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This application paper is designed to demonstrate some common data
acquisition applications wusing the Series 200/300 controller and the
HP3852 Data Acquisition System and its two voltmeter accessories. The
applications are presented in detail so that a user can gain a deeper
understanding of the interactions of the HP3852, the 44701 and 44702,
and the Series 200/300 controller. Hopefully, the Programming Trees for
the voltmeter accessories will be very useful. They indicate a preferred
programming sequence for both accessories that should prevent most
coding errors and alleviate some of the dread of using the 44702 High
Speed DVM.

The 44701 accessory is discussed first followed by four example programs
demonstrating various capabilities of the 44701. The 44702 accessory is
discussed next followed by ten example programs ranging in difficulty
from simple examples to complex examples requiring a great deal of
interaction between the accessory, the HP3852 mainframe and the Series
200/300 controller. Start with the discussions of the Programming Trees.
These will provide a refresher for SE's who have attended the HP3852
class. For those that haven't, the Programming Trees will give a
framework on which to build programming knowledge. This paper is
structured to be used as an addition to the manuals. The manuals contain
detailed reference data on the various commands but do not address their
usage in great detail. These application examples were written to show
some typical solutions and to give a basis from which to modify the
programs to solve a particular application problem.

You may see this information in other documents. Where it is appropriate,

this information may be given to customers. Comments and suggestions are
both solicited and appreciated.

John M. da Cunha, Applications Engineer



- Programming the HP44701/HP3852
’ with the Series 200/300

- L Introduction

The HP44701 Integrating Voltmeter uses a technique which allows a
tradeoff between speed and resolution/noise rejection. Integrating
voltmeters sample the input for a period of time and then digitize the
result. By varying the sample period, the customer is able to optimize
the voltmeter characteristics to suit the application. This allows a
great deal of flexibility. If high resolution is desired, longer in-
tegration times, expressed as number of power line cycles, can be
specified to gain noise rejection and resolution. If the application
does not require full resolution, shorter integration times can be
specified to gain greater speed. The HP44701 can measure DC volts,
resistance and AC volts with variable integration time. It holds a
single reading in its register.

Il. High Level Programming Commands

The HP44701 Voltmeter is programmed by and sends its readings to the
HP3852 Data Acquisition mainframe. The HP3852 has a high level command
set that programs the HP44701 Voltmeter. The command set was designed to
provide a means to control the voltmeter with a minimum of understanding
of its workings as well as to provide for more advanced capabilities. A

‘ beginning user can take readings very simply, while a more advanced user
can modify the default values of the voltmeter to customize it for a
particular application.

To take readings in the easiest manner possible, use the CONFMEAS com-
mand. This command sets up the voltmeter in a default mode and advances
the multiplexer channels while readings are taken. The mainframe
(HP3852) takes the readings and puts them in an array in memory or in
the HPIB output buffer. A typical command line looks like this:

100 OUTPUT 709;"CONFMEAS DCV 100-109 USE Q"

With this command, the mainframe and voltmeter work together to take ten
DG voltage readings on channels 100 through 109 using the voltmeter in
slot 0. The readings are placed in the HPIB output buffer where they can
be accessed by the Series 200/300 controller. As long as the user is
content with the default values as specified in the command reference
manual for the CONF command, then CONFMEAS is sufficient. However, to
use the full flexibility of the voltmeter, the customer must use other
commands.

A Simple Example

For the following example, consult Figures PTl, Programming Tree for the
44701 Integrating Voltmeter, and EX1. Also consult the HP3852 Command
‘ Reference Manual for further information on the following commands.
Begin the programming sequence with a USE command. This tells the



mainframe which module it will be programming. In this examnple, the
voltmeter is in slot 0. Voltmeter programming should begin with a CONF
command. This command sets the voltmeter to a known state which can be
modified to suit the application. Alternately, the TRIG HOLD command can
be used instead of the CONF command. TRIG HOLD does not set the
voltmeter to a defined state. It only suspends triggering of the
voltmeter. After CONF or TRIG HOLD, the FUNC command may be used. It is
typically used with TRIG HOLD since CONF sets a function. Then the
RANGE/ARANGE parameter should be specified. RANGE sets a fixed range for
the voltmeter. ARANGE sets the voltmeter to autorange. In the example,
the RANGE is set to three volts. Optionally, the terminals can be set
next with TERM. Then the integration time is set with the NPLC command.
This command sets the speed and resolution of the voltmeter. The example
sets NPLC to 0.005. At this setting, a good blend of accuracy and speed
is achieved. It provides 4 1/2 digit resolution at speeds approaching
the maximum with this voltmeter. The NRDGS parameter sets the number of
- readings per trigger which translates to the number of readings per
channel. AZERO selects autozero on or off. With autozero off, measure-
ments are taken almost twice as fast. The autozero option can be
specified with the ohms functions, but has no effect. Next, DELAY can be
specified. DELAY sets the time between the trigger and when the actual
measurement is taken. Use OCOMP next if offset-compensated four wire
ohms is desired. The last parameter is the trigger source. It is set
with the TRIG command. If TRIG SYS is used, the system trigger source
must be set with TRG. After all these parameters are set, the MEAS com-
mand is used to begin taking the measurements. Any or all the commands
between CONF and MEAS may be deleted as appropriate. If a programmer
follows this sequence, most problems caused by programming errors will
be avoided.

In the example, the voltmeter commands reside in a subroutine called
TAKE_RDG. To begin taking measurements, call the subroutine.

200 OUTPUT 709;"CALL TAKE_RDG"
210 ENTER QCFORMOFF;A(*)

Notice that the last command in the example subroutine is:
180 OUTPUT 709;"VREAD RD,RL64"

This command tells the mainframe to output the readings from the array
RD in RL64 binary format. This format is compatible with Series 200/300
internal REAL binary format so the ENTER is done with FORMAT OFF allow-
ing faster transfer rates.

lll. Applications

In addition to the previous example, three other appilications will be
considered. The first illustrates the use of a low level command,
SWRITE, which can be used to talk to module registers under special cir-
cumstances. In this case, the program will set the integration time
base to reject 400 Hz noise. A routine to unpack HP44701 readings in
BASIC is also included. The second application example will demonstrate
taking static strain measurements with the multiplexer and voltmeter




timed by the HP3852 system pacer. The final application shows real-time
limit checking on temperature measurements. Consult the programming tree
and the sample programs when following the text. For more information on
the commands that are discussed, consult the HP3852 Command Reference
Manual.

Example 1: 400 Hz Noise Rejection with 60 Hz Power

Aircraft systems can present special problems for data acquisition sys-
tems. In countries that use 60 Hz power, integrating voltmeters are
generally configured to reject 60 Hz noise. They do this by integrating
over an integral number of power line cycles. The HP44701 is set to
either 60 or 50 Hz integration time at power up of the HP3852. If the
HP44701 is configured for 60 Hz, it does not reject the 400 Hz noise
from an aircraft power system. However, there is a procedure to change
to 50 Hz operation which will reject 400 Hz noise.

In the example, Figure EX2, the voltmeter is configured normally with
the USE, CONF, TERM and RANGE commands. These commands are followed by:

140 OQUTPUT 709;"SWRITE 0,2,117"

This command writes directly to slot O, register 2 which is the slot ad-
dress of the HP44701. The value 117 is the decimal equivalent of a com-
mand to the voltmeter to set up 50 Hz operation at one power line cycle
integration time of 20 msec. This integration time corresponds to eight
power line cycles of 400 Hz. Since the integration period is more than
one power line cycle of 400 Hz, additional noise rejection is obtained.
If more rejection is required, the value may be set to 149. This con-
figures the voltmeter for sixteen power line cycles at 50 Hz, which cor-
responds to 128 power line cycles at 400 Hz. The voltmeter can be
returned to 60 Hz operation by executing an NPLC command.

The next portion of code in the example, shows a method of getting
single readings from the HP44701 using the TRIG SGL and CHREAD commands.
These commands are used when the voltmeter terminals are set to exter-
nal. They can also be used in other applications where appropriate. Two
sets of readings are taken in FOR/NEXT loops. The first is in the
default format, RASC. The second set is taken in packed format with the
PACK parameter for the CHREAD command. This format requires that the
readings be unpacked later. An unpacking routine is included at the end
of the program.

The packed data from the HP44701 consists of four bytes. Twenty-four
bits represent the mantissa and the remaining eight bits represent the
exponent. In the example, the variables X and Y become the mantissa and
the variable Z contains the exponent information. The upper two bytes,
variable X, are shifted left by multiplying by 256. Then the lowest byte
of the mantissa, variable Y, is added to it. The mantissa is now cor-
rectly evaluated. The variable Z is sign corrected and manipulated to
form the exponent. The result is then printed.

Example 2: Paced Strain Gauge Measurements



In this application, the customer wanted to take strain measurements at
known time intervals. The most natural way to do this was to take
advantage of the pacing function of the HP3852 to pace the readings.
Refer to Figure EX3.

Two real arrays are configured in the HP3852 with the REAL command to
hold the strained and unstrained readings. The unstrained readings are
necessary to calculate the value of the strain for each channel. The
readings in the array called STRAIN will be in microstrains.

The voltmeter is configured with the USE and CONF STRQ to take quarter
bridge strain measurements. Then the trigger source is set to TRIG SCAN.
The voltmeter will be triggered each time a channel is closed. The com-
mand MEAS STRUN then takes the unstrained measurements and stores them
in the array UNSTR. The pacer now needs to be set up.

100 OUTPUT 709;"SADV PACER"
110 QUTPUT 709;"PACER 85E-3,26"
120 OUTPUT 709;"PDELAY .015"

The first command, SADV PACER, sets the scan advance source to the pacer
output. Next the pacer is set to put out 26 pulses at a time interval of
85 milliseconds with the PACER command. Twenty-six pulses are output be-
cause the first pulse 1is used to close the first channel and the last
pulse opens the last channel. The PDELAY command sets a delay after the
pacer trigger before the first pulse comes out. When measuring strain in
this manner, PDELAY should be set to a large enough value to ensure that
a preliminary reading of the supply voltage on each multiplexer module
can be accomplished. This time will vary depending on the NPLC setting
and the number of different multiplexer modules involved. For instance,
if NPLC is set to one and there are four multiplexer modules, then the
delay should be sufficient to make at least four one power line cycle
measurements plus some additional time for autoranging and processing
(approx. 180 msec.).

A subroutine is used to trigger the pacer and take the strain measure-
ments. In many cases, placing the measurement commands in a subroutine
can yield speed improvements since only the string "CALL X" needs to be
parsed by the mainframe rather than each command in the subroutine. If
all the programming is done in subroutines, set up commands should be
put in a separate subroutine than the measurement commands for best
speed performance.

Example 3: Temperature Limit Checking

The customer in this application needed to monitor the temperature on a
thermocouple and be signalled by the HP3852 when the temperature was out
of limit. The real time limit checking feature of the HP3852 is a good
match for this application. A limit subroutine is called in the HP3852
mainframe that asserts SRQ on the HPIB bus to signal the controller that
the temperature is out of bounds.

Refer to Figure EX4 for the example program. The HP3852 does real time
limit checking in the mainframe as the measurements are put into the




array (RTEMP in the example). If a measurement is out of limit, the
index of that reading is placed into an integer array (IDX in the
example). Also, an interrupt condition is set if enabled. This inter-
rupt can cause an SRQ on the HPIB bus or other actions.

S - - 120 OUTPUT -709;WINTEGER -IDX(O)™ ~ - . = - = —— - - Cm e
130 OUTPUT 709;"REAL RTEMP(0),MIN,MAX"
140 OUTPUT 709;"MIN=22;MAX=28"

Note that IDX and RTEMP must be arrays. The variables MIN and MAX are
the limit variables against which the measurements are compared. MIN and
MAX can also be arrays if the expected measurements will vary greatly
from channel to channel. MIN and MAX must also be real variables or ar-
rays to prevent mixed mode arithmetic errors.

The DVM is set up in the default mode with the USE and CONF commands.
Speed was not a consideration in this application. The limit subroutine
(SUB WARN) displays a message, asserts SRQ and beeps. Then the limit
conditions are set.

250 OUTPUT 709;"LMT MIN,MAX,IDX"
260 OUTPUT 709;"ON LMT CALL WARN"
270 OUTPUT 709;"ENABLE LMT®

280 OUTPUT 709;"RQS FPS,RQS ON"

The LMT command in line 250 sets up real time limit checking. The sub-
routine WARN will be called on limit (line 260). Then the limit inter-
rupt is enabled. Line 280 sets the SRQ mask for software SRQ and enables
SRQ on the bus. '

The measurement subroutine (SUB MEAS_) takes the readings and displays a
message. The channel 1list length is a significant variable when using
real time limit checking. The limit interrupt is serviced at the end of
the measurement subroutine. Therefore, if the channel list is very long
and an out of limit reading is taken early in the channel list, the in-
terrupt won't be serviced until the subroutine is finished. Short chan-
nel lists and command sequences are desirable when using this feature of
the HP3852.

The controller is set up to receive the SRQ interrupt with the ON INTR
and ENABLE commands. The ON INTR command directs the controller to stop
when an interrupt is present on the HPIB bus. The ENABLE command ac-
tivates the interrupt on the HPIB interface and sets the SRQ mask. Only
SRQ interrupts will be recognized.

IV. Summary

Three application examples using the HP44701/HP3852 and a Series 200/300
controller running BASIC were presented as well as a simple example to
show a way to get fast readings from the HP44701 integrating DVM. The
DVM is quite flexible in choice of integration time to optimize it for a
particular application. When coupled with the multiplexer control, con-
version and interrupt features of the HP3852 mainframe, it can solve a
great many data acquisition problems.
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10 | THIS PROGRAM SHOWS A WAY TO GET HIGH SPEEDS FROM THE 44701
20 | INTEGRATING DUM. -

30 |

40 |

5@ ASSIGN 8Comp TO 708 .
6@ ASSIGN BCformoff TO 709;FORMAT OFF
78 REAL A(1:100)

go !

9@ CLEAR @Comp

100 OQUTPUT @Comp; "RESET"

110 OUTPUT @Comp; “PACKED RD(399)"

120 OUTPUT ®Comp; “SUB TAKE_RDG"

130 QUTPYT @Comp; " USE Q"

140 OQUTPUT @Comp;" CONF DCu"

158 QUTPUT @Comp;” RANGE 3*

16@ OUTPUT 8Comp; " NPLC 0.005"

1780 QUTPUT @Comp;” AZERO OFF"

180 OQUTPUT €Comp;" MEAS DCV 100-119,100-119,100-119,100-119,100-119 INTO RD"
18@ OUTPUT @Comp;" UREAD RD,RLE4"

200 QUTPUT @Comp;"SUBEND:;DISP OFF"

210 !

220 !

230 QUTPUT @Comp; "CALL TAKE_RDG"
24@ ENTER BCformoffi;A(«+)

250 FCOR I=20 TO 100 STEP 20

260 PRINT A(I)

270 NEXT I

280 END

Figure EXI
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( THIS PROGRAM DEMONSTRATES HOW TO REJECT 4@@Hz NOISE WITH THE
| 44701 INTEGRATING DUM ON THE 3852.
I THIS PROGRAM ALSO INCLUDES AN UNPACKING ROUTINE FOR THE DUM.
§
ASSIGN RComp TO 709
ASSIGN @Cformoff TO 709;FORMAT OFF
DIM A(1:25)
INTEGER B(@:49) ,X,Y,2,1,J
OUTPUT @Comp; “RST"
OUTPUT @Comp;“USE 0“-
QUTPUT @Comp; “CONF DCV"
QUTPUT BComp; "RANGE 3.0°" a
OUTPUT @Comp; "TERM EXT"
i
{ THE FOLLOWING COMMAND SETS UP THE DUM FOR SQHZ(4@@HZ) REJECTION.
|

QUTPUT @Comp; “SWRITE @,2 117" } USE 149 FOR 128 PLC'S, 117 FOR 8 PLC'S

!

QUTPUT @Comp; "DISP 'REAL MEAS’*

WAIT 2

FOR I=1 TO 25 { THIS LOOP READS DATA IN RASC FORMAT
QUTPUT @Comp;"TRIG S6L;CHREAD 0" I AND PUTS IT INTO A REAL ARRAY.
ENTER @Comp;sA(I)

NEXT 1

|
QUTPUT @Comp; "DISP 'PACK MEAS'*
WAIT 2
FOR J=0 T0O 24
QUTPUT @Comp;"TRIG SGL;CHREAD @ PACK®
ENTER BCformoff;B(2#J) B(2+«]J+1)
NEXT J
|
|
PRINT B(+)
PRINT A(+)
| .
i UNPACK ROUTINE STARTS HERE.
i
FOR I=0 TO 24
X=B(2+1I)
I=BINAND(B(Z*I+1),2585)
Y=SHIFT(B(2+I+1),8)
IF Z=128 THEN

UPPER TWO BYTES

LOWEST ORDER BYTE

SHIFT BYTE TO LOWEST BYTE
OVERLOAD CONDITION

PRINT 1.E+38
ELSE
PRINT (X#256.+Y)*10°(Z-256%(Z>127)-6), | PRINT RESULT
END IF
NEXT I

!

! END OF UNPACK ROUTINE.
!

END

Figure EX2
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! THIS PROGRAM DEMONSTRATES HOW TO TAKE STRAIN GAUGE MEASUREMENTS
} THAT ARE PACED BY THE PACER. FIRST THE GAUGES ARE MEASURED UN-
I STRAINED, THEN THE GAUGES ARE SCANNED USING THE PACER.

I
|
! PROGRAM STARTS HERE.

i

!

!

!

REAL A(1:25),B(1:29)

ASSIGN @Comp TO 709

CLEAR @Comp

OUTPUT @Comp; "RESET"

QUTPUT BComp; "REAL UNSTR(24),STRAIN(Z24)"
!

i SET UP DUM

|

QUTPUT @Comp; "USE 2"

OUTPUT @Comp;"CONF STRQ*
QUTPUT @Comp;"TRIG SCAN"

OUTPUT @Comp;"MEAS STRUN 100-109,100-109,100-104 INTO UNSTR"

!

!

!

I SET UP SCANNER

;

OUTPUT @Comp; "SADY PACER"
QUTPUT @Comp; "PACER 85E-3,26"
QUTPUT @Comp; "PDELAY .015"

!

QUTPUT @Comp;"SUB X"

OQUTPUT @Comp;" PTRIG SGL"

QUTPUT @Comp; " MEAS STRQ 100-109,100-109,100-104 ,REF UNSTR INTQ

OUTPUT @Comp; "SUBEND"
!

QUTPUT @Comp; "CALL X"
QUTPUT @Comp; "UREAD UNSTR®
ENTER @Comp;Al#)

OUTPUT ®Comp; "VREAD STRAIN"
ENTER RComp;B(+)

PRINT A(#)

PRINT B(#*)

END

Figure EX3

STRAIN"



THIS PROGRAM DEMONSTRATES AN EXAMPLE OF REAL TIME LIMIT

10 !

20 ! CHECKING ON THE HP3852. TEMPERATURE MEASUREMENTS ARE
30 I TAKEN AND THEN COMPARED TO THE LIMITS. IF A LIMIT IS
40 I EXCEEDED, A WARNING IS DISPLAYED.

=1 LI

60 !

70 ! {SET UP

80 ASSIGN @Comp TO 709

90 CLEAR ®Comp

100  QUTPUT @Comp; "RESET"

1192 | ,

120 OUTPUT @Comp; "INTEGER IDX(Q)" IDECLARE VARIABLES IN 3852
136  OUTPUT @Comp; "REAL RTEMP(Q) ,MIN ,MAX"

149 QUTPUT @Comp; "MIN=22;MAX=28"

150 !

160 OUTPUT BComp; "USE 0:;CONF TEMPT" ISET UP DUM
170

180 !

130 OUTPUT ®@Comp; "SUB WARN"

200 OQUTPUT @Comp; " DISP 'WARNING'"

210  OUTPUT @Comp;" SRQ"

220 QUTPUT @Comps” BEEP"

230 OQUTPUT @Comp; "SUBEND"

240 !

250 QUTPUT @Comps"LMT MIN,MAX ,IDX" I SET UP 3852 CONDITIONS

260  QUTPUT BComp; "ON LMT CALL WARN"
270  OUTPUT @Comp; "ENABLE LMT"
280  OUTPUT @Comps; "RQS FPS;RQS ON*

290 !

300 {

310 OUTPUT @Comp; "SUB MEAS_" i MEASUREMENT ROUTINE
320 QUTPUT ®Comp; " MEAS TEMPT 100 USE @ INTO RTEMP(®)"

339 QUTPUT @Comp; " DISP 'TEMP OK®"

340 QUTPUT @Comp; "SUBEND"

350 |

360 !

370 !

380 INTEGER Flg,Mask I SET UP CONTROLLER
390 Flg=t

490 ON INTR 7 GOSUB Stop_

410 Mask=2

429 ENABLE INTR 7;Mask

430 !

449 WHILE Flg I BEGIN MEASUREMENT LOOP
450 QUTPUT @Comp; "CALL MEAS_"

469 WAIT

470 END WHILE

480 ]

490 Stop_:STOP

500 !

S10 END

Figure EX4



Programming the HP44702/HP3852
with the Series 200/300

l. Introduction - o

The HP44702 High Speed Voltmeter is a successive approximation type of
digital voltmeter which has great speed and flexibility. Successive ap-
proximation voltmeters sample the input for a short period of time and
use a fast technique to digitize the reading.' This technique allows
reading speeds of one hundred thousand readings per second. The HP44702
also has some intelligence built into it. It can stand alone as a sub-
system taking readings with high speed multiplexers connected to it via
a ribbon cable. Intelligence and high speed make the HP44702 a potent
addition to the HP3852 Data Acquisition System. With this capability
comes complexity. The purpose of this document is to help the user bet-
ter understand how to use the HP44702 to meet his or her data acquisi-
tion needs.

The HP44702 has two modes of operation, the system mode and the scanner
mode. In the system mode, the user programs the HP44702 much like the
HP44701 Voltmeter. In the scanner mode, the HP44702 can achieve 100
thousand readings per second speed while scanning or do a variety of
other types of measurements. The high speed voltmeter can make both DC
voltage and ohms readings. When using the MEAS command, which will be
discussed later, temperature and strain measurements can be made. The
HP44702 has differential inputs. Differential inputs allow only a
moderate common mode input signal to be connected to them with respect
to earth ground. The HP44701, which is a floating voltmeter, can
tolerate much higher common mode voltages. Also, the high speed
voltmeter has a reading buffer built into the module. This is useful to
store readings until they can be conveniently retrieved. The HP44702A .
has an 8K reading buffer and the HP44702B has a 64K reading buffer.

Il. High Level Programming Commands

Like the HP44701, the HP44702 High Speed Voltmeter is programmed by- and
can send its readings to the HP3852 Data Acquisition mainframe. The
HP3852 has a high level command set to comunicate with the HP44702. This
command set is similar to the one for the HP44701 but has more commands
since the high speed voltmeter has more intelligence and capability than
the integrating voltmeter. The command set provides a means to take
measurements with a minimum of understanding of the internal workings of
the high speed voltmeter. Other commands. take advantage of the full
feature set of the voltmeter. The customer has the choice.

The CONFMEAS command allows measurements to be taken most easily. Use
this command in the system mode, which is the power up configuration.
CONFMEAS sets up the voltmeter in the default mode and advances the mul-
tiplexer channels while the readings are taken. The readings are trans-
ferred to either the HPIB buffer or an array in memory. A typical com-
mand looks like this:



100 OUTPUT 709;"CONFMEAS DCV 400-419 USE 500"

The voltmeter and HP3852 mainframe work together to take twenty readings
on channels 400 through 419 using the voltmeter in slot 5. The readings
then go to the HPIB output buffer of the HP3852 where they can be ac-
cessed by the Series 200/300 controller. If the customer is content with
the default values found in the Command Reference Manual under the CONF
command, then using CONFMEAS is sufficient. However, to use the full
capabilities of the voltmeter, the customer must use other commands.

Two Simple Examples

As mentioned before, the HP44702 high speed voltmeter has two modes of
operation. In the system mode, the commands wused to program the
voltmeter look and act like the corresponding commands for the HP44701
integrating voltmeter. This promotes ease of use and compatibility be-
tween the two modules. The other mode of operation is the scanner mode.
In this mode of operation, the £full capability of the high speed
voltmeter is available. The scanner mode allows the HP44702 to act as a
measurement subsystem to take measurements without the intervention of
the HP3852 mainframe. The scanner mode gives access to the two levels of
triggering and all the features of the module. For the following ex-
amples, refer to Figure PT2, Programming Tree for the 44702 High Speed
Voltmeter, as well as, the HP3852 Command Reference Manual.

System Mode Example

Refer to Figure SYS while following the example. Start with the USE com-
mand. This tells the HP3852 mainframe which slot you are programming.
In the example, the voltmeter is in slot 6. Then use the SCANMODE com-
mand to set which mode the voltmeter is in. The example program sets the
system mode for the voltmeter with SCANMODE OFF. Then, like the 44701,
use the CONF command. CONF puts the voltmeter into a known default
state. It makes a good starting point from which to modify the program
to fit a particular application. The user may choose TRIG HOLD in place
of CONF, but it does not set the voltmeter to a known state. It only
suspends triggering. After CONF or TRIG HOLD, the FUNC command may be
used. Use FUNC when specifying TRIG HOLD since no function is set by the
TRIG command. Next, the RANGE/ARMODE command sets the voltmeter range or
autorange mode. The use of ARMODE will be discussed under the scanner
mode example. TERM selects the input terminals. The example selects the
HP3852 analog backplane as the signal source. With the 44702, readings
may be output to the HP3852 mainframe or the GPIQO port. The RDGS command
selects the output port. The example sends the readings to the HP3852
mainframe. RDGSMODE is a command that is unique to the 44702. The high
speed voltmeter has many different interrupt modes. RDGSMODE chooses
which interrupt will be used. Consult the Command Reference Manual for
the choices available. The next choice in line on the Programming Tree
is the NRDGS command. It sets the number of readings per trigger in the
system mode. In the scanner mode, the action of NRDGS varies depending
on the specified terminals. Specify DELAY next, if desired. It sets the
time between the trigger and the start of the first measurement on a
particular channel, as well as, the time between successive measurements
on the same channel if NRDGS is set to more than one. Autozero on the




high speed voltmeter differs from the integrating voltmeter. It is only
done when the AZERO command is executed. Another unique feature of the
44702 is its ability to trigger on a threshold level. The PERC and SLOPE
commands set up this feature. PERC sets the trigger level to percentage
of full scale. If you are using auto range, this trigger level changes
with range but remains at the same percentage of full scale. The SLOPE
command tells the voltmeter to trigger when the signal crosses the
threshold on a rising or falling slope. SLOPE also sets the sense of
the trigger edge for external triggers. TRIGOUT enables trigger pulses
to be output on the EXTERNAL TRIGGER 0 BNC at the back of the voltmeter.
Finally, the TRIG command sets the trigger source for the voltmeter. If
TRIG SYS is used, then the TRG command must specify the system trigger
source. When scanning, send the MEAS command after setting the trigger
source. MEAS also makes it possible to take temperature measurements by
using the appropriate function parameter. If the external terminals are
used, then read the measurements with CHREAD or XRDGS. Any of the com-
mands between CONF and MEAS may be deleted to fit the application. This
programming sequence should avoid most of the programming errors intro-
duced by users.

The example program has the voltmeter set up and measurement commands in
a subroutine called HS_RDGS. To take measurements, simply call the
subroutine.

250 QUTPUT 709;"CALL HS_RDGS"
260 ENTER QCFORMOFF;A(*)

As in the 44701 example, the last command in the subroutine is:
220 OQUTPUT 709;" VREAD RD,RL64M

This command tells the mainframe to output the readings from the array
RD in RL64 binary format. This format is compatible with Series 200/300
internal REAL binary format. Therefore, the ENTER is done with FORMAT
OFF allowing faster data transfer rates.

Scanner Mode Example

Refer to Figure SCN and Figure PT2 while following the example. In scan-
ner mode, all of the commands described in the system mode example are
valid plus a number of others not presented yet. Scanner mode gives the
user full control of the 44702 voltmeter. Some of the commands described
in the system mode discussion have slightly different functions in the
scanner mode. These differences will be pointed out.

The 44702 High Speed Voltmeter has two levels of triggering. The two
levels are the scan level and the measurement level. The scan level en-
ables the measurement level. Each level has independent pacing and
delay. At the scan level, the user can specify more than one PRESCAN or
POSTSCAN. These terms will be discussed later. Independent trigger sour-
ces can be set for each level also. The voltmeter is quite flexible so
the commands can be confusing. Consult the Command Reference Manual for
more information, if needed.



As in system mode, the USE command should be used first. Then set
SCANMODE ON. The high speed voltmeter is now in the scanner mode. The
CONF command can be sent next, which puts the voltmeter in a predefined
state. The state for scanner mode is different than the one for system
mode. Consult the Command Reference for the differences. SCTRIG HOLD can
be sent instead of CONF. It acts the same way as TRIG HOLD for system
mode, that is, it only suspends triggering. Use the FUNC command with
SCTRIG HOLD. Next set RANGE/ARMODE. ARMODE specifies when autorange will
be performed. The AFTER parameter puts the voltmeter in a mode where au-
toranging is done after a measurement trigger. This 1is the default mode
and will work well for most applications. The only exception is when
gathering data for FFT's. In the ARMODE AFTER setting, there is a slight
amount of timing jitter between the measurement trigger and the actual
measurement. ARMODE BEFORE does away with the jitter by autoranging in a
look-ahead fashion before the measurement trigger. The example sets a
fixed range. TERM, RDGS and RDGSMODE have the same function as in system
mode. NRDGS is slightly different in scanner mode. NRDGS sets the num-
ber of readings per channel. The number allowed depends on the TERM set-
ting. AZERO, PERC and SLOPE have the same function as in system mode.
SCSLOPE is a command used only in scanner mode. It sets the slope of the
scan trigger source in SCTRIG EXT, MEAS or GPIO. TRIGOUT and TRG have
the same functions as in the system mode. TRIG sets the source for the
measurement triggers in scanner mode. This is the lowest trigger level
of the voltmeter. Consult the 44702 Configuration and Programming Manual
for details of scan and measurement triggering.

The following commands refer to scan and measurement programming. They
are unique to the scanner mode. SPER sets the time interval between suc-
cessive measurement triggers when TRIG INT is specified. SCDELAY sets
the time between the scan trigger and the first measurement trigger at
the start of a scan, as well as, the time between successive scan trig-
gers. The number of scans before the stop trigger is enabled is set with
PRESCAN. POSTSCAN sets the number of scans after the stop trigger. These
two commands allow data to be captured around an event. There will be
an example program showing how to do this later. After this, ASCAN sets
whether scans will start automatically at the completion the previous
scan (ASCAN ON), or will require a separate scan trigger for each pass
through the scanlist (ASCAN OFF). CLWRITE is only valid in scanner mode
with TERM set to RIBBON. CLWRITE specifies the channel and range list,
as well as, setting the analog bus configuration on the ribbon cable.
STSLOPE sets the slope of the stop trigger when the stop trigger is set
to an external source or threshold trigger. STTRIG sets the stop trigger
source. In scanner mode, the scan trigger source set with the SCTRIG
command starts the high speed voltmeter. If the ribbon cable is used,
after a SCTRIG command is issued, the voltmeter works independently. It
can be thought of as a measurement subsystem. The CHREAD and XRDGS com-
mands remove measurements from the HP44702 voltmeter. MEAS can also be
used in the scanner mode. However, MEAS changes some parameters, so it
must be used with caution. Consult the Command Reference to see the
parameters that are changed. If MEAS is used, SCTRIG performs the same
function as STRIG does in the system mode. MEAS is used in the example
for simplicity. The other scanner mode commands will be used in the ap-
plication examples.




. Applications

The two previous examples illustrate how simple it is to take measure-
ments with the HP44702 if the application is not complicated. This is
often not the case. Many users will want to use the more advanced fea-
tures of the high speed voltmeter. The following application examples
show a few typical instances of the use of these more advanced features.
Each application example illustrates a particular use of the HP44702
High Speed Voltmeter.

Example 1: Using Interrupts with the HP44702

One source of confusion arising from the use of the high speed voltmeter
is how to use its interrupt capabilities. There are four interrupt
choices available to the user. RDGSMODE specifies when interrupts occur
and when data is available. The default mode is DAV which stands for
Data AVailable. With this parameter specified, the voltmeter interrupts
when it has any reading available. This is used when you want the
voltmeter to signal when any reading is available or when you want to
take out readings immediately. In the BURST mode, the voltmeter inter-
rupts when there is only room for 4K more readings in the voltmeter
reading buffer. Use this mode when you want the mainframe to be free to
do other things (like service other interrupts) while readings are being
taken. Data is not available until the interrupt occurs. When END is
specified, the interrupt occurs after the end of the scan sequence. Data
is available immediately, however. Use END when you want to signal the
end of the scan, but wish to take some of the readings out of the buffer
before the scan sequence is finished. If COMPLETE is set in the RDGSMODE
command, data is available and the interrupt occurs at the end of the
scan sequence. Since data may be overwritten, this mode can be used to
capture a window of data around an event. The only limitation to the
size of the window is the size of the voltmeter reading buffer. If a
larger window of data is needed, other techniques must be used. These
will be shown in a later example.

Refer to the program listing in Figure INTR during the following discus-
sion. This example demonstrates the use of the voltmeter interrupt to
signal the HP3852 mainframe when the scan sequence is finished. The
mainframe is free to do other things while waiting for the interrupt.
The readings are accessed when the interrupt is received. A subroutine
called TAKE RDG sets up the voltmeter. Then the subroutine called X
transfers the readings.

The USE, SCANMODE, CONF and RANGE commands configure the voltmeter in
the subroutine called TAKE_RDG. Then the interrupt is set up.

180 outpuT 709;" RDGSMODE END"

190 oOuTPUT 709;" SPER 250E-6"

200 ouTPUT 709;" ENABLE INTR"

210 OuTPUT 709;" CLWRITE SENSE 500-509"
220 QUTPUT 709;" SCTRIG SGL"“

The RDGSMODE END command sets the voltmeter to interrupt after the scan
is finished. Then the SPER command sets the period between measurement



triggers. The interrupt is enabled by the ENABLE INTR command. This
command only sets up the interrupt at the module; the system level
interrupt must also be enabled later. The CLWRITE command sets the con-
figuration of the ribbon cable analog bus and sends the channel list to
the voltmeter. SCTRIG then triggers it.

The subroutine called X, consists of a single command.
260 OUTPUT 709;" XRDGS 600,RL64M

This command will transfer the readings from the voltmeter after the
voltmeter has interrupted the HP3852 mainframe. Note that the format
specified is RL64 to increase transfer speed. This binary format is com-
patible with the internal real binary format of the Series 200/300 so
that no formatting on either the controller end or the HP3852 end is
necessary.

290 OUTPUT 709:"ON INTR USE 600 CALL X"
300 OUTPUT 709;"ENABLE INTR SYS*"

310 ¢

320 OUTPUT 709;"CALL TAKE_RDG"

330 ENTER aCformoff;A(*)

The interrupt from the voltmeter is directed with the ON INTR command in
line 290 to call subroutine X. System interrupts are enabled on the fol-
lowing line. Recall that the module interrupt was enabled earlier in
line 200. The set up for measurement sequence is now complete. All that
is required to set the process in motion is to CALL the measurement sub-
routine and acquire the data in lines 320 and 330. The controller will
wait on the ENTER statement until the voltmeter completes its measure-
ment sequence, signals the mainframe, and the mainframe begins to output
data.

Example 2: Using GPIO with the HP44702

The full speed capabilities of the HP44702 are available with the use of
the GPIO interface. Triggering, interrupts and data can all be passed
via this interface. Refer to the program listing in Figure GPIO during
the following discussion. This example demonstrates triggering, inter-
rupt handling and data transfer over GPIO with the HP44702 High Speed
Voltmeter. The voltmeter is set up via HPIB, then triggered over GPIO.
When the scan sequence is complete, a GPIO interrupt is generated. The
controller then reads in the data in packed format. The data is then un-
packed using the routine furnished.

Setting up the I/0O paths in the Series 200/300 is the first thing that
must be done. The ASSIGN statements accomplish this. Next, program the
GPIO interrupt.

130 ON INTR Gpio GOSUB Get_rdgs
140 Eir_=1
150 ENABLE INTR GpiojEir-

The ON INTR statement directs the controller to a routine called




Get_rdgs. This routine will acquire the data from the voltmeter. Then,
the ENABLE INTR command enables the interrupt and sets the mask. Only
EIR interrupts are enabled in this case.

Next, set up the voltmeter over HPIB. The USE and SCANMODE commands are

~ similar to the commands in the previous example. The CONF command puts

the voltmeter in a state to measure two wire ohms up to 10 K ohms. Then
set up the voltmeter for GPIO operation.

220 OUTPUT 709;"RDGS GPloO"

230 OUTPUT 709;"RDGSMODE BURST"

240 OUTPUT 709;"SCSLOPE HL"

250 OUTPUT 709;"SPER .10%

260 OUTPUT 709;"ENABLE INTR®

270 QUTPUT 709;"CLWRITE COM 500-509"
280 OUTPUT 709;"SCTRIG GPIOQ"

The RDGS command directs the data and interrupts to the GPIO port of the
voltmeter. The RDGSMODE command will not make data available until there
is room for only 4096 readings in the voltmeter buffer or when the scan
sequence is complete. In this case, RDGSMODE COMPLETE would have done
the same thing as BURST since the number of readings is small. However,
RDGSMODE COMPLETE allows readings to be overwritten which is undesirable
in this application. Set the slope of the GPIO trigger with the SCSLOPE
command. The SPER, ENABLE and CLWRITE commands set the sample period,
enable the interrupt and select the channels to be scanned. Then the
SCTRIG command sets the scan trigger source to GPIO. At this point, the
voltmeter is ready to accept a trigger and begin the scan sequence.
However, further programming over the GPIO interface is necessary to get
data and trigger the voltmeter. Since the voltmeter is being programmed
from two different sources, HPIB and GPIO, care must be taken to insure
that the two interfaces do not get out of synchronizaton. A good way to
do this is to monitor the BUSY bit in the status register with the SPOLL
command. The BUSY bit will not be released until the HPIB commands have
been completed. This assures that the voltmeter is programmed via HPIB
before the user attempts to program it via the GPIO interface.

300 WHILE NOT BIT(SPOLL(709),4)
310 END WHILE

320 !

330 CONTROL Gpio,2;5

340 OUTPUT aGpio USING "#,wW";4
350 CONTROL Gpio,2;4

360 !

370 CONTROL Gpio,2;6

380 CONTROL Gpio,2;4

The WHILE loop waits until the HP3852 is ready (BUSY bit is cleared).
Then the CONTROL and OUTPUT statements in lines 330 through 350 select
the data register. These statements tell the voltmeter to output data on
the GPIO interface. The voltmeter now only requires a trigger to begin.

The CONTROL statements in 1lines 370 and 380 accomplish this. The
voltmeter is actually triggered at the first CONTROL statement (remember
the SCSLOPE command); the second command just returns the trigger bit to



its original state. The voltmeter now begins to take readings and will
signal the controller, via the GPIO ‘interrupt, when the readings are
ready to be transferred. An ENTER statement accomplishes the transfer.
The user must keep in mind that the data returned is in PACKED format
since the HP3852 mainframe is not available to do formatting on the GPIO
interface.

This brings us to the unpacking routine, which starts at the line label
Unpack. This routine is written in BASIC but could just as easily be
written in a CSUB. The packed data comes out as sixteen bits. The most
significant bit is the good reading bit. It will always be a 1 for a
good reading. This corresponds to a negative integer so the Unpack
routine gives a bad reading (1.0E+38) if the integer is positive. The
next two most significant bits are the range bits. A correct reading
requires the mantissa to be divided by one of four values dictated by
the range bits. The four values are shown in Figure UNPK, as well as,
the bit configuration of the data word. The next most significant bit is
the sign bit and the remaining twelve bits are the mantissa. The mantis-
sa is the total number of voltmeter counts. The reading is evaluated as
a positive number and then negated if the sign bit is negative,

Example 3: Capturing a Window of Data Around an Event

Often, a user wants to acquire data about an event that happens at an
unknown time. In many of these cases, the user wants some data about the
events leading up to the phenomenon, as well as, data after the event.
Examples include seismic testing, failure analysis and capturing random
transient events. The HP44702 Voltmeter can make this type of measure-
ment. In this application, the voltmeter will record data both before
and after an event. The event will be signalled by the value of the
measurement on the first channel. When the value of the measurement
crosses a threshold value in the proper direction, that will be the sig-
nal to stop. Data will be kept from before the event in addition to data
taken after the event. The key to success in this applicaton is to use
the stop trigger capability of the High Speed Voltmeter. Threshold trig-
gering is used to reject similar but lower level events.

Refer to the example program in Figure EVNT during the following discus-
sion. 1In this example, the voltmeter is set up and triggered. It takes
readings until it receives a threshold stop trigger, then the final set
of readings is taken and an interrupt is generated. The interrupt
routine outputs the readings to the controller. The RESET, USE and
SCANMODE commands are similar to the commands used in previous examples.
Next, SCTRIG HOLD and FUNC commands disable scan triggers and set the
function. A CONF command could have been used instead of SCTRIG and
FUNC, but these commands were used for variety. Remember, when using
SCTRIG and FUNC rather than CONF, all parameters of the voltmeter must
be specified to insure a known state since these commands only suspend
triggering and set function; they do not change any other settings. The
range, terminals and readings destination are set next with RANGE, TERM
and RDGS, respectively. The interrupt and threshold are set next.

220 OUTPUT 709;"RDGSMODE COMPLETE"
230 OUTPUT 709;"PERC 80"




With RDGSMODE COMPLETE set, data is not available nor is the interrupt
asserted until the scan sequence, consisting of the number of prescans
immediately preceding the stop trigger and the number of postscans af-

ter, is completed. Data in the buffer of the voltmeter is overwritten.

~Scans occur until a valid stop trigger is received. A valid stop trigger
occurs when the measured value of the first channel in the scan list
crosses a set percentage of the full scale range in the proper direc-
tion. The percentage is set with the PERC command and represents the

percent of the full scale on the particular range. Use a. range .other

than autorange when wusing threshold triggering since the value
represented by the percent on one range is very different from the value
represented by the same percent on a higher or lower range. The percent
remains the same in autorange, but the value changes with each range. In
this example, the threshold is set to 80% of full range ( 80% of 2.56V =
2.05v),

240 QUTPUT 709;"SPER .05"
250 OUTPUT 709;"SCDELAY .01,.5"

The combination of the SPER and SCDELAY commands with the channel list
of ten channels causes readings to be taken at equally spaced intervals
of .05 seconds. The SPER command sets the interval between successive
measurement triggers. Then the SCDELAY command sets the interval between
successive scan triggers. Since there are ten channels being measured,
the scan pace parameter of SCDELAY (.5 seconds) is set to ten times the
SPER setting (.05 seconds) to get equal intervals between all the chan-
nels. The interval between the last channel in the scan and the first
channel in the next scan will be the same as the interval between the
channels within the scan. All the measurements will be spaced at equal
time intervals.

The interrupt is enabled next with ENABLE. Then the number of prescans
~and postscans is set to five each and the channel list is set with the
CLWRITE command. The entire number of prescans must be completed before
the stop trigger will be enabled. The channel that will be monitored for

threshold trigger is channel 500 in this example. Remember that it is

always the first channel in the channel list that is monitored.

The last thing that must be done in the set up is to set the slope and
source for the stop trigger. In the example, the STSLOPE command sets
the slope to a falling edge. The stop trigger is set with STTRIG MEAS to
threshold triggering. The measurement process now only requires a scan
trigger to begin.

As mentioned above, the intent in this application is to have the
voltmeter hold the data in its reading buffer until the scan sequence
completes and then pull the interrupt. When that interrupt is received,
the readings need to be output to the controller. An interrupt service
routine in the HP3852 mainframe can accomplish this. The subroutine is
called X and consists of a single statement, XRDGS. Note again that the
output format is RL64, a binary format. This was done to increase trans-
fer speed. ON INTR directs the accessory interrupt to the subroutine,
and the system interrupt is enabled to allow the interrupt to be



recognized and serviced. The SCTRIG INT command starts the scan
sequence. The INT parameter is used so that the scan Pace parameter of
SCDELAY will be used to pace the scans. Once the SCTRIG command is
sent, the voltmeter will take the specified number of pPrescans and then
enable the stop trigger. Scans will continue until a stop trigger is
received. That stop trigger will happen when the value of channel 500
crosses 2.05V from a higher previous wvalue. The result will be one
hundred readings, five on each channel before the stop trigger (50 to-
tal) and five on each channel (50 total) after the stop trigger. This
data represents a window around the stop trigger event.

Exan_nple 4: Synchronizing Two or More Voltmeters

Some applications require that data be taken simultaneously on two or
more different channels or sets of channels. A common way to accomplish
this is to use two voltmeters and synchronize them. The HP44702
Voltmeter has a trigger out BNC connector to allow easy synchronization
with other HP44702's. This application example will show a way to exter-
nally trigger a voltmeter, as well as, a way to synchronize them,

There are two basic ways of implementing this type of application. The
first way is to simply set up both voltmeters identically and trigger
them with the same signal. The voltmeters then work independently of
each other after the initial trigger. Another approach to the problem is
to have one voltmeter act as the master and the other voltmeter be the
slave. In the first implementation, there is some risk of the voltmeters
being slightly out of synchronization due to small variations in the
pacer clocks of each voltmeter. The second implementation assures
synchronization since only the pacer clock of the master is used to con-
trol all the voltmeters. This second type of implementation is used in
the example. '

Refer to the program listing in Figure SYNC during the following discus-
sion. The two voltmeters in this application are set up and triggered
in separate subroutines appropriately named MASTER and SLAVE. Then the
two subroutines are called. The main program in the Series 200/300 con-
troller pauses until the external triggers are received and all the
readings taken. Then the readings are taken out of the voltmeters in
REAL binary format.

The subroutine called MASTER sets up the master voltmeter first. The
USE, SCANMODE and CONF commands do the initial set up. Note that the
function set in the CONF command is two wire ohms. The slave will be set
up to measure volts. It is not necessary that both voltmeters be set up
for the same function, but they should have the same number of channels
and scans in their respective scan sequences. The master will be set up
to scan trigger externally so the SCSLOPE command is necessary to set
the trigger edge. In this example, it is set to falling edge. The
TRIGOUT command is the key to synchronizing multiple voltmeters. With
"TRIGOUT ON, measurement trigger pulses are output on the EXT 0 BNC. By
connecting a cable from the EXT 0 BNC to the slave BNC external input,
measurement trigger pulses from the master will trigger the slaves at
the same time. In the example, the SPER, PRESCAN and CLWRITE commands
are similar to those discussed previously. The last command in the




subroutine is SCTRIG EXTL. It sets the master voltmeter to accept
external triggers at the EXT 1 input for each scan. These scan triggers
need not come at regular intervals. Both voltmeters will remain
synchronized with the measurement triggers being output at the EXT 0 BNC
of the master. When the subroutine is called, the master will be waiting
for external triggers to start its scans.

The slave voltmeter is set up in the subroutine called SLAVE. The slave
voltmeter is set up with USE, SCTRIG HOLD, FUNC and TERM commands in-
stead of the CONF command. Since the slave will be triggered from the
master, its lowest level triggers, the measurement triggers, will be set
to external. The SLOPE and TRIG commands set the trigger edge and source
respectively. The ASCAN command causes the slave to automatically ad-
vance to the next scan while awaiting the next measurement trigger.
Note that the number of PRESCANs and the number of channels in the scan
list agree with the corresponding values set for the master. The last
command in the subroutine is the SCTRIG SGL command. This command trig-
gers the scan sequence and the slave voltmeter then waits for its exter-
nal measurement triggers.

All that is necessary is for both subroutines to be called with the CALL
command. The slave subroutine should be called first and then the master
.subroutine. When the slave subroutine is called, the first scan on the
slave voltmeter begins and the voltmeter waits for measurement triggers
to take readings. The measurement triggers will come from the master
voltmeter. The master subroutine starts the whole measurement process.
When it is called, the master will output trigger pulses after it is
triggered from an external source. The controller is paused until all
the readings are taken. Then the controller is continued and the read-
ings are transferred to the controller.

Example S: Programming Voltmeters in Real Time

In some applications, a single voltmeter set up won't do an adequate job
of taking measurements. The ability to stop the voltmeter and reprogram
it to a different state without unduly disrupting the measurement
process could be valuable. This application example shows a method to
reprogram the voltmeter in an interrupt service routine to a different
state and then retrigger it to take readings again. All the readings are
kept in the same array with the boundary indices of the different
measurement states logged in variables to facilitate later evaluation.

Refer to the program listing in Figure RTPRG during the following dis-
cussion. In this application example, the HP44702 High Speed Voltmeter
will be triggered by an interrupt on a digital input card to begin
taking readings. The readings will be taken on a single channel at in-
tervals of 20 milliseconds until a second interrupt is generated on the
same digital input channel. Then the readings will be read into the ar-
ray, the index logged, the voltmeter reprogrammed and the interrupt on
the digital input redirected. When a third interrupt is generated on a
different digital input channel, readings are read into the same array,
the index logged and the voltmeter restarted. A fourth interrupt on the
first digital input channel causes the measurement sequence to complete.
The last readings are read out and the final array index saved.



Since this application is entirely interrupt driven, all the triggering
and data transfer commands are in subroutines. The program listing shows
the voltmeter being set up first to take continuous readings on one
channel at 20 millisecond intervals. The range, function, scan delay and
pacing, channel list and stop trigger are set accordingly. The interrupt
subroutine called X issues the scan trigger to start the measurement se-
quence. Since a subroutine must exist before it can be called or have
interrupts directed to it, the subroutines are entered into the HP3852
in reverse order. That means that the user must enter the last sub-
routine to be called in the HP3852 first. '

260 OUTPUT 709;"sSuB 2"

270 OUTPUT 709;% STTRIG SGL"
280 ouTPUT 709;" XRDGS 600 INTO A®
290 OUTPUT 709;" INDEX? A INTO X3»

300 OUTPUT 709;"“SUBEND"

This terminating subroutine consists of a stop trigger command which
terminates the scan sequence, an XRDGS command to transfer the readings
and a command to log the position of the of the last reading. All the
other subroutines begin with commands similar to these three,

310 QUTPUT 709;"suB Y"

320 OQUTPUT 709;" STTRIG SGL"

330 OUTPUT 709;" XRDGS 600 INTO A"

340 OUTPUT 709;" INDEX? A INTO X"

350 ouTtput 709;" CLWRITE SENSE 500-501"
360 OUTPUT 709;" SCDELAY 0,0.5"

370 OUTPUT 709;" SCTRIG INT®

380 OUTPUT 709;" ON INTR USE 216 CALL 2zv
390 ouTPUT T709;" ENABLE INTR USE 216"

400 QUTPUT 709;"SUBEND"

This subroutine has all the elements of the application. Measurements
are gathered in the first three commands just as in SUB Z. The next com-
mand, CLWRITE, changes the channel list to include a total of two chan-
nels. The SCDELAY command changes the pacing of the scans. The time be-
tween measurement triggers on the two channels was set in the voltmeter
initialization section with the SPER command. The voltmeter is then
retriggered with SCTRIG. Finally, the interrupt on the digital input
channel is redirected to use sub Z as a service routine and then enabled
with ON INTR and ENABLE. Thus, the voltmeter has been reprogrammed and
the interrupt redirected.

The starting subroutine, X, consists of just a scan trigger and an in-
terrupt redirection set of commands. The last subroutine, T, is being
called when an interrupt occurs on the second digital input. This sub-
routine gathers the data and logs the index, then it restarts the
voltmeter. Since the second digital channel will be used as an interrupt
source only once, it is not necessary to redirect it.

Before all the subroutines can be called, the interrupts must be set up
for the digital input channels. This requires that the edges be set, the
initial service subroutine designated and the channel and system




interrupts enabled. After this is done, the entire process is ready to
begin.

When an edge appears at the first digital input, the subroutine called X
is executed. The voltmeter begins to take readings at the rate of one
reading every 20 milliseconds on channel 500. When the next valid edge
occurs at the first digital input, the voltmeter is reprogrammed to take
readings on channels 500 and 501 at 500 millisecond intervals. When an
interrupt occurs at the second digital input channel, the voltmeter
readings are gathered and the voltmeter restarted. Finally, at the last
interrupt which occurs on the first digital input channel, the measure-
ment sequence stops and the data is stored in the array.

Obviously, it takes some amount of time to reprogram the voltmeter and
the interrupts. In this particular application, speed was not a critical
issue. This type of approach will not work as well when interrupts are
coming at close time intervals since the voltmeter may have just been
restarted when a new interrupt occurs and will not have taken many read-
ings. The example does illustrate that voltmeter measurement parameters
can be changed in the middle of an application.

Example 6: Continuous Data Acquisition

There are often applications which require data to be taken for long
periods of time. In many of these cases, a large amount of data is
desired about an event but it is not known when the event will occur.
The HP44702 voltmeter is a natural fit for this type of application
since it can be programmed and left alone to take readings by itself. If
less than 64K readings are desired, the output buffer of the HP44702B
can accomodate all the data. However, if more than this number of read-
ings is desired, other methods must be used. The basic idea presented
here is to create a large circular buffer using high level software.
Luckily, Series 200/300 BASIC with its rich I/0 handling capabilities
allows us to do this. This section will show three examples of con-
tinuous data acquisition with the HP3852 and a Series 200/300 controller
running BASIC.

Hardware and Software Options

First we need to recognize some of the system limitations. The HP44702
can take readings at a rate of 100 thousand readings/second. Since each
reading is two bytes, this translates to a transfer rate exceeding 200
thousand bytes/second. This can be a big problem if full voltmeter speed
is needed. GPIO has the capability of transferring data at these kinds
of speeds. If high speeds are not a necessity, other means besides GPIO
can be wused. Passing data over HPIB is an alternate possibility.
However, some speed penalty is paid since all the data must first go
through the HP3852 mainframe. Speeds achievable over HPIB are ap-
proximately 35 thousand readings/second. We will discuss the issues
necessary to implement three different examples.

The I/0 software capabilities of the Series 200/300 controllers funning
BASIC are quite good. The customer has two options available to move
data from the HP3852 to the controller, the ENTER statement and the



TRANSFER statement. Each command involves choices in ease of
programming, speed, the way data is stored and whether or not the task
will run in foreground or background. Which command statement to use is
often dictated by the way in which the data is to be stored in the con-
troller. If the data can be stored in an array in the controller, both
TRANSFER and ENTER may be used. If the data is to be stored in a file,
then TRANSFER is the preferred command. The ENTER statement 1is the
easiest to use. Since it runs serially, it is a foreground task and com-
pletely occupies the controller. For continuous data acquisition, cus-
tomers may not want to tie up their controller in this way. The TRANSFER
statement allows data transfer to run either in the foreground or in the
background. Since the TRANSFER statement also gives the best data trans-
fer speed, this note will concentrate on the use of the TRANSFER state-
ment option.

Data Transfer Models

There are several ways to model the data transfer process. Each has ad-
vantages and disadvantages associated with it. One way to model the
process 1s to pass the data into an array (see Fig. CDAARR). The ENTER
command would be used normally in this situation. Since it runs serial-
ly, however, a speed penalty is encountered in some applications. There
are other problems with this method also. If the number of readings to
be transferred is not known, as is the general case in continuous data
acquisition, the ENTER statement can hang up waiting for data and lock
up the controller. This is a typical problem when trying to fill large
arrays of data. Even when receiving data in small blocks, this model is
cumbersome because of the difficulty of appending new data to data al-
ready in an array.

Passing the data into an array configured as a buffer affords much
greater flexibility (see Fig. CDABUF). The customer can now use the
TRANSFER command. This model turns out to be the easiest and most
flexible to implement for continuous data acquisition. It can also be
used for both HPIB and GPIO data transfers. It works like this. The high
speed DVM takes data which is sent to the controller and stored in a
buffer. The buffer is an array of data in the controller of sufficient
size to hold all the data of interest. When the data fills the buffer,
the TRANSFER statement terminates. Readings are then buffered in the
local buffer of the high speed DVM until the TRANSFER is restarted. You
can see that this is only possible if the transfer rate to the controll-
er is faster than the reading rate. This is indeed the case and this
model works well as a result.

A third model is one in which data is passed from the high speed DVM
through the controller to a file (see Fig. CDAFL). Such a file can exist
on disc or in a memory volume. The procedure is the same in either case.
The model works like this. Readings are taken by the high speed DVM and
sent to a buffer in the controller via GPIO. At the same time, readings
are taken from the buffer and copied to a file residing in a memory
volume or on disc. Again you can see that the reading rate must be
slower than the transfer rate to the buffer or file if data is to be
taken continuously. The writing speed of the disc is generally the
limiting factor when sending data to a disc file. Check to be sure that




the dise drive can receive data at the speed necessary for the
particular application. The buffer in the controller does not need to be
as large as the amount-of data to be recorded since it is just an inter-
mediary in the process. TRANSFER statements are used for both the incom-

ing and outgoing data transfers for maximum speed. For the following ex-

- amples follow the flow chart for clarity (Fig. CDAFC).
Example 6A: Data Transfer Over GPIO to Buffer

Refer to Fig. CDAl while reading about this example. The. simplest ex-
ample to implement is data transfer via GPIO to an array configured as a
buffer in the controller. At first, using an array as a buffer may seem
to be a restriction since only 32767 elements are allowed per dimension.
However, more than-one dimension can be used to obtain as large an array
as necessary to hold the data. A typical group of set up commands would
look like this.

200 INTEGER S300_buff(1:32767) BUFFER

310 ASSIGN aHp3852 70 Hpib_addrs

320 ASSIGN aGpio TO Gpio_addrs

330 ASSIGN aPath_3852 TO Gpio;WORD

340 ASSIGN @S300_buff TO BUFFER $300_buff(*); FORMAT OFF

In line 200, the INTEGER statement configures the array as a buffer with
the BUFFER suffix. The first two ASSIGN statements are straighforward.
The third ASSIGN statement sets up the GPIO path with the WORD at-
tribute. This path will be used to handle the 16-bit data coming from
the DVM. The FORMAT OFF attribute in the last ASSIGN statement is used
to increase speed and insure data integrity since the data will be in a
form that is a valid integer, even though the data is in a packed
format.

The DVM must now be programmed to take the readings. In this example,
the DVM will be set up to take DG voltage readings on one channel con-
tinuously. The high speed FET multiplexer will be attached to the DVM
with the ribbon cable and will send its readings out over the GPIO port.

440 OUTPUT QHp3852;"USE 600; SCANMODE ON; SCTRIG HOLD"

450 OUTPUT aHp3852;"FUNC DCV; RANGE 2.5; TERM RIBBON; RDGS GPIO"
460 OUTPUT @Hp3852;"NRDGS 1; SPER 10E-6; SCDELAY 16E-3; ASCAN ON"
470 OUTPUT @Hp3852;"CLWRITE SENSE 500; STTRIG HOLD"



510 CONTROL Gpio_addrs,2;5 ! Set control line 0 low, DVM expects addr
520 OUTPUT Gpio_addrs USING "#,u";4 ! Set read register address to 4.
530 CONTROL Gpio_addrs,2;4 ! Set control line 0 high, DVM sends data.

The key command to set the DVM up to take continuous readings is the
STTRIG HOLD command in line 470. This command disables the stop trigger
on the high speed DVM which allows the DVM to continue taking readings
indefinitely. With ASCAN ON in line 460, only an initial trigger 1is
required. Subsequent scans start automatically. Note the CONTROL state-
ments. They are necessary to set up the GPIO transfer. Consult the
Plug-In Accessories Programming Manual (P/N 03852-90002, pp. 3-49
through 3-65) for further detail. The SPER and SCDELAY commands set the
pacing of the readings.

To implement the circular buffer in software, we need to be able to res-
tart the transfer process when the buffer in the controller fills and
stop the process when the data of interest has been taken. Interrupts
are used to accomplish this. The Series 200/300 is set up to interrupt
on an END OF TRANSFER (EOT) and on an SRQ in this example. The interrupt
in the HP3852 is set to pull SRQ on a rising edge of the first channel
of a digital input card in slot 2.

580 ON EOT @Path_3852,5 GOSUB Xfer_done

590 ON INTR 7 GOSUB Terminate ! HPIB interrupt (SRQ)
610 ENABLE INTR 7;SRQ_mask

620 OUTPUT @Hp3852;"ENABLE INTR SYS"

630 OUTPUT @Hp3852;"RAQS ON; RAS INTR"

640 OUTPUT aHp3852;"EDGE LH USE 216"

650 OUTPUT @Hp3852;"ENABLE INTR USE 216"

All that is required now is to trigger the DVM and start the data trans-
fer. A TRANSFER statement is executed which will terminate on a count
and run continuously. Then a trigger is sent to the high speed DVM to
start taking readings.

670 TRANSFER aPath_3852 TO 2S300_buff;COUNT 65534,CONT
680 OUTPUT QHp3852;"SCTRIG SGLY




The high speed DVM in the HP3852 will now take readings and transfer
them until the TRANSFER terminates. At that time, an EOT interrupt will
be generated in the controller and the TRANSFER can be restarted in the
interrupt subroutine called Xfer done.

890 xfer_done:RESET aS300_buff
900 TRANSFER 3Path_3852 TO @S300_buff;COUNT 65534 ,CONT
920 RETURN

When the SRQ interrupt comes from the HP3852, a termination subroutine
is called.

950 Terminate: WAIT .05 ! Take more data after the interrupt.

960 OFF EOT dPath_3852 ! Cancel inbound EOT.
970 ABORTIO aPath_3852 ! Clean up - GPI10 path.

980 ASSIGN aPath_3852 71O *
990 STATUS @S300_buff,3;Fill_ptr ! Read ending fill pointer.

Reading the fill pointer in line 990 allows the programmer to know where
the last reading was entered. The buffer can then be read back beginning
with the last reading.

Example 6B: Data Transfer Over GPIO to File

Refer to Fig. CDA2 while reading about this example. This example is
useful for storing the data of interest in a file. The file can be on a
memory volume or on a disc. If storing data on disc, pay careful atten-
tion to the transfer rates available for the particular disc you are
using. A good guide for approximate transfer rates can be found in Table
4-1, p.4-12 of the HP44456 System Software Manual (P/N 44456-90001). The
set up commands look like this.

280 INITIALIZ2E ":MEMORY,0,1%" 512 ! Create memory volume
290 CREATE BDAT “File_name:MEMORY,0,1",384,256 ! Total bytes=98304

330 ASSIGN @Hp3852 TO Hpib_addrs



340 ASSIGN aGpio TO Gpio_addrs

350 ASSIGN aPath_3852 10 Gpio_addrs;WORD

360 ASSIGN @s300 buff TO BUFFER [Buff_sizel;FORMAT OFF
370 ASSIGN dFile_name TO "file_name:MEMORY,0, 1"

Lines 280 and 290 create a memory volume and a file on that volume. Note
that the file is a binary data file. Also note that in line 360 an un-
named buffer is declared. This buffer will act as the intermediary buff-
er to hold the data between the inbound and outbound TRANSFER state-
ments. The buffer size should be an integral number of 256 byte blocks
for greatest speed. A typical size is 16 to 32 Kbytes.

The DVM set up is identical to the set up in the previous example. The
interrupt set up is also the same except that the EOT is generated from
the destination file TRANSFER.

600 ON EOT aFile_name,5 GOSUB Xfer_done

Starting the DVM and transferring the readings is considerably more in-
volved in this example.

710 TRANSFER @Path_3852 TO &S300_buff;COUNT Xfer_length,
EOR (COUNT Rec_length),CONT

720 TRANSFER @s300_buff TO @File_name;COUNT Xfer_length,
EOR (COUNT Rec_length),CONT

730 OUTPUT @Hp3852;"SCTRIG SGL"

The variables Xfer_length and Rec_length should be an integral number of
256 byte blocks for greatest speed. Xfer length is the total number of
bytes of data of interest. It is normally larger than the size of the
buffer in the Series 200/300 controller. It is important that Rec_length
be an integral number of blocks to speed up DMA transfer of the data.
When an EOT is generated at the destination file, the subroutine
Xfer_done is called as before. However, it is necessary to reset both
the record and byte pointers to the start. This is done with a CONTROL
command.




910 Xfer_done: CONTROL @File_name,5;1,1 ! Reset record and byte
pointers to start.

920 TRANSFER ... ! Same as line 710
930 TRANSFER ... ! Same as line 720
940 RETURN

The HP3852, Series 200/300 controller and disc, if used, are now taking
data continuously. To stop the process, the HP3852 will generate an SRQ
from a digital input. A termination routine similar to the previous ex-
ample is called in the controller to complete the data transfer.

970 Terminate: WAIT .05 ! Take more data after the interrupt.

980 OFF EOT &File_name ! Cancel outbound EOT.
990 ABORTIO @Path_3852 ! Clean up GPIO path.
1000 ASSIGN @Path_3852 TO *

1010 ABORTIO aFile_name ! Clean up file path

1020 STATUS aFile_name,5;End_rec_num,End_byte_num
1030 ASSIGN aFile_name TO *

In this example, the ending record and ending byte numbers are stored so
that the data may be read back starting with the last entry (see line
1020). ‘

Example 6C: Data Transfer Over HPIB to Buffer

Refer to Fig. CDA3 containing the listing for this example. This example
is different from the previous two since only the HPIB path is used. A
different interrupt structure is used in the HP3852. Continuous data ac-
quisition is still implemented but in a different way in the HP3852
since both data and control is transmitted via the HPIB link. The HP3852
mainframe must move the readings from the high speed DVM into an array
in the HP3852. The array is then read out to the Series 200/300 con-
troller. This process takes place serially so speed suffers. With this
method, 35 thousand readings/second can be achieved.

It may be instructive to compare Example 6A to this example to under-

stand the differences between the HPIB implementation and the GPIO im-
plementation. The set up commands look like this.

200 INTEGER S300_buff(1:24576) BUFFER



300 ASSIGN aHp3852 TO Hpib_addrs
310 ASSIGN @Path_3852 TO Hpib_addrs; FORMAT OFF
320 ASSIGN @s300_buff TO BUFFER S300_buff(*); FORMAT OFF

As in Example 6A, the INTEGER statement declares a buffer in the con-
troller. For greatest speed, note that the ASSIGN statements in lines
310 and 320 use the FORMAT OFF attribute.

The HP3852 and high speed DVM set up is also similar but somewhat dif-
ferent than Example 6A. The DVM will be programmed to take readings over
the ribbon cable and one channel will be scanned repeatedly.

400 OUTPUT @Hp3852;"PACKED A(8191); INTEGER X"

430 OUTPUT @Hp3852;"USE 600; SCANMODE ON; SCTRIG HOLD; FUNC DCV"

440 OUTPUT QHP3852;"RANGE 2.5; TERM RIBBON; RDGSMODE BURST; SPER 27.5E-6"
450 OQUTPUT QHp3852;"SCDELAY 16E-3; POSTSCAN 4096; ASCAN ONY

460 OUTPUT QHP3852;"CLWRITE SENSE 500; STTRIG HOLD"

A packed array and an integer variable are declared in line 400. The ar-
ray will be used to buffer readings in the HP3852 mainframe until they
are read out. The variable will be used to hold a status word. In this
particular example, a POSTSCAN command is used in line 450 to ensure
that enough data will be available after the stop trigger to be read
using an XRDGS command which will be described later. Also, the high
speed DVM is set up to interrupt when there is room for only 4096 more
readings in its buffer with the RDGSMODE BURST statement. This is done
so that readings can be moved in large blocks into the memory array and
out to the controller to increase speed.

The interrupts in this example are quite different than the previous ex-
amples. Two interrupts will be active in the HP3852 as well as the two
in the controller which have already been described. One of the inter-
rupt subroutines in the HP3852 will transfer the data from the high
speed DVM into the array in the HP3852 and then from the internal array
to the controller when the RDGSMODE BURST interrupt occuxrs. The other
subroutine will send a stop trigger to the high speed DVM to end scan-
ning. Then it will transfer a final block of data to the controller and
assert SRQ. The terminating interrupt will again be generated by a digi-
tal input in the HP3852.




540 ON EOT aPath_3852,5 GOSUB Xfer_done ! Same as Example 1.

550 ON INTR 7 GOSUB Terminate ! HPIB interrupt (SRQ)

570 ENABLE INTR 7;SRa_mask ’

580 OUTPUT aHp3852;"suB INTROUT; XRDGS 600,4096 INTO A; VREAD A,PACK"

590 OUTPUT @Hp3852;"  ENABLE INTR USE 600; SUBEND® )

600 QUTPUT aHp3852;"SUB XIT; STTRIG SGL USE 600; XRDGS 600,4096 INTO A"

610 OUTPUT aHp3852;" VREAD A,PACK; STA? INTO X; SRQ; BEEP; SUBEND"

620 !

630 OUTPUT DHpP3852;"ON INTR USE 216 CALL XIT" ! Call termination sub.

640 OUTPUT @Hp3852;"ON INTR USE 600 CALL INTROUT" I cCall subroutine to
transfer data.

650 OUTPUT aHp3852;"ENABLE INTR USE 600"

660 OUTPUT aHp3852;"RQAS FPS; RQS ONY ! Enable SRQ and mask.

670 OUTPUT 2Hp3852;"EDGE LH USE 216" ! Set edge on digital card.
680 OUTPUT AHP3852;"ENABLE INTR USE 216"

690 OUTPUT @Hp3852;"ENABLE INTR SYS" ! Enable 3852 interrupts.

Lines 580 through 590 contain the subroutine which sends the data to the
controller. It is an interrupt routine that is called when an interrupt
occurs from the high speed DVM (see RDGSMODE BURST in line 440). By
using the XRDGS command followed by the VREAD command, we gain two ad-
vantages. The first is a speed increase since the command set up times
are only incurred once for each command. The second advantage is that
the HP3852 mainframe is not tied up sending data continuously and can
thus do other tasks and service other interrupts. If you intend to use
the HP3852 with this interrupt structure and the other tasks in the
HP3852 take a long time to execute, the DVM buffer may fill before the
interrupt subroutine can be called to take the data out. Be careful that
this does not occur since the DVM will stop taking data when its buffer
is full.

Lines 600 through 610 contain the termination subroutine: An STTRIG SGL
command signals the DVM to begin the postscans. The last block of read-
ings is then sent and SRQ is asserted. This signals the controller to
begin its termination subroutine. The interrupts are now all activated.

The interrupts are now all activated. The whole data acquisition process
must now be started by triggering the DVM and executing the TRANSFER
statement in the controller.

710 Start: OUTPUT aHp3852;"SCTRIG INTH
720 TRANSFER @Path_3852 TO @S300_buff;COUNT 49152,EGR (END)

The COUNT parameter in line 720 corresponds to the number of bytes in
the buffer declared in the controller. The EOR (END) parameter is



specified so that the TRANSFER will not terminate since EOI is sent by

the HP3852 after each block of data. When the buffer in the controller

is full, an EOT interrupt is generated in the controller. The subroutine ‘
Xfer_done is called which resets the buffer and restarts the TRANSFER.

930 Xfer_done: RESET 3S300 buff
940 TRANSFER @Path_3852 TO @S300_buff;COUNT 49152, EOR (END)
960 RETURN

- The HP3852 and Series 200/300 controller are now taking data continuous-
ly. When the signal to stop is received by the digital input card, the
HP3852 goes into its termination subroutine and then signals the con-
troller via the SRQ line to go into its termination subroutine. The ter-
mination subroutine in the controller is identical to the one in Example
1.

Final Considerations

Three different examples of continuous data acquisition have been
described. They are by no means an exhaustive list of possibilities for
applications of this type. They are presented here as examples of the ‘
capabilities of the high speed DVM in the HP3852 working with a Series
200/300 controller. Many other variations are possible. For instance,
error checking is available over GPIO though it was not demonstrated in
any of the examples. Additional control capabilities are also available
over GPIO. Examples of both HPIB and GPIO data transfers were presented.
Speed as well as some control capability is sacrificed with HPIB,
however, for many applications HPIB data transfer may be completely
adequate.

Other triggering modes are also available. A set number of prescans and
postscans may be desired. This can be easily accomplished by changing
the programming of the high speed DVM in the HP3852. External triggering
for either scan or stop triggers can also be programmed. Considerable
flexibility is possible in this area.

In these examples no mention was made as to how to get data out of the
buffers or files. The key to this task is to save the pointers to the
last entry in the buffer or file in the controller. Then the data can be
read out of the buffer or file by beginning at the last entry and read-
ing the data.

Where maximum speed is not important, more complex tasks can be perform-
ed in either the HP3852 or the Series 200/300 controller. The pos-
sibilities are many and varied. The examples -presented here should be an
aid in getting started on a continuous data acquisition application with
the HP44702 and a Series 200/300 controller.




IV. Summary

Several application examples have been presented. They have ranged from
simple examples like the first two which used the MEAS command, to very
complex examples like the continuous data acquisition examples which
used the low level commands. A GPIO example showed the capability of the
44702 with this interface. One example focused on the use of interrupts.
Then interrupts were used in later examples. One example demonstrated a
way to gather data around an event. Then the stop trigger feature was
used in other examples. The external triggering capabilities were
demonstrated in an example that showed how to synchronize two or more
voltmeters. Interrupt driven programming was shown as an example also.
The most difficult applications are the continuous data acquisition ex-
amples. These applications require complex interraction with the Series
200/300 controller, though they are similar in concept to gathering data
around an event. The window is much larger, however. The low level com-
mand set gives the user access to a wide range of interrupt, pacing and
triggering possibilities. The HP44702/HP3852 data acquisition system can
solve some very difficult application problems with its capability and
flexibility.



Programming Tree
for 44702
High Speed DVM

I

| scanmooe off | SCANMODE ON

| M 7 T — - | A
[ monmeas] fconrmeas] - —] scTric Howo | [ conemeas |

Iz :I DISABLE INTRI DISABLE INTR
I*

i
i

FUNC
™ 1RANGE/ARMODE ™ RANGE / ARMOD €
- TERM | =1 TErRM

RDGSMODE

NROGS

DELAY & AZERO

AZERO
[ PERC__
| SLOPE_|
:
.

TR

, | SPER

SCDELAY

PERC

e—-1 SLOPE

o
LR

- TRIG

E

Preferred path

( MEASX) CHREAD/XRDGS ENABLE INTR
— e —— [ Optional path
I_ — PRESCAN P
77 ;
/l Mainframe command

|
|
| CLWRITE
: STSLOPE

== scoeLar ]

—JcrRtTe ]
fe—=] sistore |
—~—— T

[

|

X MEAS command may change certain settings.

SCTRIG

CHREAD/XRDGS

Figure P12



I,./

10

30
40
50

60

70
80
30
100

110

120
130
140
150
160
170
180
190
200
210
22

230
240
250
2E0
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THIS PROGRAM SHOUS‘H WAY TO TAKE DCY READINGS IN THE SYSTEM

!

! MODE.
!

[

|
ASSIGN
ASSIGN

THIS IS A BASIC APPLICATION AND USES CONF AND MEAS.

@Comp TO 709 _
@Cformoff TO 709;FORMAT OFF

REAL A(1:20)

CLEAR @Comp

OUTPUT
OUTPUT
ouTPUT
QUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
i

OUTPUT

@Comp; "RESET"
@Comp; "PACKED RD(39)"

@Comp; “SUB HS_RDGS"

RComp; " USE 600"

BComp ;" SCANMODE OFF"
®Comp; * CONF DCU*"
@Comps " RANGE 2.5"
RComp; " TERM INT"
®Comps ” RDGS SyYS*"
BComp; " RDGSMODE DAV"
@Comp ; " MEAS DCVY 100-113 INTO RD"
@Comp; " VREAD RD ,RLG4"
B8Comp; “"SUBEND"

@Comp; "CALL HS_RDGS®

ENTER @Cformcff;A(#*)
PRINT A(#)

END

Figure SYS
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ASSIGN
ASSIGN

THIS PROGRAM SHOWS A WAY TO TAKE DCV READINGS IN THE SCANNER
MODE.

THIS IS A BASIC APPLICATION AND USES CONF AND MEAS.

@Comp TO 708
@Cformoff TO 7@9;FORMAT OFF

REAL A(1:20)

CLEAR @Comp

QUTPUT @Comp; "RESET"

QUTPUT @Comp; "PACKED RD(39)»"

QUTPUT ®Comp; "SUB HS_RDGS"

QUTPUT e@Comp;" USE 600"

QUTPUT eComp:" SCANMODE ON*

QUTPUT @Comp:" CONF Dcv"

QUTPUT @Comp;" RANGE 2.5"

QUTPUT @Comp;" TERM RIBBON®

QUTPUT @Comp;" RDGS Sys*

QUTPUT @Comp;" RDGSMODE DAV"

QUTPUT @Comp; " MEAS DCV 5@0-504 ,500-504 ,500-504 ,500-504 INTO RD"
QUTPUT @Comp; " UREAD RD ,RLE4" :
QUTPUT @Comp; "SUBEND"

I

QUTPUT eComp; "CALL HS_RDGS"

ENTER @Cformoff;A{+*)

PRINT A(»)

END

Figure SCN
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THIS
WITH

PROGRAM DEMONSTRATES A SIMPLE EXAMPLE OF USING INTERRUPTS
THE HIGH SPEED DUM. THE MEASUREMENT SEQUENCE IS STARTED.

AN INTERRUPT ‘IS GENERATED AT THE END OF THE SEQUENCE, AND

THE READINGS ARE TRANSFERRED.

ASSIGN.

ASSIGN

@Comp TO 708

@Cformoff TO 7@9:FORMAT OFF

REAL A(1:1@)

CLEAR @Comp

QUTPUT @Comp.: "RESET" . .

QUTPUT @Comp; "SUB TAKE_RDG"
QUTPUT @Comp:" USE 600"

OUTPUT @Comp; " SCANMODE ON*
QUTPUT @Comp; " CONF DCU"
QUTPUT @Comps " RANGE .25"
QUTPUT @Comp;:" ROGSMODE END"
OUTPUT @Comps" SPER 250E-6"
‘OUTPUT BComps " ENABLE INTR"
QUTPUT @Comps" CLWRITE SENSE 5@0-5@9"
QUTPUT @Comp; " SCTRIG SGL”
QUTPUT @Comp;: "SUBEND"

]

OUTPUT @Comp;"SUB X"

QUTPUT @Comp;" XRDGS B60@ ,RLE4"
QUTPUT @Comp; “SUBEND"

| .
QUTPUT @Comp;"ON INTR USE 50Q CALL X"
"OUTPUT @Comp; "ENABLE INTR SYS*®

!

QUTPUT @Comp; "CALL TAKE_RDG"
ENTER @CformoffiA(+)

PRINT A(#)

END

Figure INTR



I THIS IS A PROGRAM THAT DEMONSTRATES 6PI0 TRIGGERING, INTERRUPT
| HANDLING AND DATA TRANSFER. THE HIGH SPEED DVM IS SET UP OVER

| HPIB, THEN TRIGGERED OVER G6PIO. AFTER AN INTERRUPT IS GENERATED
1 ON 6PI0, THE DATA IS READ OVER GPIO. FINALLY, THE DATA IS

! UNPACKED IN THE CONTROLLER.

| :

]

ASSIGN @Comp TO 709
ASSIGN Q6pio TO 12.
Gpio=12
i
INTEGER A(1:1@),Cnt
ON INTR 6pio 60SUB Get_rdgs
Eir_=1
ENABLE. INTR 6pioiEir_
1
CLEAR @Comp
QUTPUT @Comp; “RESET" -
QUTPUT @Comps "USE 500"
QUTPUT @Comp; “SCANMODE ON*
QUTPUT @Comps “CONF OHMIQK"
QUTPUT @Comp; "ROGS GPIO"
QUTPUT @Comp; “RDGSMODE BURST" |
OUTPUT @Comp; "SCSLOPE HL" ! SET TRIGGER SENSE
QUTPUT @Comp; “SPER .10@°
OUTPUT @Comp: "ENABLE INTR"
QUTPUT @Comp: “CLWRITE COM S@0-509"
QUTPUT @Comp; "SCTRIG GPIO"
1
WHILE NOT BIT(SPOLL(®@Comp),4) | WAIT UNTIL READY
END WHILE
]
CONTROL Gpio,h2:S | SET DATA REGISTER
OUTPUT @Gpic USING “#,W";4
CONTROL Gpio,2:4
]
CONTROL Gpio,2:6 b TRIGGER DOUM
CONTROL Gpio,2:4
]
Cnt=0
WHILE ‘Cnt<1000)
Cnt=Cnt+l
DISP Cnt
END WHILE
STOP
1
Get_rdgs:ENTER @Gpio USING "% W":A(#)
]
!
Unpack :REAL R(@:3),M,U(1:10) X
pATA 256.,32.,4.,1.
READ R(#)
X=,001 t FACTOR FOR OHMIQK
FOR I=1 TO 10
M=BINAND(A( 1) ,4095)
IF A(I)>0 OR M=4095. THEN
U(I)=1 . QE+38
ELSE
U(I)=Ms,0025/R(BINAND(SHIFT(A(I),13),3))/X
IF BIT(A(I), 12) THEN W(I)=-VU(I)

END " IF
- NEXT 1. : — - .
PRINT U(»)
f
!
END

.FlunGPlO




BIT

BITS

15 14 13 12 1N

_ 12 BIT MANTISSA |

BIT 15= Good reading bit
BIT 14-13= Range bits
BIT 12= Sign bit

BIT 11-0= 12 Bit mantissa

14/13 RANGE FACTOR FUNCTION

OHMS FACTOR
00 256 ocv 1
01 32 OHM10K .001
10 4 OHM100K .0001
11 -1 . OHM1M .00001

Figure UNPK



10 THIS PROGRAM DEMONSTRATES AN EXAMPLE OF DATA BEING COLLECTED
20 BOTH BEFORE AND "AFTER AN EVENT. THE HIGH SPEED DUM IS SET UP
30 AND TRIGGERED. IT WILL TAKE READINGS UNTIL THE VALUE ON THE

50 THEN THE READINGS WILL BE TAKEN OUT OF THE DVM.
60

70 !

8@ ASSIGN 8Comp TO 709

30 ASSIGN @Cformoff TO 709;FORMAT OFF
100 ! .

110 DIM AC1:100)

120 !

130 CLEAR BComp

140 QUTPUT @Comp; "RESET"

189 OUTPUT @Comp;"USE 600"

16@ OUTPUT @Comp; "SCANMODE ON"

170 OUTPUT @Comp; "SCTRIG HOLD*

180 OUTPUT @Comp; "FUNC DCV*"

198 OUTPUT @Comp;: "RANGE 2.5"

200 OQUTPUT @Comp;“"TERM RIBBON"

210 . QUTPUT @Comp; “RDGS SYS"

22 OUTPUT @Comp; "RDGSMODE COMPLETE™"
23@ OUTPUT @Comp; "PERC 80"

240 QUTPUT e@Comp;"SPER .05

250 OQUTPUT @Comp;"“SCDELAY .@1,.5*

260 OUTPUT @Comp; "ENABLE INTR™

270 QUTPUT 8Comp; “PRESCAN 5"

286 OUTPUT @Comp; "PQSTSCAN 5"

290 OUTPUT @Comp;"CLWRITE SENSE S@0-509"
300 OUTPUT @Comp;"STSLOPE HL"

310 OQUTPUT @Comp;"STTRIG MEAS"

320 !

330 OUTPUT @Comp;"SUB X"

348 OQUTPUT @Comp;" XRDGS 600,100 ,RLE4"
350 OQUTPUT @Comp;"SUBEND"

360 |

370 OUTPUT @Comp:“ON INTR USE 600 CALL X"
380 OQUTPUT @Comp; "ENABLE INTR SYS"

3390 !

490 OQUTPUT @Comp; "SCTRIG INT*®

410

4720 ENTER @Cformoff;A(s)

430 PRINT A(#*)

440 ¢

450 END

I
!
!
40 ! FIRST CHANNEL CROSSES THE THRESHOLD IN THE PROPER DIRECTION.
!
!
|

Figure EVYNT
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259
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262
270
27
272
273
280

! THIS PROGRAM DEMONSTRATES A WAY TO EXTERNALLY TRIGGER AND
! SYNCHRONIZE TWO OR MORE 44702 HIGH SPEED DUM'S. THE DUM
! IN SLOT 2 IS THE MASTER AND THE DUM IN.SLOT 6 IS THE SLAVE.

ASSIGN @Comp TO 709

ASSIGN @Cformoff TO 709;FORMAT OFF
REAL A(1:100),B(1:100) -

CLEAR @Comp .
@Comp; "RESET"
@Comp; "SUB MASTER"

OQUTPUT
QUTPUT
OUTPUT
QUTPUT
OUTPUT
QUTPUT
QUTPUT
OUTPUT
OQUTPUT
QUTPUT
OUTPUT
QUTPUT
I

!
ouTPUT
OUTPUT
QUTPUT
OUTPUT
QUTPUT
QUTPUT
QUTPUT
OUTPUT
QUTPUT
QUTPUT
QUTPUT
QUTPUT
QUTPUT
]

!
QUTPRPUT
QUTPUT
]

[
PAUSE
(

]

@Comp;*
@Comp; "
@Comps "
@Comp; "
QComp; "
@Comp;s "
@Comp; "
@Comp; "
Q®Comp; "

USE 200"

SCANMODE ON*

CONF COHMI1OK™

SCSLOPE HL"

TRIGOUT ON"

SPER .0@50"

PRESCAN 18"

CLWRITE COM 10@-109"
SCTRIG EXTI"

@Comp; "SUBEND" '

BComp: "SUB SLAVE"

®Comp;
@Comp ;"
@Comp "
@Comp: "
@Comp; "
RComp; "
@Comp; "
@Comp;
@Comp;
@Comp; "
@Comp; "

USE 500"
SCANMODE ON"
SCTRIG HOLD"
FUNC DCV,2.5"
TERM RIBBON"
SLOPE HL"
TRIG EXTOQ"
PRESCAN 10"
ASCAN ON*
CLWRITE SENSE 500-509*
SCTRIG s6L”

®Comp; "SUBEND"

@Comp; "CALL SLAVE"
@Comp; “CALL MASTER"

QUTPUT @Comp; "XRDGS 200 ,RLE64"
ENTER @CformoffsA(+)
OUTPUT @Comp; "XRDGS 600 ,RLE4"
ENTER @Cformoff;B(+*)

PRINT A(*)
PRINT B(#)

g
I
END

Figure SYNC



S 1e THIS IS A PROGRﬁﬂ‘THﬁT ILLUSTRATES PROGRAMMING THE 44702

20 HIGH SPEED VOLTMETER OF THE HP3852 DURING AN APPLICATION.
30 THE HS OUM IS STARTED BY AN INTERRUPT ON A DIGITAL CARD.

40 THE DUM TAKES READING6S AT 208 MS INTERVALS UNTIL ANOTHER

=1 INTERRUPT. THEN THE HS DUM 1S REPROGRAMMED TO TAKE READINGS
60 ON TWO CHANNELS AT 200MS INTERVALS UNTIL A THIRD INTERRUPT.

]
]
]
]
]

!

7@ ° 1 THE THIRD INTERRUPT COMES FROM A DIFFERENT SOURCE THAN THE

]
)
]
]
!

8@ FIRST INTERRUPT. THE THIRD INTERRUPT SUBROUTINE TRANSFERS
99 THE READINGS, LOG6S THE INDEX AND RESTARTS THE VOLTMETER
100 UNTIL A FINAL INTERRUPT. THE LAST INTERRUPT OCCURS ON THE
110 ORIGINAL DIGITAL INPUT CHANNEL. THE READINGS ARE STORED IN
120 AN ARRAY AND ALL THE DATA BOUNDARIES (INDICES) ARE LOG6ED.
130 !

140 ASSIGN @Comp TO 709
150 ASSIGN @Cformoff TO 709;FORMAT OFF
160 DIM A(S@@)

170 !

180 Dvm_setup: [

190 QUTPUT @Comp:“RST; INBUF ON; OUTBUF ON*

200 OUTPUT @Comp; “REAL X1 ,X2,X3,A(500)"

210 OUTPUT @Comp;"USE 600; SCANMODE ONs SCTRIG HOLODs FUNC DCV”
220 QUTPUT BCompi"RANGE 2.S5; TERM RIBBON; TRIS INT:. SPER 0*

230 QUTPUT @Comp; "SCDELAY 0,.02; CLWRITE SENSE 50Q0:; STTRIG HOLD"
240 !

250 Dig_intr: !

260 QUTPUT @Comp;“SUB Z~ ! THIS IS THE FINAL SUBROUTIME
270 OUTPUT @Comps” STTRIG S6L”

280 QUTPUT @Comp; ™ XRDGS 609 INTO A"

290 QUTPUT RComp; INDEX? A INTO Xx2°*

300 QUTPUT @Comp;“SUBEND"

310 QUTPUT @Comp;"SUB Y" ! THIS IS THE SECOND
320 QUTPUT @Comp;* STTRIG SGL USE 800" t INTERRUPT SUBROUTINE
330 QUTPUT RComps* XRDGS 600 INTO A“

340 QUTPUT @Comp;s” INDEX? A INTO X1*®

350 OUTPUT @Comp;" CLWRITE SENSE S00-501"

360 QUTPUT RCompi" SCDELAY @,2.5 USE 600"

370 OUTPUT @Comps" SCTRIG INT USE 690"

780 QUTPUT @Caomp;" ON INTR USE 218 CALL Z°

390 _ QUTPUT ®Comp; " ENABLE INTR USE 216"

400 NUTPUT @Comp; “SUBEND"

410 OUTPUT RComp;"SUB X" 1 THIS SUB STARTS EVERYTHING
420 OUTPUT @Comp;" SCTRIG INT USE 620"

430 QUTPUT RComp;* ON INTR USE 216 CALL Y*

440 QUTPUT @Comps " ENABLE INTR USE 218"

450 QUTPUT RAComp; “SUBEND"

460 QUTPUT @Comp;~“SUB T* ! THIS IS THE THIRD INTERFUFT
479 QUTPUT @Comp; " BEEP;STTRIG6 SGL*" I SUBROUTINE

480 QUTPUT R@Comp; " XRDGS 609 INTO A"

490 OUTPUT @Comp:* INDEX? A INTO X3*

500 OUTPUT @Comp; " SCTRIG INT USE 600"

510 OUTPUT RAComp; "SUBEND"

520 OUTPUT @Comp;"EDGE LH USE 216:EDGE LH USE 217*

530 OUTPUT @Comp:“ON INTR USE 2168 CALL X:;ENABLE INTR USE 218"

540 QUTPUT @Comp;"ON INTR USE 217 CALL T;ENABLE INTR USE 217*

11 OUTPUT QCompi “ENABLE INTR SYS*

560 !

570 PAUSE

S8@ QUTPUT ®Comp:"VREAD A ,RLE4" ! GET ARRAY OF READINGS

S90 ENTER QCformoffiA(e)

60@ OQUTPUT @Compi"VREAD Xt ,RLE4" t GET FIRST DATA BOUNDARY

610 ENTER @CformoffiX!|

620 OQUTPUT @Comps "VREAD X2 ,RLE4"™ ! GET SECOND OATA BOUNDARY

630 ENTER ®CformoffiX2

640 OQUTPUT QComps "VREAD X3 ,RLB4" | GET THIRD DATA BOUNDARY .

858 ENTER @CformoffiX3

B66@ PRINT TABXY(5,5)3:"Xt IS "X}
670 PRINT TABXY(5,8):"X2 IS "iX2
680 PRINT TABXY(S,11);"X3 IS "iX3

699 END
Figees RTPRG



CONTINUOUS DATA ACQUISITION

Restart
transfer

FLOW CHART

( stan )

!

Declare buffer
and/or file

!

Set up 1/0 paths

Set up DVM

f

Set up interrupts

1

Trigger DVM,
start transfer

Transfer Y
complete?

Transfer
complete?

Stop transfer

1

Read ending
fill pointer

SRQ?

!

Restart
transfer

Figure CDAFC
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i —— Index
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1@ | This program demgnatratas a mathod of doing continuous data acquisition
20 ! usingpthg HP 38536 and a Series 300 BASIC computar, The-conpstgg :uat

3¢ ! have a GPI0 card and approximately | Megabyte of memory. The HP 3852A

40 ! contains a HSDUM. and is assumed to have no optional memory in the

S@ ! HSDVM or in the mainframe. A |16 channel digital input card is also - —
6@ ! necessary. For maximum throughput, a OMA card is necessary in the

70 1 Series 300 computer. . -

go ! : :

9@— |- The programstarts the TRANSFERs then triggers the DUM to start

100 | taking readings continuously. The TRANSFERs move the readings

110 | into a buffer in tha Series 30@. No unwrap is performed, nor is the
120 | OVM's data buffer cleared out. The OUM will stop when its data buffer

130 t fills. The TRANSFERs will terminate on a digital interrupt over HPIB. i
140} e — . I , - —
159 ¢ '

160: v

170 1 :

18@ OPTION BASE 1

198 INTEGER Cntr ,Done,In_stat_byt ,Out_stat_byt ,Mask Gpio

200 INTEGER S300_buff(1:32767) BUFFER

219 !

220 !

230 lopath_setup: ! This code sets up the file and 10 paths.

240 |

250 Create a file of thea length needed to accomodate the data of

!

260 | interest. Highast parformance can be obtained if the number of
|
t

270 bytes per record is an integral number of 256 byte blocks.

280

290 !

3ee Gpio=12

310 ASSIGN QHp3852 TO 709 | HP 3852A I0 address

220 ASSIGN @Gpio TO 6Gpio

330 ASSIGN @APath_3852 TO 6GpiosWORD | Set up GPIO path using word attr

340 ASSIGN @S300_buff TO BUFFER S300_buff(+);FORMAT OFF | Series 300 buffer.
350 !

360 Ovm_setup: | This code sets up the HSDUM to take continuous readings.
370 ! DUM is in slot 6 with HS FET mux in slot S. DUM is set up to take
380 ! DCV readings. One channel will be scanned repeatedly (500).

390 '

400 CLEAR @Hp3852

410 OUTPUT @Hp3852;"RSTs OUTBUF ONy INBUF ON; DISP OFF"

420 !

430 !

440 QUTPUT @Hp3852;"USE 6Q@:; SCANMODE ON; SCTRIG HOLD®

459 OUTPUT @Hp3852:“FUNC DOCV; RANGE 2.S: TERM RIBBON; RDGS GPIO*
480 OUTPUT @Hp3852;"NRDGS 1; SPER 1@E-6; SCDELAY 16E-3; ASCAN ON"
479 OUTPUT @Hp38S2;"CLWRITE SENSE 50@; STTRIG HOLD*®

480 !

490 !

=1) !

510 CONTROL 6Gpio,h2:S ! Set control line low, OUM expects addr
520 QUTPUT 6pio USING "$,W";4 ! Set read reqg addr to 4.

530 CONTROL 6Gpio,2:4 : | Set control line high, DUM sends data.
S40 !

S50 Intr_setup: ! Set up interrupts in HP 38S2A and Series 300.

560 |

570 ' :

580 ON EOT QPath_3852,5 60SUB Xfer_done ! When transfer stops, rastart.
S90 ON INTR 7 60SUB Terminate | When 3852 interrupts, stop.

600 Mask=2 ! Set SRQ interrupt mask.

Figure CDALl




610  OUTPUT @Hp3852:°°  UREAD A,PACK:STA? INTO X1SRQ:BEEPiSUBEND®

620 |

630 - OUTPUT @HpBBSZl'ON INTR{USE 216 CALL XIT"

640 OUTPUT? QHp3B§21'0Nm§NTR ~USE 60@ CALL INTROUT® i

650 OUTPUI"QHp38$Z; "ENABLE INTR USE 608° ! Enable interrupt on DUM.

660.. OUTPUT”.ﬂD38525'ﬂd§ FPSiRQS ON" | Set up SRQ mask.

670. OUTPUT-@Mp385275 *EDGE LH USE 216" ! Set edge on digital input card.
680: . OUTPUF- @Hp3852; "ENABLE INTR USE 216° | Enable interrupt on digital card.
690 OUTPUEJBH938523'EN68LE INTR SYS*" | Enable 3852 interrupts.

700 ! ’

710 OUTPUT‘GHpBBSZu'SCTRIG SeL” | Start transfers and: trigger the DUM.
720 Start TRANSFER ‘QPath_3852 TO @5300_buff;COUNT 49152, EOR (END) ! Start conti
nuous-transfér:

730

789 |

750 I

7605  Cntr=9: | ‘

7707 Done=@: | The “folléuing code reads status while the transfers run.
780 © REPEAT -

790 STATUS @5300_buff;31F1ll _ptr

80@:  PRINT TABXY(1@-.53:1°FILL POINTER IS";Fill_ptr

81@ STATUS 95300 buff 10;In stat_byt ,Out_stat_byt _
820 PRINT TABXY(.1Q' 8)1'STATUS IN/OUT "3In_stat_byti®, “ij0ut_stat_byt
83@ - PRINT TﬁBXY(Jq;rf):'INDex = ";Cntr

840.  UNTIL Done’ '

850+ !
g6@: |
g7@: |- .
8807 STOP:
890 |
300 |
910 !
o ge@ .t
~836mxfec~dpne@BEQ§¥ #6300 buff | Reset Lyte porhtéwn=to start.
9403 . TRANSFERF@PEth:3852 T0'@5300_buff;COUNTIT49152 EGRA(END) ! Restart transf
ar. .
95@% . Chtr=Cntr+1
9685  RETDRN.
a7@s 1.
gaeﬂ F— :

'SSOLTGFnznate wﬁiT” ;; : !’Iﬁ&é'more data qﬁier intr.
-lﬂ@ﬁ@. OFF EQT - @Path 3852 >+ | Cancel inbound EOT.’

- 19E0. ABQRFTO»@Path 3882 . | Clsan up HPIB pgath.

1020: * ASSIGN @Path:3852 TO »

1039 STATUS”®S300_buff.3:Fill_ptr

104935 PRINF.TABXY(10), 201 “ENDING FILL POINTER ISiFill_ptr
1058 -PRINT TABXY.(1@,183"REACHED A 600D END."

10682 STORP

10785 |-

1080 |

1098% 1

118@% ENDS:-

; :::“i ¥ Fn‘r i

g

Y W
@




99

108
11e
120
13¢
14&

1S& ¥

16&
17¢

@D
S

This program demonstrates a method of doing continuous data acqutsitxon

using the HP 3852A and a Series 380 BASIC computer. The computer must

have a GPI0 card and approximately | Megabyte of memory..-The HP 3852A .

contains a HSDUM and is assumed to have no optional memory .in *the" ”=f!

HSOUM or in the mainframe. A 16 channel digital input card iﬁgaﬁsa‘

necessary. For maximum throughput, a2 DMA card is necessary in the

Serias-30Q@ computer. o &3T

The program starts the TRANSFERs,then triggers the DUM ta start ..

taking readings continuously. The TRANSFERs move the readings '

into a buffer in the Series 30@ and then into a disc or memory

fila. No unwrap is performed, nor is the DUM’s data buffer cleared

out. The DUM will stop when its data buffer fills. The TRANSFERs

will terminate on a digital interrupt over HPIB. s
~ye

t ETR

18@ OPTION BASE 1
19@ INTEGER Rec_length,Done ,Rec ,Byt,In_stat_byt ,Out_stat_byt , End_rec_num End _byt
e_num ,Mask ,6pio

200 [}

210 )

220 lopath_setup: ! This code sets up the file and I0 paths.

230 ]

240 | Create a fila of the length nseded to accomodate the data of

250 | interast. Highest performanca can be obtained if the number of

260 ! bytes per record is an integral number of 256 byte blocks.

279 !

280 INITIALIZE ":MEMORY,0,1" ,S12 | Create memory volume.

290 CREATE BDAT “HS_DATA:MEMORY ,0,1" ,384,256 | Total Bytes= 38304

300 |

310 Buff_size=685536

320 Gpio=12

330 ASSIGN @Hp3852 TO 709 ! HP 3852A 10 address

340 ASSIGN @Gpio TO Gpio

350 ASSIGN RPath_3852 TO 6p10;WORD | Set up G6PI0 path using word attr
360 ASSIGN @S300_buff TO BUFFER (Buff_sizel;FORMAT OFF ! Series 300 buffer
379 ASSIGN OF1le TO "HS_DATA:MEMORY ,0,1" | Destination fila

380 |

399 Dvm_setup: ! This code sets up the HSDUM to take continuous readings.
400 | DUM is in slot 6 with HS FET mux in slot 5. DUM is set up to scan
410 | taking OCY readings. One channel will be scanned repeatedly (500).
420 !

430 CLEAR @Hp3852

449 QUTPUT OHp38S2;"RST: OQUTBUF ON; INBUF ON:; DISP QFF*

450 ) <%

460 ]

470 QUTPUT @Hp3852:"USE 60@: SCANMODE ON; SCTRIG HOLD®

480 QUTPUT @Hp3852;"FUNC DCV: RANGE 2.5+ TERM RIBBON: RDGS GPIO"®

490 OUTPUT @Hp38523"NRDGS 13 SPER 1QE-6; SCDELAY 1QE-3; ASCAN ON"

S00 OUTPUT @Mp38S2;“CLWRITE SENSE 500; STTRIG HOLD"

s1e |

52@ |

530 CONTROL 6pio,2:15 | Set control line low, DVUM expacts addr
S40 OUTPUT Gpio USING "#.,UW"i4 | Set read reg addr to 4.

550 CONTROL Gpio, 234 ! Set control line high, DUM sends data.
560 !

§70 Intr_setup: | Set up interrupts in HP 3852A and Seriass 300.

s8e !

S9¢ |
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6080 ON EOT OFile 5. 60SUB Xfer_done | When transfer stops, restart.

61@  ON INTR 7 60SUE Terminate | When 3852 interrupts, stop.
620  Mask=2 | . Y | Set SRQ interrupt mask.

638  ENABLE INTR 7jMask

6540 OUTPUT, @Hp3852; "ENABLE INTR SYS® | Enable 3852 interrupts.

650 OUTPUT ®4p38523;°RQS ONs RQGS INTR® | Send SRQ on interrupt at 3852.
660 QUTPUT ®Np3852; "EDGE LM USE 216° | Set adge on digital input card.

878 OUTPUT @Hp3B52:"ENABLE INTR USE 216"! Enable interrupt on digital card.
68@ | S

690 Start: Xfer_langth=98304 | Xfer_langth= 98 Rec_length

708 Rec_length=1024 | Rec_length= 512 readings

ne TRANSFER @Path_3852 TO @S300_buffiCOUNT Xfer_length,EOR (COUNT Rec_length
) ,CONT

728 TRANSFER 0S30@_buff TO OFile;COUNT Xfer_langth ,EOR (COUNT Rec_length),CON
T

T3¢ OUTPUT @Hp3852:°"SCTRIG S6L" | Start transfers and trigger the DUM.
740 !

750 |

760 Done=0 ! The following code reads status while the transfers run.
770 REPEAT o

780 STATUS ©5300_buff ,35Fill _ptr ’

790 PRINT TABXY(19,5)s"FILL POINTER IS";Fill_ptr

800 STATUS @File,SiRec Byt

810 PRINT TABXY(10,8); "FILE RECORD AND BYTE= “"jRec:", “iByt

820 STATUS 9S300_buff ,1@sIn_stat_byt ,Out_stat_byt

830 PRINT TABXY(1@,11);“STATUS IN/QUT "iIn_stat_byts"*, “;0ut_stat_byt

849 UNTIL Done

850 } o

gee v - W

870 STOP

880 ! ’

890 ]

900 |

910 Xfer_done:CONTROL O&File,5:1,1 | Reset record and byte pointer to start.
920 TRANSFER @Path_3852 TO 0S30@_buffiCOUNT Xfer_lergth ,EOR (COUNT Rec_length
) ,CONT

930 TRANSFER 0S300_buff TO @File;COUNT Xfer_length ,EOR (COUNT Rec_length) , CON

T | Restart the transfars.

940 RETURN

950 i ’

960 t

97@ Terminate:WAIT .05 | Take more data after intr.

980 OFF EOT oFile ! Cancel outbound EOT.
" 990 ABORTIO @Path_3852 ! Clean up GPIO path.

1008 ASSIGN ®Path_3852 TO »

1@1@ ABORTIO OFile - - = | Clean up destination file path.

102@ STATUS OFile,SiEnd_rec_num,End_byte_num

1030 ASSIGN OFile TO +

1040 PRINT TABXY(1Q,20);"ENDING RECORD= "iEnd_rec_num;" ENDING BYTE= ";End_by
te_num L

1058 PRINT TABXY(10,18):"REACHED A 600D END."

106@ STOP
te7e¢ |
1086 |
109¢ !

1168 ENO




10

20

30

49

50

60

70

80

99

100
110
120
130
140
15@
16@
170
180
198
200
210
220
23@
240
250
260
27@
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
430
see
510
g20
530
549
S50
560
57¢
580
590
600

: : a - Y 5 Y . F
| oing R RR ‘3’8232’323*3“sir'i'§§“§3o°§a8?é"20283§é?‘.‘°‘r‘vﬁg,°:"c_éﬁpﬂ‘i§‘#i:‘;§if'f .
| have an HPI8 card and approximately | Megabyte of memory. Tha HP 8§gh; ;v
! contains a HSDUM and is assumed to have no optional memory Q?ghqfﬁezéf b
| HSDUM or in the mainframe. A 16 channel digital input %tard is dlgz® *% -
| necessary. For maximum throughput, a DMA card is nocqapﬁry‘iﬁt; g:f*fuf
| Serias 300 computer. S A by P
! ’ S e toT
| The program starts the TRANSFERs,then triggers the DUM t®=38%tart . -7 L0 .
| taking readings continuously. The TRANSFERs move the readings : F
! into a buffer in the Series 300. No unwrap is performed,.nor is.the : s.psx -
} DUM's data buffer cleared out. The OUM will stop whean thg;nuﬂﬁhq of ..; P
| postacans is finished. The TRANSFERs will terminate on antSRQ interrugg- fry
| over HPIB. B C o o
] TN o
' | S T wETT o7
\ -
OPTION BASE O R C TG
INTEGER Cntr ,Done,In_stat_byt Out_stat_byt Mask i §
INTEGER S300_buff(1:24576) BUFFER . et
! S .ar
{ -
lopath_setup: ! This code sets up the file and 10 paths,. ;
| LR =
| Create a buffer of the length needed to acconod&te.ihg:data of
| interest. Highest performance can be obtained if the ﬁunber of
| bytes per record is an integral number of 256 byte ‘blocks.
| ke v
; - o ‘o
ASSIGN @Hp3852 TO 7@9 I HP 3852A 10 address e R
ASSIGN @Path_3852 TO 7@9:FORMAT OFF | Set up HPIB path ; ¢
ASSIGN @S300_buff TO BUFFER S300_buff(+);FORMAT OFF 1 Series 300 buffer. 5.
] .. e
Ovm_setup: ! This code sets up the HSDUM to take continucus readings. e
| DUM is in slot 6 with HS FET mux in slot S. DUM is set up to take o
I DCV readings. One channel will be scanned repeatadly (500).
i s
CLEAR @Hp38S2 wo TOTWLD wmh_ RN B
OUTPUT @Hp38S52;“RST; OUTBUF ON; INBUF ON; DISP OFF* e SR &
QUTPUT @Hp3852: "PACKED A(8191); INTEGER X* M Tk
L RRETF A :

1

QUTPUT @Hp3852:"USE 60Q; SCANMODE ON; SCTRIG HOLD; FUNC DCV" .
OUTPUT RHp3852:"RANGE 2.5: TERM RIBBON: ROGSMODE BURST; SPER 27.SE-6" s
OUTPUT @Hp3852:“SCDELAY 16E-3s; POSTSCAN 40963 ASCAN ON" =

OUTPUT BHp38523"CLWRITE SENSE S@@; STTRIG HOLD" . }i*
\ . ot A
! . .o - 3 e’
! - ¢ rues ars
! IS 2 T £ .4
Intr_setup: ! Set up interrupts in HP 3852A and Series 300, st
J - LT ’ v
} . : e Ty
ON EOT @Path_3852,5 G0SUB X fer_done ! When transfer stops, reéféﬁgrz R
ON INTR 7 GOSUB Terminate I When 3852 interrupts, stop. ! ) f'
Mask=2 | Set SRQ interrupt mask. e nE
ENABLE INTR 7iMask v A RTh
OUTPUT @Hp3852;"SUB INTROUTXRDGS £0@,4096 INTO A3sUREAD A ,PACK" T A
OUTPUT OHp3852:" ENABLE INTR USE 500;SUBEND" 87

QUTPUT @Hp3852:“SUB XIT3STTRI6 SGL USE E@0Q:XRDGS 600 ,4096 INTO A"
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610 OUTPUT ®Hp3852:° UREAD A ,PACK:STA? INTO Xi1SRQiBEEP;SUBEND" '
620 ! :
630 QUTPYT @Hp3BSZ: "ON INTR{USE 216 CALL XIT"

640  CQUTPUT @Hp3882: "ON INTR USE 600 CALL INTROUT"

650  OUTPUT @Hp3852)°ENABLE INTR USE 600° | Enable interrupt on DUM. “
660 OUTPUT @Hp38S2;:"RGS FPSIRQS ON® | Set up SRQ mask.

6570 OUTPUT @Mp3852i “EDGE LH USE 216" | Set edge on digital input card.

68@ OUTPUT- @Hp38523; "ENABLE INTR USE 216° | Enable interrupt on digital card.

590 QUTPUT - OHp38523 "ENABLE INTR SYS* | Enable 3852 interrupts.

700 ]

71@ ouTPUT .ﬂp3952;'SCTRIG SeL" ! Start transfers and trigger the DUM.

728 Start:TRANSFER OPath_3852 TO ©S300_buff;COUNT 49152 EOR (END) ! Start conti
mious - transfer.

730 )

T8 {

TS0 §

760 Cntr=9 .

770 Oona=0 ! The following code reads status while the transfers run.
780 REPEAT

798  STATUS €5300_buff 3:iFill_ptr

geo PRINT TABXY(1@,533°FILL POINTER IS"iFill_ptr

810 STATUS @5300_buff ,10;In_stat_byt ,Out_stat_byt

828  PRINT TABXY(1@:874"STATUS IN/OUT *jIn_stat_byt:", "sOut_stat_byt
83@ PRINT TABXY(1@,11)3"INDEX = “;Cntr

840 UNTIL Done

850 : !
868 {
870 : ! ~
888. STOP-
830 | : *
900 ! ‘
910 |
29 . !
--'«aadwsxfw—doaedﬁﬁﬁﬁ? B5300_buff | Reset Lyte potmtem=to start.
949 TRANSFER-@PEth_3852 TO @S300_buff;CCUNTT49152 [EGRR(END) ! Restart transf
er.
95@8% Cntr=Cntr+i
9685 RETURN
q7@> 1
98@ t B
99@ Tédrminate :WAET -..50 ! Tdke more data efter intr.
18@82 OFF EOT @fath_3852 : | Cancel inbound EOT.
1980 . ABORPIO - OP&th_3852 | Clean up HPIB path.

1020  ASSISN OPath 3852 TO »

1938 STATUS 9S300_buff,3:Fill_ptr

10482 PRINFE "TABXY(10 zm;'ENoms FILL POINTER IS*;Fill_ptr
1058.¢ PRINT TABXY(1@,18%"REACHED A 600D END."

1060 STOP=

1079 |

1088 |

te98b

11885 END::
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