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The okjective of this S¥W&y is to exaaine the uses of a

General Furgose Interface bus (GPIB) to link a microcosguter
contrcller to computer-controllable test equipment. The
Rewlett-Fackard HP-E% aicrocomputer is exasined as the
systes ccntroller. The test equipment is configured to
conduct kasic electrcnic laboratories and the results are
compared - with -current - manually~controlled test- - equifpment.
Test equipseants evalvated include: The Wavetek Nodel 270
Frograsmable function generator, Tektronix DC5009 program-
mable ccunter/timer, Tektronix DN5010 programmable digital
sultiseter, Tektropix PS5010 prograamable power supply,
Bewlett-Packard 1615A programmable logic analyzer, and the
Photodyne Model 488XII GPIB interface with digital f[fower
seter. These equipzents and others are evaluated singlely
and in ccabination. Various methods for displaying and
Flotting acquired data are discussed and evaluated.
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I. INIRODOGIION

Spurred by the lcv cost and availability of microcoa-
puters and other similar products of tae integrated circuit
revoluticn, new uses of microcomputers and other program-
mable egquipments are becoming widespread. The use of micro-
computers to control data acquisition, and, once the data
has been acguired, to optimally display results is =much
g faster and often more accurate than manual methods. Basic
electronics 1laboratories for courses such as EC-2211,
EC-2212 and EC-2215 taught at the Naval Postgraduate School,
and lasic digital courses such as EC-2811 and EC-2812
currently use non-programmable test equipment. The use of a
microconputer contrcller and prograasable test egqguipament
could provide the following advantages over the current
manual methods:

A (1) More consistent results in repeated measurements,
, since a computer-controlled system is not subject to
¢ 1}

orerator fatigue.

(2) Greater throughput because computer-ccntrclled

. systems are generally faster than manual methods.

(3) More thorough testing because system speed allcws
= more parameters to be measured in a shorter time.

(4) FResults expressed in scientific or enjineerirg units,
since many system contrcllers are capable of on-line
data manifpulation.

y . (5) Greater accuracy because system errors can Le Bmeas~-
ured automatically by comparison to theoretical or
pretabulated values, stored and accounted for in the

results.
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e (6) Adaptive data acgqguisition where a system can be
prograrmed to branch to other measurements to help
Finpoint problems when it measures an abnoreal ccndi-
tion.

AL

(7) Capability to store measurement results in computer -
memory, on disk or tape, or on a hard copy.

ll‘:

'l'l
Ve

(8) Better data display, since nmicrocomputer-generated
graphs and plots have okvious advantagjes in tize and
- accuracy over those done by hand.

- (9) Immediate fewdkack to students since data plots are
N readily av=ilaktle for interpretation.

% The objective of this study was to show how the use of a
, microcompruter and programmable test equipment could rerlace
the current procedure for conducting basic electronic labo-
- ratories. Methods for data collection and display were
exanined and compared to manual methods.

Tc meet the objectives of this study various program-

mable test eguipments were evaluated . Programs for the

. HpP-85 ccmputer were written to aid in the evaluaticnh.
. Chapter II discusses the General Purpose Interface Bus and
gives scme background on its adoption as IEEE Standard

488-1¢78. Chapter III is an introduction to the equipment

,f used in this study including a summary of each equipment's
: capabilities. Chapter IV discusses the use of programrakble
test equipment for data collection. The frequency response
of a simple circuit is evaluated as a demonstraticn.
Chapter V Jdiscusses the disrlay of data acyuired from

P e

frogrammable test equipment including computer-generated
Flots examples of which are shown. Appendix A is an ASCII
and TEEE 488 code chart and A;.endix B is a :ollecticn of
the rrograms geveloped to demonstrate and evaluate the
programmable test eguirment.
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2 IX. GENEEAL PURPOSE INTERFACE BUS

SO There are many agrlications where the measurement power

of interactive instruments can be <further enhanced by

- coupling them to a desktop computer or minicomputer.

3 Cperating in a remote mode can provide more exact, errcr-
corrected results as compared with conventional manual oper-
ation technigues.

- Presently, three major factors bLave combined to reduce
significantly the engineering development costs of config-
uring measurement systeas:

. (1) Distributed ccamputing through the growing number of
instruments with internal microprocessors,

(2Z) The kroad chcice of computers ranging from inexpen-

. sive, easy-tc-program desktop computers to more
sophisticated computer systems capable of managing

¥ ‘..-'-‘

Bulti-station instrument clusters and complex data
bases, and

- (3) The availability of standard interface equipment such
- as the GPIB which allows the easy interface of
different equipments from different manufacturers.

In 1972, ¢the U0.S. Advisory Committee, coaposed of
diverse interests representing both users and manufacturers
established initial goals and then adopted an interface
concefrt. The Hewlett-Packard Corporation had for scme time
teen a leader in measurement technology research, and the HP

. Interface Bus was adopted by the committee as an appropriate

. starting point. A draft document was subsequently written

" . and evaluated by rEembers of the conmittee, and then

1
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submitted as the U.S. proposal to the International
Electro-technical Comeission (IEC) in the autumn of 1972.
since then, the interface has undergone a mnumber of minor
changes to accommodate various needs at the international

level.

In September 1974, the fparent technical coamittee, IEC

TCc76, approved the main interface draft document for a

formal ballot among the member natioans of the 1IEC.
Balloting took place in 1976, and IEC recommendation €25-1
was adopted. The IEC recoumendation, using a different

connector, is totally compatible with the current HP-1B.

Using the HP-IB as a model the IEEE Standards Poard
approved IEEE Standard 488-1975 "Digital Interface for
Programakle Instrumentation (GPIB)", first published in 1975
and again published in 1978 with minor editorial changes as

IEEE Standard 488-1978. In January 1976, the Apmerican
National Standards 1Irstitute adopted the IEEE standard and
published it as ANSI Standard MC 1.1. .

The standardized interface concept is now well accepted.
More then 2000 products that are compatible with the IEEE
Standard are today available f£from more then 250 manufac-

turers over 14 countries.

The GFIB has a party line structure where all devices on

the bus are connected in parallel as shown in figure 2.1.

The 16 signal lines, shown in figure 2.2, within the passive

interconnecting GPIB cable are grouped into three clusters

according to their functions as follows:
(1) Data Bus (8 signal lines)
(2) Data Byte Transfer Control Bus (3 signal lines)
(3) General Interface Management Bus (5 signal lines)

12
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rign:e 2.1 GPIB Bus Structure. (froam Ref. 7).

T The Data Input-Output (DIC) Bus consists of eight signal
Q lines that carry data in a bit parallel, byte serial forsat
across tlbe interface. These signal lines carry addresses,

v progras data, nmeasurement data, universal coammands and
. status bytes to and from devices interconnected in a systea.
v Identification of the type of data present on the DIO signal
X
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Figure 2.2 GPIB Signal Structure. (from Ref. 7).

lines is ipdicated by the ATN (attention) signal. When the
ATN signal is true ({asserted), either address or universal
commands are present on the data bus and all coannected
devices are reguired to monitor the DIO lines. When the ATH
message is false, device deperdent data (e.g., prograsming
data) is carried between devices previously addressed to
talkx and listen.

Transfer of each byte on the Data Bus is accosplished
via a set of three signal lines: DAV (data valid), NRFD (not
ready for data), and NDAC (not data accepted). These
signals operate in an interlocked handshake mode. Two
signal lines, NRFD and NDAC, are each connected in a logical
AND (wired OR) to all devices connected to the interface.
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The DAV signal is sent by the talker and received by poten-
tial listeners wvhereas the NRFD and ¥DAC signals are sent by
potential listeners and received by the talker.

The General Interface Management lines manage the bus to
effect an orderly flcw ‘of pessages. The IFC (interface
clear) message places the interface systea imn a known Juies-
cent state. SRQ (service reguest) is used by a device to
indicate the need for attenticn or service and to request an
interruption of the current sequence of events. REN (reaote
enable¢) 1is used to select between two alternate sources of
device prcgram data. ECI (end or identify) is used to indi-
cate the end of a multiple rLyte transfer sequence or, in
conjunction with ATN, to execute a polling sequence.

Data byte transfer on the DIO signal lines is accca-
plished using an interlocked handshake seguence on three
signal lines; data valid (Dav), not ready for data (NRFD)
and not data accepted (NDAC). The talker uses DAV tc signal
the presence of a valid byte of data on DIO1-DIO8. Each
listener indicates its acceptance of the data Ly asserting
RFD aessage false and DAC nmessage true. The talker then
asserts the DAV amessage false and the listener, when it is
able to receive a new data byte, asserts RFD true aand IAC
false. Thus the handshake sequence is conmplete. When tvwo
or more devices are "listening" each device participates in
the same handshake cycle. Data is transfered asynchroncusly
at the rate of the slowest listener.

A sore complete discussion of the GPIB can be found in
the IEFEE Standard [Ref. 7].
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I1I. EQUIPHENT

Sl

f In this chapter various GPIB compatible eguipment will )
3 be discussed. That equipaent which seea most likely candi-

N dates 1ifor basic electronic 1laboratory use are discussed

& first and in greater detail. Ejuirment whose use is less

7; readily aprarent and some equirment vhere less research was

4 conducted are discussed last.

ot

; A. BE-85 CONPUTER ANC BP-IB

'é The Hewlett-Packard Interface Bus (RP-1E), is

: Hevlett-Fackard's implementation of the IEEE-488-1978 inter-

’; face standard (GPIB). As discussed in Ref. 1, the purpose

b of the HEF-IB is to provide mechanical, electrical, timing,

g and data compatibilities between all devices adhering tc the

- standard. Interfacing other devices to computers has been

3 greatly sirzplified by the HP-IPR. In general the use of the )
% HP~IE allows the operator to concentrate on what is to Ye

< communicated and give little thought to compatibility amnd ’
& handshaking. The BP-IB uses standard ASCII and easily

N understocd control signals.

‘E 1f one uses the Hp-1B option accessory, the

Hewlett-Fackard Model 85 microcomputer has the necessary
capatilities to allow it to function as system ccutroller.
- Using the HP-IB, the HP-85 can take coatrol of prograamakle
' test equirment, direct their oreration, and store test data
returned frca the equipment. The computer can store data on
magnetic disk or tare, display the data using ‘Ltuilt-in
graphics capabilities or a remcte plotter, or print a hard
copy cf the data.
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Three primary ccsmands that the HP-85 uses to control
prograzsable test eguipment are the "OUTPUT™, WENIER"™ and
"TRANSFER"™ coamands. The "OUTIPUT™ command is used to send
data frca the computer to the test equipment. Tae statement
must contain the destination device address and a 1list of
iteas tc be output (e.g. the coamand OUTPUT 720; X, outputs
the varialtle X to device 720). The "ENTER®" coamamand is useld
to sepd Jdata from a designated equipment to the computer.
The statement must ccntain the source device address and a
list cf items to be entered (e.g. the command ENTER 720; X,
enters data to varialle X froa device 720). The “TRANSFER"
command is used to sove data to and from a established
tuffer area. This coamand is used to move data froam ome
device tc another when neither device is the bus ccntrcller
(e.g. the coamand TRANRSPER 706 TO Z$ COUNT 100, will
transfer 100 bytes cf data from device 706 to the buffer
space designated as 2$. The command TRANSFER 2$ TO 710 PHS,
will transfer the data in buffer space 2Z$ to device 710
using fast-handshake).

When a device enccunters a situatiorn which requires the
contrcller's attenticn or action, it signals the contrcller
with a service request (SRQ). A service request may be
generated wvhenever an event such as am error or change of
status cccurs. A service request is handled by the
contrcller as an interrupt and may be processed or igncred.
1f the ccntroller is frogrammed to process the SRQ Interrupt
it aust first determine wvho sent the interrupt, and then why
the SBC was generated. The controller can deterzine who
sent the service reguest by rerforming a parallel fpoll.
This is like a discussion leader asking those persons with
probleas to raise their hands. Once the controller deter-
mines whick device generated the SRQ, it can determine the
specific problem by ferforming a serial poll. This invclves
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querying a device as to its status. The inforsation
returned by each device is dependant upon the nature of the
device and can be fcound in the instruction manual for that
specific equipment (e.g. error code 98 indicates an execu-
tion errocr for the 7Tektronix PS 5010 but could indicate a
diffexent type of erxcr for some other device). A comflete
discussicn on handling service rejuests can ke found in Ref.
1.

B. WAVETIEK FURCTION GENERATOR

This section discusses the Wavetek Model 270
Prograanakle Punction Generator and how to control it using
the HEF-85 Microcomputer.

As described in Ref. 2, the Ravetek Model 270, 12 BNHZ
Erograsmable Function Generator, is a 0.01 Hz to 12 MHz
sultifunction generator that can operate in continuous,
trigger, gated or Lurst modes, at generator levels to 20
volts peak-to-peak. The generator prodaces sine, triangle,
and square waves, vwith from 45 to -5 volts of DC offset.
The function generatcr settings can be made from the fromt
ranel or, with the General Purpose Instrument tus, from a
microcoaputer controlling the experiment. Numbers can be
input in free format, (i.e. fixed point, floating pcint, or
exponential notation). Parampeters aay be entered in any
crder. All entries are checked for errors and displayed on
the front panel. Current parameter settings may ke checked
Ly pressing the corresponding rutton on the front panel. Up
to 80 ccaplete sets of programming may be stored in the
generator and rapidly recalled.

The Wavetek Model 270 Programmable Function Generator
can te ccntrolled Lty the HE-85 Microcomputer over the
Hewlett-Fackard Interface Bus (HP~-IB). The handshaking ani
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data transfer is acccaplished as discussed in Chapter 2.

The Mcdel 270 is ccntrolled ty sending coamands over the
- GPIB data lines. The function generator intergrets the
commands and responds as directed. When the function gener-
ator is directed by the computer to send data, it uses the
same data 1lines that the computer used to send commands.
Table I is a partial list of function codes used by the
: computer to control the functiorn gemerator.

TABLE I
Wavetek Functiocr Generator Prograaming Coamands

. Ccntrcl and data Model 270 ASCII (GPIB)
s Names_ __Key _ _—Chagracter _
y Change_Sign +/=- -

. Lecidal Edint 0.1 9 0.1 g
- Aﬁslituae ‘afpl”’ Y S
3 Node MODE B

. Function FONC C

v Cffset OFST D

- Exponent EXP E

. Frequency FRBS F

5 ExecCute EXE I

.. Cutput Cn/Cff ON P

- Recall Setting RCL Y

< . Feset RST Z

: GPIR Address ADRS

The cosputer and function generator are connected using
the RE-IE. The functicn generator's factory-set address caa
te found by pressing the "ADRS"™ button on the front panel.
If scsme cther address is desired it can be entered frcaz the
front panel by pressing "ADRS", entering desired address and
Eressing "EXEC™, Tte address must be used in all ccmputer-
to-Jenerator comaunications. The function generator ouatput

- is cornected to provide waveforms to desired destinations
(an oscillcscope is good for demonstration purposes), the
computer program is loaded, and the system is ready for
operaticr.
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The sasple program provided in Appendix B, was written
to provide a simple Lands-on @nmeans of system familiariza-
tion. It does not desonstrates all the Model 270's capabil-
jties. 1T0 use the saisple program configure a system such as
the one shown in Figcre 3.1. A sinmplified flov diagram of
the rrogram is shown in Figure 3.2.

Fo el

!

b A 5 e

HP=1R

% s A A

QCILLOSCOPE [:::::] [::]

MODEL-270 HP-85 .

IN outT

Figure 3.1 Hodel 270 Deaonstration.

When the program is initiated the computer display will
. provide instructions for entering a function into the func-
3 tion generator. The user should respond to the displayed
questions. The "END LINE" key is used to enter the user's
respopnse into the ccaputer. Nuabers may be entered using
integer (e.g.,"1000"), floating point (e.g.,"15.2M, or
exponential (e.g.,"1<f6") forms. The user will be asked to
enter vavefora type, anmplitude, frequency, and DC offset.
As each entry is &smade, the Wavetek PFunction Generator
display will show that entry. After a function has been

LR N
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START
STORE

INITIALIZE WAVEFORM
: EQU1 Pi{ENT/
s DISPLAY

PROMPTS
f W

RECALL
WAVEFORM

Figure 3.2 Wavetek 270 Demonstration Program Plov Diagraam.
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fully selected, the function will be gated to the function
generator output and displayed on the oscilloscope, and the
computer will query the function generator as to its status.

=
S AR -

§ The function generatcr's resporse will be printed on the
5 computer's printer. .
A The samfple program also contains a section on the use of
% the function generatcr's meaory. It allows the user to
store functions in tike Model 270's memory and to recall and
;Z display previously stcred functions. This demonstrates the
. ability of the #®avetek function generator to store and
o recall up to eighty waveforas.
- Fcr a more detailed description of the function genera-

tor's caratilities, the user should refer to the Imstruction
by Manual £for the Wavetek Model 270, Programmable Function
b Generator [Ref. 2].

C. PSS 5010 PROGRANNAPLE POWER SUPPLY

The Tektronix PS £010 Programmable Power Supply frovides
a floating dual supply and a ground-referenced logic sugply.
Each surply has indeperdent constant voltage modes or
constant current modes with autcmatic crossover.

é The floating supply provides 0 to +32 volts DC and 0 to

4 =32 vclts DC, both with respect to a common front panel
Ié terminal. All floating supply teraminals can be elevated

- above grcund to a maximum 150 volts peak. Voltage differ-

ences from 0 to 64 volts are available across the Jual

. supply terminals. The floating point supplies are frograa-

2 mable ir increments cf 10 millivolts from 0 to 10.0 volts

: and in increments of 100 millivolts from 10.1 volts to 32.0

& volts. The current is prograsmed in 50 milliamp increments )
N from €0 sxilliamps to 1.5 amps.
h,

S
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The logic supply provides 4.5 volts DC to 5.5 volts DC
at currents to 3 amfs. The logic supply is programmatle in
increrents of 10 millivolts froa 4.50 volts to 5,50 volts
and ip current incresents of 100 ailliaups over a range of
100 milliamps to 3 asmgs.

The front panel 1L1ED display is divided into three
secticns. Each section indicates the prograssed current or
voltage for one supply. In the operating mode, the disflays
shovw the true output voltage when operated in the constant
voltage mode or ctrrent when operated in the constant
currert mode. A acre complete description of the PS 5010
specifications can be found in Ref. 3.

Table II is a ccndensed 1list of commands wused iy a
systerz ccntroller to direct the PS 5010.

A demonstration fcr the PS 5010 and the DM 5010 comkina-
tion is included in Appendix E. This program is discussed
in the fcllowing section covering the DM 5010 Programmatle
Digital Multimeter.

- ' L. DN 5010 PROGRAMNABLE DIGITAL MULTIMETER

The Tektronix TP 5010 Programmable Digital Multimeter
i measures and displays dc voltages, resistance, true rms ac
voltages, and voltages consisting of a dc level plus an ac
waveforn. Range selection is automatic or manually incre-
mented. A diode test function provides a 1 milliamp current
output for diode testing. deasurements are made via froat-
Fanel ccmnnectors or a rear-interface coanector.

The DN 5010 alsc performs calculation for averaging,
scale and offset, ccnversicn to dBm or reference 4B, and
compariscn. Measurements and calculations are indicated on
a signed 4 172 digit LED disfplay. The decimal roint is
automatically positicred and leading zeros are blanked.
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TABLE 11
PS 5010 Commands and Descriptions

Hegde Argurent Description
£ Feturns error code

IL0G <num> Sets the_logic suppl
current limgt PRLY

INEG <nua> Sets negative floating
supply current limit

INIT Fesets instrument settings
to power-on state

IPOS <num> Sets_positive floatin
supplg current lgmit I

cuT ON Connects all supplies
to the output terminals

SET? Feturns instrument settings

Y106 <num> Sets logic supply voltage
limit

VNEG <num> Sets_negative floating
supply voltage limit

VBOS <numn> Sets_positive fipa;ing
suppl§ voltage liait

V1OG? Feturns setting_ for,

VNEG? resgectxve supgly (i.e.

YEOS? VNEG <num>) -

The operation of the DM 5010 is programmable via high-
level cczmands (ASCII) sent over the GPIB. The DM 5010 can
send information about front [fanel control settings, mnmeas-
urezents, and calculations via the bus to the GPI3
contrcller. Measurements and calculations are triggered by
interral circuitry (at a normal or fast rate), front ranel
push button, GPIB command, or external signal via the rear-
interface connector. A more detailed description of the DN
5010 specifications and operating instructions can te found
in Ref. 4.

Table III is a condensed list of commands used to
contrcl the DM 5010 via the GPIB.

24




.....

TABLE III
DN 5010 Commands and Descriptions

Header rqument Description
nun selects e ACV+DCV functicn.

Argument selects range.

Acy <nunm> selects the_ACY function.
Arqument selects range.

ICV <num> Selects the DCV function
Argument selects range.

FRR? Returns error code.

FUNCT? Returns the current functicn
and range.

INIT Initializes to power-on setting

CiMS <pum> Selects OHMS function.

Argument selects range.
SEND Returns latest measurement.

Note: negative or omitted argument selects auto-range
cafakility.

A demonstration frogram for the PS 5010 Programmakle
Power Supply and the LM 5010 Programmable Digital Multimeter
is included in Appendix B. A simplified flow diagrar for
this fprogram is shown in Figure 3.3. To run the program the
systes is configured as shown in figure 3.4. The fpregram is
loaded and run in the HP-85 computer following the instruc-
tions disrlayed on tlke screen. The program guides the user
through the setup of each of the PS 5010's voltage sugplies.
At each step the TCPF 5010 will measure and display the
voltage level. The computer will also read the DM 5010 and
Frint the reading or the printer. A WAIT 1000 (1 seccnd
delay) command is used in the program just before the
computer reads the pmeter. This delay ensures that the
computer will not try to read the meter before the reading
Las settled. Reference 8 shovws the maxiamum settling tige
when reading AC volts (true RMS) to be 1.2 seconds. Takle
IV shcws a sample printout.
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INITIALIZE
EQUIPMENT

SET
P55010
READ

DM5010
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LSSl

INPUT
LOGIC
SETTING
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INPUT
POSITIVE
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SET
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READ

DM5010

SET
PS5010

Figure 3.3 PS 5010 and DB 5010 Demonstration Plow Diagraa.
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TABLE IV
« ES 5010 and DN 5010 Demonstration Program Primtout

; LCGIC VOLTAGE IS: 4.9
:', NEGATIVE VOLTAGE IS: -17.5
b ECSITIVE VOLTAGE 1S: 24.4
K
3
HP-IB
: l L 11 ]
> (-
% .HpP-85 DM5010 {PS5010
o
’ IN ouT
“
o
)
&)
_ Pigure 3.8 PS 5010 and DB S010 Demonstration Setup.
'3 This discussion and the demonstration prograas cover only
- a spall rercentage of the DA 5010°'s capabilities. For more
1 details refer to the frograaming sanval [Ref. 8].
N B. GCIBER GPIB BQUIPEENT
: This section discusses eguipment vhich was not inccrpo-
o rated in the research discussed in later chapters, but which
3 zight have uses in future research.
-
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E:‘:e 1. Ibe Rhotodyne Nodel 488ILI GRIB Ipterface apd Modei

w 223LA Fiber Crtic Nultimseter

- The Photodyne Model 488XLI GPIB Interface Adaptor .
:3 provides the logic ard control functions necessary to inter-
E face the Model 22X1A Fiber Optic Multimeter with a GPIB )
& controcller. The ccrbination of the 488XLI and 22XLA can

operate in either tie talk-only or addressable mode, as

_ detersined by the setting of an internal switch. In the
Q8 talk-only mode, it can send data to a GPIB conmpatitle
~ listener at one of eight switch selectable rates, frcam 2.5

’ readings a second to cne reading per hour. In the addres-

3 sable Bmode, readings may be triggered or non-triggered,

Eg depending on whether its o0d4d or even address is received

» froa the controller. The Model 488XLI provides an output of
, ASCII data, sign, and terminator. A short demcnstration
:3 prograa is provided in Appendix B. The 488XLI and 22XLI

‘3 combination is very easy to use and prograna.
b 2. Bewlett-packard 16151 lelic Apalvzer :
s The Hewlett-Fackard 16154 Logic Analyzer offers

ﬂ. asynchropous timing diagram measureaents and synchronous

E state measurements for use in the design and trouble-

} shooting of digital systeams., Measurement setups are simpli-
fj fied with a menu system which reduces the number and

> complexity of front fpanel keys. %With the format specifica-

; tion menu, the desired mode of operation: timing, state, or

: simultaneous dual-mcde, is selected. The corresponding

trace specification menus then allow entry of the desired

: triggering and data farameters.

2 The 161524 logic Analyzer was found to be not

- completely compatible with the HP-85 Computer. Using the
‘i HP-85 as systema controller, it was possible to set all .
E parameters into the 1€15A, but data could not be transferred

- from the 1615A to the HP-8S. The problem in data transfer .
> 28
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seens to be one of a not fully coapatible handshake. When

the HP-85 directs the 16151 to send its data, the 16151 goes

to the talk mode and places the (first byte of data on the
bus, however the DAV (data valid) 1line is not set. Since
the HE-85 does not receive DAV it does not accept the first
byte of data and the entire system locks up with neither the
HP-85 nor the 16151 responding to keyboard inputs.

Hewlett-Packard engineers who were consulted on
this prorlem suggested that this problem might be circua-
vented by directing the 16154 to transfer its data to a
printer cr tuffer srace rather then to the HP-85 directly.
Further research is needed to see if this solution will
work. The 16152 Logic Analyzer vwould be a very valuable
piece of equipment for basic digital latkoratories. Efforts
skould be made to solve the cospatibility problea or to find
a compatiktle controller.

3. Heulett-packard 31112 Graphics Iablet

The Hewlett-Packard 9111A Graphics Tablet is used to
input coordinate points to the aicrocomputer. It also has
sixteer menu softkeys to allow option selection awvay froa
the ccaputer keyboard.

It was thought that the Graphics Tablet could be
used to annotate ccaputer generated plots, however this
froved not to be very workable due to the small screen on
the HP-85 computer. A demonstration program, included in
Appendix B, provides an introduction to the 9111A and its
uses.

4. JIhe Hewleti-Packard 59401A Buys System Analyzer
The HP-59401A Bus System Analyzer is invaluable as
an aid to GPIB users in hardware design and in diagnosis of
hardvare and software probleams encountered in GPIB compat-
ible systeas. When in the 1listen mode the 59401A nmonitors
Bus traffic and can accept and store up to 32 characters
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from the bus for later examination. It can slov down data
transfer and handshaking so they may be observed. When used
in the talk mode the S9401A is used to drive the Bus. The
Bus can lte driven one character at a time by setting the DIO
switckes to the approrriate code and outputting this infor-
mation to the Bus.

While the 5S401A Bus System Analyzer is not itself
a piece cf programmakle test equipment, 1its importance in
setting up and testing a GPIB system caanot be overstated.
The ability to observe and control the handshake and data
transfer lines on the bus greatly simplifies the design and
troutle-shooting processes.

5. Bayetek DC 5009 Universal Counter/Iimer

The Tektronix DC 5009 Universal Counter/Timer
features reciprocal freguency, period, counting events on
channel B during time gates aprlied to channel A and total-
izing measurements to 135 MHz. It also has time interval
and width features c¢f 10 ns resolution for timing measure-
sents. For repetitive timing measurements, averaging and
pseudc-random time base modulation circuitry frovides
increased accuracy over a wide range of input signals. The
DC 5009 provides trigger 1level outputs at both the frcnt
panel and rear interface for increased nmeasureaent conven-
ience.

The DC 5005 is GPIB prograamable and allows any
manually selectable function or mode to be operated over the
GPIB Lus, including all input conditioning controls. Af ter
the DC 5009 is set to the remote state by a system
contrcller, its operating modes and settings can be set and
read ty rrogramaing aremonics sent to it im ASCII code over
the bus. The instrument settings may also be read while in
the local state. The DC 5009 connects to the bus through a
GPIB-compatible connector on the TM 5000-series f[fower
module.
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Measurement results are displayed in an eight-digit
LED readout, with the decimal point autosatically posi-

5 . tioned. The displayed count overflovw is indicated ty a
! flashing display. The counter also uses three digits of the
4 . seven-segaent LED display to indicate internal or operating

error codes and two digits for external signal probe compen-
sation results.

Table V is a condensed list of commands used with
the DC 5009. A @more detailed description of the
Counter/Timer's specifications and operating procedures can
be found in Ref. 5.

TABLE i
DC 5009 Commands and Description

e t s s
%8*83243 §§§§I§E§giéz level to_signal
aidpoint %both channels).

? AVE <run> Sets nuabet of measureaments
. averaged.
CHA A or B Selects channel for succeeding
input settings.
EVE (BA) Counts Channel B during Channel
A pulse width.
FRE A Measures freguen of input
Q ) signal on Chgnnefyl. P
; INIT Reseis to cyrrent front-panel
- settings and power-on patameters.
" PER (R) Heafurei the period of Channel
: A signal.
RAT (B/A) Measures ratio of B events to
A events.
SEND Obtains and formats new measuresent
results.
SET? Queti returns current instrument
settings.
TINE (AB) Measures time from A event
to B event.
N WID (1) Measures pulse width of channel
5 A signal
3 31
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IV. DATA COLLECTION

In the previous chapter several GPIB programmable test
equipments vere introduced. In this chapter it will be
shown how combinaticns of those equipments can be used to
conduct basic electronics laboratory Reasurenaents. A
student in a basic electronics class, such as EC-2211 at the
Naval Postgraduate School, might be asked to build and eval-
vate the frequency response of a siaple cosmon-emitter
anplifier similar to the one shown in Figure #%.1.

?+v

Figure 8.1 Coason-Emitter Amplifier.
To ccmplete an evaluation of his «circuit performance he

would need a signal generator, power supply, frequency
counter, AC voltmeter, and an oscilloscope. He would need

32




AN MM

P,

a s s Rl
1ol

IR LFBL (0 BT MM M R PN Sy (D3 AR et T s Ak e iz he gUN ag ghs el m i n

to become familiar enough with each of these equipments to
ensure that any data obtained from his tests was correct.
Probleas incountered must first be investigated for equip~
ment setup probleas.

A greatly simplified procedure for investigating the
same common-emitter asmplifier would use programmable test
equipment and a microcomputer controller. A prograa would
insure proper equipmert setup and could even perform a check
to verify a proper circuit to bLe tested. This check would
help the student identify probleas in his circuit before
time was 1lost in taking useless test data. FPinally the
microcoaputer controlled test could take a greater number of
data roints at a much faster rate.

To test a comamon-emitter amplifier and obtain a prinmtout
cf freguency and gain, the following test equipment could be
used: HP-85 Microcosputer, NModel 270 Punction Generator, PS
€010 Power Supply, and tkhe DM 5010 Digital Multimeter. The
equipxent configuraticn for this type of an experiaent is
shown in Figure 4.2.

A sasrle program for the BHP-85 Nicrocomputer which uses
the equipment as configured in Figure 4.2 to test a common-
emitter amplifier is included in Appendix B. The progranm
uses the Wavetek Model 270 Function Generator to provide a
known ingut to the circuit under test. The Model 270 is
shifted through a range of frequencies at a constant
voltage. At each freguency the test circuit's output
voltage is read by the DN5010. The HP-85 Computer comfutes
the gain at each frequency using the DM5010 readings and the
known input voltage value. A simplified flow diagram for
this frogram is shown in Pigure 4.3. This program allows the
user to select power supply voltages, freguency range, and
number of data points to be taken. It prints cut the
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i Figure 4.2 Equigment Setuwp for C-E Amplifier Test.

. frequency and gain (ip dB) for each point. All user entries -
are pade from the HP-85 keyboard in response to displayel
gquestions, A sample of the type of output generated is
shown in Table VI .

¥ The sample program is not limited to use with simgle

i common-emitter amplifiers; it can test the frequency-vs-gain

N characteristics of any desired circuit, such as an amplifier

; or filter, A frequency counter is not needed due to the
good freqguency accuracy of the Model 270 Function Generator

- (but could easily e incorporated in the measurement

; systen). Many more advanced electronics courses could use
the same test equipment and program for frejuency-vs-gain

Y characteristics.

o
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Figure 8.3 Data Printoat Demoastration Program Flow Diagraam.
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TABLE VI
Saaple Output fros Freg-Gain Prograa
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V. DATA DRISPLAY

In thke previous chapter it was shown how computer
controlled test equipament could obtain faster, more accurate
test data. If this was all the computer could do it would
be a major savings of time, bhowever the computer can also
provide a display of the data.

A. HP-85 GRAPRICS CAEABILITIES.

The HP-85 Micrcccmputer provides two different display
areas or modes: alphanumeric and graphics. Normally the
display is in the alrha mode, but the user camn view the
current grarhics disglay at any time by pressing the "GRAPH"
key or Ly executing the statement, GRAPH. The graphics
capability of the HP-85 enable the user to:

(1) Plot data on the graphics display, thus clarifying a
complex set of information in pictorial fora.

(2) Scale the disfplay to desired proportioas.

(3) Generate a nusber of 1lines, curves, diagrams and
designs on the display.

(4) Copy anything from the Jraphics display to the
grinter with one command.

(5) "braw" and latel graphs with ease.
(6) Interact with the graphics display froa the keyboard.

(7) Execute any graphics command from the keyboard cr in

a fFrogram.
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if the H?2-85 1is eguipped with the Printer/Plotter EOM,
graphics programs for the HP-€5 can be plotted directly on
the Hewlett-Packard 7470A Plotter by using the "TRANSLATE"
coamand.

In Chapter 4 it was shown how the frequency verses gain

characteristics for a common-emitter amplifier «cculd be
measured and printed. The same data could be plotted by the
HP-85 directly. This would provide the student with a gquick
graphical display of the awmplifiers gain characteristics.
Inciuded in Appendix B is a program which will test the
amplifier, print frequency and gain for each test point,
graph the data, and copy the graph on the prianter. Figure
€.1 is an example of the printed graph for the circuit shown
in Figure 4.1 ., A simplified flow diayram for the demon-
. stration program is shtown in Figure 5.2

1 MAG(dB) vs FREQ .

MAG(10dB STEPS)

T

e
*

T
|

->

™~ v

FREQ(1000hz STEPS)

Figure 5.1 C-E Amplifier Characteristics.
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Figure 5.2 Graphics Demonstration Program Flov Diagras.
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As was previously discussed this type of programs is not

I
|
)
|
i

limited to testing one circuit. More complex circuits can
also ke tested using the same progran. Figure 5.3 is an
! exanple of a Butterwcrth band;ass filter.

h
N
2 200K
: .]Uf +15
2K —
Vin -
uf 741 o Vout
680 *_
-15
A

Pigure 5.3 Butterwvorth Bandpass Filter.

AR A .F-'-'- -
.

Figure 5.4 shows the printed output for the circuit shown in

Figure 5.3 using the same progyram that was used to test the
common-emitter amplifier.

B. VISICALC PLUS

Fer some graphics applications, such as a logarithric
graph, a simple HP-8%S progyram is rot sufficient. For exten-
sive or specialized graphics a pre-written graphics prcgran
package is desiratle; one such program is the
Hewlett-Packard VisiCalc Plus package. Briefly the HP-87
VisiCalc Plus package is a group of graphics and calculation
programs for tune HP-36/87 Microcomputers. The package
contains the following programs:
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o Figure 5.8 BP Pilter Characteristics.
&
: VZCALC: A binary program that is the main VisiCalc
2 progranm.
, VZ1INE: A BASIC program that uses VisiCalc data to
o

graph line charts.
rd
- VZCUEV: A BASIC program that allows you to fit
s
4 standard regression curves to VisiCalc data.
3 VZPIE: A BASIC program that uses VisiCalc data to
> plot pie charts.
'} VZEAR: A BASIC rrogram that uses VisiCalc data to
D

create tar charts.

LINCURg: A binary program that is automatically

loaded and executed by the four graphics
prograas.

‘c.t‘LL

RECZERy: A binary program that is automatically
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loaded and executed by VZLINE, VZCURVE, and
VZBAR.

VZREAD: A BASIC rrograam that allows you to read
data files created by Visicalc.

VZWRITE: A BASIC fprogram that allovs you to create
VisiCalc data files from numeric arrays.

A detailed descripticn of VisiCalc Plus can be found in Ref.
6.

The HP-87 version of VisiCalc Plus was used to generate
the graphs shown in Figures 5.5 and 5.6. A HP-85 version of
VisiCalc Plus is available, but was not tested in this
study. In order to use VisiCalc Plus to plot the common-
eaitter amplifier data, the data must be put on disk as a
numeric data array. An HP-85 program to take the data
samples and write them on a disk correctly formatted is
provided in Appendix B. once the data is on disk it can be
used Ly VisiCalc Plus on a BP-86 or HP-87 micrccosputer
system. VZWRITE is used to create a VisiCalc data file froa
the data on the disk. Figures 5.5 and 5.6 show VisiCalc
graphs of the common-emitter amplifier data.

Many graphics prcgrams such as VisiCalc Plus are avail-
able for data display. The Standard Programming Package for
the BHP-E5 Microcomputer contains some graphics prograas
which could be used to display acquired test data.
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AMPLIFIER FREQUENCY RESPONSE
(Test! and Test?2 data--1/30/85)
. VCC=20v VCC=10v
. i o —
0
,: Mmrfiﬂ—*’f:f: ....................................

-110

-160

-210 &
1£2 2 5 1£3 2 5 1€4 2 5 1€5

FREQUENCY (H2)

3 Figure 5.5 C-E Asplifier, Low Frequency.
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- ~-40 -
0 3 1@ 3 112 3 1€ 3 14 3 €S 3 16 3 IE7
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: Figure 5.6 C-E Amplifier, High Prequency.

4y




avs avs .4 &

| Y B )

P 3

32

PALE Ay ) S e e TN Y

LYY

e M WA VL W RS o ® W (W, * b o BT o+ o 2= g e YWY =T

Vi. CONCLUSIONS AED RECONMENDATIONS

A. CCECLUSIOBS

It has been demonstrated, for at least a simple experi-
ment, that programmable test eyuipment could replace the
presently used manually operated test equipment. The ques-
tion that must be answered is, wvhether replacing current
test equipment with programmatle test eguipment is a gcod
decision in terams of cost coapared to benefits received? As
has been previously discussed, some of the benefits of a
coaputer controlled system over cornventional manual methods
are:

(1) More consistent results in repeated measureaents,
since a computer controlled system is not subject to
orerator fatigue.

(2) Greater throughput because systems are generally
faster.

(3) Mcre thorough testing because systea speed allows
more parameters to be measured in a shorter tinme.

(4) Results expressed in engineering or scientific units,
since many system contrcllers are capable of on-line
data manipulation.

(5) Greater accuracy because system errors can be aeas-
ured automatically, stored and accounted fcr in the
results.

(6) Adaptive data acquisition where a system can be
prograamed to branch to other measureaents to help
finpoint the problem when it senses an abnormal
condition.
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(8)

(9)

Measurement results can be stored in computer mesmory,
on disk or tare, or on hard copy.

Computer graphics and plotting provide improved data
presentation capabilities.

Students would g#in sopse familiarity with the uses
and operation of a microcoaputer.

Some of the disadvantages of a computer contrclled

systeas are:

(1)

(2)

(3)

Cost, since computer-controlled test eguirment
systeas are ctrrently much nore expensive then manu-
ally operated test equirmeat. A guick study of Ref.
8 shows HP-IE compatible test equipment to be from
two to five times as expensive as similar test equip-
ment without the HP-IB option.

Hewlett-Packard has recently (May, 1985) intro-
duced a new 1line of prograamable test equigment
called the PC Instruments systea. This eguirment is
not GPIB compatible without optional hardwvare, but it
does provide computer-controllable test equigpament
using a different bus structure. The cost of tkis
equipment is roughly twice that of manual test equip-
ment. Hewlett-Packard has software availaktle for
several of thier computer types for use with this
equiraent.

Students would not be required to be as familiar with
the test equipsent if it is computer-controlled.

Students could complete a experiment in a cookbook

fashion and not really understand what thev are
dcing.
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B. BRECOBRENDATIORS

Based on this study the following recommendations are
made:

(1) As replacement test equipment is needed, the replace-
ments should Le GPIB compatible. The large cost
difference between GPIB coapatible and manually cper-
ated test equipment should become less as GPIER equip-
rent becones more common. The advantages cf comfputer
centrolled systeas discussed in the previous section
are greater then the disadvantages.

(2) Software develorment should begin iamediately
covering all the basic electronics laboratories. If
the softvare development is dome now it wculd be
available and tested before the equipment |is
purchased. Even if the decision is amade not to
purchase GPIB compatible equipment, the software
development would be worthwhile material for future
tLesis students.

(3) Other GPIB compatible test equipment shculd be
purchased and tested. This would ensure that future
purchases of large numbers wvould be based on in-house

research and not on slick salesaanship. Also cther
equipments could lead to uses not currently antici-
pated.
47
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ARRERNDIX B
GPIB PROGRAAS

A. WAVETEK BODEL 270 DENONSTRATION PROGRAM

The following program provides an introduction to the
Wavetek Model 270 Function Generator using the HP-85S
computer as controller.

"Favetek Function Generator®

10 ! program to control

20 ! Wavetek Model 270

30 ! Function Generator

40 CEKT IS 1

€0 ! Slave Wavetek tc HP-85

60 REMOTIE 720 !assumes vavetek address is 20
70 1 Lockout Wavetek froant

80 ! Pamnel control

90 1CCAL LOCKOOT 7

100 ! Select functice

110 ClEAR
120 DISP "ENTER FUNCIION NUMBER"™
130 DISE

140 TLISP "SINE WAVE = Qv

150 DISE "IRIANGLE WAVE = 1

160 DISP "SQUARE WAVE = 2"

170 DISFE

180 INPUT C

190 CULTEROT 720; "cC©,C

200 Y select amplitude

210 CLEAR

220 LCISP "ENTER AMPLITUDE IN VCLTS"™
230 DISE "(MAX 10 V. PEAK)™

49
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\ 240 DISE

q 250 INPUT A
260 CCTEUT 720;"™A%,A .
270 1 select frequency
280 CLEAR

290 TLISP YENTER FREQUENCY IN HZ"
300 TCISE " (MAX 12MHZ)"

310 ISP

320 INPUT F

330 OUTEUT 720;"P%,F

340 ! select DC offset

PR Y

350 CLEAR
N 360 DISE "ENTER DC CFFSET"®
N 370 LCISP "(+ OR - S V. MAX)"™
' 380 DISE

390 1INPUT D
400 OUTEUT 720;%D",L
410 ! select DC offset

420 CLEAR
N 430 DISP “ENTER 0 TO EXECUTE"™
: 440 DISP "YOUR FUNCTION"

450 °LCISP "ENTER OTHER THEN On
460 DISFE "IO0 CHANGE EARAMETERS"
470 TLISP
480 INPUT B
490 IF E <> 0 THEN 110
500 CUTEUT 720; "B",E
2 510 CUTPUT 720; "pP1I"
520 ! input status of Wavetek
530 OUTPUT 720; "XT3I"
40 ENTER 720; F,A,D,B,C,P,G
545 !print Wavetek rarameters
€50 PRINT "WAVETEK PARAMETERS"™
560 ERINT
570 IF C=0 THEN LET C$="SINE WAVE"
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S80 IF C=1 THEN LET C$="TRIANGLE WAVE"
2 590 IF C=2 THEN LET C$="SQUARE WAVE®
600 PRINT "PUNCTION",CS
610 ERINT "FREQUENCY (HZ)",F
620 [ERINT "AMPLITUDE (VOLTS)",A
630 PRINT "DC OFFSET(VOLTS)",D
640 ERINT
650 CLEAR
660 1§ ask for next function
670 DISP "DO YOUT WISH TO ENTER"
; 680 TLISF "ANOTHER FUBCTION (Y/N) 2"
- 690 INPUT Y$
700 IF ¥$="Y™ THEN 110
710 CLEAR
- 715 1 store function iu memory
: 720 DISE "DO YOU WISE TO STORE"
730 DISP "YOUR FUNCTION IN MEMORY"
740 DISE "(I/N) 2"
750 INPUT N$
- 760 IF N$="N" THEN 860
X 770 CLEAR
780 DISEF “ENTER MEMCEY ADDRESS"
790 ©rISP "(1 TO 80) ™
800 INEUT M
810 CUTPUT 720; “P",F,"C",C,"A",A,“D",D,"BOPI","H", N
; 820 CLEAR
830 L[ISP "YOUR FUNCTION IS"
_ 840 DISE "STORED IN MEMORY™
A 850 DISF "LOCATION: ",M
. 860 DISE
. 865 ! recall a function froa memory
. 870 DISE "DO YOU WISE TO®
Y 880 DISP "RECALL AND EXECUTE"
890 DISE "2 PROGRAM STORED IN"
900 T[ISP "WAVETEK MEMORY (Y/N) 2"

Opd S )

efa"a"a
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910
920
S30
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1130
1140
1150
1160
1170
1180
1190

Fea ¥ a a Ny

INFUT N3
IF N$="N"
CLEAR
LISF "ENTER MEMCFY LOCATICN"
LISP “OF STORED FUNCTION"
INEUT Y

CUTEUT 720; wyn,y,nIn

THEN 1130

CLEAR

LCISP "FUNCTION FROM MEMORY™
DISP "LOCATION: »,Y

DISP "IS NOW BEING EXECUTEDY
DISP

DISP "DO YOU WISH TO RECALL"™
DISP "ANOTHER FUNCTION (Y/N) 2%
DISp

INEUT Y3

IF Y$="YI" THEN S40

CILEAR

DISP "DO YOU WISH TO ENTER"™
DISP "ANOTHER FUNRCTION (Y/N) 20
INPUT Y3

IF Y$="Y" THEN 110
DISP "™GOODBYE"™
S1op

END
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B. PS 5010 AND DN 5010 DENOBSTRATION PROGRAM

This rrogram demonstrates scme of the capabilities of the
Tektrcnix PS 5010 Programmable Power Supply and the DM S010
Programmable Digital Multimeter. The HP-85 computer is

NI

]

- assumed as controller. If some other controller 1is used,
tke ccde may need modification.

L)

10 ! Program to denmcnstrate

. 20 ! the PS 5010 and DM 5010

i 30 ! Addresses must be

- 40 ! DM = 16

N 50 1 PS = 22

i 60 ! must poll PS & DN

- 70 ! refore sending any inst.
80 ! after power ug

90 S=SECLL(716)
100 S=SFOLL (722)
115 ! set PS to power-on state
110 COUTEUT 722;"INII"
120 ERINT
P, 130 CLEAR
135 ! logic supply demo
140 DISE "CONNECT LCM TO LOGIC SUPPLY"
150 TISP
. 160 DISE “ENTER LOGIC SUPPLY VOLTAGE"
- 170 LCISE "(44.5 TO +5.5 VOLTS)™
180 INEUT 1
g 190 IF L>=4.5 AND L<=5.5 THEN 230
i 230 DISE "“YOU HAVE MADE AN ERROR"
210 PDISEF "TRY AGAINT
220 GOTC 150
225 ! set DM to read dc volts
230 CUTEUT 716;"DCyM
235 ! set PS logic supply
240 CUTEOT 722;"VLOGY,L

“ £ - .
L e A s

DU Dt et
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245
250
252
253
255
260
270
280
290
300
310
320
330
340
350
360
370
380
385
390
400
405
410
420
430
440
450
460
465
470
480
490
500
€05
510

! turn PS output on

CQUTPUT 722;"0Q0T ONY

! delay to give meter tiae

! tc read voltage

%AIT 1000

! enter meter reading

CUTPUT 716 ;"SENL"®

ENTER 716;AS

ERINT "LOGIC VOITAGE IS:"AS$
FRINT

LCISE

LISP "THE DM REALING SHOUID AGREE™
LISF "WITH THE ERINTOUT AND THE"
DISP “LOGIC SUPPLY DISPLAXI"

LISE
LISP "DO YOU WISH TO TRY AGAIN(Y/N) 2"
INFUT Y3

IF Y$="Y" THEN 10

! set PS to power-on state

CUTEUT 722; "INITI"

CLEAR

! negative supply demo

LISP "CONNECT DM TO NEGATIVE"®

LISE "FLOATING SUPPLY"

LISP

DISE "ENTER NEGATIVE VOLTAGE"

LISP " (0 TO -32 VOLTS)"

INECT N

! check for input within tolerance
IF ABS(N)>=0 ANL ABS (N) <=32 THEN 510
LISP "YOU HAVE MADE AN ERROR"

DISP "TRY AGAIN"

GOTC 430

! set negative supply voltage
CUTEUT 722;"VNEG",N
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515 ! turn on PS output

520 OUTPUT 722;"QUT ON"

525 1 delay for meter

30 WAIT 1000

535 ! read DA

840 CUTPUT 716;"SENL"™

550 ENTER 716;N3

é 560 PRINT "NEGATIVE VOLTAGE IS:",N$
. 570 ERINT

580 TCISP "TRY ANOTHER VALUE (Y/N) 2%
590 INPOUT Y$

d.4 1 o 8.

¢ 600 IF Y$="Y™ THEN 400

. 605 ! set PS to pover-on state

: €10 OCTPUT 722;"INIT"

3 620 CLEAR

’ 630 ! positive supply

: 640 DISP "CONNECT DM TO POSITIVE"
> 650 TCIS? "FLOATING SUPPLY"

A 660 DISF

670 TLISP "ENTER DESIRED VOLTAGE"™
680 DISE "(0 TO 32 VCLTS)"

690 TCISP

700 INEUT P

705 ! check for input within tolerance
710 IF E>=0 AND P<=3:2 THEN 750

z 720 DISP "YOU HAVE MADE AN ERROR"
730 DISP "TRY AGAINT™

740 GOTC 660

745 1 set positive supply voltage
750 OUTPUT 722;"VPOS",P

760 OUTPUT 722;"0UT ON"

765 ! delay for meter

770 WAIT 1000

775 | read DN

780 OUTPOUT 716;"SENL™

. 1, ‘l
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790 ENTER 716;PS$

800 ERINT

. 810 PRINT "POSITIVE VOLTAGE IS:",P$
820 DISP "DO YOU WISE TO CHANGE VPOS"
830 LISP " (Y/N)?2"

840 INPUT Y$

850 IF Y$="Y" THEN 660

860 CCUTEUT 722;"INIT®

870 CLEAR

: 880 DISE “GOODBYE"

890 END
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i C. 4881ILI AND 22XLA DENONSTRATION PROGEAN
. . This program provides a simple demonstration of sose of
i the capatilities of the Photodyne 488XLI and 22XLA coatina-
: tion. An input may be provided to the 22XLA but is not
necessary for this demonstration.
o 10 ! 488XLI and 22X1A Demonstration
20 ! Nen-trigger address is 02
30 ! Termination segquence is CR-LP
35 1 Set terminaticn sequence
40 CCNIROL 7,16,; 130,13,10
. 50 CLEAR
ﬂ 60 DISP ™y88XLI SAMELE PROGRAM"
v 70 ! read data fros 22XLA via 488BXLI
N 80 ENTER 702;a

90 LET A=A/100

100 ! Display data on CRT
- 110 DISP USING 120;A

5 120 IMAGE DDDD. DD, "LEN®
" 130 GOTO 70

140 END
:
Al
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Hewlett-Fackard Model 91112 Graphics Tablet when
the HP-8%5 Microcoaputer. The HP-85 and HP-9111A are the

only eguipment needed for this progran.

modification of a program found in Ref. 9.

10
20
30
35
40
50
60
70
80
90
100
105
110
120
130
140
150
160
170
175
180
185
190
200
210
220
230
240

! program for 9111A Grarhics

! Tablet

! Taktlet address = 06

! Print softkey menu

ERINT "SOFTKEY 1 COPY CET TO PRINTERY™
PRINT YSOFTKEY 2 ERASE CRT AND CLEAR FILES"™
ERINT "SOFTKEY 3 SINGLE-SAMPLE MODE"
PRINT "SOFTKEY 4 SWITCH-FOLLOW,"
ERINTI "CONTINUOUS-SAMPLE MCDE"

PRINT "SOFTKEY £ = SWITCH-NORMAL,"
FRINT "CONTINUOUS-SAMPLE MODE"

! set variables and IC's

CPTICN BASE 0

LIM KS$ (25)
XK$="PEF36,50,3;BF34;3P32;BP30"

SHORT X (1000),Y (1000),

INTEGER P (1000)

x(0),Y(©),pP(),J,F1=0

ELOTTER IS 1

! initialize tatlet

OCTIPUT 706;"IN:CN:SP"

! initialize gragh

GCLEAR

GRAPH

LIm1T 0,97,0,70

FRANE

SCALlE 0,301,0,218

FCR I=1 TO0 5
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250 BREAL V
260 1${1,I}=CRRS$(V)
270 NEXT I
280 TATA 4,4,31,4,4
285 ! check for interrupt
290 CR INTR 7 GOSUB 390
5 300 OCTPUT 706;"INM, 132"
310 ENABIE INTR 7,8
215 ! input tablet coordinates
320 CUTEUT 706 ;"OC™ @ ENTER 706:x,y
. 330 X=X,40 3 Y=Y/40
340 IF X<5 OR X>300 THEN 320
350 IF ¥Y<1 OR Y>216 THEN 320
360 MOVE X-S5,Y+2 @2 BELOT TS$,1 @ MOVE
1-5,Y+2 @ BPLOT 1$%,1
370 GOTO 320
. 380 ! Check status of interrupt
p 390 STATUS 7,1;A
S 400 CUTEUTI 706 ; "OS"
410 ENTER 706;S1
420 1IF BIT(S1,2) THEN GOSUB 450
430 IFP BIT(S1,7) THEN GOSUB 530
K 440 ENARLE INTR 7,8 @ RETOURN
450 IF F1=1 THEN PLCT X (J),Y(J),P(J)
460 J=Jd¢1
= 470 1IP J>1000 THEN 590
. 480 OCLTPUT 706;"0D"
% 490 ENTER 706 ;S,T,U

«"a'a"R s

\ 500 X (J)=S/40 @ Y(J)=T/40 @ P(J)=U
' 510 ELOT X(J) ,Y(J) , P (J)
520 EETURN

€30 OUTPUT 706;"RS1V

540 ENTER 706;K

S50 CUTPUT 706;KS$

560 ! Call subroutine dependant on menu softkey
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580
590
600
610
620
630
640
650
€60
670
680
690
700
710
720
730
740
750
760
70
780
790

800
810
820
830
840

850
860
870
880

L N R )

C8 X GOSUB 670,700,750,800,850,730,730,730,
730,730,730,730,730,730,730,730
BETUER

GCLEAR

FRAME

MOVE X(1) ,Y (1)

FOR J=1 TO 1000

ELOT X(J) ,Y(J) ,P(J)

NEXT J

END

! Subroutine to copy graph
corPy

FETURN

! Subroutine to clear graph
GCLEAFR

FRAME

J=0

RETURN

! Subroutine for single-sample mode
CUTPUT 706; "SG"

F1=1

B (J)=0

FETUEN

! Subroutine for switch-follow,
ccntinuous-sample mode

OTTPUT 706; "CN: SE%

F1=0

E(J)=0

EEBTURN

1 Subroutine tor switch-normal
centinuous-sample mode

OTUTPUT 706;"CN; SN™

F1=0

E(J)=0

FEEIURN

60
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B. TFEEQUERCY-VS-GAIR PROGRAN (PRINTRD OUTPUT)

This program will test and print out the frequeacy and
gain at that frequency for a «circuit connected to the
prograamable test eguiplent:

10 ! Program for freg-gain
F. 20 ! Test egquipment addresses
2 30 ! Punction generator = 20
E 40 ! Power supply = 22
‘ SO ! Multimeter = 1€ |
p 60 ! Poll test eguipment

70 10CAL LOCKOUT 7
80 S=SEOLL (722)
90 S=SPOLL (716)
- 100 ! Initialize test eguipment
110 OTTPUT 716; "ACV"
120 CUTEUT 722;"INIT"
130 !Set power supply
: 140 CLEAR
: 150 ©DISP "ENTER NEGATIVE VOLTAGE"
v 160 DISE "(0 TO -32 VOLTS) "
s 170 INPUT N
175 ! check input within tolerance
180 IF ABS(N)<=32 THEN 220
.. 190 DISF "YOU HAVE MADE AN"
o 200 DISE "INCORRECT ENTRY"
210 G60TO 150
- 220 OUTEUT 722;"VYNEG",N
. 230 DISP "“ENTER POSITIVE VOLTAGE"
235 DISP "(0 TO 32 VCLTS)"
240 INPUT P

r2AST

245 ! input within tclerance?

250 IF P>=0 AND P<=32 THEN 290

260 DISP "YOU HAVE MADE AN" .
270 DISE "INCORRECT ENTRY"™

BAOYY YD
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280 GOTO0 230

290 OUIEFUT 722;"VYPOS",P

300 ! Enter other paraaeters

310 DISE "ENTER STARTING PRECUENCY®

320 INPUT F1

330 DISF "ENTER ENDING FREQUENCY®

340 INPUT F2

345 ! check freguencies

350 1IF F1<F2 THEN 400

360 DISF "ENDING FRECUENCY Isw

370 DISF "1ESS THEN STARTING"

380 DISF "“"FREQUENCY™

390 GOTIC 310

400 DISP "ENTER NUMBER OF POINIS"

410 ©DISP " (100 FOINTS IS USUALLY ENOUGH) "

420 INPUT N1

430 ! Display parameters

440 CLEAR

450 LCISE "NEGATIVE VCLTAGE =",N

460 TCISF "POSITIVE VOLTAGE =",P

470 DISE “STARTING FEEQ =", F1

880 DISP "ENDING FREQ =",F2

490 DISF "% OF POINTS =",N1

500 TLCISP

510 DISE "DO YOU WISE TO CHANGE"

520 DISp "(Y/N)?"%

530 INPUT Y8

5S40 IF Y$=v"Y" THEN 140

550 ! Turn on powver supply

560 CUTPUT 722;"OUT CN"

570 1! Set up function generator

580 CUTPUT 720;"COA 1ROF",F1,"P1I"

590 ! Start taking data

600 ERINT

610 PRINT "FREQUENCY-vs-GAIN"
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620
€30
640
650
660
665
670
680
685
690
695
700
710
720
725
730
740
750
760
770
780
790
800
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PRIKT “PREQ:
E2=F1

B= (F2-P1) /(N1-1)
FOR I=1 TO N1
WAIT 1000

! read meter
CUTEUT 716 ;"SENLI™
ENTER 716;P1

! compute gain
G=20*L0G (2 1*P1 /.5)
! print frequency and gain
ERINT USING 710;F2,6G

IMAGE DDDDDDD.D,"“HZ",DDDD.DD,"dB"
E2=INT (B) *I+F1

! set 270 to next frequency
CUTPUT 720;"F%,P2,"1I"

NEXT I

DISP "DO YOU WISH ANOTHER RUN"®
DISE " (I/N)2v

INPUT Y8

IF 13="Y" THEN 100

DISF "“GOODEYE"™

END

GAIN:®
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i F. TFREQUENCY-VS-GAIB PROGRAM (GRAPH OUTPUT)

This program is a modification of the frequency-vs-gain
program cf Section E using the HP-85 graphics capabilities.
The data points are graphed on the computer display and then
the display is copied on the printer.

10 ! Program for freg-~gain (graphic)
20 ! Test equipment addresses

30 ! Function Gemerator = 20

40 ! Powver Supply = 22

50 ! Multimeter = 16

60 ! Pcll test equipment

70 1CCAL LOCKOUT 7
75 ! ipitialize variables
80 DIM P1(2,150)
. 90 S=SPOLL (722)
’ 100 S=SPOLL{716)
: 110 | Inpitialize test egquipment
120 OTTPUT 716;"ACV"
- 130 CUTEUT 722;"INIT®

A 140 ! Set Power Supply :
3 150 CLEAR

160 DISP "INTZR NEGATIVE VOLTAGE"
y 170 DISF " (0 TO -32 VOLTS)"

180 INPUT N
185 ! ipput within tclerance?
190 1IF ABS (N)<=32 THEN 230
200 DISP "YOU HAVE MADE ANR"
210 DISE "INCORRECT ENTRY"™
220 GOTO 160
230 CUTEUT 722;"VNEG",N
240 DISP “ENTER POSITIVE VOLTAGE"
250 INPUT P
¥ 255 1 Check if input within tolerance
260 IF F>=0 AND P<=3Z THEN 300
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270 LCISP "YOU HAVE NADE AN"
280 DISP "INCORRECT ENTRY"
290 GOIC 240

%

: 300 OUTPUT 722;"VPOS™,pP

. 310 ! Enter other paraameters

) 320 DISP "ENTER STARTING FREQUENCY"™
; 330 INPUT F1

; 340 DISP ™ENTER ENDING FREQUERCY"
& 350 1INPUT F2

. 355 ! check frequency order

5 360 IF F1<P2 THEN 410

: 370 DISP "ENDING FRECUENCY IS"

- 380 DISP "LESS THEN STARTINGY

N 390 DISF "FREQUENCY"

400 GOTO 320

N 410 DISE “ENTER NUMPER OF PCINTS®
. 420 LCISP " (150 POINTS MAX)"

L 430 DISE " (100 POINIS IS USUALLY PLENTY)"
I 440 INPTT N1

¢ 450 ! Display parameters

! 460 CLEAR

- 470 TLISE YNEGATIVE VCLTAGE =",N

' 480 DISP "POSITIVE VOLTAGE =",P
? 490 DISE "STARTING FREQ =", F1

é 00 [L[ISP "ENDING FREQ =",F2

2 510 DISE "# OF POINTS ="N1

- 520 [ISP

¥ 530 DISF "DO YOU WISH TO CHANGE"
2 540 [CISP " (Y/N) ?"

!

550 INEUT Y$

560 IF Y$=%Y" THEN 150

5 570 ! Turn on power supply

580 CUTEUT 722;"OUT CN"

590 ! Set up functicr generator
600 OUTPUT 720;"COA1EOF",F1,"P1I"

7 3 T

»
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:
2 610 ! Start taking data
’ 620 PRINT
630 PRINT "FREQUENCY-vs-GAIN" .
E 640 PRINT "FREQ: GAIN:"™
. 650 E1(1,1)=F1 , .
5 660 B=(F2-F1)
5 670 FOR I=1 TO N1
b 675 1 delay for meter
. 680 RAIT 1000
690 OUTPUT 716;"SENL"
. 700 ENTER 716;G
;: 705 ! ccmpute gain
. 710  E1(2,I)=20%LOG(G*G/. 5)
x 715 t print frequency and gain
. 720 PRINT USING 730;P1(1,I),P1(2,I)
- 730 INMAGE DDDDDDD.D,"Hz",DDLD.DD,"dB"
5 740 P1(1,I+1)=INT(B/(N1-1))*I+F1
745 ! set 270 to next frequency
. 750 COUTEUT 720; "F",E1(1,I+1),"I" )
X 760 NEXT I
X 770 ! initialize plot :
¥ 780 GCLEAR
o 790 SCAIE F1-2%B,F2,-20,110
: 800 XAXIS 0,.1%B
) 810 YAXIS 0,10
i E15 ! plot points stcred
817 ! in array p1
- 820 FOR I=1 TO N1
. 830 FLOT P1(1,I),P1(2,I)
X 840 FEXT I
: 850 EENTP .
- 855 ! label plot
- 860 LDIR 0 i
- 870 PMOVE .3%B,80
- 880 IABEL "MAG(dB) vs FREQ"
> 66
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- 890 MOVE . 1%B,=10
' 900 IABEL "FREQ("™,. 1*#B,"Hz STEPS"
: 910 1DIE 90
: 920 MOVE F1-.1%B,20
3. 830 IABEL "MAG(10dB STEPS) "
. 935 ! ccpy piot on frinmter
940 COFY
. S50 CISP "DO YOU WISH ANOTHER KOUR"
g 960 DISE " (I/N)?2"
. 970 INPUT Y$
5 ¢80 IF Y$="Y" THEN 110
- 990 DISP “GOODBYE"™
X 1000 END
p
7
;
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G. FREQUENCY-VS~GAIN PROGRAM (DISK OOUTPUT)

This program is a modification of an earlier freguency-
vs-gain prograam. This program writes a file onto a disk
which is ccmpatible with the VIZIWRITE subprogram of VisiCalc
Plus. Cutput is stored by rowvs, frequency and then gain.
The data disk is assumed to be "INITIALIZED™ and the micro-
computer must be using that disk as its mass storage device.

10 ! Program for Freg-Gain (disk)

20 ! Test equipment addresses
30 ! Function Generator = 20
40 ! Power Supply = 22

S0 ! Multimeter = 16

60 ! Pcll test equirment

70 1OCAL LOCKOuUT 7

80 S=SEOLL (722)

90 S=SPOLL(716)

100 ! Initialize test equipment
710 OUTPUT 716;™ACV"

120 CUTPUT 722;"INITI®

130 ! Set Power Suprly

140 CLEAR

150 TCISP "ENTER NEGATIVE VOLTAGE"™
160 DISP "(0 TO -32 VOLTS) "

170 INPUT N

175 ! input within tclerance?

180 IF ABS (N)<=32 THEN 220

190 DISP "YOU HAVE MADE AN"
200 DISF "INCORRECT ENTRY®

210 GOTO 150

215 ! set negative supply

220 OUTPUT 722;"VNEG",N

230 DISP 9ENTER POSITIVE VOLTAGE"
235 LISP "(D TO 32 VOLTS)"
INEUT P
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245 ! ipput within tclerance?

250 IP E>=0 AND P<=32 THEN 290

260 DISP "“YOU HAVE MADE ANY

270 DISP “INCORRECT ENTRY"

280 GOTC 230

285 ! set positive supply

290 OUTEUT 722;%VPOS",P

300 ! Enter other parameters

310 DISP "ENTER STARKIING FREQUENCY"®

320 INPDT P13

330 DISFE “ENTER ENDING FREQUERCYI®

340 INPUT P2

345 1 frequencies in order?

350 IF F1<F2 THEN 800

360 DISF "EMDIYG FRECUENCY IS™

370 DISE "1LESS THEW STARTING"™

380 DISP "FREQUENCY™

390 GOTC 310

400 DISP "ENTER NUMBER OF POINIS™

305 DISE "(MAX 150)

410 DISP " (100 POINTS IS USUALILY PLENTY)

420 INPUT N1V

430 ! Input disk filename

440 DISP "ENRTER FILEFKAME FOR DISK"

450 INPUT A$

460 ! Display parameters

470 CLEAR

430 DISP "NEGATIVE VCLTAGE =¢,N

490 DISP "POSITIVE VOLTAGE =",P

500 CISE "STARTING FEEQ =%",F1

510 DISP "ENDING FREQ =% ,FP2

520 DISE "# OF POINTS =",N1

530 DISP "FILENAME =",A}

540 DISP

S50 TLISP "DO YOU WISH TO CHANGE"™
69

,..S\Ql < ‘\"\”’;" st TN ey '(-" I \*\'):"-"




o s 8 S B HS

evelsn 8 b &

A

EL R

560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
725
730
735
740
750
755
760
770
780
790
800
810
820
825
830
840
850
860

»

Ny, n, b OB g XY W
Uit el Mt i 2o

DISP " (I/N) 2"
INPUT YS

IF Y$="Y" THEN 140

! Turn on power supply
OUTPUT 722;"0UT CN" .

! Set up function generator
CUTPUT 720;"COA 1BOF",F1,"P1I"
! Set up disk

CREATE A%,300,10

ASSIGNE 1 TO AS

! Start taking data

PRINT

FRINRT “FREQUENCY~vs—-GAIR"
PRINT "FREQ GAIN"
E2=F1

B=(F2-F1) /(N1-1)

FCR I=1 TO N1

! delay for aeter

WATIT 1000

! read meter

CUTEUT 716 ;"SENL"®

ENTER 716;P1

! compute gain
G=20*L0G (P 1*P1/.%)

ERINT USING 810;P2,G

! Write to disk

PRINT# 1,2%I-1;P2

ERINTS 1,2%I;G

IMAGE DDDDDDD.D,"Hz",DDDD .DD,"dB"
E2=1INT (B) *I+P1

! set 270 to next frequency
OUTPUT 720;"P",PZ, "I

NEXT I

! Close disk file

ASSIGR# 1 TO *
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DISF "DO YOU WISE ANOTHER RUN®
DISP “(Y/N) 2%
INPOUT Y$

IF Y$="Y" THEN 1C0
DISE "GOODBYE"

END
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