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CHAPTER 1
INTRODUCTION

11 OVERVIEW-SCANNING

Scanning is one method of routing signals from
several sources to a single destination. Scanning is generally
used when one source at a time must be connected to the
destination. The sources can be selected by the scanner and
routed to the destination either sequentially or randomly. For
sequential applications, the sources are assigned numbers and
then routed to the destination in numerical order. In random
scanning, the sources may be selected in any sequence. The
destination is usually an A/D converter, a voltmeter, or some
other signal processor. Most applications which involve data
acquisition for process control can use scanning to control
signal flow. A typical scanner configuration is shown in Figure 1-1.

A number of factors affect the design and operation
of this or any scanning system:

The number of signal sources and destinations
Voltage and current levels of the signals

The series resistances of closed switches
Input and output leakage currents
Feedthrough characteristics of open switches
Crosstalk between signal paths

Bandwidth restrictions on the signals

The scanning rate

The scanning sequence {random or ordered}
Settling time of all system components
Signal and data processing time
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The first factor determines the system configuration. The
others are determined by the configuration and by the
specifications of the instruments used to build it. Values for
each of these factors are given in each of the configuration
descriptions in this Application Note. Specifications for the in-
struments used in each application are in their Operating
Manuais, listed in Appendix C.

1-2 SCANNING SYSTEMS

1-3 69750A Family of Cards
High speed scanning applications are handled well by
the 69750A Scan Control/Pacer card and at least one of these
cards:

69752A 64-channel FET card

69755A 16-channel FET card

Figure 1-2 shows a general 69750A-family scanning
system with a 69751A A/D Converter and a system controller.
The scanner card connects sources 0 to 63 one at a time to the
destination, a 69751A A/D Converter card. If there were six-
teen of fewer sources, the 69752A 64-channel FET card could
be replaced by a 69755A card. If there were more than 64
sources, then 69752A and 69755A cards could be combined,
all controlled by a single 69750A card. The A/D converter
changes incoming analog signals to digital data for formatting
and storing by the Multiprogrammer. The system controller
coordinates these operations, and retrieves the formatted data
for additional processing or storage.

SOURCE

TEM 1 O— ~
mM2 O——-
MEM 3 O

TEM 4 O

SOURCE TEM 3
CONNECTED TO
DESTINATION

DESTINATION

O

Figure 1-1. Scanner Configuration
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Figure 1-2. Multiprogrammer Scanning System

14 Card Descriptions

1-5 69750A Scan Control/Pacer Card. The con-

trol/pacer card contains logic and drive circuitry to operate up
to 32 cards, scanning a maximum of 1024 channels. You may
mix 69762A and 69755A cards so that the total number of
channels is not more than 1024. A single 69750A can control
up to 32 69755A 16-channel FET cards (32 x 16 channels =

512), up to 16 69752A 64-channel FET cards (16 x 64 channels
= 1024}, or any combination of cards that totals 1024 chan-
nels or less.

The number of cards in a system also depends on your
Multiprogrammer system. One 6942A mainframe can support
up to seven 6943A extenders, and each mainframe or extender
can contain up to 16 cards. The 69752A and 69755A scanner
cards are not addressable through the Multiprogrammer
backplane. All communications between them passes through
the control/pacer card.

1-6 69752A 64-Channel FET card. This card is used in
high-speed scanning applications where the signal voltages
are less than +10.24 volts maximum, with reference to

1-2

isolated common. The settling time of the FET switches is less
than 10 microseconds. This card is best suited to applications
with moderate specifications on closed switch offset voltage
and "ON" resistance.

1-7 69755A 16-Channel FET card. This card is similar to
the 69752A in all specifications, but there are fewer channeis.
1-8 Modes of Operation

19 Sequential Scanning. Before the scanning operation
is begun, the start and stop channels for the scan are pro-
grammed to the control/pacer card. Each time the system
controller requests a reading from the A/D converter, the
control/pacer card selects the channel to be read next. The
scanning rate in this system is determined by how often the
controller requests A/D conversions, and by the
Multiprogrammer’s instruction processing time. After the stop
channel is read through the A/D, the start channel is selected
as the next channel to be read, and the sequence begins
again. Think of the scanner as a rotary switch, with the next

position selected automatically after each A/D conversion
completes.



1-10 Random Access. When the system is operating in
the Random mode, the next channel to be selected may be
determined either by the system controller or by external data
inputs to the control/pacer card. The system controller deter-
mines the next channel directly, by sending the number of the
next channel to the control/pacer card. The external inputs to
the 69750A could be connected to the data outputs of a
69790B Memory card, with the channel sequence stored in the
memory card. This method of operation is described in
Chapter 3.

1N internal/External Pacing and Buffered Input.
The scan rate can be controlled either by the programmable
pacer on the control/pacer card, or by an external timer.
Because the scan rates can be high enough so that the system
controller does not have enough time to transfer data from the
A/D converter card to its memory after each reading, data
may be written directly from the A/D converter card to a
69790B Memory card. The data can then be transferred in
blocks to the controller. The overall data transfer rate may be
faster when using the memory card as an intermediate storage
buffer. This type of operation is described in Chapter 3.

1-12 Crosspoint Mode. Normally, only one channel in
the system can be selected at a time. The previous channel
connection is broken before the next channel is selected, so
that only one switch is closed at a time. This can be partially
overridden in the crosspoint mode, which lets more than one
card in the system be enabled at a time. One channel per
enabled card can be selected, so there can be as many chan-
nels selected at a time as there are cards in the system,

113 Card Enable/Disable. All switches on a scanner
card may be disabled (opened} either by an external signal or
by a code programmed to the control/pacer card.

1-14 Single Ended Operation. When several sources
share a common signal return path, the high side of each
source may be switched to the high side of the destination as
each channel is scanned. The returns for all the sources can
then be connected together at the isolated signal common of
the destination.

1-15 Double Ended Operation. There may be some
special applications which require double ended operation.
Consult the 69752A and 69755A Operating Manuals for details
of double-ended operation.

1-3

1-16 SCANNER APPLICATIONS

1-17 Circuit Characterization

The 69752A 64-channel FET scanner card is used
when many points in a circuit must be repetitively checked to
verify proper operation. In circuit characterization, the test set
must measure voltages at several points in the circuit. This
type of test is used for design verification, final production
tests, and incoming inspection of purchased circuits. For ex-
ample, suppose that you had to test the operation of several
power supplies during a burn-in test.

A 69752A 64-channel FET card controlled by a
69750A Scan Control/Pacer card can be used to scan the
power supply circuit test points in this application, as long as
the test point voltages never exceed the + 10.24 volt operating
limits of the FET card. The 10 microsecond FET switching
times let the test system check each point frequently, for high
test accuracy. The scanning rate for each test point is limited
by the A/D converter settling time and the system controller
data transfer rates. Chapters 2 and 3 contain more information
on these limits.

The configuration in Figure 1-2 could be used for the
power supply test system described above. The scanner
system is set for sequential scanning.

1-18 Transducer Measurement

Sequential scanning does not work for all applica-
tions. In a processing plant, suppose that there are 20 pressure
tranducers and 20 flowmeters. The process is divided into four
stages, with five transducers and five flowmeters monitoring
each stage. The priority assigned to checking each transducer
and flowmeter will probably vary as the processing continues.
If there is a problem anywhere in the process, the controlling
system will have to pay more attention to the measurement
devices in that area. Suppose that the system requires that the
transducers and flowmeters normally be checked in this order:
0to9, 20 to 29, 10 to 19, 30 to 39, and then back to 0 to S.

If the scanning sequence is fixed--if the priorities
never change--then the sequence should be hardwired, and
the scanner system should be set for sequential scanning.
Because the sequence in the example must change in
response to process conditions, then the scanner should be
set to the random mode, and the scanning sequence should
be set through the controlling software. The sequence can be
constantly updated to follow the needs of the process under
control. Figure 1-3 shows a random scanning system.



10

11

19

20

21

29

30

31

39

CHANNELS
——/—ﬁ 0]
—/—" 1

1
l
_/—u 9
—/—T 10
—-—/—‘, 1 1
[}
|
—‘/———'u 19
__—__{ 20
[}
|
——_/_" 29
—/—1- 30
— 4 3
1
|
39

SCANNING SEQUENCE
070 9

— 20 TO 29

10 70 18

30 TO 39

TO A/D CONVERTER

Figure 1-3. Random Channel Selection




CHAPTER 2
APPLICATIONS

2-1 BASIC OPERATING TECHNIQUES

2-2 Sequential Scanning

The power supply test set described in Paragraph 1-17
consists of a scanner, its control card, A/D, a 6942A main-
frame, and a system controller. The test set uses a single-
ended sequential scan of 41 points in the circuit under test.

Some of the specifications that make a FET scanner card
suitable for high-speed, moderate-accuracy circuit
measurements are:

° +10.24 volt input signal range.

° 0.026% full-scale accuracy with 1k ohms or less
source resistance. Each additional card degrades this
by specification 0.0063%. These figures must be ad-
ded to the A/D converter specifications to obtain
system accuracy.

® 4k ohms "on’’ resistance per switch.

° 10 microsecond settling time to within 0.056% of final
value, with 1k ohms or less source resistance.

These specifications are accurate for temperatures
between 0°C and +70°C at a relative humidity less than
60%. Consult the operating manua! for a complete set of
specifications,

The operating speed of the power supply test set is
determined by the system controller, the A/D converter, and
the FET card. Each conversion takes 30 microseconds. If there
is a full-scale voltage difference between any two channels,
the sample-and-hold amplifier needs up to 15 microseconds to
settle. The FET switches settle in 10 microseconds. The End-
of-Conversion signal (EOC} from the A/D converter triggers
the selection of the next channel, which synchronizes channel
selection with conversion time. The system controller soft-
ware accounts for A/D and FET switch settling time.

2-3 Control Card Subaddresses. The 63750A is a multi-

function I/0 card. Its input and output functions are accessed
through the Read and Write subaddresses, which are added to
the card address on the right side of the decimal point. Ex-
amples of instructions using subaddresses are in Paragraph
2-29. Depending on the I/0 card, the instruction type, and the
function of the subaddresses, data may be written to or read
from them. Table 2-1 lists the subaddresses and their func-
tions. The zero preceding the subaddresses in the table is the
address of a card in slot 0.

Use the Write First Rank (WF) output instruction to
write data to the controi card subaddresses. Use the Read
Value (RV) input instruction to read data from the control

2-1

Table 2-1. Read & Write Subaddress
Subaddress Function Oata Format

Write

0.0 Sequential mode; start channel Decimal

Random mode: next channel

0.1 Sequential mode: stop channel Decimal

0.2 Pacer period (s or ms) Decimal

03 Control register Decimal
Read

0.0 Present channel Decimal

0.1 Start channel Decimal

card. These instructions do not cycle the card. Normally, the
card should not be cycled with the same instruction that pro-
grams it. If you must cycle the card immediately after pro-
gramming a subaddress, then use the Qutput Parallel (OP) and
Input Parallel {IP) instructions, which cycle the card as part of
their operation.

2-4 Control Card Mode Selection. The control card is
set to the Sequential Scan mode by writing a decimal 1 to the
Mode Select Register (subaddress 3), Writing a 0 to the
Register puts the card in the Random Access mode. The con-
trol card “‘wakes up’’ with the Mode Select Register reset to all
zeroes. The function of each control register bit is shown in
Table 2-2. The card functions are programmed by writing ones
or zeroes to the Mode Select Register.

Table 2.2 Mode Select Register Bits

Register Programmed Value
Bit 0 1
(Wake-up)
0 Random access mode Sequential scan mode
i Switches enabled Switches disabled
2 Triggered externally Triggered internally
or by software by pacer
3 Not used External trigger fockout
4 Not used Lockout reset
5 Crosspoint mode off Crosspoint mode on
6 No interrupt on stop Interrupt on stop
channel channel
7 No interrupt on lockout Interrupt on lockout
8 1 usec pacer timehase 1 msec pacer timebase
9 Internal Start channel External start channel
address source address source
1013 Not used Not used




The Mode Select Register has the following format:
Bit 13 Bit 2 Bit 1 Bit 0
o ... .. 0 0 1

Bit O represents 20=1ifpit0=1.
Bit 1 represents 21 =2 if bit 1=1.
Bit 2 represents 22 =4 if bit 2=1.

Bit 13 represents 213=8192 if bit 13=1.

To program the Mode Select Register, add the
decimal values of the bits you want to program to 1, and pro-
gram the sum to subaddress Write 3.

To set the card for internal triggering by the on-board
pacer, program bit 2 to 1 by sending the decimal value 22-4
to subaddress 3. To set the card for internal pacer triggering,
with the card in the sequential scan mode, program bits 0 and
2 to 1. Send the sum of their decimal values, 204 22- 5, to
subaddress 3.

2-5 Start/Stop Channels. The first channel to be selected
when scanning begins is programmed by writing the decimal
number representing the channel to control card subaddress
0. The last channel in the scanning sequence is programmed
by writing the decimal number representing the channel to
control card subaddress 1. After the Stop channel is selected,
a recycle signal (EQ) is generated, which causes the Start
channel to be re-selected the next time the scan control card is
cycled.

2-6 Cycling the Control Card. In the power supply test
example, the A/D converter controls the cycling of the control
card. When the control card is cycled, the next channel is
selected. Figure 2-1 shows the system, and Figure 2-2 shows
its sequence of operation.

The system controller requests the A/D converter to
take a reading at time A, Figure 2-2, and the A/D starts a con-
version. After the conversion is complete, the A/D card
generates an End-of-Conversion [EOC) signal, which is con-
nected to the External Trigger (EXT} input of the scan control
card. The EOC signa! cycles the Scan Control/Pacer card at
time B, causing it to select the next channel.

The settling time of the FET switches and the A/D in-
put stage is measured in microseconds, and program run time
is measured in milliseconds, so settling time is not significant.
The digital output of the A/D card is passed to the 6342A after
the end of the BUSY pulse from the A/D. The system con-
troller can then read the data from the Multiprogrammer and
process it as described in paragraph 2-28. The next channel in
the sequence is read by the A/D converter at time C. The con-
trol card may be cycled by a software instruction as well as by
an external trigger, but this example uses the external trigger
only. See the 69750A Scan Control/Pacer card Operating and
Service Manual, listed in Appendix C.

2:2

2-7 Isolated 6342A 18 Volt Supplies. The 6942A has
three * 18 volt power supplies which are isolated from data
common (GND) and from each other. The isolation permits
analog cards to be isolated from one another and from all data
circuits. All 6942A system cards that use the isolated power
supplies are shipped from the factory with jumpers set so the
card uses isolated Power Supply No. 1. The 69752A and
69755A FET cards are used as shipped, with isolated power
Supply No. 1 connected. The 63751A A/D converter is also
used with isolated Supply No. 1, which ensures that the A/D
converter and the FET card share the same isolated common.
Appendix A explains isolated power supply allocation and
power supply selection jumper configurations.

2-8 Trigger and Gate/Flag Switches. The 69750A con-
trol card is shipped from the factory with S1-1 open, S1-2
closed, and S1-3 closed. The setting of S1-1 and S1-2 permits
both software and external triggers to cycle the card. S1-3
connects the card’s Gate output to the Flag input, since
Gate/Flag handshaking is not used in the scanner system,
S1-4 is not used.

2-9 FET Card Size Select Jumpers. The power supply
testing example uses a 69752A FET card set up for 64-channel
single-ended operation, which is how the card is shipped from
the factory. All 64 inputs are routed to Analog Output 1,

2-10 FET Card Start Address Selection. S1 is a dual
in-line switch which sets the first channel address of the card.
There are seven slide switches on S1; each switch sets one bit
of the address. The '“1” position is marked by the numbers
across the top of S1. The switch on the end of S1 next to the
dot sets the MSB (bit 1). S1 can be set to represent the
numbers 0 to 127. The card is shipped with all seven switches
off, for a first channel address of 0. There should normally be
only one channel selected for each address, so if there are
several FET cards in the system, then the first channel address
of the cards must be different. The first channel address of a
card is equal to eight times the number represented by S1. The
addresses are multiples of eight so that 64-channel 693752A
and 16-channel 69755A FET cards can be combined in a scan-
ner system.

Suppose that a scanner system consists of two
69752A cards and one 69755A card. The first 69752A card
scans channels 0 to 63, the 69755A scans channels 64 to 79,
and the second 69752A scans channels 80 to 143. The first
channel address of the first card is 0, so the switches of S1 are
left set to 0000000, as the card is shipped from the factory.
The first channel address of the second card is 64, which is
8x8. S1 should be set to represent the number 8; its switches
should be set to 0001000. The third card’s first channel ad-
dress is 80, or 8x10. Set S1to represent the number 10 by set-
ting the switches to 0001010.

CAUTION

Static electricity can damage the FET scanner
cards. Always observe standard static electricity
precautions when handling the FET Scanner
cards.,
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2-11 Analog Connections to the FET Card. Input con-
nections to the 69752A FET card are made on the removable
terminal blocks TB-1 through TB-8. Each input channel is
marked on the printed circuit card. Inputs 0 through 40 are
used in the power supply test example. All unused input con-
nections should be wired to the signal return common to all
sources. Output connections are made on TB-9. Only Analog
Output 1 is used in the example.

NOTE

The signal returns for all of the sources should be
connected to the isolated signal common on the
A/D converter.

All input and output cables should be routed through
the plastic cable clamps on the card for convenient access
from the rear of the 6942A.

2-12 Digital Connections to the FET Card. The control
and FET scanner cards are connected by the chaining cables
which come with the cards. The scanner cards are connected
to the control card by HP Part No. 5060-2830. The scanner
cards are chained to each other by HP Part No. 5060-2829.

213 Interface to A/D Converter. The EOC output for
the A/D converter card is connected to the EXT input of the
control card as shown in Figure 2-1. The edge connector for
the A/D converter is shown in Appendix B.

2-14 A/D Converter Card Configuration. At the fac-
tory, the A/D converter’s S1-1 and S1-3 are opened, and 51-4
is closed, so the card can accept input signals which range
from —10.24 to + 10.235 volts, S1-2 is not used. For other in-
put voltage ranges, the switch settings must be changed.
Refer to the instruction manual for the A/D card for the input
ranges and switch settings. In addition, the S2-1 switch is
closed, and S2-2 and S2-3 are opened when the card is ship-
ped. This allows both software instructions and external trig-
gers to cycle the A/D, and causes a 13 to 17 microsecond
delay from trigger to start of conversion.

The power supply test set is now ready. Programming
instructions are given in Paragraph 2-25.

2-15 Random Channel Access

The process control system described in Paragraph
1-18 uses the random channel access mode to scan 40 chan-
nels, addresses 0 through 39. All timing signals come from the
system controller. The scanning sequence is determined by
the system controller.

2-16 Control Card Mode Selection. The control card is
set to the random access mode by programming bit 0 of the
Mode Select register to 0, as _described in Paragraph 2-4.
The card wakes up in the random access mode, so it is only
necessary to program the random access mode if the card was
used in the sequential mode since power-up.

2-17 Next Channel Selection. The next channel to be
selected is determined by writing the address of the channel to
subaddress 0 of the scan control card. (This is the subaddress
used to program the start channel in the sequential scan
mode).

NOTE

This system is the same as Figure 2-1, except that
the EOC signal from the A/D converter is not con-
nected to the control card EXT input.

218 Sequence of Operations. The sequence of opera-
tion of this system is determined entirely by the system
controller. The system controller signals the scanner to select
a channel at time A, Figure 2-3. The controller then triggers
the A/D at time B. The A/D output data is sent to
the Multiprogrammer and is read by the system controller at
time C.

The A/D conversion time, the settling time of the A/D
input amplifier and the settling time of the FET switches are
measured in microseconds. These delays are not significant
because the program run time is measured in milliseconds.

2-19 Isolated 6942A 18 Volt Supplies. The 69752A FET
card and the 69751A A/D converter card are used as shipped
from the factory, powered by isolated Supply No. 1. This in-
sures that the FET card and A/D card isolated commons are
connected, as described in Paragraph 2-7.

A/D BUSY
INTERFACE
T 7 T
N\
TIME A TIME B TIME C TIME D
NEXT CHANNEL A/D READS GET DATA NEXT CHANNEL

Figure 2-3. Sequence of Operation, Random Access
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2-20 FET Card Set-Up. The transducer measurement
example uses a single-ended scan of the first 40 channels of
the 64-channe! 69752A FET card. Follow the set-up instruc-
tions in Paragraphs 2-9 through 2-11.

2-21 Control Card Set-Up. No changes need to be made
to the control card for this example, if it has not been changed
from the factory settings. The card is shipped so it can be
cycled by software triggers and external triggers, as in
Paragraph 2-8.

2-22 Digital Connections to the FET Card. All connec-
tions between the control card and the FET card are made
with the standard chaining cable.

2-23 Interface to A/D Converter. There are no digital
connections between the A/D converter and the control card.
The analog connections are shown in Figure 2-1. The A/D
card’s edge connector is shown in Appendix B.

2-24 A/D Converter Card Configuration. The A/D card
is used as shipped from the factory, with an input range of
-10.24 to +10.235 volts, and software triggering enabled.

The transducer measurement system is now ready to
be programmed.

2-25 PROGRAMMING TECHNIQUES

2-26 Programming in BASIC

The programs in this chapter are written in the BASIC
programming language on a 9826/36 system controller. The
9826/36 supports the BASIC, HPL, and PASCAL languages.
This section uses only BASIC, because it is simple and widely
used.

2-27

2-28 Flow charts. It is usually helpful to use a flow chart
to help organize a sequence of operations before program-
ming. This is especially true when programming real-time data
acquisition systems, where the order of the operations and the
system timing requirements are extremely important. The flow
chart in Figure 2-4 outlines the operations of a sequential scan-
ner system. The rectangular boxes are action blocks, which
represent operations such as 1/O or data transfer, which do
not require decisions by the system controller. The diamond
boxes are decision blocks. At the decision blocks, the con-
troller must make a yes-no decision. Such decisions are
typically comparisons of input data with known limits. The
program usually continues on a "'yes’’ decision, and branches
to a subroutine on a "'no”’ decision. The subroutine may stop
or return to the main program after taking corrective action. In
the flow chart of Figure 2-4, the system reads all the data for
the circuit test, and then prints out any values which are not
within specifications.

2-29 Programming Examples. The 9826/36 is one of
many Hewlett-Packard system controllers which transfer data
to and from their peripherals via HP-IB. The data may be either

instructions for a peripheral or data transferred to or from an
1/0 or storage device.

Sequential Scanning

2-5

The following BASIC commands, which program a
69750A card in slot 13 of a Multiprogrammer, are in Example
2-1A. All of the commands begin with BASIC program line
numbers from Example 2-1A.

100 OUTPUT 723;”CY13T”

When the Multiprogrammer is powered up or reset by
an HP-IB Device Clear command, the control card is dis-
abled. It must be enabled before programming, or the FET
switches on the 69752A or 69755A cards will not turn on. Line
100 cycles the control card, which enables it.

723 HP-IB select code 7 and Multiprogrammer
address 23

CY13 Multiprogrammer Cycle instruction for card in
slot 13

T Multiprogrammer instruction terminator

110 OUTPUT 723;""WF13.0,0T"

Line 110 programs the start channel to 0 by writing the
number 0 to subaddress 0 of the control card. The FET switch
for the start channel 0 is closed as soon as the channel number
is written to subaddress 0, even though the card has not been
cycled.

WF13.0,0 Writes first channel address O to card slot 13,
subaddress 0

120 OUTPUT 723;"WF13.3,1T"

Line 120 programs bit Q of the Mode Select Register
(subaddress 3) to 1, which puts the card in the sequential
mode.

WF13.3,1 Writes a decimal 1 to slot 13, subaddress 3.

130 OUTPUT 723;"WF13.1,40T"

Line 130 programs the stop channel to 40 by sending
the decimal number 40 to control card subaddress 1.

WF13.1,40 Writes decimal 40 to slot 13, subaddress 1
150 OUTPUT 723;"IP15T""

Line 150 signals the A/D to take a reading. The digital
output of the converter is stored in Multiprogrammer memary
so the controller can retrieve it later. When the A/D reading is
complete, the A/D generates an End-of-Conversion (EQC)
pulse. EOC is connected to the control card External Trigger
(EXT) input, so the pulse cycles the control card, which
selects of the next channel.

160 ENTER 72301;1{K)
Line 160 reads the A/D converter output data from

the Multiprogrammer through HP-IB extended talk address 01,
and stores it in array |, element K .

72301 HP-IB Select code 7, Multiprogrammer address 23,
extended talk address 01
I{K) Array |, element K will contain the next reading
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Figure 2-4. Flow Chart, Sequential Scanning
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Example 2-1A. System Program, Sequential Scanning

I THIS FPROGEAM SETS UFP A SEQUEHTIAL ZCRHN

bOSIRG THE E£597 COHTRIL CARD,E37SZH FET

I AHD THE &97 <0 CRRED.

|

!

OFTIOWN BASE @

CLEAR E 'CLEAKS THE MULTI FRAME
WHIT 4 'WAIT FOR SELF TE=ST T END
DIm ICd4en PODIMIMSIONS ARREAY ]

QUTRUT 7 TN LETY VEHARELES THE COMTIROL THRED

OUTFUT "WEL1Z. B, aT JSZELECTE STHRT CHANNEL
OQUTFUT REULn SCRUCING I TS THE MODE TO SEQUEMTIAL
DUTRLT s UHFLE 1, 4aT PZETS THE STOF CHAMKNEL
FOR ¥=8 TO 4@ TLODF TO READ 41 CHHMHELS
QUTFUY CIFLST PIHSTRUCT:E THE A-D TO RERD
ENTER 7 fiTok TEHTER EERDIHG T COMTROLLER
HMI STORE READIHG IH ARRAY I
NEXT k 'HEWT RERIING
LET g B OCHECE THAT

Er

EHN

el TLIMES 1538 T0

FLOR ! THE “OLTHGES ARE IN SPEC

IF SR LS5y THEN SGOSUE Error
7 ' IF HOT THEHW FRINT ERRCE
HERT K !

FRINT SFACE BETWEEM THE ERRDE
! MESSHGE AND EWD STATEMEMT
FRINT "EMWD OF SCRH" PEMD OF ZERUEMTIAL SCHHM
STOP
!
!

Erecrs | 'ERFORE MESSAGE ROUTIHE
FRINT

FRIMT "ERROR DETECTELD CON CHAHHEL";E
FRINT "WOLTHGE RERD";ICt:
RETURN

END

Example 2-1B. System Program, Sequential

! THIS PROGRAM SETS UP A SEQUEMTIAL SCAN
IUSING THE & COMTROL CHRED,E37SZA FET
! AWND THE &97S1A A<D CARD.
Il
!
OFTIOH BASE @
CLEAR 723 '/CLERRES THE MULTI FREAME
WRIT 4 'WAIT FOR SELF TEST TO EMD
DIM IC487 FOIMINZIONS ARREARY 1
QOUTFUT atH 'ENMARELES THE CONTROL CHRD
aUTPUT 'SELECTS STARET CHANMEL
DUTPUT SETS THE MODE TO SEQUEMTIAL
OUTFUT 'SETS THE STOF CHAMNEL
! PTHIS SECTION THSTRIUCTS THE
QUTRUT 'HoO TO TAKE 41 REALINGS THEH
EHTER VEMTER IHTO THE CONTROLLER
! AWDL STORE THEM IH ARRAY I
|
LET ¥=19.939 VLINES 1398 TO 230 CHECKE THRT
FOR K=@ T0 4B ! THE WOLTHGES HAEE IWN SPEC

IF ICRMCH-.8%52 OR 10K >0%+.850 THEW GOSUE Erroar

w=¥K-, 50 ! IF MOUT THEM FRINWT ERRDFR
NEXT K bMESSAGE
FRIMT VFLACES SFACE BETWEEN THE ERROE
! MESSAGE AMD END STATEMEMT
FRINT "EHWD OF SCAM" 'END OF SERUENTIAL SCHN
STOF
!
!
rary ! 'ERROR MESSAHGE ROUTINE

PRINT

FRINT "ERROR DETECTED ON CHAHHEL";K
PRINT "VOLTAGE RERLD";ICK?>
RETURH

D



Example 2-1A is one of two recommended ways to
. program this system. It uses a FOR... NEXT loop (lines 140 to
180) to step through the 40 test points in the power supply cir-
cuit under test. The A/D reading from each test point is
transferred from Multiprogrammer memory into array | after
each reading.

Example 2-1B shows a faster way to program the test
set. The FOR... NEXT loop is replaced by one program line:

150 OUTPUT 723;”IP,R41,15T"

The line is identical line 150 of Example 2-1A, except
for the repeat instruction R41, which modifies the “IP15" in-
struction. The instruction makes the IP repeat 41 times. The 41
readings are stored in Multiprogrammer memory. The system
controller reads them into 41 elements of array | in line 160:

160 ENTER 72301;1(+)

Example 2-1B is much faster than Example 2-1A,
because only one OUTPUT and one ENTER instruction are
executed--Example 2-1A executes each instruction 41 times.
The scanning rate in Example 2-1A is approximately 10
milliseconds per channel. The scanning rate in Example 2-1B is
approximately 3 milliseconds per channel.

NOTE

Example 2-1B uses the Multiprogrammer's inter-
nal Memory, which can store up to about 450
readings. If you use the repeat instruction to take
more than 450 readings, you may lose data. Read
the 6942A User’s Guide for additional information
on memory size and the repeat instruction.

START

CLEAR
MULTI

SET UP
RANDOM ADDRESS
TABLE

PROG CONTROL
CARD FOR
RANDOM MODE

FOR I =
0 T0 38

l

SELECT
CHANNEL

READ AND
ENTER DATA

PRINT
RESULTS

NO

I=38

YES

Figure 2-5. Flow Chart, Random Access
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2-30 Random Channel Access.
The flow chart for the random access software is
shown in Figure 2-5,

2-3 Program Examples. As with the sequential mode
examples, these examples include program line numbers. The
lines are exerpted from Example 2-2.

22 OUTPUT 723;”0P13.3,0T"

Line 22 puts the control card in the random access
mode. The Output Parallel (OP) instruction writes decimal 0 to
subaddress 3, and cycles the card. The instruction programs
bit 0 of the Model Select Register to 0. This instruction sets
the mode and enables the control card by cycling it.
Remember that the card is disabled after power-up or an
HP-1B device clear command. The FET switches will not turn
on unless the card is enabled. The card wakes up in the ran-
dom access mode, so it is not necessary to program the ran-
dom access mode unless the card has been programmed to
the sequential scan mode since power-on or a Multiprogram-
mer Clear.

723 HP-1B select code 7, Multiprogrammer address 23

OP13.3 Writes a O to card slot 13, subaddress 3

0 Sets Bit 0, subaddress 3 to 0 for random access
mode

T Multiprogrammer instruction terminator

25 OUTPUT 723; “WF13.0,”;ADDRU);“T"

Line 25 selects the channel number stored in the array
Addr at element {I}. The WF instruction writes the number to
subaddress 0, which is used to program the next channel in
the random access mode. The FET switch for the channel is
closed as soon as a number is programmed to subaddress 0.

WF13.0 Writes number to card slot 13, subaddress ¢
Addr(l) Element {1} of the array Addr contains the channel
number to be selected.

NOTE

The comma delimiter within the quotes surroun-
ding the command “WF13.0,” must be included
to separate the command from the data
in Addr(l).

26 OUTPUT 723;”IP16T"

Line 26 signals the A/D converter in slot 15 to take a
reading. The digital output of the A/D is stored in the
Multiprogrammer memory, so that the system controller can
read it back later.

27 ENTER 72301;Data(l)
Line 27 transfers one A/D reading from the
Multiprogrammer memory at HP-IB extended talk address 01

to the arrray Data, element (I).

Example 2-2 scans the 40 transducers at a rate of
about 25 milliseconds per channel.

Example 2-2. System Program, Random Access

'THIS FROGRAM SETS UF
POHANNEL ALDRESSES IN
'FROGRAM THEN SELECTS
]
1
OFTION EHEE @
CLEARKR 723
KRIT 4
DIM ARdAr (39>, Dat a(29>
FOF I=1 YO 9
Addr (] =]
NEXT 1
FOF I=106 TQ 19
Addr(I>=1+310
NEXT ]
FOR 1=20 TO 29
Addr (1>=1-10
NEXT 1
FOF =38 T0 39
RIIr(1)=]
< NEXT 1
OUTFUT
|
FOF I=p TO =
CUYFUT 723
CUTFUT 723" 1F1ST"
ENTER 722013 Tara]s
NEXT 1
FOR 1=0 TO 39
FRINT "CHAN";AHdgr D), Datacly
NEXT 1
'

END

VM T NN -

T233"0FP13.

z,eT"

]

W WG W RN R RYRY R R P
UL Br) = Oy Ml s

"WF13.@,";Addr T

2-9

A THELE OF KRMDUOM
AN RFEFAY, THE
A CHANNEL TO

EE READ

'VOLEAF MULTI FRANME

TWARIT FOF SELF TEST TO EHD

'
]
1
b

VIHTS SECTION FOFMY THE THELE
VOF FANDON CHHMHEL ALDFELSES
!

VEHAELES THE COHTROL CARFI AND
'SETS MODE TO FANDOM KICESS
PLGGE TO FERD THE SELECTED
'CHAHNEL. ADLFESSES

VINITINTE AN A D FEALIING
"EMTEF FEAMDING TO CONYFOLLEF

VFRINT THE RESULTS
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Example 2-2. Program Results
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CHAPTER 3
ADVANCED OPERATING
TECHNIQUES

SEQUENTIAL SCANNING WITH
BUFFERED A/D

341

FET scanning systems with high-speed A/D con-
verters can scan at high speed. The system controller may
limit the maximum speed of such a system because program
run time can be much longer than channel selection and A/D
conversion time,

Both scanning systems in the previous chapters
depend on the system controller to initiate the scan sequence
and read data into the controller memory. Example 2-1B is
faster than 2-1A, but still does not take full advantage of the
speed of the cards.

When a 639790B Memory card is added to a scanning
system, the system controller can transfer the A/D output
data to its memory much less often. Instead of transferring
data after each A/D reading, or after up to 450 readings, as in
Example 2-1B, the controller can wait until up to 4095 conver-
sions have been recorded. Channel selection and A/D conver-
sions can be triggered by the 69750A internal pacer, so the
system is independent of program run time between data
transfers.

Memory-buffered systems can scan at up to 25kHz
when the burst method of data acquistion is used. In the burst
method, readings are taken in groups of up to 4095 A/D con-
versions. Between bursts, the system controlier transfers the

MEMORY CARD CHANNEL
LOCATIONS ADDRESSES
‘ 0 0
- 0 1 1
1 ]
\1 ; 4
y 15 15
16 0
VAR v ’
] 1
] ]
SCAN ! !
< 2 CHANNELS 31 15
070 15 32 0
256 TIMES 33 1
+ 1
) ,
| 47 15
! _
i
1
|
4080 0
4081 1
15 , ,
[ 1
] [}
BURST METHOD: SEQUENTIAL 4084 14

Figure 3-1. Channel Address Allocation, Sequential Scanning
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data into its memory. The time between readings in each burst
is usually fixed, but the time between bursts can vary, and
usually depends on the type of measurement and the system
controller readback rate. The number of readings per burst is
limited to 4095 by the storage capacity of the 69790B Memory
card.

Application Note 316-1 describes the burst mode of
data acquisition in more detail. It also describes the con-
tinuous mode, which also uses a 69790B card. A memory-
buffered A/D in the burst mode is used in the scanning
system example in this section. Figure 3-1 shows the scan
sequence; Figure 3-2 is a block diagram of the scanner system.
The scan control card is set up for sequential scanning with a
64-channel FET card. The memory card is used in the FIFO
mode. Channels 0 to 15 are scanned 256 times for a total of
4096 readings in each burst. Memory location 4095 is not
available in the FIFO mode, so the last reading (channel 15) of
the last scan (number 256) is lost.

3-2 System Considerations

3-3 A/D Converter Set-Up. The 69751A A/D converter
is set to accept —10.24 to +10.235 volt input signals.
Switches S2-1 and S2-3 are open, and S2-2 is closed, which
sets the trigger bypass mode. The card is shipped with S$2-1
closed, and S2-2 and S2-3 open. The trigger bypass mode
reduces the 13-17 microsecond delay from an external trigger
input to the start of a conversion to 1 microsecond. Only ex-
ternal triggers are possible when using the trigger bypass
mode.

34 Control/Pacer, FET, and Memory Card Set-Up.
The F9750A control card, the 69752A FET card, and the
69790B Memory card are used as they are shipped from the
factory.

3-5 Sequence of Operations. When it is cycled, the con-
trol card pulses the start conversion output which is con-

697908
CY MEMORY
IDA
6 DIO—DI11
9
4
2
A BO-B11 foc
K::) 69751A  INPUT
M A/D BUSY
U EXT
L
:
|
P
R
69750A SSC
0
0 - CONTROL g
R
A
M
M N urpuT ANALOG
c 69752A INPUTS
FET NpuTS [

Figure 3-2. Buffered A/D, Sequential Scanning



nected to the A/D converter. The converter then sends a
BUSY signal to the control card, which triggers selection of
the next channel. The EOC output of the converter, connected
to the Input Data Available (IDA} input of the memory card,
causes digital output of the A/D to be stored after each con-
verison. Figure 3-3 shows the timing of each select-convert-
storage operation.

3-6 Timing. The programmed pacer period must be long
enough for the FET switches and the A/D sample-and-hold
amplifier to settle, and for the A/D conversion to complete.
The FET switches settle in 10 microseconds, the amplifier set-
tles in 10 microseconds (for this application), and the A/D
conversion takes 30 microseconds.

The FET switch settling time can overlap A/D conver-
sion time as shown in Figure 3-3, because the next channel is
selected during the conversion. The A/D BUSY signal triggers
selection of the next channel after the sample-and-hold
amplifier has acquired the signal from the previous channel.
The sample-and-hold amplifier settling time does not overlap
conversion time because the amplifier samples the next signal
only after the previous conversion is complete.

The settling time of the A/D sample-and-hold
amplifier is determined by the size of the voltage step between
readings, and the accuracy required. As the voitage step and
the required accuracy increase, the settling time becomes
longer. The A/D converter Instruction Manual gives a settling
time of 15 microseconds for a 10 volt step, with an accuracy of
0.01% of the final value. In the example, if a typical accuracy
of 0.1% is acceptable, 10 microseconds of settling time is
enough. The settling time must be increased if the resistance
of any source is higher than 1k ohms.

The pacer period for the example is 40 microseconds
(30us conversion + 10us settling time). This resuits in a scann-
ing rate of 26kHz.

37 Programming Considerations

38 Control Card. The start channel is programmed by
writing a decimal 0 to subaddress 0. The stop channel is pro-
grammed by writing a decimal 15 to subaddress 1. The on-
board pacer is enabled by.setting bit 2 of the Mode Select
Register to 1. The card is put in the sequential scan mode by

PACER TRIGGER

START
I'_—| CONVERSION

A/D CONVERSION

[ 30 USEC

FET SWITCH

10 USEC '

/N

40 USEC

SETTLE

l" 10 USEC ‘

NEXT
/P PACER TRIGGER

N

Figure 3-3. Sequence of Operation



setting bit O of the Mode Select Register to 1. Bits 0 and 2 of
the register are programmed by writing a decimal 5 (2O
+22) to subaddress 3. The pacer is programmed for a 40
microsecond period by writing a decimal 40 to subaddress 2.
The pacer period can be programmed in microseconds or
milliseconds. The card wakes up with the unit set to
microseconds.

The scanning sequence is started when the control
card pacer is triggered by the controller with a CY instruction.

39 Memory Card. The memory card is described in its
Instruction Manual and in Application Note 316-1. The 69790B
actually consists of two cards. Sometimes the cards are pro-
grammed independently, but most of the time they can be
considered one card.

The card can store 4096 16-bit data words in the recir-
culating mode, and 4095 words in the FIFO mode. The exam-
ple uses the card in the FIFO mode, which means that the
system controller reads data from the card in the same order
that it is stored on the card from the A/D converter. For exam-
ple, 1000 data words (a1, A2,... A1000) are stored in locations
1,2,...1000. When the controller reads them from the card, it
reads a1l first, then a2, and so on.

If more than 4095 readings will be stored, then the
controller must read data words from memory at least as fast
as they are stored, or the memory will become full. When it is
full, no new data can be stored. Any data sent to the card is
lost. The memory card can be programmed to generate an in-
terrupt when the number of stored data words is greater than
the number programmed to the reference register. The Arm
Card (AC) instruction programs the card to interrupt. The dif-
ferential counter keeps track of the difference of the number
of words stored and the number of words read back, An inter-
rupt can be generated when the number in the differential
counter is greater than the number in the reference register.

In this application the memory card is used in the FIFO
input mode. Programming a Clear Card, (CC}, instruction to
the memory card will reset the read pointer, write pointer and
differential counter, and will put the card in the FIFO input
mode. In the input mode, data placed on the external memory
data lines from the A/D will be stored on the card when
the EOC output of the A/D strobes the iDA input of the
memory card.

The reference register is programmed by writing
decimal number 4094 to subaddress 0 of memory card 2. The
memory card will generate an interrupt when the write pointer
is set to 4095 if no words have been read from the card. The
last word will be written to location 4095 during the time it
takes for the controller to respond to the interrupt,

3-10 MR Instruction. The MR instruction may be used to
speed up the transfer rates from the memory card to the con-
troller. The instruction requires that a special program be load-
ed into Multiprogrammer memory prior to running the system
program. The file is described in the system program shown in
Example 3-1.

3-11 Interrupt Routine. The Multiprogrammer is polled
to determine whether or not it generated an interrupt. Its
status is read to see if the memory card generated an armed
card interrupt.

The card is then disarmed and set to the FIFO input
mode with external lockout. The external lockout mode,
which inhibits handshakes and stops the memory card from
accepting new data from the A/D, is set by writing a decimal
21 to subaddress 1 of memory card 1. If the card is not placed
in the lockout mode, and data is read from memory such that
the memory card is no longer in the full condition, then any
handshaking will cause the memory card to take in new data.
This could disrupt the readback sequence. The card is disarm-
ed by the Disarm Card (DC) instruction, which prevents any
interrupts until the card is armed again at the start of a new
sequence,

Next, the pacer on the 69750A control card is turned
off by writing 0 to subaddress 2. This stops the scanning se-
quence and ensures that there will be no handshakes between
the control card and A/D or between the A/D and memory
card until the control card is cycled.

The Memory Read (MR) instructions sets the system
up for rapid transfer of data from the memory card to the con-
troller. The data is read from the memory card by entering the
data into the controller in two’'s complement format as it was
stored by the A/D converter. Since the A/D converter has a
12-bit resolution, the decimal representation extends from
—2048 to +2047. The controller stores the decimal represen-
tation of each data word in an array.

The A/D converter is used in the * 10 volt range, so
the least significant bit is equal to 0.005 volts. The system pro-
gram shown in Example 3-1 multiplies the data in the input
array by 0.005 to convert to voltage values, and stores it in
another array. The data is then plotted and the program
returns to the main routine. In this case, a softkey labeled
“CONTINUE" allows additional runs of the program.

Figure 3-4 is the flow chart for the system program,
and Example 3-1 is the program. Figure 3-5 is a plot for a
sample scan.

3-12 BUFFERED A/D WITH RANDOM

CHANNEL ACCESS

The high speed buffered 4/D system from Paragraph
3-1 may be expanded to include another memory card which
contains a table of channel addresses. Such a system is used
where sequential scanning is not convenient. For example, it
may be necessary to change the scanning order for part of the
scan, while keeping the rest of the scan the same. It is easier
to change software than to change a hard-wired system
configuration.
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Example 3-1. System Program, Buffered A/D, Sequential Scanning

THIS PROGRARM

DOES A HIGH SPEED SEQUEMTIAL

FET SCAN USING THE BUFFERED A<D TO TRKE

1
!
! A BURST OF
!
!
OPTION BASE ©

READINGS

DIM Data_scan(48945,Y01ts(4034)

ASSIGN GMulti
CLERR 723

WAIT 4
ALLOCATE Ascii
ASSIGN GDisc T

ON END @Disc G
Rd_filet EMTER
OUTFUT

GOTO R

Eof': OFF END @D
ASSIGN @Di

DERLLOCATE

G=SPOLL(722)
IF G<>E4 THEHN

PRINT “MULT
FRUSE
END IF
EHTER 72310
IF R{>16384 TH
PRINT "SELF
PRUSE
END IF

.ON INTR 7 GOTO
ENABLE INTR 73
OUTPUT @Multij
Continue: V%% %
OFF KEY
QuTPUT
QuUTPUT
oUTPUT
OPTPUT
WTPUT
OUTPUT
QUTPUT
OUTPUT
Wait:

EMultiy
@MUl
BMulti;
EMulty;
EMultig
EMultis
@Multi
@Multis
[EX T2
DISP "WA!
GOTO 430
Interrupts !%&x%
G=SPOLLC?723>
IF G=64 THEN
ENTER 723
IF C<xp T
ENTER
IF RAdd
FRIN
PRUS
EHD IF
DUTFUT
|
QuUTPUT
auTPUT
OUTPUT
ENTER
ELSE !
PRINT "
PAUSE
END IF
ELSE!

TO 723

FLBO0) ! FF XXX HXFXXFRAXXRAERES
0 “"MRZ"
070 Eof
@DiscjAscii ¢
@MultijAsciis
d_file
isc
sc TO *
Ascii¥
IHFF R X XS A RF X P A EFARF R IFH 05

I DIDN“T INTERRUFT®

HL;|
EN
TEST DIDH’T SET SRQ“

Interrupt
z

"cyaeTe
FEERRAEREREXL AR AR ERAREFERRENR S

"WFZ.8,0T"
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{ERROF SAGE AWD FAUSE
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INTERRUPT EFANCH
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''SELECT STHRT CHAN

ISET STOP CHANMEL

'SET MODE REGISTER

'YSET PRCER DELAY IH us
'CLERR MEMORY REGISTERS
'SET IHTERRUPT WORD
'REM THE MEMORY CARD
'STRET PARCER

'WHIT FOR INTERRUPT

PIMTERRUFPT ROUTINE

VPERFORMS AN HPIE SERIAL FOLL
I THEM TO SEE IF MULTI

¢ CAL30 CLERRS SRUD

SEGR O STRTUS TO SEE THAT H
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‘MR COMMAKRD TO &ET THE DATH
JVENTER AHD FORMAT THE LRTA



Example 3-1. System Program, Buffered A/D, Sequantial Scanning (cont.)
&£70@ PRIMT "MULTI DIDH'T INTERRUFT®
€36 FRUSE
690 END IF
700 DISPF "UFDATING RAPRAY"
710 FOF Fx@ TO 4099 lexseavdspoannmsnbansemra = CONYERTS THE DATAH TO A YOLTHGE
’ze Volt:z(F =, Q@S«Dat a zcancF. 'NULTIFLY BV THE LSE YALUE
7?36 NEXY P -
P48 FPlot: |24 xskd8ssesrarrsrbusrsnanshéssocnrarrs i FLOT FOUTINE
750 ALFHA OFF FTHIS FORYTION OF THE FLOTY
red GINIT TROUTIHE SETS UP THE CET WITH
770 GRAFHICS OH VAMIS(LARELS RHD LEAVYES ZFACE
vea GCLERF 'FOR THE SPECIAL FLIMUTLON
730 MOVE ©, 99 'REY LAEELS
cao CSIZE 4,.¢
g10 LAEEL "VOLTSH
820 MOVE 100,20
830 CSlZE 5,.6
840 LABEL "TIME™
850 VIEWFQRT @,125,25,9%
gen WIHDOW 8,13%,0, 100
870 AXES 19,16,0,50
8ga FOR I=8 TO 15 lssssversrsnenstrsssessrsr®srss! THIS POFTION OF THE FLOTY
290 ¥=0 VROUTINE SCHLES THE DATA AND
700 Y=¥olts({I)>xs TENRTS EACH CHAMHMEL FROM THE
910 PEN -1 TARRAY. EMCH CHANMEL IS
szv MOVE X,V 'FLOTTED USIHG ALl OF THE
93¢0 FEN 1 1256 DATA FOINTE, EXCEFT THE
940 FOR J=0 T0 25% 'LAET CHANMEL WHICH USES 2SS
950 X=1,2 IDRTH FOINTS,
960 IF I<>18 OR J<>2S55 THEH
970 YeYolets(Jx1g+12%5
gga DRAW ¥,Y+50
990 END IF
1000 NEXT J
1010 HEXT I
1820 ENAEBLE INTR 7;2 'RE-EMAELE INTERRUFT
103@ Uore: VINTERRUFT ROUTINE COMPLETE
1048 ON KEY © LABEL “CONYIHUE" GOTO Cont jrue
1850 Idle: GOTO Idle
1060 !
1076 END

I Ine

Figure 3-56. Plotted Data

This system uses the burst method of operation with
the random access scanning mode. The system configuration
is simifar to the system described in Paragraph 3-1, but for the
additional memory card, which contains the list of addresses
for channel selection.

The control card is set to select the next channel ad-
dress from the external input lines. The memory card which
holds the table of addresses is loaded with 64 words represen-
ting channel addresses 0 through 31 and then 31 through 0.

The memory card read pointer returns to location 0 after loca-
tion 63 has been read. The data from the A/D is stored in the
other memory card in the order it is scanned (channels 0
through 31, 31 through 0, 0 through 31, and so on) until 4095
locations have been filled. Figure 3-6 shows the scanning se-
quence and the relation between the storage memory card
locations and the data from each channel address. Figure 3-7
is the system block diagram.



MEMORY CARD

LOCATIONS
0
0 1
i
I
|
. 1 \[\ 31
SCAN 52
33
CHANNELS 1
!
0 TO 31 !
2
63
AND
64
/Qt\ﬁ// 65
|
SCAN
|
: CHANNELS 95
31 TO O
|
|
64 TIMES |
4064
4065
31 |
1
{
BURST METHOD: RANDOM ACCESS 4004

CHANNEL
ADDRESSES

31

31
30

Figure 3-6. Channel Address Allocation, Random Access
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FET INPuTS

Figure 3-7. Buffered A/D, Random Access

3-13 System Considerations input of the address table memory card. The 10 least signifi-
cant bits of memory card output are connected to the 10 exter-
314  Set-Up. The system configuration is shown in Figure nal address selection inputs of the control card.

The control card, FET card and memory cards are
used as shipped from the factory. The A/D converter card is

3-7. The only differences between this system and the one
described in Paragraph 3-1 are the additional memory card and

its connections, and the BUSY line from the A/D converter,
which is connected to the SELECT (SEL) input of the control
card instead of the STATUS (STAT} input.

The Select Acknowledge (SELACK) output of the
control card is connected to the Output Data Accepted (QDA)

used in the trigger bypass mode described ir Paragraph 3-3.

3-15 Timing Considerations. The timing considerations
are similar to those in Paragraph 3-6. The only difference is
that an additional 6 microseconds is required for transferring
channel address data from the memory card to the control
card. Referring to Figure 3-3, the additional time must be add-
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Figure 3-8. Flow Chart, Buffered A/D, Random Access




ed to the FET switch settling time of 10 microseconds to ob-
tain a total of 16 microseconds. The 16 microsecond total is
still within the A/D conversion time of 30 microseconds, so
the switch and memory settling times can overlap the conver-
sion time as described in Paragraph 3-6. This system uses a
pacer period of 40 microseconds.

3-16 Programming Considerations

317 Control Card. The control card is enabled by cycling
it with a CY instruction. Then the internal channel select mode
is programmed by writing a 0 to the Mode Select Register
(subaddress 3). The first channel to be selected is program-
med by writing its decimal address to subaddress 0. The con-
trol card is then put in the random access mode with external
address select and the internal pacer mode is set, by program-
ming bit 2 (internal pacer mode) and bit 9 (external address
select) of subaddress 3 to logic 1. Subaddress 3 is program-
med by writing decimal 516 (22+29) to subaddress 3. The
pacer period of 40 microseconds is programmed by writing
decimal 40 to subaddress 2.

3-18 Storage Memory Card. The memory card used to
store data from the A/D converter is programmed as describ-
ed in Section 3-9. It is set to the FIFO input mode by a Clear
Card (CC) instruction. Its reference register is programmed to
interrupt after 4094 values have been stored by writing 4094 to
subaddress 0 of memory card 2.

3-19 Address Table Memory Card. The memory card
used to supply channel addresses to the control card contains
an array for storing the addresses. The array has 64 elements,
which hold the numbers 0 through 31 and 31 through 0 {the
channel address numbers in the order of the scan). The read
and write pointers are set to 0 and the card is set to the FIFO
input mode (use a Clear Card (CC) instruction). The data is
stored in the array with the Memory Output (MO} instruction,
which also sets the card to the FIFO output mode.

Next, the card is programmed for recirculating output,
with the reference word programmed to truncate the memory
at 63 words. This causes the read pointer to return to 0 after
location 63 has been read. The table of addresses stored in
locations O to 63 will repeat until all 4095 locations of the
storage memory card have been filled. The card is set to the
recirculating output mode by sending decimal 10 to subad-
dress 1 of memory card 1. The reference word is programmed
by writing decimal 63 to subaddress 0 of memory card 2.

The read pointer must be initially set to 1, which
causes the second channel address to be selected after the
sequence is initiated. This is because the first channel has
been selected before the sequence begins. After the A/D con-
verter takes the first reading, the BUSY signat triggers selec-
tion of the next channel. The flow chart for the system pro-
gram is shown in Figure 3-8, and the system program is shown
in Example 3-2.

A plot of the results of the scanning sequence is
shown in Figure 3-9. The voltage dividers which were scanned
were supplied with a dc voltage of +8 and - 7.5 volts.

Example 3-2. System Program, Buffered A/D, Random Access

MEMORY CARDE IN SLOTS 455 ARE USED FOR STORAGE OF ADDRESS SELECTIMM®

10 ' THIS FROGRAM DUES R HIGH SFEED RANDOM FET SCAN USING THE
20 ' BUFFERED F-D TOU THKE R BURST OF READINGS

3e ! THE RAHDOM CHANNELS ARE FROGRAMMED IN AN ARRAY

40 !

s6 !

€0 ! MEMORY CARDS IN SLOTS 7¢& RRE USED FOR DATA RCOUISITION
70 !

ee !

90 OPTION BASE @

109 DIM Data_scan(49943),Volte14094;
1190 INTEGER Rddrezs<63’
120 ASSIGN @Multi TO 7oz
130 CLEAR 723

140 HAIT 4

150 RLLOCATE Asciislsn]
169 ASSIGN @Disc To "MERZ"

ive ON END @Disc GUTO Ewof

166 Rd_file: ENTER @DisciHsciiy

190 OUTPUT @Multi;Asciis
200 GOTU Rd_file

210 Eof: OFF END @Disc

220 ASSIGN @Disc TO +#

230 DERLLOCATE FAsciis$

2490 G=SFOLL (723>
2%e IF G<>64 THEN

260 FRINT "MULTI DIDN'T INTERRUPT™
276 PRUSE

2350 END IF

296 ENTER 72310;A

300 IF A<>16284 THEN

310 PRINT "“SELF TEST DIDN'T SET SRO™

320 PRUSE

330 END IF

340 ON INTR 7 GOTO Interrupt
358  ENABLE INTR 7;2

'CLEARS THE MULTI
'WAIT FOR SELF TEST TO END

IR EEX AP RELALEF IR LR RRE S

!

!

'THIS ROUTIHE TRAMSFERS THE
IMRZ FILE FROM THE DISC TO
'MULTI MAINFRAME MEMORY

!

!

1

!lii*****l*i**#ii****i***}*&*;PERFORMS AM HPIE SERIAL POLL,

' THEN CHECKS TO SEE IF THE
'MULTI SET SR@, IF NOT PRINT
'ERKROR MESSAGE AND PRYSE

'READ SR@ STATUS TO SEE IF SELF
'TEST SET SRG,IF NOT PRINT
{ERROR MESSAGE AND PARAUSE

1SET UR INTERRUFT BRANCH
IENABLE INTERRUFT



Example 3-2. System Program, Buffered A/D, Random Access (cont.)

[ e ]
-
[ A

AN A
W A B L)
QUL O I Ol o

(U]
= Q
o a @

638 Haits

€40
656

€66 Interrupt:

TR RN RURFERA RN AR R R AR ERAERE XS5 s R nasesas5x THIS SECTION SETS UFP THE

FOR J=86 TO 31
Address(Ji=
Address (24

NEXT o

QUTFUT @Mulvi

QUTFUT @Multi

t

OUTFUT @Multi

OUTPUT @Mulr

QUTPUT @Ml

t

I XX ARFXFRERRRF

!

DUTFUT @Multi

Continue: !

OFF KEY

GCLERFR

OUTFUT @Multiy
OUTFUT ®Multis
QUTFUT @Multig
QUTFUT wMulti
QUTFUT @Multi;
QUTPUT @BMultij
OUTPUT @Multis
QUTFUT @Multig
OUTPUT ®Multi;

DISF "WAI
GOTO Wait

IMEMORY WITH RDDRESS DATH

J VADDRESSES ©-31, THEM 31-0 WILL

Th=3 -7 I'EE LOADED INTO MEMORY

yrTCST ICLEAR MEMORY CARD

s"MO, 4, "3 Hddress 2y T ISET FIFO OUTFUT MODE AND LOALD
'THE TRBLE OF ADDRESSES

VIR B 'RESET YHE READ,WRITE POINTEES

s"WF, 1, 18T I'SET TO RECIRC QUTPUT MODE

PPWFS, e, e2T" 'SET REF WORD TO LAST LOCHTION

EEFORE RECIRCULATING
ARREEERRFAFEFAAF A AR AN Hx x5\ THIS SECTION SETS UFP SCAN AMD
{MEM CARD FOR DATH RCGUISITION
HEWEER i {ENAELE CONTROL CHRRD
|
!
'CLEAR GRAFHICS
"WFZ,Z,aT" {EMAELE INTERMAL CHAN SELECT
zEi@y ;T TSELECT THE FIRST CHAWM RUDDRESS
'SET MODE REGISTER
'SET FACER DELAY IH uS
'CLEAR MEMORY REGISTERS

“NFg.0,4094T" 'SET INTERRUFT WORD

"WFS.3,1T" 'SET RERD FTR FOR 2HD CHAN RIDR
"ACET" IARM THE MEMORY CRRD

"CNeT" ISTRRT PACEKR

!i}*&i*iii****&**i*i**:*éﬁ&*&**k*§*+*i!uﬁlr LOOP

TING FOR INTERRUFT®

!?iff*****?'****f*‘***********f***i}EIEEEHFT ROUTINE

€70 G=SPOLLC723Y 'FERFORMS AN HFIE SERIAL FOLL
€8¢ IF G=€4 THEHN 'THEHN CHECKS TO SEE IF MOLTI
£9¢ ENTER 72318;R,E,C FPEET SRE CALSO CLEARS SRO

700 IF C<>0 THEN 'READ SR® STATUS T SEE THAT 9
710 ENTER 72312;Card_slot 'CARRD CRAUZED THE IWTERRUFT

72e IF Card_sl1ot<>3 THEM ICHECK THE RDDRESS OF THE CHRRED
730 FRINT “NOT THE MEMORY CHRD" 'IF NOT THE RIGHT ADDREZ: THEY
749 PRUSE IFRINT ERROR MESSAGE AHD FAUE
758 END IF

rd-1: OUTFPUT @Multi; "WF?,.1,21T" VSET FIFO .o MODE WITH E-TERHAL
vve ! 'LOCKOUT TO STOF HANDSHAYES
r80 OUTPUT ®Multi; DCET" 'DISARM CARD T AYOID IWTERRUOFT
V30 BUTPUT BMulti; "WF2.2,8T" PTURN OFF THE PACER

gea OQUTPUT @Multi; "MR?, 48357 'GET DRTA WSIHG THE ME COMMANHD
S10 ENTER 72305 USING "X,H";Data zcanus)! EMTER HHD FORMAT THE IZATH
gze ELSE !

830 PRINT "SRQ NOT SET BY ARMED CRRD"

840 PARUSE

850 END IF

860 ELSE!

gve PRINT "MULTI DIDN‘T IHYeRRUPT"

880 PAUSE

898 END IF

900 DISP "UPDRATING ARRAY"

9106 FOR F=0 TO 4074 I#4#r s ¥ %5545 % 8548 ¥ 55743522 LOMVERTS THE DATA TO A YOLTAGE
9z0 Yolts(F)=.0805#Data_scan(P> VEY MULTIFLYING EY THE LEB

930 NEXT P 'WHRLUE

G40 Plot: ! FFAAAXFFAXXAXREIXXANER XSRS F AR A nF 5585555 FLOT ROUTINE

95e ALFHA OFF 'THIS PORTION OF THE FLOT

960 GINIT 'ROUTINE SETS WP THE CRT MWITH
97 GRAFHICS ON 'AXIS, LABELS AND LEAYES SFRACE
980 GCLERR TEOR THE SPECTIAL FUMCTION KEW
996 MOYE 8,95 'LREBELS

10060 CSIZE 4,.6

1816 LABEL "vOLTS"

1826 MOVE 100,20

1036 CSIZE S,.6

1840 LABEL "SEQUEHNCE"

1850 VIEWPORT ©,125,25,95

3-12



Example 3-2. System Program, Buffered A/D, Random Access (cont.)

1968 WINDOW ©,133,0, 1080
107@ ARXES 10,10,0,50
1080 FOR 1=0 TO 127 '#*#ssxssssseX%s22s325252+22ITHIS PORTION OF THE FLOT
1050 K=1%,7S 'ROUTINE SCALES THE DATAR AND
11080 Y=Yolts (#3225 VEORTS ERCH CHAMMEL FROM THE
1110 PEN -1 YARRAY . EACH CHAREL IS PLOTTED
1120 MOVE X, v+350 TUSTHG ALL OF THE 2S¢& DATA
1139 FEN 1 TFOINTS, EXCERT THE LAST
1140 FOR J=@ TO 31 'CHAMNEL WHICH MLZES 255 DATH
1150 X=]*,75+]) 'POINTS,
11606 IF 1<>127 OGR J<O>31 THEN
1170 Y=Volte(32#%I+J)<5
1180 DRAW ®,Y+S@
1199 END IF
1208 NEXT J
1210  HEXT 1
1220 ENARBLE INTR 732 'RE-ENAELEIHTERRUFT
1230 Done: ' INTERRUPT ROUTINE CQMFLETE
1249 ON KEY © LABEL “CONTINHUE®" GOTO Cortirnue
1250 Idle: GOTO Idle
126@ END

WOLTE

| e pan |

SE IRl

Figure 3-9. Plotted Data
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APPENDIX A
POWER BUDGET
CONSIDERATIONS

The 6942A mainframe and 6943A extender each have
unisolated +5 volt and + 12 volt power supplies, and three
isolated * 18 volt power supplies for use in systems requiring
isolation between the |/O cards. The current available to the
I/O cards from these power supplies is shown in Table A-1.

Table A-1. Mainframe Power Availability
Power Supply Currently Available
To /O cards
+5V 12.8 A
+12V 20A
-12V 1.5 A
+18V No. 1 1.0 A
-18V No.1 0.6 A
+18V No. 2 0.4 A
-18V No.2 0.25 A
+18V No. 3 0.2A
-18V No.3 0.15 A

Table A-2. 1/0 card +5 Current Requirements

The current required by each |/0 card from the +5V
supply is listed in Table A-2. The total current load drawn from
the + 5V supply by any combination of |/0 cards must not ex-
ceed 12.8 A, Card slots must be left vacant, if necessary, to
ensure this. The 69750A Scan Control/Pacer card draws 1.6 A
which is twice the current allocated for each card slot
(12.8A/16 slots = 0.8A/slot).

The current drawn by each of the 1/0 cards from the
+ 18 volt supply is shown in Table A-3. The currents drawn
from any of the supplies must not exceed the limits given in
Table A-1. Since all cards are shipped from the factory with
Supply No. 1 connected by jumpers, some cards may have to
be changed to Supply No. 2 or No. 3 to meet these current
constraints. If several cards must be isolated, then they should
be connected to different supplies.

Table A-3. 1/0O Card +18 V Current Requirements
/O Card sV -8V
Current Current
69755A 16 Channel FET 45 mA 20 mA
69752A 64 Channel FET 60 mA 40 mA
69720A D/A Voltage Converter | 80 mA 40 mA
63721A D/A Current Converter { 110 mA 60 mA
69751A A/D Converter 150 mA 80 mA
69775A Counter/Totalizer 120 mA 15 mA

A-1

* This card is shipped from the factory with the unisolated
+ 12 V supply connected. Jumpers on the card can select one
I/'OA Card 5V Current of the isolated * 18 V supplies if required.
gg?ﬁ :;.OI.attle D'gljeg Input 350 mA Figure A-1 shows how the 18 V supplies may be
Igital Input/Comparator selected with the jumper options,
69720A D/A Voltage Converter 400 Ma
639721A D/A Current Converter
69731B Digital Output
69751A A/D Converter MUEZ?:F?LT&WSE:N%%[TTOR
69755A 16 Channel FET
69776A Interrupt
"69752A 64 Channel FET 425 mA zgo:znt}suppu No3
69700A Thru 69706A 650 mA
Resistance Output g'&;s‘}suppu No 2
69709A Power Supply Contro} 750 mA o~ 18y
69735A Pulse Train Output 1 O 4+ 18Y
69736A Timer/Pacer oM PSUPPLY NO I
69775A Counter/Totalizer OUTER EDGE
CONNECTOR
69790B Memory (Standard, 4K) 1.2 A
(Each memory card occupies 2 slots)
69750A Control 1.6 A Figure A-1. 1/0 +18 V Supply Selection




Connections to the A/D converter card are made on
the edge connector shown in Figure B-1. The connections to
the A/D converter card for the FET scanner application
described in Paragraph 2-2, Figure 2-1 are also shown.

The edge connector of card 1 of the pair of 69790B
Memory cards is shown in Figure B-2. The connections

APPENDIX B

EDGE CONNECTORS AND WIRING

between the memory card and the A/D converter for the
application described in Paragraph 3-1, Figure 3-2 are shown
in Figure B-3.

Bits 12 through 15 are connected to bit 11 to allow
data transfer in the 2's complement format from the 12 bit
A/D converter output to the 16 bit memory card input.

CHAN
ADDR
INPUTS —

69750A CONTROL

69751A A/D

(NOT
USED)

O

INOG (1 A
' 2 B
: 3 c
. 4 D
: 5 E
il 6 F
: 7 H
i 8 J
X 9 K
INO9 (10 L
1 M
e N
eas 13 [ P
SEL |14 R SELACK
STAT |15 S| SELACK
UL 16 T, €Q
o |7 U] FsC
18 V| bl
19 wl oL
_|eo[kev]x| __
SI0@ |21 Y| FsC
SI0I |22 Z| EQ
Sl02 |23 a
S103 |24 b
25 C
POFF |26 d| pout
PON |27 e| POUT
28( t
§sC¢ |29 | |n
ss¢ |30 )
GAT |31 k| GAT
FPS |32 | FLA
TPS |33 m| EXT
BsY (34 [ |n| EOP
35E~p EEN
COM |36—p= r | COM

O

T
i Aloo LsB|
2 Blo
3 c|oz2
4 D| o3
5 Eloa EXTERNAL
6 F|os L DIGITAL
7 H| 06 OUTPUTS
8 J| o7
9 !los
10 L|0g
u_{_ JIM 10
12 N MsB
13[KEY | F -
14 R
AT TENUATOR INPUT |15 S| ATTENUATOR INFUT
GUARD |16 1 GUARD
ATTENUATUR QUTPUT (17 U | ATTENUATOK OUTPUT
GUARD |18} v GUARD
ANALOG INPUT |19 W[ ANALOG INPUT
‘GUARD |20 X GUARD
ISOLATED COMMON |21 Y | ISOLATED COMMON
22 z
+15v |23 a | +15v
EXTERNAL{SOLATED COMMON |24 b | ISOLATED commor:'— A TERNAL
BIAS BIAS
~15v (25 c| —15v |
26 d
27 e
_ 28 f
(E0C) END OF CONVERSION |29 h | END OF CONVERSION (EOC) —
30 |
a1 k
32 f
(TPS) TRIGGER POLARITY SELECT |33 m| EXTERNAL TRIGGER (EXT)
(BSY) BUSY |34 n | END OF PROCESS ~ (EOP|
a5 o
COMMON |36 « | common

Figure B-1. 69750A Control Card and 69751A A/D Converter
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LSB 00 | A GO LSB
012 B|O1
0213 c |02
| 0314 D|0o3
0415 E |04
( 056 Flos
| 06 |7 H | 06
DIGITAL 07 |8 )| 07 DIGITAL
QUTPUTS 089 K/OB INPUTS
09 |10 L |09
‘ 10§11 M| 10
112 N| 1
12 13 P12
3014 CIRE!
14 |15 S| 14
[MSB 15 16 T|15 MSB]
17 u
COMMON |18 V| COMMON
19 w
QUTPUT DATA AVAILABLE |20 X | INPUT DATA AVAILABLE
OUTPUT DATA ACCEPTED |21 Y | INPUT DATA ACCEPTED
MEMORY EMPTY [22 Z | MEMORY FLILL
RECYCLED |23 a
24 b
COMMON |25 ¢ | COMMON
26 d
27 e
28 t
29, n
30 !
a1 k
32 |
33[ KEY |m
(BSY) BUSY |34 n | END OF PROCESS (EOP)
35 p
COMMON (36 7t COMMON

Figure B-2. 69790B Memory Card
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A/D CARD

B

o]

Emmod

OCO~NOOHOGN—

9

9
9

T

20200000000

IN Rl

IN LO

@

®

dv 33 —rx—~FwoaoUvoNIXESCHL T VI

NC
NC
NC

N

MEMORY

CARD

I
2 8
3 €
4| |@8
5:—
6[_|off
7—
8 <+
9
10 @+
1 [ [ow
12|
13
14 [®| R
5 1O
16| _|®FF
7 v
18| o
18| |w
7a8] ¥%
2iI Ty
21z
23 [ |a
24 1y
25 [
24 d
[
2 f
h
X ]
3l L}
32 1
m
34KEY | n
35 p
3 r

J
/ i)///J)// 20/

RR

o

A/D CARD | MEMORY CARD | CABLE
CONNECTOR | CONNECTOR (ITEM 3)
PIN[SIGNAL | PIN [SIGNAL COLOR

A |ouTPUT BIT 8[A|INPUT BIT® BLK

B BITI B BIT | |BRN

c BiT2[C BIT2 [RED

D BIT3[D BIT3|ORA

E BIT4 |E BIT4|YEL

F BITS |F BITS5|GRN

H BIT6 |H BIT 6|BLU

J BIT7 [y BIT 7| VIO

K BIT8 K BIT8 | GRY

L BITO|L BITS | WHT

M BITIO M BIT 1D | WHT/BLK
N BITII [N BIT I1 [WHT/BRN
29 EOCHX IDA(S)|WHT/RED
36| COMMON 18] COMMON [SHIELD
r | COMMON |V[COMMON [SHIELD |

NC
NC
NC

Figure B-3. Connections to 69751A A/D Converter
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APPENDIX C
RELATED DOCUMENTS

The manuals in this list will help you to design and
install a scanner system for your application.

Scan Control/Pacer Card Model 69750A
Operating Manual, HP Part No. 69750-90001

64-Channel FET Scanner Card Model 69752A
16-Channel FET Scanner Card Model 69755A
Operating Manual, HP Part No. 69752-90001

Analog-to-Digital Converter Card Model 69751A
Instruction Manual, HP Part No. 69751-30001

Memory Card Model 69790B
Instruction Manual, HP Part No. 69790-90001

Buffered A/D Conversion Application Note No. AN 316-1

C-1

Muitiprogrammer Model 6942A
User’s Guide, HP Part No. 06942-90013

Multiprogrammer Model 6342A
Installation and Assembly Level Service Manual,
HP Part No. 06942-30006

BASIC Language Reference for the HP 9826 Computer
HP Part No. 09826-90055

BASIC Interfacing Techniques for the HP 38826 Computer
HP Part No. 09826-90020.

BASIC Programming Techniques for the HP 9826
and 9836 Computers
HP Part No. 09826-90010
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