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1.0 INTRODUCTION

This final engineering report covers the work at Motorola,
Inc., Government Electronics Division, in the development and
fabrication of the Function Generator. The program was to pro-
duce 10 prototype circuits.

This report documents the major efforts spent during the

program and the performance of the delivered circuits.

2.0 CIRCUIT FABRICATION

2.1 CIRCUIT DESIGN

The circuit design selected to perform this generator
function is best described as an analog servo. This design was
a closed loop servo response to approximate the desired func-
tion. Figure 2.0 is the schematic diagram of the final circuit.

Figure 2.1 is a pictorial layout of the parts inside the
package at a 10 to 1 scale.

Figure 2.2 is a drawing of the package used for these
Function Generators.
2.2 TFABRICATION

The general approach to the fabrication of these circuits
was to make up a kit of parts for each circuit. These kits were
made up by first selecting and measuring C2, C4, C8 and Cl0 for
each circuit. A calculation was then made to determine the Q
exact values of R2, R8, R14 and R18. Rl was set a 1 Meg ohm
and R13 at 91K ohm.

The operational amplifiers, ARl, 2, 3 and 4 were purchased

as packaged units and the exact values of R5, R9, R15 and R20
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were determined in a test fixture by using the previously
calculated values of resistance for the other components. The
remaining components do not enter into the output function
determination and were, therefore, measured to meet nominal
tolerance specifications only.

2.3 CERAMIC CAPACITORS

A discussion of the effects of temperature on ceramic
capacitors is contained in Appendix I. This is an excerpt from
an application note which was published by Electro Materials
Corporation.

This type of capacitor was used for C2, Ci4, C8 and Cl10.

The capacitors which were assembled in the Function
Generators had an aging characteristic which was slightly higher
than the manufacturer had predicted. The Function Generator
output waveform exhibits a shift relating to the capacitor
aging. This shift is primarily in timing and not an amplitude -:
change. The positive and negative peaks will each change
approximately 0.5% in amplitude as the circuit ages from 1000 to
10,000 hours. A zero crossing shift of approximately 1.5
milliseconds can be expected during this same time period. These
numbers have been predicted by using the best aging data avail-
‘able on the capacitors and computing the time responseAfrom the
transfer function. Preliminary aging data shows that these are
valid numbers. This aging characteristic is logarithmic with
time. Therefore, these same changes can be expected to take
place between 100 and 1000 hours and between 10,000 and 100,000

hours. This aging cycle is started over each time the unit is



heated to greater than +115°C. It is therefore recommended

that the maximum temperature be limited to +80°C.

3.0 CIRCUIT PERFORMANCE

3.1 TEST DATA SHEETS

Each unit was tested according to the Acceptance Test
Procedure (Motorola Document No. 12-22458F01) and the data
recorded. This procedure is attached as Appendix II. The data
sheets for these units are included here for reference.

3.2 CORRELATION WITH COMPUTER DATA

A program was writfén which used our SDS engineering com~
puter to plot the output time function from the actual resistor
and capacitor values in the circuiﬁ.

The results of this program were very useful in enabling
us to predict the effects of changes in the vérious component
parameters. This program was not 100% effective, however,
probably because the ceramic capacitor and stray substrate
leakage currents were not taken into account. For this reason,
we were not able to predict the effect of component changes
accurately enough to.allow us to "trim in" the output function.
3.3 PACKAGE SEALING

It was planned to seal the covers on these units with soft
solder. Several units were sealed by this method but a problem
developed in doing this and all but one of the units had to be
opened. The remaining units were sealed with an epoxy with
which we have had experience. All of the units were tested to

5

be hermetic to an equivalent leak rate of 10~ ° atmosphere cc/sec

of Helium.



4.0 CONCLUSIONS

This program has demonstrated that the multichip hybrid
type of construction is well suited to this circuit. By using
the circuit fabrication techniques as outlined here, there were
no major problems in producing these circuits. Circuits fabri—
cated by this construction technique have been démonstrated to
be machanically rugged and electrically stable.

The largest single objection to circuit performance is the
aging type of variation in the output function. This aging is
predictable and decreases with time to a negligable amount.

The ceramic capacitors used in the timingAcircuits are the
primary contributor to this variation. As a result of these
changes the circuits must be aged at least 1000 hours after their
last exposure to temperatures greater than 115°C to meet the

stability requirements.

5.0 RECOMMENDATIONS

The effects of capacity aging should be reduced in these
circuits. This can be accomplished by increasing the resistor
values and decreasing the capacity values in the RC timing net-
WOrKS . |

This action, combined with selecting a more stable capacitor,

should yield circuits with adequate performance stability.
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Figure 1.4.2 - DATA SHEET
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Figure 1.4.2 ~- DATA SHEET
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+450C Date /,e -ig-4L§
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40 2,993 | +4,47 43,33
60 | 42626 1+8,27 | +2,13
80 t0. 401G |#1.07 | ~0.93
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Figure 1.4.2 - DATA SHEET
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APPENDIX I

Section II: Temperature Effects

Barium titanate ceramics are crystalline in structure, As the
temperature of a high K barium titanate capacitor element is changed
over the range of -550C to +1500C, the measured capacitance value
will change considerably, Figures 2 and 3 show the typical curve of
percent éapacitance change (% A C) vs temperature for K12003 dielec-
trics. This capacitance change is due to changes in the crystalline
structure of the material., At approximately 115°C to 125°C (at a
point know as a ""Curie point'") the crystalline structure changes
from tetragonal to cubic and the dieiectric constant drops sharply,
resulting in a sharp decrease in capacitance. (The capacitance change

at any temperature is always referenced to the value measured at 25°C

while making a single run from the low end to the high end of the

operating temperature range, unless otherwise specified.) In general,
the higher the "K" of the ceramic, the more pronounced the capacitance
change will be over a given temperature range.

Once the Curie temperature of a high K ceramic capacitor has been
reached or exceeded, it will not exactly retrace the capacitance vs
temperature curve it followed on its initial run. This phenomenon
is referred to as an "'aging characteristic' and is due to the fact
that the crystalline structure of the ceramic dielectric requires
a finite time to reestablish its stable state after having been
changed due to heating. This effect will always result in an
.increase in the capacitance value measured at a given temperature;
immediately after heating above the Curie point of the material,

(This refers to the effect of temperature alone and does not take

- 19 -



into account the voltage effects of combined voltage~temperature
effects discussed in succeeding sections of these notes.) The
"stabilized" value of capacitance for high K dielectrics has arbi—'
trarily been established as the value of capacitance measured 1000
hours after the materiai has last been heated above its Curie point,
K12003 dielectric "ages" at an average rate of -1,75% capacitance
change per decade of time, That is, between 0.1 hour and 1.0 hour
after being heated above the Curie point, the measured capacitance
will decrease by 1.75%. Between 1.0 hour and 10 hours, it will drop
another 1.75% and from 10 hours to 100 hours another 1.75%, etc.
This is an average figure and the actual aging will vary from lot

to lot-of materials, Aging may range from less than 1% per decade
to 2.0% per decade., This effect is taken into account when capacie
tors or chips are graded for capacitance value, Limits are set so
that the parts will be in tolerance when received by the user and will
not have aged out of tolerance when the 1000 hour "stable" point is
reached, This explains why parts shipped on a ""rush'" basis may
occasionally measure slightly above the high tolerance limit when

received, It must be noted that this aging cycle starts all over

again each time the dielectric is heated to or above its Curie point,
Figures 4, 5, 6 and 7 are typical capécitance aging curves for Ki2003
dielectrics, These curves were drawn from data obtained in the first
72 hours of the aging period, and extrapolated to the 1000 hour point.
Figures 6 and 7 have the actual capacitance measurements at 1000 hours
plotted on the curves for comparison, Aging curves are normally
plotted over the full 1000 hour period, These particular curves are

included to demonstrate that the aging effect is predictable within

- 20 -



the limits of accuracy normally required of high K materials,

Higher K dielectrics exhibit increased capacitance aging effects

as the K increases. Contrarily, over an operating temperature range
of -55°C to +150°C, the capacitance aging of NPO dielectric is so

small it is not measurable and can be completely ignored.
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1.0 Test Procedure:

The t
1.1

1.2

1.3

est procedure shall be as follows:
Resistor Tests

After the components are assembled in the package and all
the resistors are wired, measure each resistor to determine-
that it is within the tolerance specified, Record this data
as an aid to future circuit check out,

Open Loop Tests ‘,

After the monolithic amplifiers (AR1,2,3,and 4) have been
wired, perform open loop DC tests to determine that each
amplifier is functioning.

Pre-Seal Test and Adjustment

1.4

After the loops have been closed, measure the output function
with a 5 volt square wave input. Adjust the resistors as
necessary, to produce the proper output function, TUse the
computer to predict the effect of each specific adjustment

on each circuit, if necessary, to reduce the number of
adjustments needed,

Post-Seal Tests

1.4.1

After the circuits have been sealed, the‘following tests will
be performed,
Gross Leak Test
All units must pass a gross leak test in 60°C Isopropyl
Alcohol
Electrical Test
The following procedure will be followed for the final
electrical test., Using the test setup of Figure 1.4.1
measure the amplitude of the output function at 0, 20,
40, 60, 80, 100; 120, 140, 180, 240, and 320 milliseconds
after the input wave form goes to +5.volts, Use the Type
W plug-in to determine amplitude, Extreme care must be
used in establishing the zero voltage point with the
Type W plug~in because .of drifts,
The input wave should be calibrated for a positive 5
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AEROSPACE CENTER 12u22458301
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‘:éy

volt transition using the Type W plug-in,

millisecond,

The rise time
of the input wave form should be much less than one

The data from these tests is to be recorded on the data

sheets provided (Figure 1,4,2} and be within the tolerances .

listed,

The tests are to be repeated at +25°C % 59C and +45°C

+59C.,

T
TR
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SUPPLY
POWER *
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A 4

~ ‘ - g Project 3507

Figure 1.4.2 - DATA -SHEET

FUNCTION GENERATOR .
OUTPUT FUNCTION TESTS Unit #

+450C o . Date
A LIMITS = Operator
TIME VOLTAGE | HiGH T.OW Q.A,
(milliseconds) (Volts) (Volts) | (Vqlts) Gov't, iInsp.
0 40,57 0,57
20 f 32,97 +1.83
40 | +4,47 +3,33
60 i +3,27 42,13 -~
80 ‘ 1,07 | -0,93_
100 ~0,53 | -1,67
120 ‘ ~0,98 ‘2,12
140 Z0,93 [ T-2,07 ]
180 -0,58 -1,72
240 - 0,00 -1,14
320 }+0,52 | -0,61
OUTPUT FUNCTION TESTS
+25°C | oo
TIME VOLTAGE | - \
(milliseconds) (Volts) | -
0
’ 20
40 . o
60 i b’
80 A REV
1‘(50 '
120 , .
140
180
240
320
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