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5.2.5 DAC1 DATA REGISTER (LOW BYTE)

Address: Base + 4
Access: Write

The DAC1 Data Register (DADAT1) low b{te is a
write onlg_reglster which holds the 8 ower bits
Of the 12-bit EGode loaded by "the user software
into DAC1 for D/A conversion, The bit functions
of the DADATI (low byte) are shown in Figure 5=p
and are described subsequently. ~ Rit"( 1s the
least Significant bit (LSBJ.

FIGURE 5-6: DAC1 DATA REGISTER (LOW BYTE)

BIT FUNCTIONS

BITS "-0 = D/A data ,
These bits form the low byte of the 12-bit
code loaded by software” into DACI for D/a
conversion,

a=11
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5.2.6 DAC1 DATA REGISTER (HIGH BYTE)

Address: Base + 5
Access: Write

The DAC1 Data Register (DADAT1) high byte holds
the four higher bits of the 12-bit code” lcaded by
the user soitware 1nto DAC1 for D/A conversion.
Writing to this register causes a D/A conversion
to begin on -?"The bit functions ©of the
DADATI (high byte) are shown in Figure 5-7,and
are described subsequently. Data ~ is right

1ﬁgg%fied and bit 3 is the most significant bit

{MSB{
BATI DATlO DATQ DATS

o 6 5 4 s | % 1 0 J

FIGURE 5-7: DACl DATA REGISTER (HIGH BYTE)

BIT FUNCTIONS

BITS 7-4 - Not used.

BITS 3-0 - D/A data _ _ _
mhese are the four higher bits of _the 12-bit

code 1loaded by soffware into DAC1 for D/a
conversion.

§-12
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5.2.7 DIGITAL INPUT PORT 0

Address: Base + §
Access: Read

The DIO Port ( Register receives digital data to
be transferred rom the DT2811 “to the  host
Processor. The bit functions of this register
aré given in Figure 5-8 and are desCribed
subsequently.

91?7 DIO6 DIOS DI?4 01?3 DIO2 DIOL DIOO
? I 4 3 I ] T I

| 7 T s

FIGURE 5-8: DIGITAL INPUT PORT 0 REGISTER

BIT FUNCTIONS

BITS 7-0 - Digital Input Data
These bits form the digital data read from an
éxternal  device info  the 2811 to be
‘transferred to the host processor. Digital
Input Port 0 bit 0 15 associated with pin 28
on the connector J1; bit 1 with Pin 29, ete.

=13
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5.2.8 DIGITAL OUTPUT PORT 1

Address: Base + 6
Access: Write

The DIO Port 1 Register is a write only register
that receives digital data to be transferred from
the host processor to, +he DT2811.  The bit
Eugctlons of this register are given 1in Figure

DI?T DITG DITS DI?Q DI?3 DIT2 DI?l DITO

7 6 5 4 3 2] 4 0__J

FIGURE 5-9: DIO PORT 1 REGISTER

BIT FUNCTIONS

BITS 7-0 - Digital Output Data
These bits form the digital data lcaded onto
the 2811 from the host progcessor tO. be
transferred to an external device.. Digital
Output Port 1 bit 0 is associated with pin 38
on comnector Jl; bit 1 with pan 39, etc.

5-14
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5.2.9 TIMER/COUNTER

Address: Base + 7
Access: Read/Write

The Timer/Counter Register (TMRCTR) is an 8-bit
read/write register which contains the code for
the selection “of .the clock frequency on the
DT2811.  The digital code specifies a factor by
which the pulse rate . (base frequencz} of the
internal clock is divided to derive the selected
operating freguency. This frequency scallng can
be also” applied "to the output oI the exfernal
oscillator if the latter is used as the clock
frequency source for DT2811 operations. The bit
functions of the TMRCTR are ?1ven in Figure 5-1(
and are described subsequently.

Reserved CNTS CNT4 CNT3 CNT2 CNT1 CNTO
I ol
| 7 ] s NZ 4 3 2 1 0

e

Reserved

FIGURE 5-10: TIMER/COUNTER REGISTER

IT FUNCTIONS

BITS. 7,6 = Reserved
These bits are not used.

BITS 5-0 - Timer Frequency Control

This €-bit field ‘defines the divisor valus
wnich 1s applied to the base frequency to
derive the desired oge:at;n frequency of “the
clock circuit. Ta le 5-5 lists the divisor
values selected by configuring the TMRCTR bits
and the corresponding “operating frequencies
obtained from the ~intérnal clock base

squency of 600kHz--the pulse rate of the
DT2811 1internal clock. Note that divisor
values in the various selectable ranges

§5+15
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increase in logarithmic progression, that is

thgg increase” by one decade factor for each
unitary increment_in the binary code of the
frequency control bits. Also, the entries
listed under TMRCTR represent values of the
Timer/Counter Register.

TABLE 5-5: TIMER FREQUENCY SELECTION

TMRCTR BASE FREQUENCY CLOCK
CODE (HEX) DIVISO FREQUENCY (HZ)

00 1 600 K
01 10 60 K
02 100 6 K
03 1000 600
04 10000 60
03 100000 9
06 1000000 0.6
07 10000000 0.06
08 10 60 K
09 100 6 K
0A 1000 600
0B 10000 60
0C 100000 6
0D 1000000 0.6
OE 10000000 0.06
oF 100000000 0.006
10 2 300 K
11 20 30 K
12 200 3 K
13 2000 300
14 20000 30
19 200000 3
16 2000000 0.3
17 20000000 0.03
18 3 200 K
12 30 20 K
1A 300 2 K
1B 2000 200
1C 30000 20
1D 300000 2
1E 3000000 0.2
1F 30000000 0.02

(Continued on next page)

5-16

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



ARCHITECTURE
REGISTERS

TABLE 5~5 (CONT/D): TIMER FREQUfNCY SELECTION

TMRCTR BASE FREQUENCY CLOCK
CODE (HEX) DIVISOR FREQUENCY (HZ)
20 4 150 K
21 40 15 K
22 400 1.5 K
23 4000 150
24 40000 15
25 400000 1.3
26 4000000 0,15
27 40000000 0.015
28 ) 120 K
29 50 12 K
2A 500 1.2 K
2B 5000 120
2C 50000 12
2D 500000 Lol
2E 5000000 0.12
2F 50000000 0.012
30 6 100 K
31 60 10 K
32 600 L. K
33 6000 100
34 60000 10
35 600000 1
36 6000000 0.1
37 60000000 0.01
38 12 50 K
39 120 S K
32 1200 500
3B 12000 50
3C . 120000 5
3D 1200000 0.5
3E 12000000 0.05
|  3F 120000000 0.005
NOTE

It is important that a usable frequency
oe specilied for the clock to avoid error
conditions. Even_  though the  clock
frequency ranges from 0.005Hz to 600kHz,
an output freqiency above 20kHz 1s not
recommended, klsc, to  eliminate
contention for system processing time, it
13 fecommended “that the system clock be
disabled dur;ng clocked conversion
cycles.  In polled I/0, disabling system
interrupts will further improve ~ the
performance.

9=17
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CHAPTER 6
PRINCIPLES OF OPERATION

This chapter discusses the main operatin principles
of the three _subs¥stems on the DTZ28I1. It also
provides guidelines for successful programmlng and
efficient” use of conversion features availa le on
%he, DT2811. The chapter covers the following
opics:

A/D Conversion triggers
A/D Initialization

A/D Operating modes

A/D Error conditions
D/A Conversion

DIO Transfers

Example programs

O0D0OODODOOO

The material presented in this chapter should be
carefully read before putting the DT2811 into
operation.

6.1 A/D CONVERSION TRIGGERS

All A/D conversions are initiated with a trigoer.
Iwo tvpes of triggers are used on the DT2811-
scftware and hardwafé.

Tne scftware trigger is .issued by the program

running the board. It 1is accomplished by simpl
lcading the A/D Gain/Channel Register with 2a wvali
gain and channel number. Mdde 0 and Mode 1 use

scftware triggers to initiate single and continuous
conversions, "respectively.

A hardware trigger is an electrical pulse generated
externally by~ the user. . _The pulse "triggers
conversions on its negative going edge. Mode 2" and
Mode 3 use hardware friggers to inifiate continuous
conversions. The conversion starts with the output

pulse of the frequency divider.

6-1
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When performing any type of continuous conversions,
software or hardware triggered (Modes 1, 2, and 3),
it is impertant to note that the actual conyersion
will be delayed by one half pulse width of the base
frequency of the internal clock.

The internal clock system which provides the outputs
for hardware triggers consists of a clock and a
frequency divider.  The base frequencg of the clock
is "600kHz. = The_ internal clock system is disabled
when Mode 0 is selected. The interhal clock and the
frequency divider are enabled when the board 1is
operated in Mode 1 or Mode 2. =~ The internmal clock
base frequency output 1is disabled when Mode 3 1s
selected. = However, the frequency divider 1is still
active and available _for use” with an externally
supplied frequency. In this mode, the DT2811
receives the basic frequency from the external
oscillator.

The use of the various trigger sources for  optimum
operation cf the DT2811 is discussed in Section 6.3
6.2 A/D INITIALIZATION

Perform the following steps to initialize the A/D
subsystem:

Write 0 tc the A/D Control/Status Register.

(]

2. Wait for at least 100 micreseconds.

3., Read the low byte end the high byte of the
A/D and D/A Data Register.

These operations perform a valid A/D conversion and
clear the A/D Control/Status Register. To proceed
with new A/D or D/A conversions, you must follow the
steps outlined for various operating modes in
Section 6.3

¢€.3 A/D OPERATING MODES

The A/D subsystem of the DT2811 can operate in fouz
different moddes, degendlng on the requirements of
the application.  The mode is Selected b¥
agprogrlately setting the mode bits (bits 1 and 0
of the A/D” Control/Status Register. The four
operating modes are:

0 Mode 0 - Single conversion

6-2
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© Mode 1 - Continugus conversion with
internal clock

O Mode 2 - Continuous conversion with
internal clock and external
trigger

©0 Mode 3 = Continuous conversion with
external oscillator and
éxternal trigger

In all cases, the A/D conversion parameters must be
selected by loading the A/D Control/Status Register
before issuing a frigger. The next subseCtions
provide brief notes on"the operating modes.

6.3.1 MODE 0 - SINGLE CONVERSION

This mode of operation should be selected when
single conversions are to be performed on different
channels. The conversion is initiated on the
selected channel as soon as the A/D Gain/Channel
Register is loaded with the number of the channel to
Le acquired and the gain to be applied to the input
signal. The selection of this operating mode
automatically disables the internal clock.” An A/D
%ogfer51on in this mode of operation proceeds as
ollows:

l. Initialize.

2. Load the A/D Control/Status Register with
selected parameters  for the A/D
conversions, The mode field should have
the value of 0. .

Load the A/D Gain/Channel . Register with
selected ga;n and channel number. This
operation friggers an A/D conversion.

(4]

4. Wait for an  interrupt signaling the
completion of an A/D conversion==if you
haveé enabled interrupts (step 2 in this

rocedure) --or poll the A/D Done bit (ADCSR
1t 7) until set.

5. Read the converted data from the
ADDAT/DADATO; first the low byte then the

high byte. Reading the high byte of data
clearsyghe /D Dong bit. s -

5<3
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NOTE

You can trigger the next conversion
before reading the high byte of the
converted data. However, you must
finish reading @ the A/D Data
Register before the end of the nex
conversion; otherwise, data will be
overwritten and an error condition
will result.

6. To start another conversion on the same
channel with the same gain, just reload the
A/D Gain/Channel Register as§ above. For
conversion on a_different channel, load the
A/D Gain/Channel Register with the selected
gain and the number of the new channel.
Conversion will start as soon as the A/D
Gain/Channel Register is lcoaded.

6.3.2 MODE 1 = CONTINUOUS CONVERSION; INTERNAL
CLOCK

This mode of operation is selected when repetitive
conversions are  to be Eerformed on a given channel
at predetermined intervals. Successive convearsions
are initiated by triggers from the internal clock,
The output Irequéncy of | the internal
clock=--intervals between successive conversions=-is
contrelled by the counter kits in the Timer/Counter
Register. 2 new channel for mode 1 conversions can
be"selected at the end cf the last conversion on the
current channel by lcadlng the A/D Gain/Channel
Register with the number c¢f €he new channel and the
galn to be applied on the input signal. In this
manner, continuous conversions. with desired gains
can be performed on a, 1list of channels dnder
software control without interruption.

NOTE

While the DT2811 converter can achieve a
throughput c¢f 20kHz whsn operated on a“
singlé thannel in continuous conversion mode
and” at gains _up tec 10, overall throughput
may be rsduced if conversions are perfdormed
on” a scan of channels, because of overhead
due to software changes of channel and gain.
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2/D conversions in mode 1 proceed as follows:
1. Initialize.

2. Load the A/D Control/Status Register with
the selected parameters fdr the 2/D
conversions. The mode field should have
the value of 1.

3. Load the Timer/Counter Register with code
for the selected outpu frequency of the
internal clock.

4. Initiate conversion by .lcading the BA/D
Gain/Channel Register “with selected gain
and channel numbér. A/D conversion starts
w;thk the first pulse from the internal
clock.

5. Wait for an_ interrupt signaling__ the
completion of an R&/D conversion--if you
have enabled interrupts }step 2 in this
E;ocedureif-or EOIl the A/D Done bit (ADCSR

it 7) until set.

Read = the converted data from the

ADDAT/DADAT0; first the low byte then the

high byte. Reading the high byte of data

cléars’ the A/D Déne bit. Lobdp on steps 5
d & to continue.

(231

an
7. To change the input channel: .

%. Disable the internal clock outputs by
writing to the ADCSR with 0" for thé
value 8f the mode field. This disables
all hardware triggers. - )

E. Go to step 2 "“of the conversion
procedure outlined above. -

6.3.3 MODE 2 - CONTINUOUS CONVERSION, EXTERNAL
TRIGGER
Bs with Mode 1, this mode of operation is selected
when Iepetitlve conversions are to be performed on a
givén ~ chaznnel = at predetermined intervals.
Conversions are initiated by the internal clock just
as 1n Mode 1. However, the outputs of the intefnal
clock are enabled by a user-sugplzed external
trigger. = The output "frequency of the internal
clock--intervals between succesSive conversions--is

controlled by the counter bits in the Timer/Counter
6-5

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



PRINCIPLES OF OPERATION
A/D OPERATING MODES

Register. A new channel for Mode 2 conversions can

be selected at the end of the last conversion on the
current channel. Continuous conversions with

desired parameters can be performed on a list of
channels  without interruption under software
gogirol. a/D conversions in mode 2 proceed as
ollows:

1. Initialize.

2. Lload the A/D Control/Status Register with
the selected parameters for the A/D
conversions. The mode field should have
the value of 2.

3. Load the Timer/Counter Register with code
for the selected output frequency of the
internal clock.

4, Load the A/D Gain/Channel Register with
selected gain and channel number.

5. Initiate _conversion Dby  enabling the
internal clock outputs with a negative edge
external trigger source connected to pin 29
of the Jl1 connector, A/D conversion starts
with the first pulse from the internal

clock.

6, Wesit for an interrupt signaling _ the
completion ©f an A/D conveIsion-=if you
have enabled interrupts }step 2 in this
procedurej--or poll the A/D Done bit (ADCSR
bit 7) until set.

Read the converted data from the
ADDAT/DADATO; first the low byte then the
high byte. Reading the high byte of data
cléars” the L/D Done bit and prepares the
board for the next conversion. Locp on
steps 6 and 7 to continue.

~3

8., To change the input channel:

L. Disable the internal clock outputs by
writing to <the ADCSR with 0 fer the
value 0f the mode field. This disables
all hardware triggers. .

B. Go to step .2 "of the conversion
procedure outlined above.
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6.3.4 ?g?g 3 - CONTINUOUS CONVERSION, EXT 0OSC, EXT

This mode of operation is similar to mode 2, except
that the base frequency of the internal clock 1is
determined by a user-selzcted external oscillator
attached to pin 50 of the Jl connector. Conversions
are initiated at regular intervals by the internal
clock and the oufputs of the in ernal clock are
enabled by a user-supplied external trlgger Just as
in mode : The output frequency of the internal
clock--intervals between Successive conversions--is
controlled by the counter bits in the Timer/Counter
Register. The contents of the Timer/Counter
Register can be changed via software an ime durin
thé conversion operations. A new channe for Mode
conversions can be selected at the end of the last
conversion on the current channel by loadln% the A/D
Gain/Channel Register with the number of the new
channel and the gain to be applied on the input
signal. In this manner, continuous conversions with
deSired gains can be performed on a list of channels
under soOftware control without interruption. The
xternal oscillator is normally used when a base
frequency other than 600kHz Tthe base frequency of
the "internal clock) is desired. AD converSions  1in
Mode 3 would proceed as follows:

1. dInitialize,
2,

Load the A/D Control/Status Register with
the selected parameters f£3r the A/D
conversions., The mode field should have
the value of 3.

3. Load the Timer/Counter Register with code
for bass freguency Givider. If the
gonversion rate is to be the same as the
frecuencg of the external oscillator,
IMRCTR should be cleared (code = 0, base
frequency divisor of 1).

4. Load the A/D Gain/Channel with selected
gain and channel numbar.

5. Enable the internal clock outputs with an
ezternal trigger source connected to pin 49
cf the Jl cohnector. A4/D conversion starts
withk the first pulse from the internal
clock .
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6. Wait for an interrupt signaling _ the
completion of an A/D c0nver$1on--lf ou

have enabled 1nterru ts }step in t
rocedure)-—or go he A/D Done bit (ADCSR
it until

7, Read the converted data from the
ADDAT/DADATO; first the low byte then the
high byte. Readlng the high byte of data
cléars” the D Done bit and prepares the
board for the next conversion.- Loop oOn
steps 6 and 7 to continue.

8. To change the input channel:

A. Disable the internal clock outputs by
writing to the ADCSR with O for the
value O0f the mode field. This disables
all hardware triggers. : :

B. Go to step 2 ""of the conversion
procedure outlined above.

6.4 ERROR CONDITIONS

Two types of error conditions can occur on the
DT2811: trigger overlap and data overwrite. An
error conditidn in the board operation is *ndlcated
when A’D ERR (bit 6 of the ADCSR) sets. This bit
should be checked by the user software at the end of
each conversion cvtle to_snsure data lntearluv TE
sat, this bit must” be clearsd immediately before
rocesding with the next conversion. This is done
v writing a 1 to bit 4 of the ADCSR. Failure to
clear this bit effectively disables all further
error raports.

L trigger overlap error occurs when a new trigger is
i1ssued--software or hardhare--whlln the ourrent
converSLon is in process. This means that an
rigger issued batween the time the curren

ﬁonvarSLHn is initiated and the time the cuzrently
converted data . 1s placed in the A/D_and D/R Data
Kegister (low byte and high byte is illegal. When
conversions - are lnltlatEd with softwaré triggers,
L/D Done (bit 7 of the ADCSR) should™ be
set--indicating the comnletlon of the current
conversion--before the A/D Gain/Channel Register can
be reloading to initiate the next conversion. In
hardware initiated conversions, the 1ntervals
programmed between successive conversion triggers
should allow enough time for conversions = to

6-8
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complete,

A data overwrite error occurs when the current
conversion completes before data from the previous
conversion 1s read. The data overwrite error
results in the loss of data as previous data is
overwritten  with new conversion data. Software
should adhere to the legal sequence of events in
conversion operations to "avoid® data overwrite
¢rrors. This means that software must read data
from the current conversion before a trigger
(software or hardware) is issued for the néx

conversion. When overlap conversions are performed,
software must be able to read data from the previous
conversion before the current conversion completes,

Figure 6-1 is a timing diagram which illustrates the
progress of a converSion Operation. When a trigger
1$ lssued, TRIG goes low. This causes CONVERT to go
high and start” the conversion. When conversion
completes, CONVERT goes low and pulls A/D DONE high,
which sets the DONE in the "A/D Control/Stafus
Register indicating the end of the current
conversicn. A/D DONE stays high until the hlgh byte
of the converted data is “read from the A/D Data
Register. Reading the high byte of the data pulls
A/D DONE low, indiating that a new trigger can be
issued, Conversions cdntinue to start and complete
without error so long as this  sequence is ad ered
te. However, the diagram shows overlap operations
which proceed as follows:

1. After the first read, A/D DONE resests. The
second <trigger 1s 1issued, which starts the
second convéision.

2. R/D DONE sets at the end of the second
conversion.

3. The third trigger is issued prior to
reading data frOm the second conversion.

4, Data from the second conversion is read
while the third conversion is in progress.

5.. The fourth trigger is issued prior to
reading data from the third conversion.

€. The fourth conversion completes while data
from the third conversion 1is not read.
This is a data _overwrite error condition
which sets A/D ERR. '

b=8
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FIGURE 6-1: A/D CONVERSION TIMING DIAGRAM

6.5 D/AR CONVERSION

The D/A conversion on the DT2811 is straightferward.
Proceed as fellows:

1. Load the low byte of the digital data to
BRE low byte Gata register Of the selected

2. Load the high byte of the digital data to
: 523 high byfe data register Of the selected

D/A conversion starts as soon as the h bvte of
the digital data is clocked in. The ou ut voltags
is the analog value corresponding to the digital
input code.
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6.6 DIO TRANSFERS

The DIO Port 0 and DIO Port 1 Registers serve to
‘transfer data under program control between the
computer system and I/0 device attached to the Jl
connector of the DT2811., DIO Port 0 is dedicated to
inputs, while DIO Port 1 is_dedicated to outputs.
The direction of data transfer through the DIO ports
1s determined by the access to the DIO Port 0/DIO

Port 1 Registers. In a read operation, the
processor accesses DIO Port 0 and reads the data
present at the port. In a write operation, the

processor sends data to DIO Port 1 where the data is
made available to an external I/0 device.

To operate the digital 1I/O subsystem, proceed as
follows:

1, For an output (write) operation, load the
DIO Port 1 Register with the byte to be
transferred to the I/0 device.

2. A read of the DIO Port 0 Register always

vields the data made available to the port
Dy an external device.

6.7 EXAMPLE PROGRAMS

This section provides simple BASIC example programs
which demonstrate the wuse of the 2A/D and D/A
subsystems., All four modes of A/D conversions are

illustrated. Each program is headed by a comment
which explains the " function performed. by the
program. The programs may be run using IBM

interpreted BASIC, or "they may be compiled. Consult
manuals BASIC Reference” and BASIC Handbook, both
published by 1IBMN, for information on  BASIC
programming.

IMPORTANT

Output codes from A/D  conversions are
represented in hex coding (see Table 7-1).
The leading nibble (four "higher bits) of
each byte  is truncated if it represents a
value of zero. .This means that the leading
nibble cf the high byte i1s always truncated:
Thus the high byfe appears on_the output as
the leftmost hex digit. If the leading
nibble of the low byte  has a wvalue othef
than zero, the byte appears on the output as
two hex digits. “The combination of the high

6~-11
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byte and the low byte shows as a 3-digit hex
number, If the leading nibble of the low
byte has a wvalue o zero, then it is
truncated, and the low byte appears as a
single hex digit on the output. In this
caseé, the combination of the two bytes shows
as a 2-digit number. In other words,
whenever thé output apgears as two hex
digits, read a_zero in between. Thus 801 is
oufput as 81, 70F as 7F, etc.

6-12
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.7.1 A/D IN MODE 0
, PROGRAM: MODE(Q.BAS
4 MODE 0 OPERATION

"This grogram demonstrates how to program the
'DT2811 for MODE ( operation, MODE 0 performs
’a single conversion on a write to the ADGCR.
"Singlé channel operation (Ch 0) is shown at

"a GAIN of one. Any channel mag be used or a’
‘channel scan may be performed by incrementing
’channels. :

N WRI- oy
OOoOOOOO

To EXIT during ezecution, strike any key.

’The following sequence is recommended for
:MODE 0 operation?

L RITI RIRI PIRI IO I NI 18D b 1= b bt 3 3 ) =0 00 ]
WM JANEWNEOWO-JOULBWN HOOOO

CLS ‘clear screen
BADR=&H218 ’set BASE address
QUT BADRER, &H10 ’INITIRLIZE BOARD
FOR I = 0 TO 100 'wait

NEXT I

LB=INP (BADR+2 'read LOW BYTE
§B=INP BADR+3 ‘read HIGH BYTE
GCR=&H0 "set GAIN=1,CH=0

QUT BADR, &HO 'write MODE 0 to CSR
QUT BADR+1,GCR *load GCR which

g : ' starts CONVERSION
CSR=INP (BADR) "read CSR

IF CSR<12E& THEN 300 'DONE BIT set?
LB=INF (BADR+2) "read LOW RYTE
HE=INP (BADR+3) 'read HI BYTE; clear
4 ' DONE bit

gRINT HEXS (HB) ; HEXS (LB) 'prznt A/D DAT2

./ This FOR/NEXT loop provides a delay so that data
:may be displayed and easily read oh a screen.

FOR I=1 TO 100 - 'print to screen delay
NEXT I

"By using the INKEY$ command, the user can easily
:Stop program sxecution. .

X$=INKEYS
;F X$="" THEN 280 "reload GCR

gggo 500
E%NT "MODE 0 OPERATION COMPLETE"

OCOO000000000O0000O0000OOO0OODOOODOODOOODODOOOOOOO0D

AN UTE b i B B ol b b b () Lo G Lo Lo 0 L)
P OW O -1 VB LW N I OW O ~ I U L)
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6.7

10
20
30
40

LO W U W OW O - IWUIBWMNH OO OO OO

& 3?\:3&)!\”\3!—' i i 2 D e o oD — I o N
OO0O0O0O0O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

(O LT 1B, T SNt S A S N A R I TS TR T P TS TS TN TS T T 3R T T T Y Y
N OW 00 -1 WULE LW R OW O -J g s LW D o

.2 A/D IN MODE 1
'PROGRAM: MODEL.BAS
: MODE 1 OPERATION

I
'This Erogram demonstrates how to program the
"DT2811 for MODE 1 operation. MODE 1 performs
'continuous conversions on a write to the GCR.
'Slngle channel operation (Ch 0) is shown at a
'"GAIN of one. Any channel may be used or a
"channel scan may be performed by incrementing
:changels. To STOP program execution strike
anv key.
’NOTE:T%ere is no need tc stop execution while
:changlng input voltages.

CLS "zlear screen

BADR=&H218 "set BASE address

QUT BADR, &HO "INITIALIZE BOARD

FOR I = 0 TO 100 P T wait

NEXT I

LB=INP BADR+2§ ' read LOW BYTE

§B=INP BADR+3 L read HIGH BYTE

TMRCTR=§H34 "set BASE FRE(Q=10KHZ

GCR=&HO0 "set GRIN=1, CH=0

CSR=§H11 "set to MODE 1; clear ADERR

OUT BADR,CSR ) "write MODE 1 teo CSR

QUT BADR+7,TMRCTR ‘write BASE FREQ to TMRCTR

OUT BADR+1,GCR "leoad GCR wnich starts
' continucus CONVERSIONS

§5R=INP(BADR} "read CSR

'Mask the CSR to determine if the
"DONE bit or ERR bit is set

MASK=&HCO “mask CSR bits 5-0

£=CSR AND MASK
IF (R=&HCO) OR (k=&H40) THEN 540 " A/D ERR set?
IF 2=4H80 THEN 420 "A/D DONE set?

GOTO 320 "poll DONE bit

LB=INP (BADR+2) "read LOW BYTE,
HE=INP (BADK+3 "read HIGE BYTE
PRINT HEXS (HB) ; HEXS (LB) ' print A/D data

By usin¢ the INKEYS command, the user can
reasily Stop program execution.

X$S=INKEYS .
IF X$="" THEN 320 ! read CSR again
GOTO 570 "EXIT program

6-14
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r

PRINT "xx*xxxp /D ERROR*****x%x" [ flag A/D ERROR
E%%gngo REDUCE BASE FREQUENCY "

CLS
Eﬁ%NT "MODE 1 OPERATION COMPLETE"

Lnnnindnonon
O 0o —-JOonUN =l
OO0 OOOO
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6.7.3 A/D IN MODE 2

%8 :PROGRAM: MODE2.BAS

28 : MODE 2 OPERATION

50 ’This Erogram demonstrates how to program the
60 ’DT2811 fOr MODE 2 operation. MODE 2 performs
70 "continuous conversions on an external trigger.
80 ’Single channel operation (Ch 0) is shown af a
90 "GAIN of one. Any channel may be used or a
100 ’channel scan may be performed by incrementing
110 ’channels. To STOP program execution strike
120 "anv key. ]

130 "NOTE:There is no need to stop program

%38 ;executlon while changing input voltages.

160 CLS

170 BADR=&H218 "set BASE address
180 OUT BADR, &HO "INITIALIZE BOARD
190 FOR I = 0 TO 100 "wait

200 NEXT I

210 LB=INP§BADR+2; 'read LOW BYTE

220 HB=INP (BADR+3 "read HIGH EYTE;
230 'clear DONE

240 CSR=&H12 "set to MODE 2; clear ADERR
250 QUT BADR,CSR !

260 TMRCTR=&H34 :set BASE FREQ=10HZ

.OUT" BADR+7, TMRCTR
GCR=&H0 "set GAIN=1, CE=0
OUT BADR+1,GCR 'enable Ext. Trigger

"The fecllowing prompt indicates that an external
'trigger must be applied to start conversions.

?RINT "WEITING FOR EXTERNAL TRIGGER"
FSR=INP(EADR} "read CSR

0

0

0

0

0

0

0

0

0

g

0 "Mask the CSR_to determine if the

8 'DONE bit eor ERR bit is set.

0 MASK=&HCO 'mask CSR bits 5-0
0 A=CSR AND MASK

Q0 IF (A=§HCO0) OR (E=gH40) THEN 520 'A/D ERR set?
0 IF 2=¢H80 THEN 460 "R/D DONE bit set?
¢ GOTO 360 'poll DONE bit

0 LB=INF (BADK+2) "read LOW BYTE

0 HB=INP (BADR+3 ) 'read HIGH BYTE

8 PRINT HEXS (HB) ; HEXS (LB) "print A/D data

2
3
5

'The program execution can be easily stopped
'with the INKEYS command.

!

o
LV ]
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490 XS=INKEYS ;

ggg IF X$="" THEN 360 ’read CSR again

g%g GOTO 550 'EXIT program

520 PRINT "a#xxx**%x3/D ERROR*******%%7 "flag A/D ERR
530 PRINT " REDUCE BASE FREQUENCY "

540 GOTO 570

550 CLS

560 PRINT " MODE 2 OPERATION COMPLETE"
570 END

Lo i
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6.7.4 A/D IN MODE 3

%8 ' PROGRAM: MODE3 , BAS

28 : MODE 3 OPERATION

80 ‘This grogram demonstrates how to program the

60 'DT2811 fOr MODE 3 operation. MODE 3 performs

70 "continuous conversions with an external trigger

80 'and an external clock.Any channel may be usé

30 "or a channel scan ma{ be performed by

100 "incrementing channels. It is not neCessary to

110 ’'stop program execution when changing lnpug

120 ’voltages. To STOP program execution strike any

%38 "key. :

%28 :NOTE: Ext oscillator freq should be set to 10Hz

170 BADR=§H218 "set BASE address

180 OUT BADR, 0 "clear CSR

190 FOR I=1 TO 100 'wait

200 NEXT I

210 LB=INP (BADR+2) "read LOW BYTE

220 HR=INP (BADR+3) "read HIGH BYTE; clear DONE

230 CSR=gH13 ‘set to MODE 3; clear ADERR

240 TMRCTR=&HO 'set BASE FREQ=EXT 0SC

250 GCR=&HO 'set GRIN=1, CH=0

260 OUT BADR,CSR !

270 QUT BADR+7, TMRCTR ’ ,

%g OUT BADR+1, GCR "enable Ext Trigger

300 'The following prompt indicates that an external

g% :trlg must De appliad to start /D conversions.

o,

%E ?RINT " WAITING FOR EXTERNAL TRIGGER"
CSR=INP (BADR) "read CSR

"Mask the CSR to determine if the DONE bit
;or ERR bit is set.

MASK=&HCO 'mask CSR
A=CSR AND MASK
IF (R=&HCO) OR (2=&H40) THEN 570 'A/D ERR set?

IF R=&HBQ THEN 450 "A/D_DONE kit set?
GOTO 350 'poll DONE bit
LE=INP (BADR+2) "read LOW BYTE
HE=INF (BADR+3 "read HIGH BYTE
PRINT HEX$ (HB) ; HEXS (LB) "print A/D data

'The program execution can be easily stopped
:Wlth the INKEYS$ command.

=il =lelelelelelelelslololalelelolale o] oo o)

O U ek s ol 5 ab o b i ol o G0 L) L Lo Lad
OO 00 ~1oh U LI M OO oo —Ignun
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520 X$=INKEYS L

228 ;F X$="" THEN 350 "read CSR again

g%g GOTO 600 'EXIT program

570 PRINT " *****A/D ERROR****x*® /flag A/D

ggg EglgTGIU REDUCE EXTERNAL OSCILLATOR FREQUENCY 2
g?g PRINT " MODE 3 OPERATION COMPLETE"
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6.7.5 A/D IN MODE 1 SCAN

10 JPROGRAM: SCAN1.BAS

gg : CHANNEL SCAN MODE 1

50 ’This Erogram demonstrates how to use the

60 "DT2811 to SCAN a list of channels. MODE 1

70 ’Eerforms continuous conversions on a write

80 "to the GCR.

90 ’

100 *

110 ’

120 /

130

140 CLS

150 LOCATE 12,18

160 PRINT " SCANNING CHANNELS"

170 BADR=&H218 ’set BASE address
180 OUT BADR, 0 "clear CSR

190 FOR I=1 TO 100

200 NEXT I _
210 HB=INP (BADR+3) "clear A/D DONE bit
220 CSR=&H11 "set to MODE 1; clear ADERR
230 QUT BADR, CSR

240 TMRCTR=&H34 "set BASE FREQ=10HZ
250 QUT BADR+7, TMRCTR

260 FOR GCR= 0 TO 15 "set GAIN=1, CH=0
270 OUT BADR+1,GCR *start A/D CONVERSION
280 CSR=INF (BADR) "read CSR

290 MASK=&HCO ‘mask CSR

300 2=CSR AND MASK

310 IF (2=&HCO) OR (A=&H40) THEN 430 ’AID‘ERR set?
320 IF L=¢H80 THEN 340 "A/D DONE kit set?
330 GOTO 280 "poll DONE bit

340 LB=INP (BADR+2 "read LOW BYTE

ggg §B=IN?(BADR+3 . _ "read HIGH BYTE
370 !

380 PRINT "CH="GCR; HEXS$ (HB);HEXS$ (LB)

588 :prlnt A/D data

410 NEXT GCR "next channel

420 GOTO 460

430 PRINT "*=**%n/D ERROR*=#**%x%" ’flag A/D ERR

440 PRINT " REDUCE BASE FREQUENCY "

450 GOTO 470

3%8 gﬁ%NT "MODE 1 CHANNEL SCAN COMPLETE"
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.7.6 D/A CONVERSION
 PROGRAM: DAC.BAS
4 D/A CONVERTER OPERATION

'
'This Erogram demonstrates how to program the
'DT281lto generate square waves using the D/A-
"converterS. The D/A low and high byte
"addresses are set for DAC 0. TO usée DAC 1,
‘the addresses must be changed to BADR+4 and
"BADR+5 respectively.
:To EXIT, strike any key.

r

BADR=&H218 "set BASE address
LB=BADR+2 ‘DAC 0 LOW BYTE addr
EEEBADR+3 . 'DAC 0 HIGH BYTE addr
PRINT " SQUARE WAVES"
OUT LB, &HO ‘output all 0’s to LOW BYTE
OUT HB, &HO ‘then to HIGH BYTE

"for -F.S. reading
'The INKEY$ command allows the user to STOP
"program execution when any key is pressed. If
'no key is pressed, the program continues to run.

X$=INKEYS

IF XS="" THEN 300

GOTO 360 "EXIT program

OUT LB, &HFF "output all 1’s to LOW BYTE
OUT HB, &HF "then tc HIGH BYTE

"for +F.S. reading
X$=INKEYS
IF X$="" THEN 190

CLS
E%%NT "DAC OPERATION COMPLETE"

LA LD Lt Lo LD LI O PRI BIPI POPI FORI RO B PO =t i i e i o O -J N O O oy
oo —JhinE W OWo oW OwWwo-JonnhEa R OO0 00 0O OO OO

(=leloelelelelslelelslelelolelelelelolole Lo e lo Lo e lo Lol L]

6-21

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



CHAPTER 7
CALIBRATION

7.1 INTRODUCTION

This section contains calibration procedures for the
A/D. and D/A  subsystems of the DT2811. The
calibrations should De gerfqrmed at sixz month
intervals or whenever the input ran?e of the A/D
subsystem or the output range of the D

A subsystem
1s changed.

7.2 A/D CALIBRATION

The A/D calibration is performed by adjusting _two
trimpots: R10, the Offset Adjust, and RY, thé Gain
Adjust. These potentiometers are easily located on
%ne gqarg and on the board assembly drawing in
Appendizxz C.

CAUTION

Switch the host power off when installing or
removing the DT2B1l.

7.2.1- PREREQUISITES

1. Calibration is done on Channel 0 with all
?ther1?$hannels returned to Analog Ground
pin 17).

2

Calibration is performed with the  board
jumpered for the operating mode in which it
will be used.

3. The input cable is less than 3 meters (10
ft) long.

7=1
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4. Software is available to provide continuous
éﬁ%dlngs of Channel 0 and display them on a

7.2.2 EQUIPMENT REQUIRED

1. Precision voltage source, Electronic
Development  Corporation model 501J, or
equivalent.

2. Miscellaneous cables and connectors.

7.2.3 CONNECTIONS

The next sections show the connection schemes for
caézbratlon in single-ended and differential input
modes.

NOTE

Recall from discussions on connection
schemes = in .Chapter 4 that the
pseudc-differential ° input mode is a
variation of the single-ended input mode.
If the board is "to be used for
pseudo-differential inputs, it should be
calibrated for single-ehded input mode.

7.2.3.1 Single-ended Input Connection

In calibration for single-ended inputs:
1. B&ll the analog inputs are referenced to a

single ground potential. Connections are
madé as Indicated in Figure 7-1.
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R4  ANALOG INPUT

VOLTAGE O - —5‘ 1‘0 =
CALIBRATOR O D heuTs

g
R3 IRETURNED TO AGND

% AGND

aa i —

1 5K AMP LOW

TPCOOO23

FIGURE 7-1: SINGLE-ENDED INPUT CONNECTIONS
2. R1 is used for additional input protection.

3. R2 isclates the calibrator lo signal from
the analog ground.

7.2.3.2 Differential Input Connections

In calibration for differential inputs:

1. Each input has 2 high (Ch 0) and 2 low (Ch
0 Ret) connection. The msasurement taken
is the difference between the two inputs
thereby rejecting any noise common to both
inputs.

With non-isclated systems, care must be
taken to ensure "that the inputs are
referenced to Analog Ground.

[ ]

3, If the signz2l to be measured is isclated, a
return path for the bias current must be
provided back tc Analog Ground. This may
be done by connectlag a2 1kQ to 100k
Ee515§or from the signal return to Analog

round. .

4., If all analog inputs are referenced to  a
single 2naldg Ground, only one resistor is

reqguired betwéen the exterhal Analog Common
and the board Rnalog Common.

=3
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5. A direct connection could be made between
signal return and Analog Ground. However,
this could cause large ground currents to
flow i1f the compufer ground potential is
several volts differenf from the _input
signal ' cround potential., Even if ghe
signal inputs are isolated from earth
gréund ac currents could flow due to stray
Capacitance.

6. gognections are made as indicated in Figure

A1 ANALOG ;NPUTBU#HD
VOLTAGE O 5‘{0 CHANNW
CALIBRATOR ~ (Omt— Ra
510 CHANNEL OHEIURN
—

UNUSED INPUTS
i
A3 RETUANED TO AGND

10K AGND

TPCOOQD24

FIGURE 7-2: DIFFERENTIAL INPUT CONNECTIONS

7. Rl and R2 are used for additional input
protection.

8. R3 is used to reference the inputs to
Analog Ground. Without R3, - input _bias

currents can build an input voltage
exceedlng the common mode veltage range.

7.2.4 CALIBRATION PROCEDURE
The A/D subsystem must be calibrated for the gain at

which it will operate. Regardless of thé gain,
however, calibration must be first performed at a
gain of 1. If the A/D module is to_be programmed

for a gain different than 1 in the application, then
a second calibration must be performed with the A/D
module programmed for the reguired gain. In all

1-4
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calibrations, the offset is adjusted first, followed
by the gain adjustment.

Tables 7-1 and 7-2 give the input voltages for the
three input ranges.

TABLE 7-1: CODING VALUES FOR UNIPOLAR INPUTS .

DIGITAL |INPUT VOQLTAGE
SCALE CODE (HEX) 0-5v
+FS - 1 LSB FFF +4.,9988
+FS = 2 LSB FFE +4.9976
1/2 ES 800 +2.5000
1 LSB 001 +1.2207nV
0 LSB 000 0.0000V

TABLE 7-2: CODING VALUES FOR BIPOLAR INPUTS

DIGITAL INPUT VOLTAGE
SCALE CODE (HEX) 5V 22,5V
+FS - 1 LSB FFF  [+4.9976 | +2.49886
+FS = 2 LSB FFE  [+4.9952 | +2.4976
+1/2 FS €00  [+2.5000 | +1.2500
1 LSB 801  |+2.2414mv| +1.2207mv|
0 800 0.0000 0.0000
-1 LSB TEF  |=2.4414mv| =1.2207mv
-1/2 FS 400  [-2.5000 | -1.2500
-FS + 1 LSB 001 |-4.8976 | -2.4988
~ES 000 |-5.0000 | -2.5000

Table 7-3 lists the offset and scale voltage values
to be usad for calibration at different gains.

=5
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TABLE 7-3: INPUT VOLTAGE VALUES FOR CALIBRATION

~FS +FS = 1LSB

GAIN 5V 2.5V 0-5v x5V 2.5V
ok =20 [|=2:3 4,9988 14.9976 [2.4988

2 =2.5 |=1.25 [2.49938 |2.4988 1.24938
4 =1.25 [=0.625 [1.24969 [1.24969 |0.62469
8 -0.625|=0.3125(0.62484 |0.62469 (0.312347
10 =0.9 [-0.25 [0.49988 |0.4%%976 |0.2949677
100 |-0.05 (=0.025 10.049988/0.049976/0.024988
500 |(-10mv [-0.005 [0.009998|2.9951mv|0.004998

7.2.4.1 Gain Of 1

To calibrate the module at a gain of 1, proceed as
follows:

Unipolar Offset Adjust

Apgly a dc input of 0 volts and adjust the offset
potentiometer R10 for an output code of 000 (hezx).

Unipclar Gain Adijust

Apply a_dc veltage of +FS -1LSB (see Table 7-1 or
Tablz 7-3) and adjust the gain potentiometer RO for
an output code of FFF (hex)’

Bipolar Offset Adjust

Apply a_dc input voltage of -FS (see Table 7-2 or
Table 7-3) and adjust the offset potentiometer R10
for an output code of 000 (hex) in offset binary
(800 in two’s complement).

Bipolar Gain Adjust

Apply a_dg veltage of 4FS - 1LSB (see Table 7-2 or
Table 7-3) and adjust the gain potentiomester RS feor
an output code of FFF (hex) in offset binary (7FF in
two's complement).
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7.2.4.2 Gains Other Than E

For calibration at gains other than 1, proceed as
follows:

1. Calibrate the module at a gain of one as
outlined in the previous section.

2. Program the module for the desired gain.

3. Angly a de inggt of 0 volts and adgust the
offset goten iometer R21 for OLSE output
code *6LSB (see Table 7-1 or 7-2).

4. Go back to the Erevious section and perform
offset and FS =-1LSB calibrations on
potentiometers RY and R10 exactly as you
did for a ain of 1, but with the module
ogeratlng,at he rcgrammed gain, Obtain
the pertinent +F5 -ILSB valués for various
gains from Table 7-3,

7.3 D/A SUBSYSTEM

In this calibration, a digital data code is input to
the D/A subsystems and the output voltage is
adjusted until the correct value is obtained. The
oiiset and gain for the board are adjusted by
TIlmpots attachsd to the summing junction and gain
inputs of the DAC.

CAUTION

Switch = the computer power off when
installing or removing the DT2811.

7.3.1 PREREQUISITES
1. Software is available which can program the -
DAC with the appropriate output codeés.

2. The output cable is less than 3 meters (10
feet) long.

3. The load impedance on the output of the DAC
1s not less than 10,000 ohms.

7=7
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7.3.2 EQUIPMENT REQUIRED

1. Precision voltage meter, accurate to at
least five decimal places.

2. Small, flat-bladed screw driver for
potentiometer adjustments.

3. Miscellaneous cables and connectors.

7.3.3 CONNECTIONS

The pesitive input of the precision voltmeter should
be <connected te the output of Channel 0 and the
ground of the precision voltmeter = should be
connected to the analog ground of the DAC. Note
that if the ground of the veltmeter is connected to
any ground “other than the proper one, ground loop
currents may degrade the ~accuracy’ of the
calibratioen.

7.3.4 CALIBRATION PROCEDURE

Data input to the DACs is encoded either in straight
binary "or offset binary, depending on the output
range selected. Table “7-4 relates the analog
outputs of the DAC to the digital input codes.

TABLE 7=4: RELATIONS OF BOARD
INPUT CODES TO ANALOG OUTPUTS

INPUT DIGITAL INPUT
CODE MSRB S ANALOG QUTPUT
STRT. 4 1 4. 1k 1ok E +Full Scale-1LSBE
BINARY| 1 00000000000 | Mid Scale
112311113 L1l Mid Scale-1LSB
0o0000C00O0O0O0CO0O Zero
OFPSET 211214 1 111131131 4Full Scale-1LSB
BINARY| 1 000000000O00 Zero
Bl1i111ltriudidd Zerc =-1LSB
00000000O0O0O0O | =Full Scale

Table 7-5 gives the actual voltage wvalues at
d;gferent ranges corresponding to thée various input
codes.

7=8
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TABLE 7=5: SELECTED OUTPUT VALUES
AT VARIOUS OUTPUT RANGES

INPUT CODE OUTPUT RANGE
(HEX) 0-5Vv 2.5V 5V
FFF +4,9988 +2.4988 +4.9976
800 +2.5000 +0.0000 0.0000
1FF +2.4988 =0.0012 -0.0024
001 +0.0012 =2.4988 =4.9976
000 0.0000 =2.5000 =5.0000

Table 7-6 gives the 1/2 LSB values for the various
output  ranges. TheSe values are used in the
calibration 5f the DACs

TABLE 7-6: 1/2 LSB VALUES
AT VARIOQUS OUTPUT RANGES

QUTPUT RANGE 1/2 LSB VALUE
0-5v 0.610mv
+2 .5V - 0.610mv
*5v 1.22mv

Connect the veltmeter to the DT2811 as shown in
Pigure =3,

NS

DIGITAL
:] MULTIMETER
oMM
™o o

TIME/DIV

Q © vm;/urv

DAC GND '
—— (pin 23 - paC 0)
(pin 25 - pac 1)

DAC ouT
~{pin 22 - DaAC 0)

(pin 24 = DAC 1) TPCODO14

FIGURE 7-3: CONNECTION FOR DAC CALIBRATION

=3
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CALIBRATION
D/A SUBSYSTEM

Allow one hour for the entire system to warm up and
%tiﬁlllze before calibration then proceed as
ollows:

1. Set the input code to all zeros and adjust
potentiometer R8 for DACO or R4 for DACL
until the offset is within 1/2 LSB of the
value listed in Table 7-6 for the selected
range.

2. Input 21l ones and adjust potentiometer R6
for DACO or R2 for DACl until the + full
scale is within 1/2 LSB of +FS - 1 LSB (see
Table 7-6).

3. Do a second calibration to eliminate
interaction between the offset and the gain
adjustments.

7-10
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APPENDIX A
DT707 AND DT752 SCREW TERMINAL PANELS

A.1 INTRODUCTION

The DT707 and DT752 screw terminal panels are
accessory products which provide a convenient means
of connetting the user interface to the DT2811. On
the DT707 all f£ifty connection points (A/D, D/A

digital 1I/0, external trigger, and externa

osCillator) to the DT28ll  "are made on screw
terminals. . The DT752 divides, the  50=pin J1
connection inte a 30-pin connection (pins 21-50) and

20=-pin ., connection (pins 1-20). The  30=pin
connection 1s brought out to screw terminals on the
DT752. This  connéction is used by _the D/A
subsystem, digital I/0 subsystem, external trigger,
and ~external “oscillator. .The  3M~type 20C=pin
connection 1is directed outside the DT752 boeard and
1s used for analog, inputs. This connection 1is

intended for A/D "inputs via a_ secondary screw
terminal  panel, usually a panel which Drovides
conditioning to the input signals. Data Translation
DT70%-Y, DT756-Y, and the” DT6700 series signal
conditioning/screw terminal panels are designed for
this type of application. These  products “provide
the interface to the user analog inputs and connect
to the J1 connector of the DT28I1 via the 20-pin
connector. Both the DT707 and the DT752 have rubber
feet for horizontal table-top mounting.

The DT707-T is a DT707 panel equipped with _a

thermocouple cold-junction compensation circuit. It
1s intended to be used in temperature measurement

gpplécatlons with the DTZ2811-PGL low level input
card.
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DT707 AND DT752 SCREW TERMINAL PANELS
SPECIFICATIONS

A.2 SPECIFICATIONS

Sgecificatlons are given for both DT707 and
{ are t ical at +25°C and standard
voltages, unless ot erwise noted.

GENERAL SPECIFICATIONS

Qutline Dimensions:
5,20"H X 8.75™W X 0.875"D
(i3.21 X 22.23 ¥ 2.22 &)

Weight:
12.5 ounces
(355 grams)

Screw Terminal:

The screw terminal panel consists of 80 barrier
strip  connections’ in four sections of 20
connections each

Barrier Strip Screw Size:
€-32 Screws

Barrier Strip Screw Material:
Magnum

Barrier Strip Material;:
Polyester, UL grade, 94V-0 pelypropylens

hcceptable Wire Size:
18 to 22 RWG
THERMOCOUPLE CJC COMPENSATION CIRCUIT

Output Impedance: .
Amplifier Output 100mQ, 800Q divider

Output Voltage Eguation:

Qutput Voltage = 5mvfaearee Celsius =z T
where T=tsmparaturs of DT707- =T board in
degress Celsius

Ope*atinu Tamoe ature Range:
0" to +38

Power requirements:.
+/- 15 volts from DT707--5.5mA (+15V), 0.5mA (~15V)
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DT707 AND DT752 SCREW TERMINAL PANELS
USING THE DT707

A.3 USING THE DT707
The function of each screw terminal on the DT707 is
indicated directly on the board’s silkscreen. The
silkscreen for the DT707 is reproduced in the
board’s assembly drawing, located in Appendix C.
The DT707 accommodates: '

0 Differential inputs

0 Single-ended inputs
o0 Thermocouple inputs (DT707-T)

The next three subsections describe the use of the
DT707 with these three types of inputs.

A.4 SINGLE=ENDED INPUTS

Single—ended inputs have a common return path to
Analog Ground. The DT707 connects Signal Ground to
Anailog Ground. gonnectlng single-énded  inputs
consists of hooking the channel up, and making the
return path connection.

A.4.1 DIFFERENTIAL INPUTS

This type of input requirss that an external return
path De provided between channel X RET (the low or
return side of anv differential  analog _input
channel) and Analog Ground, This is accomplished
easily on the DT707 By installing 10 kilohm ~ %watt

resistors at resistor locations R2, R3, R6, R7, R10,
R1l1, R14, and RL:S, These resistors are
user-supplied.

A.4.2 THERMOCOUPLE INPUTS

The DT707-T can be used with any type  of
thermocouple, Because thermocouple inputs” provide
very low voltage signals, and are very susceptible
to “electricallv-induced noise, they should be used
only with the DT2811-PGL in differential input mode.
The” DT707-T has factory-installed 10KQ resistors

which provide the return gath from Channel X RET to
Analog dGround required whenever differential inputs
are uded.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



DT707 AND DT752 SCREW TERMINAL PANELS
SINGLE-ENDED INPUTS

A.4.2.1 Open Input Detection
Revision A DT707-T boards have built-in open input

detection circuitry (the revision number of the
board is in etech on the solder side of the DT707-T
board), On_these boards, an open input will result
in a plus full scale output code for gains of 8 or

greater,

R.4.2.2 Cold Junction Compensation Circuit

When the wires from a measurement thermocouple are
connected to the screw terminals on the DT707-T's
barrier strip, a second, celd-junction thermocouple
1s formed. ~ This cold-junction thermocouple is of
the same t¥pe (R, S, or “J, for exzample) as the
measuremen thermocouple, = but with  opposite
electrical polarity. The signal created by the
ccld-junction thermocouple therefore tends to reduce
that &f the measurement thermocouple. Since the
cold-junction thermocouple is referenced to the
ambient temperature of the DT707-T screw terminal
Eanel, and the ambient temperature varies over time,
his can result in large measursment errors.

To compensate for these errors, the DT707-T contains
a,  thermoccuple cold-junction compensation (CJC)
circuit. The CJC circult provides a means by__which
users can determine the temperature of the DTT707-T
board. A user-written program can then compensate
gggojtge celd-junction thermocouple formed at the

The DT707-T CJC circuit consists of a solid state
temperature sensor which 1is used to determine the
temperature of the screw terminal panel. When the
CJC rircuit is calibrated (see the calibration
discussion in the next subsection), the sensor’'s
output 1s .5omV/degree Celsius. The CJC outputs are
rougnt out on jumdbers Wl and W2. Installing W1 and
WZ_ _énables thé CTJC by connecting its output to
differential channel 0 of the DT2811-PGL.

To use the CJC to compensate for the ccld Jjunction
thermocouple ~ when some thermocouple typé X is
connected te the DT707-T terminals for Channel Y, do
the following:

1. Read the temperature of the DT707-T by
sampling channel 0 on the DT2811-PGL series
board. "The temperature {Tll of the DT707-T
can be determined by the following formula:

A-4
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DT707 AND DT752 SCREW TERMINAL PANELS
SINGLE-ENDED INPUTS

Tl = V/(.5mV/degree Celsius)

where V is the voltage present on channel 0
in millivolts.

2. Using the tables or formula for
thermocouple type X determine the error
voltage (Ve) for thermocouple type X at T1
degreés Celsius.

3. Read the thermocouple’s sample voltage (Vs)
on channel Y.

4. Obtain the ceorrected voltagg (Ve) by
performing the following addition:

Yc = Vs + Ve

5. Using the tables or  formula for
thermocouple tyge X, determine the
temperature T2 of the thermocouple input on
channel Y by finding the temperature
corresponding to Ve.

Whenever the CJC circuit is used, it occuples
differential input channel 0. Channels 1 through 7
can be used for thermecouple inputs. Table "A-1
indicates the function of jumpers W1 and WZ.

TABLE 2=-1: THE DT707-T CJC CIRCUIT

CJC CIRCUIT Wi W2 .
 Enakbled In In
Disabled Qut Out

A.4.2.3 Calibration Of The CJC Circuit

Calibration of _the cold-junction  compensation
circuit is accomplished as follows:

1. Refer to the DT707 assembly diagram in
Appendizx C.

2. Connect a voltmeter to the DT707-T scCrew
terminals marked Channel 0 and Channel 0
Ret. Set the voltmeter for a 100mv full
scale dc range.
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DT707 AND DT752 SCREW TERMINAL PANELS
SINGLE-ENDED INPUTS

3. RAdjust potentiometer R23 on the DT707-T for
a reading of E mV, where:

E=Tzx .5mV/degree Celsius

where T= the temperature of the DT707-T
board in degrees Celsius.

A.4.3 REFERENCE JUMPERS ON DT707

On the DT707, jumpers W3 and W4 are installed at the
factory, and “should be left installed for ail
applications discussed in this manual.

When installed, W3 connects all screw terminals:
marked SGND (Signal Ground) on the DT707 to AGND
(Analog Groundé on the DT2811 through a zerc-ohm
resistor, When the DT2811 is jumpered for
single=-ended lnguts, W4 connects Amp Low éthe low
sidé of  the _ DT2811 series board’s A/D
instrumentation amgllfler} Lo AGND on the DT2811.
W4 _ has no effect when the DT2811 is jumpered for
differential inputs.

If AGND is connected directly to an external ground
ground loops may be formed resulting in eleftrica
nolse and inaccurate data conversions: Should this
be a problem, replace Ri7 on the DT707 with al

kilohm resistor.

A.5 USING THE DT752 .

The DT752 screw terminal panel accommodates user
connections for the D/A " subsystem, digital I/0

subsystem, external trigger; and external
cscillator. It directs analog,znput connections to
a8 separate 20-pin connector. Like the DT707, the

function of each screw terminal .on the DT752 is
indicated directly on_the board’s silkscreen. The

silkscreen for the DT752 is the same as that for the
DT707, and is reproduced in Appendix C.

Connections for the D/A subsystem, Digital 1I/0
subsystem, external clock, and 2xternal trigger are
simply the DT28i1 Jl pins brought out t& screw
terminal connectors. Even though the DT752's screw
terminal panel has screws marked for analog input,
there is no connection between these screw Cerminals
and the DT2811 Jl connector. When a DT752 is used,
ALL _ANALOG INPUT CONNECTIONS MUST BE MADE USING THE
20-PIN 3M CONNECTOR ATTACHED TO THE DTI52,

A-6
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DT707 AND DT752 SCREW TERMINAL PANELS
USING THE DT752

Typically, connections can be made u51ng a Data
Translation signal condltlonzng boar like the

DT709-Y, DT756-Y, or the DT6700 _series. A/D
connections are then made to the signal conditioning

g anel, Table A-2 gives the pin asSignments for thé
T752's 20-pin analdg input connector.

TABLE A-2: DT752 20-PIN CONNECTOR
PIN ASSIGNMENTS

PIN SIGNAL

Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
AGND

Amp Low
+15V Qut
=15V Out

=
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wn
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APPENDIX B
TROUBLESHOOTING AND FACTORY SERVICE

B.1 INTRODUCTION

If you encounter a difficulty with the operation of
the” DT2811 or_  screw terminal panel, consult the
following checklist before calling Data Translation.

1. Check that the DT2811 is firmly seated _in
the IBM PC/XT/AT exzpansion  slot. The
DT281]1 series board 1is powered from the
computer system and transfers all data and
instructions over the IBM PC bus.

2. Check that all ICs are firmly seated in
their sockets.

3. Check the +5V power sugply. It should be
between +4.75V and +5.25V.

4. Check the +12V supply, It should De
between +11.52V and +12%6V.

5. Check the -12V supfly. It should Dbe
between =10.92V and =132V,

6. Check _that the  screw terminal cable
eassembly, o©r whatever user-supplied cable
agsemb¢y is used, is connected securely to

.

7. Check the DT28l1 series board jumpering.
The jumper functions are desCribed 1in
Chapter 3.

€. Check to make sure no comEonents are making
contact with an adjacent board.

After going through the above  checklist, try the
hints “givén in "the next section if the problem is
not corrected.

B-1
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TROUBLESHOOTING AND FACTORY SERVICE
SYMPTOMS AND SOLUTIONS

B.2 SYMPTOMS AND SOLUTIONS

The following sections list specific problems and

solutions. If the problem “persists after trying

these solutions, call the Customer Service

de aftmggg and get a Return Material Authorization
number.

B.2.1 NO BOARD RESPONSE

O Check the board's base address jumpers.

© Clean the board connector fingers with a
soft pencil eraser.

B.2.2 DIGITAL OUTPUT CODE ALL ONES (OR ALL ZERQOS)
© Check for floating inputs (see the section
on Floating Inputs).

© Make sure that the input is not greater
than' the range that the A/D is set té&.

© Make sure that none of the other inputs is
above the power supply voltage.

© In unipolar mode, check for a negative
veltage input.

B.2.3 FIRST READING ON A CHANNEL IS INCORRECT

Input settling time is budgeted from one linear
region to afother. If the sample and heold is
saturated dus to overvoltage on an ogen channel, the
first reading on a valid channel could be in error.

© Check for floating inputs (see the section
on Floating Inputs).

o Check to make sure the input cable is not
over 3 meters (10 feet) in length.

© Check to make sure the source impedance is
not over 1 kilohm.
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TROUBLESHOOTING AND FACTORY SERVICE
SYMPTOMS AND SOLUTIONS

B.2.4 ZERO WILL NOT CALIBRATE

The total adjustment range of the ZERO pot in the
A/D convertér is agproxlmately 40 counts. If there
are offsets in the system, such as _bradge
imbalances, they usually cannot be removed with the
ZERO pot on the module.

B.2.5 FULL SCALE WILL NOT CALIBRATE

The total adjustment range of the FULL SCALE EOt in
the A/D converter is approximately 40 counts. If
there are other gain errors in the system, the

usgally cannot be adjusted out with the FULL SCAL

pot.

B.2.6 THE READINGS ARE NOISY

o All cables must be routed away from
swztc?;ng power  supplies and “digital
signals.

© In a high noise environment, the inputs
should = be differential with shielded
twisted pair cable. The shield should only
be connected at one end,

o0 RC filters can be added at the inputs to
remove high frequency noise pickup.

o Digital averacing of the data can be done
simply by adding 16 12-bit A/D conversions
and then Shifting right 4 times (divide by
16) . This is especizlly useful to minimize
the ms noise in high gain applications.

E.2.7 FLOATING INPUTS

Floating inputs are those signals that do not have a
referenfe to analog ground of the DT2611.

With single-ended inputs, it is recommended that the
inputs BPe isolated’ from earth ground. All the
signal commons then would be connecfed separately to

S??%% common of the board (for example, SGND on” the
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TROUBLESHOOTING AND FACTORY SERVICE
SYMPTOMS AND SOLUTIONS

With differential inputs, it is necessary to
reference the signal’s return path to analog ground
of the system. If the signal is not referenced back
to analog common, leakdge currents on the imput
drive the signal out of £he common mode voltage
range (+11V) thereby saturating the amplifier. This
reférence should not be a direct _connection, but
should be some impedance from 1 kilohm to 100
kilohms. _Refer to the calibration procedure, and
specifically the section on the differential
connections” for more information.

IMPORTANT

Unused differential inputs must be returned
to analeg common.

B.3 RMA NUMBER

If you determine that factory service is necessary,
cal the Customer Service department at Data
Translation [(508) 481-3700] for a Return Material
Ruthorization (RMA) number. All return shipments to
Data Translation must be marked with RMA numbers.

Wrap the DT2811 series board in the original
shipping materials, if available and in "good
condition. Be careful tc wrap the board in" an
electrically conductive _plastic, _and to handle it
with ground protection. A static electric discharge
can destroy compenents on the DT2811. Ship the
board to the fcllowing address:

Customer Service
Data Translation, Inc.
100 Locke Drive
Marlborough, MA, USA 01752-1182

Ehe Data Translation Customer Service can be reached
y:

Telephone: (508)481-3700
Telex: 951646 (DATATRANS MARO)
Easylink 628250289
B-4
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APPENDIX C
ENGINEERING DRAWINGS

This appendix contains:
0 DT2811 assembly drawing
o 'DT2811 jumper'map
o DT707 assembly drawing
0 DTI752 assembly drawing
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A/D and DAC% Dgta Register (high

byte), 5-1 _
A/D g;g DACQ gata Register (low
.byte), 5+
B2/D Calibration
Equipment required, 7-2
Prerequisites, 7-1
Procedure,  7-4
A/D calibration, 7-1
Connections, 1-2 _ .
/D Control/Status Register, 5-4
A/D conversion triggefs, 6-
A/D ga&a Register (high byte),

A/D Data Register (low bytel, 5-9
A/D Gain/Channel Register, 3-7
A/D input mode, 3-8
A/D Input Range
Configuration, 3-6
A/D subSystem, 1-2
Accuracy, 2-2
Dynamic performance, 2-3
Interrupt level, 3=
Specifications, 2-2
Thermal Characteristics, 2-3
Accessories, 1l-4
Accuracy
A/D subsystam, 2-2
D/A subsystem, 2-4
2Znalog input connection, 4-7
Analog inbuts, 4-7_
Specdifizations, 2-2
inzlog output cennection, 4-13
Anzlod outputs
D/A subsystem, 2=d
Architecturs, 5-1

Base address,
Configuration, 3-2
Bipclar gain adjust, 7=6
- Bipolar offset adjust, 7-6

Calibration, 7-1
A/D subsystem, 7-1
Bipolar gain adjust, 7-
Bipolar offset adjust,
D/& subsystem, =7
Differential inputs, 7
DT707
CJC, A-5
Single-ended inputs, 7-2

6
7-6
3

INDEX

Unipolar gain adjust, 7-6
JUnlpolar offset adjust, 7-6

&

DT707-T, A-4
Calibration, A-3
Jumpers, A= ;

Cold junction compensation
see CJC |
Configuration, 3-1
A/D”input mode, 3-
A/D Input Range, 3-6
Base address, 3-2
D/A output range, 3-8
Intsrrupt level, 3-7
Jumper summary, 3=
Connection QULdEiLRES: 4-13
Connection Schemes,_4-=7

Rnalog inputs, 4=7
Connection to Backplane, 4-1
connections

A/D Calibration, 7=2

Analog output, ;

Connections to Screw Terminal
Panels, 4-4

Cont;ngous conversion, Mode 1,
G=

Continuous conversion, Mode 2,

e
o

= .
Continucus conversion, Mode 3,
o=
Conversicn
/A, 6-10

Conversion triggers, 6-1
D/A calibration -
Equipment required, 7-8
Prerequisites, 7-7
Procedure, 7=
D/A conversion, 6-10
Example program, 6-21
D/L output range
Configuration, 3-8
D/A subSystem
Accuracy, 2-4
Analog dutputs, 2-4
Calibration, 7-7
Dvnamic performance, 2-4
Output range, 3-8
Specifications, 2-4
Thermal characteristics, 2-5
DAC calibration

Inden-1
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Connections, 7-8
DACDSData Register (high bvte),

DACOqData Register (low byte),
DAClgngza Register (high byte),
DACqufEa Register (low byte),

s by, 512
i e), 5=
DACT [Boanyoyee) s 51
Data Register” (high byte), 5=10
Data Register (low byts), 5-9
Differantial inputs, 4-1i
Calibration, 7-3
Digital I/0Q
Digital inputs, 2-6
Digital outputs, 2-6
Digifal I/0 Subsvstem
,Specifications, 2-6
Digital I/Q subsystem, 1-3
Digital I/O transfers, &-11
Dlglga%BInput Port 0 Register,

Digital inguts
Digital I/0, 2-6 )
DlglE&%qOutput Port 1 Register,

Digital outputs
Digital I/0, 2-6

DIQ €ransfers, 6=11

DT707, 1-4 ;
Thermocouple inputs, 3-3
TI07=T

CJC, a-4

Open inputs, A-4
DTI32, 1-1

Pin assignments, A-7
Dynamic performance

A/D subsystem, 2-3

D/A subsystem, 2-4

Equipment requirsd
A/D Calibrétion,
D/A calibration,

rror _conditions, 6

Exampls program i
2/D Mode 0, 6-13
L/D Mode 1, 6-14
4/D Mode 1 scan, 6-20
A/D Mode 2, 6-1%

2/D Mode 3, 6-18
D/A conversion, 6-21
Example programs, 6-11
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External Oscillator
Specifications, 2-7

External Trigger
Specificationg, 2-7

Factory service, 1=7

Guidelines
Connection, 4=13

Initialization, 6-2
Ingut lines
hielded, 4-13

Twisted pair, 4-13
Input mode
A/D subsystem, 3-6
Ingut Rangé
/D, 3=6_
Input settling, 4-13
Inputs

ifferential, 4-11
Pseudo-differential, 4-9
Single-ended, 4-7

Installation, 4-14
Interconnections, 4-1
Interface Characteristics
Specifications, 2=7
Interface logic, 1-3
Internal clock
Specifications, 2=6
Interrupt level, 3-7

‘Jumper Summary, 3-9

LPCLAB, 1-%
LsSB vaiues, 1/2, 7=9
Mode 0

Ezample program, 6-13
Mode 0, singié conversicn, 6-3
Mode 1

Example program, 6-14

" Mode 1 scan

Example program, 6-20
Moaeela continuous conversion,

Mode 2
Example program, 6-16
Mode 2, continuous conversion,

Mode 3 ;
Ezample program, 6-18
M°°353$ contifuous conversion,
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WARRANTY AND SERVICE POLICY

WARRANTY

Data Translation, for the effective period of the
warranty set out below, warrants that its standard
hardware products and software media will be free
from defects in materials and workmanship under
normal use and service. Data Translation's obligation
under this warranty shall not arise until the Buyer
returns the defective product, freight prepaid, to Data
Translation’s facility or another specified location.
The only responsibility of Data Translation under this
warranty is, at its option, lo replace or repair, free of
charge, any defective component part of such
products.

EFFECTIVE PERIOD OF WARRANTY

All boards, modules, systems, and software media
are warranted for one year from date of invoice.
Products repaired or replaced within this warranty
period maintain their original warranty. Products
repaired or replaced outside the warranty period are
warranted for 30 days from invoiced date of return.

RETURN OUTSIDE USA AND CANADA

Contact the local sales representative or factory for
authorization and shipping instructions.

LIMITATIONS ON WARRANTY

The warranty set forth above does not extend to and
shall not apply to:

1. Products which have been repaired or altered by
other than Data Translation personnel, unless
Buyer has properly altered or repaired the
products in accordance with procedures
previously approved in writng by Data
Translation,

2. Products which have been subject to misuse,
neglect, accident, or improper installation,

THE WARRANTY AND REMEDIES SET FORTH
ABOVE ARE IN LIEU OF ALL OTHER
WARRANTIES EXPRESSED OR IMPLIED, ORAL
OR WRITTEN, EITHER IN FACT OR BY
OPERATION OF LAW, STATUTORY OR
OTHERWISE, INCLUDING WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A

PARTICULAR PURPOSE WHICH DATA
TRANSLATION SPECIFICALLY DISCLAIMS. DATA
TRANSLATION, INC. NEITHER ASSUMES NOR
AUTHORIZES ANY OTHER LIABILITY IN
CONNECTION WITH THE SALES, INSTALLATION,
OR USE OF ITS PRODUCTS. DATA
TRANSLATION, INC. SHALL HAVE NO LIABILITY
FOR INCIDENTAL OR CONSEQUENTIAL
DAMAGES OF ANY KIND ARISING OUT OF THE
SALE, INSTALLATION, OR USE OF ITS
PRODUCTS.

CUSTOMER SERVICE POLICY

a. Data Translation, Inc. will repair or replace, at its
option, any faulty itern within ten days after receipt
of said part regardiess of its warranty status.

b. A Quick Tumaround Plan is available to expedite
servicing. Contact the Data Translation Customer
Service Department for details.

e. If a preduct should fail during the warranty period,
it wil be repaired free of charge. For
out-of-warranty repairs, the customer will be
invoiced for repair charges.

RETURN/REPAIR PROCEDURES

Upon determining that repair services are required,
or to return a product to Data Translation, contact the
Data Translation Customer Service Department at
(508) 481-3700, extension 394 to obtain a Return
Material Authorization (RMA) number. Have the
following information ready when you call: complele
product model number, productserial number, name,
address, and telephone number of person retuming
product; and any special repair instructions.

Carefully package the product in ant-static
packaging, making sure the RMA number appears on
the outside of the package. Ship prepaid to:

Customer Service Department
Data Translation, Inc.

100 Locke Drive

Marlboro, MA 01752-1192 USA

On completion of required service, an invoice is
issued stating charges, when applicable, and the
work that has been completed. A packing slip is
enclosed in the return shipment.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



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




