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j ABSTRACT

1.
During the f i f t h  quarter , the amplifier test simulator program was
modified and incorporated into the real-time program. Input/out-

1 put (i/o) routines were added and partially debugged . Computer
control of the laser was achieved. An additional me:nory (32k )

I. and a more sophisticated operating system were ordered for the
computer.

Seventy-five amplifier boards were assembled and successfully
tested . Additionally, 75 oscillator assemblies have been 90 per-
cent completed. Purchase orders have been generated for the com-
ponents of the oscillator test signal system (modulator) .
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I 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 that 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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t 2. NARRATIVE AND DATA

2.1 INTRODUCTION

During the fifth quarter, the amplifier test simulation program

was modified and incorporated into the real-time program. I/O

routines were added and partially debugged. Computer control of

the laser was achieved. An additional memory (32k) and a more

I sophisticated operating system were ordered for the computer.

Seventy-f ive boards were assembled and successfully tested.

Additionally , 75 oscillator assemblies have been 90 percent

completed. Purchase orders have been generated for the oscilla-

I • tor test signal system (modulator).

2.2 REDESIGNED FUZE

2.2.1 Fuze Prototype Fabrication

A m p l if i e r s . - A total of 75 amplifier boards were assembled , of

• L which 714 were tested and certified as operational ( 1 unit was
used as a mechanical sample for fixturing purposes). Chip resis—

tors were attached to 54 units as per the following schedule :

24-Cermalloy (SN: Cl-i through -214) P

I . 15-Electro Science Laboratories (SN: ESI—4, —6 through — 15 ,

— 17 through —20)

V . i5—Englehard (SN: EN— i , -3, —~4, —6, -7, —9 , —10 , —12 through

—19)

I The remaining 15 units were tested without chip resistors
mounted in place. All units performed satisfactorily. These

I prototypes will be laser trimmed in the next quarter.

• All units have been tagged and characterized to permit tracking

of chip resistor values through trimming and determination of

$ : 

resistance effects 

I
~~
::i: i’LIL

~~~~ 

and 3). 

~~



I

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . .o c~-~~ I nN  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1-4 ~~~~I~~~O ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4 J I~
-4 >.~~~~ ~.046 

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0
4J 1 - 4I o E-’ c~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~z • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I I~l I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 1 4
1~’ ~~ 4J~~~~

1. 
— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

O ’wo --4 14o
0

I
• O il) 14 4.l~~ 4-a

O Z If l
~ 

-
~~ ~~ 

—a. a. -~~~ ~~.. ~~~. -~~ ~~ ~~ . ~ a. ‘~~~ ~~~. ~~~. ~~~. ~~~. ~~~~ ~~~ ~~~. ~~~ ‘a. ~~~. ~~.. ~~ 41) ~.4
.,

~ ~~~~~~I _________________________________

1 40 .-I
s m  q, u~~~~Cl) -I C)

>1 ~ O N  04 0  0 0 0  O~~D N ~~~~ In —• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~ — I 0 0 0 0 00 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  41) C)

~ 

0 . •
0 0

• E-a IC W 1 4
Cl) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  > 4.1 41)

~ W~~~~~4’& f l 4  0 41è~~~~~~W W
14 w

.-4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 141 ~~~~~ I 1 4
Ia-a • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 140~~~~~ I 9 0 0 0 09 90 09 0 0 09 0 09 0 09 9 90 0 0 9

~~ 0 41) 1.4 ~ 1
‘-4 0 0  4 j i ~ ~~~~~~~~~I-4• I 5 • ~~~ C ) 4 J  46

I —

C) II II
Ifl ~~~~z N 40 40 10 4(4 4(4 411 1(4 *11 In 114 In In N m 

~ 0 0 ‘0I o 0 • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ I ~ 4 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 14- I 0 ~~~~~~ o o o o o o o o oo o o o o oo o o o o o o o o o o
1.

• 0 0

I 46 —

I I
I 0 0

O m  N 0 - 4 0 m m N~~e~~DN~~~~~~~~~~~?N m m c~~0u1
£4 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• 1 0 C)1 • . — 4 . p a — 4 4 4 N 4 . — 4 4 . 4 . 4 . 4 N 4 — 4 — 4 N . 4 r ~~ ,—4~~~4 ,.4 III

• 8
(1
II ..4 4 1
II • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ £414 N N N N N N N N N N N (.4 N N N (.4 N N N N N N N (.1 14 -.4 ~ 4

1~! 
$24 1 4 0 S

U ________ ____________________________________________________ ‘41 D~ 4~~ •l
1%

. 
‘
I11 ~~~~~~~ 

‘ “ I N
•1.4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..14 I -4 ,-4 r4 .4~~ 4 p 4 ~~4 N N N N N~~~~~ ~

U

— 

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



• (5 01 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 1N Ir) •
01 .—4 .~ In ~~ m a-.s N N N N 4.0 ~ 10 10 N N in 01 N• ~~ 1~ 46 0 N N N N N N N r— N N N N N N N It) ~ I

N

C)

N ~~~~4 0 m I n~~~m~~~m o  ~~~~~~~~~~Z • 10 N O ~~~~ 0 1 N~~~~~~~~~~ N U 1  ~ 4 ’IC’ ¼D 0 ‘0C) — I ‘.0 ‘ . DN~~.0 ’ . . 0~~~~~ O~~O I n ’ .~~~N N~~0 ’ . D N C)1-I 46 • . • . • • • • •. •  . • . •
I • In

0 —  — C)

0 0’41) -‘.4
—4 441 --4I _________________________________ C)

‘ 1  I •~~
•
~~~~~~~~ .0

0 14) 
>1Z U) 4.1

o 41)
4 1

o It)

O ~~ 00 1 . - 4’ . 0 4 0 t Q.-4 46~~~~~ 01 ‘ . 0 4 6 0 N 1’ . 0
C.5 • It) ‘.D~~~~~’.0 ~~~~~’.D I n I n~~~~~40~~~ ~? ‘ . O I n I n I nO
H I  0 0 0 0 0 0 0 0 0 00  0 0 0 0 0 0  ‘4.4(5

2 .-4 0 0  C)

0’

• 1
~~ N~~0 . - 4 00 0 ) ’41’ ’.DN~~~• ‘.0 ‘ . D 4 0N ’ . 0~~~ .O~~0 ’. D ’.O $.0 N 111 ¼0 ’.0 O

•o 0 0 4  0 0 0 0 00 0 0 0 0 0  0 0 0 0 0 0
-
~~ X a .~~ 0 • • . • . ••- • • •. •  . • •* • .

C) ‘-4 0 0
I :  11) • 1--I

I - l
~~

• N .-4( .,4 N It) In 1(5 u.n 4.0 It) 1.0 it) 0 0
I ‘a-a 0 ’  ~~ ~~~ C’1 O a’)~~~~~’. O 0 1 N0 C $  ~~~ I C ’ l.0 .-4 N~~~H I  0 0 0 1 , - 401 . — 4 0 0 $ Q ) 0 O %  O$ —4 0 10 00

Z N  .-4 .-4 0 .-I O .-4 . - 4 0 0 . - 40 O ,-4 0 .-I .--I 0 o~~~~‘ 
•~~~~~~~~~~~~~~ • • • ~~~~~~~~~~~~~~ 

~~~~~~d d
• f •  C) ) .O

i C)
~~~~4J~~~

• ~~‘ ..4 ..4 1n o Ln~~~~N’.p .-I m ‘.D t f l O 0 1  0’ 0 0

o ~~ 01~~~~ — 4 m ~~~~ C’)~~~~ O~~~~ ’.0 D~~ 4 0 1~~0£4 I .1J

ii • ~~~~~~~~ 4 4 _ 4 ~~ 4 4  ~ 4~~~~~ 4 4  411
0$ Ii (4) U) ..4

14

I’ ~1! 4.1 • 01 1 0 N 0 1 N 0 1 4 0 0 1 .. 4 m 5 a  N N 0) 0 IC IC
U) H ‘.0 D 4 0~~~~~’.0 I n I n I n’ . 0 I n 4 0  ‘ 0 4 0 1 1 1’.0 ~~41) (.4 N N( . 4  C 4 N N N  

~~~O C )  C ) 1 4
I~ ‘~~ ‘.I~~~~C ) E 4 O W 4 J ~~~~~~ I ’4.a
.4 ( 4 ) 4 6 4 6 4 4 1

• ‘a 0’4J ,4 1i 4J > 4 6N 
• -I- 0 ’ Z W - . 4  41) 11

C) -.4 4.1 (44 0 ’ O
1

f-a ~~~ 4$2 N m~~~~ In ’ .D N~~~~~G u 0 . - 4 N m~~~~ In ’ . DN~~~~~0 1O  o
4 . 4 ~~~4 .-4 ’.4 .-4 .-4 .-4 .-4 N ti ll N II II IIh ~~~~~~~~~~~~ ~~~I

1 
_ _ _ _

-~~~~ 

— • ••• __ i •• __ •_ -•- - 

••
~~~~

• -• • 
~~~~~~~~~~~~~~~~~~ 

-

. 

- 
~~

• •  
~ 

-

~~~~~



I
I i  In

m
4~1W i l l  ‘C O

‘0 ~~~E It) I O N  ~~~rn 0 0 1  ~~~~~~~~~~~~~~~~~~~~~~~~ •
4.4 01-l~~~ 0 N r 9  010 ~~~10 0 r - N 1 0 1 0 4 0I O 0 1~~~~~~46 ~~~IC 0 N I ON  I ON  ‘ . 0 I O  s I O ’ . c I O I O I n I O I ON m

> • — ‘.0
C) _________

-4
0’ >

N N N  0 4 ~
) N~~~Z • ~~ C M I O  O N  1110 ~~~r-a~~noI N .- I N m  ‘0

H I It) I O I O  N I O  Nh  I O N I O I O I ON I O I D  C)
• I I  * 1  - .  • • • . • • • •  4.1

0)

0 4.1.46’ _ _ _  — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  C)

O .-I 0’
0 .4 0)
‘C 46 -.4

• 0 W~~a- a)
t . .

~~

. ________________________ .0
-.4
0 0 )  >‘
Z U )  4—’40 -• —a• ~‘•.• ~~~ ~~~~ ~~)- -

~~ ~~ ~~1* ~~~. ~~~ 
‘
~~~ ~~)- 

•‘
~)• 

4.4
A. _______________

~~~~~~~~~~~

-“

~~~~~~~ a
N It)

X c . 4  ~~ aIm ~~~~ in co I O m c o a I N 4 0 c o~~~~m N  C)
0 • UI ‘0 111 ‘0 ’0  ‘ 0 m  ~~~ m ’ 0 r n ’ 0 N ’ 0 ’ 0 ’ 0 O

144H I  0 9 9  0 0  90  0 0 0 90 0 0 0 0 0

In • C)
U) — 04 0)

0 ) 1 4
C)} 14 r n_ I  C) 4-)

C) ,-4 r n  , 0 ) C )
-.4 -4 m ‘ 0 I O  N m  N’.0 ‘ 0 a I a I a I m I n’ 0 m c o h

• *144 ~~~~ • ‘C ‘.0 1.0 I-fl IO 10111 % D m I n I n I O’ 0 I O I O 1 00  141
-.4 0 0 1  0 0 0  0 0  0 0  0 0 0 0 0 0 0 0 0 0  0 1 4,-~ x a -~~~o • . • • • . •
04 ‘-4 0 0  04

-I
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4 6 — 4

0 ) 1 4 1
$2)

N --‘ ‘0
N .4J -.4

1) N 111 111 It) IC’ 10 U) UI rn i.n 14 >j 0 0 • 0’ hID 01’.0 m c o  m I O _ I ’ 0 0 1 N~~~~001co
41 H I  01 0) 0) c o O )  0*0  0 ’ N O * c o c oI O 0 1 0 1 c oO
0 Z N  0 0 0  0 0  • • 0 0 0 0 0 0 0 0 0 0  0 0 )• 14 N • - • • • 0 0  • - . . . •. . . .
0$ • 0 0  II) Q~

______________________________________  
(4.4

~~
0’ 0 0

N InN m o  1.0 *0 0 1 I O N_ I~~~~~co 4 0 m  -.4 u -_I
m 0 *0  N m  0 * N  40~~~~~N .-, IS1 ’ . - 4 N m  144 1 4 4 1

(4) 14 I 0* ~~~01 ~~~01 c o o  0 10 0 * 0 ) c o G * 0’ 0 4.1 -‘.4 40
• • •  • •  • •  • • . • • • • •  41)

11 0 ) 1 1
14 -4

m LI C) C) 0 ) 4 )
~~
.

m 46 1 4 4 1 1 4 4 6  0 ) C )
C) N (4) (4) ~4 _ I  0 4 . 4

_I 00’ m~~~ * O I D  c o N~~ 4~~~~In 0’o m -.4 ~~~U) )* (41 .0)
H 

• 

*0 *0 * 0 ‘.0*0 111 *0 *.0 1 1 1 U I 1 0 4 0 4 0 % 0In ~~~~~~~~~~~~~~f-a ~ N N N  N N  N N  N NN N N N N N  5 1 4 0  4) 4 ) 1 4
* . • • . • . • • • • • • . •  14 -.4 4.I -.4 0 ~~~~4 ) 1 4 0 4 ) 4 )0) .-I (44

--I 0 ) 4 0 4 6 4 6
‘a-4 0’ 4-) -4 14 4) > 4 0U)

In 0* 0I~
•
~ ~ 

4 ) 1 4
4 4 1 4 44

1-4 .0
M U  Ii Ii Ii II O X  •~~~II ~~~C)

44 H 0~~~C) ~~~0) £ 4 0 0 )C)
~~~U) 4) ~~~-_ I H 0 4 1 )

I
5

I
— 

- = • 
-

. — -



I
Additional resistor chips have been produced from other subs-

trates using the services of a laser machining house.

Tables 1 , 2, and 3 summarize measurements made on the pretuned

prototype amplifier boards described above using an in-house

I. amplifier board tester for the M732 fuze. Seven tests are con-

ducted during a normal production cycle:

I * Bias current ( I )

• I • Arming time (TD)

• Height-of-Burst (ROB)

I - Mid frequency

- Low frequency

1. - High frequency

1 * B+ noise test

I 
* Integration Time (TINT)

Bias current (I) is the overall current supplied by a 30.00-Vdc

power supply to each test amplifier. Arming time (TD) is the1 time needed to charge the fire pulse energy storage capacitor.

Three ROB measurements are performed ; one each at low , mid , and

I. high doppler frequencies.

I A noise measurement is conducted where a lOOmVrms audio tone is

impressed in series with the power supply for a specified length

of time, whi le the amplifier board fire pulse output port is
1 monitored. If a fire pulse appears, the unit fails this test.

If no fire pulse is observed, the unit is considered good.

• 

• 

Integration time (TINT) is a fundamental property of the amplifier j
I board integrator circuit.

Note that the limits presented are all in volts, even though

~ I actual units are current, time, voltage, or distance. The
specific correlation factors have been left out for security• I purposes.

- 
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I
* All units are within the bounds specified at the top of each

column with the exception of the ROB voltages, which are all

below the specified range at each doppler frequency . This under-

shooting is the result of the lower than normal values of R9

which , as yet , have not been laser trimmed . As R9 values increase ,

the test voltages will increase to the nominal values at each

I doppler frequency (Low - 0.14V; Mid - 0.25V; High - 0.l9Vdc).

2.2.2 Prototype Oscillators

Seventy-five prototype Formed Antennas (Dwg No. 06006416),

and Oscillator Printed Circuit Boards (pcb) (Dwg No. 06006407)

were delivered during this quarter for evaluation . The antennas

1~ 
were found to be unsatisfactory and were rejected .1 A new lot of

L 63 units were received at the end of the quarter and will be

assembled during the next quarter . Two selected units of the

initial lot, however , were assembled and electrically tested in

an existing oscillator tester . These oscillators performed

[ similarly to the original Harry Diamond Laboratory (HDL) designed

units. Detailed electrical measurements of the new prototype

I oscillator assemblies will be made after assembly of the formed
I antennas . A systematic evaluation of these modified oscillators

L 
will be performed .

2.2.3 Oscillator Chip Capacitor

Two separate binary-valued capacitance designs were constructed
and evaluated during the present quarter. Individual plate size

I dimensions were based on different theoretical and experimental

criteria of fringing capacitance. Figure 1 shows an enlarged

I version of the artwork for the design based on an experimental

estimate of fringing capacity . The other design , based on a

I theoretical fringing criteria , looks simi lar except for slightly
different pad size dimensions for each “bit” .

1 1 a) All antenna s forme d incorrectly.
b) Some of these units had poor hole-pattern registration .

~ I 
Both problems however, are relatively minor.
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I
P Figure 1-a shows the upper plate pattern of the “Experimental-

Design” only. The lower plates are located under plates (A+B+C+D)

I and (M+N-t-O+P), respectively.

These lower plates are continuou s and extend beyond the outside
I. perimeter of each upper plate by about 0.015 inches so that

I slight pattern misalignment will not substantially effect indivi—

I dual bit capacities.

1 The Dual-Box and outer line patterns, shown in figure 1-a , are

used only for registration of uppe r to lower plates during fabri-

cation and are not part of the final product.

Differential capacitance measurements were made on six “Experi-

mental Fringing” design samples , plus several “ Theoretical Fring-
ing” design samples during this quarter. Of the two basic ap-

proaches, the “Experimental Fringing” design came closest to the
desired values of capacitance on an overall basis. A Hewlett—

I Packard capacitance bridge (Model 4270AJ was used for these meas—
1 urements in conjunction with a test fixture whose residual capa—

citance was stable and accurately known. Measurements were con—

I. ducted in an air conditioned environment to assure controlled ,

- 
reproducible results.

Both lower plates of each test capacitor were connected to one

I side •of the test fixture. The top plate was then attached from

• the central bar to the opposite fixture plate using a short ribbon

• lead to minimize inductance. Individual capacitor plates were• I then removed by cutting the gold linkin g “ street ” along “TRIM

PATH (I) - LEFT” , “TRIM PATH (II) - LEFT” , “TRIM PATH (ALT) ( I )

I - RIGHT” and “TRIM PATH (ALT) (II) - RIGHT” , respectively (as
shown in figure 1-a). This was done , one element at a time , so

I that readings before and af ter a cut represented the capacitance
• bit removed (i.e., cutting “Street” E along TRIM PATH (I) - LEFT

I determines the capacitance value of bit A by subtracting pre— and
• post- cut readings).

I

1
_ _ _  L~



I
I I The results of these experiments are summarized in table 4 for

the six “Experimental Fringing” designed capacitors.

Table 4. Test Results of “Experimental-Fringing” Chip capacitors (A)

AVE RAGE % ERROR LIMITS - S ERROR
CAPACITOR DESIRE D MEASURED OF TOTAL

SIDE DESIGNAT ION VALUE (pfd) VALUE (p fd) MEAN MAXIMUM MINIMUM SPREAD

I LEFT D 0.1533 0.151 -1.50 +16.1 -10.0 26.1
A 0.3066 0.258 —15.85 —10.0 —22.4 12.4
B 0.6132 0.598 —2.48 +1.8 —9.0 10.8

I C 1.2264 1.280 +4.37 +7.7 —1.3 9

RIGHT P 0.1533 0.138 —9.98 +3 .4 —24.4  27.8
M 0.3066 0.253 —17.48 —19.8 —14.9 4.9
N 0.6132 0.598 —2.48  +2.7 -10 12.7

• 0 1.2264 1.284 +4.70 +7.0 +1.8 5.2

A) Based on a sample of six units.

The average street capacitance was measured to be .0.056 pfd with

a standard deviation of 0.019 pfd. The residual capacity of the

I upper-plate central bar to each lower plate was 0.630 pfd, in-

cluding streets.• Ii
• ii The large spread in street capacitance is probably the result of

I their small size and that there is no bottom plate immediately

under each street.2 An additional problem contributing to this
variation is the method of cutting the streets. In all cases,
this was accomplished by hand cutting using a diamond-tipped

• . scribe. It was quite difficult to cut an individual street at a

11 specific location along either “TRIM PATH” with any degree of

consistency . This probably contributes to the comparatively

large variations in the small bit capacitors (D6P).

~ I-
2Street capacitance is principally composed of energy stored in

I the fringing fields from street to lower plates.

• I 10

I
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I
P4 The results summarized in table 4 indicate that the basic chip

- capacitor design is not far from the desired values (except

I possibly capacitor A and M). In fact, minor changes in pad sizes
• (including A and M) will shift their mean capacities to the

desired values without a major physical modification to pad

sizes. Before cor4nltting to a final design , however , two re-
maining potential problems will be investigated .

The first problem deals with the stray capacitance from upper
• 

1 plate pads to the oscillator pcb and disc after the antenna is

installed on the Oscillator Disc Assertbly (Dwg No. 06006414).

(See figure 2 .)  This problem , in e f fec t ,  is similar to placing
one ’s hand near a small capacitor while measuring its value.

• Since the desired pad capacities are small, minor perturbations

in existing electric field configurations , or extra capacity to

ground , could change individual pad size.3 Preliminary tests

- were conducted to verify this by measuring overall capacitance

(with pads attached) and mounting the chip capacitor to a formed

I antenna alone, then attaching a disc assemb).y. Differences in

overall capacitance varied from 0.090 to 0.160 pfd in both shunt

I or series capacity . Row much of this change is the result of
extra capacity from the upper plate pads, and how much is due to

I the central connecting bar and streets will be determined in the
next quarter.

1_I The second problem , inconsistencies in pad capacitances due to

the method used for cutting the streets and attaching the pads to
the main plate, was discussed above.

Present plans are to assemble several formed antennas with repre-
sentative chip capacitors and mounting these units in oscillator

assemblies (excluding transistor , chokes , diode , and resistor).

I I
I 3A fixed increase in overall capacitance is no problem since it

can be compensated by removing a similar amount from the
epoxy-glass antenna.
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I
Then . accurate differential capacity measurements will be made in a

1 similar manner to the above measurement techniques using a laser
to cut the streets. This added effort is to assure proper capaci-

tance step size in the overall oscillator assembly.

2.2.4 Chip Capacitor Resolution
I

The above goal capacitance values are extremely small. Measure-

ment is also tricky.4 To bring this into perspective, a short

discussion of the needed resolution in oscillator sensitivity is

f in order.

The design goal of this program is to test and trim oscillator

I assemblies to a specified value ±—~ 
percent (i.e., for a sensiti-

vity of 100 mVrms, ±.5 percent represents +0.5  mVrms). The

I present EDL oscillator design has a sensitivity—capacity slope

that is in the range of 0 .024  pfd/mVrms on the average. This

I implies a maximum least significant bit (LSB) of 0.012 pfd , about

an order of magnitude lower than the design LSB. 5 To obtain
this resolution, a second and possibly third cut will be necessary

I that are continuous providing a needed infinite resolution.

[ Present plans are to provide a step—wise cut on first tuning using

the binary capacitors. The second and third trials will be con-

I tinuous. If convergence is assumed, the second and third trials
I should have smaller differential capacitance changes allowing for

removal of smaller portions of a remaining pad or street. An

alternate approach is to modify the existing design to add a
fifth pad (of about 0.2 pfd) to each capacitor in the area of the

• • [ laser cross hairs , which can be used for continuous cutting. In

effect, this fifth pad will serve as the vernier capacitances

[ used on second and third tuning trials.

I 4LEC has relied entirely on differential capacitance measurements
with a bridge capable of a 0.001 pfd resolution . The consistency

I of measurements to date can be estimated by a close evaluation
of the data in table 4.

5This also assumes that measurement accuracy is infinitely good.

I
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A final design will be available at the end of the next quarter.

2.3 TEST SIGNAL SUBSYSTEM

Figure 3 shows an expanded block diagram of the rf modulator that

I processes rf energy from test oscillators. A description of its
1 operation was presented in the Fourth Quarterly Report.

This revised diagram (figure 3) includes additional level setting

attenuators in the signal circuit , BITE equipment to independently

check critical modulator functions , and an automatic means of
• setting oscillator power supply voltage via the computer. This

r latter power supply is used as the principal power source to both
L oscillator (Dwg No. 06006415) and amplifier assemblies (Dwg No.

1~ 
06006401 and —04). This power supply is an extremely low—noise ,

I stable, resistor programmable source that will be switched auto-

- 
matically from the oscillator test fixture to the amplifier board

f ixture , as required via computer command. Note that two voltage

values are needed depending upon whether the oscillator or ampli-

fiers are to be trimmed. The oscillator assemblies require a

+27.250—Vdc source, whereas the amplifier boards require +30.000

F Vdc. The single supply will accurately provide both levels.

A minor circuit change was made to eliminate one directional• F coupler from the original concept. (See figure 5 of the Fourth

Quarterly Report.) This was removed to reduce cost and improve
the residual vswr between the Load Chamber and Port 2 of the in-

• put circulator.

1 Separate low—pass filters had also been considered for use in the
“Signal Separate , Scale , and Filter” Block (Block 1) to minimize

I error signals introduced by the single-sideband modulator (Block
13). Only the mid-band filter will now be installed since

[ amplifier trimming is accomplished using a 720—Hz constant level
burst only. However, space will be allotted to expand the processing 

•

6Passing 720-Hz signals, but rejecting higher order products.

1 
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I.
I circuitry if required for operation at 240 and 1600 Hz .  This

step was also taken to reduce the cost of the processing unit.
The reduction in capability in no way affects the present program

I goals.

1 2.3.1 RF Modulator Status

Twenty-five major blocks are shown in figure 3. Nine are designed

I by LEC with the remaining 16 as purchased items. All have been

ordered along with additional components such as semi-rigid line

J and rf connectors.

2.3.1.1 Purchased Components . - Of the 16 purchased items, 12
I have been received along with the rf connectors. The remainder

are scheduled for delivery during the beginning of the next

I quarter7.

f 2.3.1.2 In-House Des i gns. - The Load Chamber is actually completed
I except for the f inal  design of the pickup probe. The oscillator

r test fixture has been wired on the load side, along with a tern-
• porary connector for access to the test fixture. A temporary

- 
means of stimulating test oscillators has also been installed in
lieu of the actual modulator. This technique uses a passive
spinning dipole in place of the pickup probe. The spinning dipole

• returns part of its induced signal to the unit under test, simu—

lating ground returns. This alternate technique is presently used

F for production testing of M732 oscillators. The method provides
I an interim means of testing prototype oscillators before rf modu—

• 
lator installation. Both synchronous motor and dipole have been
installed for this function.

[ Bias Block Group. - Blocks 1, 2, 3, 22, 23, and 25 are being
- designed as a group and will be mounted in close proximity to the

F Load Chamber test fixture.

I’ 

7lncluding the single-sideband modulator (Block 13) 

: r I  
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The purpose of this group is to provide power to the units under

test and extract, scale, and filter detector and sensitivity

voltages for measurement by the computer a/d converter . Locating

ii these units near the oscillator test f ixture at the Load Chamber
minimizes the problem of 60-Hz pickup and ground loops8.

Signal scaling is incorporated to adjust maximum signal levels to

about 1OV peak in order to minimize errors in measurement caused

by the resolving power of the HP a/d converter (an LSB = 5mV).

Figure 4 shows the breadboard circuitry of the Bias and Signal

Separate, Scale, and Filter blocks (1 and 2). This diagram is

simplified in that it does not show supply voltage connections ,
• offset bias adjustments, guard , or BITE circuits. Power supply

(Block 3) switching circuits are designed but not shown.

The oscillator bias section applies appropriate voltages to the

test oscillator through shielded leads to the oscillator test

fixture. The input voltage follower (Harris Part No. HA2645) is

a stable, unity-gain, high-level impedance transformer that
I isolates the oscillator bias circuits from the signal sensing

circuits . A separate 60V supply powers this stage allowing for

signal input levels exceeding 40V, which is the max imum expected
dc inpu t level. The output of this stage is split into ac and dc
signal processing circuits.

A temperature-stable resistive voltage divider , active low-pass

11 fil ter , and line driver reduce the dc detector voltage to about
one quarter of its actual value. The overall gain is precisely

I set and stable. AC detector voltage perturbations are removed by

a four—pole low—pass active filter. A line driver is also incor-

~ I porated to feed the computer multiplexer and a/d converter. This

latter unit is loca ted in the compu ter cabine t, which is about •

I ten feet from the Bias Block Group -.

I 8Principally on the detector output line, which is relatively ~ I
high impedance .

I • 
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I
AC signal perturbations are amplified and filtered by a 720—Hz

1 active filter to minimize higher order outputs from the rf modu-

r lator single-sideband generator9 . The dotted 240- and 1600-Hz
P filters and switching network will not be incorporated for this

program , however , provisions will be made for expansion. Each

output is selectable by the computer depending on the desired

offset frequency . A line driver feeds the computer multiplexer
and a/d converter.

r 
The paper design of this section is in progress. A breadboard of

1 the unit will beconstructed and tested during the next quarter.

r Post Amplifier , Bias Offset , Input Switching, and Filter Group. -

1 Designs for these circuits will begin in the next quarter.

Present plans are such that the rf modulator circuitry should be
finalized and tested by the end of the next quarter.

2.3.2 Amplifier Board Signal Processing

[ 
The present program requires testing and trimming of M732 oscilla—

tors and amplifiers, separately. The previous discussion

concentrated on testing oscillators only. The following discus-

sion focuses on the amplifier board signal processing circuitry.

Figure 5 shows a block diagram of the amplifier board signal

circuits. Presently, production amplifiers are tested individually

by stimulating each unit with an audio H-wave at its input. The

~ I~ present program dispenses with this approach by stimulating these

units with short bursts of constant level audio, while making

F 
use of FFTs to determine the unit’s transfer function. Gain

adjustment is made by varying R9 using laser trimming.

F

9• r Additional filtering is provided analytically by use of an FPT • .• on the resulting output. Although this breadboard incorporates
an active filter, the final version may rely entirely on the
FFT to separate fundamental from spurious signals.
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I
To accomplish this, several sampling points are needed in ther signal path, along with a means of rapidly initializing selected
capacitors so that they return to their quiescent voltages before

I. test.

I 
Figure 5 shows the test points in the signal circuits. Figure

6 presents the bias , energy storage, and fire pulse output cir-

cuitry also on the amplifier board . A fire pulse output voltage

sensing circuit is also needed to determine the scr firing voltage

• at the leading edge of the fire pulse output. This last sensing

I point is shown in figure 6, although it is considered an added

output test point.

In all, n ine signal test points are needed , eight in the direct
signal path (figure 5), and one sensing the onset of the f ire
pulse output (figure 6). This latter point triggers a constant

amplitude one-shot, which drives the Event Sense card in the

• ( computer.

• f Three capacitors must be rapidly initialized to their quiescent
1 voltage values before any given test. These capacitors are:

~

- F . C1 - The integrator capacitor.

C2 
- SCR coupling capacitor.

C16 - Fire pulse energy storage capacitor.

I 
C1 and C2 are shown in figure 5. is shown in figure 6. The

- 

“Quick—Charge Circuit” block shown, recharges C16 to its quiescent

I state between individual tests. The relays shunting C1 and C2
are used to discharge C1 and C2 before the beginning of a test.

I Since the signal circuit source and load impedances are relatively
high , a voltage follower will have to be used to isolate the• I pickup circuits from the signal path circuitry. Several re-
quirements must be met by these test probe circuits. They are

• as follows:

21
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Isolation of signal from the pickup circuits.

Gain.

I . Minimization of 60-Hz pickup.

Minimization of ground loops .

• Item (1) is needed to assure that the test probes do not interfere

with normal amplifier operation. Item (2) is needed to increase

L the low-level test signals to about lOV peak reducing a/d conver-

ter resolution errors and minimizing the ef fec t  of 60-Hz pickup.
The latter two items are needed to assure a minimum error signal
resulting from ground ioops pickup on the lines connecting each

[ 
output to the computer multiplexer.

Two possible circuit approaches are being considered. One approach( is to use an op—amp with high differential and common mode input

impedance ( i . e. ,  National LHOO62CD ) along with low bias current

I 
and voltage offset. This unit can be used as a unity—gain non—

inverting voltage follower feeding a line driver circuit similar

I 
to that shown in figure 5.

The alternate approach incorporates a Burr—Brown Iso—Op—Amp , such

• I as a Model 345 1, in a similar circuit. This latter approach has

the added advantage of physically and electrically isolating the

I computer ground from the analog output grounds, thus reducing
ground loop pickup .

Design and breadboard testing of the amplifier pickup and quick—
charge circuitry will be completed by the end of the next quarter.

2.4 MECHANICAL DESIGN

I During this report period , most of the outstanding tasks have been
• solved. A cabinet has been ordered that will house the modulator,

I laser control, and the interface panels.

Interface connector panels, laser safety shield modifications, and

I the nest for the amplifier assembly needed to hold down the am-
plifier while laser trimming have been completed. (See figures

I 7 and 8) 
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To facilitate the probing of the amplifier assembly, 12 pads have

• been added to the amplifier pcb to assure a superior probe

contact.

2.5 PROGRAMMING

- The simulation of the real-time amplifier program was completed.

- 
This program was described in the previous quarterly report. The

flow chart shown in figure 9 is repeated here for reference

purposes.

L In this quarter , the simulation program was modified so that it

could be used for the actual real—time program for testing oscil-

lators. It was then actually run and debugged on the ECOM test

stand. The preliminary results indicate that the program can be

[ 
used with only minor modifications. The i/o routines will , of

course, have to be added to the program . These i/o routines have

I been written and are presently being debugged . Some initial
problems with the i/o were encountered because of the particular

idiosyncrasies of the computer. However, these problems have

I now been corrected and debugged . Computer control of the laser

I 
was achieved. Additionally, it was determined that the program

could not fit into the original 33k memory . Either program

segmenting and overlaying or additional memory could be used to

~ I 
overcome this problem. It was decided that it would be preferable

to obtain the additional memory since this would provide a perma-

I nent upgrading of the system. An additional 32,000 words have

been ordered and are expected to be delivered at the beginning of

I the sixth quarter. In addition , a more complex operating system
(i . e . ,  RTE—III )  wil l  be installed along with the additional
memory . This too will  provide an upgrading of the system since

I it will allow for multiprogramming .

• 
I 

In this upcoming quarter, it is expected that the i/o routines
and the main line amplifier test program will be merged, de-

• • bugged, and tested with the amplifier units.

I
26

— 

~jTr! 
—



• I
$ I 

AMPL IFIER TEST PROGRAM

TEST SIT UP

15 

B
LOAD TEST PROGRAM
OUTPUT TEST SIGNAL INTO

EXTERNAL BLIFER 

r~ 
POSITIVE THRESHOLD TO P1- Pt

INPUT ANY SPECIAL COM1.ENTS AND CURRENT GENERATOR TO

INPU T TIA~ AND DATE VIA ~v HOR I ZONTAL AXIS CROSSING 

J 
PU- Pt

INPUT NEXT UUT SERIAL NO.
150 WORDS ALLONED) SLOPE OF LINE 3’

LOA D AND PRINT SUMMARY OF I ii F I N D  COLUMNS STRAD DLING
PREVIOUS TESTS PERCENT I • ( PERt. PERVI

WAI T FOR START COMMAND FiEPEAT I2-I5 FOR PEGAT IVE J
2 

RAMP 

P€RV - PERt
_________________________ PERCENT T - PERt
N IT IAL IZAT ION

aRESET CIOCK CZ AND Im OHM RESISTOR 
I tI~RAR INTERPOLATE BE1WEEN~~~~~~

E SHORTS FROM Cl AND

‘ 

CLEAR BUFFERS. FLAGS . ETC.
AS REQUIRED FROM R20

INPUT LA SER START POSITION POLE RORS AND BETWEEN
(USE TIY MANUAL ENTRY) PERCENT COLUMN-

PRINT ‘READY ’ SIGNAL I SET ANALOG MULTIPLEXER TO 1 ~~~~~ 
II .8(12 - II) + .113- II)

1 t READ V6AND V8
• .$  (1 4 — 1 3 . 11 . IT)

I SHORT CI AND C2 1
PARALLEL R20 BY PRECISION OUTPUT STEP OF DOPPLER

1~~Oe4M RESISTOR CARRIER 1 SIMILARLY FIND 
~~~- I  4 

_ _ _ _ _ _ _

I SET ANALOG MULTIPLEXER REA D V6 A ND VS SIMILAR L Y FIND 
~TO READ V3 AND VI

21I [~ALCULATE RESPONSE TO STE P 1 a
~ 

RL~~ V3 A NDV4 I SIMILARLYFIND 1,2

I s CALC ULATE RESPONSE TO

ATTENUATION; i.C. V31V4 
I IMPULSE I K (GI (CI • DlCALCULATE dc .  ________________________

I l
fl SUM - 5’ p2.’

I SET ANALOG MIJLTIPIIXER ITO READ VS

______________________________ • C? )CI~1 • D1
52 3

INITIALIZE ANALOG MULTIPIEXE

TO REA D VS

• _ _ _ _ _ ENABLE INTERRUPT 1 *
_______________________ YES ‘SUM -V I

END OF isi 
~

I OUTPUT DOPPLER CM SIGNAL 1 CALC I tire I
OUTPUT LARGE STEP 

~
] 7

L V ,  I 1
READVI— _______________  

_______________I CALCULATE RECTIFIED I PROGRAM YES HAVE ID ITERAt IONS
AVERAGE OF SAMPLES ] 27 HAS FAILE D BEEN PERFORNED’

DATA TO BEIERMINEFIRING 

EXIT
II I~ 

INTERRUPT OCCURS. SCA

SET ANALOG MULTIPLEXER VOLTAGE
TO READ V5 AND VS

1 12 
1 a •

__________________________ I 
PERCENT T.

_____________________________ I.
OuTPUT POSITIVE RAMP ]

13 PERCENI T F- T .

READ V S HID VS 
PERCENT 1.

11 1 a
I PE$ORM LLAST NE* SOUARE I F FIND INTRIIS PI. PU

FIT TO STRAIG HT LIII WHICH STRADDLE PV IIPII 
PERCENT T - •

C Sh.t 2

I
l igur. 9. Amp l i fI er  T.st Program (Sh..t 1)

(I~~
27 - •

— —  •

— - - 
~
-• •• . • • 

— —



,t I • She e t l9 )  

_ _ _ _ _ _ _ _

I TOTAL TINE FOR TEST AND TRIM
I ORDER CM OUTPUT I 1PRINT 

I

- 
AVERAGE TI NE TO TRIM

~ DO STD BEV OF TINE TO TRIM IENDOFTES I iRL K l 1 - K ~ ________________________

1 k~ K
RI I

[ WAIT FOR START COMMAND

FIND ENTRIES IN TAB LE GIVI NG
LENGTH OF CUT WHICH SIRADLE
R I

4 OSCILLATO R PROGRAM

I INTERPOL A TE TO FIND LENGTH 
SM~ AS AMPLIFIER FLOW CHART EXCEPT

47 SUBSTITUTE THE FOLLOW ING BLOCKS FOR
BLOCK S 3 THROUGH 53 OF AMPLIFIER

SUBTRACT 5%

I OUTPUT DOPPLER CM SIGNAL

CUT TO LENGTH

I READ V5 
RI FREQIINCY
SENSITIVITY

I

I FIND ZERO CROSS) NGS DO OFT AT 720Hz

5,
MAINTA IN RUP 4ING AVERAGE TA BLE LOOK UP OF CAPAC liv
OF LAST FIVE CYCLES CHANGE

1. 52
SHA DOW CUT UNTIL GAIN CONES TRIM CAPACITY
IOW IT H O.I%OF DESIREO GAIN

~L [
SENSITIVIT Y YES

YES HAS OVERCUT 
WITHIN 0.25%

IX SPEC

I DETERMINE 
OCCURRED

7

FINAL ACCURACY 
NO

NO 54

I RECORD ON DISK
RECORD AU. INTE RNEDIAT E DATA .
TEST RESULTS. FINAL RESULTS .
AND TINE PER STEP

I I
PRELIMINARY STATISTICAL
CALCULATIONS

I CALCULATC NENiTINE TO TRIM
CALCULATE Sib CIV OF TINE TO

TRIM

1
I Figure 9. Amplifi.r Teat Program (Sheet 2)

1 28

- —-b..- ~~~~~ *-D~~~ S t � .



~~1* I 3. CONCLUSION

I
Objectives of the fifth quarter were met as follows:

I . The amplifier simulation program was incorporated into the
real—time program.

I . System integration was completed (with the exception of the

I 
oscillator test signal system).

Seventy-five amplifiers were built and tested.

I . Seventy-five oscillator assemblies were built.

Components for the oscillator test signal subsystem were
ordered .

I
I
I

I
I

I
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I
4. PROG RAM FOR NEXT QUARTER

I
During the next reporting period , the following activities are
planned:

I . Additional memory (32k) and a sophisticated operatiPg system

will be installed into the computer.

I . The real-time amplifier test program will be debugged and

tested with the prototype amplifier.

I . The real-time oscillator program will be written.

The oscillator test signal subsystem will be built.

I . Ampl if ier  and oscillator contruction will continue.

I

I

I

L I
‘I

-
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5. PERSONNEL

I 
During this reporting period , the following personnel worked on
this program for the number of hours indicated.

I Name Program Function Hours

A. J. Eisenberger Program Manager 71

P. Kas~erman System Engineer 160

l R. F. De Mattos Tester RF and Fuze 290

T. R. Griffin Fuze Microcircuits 108

H. J. Curnan Laser Trimmer and Fuze 78
I

S. Conston Digital Components 164

I U. Z. Escoli Mechanical Design 178
A. H. Owens Mechanical Design 128

I R. Boroson Programmer 384

Draftsmen, Machinist, Technical
Publications . etc . 858

I
I

I
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Laser Tria
Computer Test

, .~~~~~ Functional Test
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During th. fif th quarter , the amplifier test ‘simulation program was modified
and incorporated into the real-tias program. Input/output routines were

I added and partially debugged. Computer control of the laser was achieved.
An additional memory (32k) and a more sophisticated operating system were

- ordered for the computer .
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