have your
program clear-out s LIART at the stan of your
program.
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4) Tha SRS10 s nol Sending the comec) ‘end-of-
record’ marker lor your compuler.  For
exampde, i appaars that Microsoft's Rav 3.2
FORTRAN aon the IBM PC under DDS 21
requires two carriage refums for an end-of-
record marker. Tha J command can be usad
iz 3at the SR510 and-of-record marker 1o 2
camage refurmns. [The end-of-recard marker is
that saguenca which indicates that the
response s complete, From the keyboard, 2
single 1]:nnriag~& return is the end-of-record

5} Answars are coming back fram the SRS10 oo
tast, overwriting the end-of-record markers,
and causing the compuder 1o hang wailing for a
complete resparse. In this case, tha W
command can be used to slow down the
response fime of the SR510 preveniing
GVeraTiing,

6] Answers are coming back from tthe SRS10 la
slowly due 1o the WE defaull seiting for the
characiar inberval time. Lse the W command 1o
speed up the transmission from tha SRS10.
This can cause problems for (he GPIE
interface i the echo made &5 an {!-'n'll-l.‘-h & ol
EW21)

The SR510 with the R5232 Interface

The R5232 is a popular seral inlerace stardard
for bil serial communication. Despita the
existence of the standard there ara many
ions of contred lines, bawd rates, and data
formats. I you do not kave 3 kel of exparience
interfacing R5232 eguipmant you showld read
Appendix B for a description of the RS232 and
intarfacing lips.
Dats Communlicatisng Egquipment (OCE)

The SR510 is configured as DCE so thal @ may be
cornected dirsctly 1o a terminal. | the SR510 i5 1o
be inMeraced with anothar DCE device, a special
cable (zometimes raflemaed 1o a8 a ‘modem’ Gable) is
requined. To wse the RS2232 interfacs pou mus
sad lhe swilches in SW2 1o maich your compuier's
baud rata, parity, and number of slop bits.  Refer o
Page & for datails.

Wait Command

The SAS10 waits unidl the A5232 ‘Clear
to Send condrad ling (CTS) is asserted before
sending characlers. Howaver, somé Compulers
do nol sel and resat the CTE line, possibly
causing the SRE10 fo send data whan the
computer is mol ready to read it, The SR510 may
b zlowed dawn' using the W command. Sending



W' causes (he unil to wall n¥4 mS before
ganding each character over tha RE232 bus Tha
command W0 saig (he wail mlerval 15 2ers and

results in the fastest tramsmission. The wai

interval ts sal to & (24 MS) &N pOwWEr-up.
Terminatlon Seguences

The default RSZ32 termination characters are
sufficlent to Interface with most computers,
however, it will occasionally ba necassary to sand
speclal terminating segquences 1o fit the
requirements of some computers. This can be
dene with the J command, The format for the
cammand is:

J [a1,n2,n3 04|

whara nl, A2, i3, and nd are decimal values
between 0 and 255 coresponding 10 the decimal
ASCH codes of the desked terminaton charachers.
Far instanca, if the dasired termination saquence
is an asterisk, (ASCI 42), two camiage refums,
(ASCH 13), and a line feed, (ASCH 10), the
appropriate command is:

J 42.13,13,10

If a G command is seni requiring an answer of 24
[sansithity = 500 m\y), the SR510 would respond

wilh the string
24s egractra<ii=

Up ta four terménating characters may be specified
by the J command, |f no arguments are sen with
iha J command, the teminating Seguencs retums
1o the dafault jecho on: scr=<if>; echo off: <cr=).

Tha J command does nol affect the terminating
character {<or=) required o the end of commands
raceived by tha SR510. It also does nol allect he
terminating seguence sent with data ever the
GPIB intariaca.

The SR510 with the GPIE Intarface

For a briel introdweciion 1o the GPIB standard,
please read Appendix C al the back of this manual.
Batore using the GPIB interdface you must sat the
switches in SW1 per The instreclions on page 6.

GPIB Capabilities

Thea GPIB zagabilites of the SRS10 consistent
with [EEE standard 488 (1978} are shown i the
iabla balow. Also shown are the responsas of the
SA510 10 same standard commands.
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Gopde Funciign

Soures handshake capability

Accepior handshake capahility

Basic Taiker, Sarial Poll, Unaddressed fo
talk il addressed o Bsten

Basic Listenegr, Unaddrassed to lsien i
addressed to talk

Service raguest capakbility

SH1
AH1
TS

L4

5R1
PPQ
B o
ALO RAEM.LLD, GTL nat implemented.

T command sefs Remcie-Local.
SAS10 Response to GPIE Commands
Mnemonic Command Hesponss

DCL
B0G

Device Claar
Selected
Device Clear
Serial Poll
Enabla

Same as £ command
Same a5 T command

Send Status Byle,
& clear status byle

SPE

Becauss the SA510 can be controlled by an
RSZ32 imerface as wall as the GPIE, the remabe-
local funclions are not standard, Thera i no local
with lock oul slate. Whan in the local state, ramata
commands ame processed, aven without 1he REN
command being issued. This is because the
A£232 interface has no provision for bus
commands and remolé commands over the
R5232 mierface would nevar be enabled.

Serial Pollza and Service Regquesis

The stafus byte sent by tha 5510 when I s sanal
palled ls the same status byte which is read usiag
the ¥ command (exceg lor bil &, SA0). O coursa,
when the SR510 s serial pelled, # dogs n
encada the sfatus byle as a decimal rumber, The
SAS10 can be programmed o genarale a serdica
requast (SR 1o tha SPIB cantrsller avery lima a
qiven status condition occure.  This is dona wsing
ihe ¥{n) command. The mask byte, a [0-255) &
ine 5 mask byle. The mask byle is sways
lagically anded with the states byta. If the masull =
non-zers, the SH510 generates an SHO and
laaves the stajus byte wunchanged unid Ihe
contreller perfarms @ serial poll o daterming (ha
cause of the service request. Whan tha uni has
baan serial polled, the status byte is resel B
raflact all of tha status condilions which have
occurred snce the SRQ was genarated.

Far example, d weé want 10 gensrate an SHQ
whanever there is an ovedoad o unlock condban,
wa need an SRO mask byte egual ta 00319000
binary, or 24 decimal V24" command). The byl
00011000 birary correspands 10 the sialus byle



with the 'na relarence” and "unlock' stabus bils sai.
i an owverload occcurs, then an SAQ will be
gangrated. The sarial poll will refum a status byte
shewing SAD and ovarlead. IF an unlock conditicn
aocurs befane tha seral pall is concluded. anather
S5A0 will be genarated as soon as the sedal pol is
finighed. A second serial poll will reflect the unlock
condition.

Any SRQ genarated by the 'no refersnce,
‘unlock’, ‘averioad’, and “auwto over-ranga’
conditions will also reset the co ing it in
the SRO mask byle. This is 1o prevent a constand
arror conditon (ssch 85 no reference applied to
the input) tram continually Interrupting the
contrelber.  When such an SRO accurs, the
contralber should change some parameter so as lo
salve (e problem, and thean re-enable the SRO
mesk bit again using the VW comimand.
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GPIB with RS232 Echo Mode

I Is sometimas usedul when debugging & GPB
system to have some way of manilaring exacily
what i§ gaing back and fodh over the bas. Tha
SR510 has the capability o echo ail characters
sam and macaived over the GPIE o its ASE32 pon.
This mode of operation s ensblad by seiling
gwitch 6 of 3W1 1o the DOWHN position. The baud
rabe, stop bifs, and panity of tha RS232 por are silll
gat by SW2. Of coursa, the RS232 port cperatas
at much kwer speeds than the GPIBE and will siow
down iha GPIB data rate in this mode. [Usa the
W command 1o allow the RS232 nledace 16 men
al full epeed, atharwize, tha GFIB fransactions may
take so long that the controllar can hang ) During
actual use, this made should ba disabled,

Tha SR510 with BOTH Interfaces

I beth interfaces are connected, commands may
be recabsed fram either Interace. Responses @re
ahways seni io the source of the request (except in
GFIE acho moda). 1 & umwisa 1o send commands
fresrm the twed interaces ai th Same lime since the
characiers from diflerent Sources can becorme
interleaved on the command quewe and result in
‘unracognized command airors.



The Lock-in Technique

The Lock-in techniqua I8 used to detect and
maasure vary small ac signals, A Lock-in amplifier
Can maks accurais maasunamants of amall signals
avan when the signals are obscured by noise
sourcas which may be a thousand times larger,
Essaentially, a lock-In is a filler with an arbirarily
namow Bancwidth which is tuned to the frequency
of the signal, Such a fiter will reject most
unwanted noise to allow the signal io be
maasurad, A typlcal lock-in application may mguing
a sanlar Irequancy of 10 KHz and a bandwidth of
0.01 Hz. This filter has a @ of 108 - wed bayond
the capabilities of peazive alsctronic filtars,

In acdition 1o fitering, a lock-in also provides !
For axample, a 10 ranovok signal can ba iad
o produce a 10 V output--a gain of one billion,

Al lock-in measuremaniz thare a few baske
principles. The lechnigue requires (hal the
axparnmant be excited af a lxed requency in a
relativaly quiel pant of the moise spectrum. The
lock-in then detecis the response from the
axparimant in a very narrow bandwidth af tha
axcitation frequency.

Applications include kow leval ght datection, Hall
probe and sirain gauges measuramant, micro-ohm
meters, C-Y lesting in semiconductor research,
alactron spin and nuclear magnetlc resanance
studies, as well as a host of other sluations which
require the detection of small ac signals.

“EXPERIMENT
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A Measurement Example

Suppose we wish to measure the resistance of a
matarial, and we have the restrction that we must
nol dissipate very much power In the sampls, ¥
the resistance I3 aboul 0.1 £ and the current i
rasticted 1o 1 WA, then wa would axpect @ 100 nV
signal Iram the resistor. Thare are many noise
sagnals which would obscure this small signal -
BOHz noise could easily be 1000 times largar, and
do potentlals from dissimilar metal junctisns could
be larpger still,

In the block diagram shewn below we use a 1Vms
sina wave ganeratar 3t a frequeancy w, ag our
refaranca sourss. This source is currerd limied by
the 1 ML resistor o provide 3 1 wd ac excitation fo
our 0.1 £} sample.

Twea gignals are provided to the lock-in. The 1V ac
referance is used to tall the lock-in the axact
frequancy of the signal of intarest. The lock-in's
Phase-Lock Loop (PLL) circuits will track this input
signal frequency withoul any adjusiment by the
user. The PLL guiput may be phase shifted 1o
provide an output of cosiwd+a).

Tha signal from the sample undar tast is ampEied
by a high gain ac differantial ampliifier,
The outpid of this ampldier is multipled by the PLL
output 0 Iha Phase-Sensitive Detectar (PS0).
This multipllcation shifts esach freguency
componant af the Input signal, wg, by Ihe
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referance reguency, w;, 5o that the cutpul of the
PSD i gaven by

W cosiwded) cosiwgl)
172 cosliw, + welt+&] +
172 cosliwy - Wi+

Tha sum frequency companan is altenuated by
the low pass filter, and only ihose diference
fraquancy components within the low pass filtar's
narrow bandwidth will pass through 1o the do
amplifier. Since the low pass fiter can have time
constants up to 100 seconds, the lock-in can
reject noise which iz more than 0025 Hz away
frevm the reference frequency input.

psd =

For signals which are in phase with the relerenca,
ihe phase control i usually adjusted for zero
phase dillerence baiwean the signal and the
referanca. This can be done by maximizing the
output signal. A mare sensitive technique would
be to adwst the phase to null the signal. This
places the reference oscllator at 80 dagrees with
razpect io the signal. The phase control can now
ba shifted by 50 degrees o maximize the signal,
Alternatively, since the phase contrgl is well
calibrated, the phase ol the signal can be
measurad by adding 50 degreas to the phase
gaiting which nulls the sigmal,

Understanding the Specifications

The fable below sis some specilicailons for the
SHS10 lack-in amplitier.  Also listed are the ermar
contributions due te each aof these Hems. Tha
epeciications will allow a measuremant wih a 29
accuracy 1o be made in ane minute.

Wa have chosen a ralerence ireguency of 5 KHz
a0 as bo be in a relatively gusat part of the nolse
spactrum. This frequency is high anough 16 fvaid
low frequancy 1/ naise as well as Ine nose. The
Irequency is low enough to avold phase shifts and
ampliivds errors due to the AC time constant of
e sowrce impedance and the cable capacitance.

The full-scale sensitivily of 100 AV maichas the
axpected signal from our sample, The sensitiity is
calorated 19 1%, The ingirument’s oulpul stabilly
atsa affects the measuremenl accuracy. For the
reguired dymamic reserve, the cutpul slability is
0.19.°C. For 2 10°C temparalure change wea can
axpect a 1% emar,

A frond-and naize al 7 aVi~Hz wil maniiesi itself as
a 1.2 n\rms noise alter a 10 sacond low-pass filler
since the equivaleni noise bandwidih of a single
pale filker is 1/14RC. The owtput will convarge
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expanantialky o the final value with a 10 second
time constant, § we wail 50 seconds, tha outpul
will hares oo o within 072 of its final wales,

The dymamic resarve of 60 dB B raguired by aur
expaciaion ihat the noise will be a thousand times
larger than the signal. Additional dynamic resena
is available by using the bandpass and notch
Fillers,

A phase-shift arror of The PLL tracking clrcuits will
Causs a measurement arror sgual ta the cosine of
tha phase shifi errar. The SRS510s 1° phase
accuracy will not make a significant canfribuladn 10
ftha measuramen arar.

Specifications {or the Sxampss Measyrament
Spacificatian Valusa Errar
Full Scale Sersitivity 100 nV

Dyriamic Regerve €0 dB

Relerence Freguency 5kHz

Gain Accuracy % 1%
Output Stability 1% 1%
Franl-End Maise < 7T raviHz 1.2%
Cuitput Time Constant = 105 0.7
Tatal RMS Emor 2%

Shielding and Ground Loops

In order 1o achieve he 2% accuracy gren n this
measurement example, we will have 0 be careful
to minimize the varous notse sources which can
be lound in the laboratory. [Seo Appendix A fora
beiaf discussian on noise sources and shialding]
Whilg intrinséc noise (Johnson noisa, 11 noisg
and alike) is not a prablam in his measuramant,
glher noise sources could be a problem. Thasa
noigs fources can ba reduced by proper
shiglding.

Thera gre bawo mathods for cofnécling the lack-n
iz the axpariment: {he firsi melhod B mon
corwignient, but ihe second alimingtes spuricus
pick-up more effectively.

Ir thi first mainod, the lock-in uses the “A" irput in
a “guasi-ditterentlal® mode, Here, the lack-mn
detacts tha signal as tha wallage bBaelween |he
centar and outer conductars of ihe A input. The
lock-in does not force A's shield to ground, rathar
it s connecied o The lock-in's ground via a 100
résistor. Because tha lock-in musi Sense (he
ghésld voltage (in order bo avoid the large groumd
loop noise between the experiment and the lock-
iny any nodEe pickup on the shield will appear as
noise 10 1 lock-in. For a low impadance souice
(a2 i the caea hara) the noise picked up by Ihe
ghield will also appear on the cenler condiscion



This & good, becausa the lock-in's 100 dB CMRR
will raject most ol this commen mode noisa.
Howevar, nol all of ihe nolse ¢an be rejected,
espacially tha high frequancy nelse, and so the
lock-in may overload on the high sansilivily
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Cuasi-Differantial Gonnection

Tha sacond mathod of connacting the
exparimant to tha lock-in is called the rue-
differentlal’ mode. Hera, the lock-in uses the
difleranca batwaan tha center conductors of tha
A & B inputs as the inpul signal. Both of the signal
Edurced and ghislded from spunous pack-up.

With either mathod, it is impartant to minimize bath
the common mode noise and the common moda
signal. Molice ihal the signal source is hald naar
ground potential in both cases. A signal which
appaars on bath the A & B inputs will not be
paractly cancelled: the common mode rejaction
ratio | R} specifies the d-aF?rH of cancellalion.
For kow (reguancies the CMAR of 100 B indicates
that the common moda signal is canceled o 1 pait
in 105, but tha CMAR decrsases by aboul &
dBioctave (20 dB/Decads) starting al 1KHz. Even
with a CMAR of 105, a 10 mV comman mode
signal bahaves like 100nV difarential signal.

True-Ditferantial Conmection
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Thera are some addiional considerations in
deciding how io operate the kock-in ampiifier;

Dynamic Ressrve (DA) & iha ratio of tha laigest
noesé sgnal thal tha lock-in can tolerate before
owercad 1o 1ha tull scale input. Dynamic resenve i
usually expressed in dB. Thus a DR of &0 dB
rriang hat a nodsa Source 1000 times larger than a
full scale ingut can be presamt at the input without
athactng the measurament of the signal. A higher
DR results in a degraded oulput siability since
most ol the gain s DC gain after the phase
sensitive detector, In general, the lowest DR
which does nol cause an overdoad should be

The Current input has a 1 k2 input impedance
and a current gain of 106 Volts/Amp. Cumrents
frevm 500 nA down 1o 100 1A full scale can be
mheasuréd. The impedance of the signal source &
the most impodan facior to consider in daciding
bateresn voltage and cumen! measiramans.

For high source Impadances, (=1 ML) or small
cuimenis, usa the cument Mpul. 05 relalivaly ow
mpadance greally reduces the amplitude and
phagsa érmors causad by the cable capacitamce-
source impadanca tima constani. The cable
capacitance should siill be kepl small to minimize
tha high frequency noise gain of tha curmani
praamplifiar,

Far moderata source impedances or larger
curents, ihe vollage mgut is prefarred. A small
Value resslor may be used to shunl the source.
The lock-in then measures ihe ohage across this
ragigior, Select the resistor value to keep tha
source bias woltags small whila providing anaugh
sgnal lor the kck-in o measure.

Tha Auto-Tracking Bandpasa Filter has a O
of & and loliows the relerence lrequency. Tha
passband is tharefore 15 of the relarence
freguency. The bandpass filtler can prgvide an
additional 20 dB of dynamic reserve for nolse
signals al frequencies oulside the passband. The
filkar also improves the hammonic rejaction al tha
lock-in. The second harmonic |s afenuated an
additional 13dB and higher harmonics are
atienuated by 6 dBoctave more. You may wish 10
use tha bandpass fiter and salact 8 kow dynami;
rasana satting In order 1o achiewve a belter oulpl
stability. Since the processor can only sal the
bandpass filtar's cander requency b wilhin 1% ol
the redarenca frequency, this fiter can condributa
up 10 5° of phase shift eror and up to 5% of
amplituda amar whan it & wsed. In additian, tha
bandpass filer adds a few nanovalls of noise 1o
th frant and of tha instrurnant when § s in usa.



Line Moteh Filtera should be ueed in mosi
measurament sitlualions. The fiers will reject
about 50 d8 of line freguency noiza (about a
tacior of 300). I your reférance Irequency i8 ona
octave away, then these fters will intreduce 3 10°
phase shift emor. and a few percent amplitude

ermor. Their affact on your sl;nal ﬂlﬂﬁllﬂrblﬂ il
your reference frequency is

GClAvES away,

Tha frequancy range of tha SAS10 lock-in

amglitiar lﬂlﬂdl frem 0.5Hz o 100KHzZ. Mo
additional cards are required far the instrumeant 1o
cover s Tull ineguency l"ﬂ.lm. The SAS10 can be
usad bo detect a signal at redarames frequancy
ar al twice tha reference freguency to allow for
comvanien! measurement of the harmonic of the
Sagd.

Moise measurement iz a leslure which allows
direct measuremant of the nolse densily of the
signad at tha referance frequancy. This i a useful
fealune 10 assess & what lrequency you should
run your expedment

Output Filters can have one pole (6 dB per
octave) or two poles (12 dBloclave). A two-pole
filtgr a signal to nolse improvemant over a
single-pole fiter due to s steepar moll olf and
reduced nolee bandwidih. Single-pole fiters are
preferred whean the lock-in 8 usad in a sero
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syeiam o avoid asoillatian.

In servo applications, mo output filtering Is
ne . Im this case, the SR510 may ba madilied
to reduce the cutput time constant to about 20
pS. Contact the factary for details,

Ratio Capability allows ihe lock-im's outpul I
be divided by an exiernal voliage Inpul. Thi
fealure is imporanl in Sservo applications 1o
maintain a constant leop gain, and in expariments
to normalize a signal 1o the exclation leval.

Computer Interface zllows a computer i
conirel and to record data frem the Enstrument
This is the singls most impartan! featurs for
extending the lock-in's capabiities and if's usaful
lfetime. Maasuramants which are mpracical
withaul a camputed become simple when g
corfpuler & used lo coandinnla varaus pans of the
exparimant.

The Intermal Oscillator provides a raterencs
source for the lock-in. This allows the lock-ins
fraguency ta be sai without an additicnal sgnal
genargtor. It alko providas a sing wave 10 be usesd
a5 the signal stimulus in an exparimend. Tha

frequency may be set via the computer intefacs
as well a5 manualy.
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MODEL 5R510 LOCK-IN AMPLIFIER BLOCK DIACRAM

SA510 Block Diagram

Several new concopls are used ko simplily the
degign ol SRS10 lock-in amglifier. In addition to
implemanting recant advances in lnear integrated
circull technalogy, the instrument was designed o
fake full advaniags of 15 microprocassar contrallar
o mprove parformance and o reduce cost,

As an example of the naw techniquas usad in tha
S5A510, consider tha harmonic rejection problem.
Previously, lock-in amplifiars used a PLL with a
Sguare wave oufpul. The Fourigr companents of
tha eguare wavae created a seraus prablem — the
lock-in woulkd respond to signal and naoise at f, 3,
ﬂia:l infinitum. Quita oMten, ona component of
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plckel lanca of Ireguencies would land on some
moisa source, giving a spunous result. To
avarcome this difficulty designera employed
tunad amplitiers or hetarodyning technigues. All
of thase Yi-ups” had drawbacks, including phase
and ampliledea ermors, suscaptility to drift, and
Cird-Swapging 10 change rmquences.

In comtrast, thea SR510 detects the szlgnal by
mixing a reférance sine wave in 8 precision analag
muysttiplier, Because of the low harmonc content of
this sina wave, the Instrumen! is Inseasdive lo
harmonios. This approach has efiminatad the
dilticulty, pertarmance compromises, and cosl of
the clder techniguas.



The Signal Chamme

The instrument has both current and wokage
inputs. The currerd Input is & virtual ground, and
iFuz 100 MLl voltage inpuis can be usad as single-
ended o trua differential inputs.

There are thres signal filters, Each of thesa filerms
mray b switched 'in’ or ‘out” by the user. Tha first
lilter & a ling nateh fiter. Sal 1o either 50 ar 60 Hz,
this fiter provides 50 dB of rejection at the fine
frequency, The second filter provides 50 dB of
rejection at ihe first harmaonic of the Ene frequency.
Tha third fiter 2 an auta-tracking bandpass filber
with a center freqguency funed by the micra-
processar fo tha freguency of the signal Thess
three filters eliminate most of the noise fram the
signal input before the signal is amplified.

A high-gain ac amglifier iz used to amplify the
gignal before antering the phase sensitive
detectar. The high gain which is avaitabde from this
prograrmmable amplifier allows the lock-in
operale with a lower gain in s de amplifier. Thas
arrangement allows high stabilty operation even
whan used on the most sensiive rangas.
Referance Channel

The processor controlled releremce input
discriminater can lock the instrument’s PLL 1o a
vanety of referance signaks. The PLL can lock fo
sing waves of o logic pulses with wirtually na
phase ermar. The PLL oulpet is phase shifted and
shaped o provide a precision sing wave 1o the
phase sensitive detectar.

Phaze Sensitive Delectar

The Phase Sensitive Detector is a lnear mulliphier
wihich mixes the ampEied and filtered signal with
the raference sine wave, The dillarenca
reguency component of the multipiars eulpul is
a dc signal that is proporional fo the amplitude of
the signal. The lw-pass liler which lollows can
reject any frequency components which are mosg
than a fraction of a Hertz away from the signal
freguency,

DE Amplifler and System Gain

A de amplifiar ampiifies the cutput of the low pass
filters. The tofal system gain is the procuct of the
ac and de amglifier gains. The partitioning of the
cystem gain between these two ampiliers will
affect the stabilily and dynamic resarve of the
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imstrument. The output 5 most stable when mest
of tha gain is in the ac amplifiar, however, high ac
gain reduces the dynamic resarve,

For the most demanding applications, ha user
may specily how the system gain is partitipned,
Howaver, with prefilters that ame able to provide up
ta 100 4B of dynamic reserve, and with chopper
stabllizad de amplitiers, mast vsers will not be
concemed with Just how the sysiem gain is
allocated,

A Microprocessor Based Design

The insirument was designed fo take full
advantage ol lis micrmpmcessor confmller.  This
approach provides several key advantages...

The instrument may be intedaced to a laboratory
computer over the RAS-232 and |EEE-458
imeriacas. In addition to sirmgply reading data from
tha lack-in, the computer can contral all of the
instrumient Seitings with simple ASCH commands.

A Ry leaturs of the instrumandt 2 18 four AD
inguts and two DvA outpuis, Thesa analog VO
pars may ba uzed to fead and supply analog
voltages to an experiment or measurement, &l al
e input and culpud ports have a full scale rangs
of £10.24Vde with 2.5 mV resolution and 0.05%
BCTUTEDY.

Computar contral can aliminate set-up amoem,
reduce tedium. allow more complete dala
recording and post measuremen analysis. Alsa,
g CoMputer can piay an activa rola in the dzia
acquasilion by adjusiing gains, et in responsa o
changing meaasuramant conditians.,

The microprocessor based design eliminafes
many anaiog components 1o improave
parformance, reliability, and reduce cost.  Each
wnil is compuler calibrated at the faciory, and
calibdation constants ane pladed in the nstrumant's
read-only memany. The SRS10 has anly ane-fith
of the analog trimming components 1hal ane feund
in okier dasigns.

Craalive programming on the user's part can
aztend the instrument's capabilibes. Fer axamgd,
the lab computer can instruci the lock-in 8
measure the signal a1 zero and ninely degraes ol
phasa. Doing so allows both the amplilude and
phase of the signal of interest to be measured
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Circuit Description

Introduction

The SAS510 Lock-im amplifier i3 an Integrated
instrumani combining slate of ihe ar analag
design with advanced microprocessor based
control and interfaces, This discussion is intended
o ald the advanced user In gaining a better
undarstanding of the instnsmant.

The SRS510 has 8 main circuit areas: the signal
amplifier, the reference oscdlaior, the demad-
ulangr, 1he analog output and contrals , the from
panel, tha microprocessar, the computer imter-
facas, and the power supplas. With the exception
of the lront panel and a few pusdas of hardware,
the entire lock-in is built on a single printed circuit
board. Each seclion is isolated from the cthems as
much as possible to prevent spuricus signal
pickup,  To aid in the location of individeal
components, the first digit of each part number
genesally refers to the schematic sheel numiber on
which It cccurs. To help find the par on the croul
board, tha pans list includes a location an tha
circu board lor each companant.

Signal Amplifiar

Assuming the nput salector switch 5 et to a
valage inputl, the signal & coupled in threugh
capaciiors G101 and C102, The inpul impedance
s 5ot by ihe 100 MO resisiors R101 and R102
ower the ﬂ-l:lﬂl'ﬂ.lil'ﬁ Irequency rangsé, Mole that
R103 isalatez the sgnal shields frem Lhe
instrument ground foscing the return signal current
back along 1ha cable shields. The signal is lhen
applied ditterentially to the gales of Q101. Q101
is a low noise dual JFET, The drain current
threwgh R103 is kept constant by 2/2 U101. The
other hatt of U101 maintaing a vimeal null Between
the drains of the two transsiors and thus an
igentical current fiows through R110, Any input
that would cause a differentlal betwaan the by
drains is amplied by 172 U081 and fed back via
R112 im such a way as to reduce thal ditferentizl.
Since e two transisions are al equal and constant
currents, inelr gate-source potentlals are consiant,
Thus, the fed back signal which appears al the
sounce of the right hand ransisior exactly malches
tha input. Lkewiss, this signal will ratch tha input
To the left hand transistor but with the opposite
sign, FAesiiors A112 and A110 aitenwate the fed
back signal from the autput of 101 resuking @ a
differential input, single ended output, fized gain
af 10 amplifier. P101 adjusts tha current balance
betwesn the two transistors and therelose their
gain match and common mede repection.

Tha ouiput of the pre-amg is scalad by rasistors
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A118-R122 and analog switch U103 which make
up a8 1-2-5-10 aftenuator, The signal & than
amplified by 2/2 U102, Input overigad is sensed
through disdes D104-D104.

Current Amplifier

When the input sslectar ks set to cumant, the input
to the pre-amp comes from the owlput of tha
current to valtaga converter, 1/2 UN02. U102 is a
low voltage-noise bipslar op amp. O102 servas as
an input buffer 1o provide low cumrent-noise o the
input. The op amp abways mairtairs a null 3 the
gates al 0102 thus providing an Input Impedance
of 1K (R128). The inpet cummant is convarted to a
voltage by R135 and the op amp. Q103
bootsiraps out the summing jenction capaciiance
of G103,

Moteh Fiiters

U107 Is a high Q1 fine frequency, notch fifler which
can be switched in and out by analog switch 1/4
LH0&. Tha frequency and depth of the filttar can
be adjusted with P102 and P103. Resistors
A145-R148 and switch U108 make up a selectable
attenuatar. U118 ks a ling frequency 2nd harmonic
nolch (@er selecied by 24 U406, P104 and P10S
adjust the fraguency and dapth. Tha sacond
notch filter has a gain of 3 and its output is scaled
by U110 and resistors R156-A158, The signal
1hin takes bwo paths; 1o irvering amplitizr U111
and o the mput of the tracking bancpass filter,
U111 has the same gain as the bandpass filter,
The ut of e@thar U111 or the bandpass filler is

by 374 U112 and 4/4 U108 and amplified
by U113 U114 and U S provide a Rast stage of
gain and scaling and the final cutput is ac coupled
and bulersd by 4'4 LI208.

Bandpass Filter

The bandpass filter is a three op amg stale-vanable
active lilfer 304 of U201 make up tha threa op
ampa of the standard filer. W203, U204, and
U205 are analeg swilchas which sélect the
fepdback capacitors for the 5 decades of
operation. The teo halves af U202 are matchad
iransconductance amplifiers oparating as
programmabde, valtage conrolled, curran! SoURtes
which taka the place af the narmal, freguency
satting, resisters, A voltage proportional to tha
releronce frequency s comedad ino 3 current by
1/4 U208 and S04, This current pragrams the
effective "resistance” of the bwd Iransconduciance
amplifiars and thus, enes (he center Reguency o
the filer 1o follow the reference. The culput of the
filtar is buffered by 44 U201, Tha hwoe remaining
op amps in U208 are used 1o deleci signal
overloads throughoul the ampifier chain,



RAeference Oscillalor

The relerence lnput signal Is ac coupled and
bublerad by LEM01. R3I7H izclates tha reference
shield from the lock-in ground to prenvant grownd
loop currents, 172 LI303 swilches the palanty of
tha rafgrence reaching co U304, US0S s
a ralriggerable ane-shot whose aulput indicatas a
na refarence candtion il o comparator pulses are
generated for 3 seconds.

L30Y is a dual transconductance amplilier in a
iriangle VOO configuration. LUE10 selects the
inlegrating capaciter depending on the freguency
range. Tha VOO frequency is delermined by the
programming current through R318 and thanatone
by the output voltage of U308, €304 is the phasa-
bcked loop low pass fiter which iz buflered by
Li308. U307 is a rammable current source
used ko charga and discharge G306, The amount
al current available to UILT is determined by the
VEO conlnod woltage, thus, the tracking rale of the
VCO s propadional 19 the VCO frequency. The

friangle output is compared fo a conslant voltage
by U3t4. 12 U313 and /2 U312 salect | or 21

aperation. Thiz cignal is fed back o the phase
detecior U306 to be compared with the referance
oulpud of U304, U315 comparas the triangle
auipul with a warigble valiage 1o gensrale a
sgquarg-wave signal phase-shifted fram 1ha
referance. The range ol this fine phase shift
cntied i -5 1o 55 dagraas,

The oulpul of U315 serves as the reference 1o a
second phase-lockad lbep.  This secand PLL
uses @ similar proportional tracking Iriangks VGO,
Comparator U320 loaks al the square wava output
af the VGO while comparalor U328 detects 1he
rers crodsings of the thiangle owlpud. 172 U327
slects one these comparabors o feed back to the
phase datector, U316, Since the sjuare and
iriangle cutpuls are 0 quadralure, U3ZT selects
githar an in-phasze or quadrature relationship
Bateean the bwo VCO's. Thus, the sulput al the
second VOO can be shifted fram -5 1o 185 dag
o Dheg Feferencn,

The tianghe oulpul & divided by RIS3 and A362
bafore reaching ransconduclance amphfier 22
L322, The amplitude of the ifangls input 1o this
amplifiar 5 encugh o just samraie he ingal and
pronide A sine  wave output, 22 U325 then
amplities the sine wave belore i goes g the
demodulator. U324 is a comparator which
genaratas a square wava in-phase with the gina
autpul. 326 divides the freguency of the square
wave by 8 and 202 LIZ2T salects the irequancy of
the square wave chopper
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Demodulator and Low Pass Amplifier

Amplitiar U402 and switch U401 select the polarity
al the relerence sine wawve. This allows phasze
shifts up o 360 degrees from the raferance inpul.
Thia sing wave is at couplad by ULDd and imeerded
by U404, 408 selects alemating potarkies of the
e wave af the chopper fragquanay, 12 ar 1B
Thludﬁppﬂwwm ta then multiplisd by the

t of the signal ampifiers by the analog
m.l iplier U406, & synchronous output of the
rmuftipliar that comasponds to the inphase sgnal is
a soquare wave al the choppar frequency. The
output is ac coupled by U407 fo remove the dc
affsat of tha multiplear. LU40E invans the sgral and
U405 chops the square wave to recover a do
ocutput. U409 bulMers the chopper autput befors
1he first low pass lime conslant. Op amps U416
and 22 U402 make up the first low pass amplfer
with relays Ud11-Ud15 and U417 seleciing iha
time constant. Tha second low pass amplifiar &
L4198,  Analg switch U418 salacts the fime
gnnaﬂrl and gain. The full scale oulput of U418 @

Vi

Anglog Cutpul and Coniral

The dc ocutput of the demodulaiorflow pass
ampifiers is passed 1o Ihe reference input of
multiplying DAC USH2. The DAC ls pragrammad
with IIFiu: :Ip-;n'l:l-pl :mmf'“rmmw;u i,TI.:I|i.'!-|I'FI-|‘B' Il'll
awerall gain of the -im, galn seling B
each dynamic reserve is calibrated ndependendly
and the proper attenuations are siored In the uris
RO,

AlD's

Analog multiplesar US04 selacts the signal o be
digdized by the mecraprocesssr. This sgnal can
Be aither the lock-in output or ona of the folr
imdepandent analeg inpuls buffered by U501
These generdl purpose inputs are kecated on he
raar panal of the insirument. The selscisd algeal
i5 samplad and held on capacior C502 ad
butfered by 4/4 US04, The AD conversion is
dome by Buccessive approximation using
comparatgr U514 o compare the sampled and
haeldd gigral with known cuiputs of US0S, o 12 5f
DACG with a pracision reference. Mate fhat fhe.
putpid of USOE, an 3 bl DAC 15 summed wih fig:
outpul of US0S. This § be DAG comects lor ofsal
aqrars which can accurmedate as analog valags
%thmuh buffars, 5™ amps, and comparalons.

ece offsels are measured after sach uni 5
manufactured, and valuss 1o compersEe lor
thesa oifsats are placed n the unt's S0M The
polarity of fhe ofisei-comacted 12 bt DAC iszet by
2/ U511 and the SHGN bl yielding 13 bils of
resalution Irom -10.24 0 +10.24 volts
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In additlon 1o providing reference volages for AD
convarsion, the DAC output voltage may be
muliplexed by USOT to one of eight sample and
hokd ampiiers which provide anakog outpul and
conirol voltages. The mi ocassor rafrashes
gach S/H amplifier every lew milliseconds o
prevent droop, Two of these outputs ane available
as general programmable cutputs on the rear
pangl. Two are used to program the band pass
lilter and the reference oscilalor phase shift. Cne
autput ks sublractad from tha lack-n autpul in
U508 to provide 3 variable offsel and anothar s
the rms nolse cutpul, Two cutpuds are nol used,

Expand

Adrglifer 374 US11 & the X103 expand ampiiier.
US16 salects the display and output, either tha
outpui of U511 or one of the DAC oculpuls,
Cverload is delectad by 1/4 and 24 US15 and the
signal mandor is divien by 34 US15.

Fromt Panei

Thare are 52 led's an the front panel controlied by
B seral-in, parallel-out shilt registers. ANl 8 shift
registers are written to simultansousily and B
consacutive wiite operalions are requered to set
the LED's. The liquid crystal displays ara managed
by the display controllers, U601 and USDZ2.
Exclushve-or gates USDS and LUEDS driva tha laft
over segments. Octal latch UGD4 provides tha
lagic s for these axira segments as well as the
keyboard row strobes, UB03 reads the switch
closures as the rows are scanned,

Microprocessor Contral

The micropracessor, UT01, s a F80A CPU
clocked a1 4 Mhz. 16K bytes of firmwane are stored
in the ROM, UTDZ2, UTD3 iz a 2K byte slafic RAM,
backed-up by a hivm battery, & power-down
standby circuit, QT01, preserves the RAM
cortants when the power is turned afl. Tha
batiery has a life of 5-10 vears. The CPU has
power-up and power-down reseis to prevent
SITONEnLEs axgoLtian '.i.ll‘il‘l-ﬂ‘ turn-on or short 5355
in the e wollage,

UTo4 iz a 3-channel counter, One channal
penarales the baud rate for the RS5232 intedace
whili the other two are used to measure the
freguency or perad of the relerance oascillator.
UT0S provides a gale pulse to counfer 0
Muliplexer UT08 selecis whathar ihe gale is a
single period of the reference |period
measurement) or a gate ol Known duralion
(frequency measurement), Counter 1 is a
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programmabbe divide by N counter whose oulput
s gither counted for one percd of the releranca,
or, genaraies the gate pulse during which
reference pulses are coured,

O addnessas ane decoded by UTDS, UTGE, and
UTO7. Tha microprocassor condrols ihe lock-in
tunctions through 110 ports UT14-LUT21. U3
ganarales an intarrupt & the CPL every 4 msads o
keep the microprocessor exacuting n real fima,

RSZ3Z Interface

Tha RS5EZ32 inmerface uses an B251A UART,
U0, o send and racaive bytes in a bit serial
fashion. Any standard baud rate ftrom 300 to
19.2K baud may be selected with the
configuration switches. The X16 transmil and
recalve clock comes from counter 2 of U704, The
R5232 ineraca is configured a8 DCE so that a
terminal may be conneciad with a standard cabla,
Whan a dala byle = received by the UART, the
RaADY cutput interugls the CPU o prevent the
data fram being overwritten,

GPIE Inferface

Tha interface to the GPIB i provided by UAGE, an
MCE3488 General Purposs Interface Adaplar
(GPIA). The GPIE data and contral ines are
buftered by drivers US0E and LA11. Bacause the
OPLA uses a 1 MHz clock, wail Stales are provided
by LIBOS to nize 11O transactions with the 4
MHz CPLU. Tha GPIA inlerrupts the CPU
whenever a GPIB transaction occurs which
requires the CPU's response. (The GPIB address
s 581 by switch bank SW1.|

Power Supplies

The line transformer provides two outputs, 48Vac
and 15Vac, both center -tapped.  The iransfcrmar
has dual primaries which may be selected by the
voltage selecior card in the fuse holder. The
18Vac is rectified by diode bridge BR2 and passad
12 5V regulator US0E,. The cutput of LEOS powers
the micraprocessor and ite related cireuitry. Tha
40Vac output 5 hal-wave rectified by BR1 and
regutated by LIS01 and U902 1o provida +20V and
-20Y. These two dc voltages are then regulated
again by 15V regulators LHI03-US08, Each 15V
regulaior powers a separale sectian al the loek-in
1o reduce coheranmt pick up between seciions.
L1 1 and U812 provide plus and minus 7.5V and
P10 generales +5% for ihe analeg circuRs.

Internal Oscillator

The intarmiel oscillator 5 on a small circuit board
atiached to tha rear pm\ui of the nstrumant. Local



regulatars, Q1 and Q2, provide powsr o the
board, The VGO input is intermally pulled up by
R12. This pulls the VCO inpul 1o 10V whan the
WCO input is kit opan, 24 U1 translates tha YCO
inpul vollage o provide a negalive control wo

bo U2, the functicn generalor. P3 adjusts the V
calibration, U2 is a sine wave ganerator whosa

i4




Calibration and Repair

This section details calibration of the insirumant,
Calibration should be done only by a qualified
glaciranics technician,

Tl rIrIr 'IH'AHH'HG I E LR LR R

The calbration procedurs requires adjusting the
ingtrumant with power applied and &3 there s a
risk of parsanal injury or death by eleciric shock.
Please be caretul,

Miasi al the calibration parameters are determingd
by a computer akded calbration procedurs affer
burn-in at the factery, These calibration
parameters are quite stable and 5o will not naed to
be adjusted. Calibration paramaters which may
need flald adustment are detailed bélow.

Multipller Adjusiments

On the HIGH dynamic reserve salling, hene can
be some reference frequency feedibrough. This
saction dascribes hew 1o null this unwanted
oulput.

This adjustmeant requires an csciloscope and a
signal generator which can provide & S00Hz
raference signal.

Allow the unit to warm up for abaut 1 haur,

Fesel the unit by turming it off and back on whila
hixdding the REL key down,

Salect veltage input A and connect a 50 L0
terminglor or shoring plug to tha A input BMNG
connecior.  Connadct the 500 Mz meferance signal
to the reference input. Set the SENSITIVITY o
imV and the OYM RES o HIGH., The PRE
TIME COMNSTANT should be sef 1o 1Tm3 and
the POST TIME COKWNSTAHNT tc NONE.
Connect the scope to tha QUTPUT on the froam
panel. Set the scope to 2¥Wdiv and SmGidiv,
Externally frigger the scope using the relerence

inpul signal.

After aboul B0 seconds, 1he scope display should
show a 500 Hz sine wave on a 30 Hz (50016 Hz)
square wave. Hemaove the 4 screws holding (ha
iop panel on. Slide the top panel back aboul hall
way. Using a small screwdriver, adjust P402 at
location D2 1o minimize the 500 Hz ouipul. Adjust
P4L ab kocation G2 o minimize the 30 Hz output.
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Mow set the boih fime constants 1o 15, Adjust
P404 at location F4 to zero the outpul. This
adjustment has a ranga of 20% of Iull acale on lina
HIGH dynemic resene selting. (2% on NORM and
0.2% on LOW), This zercas the DG output of (he
unit on all dyramic resene ranges.

Aeplace the top paneal.

Amplifler and Filter Adjusiments

Thiz section describes how 1o i 1he Comman
Mode Rejection and Ling nolch filler frequencies.
An oscilloscope and 8 signal generator which can
provide an accurais line frequency and twica lina
frequency signal ars requanid,

Mlgw the unit to warm up for about 1 howr.

Resel fhe unit by furming it off and back on while
halding the REL key down

Remove the 4 screws hoiding down the lop panel.
Slide the panel back about haltway.

CMAR

Get tha reference lrequency 1o 100 Hz, K s
convenient 1o use the SYMNC cutput of Ihe signal
ganaralar a8 ihe referenca input if it is availabie,
Connect the sina output of the signal ganarabar 1o
fthe A input and sat the inpud salector to A, With
the SENSITIVITY af 100mV, adjusi the
amplibude of the input signal to 100 my (jull scala).

Now sat the Input selector 1o A-B and cannedt tha
signal to both the A and B inpuis. Sal the
SENSITIVITY 1o 20pV, the DYN RES io
MORM and the BANDPASS filler IN. Connact
ihe scope to the SIGNAL MONITOR outpul on
the rear panal. Sot the scope 1o AC coupled,
a.2yidiv, and 10mSidiv. Externally irigger 1he
scope using the reference input signal.

The CMRR s adjusted by the single turn
patentiometer lecated af A1 under the single hole
at tha front ol the signal shield. [The shiald is the
aluminum bax an the left side of the main bodrd).
Using a small screwdriver, carefully adjust the pot
o mingmize the 100 Hz oulpud on (he scape.  Allar
nulling the cutput, set the sers@tivily 1o 2pV and
audl the outpid again



Moteh Fillers

Set the reference frequency to &0 Hz (80 Hz). his
comveniant to use the SYMNC outpul of the sgnal
genaralor as the reference inpul @ 1 is avallable,
Connect the sine putpul of the signal generator 1o
the A input and sed the inpul selector 10 A, Wih
fhe SENSITIVITY a1t 100mV. adjust tha
amplitude o the input signal to 100 mV (lull scale).

Sel LINE MNOTCH o IM, ihe SENSITIVITY 1o
10mY, the DYN RES ta LOW. Connecl the
soope to the SIGHAL MOMNITOR sutput on the
rear pangl, Set the scope 1o AC coupled,
0.2Widiv, 10mSadiv. Trigger the scope extemally
uging tha redarenca inpul signal.

The LINE MNOTCH freguency and depth are
adjusied by the pair ol 20 tum patentiometers
iocated under the middle two holes in the signal
shigkd (row 4 on the cincult board). Using a small
sarewdriver, carefully adjust ane pol until the ine
outpul on the $copa is minimized, Then adjus the
othar pot until the output is minimized. |erate
betwean the two pots until thers is no further
improvemant. Sai the SENSITIVITY to SmV,
Z2mV¥, and 1mV, répeating the adjusimants af
each sansitivity

Rapeat thiz procedure using a refgrence
frequancy of 120 Hz (100 Hz) and the LINEX2
NOTCH filter. The LINEX2 NOTCH is adjusted
by the pair of 20 tum pstenticmeters located
under the back two holas in the signal shield (row
5 an the circuit board).

Raplace the lop panel,
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Replacing the Front-End Transgistors

Bath the valtage and current front end fransisios
(0101 and CH02) are DME4E5 [IMFS4ES) dudl
JFETS. These transisilors are selected al the
factory to meet the noise specifications.

This seclion outlines their replacemant procedur
in the event that they become damaged during
usae.

1)Remove the AC power cord from the
unit,

alRemava top and bottom panals,
J)Remove the blue side panals,

4)Raleass the ral wheh exdends across the chash
above the circuit board by remaoving the scroes 3
each end, Swivel the rail 90 cegrees 5o that it runs
front 1o back.

S)Release the signal shieids by removing 1ne &
screws which hold i anto the circull board. B8
caraful not to lose the the nuts. Carefully sids the
shiglds back and then l#f them aut,

G The Input transistors are lecaled on tha man
baard, just behind the Inout gelaciar swilch, 101
st mla?e (A, A-B) frond end, and G102 &ihe
current (I} frerd end. Desolder and replace the
Approprate iransision 1

TiReplace the signal shislds, Ba careful o chadt
that the shields do nal touch any circun ;
iracas argund their adges.

B)5wival the rail back to its original pesition and
rieplace the sorows,

3| Replace the side panals.
10]Replace the lop panels
111 G101, the voltage front end has [ust bees
replacad, the Comman Mode Relection neads i

be readjusted using the procadure descrbed i
fhie Ampliier Adjustments section.




Appendix A:
MNoise Sources and Cures

Molse, random and uncorrelated lluctuations of
slecironis signals, finds its way into axperiments in
g warialy of ways. Good laboratery practice can
reduce nolse sources to @ manageable leval, and
ihe fock-in technigue can be used to recover
signals which may il ba buried in noise.

Intrinsic Molse Sources

Johnson Moise. Arsing from fluctuations of

aleciron dansity in a resistor at finlle lemperature,

:::T flucluations give rise o @ maan square noise
aga,

V2 = [4KT R[Zif] of - 4TR &

whare k=Boltzman's constant, 1.98x10-23 =K T
is tha absclute temparalure in Kelin; the real par
ol the impadance, Ra(z(f)] is the resistance R: and
We are looking al the noise sourca with a delecior,
o ag volimetar, with a bandwidih of Al in He, Fora
TR0 reesistor,

vz 0.13 uVivHz

Ta obtain the rms noise voltage thal you would
sga across this 1MO resistor, we multiply
0.13pViVHz by the square rooi of the detactor
bandwidth. #, for sxample, we were looking at ail
Irequencias between dc and 1 MHzZ, wea would
expaci 1o 509 an e Johnson noise of

(V212w 0.13 uVNHzs (108 Hz) V2 = 130 v

"I Molse®. Arsing from resistance fluctuations
in a cumrem carrying rasisior, the maan squared
noise voltage due 1o 14 naise is given by

V2 o ARZ 2 aln

whera A Is a dimensionless constant, 10-17 for
carbon, A I ihe resistance, | the curmant, Af the
bandwidth of cur detector, and | |s the frequancy
to which the deteclor la tuned. For a cambon
wﬂm 16 mA with A= 1k, Af = f = 1Hz, wa

Vnoise = 3 pyms
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And Cthars. Other noise sources inclede flicker
noisa found in vacuum ubes, and genaration and
recombinalion ngise found in semicondustars,

All of these noise sourcas are incoherent, Thus,
e total noise is the square root of the sum of the
squares of all the incaherant nosa sourcas,

Mon-Essentlal Moise Sources

In addition 1o the “inlfinsic® noiss sowrcas lizied
above there are & vanely of “non-essantial® noise
sources, ie. those nolse sources which can bs
minimized with good laboratory practice. It ks

wiarrwhila fo ook at whal might ba a typical noise
the

spectrum  encountared in labaratory

anviranmant:

Soma of the non-essential noise sources appear
in this specirum as spikas an tha indrinsic
background. Thare ars saveral ways which these
noisa sources work thair way into an experimant,



Capaeltive Coupling. A woltage on a nearby
piece of apparatus (or operalor) can couple 1o a
defactar via a stray capaciancs. E‘ﬂir
may b vary small, tne coupled In noise may st be

langar tinan & weak exparimental signal

To estimate the noise current threugh Cgray Into
the dtecior wa here

| - c““m @Y = WCxrayVnoisa

whara a reasonablea appradimation to Ema?{:un
be made by treating it as parallsl plate capacitor.
Here, w is the radian frequency of the noise
sourca (perhaps 2 = @+ BOHZ ), Vi, IS the noise
vollage source amplilude (parhaps 120 Vac). For
an area of A= .01 m)2 and a distance of d = 0.1m,
the ‘capaciar’ will have a value of 0,008 pF and the
rasulting noisa currant will e Thils. e
currant is about 4000 limas targar than the most

gansilive currant scale thal s avallable on tha
SAS10 kock-in.

Cures lor capacitive coupling of noise signals
includa:

1) removing of Wwrning off the intertering noise
SOUNcH,

2} méasuring vall with low impedancs
impedance
sources 10 raduce the eflect of g,

3} instaliing capacitive shialding by placing both
tha axperimant and the delector in a malal bax,
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Inductive Coupling. Hafe nose couples 1o I
exparnment via 8 magnatic fiald:

A changing cumant in a nearby circult gives nesba
a ing miagnatic fisld which induces an amin |
the loop connecling the delector io iha
expariment, (emi = d@g/dt) This & fkea
franstormar, with the experiment-detectar loop &
the secondary winding. )

Curas lor inductivaly coupled noise include:

1} ramoving or furnéng off the intardaring noise
SOUMCE [dl%ﬂhdnlhmhuiam:ﬁnﬂ
slatian),

2) reduce the area of the pick-up loop by using
twisled pairs or coaxial cabias, or evan twisting the
2 coaxial cables used in dilarential hook-ups,

3) using magnatic shielding 1o praven! (he
magnatic field from inducing an emi [af hi
irequencies a simple melal enclosure
adeguala),

4) measuring currents, not voltages, fram high
impedanca axpariments,



Resistive Coupling (or ‘Ground Loopa’).
Curmrants through comman connections can give
nea 1o nolsa vollages.

s pemsit BEERCTON

)
=4

A S A A S S S S A S

Hara, the delecior I8 measuing the valtage acrosa
the axpanmeani, plus the vollage dus to the noisa
currant ing throwgh the linde resstanca of tha
ground bus. Is problem arises because we
have usad t'lul'.nl:;#l'.‘l'l'l'r:mﬂt graunding .pE;ﬂ: which
aro not al o iha sama potential. Some curos
far ground bop problems include:

1} grounding everyihing fo the same physical
point,

2) uging & haavier ground bus to reduce the
potendial drop akng the ground bus,

3) remaowving sources of large curments from ground
winss used lor smal signals,

39

Microphonics provides a paih for mechanical
noise to appear as electrical noise in a circull or
axpariment. Considar the simpde Circult Dekow:

. LT L A

B s o —— zg
j -

mcwhanmﬂimnmmhuaiumh:nm
its geamalry o machanical vibrationg will cauze

this cable capacitance o vary with tima. Since
C=0N, wa have

Cy+VEG =g =i
a & 4

a0 mechanical vibrations will cawse a diict which in

tum gives rise to a cumant i, which will alfect the

w. Ways to aliminate micraphonic signals
uda;

1} aliminate mochanical vibrations,

2} tia down exparmantal cabilas so thay will nod
sway to and fro,

3} use & kvw Moise cable thal & designed 1o reduca
microphonic affects.

Thermacouple Effect. The eml crealed by
dissimilar matal junctiens can giva nse 1o many
microvoits of dc potential, and can be a source of
ac nedze i the temperatune of tha junction is nol
hald canstant. Thia affect ia lange on tha scala of
mary kw leval maasuremants.



pendix B:
Introduction to the R5232

The “A5232° i a standard for bit seclal
as data communication. The standard
dafings tha format for daia fransmission, the
elecincal speciications bor the signal levels, and
the machancal dimansaong of connacians.

Ciespile ihe dadindion of a siandard, there are sa
many permutations of control lines, dala formals,
and fransmisskon , Ihat two RSZ32
devices jo communicals usually reguires S0me
wiork.

In this seclion, we will provide some basic
idermation 1o ald you in conneding your R5232
davice 1o the SARS10 Compuier Imenace,

CASE 1 - Tha Simplest Conligurstion.

DEVICE "N LEVICE ‘B
ore 1y | 3 cur

B ’
— |
im this case, one wirs is used 1o send data from
davica A 1o device B and anoiher wire s used o
sond data from davice B to davice A, Motica tha

wing link. Tha terminal is a DTE and the SAS10E a
DCE. To operate correctly, the SA510 and tha
temminal meei have the sama saiti for baud
rate, parity, and numoar of stop bils. ool
lings In the RE232 Slandard, which are used lo
indicate that a device |s ready 1o accept data, mus
akso be connacled correctly at tha tarminal end.
the terminal responds 1o a contral line, it will
baliava that thae SR510 = not mady 1o accapt data
ibecausa the ling 5 nol passed In this sxampla)
and will tharatore not send any dala,
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CASE 2 - RE232 with Coniral Lines,
CEVICE A
DT s -

M

&
3
[ 4
CTE =
oTR |52 3‘?*

DEVICE B
3
aut
15
OTR

OTE PGE

Tha data limes are the sama as in Casa 1.
addition o tha dala lines, ihém are two o
ines usad:

CTS-Pin5
*Claar to sond” & a signal assered by the DCE
iall tha DTE that tha DCE & ready to recabe datd

CTR - Pin 20

“Data Tarminal Ready” is a sgnal asserted by
DTE to tell the DCE thal the DTE is ready &
raceive data.

The SRS10 responds to the coningl lings &5
{oliows:

1) M the lines are nol connected, the SR55
psamas lhal you are raady o recave data.

2] Data will not ba transmitied fram e SRI10E
the DTR lina (pin 20) is low. This is useful in fe
Ease whan your program s nol yet neady 1o recess
data, W dala transmission bs not sespandad, Bin
data may ba ovenaritten in youwr compuie’'s
{as i s not baing retrieved by the program and
will b losL.) When this happans, the ‘over-rue s
willl b st In your computer's UART and § may &
recognized by the operating sysiem, genastng
an arror mesaage such ag "I'0 Davice Emor® (S
tha “W" command in the SA510 Command List fer
anathar way o slow data ransmession. )

Baud Ratla

The AS232 baud rate of the SAS10 & swilcs
salactable from 300 to 182K baud (988
configuration switch selting in the fronl of s
manual.)] 19.2K baud means that dafa &
gransmitted & 19,200 bite'second. Wilh one sl
bit, 2 stop bilg, B dala bits, and no parnity bis. sass
ASCI character requires 573 pEec o W
transmitted (11bits19.2K baud.) Tha typical
giring has 7 charactars, requirng
msac 1 be sand,

Stop Bite

Ganerally, salaction of 2 shop bits will regult n
fewar dats transmession @mars.



Farity

Tha Parnity bit provides a check against fauky data
transiar. |t & nol commonly used in ocal data
ransmission envirgnmends, If the parily oplion i
palactad, the SAS1D will tranamit 8 data bils and a
parity bt, howaver, no party check of incoming
dala s done.

Voliags Levels
Tha RE232 uses bipolar voltage lavels:

+15¥ —
‘Epace’

Bircary T or Stari B iF Deta Line
g Asserie] o 0w Slabe f Canrod Ling
B, V', p—
- —
Bk
Biagery "1" ar Stop B f Data Ling

AR — Inhilet or "06F o Contad Ling

The confrod ines usa positive logic. For axample,
tha DCE teds the DTE thal it is clear to send (CTS)
byphwu:##ﬂﬂmmsnflhu interlaca,

imilarty, the DTE can tell the DCE thal i is el
ml:rrpla-:irq-avucmmmmm}nl tha

The data lines, ping 2 and 3, use negalive logic. A
‘zano’ bl & reprasanted by a positive valtage and a
‘one’ bil s reprasanted by a negalive voltage. A
slant bit is a positive voltage and a slop bdl is &
negalhve vollape. Data is transmitted with tha leass
signilicant bl first. The latier 'A’, which has (he
QISEII code 41H (0100 0001), would appear as
lows:

o et e —————————=]
o

If a parity opion was selected, the panty bl would
be sant afler the Bth data bit, but balore the lirst
slop bil
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Final Tip

Whean you are trying o gat the RS232 ta work wih
your compater, # is helpiul to ba abde 1o
‘savesdrop” on the RS5E32 data limes going
batargan tho SRS and the computer. This can
be done with an ASCH RS232 ferminal and tha
folkpwing connecior;

o= El
e i — i g
SO TOR i
pa pn Eor Sam
FRT T = ke o
B Gormman = BALYE
ol L

Tao 185t the connectar, place the hook ¢ip an pin 2
ol e sama connecior (shorting pin 2 ta pin 3.)
Mow, when you type at the lerminal keyboard, dala
franzmitied from pin 2 s received at pin 3 and
displayed on the larminal screan. To usé as a
d&h.ngigm attach the hook clip to eithar pan 2
ar pir thir R5232 cabla on tha SR510 1o show
gither data sent ram the Computer of the SAS10.
The baud rase, panty, and stop bils of the terminal
musi match thosa ol the SAS10 and the
comgutar, If ruurtarrnlnﬂ has a made which will

display control characters (such as carriage returns
il'l:IIJI'!fﬂﬂEEI i s helptul o operate in that mode.

A wariand ol he "cavesdropping’ approach is
diagrammad balow:

With this cable arrangemaent, the ASCI termina
can listen io the cala passing In bath directions.
Tha anly drawback is that the terménal will display
garbled data if both devices transmit data al the
sama tima.



Appendix C:
Introduction to tha GPIB

The |[EEE-488 Standard specifies the voltage
levels, handshake requirements, timing, hardware
details, pinout and cennecior dimersions for & 16
line, bit paraliel bus. Many instrumants may be
connecled in seres to communicate aver the
same cable. Because the bits are passad in
peraiigl, the GPIB i fagtar than (ha FS232

The controller (generally your computar)
coordingles data transfer on the bus by
dasignating all participating instruments (including
itself} as either a talker or a lislener, Listensrs can
recend data placed on the bus by the Talker
Devices can have the capacity to operate in eithar
mode. The address of each device is set by
switches in the device and must be batween 0 and
30,

Bus Descripiicn

Byle Transfer Control Group, This consisis
of 3 negative logic lines that implement the GPIB
handshaking. The MRFD (Mot Ready For Data) line
ia held low by any designated Estener who is nat
ready to acospl data. When every lslenar is ready,
the line goes high and the talker may release data
ta the bus. After data ig on the bus, the talker pulls
the DAV [Data Valid) ine down. Al this point, sach
listener relriaves the daia. Before and during the
retrieval of the data, the listenar hoids tha NDAC
(Mo Data Accepted| line down. When avery
listenar has recaived fhe data, the NDAC line goes
high, allowing the 1aker to release tha DAV ling
high. Finaly, ihe listener pulls down the NDAC
line until anciher transfer is initiated.

I T —

Data Bus: There ane aight data lines which @
negative logs: and pass the bits of each byle
paralial,

General Interface Lines: These flve i
operate independenily o the handshake bh
and use negative logic.

1) Tha EQI (End or Idantify) line is used by
faker to designate the end of message.

2} Tha SRO (Service Request) line is used by ar
device 1o ask for servica. The controller can serm
poll each device |each device retums an 8 b
status byie) o determine who needs attention,
can aleo do a parallel poll using tha ECI and ATI
ITEIH‘.! where sach device iz assigned a single dat
ne,

J) The ATH {Aftertion) line makes both takers an
listeners accept information and passes cantral ¢
the DAV line b thi confroller. This line & used B
the controller 1o identity takers and liztersn
ihnugh thair addresses,

4) The REN (Remote Enable) line changas th
status of an instrument from local to remote.

5) The IFC [Intertace Clear) ina clears the bus of &
dada and activity,

Thawgh GPIB Is a very powardul irferdace, sthic
profocal must be observed for it 1o operat
successhlly




Appendix D:
Program Examples

All ol the program exampas which follow do the
sama thing, only the computer, language, or
interface I8 changed, The programs read the
Output and write the result to the computor
scraan. In addflion, the X6 analog oulput por Is

rampad from 0 io 10V,

Program Example 1:
IBM PC, Basic, via RS232

in this exampla, tha |BM PC's ASYNC port (known
as COM1: of AUX: to DOS users) will b used o
communicala with the SR510. Only two wires
betwean the [BM PC's ASYMNC pon and the
SRA510 are noeded (pins #2 & #3 of the AS232),
but pine 5688 and 20 should be connected
txgether on tha connector at the IBM and.

lo ' EISAPLE PROGFAM TO EEAR THE SRS1L CHTPUT AMD RANP THE 14 AMBLIG DUTRUT
M USInG 1EM PL BASICA AMD THE COM1: B5232 FORT.

-

K

" (W THE AEAR FAREL OF THE SRSL0, SET SWITCH W) OF SWZ GOdN

& " BAQ ALL OTHER SW[TCEES W 382 UP. 49800 BAUD, M3 PRRITY)

o

B0 OFEM “COME:3600,M.8,2,55,05,00° A5 M
T ° GET UP CORMi: PORT T 9400 BALD, Wl PRRITY, O BATa BITS, I STOP BITS,

Lo [SWCRE CT§ (CLEAS TO SEWDI, DEA cBATA SET EEADY),
i - BHD [0 (CBEIIER DETECT).

O

130 FRINT BEY " 'CLEAR UAAT Br SEMDING SPACES

140 PRINT M,°0" ‘RESET S&510

150 FOR 1 = 1 7O 2003 MELT | "MAIT FOR RESET TO FINISK

160

Mp= ‘IHIT 1& DUTFUT TO ZERD

10

190 PRINT ), 0" ‘BEAD QUTRUF

20 InPUT L,V "INTE W

e

2% PRINT DUTRUT = *;W1

15

0T =T oe 0008 ' IACREMENT 18 OUTPUT BY 1.5 Av

OF 010 MEN T =@ ‘RESET [k RaAP

260 PRINT B, LSING *5&, 00 604°)1 'SET Lb DUTPUT WOLTASE
e

280 EOTO 190 ‘LODP FOSEVER
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Program Example 2:
IBM PC, Microsoft Fortran
v3.3, via RS232

Maching la roulings to Intarf ta ith To usa these routines, the e Tor232.inc" (alsa ¢
COMY: RS232 pad are provided in the fde the SRS65 disk) must ba 'included in If
RSZ32.08J Iﬂfgﬁ an I:l'il SRs65 dil#.“ ETEE.E FORTRAN sounce.

routings aliow for simple interfacing to 1

ai 18.2 kbaud from FORTRAN programs. Oindy two wires batween the IBM PC's ASYNC pe

and tha SR510 are neaded (pins #2 & #3 af it
RS232), but pins 568 and 20 should b
connacisd bogather on the connector al tha 1B

and.
tstorage:l
firclude: “fordIl.ine'
£ tor232.ine mist be incluted to call sebroutines ie BS332.(8J

L link with RSIXI. 080 fan SE365 disk

L RS2, 38 defines:

E imt

c initralizes [OML: to 19.2 Wbaud

] bastr (strl  str s a string tersinated wmth ‘¥

L tramcaits str to COAL

4 rostr istri str sust Be oeclared with Dengls of |3 o gredler
E Fills str with sbring recevwved §rca COAL:

4 1 and error opoers) socom 16 called.

£ Hogom sheuld be a FORTRAN ssbroubise in your progras.

progria test

characieridd siri,sird

s Exasgle progras bo reed Lhe SR3DY oufpuls und rasp the
€ Ib analog cutput wsing Microsoft FORTARN w1.1 ant the
£ COMI: port. Set all ssitchas a1 3M2 Eo UF oa SR3I0
4 for 19.2 thaud.
[ 4 inttialize COML: port to (9.0 kbaed
call inat
[3 sel charscber wanl infersal Eo pero
call toshri whd’h
4 reset [b to zero
ibel 0
£ rivid culput mts strieg varvakle stri

el call testri‘gé’)
gall rostristrid

4 cofverl SLring variable Lato redl variable vl
read (RErj, d000F wl
1940 format Chag 10,00

] priat resalis to screem
wribeld, 20601 wi
2000 forsat [ Dutput §=" B16.31
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Program Example 2:
IBM PC, Microsoft Fortran
v3.3, via RS232
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RS232), but pins 568 and 20 should b
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and.
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L RS2, 38 defines:

E imt
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L tramcaits str to COAL

4 rostr istri str sust Be oeclared with Dengls of |3 o gredler
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progria test
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s Exasgle progras bo reed Lhe SR3DY oufpuls und rasp the
€ Ib analog cutput wsing Microsoft FORTARN w1.1 ant the
£ COMI: port. Set all ssitchas a1 3M2 Eo UF oa SR3I0
4 for 19.2 thaud.
[ 4 inttialize COML: port to (9.0 kbaed
call inat
[3 sel charscber wanl infersal Eo pero
call toshri whd’h
4 reset [b to zero
ibel 0
£ rivid culput mts strieg varvakle stri

el call testri‘gé’)
gall rostristrid

4 cofverl SLring variable Lato redl variable vl
read (RErj, d000F wl
1940 format Chag 10,00

] priat resalis to screem
wribeld, 20601 wi
2000 forsat [ Dutput §=" B16.31
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Program Example 3:
IBM PC, Microsoft C v3.0,

To use these reutinas, the large modal friest bis

via RS232

Machine langu routings to interface 1o fhe usad. Comgila with
COM1: HSEE;WWH arg provided In tha il RS232.08J.
AS232.0BJ lound on the SR565 disk. Thega
mmmmwanmmmmmm Oinily twio wires ba
.tiﬂzhhunﬁmncmnﬂrm and the SR510

the /AL switch and link wiy

mmﬂulHHPE‘aAE\'NEp:u.
(pins #2 & #3 of iha

RS5232), but pins 5.8
wannectid togaether an 1

and,

kinclude {stdip b}

] Compile with 3HSC Program name/al;
Link with RSZIZ.000 (on SR5S i gk b
RIZIZ.08J defines:
imid b
taitializes COMI: to 19,7 bbaud
Eritr igir)
thar iy otr sest tersisate milh ' char
wands sbring str te CONj:
rustr (str)
Ehar tstry  str sest be declarsd mith 1% characiers
Wosare Langth,
fills str with SLring received froa CONjp

TF a8 srror accurs, your proceure rcoail b8 called,
Moconl) sust be 3 € precedars in FOUr pregran.

Exasple program to resd the ERSLO mutpubs and Fiag the

B anileg outpyt ueing Microsoft C w30 (lurge sodel} asq the
COMI: port. Set all switches in Bl te UP =n RSO

for 19.7 baud,

1
min ()

§
char strifol, stritie)

float vl
imst iy 4 imit COML: port to 19,7 khaud &/
Begtr (wid*); /% 58t character interval to 0 4/
ERE R H
while (1]
{
bastr (*y371y /% read channel | oubput s
Fastr [stril; 0 inta strl w)

Sscaaf (sbriy "E6°, W1b; /4 scan strl tor 2 Hlsat varinle

46

A and 20 should be
he connector af 1he (B4



o = 0025, I iacreseat b oalput By 2.9 W o
il f2 = 00 1= iy

ggrantf istr2, "1s,L64°, zb; Mt make wb coamard siring b/
Leskr (stril; 't vl nh Colmand o/

I8 priot resulls Ea scresn &
priotf ("Output = T10.38\v*, vl
|
1
Bk P S R DR R R )
s
/¥ error handling rowtine goss here &/
{
pristfi"REZE2 Timeost Errorin®);
putch (Tl
ik 113
b
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Program Example 4:
IEM PC,Microsoft Basic,
via GPIB

This program reguires the Capfal Egquipmend
Corporaion GPIB card for the 188 PG or XT. It has
firrweara in ROM to interlace high level anguages
io the GPIB.

Subroutine calls in Microsolt BASIC are done fo

in this program, the GEC card's ROM stans al
QCODM0H, the systam controlled's addrass is &1,
and the SR510 has been assigned as GFIB
address

To monitor ihe GPIB activily with an RS2

tarminal, SW1-6 ahould ba down, and the ASC
terminal should be attached ta the rear pans
RS232 connecior,

memary localions by the name of the
subroutine, The address is relalive o the
segmani address specified by the DEF SEG
statemeant preceding CALL.

10 °  EIARPLE PADGRAM TD REAS THE SRSID QUTPUT AND RASP THE @b GMA 06 DulPUT
ISESE |EM PC BRSICA RMM THE [APITAL EQUIPAENT CIRP. BPIR INWTERFACE CAR0

[N THE SE310 AERR PRMEL, SET SWITCFES #4 ARD Bb OW SWi TO [dwe (DPEVICE
" KRDAESS = 23, REIST ECaD OWh AWd SRITCH & © ON &2 TO COWW (RSZID EALD
4 BATE = 95001, ALL OTHER SMITCHES SHOULD BE UP.

WOEE THAT THE ®S2ID ECHED 1S5 FOR DECUGHING AND DEMORSTRATLOM FUERPOSES,
UADER MOAMAL COWS[TI[MS, SwiTCH § & OF 381 SHOULD BE UF SIMIE THE R523Z
100 " ECRI SLOWS DDWM THE GPIR [NTERFACE.
i1g -

120 BEF LEB = CHCGO0

EEZEEEEERE

'BAEE OOFESS OF CEC CRRD

130 INIT=d: TRAWSMIT=1: RECW=§: "RODRESZES OF CEC FURE MARE ROUTIMLS
145 AODE=11: SYSI=0 "COMTRELLER RDAESS

1506 INT% = “IFC UKT UL ATH LESTEN 23 DAT& 1" 13*

18 °

17 OF = "IFC BTA LISTEM I3 DAT& Q" 13"

180 Ted v “[FC NTA LISTEN 21 BATH “L,°

199 LIS = “[FC iWT UML ALA TRLE 25*

0 *

il

120 CALL EmITCADDET,5SFPERI “INIT CEC [ARD

T30 CALL TREWSNITIINIS,STATUSY) "RESET SRSTD

240 EOBUB A0 "CHECK TRANSHIT STATUS

5

b 1= 0
im -
2B% CALL TRAMSALT (RE;ITATUSEH “EEAD DUTPUT
290 EIEIE 540

106 BOTUE 450 'EET REEILT
I8 Wl = VAl ANSE] 'ENTO Wi
T

b4

H PRENT “DITRUT = "1

150

Ml I = 0+ 0000

IM IF 100 TRER I = 0
354 I§ » LoF ¢ STRECE) = = 15°
S CAHLL TRAMSELT |08 STRTRETI
4 GIELE H43

LI

428 GOTD 280  LAOF FOREVER

“INIT T OUIPUT TO ZERO

' INCRERENT Lé OUTPUT @7 2.2 Y

"RESE[ ARAP
‘RREE 14 COARGMD STR]NG
"BET WEW Ib YOLTAGE
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LRI

g4 ' EET AW AMSMEK STRIWG FROM THE 5SH3M0

450 CALL TREASMITILLSHE, STATUSLI "ARKE SRG30 & TALEER
44l HISUE 540

AT MaSE-GPRCLE110! ‘THIT AMGMER STRIME
480 CALL RECW{#M5$ LENGTHL ETATUERI ‘READ RESULT INTQ ANSE
%0 BISUR 40

500 RETURN

519

i’

5% °  CHECE STATUS OF LAST TRANSHESSION FOR ERRORS

540 IF STATUSI=O THEM RETURM  “STRTUI OKAY

550 PAINT "STATUS CODE = *jSTATUBI; " N GPIR: EREDE"

40 STOP
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ram Example 5:

HPgS

via GPIB

K=0

OUTPUT 71& 3 “@"
ENTER Ti& 5 Wi

DISF "OUTPUT = = ; Wi
K =¥ + 0025

IF Xx10 THEN X=0
OUTFUT 714 3 "X&,";x
GOTD 20
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ﬂ SR565 v2.00 IBM PC Software i

Containg licensed program materials of Metagraphics Software Corporation
Copyright & 1988, 1947 Metagraphica Sottware Corporation, Scotts Valley, CGA 95086

Introduction

The SRS585 Lock-in Data Acquisition soltwarne
package adds a new dimension to your SR510
lock-in amglifiar. With the SR5E5 you can easily
acouire, display, and manipulate data from your
bock-in amplifier Jil"ﬂn:rll:I an your personal
computer. The SASES has basen extanshaly
jasted and can be running on your computar in
just & few minutes. And since the source code for
ihe SASES program is available {for a nominal
charge) you can modify the program o inclade
any mm::lal faaturas that may be required in your
application.

To halp familiarize yourself with the program we will
gulde you through & delalied ezample which
illustrates many of its features. In ordar to follow
the example, you do not have to connact your
computer to an SR510; the pragram is configured
whan shipped in a special demonsiration mode
that allows if 10 be used withow an SR510. Of
course, you won't be able to acgquire any data in
this made, bul wa've provided a data file on your
program disk to a llustrate some of the SA565's
graphics and data manipulation capabilites.

Bofore starting the example please read the
saction belvw which describes tha few simple
steps necessary fo get the SRSB5 rumning on
YOour compuier,

Hardware Environmant

The reguiremanis for nunning SREES v.2.0 are as
follows

IBM PC/XTIAT or compalible
S12kDyies of RAM
COE 2.1 ar higher (3.2 I8 supparied)

Whan using tha SRE85 with a PC or PCIXT it is
strangly reccamendad that an B0ET numenc
coprotcessor be included in the systam. Use of
the copracessar will significantly imprave program
performance with these slowar computars

To connect your computer 1o the lock-in amgiifiar
you'll alse need one of the iollowing:

RS232 port (COM1: ar COM2:)
oF
Mational Instruments GPIE card

g |

or
CEC GPIE card (either version)

A wide variety of graphics hardware 5 supponed
by the SASES program. Amang e many graphcs
cands supported arg:

ATET DCB

ATET DEB

BM CGA

IBM BEGA

Sigma Dasigns Colar-400 Card
arculas s Card

H Graphics

STB Graphics Plus-il Cang
Tecmar Graphics Masier;
Viega Videa-T Daluxs
Wryse-700

IBM PC-32T0

Everex Edge

Of course, the resolution of the screen display and
the program's use of color will depend on the

particular graphics hardware in uga.
Software Environment

Belore rurreng the SASES program it s necessary
to imstall bath the graphics driver and tha prirar
driver. These taa programs ara located an the
SR565 GRAPHICS DISK. To load the peinter
driver, type PRTSCRN<tr=, Once the primer driver
is loaded, you can obtain & hard copy of tha curment
scroen display by pressing <Shift-PriSc=, The
fallawing options may be specified when loading
the printer driver:

PRTSCAN N
PRTSCRM /2
PATSCAN /n
PRTSCHMN /i
PRTSCAM A
PRTSCAN /p
PRTGCRAN fs

LUse LPT1: pringer
Usa LPT2: prinfar
marmal video

irvarse video
"landscapa”™ made
“porirail® mode

show options in ellect

Tha PRTSCRM program may be ra-sxacutad al
any tima 1o change the options in efect.

The graphics driver provides a hardewars
Indepamdent interface batwean ihe program and
the various graphics cards thal may be present in
tha system. To install the graphics driver, type
METAWNDD=cr». & massage will be displayed
canfirming that the dhver was succassiully loaded.



Because the driver occuples abowl 100K of RAM,
you may wish 1o remove the driver at same poim
after it has been loaded. To do this, type
METAWNDOVK<ors

The graphics driver makes usa of the font files
[SYSTEMTT.FNT) Tound an your SASEE graphics
digk. Maks sure that thess font files have been
copled to tha drive and directary iram which yau
will ba running the SRSES program:

To run a program that makes use of the graphics
driver, simply type the program name, as you
wauld for amy othar program.

(Mote that HGC FULL, VIDED, and
PANSAS are no longer necessary. In no
cags ashould you use thesa sarlier
rograms] METAWNDO and PRTSCRN can ba

Before you run SR5ES v.2.0 for the first tme you
will nead 10 run the SRSCON configuration
progrem. The SR565.CFG file produced by
SRS5CON and uvesed by SRES5 v. 20 i
incompatibla wilh tha file used by earlier varsions.
You must rerun SRESCON before attempling fo nun
SA5SES5 v, 2.0,

Ta run SRECOMN (after instaling METAWNDO ard
PRTSCRAMN), simply typa

C> SRSCON

The program will attemnpt ta determine (he current
graphics avironmenl and dsplays this information
on the screan. W the information displayed Is
cores, lype <Entersto continue. If not, type <Cii-
C= to abort the program and rerun SRS5C0M with
oné of the following switches to lorce 1he comed
graphics anvirgnmant:

ed i your AUTOENEC BAT fila,
SRASCON/A ATAT Graphics Adaptcr
FA: ATAT ics Adaphor
A2 ATAT Display Enhancement Board (DEB)
JA-3 ATAET Display Enhancemend Baard [DEB)
ic IEM Caolor Graphics Adaptor [CGEA)
VR IBM Color Graphics Adaptor (CGA)
D i ign Cclor-400 Adaptor
E Graphics Adapior (
e IEM Enhanced Graphics Adaplor (E:
EA IBM Caraphics
E4 IBM Enhanced Graphics Adaptor (ECGIA 126Hb)
fES IEM PS/2 Vidao Graphics Array (VGA)
E6 IBM Enhanced Graphics Adaptor (EGA)
E7 IBM P32 MuliColor Graphics Amay (MCGA)
M Harculea/AST Monochrome
L Tseng Labs EVA4ED or NEC GB-1 Adapior
L] Teshiha 3100
5 STB Graghics Plus-|| Adaplor
fai STB GraphicePlus-|| Adapior
53 STB GraphicsPius-Il Adaptor
55 BTB GraghicsPlus-Ill Adapbor
T Tecmar Graphics-Master Adapior
T Tecmar Graphics-Master Adapior
2 Tecmar Graphics-Masier Adapior
T3 Tacmar Graphics-Masier Adapior
T4 Tecmar .
A Video-7 Vega Deluxe or Quadram ProSync
| Video-7 Vega Deluxe or Quadram ProSync
N Everex Edge Adapior
M Everax Edge Adapior
N2 Everex Edge Adapior
ﬂi Hﬁ'ﬁ&mﬂ?ﬂnﬁaﬁiﬁ ¥
4 ZT0PRPC
5] IEM 3270 PC

G040 2-cobor
B4l 00 2-calor

Gdlz 200 16-color.
B40x 400 16-cakar,
BACx200 2-podor,
B40200 2-calar,
E40x400 16-cokar.
Gl 200 16-color.
640x350 monochroma.
B40u 200 16-cokar,
B40x350 16-cokr,
B40x480 16-calkar.
B40eAS0 2-color,
G40x480 2-color.
T20x348 monachram,
G40x480 16-cakar,
40400 monochrama,
B40x352 manochrama,
B40x352 maonochrom.
Ba0x200 4-color,
B40x400 monochroma.
Te0=x352 monochrome.
T20x352 monochrome.
T20xT04 monochrome.
400200 16-calor.
B40x400 18-calor.
B40x480 16-color.
ad0ud80 16-color.
B40:200 16-color.
B40: 200 16-oakar,
B40x400 4-colar.
B40x400 monochrome.
B40x400 monochrome.
T20x350 monochngme.
Telxd50 monochname.
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Mote that the SRE5ES pragrams will ua only on
graphics cands with horizontal resolutions of 640 or
720 pixals. TheSRSE5 requiras a horzontal
resokution of at least 640 pleels. (1. the CEA muli-
color modes ara not supparted)

It the program sppears 1o ba mnnl@hut no laxt
dppears on fhe screen, you probably have not
transiemmed the FNT files from the graphics disk to
the dalaull direciory from which you are runining
the program. Thaesa font files must be present for
tha program o run normally!

The SASCON program should now display the
correct graphics information. Type <Entars to
confinue with the program. Whan SRSCOMN
finishes, A produces the fila SR565.CFG which
contains tha configuration information for the
SR585 . Tha SRSE5.CFG like must abuays
be on the same drive and direciory as the
SRS5E5.EXE file when the SR585 progam i run
m}m can be _usng m H;Etl'inllr miadification
1 1) YOU are using of YOu are
GPIB and you hawve lefi the h'l:"id:hmaﬁunmrni:.lgr
GPIB card 56t 1o their defaull values, W tha VO
addresses (not the GPIE addresses) have baen
changed from their defauli values, you will hava 1o
further adit SRS65.CF3 as described bedow.

Ahter runming SRSCOMN ghould connect ainar
the GOM1: port or the GPIB por on your computer
1o the corresponding connecior on the back panel

ol your SAS10 with sither @ GFIB cable or a
standard (NOT a rull modem) R5232 cable, If
you're using AS232 you should set the baud rate
ol the lock-in fo 19.2 Kbaud. This is done by
ming all 1he switches of SW2 on the back panel
ol the SRS10 10 the “up” postion. Il you're using
the GPIB, you'll have 1o sat the lock-in addrass 1o
the value you selected using SRECON. The GPIB
address is 581 using switches 1-5 of SWH1 on rear
panal of the SR510. Also maka sure that switch &
o SW1 is in the "up® pesition to turn off the GPIB -
AS232 echa.

The SR565.CFG Flla

Unlike previous versions, SA565 v. 2.0 uses an
ASCII, not binary, SR565.CFG configuration file.
This allows the user to change tha configuration
information contained in SASES.CFG with any
Sstandand el editor. The default SREES.CFG fila
& shown balow

2 L] ar 585 G
49152 688 TaF 1
0 15 10 1" 14

The farmat of the fila i ghvan below:
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Lina 1: (format 4id al) Communications card
idantifier, GPIB address for computer (CEC card
only), GPIB talk address for SR510 (GPIB address
+ B4), GPIB listen address for SRS510 (GPIB
address + 32), Default disk drive.

Line 2: {format 4i5) CEC card base address (bath
CEC cards), CEC 1*D address (NEC 7210 CEC card
onty}, Mational Instruments base /D addrass,
Mational instruments board type idernifier

Line 3: (format 5i5) background color, normal pen
WEI. channel 1 colar, channal 2 color, channal 3
Qoar

The communications card identifier is a single
infeger coded as follows;

Identfier Impliag
1 RS-232 COM1:
2 Mathcnal Inatruments
3 CEC w TME 99144
4 Demansiration Mode
5 CEC w/ NECT210
[ RS5232 COM2:
In the case of the Mational Irstruments GPIB card a
further ideniifier i5 ghven on e 2:
IdeniTia Ilielild
1] PC2 card
1 PC2A card
£ PG3 card

All addrasses are specified as decimal numbears
in SAS65.CFG evan though ihe addresses are
rarmaly givan in haxzidecimal. Thus, the base
firmware address for the CEC card, DCODOH, iz
specified in the file as 49,152, Default address for

the waripus GPIE cards are shown below:
Cand Hex Dacimal
Old CEC: C000 44152
{wi TMSG014A)

Mew CEC:

(w { NEC 7210 coon 49152
Mew CECG 1O nZESR [ ]
MWatinal PC2 02B8

Matansl PC2A 02E1

Mational PC3 a2eq

If you have changed the address on your card, you
must edit the SAS65.CF3 e to rellact the naw
address sattings.

Line 3 of SRS65.CFG gives the opporuniy for the



user to change the colors used by the program.
The program assumes color codes lor tha EGA
card. Thase ana:

WF‘JGEI-I-HMHGE

I wou are using a diferent type of color adapler,
exparimant with the color values to arrlve al a
samsfactary dsplay.

Using the Hatlonal Instruments
GPIB Card

Whan using the National Instruments PC2, PC2A,
or PCIII GPIB card, or the IBM GPIB card [shich is
furctienally identical to the PC2A card) you must
specily ceriain communicalion parameters using
the pregram IBCOMF suppled by Mational
Irestnu mens,

Caonsult your GPIE card manual for detailed
infermation on running IBCONF. The reguired
paAMEans an:;

Dervice Mama Sat 1o Tockn'
EOS Byte Sat to OAH (LF)
Terminate Read on EOS YES
SET EQI with EQOS on write N
SET ECH wy kst bye of wite N

Mote that the SAS10's GPIB addrass may be s& 1o
any value as lang as the valus set on the
instrument agrees wilh the value anterad with
IBCONF and SRSCCN.

Running tha Program

You are mow ready to run the SRSE5 program.
Twa wersions of the program are pravided on your
digk, The first, SREE5.EXE is intended lor
systems that do not have an BOBT/BOZBY numeric
coprocessor. The second, SRS6T.EXE, Is
mtenced 1o be used with Systems thal do have a
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coprocessor, I you don have an BOBT/A0ZET
you should save the file SR567.EXE, as acquiring
4 coprocessor significantly enhances the
pedormance of the program. If you do have a
COPIOCREEOr, can renama tha flle SRSET.EXE
SR565.EXE, Eﬂ ilh.l;'ﬂ an::t mﬂ'm anginal nons

coprocessor version under a different name in
casge it g ever neaded,

To run the program, type SREES at the DOS
prompt. | a message appears displaying the
correct graphics al:l.mmr then IﬂJE <aniar= o
mrﬂrw It tha <iir-C=

1o axil the program SHEES lowed by
the appropriale -ﬂriﬂ"llﬂl swilch from the table
gbove. A tile screen will come up giving the
warsian number of tha . After a second or
50, e fitle screen will be replaced by the main
slripchan display screan. |f the computer is
connecied 1o an SA510, the green aciivity LED
should be continually flashing, indicating tha
m;m is communicaling swscassiully with tha

If the the program iz nol furming at this paint,
check tha:

1. ¥ou hava the cormect hardwarg,
{check the list on the previous page)

2. Your computerhas at least 512¥bytes
of RAM. (usa the DOS CHEDSH com-

manch)
3. You have nun METAWNDO and SR5CON

The main display screen has 4 major Esplay areas.
The status bar, a the lop of e screen displays
important status information about the SR510 and
ihe SREES. Tha siripchart diasplay in tha
canter of the screen adts as an electmnis siripchar
recordar whara data from tha bek-in s plated 8z 8
function of time. The virtual front panel,
located at the bottom left of the scraan, alaws the
frant panel Settings of the lock-in 1o be viewed and
modified lrom the compuier, The menu area, &
the bottom rghi of The sereon displays the menu
salections cumently avalkable o the usar |n
CENErE, Aems N iha manu area ane selacied sthar
by pressing the appropriate funclion key Fi- F10
of by manipulating the cursor with the cunsor
cantrol koys on the computer keyboard. Be sura
when running the program that the Mum Lock key
is off; thiz allows the numernc keypad on the
keyboard 1o function as cursor control Keys.

A Measurement Exampla

Agsurming you have the program running, s now
time 1o try an example measurement, We wil
illusirate how the SR565 program can be used 1o
masune tha ampliude response of the SR510%




120 Hz notch filer. 'We'll do this by using the
program io ganerate a voltage ramp on one of the
SAS10's hack panel DVA catputs. This ramp will be
uged 1o drive the VOO input of thea SR510's
intbarmal ascilalor generating a freguncy ramp. (If
you hawve an obder SAS10 withoul the nlernal
pecilator you may use a suitable sxternal VOO
The SREES will plot the cutpud of 1he lock-in as the
frequency is rampad through the the notch fifer at
120 Hz.

Il you are running the program in the
demonstration mode, withowt an SR510, read
through the description ol how daia is acguired
and fallow the insinectiona in the saclion antithed
“Using tha Demo File." This saction will tall you
how 1o recall a Me which cont@ing the resulls of the
messunement desaribed below. | you'ra already
talking io an SR510, loliow the instnuctions balow

for pariarming the example measuremant.

Wa first need to set up tha SR510's intermal
oscillator, Conned a BNC cable from the SR510's
back pamal X8 suiput 1o the VCO input of the
intemal oscilator. Sinca we'l want to scan fram
about 80 Hz-160 Hr and tha range of the SA510s
CvA outpuls |s -10.24 1o + 1024 voits, sat the
inlemal cscillalor for 100HZVoli, Also sel the
oscillatar for @ 0.1 Valt output sing-wave. Connoct
the oscillator's raferance out BMG to the front
pans reference input of the SR510. Connect the
gina oul BMNC of tha cscillatar o the signal input of
the SAST,

Mow press the FS function key o activiate the
lock-In-setup”™ menu. This will allow you to
change the kock-in front panal setiings through
th vistual frort panal. Mote that a cursor appears
nexl fo the senaBivity indicator. To adjusi the
gansitivity of the kock-in use the up and down
@rmow cursor conrol kiys, Mole (hat the sanstivity
i changed both on the computer screan and on
ihié lack-in fronl panal. To change the phase
safting of the SRE10, lor instance, use the laft and
right arrow cursor contred keys to move the cursor
nexi to the phase indicalor on the virual front
panal. The phase can now be adjusted with tha
Up and down armow Keys.

Tha lock-in sattings for the axdarmads maasirsmsn
are stored in & file "NOTCH.LIA® found on your
program disk. To use the fie, press F1 in the lock-
in satup manu we've just amered, The program
will prompd you for a filename. Type ANOTCH
<CH= at ihe prompt. [Replace A: by whatever dive
your pragram disk is on) The virtual front paned, as
well gg the SRE10 front panel, will change to
rlec! the setlings storad im the file, "LIA" files
are a convendgnt way o slore a set of lock-in
seltings thal can be inslanly recalled,
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Hext hil the <Esce key o retum to the main meanu.
Throughout the program the <Escs key it usad to
axit the current function and move upwards
fowards the main menu. When the main manu
amars prass FB in ordes 1o program the SAS10

for our fregquency scan. The program
wlli ask which VA you wish to program; select X5
by maving the cursor over X5 and pressing <CR>.
Eince we wish to scan from 80-160 Hz and (he
ascillaior is sat for 100 HzValt, use tha keypad 19
select an initial voiage of 0.800 Vells, Mote thal
atter this i done the virmual frant panel will show a
frequency of about 80 Hz. Select a final waltage
of 1.600 Volts, a scan time of 100 sec, a single
scan, and a linaar scan using tha cursor keys and
the =CH> kiy. The main meng should new be
visible in the menu aea,

W would like to record two things during our
axample scan; tha i of tha ascillater and
the cutput of the SR510. To select the values
recarded by tha program press tha F3 kay. You
will notice that tha keck-in (danoted by V)
has already bean selectod. To selact fraquency,
mave the cursor over the frequency indicator and
furn & “on” with the wp arrow kay. When you pross
<CH=> nofice that “treq” appears on tha siatus bar
indicating that i is one of 1he valses recorded by
thé SRSES, Tg have tha program plﬂ ll"lql,iﬁr'l-ty
press the "2° key on the keypad A labeled
W Axis will appear on the righi-hand side of the
stripchar display and the status bar will display
“ireq” In reverse vidao indicating it s baing plotiad
as wall as recordad. Each of the recardad valuas
shown on the stalus bar can be plotied or not
plotted by pressing the comespandingly
numbened Key on (e kiypad,

Tha last thing to be dona before actually
beginning tha scan 2 to seals the display, Press
F7 1o enter the scaling memu. Tha will ask
you to salect which one o the guantilies on 1he
siabus bar you wish 1o scala. Select V using he
cursor keys, Pressing F2 now allows you 1o enter
e minimum and maximum «alues deplayed on
the screan. Enter *0° fior 1’“" and "0.2° lor 'fm

The program will rescale the V™ axis and reburm to
the main meanw. Mow try scaling the freguency axis
for values between T0Hz and 170Hz, When
finkshed, you are raady to begin the scan.

Begin the scan by prassing F1, The frequancy
and lock-in autput will be plotted on the sirpchan
cisplay in real time. When the plot reaches the
righlt adge of the screen, tha display will begin 1o
scrodl off to ihe ke, You shouwld see tha fnequency
Imearly increasing (rom B0 Hz b 160 Hz, | will also
be epasy o see tha effest of the noich iBer as the
frequency approaches 120 Hz. After 104 sec the
scan will stap at about 160 Hz and program will



siop laking data.
Using the Demo Flle

i you are minning the program in iha
demonstration made you can ses the data
resuking from the meausremant just decrbed hy'
recaling the file "NOTCH.LID® fmm 'tfu

disk. To do this prass the F4 ke tn main
manu. Press F1 1o recall a lu and type
“AMNMOTCH® at tha fillanama prompt. The data will
appear on the stripchart display, The remaindar of
tha example can now be followed as if an SR510
was connacied 1o the computar.

Manipulating Data on the Screen

Mow scrodl ihrough the data on the screen using
tha left and right amow keya an the keypad. MNote
that tha lima correspanding 1o the lafi-hand side
of the graph is displayed m:rﬂumrtnmult-nam
cormer of the siripchan ¥ou can g

the scaling of the time axis nra-.lah'l:Fﬁdmml
makn manu. Sele: a ilma o 150 seconds
with the cursor, press <CH= and then <Esce to
redarm ta the main menu.  The data & replotied o
reflect the new time axis scaling.

To plot the scan deta in a lorm mare suited for
prasentation, press F2 from the main mane. This
causes the program to amer B5 other main mode
of operaticn, the X-Y mode. Tha *X-¥ mode”
allws a full screen plol ol any of the recorded
quantities shown on the status bar vg. any olher
recorded quantitiy. Select the entire graph using
the cursors which appedar on the screen. Salect
frequancy as the X-axis and V as the Y-
s quantiy. Seleci Inear axes lor baih X and ¥
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and select "yes™ for both "Draw Grid?® and
"Connact Poinls? After a lew seconds, you
ahould see a full screen plel of lock-in output wa.
frequancy with labaled awes appearing on tha
monior. The display should be similar ko the ong
shown on page 53.

Mote the cursor which appears on the title line of
the display. You can move the cursor over the
graph with the kevpad arrow keye, Text iyped at
the keyboand appears an the screan at the cursss
locatian,

MW F1. A pop-up menu will appear in the
middle of the screen. Select F1 to smooth the
data The neise in the original data i3 dus to the
ghor time constant which was used while
acquiring tha dala. Select a 9 paint smooth and
press «CR>, The plol will ba smoothed and
replotied. Mow select F4, The Y-axis wil be
sutomatically scaled to reflact the range of Y valugs
plotted on the screen. |l you have an Epson-typa
prinar conneciad o your computer typa  <PriSe.
2 lo get a dump of the screen on your printer.
iMote thal <PriScs is a single shified characier)
Finally, type <Esc> to remowve the pop-up menu
and <Esc» again to return o the main display
scraan,

The praceeding axample has just scraiched tha
gurfaca of the possible cparations that can ba
?arfurrrad with the SASES. For instance, you can
il limas and exponantial curves io the deta in tha -
Y display by salecting F2 from the pop-up mena,
Take a while now to explore thraugh tha manus
and exparimant with differant salections.
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Stnpchart Mode (above), and X-Y mode (below) displays
of data from the example measurement.
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SR565 Reference Guide

General
The SR5ES is the data acquisition for tha
Stanford Resaarch Syslems SAS10 Lock-in

Amplifier, About T0% of the program is writian in
Micrasofl FORTRAN, version 3.3, The remainder
of the program ls writien in Imel B0BE Assembly
Language. T:I-lpmgﬂmliﬂnlgmdrnhnmn
with the lollowing hardware configurations:

In addition, the program will run, although
nﬂhﬂmﬂhuﬂim with the following
hardeare configuration:

IBM PG or PC/XT or Compatibla withowt
B0E7 Mumeric Coprocassar

in &l cases, af wast 512 Kbytes of mamary must be
installed and the display musi have a horizontal
resolution of sither 640 or 720 picels (508
ndmmjm" for & list of compatible graphics

The Program Disk

SRSGS.EXE: BRAS8S5 program for use on
machings wilhoul & NUMenc Coprocassar,

SREBT.EXE: SASES program for use on
machings with a numernic coprocassor,

SREBS.CFG: Configuration fila for SR565
program. Caontains information aboul
communications hardwane. (Comes Configured in
demo moda)

SRICOMN.EXE: Program for configuring the
mwﬂmmﬁﬂ-“

HOTCH.LIA: Lock-in setup file containing front
panel sattings for the example measurement.

HOTCH.LID: Data file containing results of the
HEAMmpE Mmassuremani

The SRSES.CFG file on tha program disk
monfiguras in a speclal damonsiration maode that
allows the program 1o be run without an SRS10
lock-in amplifiar. You must run SASCON.EXE
ind wspecily the communicallons
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hardware io creals & new .CFG file befone
the program will run with an SR510.

The Graphics Disk
METAWNDO.EXE: Graphics Driver lor SR585

program.

PRTSCRH.EXE: Printar Drivar for SR565
Program.

SYSTEM??7.FNT: Font files for ditferent
graphics adapiers,

Using the SRSE5

The SRSES has two major operating mades, tha
stripchan mods and tha X-Y mode. Data is fist
acquired a5 a function of lima in the stripchart
mode. In this mode the program rasembles an
alecironiz stripchart recordar. Tha X-¥ moda s
uﬂdhﬁﬁﬁﬂ“ full screan plots of the data

mode. Both operating
nﬂduminmmnnﬂlmmﬂmmw
both the data and the display,

Tha program i menu driven and has been
designed so that it can be #d almost entirely
from the function keys F1-F10 and from the
numarc keypad on the IBM keyboard. Actual

Imdmﬂhuhmhptmlmlnmum

selacied and typing <=CR> to confirm the
saloction, (The Mumlock key must be off when
the program Is unning to allw the numers
ke Io lunction as cursor control kays) Tha
key is used 1o exit the curment function and
move back through the tree of manmus in the
direciion of the main menu,

Tha Stripchart Mode

The stripchan-mode display contains the status
bar. the stripchart . tha virtual front panel,
and the menu arad. To dump the contents ol the

o an Epson-ty .
wﬂmr an pe printer, fype

Mot Pull | Locked
& U | 24

The siatus bar, af the top of the display, has hwo
lings. The top line has three status indicalors. Tha
firsl indacalas whathar the SRS6S5 has reachad ils
mamary capacily of 4000 poimsafamray. i 8o, tha
Indicatar will digplay "FULL." Mo furher data

Mo Ovid
I




acquisition is allowed once the arrays ara iull, The
sacond indicates whathar the SR510 is locked o
thié mlarencas inpul. Tha third indicaias whathar
the SR510 i in an ovaroad condition.

Mg ool RS i
- e arg cu recond

tha SA565. Each lunctisn i shown naxt to the
amay number 1o which it comasponds. If a funciion
s cumantly piotied on the stripchan display it &
Ehown on tha siatus bar In reversa video,

The stripchart diaplay, In the center ol the
screen, s the area in which data from the SR510 is
plotted. Up 1o two kbck-in lunctions may be plotted
on the siripchart display al once. Plotling a
funclion involves pressing the key on the keypad
mnﬂnﬂ o tha array numbar of thal

The amount of time plotted accross the siripchan
display k8 variabla from 10 seconds o 4500
seponda. This & controfed from the “Scale X*
. It data acquisiian lasis
will scrodl off to

at tha right
. Mo data Is st whan 1ha

mast impartant iock-in front panad settings can
be viewed on the wirual front panel, at the

threa 5R510 signal

y ara shown in

and in standard video

panal sattings can be

changed through the virtual front panel using the
"Lock-in Setup® selection described below.

F1 Key (Run/Stop): The F1 8 usad to
slart and stop data acquisition. 8 current
Run/Stop stalus of the program is shown in
rvarsa video on the maln manw.

F3 Key (Select ¥): The F3 key is used to
salect  which valuss will be recorded by the
program whan data acguisiton begins. Tha
SASE5 has threa data "amrays® indo which data from
e SAS510 s placed. Each amay has room lor 4000
data points. Eachof the arrays ks associated with &
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particular lock-in function” such as outpul,
frequancy, AD voltags, elc.. When F3 is prassed,

ram displays the 10 possible function
choicas in the manu area. They are:

vl Vector Ampilitude of the Inpul
2 Phase of the ngut Signal Red-

the p

ative 1o the Relerence Signal

'] Mommal Single Phasa
Lock-in oulput.

fraq.  Freguancy ol tha Ralerance
Input.

X168  Voltage &t the § general purpose

DvAs and A/Da lound on the back
panal of tha SR510.

Up o thres luncliors may be selecied al ona tima.
A Tunciion is seleciad by moving the cursor amow
ever it and using ithe up or down afrow on the
h:ﬂad fo tum it an and alf, Whan are
linished selecting, press <CR= 1o irm tha
salgctions. The funclions you have picked wil
appear on the stalus bar next o thair
oo array numbar indicating that thay
are baing recorded. This doas net imply that the
function s currantly being plotted on the stipchar
display. To phot a function press the number on
ihe keypad corrasponding 1o the amay number of
the desired function. The function will now appear
o the siatus bar In reverse video indicating that &
is being plotted. To lum i oM, press the amay
number again.

;r:;m:u:mlﬂunmmm V. V], and & is shown
g following phasor diagram. In the diagram, &
ks the phase angle returned by the SA5ES and 4 is
the phase satting on the SAS10° front panal

RFeference

i i apparent that a single phase lock-in ampdifisr
sech as the SR510 canmnol maasurs the wechr
ampitude and phase of a signal with a singbs
maasuramant. Thus, when asked i record aither



[¥] or @, the program lakes tha lollowing steps

1. Takes .a meauremant at tha cumant
phasa satling. (V)

2. Advances the phase of the keck-in
By Q0F,

3, Waits for a period of about 10
fi e-constants 1o alkw the
k. A-in ouipul 1o sekle.

4, Takas a measurament of the output
al the new phase setting. (Vgg)

5. Retums the phasa ta its original satting.

Tha wacior amplitude and phase of the signal s
then compuled from the guantiies V and Vgp &5
follows:

M= (V2 Vigg?) 12
@ = tar 1 VgyV) + 02

whare (1 is the phase saffing of tha lock-in, Phase
Is abway returned by the program in units of
degraes.

Because the program must wail 8 cenain number
ol tiene canstants for the oulpul o settle each tma
tha phase is swilched, the sampling raie at which
the am can acquire data when |V| or 2 &
salected is related to the time consiant setling of
the instrument. This is more fully expiained in-the
discussion of the FS key. |naddition, the othar
functhan keye, F2-F10, are disabled whila daia i
baing acquired with [V] ar @ selected, You must
first slop data acquisition with the F1 key before
using any of 1he ather keys.

F5 Key (Scale X): This key has two lunclions.
The first allows you to select the amount of time
plotted accross the screan on the stripchart
daplay. This is done by moving 1he cursor over
the appropriate walue and pressing <CH=. An
<Efa> dl 1his point will take you back 1o the main
menu. I you confinue, you can select the data
scquisilion sampling rate by semiling the valwe
displayed with the cursor keys. Tha SRS585
dispiays the sampling rate and tha masmum time
for which daia cam be acquired al thai rafe.
Pressing F1 will causa the program io select a
sampling rate based on the cwrrent (imae consiant
satting of tha SAS10. The pregram chooses the
sampling rate that is most nearly egual to Slima
corstant}. There ane a few siluations whare the
SH565 will overide the usars sebection of
samgling rate or time window size. Although any

time window may be selactad whan tha program i
nol acquiring data, tham & a minimum window size
for each sampling rate that applies whan the
program is acquiring data. If you ey to stan jaking
data when fhe windsw is below this minimum the
ESHSES will rescale the time windaw and dieplay a
message notifying you that this has been dona.

When either |V| or @ have been selected the
samgling rate is limited by the rate at which (he
phaza can ba tegghed which & in twm limiled by
the time constant setting, Thus, when acquidng
data with efther of these funclions selaciad, the
SR565 will adjust both the sampling rate and the
tima window size o reflect the curreni tima
canslant.

i lor ary reason the SASES cannot atquire data al
tha rabe anbered in the FS menu i will simply go as
fast as it can. The achual times associaled wilh data
points may always be read off wilh 1he cursor.
[Sea the dscusson of the cursar function)

F7 (Scale ¥): This menu aliows H‘W1ﬂ5¢ﬂﬁlhﬂ
Y values displayed on the stripchan display.
thara are two arays curranily being plotted l:h-a
program will ask you to salact which ane you wish
to scalp. Use the armow keys to mave (he blinking
cursaor an the stalus har aver ihe array you wish ta
scale, The minimum and maximum displayed
values for that array will appear in the manu area.
Two scaling options are allowad. Pressing F2 will
allow you o explcity enler the minimum and
maximum values for thal array. Pressing F1
“autpscales® the graph. That is, it scans the daia
plotad on the screan and adjusts the ¥ -axig
scaling to appeopriately display the data,

Tha wp and down arcw are used in the
scaling menu 1o “zeom” the ¥ axls. Presaing the
down-arrow kKay zooms 0 on tha Y awis while
prassing the up-armow iy 200ms ouf,

The units and multipher for each array are shown
above the axis corresponding to that armay. In
addition, the SR565 will somatimes display Lhe
message "Origin = <valug>" abave the axis This
will gecur, for Instance W you selest 1.0 for Y
minimum @nd 1.00001 for ¥ maximum. Since
thare is not enough roam on th screen 1o display
"1,000017, the program will label the axis in unis

of 10°% and display the m “Crigin = 1.0°
The actual ¥ value is the sum of the ongin value
and the value displayed on the Y axis.

F9 (Feset Scan): Pressing FS stops any data
acquisition that may be In progress, clears all the
data arrays and resets all 0FA scans o their initial
valuas.
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M= (V2 Vigg?) 12
@ = tar 1 VgyV) + 02
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satting of tha SAS10. The pregram chooses the
sampling rate that is most nearly egual to Slima
corstant}. There ane a few siluations whare the
SH565 will overide the usars sebection of
samgling rate or time window size. Although any

time window may be selactad whan tha program i
nol acquiring data, tham & a minimum window size
for each sampling rate that applies whan the
program is acquiring data. If you ey to stan jaking
data when fhe windsw is below this minimum the
ESHSES will rescale the time windaw and dieplay a
message notifying you that this has been dona.

When either |V| or @ have been selected the
samgling rate is limited by the rate at which (he
phaza can ba tegghed which & in twm limiled by
the time constant setting, Thus, when acquidng
data with efther of these funclions selaciad, the
SR565 will adjust both the sampling rate and the
tima window size o reflect the curreni tima
canslant.

i lor ary reason the SASES cannot atquire data al
tha rabe anbered in the FS menu i will simply go as
fast as it can. The achual times associaled wilh data
points may always be read off wilh 1he cursor.
[Sea the dscusson of the cursar function)

F7 (Scale ¥): This menu aliows H‘W1ﬂ5¢ﬂﬁlhﬂ
Y values displayed on the stripchan display.
thara are two arays curranily being plotted l:h-a
program will ask you to salact which ane you wish
to scalp. Use the armow keys to mave (he blinking
cursaor an the stalus har aver ihe array you wish ta
scale, The minimum and maximum displayed
values for that array will appear in the manu area.
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the selcied quanity wih the up and down armow

kays. Tha SASES will send the appropriate
commands 1o the lock-in o sl the new values.

Moie that the virtual front panel will also reflect any
changes made & the SRAS510. The SR5&S is
conslantly intermogating the SAS10's frond pamnel
settings and updating the vidual frond panel to
reflect any changes. The update rate varies
depanding on ihe cumrend workload of the program
but in no case will [f be mora than 4 or 5 saconds
batwaen the time a from-panel setiing s changed
and tha tima tha changs jppullllru-';l the virual
fresnt pamal.

When phase s salected thera are additional kays
yOU Can use o adjust the frant-panel sating.
i will 2em e phase. <Pglps will increase
the phass by 90°. <Pglhn= will decrease the
phasa by 5107

Tha Lock-in Satup menu also enables you 19
Bccass " LIAT tles. “.LIA™ tiles allow you to siore
an entire 56t of kck-in front panel setiings and
rocall tham at cnce. To use a " LIA" file anter the
lock-in satup manu and press the F1 key. You can
store the cument front panel setlings with the F2
key of recall an existing file of setings with 1he F1
kay. In efher case, the SR565 will prompt you bo
enter a flanama, The sama remarks apply for
artering " LIA" flanames as did for data flas

FB8 [Program D/A): This menu selection allows
you 1o program either of the 5R510's rear panel
DV oulpuis (X5 or X&) Tfor a linear or exponential
voltags ramg. The pragram first asks which Dia
you wish 1o program,  The program nesd asks you
o sel the initial and final veltages in the ramp.
Mote that the progeam will aclualy sel the DiA
vollage o the value displayed on the screan
Thus, # you ans using the DA 1o drive the VCO
input of the Internal oecillator, lor instance, you can
waich the cscillator frequancy change an tha
wirtual irond panal as you sei tha voRages for the
ramg. The SR585 will then ask the following
questions:

Entsr Hamp Timg: Enter the duration of the ramp
in saconds. Typing «CH> causes tha ramp limas 1o
dafault 1o the value shown an the screan,

Eepeat or Single: “Repeal” causas the ramp 1o
restart aach tima it reachas s final voltage.
Sedecting “Single® causes the ramp to erminate,
and will lurn off data acquisitan, atar raaching its
final wolige. In sither case, the scan s
rainitlelized each time “Heset Scan® (F3) Iz
silecied from the main manuw,

Logar or Log. Selecting “Linear™ causes the
wolage to ramp in & linear lashion, Selecting "Log®
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causas the wollage 1o ramp according 1o the
equation:

Vi = Ve
wheara k is detarminad by
ko= ViVl Al

it a log scan is chosen, both the initial and final
prest ba positive. The SASES will dizplay
an grror message i this s not the casa.

Pressing the F1 key In the Program DVA menu
fums the selected OfA scan. The scan will
ramain inacthva until i is reprogramed,

Fib (Other): Prassing F10 causss tha menu
arad 1o display tha “ather” menu rather than the
main menu, The description of the “other® manu
tams are given below,

"Other™ Menu

F1 {3moath): Typing F1 in the “other® madu
allows wou 1o smooth data on the stripchart display.
Adver which myﬂm want lo smoath by
maving the curser on the & bar, the program
will ask you whelher you want a 3-poinl of S-point
emoaih. The smoathing cosfficlentz far the 3-
point smooth are 25, .5 , 25, For the S-point
smoath, the coefficents are .04, 08, 12, 18, .20,
A8, 12, .08, .04, Selsct the appropriale
smstih mathod with the cursor and press
<CR=. Tha program will amaoth and raplet the
gotire array, nof just the portion visibla on the
fo=g

F2 (Printer): Selecting Printer causes the
SHASES 1o plot the conters of the stripchan arrays
on an Epson type printer. Al of the dala will be
thad, not just the portion visible on the scraan,

o abad thie plod type =Eses,

F3 {Calculator): The calculater = a powerful
toal which allows a wida range ol arthmetic
manipulalions o be performed on dala acquined in
the stripchart mode. First select the array you wish
to wark an. I is impartant ta remembar that
operalions with the calculator will aler the data
values stored In the selected avay. Therefors, be
suwre to save any imporant data betore changing it
wilh the calculetor. When an array has been
changad with the calculator 3 *“characier appaars
raxt io i on the slalus bar o remind you that T has
been changed.

Next select the operation you wish 1o perarm an
the @rray with (e cursar, The Dﬁfﬂlw S



the selcied quanity wih the up and down armow
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aray 3 R4  thind data amray

timar 4 timing amay
EQF

Only the number of daia arrays ghven by nrerd are
in ihas e, The timing aray is akways in tha file.

Tha function codes have the iofowing maanings:
Gods Aray Function

= N B LD Ry

of .054%254 seconds.
of the PC's infernal clock).

Source Code

The complete source code for the SRS5E5 is
available from Stanford Research Systems. The
source code dsk also comfaing a brial guide on
how to modify the program to include custom
teaturas.
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SR550 Preamplifier Specification Summary

100 MG + 25 pF
Singla endad or difarertial (swich seleciakla)

250 mV RMS lor ovarload
100 Ve, 10 Vac damage theashold

28 nViHz at 1000 Hz [typical)

3.0 nviiHE at 100 He
10 nvitHz at 10 Hz

Ranga: 1 Valt peak

Rejection: 110 dB at 100 Hz
110 dB ai 1 kHz
0 dB at 10 kHz
70 dB & 100 kHz

1.2.510

Automatically sef by SRS510 or SR530 Lock-in dapending on

full scale sensitivity and dynamic resera.

Sansibity rangas from 10 nV 10 200 mV full scake (axpand off)

1% (2 Hz to 100 kHz)

100 ppir' C

{A) sngle ended (600 £} impadanca)
{B) shieided ground

7T Volls padk 1o Pk

Supplied by SA510 or SA530 Lock-in via connecior cabla.
1V XA X511, 1

One yaar parts and labor on malerils and workmanship.

e |

30

100 300 1K aK 10K 30K 100K

Fraquency Hz
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Saurcs Passtance

Moise Figure Cantour

db
100K
:urr\
[1.1]
m-\
n
100
10 &
10
db

100 10K 100K
Fraqueancy He
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SR552 Preamplifier Specifications Summary

llrpast Impadarcs 100 B = 25 pF
inpuls Single endad or differential (swilch salactabla)

Mazimism Inpuls 7o mV s for ovaroad
Damaps threshold: 20 Vac, 50 Vdo

Moise 1.4 nviHz a1 1000 Hz (typical)
1.8 iVHHz al 106 He
25 Mz a1 10 Hz

Common Mods Rangi: 1 Voli

Aajection: 110 48 al 100 Hz
100 gl af 1 kHz
BO 4B & 10 kHz
60 aB ai 108 kHz

Gain 10,20,50, 100

Automatically set by SR510 or SR530 Lock-In depending
on gensiivity end dynamic resene. Sensitivity Fangas
fram 10 AV o 200 mV lull scate (with expand off).

Nate: Lock-in readings must be divided by 10,

Gain Accuracy 1% (2 Hz 10 100 kHz)
fiain Stabity 200 ppm/C
Cuipuls (Al singla ended (B0 O impedance)
(B) shisided ground
Masimurn Output 10 Volis paak
Powar Suppiied by SR510 or SR530 Lock-In via conirol cabla,
bachanical Size 1.3" X 3.0" X 81"
Waight 1 b,
Waranty Oné yaar parts and labor on materials and woramanship,

1 0 100 1K 1K 10

Fraquasrey o
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Sounce Resistance

Noise Figure Contour

M

Tk e ————————— (]

10K adb
1K

100 — e Adb
10 10 db
1

1 1d 100 1K 10K 100K

Fepauency iz
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Documentation

This section contalns the paris ists and schamatics
for the SAS10 lock-in ampltiar.

The first digit of any part number can be used o
lacate the schematic diagram for the pan. For
example, R415 is located on sheet 4 of the
schematic diagrams,
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Main Assembly
BEFe VALUE DESCAIPTION

BA1

BA2

BT

C 1n
S 102
G103
Ciog
C 0
G 506
C 07
C 108
LRl
ca1
C 118
=Xk
cma
G20
C2
G122
G123
o124
G125
C 128
G127
C 134
C1249
il
G132
C133
G134
G136
C 137
<145
G 148
C 147
o 14l
C 20

G202 1
C203
Gl .
C205 .

CH7 .

G208
G208
can
Can

cz1z2 .

a3

C214 |

G215

C21g |

oAy
C 218

G230 .

G
G
C
Gdog
G0
306

BR-E1D  Integrated Circul
BR-810  Imtegrated Circult
BR-2/34 Batiary

AU
AU
1oL
22P
190P
2P
2200U
2200U
9L
1P
230
47U
22U
2.2
471
22U
1.0U
1.00
22001
2200U
&2l
2
1.0u
1.0U
1.0U
U
oiu
10F
10P

Capacior, Mylan™oly, S0V, 5%,
Capaciior, MylanPoly, 50V, 5%
Capacilor, Elaciralytic, 18V, S
Capaciiar, Cetarmic Dise, 54 , 1A,
Capaciior, Caramic Diss, 50V, 10%,
Capaciior, Cerarme: [Hae, 50, 10%
Capaciior, Electralytic., 164, 20%.
Capaciior, Eleciralybio, 18, 2%,
Capacior, Elec 16y, 20,
Capaciior, Sivar 2800, B3
Capacior. Tartalum, 38V, 20m.. R
Gapacilor, Elestrolytic, 25V, 20%,
Capactior, Tamalum, 35V, 20%,

E:.pu:rl.nlr Tartalum, BE-"-' 20,

E?E

'l:_{'l:
=
e Eitpws

2
Aad
Elecirobytic, 25, 20%,
'L‘-lpal:rh:f Tantalum, 38V, ﬂm. Rad
Capaciior, S1acked Metal Film
E-l.ﬂm‘.ﬂ:-r Hacked Motal Film

E

Capacior, Slacked Metal Film
Capactar, Siacked Matal Film
Capacior, Slacked Metal Film
Capacitor, Stacked Medal Fliim
Capacior, Slacked Meial Film
Capacior, Slacked Metal Film
Capacitar, Stadced Mafal Film
Capacior, Cararmic Disa, S0V, 10%, 3L
Capacior, Caiams Diss, S0, 1006, 5L
Capaciar, Caramic Diso, 50V, 108, 5L
Capacior, Caramic Dise, 50V, 1086, 5L
Capacitor, Caramic D:mc. S0V, 107, 5L

G.u.pnﬂ'h:r Stacked Metal Film
Capacitor, Slacked Matal Film
Capaciior, Stacked Matal Film
Capaciior, Siacked Matal Film
Capacimor, Ceamic Déec, S50V, 10%, 3L
Capacitor, Polpatyrana, S0, 530, Ax
-Ea.pndlnr. Stacked Matal Film
Capaciion, Stacked Matal Film
Capaciior, Stacked Meral Film
Capaciior, Stacked Matal Fim
Capaciinr, Stacked Metal Fim
Capaciior, Stached Matal Fim
Capscilos, Stacksd Matal Fim
Capadcilor, Electralytic, 16%, 207%, Rad
Capaciiorn, Electralyiie, 168V, 209, Fad
Capaciior, Stacked Malai Flm
Capaciiar, Stacked Matal Bim
Capacilar, Caramic Disc, 5OV 1008, SL
Capaciior, Ceramic Dise, 50V, 10%, 5L
Capaciior, Poysiyrang, S0V, 5%, Ax
Gapacitor, Electrolytic, 16Y, 20%, Fad
Capacior, Stasked Matal Film

—
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Capaocitor, S1ackod Maotal Fim
Capacitar, Stacked Matal Fim
Capacitar, Geramiz Disc, 80V, 10%, 5L
Capacitar, Ceramic Diso, B0V, 10%, 5L
Capacitar, Ceramic Disa, BOV, 109, 81
Capacitor, Garamic Diac, 50V, 10%, 5L
Capacitar, S1adked Matal Fim
Capacar, Eleciroytic. 18V, 2%, Rad
Capaeitar, Stackad Matal Fim
Capacitor, Sacked Matal Film
Capacifar, Stacked Matal Film
Capacitor, Hadved Matal Fim
Capacitar, Caramic Disc, B0V, 10%:, L
Capactar, Caramic Diss, SOV, 10%, 5L
Capacitor, Elactroiyiic, 25V, 20%, Aad
Gapacior, Elaciroiytic, 25, 20%, Had
Capacstor, Tantalum, 35Y, 20%.
Capacitor, Tmlurn. A8V, 20%.
Capacitar, Tantalum, 35V, 20%,
Capacitor, Tanlalum, 35V, 20%.
Capacior, EI-&EI:I'HM:. 16V, 207, Rad

=

ad
Rad
Rad
Flad

Capacior, T:r'ltill,l'nl a5V, 2096, Rad
Cagachar, Garamic Disc, E'D'H' 0%, 5L
Capacior, Caramic Disg, S0V, 10%, SL
Capacaor, Tantalum, 35Y, 20%. Red

. Tantalym, 35Y, 204 Rad
Capacilor, Stacked Matal Film
Capaciar, Flacked Matal Film
Capacior, Stacked Matal Film
Capacitor, Siacdked Matal Film
Capaciior, Stadced Matal Film
Capaciior, Etadked Matal Film
Capacior, Stadced Matal Film
Capacitor, Ceramic Disc, B0V, 10%, 5L
Capachor, Stackad Matal Film
Capachar, Slacked Matal Film
Capacasr, Slacked Matal Fim
Capacitor, Hlacked Matal Fim
Capactar, Siacked Matal Fim
Capacitor, $eched Matal Fim
Capacior, Mylan'Poly, S0V, 5%, Rad
Capacitor, Stacked Maial Fim
Capacitor, Stacked Mesal Fim
Capaciter, Stached Meds! Fim
Capacilor, Stackad Maa Fim
Capaciier, Stacked Matal Flim
Capacitor, Ceramic Disc, SOV, 10%, 5L
Capacitor, Coramie Dise, 50V, 10%, 5L
Capaciter, Caramic Disc, S0V, 10%. 5L
Capasiles, Polyabyrans, 50, 5%, Rad
Capacior, Caramic Disc, SO0V, 100, 5L
Capaciier, Caramic Disg, 500V, 509, 5L
Capacior, Caramic Disc, SOV, 109, 5L
Capacitor, Sladced Metal Fikn
Capasiar, Saded Matal Fikn
Capasior, Siacked Matal Filn
Capacitor, Sackad Matal Film
Capacitor, Stacked Maial Fim
Capacitor, Siackad Malal Film
Capacitar, Stackad bisial Film
Capacitor, Stackad Matal Film
Capacitor, Stackad bsial Fim
Capacitor, Stacked hMedal Fiim




& En A AN

e s [
]

83335ddduddnsnnnRsEs:

EREREER

i

Capacier, Stackad Matal Film
Capacitor, Caramic Disc, 50, 10%, SL
Capacitor, Siackad Metal Fim
Capacilar, Stacked Matal Fim
Capacilor, Stackad Malal Fim
Capaciior, Stacked Medz! Fim
Capaciior, Stacksd Motz Fim
Capaciior, Stacked Metad Fim
Capaciior, Ceramic [use, B0V, 208, 55U
Capactor, Ceramic Dhag, 50V, 20%., 25U
Capacitor, Ceramic Disc, S0V, 10%, 5L
Capacilor, Ceramic Disc, 50V, 10%, 5L
Capaciar, Elestroddis, 50, 2095,
Capaciior, Elsctrodaic, 50V, 200,
Capaciior, Stackod Mofal Fim
Capaciior, Stacked Metal Fim
Capaciior, Stacked Matal Fim
Capacilod, Slackad Metal Fim
Gapaciior. Stacked Medal Fim
Capacitor, Stacked Metal Fim
Capaciior, S1ackad Melal Fim
Capaciior, Slackad Meial Fim
Capacilor, Ceramic Disc, S0V, 10%. 5L
Capacilor, Caramic Disc, S0V, 10%, 5L
Capacilor, Caramic Disc, 5V, 10%, L
Capaciior, Slacked Metal Fém
Capaciior, Stacked Metal Film
Capaciior, Tantalum, 25, 20%.
Capaciior, Tantalsm, 35V,
Capaciior, Tantalsm, 28V,
Capaciior, Tantalem, 35V,
Crapacior, Tantalwm, 35%,
Capacdor, Tantalem, 35V,
Capacior, Tantaism, 35%,
CAapacior, Tantalsm, 35V,
Capacidor, Tantaiem, 354,
Capacior, Tantaiem, 35V,
Capaciior, Tantalem, 35V,
Crapacilor, Tantaism, 35V,
Capacior, Tantalem, 38V,
Capaciaor, Tantahem, 35V,
Capacior, Tantahsm, 35V,
Capacior, Tantaksm, 25V,
Capactor, Elactroletic, 25
Capaciar, Electrolytic, 25
Capacior, Tantalwm, 35V,
Capacitor, Tantahsm, 364,
Capacior, Tantalim, 35Y,
Capacior, Tantalum, 354,

ad
Rad
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Capacior, Tantalurm, 35V,
Capachor, Tantakim, 35V,
Capacior, Elsctmlytic, S0V, 209,
Capacior, EIML‘-I'&I]'EL‘., S0, 20%, Ax
Capachor, Tantalum, 50V, 20%, FAad
Capackor, Tantalum, 50V, 20%, RAad
Capachor, Electrodyiis, 25Y, 205, Rad
Capacior, Electrodtic, 25V, 207, Aad
Capaciior, Electroiylic, 25Y, 20%, Rad
Cagpmcitor, Elscirobytic, 25V, 209, Rad
Capacior, Tantakim, S0V, 20, Rad
Capaciar, Tantslam, S0V, 20, Rad
Cap, Elctro. 25% 10% Ax, Maliory TCX
Capaocitor, Stacked Matal Film
Capactar, Stacked Matal Fikm
Capacior, Tantalem, 35V, 20%. Aad

i
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Cals
GBI

P
P 102
P 103
Pood
P 108
P &0
P &0z
P 403

P S
P 502
PEa

a 10
a2
Q103
03
Q202
Q502
Q7
QT2

A1
A a2
A 103
A 104
A 105
R 108
Riba
A110
R111
H112
H113

23U

Capacior, Tantahem, 35Y, 2085 Had

QPN D Corectos, D-Sub, Right Angle PC,

SASLO-BLD

Diode

Fusa

Trim P, PG Mourd, Io-Line Leads
Pot, Muti-Turn Trm

Pod, Multi-Tuen Trm

Pof, Multi=Turn Trim

Pk, Muti=-Turn Trim

Pot, Mubi=Turn Trm

Pat, Multi-Turs Tom

Pat, Multi-Turr Tnim

Pot, Mutti-Turs Tom

Trim Pet, PG Mourt, in-Line Leads
Trim Pot, PC Mount, n=Line Leads
Prnted Circult Board
Transisior, TC=71 Package
Transistar, TC-T1 Package
Transistor, TC-83 Package
Transigior, TO-52 Package
Transistor, TO-52 Package
Transigtar, TO-02 Package
Transigior, TO-82 Packans
Tramsisiar, TO-92 P

Tramsistor, TO-92 Package
Feagistor, Camon Film, 104W, 5%
Ressior. Cambon Flim, 104W, 5%
Resstor, Cabon Fllm, 14W, 5%
Resisor, Carbon Film, 14%W, 5%
Rasistor, Carbom Film, 18W 5%
Rasistor. Matal Film, 158, 1%
Raszisior, Metal Film, 1/8W, 1%
Aasision, Metal Film, 1/8W, 1%
Resiziorn, Matal Film, 18W, 1%
Resistor, Matal Film, 1/8W, 1%
Restahon, Matal Film, 1/8%, 1%

Connecior, D-Sub, Fight Angle



F114
R115
R 116
R117
R118
H11g

H 121
R 122

110
2.2
604K
0.0ok
1.00K

301
100
100
9.09K
100K
1.0K
470K
A 70K
A0.1K
01K
1.00M

13.0K
280

22.6H
13.0K
169K
16.9K

m
1100
100
300K

59K
301K
3, B3

0
100
100
1008
TS0

& SO
108

104

100
1.24K
a7
332
10M
3

Q53K
1.00K
1084

1.50K
511K
10.0K
T10.0K
15.0K
100K
1.508
1.00K
13.0K
100M

Resistor, Metal Fim, 1/BW, 1%
Fesister, Carbon Film, 1040, 5%
Basistar, Metal Fim, 1/8W, 1%
Rasistar, Metal Fim, 178W, 1%
Rasistar, Metal Fim, 178W, 1%
Rasisior, Matal Film, 1548, 1%
Resisior, Matal Film, 1/8W, 1%
Fesision, Matal Film, 1/8W, 1%
Resigior, Matel Film, 1/8W, 1%
Fesistor, Matal Filrm, 1/8W, 1%
Fesigior, batal Flilm, 1/8%W, 1%
Rasistor, Carbon Film, 1/4%W, 5%
Resigtor, Carbon Film, 1/4W, 5%
Resistar, Carbon Film, 1/4W, 5%
Resistor, Matal Film, 1/8W, 1%
Pesistor, Maial Fim, 1/8W, 1%
Feaistar, Matal Fm, 180, 1%
Hasistar, Garoon Film, 1/4W, 5%
Rasistor, Cardoan Film, 10400, 5%
Aasisior, Matal Fim, 17/8W, 1%
Fessior, Matal Film, 1/8W, 1%
Fagistior, Matal Film, 1/8W, 1%
Rasistosn, Matal Film, 18W, 1%
Rasistor, Matal Film, 1/8W, 1%
Fesision, katal Film, 1/8W, 1%
Faalatar, kol Film, 185, 1%
Resistar, Matal Film, 1/8W, 1%
Rasisbar, Matal Film, 1/8W, 1%
Hasiator, Matal Film, 1/8W, 1%
Rasisfor, Matal Fim, 1AW, 1%
Resietor, Matal Film, 18W, 1%
Rasisior, Matal Film, 18W, 1%
Fagistor, Matal Film, 1/8W, 1%
Fiesistor, Matal Film, 158, 1%
Pasistor, Matal Filrm, 18W, 1%
Rasistar, Matal Filre, 1/BW, 1%
Resiator, Metal Film, 1/8W, 1%
Aasistar, Metal Fim, TEW, 1%
FAasisior, Matal Fim, 1/8W, 1%
Rassior, Carban Film, 1AW, 5%
Rasistor, Matal Filmn, 1/8W, 1%
Rasistor, Matal Film, 1/8W, 1%
Reaiztor, Carbon Film, 1/4W, 5%
Pesistor, Melal Film, 1/8W, 1%
Raaigtar, Matal Film, 1/8W, 1%
Resistor, Metal Film, 18W, 1%
Rasistor, Matal Film, 1/BW, 1%
Aesisior, Matal Film, 1/8W, 1%
Fasisior, Matal Film, 1/8W, 1%
Fas=tor, Matal Film, 178W, 1%
Rassior, Garbon Film, 1T4W, 5%
Fasstor, Matal Film, 178W, 1%
Rasisior, Metal Film, 1/8W, 1%
Feamtor, Matal Film, 178W, 1%
Resistor. Matal Film, 1/8W, 1%
Reasator, Metal Film, 18W, 1%
Resister, Carban Flm, 14W, 5%
FResistor, Matal Fim, 18W, 1%
Rasisior, Metal Fim, TEW, 1%
FAesisior, Matal Fim, 178W, 1%
Fessiar, Metal Film, VW, 1%
FResisior, Matal Film, 1EW, 1%
Aasistor, Matal Film, 18, 1%
Fasistor, Matal Film, 178W, 1%
Rassior, Matal Film, 1/8W, 1%
Rasisior, Matal Fitm, 1/8W, 1%
Fassior, Carson Fim, 194W, 5%
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A 211
A2t
A213
A4
A 215
R 2186
R217

12M
2.0M
1.0M
1.0K
1.0K

00K,

Aesisior, Metal Fidm, 108%W, 1%

Resleior, Meizl Fim, 1/8W, 1%

Rasisiar, Matal Fim, 1/BW, 1%

Rasistar, Matal Film, 1/8W, 1%

Reastar, Carbon Fim, 14W, 5%
Rasistar, Carbon Film, 14W, 5%
Resstar, Carbon Film, 14W, 5%
Resistor, Carbon Film, 14W, 5%
Resistor, Garbon Film, 14W, 5%
FResistor, Matal Film, 1/8W, 1%

Rasistor, Carbon Film, 14W, 5%
Resiatar, Carbon Film, 14W, 55
Fresistar, Carben Film, 1564W, 5%
Resiatar, Carbon Film, 14W, 5%
Resiator, Carbon Film, 1dW, 5%
Rasisior, Carbon Film, 104W, 554
Hesigior, Carbon Film, 14W, B9%
Rasisiar, Carbon Film, 148, 5%
Rasisior, Carban Film, 104W, 5%
Rasisior, Garbon Film, 104%Y, 5%
Rasistar, Matal Film, 1780, 1%

Rasistor, Matal Film, 1/BW, 1%

Rasistor, Carbon Flm, 104W, 8%
Fesistor, Garon Fim, 104, 5%
Pesistor, Carbon Film, 1MW, 5%
Faciainr, Carbon Film, 14W, 5%
Rasistor, Matal Film, 178W, 1%

Reaistor, Carbon Film, 14W, 5%
Feaigior, Carbon Film, 154W, 8%
Ragisior, Carbon Film, 174W, 595
Amsisior, Carban Film, 174%W, 5%
Rasistor, Carban Film, 1794W, 5%
Rasisior, Garbaon Film, 174%W, 5%
Fesisior, Garkon Film, 1/4W, 5%
Fasigior, Carban Fim, 104W, 5%
Fesistor, Carbon Film, 1MW, 5%
Fesisior, Matal Film, 158W, 1%

Rasisior, Carbon Film, 104W, 5%
Haniams, Carben Film, 154W, 5%
Rasisior, Carbon Fllm, 164W, 5%
Aasistor, Matal Fim, 1/8W, 1%

Rasizior, Matal Fim, 1/8W, 1%

Raesisior, Metal Fim, 1/6W, 1%

Fastgior, Matal Film, 1/8W, 1%

Rezisior, Matal Film, 1/8W, 1%

Riesistor, Matal Film, 1/8W, 1%

Resisior, Carbon Film, 1M4W, 5%
Aesistos, Garben Film, 14, 5%
Reslstor, Carbon Film, 14W, 5%
Resistar, Matal Film, 1/8W, 1%

Resistor, Carbon Film, 14W, 5%
Resistar, Matal Fim, 178W, 1%

Fesiator, Garbon Film, 144W, 5%
PBasistar, Carban Film, 104W, 5%
Resistor, Carbon Film, 14W, 5%
Rasmsiar, Carbon Film, 104%W, 5%
Rasisior, Carbon Fim, 1/8W, 5%
Rasistar, Carbon Fm, 104W, 5%
Rasisior, Carsan Fim, 104%W, 5%
Resigior, Carbon Film, 1M4W, 5%
Rasisior, Carban Flm, 1/4W, 5%
Fesisior, Garoon Film, 1/8%, 5%
Rasisior, Carbon Film, 104, 5%
Resisior, Carbon Film, 1/4W, 5%
Rasistor, Carbon Fim, 1/4W, 5%
Resisior, Carpon Film, 1/4%W, 5%
Resastor, Cardsan Filen, 14W, 5%

|
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10.0K
100K

T5.0K

10K,
10K

Assisior, Carbon Film, 1.4W, 5%
Fesssior, Mstal Film, 18W, 1%
HAassstor, Carbon Film, 154W, 5%
Aeskshor, Carbon Film, 154, 5%
Rasishor, Medal Fim, 1I'E".I'l' 1%

m MFﬂrl.. 1-'3\"! 1%

Rassistar, Carbon Flm, 'I..'-I'I.li' =0
Resiiar, Carbon Fim, 104, 5%
Fasmior, Carbon Fim, 14, 5%

Fasistor, Carbon Flm, 14W, 5%
Rasistor, Matal Film, 1/8W, 1%
Fasator, Carton Fim, 14W, 5%
Ansistor, Matal Film. 18W. 0.1%
Resistar, Matal Film, 18W, 0.1%
Fasssior, Cartan Film, 1/4W, 5%
Rasistar, Matal Film, 18W, 0.1%
Racsistor, Metal Film, 18W, 0.1%
Pssistor, Matal Film, 1/8W, 1%
Fassistiar, Matal Film, 1AW, 1%
Fasiztor, Matal Film, 1/8W. 1%
Pashior, Carbon Flm, 10w, 5%
Pasisior, Metad Flim, 18W, 0.1%
Rasistar histal Film, 18W, 1%
Realsior, Metal Film, 18W, 0.1%
Flnsisior, Metal Film, 18W, 1%
Fosisior, Carben Fim, 1040, 5%
Rasistor, Matal Film, 1/8W, 1%
Reaisior, Carbon Fim, 104W, 5%
Resizior, Melal Film, 18%W, 1%
Fesizior, Metad Film, 18W, 1%
Rasistar, Metal Film, 1BW, 1%
Rasstor, Metal Film, 1/BW, 1%
Fassaiar, Maial Film, 1/0%, 1%
Resistor, Metal Film, 188, 1%
Resistor, Metal Film, 1/8W, 1%
Resssinr, Carbon Fim, 164W, 5%
Assiginr, Carbon Fim, 104, 5%
Fesizior, Meal Film, 18W, 1%
Fasigior, Mstal Film, 18W, 1%
FAesistor, Metal Film, 19W. 1%
Aasisior, Matal Flim, 1/8W. 1%
Resisior, Carbon Fim, 16W, 59
Resisior, Carbon Fim, 194, 5%

Flﬂhhr Carkan Film, 1040, 5%
FAasisioe, Carbon Film, 1048W, 5%
Fosistor, Carbon Film, 1040, 5%
Pesisiar, Garbon Fim, 14W, 5%
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A aa%
A 910
Ho11
A 512

10K
10K
10,008,
20,00¥,
10.00#,

200K,
HO5K
1.0k
1.0K
10K
1.0K
B1

51
10,004k
10.00K
AGK
2
10K
1.0K
108
220
BLOAK
1.00K
1008
100¥
10K
220
10K
220
10K
220
10K
220
10K
10K
15K
10K
10K
15K
200K,
10K
100
4. T
1.5K
1.0
10K
110,
300K
10K
100K
108
1OK
10K
3.3
19
1
240
12K
1.2
240
10
10
200
3.0
4.0
200

Pasisior, Carbon Filn, 1/8W, 5%
Hazizior, Carban Fikn, 108W, B%
Amsistzr, Matal Fiim, 155, 0,1%
Flasisior, Motal Film, 1/5W, 0,1%
Resisizr, Matal Film, 1/8W, 0.1%
Resisior, Metal Film, 1/8W, 0,7%
Aesisiorn, Matal Film, 178W, 1%
Resisior, Matal Film, 1/8W, 1%
Resistar, Caron Fim, 14W, 5%
Resistar, Carbon Film, 14W, 5%
Fe=istor, Cabon Fim, 1:4W, 5%
Fesistor, Cabon Film, 14W, 5%
Fesmtar, Camon Film, 14W, 5%
Fasiator, Carbon Film, 154W, 5%
Roalstor, Matal Filrm, 18W, 0,130
Resistor, Matal Film, 18W, 0.1%
Blesistor, Carbon Film, 14W, 5%
Rasistor, Carbon Film, 14W, 5%
Resistor, Carbon Film, 14%W, 5%
Rasizior, Catban Film, 18W, 5%
Feslgins, Gamon Film, 1048%, 5%
Fasisins, Carkon Film, 1MW, 5%
Frasistor, Medal Film, 1/8%W, 1%
Rasistor, Matal Film, 1/8W, 1%
Amsistor, Garbon Fim, 1/4W, 5%
Fasistnr, Carnon Flm, 1040, 55
Rasistar, Carban Film, 14W, 5%
Hegiar, Carbon Film, 14W, 5%
Fessitar, Carbon Film, 1640, 5%
Fesistar, Carbon Film, 14W, 5%
Resistor, Carson Film, 154W, 5%
Resistor, Carbon Film, 14W, 5%
Rasistar, Carson Film, 174W, 5%
Resistor, Garbon Film, 1/4W, 5%
Feaistar, Cabon Film, 14W, 5%
FResiatar, Calen Film, 104, 5%
Rasistor, Garbon Film, 1/4'W, 5%
Rasistor, Carbon Film, 1/4W, 5%
Faaiagtar, Camtson Film, 1M%, 5%
Rasiatar, Catsan Film, 1/4W, 5%
Rasistor, Cabon Fllm, 1048W, 5%
Fasistor, Cabon Film, 1MW, 5%
Pasistor, Garbon Film, 108, 5%
Rasistor, Caban Film, 1/M4%, 5%
Raaigtor, Garbon Fllm, 1MW, 5%
Raslstor, Gartsan Film, 108, 5%
Raslstor, Carkon Film, tdW, 5%
Rasistor, Carbon Film, 1/4%W, 5%
FPasisior, Carbon l-_llrn-_ 1AW, 5%
Raaistor, Carban Fllm, 14W, 5%
Pasisior, Carbon Film, 1MW, 5%
H:nhut. Carbwan Fum, 1u'-ﬂ'l'. 5%
Fasisior, Carban Film, 1MW, 5%
Faatrinr, Carbon Film, 1AW, 5%
Fasisioe, Carbon Film, 194W, 5%
Rasistor, Carban Comp, 1/8W, 5%
Magmior, Carbon Comp, 1.20W, 5%
Hassior, Carbon Film, 1040, 5%
Feazsior, Carbon Film, 104W, 5%
Rmssstor, Carpon Fim, 1594, 5%
Fesigtar, Carbon Film, 194W, 5%
Fiesistor, Camben Comp, 1524, 5%
Resistor, Carbon Comp, 152W, 5%
Besistor, Carbon Fllm, 1:4%, 5%
Rasistor, Carbaon Film, 1:4%W. 5%
Resistor, Casban Film, 1M4W, 5%
Hasisior, Carbon Fidlm, 1/4W, 5%
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HB13 10 Asgistor, Corbon Comp, 1/2W, 5% U4 pEEn Inbegratesd Carcuil
HE14 10 HAasisior, Carbon Camp, 1/2W, 5% Laoe LFat2 Irdagrated Cireult
AR4  10KXE  Rasisior Metwoek, DIP, 104W, 29,5 ird a3 P41 imegrated Cincuit
AHBO  BH100K  Ression Natwork 510 14W 2% Wald LT1007 Iregrated Cinsuit

Comman A a5 CLADGE Imtegrated Cirguit
AMBO2 BX100K Fesisior Nabwork S1P 14W 25 ats ADS3 Inegrated Cicult

Common 207 LF4td Insagrated Circuit
S0 40 Sochel, DIF U&iE LTi00F Integrafed Croult
Z0T0e 28 Sochkat, DIP &S LF411 Integrated Cicuit
SW1 SPETXA Switch, [MP U410 KGLTEsd Insegrated Crcuil
SW2 SPSTHA Switch, DIP &1 51805 Insegrated Caeuil
SWeE 4PDOT Switch, Rockar, PCE Mount U£12 E1A05 Inshgrated Circauil
SWeR2 DFOT Switch, Rocker, PCB Mount U413 51405 intagrated Crcuil
T1  240-F-2200  Transiomar U414 51405 Insegrated Carcuit
Uiot XAS533A Inbagraded Circua #1585 51408 Integrated Ciroull
Uidg XASS33A Intagrated Clreuw U418 ICLTESD Intagrated Carcuil
13 DG Integrated Circu U417 51405 Intagrated Crouit
Ui0d MCTBLIS Integrated Circuil U41e DGR Incagraied Cacuil
U105 MCTELIS Integraded Cinoust U4ig LF4i1 Intagrated Carcuil
U1e DG Irbegrated Circus U430 CA3081 Integrated Circui
U107 XRAS532A inbegrated Circuil U421 T4CT4 intagrated Circuh
U10a G211 Inbagrated Cincuit UBss LFaaT Integrated Circui
U1e LF3HB3 Integrated Cineuit UEsE AD7S24 Intagrabed Cireul
uiin DG Intagrated Cinsuil UED2 T4HCAT4 In Circui
U LFsE7 Intagrated Cincuil US04 DGES2E Imtagrated Cincuit
U112 D& Inbagrated Cirguit U508 ADTE42IN Cirguit
U113 LFET Integraied Gircult U508 ADTS24 Irmmgratad Circuit
U114 DG Intagrated Circuit U507 DiE524 Immgrated Cincuit
u11s LF3&T intagrated Circult U508 LFlaT imegrated Cincuit
U117 LF353 Integrated Circuit LSos DG Irimgrated Cirouit
U118 XRSEIZA Iniegrated Cirouit Usic DG iriegrated Circuit
ua0n LF3daT inegrated Cacuit U511 LF347 Imegrated Clreuit
L3ns Lhi1Eeoo bnlagrated Cirsuit UENE LF347 indegrated Clreul
U203 CO4052 Integrated Circalt WE13 LF347 Intngrated Ciroui
Lane GCD4052 Inlagrated Circuit Lsia a1 Integrated Ciroui
U205 DG integrated Ciroult U515 LF347T Integrated Circui
L1208 TaHCYS Inegrated Circuit U516 DG Imtegrated Cirouit
LT TaHC138 Inlegrated Circuil U517 LHOO7Y Irtpgrated Circuil
U208 LF7 integrated Circait U701 ZEOACPU  infegrated Choul
Uao LFI5s3 Integrated Circalt U 2728-280 Integrated Ciroul
Uaos D& Imegrated Circait UToa HMEIELP Intagrated Crouit
U3gd LeEn Integrated Circuit U704 WUPDE2535  integrated Crouil
L3gs Cha538 Inlagrated Circull U o FaHC133 Infegratesd Crcul
Uang CD4048 Itagrated Circuoit U 70E TaHC133 Infegrates Cireuil
U307 LMi3B00 Imagrated Circuit U707 TEHC13E Intngrated Circuil
U308 CAI140E Inlagrated Circait U708 TAHCIET Integrated Chroui
UG LWEIE0D Inlegrated Ciroult U708 TFHHGT4 Integrated Circuil
u3o DG Intagrated Carcuit U770 7eHC32 Integrated Circul
U3 DEEn rated Cinsuil U711 TaHCLIOS Insegrated Circuit
Iz DGz intagrated Creuit U2 TaHC4080 integrated Croutd
U313 T4HCTL Integrated Cleult U3 TEHCTY Integrated Ciroudt
Uad LMt Integrated Circuit U714 TaHCITS Integrated Circui
U3s LMat Inbegrated Circuit WS TeHE1TS infegrated Circuil
U316 Chudds Intagrated Circuit UTE TaHC244 Intograbed Gircul
a7 LM3si0 Intagrated Cireult UMY T4HCATS Imngrated Croui
ude &1 Integrated Ginguit UTiE TaHGC14 Imegrated Cincui
U3is CASTEIE Irtegrated Circuit U718 T4HC3ITE Imegratesd Circuil
adn DGz integrated Cincuit U F20 TaAHEITS iregrated Clreul
U3z CANHE Integrated Cincuil U7d1 FaHCITE Integratied Circuit
WEzr  LM13600 integrated Cincuit U7rz2 74HC3Z Integrated Circui
UEx LW3sd0 Intagrased Cirguit Uanl uPDe2siA Intagratad Croult
a4 M3 integrated Clreuit U BO2 MCEB4EE Integrated Circui
Uas LF412 Integrated Cinguit LIBOY T4HC244 Intagrated Circul
Ua2s CD4078 Inbegrated Cirguit Uakd TaHC244 Intagrated Circul
UaaT DaEn Intagrated Cireult UaoE TAHCTA Intagrated Circud
U3 LMmati Inlagrated Circuit Uaps MC1488 Intagrated Circuil
U332 LMan Integrated Circuil U307 MC1488 Intagrated Chout
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UasE DETSIE0A integralad Circui Za 8 Washer

U eon WacTaLi? tagratad Ciouit Za 440 NYLON  Washar, nylon

UEig McTaLs2 Integraled Cecuil Z0 10-1/0" 1B Wirs #18

VBl DETSIE1A Integrated Cecull 20 1T 24 Wira #24

Wadr LM3T Integrabed Circuil i} ol - Wira 818

Uadz LM3a? Integrated Cleui £0 SEE & Wira #18

U533 LM34IT-15 Integrabed Circuil £0 B2 824 Wina #24

U834 LMERAOT-1S Imtegrated Cicuil s ] 758 e Wira #18

U Bcs LMRADT-15 Integratesd Cleull Za B-1/2° @24 Wira 834

US08 LMSZOT-1S  Integrated Cicuit L0 GROMMET2 Grommat

UeaT LNBET-18 Imegrated Circuit Z0 E-AFCLEPP Screw, Panhead Phillips
el LAMAZT-16 Imbegrated Cincuit Z0 F-12X118F  Scoow, Panhaad Phillios
Wedd MACTEOSE Imtegrated Clreuli £0 A-A0M1EPP  Serew, Panhasd Phillips
W&o MGTaLS Irbagral ad Chnzuit Z0 B-FZMIBFFH  Sceew, Flathasd F'I'Hlbu
Uait LM3ITL Integrated Gircuit 1] 4-20MABPF  Screw, Flathaad Philips
a2 LM3arL Inbegrated Cinouit 20 10-33X38PF  Screw, Flathasd Phillips
Z0  Heat Sinks 20 E32X1MPP  Screw, Panhaad Phillips
£0 POWERBLOCK Powar Entry Handware Z0 E-J2MAMETH P Screw, Truss Philips
In TIE AMCHOR  Hardwars, Misc. Z0 1722 BLAC  Wirs #32

20 THANSCOVER Powesr Enty Hardware Z0 17 S22 WHIT  Wire 822

Za MICA Insulaiors L0 1T RE2FRED  Wira M22

&0 k=11 1 lugs £0 17 BZ22 GREE 'Wira #22

Ia 4-40 KEP Mul, Kap Z0 BRC Connacior, BMC, Panol Mount
0 440 MM B, Mini L0 2PIMELH Comnecior, Maks

Il  B-A2 KEP B, Kap Io  To-a Sockel, DIP

Zh  G-20WSEr Scraw, Sheat batal £a USA Line Card

Ih  MFAE Standoff 0  SR510-13 Brackat

Zo  MFENE" Standolf In SAS10-8 Brackat

g JE154 Tamiration raln SRS00:15 Fabricaled Part

Z0 4" Tia Zo SRAE1B-12 Aaar Pansd

£0 1HE" TI..I:-'H; Z0 SES10ACHA Fabricated Part

Za is° Tubing

Za ANE" Tubing
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Frant Panel Part List

BEF®  YALUE DESCRIPTION

CEDY  BAP Capacior, Caramas Disc, 50Y, 10%., 5L
CEQ2 @apP Capacitor, Caramiz Dise, 50V, 10%, SL
Ceaa  oiu Capaciior, Stacked Matal Fiim

CEd U Capacitor, Stacked Metal Film

CEls .10 Capacitor, Sacked Matal Film

Cex AU Capacigr, Stacked Matal Fiim

CEIT AU Capacior, Caramic Dige, 50V, 20%., 751
DEd  1M4148 Dioda

DEX2 1MN4148 Dioda

D &a3 1M4144 Dicdle

DEdd  IME143 Dinda

05501 HLMPO504  LED, Rectangular

DE&02 HLMPO504  LED, Raeclangular

DS503 HLMPOSC4  LED, Rectangular

DS504 HLMP-0604  LED, Fectangular

D5505 HLMP-0504  LED, Ractangular

DSE08 HLMPO504  LED, Rectangular

DE&E07

(= lwhw)
248

Dsan
Daa12
DSE13
DSE14
DEE15
D&
DEE17
DSE1A
D5619

D5551

HLMPO504  LED, Rectanguiar
HLMPO504  LED, Poclangular
HLMP-3504  LED, Pacianmquiar
HLMP-3504  LED, Reclangular
HLMP-0504  LED, Faciangular
HLMP-0504  LED, Rectangular
HLMPO504  LED. Ractangular

HLMP-0504  LED, Feclangular
HLMP-O504 LED, Faciangular
HLMP-0504  LED, Ractangular
HLMP-0504  LED, Reclangular
HLMP-0504  LED, Raciangular
HLMP-0504  LED, Reciangular
HLMP-0504  LED, Pactangular
HLMP-0504  LED, Ractangular
HLMP-0504  LED, Rectangular
HLMP-0S04  LED, Aectangutar
HLMP-0504  LED, Asctangular
HLMP-0604  LED, Ractangulsr

HLMP-0504  LED, Rectanguiar
HLMP-0504  LED, Restamgubar
HLMP-0504  LED, Rectangular
HLMP-0S04  LED, Rectangular
HLMP-0504  LED, Pectangular
HLMP-0504  LED, Ractangular
HLMP-1504  LED, Rectangular
HLMP-0508  LED, Pectangila
HLMP-O508 . Rectangular
HLMP-3504  LED, Recizngular
HLMP-2301  LED, Rectangular
HLEP-0301 LED, Recizngular
HLMP-0301 LED, Ractangular
HLMP-O504  LED, Ractangular
HLMP-0504  LED, Rectangular
HLMP-0504  LED. Raclangular
HLMP.0SG4  LED, Rectanguia
X ular
HLMP-OSC4  LED,
HLMP-0504  LED, Asclangilar
HLMP-0504 LELD, Asctan
HLMP-QEC4  LED, Ractangutar
HLMPF-0804 LED, Ractangudar
HLMP-0504  LED, Rectangular
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HLMP-0504
HLBAP-0504
HLBP-2504
HLMP-0504
HLMP-0504
HLMP.0504
HLMP-0504
HLMP-0504
HLMIP-(:504
HLAMIP-0&04
HLMP-0504
FED208
FEJ20&
=140
De&--01
De-01-01
De-m-01
De-04-01
DE-01-01
Di-01-01
DE-01-01
De-01-01
DE-01-01
De-01-01
DE-01-01
DE-01-01
DeE-01-01
Des-01-01
Ces-01-01
De-01-01
D8-01-01
DE-01-01
DE-01-01
Oa-01-01
DE-01-01
O&-01-01
D&-01 -0
D&-01 01
-0 -0
SRS

10K

108

LED, Rectarguiar

LED, Rectargular

LED, Rectanrgular

LED, Reclanguiar

LED, Reclanguiar

LED, Rectarguiar

LED, Rectanguiar

LED, Ractengular

LED, Recangular

LED, Rectangulnr

LGD Dimpmye

LD Display

Anakog Meter

Swilch, Mamamary Push Bution
Switch, Momentary Push Bution
Switch, Momaniary Push Bution
Switch, Momemary Push Bution
Switch, Momanany Push Bulten
Swifich, Momantang Push Button
Swiltch, Momantary Push Buthon
Swilch, Momantany Push Buttaon
Switch, Momentary Push Buitan
Swiich, Momantary Push Buitan
Swiich, Momentary Push Bullan
Switch, Momentary Push Bullon
Switch, Mosmwaniary Push Butlon
Switch, Momanlary Push Butdion
Swetch, Momentary Push Bution
Switch, Momentary Push Busion
Swich, Momentary Push Bufion
Switch, Momantary Push Butien
Swetch, Momentary Push Busion
Swatch, Momantary Push Butan
Switch, Momaniary Push Butan
Switeh, Mamantary Push Bution
Switch, Momanmary Push Bution
Switch, Momantany Push Buiton
Switch, Momanlary Push Bulhan
Printed Crcuil Board

Haosisior, Carbon Firm, 17045, 58,
Rasistor, Carbon Fim, 1/4%, 5%

TEZ2K  Resisior Nebwork SEP 104W 256 Common
X150 Resistor Nabeork SR 14W 2% Common
SXIET  Reasistor Nabtwork SIP 1AW 2% Common
S5X150 Resistor Mateork SIP 14W 2% Caomman
ICMT2114M  Integrated Cirouit
ICM72114M  Integrated Gircuit

TdHC244. Irtagratmd Carcuit
TAHCIT4 Imegrated Circuit
0030 Integrated Cireuit
CO0GE0 Integrated Cireuil
FaL5154 Imesgprated Cinguil
TALS154 integrated Circur

T4L5154 Integratad Circui
Tdl5154 Infegrated Circuil
T4L5 184 Integraled Cincui

TALS 164 Integrated Cincult
T4LS 154 ntegrated Circu
T4L5 154 Integratad Cincut
440 HEX Mut, Hax

4-40 MIM1 Mut, Mini

516" 04 Soacar

M Washar

B4 ZPLIT ¥ashar, Split
4-40 NYLON  Washaer, mylan
CLEAR Windonw



1-3/4%248
1-34°224R
12° &24

47 w2l
524
B2 24
B° 028

Wire #24
Wire 224
Wirs 824
Wire #24
Wiire ¥24
Wira 24
Wira #28

6-32CUBFPH  Screw, Flathead Philics
B-32XMBOVAL  Scrow, Oval Head Philips

o r
A-41KIEPF
NS

20 P DIF
20 P 0P
SHEOC-18
SR800-22
SR510
SRA510
BEZEL
SRS10F CH

Terminatios

Screw, Flathead Philips
Cannecior, BNC, Parel Mount
Cannacior, Famas
Connedar, Mals

Brackat

Brackai

Casting

Extrasion

Fabrcated Part
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Internal Oscillator Paris List

1 AU Capacior, Caramic Dise, 50V, 20%, ZEL
c2 AU Capacior, Cewmmic Dise, 50V, 0%, 75U
c3a 47U Capacter, Tastalum, 38V, 200, Rad
Cd B4F Capacitar, Stached Matal Film

CE 0P Capacitor, Silvar blica, 2500, 5% DM1S
ca 47U Capacitor, Tartakum, 35V, 20%. FAad
cr 3O0P  Capacitor, Caramic Dise, 50V, 10%, SL
(oF -1 100U Capacitar, Electralyte, 25V, 20%, Rad
] 23U Capacitor, Tantaksm, 35V, 20%, Fad
C10 100U Capacitar, Electralytic, 28V, 209%, Rad
G111 23U  Capachos, Tantalem, 35V, 20%, Rad
P1 10K Pot, Mulbl-Turm, Side Adjus

P2 100K Trim Pot, PC Mourt, In-Line Laads

P33 10K Pod, Muti-Turm, Skde Adjus

PC SR501  Primed Circuit Board

At 4.TK Faaiamor, Carton Film, 14W, 59%

A2 ATH Fesigior, Carbon Film, 14W, 5%

A3 658 Rasistor, Matal Film, 1/8W, 1%

Hd 412  Rasigtor, Metal Film, 178, 1%

AS d#7%  Fasistor, Matal Fim, 1580, 1%

AE 42.2¥  Rasistor, batal Fim, 1N, 19

AT 403  Rasision, Metal Fim, 18%, 1%

HE G0a Raalator, Metal Fim, 18W, 1%

Ao 38K, Rasision, Carbon Film, 1/8W, &%

A10 d22%  Aecisior, Meial Fim, 18W, 1%

A11 100  PResisior, Carbon Film, 174W, 5%

A12 15K Fasisior, Carbon Film, 104W, 5%

Ai3 30K Resistor, Carbon Film, -154W, 5%

R14 10K Rasistor, Carbon Film, 10400, 5%

F1&  10M  Faesistor, Carbon Film, 1040, 5%

R16 47K  Fasistor, Carban Film, 104W, 8%

R1T  B2K Res=istor, Carbon Film, 14W, 5%

R18 10K Fa=mbor, Carbon Film, 150, 5%

R1% 10K Resistor, Carbon Film, 104w, 5%

R20 498K Fesstor, Matal Film, 1080, 1%

R21 499K |[Resistar, Metal Film, 1/8W, 1%

F22  1.0M  Resistor, Carbon Film, 194W, 5%

R21  1.0M  Resistor, Carbon Flm, 14W, 5%

R24 100 Rasistor, Carbon Film, 104%W, 53¢

A3 100 Rasisior, Caten Film, 1084, 5%

SW1 DPOT  Switch, Toggle Fight Angle PGB Mourt
S5W2 DPDT  Swach, T Right Argle PCE Maurt
U LF34T  Integrated Clreui

g ICLBO3E Imegrated Cieuil

ua MCTALIS  Integrated Cicull

L4 MCTILIE Integrated Cicui

20 14X1M16 ‘Washer

Zo 20047 W24 Wirn #34

Zo B-1r 124 Wirn #24
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




