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1.0 INTRODUCTTION

This is the First Quarterly Report on the work performed
under Contract NAS8-18013 "SATURN Integrated Circuit Test Program"
which is being performed for NASA, George C. Marshall Space Flight

Center, Huntsville, Alabama.

The goal of this program is to investigate the reliability
characteristics of integratved circuits so that we may develop and
identify effective screening test methods for the dominant failure
modes and mechanisms as they occur in the type of devices studied
in this program. The test sample in this program represents three
basic manufacturing processes. One device type, the MC-1519, contains
one compatible thin film die and one monolivhic transistor die per
device. The other devices (e.g. the MC-1525, MC-1530, and SN-5206A)
are of the single die all-diffused monolithic structure. Tunctionally,
the MC~151% and the MC-1525 represent a class of differential ampli-
fiers, while the MC-1530 and SN-526A represent a class of operational
amplifiers; and in the case of the SN-526A, possible use as @
gain differential amplifier. The SN-526A was procured from Texas
Instruments, Inc.. These particular circuits were chosen as bein
representative of the single 1ypes of processes which may be used

to formulate integrated linear circuits.

This report contains a description of the test devices
used in the program, as well as a detailed description of the test
program. A detailed description of electrical parameter measure-
ments is presented for the MC-1519. An analysis of the stress con-
ditions on all elements within the integrated circuit is presented
in Section 6. A similar analysis will be made for the other circuits

in subsequent reports.



TEST DEVICES

selected for this program.

Description of -Test Devices

Four different integrated circuit amplifiers have been

The three circuits manufactured by the

Motorola Semiconductor Products Division are the MC-1519, MC-1525,

and MC-1530.
the SN-526A.

That manufactured by Texas Instruments, Inc. 1is

These circuits differ among themselves in their per-

formance characteristics, manufacturing processes and methods of

packaging (Table 2-1).

TABLE 2-1

COMPARISON OF TEST DEVICES

Monolithic N-P-N w/thin
Film Resistors

DEVICE TYPE OF MANUFACTURING TYPE OF
TYPE AMPLIFIER PROCESS PACKAGE
MC-1519 [ Differential | Monolithic P~-N-P and 10-1ead

T0-5 Package

Differential

Monolithic w/diffused
Resistors

Operational

10-1ead
TO-5 Package

Monolithic w/diffused

MC-1530 10-1lead alumina
Resistors Flat Package
(1/4™ x 1/4")
SN-526A | Operational Monolithic w/diffused 10-1ead welded
Resistors ¥lat Package
(1/4" x 1/8")
2.1.1 Differential Amplifier - MC-1519

The most important feature of a differential amplifier is

its ability to amplify signals that are differential to its inputs,

while rejecting signals which are common to its inputs.

Common-mode

signals not only are not amplified but are attenunated in o good
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differential amplifier. A high impedance common to the emitters of
the input transistors is necessary to obtain this characteristic.

In the MC-1519, this high impedance is achieved by using a transistor
operating in class A as a current source at this point (Figure 2-1).
Design of this device pefmits its use in either the Common Emitter
(CE) mode (Figure 2-2) or the Common Collector (CcC) mode (Tigure 2-3).

The MC-1519 is a monobrid circuit which has two dice housed
in one package (Figure 2-4). One die is a compatible integrated
circuit having three NPN +transistors and two nichrome thin film
resistors (Figure 2-5a). The other die is a monolithic integrated
circuit having two PNP +transistors (Figure 2-5b). Intercconnections
between the die and the posts of the header are shown in Figure 2-4,

The devices procured for this program are housed in the TG-5 package.

2.1.2 Differential Amplifier - MC-1525

Motorola's differential amplifier series, MC-1525-8, are
designed to provide system and ciircuit engineers with greater flexi-
bility than was previously available in monolithic integraled circuitry.
By using multiple biasing connections and compatible NPN-PND amplifier
cascades, a wide range of gain, impedance, power supply voliage and
currenl drain coustraints may be satisfied. The circuits incorporate
diode temperature compensation and are geometrically oriented for
good tracking. The MC-1525 is the member of this series that has
been selected. Like the MC-1519, this device employs an active
current source at the emitters of the input transistors to meet

the requirements for a good differential amplifier (Figure 2-6).

The four resistors in the emitter of the current source
transistor may be connected in a variety of ways. The resultant

effective resistances, (Re), in conjunction with a given value of



Figure 2-1. Schematic biagtam of MC-1519
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Figure 2-4.

Photomicrograph of the MC-1519 Circuit
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(a) Compatible Circuit Die (b) Monolithic Circuit Die

Figure 2-5. Photomicrograph of the MC-1519 Dies
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VEF make provision for selection of a current level appropriate to
the intended use of the device (Figure 2-T7).

- PINS

SR R R
7 23@53393?:

VEE

14K 42K 56K 11.2K

6
Re'KR 14 337 56 7.0 112 126 182 168 224

Figure 2-7. Effective Resistances in Current Source
Emitter of MC-1525.

The MC-1525 is a monolithic integrated circuit having
diffused resistors (Figure 2-8). The devices procured for this

program are housed in the 1/4" x 1/4" alumina flat package.

2.1.3 Operational Amplifier — MC-1530

Such advantages as low offset voltage and current, excellent
temperature tracking, increased reliability, small size and reduced
cost make the integrated cirvcuit coperational amplifier more atitractive
than many discrete operational amplifiers now in use. On the other
hand, many discrete operational amplifiers are of such high quality
that their performance cannot yet be duplicated in the state-of-the-
art of monolithic integrated circuit technology. For many bperational
amplifier applications, such as that of a summing amplifier, an
integrator, a DC comparator or a transfer function simulavor, the
integrated circuit precvides a reasonable compromise between desired
performance and cost. Motorola's Operational Amplifiers, MC-1530
and MC-1531, are high performance, all-diffused integrated circuits,
either of which may be fabricated from a single monolithic die by

appropriate interconnections during manufacture. Like the MC-1525,

2-9




Figure 2-8. Photomicrograph of
the MC-1525 Die
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the circuits incorporate diode temperature compensation. Additionally,
variation of the output voltage with tempcrature is reduced to a
minimum because critical DC voltage levels within the circuits are

a function of resistor ratios and are not dependent on the absolute
values of any resistor or the beta of any transistor in the circuit.
The MC-1530 has been selected for this program (Figure 2-9).

The MC-1530 is a monolithic integrated circuit having
diffused resistors (Figure 2-10). The devices procured for this

program are housed in the 1/4" x 1/4" alumina flat package.

2.1.4 Operational Amplifier — SN—526A

Texas Instrument's Amplifiers SN-525A and SN-526A are
circuits either of which may be produced from a single "Master Slice"
by appropriate interconnections during manufacture. The SN-526A
has been selected for this program (Figure 2-11). It features
Darlington high-impedance differential-input stages arnd a Class B
output power amplifier. Differential amplifier outputs are also
provided. These devices are packaged in a 1/4" x 1/8" welded package.

L

More specific design detail will be included in later reports.
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ELECTRICAL CHARACTERISTICS

The configuration and constraints applicable to the measure-
ment of the device electrical characteristics are disc¢ussed for the
MC-1519 differential amplifier in this report. Similar information
for the MC-1525, MC-1530, and SN-526A will be included in later

reports.

3.1 Differential Amplifier — MC-1519

Figure 3-1 shows the circuit configuration employed in
measuring the electrical characteristics of the MC-1519 in the
common emitter (CE) mode. This.circuit is incorpovrated in the
the electrical test equipment used for performing the measurements
except that the resistance bridge provided to supply base vollage at
pin 6 has been replaced by an amplifier circuit which adjusts the
voltage al pin 6 automatically. This adjustment provides the constant
current flow through the input stage. This constant current then
establishes the proper current and voltage levels in boih the input
(NPN) and the output (PNP) stages. TFor most parameler measurements
in the CE mode, an output voltage of O Vdc is specified. When this

condition is met, the constant current I, flecwing through the current

1
source has approximate values from 3.5 milliamperes for low-gain
devices to 2.8 milliamperes for high-gain devices. Currents I4 and

IS are 4.45 milliamperes when pins 3 and 9 are at O Vdc to ground.
Seven electrical chavacteristics of all devices are to be measured;
two eleclrical characteristics of a limited sample are to be measured.
In the measuring circuits described below, the amplifier symbol D is
used 1o designate the circuit as shown in Figure 3-1. The eleclrical
characteristics are tabulated at the end of the description of the

measuring circuits.
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3.1.1 Input Current (Ii) and Input Offsetl Current (Iio)

Figure 3-2 shows the circuit for measuring the base current
of each input transistor. As shown, the base currents are measured
individually and Ii and Ijo determined by computation. These values

will be determined for all devices.

O A ,
TEST IA measured when
AMPLITIER L _
O - IB measured when
é hd ' VB = 0 Vdc
A B M
‘ I, + IB ' Qb
* Input Current = =
@ Input Offset Current = T, - IB

Figure 3-2. Input Current (Ij) and Input Offset Current (Iio)

3.1.2 Input Cffset Voltage (V. )

Figure 3-3 shows the circuit for measuring the input offset

voltage. It is measured in wVde. This value will be measured for all

devices,

3-3



- Q v noas d when:
Variable ;o measured when:
ne AMPLIFIER V1 = 0 Vde
Supply < 'V, = 0 Ve
Figure 3-3, Input Offset Voltage (Vio)
3.1.3 Differential Voltage Gain (Ag,)

Figure 3-4 shows the circuit for measuring the output voltage

from which the differential voltage gain is determined. V is apnlied

io
before the cscillator is turued up. V is measured in volts rms. The
other conditions of measurement are as shown in the figure. This

value will be debtermined for all devices.

A (ratio) = %;

( o P
T S *
]D 10 Q AMPLIFIER v Ay, (db) = 20 log 3~
] 5 |

ne

Vi = 1,0 mVrms at 1 kHz

Figure 3-4, Differential Voltage Gain (Add)
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3.1.4 Maximum Output Swing (VO)

Figure 3-5 shows the circuit for measuring maximum output
swving. Vio is applied before the oscillator is turned up. The other

conditions are as shown in the figure. This value will be measured

N \ o VO = v(P._P)
)

for all devices.

TEST
AMPLIFIER

oscilloscope
(Zin = 10 megohm)

s

VS 10 Q%
=L

Vs increased until clipping of Vo observed at 1 kHz

Figure 3-5, Maximum Output Swing (VO)

3.1.5 Single Ended Voltage Gain (Av)

Figure 3-6 shows the circuit for measuring the output
voltage from which the single ended voltage gain is determined. vio
is applied before the oscillator is turned up. V is measured in
volts rms. - The other conditions are as shown in the figure. This
value will be determined fcr all devices.

v

A, (ratio) = v,

_ o R |
I TEST h A_ (av) = 20 log %——
AJ) 10 Q¢ @ AMPLIFIER v :
S T o
V -

0 = Frequency at 0.707 V

1L i

A: V. =1,0 ¥V rms at 1 kHz
v i

BW: Frequerncy increased until output voltage is 0.707 of value
measured in Av measurement (—Bdb)

Figure 3-6., Single Endcd Voltage Gain (Av> and Papdwidth {BY)

26
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3.1.6 Bandwidth (BW)

Figure 3-6 also shows the circuit for measuring bandwidth.
If bandwidth is not measureced in conjunction with the single ended
voltage gain, all steps required for the AV measurement are required
to make this measurement except the computation of Av' This wvalue

will be measured for all devices.

3.1.7 Differential Input Impedance (Zin)

Figure 3-7 shows the circuit for measuring the differential
input impedance. Vio is applied before the oscillator is turned up.
Vio is adjusted to maintain the proper input value as Rin is adjusted
to achieve the 6 db loss of gain in output voltage. Rin is a decade
resistor. Thée other conditions are as shown in the figure. This

value is measured on a limited sample of devices.

e N e
[ S TEST g
L N
. @P 10 @ AMPLIFIER v
<Hz

A O ——"O

Zin = Rin when Rin reduces V to 0,5 of value measured with
S. closed (-6db)

1

Figure 3-7, Differential Input Impedance



3.1.8 Common Mode Rejection (CMRej)

Figure 3-8 shows the circuit for measuring the output
voltages from which the common mode gain (Acd) and the common mode
rejection are determined. In making the measurements of output
voltage, care must be taken to insure that the voltage at pin 6
is approximately the same value as the voltage at that point when
making the Vio measurement. Two values of DC outpul voltage are
measured and AV is found by subtraction. This value will be

determined on a limited sample of the devices.

\ Acd _ A‘V" _ AV'
VeM(max) = © O My 1007
+4.4 Vdc _
v CM, . = -20 log 24d
CM{min) ~ _ e Rej Acd

Figure 3-8, Common Mode Rejection

3.1.9 Electrical Characteristics toc Be Measgured

The electrical characteristics te be measured are tabulated
in Table 3-1., Minimum, typical and/pr maximum values are shown,
where appropriate, for both the common emitter (CE) and the common
collector (CC) mode.

3.1.10 DC Paramcters

Several DC parametbters of the MC-1519 will be measured during
the test program. They are not discussed in devail or tabulated herein
since they may not prove te be valid predictors of the reliability of
linear integrated civceuits. If the test results establish that

DC parameters can be correlaled with the elecirical characteryisti

1Cs
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TABLE 3-1
ELECTRICAL CHARACTERISTICS OF MC-1519

- . - - rde s = 25°0)
(VCC = +12 Vdc; Vpp = =12 Vde; T, = 257°C)
Characteristic blﬁgre Symbol | Min. | Type | Max. | Unit
Input Current 5-2 I, uAdce
CE Mode 40.0 70.0
CC Mode 60.0 | 90.0
Input Offset Current 5-2 Iio pAde
CE Mode 1.0 4.0
CC Mode 2.0 8.0
Input Offset Voltage 5-3 Vio mVde
CE Mode and CC Mode 2.0 6.0
Differential Voltage Gain 5~4 Ada. db
CE Mode 67 T3 79
CC Mede 40 45 50
Maximum Outpul Swing 5-5 o v(p-p)
CE Mode 12,0 114.0
CC Mode 8.0 110.0
Single Ended Voltage Gain 5-€ A, db
CE Mode 67
CC Mode 38
Bandwidth (-3db) 5-6  |BW MHz
CE Mode 0.7 1.0
CC Mode 5.0 8.0
Differential Input
Impedance 5-7 Zin kQ
CE Mode 1.8 2.6
CC Mode 1.2
Comraon Mode Rejection 5-8 CMRej db
CE Mode 39.0
CC Mode 86.0




or can be useful in the prediction of degradation or failure rates
in reliability programs, ‘the parameters will be described and reported

in detail in later reports.



4.0 TEST PROGRAM

This program will be performed on the four integrated
circuit amplifiers described in Section 2. The program includes
200 samples of each type. The tests that these samples will be
subjected to are summarized in Table 4-1. A more detailed explanation

of each test procedure is found in the following sections.

4,1 Operating Life Tests

Three operating life tests are listed in Table 4-1. " Since
each of Motorola's circuits can be operated at many circuit power
levels, the specific test circuit for tests 1 and 2 will be a non-
functional test with normal bias applied. Test 2 is cousidered to
be a control sample. Test 3 will consist of testing these circuits
at the maximum permissible temperature and at an accelcrated power
level. Xach test will be performed for a minimum of 1000 fest hours
and will bz cxtendzd to 4000 hours, time permitting. Fach device
undor test will be, al regular intervals, removed from the siress
test, allowed sufficient time to return to room temperature, and
then read electrically for those parameters which are determined
to be critical to the proper operation of the device. Regular test
intervals will be at 125, 250, 1000 hours and at each 1000 hours
therecafter. Failure analysis will be conducted immediately on
verified catastrophic failures (opens and shorts). However, on
samples exhibiting abnormal perameter degradation that is less than
catastrophic, no failure analysis will be performed until cnough
readouts are accumulated to verify failure and to define the rate

of degradation occurring.

An analysis of critical stresses on the circuit elements in
the MC-1519 under the operating life test conditions is found in
Section 5. Similar analyses on ecach of the remaining devices will

be included in subscguent repcrts.

4-1
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4.1.1 Test 1 - Elevated Ambient - Bias Life Test

Each Motorola circuit selected for this program has been
evaluated electrically to determine its applicability to variable
power stress testing. Each circuit can be stressed at power levels
greater than normal operational would generally regquire. This test
procedure 1is designed to determine the life reliability characteristics

for each circuit at a minimum stress level.

4.1.2 Test 2 -~ Room Ambient — Bias Life Test

This test will be performed as & control test and the
electrical bias conditions will be identical to those used in test 2.

The test ambient will be maintained at room tecmperature.

4.1.3 Test 3 - Elevated Ambient — Accelerated Bias Life Test

The purpose of this test is to accelerate normal failure
modes at Junction temperatures in excess of the rated conditions
for this package. Each circuit will be biased at the 300 mW power
level (maximum power level for bthe MC-1525). The temperature of

these tes?s will be maintained at the chamber temperature of 125°¢,

4.1.4 Test 4 ~ Storage Life Test

This test will be performed at the ambient temperature of
150°C. It will consist of placing the devices, unbiased, in a tes?d
chamber and periodically withdrawving them from the chamber for
parameter reading. A minimum of Ffour hours will be allowed betwcen
the time the device removal from temperature stress to the time that

the test sample's electrical parameters will be read.

4.2 Step Stress Tests

Step stress testing is a technidue utilizing small sawmples,

subjected to successively increasing levels of stress, to chiain a

4-3



maximum amount of reliability information in a relatively short

period of time. The testing stress usually used in evaluations of
this nature will be any combination of temperature or power or voltage.
The technique is not restricted to these methods of testing and is

often applied to mechanical tests as well.
The techniques that Motorola proposes in Table 4-1 are
explained in this section. Intermediate readings will be taken

after each step.

4.2.1 Test 5 - Temperature Step Stress Test

The devices to be stressed in this manner will be stored
at each stress temperature for 48 hours. The initial step will be
set at 150°C for the TO-5 package circuits and 200°C fcr the flat
package circuits. After each stress, the surviving civcuits will be
stressed at a level 25°C higher than the previous step. ZEach test

will be continued until more than 67 percent of the sample has failed.

4.2.2 Test 6 - Power Step Stress Tesd

Each circuit will be stressed at the room ambient temperature
by varying the power dissipated in a controlled manner. The devices
will be subjected to 48 hours of testing at each stress level. The
initial power level will be zero milliwatts and each successive step
will increase by 100 milliwvatts. The test will continue until either
67 percent of the sample has failed, the equipment limitations have
been reached, or the circuit limitations have been reached.

All devices passing at one stress level will be subjected to the

next programmed stress level.

wm
=3
n
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4.2.3 Test 7 - Temperature - Power Sten Stress

The procedure to be used in this test is identical with that
defined for tlesl number & except that the ambient temperainire will be

set at 1259,



4.2.4 Test & - Temperature Cycling

Each sample will be subjected to 10 cycles of temperature
cycling per the procedure listed in Mil-Std-202C except that the
temperature extremes will be varied for each step in the program as

follows:

Step 1 -55°C to 150°C
Step 2 -55°C to +175°C
Step 3 -55°C to +200°C
Step 4 -55°C to +225°C
to
Step n ~55°C 1o T when less than 33 percent of

the initial sample remains good or until

equipment limit has been reached.

4.3 MIL-S-19500 Test Sequences

Standard integrated circuits are normally expected to
pass the two environmental test sequences listed in Mil-S-19500.
To verify fhat this capability still exists in 1his product, this
sequence of testing is added to the test program. Intermecdiate

readings will be taken after each test.

4.3.1% Test 9 -~ Mechanical Test Sequence

The imechanical tesl sequences and their detailed pro-

cedures are as follows:
4.,3.1.1 Shock Test

The shock test is intended to detevmine the suitability
of devices for use in electronic equipment that may be subjected
to moderately severe shocks, resulting from suddenly anplied forces

or abrupt changes in motion produced by rough handling, transporviation
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or field operation. The shock test is usually performed by rigidly
mounting the device under test in a fixture on a carriage between
vertical guide rods. The carriage is raised and dropped. The height
from which the carriage is dropped and the nature of the pad upon
which it drops determine the shock level and period. This shock

Z

test is repeated five times along each of three axes, X1s Y10 %95

at a shock level of 1500 "G.M
4.,3.1.2 Constant Acceleration

The consvant acceleration test is an "accelerated" test
designed to detect types of structltural and mechanical weaknesses
not necessarily detected in shock and vibration tests. The device
under test is mounted in a jig on the periphery of a rotating membexr.
The rotational speed and radius from the devices under test to the

rotational axis determine the acceleration level of 20,000 G.
4.3.1.3 Vibration Fatigue
The purpose of this test is to determine the effect of

prolonged vibralion on the device. The integrated circuit device

under test is rigidly mounted on a vibration table, and then subjected

to a simple harmonic motion at approximately 60 cps with a constant peak

acceleration of 20 G minimum for a period of 32 hours in each of three
muvualily perpendicular orientations for a total of 96 hours.

4.3.1.4 Vibraticn Variable Frequency

This test is performed for the purpose of determining the
effect on devices of vibration through a constantly varying frequency
range. The integrated circuit is rigidly fastened to a vibration
platform and then vibrsted at a constant peak acceleration of 20 G.

The vibration freguerncy igs varied approximately logarithmically
i d I g 3
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between 100 and 2000 cps. The entire frequency range of 100 to 2000
cps and return to 100 cps is traversed in not less than 4 minutes.
This cycle is performed four times in each of three mutually perpen-

dicular planes.

4.3.2 - Test 10 -~ Thermal Test Sequence

The thermal test sequence and the individual test pro-

cedures are as follows:
4.3.2.1 Solderability

This test is designed to determine both the abiiity of the
integrated circuit to withstand the high temperature encountered
during soldering and to determine how well the leads are wetted o
solder. The test is performed by dipping the package leads into
molten 60--40 lead-tin solder at 230°C to a point 1/6 inch from the
body of the package for a wperiod of 10 seconds. The circuits are
tested for electrical parameters to determine if the test caused
any characteristic changes and then are examined under & microscope

to determine i1f the leads have been adequately coated with solder.
4.3.2.2 Temperature Cycling

The temperature cycling test is conducted to determine
the resistance of the integrated circuit to repeated exposure to
extremes of high and low temperature. A typical temperature cycling
test for integrated circuits consists of 30 minutes at -6500, 5
minutes at +2500, 30 minutes at +17500, 5 minutes at +2500, and
return to -65°C. This high and low tcmperature sequence is repeated

five times.
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4.3.2.3 hermal Bhock

This test is similar to temperature cycling, except that
the transfer time from the extreme temperature is shorter. This test
is often referred to as "glass strain." The standard test for evalu-
ating integrated circuits used 0° and 100°C as extremc temperature
limits. The transfer time must be less than 5 seconds. This lest

is run for five cycles.
4.3.2.4 Moisture Resistance

The purpose of the moisture resistance test is to evaluate,
in an accelerated manner, the resistance of integrated circuits to
high humidity and temperature conditions. The test period is 10
days, during which the integrated circuit in a chamber i3z zubjected
to temperature cycles between +10% and +65°C at a relative humidity

of between 90 and 98 percent.

These test procedures are described in detail in
Mil--8+d-750 —-- TEST METHODS TFOR SEMICONDUCTOR DEVICES.

At the completion of these standard tests, the survivors
from these samples (tests 9 and 10) will be equally divided into

three samples and will be stressed, in steps, as fcllows:

A. Temperature Cycling Step Stress Test
Using the seme time sequences performed in the
standard test sequence, referred to in test 9,
10 cycles will be performed at each step, with
parameter readings performed after each step,
until more than 50 percent of the cample has
failed or the equipment limitetions have been

reached.

1st Slep -55%C to +175°C
2nd Step -55°C to +200°C
LHth +250¢

4.8
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B. Shock Step Stress Test
10 shocks in each axis (Xl’ Yy Zl) will be performed

in stress steps of:

3,000 G 0.2 miillisecond
10,000 G 0.2 millisecond

with parameter readings to be made after each step.
C. Vibration Variable Frequency Step Stress Test

The sample will be subjected to increased steps of
stresses using the same procedure as outlined to
be performed in the variable frequency vibration

test stress except that the stress levels at each

step will be as foilows:

Step 1 30 G
2 50 G
3 706G
4 80 G
5 90 ¢
6 100 G

Quch paremeter readings as is necessary to determine
whether the die and leads are intact will be taken
after each step in the stress sequence. Complete
electrical parameter data will be taken at the

beéginning and at the end of the program.

4.4 Special Studies

-

These samples are reserved for studies such as thermal
electrical characiterization through infrared +tcechniques and other
special investigations to be determined Jjointly by NASA-Huntisville

and Motorola.



5.0 SURVEY OF RELIABILITY LITERATURE

The requirements of this program include a survey of pub-
lished literature to determine the physical failure mechanisms that
will most likely occur in an integrated circuit. Motorola is cur-
rently conducting this survey and, even though it is not complete,
it has progressed far enough to utilize available cross sections of
industrial knowledge in evaluvating the methods of testing performed
in this program. This research literature so far has spread to over
80 different publications, including the Physics of Failure Conference
sponsored by RADC yearly for the last 4 years and the proceedings
of the Second Physics of Failure Cclloquium presented by Autonetics,
Division of North American Aviation. The results of many other study
programs, published articles, and reports on programs specifically
applicable 1o integrated circuits are currently being reviewed. The
results of this study will be summarized and tabulated in the Second

Quarterly Repori.



6.0 LIFE TEST CIRCUTTS

This section presents the electrical circuit that will
provide the electrical power in the operational life test and sub-
sequent accelerated electrical stress testing. All life tests will
be DC biased tests designed to accelerate known failure mechanisms
historically proven to exist in infégrated circuits, and to consider
the methods of accelerating these failure modes that are the most
compatible with quality assurance methcds and can be acceptable 1o
most integrated circuit manufacturers. Past experience has indi-
cated, in the field of digital circuits, that in the vast majority
of cases a combination of DC bias with temperature acceleration
will provide the most significant amount of reliability data for
these integrated circuits. It is true that, while the functional
type of operating life test is more attractive to the circuit de-
signer, as the circuits become more complex, basic decisions have
to be made to compare what is known about the physics of the par-
ticular failure mechanism, the means to stress these physical failure
mechanisms, with the cost factor in providing burn-~in facilities
if 1t is desired to obtain "high-rel" parts at an economical cosb.
Figures 6-1, 6-2, and 6~3 give general simplified schematic diagrams
of the test circuit anticipated to be used for testing the MC-1525,
MC-1530, and the SN-526A devices at the lower power levels. Analysis
of the stress applied to each element within the integrated circuit
has not been completed on all circuits at this time. This section
presents a detailed analysis of anticipated stress levels within
the MC-1519 differential amplifier. A similar analysis of the other

circults will be included in subsequent reports.

6.1 Analysis of the MC-1519 Operational Life Test Circuit

The circuit selected for the MC-1519 at the 100 and 300

milliwatt levels is a DC biased operational life tezt with contiiolled
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stresses applied to various regions in the devices. The basic
technique utilized here fixes the stress levels by fixing the
voltages at two different points in the circuit. The electrical
schematics are shown in Figurc 6-4 and 6-5. In these circuits we
have identified each circuit element by notations that aid in the
analysis that follows. One of the significant features in this
test design is that it encompasses a considerable degree of sim-
plicity and duplicates, statically, the stresses that the elements
of the circuit are expected to see under normal operational per-
formance. The circuits shown in Figures 6-4 and 6-5 are quite
similar to the basic electrical parameter test circuit required

to perform differential gain, input offset voltage, and other
electrical measurements. Differences occur only in the sensc

that the collector of the differential pair of PNP iransistors

is connected to pin 5 instead of the VEE supply, permitting circuit
power control by the transistor labeled QS in the diagram. This
permnits a logical extensiocn in high power levels beyond 300 milli-
wvatts for the power step stress bias conditions by extending these

collector leads to the VEE supply.

As is noted in these civcuil schematics, the bias levels
are controlled by grounding the base input terminal of transistors
Ql and Q2 (pins 4 and 8) and by establishing the proper bias level
at pin 6 to control the tlotal currentv flow through R3' These factors
permit, with minor modifications, the adaptation of this circuit to
a high volume screen burn-in requirement. If the voltage atl pin 6
is fixed at a level determined to give x miiliwvatts of powver,
assuning an absclute value of R3 equaling 540 ohms, than the total
distribution of power in any population of devices subjected to
this burp-in stress will then sse power couditions proportional to

the distributicn of resistance values for these circuits. Normally,

N
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in the manufacture of integrated circuits, the diffused resistor
tolerances are sought 1o be less than +20 percent. In this circuit,
because its resistors are nichrome deposited thin film, the distri-
bution of power levels should be much betier. However, ilhis reli-
ability study program will include a variable potentiometer in our
network which will permit the final adjustment of the value of IT
for each circuit so that the total power of the circuit can be set
at the exact level desired. A description of the circuit functions
and a breakdown of the power dropped across each circuit component

follows in the next iwo sections.

6.1.1 100 Milliwvatt Life Test Circuit

The circuit fer this test is shown in Figure 6-4. The
power dissipated in this circuit is equal vc¢ the total circuit
current flow (i.e., through RB) times the applied voltage

v -V = 24 volts) minus the power consumed in the external
ceC EE P

load resistors Rol and Ro,. It can be definea as follows:

Pa, = Pd

T + Pdc

Ro

where PdT is total circuit power consumption

PdRo is power lost in the load resistors

Pdc is power used in MC-1519 circuit

— T
VCC = +12 Vdec
VEE = --12 Vdc
- S { - — D4 T
Pag = T (Vog = Vpp) = 24 14
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Considering the load circuits of Rl’ R2, Rol, Qnd Ro2 to be as

follows and equal o IT

+12 V
— T 2} j
By > By 2 Rop < Ro,
2.7k |227k1<2.7k | > 2.7k
I > > l < <
1 f > ; { (,)
| 3 vz vl
i N
| I, 1,7 I, )

—

then it is seen that the current drain in the output lead resistors

will equal R1 or R2 minus a factor equal t4d:

VEE

57RO 0.27 mA

. ) - N
Since 1l +I2 +43 4 14 IT

then I, =415 + 0.54 mh,
CIp - 0.54 ma :
and | 13 = i ‘ ’ (1)
2 2 e 2
PdRo = I3 Ro + I4 Ro = 513 Ro
L Ro 2
— 0 - 4
Pdp = 3 (1, 0.54 mAX
Then i
_ Ro 2 \
Pdc = 241T -3 (IT - 0.54 ma) (2)

and control IC

In this circuit it is necessary to set Pdc
If it 1s assumed that

by raising
and lowering the voltage drop at pin €.
| R3 = 540 ohms
Pdc = 100 rilliwvatts
Ro = Rl = Hg = 2.7 k ohns
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Then equation (2) can be rearranged as follovs:

%E(IT - 0.54 mA)® —24 I. + 100 = O

T

2

1.2 2(0.54 x 10‘3)(IT) + (0.54 x 107°)2

T

24)8 (0.1)8 _
~ Ro IT + Ro =0

- g
+(0.54 x 107°)% + i%gil"

2 a3y Laﬂ.&]
I [“ 2(0.54 x 107 7) + T "IT

P(o.54 x 107°) + L;4}%
= Ro
2

Ly

____ Ro
2 .
.. 72.19 x 1077 _{/gj211 x 1072 ~ 1.186 x 107>
T 5 5
, R ——
_72.14 x 10 _1/4.025 x 10
= 5 5
72.19 - 63.44 -3 8.75 x 107>
LA 24 x 1077 = BlE Amps
I, = 4.37 mA
From cquation (1):
Iy -054mh g gy "
3 7 4 -4 g



To calculate the theoretical value of 1he pin 6, it is only necessary

to convert the ecquation fer IT in terms of V6 (voltage at pin 6).

— .’7 3 -— vV 7 t
- Vi ~(Vg =0.7 V) _ Vgg - Vg + 0.72 volts
T ~ R3 N 540 ohms
V6 = VEE + 0.72 volts + 540 IT

= -12 V + 0.72 V +{540)( 4.37 mA)
= -11.28 + 2.36

= =8.92 volts

In all these calculations, the voltage is referenced to the O voltage
potential at pins 4 and & and that the forward voliage drop (base-
emitier) VBE is assumed to be 0.72 volt. Using the typical values
for the circuit components and the calculated value of IT’ estimates
of the power dissipated by each circuit element can be calcaulated.
They are:

A. Resistor RB-

(4.37)2 (0.54) x 1077 mv

i

2
PdR3 = (IT) R3

i

10.3 mW

B. Transistor Q5

VCE = V6 for all power levels

}-U
11

= 38.98 mlW



Transistors Ql and Q2
Neglecting the incremental increase in collector
currents resulting from the base currents of {transistors
Q3 and Q, because they will contribute less than 2 percent

=4
of the transistor currents for Ql and Q2

v, = V0 - (2.7 kQ)(0.96 mA + 0.27 mA) + 0.72 volt
CE ceC
Qy
= 9.4 volts
— — 7T - _—
Pdg = Pdg =1, x Vo = (1.23 mA) (9.4 V)
1 2 0
1
= 11.6 W

Transistors Qq and Q4

Because the ccllector voltages of transistors Ql and Q

are ciamped by the VIB diodes of the FPNP transistor, i

.S‘

2
1

then follows:

Vor, = Ver, = Vomy * 0.72 V = 10.1 V
3 4 =1
Then
Pdg =Pdy =I5 % Vgp = 10.1V x 0.96 mA
4 3 Q3
= 9.7 mVW

Resgistors R, and R2

I. =1, =1.23 mA

1 = 1
R, = R, = 2.7 kQ
Pdp = Pd, = (1.23)%(2.7) x 107
1 2
- 4,07 my

612



A summary of the power dissipatlion characteristics would be:

Transistor Ql = 11.6 mVW
Transistor Q2 = 11.6 mW
Transistor Q3 = 9.7 mVW
Transistor Q4 = 9.7 nVW
Transistor Q5 = 39.0 mW
Resistor Rl = 4.07 nVW
Resistor R2 = 4.07 mW
Resistor R = 10.3 nW

3

In analyzing this 100 milliwatt +test setup, it is noted
that all transistors are set at such a level that they have a minimum
of 9.0 velts collector to emitier, that the monolithic chip with the
nichrome resistors is stressed with 80 percent of the power or 80.5
milliwvatts and that this factor is very nearly in proportion to the
ratio of the cross-seclional areas of the {iwo die in question. This

ratio being approximately equal ©to 3:1i.

The analysis of the 300 milliwvatt stress test setup will
further verify 1lial by winor adjustment in load resistor valucs and
voltages applied to pin 6 this technidue can be utilized for a

variety of siress levels.



6.1.2 300 Milliwatt Operating Life Test

The analogy for this circuit is similar to that used for
the 100 milliwatt life test circuit except that 1he external resistors
have been decreascd in value requiring the PNP transistors to take a
larger share of the current load, thereby dissipating a large per-
centage of the poewer. PFor this circuit equation (1) has been
modified to:

2
Pd, = 24I, - 2Ro I, (3)

Unlike the 100 milliwatt case where the resistances Rl, R2, Rol, R02
were equal te 2.7 k ohms, the simple DC analysis of power loss in the
external load resistances requires a slightly different analysis.

First, considering the load bridge to be:

+ 24 Volts
i R, ) R, Ro,=1kQ Ro,=1kQ
1S 2.7 k 2 $2.7k l
<7 Y 7
v iy 3__— 4_
and that _ ‘
I, + I, + 15 + T, + 2IBQ = Iy
1

ignoring the base current factors for pins 9 and 8 (2 IB ) because

Q

it should he less than 2 percent of the total current and assuming

1
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that Ro. = Ro. and that R. = R. then it Tollows that the voltage

1 2 1 2

drop across each line is the same (called Vcl) then

LoV Ver  Ya Yem o Y Vmm

T Rl R2 Ro1 Ro1 R02 R02

1 1 1 1 1 1

I, =V (——-{——+——+-———) -V (-——+———-—-)

T cl Rl R2 Rol Ro2 BE Ro1 R02
and since Ro1 = Ro2 =1 kQ

In this equation

I =T, + 0.72 mA

3

T =1, + 0,72 mA

4

ot
Fu
’-J
)
o+
o
[p]
33
jo)
pre
v
o
o
X
j&v]
faad
) J

and have no physical analogy being used for ai

v v

_.¢el ' el
L =373 ard I3 =733
¢ O 7 !
Vo, =27k I, =1k 1,
1 '
I =37 13
- t 1
Il = 12, Iy = 14
1]
n = T 2
I, + 1.44 mh = 21, + 21,
? . 1 . . i B ~ _:j____
= 5mely 20, = 2+ 5) I
_ 1.4 '
27 1



} IT + 1.44 mA
) T. = 22T (1 4 1.44 mA) - 0.72 mA
3 = 7.4 g . .

Now substituting equation 5 intvo equation 3

_ -3y 2.7
Pd = 24T, - 2Ro (IT + 1.44 x 10 7) =
and IT becomes egqual to
- -3 -4
91.71 x 10 - 38.78 x 10
Ip = 3

91.71 - 62.27 _ 29.44
=T 32

i

14.7 mA for Re = 1 k@

Pdc = 300 mW

This results in:

<
[

6 = --3.33 volts
I. =1, =2,18

I, =1

4 5.16 mA

(4)

(5)

- 0.72 x 10~

This results in the following calculation of component

dissipations:

Transistor Ql = 14,9 mV¥
Transigvor Q2 = 14.9 m¥W
Transistor @, = 39.0 m¥
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Transistor Q4 = 39,0 mV
Transistor 95 = 48,9 mVW
Resistor R1 = 12.6 mV
Resistlor R2 = 12.6 m¥W

Resistor R3 = 116,7 mW

At this stress level, the relative percentage of power
consumed by the PNP trensistor chips has increased to approximately
30 percent of the total circuit power. Since this is in proportion
to the relative cross-sectional areas of the two silicon die, the
assumption can be made that the average junction temperatures are
nearly equal, a very important factor that must be considered

whenever possible as the pover levels are incrceased.



7.0 EFFORT FOR NEXT PERIOD

The effort for the next quarter will be concentrated on
initiating the life tests on all circuits and analyzing the data

generated by these tests.

It is expected that analyses of the power dissipation on

the other circuits will be completed.

The bulk of the reference material obtained as a result
of the literature survey will be reviewed and the resulils reported

in the next quarterly report.



