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ABSTRACT

A Hewlett Packard 814 10S (O ption 310) Microwave Network

Analyzer System and the input/output interface to a

Wang 600_lL~ Programmable Calculator are described . The

original design of a digital to analog interface between

the Wang 600-1~4 Calculator an~ a HP 8690B Sweep Oscillator is

presented. Two system software programs which implement

automatic S—parameter data collection and eiti~er external

data storage or data reduction and display are described

and doc umented.
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I . INTRODUCTION

• The Microwave Network Analyz er Syst em , as configured at

the Naval Postgraduate School Mi crowave Measurement Labora-

tory , has as its major components the Hewlett Packard 8410S

(option 310) Network Analyzer System , the Wang 600_1I4TP Pro-

grammable Calculator , three Wang 605-lA Micro-Interfaces and

a digital to analog (D/A) interface between the Wang 600-14

Calculator and a HP 86903 Sweep Oscillator . Two system soft-

ware ~rogram s enable the Wang Calculator to automatically

collect S-parameter data from the HP 8410S Network Analyzer

System and either store the data on cassette tape or massage

the data to produce characteristic parameters for display .

The system is fully automated so that once the system program

is loaded and initiated , user intervention is required only

when called for by the calculator . User intervention is

limited to providing pertinent information to the calculator

in order for the program to accomplish the job requested . For

• example , in collecting and storing S-parameter data , the cal-

culator will call f or a start f r equency,  a stop f requency an d

a step size . Once this information is provided by the user ,

the system program will step the HP 8690B Sweep Oscillator

as specif ied , collect the associated S-parameter data , and

build a tape file of the data .

Initial work in establishing this sys tem was carried out

by John C. Can ton Jr. and documented in Ref. 1. The work

consisted of the input interface from the HP 8410S Network

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~
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Analyzer to the Wang 600-14 Calculator . Frequency acquisi-

tion was accomplished manually and data collection for each

frequency was manual ly initiated . Data reduction and dis-

play was accomplished without fur ther manual intervention.

Limitations encountered were the time involved in manually

setting the sweep oscillator and the number of data points

which could be processed due to memory storage restrictions .

The purpose of this  thesis  was to build a dig ital to

analog interface to enable the Wang 600 Calculator to auto-

• matically control the HP 86903 Sweep Oscillator. System

• software programs were developed to maximize the control

f mccions performe~ by the calculator an~ to minimice

manual intervention involved in data collection and display .

11



II. SYSTEM HARDWARE DESCRIPTION

The Microwave Network Analyzer System is composed of

the HP 8410S (option 310) Network Analyzer System , a Wang

600-14 Programmable Calculator , input/output interface and

a Wang 612 Flat-Bed Plotter . These components are configured

as shown in Figure 1. A brief description of the system

components is presented below . A more detailed descript ion

of the characteristics and the operational theory can be

found in the appropriate  operating and service manuals

l i s ted  in R e f .  2 -8 .  A thorouch description of the charac-

terist ics of the di gital to analog interface is presented

in Chapter II -E .

A. HP 84l0S (OPTION 310) NETWORK ANALYZER

The HP 84l0S (option 310) Network Analyzer System

perf orms the fun ction of a ratiometer between two signals

and then displays these complex ratios on one of two output

display units. Depen ding upon the configuration of the

components, it is capable of measuring both transmission

and reflection scattering parameters from .1 GHZ to 12.4 GHZ.

12 
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“The HP 86903 Sweep Oscillator with the HP 8690B
Series RF plug-ins serves as the RF Signal Source for
one of two transducers , either the HP 8743A Reflection~-
Transmission Test Unit or the HP 8745A S-Parameter Test
Set , depending on the frequency range of operation
desired .

Both transducers are capabl e of reflection and trans-
mission measurements. They use dual directional couplers
to split the incoming signal into reference and test

• channels. The device under test is connected to the
front panel of the transducer which operates over the fre-

• quency range desired . Pushbuttons located on the front
• 

• panel of the transducer operate coaxial switches which
connect the system correctly for the type of measurement
desired.

Available with the transducers are the HP 116003
transistor f ix ture , HP 87173 bias supply and the HP 11590A
Bias Tee , which allow S-parameter characterization of
active Semiconductor devices. Bipolar Transistors , FET 1 s
diods , negative resistance transferred electron devices ,
etc. can be easily and quickly analyzed for any specific
bias condition .

The HP 8411A Harmonic Frequency Converter receive:
the test and reference channel signals from the transducer
and converts them over a range up 0.11 to 12.4 GHZ to a

• 20.278 MHZ IF. Since the conversion is linear , the test
and reference channel IF Signals maintain their same
relative amplitude s and phases.

• Comparison of the two signals is accomplished by low
frequency circuitry in the displays mounted in the HP
8410A network analyzer mainframe. The mainframe provides
phase lock circuitry over an octave bandwidth to maintain
the 20 .278 MHZ IF while fr equency is being swept . It
takes the ratio of the test and reference signals and
then converts down to a second IF of 278 KHZ. It has a
precision 0 to 69 dB attenuator for accurate measurement
of gain or attenuation of test channel amplitude .

The measured S-parameters are displayed on the HP 84l4A
Polar Display or the HP 8412A Phase-Magnitude Display. If
the polar display is used , the parameters are read directly
as magni tude and angl e . If the phase magnitude display
is used , the parameters are in the form of return loss in
dB , insertion loss or insertion gain in dB and phase in

• degrees versus frequency. Itl

1CARLTON , J. C., Calculator-Aided Microwave Network Analysis
P 13-15 , MS Thesis , Naval Postgraduate School , 1974
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B. WAN G 600-14 CALCULATOR

The Wang 600-14 is a desktop programmable calculator .

It has 1,848 memory locations (words) which are eight bits

• in length and are used for program storage , data storage , or

any combination of both . A program instruction requires one

word of storage , and a data storage register (DSR) requires

eight contiguous words . Data storage registers are numbered

16 through 2 4 6 .  DRS number 16 occup ies memory locations

1840 - 1847 and DSR number 24 6 occupies memory locations 0 - 7.

The rang e of numbers  which can be represented and stored

by the Wang 600—1 4 is — 9 . 9 9 9 9 9 9 9 9 9  x 10 to
+ 9 0

+9.999999999 x 10 ~~~ . Ncmbers in either fixci point :r

floating point format , are represented in binary coded

decimal ( B C D )  and are stored in memory , two di gi ts  per word .

The central processing unit  (CPU ) consists  of s ixteen

registers numbered 00 through 15 and a display reg ister

which functions as the accumulator . All arithmetic/trigono-

metric instructions available on the Wang 600-14 are exe-

cuted using the contents of the accumulator for single

operand instructions , or using the conten ts of the accumu la-

tor and the contents of one of the 16 CPU registers for

double operand instructions .

There are two external ports for connection of perpherial

devices. One is a 36 pin input/output port connecting the

CPU to a Wang 623-6 I / O  B u f f e r . The second port is a 27 pin
• output only port which connects the CPU to a Wang 612

• F lat-Bed Plotter .

~~~IIriIk ~~~~ _•_~~~~~~ . . • •~~ •• •. • • .~:r-~•_•~ ._ •. .__ ..
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Integral to the calculator is a 21-column drum printer

for printing display register contents , as ~‘ell as listing

programs entered in memory.  Also included is a tape

cassette unit for loa ding or recording programs or data ,

either manually or under program control .

C. WANG 623—6 I/O BUFFER

The Wang 623-6 I/O Buffer is a 1 to 6 expander/isolator .

It permits up to 6 peripheral interf ace devices to have on

line access to the 36 pin I/O port of the Wang caicllator

Due to irregularities in the manufacturer ’s design or

wiring of the I/O buffer , all six interface ports do not

function iientically. All six output ports did not have r ins

12 through 19 wired according to the manufacturer ’s s~ ecifi-

cations . The problem was broug ht to the at tent ion of Wang

Laboratories and corrective action was taken on only on e

of the six ports. Because of this , port number one

(numbering from left  to right)  must be used for the D/A inter-

face. The three Wang 605-lA Micro-Interface devices can

be connected in any order to three of the five remaining

interface ports.

D. ANALOG TO DIGITAL INTERFACE

There are three Wang 605-lA Micro-Interface devices con-

nected to the 623-6 I/O Buffer . Two of the devices provide

the X and Y deflection voltages taken from the HP 8410S Dis-

play Module. These voltages are fed through two HP 3470

Measuremen t Sys tems where they are conv erted from analog to

16
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bit parallel , character parallel 8421 BCD . In the Wang 605—lA

Micro-Interfaces , these voltages are further converted to

serial hexadecimal for input to the I/O buff er .  The third

micro—interface provides a reading of the frequency output

of the HP 8690B Sweep Oscillator . The sweep oscillator

output is sampled by the HP 5340-A Frequency counter . The

di gital output of the counter is passed through a 1(01 534 0A

Serial to Parallel Converter to the micro—inter face  where it
• is converted to serial hexadecimal and passed to the buffer .

The calculator initiates an input operation from one of

• the three micro—interface devices by the execution of the

aPpr op r i a te  •~RCU P I - CC<H c:mmand se•:uence. The four iigi:

a~~~ress code which follows the ~ ROU F I command specifies

which interface device is to respond . A GROUP I 0701 command

secuence causes the X deflection voltage to be sampled and

passed to the dis~’ ay ~egister. Likewise , a GROUP I 0702

command sequence samples the Y deflection voltage , and a

GROUP I 0703 command sequence samples the frequency .

Calculator control is passed to the appropriate inter-

face device by the execution of the GROUP I XXXX command

sequence. The calculator does not regain control until the

interface device returns a 0804 (GO) command and a 10 to 20

microsecond input strobe on connector pins 1 - 9.

E. DIGITAL TO ANALOG INTERFACE

The digital to analog (D/A) interface is designed to

drive the HP 8690B Sweep Oscillator to a frequency specified

by, and under the control of , a software subroutine called

17 L



FREQUENCY ACQUIRE. The interface is composed of three

cascaded 4 bit synchronous up/down counters (N74l9l), a

Burr—Brown DAC 80 CV) Digital to Analog Converter and exten-

sive control log ic. The interface counts up or down at

one of f iv e di f ferent clock rates , specified by the sub-

rou tine , and generates an output voltage proportional to the

• state of the counter . The output voltage is fed to the

external FM input of the sweep oscillator. The algorithm

• used for frequency acquisi t ion is described in Appendix F.

Fi gure 2 is the logic diagram for the D/A interface and

Appendix A contains the wiring cross reference tables .

Control Loci :

The control logic performs four basic functions .

First , it recognizes whether the I/O command is a GROUP I

or GROUP II command . Second , the control logic returns a

0803 (GO) command along with a 10 to 20 microsecond input

strobe on pins 1 - 9 to the calculator . Third , it either

stops the counter or it gates one of the five clocks to the

twelve bit counter and specifies the direction it should

count . Th e four th func tion the control logic perform s is

to insure that the coun ter does no t recycle to an all zero

state whe n counting up or recycle to an all one state when

counting down.

All GROUP II I/O commands from the calculator are

reserved for use by the D/A interface. The signal on pin 28 ,

which designates a GROUP I or GROUP II command (I +5 volts ,

II 0 volts), along with the 15 to 25 microsecond output

18
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strobe on Pin 31 are combined through an AND gate to produce

a 15 to 25 microsecond pulse. This pulse is used to latch

all GROUP II address codes into a N74l00 latch .

Pins 1 through 8 of the 36 pin I/O port are used

• for external inputs to the calculator. When a GROUP II

command is received by the D/A interface , it generates a

0803 (GO) command on pins 1 - 8 and an input strobe on pin

9 to return control to the calculator . The static condition

of pins 1 through 9 is +5 volts. To generate the 0803

command requires pins 1, 2 , 3 , 7 , 8 to be at +5 volts and

pins 4, 5, 6 to be at 0 volts . Pins 4, 5 , 6 and 9 are

pullei 0 volts for aPproximately 15 microseconds by a

command signal on pin 28 and a C volt keyboard con-

dition indicator si~ nal on pin 32.

The GROUP II i/O address codes on pins 20 through

27 are latched into a N74l00 eight bit latch. These four

digit address codes are normally used to access different

I/O interfaces . The D/A interface uses these address codes

as function codes to control the counter . The function

codes , listed in Table 1, either stop the counter or

specif y the count rate and direction .

There are fiv e clock rates available to the inter-

face. Four of these clock rates are available on pins 12

through 15 of the I/O connector at 724HZ , 362HZ , 181HZ and

90.5HZ , respect ively.  The f i rth clock rate is a single

pulse generated by a monostable multivibrator (N74121). The

combin ed signals sent to the interface on pins 22 , 24 and 25 ,

21
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TABLE I
DIGITAL TO ANALOG INTERFACE FUNCTI ON CODES

I / O  Pin States
Function Clock Count 

_______  ____________ —
Code Rate Direction

20 21 22 24 25 28

0406 724 HZ Tcwn H L L H H L

0306 362 HZ Down H L L I I L

0 2 0 6  181 H Town H I I H L I

3106 90.5 HZ Town H I L I H L

3732 ST:P :c:-:n H I H 1 1 I

34 0 5 72 u H: ~P L H I H H I

0305 362 H L H I L I I

0205 181 HZ ~P I H I H I I

0105 9 0 . 5  HZ U p L H L L H L

0701 STEP Up L H H L L L

070 4  STOP - H H L L L L

22 
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specify which clock rate is to be used . The state of pins

20 and 21 specify the count direction . When p ins 20 and

21 are both high the counter is disabled.

The function codes are overridden by control logic

which automatically stop the counter at the all-one state

while counting up and at the all-zero state while counting

down . This logic ensures the D/A interface does not drive

r the sweep oscillator to one end of its frequency range or

the other , and with one additional clock pulse force the

sweep oscillator to the opposite end of its frequency range .

• The all-one state of the three , four-bit , cascaded

counters is detected h-i the simultaneous occurance of an

overflow pulse from each individual counter . When this

occurs a D-ty~ e Flip-Flop is set and its output is fed to

the enable/disable inputs of the counter , disabling it.

The counter will remain disabled until a count down function

code is received , causing the overflow Flip-Flop to be

reset and the counter to count down .

The all-zero state is detected by taking the eight

outputs from the second and third 4-bit counters and running

them through a NOR gate. When a HIGH occurs out of the

NOR gate a long with an underflow condition from the f ir s t

4-bit  counter , an underfiow D-type Flip-Flop is set . The

output  of the Fl ip—Flop is fed to the enable/disable inputs

of the counter and disables it. The underflow Flip-Flop

• is reset when a count-up function code is received by the

interface .

23 

• •_ •~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 



-.------ •-—--- —• —--—---, ——
~
-•---.-- -- - • ---- - - •

2. Digital to Analog Converter

The Burr-Brown DAC 80 ( V )  Di g ital to Analog ( f l / A )

Converter accepts complimentary binary input s fr om the

twelve bit counter . The requirement of the fl/A converter

to use complimentary binary causes the interface to drive

the HP 86903 Sweep Oscillator down in frequency when a

count-up code is received. Likewise , a count-down code

drives the sweep oscillator up in frequency .

The output  voltage range of the converter , as

wired for the interface , is 0 volts to 9.9976 volts + 2.44 my .

An operational amplifier is used to increase the maximum

ou:rut vol tage  to 13 volts which enables the interface to

drive the sweep oscillator to its maximum output  f r e au e n c y .

Frequency resolut ion obtainable is a funct ion of

the frequency range of the RF plug-in module being used.

The theoretical frequency resolution obtainable for the

8694A RF-Module is presented below .

Frequency Range = 8 - 12.4 GHZ

Counter Resolution = 2
_12 

5 2 .4 4 1  x l0~~
Input FM Voltage Range 0 to 13 volts

Voltage Resolution = (Voltage range) x (counter resolution)
= 3.173 mvolts.

Frequency Resolution (Frequency range) x (voltage
resolution) 13.96 MHZ.

The theoretical frequency resolution has proven to

be poorer than is actually obtainable . The software sub-

routine , FREQUENCY ACQUIRE , will drive the sweep oscillator

to within 900 KHZ of the desired frequency , based upon the

output of the HP 5340A Frequency Counter.
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III. SYSTEM SOFTWARE DESCRIPTION

Two system sof tware programs have been developed to

enable automatic S-parameter data collection from the HP 8410S

Network Analyz er. The f irst program , Collection and Storage ,

will collect S-parameter data and build a cassette tape

file of the collected data. The second program , Collection

and Display , collects S-parameter data and displays the

data or characterist ic  parameters derived from the data ,

ei ther on the drum printout or on the Wang Flat-Bed Plotter .

A. COIllOTION AN ST-OPAC SY STE M PROGRAM

• The Collection and Storage system program collects

S-parameter data from the HP 8410S Network Analyzer  System

and builds a variable length fi le  on cassette tape . The

f i le  consists of a f i le  ident i f ica t ion  record and data

records . There are N data records in a file , where N is

the number of frequency steps between a user specif ied

start frequency and stop frequency inclusively . Each data

record consists of an identification block and up to ten

data blocks . Data blocks are comprised of X and Y deflec-

tion voltages as measured from the display module of the

network analyzer , and the frequency the sweep oscillator

was generating when the voltages were measured . Tape formats

are presented in Appendix E.
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The number of data blocks which can be stored in each

data r~oord is from one to ten. This allows for storage of

the four scattering parameters s21~ S12, ~~~~ S 2~ and for the

storage of two sets of calibration data comprising three

blocks each . Calibration data is obtained by measuring the

reflection coeff ic ients  with the network analyzer terminated

in a direct short circuit and two o f f se t  short circuits for

• both the forward and reverse channels .  This data can be

used to compensate for network analyzer  errors generated by

direct ivi ty e f fec t s  in couplers , tracking and cross coupling

in the forward and re f lec ted  measuring channels , and the

mismatch between the connectors and the sweep osci l lator .

The theory for implementing calibration data measurement and

S-parameter correction is found in R e f .  9 .

Af te r  loading and ini t iat ing execution of the Collection

and Storage system program , the program will request four

collection parameters from the user. The parameters are

the desired start frequency , stop fr equency,  step size and

a Collection Job Code (CJC). The program requ ests thes e

parameters by interrup ting program execution and displaying

the numbers 1, 2, 3 , 4 in the display register. The user

• replies by entering in the display register the parameter

called for and depressing the GO Key on the calculator

keyboard .

After the last collection parameter has been entered by

the user , the program stops wi th a two or six digit number
in the display register which tells the user which scattering
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par~meter or calibration short is to be measured first . The

user configures the HP 8410S Network Analyzer for the speci-

fied measurement and then depresses the GO key. Th e program

will then collect one block of data for each frequency step

specified , including the stop frequency and start frequency .

Execution is interrupted after the last block of data is

stored. In the display register wil l be another two or

six dig it number indicating the next measurement to be
.

taken . The user rewinds the cassette tape , sets up the

net work anal yzer for the measurement , and depresses the

calculator GO key .  This process repeats unt i l  all S-parameters

• and calibration shorts , specified by the user , have been

- 

• 

~ measured and stored.

A description of the Execut ive or mainprogram and the

twelve subroutines which comprise the Collection and Storage

system program is presented in Appendix F. Appendix B g ives

a step-by-step procedure for using the program and Appendix

C contains the Collection Job Code tables.

B. COLLECTION AND DISPLAY SYSTEM PROGRAM

The Collection and Display system pro gram is compris ed

of system programs and user programs . The system programs

perform tasks which are directly related to system operation .

These tasks include loading specifie d user programs ,
acquiring S-parameter data , retrieving calibration data , and

preparing display devices. User programs compute character-

istic parameters derived from S-parameter data and display

~
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output product either on the 21-column drum printer or

as a graphic plot on the flat -bed plotter.

The system programs and user programs are store d on

cassette tape in files. The structure of the files , as

shown in Figure 3, enable automatic loading and execution

of the system.

1. System Programs

The system programs are stored on cassette tap e in

the System Program File. The file is comprised of three

records . The first record contains the system bootstrap

program , BOOT. The second record consis ts  of four  execu t ive

programs called OPTION— 0 , op T :DN — i , OPT~ O~ — 2 and 0P~~~0~~— 3 .

The last record in the file contains four dierlay program:

called PRINTE R READY , CARTISIA N , SN ITH , an d POLAR .

a .  Boots t rar  Program

The bootstrap program (BOOT) is the first and

only program manually loaded into the calculator memory

by the user . BOOT accepts a Display Job Code (DJC) from the

user and based upon the parameters sp eci f ied in the DJC ,

loads one of the four executive programs over itself. The

executive program selected is immediately executed upon the

completion of the load ing process.

b. Executive Programs

Th ere exist f our execu tive programs , two of

which are operational. All four programs perform the sam~
basic func t ions . They load and execute one of the four

- 

display programs ; they in teract  with  the user in d e f i n i n g
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parameters and configuring equipment to carry out the

display task; they load and pass sys tem control to a speci-

f i ed User program ; and they all contain a subroutine called

GET DATA .

The four executive programs are configured

according to the requirements of their GET DATA subroutines.

S-parameter data is obtainable from either the HP 84l0S

Network Anal yzer or from a data tape previously buil t  by

the Collection and Storage system program. The executive

program, OPTION- 0 , contains a GET DATA subroutine and

other required subroutins which enable automatic acquisition

of 3-ca rameter  data f rom the  HF 8U l 3 S  Network  Anal yzer .

OPTION-i has a GET DATA subrou t ine  and other associated

subrout ines  which enable retr ieval  of S-parameter data

from a casset te  tape .  The two remaining executive program s ,

OPT I ON-2  and O?T ION-3 , will apply calibration data , re t r ieved

• from cassette tape , to S-parameter data collected from

either the network analyzer or cassette tape . The GET DATA

subroutines and associated subrou tines needed to obtain

the calibration data and S-parameter data are operational

in both programs . To make the programs operational , as

designed , will require a subrou tine which applies the

calibration data to the S-parameter data.

The design of the four execu tive programs

relieve User programs of having to interface to the devices

which provide input data.  They also permit User program

flexibility since they can be written and executed indepen-

dent of data source.
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c. Display Programs

One of the four display programs , designated in

the Disp lay Job Code , is loaded and executed by the resident

executive program to prepare either the Wang 612 Flat-Bed

Plotter or the 21-column drum printer for use by a User

program . The preparation involves either advancing the

paper tape of the drum printer or plott ing one of three

• - coordinate systems on the plot ter .  The coordinate systems

available to the User programs are Cartisian , Polar and a

• modified Smith Chart . This aspect oi the system design

relieves User programs of having to plot i ts own d isplay

coordinates.

2 .  User programs

The three user programs present ly  available were

originally written by John Can ton [Ref. 9]. The programs

have been modif ied to mak e them compatible with the systems

programs .

a. 
~ll”~~22 Print ing Program

This program uses the calculator ’ s 21-column

drum printer to type out ten characteristics derived from

reflection measurements obtained from the HP 84l4A Polar

• Display module or cassette tape . These are frequency , VSWR ,

REP , Im 1’, r~ , Lr , RE Z , Im Z , j Z j ,  a n dL Z .  The program

requests S-parameter data by calling the system subrout ine

GET DATA. GET DATA returns an X and Y deflection voltage

and the frequency of the sweep oscillator . The output

characteristics are computed and printed by the user program .
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GET DATA is called again to provide the next data set and

the process continues unti l  all data has been collected and

printed.

• - b. S11/S22 Smith Chart Program

This program uses the flat—bed plotter as the

display device. S-paramter reflection measurements are

obtained by calling the system subroutine GET DATA . GET DATA

returns the frequency and the real and imaginary parts of

the ref lect ion measurement to the program . The program

prepares the input data for  disp lay and p lots the output

:n the s implif ied Smith Chart drawn by the sys tem disp lay

Pr o gr a m  The normalized inp edance of each point  can be

l isted on the drum pr in ter  if desired.

The program can be used for devices which

exh ib i t  both  nega t ive  and pos i t ive  r e s i s t ance .  If ~~~ > 1,

then the Smith Chart lines of constant resistance are

interpreted as negative.

c. S12/S21 Polar Plot Program

Thi s program is designed for tran smission measure-

ments using the polar display . Transmission measurements

provided by GET DATA are prepared and plotted on the polar

coordinates previously drawn by the system display program .

• Frequ ency , magnitude and angle of each transmission coeffi-

cient can be listed on the drum prin ter , if desired .

d. Future User Programs

• Add itional User programs can be store d on tape
in the User Program File without modification to the system

L 32
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programs . To make them compatible with the Collection and

Display System they mus t be written and stored in the User

Program File as shown in Figure 4.

User programs may use registers 00 through 21.

When requesting data from the system subroutine GET DATA ,

the X and Y displacement voltages are returned in registers

00 and 01. The measured frequency is returned in register

0 2 .  Data stored in reg isters 00 through 03 by the User

program must be relocated prior to calling GET DATA ii they

are to be used upon return from GET DATA .

Subrout ine  address  codes 1001 through 1315 are

ava i lab le  for  use by User  r r cgrams . Address  codes 1103

th rough  1115 are used by the System programs . All mark

address codes except  083 1 through 0915 are available for

use by the  user programs .

The calculator core memory available for a Us er

program is depen dent upon the execu tive program under which

it is run. Under OPTION-U , a user program of up to 10 00

program instructions can be stored and executed . OPTION-i

will allow programs with up to 1100 program instructions.

The size of a user program , which can be run under OPTION-2

or OPTION-3, will depend upon the core requirement of the

subroutine which applies the correction data to the S-parameter

data .
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RETURN

MA R K

1000

USER PROGRAM

END PROGRAM

F I G U R E  4

USER PROGRAM FORMAT
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IV.  CONCLUSIONS

Th e Wang 614 Pr ogrammable Calculator has prov en capabl e

of performing many of the funct ions normally associated with

a micro-processor or mini-computer . While its processing

and input/output speeds are slower than that expected of one

of these units , it is capable of user/system interface and

automatic , mult ichannel  i npu t / ou tpu t  func t ions .

The design and implementat ion of the software programs

and the di g ital to analog in ter face  have changed the caicu-

lator -a ided  microwave n e t wc r k  ana lyzer  syst em descr ibed

by John C. Carlton [Re f .  1] , to a calculator control led

microwave network ana lyzer  system .
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• V. RECOMMENDATIONS

An investigation into the feasibility of implementing

• • S-parameter correction by the use of calibration data as

described in the paper by Silva and McPhuw [Ref. 9] is

recommended.

A user program which computes and plots the phase and

magnitude transfer func t ion  of microwave devices is recom-

mended.  Also , addi t ional  user programs may prove de sirable .

- -  
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APPENDIX B

PROCEDURES FOR USING THE COLLECTION
AND STORAGE SYSTEM PROGRAM

1. Energize all components of the HP 8410S Network Analyzerr System and the Wang Calculator. Calibrate the display
module . Ensure the HP 8690B Sweep Oscillator is in the
CW mode and the External FM pushbutton is depressed.

2. Load the Collection and Storage system program .

3. Remove the tape containing the system program and
• insert a blank tape , rewThd, and depress TAP PIA~Y.

~~~~. Depress the GO key on the calculator keyboard .

5. c3lcuiator- ;-111 occasionally in~erru?t execo:icnwith a number showir’g in th~ disDiay register. Respond
as specified belo~z according to the number ~~ri the
display register .



Display Regis ter
• Contents Response

Clear display,
Enter Start Frequency in HZ
Depress GO key

2 Clear Display
Enter Stop Frequency in HZ
Depr ess GO key

3 Clear Display
Enter Step Size in HZ
Depress GO key

4 Clear Display
Enter Collection Job Code Obtained

From Appendix 0
Depress GO key

R a w i n d  Tape
epress  TAPE REA Y

C o n f i g u r e  ~ etwo rk Ana y :er to ~~~~~~~~~~~~~~
Clear  D i sp lay
Enter  D i f f e r ence  Between dE Ca l ib ra tion

Set t ing and dB Measurement Setting
[d B ( c )  — d B ( m ) ]

Depress GO key

.12 Rewind Tape
De press TAPE READY
Confi gur e Ne twork Analyz er to Measure S12Clear Display
Enter Difference Between dB Calibration

Setting and dB Measurement Setting
[d B ( c )  — d B ( m ) ]

Depr ess GO key

.11 Rewind Tape
Depress TAPE READY
Confi gure Ne twork Analyz er to Measur e
Clear Dis play
Enter  D i f f er e n c e  Between dB Cal ibra t ion

Set t ing  and dB Measurement Set t ing
CdB(c) - d B ( m ) 3

Deoress  GO key

_ _  - S  •~ -- .4 
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Display Register Respons e
Contents

.22 Rewind Tape
Depress TAPE READY

- ‘ - Configure Network Analyzer to Measure 
~22Clear Display 3

En ter Diff erence Between dB Calibration
Setting and dB Measurement Setting
[dB(c) - dB (rn)]

Depr ess GO key

10.2112 Rewind Tape
Depress TAPE READY
Confi gure Network Anal yzer  ~ o Measure

Transmission Coeff ic ients  with  Channel
Terminated in a Direct Short EL (0)]

Clear Display
Enter Line Length
Depress GO key

11.21 12 Rewind Tape
Depress  T~ F REA Y
Confi gu r e Jetwork  Ana ly z er to ~easur e

Transmission Coef f i cien t s  wi th  Channel
Terminated in an O f f s e t  Short [L(1)]

Clear Display
Enter  Line Length
Depress GO key

12.2112 Rewind Tape
Depress TAPE READY
Confi gure Network Analyzer to Measure

Transmission Coef f ic ien t s  with Channel
Terminated in a Second O f f s e t Short
[L(2)1

Clear Display
Enter Line Length
Depress GO key

10.1122 Rewind Tape
Depress TAPE READY
Confi gure Ne twork Analyz er to Measure
Reflection Coefficients with Channel
Terminated in a Direct Short [ L ( 0 ) ]

Clear Display
Enter Line Length
Depress GO key



- - - . 4-  5-- -—-5-— . .4 —.4— - -~~~~~~~~~~ — - — - - -

A

Display Register Response
Contents

11.1122 Rewind Tape
Depress TAPE READY -

-
• 

- 
Confi gure Network Analyzer to Measure

Reflect ion Coeff ic ien ts  with Channel
Terminated in an Offset Short [L(1)J

Clear Display
Enter Line Length
Depress GO key

12.1122 Rewind Tape
Depress TAPE READY
Configure Network Analyzer  to Measure

— Reflec t ion  Coef f i c i en t s  with  Channel
Terminated in a Second Offset Short
[L(2fl

• Clear Display
Ente r  Line Length

e;ress G O ke y
.4 —~ - • ~ -i -

“ — Sa ~~~~~~ ~~~~
Depress TAPE READY
Depress GO key

9 . 9 9 9 9  Rew ind Tape
Remove Tape
Proper Termination
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APPENDIX C

COLLECTION JOB CODE TABLES

1. Choose the appropriate table :

a. If calibration data is not to be collected use
Table 1.

b. If calibration data is to be collected use Table 2.

2. Choose the appropriate Collection Job Code:

a. Determine which S-parameters are to be col lected
and stored . —

b. F ind the row in the table wh ich  has a I in each
S-oarameter  co1u~ n dec ided u n o n .

c.  Use the Col lect ion  Job Code sp e c i f i e d  for the
appropriate row .

62
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TABLE 1

-
I NO CALIBRATION DATA

Display S21 S12 S11 S22Job Code

0.0101 0 0 0 1

0.0102 0 0 1 0

0.0203 0 0 1 1

0.0104 0 1 0 0 H

0.0205 0 1 0 1

0 . 0 2 0 6  0 1 1 0 H

0.0307 0 1 1 1

~HH
-- - - . 4  .4— S~~~~~~~ -~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~
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TABLE 2

CALI~~RATIO ~J DATA

4 Collection
Job Co de 21 12 11 2 2

2.0600 0 0 0 0

.3401 0 0 ‘3 1

l. J-+0 2 3 0 1 0

1.0503 0 0 1 1

0 1 3 0

2 .0805 3 1 0 1

2 . 0 8 0 6 0 1 1 0

2 . 0 9 0 7  0 1 1

1 . 04 0 8  1 0 0 0

2.0809 1 0 0 1

2.0810 1 0 1 0

2.0911 1 0 1 1

1.0512 1 1 0 0

2.0913 1 1 0 1

2.0914 1 1 1 0

2.1015 1 1 1 1

— - .4--- - — . 4— 5 —  .4-—-’ 5—--  -.4——- .4- — - — - -~~--.4 .4 ~~~~~~~~~-~~~~~~~~~~~~~ ——-~~~ 
-
~~~~~~~~~~~~~~~ -‘—~~~~~~~~~~~~ --- .4~~~~

- —-~~~~~~~~~~~ ‘-~~~~~~~~~ ~~~~~~~~~~~~~~~~~~



— .4 ‘~~~~~~~~~ 
.4-

—  - - - -
~~~~~~~

- -

.4 
~~ 

~~~~~

I 
:-~~ 

I,
’

~~ ~~

>
-
~~~ 

____

a

= 
‘- —-----— ..

_0 
_ _ _H -~ _ _ _

~iD ____

-
~ >~ — - c

c/C H=~~~~~ -iC) —~~~ N
0 ~i:-~~ ~

‘ 
I I: :;

‘3’ —
- -

o .4- -4.J 
- - -C/~.I 

0~ ~ 4 — —
4’,

-
~ _ _ _

o
— -

~~~~~~
- 3  ~~~-.

- 
U, ~~~- — .4- — 4’,

H _ _ _

—4 4

N I  N. 3~~ : —
-4 N 

~14)

-~~ -4-

I 

~~ H 
_ _ _

65

.4.4



-----5 
—-—----—-----.44-- 

- -

~~~~~~

~~ -1.4 r~~;~~~~~~~~’ a) :!
__‘ ‘ 

~~— :—1 
—4— ..4 ;- - > 1

pa:

~
:z ij 

_ _ _ _ _

66 

-5— .- - -  — . 4 - - - —• — - —~~
—-- -.- -5-—--• ’ -~--~~—- -  --- - -- . 4



- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —---- -.4- - —,-----—- - --,--- —.4 -- - 
----—--------,,—

<S

.4 ‘3.

- - _ _ _ _

- 4  c
~1c ~

)

~~ ,O H C -J~~~
-
~~~ 

-

C o  ~~~~~~~~~
~~~~~~~~ HH~~ -4 _-4 I

_ _ _ _

‘ C c  . . . .~ I

~4 O  ~~~~~~~~~~~~~~~
- 0 4 ~l- 0 0

H _ _ _

I -
I
-

L 

. 67 

— -n ,nr~~~~~~~~~~L~ , 4-~ ~~~~~~~~~ • ~~~ . -- _ • •



—.4- —.4 —. 4- - - - - 
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.4

I
l

>:~~~
‘3.

o (C) I

—~~~~ ~~~~~~~~ DH H I
(N (N (N (N ~N Ni

0 = 
-

0 0
-V 4 - -

H 
-

4-’ O I

0’:~)
‘
-.4

— .4-

< :3’

68

.4- 
-- - - -.4 - -  ~~~~~~~~~~~~~--



- - 
.4 .4 —.4- - • - -‘.4,

< 3’:

>-~~~

>

0~~C - -c4 - ‘C
— +)O

I-

1 -
0 0

~
:_1 4-D ~ , — iHH -:

• - m c-, c’, c’a >-=

‘ C c  ~~~~~~~~~~. 4

OH  ~~~~~~~~~ ____

0 4—’ I

0 0
~~~~C)

4—4 _~ I

oi -
~~~ >

I’

69



.4-.- -5--. —— -‘
~~~

— -•- -
~~~~~~

--
~~~~

--- - --- - - - ---
~~~~

,

<S

>~~~ 
I

I 
_____

I- -1 H i  _ _

— ç:4 - ,o  — I

00 L~~~~H C N ~~~~~~~~~ 1~.E 
i-
~~~’

F ~-‘~~ a H~~~~~~~~~© ~~~~
-

:~
‘C~~~_ -

I < I
OH ~~Hr- ~H H I  -~~ - I

0 0  - H

—I , -:
> ‘ ~~~

- 
I

-P0

• <
S

I _ _ _ _ _

.~
_— c ~~ >~~~

- _~~~~~~~~~‘3.
cI~~~

• I < I

70

k - — • - -  - - 
-

5— .4 —.4-—- —-—- - - — . 4 - - - — .  - - • — —.4— —3.—. ---—.--—------------ -4---.—— .4 •——--- • .---•-- - - — --3—.



.4 .4- -. - - -  —— .4— —‘—.4- . •

I

I , 
• 

. 

—

0 0  
-

H 
-

5 - >  -

4-’ O > I :

S

H

I —

71

—.4--- --- - ——---- -—.~~ ---~~~~~---- ---— .-- .--—. - -—- — - - -  S 

-~~~~~~~~~



.4 — —

-~~~~~~~

- 

I

— P

~~1

C 0  
~~~~~~~~~~~~~~~

~-‘~~~
.: C L-c

• 1
‘ C c  CN~~~ 

-

i_i

U~~~ -’ ~~~~
- — —

-E
H

I~~~~H
4-J O I
1j( ~

)

- -
> —

~~~-a- — —..~~~~~~— - -  >..~~~~~~~

I- - — -

>a ’3’=

72

—~~~~~~~~~~~ .4 -— — — . 4 — —  — - - ‘.4-- --
~~~~~~ ~~~~~~ —~~~~~~~~~ _~~~~~~~~

_c’_ _ _  ~~~~~~~~~~ ,. 5- _ -  ~~~~~
- —



- 3., 

— — . 4— —  —.—
~ 

—.-, •  
— — .4 —- .4 .- - ‘— —-.4--’—- 

~~~~~~

—

< % < ‘3’

— I — —

I 
~~~~~~~~ ‘3-

~~~~

5:: S T

— 0
C O  1 = = =

S -
C O  L) C)~~~~ - 1 , -

H 
— - -: -:

:~~
_

• ‘C c ~~~~~~~~~ 
>

~~~~~~~ 
>
~~f

~ 0 = — ‘3- -_

OH J ( N C\I (N
0 4-’ ___  5- ___

0 0  — I
- 

- I- -
H :~::‘~ . :~~~ =

= -  x _ 3’. -.

— : _
~~~ < — 

I—
— — —

I - - - -

>
_

—
a— -— —

C..

<‘3-

—
~~~ ,.~c:

< I

~



.4.

E

- — — i-I

>
_

~~~~~ ,

.4

>:~~~
‘- a x

< a-
S

-

0 3  ~~~~~~~~~~~~~~~~~~~ — a  S
H H ~~1 — 

— — —

c~~c c a c I  > iSE
‘C C a- ~ - .. a- — a-

- a.
0 4-’ — —

0 0  - - = -

=
H > •_ -= > _ _

.4-
X

r~ O ____  ____  ____

‘3 - -  a- 3.4-

< ‘3’

= =

N. C..
a.) - -  I- .- --
a’: ..2 ..a -

a - —  —
a. ). E—~ .: a- - a-

.3’ x — .

74

.4 - -5-- . —---- - - . -- . -•- .- - 
--.4--5 - 5 - -

~~~
—-- — • -—• - - •~~~~~~~~~~-



r~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--.4-

I

~~ ~~
_
~J ~~~~
~~ ~~~~~~~~~~ E I  

I

- 
• 

~~~ 

a-

~~~

— 

~~~~
a- a-

- 
0 4-’ - 

—
0 0  •

~~~ I =

H .a :: .a~ a —  I a
- •  H O  % ._ I 

~~~ — .. -

I 

___ _ _ _  _ _ _  

~

75 

—-‘—.4-——-—— I-~~~~_~ _ •_ _• ;~~‘ : .  _~ _ .,.•

.4— —.4---- .4- -— - — -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
3 .- —  —.4--



- .~~~~~~~~~~~~ 
- -

. 
•- . 4-

Appen dix F

Collection and Storage System Program
Flow Charts and Descri ptions
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SUbRUUTINE NAME : ADDRES :~
EXECUTIVE COLE :

1000

DESCRIPTION :

The EXECUTIVE program is the primary interface between
- 4 the user and the system program . It calls upon the user
‘I to supply the collection parameters: start frequency ,

stop fr equency , step size and a Collection Job Code (CJC).
The program then calls the appropriate subroutines which
carry out the tasks specified by the CJC. When collection
and storage is complete , the program writes the file iden—
tification record on the data tare.

C A L L E D  FROM :

CALLS SUBR OUTINES : ~F IS COW~T
DECOL’E
COLLECT CALIBRATION DATA
COLLECT S-PARAMETER DATA

REGISTERS U S E D :

NUMBER CODE PURP OSE

17 T4.Ol Flag - First measurement
18 T 4 - 0 2  Number of cal ibra t ion data  sets to

be coll ec ted
20 T4~04 S—parameters to be coliectad
21 T~ 05 Collect ion Job Code
27 T~ l1 start f requency
23 T~ l2 stop f requency
29 T~ l3 step s ize

77
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St~BROUTINE NAME: ADDRESS

~F VER SES COUNT CODE :
1001

DESCRIPTION :
This subroutine is used to determine the frequency

change caused by the execution of each of the five Group II
function codes. When the subroutine FREQUENCY ACQUIRE
drives the sweep oscillator to a desired frequency, it does
so by executing a Group II function code immediately
followed by a stop code . This causes the 12 bit counter
of the interface to increase or decrease its count by a
specific amount for each of the five function codes. The
change in frequency which each code causes is dependent
upon the frequency range of the RF plug-in unit being
used. This subroutine determine s the change in frequency
caused by each function code and stores this information.

CALLED FROM :

EXECUTIVE

CALLS SUBROUTINES :
GET FREQUENCY

REGISTERS USED :

NUMBER CODE PURPOSE

22 T+06 ~F for 0701/0702 codes23 T+07 ~F for 0405/0406 codes24 T4 08  ~F for 0 3 0 5 / 0 3 0 6  codes
25 T+09 z~F for 0205/0206 codes26 T-~-l0 ~F for 0105/0106 codes

—
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SU BR OUTINE NAME : A DD RES S
DECODE COLE :

100 2

DESCRIPTION :

This subroutine takes the Collection Job Code (CJC)
an d decode s the number. The CJC is in the following for-
mat , X.YYZZ. The X is the number of calibration data sets
that are to be collected , either 0, 1, or 2. The YY in the
CJC is the number of data blocks/record which will be
stored on tape. The ZZ is a coded representation of the
S-parameters to be measured .

CALLED FROM :
EXECUTIVE

CALLS SUBROUTINES :

None

REGISTERS USE D :

NUMBER CODE PU RPOSE

0 00 Indirect  address poin ter
18 T + 0 2  Number of ca l ibra t ion sets
19 T~ 03 Number of data blocks/record
20 T-~04 S-parameters
21 T4-05 Collection Job Code 

-- - ____ ~~~~ __ ~~~~~~~~~~~~1_ _ 5 _ . .4 
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S U B R O U T I N E  NAME : A D O R E C S

COLLECT CALIBRATION DATA 1003

DESCRIPTI ON :

This subroutine controls the collection of calibratioii
data . If calibration data is to be collected , the user
indicates this by putting a 1 or 2 as the first digit in
the Collection Job Code . Whether the number is a 1 or 2
depends upon which scat ter ing pa~ ameter s are to be collec-
ted. If only transmission S-parameters or only reflection
S-parameters  are to be col lected , then one set of data is
required. If both a transmission and a reflection S-para-
meter are to be collected , then two sets of calibration
data will be collected.

The subroutine 13 called by the X CUT ’Z orograt .  ~ihen
c a l i b r a t i o n  da ta  is to be collected . The subroutine de t er -
m ines wh ich  ca l ib ra t ion  data  set is to be col lected , and

the  user wh ich c h a n n el  of the  t e s t  u nit  to  ao t i i a te
and :-;nich of ‘ha :‘ -.--ee sb-ott circuits to set .r. The user
r e s o on~~s b y :  c on f i ~~ur in ;  the  ne~work analyzer as soecifiedi .entering in the disp ay reg ister the offset lenoth of the
short , and depressing the GO Key on the calculator. The
offset length of the short Ts saved and  is out in th e  f i l e

CALLED FR OM :

EXECUTIVE —

CALLS SUBROUTINES:
COLLECTION CONTROL
SKI P FILE D

REGISTERS USED:

NUMBER CODE PURPOSE
9 09 Number of blocks to be skipped to

first available block
10 10 Number  c-f cal ibra t ion  data  blocks/

record to be recorded
13 T~ 02 N u m b e r  of c a l i b r a t i o n  sets to be

coliectod
20 T~~D 4 S-p aramet er  code
53 -+05 Transmission channel offset length

L ( O )
54 -4-05 Transmission :hannel offset length 

.4.4 - .



— - ‘ ‘  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • •__ .. 
__. - — — •

~~~~~~

~U F ~k O U T I N E  NAME : “ I L R E 5 S
- -  - - CODE :

COLLECT CALIBRATION DATA 10 03

DESCRIPTION CONTINUED :

ident i f ica t ion  record later . The subroutine passes con- •

tro l to the COLLECTION CONTROL subrout ine  where the cali-
bration data is collected . When all the calibration data
for the configured short circuit is collected and stored ,
control returns to COLLECT CALIBRATION DATA . Here the
program stops with a number in the display which tells the
user which measurement to be taken next . The network is
set up as indicated; the tape rewound , offset length
entered , and the GO Key depressed. This routine is con-
tinued until all calibration data is collected . Nhen this
occurs , program cont ro l  r e t u r n s  to t :~e E MI C UT IN:

~oi:  c :N: : : IJ :o :

55 - 4 - 0 7  Transmiss ion channel  o f f s e t  lensob
L ( 2 )

- 4 - 0 3  Ref lec tion channel  o f f s e t  l eng th
L(0)

57 — + 0 9  Re f l ec t ion  channel  o f f s e t  length
L(l) 3

58 —+ 10  Ref lec t ion  channel o f f s e t  len~thL(2)

_ 
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SUBROUTINE NAME : ADDRESS
CODE :

COLLECT S-PARAMETER DATA 1004

DESCRIPTION :
This subroutine controls the collection of S-parameter

data . It determines which S-parameters are to be collected
by u se of the two digit code provided in the Collection Job
Code . It informs the user which parameter is to be col-
lect~ d by stopping execution and displaying a two-dig it
number in the display register. The user replies by:
configur ing the network analyzer for the measurement speci-
f i ed ;  entering in the display reg ister the d i f f e r ence
between the dE se t t ing  necessary to calibrate the network
analyzer and the dB setting used for measurement ; rewinding
the tape; and depressing the GO key. The subroutine passes

• control to COLLECTION CONTROL where the data is collected
and stored. When the last block of data for the S-para-
meter being measured is stored , control is returned to
COLLECT S-PARAMETER DATA . The program is interrupted again
w i t h  another two-digit number appearing in the display
register. The use r  configures the n e t w o r k  analyzer for the
measurement specified , etc. until all the S-rarametars , as
sp e c i f i e d  by the Collection Job Code , have been collected
and s tored.

CALLED FROM :
EXECUTIVE

CALLS SUBROUTINES:
COLLECTION CONTROL
SKIP FILE ID

REGISTERS USED :

NUMBER CODE PURPOSE
9 09 Number of S-parameters/record to

be stored
10 10 Number of blocks to skip to f i r s t

available
18 T+02 ~Tumber of calibration sets col-

• lected
20 T+04 S-parameters to be measured
59 —+1 1 dB difference for S2160 -~ 12 ~B difference for S1~61 -+13 dB difference for
62 —+14 dB difference for S22
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CUBROUTINE NAME : ADDRESS
C C L IE:

GET FREQUENCY 1005

DESCRIPTION :

This subroutine accesses the f requency counter  wi th  a
Group I 0 7 0 3  code and converts the number received in
the display register to the correct frequency reading . The
f i r s t  Group I 0703  code sent to the counter  triggers the

— 
counter to sample the sweep oscil lator output RF signal .
The second Group I 0 7 0 3  code recovers the RF signal f r e-
quency in the fo l lowing  format : A X~~<:I: /Y , where XXXX X are
the f i ve  most sig n i f i c a n t  di g its of the  f requency and the
Y is the f requency exponent m i nu s  o-.-ao . For ex~ m p e , a
f re~ uency of 8 . 14 3 6  x l0~ N z would be recei’~ed as8l~ 363 .0OC . The rest of the subroutine is use~ to convert
this number (8l~ 363.000) tc 3 . l~~35 :< 10~~.

Li I

CALLED FROM : IF VS COUNT
COLLECTION CONTROL

CALLS SUBROUTINES:
None

RE G ISTERS U S E D :

NUMBER CODE PURPOSE
d i sp l a y  - Present frequency

90
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S U B R O U T I N E  NAME : AD DRESS
CO DE:

SKIP 1006

DESCRIPTION : -

This subroutine advances the cassette tape the number
of blocks indicated by the number found in the display
reg ister.  The tape is advanced by reading blocks from

• tape into a scratch I /O  Buf fer .

CALLED FROM :
COLLECTION CONTROL

CALLS SUBROUTINES:
No n e

RE GISTERS USED:

NUMBER CODE PURPOSE

38 + + 0 6  scratch I/ O  b u f f e r
39 +407 scratch I/O b u f f e r
40 +408 scratch I/O buffer

disp lay  — 

~ blocks to be skipped 

-- - --.4— - ---- 
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SUBROUTI N E NA ME : ADDRES S
CODE :

COLLECTIO N CONTROL 1007

DESCRIPTION: —

The subroutine controls the cassette tape for  the
collection of both S-parameter data and cal ibrat ion data .
It first determines if the ID block for each record has

• been written on tape by checjcing for a minus one in regis-
ter 17. If reg ister 17 equals minus 1, then the FORM ID
BLOCK AND COLLECT FIRST DATA BLOCK subroutine is called.
;‘rnen the f i r s t  two blocks of each record have been wr i t t en
on tape , control returns to COLLECTION .CONTROL , where

• registers are adjusted for the next measurement . Program
control then returns to the calling subroutine , either
COLLECT S-PARANTEE. DATA or C O L L E C T  CAL:SP~~:IoN DATA , where
the program is interrupted so tha t  the  ne twork  a n a l y z e r
can be configured for the next measurem ent.

CALLED FR OM : COLLE CT CALI BRATI ON DATA
COLLECT S-PARAMETER DATA

CALLS SUBROUTINES : FO RM ID BLO CK AND COLLECT FIR ST DATA
BLOCK

SKIP
OBTAIN DATA AND STOR E

RE G ISTER S USED :

NUMBER CODE PURPO SE
10 10 Number of blocks to skip to next

avai lable block
16 T4-Ol Total number of records in file
17 T402 Flag to indicate if ID blocks recorded
19 T404 Number of blocks left to be recorded
27 T411 Desired frequency

94
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SUBROUTINE NAME : ADD F~ESS
FORM ID BLOCK AND COLLECT FIRST DATA BLOCK CODE :

1008

DESCRIPTION :
This subroutine is called by the subroutine COLLECTION

CONTROL the first time data is collected . Its purpose is
to form the identification block and to collect the first
block of data for each record . The ID block consists of ar
integer indicating the record number , the Collection Job
Code , and the frequency at which all the data in the record
is to be measured. Upon completion of the subroutine ,
register 17 is set to zero and register 16 is set to the
number of data records in the file .

H 
.

CALLED FROM :
COLLECTION CONTROL

CALLS SUBROUTINES:
OBTAI N DATA AND STORE , FILLER

REGISTERS USED:

NUMBER CODE PURPOSE
7 07 Flag used to indicat e last record

16 T~ 0l Running total of number of records
17 T402 Flag - first measurement
19 T 4 0~ Number of data blocks/record
21 T4-06 Collection Job Code
27 T+ll desired frequency
28 T~ l2 stop frequency
29 T~I~l3 step size

96 ‘4
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SUBROUTINE NAME : - ADDRESS
CODE:

OBTAIN DATA AND STORE 10 09

DESCRIPTION :

This subroutine calls the FREQUENCY ACQUIRE subroutine
which drives the sweep oscillator to the frequency found
in register 27. It then collects the X and Y deflection
voltages from the Wang 605-lA Interfaces . The X , Y
deflection voltages and the frequency at which voltages
were measured are then stored on the cassette tape .

CALLED FRO:~I :  COLLECTION CONTROL
FORM ID BLOCK AND COLLECT FIRST
MEASUREMENT

CALLS SUBROUTINES:
FREQUENCY ACQUIRE

REGISTERS USED:

NUMBER CODE PURPOSE

00 00 Temporary storage X voltage
01 01 Temporary storage Y voltage
02 02 Temporary storage frequency

• 98
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SUBROUTINE NAME : ADDRESS
CO DE :

FREQUENCY ACQUIRE 1010

DESCRIPTION :
This subroutine is the software control of the D/A

interface . The subroutine compares the desired frequency
with the present frequency the sweep oscillator is gener-
ating. It compares them by first determining whether the
present freque nce (f

r
) needs to be increased or decreased

in order to match the desired frequency 
~~~~ 

A direction

flag is set to minus one of f0 needs to be increased or

set to plus one if f0 needs to be decreased. It next corn-

ouces f — f to determine how much f needs to be
- -d
increased or decreased. If - < -900 ~~~,then is
put in the disDlav reg ister and control is returned cc the
cellin; subroutine. :f - > ;~ ~<:~: then the sub—

ro~ tine comoares f~ - 

- 

~-;ith the f ive /C O~~ values

com~ uced and stcred bv the ~F VS COUNT subrout ine . It
chooses the function code which produces the s ~l1est value

CALLED FROM :
OBTAIN DATA AND STORE

CALLS SUBROUTINES:
GET FRE QUENCY

REGISTERS USED:

NUMBER CODE PURPOSE

2 02 I~ — f ~~p d
3 03 Indirect pointer to F/Code registers

Present frequency
5 05 direction Flag

22 +4-06 ~F for 0701/0702 codes
23 +07 ~F for 0405/O~ 06 codes
2’+ 4 - 0 8  ~F for 0305/0306 codes25 + 4 - 0 9  dE for 02 03 /0 2 0 6 codes
26 +4-10 0~F for 0105/0106 codes27 +4-11 desired frequency

100
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SUBROUTINE NAME: ADDRESS
CODE :

FREQUENCY ACQUIRE 1010

DESCRIPTION CONTINUED :

of kF - - 
~d I~~ 

The chosen function code along with

• with the direction flag are used to generate the GROUP II,
XXXX command sequence immediately followed by a. GROUP II
070t~ command . This procedure is repeated until

I- f ~ - ~~ 
< 900 1KHZ.

101
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U BROUTINE NAME : ADDRESS
CODE:

FILLER 1011

DESCRIPTION :

- 
- This subroutine is called by FORM ID BLOCK AND COLLECT

FIRST DATA BLOCK. It is used to advance the cassette tape

• by stor ing the contents of reg isters 0 , 1 and 2 the
number of times indicated by the number received in the
display register . This is done to advance the tape to the
location where the next ID block is to be recorded and to
allow room for the data blocks which are to be recorded
later.

CALLED FROM : FORM ID BLOCK AND COLLECT
FIRST DATA BLOCK

CALLS SUBROUTINES :
None

REGISTERS USED : None

NUMBER CODE PURPOSE

105
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APPENDIX G

PROCEDURES FOR USING THE
COLLECTION AND DISPLAY SYSTEM PROG~~MS

1. Energize hardware components as required. If data is to

be obtained from the HP 8~ l0S Network Analyzer System ,

calibrate the display module and ensure the HP 86903 Sweep

Oscillator is in the CW mode and the External FM pushbutton

is depressed. If data is to be obtained from cassette tape

only, the HP 8~~l0S Network Analyzer System need not be

energized.

2. Insert the Collection and Display system program tape

into the tape drive and depress the LOAD PROGRAM iKey.

3. Enter in the display reg ister the desired Display Job

Code (see Appendix H) and depress the GO Key .

~~ The calculator will occasionally interrupt executior.

with a number showing in the display register. Respond as

indicated below according to the number in the display

register .

107L. ~~ -- - -~~~~~~~~~~~~~~~~~ —~~~ • —-—-
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Dis lay Register ResponseContents

• 1 Clear Display
Enter Start Frequency in HZ

- - Depress GO Key

2 Clear Display
Enter Stop Frequency in HZ
Depress GO Key

3 Clear Display
Enter Step Size in HZ
Depress GO Key

Clear Display
Enter Difference Between Calibration dB

Setting and dB Measurement Setting
[dB (c) — dB (m)3

Depress GO Key

5 Clear Display
Enter User Program Number (see A~~~endix I)
Depress GO Key

6 Rewind and Remove Collection and Display
Program Tape

Insert Data Tape , Rewind , Depress TAPE
READY

Clear Display
Depress GO Key

7 Clear Display
Enter a 1, 2, 3 or ~ to indicate S21,

~l2 , 
S11 or S22, respectively .

Configure Netwc.rk Analyzer to Measure
Parameter Specified

Depress GO Key

8 Data Specified as Being on Tape is Not
on Tape

Reinitiate Software System Using a Dif-
ferent Display Job Code Which Obtains
Data From the HP 8~ l0S Microwave Net-work Analyzer

108



APPENDIX H

DISPLAY JOB CODES

Display Job Codes are formed by the user to specify
the display job to be performed by the system programs .

A Display Job Code is entered in the display register
in the following format

W.XYZ

W spec ifies whether, or not calibration data is to be
applied to the S-parameter data

0 ~ calibration data is Not to be applied.

H 1 — calibration data is to be a~~ lied an~ the ddta
• has been prev :ously collected and is avail—

able on tape.

X designates the location of the S-parameter data to
be used

X 0 ~ data is to be collected from the HP 8~ l0S —

Microwave Network Analyzer System

X = 1 -“ data is to be retrieved from cassette tape

Y designates which S-parameter is to be measured or
retrieved

Y = 1 ÷ S21
Y 2 S12
Y = 3 ~~~ S11
y L ~ ÷ S 2

Z specifies the display program neede d by the user
program

Z 0 ÷ Printer Ready

Z = 1 ÷ Cartisian

Z = 2 ÷ Smith Chart

Z 3~~~ Polar

109
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APPENDIX I

USER PROGRAM TABLE

User 
-

Program
Number

1 
~11’~ 22 Printing Program

2 S11/S22 Smith Chart Program

• 3 S12/S21 Polar Plot Program

(Duture Program )

5 (Future Program)

6 (Future Program)

7 (Future Frc;r3m)

8 (Future Program)

9 (Future Program)

10 (Future Program )

11 (Future Program)

110

- - ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



F- - - .

~~~~

--

~~~~~~~~~~~~

_
- . - - • - — • -

~~~~~~~~~~~~~~~~~~~~

- —-

~~~~~~~

~~ ~~~~~~~~~~~ I 
~~~

- 

~
_

- ; 

- 

I~~~~~~~~~~~~ :•.,
_ _ _ _ _  

~~ 
-

~

11 _ H_
-
~~ 

> -  

~
_

i 
- —

C” •IC
©

-c
—~

> —  -

>~~~ •

~~ _ _ _  _ _ _  ~~~~~~~~~~~~~~ I

111



Appendix K

Collection and Display System Flow Charts and Descriptions
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PR0GRAM NAME :

BOOT None

D E S C R I P T 2 d N :
- 

C The bootstrap program BOOT decomposes the four digit
-isplay Job Code (DJC) provided by the user and stores the
individual digits in reg isters 3’-~ through 3 7 .  Based upon
the first two dig its of the DJC , Boot loads , from tape , one
of the four executive programs OPTION-0 , OPTION— i, OPTION-2
or OPTION-3 over itself.

Loaded by the system user

‘
~~~~5 

p~ : ORAM S:
Loads one of the four executive
programs from tape

OISTEPS USED:

_______ 
CODE PURPOSE

314 +4-02 W of DJC
35 +4-03 X of DJC
36 +4-~ 14 Y of DJC
37 +4-05 Z of DJC
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P R O G RA M NX- E :  AL DRESS

OPTION—0
None

DESCRIPTION :

The executive program OPTION-0 is loaded by the system
bootstrap program ( BOOT ) .  The program is composed of sub-

4 routines which permit acquisition of S-parameter data
from the HP 81410S Microwave Network Analyzer System .
OPTION-0 loads and executes one of the four display pro-
grams as designated by the last digit of the DJC. It then
requests a User Program Number from the user by interrupt-
ing execution with a 5 showing in the display register.
The program then loads and passes control to the s?ecified
user program . OPTION-0 is composed of the following sub-
routines: -Ad~ ress oce

IF VS COUNT 1113
DEVfLOP: F111 ID lll ~DATA 1112
— I~~~~ . ~~~~~~~

11T F E U L ~CY 1110
LOAD 1115

SAL 11 O- ~: -

Loaded by Boot

CALLS FROGRAMS : DEVELOPE FILE ID
A F VS COUNT
LOAD

F~E SI S T E R S  ~3ED :

NUNBER CODE P U R P O S E

37 +4-05 Z of DJC
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SUBRO!JTINE NAME : ADDRESS

~F VS COUNT 
C O D E :

1113

DESCRIPTION :
-

• 

See description of su ~oout ine AF VS COUNT in Appendix
F. Flow chart is identical with the exception of the
different registers used.

CALLED FROM :

E X E C U T I V E

CALLS SUBROUTINES:
GET FREQUENCY

REGISTERS USED :

NUMBER CODE PURPOSE

38 +4-06 AF VS 0701/0702
39 +4.07 AF VS 01405/01406

+4.08 dF VS 0305/0306
141 +~ 09 IF VS 0205/0206
142 + 4 ~l0 IF V S 0105/0106

117
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SUBROUTINE NAME : ADDRESS
CODE:

DEVELOPE FILE ID 11114

DESCRIPTION :

This subroutine interfaces with the system user by
requesting collection information. It requests a start
frequency , a stop frequency, a step size , and the differ-
ence between the dB setting used for calibration of the
network display module and the dE setting used for measure-
ment . The subroutine then computes the number of data
point s (N) between the start frequency and stop frequency
inclusively.

OA11ED FROM :

EXECUTIVE

CALLS SUBROUTINES :

N one

REGISTERS USED :

NUMBER CODE PURPOSE
36 4+04 S-paramter to be measured

-+01 Start Frequency
50 -4-02 Stop Frequency
51 — 4.03 Step Size
52 --~-014 Total ~ of data points (N)53 -4.l1~ lUsed to store dB difference ore-
60 -4-12 I~, ) vided by user. Location decends
61 -4.13 

( 
on which S-parameter is to be

52 -+11 4 )  L measured as indicated by Peg 36

1-
118
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SUBROUTINE NAME: ADDRESS
CODE :

GET DATA (OPTION-0) 1112

- -

- DESCRIPTION :

GET DATA is the system subroutine called by the user
program to provide S-parameter data. The subroutine
returns an X and Y deflection voltage obtained from the
network analyzer and the output frequency of the sweep
oscillator. The subroutine keeps track of how many data
sets have been called for and will terminate the system
when the (N + 1)st data set is requested.

The GET DATA subroutine in the OPTION-0 program has
one feature which is not found in the other three . When
the (N + l)st data set is called for by a user program
the system interrupts execution with the total number
of data sets returned showing in the disolay register.

By enter ing the start frequency and depressing the GO
Key on the calculator keyboard a recovery process in m i —

t iated . This allows for the measurement ci more than one
-:arameter under the same user rrogram without havin~ to

ocinitiate the who e sys t em .

CALLED FROM:

CORE RESIDENT User Program

CALLS SUBROUTINES :
FREQUENCY ACQUIRE

REGISTERS USED :

NUMBER CODE PURPOSE
47 +4.15 # data sets returned to user program
149 -401 Desired frequency
50 -402 Stop frequency
51 -+03 Step size
52 -+014 Total # of Data sets between start

and stop frequencies inclusively
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SUBROUTINE NAME : ADDR ESS
CODE :

FREQUENCY ACQUIRE liii

• 
- DESCRIPTION :

See Description of subroutine FREQUENCY ACQUIRE in
Appendix F. Flow chart is identical with the exception of
the different registers uscd .

I

CALLED FR OM :
GET DATA

CALLS SUBROUTINES:

GET F PE Q U EN Cy

RE G ISTERS USED :

NUMBER CODE PURPOSE
0 00 I f  — f Jp d
1 01 :ndirect pointer to IF/codes

Regs 39 — 142.
• 2 02 Present frequency

3 03 11rection Flag
149 -~~0i Des~ reJ Frequency

I

-.-

-
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SUBROUTINE NAME : ADDRESS
— CODE :

GET FREQUENCY 1110

DESCRIPTION:

See Description of subroutine G~~ FRE QUE:JCY in Appen-
dix F.

CALLED FROM : ‘I~ VS COUNT
FREQUENCY ACQUIRE

CALLS SUBROUTINES :

None 
-

RE G ISTERS USED :

NUMBER CODE PU RPO SE

Display - Present frequency 
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SU BROUTINE NAME : ADDRE SS
CODE :

LOAD 1115

DESCRIPTION:

LOAD is a three instruction subroutine which is called
- 

• by the executive program to load programs foun d on tape .
The instructions are MARK 1115 , o. LOAD , END PROGRAM . When
called the ~ LOAD instruction skips the number of programs
on tape indicated by the number in the display register.
It then loads the next program into core beginning at the
location of the ND PROGRA M instruction . Once the program
is loaded execution beg in s .

Disrlay programs which are loaded by this subroutine
are immediately executed after 1oe~~ins. User orograms
which are also loaded ~~ this subroutine are written w ith a
RETURN instruction as i ts first executable instruction.
When the return instruction is executed the calculator
returns to t;~e acdress wn~ ch os on t OD  00 ~brcut:ne

ll ~ ress stack ; in chi~ cas e it w ill be the 11
~~<ec~~t~~ e cro:-’a--- :~ -:~~ i~~ :e - -

~~ 1 1 — 0  :r c ~~~~-e -was
called. -

CALLED FR OM :

EXI C UT I 7E

CALLE SUBROUTINES:
None

RENISTERS USED :

NUMBER CODE PURP OSE

Display - # in display indicates how many
programs on rare will be skioped
before loadint . 

-
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PROGRAM NAME : ADDRESS
CODE :

OPTION-l None

DESCRIPTION: -

The executive program OPTION-i is loaded by the
system bootstrap program (BOOT) . The program is composed
of subroutines which permit retrieval of S-parameter data
from cassette tape. OPTION-0 loads and executes one of
the four display programs as specified by the last digit
of the DJC . It then requests a Us er Program Number from
the user by interrupting execution with a 5 showing in the
display register . The executive program loabs the -user
program over the disrlay program and then interrurts exe-
cution with a 6 showing in the display register. The user
removes the program tare and inserts the data tape from
w hich the S-parameter data is to be ret rieved.  Ocher
preliminary functions are performed by D?TIGE-1 and then
control is passed to the resi~ent user programCFT I3N—l is comoosed of the follow ing subroutine::

~: oo :~~:~~ s::-~~I~~~~” I~~~~~ Z’ fl •
~ t~’ ~1 — •— — — - - *-—— - _ _ _ C

__ __~~•__
~~_) __) __ ~~

- j L  C

GET DATA 1112
OBTAIN DATA 1137
SKI? 1106

CAL11D FROM :
LOADED BY SOOT

CALLS PROGRAMS :
LOAD
TAPE CONTRO L SET-UP

REGISTERS USED:

NUMBER CODE PURPOSE
37 + 4 0 5  Z of Display Job Cod e

L8 thru -+00 Input buffer for the file ID record
62 thru

—4-14
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~~~

S

(~~~~PTCuN~~: 
~\ ? F F ]~~~~~

—

1 PXG 1S
I -R..

~ 
• PIG 1L~

I 
I

I 

STOR E IN CA::
PES OS

I. -

F~EG 1.5 
I

C_ _ _

I : 
l _ : :

- — 

\ :  L 2~ ,
_ _

I ’ 
_ _ _ _

STORE :: ;
FIG 1L TARE CONT .

_ _  

:;;: •

RECALL
PIG 37
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SUb~~3UTINE NAME : AD DR~~~C OD E:

TAPE CONTROL SET-UP 1114

GEI OR IP TI ON~
This subroutine is used to set up control registers

• needed to extract data from tape . It determines how many
data blocks must be skipped to drive the cassette tape to
the data block containing the S-parameter data specified i1
the Display Job Code . It then computes how many data
blocks must be skipped to drive the cassette tape to the
beginning of the next record . This information is obtained

• through the use of the third disit of the Display -Job Code
(DJC) and the last two Olg i ts  o f the Collection Job Code
(CJC). If a S—parameter soecified in the DCC is not
recorded on tace the subs’outine will teominate the system

— cy ruttons an on Ccc cos rucy  reo:ster and socroong
execut ion.

oAul:D FRO M :

EXECUTIVE

CA LLS SUBROUTINES :

DECODE CJC

RE G ISTERS USED :

NUM BER CODE PURP OC E
36 +404 S—parameter specified in DJC
‘44 +412 # calibration sets/record on tare
146 +4114 S-parameters on tape -
65 X401 # skips to desired S—parameter
66 X4-02 # skips to next record ID block

129 



-

S~ 3ROUT: ::E
[ TAPE CONT . 

. 0

L~~
1 ~~~~~~~~~~~~~ ES 

~~~~~~~~~, 

_ _

_ _ _ _ _  

INSTD~~~ Y1 
~~~~~~~~~~~~~~~~~ 

:~~
o
~~~~j

‘
: 

_ _  
LiJ ~~~~ 

-

U

_ _ _

P

~~~~PEG S 1 L~ 
~~~~~~ 

~~~~ ~

RI~ Cu 
L__

~
i:

~~~~~~~~~~
_

’

~~> 

~~~~~~

IN: . x 

LZ ~~~~
I:N

STO RE IN 
STORE IN 

___________

REG OS 1 STORE N ~~~~~~~~~~ ~ h RZG :~~~~

I
- 

I

—f 
a 

YE S
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SUi3RU !T INE NAME : A UDRESS
COD E

DECODE CJC 1109

DES CRIPTI ON:
See subroutine DECODE in Appendix F. Flow chart is

identical with the exception of the registers used.

I2A LL ~~ D FRO M:
TAPE CONTRO L SET -UP

CALLS SUBR OUTINES:
N one

REG ISTERS USED :

NUMBER CODE PURPOSE
0 00 Indirect address pointer

‘44 +412 # of calibration sets
‘45 +~ l3 # of data blocks/record
46 +4.14 S-parameters on tape

--~00 Collection Job Code
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~UbR3UTINE NAME : ADDRESS
CODE:

GET DATA (OPTION-I) 1112

• DESCRIPTION :

GET DATA , upon request of the user program , checks to
see if the last data block sent to the user program was the
last block available . If it was , the system is terminated
if not , the next data block is obtained from the tape and
passed to the user program .

‘~~LLED FROM :

Resident User Program

CALLS SUBROUTINE S:
OBTAIN DATA
SKIP

RESISTERS USED:

NUMBER CODE PURPOSE
47 +4~ 5- Record # from record ID block
148 -400 Collection Job Code from record ID

- block
149 -4-01 Desired frequency from record D

block
66 X 4-02 ~ skips to next record 11 block

-4

132 
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C 12 3 PC 12T C NE

A A

RECA1..L

I 
PEG ~7

STORE ::;

-~~~~

RICA::

C S TFO N
DAT A

R A

CAL L.
SKI P

(~~~ET 12R )~~~~~
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SU OU 1’INE NAME : A DDRESS

•O~ r~tI~- DATA - 

1107

DE SCRIP-rION : 
-

• - This subroutine obtains the required S-parameter data
from tape and loads the N and Y deflection voltages in
registers 00 and 01 respectively. The measured frequency
is loaded into register 03

-~
I2A L Y E D  FROM :

GET DATA

CALLS SUBROUTINES:
SKIP

REG ISTERS USED:

NUMBER CODE PURPO SE

0 00 Input buffer
1 01 Input buffer
2 02 Input buffer

65 X4-01 # skips to desired S-parameter

1314 
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~UE~ROUTINE NAME: : A D DR ESS
COLE:

SKIP 1106

DESCRIPTION:

SKIP advances the cassette tape the number of blocks
specified by the contents of display register. The
cassette tape is advanced by reading blocks of data into
a scratch buffer.

I-
~-~L L D  FROM : -

~~

- - -

~~

OBTAIN DA TA

2? LS SUBROUTINES:
N one

R C ISTERS USED :

NUMBER CODE PURPOSE
67 X403
68 X4~04 Scratch Buffer
69. X4-05 

— - —---—~
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SUL~F<JLTINF NAME : A11R2’L
CUE

LOAD 1115

DESC RIPTION :

See descr iption of subroutine LOAD in OPTION-0.
Flow chart identical .

1
CALLED FROM :

EXECUTIVE

A LLS SUBROUTINES:
None

RES ISTERS USED :

NUMBER CODE PURPOS E
Display - 

~ in display indicates how many pro-
grams will be skipped before

• loading .
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PROGRA ~-1 NA~- 1E:

OPTION-2 None

DESCRIPTION :

The executive program OPTION-2 is loaded by the
system bootstrap program (BOOT). The program is composed

• of subroutines which permits retrieval of calibration
data from cassette tape and collection of S-parameter data
from the HP 814lOS Microwave Network Analyzer . The program

• is operational with the exception of a subroutine called
APPLY CALIBRATION DATA which is to apply the calibration
data to the S—parameter data as described in Ref. 9.

O?T10N-2 is composed of the following subroutines:
TAPE CONTROL SET—U- P l11~ LOAD 1115

F V S COUNT 1113
::oo:: CCC 11:9
G T  DATA 1112
OBTA :i :AL:3RAT:C:: D X A  1108

- — - - - - ,  —
- -

~

1106
FR3 DU N CY AC9U F~ 1111

FRE~~U N0Y 1110

LOADED by SC OT

SA LLE PE10EAMS: OF V S COUNT
LOAD
TAPE CO NTROL SET-UP

R11I T11O USE D:

_______ 
SODE PURPOSE

36 +404 S-parameter desired by user orogram
37 +~~ 5 Display program ~48 to — +oo) input buffer for the file 12 recCu -d
62 to ~

3~ 14J

-d

-•—-

~

- - - - •_ - -- - - -•

~

- - - - -- - - - ----•- - -

~
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[ CPTIO N -

_ _ _ _ _ _

~~~

I 

~ :_) 4

_________ 

~~~~~~~~~~~ 

~I 
_____

\ R EWIN D
RECALL PEG 1.5 \ DATA
PEG 37 - CISP LAY \ TAPE

_ _ _ _ _  _ _ _ _ _  _ _

I 

-

-

-- - _ - ~~~~— -  - ~..1~.... -
- -

~~: • 

- 

1 PI CA ::

_

I 

~~~~~~~~ NC 1

. SB

~~TEF. TSE?~ 
‘ I 

~~~ 

/

\ /  ST~ E~~1

STORE 6
STORE ~~ IN DISP LA Y I CALL.

F.ZG i~ ____________ I TAPE
_____________ 

CONTROL
L. SZT-UP

STORE 2 
~~~~~~~~~ D

~N RE., 15 SEARCH

I 
- 100 0

0

114 0
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SUBROUTINE NAME: ADDRE SS
CO jOE :

TAPE CONTROL SET-UP 11114

- - DESCRIPTION :
TAPE CONTROL SET--UP initiates control registers needed

• to extract calibration data from cassette tape . Based
upon the S-parameter designated by the Display Job Code ,
either three blocks of transmission calibration data or
three blocks of reflection calibration data will be re-
trived from each record . By using the Collection Job
Code , the subroutine determines whether calibration data
is on tape. If data is available , it determines which
data sets are available and how many blocks within a
record must be skipped in order to retrieve the desired
set .

This number is stored in reg ister 6 4 .  The c~otber ofdata blocks which must be skipped to drive the tare t o
the next data record is stored in register 6 5 .  Th the
desire d Cet  of calibration Sara is not a~~ei lab e on

I the orocoam teo~micates with a in : i30O~~~
- rez~~so e r .  -

CALLED FROM :
EXECUTIVE

CALLS SUBROUTINES :
DECODE CJC

REGISTERS USED:

NUMBER CODE PURPOSE
36 +404 S-parameter to be used by user pro-

gram
‘44 +412 ~ calibration sets/reccr.d45 +413 # data blocks/record
64 +400 ~ skips to desired calibration data• set
66 X+02 # skips to next record ID block

U-
1141
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S12~ PCUT NE

CC~~c~CH
[ SET-UP - 

I~~~~ J

-

• 

- _ _ _

DECODE • RECALL

I 
CJC P.E G .e 5

I _____________________

RE CALL 
- 

STOR E IN 
-

I 

PEG -“. RE~ 1.5

I 
S;~~
:
:~~

:. j PCC

I RZCLI/ 6L PEG 36

STORE IN

- 
RZG 1.3

[

REG 1S

JIF+ NC STORE C~~

-

~~ ST ;. L 1
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SUSROUTINE NAME : ADDRESS
COLE:

~F VS COUNT 1113

DESCRIPTION :

See subroutine ~F VS COUNT in OPTION-0

I C A T  L E D  FROM :

-CALLS SUBROUTINES:

RE SISTERS USED :

NUMBER CODE PURPOSE

1143
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SUB*~1i FINE NA~1E: A DDRESS
CODE :

DECODE CJC 1109

DESCRIPTION :

See subroutine DECODE CCC in OPTION-l

CALLED FROM :

CALLS SUBROUTINE E:

REGISTERS USED :

NUMBER CODE PURPO SE

11414 
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SUBROUTIN E NAME : AD DRESS
CODE :

GET DATA (OPTION-2) 1112

DESCRIPTION :
GET DATA , in OPTION— 2 , first determine s if the last

data block has been returned to the user program . If it
has , the system stops. If there is still more data avail-
able , the subroutine calls OBTAIN CALIBRATION DATA ,
followed by COLLECT DATA and APPLY CORRECTIONS .

CALLED FROM :
EXECUTIVE

CALLS SUBROUTINES :
OBTAIN CALIBRATION DATA , SKIP , COLLE CT DATA , APPLY
CORRECTIONS , XFE R DATA

REGISTER S USED :

NUMBER CODE PURPOSE
47 +415 Record #
‘48 —400 CJC
‘49 -4 01  Desired frequency
52 -4-014 Total # of data records on tape
66 X~ 02 # skips to next record

1145 
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— F

_ _  

_ _

STORE ~+ 9
IN DISPLAY - ~~

- - - - - —
~~~ 

-

I I
CALL I

XFE P

I ~~~ ALL 
_ _

_

~

_ _ _ _ _ _ __ • 

_ _ti~._
~

_ ___
~

___ ____ _
~

_ ___
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SUBROUTINE NAME : ADDRESS
CODE :

OBTAIN CALIBRATION DATA 1108

DESCRIPTION :

This subroutine loads the correct calibration data
set from tape to registers 25 through 33.

S

CALLED FROM:
GET DAT A

CALLS SUBROUTINES:
SKIP

REGISTERS USED :

NUMBER CODE PURPOSE

25 - 33 T409 ) Input buffer for calibration data
to

+4-01
64 X-4-00 # of skips to calibration data

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~ ~ ~~•
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a RECALL
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SUBRU!JT INE NAME :

COLLECT DATA 1105

DESCRIPTION:

This subroutine calls FREQUENCY ACQUIRE to drive the
sweep oscillator to the desired frequency and then access
the two micro-interface devices. The frequency returned
from FREQUENCY ACQUIRE is store d in register 214 and the X
and Y deflection voltages are stored in registers 22 and 23

CALLED F R O M :
G T  DATA

CALLS S U B R O U T I N E S :
FRE QUENCY ACQUIRE

REG ISTERS USED :

NUMBER CODE PURPOSE
22  T4-06 X voltage
23 T4-07 Y voltage
214 T408 Frequency

1149
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A C :Cu R E

~ 1~~~

STORE IN
REG 22

GROUP
3 7 0 2  -

! STCRE~~~~

C~~URN D
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SUbROUTINE NAME : A EDRETh
CODE:

APPLY CORRECTIONS 1104

DESCRIPTI ON :
The subroutine , at present , consists of just a RETURN

instruction. This subroutine should apply the calibration
data found in registers 25 - 33 to the S-parameter data
found in registers 22 - 214. The offset lengths which
were used in measuring the calibration data are found in
registers 53 — 58. The corrected S-parameter data must
be returned to registers 22 and 23 before returninC from
this subroutine .

CALLED FROM :

CALLS SUBROUTINES:

REG ISTERS USED :

NUMBER CODE PURPOSE

151
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SUBROUTINE NAME : ADDRES S
CODE :

XF ER DATA 1103

DESCRIPTION :
This subroutine transfers the data found in registers

22 , 23 , and 24 to registers 00 , 01, 02 , respectively .

CALLED FROM :
GET DATA

CALLS SUBROUTINES :

- 
None -

REG ISTERS USED :

NUMBER CODE PURPO SE

0 00 X volt
1 01 Y volt
2 02 Frequency

22 T4-06 N volt
23 T407 V volt
2 14 T 4 - 0 8  Frequency

--



A

S U 5 R C U T I N E ~

___________

-i

_ _ _

E TC PE IN

( RETURN~~~~~

-J
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SU~~R IUTINE NAME : ADhRESS

SKIP , FREQUENCY ACQUIRE , -SET FREQUENCY , LOAD

- DESCRIPTION:

See subroutine SKIP in OPTION-i
See subroutine FREQUENCY ACQUIRE in OPTION-0
See subroutine GET FREQUENCY in OPTION-a
See subroutine LOAD in OPTION-0

U

CALLED FROM :

CALLS SUBROUTINES :

REG ISTERS USED :

NUMBER CODE PURPOSE

154
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~-RDo~<A:-l NAME : A~~ L1~~ E J .  - •

OPTION-3 
-

- - . DESCR I PTT ON :
The executive program OPTION-3 is loaded by the boot-

strap program (BOOT). The program is composed of sub-
routines which enable retrieval of calibration data and
S-parameter data from cassette tape. OPTION—3 loads and
executes one of the four display programs as specified by
the last digit of the Display Job Code (DJC). It then
requests a User Program Number from the user by interrupt-
ing execution with a 5 showing in the disDlay reg ister.
The executive program loads the user program over the
disDlay ~rogram and then interrupts execution with a 6
showin: in the disn ey reg ister. The user removes the
orocrem tare and inserts the -tate tare from which the ccli-
br an on data and S-~ arameter data is to be retrieve-S .
Other rrelininary fun :nions are performed by OFT::::-? and
t :—~~n :In:rboi is :aosed to  the resident user rrc:ram .

LOADED by BOOT

- 
~~~

-
- LOAD

TAPE CONTROL SET-UP

:~liLS:E~~S US ED:

____ 
CODE P R E OSE

37 +405 Display program ~48 to 62 --~O0) Input buffer for the file D
to ~ record

— 4 14 )

_______________________________ -A
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PRDCRA~-I AME :

OPTION— 3

DEOCRI PT I~ — N CO N T I N U ED :

OPTION— 3 is composed of the following subroutines:
TAPE CONTROL SET-UP 1114• DECODE CJC 1109
GET DATA 1112
OBTAIN CALIBRATION DATA 1108
OBTAIN DATA 1107
SKIP 1106
APPLY CORRECTIONS 1104
XFER DATA 1103
LOAD 1105

156 
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( c-PT: :N-~
EXI~ Cu * — —

- 
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- 

. 

?P- C SRA> j 

~1

CALL ETOP-E~~~~~~~~ I

LOAD 
- 

_ - .

STOP! S ~ - - ~:-

~~~~ —
~ 

/

:IT:P~~~~~: 
• I~
_ _ _

/ _ _ _

/ - - — - — —  - -

STORE N
P~EG iI4 

a FI C ACu.~~

I R EC AL L 
- _____________

PEG 3 I 

SEARCN

I _ _ _ _

PEG 15
- DISP L AY

RE~~~15
+ PEG

L.
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SUBR OUTINE NAME : ADD RESS
CODE :

TAPE CONTROL SET-UP 1114

DESCRIPTI ON:
This subroutine initiates control registers needed

to extract the required calibration data and S-parameter
data from the cassette tape . 3ased upon the S-parameter
designated by the Display Job Code , either three blocks
of transmission calibration data or three blocks of
reflection calibration data along with the designated
S-parameter data will be retrieved from each record .

By using the Collection Job Code , the subroutine
-determines whether the recuire d calibration and S-~ arametedata is on tape. :f t:~e~— are not available , the program
terminates with en 3 snowing in the disrla .- resister. :f
-the data is availibl-s, the ~br-:onine c omru tes the n~:mter
of data blocks between the record Slick and the first
Slick of recuired calibration -data . This number is s to red

• in resister 64 . t-.en o:mrutes the number of Slicks
- from the last b :c-: of oalibreti:n :eto no the re:uire d

-oaramete r data.  This n~n:er is s t c ra  S in resis ter 66 .
s~~ ro~ t~~-e co~nn~~~ s t~-e ~~~er o t_oc S

be twe en the re-~uire S - :erameter data and the next record
I 

~~ block.  This number is stored in register 6 5 .

j AL LED FROM :
E X E C U T I V E

CALLS SUBROUTINES:
DECODE CJC

RE- S ISTERS USED :

N UM3ER CODE PURPOSE

36 +404 Desired S-parameter
44 +412 # of calibration sets on tare
46 +414 # S-parameters on tape 

-

64 X400 # skips to calibration data
‘55 X40l ~ skips to S—parameter66 X402 # skips to ID block
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- S P C ~2t~t~ i~~~~~~~~ OTIRE - -‘t’ ~~~~_ - - -
- TAF ‘*~~~ - C - R E G E

I 
_ _ _ _  

—

- RECALL -
DECODE PEG

CJC -

- STORE ::;
RECALL I RE GP11 . 1. I = — :

-

- ST OR E 
~ STORE 

_____P EG 
~~ I N D I R .

i s  I - L__~~
G S 

-

ST ORE 3 I

<—
7
~~~~~~2j 

L~~~~
15  I I

YES 
_ _ _ _ _

STORE 3 I 
STORE C IIN REG ~~ IN PEG

~

-

~

-—

~ 
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RE CALL
i_._/ PEG S E  

-

STORE 
C

PEG 15

= RE G IS  I

- 

~~~~~~~~~~~ 

- 

<
—

~~~~~
_li

~
-
N_:Dd ~_

PEG IC 
_—

~---~ ------
--—

_

• _ -L~- — 
I

—~~ 

-

~~~~~- - ‘
~~ 

- 

~~~~
-
~~~

- -

~~ : ::: ~~u- -:

_________ PE G
PEG 1- — 

+ 0 5 ? L A V

STOP. : I

I RECALL 
_____

I _ _  
---

~~~ 
-

~~
___
“~~~

p
~~ >L~ n:DI- 

- - - -
~--

_-—----
---

~~ L PEG is ___________

S t E

RECALL RE G 1~ =

- 

PEG 1’ — -- DI SPLAY

I 
_ _ _ _

R E G S • REG 1S -

STOl E 
~
L)

STOR E C
PEG 1M
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SUBROUTINE NAME : ADDRES S
C O D E :

GET DATA (OPTION-3) 1112

DESCRIPTION :
- 

- 

This subroutine checks to see if the last data block
has been retrieved from tape . If it has , the system
is terminated. If not , it calls the necessary subroutines
to obtain the calibration data and S-parameter data.

CALLED FROM :
User Program

CALLS SUBROUTINES :
OBTAIN CALIBRATION DATA , OBTAIN DATA , SKIP , APPLY
CORRECTION S , XFER DATA -

REGISTERS USED :

NUMBER CODE PURPOSE

47 +415 Data Record number
48 -4-00 Collection Job Code
49 —401 Frequency -

52 -404 Total # of data records
66 X402 # skips to next ID block

161
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A

RECALL
REG .7

STORE iN
- 

RE G O

~

CALL
OSTA ::: -

C A Ll S .

O
- ATA

I 

RECALL
I P EG 66

-CALL
SK IP

AL~~~~~ J CALL
APPLY - XFE P

CORRE CT. ATA

— 
- 

P ET ~~P N
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SUBROUTINE NAME : ADDRE SS
DECODE CJC , OBTAIN CALIBRATION DATA , OBTAIN CODE:
DATA , SKIP , APPLY CORRE CTIONS , XFER DATA , LOAD

__________

DESCRIPTION:

See subroutine DECODE CJC in OPTION-l
See subroutine OBTAIN CALIBRATION DATA in OPTION-2
See subroutine OBTAIN DATA in OPTION-i
See subroutine SKIP in OPTION-l

= - 
- See subroutine APPLY CORRECTIONS in OPTION-2

See subroutine XFER DATA in OPTION-2
See subroutine LOAD in OPTION-l

A

CALLED FROM :

CALLS SUBROUTINES:

REGISTERS USED :

NUMBER CODE PURPOSE

-j
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