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Introduction

This user's guide is designed to help you get
started using the Tektronix Ml 5010 Multifunction In-
terfacing System. It is intended to supplement, rather
than take the place of, the operator’s manuals and
other documentation supplied with the elements of the
system. Please refer to the other documents for fur-
ther details on its operation.

The Mi 5010 Multifunction Interfacing system con-
sists of the MI 5010 Multifunction Interface, the MX
5010 Multifunction Interface Extender, and, at
present, seven function cards capable of a variety of
functions typically required in automated testing sys-
tem interfacing, data acquisition and generation, and
process control.

The MI 5010 and MX 5010 each house up to three
of the function cards, in any combination. The MI
5010 provides the means of communication between
the system controller and the function cards. The MX
5010 is always used in connection with an MI 5010;
extending its control to six function cards at one GPIB
address.

As of this printing, the function cards available for
use in the MI/MX system are:

50M10 Analog-to-Digital Converter Card
50M20 Digital-to-Analog Converter Card
50M30 Digital Input/Output Card

50M40 Relay Scanner Card

50M41 Low-Level Relay Scanner Card
50M50 Memory Card ~
50M70 Development Card
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Section 1
MI 5010 Operation

Setting up the Ml 5010 for GPIB Operation

The MI 5010 communicates on the GPIB via the
GPIB connector on the rear of the TM 5000 power
module in which it is installed. Each GPIB instrument
within a given power module will have its own ad-
dress; the power module itself does not have an ad-
dress. Power to the power module should be turned
off when inserting or removing plug-in instruments or
cards.

The Mi 5010 primary address and message termi-
nator are set by means of a bank of six switches on
the rear of the M| 5010. A label similar to that shown
in Figure 1 identifies the switches and their meanings.
The Ml 5010 is shipped from the factory with the
switches set to an address of 23 and to EOl-only for
the message terminator.

Valid primary addresses include the range of 0 to
30 (address 31 effectively disables the M| 5010 from
communicating on the GPIB). If your controlier re-
serves an address for itself, do not set the M1 5010 to
that address. The Tektronix 4050-series controllers
reserve address 0 for themselves. The Tektronix 4041
defaults to address 30 on power-on, but may be pro-
grammed to use any primary address. The MI 5010
ignores secondary addresses.

EOl-only is recommended as the message termina-
tor for use with Tektronix controllers. LF/EO! is rec-
ommended for use with a Hewlett-Packard controller.
(In the latter position, the MI 5010 still recognizes EOI
as a terminator and transmits EOI concurrently with
the line-feed character to terminate the message.)

MI 5010 Power-On

The MI 5010/MX 5010 performs a self-test at
power-up. During the self-test, all front-panel indi-
cators (the ADDRESSED and ERROR lights on the
front of the MI 5010 and the ACTIVE and ERROR
lights on the front of each of the installed function
cards) are lighted. If an internal error is detected, the
ERROR light on the Mi 5010 and/or one or more of
the function cards will remain lighted after the self-test
has been completed. See the operator’'s manual for
the proper procedure to follow in the case of a failed
self-test.

IEEE-488
ADDRESS
SELECTION

LF/
——EO|

— 16

EQl—

ADDRESS — 4

3712-08

Example:
TC 16 8 4 2 1
X 1 0 1 1 1 =23

Fig. 1-1. M/ 5010 address and terminator switches.

Following a successful self-test, the Ml 5010 and
the installed function cards go to the default states
shown in Section 4 of this guide.

The MI 5010 asserts SRQ to report power-on sta-
tus after completing the self-test. This SRQ can be
handled by a serial poll, although the M! 5010 commu-
nicates normally on the GPIB and executes com-
mands whether or not the SRQ is serviced. Some
controllers, such as the Tektronix 4051 and 4052
when used without the 405XR14 GPIB rompack, re-
quire that the program contain an SRQ handler and
begin by enabling the handler; otherwise the power-
on SRQ will cause the program to halt. The 4051 and
4052 indicate this condition by displaying the mes-
sage, “NO SRQ ON UNIT.”

1-1
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Sending Messages to the Ml 5010

Most GPIB controllers provide a high-level state- "

ment that allows you to transfer device-dependent
messages to the Mi 5010. In the 4041, it’s the PRINT
statement.

150 Print 8$23:"TIME 09:11:00"

A useful variation assigns the Ml 5010 address to a
variable and inserts that variable in the PRINT state-
ment in place of the number for the address. This al-
lows you to change the program to work with the
MI 5010 set to other addresses by changing only the
statement that assigns the variable.

170 Mi=23 .
180 Frint #mi:"TIME 09:11:00"

Notice that the Ml 5010 message (what's inside
the quote marks) is the same in both of the above
examples. The rest of each example varies to match
the PRINT statement syntax designed into each con-
troller. This suggests that once you understand your
controller's output and input statements, it's just a
matter of plugging in the MI 5010 commands you
need.

Getting Ml 5010 Current Settings

MI 5010 queries or output commands (such as
SET? or TIME?) prepare the instrument for bus data
output, but do not start such output. The Ml 5010
waits until it sees its talk address to begin sending the
requested data. This is accomplished by the INPUT
statement in the 4052A or the INPUT PROMPT state-
ment in the 4041.

220 Input #23 promet “"ID?":id$

In each of the above examples the MI 5010 will
respond by sending back its identification followed by
the version number of its firmware.

All instrument settings can be obtained in one mes-
sage with the following commands:

260 Input %23 prompt "SET?"tsettinss$

You can later restore the Ml 5010 to those same
settings simply by sending that setting string back to
the M1 5010 as follows:

300 Print #23:settings

Talking to'the Cards

To send a message to a card in the Ml 5010, select
the card and then send the card commands as you
would any other message to the Ml 5010. Here is a
message that asks for and inputs the name of the
card in slot 1 of the M!I 5010:

340 Frint #23:"SELECT 1"
350 Input #23 promet "NAME?"inames$

A card's function seitings can be acquired into a
single string if the string is dimensioned large enough.

370 Dim fsettng$ to 150
380 Input #23 prompt "FSETZ?":ifsettns$

MI 5010 Command Buffer

The MI 5010/MX 5010 system has two operating
modes, “‘immediate” and “buffered.” In the immediate
mode, commands are executed immediately upon re-
ceipt of the message terminator (EOl-only or LF/EOI).
In the buffered mode, commands are stored in a com-
mand buffer within the MI 5010 for later execution.
The command buffer is loaded by sending the
BUFFER ON command, followed by the commands to
be buffered, then followed by the BUFFER OFF com-
mand. The commands in the buffer are executed
when the MI 5010 receives the EXEC <num> com-
mand where the argument <num> determines how
many times the buffer is to be executed. A negative
argument causes continuous operation. The com-
mands STOP, INIT, or EXEC <num> cause buffered
execution to end. The buffer is erased by sending the
INIT command or by opening the buffer again with the
BUFFER ON command.

An entire test sequence can be put into the buffer
and executed repetitively for as long as the test needs
to be performed. The advantage of the buffered mode
is that it reduces GPIB traffic for repetitive functions.

Three commands control execution in the buffered
mode: EXECUTE, STOP, and WAIT. The EXECUTE
command determines the number of times that the
buffered commands will be executed. The argument
for the EXECUTE command ranges from -255 to
+254. Any negative number means continuous oper-
ation untit a new EXECUTE command or a STOP
command is sent to the instrument. An EXECUTE 0
command produces no executions if none is occur-
ring; if any are occurring, buffered mode execution
stops at the completion of the one in progress.
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The WAIT command is used to suspend execution
of the buffer while waiting for some event to occur.
The event may be any of the following:

WAIT <num>—a time duration from 0 to 655.35
seconds in 0.01-second steps.

WAIT UNTIL—a selected time reading of the time-of-
day clock.

WAIT TRIG—receipt of the <GET> interface mes-
sage or TRIGGER command.

WAIT COND—an EXT TRIG, IDV, or ODR signal re-
ceived at any of the resident cards.

WAIT OFF—execution resumed.

The WAIT <num> provides for a delay in execu-
tion of the buffer. This delay can be used to allow for
settling time of an external circuit. The WAIT UNTIL
command can be used to interrupt the controller at a
given time-of-day. The WAIT TRIG command can be
used with the GET interface message to synchronize
operation of the Ml 5010 and its cards to other instru-
ments on the GPIB. The WAIT COND command al-
lows the synchronization of the MI 5010 and its cards
to external trigger signals coming from other devices
in the test system. Other instruments on the bus can
be synchronized to this external trigger by the use of
the ARM SRQ command. ARM SRQ instructs the Mi
5010 to assert SRQ upon receipt of an EXTERNAL
TRIGGER, IDV, or ODR signal at a selected function
card. The controller can then synchronize other instru-
ments on the bus as a response to this SRQ.

1-3
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MI 5010 Response to Interface Messages

The following program sequences show various in-
terface messages transmitted to the Ml 5010.

130 Fri_addr=23 | MI primary bus address

140 !

150 ! :

160 Listen: whote stnderi_asddr+32) | Send Listen Address (MLA)
170 !

180 Unlisten: whute atnduni) ! Send Unlisten (UNL)

190 !

200 Talk: whyte atn(pri_sddr+é4) | Send Talk Address

210 !

220 Untalhk: whate atnlunt) ! Send Untalk

230 !

240 Devclear: whwte del ! Send DNevice Clear

250 i :

260 Selctcir: wbute sdcleri_addr)atndunl) | Send MLA, Selected Device
270 ! Clear, UNL

280 Trigger: whute get(pri_addr),atnlunl) | Send MLA, Grour Execute
290 ! Trigders UNL

The MI 5010 responds to DCL (and SDC if listen
addressed) by clearing its Input and Output Buffers
and any unexecuted setting commands in its Pending
Settings Buffer, along with any errors or events wait-
ing to be reported (except power-on).

GET satisfies the WAIT TRIG condition when the
M1 5010 is executing buffered settings (and the instru-
ment is listen addressed). GET also provides a trigger

for M1 5010 card functions: if a function card is in the
DT SET mode, decoded settings are executed only on
receipt of GET,; if a function card is in the DT TRIG
mode, inputs or outputs do not change until receipt of
GET.

See the Ml 5010 Operators Manual for a full dis-
cussion of how the instrument responds to interface
messages.
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Section 2
Operating the Ml 5010 System Function Cards

This section describes the operation of each of the
function cards presently available for use with the M|
5010 Multifunction Interfacing System. The hand-
shaking lines on each card are summarized in Section
3 of this guide, and the programming commands for
each card are listed in Section 4. Greater detail on the
specifications, theory of operation, and maintenance
and calibration of the cards is given in their respective
instruction manuals.

50M10 A-D Converter Card

The 50M10 is a 12-bit analog-to-digital converter
with four ranges selectable by means of internal
jumpers:

Range Resolution
—102.40 to +102.35 mV 50 uV
—1.0240 to +1.0235 V 500 pVv
—10.240 to +10.235 V 5mVv
—102.40 to £102.35 V 50 mV

- Figures 2-1 and 2-2 show the 50M10 front-panel
interface connector pin assignments and the 50M10
on-board jumper locations, respectively.

The voltage to be measured is applied to pin 6A
with the analog ground or common applied to pins 5B,
6B, and/or 7B. Any of these pins may be elevated to
+350 volts (dc plus peak ac) from earth ground.

The 50M10 range is selected by means of J3051
and J2051. J3051 sets the gain of the 50M10 input
amplifier to select a basic range of =100 mV, £1V,

OUTPUT OR PIN ToP PIN OUTPUT OR
INPUT A B INPUT
1 1
2 2
3 3
4 4
ANALOG INPUT 6 6 COM
GUARD 7 7 GND
8 8
9 3
10 10
11 11
12 12
ESC (INPUT) 13 13
READY (OUTPUT) 14 14
EXT TRIG (INPUT) 15 15
ODR (INPUT) 16 16
0DV (OUTPUT) 17 17
D7 18 18
06 19 19 gég
et DS 20 20
AN R T 21 21
LINES D3 22 22
D2 23 23
D1 24 24
Do 25 25

(4495-02)5187-02

Fig. 2-1. 50M10 front panel interface connector, front view.




M! 5010 Multifunction System Users Guide

Jig12 3-8 O ESC
J1814 G5 OJ ODR
X1
J2051
1o TTEN
7
H
J3031 OHD J3032 (R RANGE
oDV U roy 10
oo 10 J3051

Og
O J4o21

30 jap12 O

HS

4 RANGE
IND
o 74031
O J4@22 MODE
Ot mfchal

B S ['__'

NOTE: JUMPERS SHOWN IN FACTORY-SHIPPED POSITIONS

5187-03

Fig. 2-2. 50M10 on-board jumper locations.

or +10V; J2051 inserts a 10X attenuator ahead of
the input amplifier to obtain a range of +100 V. J4021
and J4022 set the logic to provide the proper re-
sponse to the settings queries from the GPIB system
controller.

Internally generated guard voltages are available at
pins A5 and A7. In the three lower ranges of opera-
tion, these guard voltages are approximately equal to
the voltage applied to pin A6; in the highest range of
operation, the guard voltage is approximately equal to
one tenth of the voltage applied to pin A6.

The 50M10 takes less than 32 microseconds to
convert an analog voltage to a digital value. This con-
verted value is available over the GPIB in binary, deci-
mal, or hex format, and/or in digital format at the
External Data Lines of the 50M10 front panel connec-
tor. If the 50M10 has previously been sent the com-
mand EXT ON, then the digital word is available both
over the GPIB and at the front panel connector. If the
50M10 has previously been sent the command EXT
OFF, then the digital word is available only over the
GPIB; it is not available at the front panel connector.

With EXT ON, the 12-bit digitized value is sent to
the eight external data lines in two 6-bit bytes, high
byte first. Within each byte, the most significant bit is

2-2

on pin 20A and the least significant bit is on pin 25A.
Pin 19A carries the high-byte/low-byte indicator.
When the high byte of a given conversion is present
on the external data lines, pin 19A is high; when the
low byte is present, pin 19A is low. Pin 18A is not
used, and is connected internally to a low logic level.

Two modes of conversion are available, Burst
Mode and Step Mode, selectable by means of jumper
J4031. In the Burst Mode, conversions occur continu-
ously as long as the ESC line is held in the true state
by the receiving device. In the Step Mode, one conver-
sion occurs each time the ESC line is changed from
the false state to the true state.

Conversions may also be initiated by means of the
CONVERT command or SEND command over the
GPIB. The CONVERT command causes a conversion
to occur; the SEND command causes a conversion to
take place and returns the value in volts over the
GPIB.

The ODR (Output Data Received) and ODV (Out-
put Data Valid) lines are used to handshake the con-
verted digital value at the 50M10 front panel con-
nector out to some external receiving device, such as
the 50M50 Memory Card. In general, the 50M10 as-
serts ODV when it has placed a valid data byte on its
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output lines, and the receiving device asserts ODR
when it has accepted that data byte.

Two modes of handshaking are available, the 4-
state handshake mode and the 3-state handshake
mode. The 4-state handshake mode is generally used
to communicate with devices which are slower than
the 50M10. The 3-state handshake mode is generally
used to communicate with devices which are faster
than the 50M10.

In either mode, when the 50M10 places a byte of
data on its external data lines, it asserts its ODV line.
In the 4-state handshake mode, the 50M10 requires
that the ODR line go from an false level to a true level
and back to a false level before it will place another
byte of data on its external data lines and assert ODV
again. Thus, the 50M10 will wait until the receiving
device has received a data byte and signaled via the
ODR line that it is ready for the next before placing
another data byte on its external data lines. Since
there are two bytes of data for each conversion, there
will be two ODV/ODR handshakes per conversion.

In the 3-state handshake mode, the 50M10 will
continue to place data on its external data lines as
long as the ODR line is held true by the receiving de-
vice and as long as conversions are occurring. The
50M10 will assert ODV each time a new byte is put
onto the external data lines, but the 50M10 does not
have to wait for an external signal before placing sub-
sequent bytes on the external data lines. When the
receiving device places the ODR line in the false state,
the data handshaking will stop, although conversions
may continue to take place, depending upon the state
of the ESC line. With the 50M10 in the Burst Mode
and with the ESC and ODR lines held in their true
state, the 50M10 is capable of making conversions
and transmitting the converted digital values at the
rate of 30,000 conversions per second.

The READY line is an output line which is in the
true state except during the time that the 50M10 is in
the process of making a conversion. It may be used to
signal other parts of the measurement system when a
conversion is in process and/or when it has been
completed.

2-3
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50M20 D-A Converter Card

The 50M20 is a 12-bit digital-to-analog converter
with either voltage or current output, selectable by
means of an on-board switch. In the voltage mode,
the output range is —10.240 voits to +10.235 volts
with 5 mV resolution and 5 mA current capability. In
the current mode, the output range is —20.48 mA to
+20.47 mA, with 10 uA resolution and 11 volts
compliance.

The digital value to be converted may be sent to
the 50M20 over the GPIB (via the M1 5010) or through
the 50M20's front panel connector from an external
word generator, such as the 50M50 Memory Card.
The argument of the SOURCE command determines
which of these sources of digital data the 50M20 will
pay attention to. Total conversion time for data sent
to the 50M20 through its front panel connector is 20
microseconds or less.

Figures 2-3 and 2-4 show the 50M20 front-panel
interface connector pin assignments and the 50M20
on-board jumper locations, respectively.

The Data Input lines at the 50M20 front panel con-
nector are pins 19A through 25A. The analog output
of the 50M20 appears between pins 7&8A and 7&8B.

Over the GPIB, the value of the desired analog out-
put is sent either as a voltage or current expressed in
decimal, or as the digital equivalent of that value ex-
pressed in binary, decimal, or hex. Through the data
input lines of the front panel connector, the value of
the desired analog output is expressed digitally in two
6-bit bytes. Within each byte, the most significant bit
is on pin 20A and the least significant bit is on pin
25A. Pin 19A is used for the high-byte/low-byte indi-
cator. A high state applied to pin 19A indicates that a
high byte is present; a low state applied to pin 19A
indicates that a low byte is present. Pin 18A is not
used; it has no internal connection within the 50M20.

Pins 14A through 17A are handshake lines which
permit synchronization with other devices. The
READY line is an output line which is true except
while the 50M20 is in the process of making a conver-
sion. The signal on this line may be used to signal
other parts of the measurement system when a con-

QUTPUT OR PIN | 1op | PIN QUTPUT OR
INPUT A B INPUT
T 1
2 2
3 3
3 4
5 5
6 6
7 7
ANALOG OUTPUT {: : . :} ANALOG RETURN

3 3
19 10
1 1
12 12
SHIELD GND 13 13
READY (OUTPUT) 12 14
EXT TRIG (INPUT) 15 15
1DR (OUTPUT) 16 16
1DV _C(INPUT) 17 17
ED7 (NC) 18 18

ED6 (HB/LB) 19 19 s
EDS 20 20
DATA INPUT J | ED4 21 21
LINES 03 2 —
ED2 23 23
EDT 24 24
EDG 25 25

(3724-02)5187-04

Fig. 2-3. 50M20 front panel interface connector, front view.
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P1BIG
Jgig
&1
(SPARE )
J2040 ]
(BW LIMIT) 53240
o0
(NORMALLY OPEN)
12825
(BW LIMIT)
[(HE
(NORMALLY OPEN)
P3020 P3B25
J3020 J3825 P3655
80 O&8 vo0E J3055
N f T \ SWITCH —= l_l E
-——] READY L (VOLTAGE/CURRENT ) (SPARE)
oV ——
NOTE: JUMPERS SHOWN IN FACTORY-SHIPPED POSITIONS
(3724-03)5187-05

Fig. 2-4. 50M20 on-board jumper locations.

version is in process and/or when it has been
completed.

The EXT TRIG line is an input line which allows the
external system to cause selected actions to occur
within the measurement system. (See ARM com-
mand, Section 4.)

The IDR (Input Data Received) and IDV (Input Data
Valid) lines are used to synchronize the receipt of in-
put data on the Data Input lines. When the external
sending device has placed a valid data byte on the
Data Input lines, it must assert IDV to signal the
50M20 that it may accept the byte. When the 50M20
has accepted the data, it asserts IDR to signal the
external sending device that it may send the next

byte. Once it goes true, IDR remains true until reset by
the trailing edge of the IDV signal.

In the normal bandwidth mode of operation, the
50M20 output settles to within one least significant bit
of its final value within 20 microseconds. Smoothing
of the output signal can be accomplished by placing a |
shorting jumper on J2040. This places a bandwidth |
filter in the signal output line and stretches the settling |
time to about 250 microseconds. At the same time
that this is done, a shorting jumper should also be
placed on J2025 which stretches the READY signal's
false state to 250 microseconds to coincide with the
lengthened settling time of the output signal. Two f
spare shorting jumpers are supplied with the 50M20
at J1010 and J3055.

2-5
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50M30 Digital 1/0 Card

The 50M30 provides sixteen digital output lines
and sixteen digital input lines. The sixteen output lines
provide TTL levels to control various types of test and
measurement instruments, relays, indicators, etc. The

sixteen input lines accept data from pushbuttons,
switches, contact closures, and most digital devices
capable of supplying TTL output levels. Figures 2-5
and 2-6 show the 50M30 front-panel interface con-
nector pin assignments and the 50M30 on-board
jumper locations, respectively.

OUTPUT OR PIN Top PIN OUTPUT OR
INPUT A B INPUT

DIG GND 1 1 DIG GND

DO@ 2 2 DO1

D02 3 3 D03
DATA bo4 4 4 0os DATA
ouTPUT ¢ | DOB 5 5 007 I % ouTPUT
LINES D08 8 6 D0s LINES

Do10 7 7 DO11

D012 8 8 D013

D014 3 3 D015

USER SUPPLY VOLTAGE| g i

(+15V MAX)

DIG GND 1 11 DIG GND

DIg 12 12 DIt

DI2 13 13 DI3

D14 14 14 IS
ot DI6 15 15 D17 (NPUT
LINES DI8 16 16 DI9 LINES

DI1D 17 17 DIl

DI12 18 18 D113

DI14 19 19 DI15

1DV (INPUT) 26 20 DIG GND

IDR (OUTPUT) 21 21 DIG OND

0DV (OUTPUT) 22 22 DIG GND

ODR (INPUT) 23 23 DIG GND

BFR TRIG 24 24 DIG GND

25 25 ERROR

(3722-04)5187-06

Fig. 2-5. 50M30 front panel interface connector, front view.
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I

E[INT)
J1204

O (EXT)

NOTE: JUMPER SHOWN [N FACTORY-SHIPPED POSITION.

5187-07

Fig. 2-6. 50M30 on-board jumper location.

As shipped from the factory the output lines are
tied through 2 kohm resistors to an internal +5 volt
supply. J1201 allows the output lines to be connected
through the same 2 kohm resistors to an external
supply as high as +15 volts, or as open-collector out-
puts to an external supply as high as +30 volts. The
three modes of operation are diagrammed in Figure 2-
7.

The sixteen input lines are tied through approxi-
mately 22 kohms to an internal +5 volt supply, and
are therefore normally in the high state.

For programming the 50M30, the output channel is
designated Channel 1 and the input channel is desig-
nated Channel 2. The digital word to be placed on the
output channel may be sent over the GPIB or loaded
from the command buffer in the Ml 5010 in binary,
decimal, or hex format. Likewise, the digital word
present on the input channel may be returned over the
GPIB or transferred to the Ml 5010 input buffer in
binary, decimal, or hex format as desired. There is no
way in the 50M30 to move a word from the input
channel to the output channel without going through
the controller.

Four handshake lines—IDV, IDR, ODV and ODR
(pins 20A through 23A)—at the 50M30 front panel
connector permit synchronization of input and output

signals with external devices. In normal handshaking
of input data, the sending device initiates the hand-
shake by placing a valid data word on the 50M30’s
input lines and asserting IDV. When the 50M30 has
received that word, it asserts IDR to signal the send-
ing device that it is ready for the next word. The
50M30 automatically resets IDR to its false level after
about two microseconds.

In normal handshaking of output data, the 50M30
asserts ODV to signal the receiving device that a valid
word is present on its output lines. When the receiving
device has received and accepted that digital word, it
asserts the ODR line to signal the 50M30 that it may
place another word on its output lines. The 50M30
does not require that the receiving device assert ODR
before placing a subsequent data word on its output
lines; however, once asserted, the ODV line will re-
main true untii it is reset by an ODR signal.

It takes the 50M30/M! 5010 combination about 2
milliseconds to respond to an ODR from the external
system and about 3 milliseconds to respond to an IDV
from the external system. Thus, with handshaking,
the 50M30 can place words on its output lines at a
maximum rate of about 500 words per second. It can
receive words on its input lines at a maximum rate of
about 333 words per second. (If input or output speed
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Fig. 2-7. Typical 50M30 output line configurations.
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is critical, then the 50M50 memory card with its
200,000 words per second speed should be used in-
stead of the 50M30.)

There is also a limitation in the number of different
words that the 50M30 can generate or acquire at the
above rates. The number of different words which can
be generated is limited by the size of the command
buffer. The command buffer can hold about 300 com-
mands, including the data words to be generated and
the wait commands between words. So the practical
limit on the number of words which can be generated
by means of the command buffer is 100 to 150, de-
pending upon the size of the words and the number of
intervening commands.

When the 50M30 “reads” a word on the input lines,
it stores that word in an input buffer in the MI 5010.
This buffer has a limit of about 48 words before it
becomes full. When the buffer becomes full, its con-
tents must be transmitted over the GPIB before it can
accept any further words. So the maximum number of
words which the 50M30 can read at 3 milliseconds
per word is about 48. Then there will be some time,
determined primarily by the speed of the controller,
before further words can be accepted.

Of course, there is no limit to the number of words
that can be input or output if each word is transmitted
individually over the GPIB from the controller. In this
case, the data rate is primarily a function of the speed
of the controller.

29
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50M40 Relay Scanner Card

The 50M40 contains 16 independent, single-pole,
single-throw mercury-wetted relays which are wired in
four groups of four relays, with each group tied to a
separate common. The groups of four may also be
configured, by means of internal jumpers, into groups
of eight, twelve, or sixteen—each group with its own
common connection. Individual switch closures are
controlled by commands over the GPIB or by com-

mands from the command buffer in the Ml 5010. Each
switch may be individually closed or opened without
regard to the state of the other switches: Or a special
scanning mode of operation may be programmed
wherein the switches are closed one at a time in a
user-selectable sequence, in a break-before-make
fashion.

Figures 2-8 and 2-9 show the 50M40 front panel
interface connector pin assignments and the 50M40
on-board jumper locations, respectivelv.

OUTPUT OR PIN TOP PIN QUTPUT OR
INPUT A B INPUT
EXT TRIG (INPUT) 1 1 GND
READY (OUTPUT) 2 2 GND
(1) K1300 3 3
INPUT/OUTPUT (21 K13@1 4 4
GROUP A (3) K1400 5 5
(4) K14@1 3 6 GROUP A COM
7 7
GND 8 8
(5) K1500 3 g
INPUT/0UTPUT (8) K1581 19 19
GROUP B (7) KI1310 1 1
(8) K141@ 12 12 GROUP B COM
13 13
GND 14 14
(9) K141 15 15
INPUT/OUTPUT (12) KI510 16 16
GROUP C (11) Ki511 17 17
(12) K1320 18 18 GROUP C COM
19 19
GND 20 20
(13) K1420 21 21
INPUT/OUTPUT (14) K1421 22 22
GROUP D (15) K1520 23 23
(160 K1521 24 24 ~ GROUP D COM
GND 25 25

(3723-08)5187-09

Fig. 2-8. 50M40 front panel interface connector, front view.
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Fig. 2-9. 50M40 on-board jumper locations.
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Figure 2-10 is a schematic diagram of the 50M40
switching matrix showing how the jumpers configure
the matrix into groups of 8, 12, and 16. As dia-
grammed, moving the jumpers to the left connects the
bank of four switches to the next lower common line.
The jumpers are actually dual jumpers; the second
portion of each one activates the logic which tells the
controller what the configuration is, in answer to a
configuration query from the controller.

Two handshake lines, EXT TRIG and READY (Pins
1A and 2A), provide the means of synchronizing the
operation of the 50M40 with the external system. The
READY line is an output line which is normally high.
Whenever the 50M40 receives a command to open or
close any relay, the READY line goes low and stays
low for about five milliseconds to notify the rest of the
measurement system that the relays are changing
state and no measurements should be taken during
this time. The EXT TRIG line is an external trigger
input line which allows the external system to cause
selected actions to occur within the measurement
system. (See ARM command, Section 4.)

If the switch closure commands to the 50M40 are
coming from the Ml 5010 command buffer, it takes
the 50M40/MI 5010 combination about two millisec-
onds to respond to an external trigger signal, so the
maximum rate of switch operations is typically be
about one operation every seven milliseconds. If the
switch closure commands are coming from the con-
troller, the period of time between operations is in-
creased by the amount of time that it takes the
controller to service the SRQ initiated by the external
trigger signal and to place the next command on the
GPIB.

50M41 Low-Level Relay Scanner Card

The 50M41 contains ten independent pairs of
guarded, normally open, low-thermal relay contacts
which are wired in two groups of five, with each group
tied to a separate common. The two groups of five
may be configured, by means of internal jumpers, into
one group of ten with one common connection. Indi-
vidual switch pair closures are controlled by com-
mands over the GPIB or by commands from the
command buffer in the M1 5010. Each switch pair may
be individually closed or opened without regard to the
state of the other switch pairs. Or a special scanning
mode of operation may be programmed wherein the
switch pairs are closed one at a time in a user-
selectable sequence, in a break-before-make fashion.

2-12
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—\‘L GROUP D COM 24B
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J15208
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5187-11

Fig. 2-10. 50M40 Relay Schematic.
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Each differential pair of contacts has less than one
microvolt of thermal offset, low to high, and each pair
is accompanied by a third set of contacts to switch
shields or guards. The guard voltage must be applied
by the external system; the 50M41 does not supply a
guard signal.

Figures 2-11 and 2-12 show the 50M41 front-panel
interface connector pin assignments and the 50M41
on-board jumper locations, respectively.

Figure 2-13 is a schematic diagram of the 50M41
switching matrix. As diagrammed, moving J3090ABC
to the left changes the configuration from two 1-to-5
switches to one 1-to-10 switch. J3095 enables and
disables the tree relay in the Group A common lead.

OUTPUT OR PIN | 1op PIN OUTPUT OR
INPUT A B INPUT

PWR_ENBL 1 1 READY (QUTPUT)

DIG GND 2 2 EXT TRIG (INPUT)

G 3 3 G

H 4 4 H

CHANNEL 2 3 S = =
G 6 6 c

H 7 7 H

CHANNEL 4 L 8 8 L
G 9 9 G

GROUP A H 19 10 H
COMMON L 1 1 L

G 12 12 G

H 13 13 H

CHANNEL 6 L 14 14 L
G 15 15 c

H 16 16 H

CHANNEL 8 L 17 17 L
c 18 18 c

H 19 19 H

CHANNEL 18 L 20 20 L
G 21 21 G

OUTPUT TEMP 22 22 HWCOMP

OUTPUT AMP 23 23 ISOLATED COMMON

FILT ON/OFF 24 24 ISOLATED +15V

ISOLATED -15V 25 25 +5V

CHANNEL 1

CHANNEL 3

CHANNEL S

GROUP B
COMMON

CHANNEL 7

CHANNEL 8

(4557-02)5187-12

Fig. 2-11. 50M41 front panel interface connector, front view.
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Fig. 2-12. 50M41 on-board jumper locations.

CY/15 CH1
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VY

J30B90ABC J3@95AB
O CHB
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CY/ii CH1B

GROUP B COMMON

5187-14

Fig. 2-13. 50M41 Switching Schematic.
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Two handshake lines, EXT TRIG and READY, pro-
vide the means of synchronizing the operation of the
50M41 with the external system. The READY line is
an output fine which is normally in its true state.
Whenever the 50M41 receives a command to open or
close any relay, the READY line goes to its false state
and stays false for about three milliseconds to notify
the rest of the measurement system that the relays
are changing state. The EXT TRIG line is an input line
which allows the external system to cause selected
actions to occur within the measurement system. (See
ARM command, Section 4.)

If the switching commands to the 50M41 are com-
ing from the Mi 5010 command buffer, it takes the
50M41/MI 5010 combination about three milliseconds
to respond to an external trigger signal, so the maxi-
mum rate of switch operations will typically be about
one operation every six milliseconds. If the switching
commands are coming from the controller, the period
of time between switch operations is increased by the
amount of time that it takes the controller to service
the SRQ initiated by the external trigger signal and to
place the next command on the GPIB.

Tektronix provides a family of high-gain, low-noise
signal conditioning modules, designated M41A1
through M41A8, for use with the 50M41. These mod-
ules mount onto the front panel connector of the
50M41 and make use of the switching of the 50M41
to switch the input to the module among muitiple
sources.

The M41A1 is a general purpose amplifier with
switchable gain in decade steps from 1 to 1000. A
software-selectable, low-pass filter with a corner fre-
guency of approximately 6 Hz provides more than
60 dB of normal mode rejection at 60 Hz. The fre-
guency response of the ampilifier with the filter turned
off is approximately 10 kHz.

Signal conditioning modules M41A2 through
M41A8 are thermocouple amplifiers, each designed to
operate with a specific thermocouple type (J, K, E, T,
S, R, and B, respectively). They are virtually identical
to the M41A1 except that each contains an isothermal
block with a temperature sensor, and the gain and
offset of each module are fixed at values appropriate
for its thermocouple type.

Pins 25A and 23B through 25B of the 50M41 front
panel connector provide voltages for powering the
signal-conditioning modules. Grounding pin 1A to pin
2A turns on the isolated supply; this grounding occurs
automatically whenever one of the signal conditioning
modules is mounted onto the front panel connector of
the 50M41. The +5 volt supply is on continuously.

The FILT ON/OFF, OUTPUT AMP, and OUTPUT
TEMP lines control the operation of the signal con-
ditioning modules. They are activated by commands
to the 50M41 from the system controller. The HARD-
WARE COMP line permits the user’s software to de-
termine if hardware cold-junction compensation is
enabled or not; hardware compensation is activated
by means of a jumper within the signal conditioner
module.
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50M50 Memory Card

The 50M50 is a buffer memory input/output device
which can be used either as a high-speed digital word
generator or as a high-speed data acquisition buffer.
Its 16 k bytes of memory can be compartmentalized
under program control into as many as sixteen sepa-
rately addressable variable-length data buffers. The
sixteen input/output lines can be configured under
program control as two independent 8-bit input/output
ports or as a single 16-bit input/output port. These
ports can be connected separately under program
control to any of the sixteen addressable data buffers.
These buffers are created, named, and sized by
means of the CREATE command to the 50M50, and
are connected to the input/output ports by means of
the ATTACH command.

Figures 2-14 and 2-15 show the 50M50 front-panel
interface connector pin assignments and the 50M50
on-board jumper locations, respectively.

The 50M50 can be programmed to input or output
data via the two 8-bit ports simultaneously, or to input
data via one 8-bit port while outputting data via the
other 8-bit port. Each of the two 8-bit ports has its
own set of handshake lines; therefore, synchronizing
of data input and output on the two channels can be
done completely separately from one another. When
the two 8-bit channels are used as a single 16-bit
channel, the Channel 1 handshake lines are used.

Pins 9A, 10A, 16A, and 17A are either Input Data
Valid and Input Data Received or Output Data Re-
ceived and Output Data Valid lines, depending upon
whether the corresponding channel is programmed for

OUTPUT OR PIN ToP PIN OUTPUT OR
INPUT A B INPUT
1/00 1 1
1/01 2 2
1/02 3 3
1/03 4 4
1/04 5 5
CHAN J | 1/05 6 6
2 1/06 7 7
1/07 8 8
IDV-0DR (INPUT) E 9
IDR/0DV_(OUTPUT) 19 12
PACE2 (INPUT) 11 11
DEND2 (OUTPUT) 12 12
EOP_(INPUT) 13 13 >DI§ﬁJAL
DEND1 _(OUTPUT) 14 14
PACE1 (INPUT) 15 15
IDR-0DV_(OUTPUT) 16 16
IDV-0DR (INPUT) 17 17
1/07 18 18
CHAN 1/06 19 19
! 1/05 20 20
1/04 21 21
1/03 22 22
1/02 23 23
1/01 24 24
1/00 25 25

CHAN 3 (16-BITS INPUT/OUTPUT DATA LINES)

USES CHAN 1 1/0 DATA LINES TO FORM A LOW ORDER
BYTE (1/08-1/07) AND CHAN 2 1/0 LINES TO FORM
A HIGH ORDER BYTE (1,/08-1/015).

USES CHAN 1 HANDSHAKE LINES.

(4555-02)5187-15

Fig. 2-14. 50M50 front panel interface connector, front view.
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Fig. 2-15. 50M50 on-board jumper locations.

input or output. In normal handshaking of output data,
the 50M50 asserts ODV to signal the receiving device
that a valid word is present on its output lines. When
the receiving device has received and accepted that
word, it asserts the ODR line to signal the 50M50 that
it may place another word on its output lines. The
50M50 does not require that the receiving device as-
sert ODR before placing a subsequent word on its
output lines; however, once asserted, the ODV line
will remain true until it is reset by an ODR signal.

In normal handshaking of input data, the sending
device initiates the handshake by placing a valid data
word on the 50M50’s input lines and asserting IDV.
When the 50M50 has received that word (clocked it
into the attached buffer), it asserts IDR to signal the
sending device that it is ready for the next word. The
50M50 automatically resets IDR to its false level after
about two microseconds.

The PACE lines are used to clock or gate data out
in the output mode. The PACE line is quiescently high,
and as long as it is allowed by the external device to

remain high, the 50M50 will make conversions (sub-
ject to other programming and handshake conditions).
When the external device pulls the PACE line low, the
50M50 will stop its operation immediately following
the next ODV. The purpose of the PACE line is to
allow the external device to control the rate of data
transmission from the 50M50. By pulsing the PACE
high for more than one microsecond and less than one
handshake cycle, the external device can clock data
out of the 50M50 one byte at a time.

In the input mode, the 50M50 asserts the DEND
(Data End) fine when the attached buffer is full. In the
output mode, the 50M50 asserts DEND when it has
transmitted the last data byte in the attached buffer.

The EOP (End of Process) line is an input line
which the external device asserts to signal the end of
a data transmission. Assertion of this line detaches
any attached buffers to prohibit further transmission
to or from those particular buffers. Assertion of the
EOP line also satisfies the ON, SRQ, and COND argu-
ments of the ARM and WAIT commands.
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50M70 Development Card

The 50M70 provides the user with the means of
developing his own unique circuit and interfacing it to
the GPIB without the need for designing and building
the GPIB interface itself. Interface between the
50M70 and the builder's circuit is through two 16-bit
68B21 interface registers (PIAs) which provide 32

data input/output lines, three sets of handshake lines,
and several other lines for synchronizing the system
with the device under test. Figure 2-16 shows the PIA
pin assignments of the 50M70.

Each of the 32 data lines may be individually set for
either input or output by means of the DIR command
over the GPIB. The functions of the handshake and
control lines are described in Section 3 of this guide.

CHA 2
31202 51 55y
9| oDR
8| 1/07
7] 1/08
6| 1/05 CHA 1
DEFAULT -
OUTPUTS —i— ijg; 1280 Tig) Ne
3| 1702 9] NC
21 1/01 |8 1/07
12| 71 1,08
1] 1/08 =1 105
4 DEFAULT 5| 1/04
INPUTS 21 1/03
Z| 1/02
21 1/01
1] 1/00
4
J121
5] B@2
CHA 4 SN el
210 — — | 4] ERROR
1@| 0DV 3] NC
(9| oor 2] BFR TRIG
8| 1,07 1| RESET
71 1708 4
6| 1/05
DEFAULT s| 1/04
OUTPUTS ] 1/03 A 3
3| 1/02 J1214 = —
2] 1/01 18] IOR
1] 1/08 9] 1oV
P 8] 1/07
7| 1,08
73; 1/05
DEFAULT 5| 1/04
INPUTS 21 1,03
3] 1/02
271 1/01
(1] 1/08
4

3725-02

Fig. 2-16. 50M70 PIA pin assignments.
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Section 3
MI 5010 System Function Card
Handshake Line Summary

This section summarizes the handshake lines avail- state is programmable over the GPIB. All handshake
able on each of the function cards in the Ml 5010 lines use TTL logic levels.
Multifunction Interfacing System. The word “Select” in
the True State column indicates that the true state
(high or low) of that line is selectable by means of a
jumper on the card. “Prog.” indicates that the true

More detail on the use of the handshake lines is
given in Section 2 of this guide and in the respective
function card instruction manuals.

50M10 Handshaking Lines

Line input or  True

Name Output State Function

ESC Input Select Initiates a conversion by the 50M10. This line must be enabled by EXT
ON command to 50M10.

READY Output Select Goes false while a conversion is taking place.

EXT TRIG Input High Satisfies the ON, SRQ, and COND arguments of the ARM and WAIT
commands.

ODR Input Select In 4-state handshake mode, indicates to 50M10 that an output data
word has been accepted, and resets ODV. In 3-state handshake mode,
allows continuous output of data, subject to operation of ESC line. This
line must be enabled by EXT ON command to 50M10.

obv Output Select indicates that a valid data word is available on 50M10 external data

lines. This line must be enabled by EXT ON command to 50M10.
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Line
Name

READY

EXT TRIG

IDR

DV

Input or
Output

Output

Input

Output

Input

True
State

Select

High

Select

Select

50M20 Handshaking Lines

Function

Goes false while a conversion is taking place (approximately 20 micro-
seconds in normal bandwidth mode; approximately 250 microseconds in
limited bandwidth mode).

Satisfies the ON, SRQ, and COND arguments of the ARM and WAIT
commands.

Indicates to the sending device that a data word has been received.
Once asserted, IDR remains true until reset by trailing edge of IDV.

Indicates to the 50M20 that the sending device has placed a valid data
word on the 50M20 data input lines.
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Line
Name

IDV

IDR

oDV

ODR

BFR TRIG

Input or
QOutput

Input

Output

Output

Input

Output

True
State

High

High

High

High

Low

50M30 Handshaking Lines

Function

Indicates to the 50M30 that the sending device has placed a valid data
word on the 50M30 data input lines. Satisfies the ON, SRQ, and COND
arguments of the ARM and WAIT commands.

Indicates that the 50M30 has received the data word on its data input
lines and is ready for the next.

Indicates that a valid data word is present on the 50M30 data output
lines. Reset by ODR.

Indicates to the 50M30 that the receiving device has received the output
data word and is ready for the next. Satisfies ON, SRQ, and COND
arguments of ARM and WAIT commands. Resets ODV. (50M30 will
ignore ODR if ODV is low.)

Occurs on receipt of Group Execute Trigger (GET) by Mi 5010.
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50M40 Handshaking Lines

Line Input or  True

Name Output State Function

EXT TRIG Input  High Satisfies ON, SRQ, and COND arguments of ARM and WAIT
commands.

READY Output High Indicates that relays have settled after a CLOSE, OPEN, or NEXT
command.

34
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Line
Name

PWR ENBL

OUTPUT TEMP

OUTPUT AMP

FILT ON/OFF

HW COMP

READY

EXT TRIG

Input or
Output

Control

Centrol

Control

Control

Control

Output

Input

True
State

Low

Low

Low

Low

Low

" Select

Select

50M41 Handshaking Lines

Function

Enables isolated supplies when connected to digital ground. (Attach-
ment of signal conditioning module automatically makes this
connection.)

Programs signal conditioning module to output the thermal block tem-
perature voltage.

Programs signal conditioning module to output the thermocouple tem-
perature voltage.

Enables low-pass filter in signal conditioning module.

Programs signal conditioning module to enable hardware temperature
compensation.

Indicates that relays have settled after a CLOSE, OPEN, or NEXT
command.

Satisfies ON, SRQ, and COND arguments of ARM and WAIT
commands.
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Line
Name

IDV

iDR

DEND

EOP

Line
Name

ODR

obv

DEND

EOP

PACE

Input or
Output

Input

Output

Output

Input

Input or
Output

Input

Output

Output

Input

Input

True
State

Select

Select

Select

High

True
State

Select

Select

Select

Select

High

50M50 Handshaking Lines

Operation in Data Input Mode

Function

Indicates to the 50M50 that the sending device has placed a valid data
word on the 50M50 data lines.

Indicates that the 50M50 has received the data word on its data lines
and is ready for the next.

Iindicates that the attached buffer is full.

Detaches all attached buffers, and satisfies the ON, SRQ, and COND
arguments of the ARM and WAIT commands.

bl

Operation in Data Output Mode

Function

Indicates to the 50M50 that the receiving device has received the output
data word and is ready for the next. Resets ODV. (50M50 will ignore
ODR if ODV is false.)

Indicates that a valid output data word is present on the 50M50 data
lines. Reset by ODR.

Indicates that the last data byte in the attached buffer is present on the
50M50 data lines.

Detaches all attached buffers, and satisfies the ON, SRQ, and COND
arguments of the ARM and WAIT commands.

Holds off ODV when held low by external device.
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Line
Name

obv

ODR

IDR

IDV

B02

ERROR

BFR TRIG

RESET

Input or
Output

Output

Input

Output

Input

Output

Output

Output

Output

50M70 Handshaking Lines

True
State

Prog.

Prog. -

Prog.

Prog.

NA

Low

Low

Low

Function

Indicates that a valid output data word is present on the selected
channel.

Indicates to the 50M70 that the receiving device has received the output
data word on the selected channel and is ready for the next. Satisfies
ON, SRQ, and COND arguments of ARM and WAIT commands.

Indicates to the sending device that the 50M70 has received the data
word on the selected channel and is ready for the next word.

Indicates to the 50M70 that a valid input data word is present on the
selected channel. Satisfies ON, SRQ, and COND arguments of ARM
and WAIT commands.

Buffered 1-MHz clock out (derived from M1 5010 clock).

Goes low during power-up self-test. Stays low if a hardware error exists
in 50M70.

Occurs on receipt of Group Execute Trigger (GET) by MI 5010.

Indicates that power-up self-test is occurring (see ERROR line).
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Section 4
Programming Commands

This section lists the commands which may be sent
to the M1 5010/MX 5010 and the function cards. Each
command begins with a header -- a word or abbrevia-
tion that describes the function to be implemented. A
command may include one or more arguments, which
are separated from the header by a space and from
each other by commas. Multiple commands may be
combined in a message by separating the commands
with semi-colons.

As an example, the following muiltiple command
message sent to the M1 5010 initializes the MI 5010
(sets it to its power-up settings), directs the subse-
quent commands to the card in the first slot of the
M1 5010, and closes relays 4 and 7 on that card (this
assumes a 50M40 or 50M41 in the first slot of the
Mi 5010):

INIT;SEL 1;CLO 4,7

Most of the Ml 5010 commands and all of the func-
tion card commands are executable in either immedi-
ate or buffered mode. In the Ml 5010 command list,
the commands which are executable in the immediate
mode are indicated by the letter “I” in the mode col-
umn; those that are executable in the buffered mode
are indicated by the letter “B” in the mode column.
Commands that are executable in both modes are in-
dicated by “I/B.”

Following the list of commands for each instrument
is a listing of the power-up settings for that
instrument.

Mi 5010 Programming Commands

System/Status Commands
Header Argument(s) Mode Description

ERR? /B Error query. With RQS
ON returns error code
for most recent event
reported when serial
polled. With RQS OFF
it returns the highest
priority status.

ID? /B Identify instrument
query.
INIT | Initializes system to its

power-up state.

OPC ON i/B OPeration Complete
SRQ. Buifered
commands executed
on completion of
EXECUTE command.

Disables OPeration
Complete function.

OFF /B8

Mi 5010 Programming Commands (cont)

System/Status Commands (cont)

Header Argument(s) Mode Description

OPC? /B OPeration Complete
query.

RQS ON /B Enables SRQ
assertion.

OFF /B Disables SRQ
assertion (except
power-on).

RGS? /B Request for service
query.

SET? /B MI 5010 settings
query.

TEST 1 Self-test command.

USER ON 1/B Enables user SRQ
function (INST ID
button).

OFF 1/B Disables user function.

USER? /B User function query.

4-1
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Card Control Commands

Header Argument(s) Mode

BUF  ON |
OFF |
COND 1 I/B
0 /B
COND?

EXEC <num> |

<—num> |
EXEC? /B
SEL <slot num> 1I/B .
[,card
name]
SEL? i/B
STOP I
TIME <hh>: /B
<mm>:
<8s$>
[,50 or 60 or
400}
TIME? /B

4-2

Description

Opens command
storage buffer.

Closes command
storage buffer.

Sets flag for WAIT
COND command.

Resets flag for WAIT
COND command.

Condition query.

Closes command
storage buffer, if open,
and executes the
number of times
designated by the
argument. Argument
values 0 to 254. 0
causes no executions,
but an SRQ is
generated if OPC ON
has been received.

Buffered commands
executed indefinitely
(always). Execution
ceases on receipt of a
STOP, EXEC
<num>, INIT, or
TEST command.

Execute query.

Selects function card
defined by
argument(s).

Card select query.

Stops execution of
buffered command
sequence.

Initializes time-of-day
clock. Second
argument equals
power line frequency;
default = 60 Hz.

Time-of-day clock
query.

Header Argument(s) Mode

Card Control Commands (cont)

Description

Performs same

function as <GET>

interface message. !
See IEEE 488 Interface ;
Messages, and

Detailed Command |
List. |

Sets the time
comparison value for
the WAIT UNTIL
command.

Time comparison value
query.

Suspends execution of
the command storage
buffer until receipt of
the TRIG command or
<GET>.

Suspends execution of
the command storage
buffer until an armed
function card receives
a condition defined for
the selected card.

Suspends execution of r
the command storage

buffer until the time-of-

day clock equals the

argument value

specified in the UNTIL

command.

Suspends execution of
the command storage
buffer until <num> of
seconds has passed.

No waiting period for
buffered mode
execution.

Wait status query.

Mi 5010 Power-On Settings

TRIG /B
UNTI <hh>: /8
<mm>:

<88>
UNTI? /B
WAI TRIG B
COND B
UNTI B
<num> B
OFF B
WAI? /B
OPC
RQS
SEL
USER

OFF

OFF

0 (or lowest slot
filled, 1-6)

OFF
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50M10 Programming Commands

Header Argument(s)

ARM ON
COND
SRQ
OFF

ARM?

BDAT?

CONVERT

DAT?

DT TRIG
OFF

DT?

EXT ON
OFF

Description Header Argument(s)

Causes 50M10 to
generate both a logical
condition and an SRQ
when an external trigger
(EXT TRIG) occurs.

Causes 50M10 to
generate only a logical
condition when EXT
TRIG occurs.

Causes 50M10 to
generate only an SRQ
when EXT TRIG occurs.

EXT?
FLAG?

FSET?

HDAT?

No action is generated
when EXT TRIG occurs.
NAM?

RANGE?

Returns arming status.

Returns binary
formatted conversion
data.

Causes a conversion to

be made. SEND

Returns decimal
formatted conversion

data. VOLT?

With EXT OFF enabled,
causes a conversion
whenever a <GET>
interface message or
M1 5010 TRIG command

is received. ARM

Causes the 50M10 to DT
ignore the <GET> EXT
interface message and

MI 5010 TRIG

command.

Returns the device
trigger setting.

Enables the 50M10
external port to
communicate with other
devices via the front
connector and enables
the ESC (External Start
Conversion) line.

Disables the external
port and ESC line.

50M10 Programming Commands (cont)

Description
Returns EXT setting.

Returns 1 if EXT TRIG
has occurred since last
FLAG query.

Returns 0 if EXT TRIG
has not occurred since
last FLAG query.

Returns 50M10 ARM,
DT, and EXT command
settings.

Returns hexadecimal
formatted conversion
data.

Returns the card name.

Returns the 50M10
range (.1, 1, 10, and
100) configura-
tions.

Initiates a conversion
and returns the value in
volts. Does not return a
header.

Returns the last
conversion value in
volts. Does not cause a
conversion.

50M10 Power-On Settings

OFF
OFF
OFF
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50M20 Programming Commands

Header Argument(s)
ARM ON
COND
SRQ
OFF
ARM?
CURR <pum>
CURR?
DAT <num>
B<num>
H<num>
DAT?
BDAT?
HDAT?

Description

Causes 50M20 to
generate both a logical
condition and an SRQ
when an external trigger
(EXT TRIG) occurs.

Causes 50M20 to
generate only a logical
condition when EXT TRIG
occurs.

Causes 50M20 to
generate only an SRQ
when EXT TRIG occurs.

No action is generated
when EXT TRIG occurs.

Armed status query.

Sets 50M20 to output the
current specified by the
argument. <num> is
assumed to be in
milliamperes with a range
of —20.48 to +20.47.

Output current setting
query.

Puts binary equivalent
defined by the selected
argument into the digital
inputs of the digital-to-
analog converter. <num>
can be decimal, binary, or
hexadecimal. Decimal
range, 0 to 4095.

Decimal data format
query.

Binary data format query.

Hexadecimal data format
query.

50M20 Programming Commands (cont)

Header

DT

DT?

FLAG?

FSET?
MODE?

NAM?
SOUR

SOUR?
VOLT

VOLT?

Argument(s)

SET

TRIG

OFF

INT

EXT

<num>

Description

Causes 50M20 to wait for
the <GET> interface
message or M1 5010 TRIG
command before
executing any setting
command previous to
<GET> interface
message or MI5010 TRIG
command.

The DATA, VOLT, and
CURRENT commands
preceded by DT TRIG are
executed on receipt of the
<GET> interface
message or MI 5010 TRIG
command.

Causes 50M20 to ignore
the <GET> interface
message or M1 5010 TRIG
command.

Device trigger setting
query.

Flag query for EXT TRIG
interrupt.

50M20 settings query.

Voltage or current mode
query.
Card name query.

Causes 50M20 to accept
data from Ml 5010 data
port.

Causes 50M20 to accept
data from its external data
port (front panel
connector).

Data source query.

Sets 50M20 to output the
voltage specified by the
argument. <num> is
assumed to be in volts
with a range of —10.24 to
+10.235.

Output voltage setting
query.
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50M20 Programming Commands (cont)
Header Argument(s) Description
50M20 Power-On Settings
Voltage Mode:

VOLT 0.000
ARM OFF
DAT 2048
SOUR INT
DT OFF
Current Mode:
CURR 0.00
ARM OFF
DAT 2048
SOUR INT
DT OFF
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Header

ARM

ARM?
CHA

CHA?
DAT

DAT?
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50M30 Programming Commands

Argument(s)

ON

COND

SRQ

OFF

<num>

<num>
B<num>
H<num>

Description

Handshake lines generate
both a logical condition and
SRQ when ODR or IDV
signal occurs.

Handshake lines generate
only a logical condition
when an ODR or IDV signal
oceurs. :

Handshake lines generate
only an SRQ when an ODR
or IDV signal occurs.

No action is generated by
the handshake lines.

Armed status query.

Accesses channel defined
by argument.
<num> = 1 for data
output channel.

= 2 for data
input channel.

Accessed channel query.

Puts binary equivalent of
<hum> into Channel 1
data output register.
<hum>> can be decimal
binary or hexadecimal

Decimal data format query
(Channel 1 or 2).

50M30 Programming Commands (cont)

Header Argument(s)

BDAT?

HDAT?

DT SET

TRIG

OFF

DT?

FLAG?

FSET?

NAM?

Description

Binary data format query
(Channel 1 or 2). '

Hexadecimal data format
query (Channel 1 or 2).

Alter settings after receipt
of <GET> interface
message or MI5010 TRIG
command.

Change input/output data
after receipt of <GET>
interface message or
MI5010 TRIG command.

<GET> interface
message or MI5010 TRIG
command has no effect.

Device trigger status query.

Flag query for ODV or IDV
interrupts.

50M30 current settings
query.

Function card name query.

50M30 Power-On Settings

CHA
DT
CHA 1:
DAT
ARM
CHA 2:
ARM

1
OFF

0
OFF

OFF
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Header

ARM

ARM?
CLO

CLO?
CONF?

DT

DT?

50M40 Programming Commands

Argument(s)

ON

COND

SRQ

OFF

<num>
[,num...}

SET

TRIG

OFF

Description

Causes 50M40 to generate
both a logical condition and
SRQ when an external

trigger (EXT TRIG) occurs.

Only the logical condition is
generated for EXT TRIG.
The logical condition is
defined as the satisfaction
of the WAIT COND
command.

Only an SRQ is generated
for an EXT TRIG signal.

No action is generated for
an EXT TRIG signal.

Armed status query.

Closes relay(s) defined by
argument(s), up to 16 total
numbers (1—16).

Closed relay status query.

Hardwired configuration
status query.

Causes 50M40 to wait for
<GET> interface
message before altering its
settings.

Causes 50M40 to wait for
the MI5010 TRIG
command before altering its
settings.

<GET> interface
message or M1 5010 TRIG
command have no effect on
50M40.

Device trigger setting
query.

50M40 Programming Commands (cont)

Header

FLAG?

FSET?

NAM?
NEXT

OPE

OPE?
SCAN

SCAN?

DT

Argument(s)

<num>>
[;pum...]

ALL

<num>
[,pum...]

Description

Flag query for occurrence
of EXT TRIG signal
(interrupt).

50M40 current settings
query. Use CONF? query to
obtain hardwired relay
configuration.

Card name query.

Closes next relay in the
defined scanning sequence.
Scanning sequence defined
by SCAN command
arguments.

Opens relay(s) defined by
the argument(s), up to 16
total numbers.

Opens all relays.
Open relay query.

Relay scanning sequence
specified by the order of the
arguments, up to 16
numbers.

Relay scanning sequence
query.

50M40 Power-On Settings

ARM
OPE

CLO
SCAN

OFF

OFF
1,2,3,4,5,67,8,9,10,11,
12,13,14,15,16

0

0
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50M41 Programming Commands 50M41 Programming Commands (cont)

Header Argument(s) Description Header Argument(s) Description
ARM ON Causes the 50M41 to DT? Returns the current DT
generate a logical condition setting.
and assert SRQ when the FLAG? Returns FLAG 1, if an EXT
external trigger (EXT TRIG) .
) TRIG has occurred since
Is asserted.
the last flag query;
COND Causes the 50M41 to otherwise returns FLAG 0.
generate only a logical ”
condition when EXT TRIG FSET? Retgrns the 50M41qcurrent
is asserted setting. Use CONF? query
' to obtain hardwired relay
SRQ Causes the 50M41 to configuration.
: assert only an SRQ when
EXT TRIG is true. MOD? i Returns type of module
_ * connected to the 50M41.
OFF No action is generated
when EXT TRIG is NAM? Returns 50M41 card
asserted. identification.
ARM? Returns current ARM NEXT Causes the 50M41 to go to
command setting. the next relay closure
defined by the SCAN
CLo <num> Causes the 50M41 to close command.
[,<num>..] specified relays (integers 1
through 10) and pulses the OPE <num> Causes the specified
READY line. [,<num>..] relay(s) (integers 1 through
10) to open.
0 Pulses READY line; does
not affect the relays. 0 Causes the READY line to
change state; does not
CLO? Returns the number(s) of affect relays.
the currently closed
relay(s). ALL Causes all the relays to
open.
CONF? Returns card relay jumper
configuration. OPE? Returns the number(s) of
the currently open relay(s).
DT SET Causes the 50M41 to wait
for a Group Execute SCAN <num> The order of the arguments
Trigger <GET> interface [,<num>..] (specifying the relay
message before executing integers 1 through 10) sets
previously received setting Up the scanning sequence.
commands. 0 Does not change the relay
TRIG Allows the <GET> : scanning sequence.
interface message to SCAN? Returns the current relay
strobe previously received scanning sequence.
relay setting changes
defined by the OPEN TREE CLOSE Causes the tree relay to
CLOSE, or SCAN close.
commands. OPEN Causes the tree relay to
OFF Causes the 50M41 to open.
ignore the <GET> TREE? Returns the current tree

4.8
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50M41 Programming Commands (cont)
Header Argument(s) Description

50M41 Power-On Settings

DT OFF

ARM OFF

OPE 1,2,3,4,5,6,7,8,9,10

CLO 0

SCAN 0

TREE OPEN

FILT OFF (used with ampli-
fier modules only)

OUTPUT OFF (used with thermo-
couple amplifier mod-
ules only)

OPTIONAL SIGNAL CONDITIONING
MODULE COMMANDS

Header Argument(s) Description

FILT ON Causes the 50M41 to
insert a filter providing
60 dB of normal mode
rejection at 60 Hz in the
50M41 output when
using the optional signal
conditioning modules.

OFF No filtering in the output.
FILT? Returns the current
FILTER command
setting.
HWCOMP? Returns current

hardware temperature
compensation setting.

OUTPUT TEMP Makes the iso-thermal
block temperature
available at the
thermocouple amplifier
module analog output.

AMP Makes the amplifier
output available at the
signal conditioning
module analog output.

OFF Opens the output relay.

OUTPUT? Returns the signal
conditioning module’s
analog output setting.

4-9
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50M50 Programming Commands

Header Argumenty(s)

ABORT

APPEND <namei>,
<name2>

ARM ON
COND
SRQ
OFF

ARM?

ATT <name>,
<chan>,
<type>

ATT?

BACKUP <binary
block>

BACKUP?

CREATE <name>>,
<length>

DEL <name>

Description

Stops the handshake
and detaches all
channels.

Concatenates the
buffer data identified
by the argument
<name2> to the end
of buffer data identified
by the argument
<namel>.

Generates a logical
condition, detaches all
channels, and asserts
SRQ when the EOP
line is asserted.

Generates a logical
condition and detaches
all channels when the
EOP line is asserted.

Asserts SRQ and
detaches all channels
when the EOP line is
asserted.

No action results when
EOP is asserted.

Returns ARM status.

Assigns name to
buffer, channel
number, and data type.

Returns buffer
name(s), channel
number, and data type.

Outputs a 260 byte
binary block: directory
(256 bytes), system
variables (4 bytes), and
all buffer data,

Returns binary block
data.

Assigns name to buffer
and new buffer length
in (bytes).

Deletes buffer name.

50M50 Programming Commands (cont)

Header Argument(s)

DIR?

EOP?

FSET?

MEM?

PURGE

RAMERR?

RAMTEST

REC <name>>,
<format>,
<data>

REPEAT ON
OFF

REPEAT?

SEND <name>,
<format>

START

STAT?

Description

Returns buffer names,
length of buffer data,
and buffer unused
space (bytes).

Returns 0 (EOP line
not asserted) or 1
(EOP line is asserted).

Returns current
50M50 settings:

Returns the number of
unused bytes in the
buffer memory: MEM
<num>,

Clears all buffers in the
memory card.

Returns results of the
self-test at power-on
or after the RAMTEST
command.

Causes a complete
RAM test (purges the
memory).

Names buffer receiving
data, format of
received data, and
buffer data values.

Enables REPEAT
mode on Channel 1.

Disables REPEAT
mode.

Returns repeat mode
setting.

Interprets buffer data
and outputs results
over the GPIB.

Initiates data transfers
between buffer
memory and the front
panel connector set up
by the ATTACH
command.

Returns status of all
channels.
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50M50 Programming Commands (cont)

Header Argument(s) Description

50M50 Power-On Settings

ATT NONE
REPEAT OFF
ARM OFF
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50M70 Programming Commands

Header Argument(s)

ARM ON
COND
SRQ
OFF

ARM?

CHA <num>

CHA?

DAT <num>
B<num>
H<num>

DAT?

BDAT?

HDAT?

4-12

Description

Causes handshake lines to
generate both a logical
condition and an SRQ
when an ODR or IDV
signal occurs on the
selected channel (Channel
1 has no handshake lines).

Only a logical condition is
generated for an ODR or
IDV signal. The logical
condition is defined as the
satisfaction of the WAIT
COND command.

Only an SRQ is generated
for an ODR or IDV signal.

No action is generated by
the ODR or IDV signal.

Arming status query.

Selects user defined
channel. <num> = 1, 2,
3, or 4.

Currently selected channel
query.

Puts binary equivalent of a
decimal number into the

data output register of the
currently selected channel.

Puts 8-bit binary number
into the data output
register of currently
selected channel.

Puts the binary equivalent
of a hexadecimal number
into the data output
register of the currently
selected channel.

Decimal data format
query.
Binary data format query.

Hexadecimal data format
query.

50M70 Programming Commands (cont)

Header Argument(s)

DIR <num>
B<num>
H<num>
DIR?
BDIR?
HDIR?

DT SET
OFF

FLAG?

FSET?

NAM?

SLO POS
NEG

SLO?

Description

A decimal number is used
to set up the data direction
register of the currently
selected channel.

An 8-bit binary number is
used to set up the data
direction register of the
currently selected channel
(0 = input port, 1 =
output port). A port is a
single data line (or bit).

A hexadecimal number is
used to set up the data
direction register of the
currently selected channel.

Direction of decimal data
query.

Direction of binary data
query.

Direction of hexidecimal
data query.

Causes 50M70 to wait for
<GET> interface
message or Ml 5010 TRIG
command before aitering
its settings.

No action is taken on
receipt of <GET>
interface message or Ml
5010 TRIG command.

ODR or IDV interrupt flag
query.

50M70 current settings
query.

Card name query.

Causes 50M70 to respond
to the positive edge of an
ODR or IDV signal.

Causes 50M70 to respond
to the negative edge of an
ODR or IDV signal.

ODR or IDV signal slope
setting query.
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50M70 Programming Commands (cont)

Header Argument(s)

Description

50M70 Power-On Settings

CHA
DT
CHA 1:
DAT
DIR
CHA 2:
DAT
DIR
ARM
SLO
CHA 3:
DAT
DIR
ARM
SLO
CHA 4:
DAT
DIR
ARM
SLO

*If data lines not connected.

)
OFF

255*
0

XXX*

OFF
NEG

255"

OFF
NEG

XXX*

OFF
NEG

4-13
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Section 5
Status Bytes and Error Codes

Programmable interrupts are provided in the
MI 5010 Multifunction Interfacing System to inform
the controller of asynchronous events, such as opera-
tion complete, command errors, and receipt of exter-
nal triggers by the function cards. If the MI 5010 is set
to respond to report such an event (by the RQS ON

command), it asserts SRQ and sets its status byte
and error code appropriately. The status byte re-
turned in response to a serial poll and the error code
returned in response to an error query (ERR?) are
listed below.

Error Codes and Status Bytes

Description
No Errors or Events
Active, No Errors To Report
Command Errors
Command header error
Header delimiter error
Command argument error
Argument delimiter error
Nonnumeric argument (numetic expected)
Missing argument
Invalid message unit delimiter
Execution Errors
1/0 buffers full, output dumped
Legal command, but settings conflict
Argument out of range

Group execute trigger ignored;
busy processing last message

Select error. No card in that
slot.

Internal Errors
RAM error on card in slot x

ROM error on card in slot x

ERR? Serial Poll
Response Response (STB)
0 0
0 128
101 97
102 97
103 97
104 97
105 97
106 97
107 97
203 98
204 98
205 98
206 98
220 98
34x 99
36x 99

5-1




MI 5010 Multifunction System Users Guide

Error Codes and Status Bytes

ERR? Serial Poll
Description Response  Response (STB)
System Events
Power on 401 65
Operation complete. Execution of buffered commands has been completed 402 66
User request (INST ID pressed) 403 67
Device Warnings
Time-of-day clock not initialized and WAIT UNTIL command was to be 605 102
executed.
Device Dependent (Card) Events
Power on errors on card in slot x 74x 225
Hardware errors on card in slot x 77x 226
Armed condition warning on card in slot x 79x 192+x
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Section 6
Sample Programs for the Mi 5010 Muitifunction
Interfacing System

This section gives program listings for three differ-
ent programs combining the operation of two or more
function cards in the Ml 5010 Mulitifunction Interfacing
System. Two versions of each program are given, one
using the Tektronix 4052A controller with the
4052R14 GPIB rompack and the other using the
Tektronix 4041 controller.

The three programs are:

1. Sine, square, and triangle generator program,
using the 50M50 Memory Card and the 50M20
Digital-to-Analog Converter Card.

2. Low-frequency digitizer program, using the
50M50 Memory Card and the 50M10 Analog-
to-Digital Converter Card.

3. Data acquisition program, using the 50M50
Memory Card, the 50M10 Analog-to-Digital
Converter Card, and the 50M41 Low-Level
Scanner Card.

Other sample programs are found in the instruction
manuals for each of the instruments. Still other pro-
grams are available from the Tektronix Instrumenta-
tion Software Library.
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2T

(257)

640
450
660
670
660
690
700
710

720

FHE B0 I 3636 63 200 00 2 0 36 36 36 96 36 36 3 06 06 06 3 2036 3 06 36 6 06 36 3 6 3696 96 3 3 06 06 B 06 2 3 6 06 0 B 06 396 0 3 3 M M K

*rdkxxu®x J0M50 MEMORY CARD / SOM20 DIGITAL TO ANALOG CARD *%%x
IR I I I IE I I IE I IEIEIE I3 I3 03 HIEIEIEIEICIE DI I 36 3636 36 06 3 36 36 36 36 36 7 96 3 6 36 36 X 96 96 36 96 96 3 3¢ 34 3¢

Maw 25, 1984

Coryrisht (c) 1983 Tektronix» Inc. All rights reserved. This
software is provided on an "as is" basis without warranty of
any kind, It is not suprorted.

This program maw be reproduced without prior Permissions, in
whole or in part, by the oridinal purchaser., Copies must
include the shove copyrisht and warranty notice.

FURFDSE

Loads the SOME0 Memorw Card with the buyte pattern to eproduce a
sine wave, trisngie wave and sausre wave hased on given
parameters,

These parameters are amplitude, offset asnd summetry of the
waveform,

The waveform is produced by the SOM20 Digitsl to Analod
Converter card which converts the binary rerresentation of the
waveform to its snalog eauivalent.

The number of rpoints of the waveform are 256.

The maximum freaquency asttainable with 256 points is 200 Hz
Higher fresuencies are possible with fewer points, The freausncy
of the outeput is controlled by appliving 3 1.1 microsecond wide
pulse to the PFACE input of the 50MS0 Memorwy Card (154). The
freavency of the outrut is determined by the time bhetween
pulses. The following eauation is used to calculate the outeut
freavency !

Juteput Frequencw=1/02%(Time between pulses)*® (Number of Fointg) ]

The freauency spelied to the pace input is |imited to 102, 4KHz
with 3 236 point waveform. Each byte pattern is diven a £ile
name in the SOM50 which is descrietive of its contents. The
file names are,SINE, SQUARE and TRIANG. Each file is selected
for outeput by sttsching it to port 1 of the SOMSD,

REQUIRED EGUIFMENT:

MI/MX 5010 Frosgrammatle Multifunction Interface

S0M50 Memory Card,

S0M20 Tidital to Analod Converter Card.

4052A Controller with 4052R14-1A GFIK Enhsncement Rompack.

FROGRAM SEGMENT VARIARLES:

mit MI 5010 primary address.

-Points: Numher of points making ue the waveform.
wavel Array contasining the calculated waveform.
vmax i Maximum reak voltase allowed by SOM20.
voltspeli Feak to peak amplitude of sine wave,
voltspr2i Feak to peak amplitude of sauare wave.
voltsep3: FPesk to peak amplitude of triangle wave.
_offsetl: Offset of sine wave,

offset?: Uffset of sauare wave.
Toffset3: Offset of triandle wave.

symmet2: Summetry of S4UBTE wWave.

symmet3i Summetry of trisndle wave.
statbute! Target variable for device identifier.
address ! Adidress of instrument reavestins service,
ecode! Error code returned by a3 Tektronix instrument in responsge
Le 3n error query,

(4655-15) 5187-17

Fig. 6-1. Sine, square, and triangle wave generator (4052A).
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1289
| 290
1300
1310
1320
1330
1340
1350

OFERATING INSTRUCTIONS:
1) Connect MI 5010 and 4041 with GFIR cabkle. Use rport O.
2) Chandge instrument or prosrams if necessary, so primary
address in instrument and prodram adree-—-prodgram exerects 23.
3) SOM20 must he instzlled in slot 1 and SOM50 in stot 2 of
MI 5010 or change rprodgram assignment of these cards.

4) LConnect: SOM2O S0ME0
16A (IDR) to 174 (OULR)
174 1D to 144 (0ODY)
19A (E0&) to 194 (1/06)
204 (E05) to 20A (1/08)
21A (E04 to 218 (I/04)
238 (E02) to 23A (1/02)
244 (EOL) to 244 (1/01)
254 (E0OO) to 254 (I/700)
3) Dbtsin oubtput sisnal from: S0M20  Anslos Out Anzlog Return
74 7R

&) LConnect FACE signal to 15%A of S0MS50, -
7y Set S0MS0 to positive handshake.

|
|

1

1

|

1

|

|

i

1

1

[

[

! 224 (E03) to 224 (1/03)
1

|

|

]

1

]

[

1

]

]

I ERRORS: -

P Instrument address must be set to 23 or the prosram assisnment
I changed,.

i

POINSTRUMENT CONTROL:

' Only polls instrument on address 23, Folling routine must hbe
! chanded if other instruments are on the bwus.
!
!

33 3 36 03I 300 0 B B 36 B 06008 36 06 0 36 K 6 36 06 0006 96 96 36 36 36 96 36 36 36 36 36 0 36 96 36 36 6 36 36 36 36 36 36 36 96 36 6 36 36 96 3 %
! Bedin main prodram segment
INIT
Mi=23
ON SRGE THEN 1990
_Points=256
IIM Wave( points)
FRINT @MiT"SEL 1;S0OUR EXT"
FRINT @Mi:"SEL 2/;ABORTIFPURGE JREFEAT ONSCREATE SINE,";2% points
FRINT @Mi:"CREATE SQUARE," 2% points
FRINT RMi:"CREATE TRIANG:";2% points
Umax=10.2 -
FAGE
FRINT "Enter Vpesk-rpeak and offset,; Uepezk+offset must be (=10.2 U"
FRINT "Fesk to peak amplitude of sine wavei"}
INFUT Voltspel
FRINT "Offset of sine wave:!";
INFUT _offsetl
IF Voitspprl/2+AES( offsetl) (=Umax THEN 1240
FRINT "Illesal comEinastion of amplitude and offset, try assain.”
GO TO 1190
FRINT "Fezk to peak smeplitude of sauare wave:";
INFUT Voltser2
FRINT "Offset of square wave!";
INFUT _offset?2
IF Voltsep2/2+ABS( offsetR) (=VUmax THEN 1330
FRINT “Illedal combination of amplitude and offset, try adain."”
GO TO 1260
FRINT "Feak to peak amplitude of triangle wave:"}
INFUT Voltsee3
FRINT "Offset of triandle wave:";

4555-16

Fig. 6-1 (cont.). Sine, square, and triangle wave generator (4052A).
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1360
1370
1380
1390
1400
1410
1420
1430
1440
14350
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
13580
1590
1600
1610
14620
1630
1649
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
«l 700
1910
1920
1930
1940
1950
1260
1970
1280

INFUT _offsetd
IF Voltser3/2+AR5( offsetd) (=VUmax THEN 1400

FRINY "Illega!l combination of amplitude and offset, try again.”

GO TD 1330
FRINT “Enter symmetry desired (in percent) for sauare wavei’”;
INFUT Summet2

FRINT "Enter summetry desired (in percent) for triangle wavei”;

INFUT Symmet3
SET DEGREES
Index=0
I Generate sine wave array,
FOR _dedrees=0 TO 360-360/_roints STEF 360/ _points
Index=Index+1
Wave (Index)=(SIN{ desrees)*Voltsprl/2+ offsetl) #200+2048
NEXT dedrees B -
CaLL TLISTEN";Mi
CALL "PRISTR","RECEIVE SINE,BINELK.,"
CALL "BINOUT","PACK",Wave E
WERYTE @63,95:
I Generate square wave 3arrad.
FOR Count=1 TO _points*Summet2/100+1
Have (Count)=(Voltspr2/2+ offsetl) ®#200+2048
NEXT Count
FOR Count=_points#*Summet?/100+1 TO _points
Wave (Count)=(-Voltspp2/2+ offsetd) *x200+2048
NEXT Count
Call "LISTEN"; Mi
CALL "PRISTR","RECEIVE SQUARE,RINRLK,"
Call. "BINOUT","FACK" sWave E
WBYTE ©63,95:
I Generate triandle wave array,
FOR Count=1 TO Symmet3®* points/100
Wave (Count)=Voltspp3%#100/ (Symmet3* points) *Count
Wave (Count) =(Wave (Count)-Voltserr3/2+ offset3)%x200+2048
MEXT Count B
FOR Count=Suymmet3# _points/100 TO _points
Wave (Count) ==-Voltspp3®100/((100-Symmet3)# points) ¥Count
Wave (Count) =Have (Count) +Voltspp3%#100/ (100-Summet3)
Wave (Count)=(Have(Count) -Voltspp3/2+ offs5et3) *200+2048
NEXT Count
CALL "LISTEN" Mi
CaLL “FRISTR","RECEIVE TRIANG,BINELK,"
CALL "BINOUT","FACK" ,Wave E
WBYTE R63,95:
FAGE
FRINT USING "fa/fa"i"Select functioni“,»"1. Sine wave";
FRINT USING "fa/fa":"2. Sauare wave"»"3. Triandgle wave"i
FRINT USING "fa":"4, Exit prosram”
INFUT Wavform
IF Wavform(l OR HWHavform>4 THEN
GO TO 1800
ELSE
GOSUR Wavform OF 1910,1930,1950,19270
ENT I(F
GO TO 1800
FRINT @Mi:"SEL 2;ABORT;ATTACH SINE,1,DAC;START"
RETURN
FRINT @Mi:"SEL 2/ABORT;ATTACH SQUARE,1,DACISTART"
RETURN
FRINT @Mi:"5EL 2/ARORT/ATTACH TRIANG,1,DACISTART™
RETURN
END
ISRQ handler

4555-17
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Fig. 6-1 (cont.). Sine, square, and triangle wave generator (4052A).
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FOLL Address,StatbuyteiMi

FRINT @Mi:"ERR?"

INFUT @BMiiEcode

FRINT " Status byte: "j;Statbyte’"” Error code! "jEcode
RETURN

END

4555-18

Fig. 6-1 (cont.). Sine, square, and triangle wave generator (4052A).
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140
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180
170
16D
190
200
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240
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260
¥
270
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300
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320
330
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340
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350
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370
380
350
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400
410
4720
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430
440

03 0 B 6B B0 006 0 36 6 30 6 U6 0 0 06 06 0 0 36 6 6 06 36 36 06 36 0 3 3 6 36 36 96 06 3 36 6 36 36 6 36 06 3 3 06 D 3 36 3 3 306 06 06 0 0 3 36 9 36 34
#HuNMAHNX SOMSO MEMORY CARD / SOM20 DIGITAL TO ANALOG CARIE #3436 % % % % % %
33 3636 36 3 06 06 36 36 36 3 33 3 0 06 36 36 6 26 36 36 06 36 3 36 3 36 36 36 06 06 26 36 36 3 3 6 F6 36 0% I 3 36 36 6 36 36 26 06 06 3 3 3 6 36 6 26 3606 0 o 0 36 3k
Maw 25, 15984

Copurizsht (c) 1983 Tektronix, Inc. All rights reserved. This
software is provided on an "33 is3” basis without warrantw of

any kind, It is not szupported.

This prosram may be reproduced without prior Ppermissions in whole
or in part, by the original purchaser. Cories musl include the
above corpuright and warranty notice.

FURFDSE :
Loads the SO0MS0 Memory Card with the hute pattern to produce a3
sine wavey
triangle wave and zsuare wave basesd on diven parameters. These
parameters
are amplitude, offset and swmmetry of the waveform. The
waveform is produced by Lhe
S0M20 Digital to Analog Converter card which converts the
binsry representation
of the waveform to itz analog eauvivalent. The number of points of the
waveform sre 2946. The meximum freauency attainahblie with 256 rpoints isg
200 Hz. Higher freauencies are possible with fewer points., The
freauency
of the output is controiled by arrliving 3 1.1 microsecond wide pulse
to the PACE input of the S0ME0 Memory Card (15A)Y, The
freauency of the
nutput is determined by the time between pulses. The following
equation
is used to calculate the ouvteut freauency!

Dutrput Freauvency = L1/02#(Time between pulses)®* (Number of Foints)]

The freauency applied to the pace input is |imited to 102.4KHz

Wwith a 256
point waveform., Each byte pattern is siven 3 file name in the S0M5)
which is descrirtive of its contents. The file names are SINE, SQUARE
and TRTANG. Each file is selected for output buw astiachins it

to port 1
of the S0M50,

(4555-19) 5187-18

' Fig. 6-2. Sine, square, and triangle wave generator (4041). 6.5
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450
460
470
480
490
500
510
520
530
540
550
35460
570
580
590
600
510
G20
6530
A40
650
860

* ¥
670
680
850
700
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720

oo

NOO- B G
fe]

WS S N N

)
780
750
800
810
220
K30
840
350
860
[Epay
8§80
G0
700
Q1
720
39
230
* %
G40
250
P40
770
760
)

REGUIRED EGQUIFMENT:

MI/MX 5010 Frogrammable Multifupction Interface
S50M50 Memory Card.

SOM20 Digital to Analog Converter Card.

4041 Controlier (U2,0)

MAIN FROGRAM SEGHENT VARIABLES:

mi: MI 5010 jodical unit number. Opened in line 1040,

points! Number of points making up the waveform.

wave! Array containing the calculated waveform.

vmisx s Maximum rpeak vollage 3llowed by S0M20,

voltsepl: Feak to peak amplitude of sine wave.

voltsppli Fezk to pesk ampiitude of sausre wave.

voltsep3: Feak to peak amplitude of triangie wave.

offsetl: Offset of sine wave.

offset2! Offset of sauare wave.

nffset3: Uffset of triandie wave.

symmetl! Symmetry of sauare wave,.

symmet3 ! Symmetry of triandle wave.

statbyte! Status bute rerported by instrument reavesting service.

address: Address of instrument reauesting service,

ecode! Error code returned by 3 Tektronix instrument in
response to an error query,

OFERATING INSTRUCTIONS:

17 Connect MI 5010 and 4041 with GFIB casble., Use port 0.

23 Change instrument or programs, if necessary, so primary address in
instrument and program esree--—-prosram expects 23,

3) S0M20 must be installed in slot 1 and SOMSO in slot 2 of MI

5010 or
change prosram assisnment of these cards.
4) Connect: S0OMI0 S0ME0
166 (IDRD to 174 (OLR)
1746 (1D to 16A (0T
194 (EQ&) to 1924 (1/06)
2046 (E0S) to 204 (1/09)
214 (E04) to 214 (I/04)
224 (EO3) to 224 (I/703%)
234 (ED2) to 23A (1702
244 (EOL) to 244 (/00
254 (EO0O) to 294 (I/00)
3) Obtsin outeut signal from: S0M2D) Analos Jut Analos Return
78 7B

6y Connect FACE signal to 15A of S0MS0,
7) Set S0MS0 to eositive handshake,

ERRORS ¢
No GFIE or tare error handlers are |linked so 4041 prints
defasult system

error messases and stops if such errors occur (instrument
PoWwer is off
or tape capacity exceeded; etc.).

INSTRUMENT CONTROL @
Folls a1l instruments on selected Port.

R T A KU IEH I IE 6 H I I KB I IIE K K I I B BB B0 030D TE K6 MK FE K36 I D6 6 36 46 06 2 06 06 3 0 06

4555-20
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Fig. 6-2 (cont.). Sine, square, and triangle wave generator (4041).
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1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
¥
1100
1110
* %
11320
11306
1140
"W
1150
1140
1170
1180
33
1190
1200
1210
1220
3¥# 3
1230
1240
¥R
1250
* 3%
1260
1270
1280
1290
1300
1310
1330
1330
3# 3¢
340
50
60
70
80
1350
1400
1410
1420
* 8
1430
1440
1450
1460
* R
1470
1480
1490
3 ¥
1500

1

13
13
13
13

Bedin main srogram sedgment
Init
On sra then call handler
Mi=23
Open #mii"gpibO(pri=23,r08=C(0>) "
Enatrle sra
Foints=2356
Inteder wave(rnints)
Frint #mi:!"SEL 1;80UR EXT"
Frint #mi"SEL 2;ABORTIPURGEIREFEAT ONFCREATE SINE,"i2%pointsy
"CREATE SQUARE,";2%pointssy "CREATE TRIANG,"i2%¥points
Umex=10,2
Frint "Enter peazk to epezk amplitude and offset, Urezk + Offset
no greater than 10.2 volts"”
Input promet "Fezk Lo peask amplitude of sine wavei"ivoltseprl
Input prompt "Offset of sine wave:!:"ioffsetl
If voltserpl/2+3bis(offsetl) dvmax then print "Illessl
combination of amelitude and offset, try asgain” else soto 1160
Goto 1120
Input promet "Feak to peak ameplitude of sauare wave!"ivoltsppld
Input promet "Uffset of s«auare wavei"ioffsetl
If voltsep2/2+shs(offset?) dvmex then print "Illledgal
combination of amplitude and offset, try again” else doto 1200
Goto 1160
Input prompt “"Feak to peak amplitude of triandie wavei”ivoltser3
Input prompt "Offset of triansle wavel"inffsetl
If voltser3/2+abs(offset3)>vmax then print "Illegal
combination of asmeplitude and offset, try asain” else sotn 1240
Goto 1200
Input prompt "Enter summetry desired {in percent) for sauare
wavei"isymmetl2
InPut prompt "Enter symmetry desired (in percent) for triensle
wave:!:"isymmet3
Set ansle 1
Index=0
GENERATE SINE WAVE ARRAY.
For dedrees=0 to 360-360/proints step 360/roints
Index=index+1
Wave (index)=(sin(dedrees)¥voltsprrl/2+0ffzatli*200+2048
Next desgrees
Frint #mi it "RECEIVE SINE,RBINRLK,"; lInstruct 30MSO to receive
sine wave array.
Frint using "%Z" #miiwave
GENERATE 3SQUARE WAVE ARKRAY.
For count=1 to pointsi*symmetl/100+1
Wave(count)=(volitsprpr2/2+0ffset) ¥200+2048
Next count
For count=points¥summetl/100+1 to pPoints
Wave (count)={(-voltspeZ/2+0ffzet2) *200+2048
Next count
Frint #mi:"RECEIVE SQUARE,BINELK, "7 !Instruct SOM50 to receive
54UBTE WBVEe Brray.
Frint using "X" #mitwave
GENERATE TRIANGLE WAVE ARRAY.
For count=1 to symmet3®*roints/100
Wave (count) =(voltspp3*100/ (symmet3*points)
kcount-voltserr3/2+0ff3et3) %200+2048
Next count
For count=suymmet3%points/100 to points
Wave (count) =(-voltspr3I*100/({100-summet3) ¥points)
®*count+voitsep3%¥100/ (100-summet3) ~voltsppr3/2+0ffset3s *¥200+2048
Nexit count

4555-21

Fig. 6-2 (cont.). Sine, square, and triangle wave generator (4041).
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1510 Frint #mi:"RECEIVE TRIANG,BINELK:,"; !Instruct SOMSO to receive
% triangle wave array,
1520 Frint using "4" ¥mitwave
1530 Frint usings "Y(fs/) "1"Select functioni:"»"1., Sine wave","2,
* 4 Sauare wave "3, Triandgle wave"»"4. Exit prodgram”
1540 Input wavform
1550 If wavform{(l or wavform>4 then print "Undefined function, try
# % zsain” else sosub wavform of sinessauarestrianslesieave
1560 Goto 13530
1570 Sines print #mi:"3EL 2;ABORTIATTACH SINE,1,DACISTART" ! Attach
* 3% file SINE for outeput.
1580 Return
1590 Sauare: print #mit"SEL 2)ARORT/ATTACH SQUARE,1,DACISTART™ |
* % Attach file SQUARE for output.
1600 Return
14619 Triansle: print #mi:"3EL 2;ABORT;ATTACH TRIANG,1,DACISTART™ !
% 3% Attach file TRIANG for output.
1620 Return
1630 Leave? end
1700 Sub handler
1710 Foll stathyte,address
1720 Input prompt "ERR?" #addressiecode
1730 Frint "Address: "jaddress;” Status bute! "istatbute’” Error
*H codet: "jecode
1740 Resume
175 End
4555-22
Fig. 6-2 (cont.). Sine, square, and triangle wave generator (4041).
100 363036 36 36 36 36 J6 6 B 36 36 06 36 36 36 9 36 6 36 36 36 306 36 96 96 36 0 36 36 3 96 K6 F B 0 0 0 06 96 6 B 6 36 36 96 96 36 36 36 36 6 06 3 96 96 06 06 36 M A M
110 Iosxsxwxx S0MS0 MEMORY CARD / SOM10 ANALOG TO DIGITAL CARD *xxxx
120 DB R 0 B0 0 3 0 K 6 06 06 008 06 9 3 36 36 96 36 36 36 06 06 36 06 36 0 06 06 06 06 3 06 06 3 3 K6 B B B HE 06 0606 96 96 36 B 06 2 26 B K ¥
130 !
140 I Mauw 285, 1784
150 !
160 I Copyrisht (c) 1983 Tektronix, Inc. All rights reserved. This N
170 ! software is provided on an "a3 is"” basis without warranty of
180 I any kind, It is not supported.
190 1
200 ! This prosram may be reproduced without prior Permissions in
210 ! whole or in part, by the original epurchaser. Corpies must
220 I include the sbove copyrisht and warrenty notice.
230 !
240 I FURFOSE:
250 ! Sets up the SO0M350 to receive 512 sameles from the S0OMLO Analosg
260 I to Iigital Converter Card. The sampling rate is controlled by
270 I an External Start Conversion pulse 1.1 microseconds wide. The
280 I sampling rate is determined by the time hetween pulses. The
290 ! time bhetween pPulses cannot be faster than 42 micro seconds. The
300 ! number of _points muitieplied by the samplins rate eausls the
310 F time window.
320 |
330 I Time Window={(Number of _points)%#(Samplins Rate)
340 !

(4555-23) 5187-19

Fig. 6-3. Low frequency digitizer (4052A).
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400
410
420
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440
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Once the data is received in the array WAVE it is scaled to the
prorper voltase values in arrvay WAVEL.

REQUIRED EQUIFMENT:

MI/MX 5010 FProsrammable Multifunction Interface

S0M50 Memory Card.

S50M10 Anslog to Digital Converter Card.

40528 Controller with 4052AR14-1A GFIB Enhancement Romeackh.

MAIN FROGRAM SEGMENT VARIABLES:

mi

MI 5010 primary address.

_prointst Number of sameries.

wave!: Array of samples.

wavel! Array of scaled sameles.

fladg: Fladg to inform of data acauired (huffer full, error 200).
stathyte! Status byte reported by instrument reauesting service.
address: Tardet variabile for device identifier.

ecode: Error code returned by s TJektronix instrument in

response to an error query.

OFERATING INSTRUCTIONS:

1

2)
3

4)

Connect MI 5010 and 40524 with GFIE cable,

Chande instrument or prodram:, if necessary, so Primary
address in instrument and prosram asree--prodgram expects 23,
SOM10 must be installed in slot 3 and SOMS0 in stot 2 of

MI 5010 or change eprogram assisnment of these cards,

Connect: S0M10 SOMSO
16A (ODR) to 16A (IIRD)
17A <0O0V) to 174 (1DW)
18A (I107) to 18A (1/07)
124 (I0&) to 194 (1/N0&)
204 (LOD) to 204 (1/0%5)
21A (IN04) to 214 (I/04)
224 (I03) to 224 (1/03)
23A (IO to 238 (I/02)
244 (IO to 244 (17010
254 (DOOY to 254 (I/00M

Apply input sisnal tot! S0OM10 Analos Ineput Anszliog Ground
6A 4R

Connect External Start Conversion (ESC) sisnal to 13A of
S0M10.

S5et S50M30 to positive handshake.

Set S0M10 to aperopriate ESC polarity determined bw
available external signal, 4 state handshake and conversion
to ster mode.

ERRORS :
ITnstrument address must he set to 23 or the prosram assisnment
changed,

INSTRUMENT CONTROL:
Only pPolls instrument on adidress 23. Folling routine must hbe
chanded if other inztruments are an the bus.

I I 36 IE I B I I M 3 30 I I I 36 IE I 36 IE I I I 6 I I M B I I I IE 3 I IE J6 B 3 36 3 36 3 IE 3 3 3 I 6 FE €I M M I M K

4555-24

Fig. 6-3 (cont.). Low frequency digitizer (4052A).
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220

930

P40

DEQ

9460

P70

?80

G50

1000
1010
1020
1030
10490
1050
1060
1070
1080
1690
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
125

1260
1270

INIT

Flas=0

Mi=23

ON SRG THEN 1160

_Points=512

I'IM Wave( points) rHavel ( points)

FRINT BMii"SEL 33EXT ON"~

FRINT @Mi:"SEL 2}ARORTIPURGE REFEAT OFF;ARM CONDOFC OFF™

FRINT @Mit"SEL 27CREATE TEST,»" 2% points
FRINT @Mi:"SEL 25ATTACH TEST,s1,A0CSTART"
WALT
IF Fiag THEN 1050
G0 TO 1020
Flag=0
FRINT @Mii"SEL 27SEND TEST,RINBLK"
CaLl "BININ", "FACK,UNSI" ,Have ,EiMi
FRINT @M :"SEL 3EXT OFFRANGE?"
INFUT @MiRange
Wavel=Have-2048
Wavel=Wavel*Randge
Wavel=Wavel/2000
FRINT "Data Acauvired and ScaledGG”
END
ISRE handler
FOLL AddresssStathbyteiMi
FRINT @Mi:"ERR?"
INFUT @Mi iEcode
IF Ecode=200 THEN
Fladg=1
ELSE
Flad=0
END IF
IF Flag THEN 1260
FRINT “Status byte: ";Stathute’"Error code: "jEcode
RETURN
ENI

4555-25

Fig. 6-3 (cont.). Low frequency digitizer (4052A).
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100
110
128
130
140
150
1690
170
189
190
200
210
220
230
240
250
260
%
2790
280
290
34 9%
300
310
320
330
340
%
350
360
370
380
390

410
420
430
440
450
460
470
480
4910
500
510
520
* 3%
530
540
550
560
570
580

* 5%
590

N

363 3 IR R I H 0B I I I IR U e OB R0 6 KOO O 0 T K 33 3 0 0 360 3 0 X6 9%
IR TOME0 MEMORY CARD / SOM10 ANALOG TO DIGITAL CARD #¥w¥wwsikix
3366 06 36 3636 0 3636 3 36 K6 0 000 K 06006 K I N H I BB O 0 006 B B0 I R

Maw 25, 1584

Copurisht (c) 1983 Tektironix, Inc. All rights reserved. This
software is provided on "as is" basis without warranty of
any kind, It is not surported.

This program maw hbe reproduced without prior permission, in whole
or in part, by the original purchaser. Copies must include the
sbove coepwright and warranty notice,

FURFOSE :

Sets up the SOM50 to receive 512 sameles from the SOMIO Analof to

Digital Converter Card., The samepling rate is controlled by an
External

S5tart Conversion pulse 1.1 micro seconds wide. The sampling rate is

determined by the time hetween pulses. The time between pPulses

cannot be faster than 42 microseconds. The number of points
multiplied

kv the sampling rate equals the zsampled time window.

Time Window=(Number of roints)*(Samplins Rate)

Once the datia is received in the z2rray WAVE it is scaled to
the proeer
voltage values in array WAVEL.

REQUIRED EQRUIFMENT:

MI/MX 5010 Frodgrammable Multifunction Interface
S0MS50 Memory Card,

S50M10 Anslod to Digital Converter Card.

4041 Controller (V2,0

MAIN FROGRAM SEGMENT VARIABLES:

mit MI S010 logical unit number. Openened in line 930.

pointst Number of sasmeles,

preamb$: Strindg to acauire data preamble (SEND ),

wave! Array of ssmples,

wavel! Array of scaled samples.

fieg: Fiag to inform of dats acavired (huffer full, error 200).

statbhyte! Status byte rerported by instrument reauesting service.

sddressit Address of instrument requesting service,

ecode! Error code returned by 3 Tektronix instrument in
response ta an error auery.

OFERATING INSTRUCTIONS:
1) Connect MI 5010 and 4041 with GFIR cable. Use port O.
2) Change instrument or program, if necessary, so primsry address in
instrument and prodram adree-—-prosram expects 23.
3) S0M10 must he installed in siot 3 and SOMS0 in slot 2 of MI
5010 or
chiange prosram assisnment of these cards.

(4555-26) 5187-20

Fig. 6-4. Low frequency digitizer (4041).
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850
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1050
1060
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1080
1650

rJ
= O
<

NESEL

».
P

RN

Suts

4) Connect: S50M10 SOMS0
164 (OLR) to 164 (IDR)
17a 0DhY) to 17A (IDLWV)
1BA (DO7) t.0 18a (I/N7)
19A (D06 to 19A (1/06)
20A (IOS)H to 204 (I/05%)
21Aa (n04) to 2148 (L/04)
2254 (D03 to 224 (I/703)
234 (oM to 234 (L0
2446 (I01) to 244 (I/D01)
254 (T00) to 258 (LS00
5) Apeply inputl signsl to: SOMIO Analos Ineput Anzlos Ground
&A SR

&) Connect Externsl Start Conversion (ESC) sisnal to 13A of S0M1O0.

7) Set SOM50 to positive handshake.

8) Set S0M1O to zpproepriaste ESC epolarity determined by asvailable
external sisnal, handshake to 4 state and conversion to step mode.

FRRORS ¢

Ne GFIE or tape error handlers are linked so 4041 prints
default sastem

arror messases snd stops if such errors occur (instrument
power is off

or tape capscity exceeded, etc,).,

INSTRUMENT CONTROL
Folls all instruments on selected pPort.

FE96 96 9 IE K6 36 36 06 36 36 06 06 96 3 36 IE 66 B 06 3 B 06 B3 3 96 6 96 5 36 36 36 36 36 36 36 36 36 30 IF 36 96 I 96 3 96 36 3 3 I I I I 6 6 N 6 K K I 960 05 R

Init

On sra then call handler

Flag=0

Mi=23

Deren #mi i "spibO(pri=23,e03=(0>) "

Enable sra

Foints=512

Dim preamb$ to S

Integer wavelpoints)

Long wavel(proints)

Frint #mi:"SEL 3;EXT ON"

Frint #mi:"SEL 2}ABORT/FURGE REFEAT OFFARM CONDOFC OFF
CREATE TEST,"i2%points

Frint &mi:!"SEL 2/ATTACH TEST,»1,ADC START"

Wait

If flsg then soto 1040 else soto 1020

Flag=0

Frint #mii"SE) FHEND TESTBINBLE"

Inpul #mi usine "Saiirreamb$rwavs

Input prompt “SEL 37EXT OFF;RANGE?" #miirange

Hevel=(wave-2048) /2#%rsnse/1000

Frint "Data Acauired and Scaled"BG"

End

handler

Foll statbytesraddress

Input Pprompt "ERR?" #addressiecode

If address=mi and ecode=200 then flass=1 else flgs=0

If flag then sgoto 1260

Frint "Address:! "jaddress;” Stastus byte! "jstathute’" Ervror
code: "jecode

Resume

Enid

(4555-27) 5187-21

6-12

Fig. 6-4 (cont.). Low frequency digitizer (4041).
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B 3R H M B IEIE I IE K I IE I I K B 6 96 36 I I 6 3 H 36 I I 36 3 06 3 3636 H IEIE A I I I I I 3 I I 3636 3 I I 2 I 96 T K 3 3

®¥ SOMS0 MEMORY CARD/SOM10 ANALOG TO DIGITAL CARD/SOM41 SCANNER¥*
BHE KNI 06 I I 06 6 D6 36 36 36 36 36 06 06 K 06 6 06 06 36 90 0 06 36 06 06 06 06 56 06 36 TR E 006 6 I 96 38 00 KR 6000 DI 34 06 3

Maw 25, 1984

Copurisht (¢) 1983 Tektronix, Inc., All rights reserved. This
software is provided on an "as is" basis without warrantws of
any kind, It is not supported,

This prosram may be reproduced without prior Permission, in
whole or in part, by the original rpurchaser. Copies must
include the shbove coruyrisht and warranty notice.

FURFOSE :

Scens ten different voltage points ten times for 3 total of 100
readings. The readings are then scaled to the prorer voltadge
levels asccording to the S0MIO inerut ranse. Once the resdinss
are scaled the ten readindgs from each rpoint are averadged and
rprinted out on the 4050A screen.

REQUIRED EQUIFPMENT: ;

MI/MX 5010 Frosrammable Multifunction Interface

S0MI0 Memory Card,

S0M10 Analog to Digital Converter Card.

SO0M41 Low Level Scanner Card,

40524 Controller with 4052R14-1A GFIB Enhancement Romeack.

FROGRAM SEGMENT VARTARLES:

mié MI 5010 primary adidress.

test! Array used to input the 100 resdindgs from the H50MS0.
testvolt! Arrsy contzining the scaled voltasse levels.

avedvolit! Array containind the averasded readings.

filsegi: fieg to inform of dats acavired (buffer full, error 200).
statbyte! Status byte reported by instrument reauesting service.
adidresst Tarset varisgble for device identifier.,

ecode! Error code returned by a8 Tektronix instrument in response
to an error auery.,

OFERATING INSTRUCTIONS:

1) Connect MI 5010 and 4050A with GFIB cable.

2) Change instrument or program: if necessarys, so primary addres
instrument and prodgram adgree--prodgram exrects 23.

3) S50M41 must he instailed in sliot 1 and 30M10 in slat 2
and SOMS0 in slot 3 or change prosram assignment of
these cards.

4) Connect: SOM10 S50MS0
16A (0ODFRD Lo 16A (IDR)
1746 QOV) to 174 (IDV)
18A (I107) to 18aA (I/07)
194 (NI0&) to 194 (1/06)
204 (05 to 204 (1/09%)
21A (o4 to 21A (I/704)
224 (II03) to 224 (1703
23 (IO to 23A (I/702)
24A (IIO1H to 244 (I/01)
254 (DO to 294 (I/700)
4) Connect: S50M10 S0M41
13A (ESC to 1K (REALY)
144 (READY) to 2B (EXT TRIG)
6A (INFUT) to 13K (Hi)
6B (COM) to 14F (Lo)
5A (GUARID  to 1SR (GUARID

(4555-28) 5187-22

Fig. 6-5. Data acquisition program (4052A).
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750 53) Connect input sisnels toiS0OM41 Hi Lo Guard
760 Chan 1 4R SE =32
770 2 44 54 &A
780 3 7R 8k SR
70 4 74 BA YA
800 & 13A 144 154
510 7 16K 178 18EB
820 8 16A 174 18A
&30 4 19R 20K 21k
540 10 194 204 21A
B850

B0 &) Set GOM41 Jumpers for 1-0f-10 and trisser slore to positive.

!
!
t
I
i
!
I
!
!
!
!
¢
870 17 8et SO0M3I0 to rositive handshake.
|
]
!
|
!
1
[
i
[
|
1
|

G0 ) Set SOM1O inrut ranse Jumpers to accomdate input sisnal.
890 ?) Set S0M10 ESC polarity Jumper to pPositive.

Y00

910 ERRORS:

520 Instrument sddress must be set to 23 or the prosram sssisnment
930 chanded,

G40

250 INSTRUMENT CONTROL:

P40 Ondy rolls instrument on address 23, Folling routine must be
970 chansged if other instruments are on the bus hesides the MI 5010
2830

GH0 D 96 360606 06 46 46 36 9696 96 36 96 36 06 5 36 36 3 36 96 36 36 96 36 3636 6 3 96 36 96 36 36 36 36 6 0 96 96 96 36 D6 06 36 26 36 36 96 36 96 1 06 06 H 6 6
13000 ! '"Begin main prodgram sedment

1019 INIT

1920 Flag=0

1030 Mi=23

1340 ON SRQ THEN 1360

1030 TIM Test(100) sTestvolt{10,10) sAvesvolt (10)

1060 FRINT @Mi:"INIT;SEL 1;SCAN 1,2,3,4:5,6,7:8:9,10; TREE OFEN"
1070 FPRINT @Mi:"SEL 2JCONVERTIEXT ON" ! Set up S0M1O

1080 FRINT @Mi:"SEL 1}ARM COND" ! Set S50M4l to respond to EXT TRIG.
1090 FRINT @Mi:"SEL 3JARORTIFURGE;REFEAT OFFJ}CREATE TEST,200"
1100 FRINT @Mi:"ATTACH TEST,»1,ALC}START"

1110 FRINT @Mi:"BUFFER ONJSEL 1/NEXTIWAIT CONL;EUFFER OFF"

1120 FRINT @Mi:"EXEC 100" | Execute the huffer 100 times.

1130 WAIT ! Wait for service reauest interrupt,

1140 IF Flag THEN 1160

1150 GO TO 11390

1160 Flag=0

1170 PRINT @Mi:"SEL 3;SEND TEST,RINRLK"

1180 CALL "BININ","FACK,UNSI",Test,EiMi

11990 FRINT @Mi:"SEL 2EXT OFF;RANGE?"

1200 INFUT @MiiRande

1210 I Scale and sverase data.

1220 FAGE

1230 FOR Column=1 TO 10

1240 Tempsum=0

1250 FOR Row=1 TO 10

1260 Testvolt (Row,Column)=(Test ((Row-1)%#10+Column)-2048) /0. 2%Rande
1270 Testvolt (RowrCalumn) =Testvolt (Rows,Column) /10000

1280 Tempsum=Tempsum+Testvolt (Row,Column)

1290 NEXT Row

13G0 Avesvol t (Column) =Tempsum/10

1310 FRINT USING "SA2D2XBNL SO :"FOINT “,ColumnsAvesvolt(Column)

1320 NEXT Column
1330 FRINT "DIata Acauired and ScaledG”
1340 END

1350 ISRQ handler

4555-29

Fig. 6-5 (cont.) Data acquisition program (4052A).
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1360
13790
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470

FOLL Address,StatbyteiMi
FRINT @Mi:"ERR?2"
INFUT @MiEcode
IF Ecode=200 THEN
Flag=1
ELSE
Flag=0
ENDIF
IF Flag THEN 1460
FRINT "Steatus byte! "j;Stathuyte’"Error code! “"JEcode
RETURN
END

4555-40

Fig. 6-5 (cont.) Data acquisition program (4052A).
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3
4
S

v}
0
0
&0
0
0
v}

[EHR S IR SR RN R R 75 R FA I ¢

b W
O N Gh
(e el

420
430
440
45
460
%
470

3 0B B 00 B 6 30 060U 0 0 306 3 26 06 36 06 06 06 06 6 20 O 6 0 06 3 00 06 0 3 3 3 3 06 3 3 06 I 36O 30 B 3
# S0M30 MEMORY CARD / S0MI0 ANALOG 7O DIGITAL CARIN / S0M41 SCANNER  #
304 06 B I K I K IO IR IO O 606260 96 D I 00 O 36 I 3636 36 36 36 336 30 50 06 366 43 3 9636 3 ¢

Maw 25, 1784

Corurisht () 1Y83 Yektronix, Inc. All rights reserved. This
software is provided on an "as is" basis without warranty of
any kind. It is not suepparted.

This prosram may ke reproduced without prior rpermissions in whole
or in part, by the original purchaser. Cories must include the
above coryrisht and warranty notice.

FURFOSE:

Scans ten different voltage points ten times for a3 total of 100
readings, The readinds are then scaled to the prorer vollase levels
according to the SOMI0 inpul randge. Once the readings are scaled the
ten readings from each point are averased and erinted out on the
4041 printer.

REGUIRED EQUIFMENT:

MI/MX 5010 Frogsrammabile Multifunction Interface
S0M30 Memors Card.

S50M10 Anszlos to Digital Converter Card,

50M41 Low Level Scanner Card,

4041 Controller (V2.0)

FROGRAM SEGMENT VARIARLES:

mid MI 5010 lodical unit number. Opened in line 1030,

test! Array uwsed to input the 100 readings from the S0M30.

testvolt: Array containing the scaled voltage levels.

avesvolt! Array containing the sverazsed readings.

flag: fiag to inform of data ascavired (huffer full, error 200).

statbwte! Status byte reported by instrument reauvesting service.

address! Address of instrument reauvesting service,

ecode! Error code returned by a Tektronix instrument in
response to an error suery.

(4555-41) 5187-23

Fig. 6-6. Data acquisition program (4041).
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N

480
450
500
510
520

#* 3¢
530
540
550
560
570
580
590
600
610
&0
530
&40
b50
GOU
4670
A£20
S50
700
710
720
paxyel
740
750
TAHO
770
780
790
800
810
820
B30
840
RS0
860
870
880
g9
200
Y10

* %
g0

* %
¢30
740
950
60
G770
G890
990
1000
1310
1020
1030
1040
1050
1060
1070

* %

OFERATING INSTRUCTIONS:

1) Connect MI 5010 &nd 4041 with GFIB cable., Use port 0,

2) Change instrument or eprodgrams if necessary, s0 primary address in
instrument and prosram agree--prosram expects 23.

3) S0M41 must be installed in slot 1 and SOMIO in slot 2 of MI

5010 and
and S0MS0O in slot 3 or chande eprogram assignment of these cards.
4) Connect: S50M10 SOMIO
1464 (OIR) to 16A (IDR)
174 (0DV) to 174 10U
18A (NO7) to 18A (I/07)
19A (D06) b 194 (1/0&)
20A (DO%) to 20A (I/0%5)
214 (NI04) to 214 (I/04)
224 (NIO3) to 2246 (1/03)
234 (IO to 234 (1702
246 (DO1) to 24A (I/01)
254 (DI0Y) to 254 (1/700)
4) Connect: S0M10 S50M41
134 (ESC) to 1B (READY)
14A (READY) to 2B (EXT TRIG)Y
6A UINFUTY  to 138 (Hi)
AR (COM) to 148 (Lo)
SAa (GUARTD o 15K (GUARID
%) Connect input sisnals toiS50M4l Hi Lo Guard
Chan 1 4R SR 4R
2 44 SA 6A
3 Va: 8k PR
4 7A A YA
5 10R 11E 12k
& 13A 144 15A
7 18R 17k 18R
(t] 16A 174 184
9 19k 20k 21K
10 194 204 214

6) Set TO0OM41 Jumeers for 1-of-10 and trisser siope to positive,
7) Set S0MS) to positive handshake.

) Set SO0MI0 input range Jumpers to sccomdate input sisnal.

?) Set H50M10 ESC eolarity Jumper to rpositive.

ERRORS ¢

No GFIEB or tare error handlers are |linked so 4041 prints
default saztem

error messases 3nd stops if such errors occur Cinstrument
power is off

or tepe capscity exceeded, etc.) .

INSTRUMENT CONTROL:
Folls all instruments on selected port.

336 96 F 636 3 B 36 3 306 3 I I 6 6 TE TE 6 2 06 36 36 06 36 3 6 3 36 36 00 36 06 3 9 36 I 96 96 36 06 36 06 36 26 96 36 3 36 9 36 3636 9E 36 96 36 96 36 96 3 96 9 96 36 36 34 3¢

Hegin main prodgram sesment

Init

On sra then cat!l handier

Mi=23

Open #mit "gpibO(pri=23,p0a=<0)) "

Enable sra

Inteser test(10,10)

Long testvolt(10,10) ,avedvolt (10)

Frint #mit"INITISEL 15SCAN 1,2,3,4,5,6,7,8,9,10;TREE OPEN" !
Set up SOM41.

4555-42

Fig. 6-6 (cont.). Data acquisition program (4041).
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1430
1440
1450

* %
1460
1470

Sub

Frint #mi:"SEL 25CONVERTIEXT ON" | Set up S50M10
Frint #mi:"SEL 17ARM CONL" | Set 50M41 to resepond to EXT TRIG.
Frint #mi:i"SEL 37ARORTIFPURGE IREFEAT OFFICREATE TEST,2003ATTACH
TEST,1,ADCISTART" | Set up S50MSO
Frint #mi: "BUFFER ONJSEL 1iNEXTIWAIT CONIGBUFFER OFF" ! Load
MI 5010 huffer with scan and wait for EXT TRIG signal.
Frint #mi!"EXEC 100" | Execute the huffer 100 times,
Wait | Wait for service reavest intarruet.,
If flas then soto 1150 else soto 1130 | If SRG is caused by
SOMS0 bwuffer full errors then continue.
Flag=0
Input promept "SEL 3;SEND TEST,BINKLK" using “SaX%” #miipreaamb$.,
test | Ineput dats from S0M50.
Input prompt “SEL 2EXT OFF;RANGE?" #miirange ! Obtain range
information from S0M10,
Scale and averase data,
For column=1 to 10
Tempsum=0
For row=1 to 10
Testvolt (rowscolumn) =(round((test(rowscolumn)-2048) /0. 2%range))
Testvolt(rowscolumn) =testvolt(rowscolumn) /10000
Tempsum=temrsum+testvolt (rowrcolumn)
Next row
Avesvolt(column)=tempsum/10
Frint using "6A2D2XB.5G" #"FRIN:“:!"FOINT “"scolumnsavesvolt(column)
Next column
Frint #"FRTF:":!"lIlsts Acauired and Scaled™(”
End

handier

Foll stathuytesaddress

Input prompt "ERR?" #addressiecode

If address=mi and ecode=200 then flass=1 else flayg=0

If flag then doto 1460

Frint "Adidress! "jaddress;” Status hbute: “"jstasthute)” Error
code: "iecode

Resume

End

4565-43

Fig. 6-6 (cont.). Data acquisition program (4041).
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Section 7
Instrumentation Software Library

ASCIl & GPIB CODE CHART

| B7 4 I 4 4 1 1 1 1
B6 -4 -4 1 1 )2 )4 1 1
B5 )4 1 g 1 -4 1 )4 1
BITS
NUMBERS
CONTROL SYMBOLS UPPER CASE | LOWER CASE
B483B2B1 .
[ 20 40 o060 16]] 100 of 120 16} 140 of 180 16
g5 909 NUL |DLE| SP | © @ P '
0 0j10 16 20 32 |30 48 40 64| 50 80 60 95 | 70 112
- 1 GTL]{ 21 LLOJ 41 1|61 178 101 1] 121 173 141 1] 161 17
# g o1 SOH | DC1 ! 1 A Q a q
1 111 17§21 33 |31 49 [ 41 65| 51 81} 61 97 |71 113
2 22 42 2162 18§ 102 2] 122 18 142 2]162 18
g g 19 STX | DC2 " 2 B R b 4
2 2|12 1822 34 {32 501 42 66 | 52 82 62 98 | 72 114
3 23 43 3[63 19} 103 3| 123 19ff 143 3163 19
g9 1 1] ETX | DC3 # 3 C S ¢ s
3 3l13 1923 35 (33 51]143 67| 53 83l 63 99 [73 115
4 spc | 24 oCL|f 44 4164 20{] 104 4] 124 20ff 144 4164 20
g1 g o] EOT | DC4 $ 4 D T d t
; 4 4114 20§24 36 {34 52144 68| 54 84| 64 100 |74 116
“ 5 PPC | 25 PPU 45 5|65 21105 5{125 21§ 145 5165 21
# 19 1| ENQ | NAK | % 5 E u e u
5 5|15 21425 37 |35 53 |f 45 69| 55 85| 65 101 | 75 117
6 26 46 6 [66 22| 106 6| 126 22§ 146 6166 22
#1198 ACK | SYN | & 6 F v f v
6 6[16 22 1 26 38 |36 54 i 46 70| 56 86 66 102 | 76 118
7 27 47 v 7 167 231107 71127 23 147 71167 23
211 1] BEL | ETB 7 G w g w
7 7|17 2327 39 {37 55 || 47 71|57 871167 103 | 77 119
10 GET | 30 SPE || 50 8 {70 24 {110 8130 248150 g8 {170 24
1998 9 BS | CAN { 8 H X h b 4
8 8{18 24 jf 28 40 |38 56 || 48 72 {58 88] 68 104 |78 120
ARl TCT [ 3t SPD i 51 97 250111 9| 131 250 151 9171 25
198 1] HT EM ) ] I Y i
9 9|19 25 f 29 41 |39 57 49 73 | 59 89l 69 105 |79 121
* 12 32 52 10 |72 26[112 10| 132 26} 152 10 |172 26
| 1219 LF | SUB ® : J r4 i z
A 10 [1A 26 if 2A 42 |3A 58 4A 74 | 5A 80|/ 6A 106 | 7A 122
13 33 53 11 {73 27113 111133 27{ 153 11 [173 27
1911] VT | ESC + : K i k {
. 8 11|18 27 {28 43 |38 5948 75| 58 91 68 107 | 78 123
! 14 34 54 12 {74 28] 114 42| 134 281154 12 [ 174 28
119 8| FF ES . < L i I
[ 12|1C 28 |f 2C 44 |3C 60 Jl4C 76 | 5C 92 6C 108 | 7C 124
15 a5 55 13 |75 290 115 13| 135 29155 13 {175 29
119 1] CR GS - = M m }
D 13110 29 2D 45 [3D 61 14D 77 | 5D 93§ 60 109 (7D 125
16 36 56 14 |76 30f116 14 {136 a0fl 156 14 {176 " 3
111 9] SO RS . > N
E 14 | 1E 30| 26 46 |3E 62 || aE 78 | 5€ 94 i 6E 110 | 7E 126
17 a7 57 15 |77 UNL [ 117 15| 137 UNT 157 15 [ 177 oEL
11 1 1 SI us / ? O — (e} (RUBOUT)
F 15 {1F 31§ 2F 47 {3F 63 |§ 4F 79| 5F 95l 6F 111 | 7F 127
| ADDRESSED UNIVERSAL LISTEN TALK SECONDARY ADDRESSES
COMMANDS COMMANDS ADDRESSES ADDRESSES OR COMMANDS
(PPE) (PPD)

KEY *: on some keyboards or systems

octal {25 PPU | GPIB code Teldtronbe
N A K ASCIi character TR eTee
hex |15 21| decimal REF: ANSI STD X3, 41977
.f IEEE STD 488-1978
‘ ISO STD 646-1973

TEKTRONIX STD 062-5435-00 4 SEP 80
COPYRIGHT © 1979. 1880 TEKTRONIX, INC. ALL RIGHTS RESERVED.
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TEKTRONIX
INSTRUMENTATION SOFTWARE LIBRARY

Utility Software
for TM 5000 Instruments

Utility Software is available from Tektronix, Inc. for
TM 5000 Instruments. This software consists of a set
of subroutines and subprograms that perform
common instrument functions over the GPIB such as
data acquisition, front-panel set-up, etc. These
routines are designed to be easily integrated into your
application programs. And since they are small and
well documented, the routines are easy to modify to
suit your particular applications. Refer to the current
Tektronix Instrumentation Software Library Catalog
for instrument options, ROM packs, and other
required equipment.

The following Utility Software was available when
this Instrument Interfacing Guide was printed. Other
software may be available; contact your local
Tektronix Field Office for further information.

Tektronix
Description Part No.
TM 5000/4041 Utility Software 062-6958-01
(DC-100 tape)
TM 5000/4052A Utility Software 062-6957-01

(DC-300 tape)

Ordering Utility Software
(U.S. Only)

Your local Tektronix Field Office has the current
prices for software available from the Tektronix In-
strumentation Software Library.

Order Tektronix Instrumentation Software Library
programs from Tektronix Central Parts Ordering by
using the toll-free number serving your area. The fol-
lowing map identifies the geographical regions in the
U.S. and the toll-free number serving each region.

Call the toll-free number serving your area and give
the Customer Service Representative the Tektronix
nine-digit part number and name of the software
package you want to order. If you have any questions
about the software, call your local Tektronix Field
Office.

7-2

800-432-3461

Tektronix Direct Parts Order Desk Toll-Free Numbers

800-854-7560
800-225-4550

. 800-323-1654
{in Illinois
312-259-7580)

617-861-6800)

800-432-7150 -
800-241-5973
(in Georgia

Irvine 404-449-4770)

714-556-8080

Ordering Utility Software
(Outside the U.S.)

Outside of the U.S., order Tektronix Instrumenta-
tion Software Library programs through your local
Tektronix sales office or from the Tektronix Instru-
mentation Software Library order point serving your
area. Refer to the following list for the applicable li-
brary order point.

Africa, Europe, Middle East

Contact local Tektronix sales office.

Australia

Tektronix Instrumentation Software Library
Tektronix Australia Pty. Limited

Sydney

80 Waterloo Road

North Ryde, N.S.W. 2113

Canada

Tektronix Instrumentation Software Library
Tektronix Canada Ltd.

P.O. Box 6500

Barrie, Ontario

Canada L4M 4V3

Caribbean, Latin America,
and Far East (except Japan)

Tektronix Instrumentation Software Library
Export Marketing

Tektronix, Inc.

P.O. Box 500

Beaverton, OR 97077

U.S.A.

(in Massachusetts

46132
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Japan

Tektronix Instrumentation Software Library
Sony/Tektronix Corporation

9-31 Kitashinagawa-5

Tokyo 141 Japan

Program Library

The Tektronix Instrumentation Software Library in-
cludes over 200 software programs for a variety of
Tektronix programmable instruments and controllers.
The Library Catalog provides abstracts of the avail-
able software. Programs are available as ready-to-
load media or as listings (see Catalog). For a copy of
the latest catalog, contact your local Tektronix Field
Office or representative and ask for Tektronix Instru-
mentation Software Library Catalog #99W-5570.

Program Contributions

If you have a program which you would like to sub-
mit to the Tektronix Instrumentation Software Library,

we will send you, in exchange, one software package
of your choice from the Customer/User Software por-
tion of the Program Library (see current library cata-
log). Submitted programs must use Tektronix
programmable instrurments and must meet certain
coding and documentation standards.

To contribute a program, submit a copy of the pro-
gram on media along with a listing and a Tektronix
Instrument Software Library release form (see current
library catalog). If the program was created as part of
your employment, the release must be signed by an
authorized representative of your employer. Accep-
tance of the program is subject to review of the
Tektronix instrumentation Software Library staff.

For further information on submitting a program or
for information about coding and documentation stan-
dards, contact:

Tektronix Instrumentation Software Library
Tektronix, Inc.

Group 157, 54-016

P.O. Box 500

Beaverton, OR 97077

7-3
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