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I
ABSTRACT

During the third quarter, the major components of the test station

were built , assembled , and successfuly checked out at the vendors ’

plants. These components consisted of the following subsystems:

• Computer control

• St imulus

?leasuremerit

. Interface

Laser Trimmer -

• The first four subsystems were. integrated and checked as a

total system by Hewlett-Packard. The tests included a complete

check of the software operating system, as well as a test of all

peripheral hardware. The laser trimmer was tested on a stand-

alone basis using simulated computer inputs. A simulation of the

real-time amplifier test program was begun. The main-line pro-

gram was coded and debugged . The design of the revised fuze

oscillator and amplifier circuitry was completed , and prototype

capacitors and chip resistors were fabricated and analyzed.
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1. PURPOSE

The purpose of this program is to develop a dynamic test and
correction system, capable of high—speed operation, for electronic
assemblies. The circuits selected for verification under this
contract are the oscillator and amplifier assemblies of the M732
Fuze. The contract requires th~tt 3,000 units of each assembly
be delivered , of which 2,900 have been trimmed to meet the
specifications. The required test rate is 3,000 an hour.
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2. NARRATIVE AND DATA

2 . 1  INTRODUCTION

During the third quarter , the major components of the test
station were bui l t , assembled , and successfully checked out at
the vendors ’ p lan ts .  The computer control , st imulus, measurement ,
and in ter face  systems were tested at the Hewlett-Packard fac i l i t y
in Cupertino, California. These tests were witnessed by Lockheed

Electronics Company , Inc . (LEC) personnel. These tests will be

repeated , after delivery, at the LEC plant as the final acceptance

procedure. The computer control tests consisted of individual

checks on all the elements of the operating system and associated

programs such as the file manager, editor, and program compilers.

The hardware peripherals were tested using Fortran driver programs

and checking with actual hardware measurements at each output

point. The laser trimmer was checked out at the Quantrad plant in

El Segundo, California. Computer commands were simulated by a

test device. Beam positioning , laser optics, interface, laser

status, and laser cutting ability were successfully tested .

A simulation of the real-time amplifier test program was begun ,
a and was partially completed. A main-line routine was written and

debugged . Calls to the subroutines were included , and the sub-

routines were identified .

All components and subassemblies necessary to fabricate oscil—

lator and amplifier units (with two minor exceptions) have been

released for prototype and/or final assembly.

2.2 FUZE REDESIGN

The progress made in releasing components during the third

quarter is shown in the revised oscillator and amplifier assembly



fami ly trees in Figures 1 and 2 (refer to Figures 1 and 2 in the

Second Quarterly Report for a comparison). All components and

subassemblies necessary to fabricate oscillator and amplifier

• units, with two minor exceptions, have been released for proto-

- 

- • 

type and/or final assembly.

2.2.1 Oscillator Chip Capacitor

A number of capacitor chips in the preliminary design were saw—

cut from the fired array on the master substrate, and mounted on

aluminum adapter plates. These plates, in turn, were mounted

into the testing fixture, and trimming cuts were performed on the

chips at the distance anticipated within the test chamber . An

.003-wide kerf in the gold film was obtained using a relay lens

and the following laser settings (see Figure 3):

Lamp current — 22.5 amps

Iris — 256; Spot — .080

• 
. Overlap - medium (50 percent)

Repetition rate — 5 kilohertz

Trim speed - 1 inch per second ; slew speed - 4 inches per
second

It was necessary to incorporate a second light source within the

chamber to observe the metallized pattern and locate the starting

• point , which does not appear to pose any mechanical or electrical

problems. Computer control was sirr~ulated by introducing the

final position coordinate and executing the go to command .

The original chip-capacitor design described in the first quar-

terly report was redesigned to provide four binary-valued capaci-

tances; thus, 16 equal steps are available instead of the equal

four-increment version. Two separate designs are presently being

constructed , using different fringing-capacitance criteria. One

criterion is based on the result of the original experimental

capacitance—testing data , and the other is based on theory. Test

samples will be evaluated and modified , as required , to provide

L _ _ • _ . ~~~~~~~~~~~~~~~~
_
~~~~

_ _ ——~~~~~~~~~~~~~~~~ -—
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Figure 1. ECOM Oscillator Assembly Family T ree (Revision 2)
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Fiqure 2. ECOM Amplifier Board Family Tree (Revision 2)
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the needed capacitance. The starting-point locator has been

centralized to reduce initial slewing time . Artwork has been

completed (see Figure 4), and samples will be available during

the fourth quarter.

2.2.2 Oscillator Ribbon Wire

A short piece of rectangular * ribbon wire is required to connect

the ceramic chip capacitor to the major oscillator circuitry .

Several commercial wires are readily available at LEC. Selecting

a specific type will be made by the time the first prototype

units are ready for assembly.

2 . 2 . 3  Trimmable Resistor (Amplifier Gain Adjustment)

Statistical data on 1 kilohm per square thick—film resistor

material (from six different vendors), subjected to two different

firing cycles, was accumulated and analyzed (see Table 1). LEC ’s

objective was to achieve multisources of material for a standard

firing cycle. The distribution spread is significant in deter-

: mining which material would be most predictable from trimming and

reliable design standpoints. Several conclusions (see Figure 5)

can be drawn at this point , as follows :

• High resistance values can be produced by the following :

- Using termination conductor with higher platinum content

— Using fritless (reactively bonded) termination material

• Vendors can be ranked as follows :

- Cermalloy - most flexible; tightest distribution
- Electro—Science Laboratories — Close to nominal; good

distribution

- Englehard - close to nominal; good distribution

*The length of the wire is about 0.100 inches; the width is 0.050
to 0.075 inches.

$
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- DuPont - somewhat high; good distribution
- Thick Film Systems - very low values; good distribution

- 
- - EMCA - very high-fired values; fair distribution

2 . 2 .4  Laser  Tri mm ing

A substrate array of resistor patterns were placed on the shuttle-

feed mechanism , and a number of cuts were made during the check-

out procedure. One resistor pattern was used to optimize the

cutting parameters and simulate trimming under computer control.

Figure 6 shows the back-lighted resistor plunge and shadow cuts

made under computer control. Figure 7 shows the same resistor

using reflected light and a third track, which did not penetrate

the film because of insufficient laser power. Figure 8 depicts

N another resistor , which suffered surface damage because of exces-

sive laser power and improper rep rate for a given trimming speed.

The successful laser parameters used to produce a 2—mu kerf were

as follows:

• Lamp current - 18 amps

Iris — 225; spot — .300

Overlap - medium (50 percent)

Repetition rate - 5kHz

Trim speed — 0.5 inches per second

• Slew speed — 4 inches per second

2.3 SYSTEM CHECKOUT

The test station system is a third-generation system consisting

of the following major elements:

Computer

Computer-generated stimuli

• Computer-controlled sampling system

Computer-controlled interface 
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• Computer calculation of parameters from sampled data

Computer-controlled laser trimmer

By adding the laser to the third-generation test system , a real-

time , computer-controlled trim capability has been realized .

During the first quarter , a conceptual system was designed (see

Figure 9). During the second quarter , specific hardware was

chosen and ordered . Figure 10 indicates the details of the

system except for the laser trimmer . This portion of the system

was checked out at the Hewlett-Packard factory in Cupertino ,

California. The tests consisted of separate checks on the operat-

ing system and integrated software—to—hardware tests for each

peripheral device and card . The operating system , consisting of

the software , disk , TTY , and high-speed paper tape reader , was

exercised by first reading in diagnostic programs from the paper

tape reader.  The TTY was au tomat ica l ly  checked since it was used

as the system console to enter commands to the diagnostic programs ,

and was used by the computer as the output p r in te r  device . The

disk and i ts setup was checked by w r i t i n g  and reading to it. The
specific elements of the opera t ing control system ( i . e . ,  real—
time executive , file manager , and editor) were exercised by being

called , and by having the operator enter commands controlled by

each one. Programs written in Fortran , Algol , and Assembly

language were compiled and run; these results were compared to

known results.

Each peripheral was checked by either writing to it or reading

• from it. Each pacer was checked by setting it for a specific

rate, reading a fixed number of words , and then checking the

elapsed time by using the internal clock. The analog multiplexer

(electronic switch) and last address detector were checked

together by putting known fixed voltages on the switch points ,

commanding the switch to read through several cycles , and then

checking the numbers against a table of known correct values.

While the high-level multiplexer was checked , the A/D and sample-

hold voltages were also checked since the voltages on the switch

15
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had to be sampled , held , and converted to a digital number before

being read by the computer. The D/A voltage was checked by out-

putting two different digital values from the computer and then

checking (with a voltmeter) that the correct analog voltages

appeared at the output of the D/A.

The cards connected to the digital controller were also tested .

The digital input cards were tested by applying alternate zeros

and ones to the input , reading from the card , and then comparing

the card to a stored correct value. The test was repeated with

alternate ones and zeros. The digital output cards were tested

by successively outputting alternate zeros and ones, alternate

ones and zeros, and then checking the output of the cards. The

relay card was tested by commanding each relay to open and close ,

and then physically checking to be sure that this did take place.

The event-sense interrupt was tested by energizing each of the 12
- 

- bits in succession , and checking that the compu~ ~~ program was
• indeed interrupted , and had jumped to an interru~ ubroutine .

Final acceptance tests will take place at LEC during the fourth

quar t e r .

Fuzes have been tested and the results have been checked against

the model described in the Second Quarterly Report. The results

of the comparison are described in Appendix A.

2. 14 LASER TRI1’1~ ER CHECxKOUT

The laser trimmer system was tested at the Quantrad plant in

El Segundo , California. A Quantrad—supplied test procedure was

used to check the laser performance , laser optics , beam posi—

tioner , interface , and laser status. The unit successfully
• passed all tests. The paragraphs that follow provide a descrip-

tion of this checkout procedure.

Laser. - Place the laser in operation , as specified in Section

2.3 of the operating manual. Remove the light shield between the

-
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laser output  mi r ro r  and the optics  box , and mount Coherent Radia-

t ion Model 205 detector head in the beam path. Connect the de-

tector head to Coherent Radiation Power Meter Model 201 , turn on
laser , and perform the following output power measurements:

Q—switch rf off (safety shutter held open to defeat the inter-
lock , and no aperture in the laser) 30 watts (at 21 amps lamp
current)

Q-switch as above but with .060-inch aperture 4 watts minimum
(10 watts — ac tua l )

To determine that the latter condition is indeed the TEM00 mode ,

observe the defocused beam at the output objective position with

an infrared viewer. The spot should be round with a single maxi-

mum in the center , and perform the following measurements :

Q-switch rf on , repetition rate set at 5 kilohertz:

2.5 watts output minimum

3.0 watts at 15 amps 
-actual 6.5 watts at 20 amps lamp current

Laser Optics. - Set up laser-trim parameters to obtain the small-

est spot size , using the aperture and spot—size controls. Trim a

sample thick—film substrate using a 2-inch focal length objec—

tive , and verify that the spot size can be varied between .001

and .005 inches. Elevate the substrate with a .005-inch shim , -
•

and verify that the spot size does not change , confirming the

field depth of .010 inches. Install relay lens in table top,

mount sample thick-film gold sample at 6.5—inch distance below

table , and perform trim. Elevate substrate with .060 shim and

repeat.

Beam P o s i t io n e r . - Con nect the beam posi tioner and place it in
operation according to Section 2.4 of the 1021 manual. With the

control  console in the manual  mode , operate the joys t ick  to the

f o u r  extremes of m o t i o n .  V e r i f y  tha t  the system stops at the

l im i t s , and tha t  the l i m i t s  are 2 . 0 0 0  inches apart  by making

scribe marks  on an anod ized  a l u m i n u m  p l a t.  and measur ing w i th  a

steel r u l e .  Command the system to the center (X = 2 0 4 8 , Y = 2 0 4 8 ) ,

19
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and make a ma rk w it h the lase r . Mod if y the command to X—102L4 and

then to X3072 , and ver i f y tha t  the ma r k s  are 1 .000 inches apa r t .

Ve r i f y  slew speed by connectin g an oscilloscope to TP 1 on the
- - X axis control board ncl observing the voltage under manual joy—

stick control. Measure the time for a traverse of 1 inch (eight

revolutions) and divide the voltage at TP 1 by this time to

calibrate the r~~chometer. Using this calibration number , measure
the peak .-oitage during a slew of at least .250 inches (two

turn discs placerient from the end point). The slew rate should

caiculatc- t:- -~ inches per second . Repeated slews can be per—

formed by comrtv~nd~~r - ~ the systeit to the center and turning the

mode switch to ~anudi . The s teo is then displaced from the

c€v~~er by the joystick , and the mode switch is returned to remote .

The I!.ositi~~ner will then slew to  the center , and the rate is

measured by the tachometer signal. ‘Trim rates are similarly

che--ked b-1 commanding the trim mode.

I n t e r ~~a cL-  a n d  [ i q i t d l  C o n t r o l .  - The i n t e r f ace is checked by
rreans  of a simu l-it- ,r , supply ing 25 m iLl i amperes to the inputs  on

• wh ich l ’ s are desired , and leavin g open inpu ts for  which 0 ’ s are
desired . The strobe line is supplied with a 10-microsecond pulse

at the same level .  The command code l ines are set for  either an
• X position, Y position , or command word . The code is put on-

li ne , and a str-cbe pulse is sent. The command code can then be

changed , and another word can be sent. The interface outputs are

moni~~~red by the LEDs in s~~-ies with the output lines. Connec-

tions to a compatible interface or shorting plugs must be in

p la ce t c ~ use the LED indicators. Representative addresses are

commanded , an .1 the LED indicator output is observed to demonstrate

that the input command is echo -~d in the position returned .

:c~~re~ r d  codes •~re ver~~fied by observing that the trim speed is

e n ) b l p u  i f l  t r i r ~, •~nd t1i ~~~ the laser is controlled by the laser

• enabled and laser net ,  inhibited coc~m inds.
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Laser Status. - The laser status signals  are ver i f ied  by intro-
ducing laser f a u l t s  and observing LED indicators. Temperature
f a u l t s  should be simulated to avoid stress on the laser .

2.5 MODULATOR DESIGN

Figure 11 shows a block diagram of the circui try used in conjunc—
tion wi th  osci l la tor  load-chamber testing. The three main func-
tions shown are a pr imary power source , load chamber , and modula-
tor . Rf s ignals  from the test oscillator are sampled by an

antenna mounted in the f loor of the oscillator load chamber . The
sample s ignal  is then routed to an Rf power divider , where a
single sideband (ssb)  modulator o f f s e t s  its frequency by a compu-
ter-generated modulator signal. The offset signal frequency and
duration are controlled by the computer and converted into an

analog signal by a 0/A converter located in the computer console.

An audio f i l t e r  and buffer amplifier will be provided to produce
the appropriate  modulat ion drive level for the modulator . The Rf
signal is then adjusted in amplitude and reradiated into the test

f u z e  as the s t imulus  for  i ts detector.

This circuitry is also capable of amplitude modulating a constant
o f f s e t - f r e q u e n c y  re turn  s ignal .  In this case , the modulator
drive is generated by the computer. The offset frequency, how—
ever , is local ly  generated . Modula t ing  in this  manner allows
amplitude modulation of the return signal with an arbitrary

waveform .

Three measured test parameters  are required to predict oscil lator

s e n s i t i v i t y ,  the parameter to be adjusted . They are pretune
— opera ting frequency (f 0 ) ,  detector voltage, and sensitivity.

Opera t ing  f requency  is measured by a f requency meter located in

the computer console.  The detector voltage and pretune sensiti-

v i t y  are measured at the oscil lator bias c i rcui t  as a large dc

• • .
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voltage, wi th  a low-level ac r id ing  on top .* Detector voltage
and s ens i t i v i t y  are measured by an A/D converter at the computer

• a f t e r  appropriate signal separation and scaling. All three

parameters must be measured accurately to properly select chip

capacitors.  Modulator parameters and system gain are presently
being evaluated. Majo r  components have been tentat ively selected .
The final choice and layout , however , will be completed during
the f o u r t h  quar ter .

2.6 RF C HAMBER

The rf load chamber size and its location on the laser was
s l igh t ly  modif ied . The chamber is now higher by 1 . 1 7 5  inches ,
and is equipped with an rf shield around the door , a locking
handle , and a cutout (7x7 inches) in the bottom wall  to accept
any future variation of the rf antenna .  There is also a provi-

sion to mount two addi t ional  rf loops in the upper wall of the
chamber.

When the chamber door is closing , a 2- inch long guiding pin

(pressed into the door and sticking out toward the chamber) will

engage a proper slot in the chamber . This wi l l  prevent any

possible damage to the edges of the absorbing tiles should the

door become misaligned.

The clos ing door will also actuate two safety switches wired in
series with the Q switch of the laser , thus providing safety
interlocks on laser oper ation.

The chamber itself it mounted permanently to the bottom of the

• laser work tab le ;  removing the chamber , while trimming the ampli-
• fier assembl ies, is no longer required . This improvement is

possible partly because the chamber is mounted under the laser

worktable , and pa’~~ly because of an optics extension (needed to

*Detector voltage levels can vary from 20 to 40 volts dc for
unpotted oscillators with a small 0 to 300 millivolt rms ripple
on top. This rms ripple level determines oscillator sensitivity.
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obtain a 6-inch focal length) , which is easily installed in, and
removed from , the laser table.

It should be pointed out that the shuttle loader (a mechanism

that nests and feeds the amplifier assembly during the laser

trimming ) must be removed from the laser table when trimming the

oscillator assembly, and must be mounted again for the amplifier

assembly t r imming .

The design of the anechoic chamber , shown in Figures 12 and 13 ,

is 90 percent completed . Drawings of the outer envelope of the

chamber (out of a luminum) , the door , and all the needed shapes of

absorbing t i les that  compose the inner walls  of the chamber have

been released for manufacturing .

The remaining drawings of the parts needed to complete the cham-

ber are in the advanced stage of the design and detail. Long-

lead purchased parts were ordered and plans for the layout of a

closed area laboratory have been prepared .

2 . 7  SIMULATI ON

The s imula t ion  of the real- t ime ampl i f i e r  test program was

in i t i a t ed, and the ma in - l i ne  routine was wri t ten  and debugged . A

flowchart of the program was given in the last report and is
shown herein as Figure 14.

To simplif y the w r i t i n g  and debugging , the program was divided

into a main—line program and seven subroutines. Specifically,

the blocks in the flowchart were converted to subroutines. A

single I/O subroutine was composed of blocks 3 , 4 , 5 , 7 , 8 , 9 ,

11 , 12 , 13 , 17 , 18 , 19 , 20 , and 2 1 .  These blocks performed the

six I/O functions described in the second report, and are sum-

marized in Table 2. The detailed flowchart in Figure 15 shows

the organization of the I/O subroutines and the portion of the

main-line program that used the read-in data to calculate the

parameters of the amplifier. The purpose of this particular

24 
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Table 2. Measured Amplifier Characteristics

Measurement Hardware Input Measured Calculations
Objectives Conditions Signal Voltages

Dc attenuation Short C1,C2; None V3 , V4 Divider attenuation
- - of divider parallel R20

by a small
resistance

Gain to point 5 Short Cl.C2; CW V5 Rectified average of ac
parallel R20
by a small
resistance

Positive and Short Cl ,C2; Delayed V5, V6 Least mean square fit
negative thres- parallel R20 positive to line to give thres—
hold and by a small and nega- holds and current
current genera- resistance tive ramps generators
tor at Tl6

Filter step Remove short Step of V8 Preliminary calculation
response from Cl, C2, carrier of step input to filter

and small R A , pi, p2 of u(t), and
from across C and D of h(t)

SCR firing Remove short Increase V8 Spike determination at
voltage from Cl , C2 , carrier SCR gate

and small R step sign
from across to maximum
R20



-~ -- 
— - - -

I_ _ _ _ _
JJiJ ~~~~ ~~~

~ I
—~~~~~ --~~~

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

.~~~J

~° 

~~~~~ 
H 

_ _ _ _  ~~~ zI

30 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

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

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



— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—r - ____.~_~ —— — — —

organization was to allow continuous I/O in parallel with the

ca lcu la t ion  of the ampl i f i e r  parameters.  The I/O subroutine was
in i t i a l ly  entered from the main line . A measurement identif ica-

tion ( I D )  was set , and the f i r s t  I/O was initiated. The program

returned to the main line, while the I/O continued in parallel.

When the first I/O was completed , a -‘hannel interrupt brought
the program back to the I/O subroutine. It incremented the
measurement ID, initiated the next I/O, and returned to the main-
line program. The main-line program then checked the measurement

ID and if the I/O was complete for a given measurement, the

appropriate parameter calculation was performed . The I/O and

main- l ine  routine continued in parallel until the I/O required

for all parameter calculations was completed .

The following calculations were assigned to subroutines:

Least mean square fit to detector data to obtain threshold
and current generators

• Discrete Fourier Transform to calculate amplitude

Step response of filter

• Impulse response of filter

• Convolution integral

Required length of cut for given change in gain

The main-line routine has been coded and debugged except for

• blocks 1 , 2 , 54 , and 55. The first subroutine listed above

( i . e . ,  least mean square f i t  ca lcula t ion) has also been coded ,

debugged , and checked out with the main-line routine .

The other subroutines have been defined within the program . Nom-
inal values for the variables have been entered ; thus, the main
program can be checked out using the subroutine calls.

I t  is expected that  most of the code for  the simulat ion wi l l  be

used for  the actual real-time program . The I/O driver routines,

however , will have to be written specifically for the Hewlett-

Packard computer. Appendix B and C contain listings of the pro-

gram and printouts of the results of an actual run.
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3. CONCLUSIONS

The objectives of the third quarter were successfully met, as

follows :

The major  test station subsystems were built , assembled ,
and successfully tested .

• 50 percent of the f u z e  components were received .

• A s imulat ion of the main- l ine  routine of the amplifier test
program was written and debugged .

Fuze redesign was completed .
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4.  PROGRAM FOR NEXT QUARTER

During the next report ing period , the following activites are
planned:

• Integrate the complete system.

• Initiate coding of the real-time program on the test system .

Cc’-itinue fuze-prototype fabrica t ion.

Continue simulation effort.

I
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5. PERSONNEL

During this reporting period, the following personnel worked on

this program for the number of hours indicated .

Name Program Function Hours

A.J. Eisenberger Program Manager 208

P. Kaszerman System Engineer 248

R.F. De Mattos Tester RF and Fuze 182

H.J. Curnari Laser Trimmer and Fuze
Microcircuits 56

G.L. Freed Digital Components 117

U.Z. Escoli Mechanical Design 168

~ .H. Owens Mechanical Design 24

R. Blau Computer Modeling 44

- Draf tsmen , Machinists ,
Technical Publications , etc. 499
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APPENDIX A

— - OSCILLATOR MODEL

During the third quarter , progress has occurred in two areas.
First, some refinements have been incorporated in the model it-

self. Second , comparisons of experimental and calculated values

of sensitivities have been made on a considerably larger number

of ~scillators.

The chief refinement in the model was that the effect of the

walls of the test chamber were accounted for by representing it

as a f ixed phasor that alters loop impedance. Thus, for example,

~ and R in Equation (11) of Appendix A of the second report,

are replaced by:

X + X  andx

R + R ,x

where:

P = R + jX is the fixed phaser.x x x

Numerically, it is necessary to evaluate r~ by means of calibra-

tion transistors (i.e., empirically, since the algorithm has too

many unknowns vis—a—vis the number of equations to accomplish

this in any other way). The value of P,~ that is found is quite

large, about 50 ohms in magnitude. This result is perhaps not

too surprising when it is recalled that the walls of the test

chamber , which are far from being perfectly absorbing , surround
the antenna on all six sides.
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— Using a value of :

= 40 — 20j ohms,

a comparison of theory versus experiment was made based on 24

oscillators (see Table A— i for the results). Condi tion 1 in

Table A— i refers to measurements or calculations with no capaci-

tive pads attached ; Condition 3 means that the large parallel pad

alone has been connected ; and Condition 4 means both parallel
pads are in the circuit (it is planned in the very near future to

extend these results to all combinations of parallel and series

pads).

Except for SN9 and SN23 , all of the calculated results are within

— approximately ±15 percent of the measured values. In general ,

the scatter in the calculated values is not difficult to under—

stand : in the model , values of the circuit constants are fixed ,

whereas the actual values must vary from oscillator to oscilla-

tor. The implication is, therefore, that if data on the error of

the original calculation were fed back into the computer , these

individual variations could be corrected for. In other words, if

the scatter in measured versus calculated results is indeed due

to individual differences in oscillator circuit values, then a

process of iterative corrections should produce rapid cor~verg-
ence. It is planned to test this hypothesis in the near future.

It is also planned to extend the tests of the model to 100 addi-

tional transistors for which data exist on several, combinations

of series and parallel pads.

_ 
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Table A- i. Theory vs Experiment Based cn 24 Oscillators

Condition Sensitivity

SN Input Output Measured Calculated Error

1 1 4 0.1714 0.1614 0.010
1 4 1 0.125 0.137 0.012
2 1 14 0.198 0.198 0.000
2 4 1 0 . 1 2 4  0.138 0.014
3 1 4 0.156 0.143 0.013
3 4 1 0 . 0 7 6  0 . 0 9 0  0 . 0 14
4 1 4 0.158 0.154 0.004
4 4 1 0.096 0.099 0.003
5 1 4 0.155 0.140 0.015
5 4 1 0.105 0.112 0.007
6 1 4 0.147 0.141 0.006
6 4 1 0.070 0.080 0.010
7 1 4 0.145 0.141 0.0014
7 14 1 0.077 0.077 0.000

I’ 8 1 4 0.148 0.132 0.016
8 4 1 0.086 0.100 0.014
9 1 3 0 .16 7 0 . 1 4 1  0 .026
9 3 1 0 .110 0.134 0.024
10 1 14 0.167 0.154 0.013
10 4 1 0.098 0.112 0.014
11 1 4 0.163 0.178 0.015
11 4 1 0.103 0.109 0.006
12 1 4 0.131 0.119 0.012
12 4 1 0.064 0.0614 0.000
13 1 11 0.158 0.158 0.000
13 ‘4 1 0.107 0.097 0.010
14 1 14 0.180 0.168 0.012

• 14 L4 1 0 .1i 3 0.131 0.018
15 1 4 0.179 0.172 0.007
15 4 1 0.137 0.140 0.003
16 1 14 0 .171 0.173 0.002
16 4 1 0.125 0.110 0.015
17 1 4 0.129 0.138 0.009
17 4 1 0.055 0.056 0.001
18 1 14 0.114 9 0.134 0.015
18 4 1 0 .1JO 0.113 0.013
19 1 14 0.180 0.168 0.012
19 4 1 0.118 0.125 0.007
20 1 4 0.164 3.1 ! 1 3.013
20 L4 1 0.093 0.102 0.009
21 1 14 0.161 0.175 0.014
21 14 1 0.087 0.092 0.005
22 1 4 0.172 0.’76 0.0014
22 4 1 0.115 0 .iib 0.003
23 1 3 0 155 0.122 0.033
23 3 1 0.093 0.120 0.027
24 1 3 0 .152 0.157 0.005
214 3 1 0.i~~0 —0.329 O.4U9
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APPE ND IX B

LISTING OF SIMUL ATION OF MAIN-LINE REAL-TIME
AMPLIFIER TEST PROGRAM

800 C S I M U L A T  ION OF REAL TI M E A P L I F I E R  TEST P R O G R A M
900 C
1000 C M E A S U R E M E N T  10
1100 C —

1200 C 10 N A M E
1300 C -.
1400 C 1 DC A I ’TEN
1500 C - 2 R E C T I F I E D  A V E R A G E
1600 C 3 P O S I T I V E  TipE S s A ND CUR . GEM
1100 C 4 M (~~A T 1V E  THRES H A N D  CUR . GEM .
1800 C 5 STEP RESPO N SE
1 900 C 6 $CE~ F I R I N G  V O L T A G E
2000 C
2 1D0 C
2200 C
230 0 C
2~ oo C
2500 C D A T A  D E F I N I T I O N S
2600 C
2700 CO MM ON DTA 1 (100).0T42 (1000) .OTA3 ( 1000).DTA4 ( 1000 ).OT*5U0) )

280 0 COMMO N 0I (10001o (t0 (i1, (t00 ) .CON’ (50~~t 11
2900 CO M M O N  N1.M 2 .M3.N4.M 5 .M6
3000 C
3100 CO MM O N  I M A X .  G .STP .A .R.C.D ,P1 .P2.FIR (
3200 CO M M O N  CU T .T IN
3300 C
3400 C
350 0 C
5600 WRI T ((9.600)
370 0 60’) F C R M A T U X .
3800 1 1 M E A 6U R E M E N T  10
3900 t/ 1  I D
4000 1/ — -  - — “

4100 1/ I DC A ITEN
4200 1/ 2 RECTIFIED AVE R AG (”
4300 3 P O S I T I V E  THRESH A N D  CUR . GEN
4’.03 1/. 4 NEG A T I V E  THRES I- A N D  CUR. GEN .
450 3 1/ 5 STEP RES PON SE
4600 1/” 6 5CR F I R I N G  V O L T A G E .//////)

4700 ~
4~ 00 C
4 900 C
500 0 C I N I T I A L I Z A T I O N  A N D  D A T A  G E N E R A T I O N  FOR S I M U L A T I O N  PROGRAM

~ 100 C
52~)D GNt•M=5.
5300  C
5400 C POL E SC A L I N G  F A C T O P 6
550 0 SP1~~t
5603 S P2~~1.
~700 N NP 1 r S

38
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P 5800 NN P2= 5
5900 DELP I=5.
6000 DELP2=5.
6100 MP I=3
6200 M PZ= 3
630 0 C
E400 MO U h T ~~= 1 O O O O
6500 C
~600 M1 = 2
670 0 M2 = 2
6800 M 3=2
690 0 M4=2
7000 M S = 2
7 100 M 6=2
7200 C
730 0 C MEAS .1
7400 C
750 0 OI A 1 ( 1)= 5 .
7600 O TAI (2)=1 .
77 00 C
7800 W R ITE (9.631 )(DTA 1 (I).1=1. 2)
7900 601 F O R M A T ( 1x . 0C *TTENUAT ION 0/LX .2 110.2 //)
8000 C
6100 C M EA S2
820 0 C
8300 00 10 1=1.99.2
8400 10 DTA 2 (I)=40.
6500 00 11 1 = 2, 1 0 0 . 2
8600 11 0T42 ( I )= 1O .
8700 W R I T E  (9 .602 )(D ’VA2 (I).I~~1.10)
8800 602 FO RNA T (/ / / 1 X . 0~ TA FOR P O I N T  5 V OI T IIX .20 (6F10.211X).4F 1).2)
8900 C
900 0 C
9100 C M (4S3
9200 C
930 0 DO 12 1=2 .999 .2
9400 12 0T 43( 1 )= I
9500 00 13 1=2 .1000.2
9600 13 D TA3 (I )=40~~I 100
9700 C
980 0 W R I T E ( 9 .  603) (DTA3( 1). 1= 1.18)
9900 603 IOR M AT (///1X .”P O S I TE V E  R A M P  D A T A /1I,40 6F1C.2/.lx))

10000 C
1C IOO C M (4S4
1C200 C
1030 0 DO 15 1=4 .999.2
10 400 15 D TA 4 (I ) I
10500 DO 1~ 1=2 .1000 .2
1060 0 ló 01A 4 (I)= 10 .1—100
10700 C
1C80 0 W PITE (9,604) (DTA 4 (1) .1 1.18)
10 900 604 FOR M A T ,,/1*, NE GA TIV( R A M P  DA TA •,Ix.4O (6f~~~.~~,jX))
11000 C
11100 C N(4 55
11200 C
11300 00 201= 1.100
11 400 20 O TA S (I )= I
11500 C
1 1600 WRITU 9 . 605)(DTA5 ( I) .1=1 ,12)
11700 605 FOR MA T (/// 1~~. S T (P R (SPON( /1X.2 0 (6F10.211X)/)

LA  5- ’ ” 5 - 5-~~~~~~~~” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘



11800 C
11900 C MEAS 6
1200 0 C
12 100 DO 21 1=1.1000
1 2200 21 DTA6 U )= I
12300 C
1 2400 WRITE (9.606)(01A 6 (I) .I=1 ,12)
1250 0 606 F0RM A T (/// 1~~.FI R E VOLT A G E OA TA” /jX, 20 ( 6F10.2/jx)//)
12600 C
12700 C TA R LE OF C O N V O L U T I O N  IN TEG R ALSS
12 800 C
12900 00 25 1=1 .30
1300 0 DO 25 J=1 .11
13100 25 COP ,(I .J)= 1 J •t00
1 3203 C
13300 WR 1TE (9.60T )
13400 607 FORM AT(/// IX , TAB L ( OF CONVOLUTION IN TEGR A LS )
1 3500 00 10050 1=1 .5
13600 W R ITE(9 ,610 )(CON (I.J ) ,J=R. j1)
13700 10050 CONTINUE
13800 610 FORMAT (1X .11F6 .0)
13900 C
1 4000 C SET TIME TO LERO
14100 C
14200 TIM= 0 .
14300 C
1440 0 C
14500 C SET B R EA KP O IN T TEST VAL UE

• 14600 C
14 700 B’cPT=I).
14800 C
14900 C
15000 C
15100 C
15200 C
1530 0 C M A I N  L IN E PR O GRA M
15400 C
15500 C
15600 C CAL C U L A T I O N  OF A M P L I F I E R  P A R A M E T E R S  FROM THE MEA SU R 1~ EM TS
15700 C
15800 C
1590 0 C CALC 1 . DC A T T E N U A T I O N

• 1600 0 C
1€ 100 1109 C O N T I N U E
1 6200 IF ( M j—2 )110 ).1j1O. jjOC-
1630 0 C V 3 r D T A 1 ( 1 )
1 6 4 0 0  C V 4 = O T A 2 ( 2 )
16500 1110 D C A T T = O T A L ( 2 ) / D T A I ( 1 )
1 660 0 C
1€ 700 W R I T E  (9 .50 1 ) D C A  TT
16800 5 1  FCPMA T (I I I 1X . ” OC A T T  = “ FiG .? )
1690 0 C
1700 0 C CAL C~~. G A I N  TO PT . 5. AC TO REC TIFIE D A V E R A A G E  —

17100 C
17200 C
17300 1200 CC P~T1N(i !
1 7400 IF (M2 2 )12CIS .1210.1200
17500 1210 0=0.
17630 00 1220 1=1.100
17700 1220 0= 0 • ~I~ S (DT A~~(!))
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1780 0 C
17 900 C RE SCALE 0
i eooo c
18100 G=G F 1000 .

• 18200 C
18300 W R ITE (9,5O? )G
18400 502 FO R M A T ( / // 1x , G A I N  TO PT.5= ,Fi0 .2)
18500 C
1860 3 C
1870 0 C C A L C U L A T I O N  3. P O S I T I V E  T H R E S H  A N D  CURRENT GE M
18800 C
18 903 C USE R A M P  DA TA VS AND V 6
1 900 3 C
19 100 130 0 CONi I NUE
19200 IF( M 3 2  ) 13G0. 1310.1300
1 9300 C F I N D  COUNT A T  W H ICH V 6 IS PAST THE BRE AIc P O I N T  IN C U R V E
19400 C
1950 0 1310 DO 1315 1=2.1000. ’
1 960’) cOU NT= I
1970 0 IF (D TA3 (I )—A I (PTOI31S.1320 .1320
1980 0 1315 CONTINU E
19900 1320 C O N T I N U E
2C000 C
20100 C
2C200 C
2030 0 C SORT E V E R Y  50TH V A L U E  C’ F VS & V 6 ~1UT A V E R A G E  A D J A C E N T
20400 C VA L U E S  OF V 66O .
2C 500 C
20600 1=0
2C7 00 DO 1330 ~=MOU NT .1000 .50
20800 1=1.1
2C900 V 5 (1 )= D T A 3 (N — 1 )
21000 V 6 (I)= (D TA3 (K). QTA 3 (K 2))~~2.
21100 1330 CON TINU E
21200 C
21300 W R I T E ( 9 . 5 0 3 ) ( V S ( I ) , 1 = 1 . 2 0 )
21400 W R I T E ( 9 . 5 0 4 ) ( V 6 ( I ) , 1 1.20)
2150 0 503  FORMA ~~(/ / / I X . V5 / t X . 1 S ( 5 Fj 0 . 2 / 1X ) )
21600 504  F O R M A T (f / t x . ”V6 0/IX .15(5F10.2/1X ))
21 7 00  C
21830 C F I N D  U PPE R L I M I T  ON N UMB ER OF V A L U S  OF VS (SA ME NtJM 8 (R FOR V 6)
21 900 C
22000 NU N 8= (10 00—KOUN TO /5 0
22100 W RI TE (9 ,50 5 )NUMB
22200 505 F O R M A T (/ / / 1 X . POS NU N = IS)
22300 C
22400 C CAL L S U B R O U T I N E  TO O B T A I N  L E A S T  M E A N  SOIJ A RE FIT To L INE
2250 0 C
22600 CALL LM S F (N U MR.I P.GP)
2 2 7 0 0  C
22800 W RIT E ( 9.506)TP .GP
2290 0 506 FOR MA T (,/f j~~.THRESH= .F1O.2~~~X . G A TN = .F1O.2)
23000 C
23100 C
23200 C C A L C U L A T I O N  4 .  N E G A T I V E  THRESH. AN D  C URRENT GEM.
2330 0 C
23400 C USE R A M P  D A T A  • VS A ND V 6
23530 C
23600 1400 CD~~T INu E
23700 IF( M 4 2)1400.1405 .1600

41
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23800 C
23900 C
24000 C FINO COUNT A T  W H I C H  V6 IS P A S T  TH E B REA K P OIN T
24 100 C
24200 1405 DO 1410 1=2.1000.2
24 300  KO U NT= I
24400 I F ( D T A 4 ( I ) B K P T ) 1 4 10 .142 0.1420
24500 1410 CO N T IN t ’ Z
24600 C
24700 1420 C O N T I N u E
24800 C
24903 C
25000 C
25100 C SO R T EV RY 50T H R E A D I N G  C-F VS 1V6 ; AVERAGE
25200 C A D J A C E N T  V A L U E S  OF V6
2 5 3 0 0  C
25400 1=0
2550 0 DO 1430 K = K O U NT . 1 0 0 0 . 5 0
25600 1=1 .1
2 5 7 0 0 V S ( I ) = O T A 4 ( K — 1 )
2580 0 V6 (I )= (DT A4 (K)GDT A 4(K— 2) ) 12.
2 5 9 0 0  1430 C O N T I N U E
26000 C
26100 WR ITE (9.5 03 )(V 5 (I) .I=1 ,2 0 )
26200 WR ITE (9 .504)(V6 (1) .1 1.20)
2 6300  C
26400 C FI N D  NU MBER OF VALUES
2 6 5 0 0  N U M B = ( 1 0 0 0 — K O U N T O / S 0
26630 C
2 6 7 0 0  W R I T E (9 .5 1 0 )N U M B
2 6803 ¶ 10 F O R M A T ( / / / 1 % . 0NE0 NUM= IS )
26900 C CALL L E A S T  M E A N  SQ U A R E  F I T  TO A S T R A IN G T  LINE
2700 0 C
27 100 CALL  L M S F ( N U M B . T N .  G M )
2 7 2 0 0  C
27 300  ~R I T E ( - ~. 5 C 6 ) T N . G N
2 74 0 0  C
275 0 0 C
2760 0 C
27700 C C A L C U L A T I O N  5. STEP AND IM PULS E RESPONSE
27 8 0 0  C
2790 0 C
2800 0 1500 C O N T I N U E
2~~10O IF ( M 5 — ? ) I 5 0 0 . i S 1 O . 1 5 0 0
28200  C C A L C U L A T E  S T E P  H E I G H T
2 8 3 0 0  C
284 00 151~J CO N TI N UE
28500 C A L L  D C S T P
2860 0 W R I T E ( 9 . 5 ? C )  STP
28700  520  F O R M A T // / 1x. STP HE IG HT = ” .F1O.2)
288 00  C
2890 0 C C A L C U L A T E  F I L T E R  P ES Pc ~h5( TO STEP
2900 0 C
29100  C A L L  STEP
29200 W R I T E ( 9 . 5 2 1  )A .P1 .P2
2930 0 5 2 1  F O R M A T ( / / , 1 X . ”N= . F I 0 . 2 / 1 X . P 1 = .F10 . 2 I 1X , 0P2= .F 1 0 .2 )
2 9 4 0 0  C
29500 C C A L C U L A T E  I M PJLSE R E S P O N S E
2 9 6 0 0  C
29 700 C A L l  I~~PuiS
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2 98 00  C
29900 wRITE (9.522)C.D
3C000 522 FC RN 1T(/II1X . C=~~,F10 .2/1X, ”O= F10.2)
30100 C
3C200 C
3030 3 C
30 400 C C A L C U L A T I O N  6. CA L C U L A T E  5CR F I R I N G  V O L T A G E
30500 C
30600 C
30700 1600 CO N T I N U E  -:

3C80 0 IF (N6—2 ) 1600 .16 10 .1600
3090 0 1610 C O N T I N U E
31000 C A L L  Su RE
31100 C
31200 W PI TE (9 .525) FIR E
31300 525 1ORM A J (// / 1X .~~E IRE V O L T A G E = . rio .?)
31 400 C
31500 C
31600 C
31700 C
31800 C RESET A M P L I F I E R  BY DISC H A R G I N G  C OND FNSORS
3190 0 C
32000 C SH O RT Cl
32100 C SI~0 RT C?
32200 C
32300  C U N S H O R T  C L
3240 0 C UNS HORT C?
32500 C
32600 C
3270 0 C
3 2 800 C
32900 C
3 300 3 C C A L C U L A T E  G A I N  R E Q U I R E D  T O MEET HOR
33100 C
33200 C
33300 C F I ND POLE P O S I T I O N S  AND I N T E R P O L A T I O N  F A C T O R S FOR
33 400 C USE IN L O O K I N G  UP C O N V O L U T I O N  I N T E G R A L S
33500 C
33600 C POLEI
33700  C SCAL E POLE V A L U E
33800 P 1=P 1 .SPL
33900  IP1=P 1

• 34000 I P 1 = I P 1 ~~N N P 1
3410 0 P l 1= IP1.NNP 1
3420 0 A L P H 1 = ( P I P L I ) / O E L P I
34300 C F IND P O S I T I O N  IN TAR L E
34400 N P I= I P I - N P 1
34500 C
34600  W R 1 T E ( 9 .  5 3 0 )A L P H I . N P I
3 4 7 0 0  5 3 0  FCRMA i (I//tX .~~~LPH1= ,F10.2/jX . Pj P O S I T I O N  IN T A $ L E = ” .F 10.2)
3480 0 C
3 4900 C R E P E A T  FOR P2
35000 C
3 5 100 P2=P2 .SP2
35200 1P2= P2
3 5 300 1 P2 = I P2 ,N NP 2
35400 PL 2= I P2e N N P ’
35500 ALP H 2 = ( P2 PL2 ) /D E LP 2
3560 0 NP?= 1 P2—N P 2
35700 C

43 
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35800 C
35900 WR ITE (9 . 53 1)ALP H2 .NP 2
36000 531 FOkM AT (/ // 1X. 0

~ LP H2= .F1o .2/1X . P? POSITION IN TA R L E = ”.F1O .2)
36100 C
36200 C
36300 C
36400 C
36500 C
3660 0 C
36700 C I T E R A T I V E  LOO P TO FIND RE Q U I R E D  G A I N
36 80 0 C
36 900 C I N I T I A L I Z E
37000 C
37100 G C A L C = G N O M
37200 KO U PIT=Q
37300 C
37400 C STA R T OF L O O P
37500 C
37600 2050 CO N T I N U E
37 7 0 0  KOtJ P*T KOU MT •1
3780 0 W PIT ~~(9,540)K0UNT
37900 540 FOH MA T(,// 1X. LOO P COUNT = “.1 5)
38000 C
38100 W R I T E  (9.546 ) G CALC
3820 0 51,6 FCRMAT (/// 1X .”CAL C LL A TE O G A I N  = “.F1 0.2)
38300 C
38400 C F INV TM R E S H O L C  POSITIONS AND I N TER POLATION FACTORS
3850 0 C
38600 C POS ITIVE THRESHOLD
38 700 C
38800 PT P=TP/GCA IC .100
38 900 IT P=PTP
3900 0 ITP= I TP/13
39100 T P L = I T P ~~iO
392)0 RE T P=( PTP TPL)/t0 .
39300 N PT= TP.1
39 400 C
39500 C
3 9600 W R I T E  (9 • 541 )RE TP .NP T
3 9700 541 F O R M A T ( f / / 1 X . ”B ETA P O S I T IV E = .F t0.2~ 1 X .”THRES H POS IT 10N .1O.2)
3 9800 C
39 900 C
4C00’) C
40100 C N E G A T I V E  TH R ES t -Q LO
4 0200 C
40300 P T N = T N I G C A L C * l 0 O
40400 I T P I r P T N
6050 0 I T N = I T P 4 / 1 0
40600 T N L = I T N * I 0
40700 B E T N = ( P T N TNI )/1O.
4 080 0 N N T = ! T N . 1
40 900 C
41001) C
41100 C
41200 wRIT (( 9,542)BETN.N NT
41300 54? FQR ~- A T(, ,,tX .”B(T A NEG: .F1O.2/1X . THR ES H PO S I T I O N = ”.FL 0.2)
41400 C
4 1500 C
4 1600 C
4170 0 C C A L C U L A T E  THE FOUR P O R T I O N S  OF T HE C O N V O L U T I O N  INT EG RA t

44

~ 

-— _ - -~~~-



_ _ _ _  -- 
—~ --

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

p 6180 3 C
4 1 9 0 0  C A L L  I N T G R L (  NP1 .NPI ,A L P H 1  . S E T P , C I P )
62000 CALL IN TG PL(NP Z ,$PT . A L PH2 .BETP .C2P)
62100 CAL L  £NTGRL ( NP 1.NN T .AL PH 1.BE TN .C 1P ,)
42200  C A L L  IN G R L ( N P 2 . N N T .A L P H 2 . B E T N . C 2 N )
42300 C
62400 SUHI=GP .(0 .C1P ,DaC2P)
6250 3 SU~~2= GN~ (C .C1~~+D~ C2W )
42600 SUM =GC A L C . (SUM I .SU M 2 )
4270 0 W KI TE (9. 545) CIP . C2P.C 1N .C2N .SUM
42800 545 FO R M A T ( / / / 1 X , ”INTE GRA LS ” / 1X” P O LE 1,P OS THRES H= .F1~~.2/I X .
42900 I” POLE 2 .  P05 THRES I4= .F10.2
4300 0  2 / L X . ” POL E 1.NE G T H R E S H= .F 1 0 . 2/ 1X .
4 3 1 0 0  3 “POLE 2 . N E G  T H R E S H  = “ . fj O . 2/ / t X . 50M = “ .F1C.2)
4 3 2 0 0  T E M P = ( S U M F I R E ) / F  IRE
43300 T E M P = A R S ( T E M P )
4 3 4 0 0  I F ( T E M P — 0 . 0 0 0 5 ) 2 0 0 0 . 2 0 0 0 . 2 1 0 0
43500  2100 IF K O U N T — 1 0 ) 2 1 1 0 . 9 9 9 9 . 9 9 9 9
4 3 6 0 0  C C O N T I N U E  I T E P A T I O N S
4 3700 C
4380 0 2110 G C A L C = G C A L C . (F I R E / s U M )
4390 0 GO TO 2053
64000 C
4410 0 C

4 44200 C
44300 C
44400 C S U C C E S S F U L  E X I T  FROM LOOP
44500 C
44600 2000 C O N T I N U E
4473 0 C
64 8 00  W R I T E ( 9 . 7 1 0 )
4 4 9 0 0  7 1 0  F C R M A T ( / / I 1 X , SUCCE -SS F UL CA L C OF G A I N ” )
45000  C
45100 C
45200 C
45300 C
4 5 4 0 0  C C A L C U L A T E  R E S I S T O R  T R I M
45500 C
65600 C R 5/ R= ( K S l( 1 K 5 ) * ( K / ( 4 K ) )
45700  C R S I R = ( G C A L C , G ) * ( 1 H) I ( 1 GCALC * 14 /G )
4580 0 C
45900 T (W P= G CA IC /G
46000 P C H N G = T E M P I ( t . D C A T T )

• 66100 PC HN G = P C H N G / ( 1 . - T E M P * C C A I T )
‘.6200 C
4630 0 C
4 6 4 0 0  W R I T E ( 9 . 5 5 0  ) T E M P . P C à ~MG
4 6 5 0 0  55 0  F O R M A T ( / / / t x , R A T I O  OF CALC G A I N  TO A C T U A L  G A I N  =
46600 1 / 1 X . RA T I O  OF F I N AL TRIM R V A L U E  TO PRESENT V A L U E  = “‘Fl).?)
4 6 7 0 0  C
4 6 800  C
46900 CALL LM G TH (P C H N G )
6 700 0 C
4 7100 C
47200 C
67300 C
47400 C
4 500 C
47600 wRI T ((9.56O)CUT
4770 0 560 F O R M A T ( / / / 1 X , ”L(NGTH OF CUT= ”.F10.2)

-- - --5 - -- -- --~~~~~~~~-~~~~~~~~ -- -
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p 4.’BOO C
67900 C
48000 C
48100  C CUT TO LENGT H G I V E N  BY SUBROUTI N E
48200 C IDLE TILL CUT IS COMPLETE
483 00  C
4 8 4 0 0 C
48500 C F I N A L  TRI M . MON I T O R  G A I N  D U R I N G  TRIM
68600  C
42700 C OUTPUT CW
488 00 C ORDE R READ OF VS
68900  C
45000  C KCU!I~TR = W C R D  b UNT FR OM C HA N N E L  I/O .N UM BE R OF W ORD S
4 9 1 0 3  C A L R E A D Y  READ IN
49200 C
4 9 300 C
49 400 C A C C U M U L A T E  THE SUM OF THE F I R S T  20 W ORD S
49500 C
49600 C
49703 C
4980 0 C
45 900  C
SCO O ’) C
50100  C
50200 C
5030 0 C
5 0400 C
50500 C
50600 C

• 50700  C
5 08 0 0  C
50900 K T E M P  = I
5100 0 SU M=0 .
5 1 100 DO 2640  1=1.20
51200 2 6 3 - 3  C O N T I N U B
51300  IF ( K O U N T R — K T E M P ) 2 6 3 0 . 2 6 3 5 , 2 6 3 5
5 1400  2635  S U M = S U M , A q 5 ( D T A 2 ( I ) )
51500 P c TEs P= ~c~~EMp. 1
51600 2640  C O N T I N U 1

• 51700 C
51800 C
5190 3 C
52000 C O ROV P CUT
5 2100  C
522 0 0  C M O I , ITC R G A I N
5 2 3 0 0 C
5 24 0 0  DO 2650  1= 2 1 . 10 09
52500  2600 C O N T I N U B
5260) L F ( K C U N T R — K T E M P ) 2 6 0 0 . 2 6 1 0 . 2 6 1 1
52700 2610 K T E M P r K T E M P ,1
52800 SuM = SUN AB S (D TA 2 (I—2 0 ) ) .A B S ( U T A 2 (I ) )
5290 0 I F ( S U M — G C A L C  )2 6 5 0 .2 6 6 0 .2 6 60
5300 0 2650 C O N T I N u E
53 10 3 C P R O G R A M  I -AS F A I L E D  TO A C H I E V E  R E Q U I R E D  G A I N  W I T H I N
53200  C T M E R E A D  T IME L I M I T S
53300  C
53400  GO T O  999
53500  C
53 600 C P R O G R A M  H A S  SUCCEEDED IN T R I M M I N G  A M P  TO T O R E Q U I R E D  NOR
5370 0 C 
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53800 C
53900  2660  GO TO 10000
5400 0 C
54 1 0 0  C

• 54200 C
- - 5 4 3 0 0  C

54400  C
54 5 0 3  C
5460 0 C
5 4 700 C
54800  C
5 4 9 0 0  C
55003 C
55100 10000 CONT INUE
55200 W R I T E  (

~~ .1)
55300  1 F C R M A T ( / / / j X . ” P POGRA M H A S  SUCCEEDED IN A C H I E V I N G ”
5 5 4 0 0  1 R E Q U I R C D  I- l OB ” )
55530 GO TC 10001
5560 0 C
55 700 C
55800 999 CON TINUE
5590 0 W R I T E (  9 . 9 9 8)
56000 998 FO RMA T (,,/1X. ” P R O G R A M  HA S F A I L E D  TO A C H I E V E  THE RE QUIRED ”
56100 I” G A I N  W I T H I N  TH E R E A D  T I M E  L I M I T S ” )
56200 GO T O  10001
5 6 3 0 0  C
564 30  C
56500 C
56600 9999 C O N T I N L B
56700 W R I T E ( 9.9998 )
56600 9998 F O R M A T ( ~~// 1 X . ” HO8 G A I N  CALC U L A T I O N S  F A I L E D  TO CONVERGE”
56900 1 “ I N  TEN I T E R A T I O N S ” )
5700 0 GO TO 10001
57100 C
57200 C
57300 C
57400 C
57500 10001 CO N T I N U E
57600  C
57700 W R I T E  (9.570 )
5780 0 570 FOR M A T ( F ~~f1 X. PR O G R A M  HAS RUN TO COMPLETIO N ” )
57 900 C
52000  L O C K  6
58100  S T O P
58200  END
58300 C
5840 0 C
5850 0 C
58 600 C
587 00  C
5880 0 C
58903 C
59000 C
59100 C
59200 C
5 9 3 0 0 C
59400 C
59500 C
5 960-) C
5 9730 C
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59800 C
59900 C
6(000 C
60100 C SUB RO UT INES

— 60200 C
- - -  60300 S U e R O U T I P 8  L M SF(NUM 8 .T , G A I N )

6040 3 C L E A S T  M EA N S Q UA R E  F IT  TO A S T R A I G H T  LINE
60500 C
60600 C
60700 C DA T A  D E F I N I T I O N S
60800 C
6C900 C O M M O N  CTA1 (I00) .DTA2 (j000) .DTA3 (j000) .OTA4 (1000) .0 TA 5 (109 )
61000 COM M ON DTA 6(1000) .V S (100).V6 (100) .CON(30 .11)
61100  CO MM ON M 1 . M 2 . M 3 . M 4 , M 5 . M 6
6120 0 C
61300 CO M M O N  I M A X .  G.STP ,A .8,C .D.p 1 ,p2 ,FIRE
6140 0 CO M M O N  C U T . T IM
6150 0 C
6160 0 C
6 173 0 C
61 800 Al2 = 0.
61 810 A22= 0 .
61820 ~1=0.
6 1 8 3 0  R2 = O .
61 840 C
6 1 8 4 5  NzN U MR
6 1850 DO 12 I=1.N
61860 A 12=A 1 2 .V 5 ( I )
6187 0 422= 422’VS (fl .VS(l)
61680  R 1 = R 1 . V 6 ( I )
61890 82=82 .V5 (I) .V 6 (I)
61900 12 C O N T I N U E
61910 C
61920 A 11= N U MB
61930 C
61940 C
61 950 C
61960 F=A 11 ’A 2 2 A 12 .A 12
61970 TE MP =A2! .q1—A12 .a2

• 61 980 TEM P = T E M P / F
61 990 G A I N = 4 1 2 .8 1 — A l 1  .62
6200 0 G A I N = -GA I N /F
62010 T = — T ~~MP~~G A I N
62020 C
62030 C
62040  G A I N = A B S ( G A I N )
62050 T = A B S ( T )

— 
• 62060  C

62070 C
6208)  C
6 2 0 9 0  C
62100 C
62110  C RE~~C A L E  G A I N  AND T HRESHOLD
6 2 1 2 3  C
62130  G8 Ih = G A L h / 1 ) .
6 2 14 0  T = T ’ O . l S
62150  C
621 60  C
6 2 1 7 0  C
62110 C

48

- ---5- - - - -- -- - -
~~~~~~~~ 

--
~~~ 

5-- 
~~

—- ------ -- - - -5- - - - 5—- -- - 5-



555- - —=w~~~~~~~ — _

62190  C
62200 C
6230 0 RE T U R N
62400 END
6250 0 C
62 600 C
6 2 7 0 0  C
62800 C
62 900 C
63000 S U B R O U T I N E  OC ST P
63103 C C A L C U L A T E  HE IGH T OF STEP
63200 C
63303  C
6 3 4 0 0  C DATA DEFINITI ONS
6350 0 C
63 603 C C M M C N  D T A 1  (100 ) .DTA2 (1000) ,D TA 3 ( 1000) .DTA4 ( 100G) .0 TA 5(100 )
63703 CC .M M C ’N OT*6(1000).V5 ( 100) ,V 6 (lr)0) ,CON (30.11)
63800 CO M M ON M1.M 2 .M3 .M4 ,M 5 .M6
63 900 C
64000 C O M M O N  I M A X .  G . S T P .A , B . C . D . P 1 , P 2 . F I R E
64100 COM MON CL T .T IM
6 4200 C
6430 0 C
6 4400 C
64500 STP =1 ).
64600 C
64700 RE T U R N
6 4800 END
64 900 C
65000 C
65100 C
65200 C
65300 SUBROUTINE STEP
65 400 C C A L C U L A T E  STEP RE S PO N SE
6550 0 C
65630 C
65 730 C DATA D E F I N I T I O N S
6580 0 C
65 900 C O M M O N  D TA 1 (100) .OTA2 (1000) .D TA3( 1000 ) ,OTA4 (1000 ).01A 5(1 00 )
66000 COM MON OTA6(1000) .V5(100) .V 6 (lOO) .CON (30.11)
66100 CO M M C N  M1 ,M 2 ,M3.M4 ,M 5 ,M6
66200 C
66100 COM MON IM A X .  G.STP.A .B.C.D.P1.P2 .FIRE

• 66400 COP M OP II C4J T .T Is
6650 ) C
66600 C
6 6 700  C
6680 0 4=5
6690 0 P1 =2 2 . 5
6700 0 P2=32.5
67100 C
67200 RETU RN
6730 0 E N D
67400 C

• 67500 C
67600 C
67700 S U B R O U T I N E  IMPULS
6780 0 C CALCUL ATE IM P U L S E  RESPONSE
6790 0 C
68000 C
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68100 C DATA D E F I N I T I O N S
68200 C
6833 0 C O M M O N  DTA I (100).DTA2( 1000) .DTA3 (1000) .DTA 4(1000) .DTA5 (10)
68 600 CO M M O N  DTA6 (1000).V5(l0 3).V 6 (100) .CDN(30 .11)
68500 C O M M O N  M j .M? .M3 .M4.M5 .M6
68 600 C
62703 CO M M O N  IM A X .  G .STP .A,B.C .D.P1.P2 ,FIRE
6880 0 COM M ON CUT.T IM
68903 C
69000 C
69100 C
69200 C=2.
69300 0=2.
6 9 40 0  C
69500  C
69600 R E T U R N
69700  END
6980 ) C
6990’) C
7 CC O- ) C
70 100 C
70 200 C
7C303 S U B R O U T I N E  SF IR E
7C400 C CA L C U L A T E  F IR E VOL ~~A GE OF SCR
7 050 0 C
7060 - )  C
70 70 ) C D A T A  D E F I N I T I O N S
70800 C
7C9 0 0 COM M ON O T * 1 ( 1 0 3 ) . D T A 2 ( 1 O 0 0 ) . D T A 3 ( 1 0 0 0 ~~. D T A 4 ( 1 0 0 0 ) . O T 4 5( l00 )
71000 CO ’ . MON O T A 6 (  1 0 0 0 ) . V 5 ( 1 0 0 ) . V 6 ( 1 3 0 ) . C O N ( 3 0 , 1 l )
71100 C O M M C PI M1.M2 .M3 .M4,M5.M 6
71200 C
7130 0 COMMON IN A X . G .STP.4 ,B.C .D,P1 ,P2 .FIRE
71400 CO M M O N  C~~T ,T IM
71500 C
71600 C
71700 C
71 800 FIRE= 800 0 .

• 71900 C
72000 C
72103 R E T U R N
72200 END

• 72300 C
72400 C
7 250 0 C
7260 0 S U B R O U T I N E IN TG PL( 1 .J . A LP H .BE T.C I )
7270) C
7280 0 C
72900 C D ATA D E F I N I T I O N S
73000  C
73100 CO MMON OTAI (l00).D1A2(1000).DTA 3 ( 1000).DTA4 (1300).DTA5 (103 )
73200 CO M M ON OTA 6 (100 0 ) .V5 ( 103) .V6(100) .CON (30 .l1)
73300 C O M M O N  M L . M 2 . M 3 . M 4 . MS . M6
73 403 C
7350 0 C O M M O N I M A X .  G .STP .A.M.C .n. P 1.P2.FIR~
73600 C O M M O N  C U T . T I~
73700 C
73800 C
7 3900 C
7400 -) C FI PD I N T E G R A L  B Y I N T E R P O L A T I O N  flF TAB LE V A L U E S
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p 7 4 1 0 )  C 
-

74200 C I= C C N (I . J )
7430 0 1 •eET .(CON (I.J ,1)— CON (I,J )) .A LPH . (CON (I ,1.J)—CON ( I
7440 0 1 •AL PM *RE T . (CON(I ,1 4J ,1 )—CON (I ,1.J )—CON (j.J ,1).CON(I .J ))
7450 0 C

- -  7 4600 C
74 700  6 E T U R N
7 6800 -

- (- ‘10
7 4900 C
7 500 3 C
75100 C
75200 C
7533 ) C
75400 S U B R O U T I N E  L N G T H ( P C H M G )
75500 C
75600 C
75700 C DATA DEF INITIO NS
7 5 800  C
7590 0 COMMON C T A 1 ( l O O ) . C , T A 2 ( 1 0 0 0 ) . D T A 3 ( 1 0 0 0 ) . O T A 4 ( I G O O ) .D T A S ( 1 0 ) )
76000 COMMON O T A 6 ( 10 0 0 ) . V 5 U O O ) . V 6 ( 1 0 0 ) . C O N ( 3 0 . 1 I )
76100 CO M M O N  N t , M?, 43 . M 4 .M 5 .M 6
76200 C
76300 CO M M C N  I M A X .  G.STP ,8.R.C.D .P1 .P2, F IRE
7660 0 C O M M O N  CUT .TIM
76500 C
76600 C
767)) C
76800 C IJ T L T.
76 900 C
7 7000 C
77103 RETURN
77200 EN D
773 0 0 C
77400 C
77500 C
7 760 0 CC
77700 C
77800 S U B R O U T I N E  CIK
77 900 C RECO RD T I M E  AND (VENT
7800 0 C
72100 C
78200 C
7830 0 C DATA D E F I N I T I O N S

• 78400 C
78500 COMMON DTA L (100) .OTA2 (1000) .DTA 3 (1000) ,DTA4 (1000 ).DTA5 (10)
78600 CO MMON DTAE ( 1000) .V5( lOG ) .V 6 (  100) ,CON ( 3 0 , 11)
78700 COMMON M1.N2.M3,M4.M5.M6
78800 C
72903 COM MON I M A X .  G.STP .A .8.C .O.Pj .P2 .FIRE
7900 0 C O M M O N  C U T .TIM
79100 C
79200 C
7 9303 C
79400 RET URN

• 7950-) END
79600 C
7970 0 C
75800 C
79900 C
8000 0 C

5 1 
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APPENDIX C

PRINTOUTS USING SIMULATION OF REAL-TINE AMPLIFIER TEST
PROGRAM AND SIMULATED AMPLIFIER DATA

ID NA ME

I DC ATT (N
2 REC T I F I E D  A V E R A G E
3 POSITIVE THRESH AND CUR. GEN

NEGATIVE T HRESH AND CUR . GEN .
5 STEP RESPONSE
6 5CR F I R I N G  V O L T A G E

DC A T T E N U A T I O N
5.00 1.00

DATA FOR PC INT 5 V O L T
10.00 -10.00 10.00 -10.00 10.00 —10.00
10.00 —10.00 10.00 —10.00

P O S I T I V E  RA MP DATA
1.00 -80.00 3.00 ~ ,O.00 5.00 —40.00
7.00 —20.00 9.00 0.00 11.00 20.00
13.00 40.00 15.00 (0.00 17.00 80.00

• N E G A T I V E  R A M P  D A T A
-1.00 —80.03 —3.00 —60.00 —5.00 -40.00
—7.00 —20.00 —9.00 0.00 “11.00 20.00

-13.00 40.00 —15.00 60.00 —17.00 80.00

STEP R~ SPO N F
1.00 2.00 3 .0 )  4 . 0 0  5 .00 6 .00
7.01) 8 •Ø) 9.03 10.00 11.00 12.00

FI R E V O L T A G E  D A T A
1.00 2.00 3.00 4.00 5.00 6.00
7.00 8.00 9.00 10.00 11.00 12.00 

- - --- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -~~~~~~~~~~~~~~~~~~~~~~
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T A B L E  OF C O N V O L U T I O N  I N T E G R A L S
10C . 99. 98. 97. 96. 95. 94. 93. 92. 91. 90.
101. 100. 99. 98. 97. 96. 95. 94. 93. 92. 91.
102. 101. 100. 99. 98. 97. 96. 95. 94. 93. 92.
103.  102. 101. 100. 99. 98.  97.  96. 95. 94. 93.
104. 103. 102. 101. 100. 99. 98. 97. 96. 95. 94.

DC A T T  = 0.20

G A I N  TO PT . 5 =  1 .00

VS
11.00 B1.00 111.00 161.00 211.30

261.00  311 .00  361.00 4 1 1 . 3 0  461 .00
511.00 561 .00  6 1 1 .00  661 .00  711.00
761.00 811.00 864.00 911 .00  961.30

V 6
10.00 510.00 1010.00 1510.00 2010.90

2510.00 3310.00 3510.00 4010.00 4510.00
5010.01) 5510.03 6010.00 6510.00 ?010.tIC
7510.30 8010.00 8510.00 9010.00 9510.00

P05 PiUM= 19

TH RES A- = 1.50
1A IN 1.00

VS
-11.00 —61.00 —11 1 .00 161.00 —211.00
261.O0 — 311.00 -364.00 -411.00 —461.3-)

— 511.00 —561.00 —61 1 .00 661.00 — 7 1 1 . 0~
—76 1.00 8t1.00 86’1.00 — 911.00 —961. 03

— V6
10.00 510.00 1010.00 1510.00 2010.03

2510.00 3010.00 3510 .00 4010.00 4510.00
5010.00 5510.00 6010.03 6510.00 7010.35
75 1 0 . 0 0  6010 .03  8510.00 9010 .30  9510 .00

53
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NIG NUM 19

• T H R € S I ~
= 1.50

G A I M =  1.00

STP IEI G HT= 10.00

A= 5 .00
P1= 22 .50
P2= 32 .50

C= 2.00
0= 2.00

I ’ 

FIRE V O L T A G E =  8000.00

ALP HI= 0.50
Pj POsITION IN TA B LE= 1.00

ALPH2= 0.50
P2 POSITION IN TA B L E= 3.00

LOO P CO U NT = 1

C A L C U L A T E D  GAI N  = 5.00

BETA P O S I T IV E =  1.00
THRESH PO S IT I ON= 3.00

BETA N~ G= 1.03
THRES H PO S I T I ON =  3.00

I N T E GR A LS
POLE 1.P3S THR (SH= 97.SQ
PiL E 2. P05 THR (SHr 99.50

POLE 1.N(G T HRE S H= 97 .50  
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POLE 2 .NEG THRES H = 99.50

SU~ = 3940.00

LOOP CO4JN T = -3

C A L C U L A T E D  G A I N  = 10.15

- 
- BETA P O S I T I V E =  0 .48

TH RESH PO S I T IO N =  2.00

BETA N E G 0.48
THRE SH PO S IT ION 2.00

I N T E G R A LS
POLE 1 .POS THRES H= 99.02

PiLE 2. POS T HRE S H= 101.02
POLE 1.NEG T HRES H= 99.02
POLE 2 ,NEG THRESH = 101.02

SUM = 8123.65

L O O P  C O U N T  = -

C A L C U L A T E D  G A I N  = 10.00

• BETA POS ITI VE= 0.50
T H R E S H  P O S I T I O N =  2.00

B E T A  h~ G= 0.50
THRESH POS I T ION= 2.00

I N T E G R A L S
POLE 1 .POS THRE SH= 99.00
POL E 2. PUS THRES H= 101.00

POLE 1.NEG T HR ESH = 99 .00
POLE 2.NEG THRESH = 101.00

S U M  = 7998 .17
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SUCCESSFUL C A L C  OF G A I N

R A T I O  C- F CALC G A I N  TO A C T U A L  G A I N  = 10.0~RA T I O  OF FINAL TRIM P VA L U E  TO PP (SENT VAL UE = — 8 . 0 0

LE N G T H OF C IJT= 17.00

PRO G RA M HAS SUCCEEDED IN AC H IEVIN G R E QU IR E D NOR

P R O G R A M H AS R U N  TO C O M P L E J I O N  
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~During t-he third quarter , the major components of the test station were built ,
assembled , and successfully checked out at the vendors ’ plants. These com-
ponents consisted of the following subsystems: Computer Control , Stimu lus ,
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