













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendices of Commonly Used Tables

FREQUENCY CONVERSION FACTORS

1x107

1x10¢

1x10°®

FRACTIONAL FREQUENCY ERROR

1x101° Py
N
&
Tracor, Inc.
1x101 Austin, Texas
0.1 1000 10,000

ACCUMULATED TIME ERROR, MICROSECONDS
Frequency Conversion Factors
1 min=60 sec=6 x 107 usec
1 hr.=3600 sec=3.6 x 10° usec
1 day=8.64 x 10%sec=8.64 x 10'° usec
1 microsecond/min=1.667 x 10-8

1 microsecond/hr.=2.78 x 10710
1 microsecond/day=1.16 x 10"

. A
Fractional frequency error, - =

difference in microseconds x 106
elapsed time in seconds
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QUALITY AND RELIABILITY

Quality and reliability are two important
measures of a product’s merit. Quality is a
measure of an integrated circuit’s confor-
mance to agreed-upon criteria at a given
time, while Reliability is a measure of the
circuit’s ability to continue to conform over a
period of time. The Signetics SUPR Il Pro-
gram has been designed to upgrade the ba-
sic product quality through the use of more
rigorous screening criteria at the critical
process steps. These additional screens
constitute the Level A portion of the Pro-
gram. A burn-in option is available for those
users requiring enhanced reliability perfor-
mance, and this option is designated as
Level B.

Quality

The quality of an integrated circuit is ap-
praised by the user based on the ability of
the circuit to meet the specified electrical
criteria and external visual appearance. The
SUPR Il Program focuses on supplying to the
user a product that has a high probability of
meeting the user’'s needs through the sam-
pling plans defined in MIL-STD-105D and the
quality levels (AQL's) stated in Table Il
Many of the inspection methods at critical
process steps are now based on MIL-STD-
883 criteria in order to build, rather than
test, quality into the product.

Reliability

System performance over a period of time is
the user’'s measure of an integrated circuit’s
reliability. The SUPR Il Program improves
system reliability by building quality into the
product via additional manufacturing inspec-
tions and the offering of a burn-in screen. In
addition to the SUPR Il Program, Signetics
performs periodic reliability testing via the
SURE 11/883A Program to assure continuing
uniformity and long-term reliability of all
product lines. This data base is available
upon request as is the ten-year reliability
summary, Signetics Product Reliability Re-
port, R-363.

How Do Integrated Circuit

Failures Occur?

Results from the Signetics Failure Analysis
Lab over a three-year period on product re-
turned from board checkout, system
checkout, field usage and accelerated life
testing are graphically presented in Figure
11-1. Under typical system operating condi-
tions, random manufacturing defects, as
outlined in Table 11-1, are the primary cause
of true device failure. Aiso shown in Table 1
are the process controls that have been
added via the SUPR Il Program to minimize
these defects prior to shipment to the cus-

tomer. The device failure models are cate-
gorized as:

Half of the devices analyzed were found to
be electrically good. They are attributed to
being “false pulls” that occur during normal
troubleshooting at the board and system
levels.

Devices damaged by electrical over-stress
account for 25% of the failures. Typical
causes for electrical over-stress are incor-
rect board insertion, board shorts between
device pins, power supply transients, and
poor handling techniques.

The remaining 25% were verified to be true
failures which occurred as a result of an in-
process manufacturing defect or test es-
cape.

SIGNETICS SUPR Il LEVEL A

Improved Quality Benefits

From the user’s point of view, improved inte-
grated circuit quality from the supplier
means a lower cost of ownership. This cost
saving can be effected through the reduc-
tion or elimination of involved incoming in-
spection testing, reduced PC board rework,
simplified system checkout, reduced in-line
inventories, and less complicated part
tracking by Purchasing Management.

The SUPR Il Program is Corporate in scope
and covers Logic (Standard TTL, Schottky
TTL, Low Power Schottky TTL, ECL, 8T In-
terface), Analog (Industrial, Consumer, In-
terface), Bipolar Memories (RAM's, ROM'’s,
PROM's), and MOS Memories (RAM's,
ROM'’s, Shift Registers), All package op-
tions are also available.

The SUPR Il flow is detailed in Figure 11-5,
including the test methods and Quality ac-
ceptance levels (Table 11-2 provides the
electrical/mechanical finished product
AQL’s). Highlights of the flow are visual in-

FAILURE ANALYSIS
DATA SUMMARY

TEST
RELATED
DEFECTS

FABRICATION
RELATED
DEFECTS

ASSEMBLY
RELATED
DEFECTS

ELECTRICAL
OVERSTRESS
25%

Figure 11-1

spections, thermal shock preconditioning,
hermeticity, and burn-in, all based on MIL-
STD-883 criteria.

A good example of the savings which can be
achieved by purchasing tighter inspection
levels is given in Figure 11-2. Here we are
comparing the various levels of inspection
(AQL’s) available for device functionality
and its impact on the number of PC boards
which must be reworked during system man-
ufacturing. Using the standard commercial
AQL in functionality of 1.0%, at 120 integrat-
ed circuit packages per board, typically
more than 90% of boards will require rework.
At 0.15% AQL, rework is reduced to 25%,
and at 0.1%, typically only 12% rework is
required.

SIGNETICS SUPR Il LEVEL B

Infant Mortality Failures

Failure rates are most severe during the first
few months of operating life. This is known
as the “infant mortality” phase. A system

FAILURE SUPR I
MECHANISMS CAUSES CONTROL
Die Metalization SEM Monitor
Fabrication Oxide Defects Visual
Related Mechanical Stabilization Bake
Scratches Burn-In
Contamination
Assembly Bonding, Wire, Preseal Visual
Related Package and Thermal Shock
Seal Defects Stabilization Bake
Hermeticity
Hot-Rail Testing
Test Test Escapes Tightened AQL Guarantees
Related High Temperature
Testing

Table 11-1
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AQL LEVELS ON FUNCTIONALITY
VERSUS BOARD REWORK RATES

20

80

/

2 7
g / 1.0% AQL
g INDUSTRY STANDARD
Z 60
3
g /
£ 50
o /
o
5 40
s .28% AQL
£ a0 ,/
§ ]
g 2 ﬁ \QL
10 ]
s - .1?% AQL
[
20 40 60 80 100 120
DEVICES BOARD
Figure 11-2

manufacturer has various options to soive
problems arising from infant failures. He can
ship his system to the end customer and
repair field failures as they occur. He can
operate the system in-house for this period
and repair failures. Or he can purchase de-
vices which have aiready been precon-
ditioned to eliminate the early failures. Each
customer must choose the most cost-effec-
tive method for his particular business. A

1

SUPR Il

/ LEVEL A

SUPR I

/ LEVEL B

RELATIVE FAILURE RATE

0.01 F

RELATIVE FAILURE RATE VERSUS TIME

«¢———— STANDARD COMMERCIAL

A=0.004% 1000 HOURS (60% C.L. 55°C)

INHERENT RELIABILITY

................ .
INFANT vear
MORTALITY our
PHASE
TIME J\
Figure 11-3

nated by the manufacturing control and pre-
conditioning steps of SUPR Il Level A
processing. More persistent defects can be
removed by the use of “burn-in” techniques.
The “burn-in” processing of SUPR Il Level B
effectively allows the system manufacturer

to ship his equipment at Point 3 on the fail-
ure rate curve in Figure 11-3.

Burn-In Conditions
MIL-STD-883A, Method 1015 describes a
number of different conditions for integrated

considerable number of the reliabilty de- ANALOG BIPOLAR MEMORY LOGIC MOS/LSI
fects which cause early failures are elimi- " N A +
Plastic  COM3MIC | plagtic  Ceramic | o ctic  COraMIC | ot  Ceramic
Metal Can Metal Can Metal Can Metal Can
HOT OPENS 100°C 0.15% - 0.15% - 0.15% - 0.15% -
FUNCTIONALITY 25°C 0.15 0.15 0.25 0.25 0.10 0.10 0.25 0.25
(NoTE D HIGH 0.25 0.25 - - 0.10 0.10 0.25 0.25
TEMPERATURE ’ ’ ’ : g ’
D.C. 25°C 0.25 0.25 0.65 0.65 0.65 0.65 0.65 0.65
PARAMETRIC OVER
TEMPERATURE 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65
A.C. 25°C 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
PARAMETRIC ’ ' ’ ) ) . : :
MECHANICAL MAJOR 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
MINOR 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
SEAL TEST FINE LEAK
(CERAMIC 1x 10-7ce/s N/A 1.0 N/A 1.0 N/A 1.0 N/A 1.0
METAL GROSS LEAK
CAN ONLY) 1x 10-5cc/s N/A 0.65 N/A 0.65 N/A 0.65 N/A 0.65
NOTE

1. To insure AQL levels tighter than 0.65% on D.C. parameters usually requires continual

of test

bet

functionality.
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and vendor to avoid test interpretation
problems. If the objective is to reduce system rework costs, functional operation of a
device (does it switch or toggle in the system) is often more critical than the absolute
value of a parameter. For this reason SUPR Il f i

on tightened AQL’s on

Table 11-2 SUPRA Il AQL GUARANTEE

SilNOLES

For analog devices, D. C. parameters, such as input current and offset voltages, tend
to be more critical to system operation than for logic devices. A 0.25% AQL is there-
fore offered on analog D.C. parameters, with the realization that careful attention must
be paid to establishing correlation at the c 'S i i i
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circuit burn-in. For SUPR Il Level B,
Signetics has selected Condition F. This is
the accelerated burn-in method derived from
MIL-STD-883A, utilizing a high temperature
reversed bias condition. This bias scheme is
preferred for infant mortality screening,
while operating conditions are generally uti-
lized for internal reliability programs orient-
ed toward generating MTBF data for the
system designer.

Integrated Burn-In Flow

Signetics SUPR Il Level B burn-in is per-
formed to provide reliability assurance
equivalent to a 168-hour/125°C screen.
This process has been integrated into the
standard manufacturing flow to provide the
customer with the most cost effective
screen and significantly reduced delivery
times.

Figure 11-5 shows the generalized process
flow for all Signetics integrated circuits pur-
chased to the SUPR Il program. Each prod-
uct group (Analog, Bipolar Memory, Logic,

and MOS) may follow slightly different pro-
cedures dictated by the specific device
characteristics.

BURN-IN FLOW

ASSEMBLY
The flow from SEM control through
package seal is common to Levels A
and B.

A4
TEST
The pre-burn-in electrical screen is
designed to remove assembly rejects
and increase equipment efficiency.

O

BURN-IN
The 24-hour/1556°C accelerated
burn-in is well controlled to provide
maximum scr ing effectiv. ss
without damaging good devices.

LY.

TEST
The post-burn-in electrical is a 100%
production DC/function electrical
test.

Figure 11-4

Marking Format

Product processed to the SUPR Il manufac-
turing flow can be identified by an SA for
Level A, and an SB for the Level B burn-in
option.

7400N  xxxx T40ON  xxxx
SUPR Il SUPR
LEVEL A LEVEL B
NOTE
Marking for Level A in pi of being impl d

WAFER
FABRICATION
AND TEST

O

HERMETIC
SEAL

|

CONTROL

=

1
DIE ATTACH
WIRE BOND

PLASTIC
ENCAPSULATION
L —
—— 1V
N

OFTION \

100%

ELECTRICAL
TeST \
OUTGOING QUALITY

SUPR Il PROCESS FLOW

SCANNING ELECTRON MICROSCOPE CONTROL (SEM)

Waters are sampled daily by the Quality Control Laboratory from each
ation area and subjected to SEM anal s control
s manutacturing defects such as contact coverage
‘metalization process which may result

DIE SORT VISUAL ACCEPTANCE

Criteria based on MIL-STD-883, Method 2010, Condition B, are employed
10 detect defects caused during fabrication, wafer testing, or the me-
chanical scribe and break operation. Critical defects such as scratches,
smears, and glassivated bonding pads are inspected to a 1% AQL. Lot
acceptance for noncritical defects is to a 4% AQL.

PRE-SEAL VISUAL ACCEPTANCE

Criteria based on MIL-STD-883, Method 2010, Condition B, are employed
to detect any damage incurred at the die attach and wire bonding sta-
tions. Critical defects such as scratches, contamination and smeared
ball bonds are inspected to a 0.65% AQL. Lot acceptance is to 2.5%
AQL.

'STABILIZATION BAKE PRECONDITIONING

Plastic molded devices are baked to stress wire and die bonds and help
eliminate marginal devices. It also ensures an optimum plastic seal to
enhance moisture resistance.

THERMAL SHOCK PRECONDITIONING

MIL-STD-883, Method 1011, Condition A. Devices are cycled from cold
10 hot temperatures imposing a very severe stress which weakens loose
bonds and package seals without degrading good devices.
bond is later def uring high temperature “HOT-RAIL" testing. This
preconditioning is especially effective in eliminating intermittent or
“HOT-OPENS" problems in plastic devices.

SEAL TESTS

Package seal integrity is ensured by 100% gross leak testing per MiL-
STD-883, Method 1014, Condition C and fine leak sampling per Condi-
tion A or B.

BURN-IN (LEVEL B OPTION)
Devices are burned in for the equivalent of 168 hours at 125°C in accor-
dance with MIL-STD-883A, Method 1015, Condition F.

100% PRODUCTION ELECTRICAL TESTING
Every device is tested for functional and DC parameters at 25°C, room
ambient.

HOT RAIL, HIGH TEMPERATURE TESTING

All plastic devices are subjected 1o testing at 100°C. In plastic devices
this efiminates "HOT-OPENS" and shorts resulting from temperature sen-
sitive intermittent bonds. In addition, logic circuits are tested 100% to &
functional pattern that simulates usage in a system environment.

QA GUARANTEES

A final QA and electrical
AQL's of Table Il. Every shipment is sealed and identified by QA person-
nel.

Figure 11-5
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SIGNETICS SURE 1l/883B
RELIABILITY PROGRAM

Definition

Signetics is recognized as a manufacturer of
reliable integrated circuits. Signetics real-
ized long ago the need for a comprehensive
reliability program to provide timely data re-
presentative of the entire Signetics product
line. Thus the establishment of a Systematic
and Uniform Reliability Evaluation program,
known as SURE, which provides this data in
a manner unique to the industry. Further-
more, this program is provided at no cost to
customers.

The SURE Program is a Signetics in-house
Qualification Test Program which has been
in existence since 1963. The SURE Program
is designed to monitor the continuing uni-
formity of all Signetics products and to dem-
onstrate via periodic qualifications that
Signetics products meet or exceed the strin-
gent long-term reliability requirements of
their intended applications.

The SURE Program is reviewed and modi-
fied annually to incorporate appropriate
changes in military microelectronic test pro-
grams, products and demonstrated product
capabilities, and market requirements. The
1978 SURE I/ 883B Reliability Program con-
tains minor changes to the 1975 SURE
11/883A Program, most significant of which
is the inclusion of recent changes in military
microelectronic test programs (i.e., inclu-
sion of MIL-STD-883B, Method 5005.4 and
MIL-M-38510D). The SURE 11/883B Pro-
gram continues to incorporate additional en-
vironmental tests to fulfill the need for spe-
cial reliability assurance of plastic products.

Concept of SURE Il Program
Signetics at the present time has approxi-
mately 2,500 unique products. The cost to
qualify each of these products even once
peryear via some life testing and some envi-
ronmental testing would be excessive. For-
tunately for the customer and for Signetics,
there is no need, technically or otherwise, to
pursue this brute-force approach.

Signetics continues to maintain that the way
to assure product reliability from both a
technical and a cost-effective point of view
is to differentiate between assembly/
package-related failure mechanisms, and
die process-related failure mechanisms.
This approach is used in the Signetics SURE
Il Program with the following definitions:

e Die Process Family. For any die process
family, individual device types (regardless
of circuit complexity) are fabricated with
similar wafer processing. This premise
recognizes that circuit layout of a product

will have little impact on reliability be-
cause established design rules apply to
all products fabricated by the same pro-
cess.

Package/Assembly Family. For any
package/assembly family, packages of
like construction are assembled with
identical materials, manufacturing oper-
ations, and controls.

The general “die process” and “pack-
age/assembly” approach to reliability is
similar in concept to that now used in the
Military Standards for microelectronic test-
ing and reliability.

The number of families can and will change
from year to year as new fab processes and
packages are introduced and old ones be-
come obsolete. The current Die Process and
Package families are defined in the follow-
ing tables:
Table 12-6 1978 SURE Il Die Process
Qualification Program Defini-
tions and Schedule.

1978 SURE |l Plastic Pack-
age Qualification Program
Definitions and Schedule.
1978 SURE Il Hermetic Pack-
age Qualification Program
Definitions and Schedule.

Table 12-7

Table 12-8

A Functional Family listing (Table 12-9) is
included to show the interrelationships of
Die Process Families with the general prod-
uct categories of Signetics Data Manuals.
Note that products within a Functional Fam-

technical support to customer inquiries, and
has the responsibility for formulating, imple-
menting, and maintaining the SURE Il pro-
gram.

At the start of each year, Reliability Engi-
neering contacts all the wafer fab process-
ing groups at Signetics and identifies all
standard processes. Out of these discus-
sions the Die Process Families are created.
Similar discussions with the packaging
groups lead to establishment of the Pack-
age Families. Finally, the product groups
and Reliability Engineering select candidate
devices to represent the families and a
schedule for SURE Il qualification start
dates is created. The criteria in preparing
the schedule are that a representative de-
vice from each Die Process Family be evalu-
ated once every 90 days (or four times a
year), that a represéntative device from
each Package Family be evaluated once
semiannually, and that the representative
devices be changed routinely to cover the
range of products within each family.

Once this schedule is established, the eval-
uations begin. Reliability Engineering sam-
ples units that have gone through the stan-
dard process flow and are located in
Finished Goods, the last inventory at
Signetics prior to shipment to the market.
The samples are pulled randomly from Fin-
ished Goods just as for any customer. In
essence, Reliability Engineering acts as if it
were a customer buying Signetics product.

During a year of SURE Il qualification testing,
the following relationship exists:

SIGNETICS QUANTITY OF DEVICES DEVICES
SURE Il DEVICES OBTAINED TESTED
PROGRAM FOR PER QUAL PER TABLE PER TABLE
Die processes 110 6 2
Plastic packages 272 7 4
Hermetic packages 81 8 3

ily may be manufactured via processes from
several Die Process Families. Since all
Signetics products, i.e. die, are qualified by
the quarterly die process tests, the Func-
tional Families may be not tested in every
quarter.

Maintenance of SURE Ii

Within Signetics, reporting directly to the
Corporate Reliability and Quality Assurance
Manager, is the Reliability Engineering orga-
nization. This group assesses product fail-
ure rates/reliability, helps to set guidelines
for quality control requirements, provides

SiNOLES

Analysis of SURE Il Process Flow
Tables 12-2, 12-3, 12-4

Inspection of Table 12-2, Table 12-3 and Ta-
ble 12-4 shows that the Signetics SURE
11/883B Qualification Program includes
Class B requirements of MIL-STD-883B,
Method 5005.4 and MIL-M-38510D.
Signetics has decided to continue to aug-
ment the standard high-temperature operat-
ing life test with a 150°C ambient high tem-
perature storage sub group. This provides a
common denominator (Ty = TA = 150°C) for
evaluating/qualifying all die process fam-
ilies and assures that many products do in
fact see a stress at their maximum rated
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junction temperature (Tj) values. The die
process qualification life tests include 168-
hour and 1168-hour time points to allow
analysis of 168-hour screening effective-
ness. For plastic package qualifications,
200 cycles of —65°C to +150°C thermal
shock, 1000 cycles of —55°C to +125°C
temperature cycle, 96 hours of 30 PSIA
pressure cooker, and 2000 hours of tem-
perature-humidity stress with bias continue
to be meaningful measures of reliability.

The primary purpose of the thermal shock
and temperature cycle tests is to demon-
strate bond wire integrity. The pressure
cooker test is an accelerated test that may
or may not relate to reality. However,
Signetics believes that products which pass
this test do demonstrate significant im-
provement in performance on this test over
plastic products that were available in the
marketplace several years ago. The tem-
perature-humidity test of 85°C and 85%
R.H. with bias applied is an accelerated test
that appears to have significance in demon-
strating long term reliability under realistic
application conditions (e.g. 25°C ambient
temperature and 5% to 55% relative humid-
ities).

Acceptance Criteria

The acceptance criteria for die process
qualifications are indicated in Table 12-2.
Table 12-2 refers to Table 12-5, the
Signetics SURE Il Criteria for Die Process
Families. All die process qualifications in-
volve post stress electrical testing to DC
min/max limits, functionality, and the strin-
gent drift criteria indicated. Functionality

and DC parameters with drift criteria applied
are ample indicators of product stability
without the necessity of performing all the
Group A subgroups (Table 12-1). From a de-
vice physics point of view, the foregoing
statement reflects the knowledge that un-
stable surface fields and conductor resis-
tance changes will produce a significant
drift in key reliability parameters such as
threshold voltages, offset voltages, supply
currents, input currents and input/output
voltage levels before an appreciable effect

is observed in the AC characteristics. Per-
manent failure mechanisms such as metal
migration or oxide pinhole problems are de-
tected by the functionality and DC paramet-
ric tests. From a practical point of view, reli-
ability evaluations are significantly more
cost-effective when using functionality, DC
parametric, and the drift of key parameters
as criteria for reliability assurance:
Signetics has found that many customers
specify performance of all DC static param-
eters to data sheet limits, and others may

MIL-STD-883B
GROUP A TEST DESCRIPTION
SUBGROUP
Al Static tests at 25°C
A2 Static tests at maximum rated operating temperature
A3 Static tests at minimum rated operating temperature
A4 Dynamic tests at 25°C *
A5 Dynamic tests at maximum rated operating temperature *
A6 Dynamic tests at minimum rated operating temperature *
A7 Functional tests at 25°C
A8 Functional tests at maximum and minimum rated operating
temperatures
A9 Switching tests at 25°C
A10 Switching tests at maximum rated operating temperature
A1 Switching tests at minimum rated operating temperature
NOTE

* Applicable only to Signetics Analog Products

Table 12-1 MIL-STD-883B GROUP A ELECTRICAL TESTS

MIL-STD-883B
GROUP C TEST DESCRIPTION fiidhseee CONDITIONS LTPD
SUBGROUP#
_ Pre-Test electrical parameters B Subgroup A1 & A4 or A7 as Note 1.
applicable. Refer to Table 1.
High temperature storage 1008.1 Test Condition C. Tp = 150°C. 10
_ t = 168, 1,168 hours.
End-Point electrical parameters Subgroups A1 & A4 or A7 as
Note 2 applicable. Refer to Table 5.
High temperature operating life 1005.2 TA = +125°C or +85°C as 10
ci applicable. t = 168, 1,168 hrs.
End-Point electrical parameters Subgroups A1 & A4 or A7 as
Note 2 applicable. Refer to Table 5.
NOTES
1. Samples are r d from finished goods, having no reliability prescreen

other than standard assembly flow screens. Pre-test electrical (and/or seal, as appli-
cable) performance is expected to be within an AQL of 1%.

N

. Only electrically and/or hermetically acceptable parts (as applicable) are to be sub-

jected to this test subgroup. The LTPD acceptance criteria are applicable to the
combined 168-hour and 1168-hour results, instead of the results of the 1000-hour

period from 168 hours to 1168 hours which is used in MIL-STD-883B.

3. All test equipment calibrated to meet requirements of MIL-C-45662A and MIL-1-45208.
4. The MIL-STD-883B Group D package related tests include the C2 subgroup stresses.

Table 12-2 SIGNETICS SURE Il PROGRAM FOR DIE PROCESSES (REFERENCING MIL-STD-883B, GROUP C)
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specify drift criteria for specific in-
put/output measurements, while few if any
require switching characteristics or tests at
minimum and maximum rated operating tem-
perature as life test electrical end-point cri-
teria.

Signetics does test AC switching param-
eters as well as high and low temperature
static parameters on each manufacturing lot
and provides positive early feedback to Pro-
duction Processing via quality assurance in-

spections. For the more complex MOS and
Bipolar Memory circuits, however, the 25°C
test programs used for SURE Il qualification
do include test exercises which ensure
switching characteristic limits in addition to
the functional performance of the devices.
The post-life end-points also include dynam-
ic parameters for Analog devices.

All products/process families meeting the
LTPD’s and electrical test criteria indicated
are automatically qualified for that quarter.

Any rejects obtained from qualification test-
ing are submitted for failure analysis. Appro-
priate corrective action is initiated based
upon failure modes and mechanisms identi-
fied during failure analysis.

The acceptance criteria for the SURE |l Pro-
gram for hermetic packages and the SURE Il
Program for plastic packages is indicated in
Tables 12-3 and 12-4. Again, failure analysis
is performed on every reject.

MIL-STD-883B
GROUP B & D TEST DESCRIPTION M";E:z-ggsa CONDITIONS LTPD
SUBGROUP
Resistance to solvents 2015.1 3 devices/O0 rej.
B2 Internal visual and mechanical 2014 No photograph 1 device/O0 rej.
bond strength 2011.2 Test condition D (10 devices min.) 15
B3 High temperature storage 1008.1 Condition B, 160 hours min. Note 1
Solderability 2003.2 Solder temperature 260°C + 10°C] 15
Physical dimensions 2016 Attributes data per appropriate 15
D1 Signetics package outline.
Internal water vapor content 1018 5,000 PPM max at 100°C 3 devices/O0 rej.
Lead integrity 2004.2 Test condition B2. Note 2 15
D2 Seal 1014.2
a. Fine Test condition A or B
b. Gross Note 3 Test condition C
Thermal shock 1011.2 Test condition C, 15 cycles, 15
—65°C to +150°C (Note 4)
Temperature cycle 1010.2 Test condition C, 100 cycles,
—65°C to +150°C (Note 4)
D3 Moisture resistance 1004.2 10 cycles, no bias.
Seal 1014.2
a. Fine Test condition A or B
b. Gross Test condition C
Visual examination Note 5
End-point electrical parameters Note 3 Subgroups A1 & A4 or A7 as
applicable. Refer to Table 1.
Mechanical shock 2002.2 Test condition B 15
Variable frequency vibration 2007 .1 Test condition A
Constant acceleration 2001.2 Test condition E, Y1 axis only
D4 Seal 1014.2
a. Fine Test condition A or B
b. Gross Test condition C
Visual examination Note 5
End-point electrical parameters Note 3 Subgroups A1 & A4 or A7 as
applicable. Refer to Table 1.
Salt atmosphere 1009.2 Test condition A 15
Seal 1014.2
D5 a. Fine Test condition A or B
b. Gross Test condition C
Visual examination 1009.2
Note 3

NOTES

. Preconditioning of the solderability sample satisfies the time/temperature requirement

jected to this test subgroup.

of Class B screening (burn-in). The LTPD for the solderability test applies to the number 4. Test Condition B for FM and FN packages.

of leads inspected from a minimum of three devices.

N

each device.

w

. For DIP’s, 15 devices, all leads on each device. For FlatPacs, 15 devices, 3 leads on

o

cation of 56X to 10X.

. Visual examination shall be in accordance with Method 1010.2 or 1011.2 at a maghnifi-

6. All test equipment calibrated to meet requirements of MIL-C-45662A and MIL-1-45208.

. Only electrically and/or hermetically

p parts (as

pli ) are to be sub-

Table 12-3 SIGNETICS SURE Il PROGRAM FOR HERMETIC PACKAGES (PER MIL-STD-883B, GROUP B & D)
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MIL-STD-883B
GROUP B & D TEST DESCRIPTION Ml;gﬁggsa CONDITIONS LTPD/MAX. ACC.
SUBGROUP
B2 Resistance to solvents 2015.1 3 devices/O0 rej.
Internal visual and mechanical 2014 No photograph 1 device/O0 rej.
B3 High temperature storage 1008.1 Condition B, 160 hours min. Note 1
Solderability 2003.2 Solder temperature 260°C = 10°C| 15
D1 Physical dimensions 2016 Attributes data per appropriate 15
Signetics package outline.
D2 Lead integrity 2004.2 Test condition B2. Note 2. 15
Thermal shock, extended 1011.2 200 Cycles, Test Condition C, 5
D3 Note 5§ —65°C to +150°C (Note 3)
End point electrical parameters Subgroup A7 & Thermal Scan
(Note 4)
Temperature cycle, extended 1010.2 Test condition B, 1000 cycles, 5
D3 Note 5 —55°C to +125°C (Note 6)
End-point electrical parameters Subgroup A7 & Thermal Scan
(Note 4)
Moisture resistance 1004.2 10 cycles, no bias 15
D3 End-point electrical parameters Note 5 Subgroup A1 & A4 or A7 as
applicable. Refer to Table 1.
Mechanical shock 2002.2 Test condition B 15
Variable frequency
D4 Vibration 2007.1 Test condition A
Constant acceleration 2001.2 Test condition E
End-point electrical parameters Note & Subgroup A1 & A4 or A7 as
applicable. Refer to Table 1.
Salt atmosphere, Note 7 1009.2 Test condition A 15
End-point electrical parameters Note 5 Subgroup A1 & A4 or A7 as
D5 i
applicable. Refer to Table 1.
Visual examination 1009.2
Pressure cooker - 96 hours, 30 PSIA (Note 8) 10
- End-point electrical parameters Note 5 Subgroup At, A4 or A7 as
applicable. Refer to Table 1.
Biased temperature-humidity - 85°C/85% R.H. with 5V min.
_ bias, t = 2000 hours (Note 9)
End-point electrical parameters Note 5 Subgroup A1, A4 or A7 as 10/2
applicable. Refer to Table 1.
NOTES

. Preconditioning of the solderability sample satisfies the time/temperature require-

ment of Class B screening. The LTPD for the solderability test applies to the number

of leads insp d from a minii of three .
2. ForDIP's, 15 devices, all leads on each device. For FlatPacs, 15 devices, three leads

on each device.

Pl

. 100 cycles for Silicone DIP and power flange mounted Families IV and V.
. Refer to Table 11-1 for Subgroup A7 definition. Thermal scan refers to a test that

bond

cComNOO

y over the temperature range of 25°C to 125°C.

. Only electrically acceptable parts are to be subjected to this test subgroup.

500 cycles for Silicone DIP and power flange mounted Families IV and V.

. Not applicable for Silicone DIP and power flange mounted Families IV and V.

. 24 hours 30 PSI for Silicone DIP and power flange mounted Families IV and V.

1000 hours for Silicone DIP and power flange mounted Families IV and V.

. All test equipment calibrated to meet requirements of MIL-C-45662A and MIL-1-45208.

Table 12-4 SIGNETICS SURE Il PROGRAM FOR PLASTIC PACKAGES (REFERENCE MIL-STD-883B, GROUP B & D.)
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SURE I

PARAMETER DELTA LIMIT What Does SURE Il Do For You?
® SURE Il provides fingertip data that dem-
TTL, SCHOTTKY, LOW POWER SCHOTTKY, AND IIL': 2 onstrates the reliability of Signetics pro-
“4" Input current 5X initial value or 25% of limit.3 ducts. Data summaries from each SURE Il
“0” Input current +20% of initial value or +5uA3 qualification test are available for custom-
“1" Output voltage + 20% of initial value er inquiries. Semiannual comprehensive
“0" Output voltage +100 mV summaries are also available for custom-
loH Output leakage current* + 10% of limit er inquiries.”*
Icc Supply current +20% of limit ® SURE Il allows the customer to qualify
Signetics products based upon testing at
ECL (EMITTER COUPLED LOGIC)' 2 Signetics. This is a cost effective ap-
“1” Input current +20% of initial value of +35uA3 proach, as it allows many customers to
“0” Input current +20% of initial value or + 15uA3 use the same qualification results, there-
“1” Output voltage +20% of initial value by saving money industry-wide.
“Q" Output voltage +20% of initial value e SURE |l provides assurance that all
IEE Supply current + 20% of limit Signetics Fab processes meet estab-
lished reliability standards on a continu-
NMOS' 2 ous basis.
Leakage currents? +10% of limit ® SURE |l provides assurance that all
lsink® +20% of initial value §igt‘1§tics packages meet e.stab|ished re-
lsource® +20% of initial value liability standard on a continuous basis.
Access time® +920% of initial value ® SURE Il provides basic attributes data
All supply currents +20% of limit which is quoted in Product Reliability re-
ports and is used in failure calculations.
DMOS (DOUBLE DIFFUSED MOS)' ® SURE Il provides variables data on key
VT +30% of initial value or =+ 200 mV3 drift parameters (as well as additional pa-
Rds (on) +20% of limit rameters) for all storage and operating
life tests. This data is available for inspec-
NOTES tion at Signetics and can be obtained for a
1. All products are tested to subgroups A1, A4 or A7, as applicable. Refer to Table 12-1. nominal fee.
The detailed tests, conditions and limits applicable to each product are listed in the
Signetics Data Manual Electrical Characteristics Table. All parameters must meet the **To obtain a copy, contact the QRA Department,
min./max. limits as well as the delta limits shown. Signetics Corp., 811 E. Arques, P.O. Box 9052, Sunnyvale,
2. Alt Programmable Read Only Memories (PROM'’s) are programmed to a pseudorandom CA 94086 (408) 739-7700

pattern prior to stress and the programming verified after stress.
Whichever is greater.
. As applicable by product type.

Table 12-5A SURE Il DIE PROCESS ACCEPTANCE CRITERIA

o
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SURE Il

ANALOG PRODUCTS DELTA LIMITS!
PARAMETER Operational/ ) Video & Communications Phase Gas Tube
Differential Sense RF/IF Voltage & Function Timers Voltage Locked |Interface | Decoder/
Amplifiers | Amplifier| Amplifier | Comparators | Gen Circuits3 Regulators | Loops |Circuits3 | Drivers
Power Supply or +20% +20% +20% +20% +20% of limit +20% +20% +20% +20% +20%
Quiescent current of limit of limit | of limit of limit *£20% oFAMIt 1\ o jimit | of limit | of limit | of limit | of limit
Vog Input
offset voltage* x1my +1my
los Input +20% +20%
offset current* of limit of limit
Ig|AS Input +30%
bias current of limit
VT Input
threshold voltage t1mv
+20%
) oy +20% of
Voltage gain of initial initial val
value initial value
+20%
Output voltage +0.20 V| of initial
value
Trigger voltage +0.10V
+1%
Initial accuracy (absolute
value)
+10%
Center frequency P
b of initial
of oscillation
value
5X initial 5X initial | 5X initial
value or value or value or
“1” Input current
put curr : 25% of 25% of | 25% of
limit® limit5 limit®
+20% +20% +20%
“0” Input current of initial : of initial | of initial
value or value or | value or
+5 uAS +5 uAS +5 uAS
+20% +20%
“1” Output voltage of initial of initial
value value
“0” Output voltage +100 mV +100 mV
+20%
Output breakdown of initial
voltage value
loH Output
leakage current +300 nA
NOTES

1. All products are tested to subgroups A1, and to either A4 or A7 as applicable. Refer to
Table 1. The detailed tests, conditions, and limits applicable to each product are listed
in the Signetics Data Manual ELECTRICAL CHARACTERISTICS table. All parameters
must meet the min/max limits as well as the data limits shown.

2. Radios, receivers, modulators, demodulators, detectors.

3. MOS clock drivers, line drivers, line receivers.

4. As applicable, by product type.

5. Whichever is greater.

Table 12-5B SURE Il DIE PROCESS ACCEPTANCE CRITERIA

360 Sifnotics



SURE I

QUARTER START?2
PROCESS PROCESS FUNCTIONAL
FAMILY DESCRIPTION CODE FAMILY! CANDIDATE DEVICE 1 2 3 a4
| Gold doped slow A 1 7440, TA47A, 7490, 7492 7440 7492
TTL Speed-High/Low Voltage A 8 8T04, 8T06, 8T16 8T04
DTL A1l 1 7426, 7446
B1 8 8T18, 8780, 8T90 8T18
B1 12 nA710
] Gold doped fast speed C1 1 7437, 7485, 7496, 74H30 7496 7485 7437
TTL Low voltage 8201, 8242
C1 8 8T14, 8T363
c2 1 74109, 74181, 74H04 74109
74H103, 8225, 8260
c2 8 8T10, 8T34
Ccs5 1 7406, 74145
CA 1 74107, 74152, 8270, 8271
D 1 74147,74148
10} Standard aluminum E4 5 828290, 825291
Schottky Schottky P2S 15 8X300
R2 5 825215, 825280 825280
Single level metal X2 2 74S114, 745135 74S114
(SLM) or dual X2 4 82512, 825112
level metal X2 12 NE521, NE522 NE521
(DLM) X6 12 NE§27, NE529 NE527
X7 2 74S174, 745175, 82S30
v Standard aluminum D5 5 825190, 825191
Schottky | Schottky (DLM) plus RS 5 825101, 82S130, 825140, | 82S181 825185 825140 825130
PROM's Ni-Cr Fuses 825181, 825185
\" Silicide Schottky R4 4 74S89, 745189, 82525 825825
Schottky | (SLM) or (DLM) S4 4 74S201, 82509, 82516 82S09
X3 2 745140, 82534, 82562 745140
X3 8 8T100, 8T111
X3 15 N3001, N3002 N3002
X4 2 745112, 74S181
X4 8 8T31
Z3 5 8228
Vi Silicide Schottky V3 2 74LS74, 74LS138 74LS74 74LS241 74LS138 74LS193
Schottky lon implantation 74L.S193, 74LS241
(LS) (SLM) or (DLM) V3 8 8728
Vil Aluminum ECL RTC 3 10102, 10118, 10180 10118 10180
ECL (SLM) or (DLM) 10104, 10113, 10130 10113 10130
IX Silicide Schottky, A4 4 82S10,82S11 82510 82S11 82510 82S11
Schottky washed emitter
(DLM)
X Silicide Schottky, 11 15 8X01 8X01 8X01 8X01 8X01
Schottky integrated injection 12 15 8X03, 8X04, 8X06, 8X07
(2L) (SLM) or (DLM)
X1 High voltage JX 10 LF356 LF356
Linear process M 10 LM101, uA709, SE531
M 11 NE550
M 12 LM111, LM339, MC3302 LM339
M 13 NES540
M3 9 NE584, NE585
MC 12 NE5018 NE5018
ME 9 DM8880
MX 10 LM207, MC 1558, nA747
MX 11 uA723
MX 12 LM319
PX 10 MC 1456, NE536 MC 1456
R 10 LM208A
RX 10 NES535, NES535 NE5535

Table 12-6 1978 SURE Il DIE PROCESS QUALIFICATION PROGRAM DEFINITIONS AND SCHEDULE
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SURE I

QUARTER START?
PROCESS PROCESS | FUNCTIONAL
FAMILY DESCRIPTION CODE FAMILY? CANDIDATE DEVICE 1 2 3 4
X Medium voltage E 9 MC1488
Linear process E 13 MC 1496, NE565, NE645 | NES65 NE645
E2X 11 78L0O5C, NE5554 NE5554
EX 10 LM324, NE532
EX 13 NE545
LX 13 NE542
Q 11 7905C, 79M05C
Q2 11 LM309
Qx 11 7805C, 78M05C 7805C
X 13 TCA440N
Xl Low voltage B 12 uAT11
Linear process B2 2 75324, 75451, DM8820 75451
G 9 75361
H 9 7520, 7524, MC 1489
H 12 NE526
H 13 NES501, NE515
K 13 NE592, TBA1440, uA733
L 13 NE510, NE546, NE556, | TBA120U
TBA120U.
L5 13 NE570 NE570
w 13 NE543
Wi 9 NE582
w2 13 NE544 NES544
XV Double diffused L2A 14 SD200, SD305, SD5000,| SD5000 | SD5301 SD305
DMOS | MOS, N-Channel, SD5301
ion implanted L2B 14 SD202, SD306, SD307 SD306
XVi N-Channel NA 7 2101, 2102, 2111, 2112 2102 2112
NMOS |enchancement NB 7 2607, 2608, 2609, 2606 2609 2609
MOS NH 7 4027 4027 4027 4027 4027
Xvii N-Channel ND 7 2102A, 2600, 2616, 2102A 2600 2102A 2616
NMOS depletion MOS 2617
N-Channel NE 7 2708 2708 2708 2708
NMOS double-poly MOS
XIX N-Channel, NG 15 2650A 2650A 2650A
NMOS depletion MOS MPU

NOTES

1. See Table 12-9 for a listing of devices by Functional Family.
2. SURE Il Die Process Sample Sizes are >55 each for HTSL and HTOL.

Table 12-6 (Cont'd)
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SURE Il

QUARTER START
FAMILY DESCRIPTION PACKAGES IN FAMILY (CODE DESIGNATION) 1 3
NE-8-Lead NK-18-Lead NN-24-Lead NJ NN
| Plastic DIP (Epoxy) NH-14-Lead NL-20-Lead NQ-28-Lead (82516) (74150)
NJ-16-Lead NM-22-Lead
NHA-14-Lead NLA-20-Lead PH-12-Lead & Batwing NJA PHA
L[} Plastic power DIP (Epoxy) NJA-16-Lead NNA-24-Lead PHA-12-Lead & Batwing| (82S131) (NE541)
NKA-18-Lead NQA-28-Lead
Plastic power SIL or DIP lead S S
" mounted (Epoxy) S-8-Lead (T0-92) (78L05) | (78L0S)
W Plastic DIP NEB-8-Lead NJB-16-Lead NMB-22-Lead NJB NJB
(Silicone) NHB- 14-Lead NKB-18-Lead NNB-24-Lead (2102) | (2102A)
Plastic power-flange mounted U U
v (Silicone) U-3-Lead (T0-220) (79M05) | (7805)
Table 12-7 1978 SURE Il PLASTIC PACKAGE QUALIFICATION PROGRAM DEFINITIONS AND SCHEDULE
QUARTER START
FAMILY DESCRIPTION PACKAGES IN FAMILY (CODE DESIGNATION) 1 3
| FlatPac, laminated ceramic QFA-10-Lead QJA-16-Lead QJA QNA
body and lid, glass seal QHA-14-Lead QNA-24-Lead (54157) (54150)
i FlatPac, beryllia body and lid, RJA-16-Lead RNA-24-Lead RWA-40 Lead RJA RNA
glass seal RKA-18-Lead RQA-28-Lead (82811) (82s181)
) WF-10-Lead WJ-16-Lead ; ;
] FlatPac, ceramic CerPac WH- 14-Lead WN-24-Lead wJ WN
FE, SSI-8-Lead FJ, MSI-16-Lead FL, LSI-20-Lead FJ,’ ssI FJ, SSI
. . FH, SSI-14-Lead FJ, LSI-16-Lead FM, LSI-22-Lead (82510)
v DIP, ceramic CerDip FH, MSI- 14-Lead FK, LSI-18-Lead FN, LSI-24-Lead
FJ, SSI-16-Lead
DIP i bod d lid |IEA-8-Lead IKA-18-Lead IQA-28-Lead INC IKA
Y o °e"”;"°, d° g an d'l ad IHA- 14-Lead IMA-22-Lead IWA-40-Lead (825214) | (82S136)
glass seal, side brazed leads 1JA- 16-Lead INA-24-Lead 1IZA-50-Lead
Solid header with DA DA
Vi mounting holes DA-2-Lead (TO-3) (LM309) | (7805)
DB-3-Lead (TO-39) K-10-Lead (TO-100) T K
Vil Metal can (Header) DC-4-Lead (TO-72) L-10-Lead (TO-100) (1A709) (LM119)
DE-4-Lead (TO-72) ' T-8-Lead (TO-99)
NOTE
1. JAN test data will be used to verify pli with SURE |l qualification criteria.
Table 12-8 1978 SURE |l HERMETIC PACKAGE QUALIFICATION PROGRAM DEFINITIONS AND SCHEDULE
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SURE Il

DIE PROCESS QUARTER START
DESCRIPTION ND EVICE
FUNCTIONAL FAMILY s 0 P R— CANDIDATE DEVICES ] > 3 2
A ] 7440, 7447A, 7490, 7492 7440 7492
Al | 7426,7446
ct I 7437, 7485, 7496 7496 7485 7437
Standard TTL c2 It 74109, 74181 74109
cs I 7406, 74145
cA I 74107, 74152
i D 1 74147, 74148
Logic 1
High-Speed Cc1 [} 74H30
Standard TTL c2 1 74H04, 74H103
c1 I 8201, 8242
f;;l"da'd T c2 I 8225, 8260
CcA il 8270, 8271
Schottky TTL X3 v 82534, 82562
msI X7 in 82530
X2 in 745114, 745135 745114
) X3 v 748140 745140
Logic 2 Schottky TTL X4 v 745112, 745181
X7 i 745174, 745175
Low Power 74LS74,74L.S138,
Schottiy TTL v3 vi TaLS105 TaLosar 74LS74 | 74L8241|74LS138 | 74LS193
) ) 10102, 10118, 10180 10118 | 10180
Logic 3 Aluminum ECL RTC i 10104, 10113, 10130 10113 | 10130
A4 IX 82510, 82511 82510 | 82811 | 82510 | 82811
R4 v 74589, 745189, 82525 82525
M : ,
Memory 4 Schottky RA sS4 v 745201, 82509, 82516 82509
X2 Il 82X12, 825112
E4 i 825290, 825291
Schottky ROM R2 1 825215, 825280 825280
z3 v 8228
M
emory 5 Schottky D5 v 825190, 825191
PROM RS v 825101, 825130, 825140,
825181, 825181 825181 | 825185 | 825140 | 825130
NMOS NA XV 2101, 2102, 2111, 2112 2102 2112
o NB Xvi 2607, 2608, 2609, 2606 2609 2609
nhancement NH Xvi 4027 4027 4027 4027 4027
Memory 7 NMOS
Depletion ND Xvil 2102A, 2600, 2616, 2617 2102A | 2600 | 2102A | 2616
NMOS EPROM NE Xvili 2708 2708 2708
A i 8T04, 8T06, 8T 16 8T04
B1 | 8T18, 8780, 8T90 8T18
: c1 il 8T14, 8T363
Logic
Interface 8 Interface c2 1] 8T10, 8T34
v3 v 8T28
X3 v 8T100, 8T111
X4 v 8T31
NOTES

Family that is qualifying the product of interest.

N

from several Functional Families.
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. The Functional Family definitions are derived from the Signetics Data Manual and
follow the Data Manual organization to assist the user in identifying the Die Process

. The Functional Family Qualification Schedule is derived for the Die Process Family
Qualification Schedule. A Die Process Family Quarterly Test can qualify products in
more than one Functional Family, since a Die Process Family can contain products
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SURE Il

DIE PROCESS QUARTER START
FUNCTIONAL FAMILY DESCRIPTION cone | Famy CANDIDATE DEVICES ; " 3 "
B2 Xill 75324, 75451, DM8820 75451
E Xil MC 1488
Analog G Xill 75361
Interface 9 Interface H Xil 7520, 7524, MC 1489
M3 XI NE584, NE585
ME XI DM8880
w1 Xil NE582
EX Xl LM324, NE532
X Xi LF356 LF356
Overational M XI LM101, SE531, uA709
Analog 10 poisinil MX XI LM207, MC1558, uA747
P PX Xi MC1456, NE536 MC 1456
R XI LM208A
RX Xi NE535, NE5535 NE5535
E2X Xl 78L05C, NE5554 NE5554
M Xi NES550
Operational M Xl uA723
Anal 11
nalog Amplifiers Q Xil 7905C, 79M05C
Q2 Xil LM309
ax Xil 7805C, 78MO5C 7805C
B Xi WAT11
B1 I WAT10
Comparators H xi NE526
Analog 12 o M XI LM111, LM339, MC3302 LM339
Caverters MC XI NE5018 NE5018
MX XI LM319
X2 i NE521, NE522 NE521
X6 i NE527, NE529 NE527
E Xil NE645 NE645
EX Xl NE545
L Xil NE546, TBA120U TBA120U
Consumer L5 X NE5S70 NE570
Circuits LX Xil NE542
M Xi NE540
W Xil NE543
w2 Xill NE544 NE544
Timers L Xill NE556, NE555, NES556
Analog 13 Differential H Xl NE515
Amplifiers L Xill NE510, NE511
Video H Xil NE501
Amplifiers K Xil NE592, 1A733
E Xil MC 1496, NE565 NES565
Phase Locked K X TBA1440
Loops L Xil NES567, PA239
X Xil TCA440N
Anal Double Diffused L2A XIV SD200, SD305, SD5001, SD5301 | SD5001 | SD5301 SD305
nalog 14 MOS (DMOS) L2B XIV SD202, SD306, SD307 SD306
11 X 8X01 8xo1 | 8Xo1 8X01 | 8X01
12 X 8X083, 8X04, 8X06, 8XO7
L ) , '
Microprocessor 15 gch':f'z fgf NG XIX 2650A 2650A 2650A
P2s i 8X300
X3 v N3001, N3002 N3002

NOTES

1. The Functional Family definitions are derived from the Signetics Data Manual and
follow the Data Manual organization to assist the user in identifying the Die Process
Family that is qualifying the product of interest.

2. The F i | Family Qualification Schedule is derived for the Die Process Family
Qualification Schedule. A Die Process Family Quarterly Test can qualify products in
more than one Functional Family, since a Die Process Family can contain products
from several Functional Families.

Table 12-9 (Cont'd) 1978 SURE |l FUNCTIONAL FAMILY QUALIFICATION SCHEDULE
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Understanding Failure Rates

UNDERSTANDING FAILURE RATES
This section is designed to acquaint the I.C.
user with some of the more commonly ac-
cepted “scientific approaches” used by an
I.C. Reliability Analyst to determine whether
the raw data has a probable bearing on the
longevity of the I.C. in its intended system
environment. The methods presented do not
imply that there are not other (or better)
approaches available. This section contains
general information intended to stimulate
one's imagination and acquaint the reader
with the large degree of error that is
possbile in any assessment or prediction of
I.C. reliability (one must know the future to
be 100% correct in predicting).

The Classical “Bathtub Curve”
Figure 13-1 suggests that a given product
operating in a real-life application has “in-
fant mortality” failure mechanisms which ini-
tially inflate the failure rate (up to t{) such
that once these mechanisms result in fail-
ure, the remaining devices will demonstrate
a failure rate which is constant with time (t{
to to) until some future time (years) when
product wearout begins and ultimately ends
the product’s useful life (curve a). If this
model is correct, then one approach would
be to use accelerated screens to eliminate
the “infant mortality” in a time less than t4
so that once the region of random failures is
reached the accelerated screens could be
stopped and the surviving devices inserted
in a system at the constant hazard failure
rate level of curve a. Curve b suggests what
would happen if the accelerated screens,
especially a high-temperature operating life
stress (e.g., burn-in) were allowed to contin-
ue indefinitely. The ratio of the failure rates
for the constant hazard segment of curve a
to that of curve b is what is usually consid-
ered to be the “acceleration factor” associ-
ated with accelerated life tests.

In regard to the bathtub curve model, two
statements are necessary for proper per-
spective:

It has not yet been satisfactorily demon-
strated with any certainty or repeatability
that a bathtub curve actually exists (much
less its shape) for a given product-applica-
tion combination. Part of the reason for this
could be that semiconductors appear to out-
live people. Enough literature exists, howev-
er, to support the statement that for certain
unique lots of devices, appropriate screens
do, in fact, have a positive impact on subse-
quent failure rates.

Signetics Reliability Engineering has found
that the “typical” unscreened Signetics
product does not exhibit a “bathtub curve”
when placed on accelerated storage or op-
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erating life tests at To = 85°C for many
thousands of hours. Typical Signetics pro-
ducts do not demonstrate a disproportion-
ate number of early life test failures as com-
pared to the total quantity of failures
experienced during the course of an accel-
erated life test. Any observed decrease in
the failure rate at early timepoints is more
likely to be associated with the effect of an
increase in the quantity of device hours rath-
er than a decrease in the quantity of failures
per unit time. When one considers the many
manufacturing factors that can have an im-
pact on the failure rate at any given time, it
should not be surprising to see increasing,
decreasing or constant (could be zero)
“speeds of failure.”

The Failure Rate Equation

Signetics uses the term “failure rate” pri-
marily to refer to the performance of pro-
ducts which are life tested under steady
state temperature conditions and in a rela-
tively dry environment. It is essential that
other variables (thermo-mechanical, humid-
ity, etc.) be controlled as much as is possi-
ble so as to not have a significant influence
on these assessed failure rate values. The
environmental impact would need to be con-
sidered separately and factored into the
real life application failure rate prediction.
Section 3 of this report covers the present
Signetics dry environment assessed failure
rate values in detail. The failure rate equa-
tion that is used by Signetics to assess fail-
ure rates is defined as follows:

A=_F 105 where:
NtA
A\ = assessed failure rate in % per 1000

hours at temperature T4. (This value
can be multiplied by 104 to obtain
FIT's which are “failure units,” i.e.,
one failure per 109 hours or multiplied
by 10 to obtain failures per million
hours.)

sifnotics

F = The quantity of failures occurring at a
temperature Tp in a time interval t.

N = The quantity of acceptable devices at
zero hour.

t = The time interval.

A = The temperature acceleration factor

that relates the To failure rate to the

failure rate at the desired T{ tem-

perature.
Signetics uses a reliability calculator (or re-
liability slide rule) to adjust the assessed
failure rate to a 60% upper confidence level.
The assessed failure rate at other confi-
dence levels can be obtained by selecting
the desired confidence level and inputting
into the calculator the number of failures and
the total number of device hours. Confi-
dence levels are used to relate to the dis-
persion of failure rate values which would be
expected to exist if the experiment were re-
peated many times under the same condi-
tions. The confidence values are a measure
of the total area under a % frequency vs. %
failure rate dispersion plot. Signetics calcu-
lations (i.e., reliability calculators) are
based on the assumption that this graph fol-
lows a chi squared distribution. The calcula-
tions also assume that the failure rate (\) is
constant with respect to time (i.e., Figure
13-1 Constant Hazard). The 60% upper con-
fidence value in essence means that if the
life tests were to be repeated, there is a
60% probability that the new failure rate will
be equal to or less than the given assessed
failure rate value.

Assessed failure rates can vary widely. The
more important factors which can signifi-
cantly affect assessed failure rates include:

The actual failure mechanisms present.

The definition of what constitutes a “failure”
(for both catastrophic and degradational
failures).

The comprehensiveness of the electrical
test program used to detect a “failure.” Var-
ious 1.C. electrical test programs can
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produce various failure rates. (This is espe-
cially true for MSI and LS| devices where the
exact cause of a “failure” may not be identi-
fiable).

The competence of the failure analyst in de-
termining if the reported failures are in fact
legitimate failures and in determining if a fail-
ure mechanism can be found for the mode of
failure. (Mishandling/electrical over-
stress/retested good type failures should
not be considered legitimate failures.)

The population distribution (i.e., fab runs,
assembly weeks, etc.) as well as the quanti-
ty of devices has a bearing on how average
a failure rate the assessed failure rate is.

The length of stress is important. If an I.C.
manufacturer knew that he had a decreasing
failure rate with time, it might be in his inter-
est to use a smaller quantity and longer
stress times to obtain a device-hour product
related to fewer failures (i.e., a lower as-
sessed failure rate).

The removal. of degradational failures from
the population before they have a chance to
become catastrophic can affect the as-
sessed catastrophic failure rate.

Failure rate of screened vs. unscreened de-
vices (i.e., origin of population for a popula-
tion with a non-constant failure rate).

The acceleration factor used to derate from
a To temperature to a T temperature.

The quantity of device-hours and its effect
on a device-hour limited failure rate (i.e., the
failure rate may be large only because not
enough device-hours have been accumu-
lated).

The stress used. Temperature is widely rec-
ognized as having an accelerating affect on
most failure mechanisms. For this reason
failure rates are quoted at a specific tem-
perature. Reverse biasing of junctions and
biasing of MOS gates can produce an accel-
erating affect on die surface related failure
mechanisms. Current accelerates bulk fail-

ure mechanisms as well as electro-migra-
tion. However, voltage or current accelera-
tion factors have not as yet been identified
for voltages or currents within the data
sheet limits. Also worthy of note is the pos-
sibility that different vendors of a given
product may have different associated fail-
ure mechanisms which in turn might dictate
unique stresses to be used.

Considering all these variables, Signetics
suggests that two unique assessed I.C. fail-
ure rates which differ by an order of magni-
tude or less can easily have equal legitimate
failure mechanism failure rates if, in fact, the
variables could be controlled.

Failure Rate Requirements vs.
Demonstrating The Required
Failure Rate

Table 13-1 lists some recently published es-
timates of I.C. failure rates required to meet
specific system requirements. The failure
rate ranges shown reflect the total range
based on five sources of inputs per system
repair difficulty category. Table 13-1 is not
meant to be an endorsement of those failure
rate levels but rather to show some exisiting
typical I.C. failure rate rquirements. The sys-

tem lifetime requirements, on the other
hand, typically fall in the range of 2 to 30
years.

Table 13-2 is a demonstration of the mini-
mum effort (cost related) that would be
needed to determine whether an assumed
failure rate-mean time between failure re-
quirement can be met by a specific |.C. prod-
uct at temperature T 4. This table dramatizes
the importance of accelerated testing at a
temperature To > T4 and the need for com-
bining life test data of similar
products/processes to obtain a large
enough device hour product for meaningful
generic failure rate assessments. Combin-
ing data and the use of accelerated testing
does, of course, leave unanswered the
question of whether or not the mean time
between an I.C. failure at T is in fact 114
years for a 0.1% per 1000 hour failure rate
(i.e., instead of waiting 114 years for the
answer, engineering approaches are used
over relatively short time periods due to a
lack of a realistic alternative).

Temperature Acceleration

Factor

Signetics uses the temperature accelera-
tion factor graph (1) of Figure 13-2 to relate

SYSTEM REPAIR

RANGE OF I.C.
FAILURE RATES

DIFFICULTY (%1000 HRS.)
Standard 0.1 to 0.003
M.S. 883, Le.vel C, Avionics 0.01 t0 0.045
Easy Repair

M.S. 883, Level B, Avionics
Difficult Repair

0.003 to 0.008

M.S. 883, Level A, Space
Repair “Impossible”

0.002 to 0.005

(1) Summary of Table IX, Peattie, et al, “El of

r-Device Reliability,”

" Proceedings of the IEEE, Vol. 62, No. 2, February, 1974.

Table 13-1 ESTIMATES OF 1.C. FAILURE RATE REQUIREMENTS(1)

ASSUMED REQUIREMENT EFFORT NEEDED-QUANTITY DEVICES VS TIME*
A@ T1 (%/1000 Hours) MTBF@T 1 1 Year 10 Years 100 Years
0.1 106 Hours (114 Years) 114 12 2
0.01 107 Hours (1,140 Years) 1,140 114 12
0.001 108 Hours (11,400 Years) 11,400 1,140 114
0.0001 109 Hours (114,000 Years) 114,000 11,400 1,140

NOTE
1. MTBF = 1/X. MTBF # MTTF.

Demonstration of the quantity of devices (assuming O failures) that would be needed to be
placed on stress @ Temperature T for the length of time (years) shown to demonstrate

the ability to meet the MTBF /failure rate requirements at T 4.

Table 13-2 EFFORT NEEDED TO DEMONSTRATE REQUIRED FAILURE RATE
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FAILURE RATE ACCELERATION FACTOR VS. TEMPERATURE GRAPHS — SIGNETICS AND OTHERS
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NOTES

1. Calculated from the Si ics Failure Rate vs. Temperature Graph of Figure 3-2.
Signetics uses acceleration factors of 15 (for +85° C), 100 (for +150° C), 200 (for
+175° C 350 (for +20° C), 970 (for +250° C) and 2100 (for +300° C) to relate to
+25° C« ivalent ambient temperature. The +25° C to +125° C segment of the graph
is based primarily on operating life data. The segment of the graph above +125°Cis

4. Calculated from MIL-STD-883A, 15 November 1974. Figures 1005-4 and 1015-1 by
extrapolating the time p regression graph from +78°C back to +25° C. The
MIL-STD-883A graph is the Bell Telephone Laboratories graph (Specification AB-
689143, 16 January 1974, etc.) and as such applies to storage and operating T j values

and primarily surface inversion failure hani The graph eq to an “activa-
based on high temperature storage data. The graph equates to an “activation energy” tion energy” E5 = 1.02eV.
Ey 0.41eV. 5. This curved graph is the result of plotting the “rule of thumb” that failure rates (hence
2. Calculated from MIL-HDBK-217B, 20 September, 1974, Table 2-1.6-4 for 7 T{ vs T acceleration factors) double for every +A10° C.
values. The graph equates to an “activation energy” E,=0.41eV and is applicable to 6. All petitor data (available to Si ics) produced graphs falling within these two
all bipolar digital (except ECL) in the normal mode of operations. b d

ies. The two boundaries equate to Yactivation energies” E, = 0.23eV (for

3. Calculated from MIL-HDBK-217B,20 September, 1974, Table 2.1.5-4 for 7 t vs T lower graph) and Eq = 1.92eV (for the top graph).

values. The graph equates to an “activation energy” E, = 0.70eV and is applicable to
all MOS, all linear, and bipolar ECL devices in the normal mode of operation.

Figure 13-2
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life test data generated at a specific ambi-
ent temperature to the +25°C ambient tem-
perature “equivalent.”

Technically, an acceleration factor graph
should be based on junction temperature
(Ty) values instead of ambient tempera-
tures. This is especially true of
experiements in a laboratory environment
when the specific effects of temperature on
a failure mechanism are being studied (via a
key parameter). But realistically, in I.C. life
testing, where many parameters are tested
and many failure mechanisms can exist at
one time, there are good arguments for not
being overly concerned about the exact
junction temperature (as long as the maxi-
mum allowable junction temperature is not
exceeded). Junction temperature is directly
related to ambient temperature. The specif-
ic relationship depends upon the device
packaging, mounting, power dissipation, air
flow, etc. Signetics believes that the rela-
tionship of ambient temperature to junction
temperature will be more or less proportion-
al when the life test results of many products
are considered. Hence an ambient tempera-
ture acceleration factor can be developed
and used. From a practical point of view, life
test data is easier to sort via ambient tem-
perature (less temperatures to sort to) and
the ambient temperature is a known value
due to forced air ovens.

A comparison of the Signetics normalized
(to Tpo = +25°C) Failure Rate Acceleration
Factor vs. Temperature Graph to other
graphs obtained by similar normalization of
published data is also shown in Figure 13-2.
The Signetics graph appears to be slightly
conservative. Additional details are avail-
able in the footnotes of Figure 13-2. When
interpreting the footnotes of Figure 13-2,
note that the “activation energies” which
have been calculated for the graphs should
be interpreted with reservation as pseudo
.activiation energies for the graphs do not
relate to single failure mechanisms.

The Arrhenius Equation vs.
Activation Energies

Some chemical reactions occur nearly
instaneously, some are so slow that they are
not perceptible at ordinary temperatures
within human lifetimes, while others have
measureable reaction rates (velocities of
reaction) to which chemical kinetics and
thermodynamics laws can be applied. The
nature of the reacting substances, the tem-
perature, and the concentrations of the
reactants affect the reaction rates. The re-
actions can be classified as first order reac-
tions, second order rections, etc. Regard-
less of the reaction rate or order of the
reaction, a reaction rate constant is always
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present as part of the expression for the
reaction rate.

In 1889 Arrhenius suggested the use of the
equation (R) which now bears his name as a
model to describe empirically derived data
showing the variation of the reaction rate
constants (and hence the reaction rates)
with temperature. Today, semiconductor re-
liability analysts use the Arrhenius Equation
concept to attempt to fingerprint unique fail-
ure mechanisms.

R = Aexp —Ey
kTk

where:

reaction rate constant

= a constant

activation energy (eV). E4 can be pic-

tured as a potential energy hill that

must be climbed to reach the activat-

ed state.

k= Boltzmann’'s constant,
10—5eV/°K

Tk = absolute temperature (°Kelvin) at the

site of the reaction

8.63 x

ACTIVATION ENERGY DETERMINATION
Assuming that E is a constant, a plot of log
R against the reciprocal of temperature
should produce a straight line (e.g., Ra of
Figure 13-3) if the Arrhenius equation ap-
plies. If a straight line results, the activation
energy (Eg) can be readily calculated by
taking. two available values of R (e.g., Ray
and Rap) and the corresponding two tem-
peratures and substituting these known val-
ues into the derived equation for E,.

“APPARENT” ACTIVATION ENERGIES

If a singular failure mechanism is thought to
exist (e.g., aluminum corrosion), a reliability
analyst might try to determine the apparent
activation energy of that mechanism by
working with degradation or failure times
(time to failure). A constant measure of deg-
radation time, such as time to 50% failure,
can be plotted on semi-log paper against
the reciprocal of the various temperatures
at which the several life distribution (i.e.,
failure distribution) studies were performed.
If a straight line (Arrhenius line) results, the
apparent activation energy can be deter-
mined as indicated earlier with the excep-
tion that time, t, is now used instead of R.

This approach assumes that the reaction
rate of the failure mechanism (which in-
cludes the reaction rate constant) is related
to degradation time through some undefined
function. But regardless of that function, if
the rection rate constant follows an
Arrhenius line, then so should the plot of
constant degradation time vs. reciprocal
temperature. The word “apparent” is used
for two reasons. The activation energy of
the process by which a failure occurs is not
necessarily the same as the apparent acti-
vation energy of the process of reaching
some end point limit of a parameter as mea-
sured by the effect of temperature on the
failure distribution. The second reason that
“apparent” is used is that several pro-
cesses may be acting at one time, each with
its own activation energy, so as to produce a
failure mechanism with an apparent singular
activation energy for the set of variables
present during that experiment.

ARBITRARY GRAPHS DRAWN TO DEMONSTRATE
THE USE OF THE ARRHENIUS EQUATION

Raq = Ae—Ea/kTay
Rap = Ae—Ea/kTaz
101 — Ra R
1 a1
In —1 =2, =1
n Raz 2.3 log Raz
Ra1 R
Ray -5
| 2.3 log [Raz] 8.63 x 10
= 3 3
10-2 — l 2 !
Rb
3
g |
) I
10-3 — I | Rap
' +
108 103 103
Tag Taz TK
Figure 13-3
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Table 13-3 lists a few of the published “ap-
parent” activation energies of failures. Ta-
ble 13-3is not an endorsement of these acti-
vation energies, but rather an example of
some typical values which one might ex-
pect.

MECHANISM Ea(eV)
Surface-Inversion Failures 1.02
Au-Al Bond Failures 1.02-1.04
Metal Penetration Into
Silicon 1.77

Table 13-3 PUBLISHED “APPARENT”
ACTIVATION ENERGIES OF FAILURES!

NOTE

(1) D. S. Peck and C. H. Zierdt, Jr., “The Reliability of
Semiconductor Devices in the Bell System,” Proceed-
ings of the IEEE, Vol. 62, No. 2, February, 1974.

PSEUDO ACTIVATION ENERGIES

When several failure mechanisms are known
to be active at one time and are interacting
so as to produce an Arrhenius line, the word
pseudo is used for a pseudo activation ener-
gy that is beyond the intent of the Arrhenius
equation. The “activation energies” calcu-
lated from the graphs of Figure 13-2 fall into
whis category.

Figure 13-3 can be interpreted as showing
two degradation mechanisms producing
plots Ra and Rb. The resulting plot (Log R)
would be the sum of log Ra and log Rb which
would be not a straight line. If two or more
degradation mechanisms are known to be
present, each should be plotted separately
to see if each has an Arrhenius line with an
associated activation energy. Pseudo acti-
vation energies are of questionable techni-
cal value as they do not fingerprint specific
failure mechanisms.

Log Normal Life Distribution1,2
Several distrubtions such as Exponential,
Normal, Log-Normal, Chi-Square and
Weibull are available as possible models to
empirically fit determined stress data. The
Log-Normal Distrubtion has been found to
be recognizable in life distributions when the
population is large enough, when sufficient
acceleration is present and when the test is
continued long enough to show the complete
distribution. 1 Signetics used Log-Normal
graph paper in Section 5 for plotting the re-
sults of environmental studies of plastic pro-
ducts.

Figure 13-4 is a pictorial representation of
how the normalized axis of normal probabil-
ity paper came about. The variable “X” can
be interpreted to mean the amount of time or
the number of cycles. The f(X) can be inter-
preted as number of failures to a given crite-
ria. Graph 1 is the easily recognizable nor-

mal distrubtion. Graph 2 shows what
happens when the vertical axis is changed
from f(X) to accumulative %f(X). Graph 3
shows how normal probability paper pro-
duces a straight line out of Graph 2 data.
Therefore, that data which produces a
straight line when plotted on normal prob-
ability paper (Graph 3) is represented by a
normal distribution (Graph 1).

Similar analysis of Figure 13-5 will show that
data which produces a straight line when
plotted on Log-Normal probability paper
(Dot Graph 3) is represented by a Log-Nor-
mal distrubtion (Graph 2) which relates to
the skewed distribution of Graph 1 when the
horizontal axis is changed from log (X) to X.
A straight line on Log-Normal probability pa-
per (i.e.,Dof Graph 3) is usually indicative of

one failure mechanism. A second line @ is
most likely representative of an infant mor-
tality or freak failure mechanism. Failure
analysis would need to be performed to
identify the mechanisms.

The standard deviation (¢’) of the logarithm
of time (or cycles) to failure for the log-nor-
mal distribution can be estimated as the nat-
ural log of time to 50 percent failure minus
the natural log of time to 16 percent failure.

NOTES

1. D. Peck, C. H. Zierdt, “The Reliability of Semiconductor
Devices in the Bell System”, Proceedings of the IEEE,
Volume 62, No. 2, February 1974.

2. F. Reynolds, “Termally Accelerated Aging of
Semiconductor Components”, Proceedings of the IEEE,
Volume 62, No. 2, February 1974.
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Plastic Molded Integrated Circuits

PLASTIC ENCAPSULANT
CONSIDERATIONS

Signetics has been a manufacturer of plas-
tic integrated circuits for over ten years.
During this time Signetics has refined the
methods used to characterize potential
encapsulants and has become acutely
aware of the many variables that exist dur-
ing integrated circuit manufacturing which
can interact with the various encapsulant
properties and impact product reliability.
This knowledge is crucial, for to character-
ize an encapsulant by only a few properties,
such as glass transition temperature (Tg)
by itself, while ignoring the other properties
and their interactions is almost a sure way of
overlooking potential product reliability
problems. Table 14-1 lists the major consid-
erations involved in manufacturing reliable
plastic integrated circuits.

Silicones and epoxies have been in common
use by I.C. Manufacturers over the years.
The considerations delineated in Table 14-1
apply (to varying degrees) to both silicones
and epoxies. The general statements that
can be made at this time concerning the
suitability of silicone versus epoxy for plas-
tic integrated circuit assembly are:

Epoxies can be made with a slightly smaller
a4 linear expansion coefficient. The slightly

smaller linear expansion coefficient is more -

closely matched to the linear expansion co-
efficients of the leadframe, the bondwires,
and the silicon die.

Epoxies out perform silicones during MiL-
STD-883A salt atmosphere.

Silicones have slightly fewer
“contaminants” than epoxies. Silicones
therefore may be potentially better suited
for surface state controlled devices (e.g.,
MOS).

Silicones have higher thermal stability than
epoxies. Silicones therefore can withstand
higher junction temperatures prior to emit-
ting decomposition byproducts.

The primary constraints placed on plastic
molded product applications are:

The junction temperature (Ty) should be
limited to 150°C or below.

The formation of gold-aluminum intermetallic
compounds, contributing to bond and
metalization failures, are highly accelerated
at Tj above 150°C.

Bond wire grain growth (“creep”) is also ac-
celerated at Ty above 150°C. The grain
growth can cause bond wire failures.

14.1.6 Prolonged constant use at high tem-
perature and high humidity conditions can
cause parametric instability, aluminum cor-

rosion, and external lead corrosion prob-
lems. These problems apply equally to the
external surfaces of “hermetic” packaged
and to the internal areas of non-plastic
packages which lose their “Hermetic seal.”

Scope Of Plastic Encapsulant

Reliability Data Presented

All plastic encapsulant reliability data of
Section 15 is based exclusively on Silicone
(in production since 1966) or Epoxy Novolac
| encapsulated devices and is labeled ac-
cordingly to provide clear interpretation.
The Epoxy Novolac | encapsulant system
also goes by the name of “Epoxy B.” This
new family of epoxy molding compounds
was introduced in 1972 and offered signifi-
cant and improved advantages over earlier
epoxy systems thereby gaining rapid accep-
tance as demonstrated by successful quali-
fication of Novolac | encapsulated products
for use in all 1.C. user appplications (EDP
mainframe manufacturers, independent ter-
minal and peripheral equipment manufactur-
ers, mini-computer manufacturers, auto-
motive manufacturers, consumer
entertainment, and military applications).

Since the introduction of the Novolac | Sys-
tem in 1972, Signetics has evaluated over
50 additional commercially available or spe-
cially formulated encapsulants. None of the
reliability data generated on. these
encapsulants is included in this report. All
data obtained from reliability studies of the
Novolac | System (Section 15) are being ap-
plied as part of the Signetics ongoing pro-
gram to develop better encapsulants.

Section 15 was written in direct response to
the interest expressed by several custom-
ers for data relating to the reliability perfor-
mance of plastic encapsulated products
during extended accelerated environmental
stresses. The composite results of several
key accelerated stresses are presented in
Section 15. It is important to note that the
data presented in Section 15 is for the most
part engineering data which is beyond the
scope of standard qualification programs.
Signetics has, however, upgraded the SURE
Program for 1975 (SURE Il is discussed in
Section 12) to include some extended envi-
ronmental testing of plastic products. Most
of the data that is presented in Section 15
was generated between 1972 and the start
of 1975.

Comparison Of Signetics Plastic
vs. “Hermetic” Package
Life Test Data

To arrive at a meaningful comparison of

SiNDtiEs

plastic to hermetic package life test perfor-
mance, it is essential that other variables
(thermomechanical and humidity) be con-
trolled so as to not have a deciding effect on
the outcome. Such is the case in this study.
All life test data (Tables 14-2 and 14-3) was
generated under steady state temperature
conditions and in a relatively dry environ-
ment.

Based on Table 14-2, no difference in life
test performance between hermetic and
plastic package products was observed for
data covering all Signetics products from
1971 to 1975.

Based on Table 14-3, no difference in life
test performance between hermetic and
plastic packaged products was observed
for data covering all Signetics products from
1962 to 1970.

Note that any differences that may appear
to exist in the plastic to hermetic failure rate
radios (0.6X to 2.3X) are considered to be
well within the “noise” (scatter/non-
repeatability) of generating failure rates.

The results of this comparison are not sur-
prising when one recognizes that Signetics
fully qualifies the encapsulant to the die pro-
cess technology before going into produc-
tion and that efforts are taken not to exceed
Ty = 150°C while life testing plastic
packaged products.

Extended Temperature-Humidity
Performance of Plastic

Encapsulated Products

When interpreting temperature humidity
peformance of plastic packaged products, it
is essential that one recognize that acceler-
ated stresses be obtained for usage as an
engineering tool in product improvement
and process control efforts. To the product
user, the data only has significance if, in
fact, it relates to real life. (Failures can be
obtained from any type of stress if a high
enough stress level is used.) At the present
time, many differences of opinion exist in the
industry concerning the applicability of
present stress levels to real life failure
mechanisms. The problem at hand is the
fact that no quick and valid test exists to
evaluate the “hermeticity” of plastic de-
vices. As a result, “tools” are used today
which formerly were not used even for non-
plastic products. The temperature-humidity
stresses are used primarily to check for the
following three failure mechanisms:

Die Surface related parametric instability
problems.
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General Corrosion without the presence of
external bias. Such corrosion can be related
to internal electromotive forces established
by dissimilar metal couples or P-N junctions.

As an example, the Au-Al couple produces
approximately three volts self bias.

which can occur with external bias applied.
The amount of corrosion visible and the rate
of corrosion increases with increasing ex-

Cathodic or anodic oxidation (corrosion) ternal bias.

PLASTIC ENCAPSULANT CONSIDERATIONS
(COMPOSITION, PROPERTIES, PROCESSING)

APPLICABLE RELIABILITY
. CONSIDERATIONS1

POSSIBLE MANUFACTURING

INTERACTIONS2

1. Chemical Composition
. Resin (type and hardener)
. Catalyst
. Mold release
. Flame retardant system
. Filler (type, amount and particle size distribution)
Il. Chemical-Physical Properties
1. Thermal stability )
2. Impurities (ionic conductance and pH of water extract,
total halogens, total metallic impurities).
ll. Thermomechanical Properties
1. Thermal expansion coefficients (a;, @)
2. Glass transition temperature (Tg)
IV. Thermal Conductivity
V. Mechanical and Electrical Properties
1. Molded material
2. Post cured material
Process Conditions Affecting Package Properties
. Preheating
. Encapsulant flow characteristics
. Molding (temperature, time and pressure)
. Post molding curing (temperature and time)
. Finish operations (Deflash, cutapart, lead bend, lead
diping/plating).

OBAWON =

VI

OhAWOND =

1. Dry environment parametric

stability (leakage current,

threshold voltage, bond re- .

sistance, etc.)

a. Evolution of con-
taminants during molding
and cure (mobile ionic
impurities, polar organic
groups, etc.) !

'b. Post cure thermal degra-
dation of encapsulant

. Humid environment paramet-

ric stability (measure of the

encapsulant’s ability to re-

sist water absorption by the

bulk material or moisture in-

gression along the lead-

frame/bond wire/encap-

sulant interfaces)

a. Electrolytic metal (usual-
ly aluminum) corrosion

b. Leach of contaminants
producing “extended
gate” affect, conductive
glass, depletion/in-
version or accumulation
of silicon surface

c. Decrease in encapsulant
electrical resistance

. Effect of thermomechanical

stress of encapsulant on the

bond/bond wire system

(room, “window,” and hot

opens or shorts)

a. Wire grain
(“creep”)

b. Decrease in
strength

c. Wire to wire shorts (“wire
sweep” related)

d. Wire to die shorts

growth

bond

. Flammability

1.

Die process technology

(sensitivity to contaminants

and corrosion) ‘

a. Gold doped bipolar
digital '

b. Non-gold doped bipolar

digital

. Bipolar linear

d. NMOS, PMOS, DMOS,
CMOS

[2]

. Glass integrity

a. Porosity
b. Phosphorous leach
c. Gettering ability

. Metal Integrity

a. Retarding effect of
oxidized metal on metal
corrosion

b. Grain size, etc.

. Bond integrity factors of Ta-

ble 1-2 paragraph II.C.

. Lead frame

a. Material
b. Plating

NOTES
1. Typical Signetics reliability “tools” include: . .
a. HTOL or HTRB (+85°C or +125°C) and HTSL (+150°C) to evaluate the electrical
compatibility of the P material in a dry environment.
b. Temperature humidity stresses (+85°C and 85% R.H., +121°C and 100% R.H.,
cyclic +25°C to +65°C with 80 to 98% R.H.) with or without electrical bias.
c. Power cycle (Pp max and either a5 minute or a 10 minute cycle), temperature cycle
- (0°C to +125°C, ~55°C to +125°C, —65°C to +150°C), and thermal shock (0°C
to +100°C, ~55°C to +1255C, —65°C to +150°C).
2. Refer to Table 1-2 for a more comprehensive coverage of “manufacturing” factors.

Table 14-1 ENCAPSULANT vs. RELIABILITY vs. “MANUFACTURING” CONSIDERATIONS
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SUMMARY of ACTUAL LIFE TEST DATA

Life Test Data

300°C High

150°C High

125°C Ambient High

85°C Ambient High

55°C to 25°C Ambient

Combined (HTOL & HTSL)

Temp. Storage Life Temp. Storage Life Temp. Operating Life | Temp. Operating Life Operating Life T#Ot:fl 1:‘:: 25°C Equivalent (1)
Data Device # Failures Device # Failures Device # Failures Device # Failures Device # Failures ;Lotts” 2ev:ces Device # Failures
Sort Routine Hours Cat | Deg Hours Cat |Deg Hours Cat |Deg Hours Cat |Deg Hours Cat [Deg ested ested Hours Cat |Deg
Bipolar “Hermetic” 95,500 2 o |5336500| 3 2 |5,890,000 | 8 8 - - - - - - 192 8,641 |1,028,700,000 | 13 | 10
Technologies
(DTL, ECL, TTL, Plastic - - - | 2648000 | 2 1 |3,296,480 | 4 0 | 235120 1 0 |4,290,320 | 1 o 98 5,371 | 437,441,120 | 8 1
Linear, PROMS, (Epoxy Novolac)
TTL Schottky,
Low Pwr TTL-S) Plastic - - - | 1,232,000 | 3 3 |1,813880 | 0 0 - - - 39,000 0 0 42 2,596 | 213,933,000 | 3 3
(Silicone)
oS “Hermetic” - - - | 613,000 1 1 754,000 | O 0 | 624,000 | 2 2 97,000 1 [¢] 30 1,488 | 108,457,000 | 4 3
Technologies Plastic - - - 172,000 | 0 o 61,000 o 3 146,000 | O 3} 37,000 0 1 10 366 22,477,000 0 4
(CMOS, DMOS, (Pre-Production)
NMOS, PMOS)
Plastic - - - | 841,728 | 4 0 | 255000 | 2 1 |1023358| 5.| 3 33,000 0 0 36 1,643 | 112,306,170 | 11 | 4
(Silicone)
Total 95,500 2 0 |10,843,228| 13 | 7 [12,070,360| 14 | 12 |2,028,478 | 8 5 |4,496,320 | 2 1 408 20,105 |1,923,314,290 | 39 | 25
Life Test Data and Combined (HTOL & HTSL) Failure Rates in %/ 1000 Hours
Failure Rates 25°C Equivalent (1) @ 60% Confidence
i +
Data Device # Failures Catastrophic Cat + Deg
Sort Routine Hours Cat Deg A (2) A (2)
Bipolar “Hermetic” 1,028,700,000 13 10 0.0014 1X 0.0024 1X
Technologies
(DTL, ECL, TTL, Plastic 437,441,120 8 1 0.0021 1.5X 0.0024 1X
Linear, PROMS, (Epoxy Novolac)
TTL Schottky,
Low Pwr TTL-S) Plastic 213,933,000 3 3 0.00195 1.4X 0.0034 1.4X
(Silicone)
“Hermetic” 109,457,000 4 3 0.0047 CX 0.0076 1X
MOS
Technologies Plastic 22,477,000 o] 4 0.0041 0.9X 0.023 3.0X
(CMOS, DMOS (Pre-Production)
NMOS, PMOS)
Plastic 112,306,170 11 4 0.011 2.3X 0.015 2.0X
(Silicone)
Total 1,923,314,290 39 25
NOTES:

1. The Signetics Failure Rate Acc

Factor vs. Temp

was used for these calculations (1X used for 25°C and below).
2. \ arbitrrily normalized to the “hermetic” group of each technology for ease of compari-

son.

Graph (Figure 13-2)

Table 14-2 COMPARISON of PLASTIC vs.

“HERMETIC” PACKAGE LIFE TEST PERFORMANCE 1971 to 1975
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“ACTUAL” CAT PLUS A @ 60% PLASTIC/
DEVICE DEG CONFIDENCE IN HERMETIC
STRESS PACKAGE HOURS FAILURES % /1000 HOURS A RATIO
HTSL 150°C Plastic 5.6M 9 0.18 0.7X
Hermetic 8.3M 20 0.25
HTOL 125°C Plastic 7.3M 6 0.089 0.6X
Hermetic 29.2M 42 0.155
HTOL 85°C Plastic 2.3M 0 0.039 1.5X
Hermetic 3.4M [o] 0.026
HTOL (RTE) 25°C Plastic 136M 1 0.00145 1.5X
Hermetic 319M 2 0.00098

Table 14-3 COMPARISON of PLASTIC vs. “HERMETIC” PACKAGE LIFE TEST PERFORMANCE 1962 to 1970

Figure 14-1 shows the average cumulative
percent failures versus time for biased tem-
perature-humidity (BTH) stressing at 85°C
and 85% R.H.

Considering the uncertainty in the data pre-
sented, the following general statements
appear appropriate. (The reader is urged to
study the data and form his own conclu-
sions.)

Bipolar products encapsulated in Silicone or
Epoxy Novolac | appear to have 0.6 to 1.7%
average failures after 1,000 hours.

MOS products in Silicone appear to have 8
to 10% average failure after 1,000 hours.
Surface sensitivity and higher stress
voltages may have contributed to this failure
level. Limited data exists.

Non-Hermetic Non-Plastic aproducts can be
made to fail at similar percent failure levels
after 1,000 hours. Cerdip (ceramic pack-
ages with glass seals at the lead frame)
products with defective seals were used in
this study.

Competitor MOS products (based on com-
plementary MOS data) appear to have 44 to
55% average failures (prior to any failure
analysis) after 1,000 hours when tested to
the Signetics conditions. In addition, during
19756 Competitor B published that his CMOS
products have 5% cumulative failures at
1,500 hours. Compleitor B also stated that
his four CMOS competitors have from 20%
to 70% cumulative failures at 1,000 hours.
Competitor C stated that his CMOS pro-
ducts have 2.5% failures at 1,500 hours and
CMOS Competitor D stated that his pro-
ducts have 50% cumulative failures at 2,000
hours. This information is presented so that
a gauge exists by which to judge future MOS
plastic product performance during biased
85°C/85% RH accelerated stressing and
also to point out that “typical” cumulative
pecent failure graphs may not be related to
lot-to-lot variance during the BTH 85/85
test.
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Several articles have been written describ-
ing acceleration factors between
85°C/85% RH stress levels and stress lev-
els more closely in line with typical applica-
tions. One of the more recent articles (and
apparently most technical approach) is one
written by D. S. Peck and C. H. Zierdt, Jr.,
“The Reliability of Semiconductor Devices In
The Bell System” which appeared in the
Proceedings of the IEEE, Volume 62, No. 2,
February 1974. In that article acceleration
factors for the junction temperature (T j) and
the %RH at the die surface were determined
for biased 85°C/85% RH stressing. The de-
vice life versus T j relationship was found to
be independent of relative humidity for %RH
above 10% at the die surface. Likewise, the
device life versus %RH at the die surface
relationship was found to be independent of
temperature for at least 50°C < Ty
= 150°C. Using the acceleration factor
graphs of Figures 25, 26 and 27 of that arti-
cle, an acceleration factor of greater than
1.4 X 105 exists between biased 85°C/85%
RH and “real life” biased 25°C/50% RH
conditions. For these calculations, a Ty =
40°C was assumed for the 256°C ambient
condition which related to 10% RH at the die
surface for the external 50% RH conditions.
Using the calculated acceleration factor,
10% failures at 1,000 hours of biased
85°C/85% RH relates to 10% failures after
108 hours (i.e., 1.1 X 104 years) at biased
25°C/50% RH.

Figure 14-2 shows the average cumulative
percent failures versus time for 30 PSIA (15
PSIG), 121°C, Pressure Cooker (Steam).
The following general statements appear
appropriate:

Bipolar products in Epoxy Novolac | appear
to have 2.3% average failures after 96
hours. Not shown in Figure 14-2 is bipolar
Silicone performance. There are indications
that bipolar Silicone meets or exceeds Ep-
oxy Novolac | performance during 96 hours.
This statement is based on the test results
of eight lots totalling 808 bipolar Silicone

Sinotics

devices which completed 144 hours at 30
PSIA, 121°C with 1.3% functional test fail-
ures. Of the 1.3% rejects, 20% were due to
corrosion of the aluminum. The Silicone data
was reported in June 1975 (Status Report
from the Plastic I.C. Assembly Plant) and
has not as yet been formally analyzed and
documented for reference purposes.

MOS in Silicone appears to have an average
of 11% failures after 96 hours. However,
none of the failures were failure analyzed to
legitimatize the percent failures observed.

Competitor bipolar product appears to be at
35% average failures at 96 hours and com-
petitor CMOS appears to be at 30% average
failures at 96 hours based on data generat-
ed at Signetics from 1972 to 1974. This in-
formation was included to show that
Signetics top competitors can also have
significant failure levels during this test. This
data is not intended to imply that all
Signetics competitors are always exper-
iencing these failure levels.

Signetics has not found a relationship be-
tween extended pressure cooker perfor-
mance (i.e., test beyond 24 hours) and real
life failures. Thus, the 96 hour results report-
ed above are presented for information pur-
poses only.

Pressure cooker tests of eight to 24 hours
appear to be adequate for producing fail-
ures in those devices having body cracks
and separations in the interface between
encapsulant and lead frame. Table 14-12
shows that throughout 1974 no major prob-
lems were observed with encapsulant lead
frame integrity during eight hours of pres-
sure cooker and 52 consecutive weeks of
monitoring Epoxy Novolac | assembly. The
results of monitoring Silicone assembly in
1974 are not reported due to the fact that
test equipment. at the assembly plant did not
allow for MOS functional testing (only bond
continuity testing). However, an idea of MOS
Silicone performance during eight hours of
pressure cooker can be obtained from Table
14-10.
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A COMPARISON OF AVERAGE CUMULATIVE % FAILURES VS. TIME FOR BIASED
TEMPERATURE-HUMIDITY STRESS (85°C, 85% R.H.)
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NOTES

1. The graph for Signetics Bipolar Products in epoxy novolac is based on the data from
Table 14-4. The graph to the 2000 hour timepoint is based on the samples progressing
to 2000 hours. The 3000 and 4000 hour points represent a substantially reduced
sample size.

. The graph for Signetics Bipolar Products in silicone is based on the data from Tabe 14-
5. The 2000 hour data point (reduced sample size) is depicted for reference only.

. The graph for Signetics MOS Products in silicone is based on the data from Table 14-6.
The 2000 hour data point is probably non-typical of average performance due to the
limited amount of data available and lack of failure analysis.

. The average performance of six Signetics CMOS competitors is based on the data of
Table 14-7. The graph could be non-typical due to the lack of failure analysis.

. This graph serves as a reminder that non-plastic devices (e.g. “hermetic” devices
which may lose hermeticity during board insertion, etc.) can also be subject to alumi-
num corrosion during this stress. Parallel with test DT74113 of Table 14-4, a sample of
39 each 7400FH (CERDIP) d. were bled on an line to act as

N

w

S

4

“controls”. Approximately half of the parts were built to exhibit fine or gross leaks at 0
hours. Consequently, results of +85 C/85% R.H. stress showed electrical failures as

follows
Timepoint
. . (o] 1000 2000 3000 4000
Cumulative Failures
0/39 0/39 6/39* 7/398 12/39

* At corrosion, failed dye penetrant

Additionally, at 4000 hours, the remaining 27 “good” devices exhibited 12 fine and zero

gross leaks

6. A logarithm of time-to-failure versus a normal probability scale was chosen for these
plots so that straight lines (when they develop) would represent a log-normal failure
distribution. For log-normal distribution, median life corresponds to t(50%) and the
standard to In [t(50%)/t(16%)}

Figure 14-1

A COMPARISON OF AVERAGE CUMULATIVE % FAILURES VS. TIME FOR 30psia,
121°C, PRESSURE COOKER (STEAM).
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CUMULATIVE PERCENTAGE FAILURES

NOTES

1. The graph for Signetics Bipolar Products in epoxy novolac is based on the data from
14-8 and includes only those samples which completed 192 hours.

2. The average performance of competitor bipolar products in epoxy is based on the data
of Table 14-9 and a sample size of 203 through 192 hours

3. The graph for Signetics MOS Products in silicone is based on the data of Table 14-10.
The graph could be non-typical of average performance due to the lack of failure

analysis. Sample size of 106 used for all data points.

. The average performance of six Signetics CMOS competitors is based on the data of
Tables 14--11. The graph could be non typical of average performance due to the lack
of failure analysis.

. A logarithm of time to failure versus a normal probability scale was chosen for these
plots so that straight lines (when they develop, median lite corresponds to t(50%) and
the standard deviation to In (t[50%0/t16%)].

»

o

Figure 14-2
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) ACCUMULATIVE RESULT2 AT HOUR: wi
TEST GLASS’D CCUMU U OURS SHOWN FAILURE
NUMBER DEVICE DIE? QTY | 500 | 1000 | 1500 | 2000 | 3000 | 4000 | 5000 ANALYSIS3 COMMENTS
DT72092 7400AH yes 41 10/41)0/41 —_ —_— — —_ —_
DT72095 7400A no 25 [0/256(0/26 | — - - — — PPIP, R338
DT72098 7400A no 24 |0/24)|0/24| — — - — - PPIP,R336
DT72098 7400A no 26 |0/26 |0/26 | — _ —_ — —_ PPIP,R336, *PER M.S. 883
DT72101 7400A yes 25 |0/25}0/25| — —_ - — - PPIP, R336
DT72164 5748A yes 45 |0/45(0/45| — — - — — PPIP, R336, PER M.S. 883
DT73011 7400AH yes 28 |0/28|10/28|0/28|0/28 | — - — R242
DT73012 7400AH yes 30 1/30 | 1/30|1/30| 1/30|2/30|3/30|3/30 1-30,2-48 R242
DT73013 7400AH yes 29 |0/2910/2910/29|0/29| — — — R242
DT73014 7400AH yes 30 |0/30(0/30(0/30(0/30| — — - R242
DT73015 7400AH yes 30 |0/30|1/30(1/30(1/30| — — —_ 1.48 R242
|DT73016 7400AH yes 29 10/2910/29(0/29(0/29 | — _ — R242
DT73017 7404AH yes 30 |0/30|1/30|1/30|1/30| — —_ ~— 1.4B R242
DT73018 7404AH yes 30 |1/30}{1/30|1/30{1/30| — — —_ 1-30 R242
DT73019 7404AH yes 27 |0/27|0/27|0/27 |0/27 | — —_ - R242
DT73020 7404AH yes 29 |0/2910/2910/29 | 0/29 | — — —_— R242
DT73021 7404AH yes 27 | 0/27 |0/27 |0/27 |0/27 | — _ — R242
DT73022 7404AH yes 30 |1/30)1/30|1/30|1/30|2/30|6/30|8/30 4-48,1-31,3-4A R242
DT73023 7404AH yes 30 [2/30/3/30]3/30|3/30| — —_ — 3-4B R242
DT73047 5748A yes 47 | 0/47 | 1/47 —_ — —_ - —_ 1-4B PPIP, R336, PER M.S. 883
DT73048 5748A yes 45 |(0/45(0/45)10/45 | — —_ — — PPIP, R336
DT73061 7400AH yes 50 |0/50|0/50| — —_ — - _ R101
DT73071 7404A no 47 1/47 | 2/47 —_ _ —_ — — 1-31, 1-4C RO67
DT73038 7408A no 25 1/256}16/25 | — _ —_ - _ 5-4B R0O67
DT72178 7404AH yes 45 |0/45|0/45 —_ —_ — — — R082, PER M.S. 883
DT72179 7404AH yes 45 | 0/45(0/45| — — — — — R082, PER M.S. 883
DT72197 7404AH yes 19 1/19 | 1/19 | — — — — — 1-4B RO82
DT72198 7404AH yes 19 |0/19|0/19 | — — — — — RO82
DT73079 7404AH yes 24 1/24 | 1/24 | — — — —_ — 1-2A R101
DT73089 7410AH yes 23 |10/283|0/23| — - — — — R125
DT73093 7410AH yes 24 [ 0/24{0/24| — — — — — R125
DT73096 7410AH yes 23 |0/23|0/23| — _ — —_ — R125
DT73099 7403AH yes 23 |0/23|0/283| — — —_ — - R125
DT73100 7400AH yes 256 |0/25|3/26| — —_ — —_ —_ 3-4B R125
DT73106 7400AH yes 24 |0/24|0/24| — —_ — —_ — R125
| DT73108 7403AH yes 24 |0/24|5/24| — —_ — — — 5-4B R125
DT73104 7400A yes 45 10/45|0/45 | — —_ - — — R338
DT73105 7400A yes 49 (0/49 | 0/49 | — —_ —_ — — R338
Customer A 7400A yes 160  |0/150]|0/1560(0/150{0/150(3/150|3/160} —
Customer A 7400A yes 148 |0/148]|0/148|0/148(0/148{0/148| — —_ 85°C/60% R.H.
DT73111 7404A no 85 1/852/85| — — —_ - _ 2-4B
DT73112 7404A no 85 [5/85(8/85| — - _ — — 8-4B
DT73116 7400AH yes 40 | 0/40|0/40| — _ — —_— —
DT73118 7442B yes 41 1741 1 1/41 _ _ - _ — 1-4B
DT73127 7402A no 66 |0/56 |0/56 |0/56 |0/56 | — - —_ R284, PEEP
DT73128 7402A no 56 1/66 | 1/56 |.1/56 | 1/66 — _ _ 1-4B R284, PEEP
| DT73136 5741A yes 45 | 2/45|2/4514/45|4/45| — — — 4-48 R334, PEEP
DT73137 §741A yes 60 |2/5013/50|4/50|5/60 | — —_ — 4-48, 1-2E R334, PEEP
DT73151 7402AA no 33 |0/33|0/33| — —_ —_ —_ —_ R269
DT73162 5741A yes 63 (0/530/53|0/68|1/563| — — — 1-4B R334
DT73162 5741A yes 49 | 0/49 |1 2/49 |3/49 |4/49 | — _ —_ 4-4B
DT74001 7400AH yes 49 | 0/4910/49)|0/49 |.0/49 | — —_ —
DT74007 7400A no 45 |0/45(0/45|0/45 | — —_ —_ —_— R280
DT74048 10171BA yes 49 |(0/49|0/49|0/49 | — - —_ -
DT74063 7400A no 48 |0/4810/48 | — — — — —_— R345, DEQP
Customer B 7400A no 32 |1/32}1/32| — — _— —_— — 90°C, 85% R.H.
DT74071 7400A no 96 1/96 | 1/96 | — —_— — — -_ 1-2E R311
DT74080 7406A yes & no 76 |0/76)1/76}12/7612/76|2/76 |2/76 1-4B, 1-4A IN PROCESS
DT74094 74S04A no 49 [(0/490/49 |0/49 (0/49 | — —_ —_ R298
DT74036 7400AH yes 50 |0/50(0/50}| — —_ — —_ — R291
DT74037 7400AH yes 50 [0/50|0/50| — — —_ —_ —_ R291
DT74113 7400A yes 100 |0/100{0/100(0/100|1/100{1/100(3/100| — 1-4B, 2-4A IN PROCESS
DT75005 7400A no 650 [0/50|0/50|0/50 {0/50 IN PROCESS
Total = “Lots” 63 63 29 26 6 5 2
Total = Failures 23 48 22 26 10 17 11
Total = Devices | 2776 | 2776 | 1449 | 1310 | 534 | 386 60
(Notes on following page) % Failures 08 17 15 20 19 4.4 18

Table 14-4 EPOXY NOVOLAC | ENCAPSULATED BIPOLAR PRODUCTS VS. BIASED 1 TEMPERATURE HUMIDITY (1972 TO 1975)
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Notes to Table 14-4

. Unless otherwise noted in the comments column, all products were stressed at +85°C
and 85% relative humidity. All digital products were based at 5 volts, all linear products
at +15 volts

. The results are listed as accumulative rejects to the timepoint shown over starting
sample size. All devi r df | test as a pass/fail criterion.

. The results of failure analysis are shown via code X-YZ where X is the quantity of
failures with mechanism YZ. The YZ mechanisms are defined as follows
2. Die Problems

A. Oxide Defects (shorts, pits, voids)

N

w

3. Assembly and Package Problems
G. External Lead Broken
|. Pitted Leads/Lead Corrosion
4. Miscellaneous
A. Failures Not Analyzed
B. Alumi Corrosion (moi @ ing
bly related)
C. Visual Contamination
4. RXXX refers to a Signetics Internal Reliability Report. M.S. 883 refers to Method 1004

, etc., could be die fab, package, or assem-

E. Cause Unk , Electrical Degradati of MIL-STD-883 (80 to 98% R.H., +25°C to +65°C).
TEST GLASSED ACCUMULATIVE RESULTS2 AT HOURS SHOWN FAILURE
NUMBER | DEVICE DIE QUANTITY 500 1000 2000 ANALYSIS3 COMMENTS4
DT71077 | 8855A No 20 0/20 0/20 — R338
DT72068 | 7400A No 52 0/52 0/52 0/52 R338, per M.S. 883
DT72069 | 7400A No 51 0/51 1/61 1/561 1-4A R338
DT72094 | 7400A No 25 0/25 0/25 —_ PPIP, R336,
per M.S. 883
DT72096 | 7400A No 25 0/25 0/25 — PPIP, R336,
per M.S. 883
DT72097 | 7400A No 27 0/27 0/27 — PPIP, R336,
per M.S. 883
DT72097 | 7400A No 25 0/25 0/25 — PPIP, R336
DT72099 | 7400A No 26 1/26 1/26 — 1-4B PPIP, R336,
per M.S. 883
DT72099 | 7400A No 25 0/25 0/25 — PPIP, R336
DT72100 | 7400A Yes 24 0/24 0/24 -_— PPIP, R336
DT72107 | 5723A Yes 22 0/22 0/22 — PPIP, R336
DT72108 | 5723A Yes 22 2/22 2/22 — 1-4B, PPIP, R336
1-2E
DT72163 | 5748A Yes 44 0/44 0/44 — PPIP, R336
per M.S. 883
DT72163 | 5748A Yes 48 0/48 0/48 —_ PPIP, R336
DT731563 | 5741A Yes 52 0/52 0/52 0/562 PEEP, R334
Total # “Lots” 15 15 3
Total # Failures 3 4 1
Total # Devices 488 488 155
% Failures 0.6 0.8 0.6

Table 14-5 SILICONE ENCAPSULATED BIPOLAR PRODUCTS VS. BIASED 1 Temperature Humidity (1971 to 1973)

TEST GLASSED ACCUMULATIVE RESULTS2 AT HOURS SHOWN FAILURE
NUMBER | DEVICE DIE QUANTITY 500 1000 2000 ANALYSIS3 COMMENTS*
DT72105| 2518B Yes .31 2/31 2/31 —_ 1-4D,1-2E PPIP,R074,R336
DT72106 | 2518B Yes 25 0/25 0/25 — PPIP, RO74,R336
DT72149 | 2501A Yes 44 0/44 0/44 —_ PPIP, R336,
per M.S. 883

DT73141 2518B Yes 42 8/42 13/42 —_ 8-4B, 5-4A PEEP, R335
DT72110 | 1103XA Yes 25 0/25 — — R338
DT72111 | 1103XA Yes 10 0/10 — — R338
DT74089 | 4002A Yes 99 2/99 3/99 —_ 3-4B R350
DT74104 | 4001A Yes 32 1/32 4/32 9/32 9-4A R356

Total # “Lots” 8 6 1

Total # Failures 13 22 9

Total # Devices 308 273 32

%Failures 4.2 8.1 28.1

NOTES:

. Unless otherwise noted in the comments column, all devices were stressed at +85°C
and 85% relative humidity. The bipolar digital products were biased at 5 volts, the
finear at * 15 volts, the CMOS at 15 volts and the PMOS at 17 voits

. The results are listed as accumulative rejects to the timepoint shown over starting
sample size. All devices received functional test as a niminum pass/fail criterion.

. The results of failure analysis are shown via code X-YZ where X is the quantity of
failures with mechanism YZ. The YZ mechanisms are defined as follows:

2. Die Problems

N

w

E. Cause Unknown, Electrical Degradation
4. Miscellaneous
A. Failures Not Analyzed
B. Aluminum Corrosion (moisture ingression, etc., could be die fab, package, or
assembly related)
D. Destroyed during F/A. Cause unknown
4. RXXX refers to a Signetics internal reliability report. M.S. 883 refers to method 1004 of
MIL-STD-833 (80 to 98% R.H., +25°C to +65°C).

Table 14-6 SILICONE ENCAPSULATED MOS PRODUCTS VS. BIASED 1 TEMPERATURE HUMIDITY (1974 TO 1974)

Sifntics
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TEST GLASSED ACCUMULATIVE RESULTS2 AT HOURS SHOWN FAILURE
NUMBER | DEVICE DIE QUANTITY 500 1000 2000 ANALYSIS3 COMMENTS*
DT74104 A 7411 31 6/31 15/31 31/31 31-4A R356,epoxy
novolac
DT74104 B 7402 32 12/32 25/32 30/32 30-4A R356,epoxy
novolac
DT74104 (o} 7415 32 1/32 5/32 17/32 17-4A R356,epoxy
novolac
DT74104 D 7413 30 5/30 14/30 24/30 24-4A R356,epoxy
novolac
DT74104 E 7333 29 10/29 15/29 27/29 27-4A R356,epoxy
novolac
DT74104 F 7349 28 3/28 6/25 16/22 16-4A R356, Silicone
Total # “Lots” 6 6 6
Total # Failures 37 80 145
Total # Devices 182 182 182
% Failures 20.3 44.0 79.7

NOTES:

1. Unless otherwise noted in the comments column, all devices were stressed at +85°C E. Cause Unknown, Electrical Degradation

and 85% relative humidity. The bipolar digital products were biased at 5 volts, the
linear at + 15 volts, the CMOS at 15 volts and the PMOS at 17 volts
2. The results are listed as accumulative rejects to the timepoint shown over starting
samplbe size. All devices received functional test as a niminum pass/fail criterion.
. The results of failure analysis are shown via code X-YZ where X is the quantity of
failures with mechanism YZ. The YZ mechanisms are defined as follows:

w

2. Die Problems

The exact significance of text results be-
yond 24 hours is somewhat dubious when
related to the knowledge that:

(a) Plastics (silicones and epoxies) satu-
rate with moisture within 24 to 200 hours
(typically 100 hours) at 121°C and 30
PSIA as determined by weight gain stud-
ies.

IS

. Miscellaneous

A. Failures Not Analyzed
B. Aluminum Corrosion (moisture ingression, etc., could be die fab, package, or
assembly related)
D. Destroyed during F/A. Cause unknown
4. RXXX refers to a Signetics internal reliability report. M.S. 883 refers to method 1004 of

MIL-STD-833 (80 to 98% R.H., +25°C to +65°C).
Table 14-7 SIX CMOS COMPETITORS (4001A EQUIVALENT PRODUCTS) VS. BIASED 1 Temperature Humidity

once absorbed moisture reaches the
die surface.

(d) There does not appear to be a known
relationship between extended pres-
sure cooker performance and real life.
As an example, test DT75004 (worst re-
sults experienced) of Table 14-8 had
40% failures by 96 hours and 100% fail-
ures by 192 hours. Samples from the

shock are the primary reliability stresses
used to judge the thermomechanical integri-
ty of the encapsulant to bond wire/die/lead
frame system. In actuality, the primary reli-
ability concern is open or intermittent bonds
or wires. Other possible problem areas such
as cracked die, cracked packages, die
metallization microcracks, etc., occur so
seldom that they are totally inconsequential

(b) Plastics will dry out once removed from same lot (Test DT75005. of Table 5-4) in com.parison. to bond/bond wirg problems
: . . . . ) occurring during extended cyclic thermal
the hostile environment (i.e., in real life have reached 2,000 hours of biased )
. . : ! N stresses. Unless otherwise noted, thermal
plastics will most likely not saturate as 85°C/85% RH with zero rejects. - ) }
heat at the die tends to drive out mois- ang °9m'."“;ty ttedstfmg (ee:'ch‘tand evtel:y
ture). . ond wire is tested for continuity over the
Extended Thermome?hamcal temperature range of 25°C to = 125°C)
(c) Many factors associated with I.C. many-  Performance of Plastic was used as a minimum reject criterion for
facturing can contribute to the non- Encapsulated Product all data pertaining to extended cyclic ther-
repeatability gnd scatter of test results Power Cycle, temperature cycle and thermal  mal stresses. '
384 Sifnotics
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ACCUMULATIVE RESULTS! AT HOURS SHOWN
TEST FAILURE
NUMBER DEVICE Qarty 8 24 48 96 144 192 240 288 ANALYSIS2 COMMENTS3

DT72160 5748A 96 0/96 0/96 0/96 - - - - - - PPIP, R336
DT73048 5748A 50 0/50 0/50 0/50 - - - - - - PPIP, R336
DT74049 10171BA 50 - 0/50 0/80 0/50 - - - - - R269
DT74062 7400A 49 - - 0/49 0/49 2/49 7/49 8/49 17749 ~17-48 DEQP, R345
DT74073 7404A 49 - - 0/49 0/49 1/49 2/49 5/49 11/49 11-4B R331
DT74114 7400A 140 - - 1/140 2/140 5/140 6/140 7/140 14/140 1-4B, 13-4A Glass Study
DT75004 7400A 50 - - - 20/50 - 50/50 - - 10-4B, 40-4A CEQP, R352
- MiIX 17,550 6/17,550 - - - - - - - 6-4B 1974 P.M., R329, (4)
Customer B 7400A 32 - - 0/32 1/32 2/32 7/32 16/32 - ?
- MIX 4,116 - - - - 574/4116 - - - ~ALL-4B 1975 P.M., R357, (5)
- MIX 200 0/200 0/200 0/200 7/200 10/200 23/200 - 66/200 ~ALL-4B Pre-shipment (6)
- MIX 600 0/600 0/600 0/600 0/600 6/600 9/600 - 32/600 ~ALL-4B Glass Study (7)
- MIX 578 - - 1/578 10/578 36/578 131/578 - - ~ALL-4B Deflash Study (8)

Total=Failures 6 4] 2 40 636 235 36 140

Total=Devices 19,496 996 1844 1748 5764 1698 270 1038

% Failures 0.30 o] 0.1 2.3 1.0 13.8 13.3 13.5

Table 14-8 EPOXY NOVALAC | ENCAPSULATED BIPOLAR PRODUCTS VS. 30PSIA, 121°C, PRESSURE COOKER (STEAM)
’ 1972 to- 1975

1
TEST DATE ACCUMULATIVE RESULTS! AT HOURS SHOWN FAILURE
NUMBER COMPETITOR | CODE PRODUCT QTY 24 48 80 144 192 ANALYSIS2 | COMMENTS3
DT73076 G 7215 7406A EQUIV. 22 15/22 - - - - 15-4A R206
DT73074 C 7239 7400A EQUIV. 20 0/20 0/20 3/20 - - 3-4A R206
DT73125 C 7247 5741A EQUIV. 23 3/23 12/23 | 18/23 - - 6-4B, 8-4A R206
! DT73124 G 7319 5741A EQUIV. 22 22/22 - - - - 3-4B, R206
19-4A
DT73126 B 7318 5741A EQUIV. 21 8/21 8/21 9/21 - - 8-2E, 1-4A R206
DT74072 G 7414 7400A EQUIV. 48 - 0/48 1/48 | 23/48 47/48 47-4B R331
DT74074 C 7415 7400A EQUIV. 47 - 0/47 0/47 1/47 1/47 1-4B R331
Total=Failures 48 20 31 24 48
Total=Devices 108 159 159 95 95
% Failures 44.4 12.6 19.5 253 50.5
, Table 14-9 COMPETITOR BIPOLAR PRODUCTS IN EPOXY VS. 30PSIA, 121°C, PRESSURE COOKER (STEAM)
1
TEST ACCUMULATIVE RESULTS! AT HOURS SHOWN FAILURE
NUMBER DEVICE QTy 8 48 96 144 192 ANALYSIS?2 COMMENTS3
DT72139 2510A 99 0/99 0/99 - - - R336
DT74103 4001A 31 0/31 0/31 0/31 1/31 5/31 5-4A R356
DT74084A 4002A 200 2/200 12/200 14/200 16/200 30/200 30-4A R350
DT74084B 4011A 500 7/500 31/500 37/500 37/500 41/500 41-4A R350
DT74084C 4049B 550 4/500 53/500 59/500 107/650 | 308/550 308-4A R350
DT74084D 4050B 325 1/325 563/325 73/325 148/325 | 236/325 236-4A R350
Total=Failures 14 149 183 309 620
Total=Devices 1705 1705 1606 1606 1606
% Failures 0.8 8.7 11.4 19.2 38.3
Table 14-10 SILICONE ENCAPSULATED MOS PRODUCTS VS. 30PSIA, 121°C PRESSURE COOKER (STEAM)
NOTES: Monitor Program (Sigkor).

. The results are listed as cumulative rejects to the timepoint shown over starting sample
size. All devices received functional test as a minimum pass/fail criterion.
. The failure analysis results are shown via code X-YZ, where X is the quantity of failures
with mechanism YZ. The YZ mechanisms are defined as follows
| 2. Die Problems
i E. Cause Unknown, Electrical Degradation
‘ 4. Miscellaneous
A. Failures Not Analyzed
B. Aluminum Corrosion (moisture ingression, etc.)
RXXX refers to a Signetics internal reliability report.
. Data is from Table 14-12 and represents 195 “lots” tested during 1974 via the Product

N
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. The Product Monitor Program (Sigkor) was changed (2x1) in 1975 from 8 hours to 144
hours pressure cooker. Data shown represents the first 14 weeks, contains 49 “lots” of
which 31% had zero rejects and 61% had less than 4% rejects through 144 hours.
Thermal scan and GFT were used at zero hours; GFT at 144 hours.

. Results reported by package engineering 31 January 1975. Nine lots of 25 devices
each (7400A, 7404A, 7402A, 7442B) were tested to 1000 hours as part of a pre-
shipment study. Sitek functional testing used.

. Results reported by package engineering 4 June 1975. Six lots of 100 each glassed vs.
non-glassed 7400A and 7404A were tested to 2000 hours to establish a data base.
Sitek 3200A functional testing was used.

8. Sigkor Deflash Approval Memo, 28 January 1975. Five lots of devices represented.

o

~
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Plastic Molded Integrated Circuits

1
TEST DATE ACCUMULATIVE RESULTS' AT HOURS SHOWN FAILURE
NUMBER COMPETITOR | CODE QTY 48 96 144 192 ANALYSIS? COMMENTS3

DT74103 A 7411 32 1/32 3/32 9/32 32/32 32-4A R356
DT74103 B 7402 32 2/32 3/32 3/32 4/32 4-4A R356
DT74103 C 7415 31 1/31 9/31 16/31 22/31 22-4A R356
DT74103 D 7413 29 2/29 13/29 28/29 28/29 28-4A R356
DT74103 E 7333 32 6/32 11/32 16/32 23/82 23-4A R356
DT74103 F 7349 26 11/26 11/26 14/26 17/26 17-4A R356

Total=Failures 23 50 86 126

Total=Devices 182 182 182 182

% Failures 12.6 27.5 47.3 69.2

NOTES: Monitor Program (Sigkor).

N

. The results are listed as cumulative rejects to the timepoint shown over starting sample
size. All devices received functional test as-a minimum pass/fail criterion.
. The failure analysis results are shown via code X-YZ, where X is the quantity of failures
with mechanism YZ. The YZ mechanisms are defined as follows
2. Die Problems
E. Cause Unknown, Electrical Degradation
4. Miscellaneous
A. Failures Not Analyzed
B. Aluminum Corrosion (moisture ingression, etc.)

5.

~

The Product Monitor Program (Sigkor) was changed (2x1) in 1975 from 8 hours to 144
hours pressure cooker. Data shown represents the first 14 weeks, contains 49 “lots” of
which 31% had zero rejects and 61% had less than 4% rejects through 144 hours.
Thermal scan and GFT were used at zero hours; GFT at 144 hours.

. Results reported by package engineering 31 January 1975. Nine lots of 25 devices

each (7400A, 7404A, 7402A, 7442B) were tested to 1000 hours as part of a pre-
shipment study. Sitek functional testing used.

. Results reported by package engineering 4 June 1975. Six lots of 100 each glassed vs.

non-glassed 7400A and 7404A were tested to 2000 hours to establish a data base.

3. RXXX refers to a Signetics internal reliability report.

4. Datais from Table 14-12 and represents 195 “lots” tested during 1974 via the Product

Table 14-11

Figure 14-3 shows the cumulative percent
failures versus cycles for Epoxy Novolac |
and Silicone encapsulated products sub-
jected to extended temperature cycles (air
to air) and power cycle. The Silicone pro-
ducts (unless otherwise noted) represent
product manufactured without an inner die
coat/junction coating material. The follow-
ing comments are appropriate:

Both Silicone and Novolac | encapsulated
products are capable of passing 21,000
power cycles of APd = 500 mW (ATy =
80°C) with approximately 0% rejects. The
21K cycles could be related to turning
equipment on and off once per day for §7
years.

Both Silicone and Novolac | encapsulated
products demonstrated < 1% failures during
3,000 cycles of accelerated 0 to 125°C
temperature cycling.

At 7,000 cycles, silicone has less than 3%
failures and Novolac | has 0.03% to 2.1%
failures depending upon how one interprets
the “error range” of the data Table 14-13.

Graphs 3, 4, and 5 of Figure 14-3 show the
accelerating effect of increasing either the
temperature range of the temperature upper
limit (i.e., 0 to 125°C versus —55°C to
125°C versus 0 to 150°C) during tempera-
ture cycling.

Figure 14-4 shows the cumulative percent
failures versus extended accelerated ther-
mal shock (liquid to liquid) cycles for
Novolac | encapsulated product. Signetics
uses accelerated thermal shock testing as
an engineering tool to obtain percent failure
information in relatively short time periods

386

Sitek 3200A functional testing was used.

(as compared to temperature cycling).
Since the failure mode distributions for tem-
perature cycle and thermal shock are ap-
proximately the same, a good argument ex-
ists for the use of thermal shock testing. The
reader is cautioned to be aware of the fact
that the high stress levels used during
thermal shock testing are far beyond the
environmental requirements of most applica-
tions. The following comments are appropri-
ate:

There appears to be an acceleration factor
of 7X between —55°C to 125°C and —65°C
to 1560°C ‘stress levels during 1,000 cycles
of thermal shock.

A comparison of —=55°C to 125°C thermal
shock (Figure 14-4) to —55°C to 125°C
temperature cycle (Figure 14-3) suggests
that the effect of liquid to liquid and five
minute cycles (for thermal shock) versus air
to air and twenty minute cycles (for tempera-
ture cycle) is probably a second order effect
at most. Based on the number of cycles to
failure over the 1 to 30% cumulative failure
range, temperature cycle appears to have a
2X acceleration factor over thermal shock
for thermal excursions of —55°C to 125°C.
However, the 2X acceleration factor could
easily be related to the relatively small
quantity of samples used for temperature
cycle testing and the non-repeatability and
scatter of thermal excursion data from lot to
lot.

Table 14-12 shows that the “early bond off
failure mechanism” has all but disappeared
from current products. Part of this improve-
ment is related to a better understanding of
optimum bonding parameters and to the

SilnOtES

8. Sigkor Deflash Approval Memo, 28 January 1975. Five lots of devices represented.

SIX CMOS COMPETITORS (4001A) EQUIVALENT PRODUCTS) VS. 30PSIA, 121°C, PRESSURE COOKER (STEAM)

changes made to the bonding operation.
Part of this improvement is related to the
removal of die coating (inner encapsulant
junction coating) from silicone packaged
products. The die coating was originally
placed on the die in 1966 with the intent of
protecting the die surface from possible
thermal expansion, shock, and contamina-
tion problems. These concerns proved to be
unfounded.

Fifty-two consecutive weeks of product
monitor testing of Epoxy Novolac | assembly
has not shown an early bond failure problem
during 100 cycles of —65°C to 150°C ther-
mal shock. Of the 0.38% rejects obtained on
this accelerated stress, only 0.09% were of
a lifted ball bond failure mechanism. Not
shown in Table 14-12 are the results of 100
cycles of —65°C to 150°C thermal shock
testing of Silicone products. Internal report
R329 (which was referenced for Table 14-
12) shows that silicone products without die
coating had 0.80% rejects (16 out of 1,999)
when tested to 25°C and then 125°C LVC
(low voltage continuity to detect bond prob-
lems) following the 100 cycles of acceler-
ated stress. The failure mechanisms were
not listed for the sixteen silicone rejects.
Another study performed at the time'that the
die coating was removed showed 0% fail-
ures (sample size of 999) after 100 cycles
of —65°C to 150°C thermal shock. That
study used functional test at 25°C and
125°C as a failure criteria. All samples in
that study received a pre-screen of D.C.
parametric test, fifteen cycles of 0 to 100°C
thermal shock and high temperature func-
tional test.



Plastic Molded Integrated Circuits

CUMULATIVE % FAILURES vs. EXTENDED TEMPERATURE AND POWER CYCLES for EPOXY NOVOLAC |
& SILICONE ENCAPSULATED DEVICES
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CUMULATIVE PERCENTAGE FAILURES
NOTES
1. The graph for both Silicone and Epoxy Novolac encapsulated devices vs. 25°C ambi- cycle is based on the data from Table 14-13.
ent power cycle (APd = 500 mW) is based on the data from Table 14-15 and Table 14- 5. The graph for Epoxy Novolac encapsulated devices vs. 0°C to 150°C temperature
16. cycle is based on the data from Table 5-13 (Customer A data).
2. The graph for Silicone encapsulated devices vs. O to 125°C temperature cycle is 6. Engineering judgment was used in constructing the graphs based on the tabulated
based on the data from Table 14-14. data. Straight lines which result from plotting data on logarithm of cycles to failure
3. The graph for Epoxy Novolac encapsulated devices vs. 0 to 125°C temperature cycle versus normal probability scale graph paper represent log-normal failure distributions.
is based on the data from Table 5-13 through 7000 cycles. For such distributions, median life corresponds to t @ 50% and the standard deviation
4. The graph for Epoxy Novolac encapsulated devices vs. —55°C to 125°C temperature toIn [t @ 50%/t @ 16%].
Figure 14-3
CUMULATIVE % FAILURES vs. EXTENDED THERMAL SHOCK CYCLES FOR EPOXY NOVOLAC | ENCAPSULATED DEVICES
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CUMULATIVE PERCENTAGE FAILURES
NOTES
1. The graph for Epoxy Novolac encapsulated devices vs. —55°C to +125°C thermal 3. Engineering judgment was used in constructing the graphs based on the tabulated
shock is based on the data from Table 14-17 using the 8000 cycle sample size of 498. data. Straight lines which result from plotting data on logarithm of cycles to failure
2. The graph for Epoxy Novolac encapsulated devices vs. —65°C to +150°C thermal versus normal probability scale graph paper represent log-normal failure distributions.
shock is based on the data from Table 14-17 using the 1000 cycle sample size of For such distributions, median life corresponds to t @ 50% and the standard deviation
4,433 ’ . toIn [t @ 50%/t @ 16%].

Figure 14-4
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THERMAL SHOCK (LIQUID TO LIQUID) PRESSURE COOKER (IN STEAM)
100 CYCLES, —65 TO 150°C 8 HOURS, 30 PSIA, 121°C
#LOTS QUANTITY REJECTS #LOTS QUANTITY VALID TOTAL
WEEK TESTED TESTED 1 1 TESTED TESTED REJECTS 2 REJECTS 2
7401 2 200 0 2 100 o] 1
7402 2 200 2 2 100 0 0
7403 2 200 0 2 100 0 0
7404 2 200 0 2 100 0 0
7405 1 100 0 2 100 (o] 0
7406 5 300 9 2 250 0 0
7407 5 500 12 5 300 0 2
7408 5 350 6 5 300 1 6
7409 5 350 2 5 300 o] 3
7410 5 250 0 5 350 0 0
7411 5 350 2 5 300 0 2
7412 5 500 0 5 500 0 4
7413 4 300 1 4 300 1 2
7414 5 400 2 4 300 o] 1
7415 5 250 1 5 350 0 o]
7416 5 350 2 5 400 0 0
7417 5 400 2 5 400 0 2
7418 5 400 4 5 500 0 0
7419 5 500 0 5 500 0 4
7420 5 500 0 5 400 0 (o]
7421 4 300 0 4 300 0 1
7422 5 400 0 5 400 0 (o]
7423 5 400 1 5 400 o] 0
7424 5 500 0 5 500 0 (o]
7425 5 400 0 5 400 0 0
7426 5 400 2 5 500 0 1
7427 4 400 0 4 400 1 12
7428 4 400 2 4 400 0 2
7429 4 400 0 4 400 0 0
7430 4 500 0 4 400 0 2
7431 4 400 1 4 500 0 6
7432 4 500 0 4 500 0 2
7433 4 400 1 4 400 1 1
7434 4 500 5 4 500 (o] 5
7435 4 400 1 4 400 o] 1
7436 4 500 3 4 500 0 2
7437 4 500 3 4 500 0 1
7438 4 400 3 4 400 0 2
7439 3 300 (o] 3 300 (0] 1
7440 4 400 1 3 300 0] 0
7441 4 400 o] 4 400 0 5
7442 4 400 0 3 300 0 2
7443 3 300 1 3 300 1 1
7444 4 400 0 4 400 o] 2
7445 3 299 o] 2 200 0 0
7446 2 200 1 2 200 1 1
7447 3 300 0 3 300 (o] 1
7448 3 300 0 3 300 0 1
7449 2 200 0 2 200 0 0
7450 2 200 0 2 200 o] 0
7451 2 200 0 2 200 [¢] 0
7452 2 200 0 2 200 0 0
Totals 201 18,399 70 (0.3%) 195 17,5650 6 (0.034%) 79 (0.45%)
NOTES 2. Samples came from final test parametric rejects (to reduce costs) that passed subse-

1. Samples came from final test parametric rejects (to reduce costs) that passed subse-
quent +25°C general functional test (GFT) and thermal scan (bond continuity test from
+25°C to +1256°C). Thermal scan was used for the post stress reject criteria. Of the
70 rejects shown, 16 were for lifted ball bonds.

quent +25°C GFT. Post stress reject criteria was to +25°C GFT. Failures related to
mechanical problems that might have been removed had a zero hour thermal scan
been performed were discounted from the valid rejects.

3. The data for Table 14-12 is reported in Signetics Internal Reliability Report R329.

Table 14-12 1974 PRODUCT MONITOR DATA FOR EPOXY NOVOLAC | ENCAPSULATED BIPOLAR PRODUCTS
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ACCUMULATIVE REJECTS! OVER STARTING AT THE NUMBER OF CYCLES SHOWN

TEMP. CYCLE TEST FAILURE
RANGE! NUMBER DEVICE QTy 100 500 1,000 1,500 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 | ANALYSIS? COMMENTS !
0°Cto 125°C DT73094A 7400A 404 0/404 0/404 0/404 0/404 0/404 0/404 0/404 0/404 0/404 — - R266
0°Cto 125°C DT73094B 7400A 477 0/477 0/477 0/477 0/477 0/477 0/477 0/477 0/477 0/477 — 28/1300 - 27-1C, R266
1-4E
0°Cto 125°C DT73094C 7400A 419 0/419 0/419 0/419 0/419 0/419 0/419 0/419 0/419 0/419 —_ — R266
0°C to 125°C DT73102A 7400A 190 0/190 0/190 0/190 0/190 0/190 0/190 0/190 0/190 — - — 12/190 12-1C R266
0°Cto 125°C DT73102B 7400A 97 0/97 0/97 0/97 0/97 0/97 0/97 0/97 0/97 — - — 32/97 31-1C, R266
1-4A
0°C to 125°C DT73120A 7442B 694 0/694 0/694 0/694 0/694 0/694 0/694 — — _— 1/694 — — 1-1C R266
0°Cto 125°C DT73120B 7442B 116 0/116 0/116 0/116 0/116 0/116 0/116 0/116 0/116 0/116 0/116 — — R266
0°Cto 125°C DT73121A 7400A 783 0/783 0/783 0/783 0/783 0/783 0/783 0/783 0/783 0/783 0/783 — - R266
0°Cto 125°C DT73121B. 7400A 282 0/282 0/282 0/282 0/282 0/282 0/282 0/282 0/282 0/282 0/282 — - R266
0°C to 125°C Customer A 7400A 150 0/150 0/150 0/150 0/150 0/150 0/150 0/150 0/150 5/150 -— — — 5-1C R266, P.E.
@70°C
Total = Failures 0 0 0 0 0 0 0 1 5 1 28 44
Total = Devices 3612 3612 3612 3612 3612 3612 2918 2918 2631 1875 1300 287
% Failures 0 o] o] 0] 0 0 0 0.03 0.20 0.05 22 15.3
0°Cto 135° C DT74014A 7400A 500 0/500 0/500 0/500 0/500 0/500 0/500 —_ — — — - — R266
0°C to 135°C DT74014B 7400A 500 0/500 0/500 0/500 0/500 0/500 0/500 - — — — - — R266
0°C to 135°C DT74020A 7400A 83 0/83 0/83 0/83 0/83 0/83 — — - — — — — R266
0°C to 135°C DT74029 (TH.DIE) BA 34 0/34 0/34 0/34 0/34 0/34 — _ — —_ —_ — - R269
0°Cto 135°C DT74050 10171BA 174 0/174 0/174 0/174 0/174 0/174 — - — — — — - R269
Total = Failures o 0 0 o 0 0o
Total = Devices 1291 1291 1291 1291 1291 1000
% Failures (o] 0 [0} 0 0 0
0°C to 140°C Customer A 7400A 48 0/48 0/48 0/48 0/48 4/48 7/48 14/48 20/48 — - — - ~ 4-1C, R266, P.E.
16-4A @70°C
% Failures o 0 0 0 8.3 14.6 29.2 417
0°C to 150°C Customer A 7400A 150 0/150 1/150 8/150 | 31/150 — 55/150 — - — — - — ~ 55-1C R266, P.E.
@70°C
0°C to 150°C Glass Mix 197 0/297 0/297 7/297 — — — - — — — — — 7-4A )
Study
% Failures 0 0.2 3.4 20.7 — 36.7
—55°C to 1256°C Pre-Ship Mix 100 0/100 0/100 0/100 01160 0/100 0/100 0/100 0/100 4/100 4/100 — - (4)
—55°C to 125°C DT74060 7400A 100 0/100 0/100 2/100 6/100 13/100 | 31/100 . - — - (85/100) — 2-1B, 11-1C, R345,
18-4A DEQP (5)
—565°C to 125°C DT75001 7400A. 50 0/50 0/50 0/50 0/50 0/50 18/60 29/50 - —_ - _ -_ 29-1C R352, CEQP
Total = Failures (o} o] 2 6 13 49 29 [ 4 4 85
Total = Devices 250 250 250 250 250 250 150 100 100 100 100
% Failures o] o] 0.8 2.4 5.2 19.6 19.3 0 4 4 85

Table 14-13 EPOXY NOVOLAC | ENCAPSULATED DEVICES vs. EXTENDED TEMPERATURE CYCLE (AIR to AIR) 1973 to 1975
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ACCUMULATIVE REJECTS! OVER STARTING AT THE NUMBER OF CYCLES SHOWN
4 TEMP. CYCLE | TEST CYCLES SHo FAILURE
RANGE! | NUMBER | DEVICE | QTv | 100 | 500 |1,000]1,500]2,000] 3,000 | 4,000 [5000]6,000] 7,000 [8000] 9,000 | ANALYSIS2 |comments!
0°Cto 125°C | DT73087 | 5070B | 975 |1/975 |2/975|2/975 |3/975 [9/075| 11/975 | 13/975 | — | — | 31/9756 | — | 41/975 | 11-4A 5-4E, R266
12-1B, 13-1C, N
0°C10 125°C | DT73088 | 5070B | 995 |0/995 [0/995(0/995 | 1/095 |6/905 | /005 | 19/005 | — | — | 23/905 | — | 26/995 | 64, 1-4E, R266
) 12-1B, 5-1G; 2-3D
Total = Failures 1 2 2 4 15 19 32 - — 54 — 67
Total = Devices 1970 | 1970 | 1970 | 1970 | 1970 | 1970 | 1970 | — | — | 1e70 | — | 1970
% Failures 0.05 | 0.10 | 0.10 | 020 [ 0.76 | 0.96 e | - | - 27 | — 3.4

Table 14-14 SILICONE ENCAPSULATED DEVICES vs. EXTENDED TEMPERATURE CYCLE (AIR TO AIR AT 3CYCLE/HOURS) - 1973

ACCUMULATIVE REJECTS' AT CYCLE
POWER CYCLE TEST . J ¢ s FAILURE
Ta = 25° NUMBER DEVICE QTY 2,016 8,064 14,400 21,000 ANALYSIS COMMENTS1
5 min./cycle DT72170 5723A 39 0/39 0/39 0/39 —_ — Rejection Criterion was to go-no-go parametic test
at 25°C. R279, R336
5 min./cycle DT72158 2510A 37 0/37 0/37 0/37 — — Rejection Criterion was to go-no-go parametic test
- at 25°C. R279, R336
& min./cycle DT72113B 7400A 125 0/125 0/125 0/125 0/125 —_ R279, R336
5 min./cycle DT721130 7402AH 85 0/85 0/85 0/85 0/85 — R279
5 min./cycle DT73062 7400AH 71 0/71 0/71 0/71 —_ — R279
- 5 min./cycle DT74119 7400AH 98 0/98 0/98 0/98 — — R279
[= Total = Failures o] o] 0 (o]
= Total = Devices 455 455 455 210
E % Failures o] Q [0} [o]
E Table 14-15 EPOXY NOVOLAC 1 ENCAPSULATED DEVICES vs. POWER CYCLE AT 25°C AMBIENT (A PD = 0.5W) 1972 to 1974
ACCUMULATIVE REJECTS! AT CYCLES
POWER CYCLE TEST FAILURE
Ta = 25° NUMBER | DEVICE [ QTY | 2,016 8,064 14,400 21,000 ANALYSIS2 COMMENTS!
5 min./cycle DT72113 7400A 158 | 0/158 0/158 0/158 1/158 1-1B Devices had old silicone die coat material;
removed from assembly in 1972. R279
5 min./cycle DT72113 7400A | 157 | 0/167 | 0/157 0/157 0/167 R279, R336
5 min./cycle DT72157 2501A 33 0/33 0/33 0/33 — R279, R336. Reject criterion was to
go-no-go parametic test at 25°C.
5 min./cycle DT72169 5723A 40 0/40 0/40 0/40 —_ R279, R336. Reject criterion was to
go-no-go on parametic test at 25°C.
Total = Failures (o} 0 0 1
Total = Devices 388 388 388 315
% Failures (o] 0 (o] 0.3

Table 14-16 SILICONE ENCAPSULATED DEVICES vs. POWER CYCLE AT 25°C AMBIENT (A Pd = 0.5W) — 1972

NOTES

1. Thermal scan (+25°C to > +125°C) was used as a reject criterion unless otherwise C. Broken Bond Wires (at the die package)
noted in the Comments column. RXXX réfers to Signetics internal reliability report. 3. Assembly and Package Problems

2. The results of failure analysis are shown via code X-YZ where X is the quantity of D. Wire breakage (in the span)
failures with mechanism YZ. The YZ mechanism are defined as follows: 4. Miscellaneous
1. Bond Problems A. Failures Not Analyzed

B. Poor Bond Adherence (substandard bonds) E. Not Verified. No F/A performed.
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ACCUMULATIVE REJECTS (1) OVER STARTING QUANTITY AT THE NUMBER OF CYCLES SHOWN

N

THERMAL TEST FAILURE ICOMMENTS 1

SHOCK RANGE | NUMBER DEVICE | QTY 100 250 500 1000 1500 | 2000 ( 3000 | 4000 | 5000 6000 7000 8000 | 9000 ANALYSIS 2
—55°C to'126°C| DT74029 [(Th. Die)BA| 32 0/32 0/32 — — — — — — — — — — — — R269
—55°C to 125°C| DT74050 10171BA 174 0/174 0/174 — — — _ — — — — — — — — R269
—55°C to 1256°C| DT74061 7400A 100 0/100 0/100 | 0/100 1/100 3/100 |3/100 — — — — — — — 2-1B, 1-1C R345, DEQP
—55°C to 125°C| DT74122 4001A 100 0/100 0/100 | 07100 0/100 0/100 |0/100 — — —_ — — — — — R356
—55°C to 125°C| SIGKOR ‘74 | C2225A 100 0/100 0/100 | 0/100 0/100 0/100 }0/100 |0/100 |2/100 | 10/100 | 17/100 | 26/100 | 45/100 — ~75%-1C R328. (3)
—55°C to-125°C| SIGKOR '74 | C2238A 98 0/98 0/98 0/98 0/98 0/98 0/98 | 0/98 | 0/98 2/98 4/98 165/98 27/98 —_ ~75%-1C R328, (3)
—55°C to 125°C| SIGKOR ‘74| C2163A 100 0/100 0/100 | 0/100 0/100 0/100 [0/100 {0/100 |3/100 | 12/100 |24/100 [ 46/100 |60/100 - ~75%-1C R328, (3)
—55°C to 125°C| SIGKOR ‘74 | D2088A 100 0/100 0/100 { 0/100 0/100 0/100 {0/100 {0/100 {1/100 | 8/100 17/100 | 33/100 | 47/100 — ~75%-1C R328, (3)
—55°C to 126°C| VTS ‘74 7420A 50 0/50 0/80 0/50 0/50 0/50 1/60 | 6/50 | 9/50 22/50 25/50 33/50 43/50 — 43-4A 3)
—55°C to 1256°C 118 7440 25 0/25 0/25 0/25 0/25 0/25 0/25 [ 0/25 | 0/25 0/25 0/25 0/25 0/25 2/25 2-4A 3)
—55°C to 125°C 338 7440A 25 0/25 0/25 0/25 0/25 0/25 0/25 | 0/25 | 0/25 0/25 2/25 2/25 2/25 3-4A 3-4A (3)

Total # Failures 0 0 0 1 3 4 5 15 54 89 155 224 5

Total # Devices 904 904 698 698 698 698 498 498 498 498 498 498 50

% Failures [o] 0 o) 0.1 0.4 0.6 1.0 3.0 10.8 17.9 31.1 45 10
—65°C to 150°C| DT74106 4001A 24 — — 5/24 18/24 24/24 —_ —_ — — — —_ — — 7-1C, 17-4A R356
—65°C to 150°C| DT75003 7400A 50 — — 47/50 50/60 - — - — — — — — — 30-1C, 20-4A R352, CEQP
—65°C to 150°C| DT73176 (MIX) A 136 1/136 1/136 — - - — — — — — — — — 1-1C R280
—65°C to 150°C| SIGKOR '74 Pd3-N 200 - 7/200 | 49/200 |152/200 — — — — - - . — — 85%-1C, 12%-3D R328, (4)
—65°C to 150°C| SIGKOR '74 Pd4-N 400 — 1/400 | 37/400 |149/400 . —_ —_ — — — — — — 68%-1C, 30%-3D R328, (4)
—65°C to 150°C| SIGKOR '74 | Pd5/6-N 700 _ 0/700 | 7/700 | 83/700 — —_ — — — — — — — 76%-1C, 15%+3D R328, (4)
—65°C to 150°C| SIGKOR '74 Pd7-H 300 - 2/300 | 2/300 6/300 — — — — — — — - — 5-1C, 1-3D R328, (4)
—65°C to 150°C| SIGKOR '74 Pd8-H 300 — 2/300 | 2/300 3/300 — — — —_ - — —_ — - 1-1C, 2-3D R328, (4)
—65°C to 150°C| SIGKOR '74 H-Pd3 200 — 3/200 | 26/20 |[170/200 — —_ - — — - — —_ — 79%-1C, 19%-3D R328, (4)
—65°C t0 150°C|{ SIGKOR '74 H-Pd4 400 — 6/400 | 33/400 |148/400 — — - _ - —_ — —_ — 68%-1C. 26%-3D R328, (4)
—65°C to 150°C| SIGKOR '74 | H-Pd5/6 700 -_ 2/700 | 7/700 | 77/700 — — — — — — —_ — — 81%-1C, 11%-3D R328. (4)
—65°C to 150°C| SIGKOR '74 N-Pd7 300 _ 0/300 | 0/300 1/300 - - —_ — - —_ _ — — 1-1B R328, (4)
—65°C to 150°C| SIGKOR '74 N-Pd8 300 —_ 2/300 | 2/300 4/300 - - — — - —_ — . — 3-1B, 1-3D R328, (4)
—65°C to 150°C{ SIGKOR '74 | C2225A 99 —_ —_ 6/99 34/99 77/99 —_ —_ —_ —_ — — — - ~75%-1C R328, (3)
—65°C to 150°C|SIGKOR '74 | C2238A 100 - — 1/100 18/100 | 51/100 — —_ — _ —_ — —_ - ~75%-1C R328, (3)
—65°C to 150°C| SIGKOR '74 | C2163A 99 — — 7/99 50/99 83/99 — — —_ — - — —_ - ~75%-1C R328, (3)
—65°C to 150°C| SIGKOR '74 | C2088A 100 — — 2/100 | 37/100 | 64/100 —_ — — - — — - — ~75%-1C R328, (3)
—65°C to 150°C| VTS '74 7420A 63 — — 19/63 54/63 60/63 — — — —_ - - — — 60-4A 3)
—65°C to 150°C 118 7440A 49 1/49 1/49 1/49 2/49 _ — — —_ — — — — — 2-4A )
—65°C to 150°C 33s 7440A 49 0/49 0/49 0/49 4/49 — — - — — — - — - 4-4A 3)
—65°C to 150°C| Table 5-12 MIX 18,399 | 70/ 18,399 — — — - — - — — — - - — 40%-1B, 27%-1C R329, (4)
—65°C to 150°C| DT73151 7402AA 33 0/33 — — — - - — — - — — - — R269
—65°C to 150°C| DT74029 | (T. Die)BA 32 0.31 0.31 —_ — — — - — - — - —_ - R269
—65°C to 150°C| DT74050 10171BA 174 0/174 0/174 — — — - - — — — — — - R269

Total # Failures 72 27 253 1,060 359

Total # Devices 18,871 4,239 | 4,433 4,433 461

% Failures 0.38 0.6 5.7 239 779

NOTES

. Thermal Scan (25°C to 125°C) to monitor bond continuity was used as the reject
criterion. RXXX under

. The results of failure analysis are shown via code X, YZ where X is the quantity of
failures with mechanism YZ. The YZ mechanisms are defined as follows:

refersto a

Internal Reli.

1. Bond Problems
B. Poor Bond Adherence (Substandard Bonds)

ity Report.

4. Sigkor performed these tests.

Table 14-17 EPOXY NOVOLAC 1 ENCAPSULATED DEVICES vs. EXTENDED THERMAL SHOCK (LIQUID TO LIQUID) —

c. Broken Bond Wires (At the Die or Package)
3. Assembly and Package Problems

D. Wire Breakage (In the Span)

4. Miscellaneous

A. Failures Not Analyzed.
3. The Signetics Package Development Group performed these tests.

1974
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Plastic Molded Integrated Circuits

Plastic Encapsulated Product Per-
formance Compared to Hermetic

Package Product Performance

The March 1975 SURE |l Bulletin 5005 de-
scribes the Signetics program to periodical-
ly qualify die process families, hermetic
package families, and plastic package fam-
ilies to stresses equal to or exceeding the
requirements of MIL-STD-883A, Method
5005.2.

Signetics frequently performs initial qualifi-
cation of a new package using stress levels
beyond the requirement of the SURE pro-
gram (new lead frame materials may be test-
ed for hundreds of hours of salt atmosphere,
new hermetic packages are routinely tested
for hermetic seal integrity after 200 cycles
of —65°C to 150°C thermal shock, new cav-
ity materials are routinely tested for a bond
pull and die pry performance, etc.) After

intitial qualification, new packages are in-
corporated into the ongoing SURE qualifica-
tion program. Table 14-18 is an example of
initial qualification studies performed during
the qualification of the new U (TO-220) and
S (TO-92) plastic packages.

Plastic packages do not have a hermetic
cavity and hence cannot be tested for her-
metic seal. Plastic packages are also
unique in that the molding compound sur-
rounds the bond wires and die causing con-
cern about parametic stability and the
thermomechanical properties of the materi-
als used. As a result, stresses beyond the
scope of MIL-STD-883 testing were imple-
mented to determine the susceptibility of
the plastic encapsulated product to mois-
ture (hermetic products need only retain
their hermetic seal) and thermomechanical
stresses. Section 14, therefore, covered

these considerations and those test proce-
dures which apply primarily to plastic en-
capsulated integrated circuits.

Plastic packages, due to their construction,
are inherently more rugged than cavity type
packages. Thus, stresses such as accel-
eration, vibration, and mechanical shock
have less impact when applied to plastic
packages since bond wires and lid/caps
cannot be made to fly off and die cannot be
made to come loose from their die attach
pads.

Frequently a customer requires help in de-
termining which package (plastic or hermet-
ic) is better suited for his application. Table
14-19, which for simplicity compares the
Cerdip package family to the Epoxy Dip
package family, was constructed to help in
deciding whether a plastic package is bet-
ter suited for a specific application.

TO-220 CUM. REJ./START QTY TO-92 CUM. REJ./START QTY
TIME SIGNETICS COMPETITOR A [SIGNETICS| COMPETITOR A
STRESS TEST CONDITION POINTS 1,2 1,2 1,3 13
HTOL For TO-220, Voc=8 Volts, Pp=300mW 240 Hour 0/45 17/48 0/50 1/50
TA=85°C |For TO-92, Voc=15 Volts, Pp=270mW 1,000 Hour 0/45 17/48 (7-2E, 10-4A) 0/50 2/50
Recorded Data 2,000 Hour 0/45 — 0/50 3/50 (3-2E)
HTSL 240 Hour 0/45 10/28 0/50 —
150°C 1,000 Hour 0/45 10/28 (3-2E, 7-4A) 0/50 -
Recorded Data 2,000 Hour |[1/45 (1-2E a DEG) —_ 0/50 —
Power For TO-220, Vo =9 Volts, APp=4.2W. 2,880 cycles 0/45 3/24 0/25 1/25
Cycle 5 min./cycle, Recorded Data 6,000 cycles —_ — 0/25 2/25
Ta=25°C |For T0-92, Voc=10 Volta, APp=350mW 12,000 cycles 0/45 4/24 (2-2E, 2-4A) 0/25 2/25 (2-1B)
10 min./cycle, Thermal Scan4 24,000 cycles 0/45 — — -
Temperature [ M.S. 883A, Meth. 1010.1, Cond. B 500 cycles 0/52 0/25 — —
Cycle (—=55°C to 125°C) 1,000 cycles 0/52 2/25 0/50 26/48 (20-1B)
Thermal Scan4 2,000 cycles 0/52 15/25 (8-1C, 7-4A) 0/50 40/48 (20-4A)
Thermal M.S. 883A, Meth. 1011.1, Cond. B 200 cycles 0/52 0/23 0/50 34/48 (17-1B)
Shock (—55°C to 125°C) for TO-220, Cond. C (—65°C | 1,000 cycles — — 0/50 48/48 (31-4A)
to 150°C) for To-92. Thermal Scan4
Temperature | For T0-220, M.S. 883A, Meth. 1004.1 240 Hours 0/52 — 0/49 1/50 (1-4B)
Humidity Moisture Resistance. For T0-92, 85°C/ 1,000 Hours - - 0/49 1/60
85% R.H./5 volt. Both had Recorded Data 2,000 Hours - — 1/49 (1-4B) 2/50 (1-4A)
Pressure |30 PSIA (15 PSIG),121°C 24 Hours 0/52 - 0/40 8/50
Cooker 48 Hours 0/52 - 0/40 15/50 (12-4B,
2-1B) .
72 Hours - _ 1/40 (1-4B) 21/50 (7-4A)
Recorded Data 96 Hours 2/52 (2-4B) 10/29 (10-4B) — -
NOTES

1. The results of failure analysis are shown via code X-YZ (in parentheses) where X is the 2. Internal reports R337, R340 and R394 and test control numbers DT74903/96,
quantity of failures with mechanisms YZ. The YZ mechanisms are defined as follows: DT75008/12 apply to this study. All dice were 7805 voitage regulators. Signetics
1. Bond Problems products were encapsulated in DC480 silicone.
B. Poor Bond Adherence (substandard bond) 3. Internal reports R351, R36 1 and R402 and test control numbers DT75017/ 18/ 19 apply
C. Broken Bond wires (at the die or package) to this study. All dice were 78LXXX voltage regulators. 78LO5 dice were used for
2. Die Problems HTOL, HTSL and Temperature Humidity. 78LO6 dice were used for power cycle and
E. Cause Unknown, Electircal Degradation. pressure cooker. 78L12 dice were used for temperature cycle and thermal shock.
4. Miscellaneous Signetics products were encapsulated in Epoxy Novolac 1.
A. Failures Not Analyzed 4. Thermal Scan (continuous electrical monitor during +25°C to > +125°C) for bond
B. Aluminum Corrosion continuity was used as a reject criteria.

Table 14-18 INITIAL 1975 QUALIFICATION DATA FOR THE U PACKAGE (T0O-220) AND THE S PACKAGE (T0-92)
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Plastic Molded Integrated Circuits

APPLICATION OR PERFORMANCE

GENERAL COMPARISON 1

non-Humid Environment

(0.0024% / 1000 Hour)

(0.0024%/ 1000 Hour)

CONSIDERATION EPOXY DIP CERDIP COMMENTS
Cost Lower Higher
Failure Rate for Steady State Same Same Refer to Section 14.3 and Table 14.2 for details

Bias Stresses

Thermal Resistance (Effect on T Usually Higher Standard Medium Power Plastic Packages with a 05
During Operation) comparable to CERDIP are available

Storage Temperature 150°C 200°C E-DIP Limited by Au-Al bonding system and
(Maximum Rating) epoxy thermal stability. Ref. Sec. 5.1
Temperature Limit for Reverse =125°C 150°C E-DIP <125°C to keep T j=150°C for extended

stress times.

Resistance to Mechanical Abuse

High Strength
Encapsulant

Package Strength is re-
lated to the seal area

CERDIPs could lose their hermetic seal with
abnormal handling, board insertion, etc.

Mechanical Shock
Mechanical Vibration
Constant Acceleration

Solid Package

Cavity Package

BOTH packages easily meet SURE subgroup C2
requirements of Table 4-2*. (Refer to Section
14.6 also)

Temperature Cycle, 10~, —65 to
150°C, Moisture Resistance, 10 days

Salt Atmosphere (For Lead Corrosion) Same Same BOTH packages have Alloy 42 leadframes,
CERDIP has tin plated, E-DIP has solder dipped
leads. See Subgroup C-3 of Table 4-2*.

Thermal Shock, 15~, —65 to 1560°C Excellent Good See Subgroup C-1 of Table 4-2. The possibility of

CERDIP losing hermetic seal increases slightly
with larger seal areas.

Extended Power Cycle, 5 min./cycle
AT =80°C

No Bond Problems
at 20,000 cycles

No Bond Problems ex-
pected at 10,000 cycles

Refer to Figure 14-3 for E-DIP. See note 2
for CERDIP.

Extended Temperature Cycle (Ex-
pected Safe Performance Levels)

4000 cyc, 0 to 125°C
1000 cyc, —55 to 125°C
500 cyc, 0 to 150°C

200 cyc, —55to 125°C

For E-DIP, concern is bond integrity, Refer to
Figure 14-3 for E-DIP, For CERDIP, concern is
of hermetic seal 3.

Extended Thermal Shock (Expected
Safe Performance Levels)

2000 Shocks, 0 to 100°C
1000 Scks, —55 to 125°C
250 Scks, —65 to 150°C

200 Shocks, 0 to 100°C

For E-DIP, concern is bond integrity. Refer to
Figure 14-4 for E-DIP. For CERDIP concern is
hermetic seal loss 3.

Extended Temperature (85°C) Humi- 2000 Hour, 2% Rejects Hermetic For E-DIP, refer to Figure 14-1. CERDIP will

dity (85% R.H.) with 5V Bias. (4) also fail if hermetic seal is lost.

(Expected Performance)

Pressure Cooker, 30 PSIA (15 PSIG), 24 hour, 0% Rejects Hermetic For E-DIP, refer to Figure 14-2. CERDIP will
121°C (Expected Performance) 96 hour, 2% Rejects (4) also fail if hermetic seal is lost.
NOTES

1. Referto Table 14-1 for an overview of manufacturing factors and psul. id 3. Si ics packages were tested to and passed 200 cycles of —65°C to +150°C

ations vs. potential impact on I.C. Reliability. CERDIP packages have a glass seal at
the leadframe and use ultrasonic aluminum wire bonding. The Epoxy DIP packages use
Novolac | encapsulant and thermo-compression gold wire bonding.

. A November 30, 1970 NASA (MSFC) Report, TMX-64566, showed that 2N2222A
transistors (vendor unknown) with 1 mil alumninum ultrasonic bonded wire can develop
5.8% cumulative bond failures (at the heel of the bond) after 10,000 cycles (0% at
8,000 cycles) of 6 minute power cycles of APd = 500mW. Alc = 50mA. The aluminum
wire in air can be expected to see a higher temperature than the gold wire which is
surrounded by epoxy. Al wire lead mo d by Joulian heating (1 R)
and die power dissipation can result in fatigue if excessive microcrack/tool marks
exist.

N

thermal shock. However, a report by W.T. Fitch, “The Degredation of Bonding Wires
and Sealing Glasses with Extended Thermal Cycling,” appearing in the April 1975 13th
Annual Proceedings Reliability Physics, states that 0°C to +100°C thermal shock
tests performed on CERDIP packages from 6 vendors showed one vendor having a
50% hermetic seal failure problem after 110 shocks. Seal integrity is related to the
amount of an extended thermal shock testing.

4. Refer to Section 14-4 for an interpretation of these reject levels.

*This information supplied upon request.

Table 14-19 A GENERAL COMPARISON OF EPOXY DIP TO CERDIP APPLICATION CONSIDERATIONS

silnotics
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Table of Products and Ordering Information

OPERATIONAL AMPLIFIERS . ... . e
LF155/155A High Performance JFET Input Op Amp (Low Supply Current) ........................
LF156/156A High Performance JFET Input Op Amp (Wide Band) ............. ... ... ... ... ......
LF157/157A High Performance JFET Input Op Amp (WideBand) ................................
LF255 High Performance JFET Input Op Amp (Low Supply Current) ........................
LF256 High Performance JFET Input Op Amp (Wide Band) ................................
LF257 High Performance JFET Input Op Amp (WideBand) ................. ... ............
LF355/355A High Performance JFET Input Op Amp (Low Supply Current) ........ .. .. ............
LF356/356A High Performance JFET Input Op Amp (Wide Band) ................................
LF357/357A High Performance JFET Input Op Amp (Wide Band) ............. ... ... ... ..........
LH2101A High Performance Amplifier .. ... ... . .. . . . . . . . . .
LH2201A High Performance Amplifier .. ... . ... .
LH2301A High Performance Amplifier . ...... ... . . . . .
LH2108/2108A Precision Operational Amplifier ....... .. ... ... ... . . . . .
LH2208/2208A Precision Operational Amplifier . ...... ... ... . . . . . .
LH2308/2308A Precision Operational Amplifier . ...... ... ... ... . . .
LM101/101A High Performance Amplifier .. ... ... .. . . .
LM201/201A High Performance Amplifier .. ... ... . . . . . . . . . . . . e
LM301A High Performance Amplifier .. ... .. . . . . .
LM107 General Purpose Operational Amplifier. .. ... ... ... ... ... ... .. . ... .. ... ...
LM207 General Purpose Operational Amplifier. ....... .. ... ... .. . .. . . . .
LM307 General Purpose Operational Amplifier......... ... ... .. .. . ... .. .. . ..
LM108/108A Precision Operational Amplifier .. ... .. .. . . . . . .
LM208/208A Precision Operational Amplifier .. ...... ... .. . . .. . .. . . . . .
LM308/308A Precision Operational Amplifier . ....... ... . ... . . .
LM124/124A General Purpose Single Supply Operational Amplifier ........ ... ... .. ... .........
LM158/158A General Purpose Single Supply Operational Amplifier .......... ... ... ... ........
LM224/224A General Purpose Single Supply Operational Amplifier ..............................
LM258/258A General Purpose Single Supply Operational Amplifier ........ ... ... ... .. ... ......
LM324/324A General Purpose Single Supply Operational Amplifier ..............................
LM358/358A General Purpose Single Supply Operational Amplifier ..............................
SA534 General Purpose Single Supply Operational Amplifier ......... .. .. ... ... ........
MC 1456 High Performance Operational Amplifier. . ....... ... ... ... ... .. .. .. .. ... ... . .....
MC 1556 High Performance Operational Amplifier. ...... ... ... . .. .. .. . . .. . ... ...
MC1458 General Purpose Operational Amplifier. . ... ... ... ... ... ... ... . ... .. ... ...
MC 1558 General Purpose Operational Amplifier. . ... ... .. .. ... ... .. ... .. . .. . .. . ...
SA1458 General Purpose Operational Amplifier........ ... ... . ... .. ... . .. ... ... .. ... ...
NE/SE515 Differential Amplifier . .. ... . .. . .
SE/NES30 Single High Slew Rate Operational Amplifier .......... .. ... ... ... .. ... ... ... ...
SE/NES5530 Dual High Slew Rate Operational Amplifier ........ ... .. .. ... . ... .. ... ... ... .. ...
NE/SE531 High Slew Rate Operational Amplifier ........ ... .. ... ... ... ... .. ... .. .. ...
NE/SE532/532A Dual Operational Amplifier Single or Dual Power Supply ............................

OpEratioN ... .
SA532 Dual Operational Amplifier Single or Dual Power Supply ......... .. .. ... ... .. ... ...

OperatioN ... e
NE/SE535 Single High Slew Rate Operational Amplifier ........... ... ... ... ... .. ... .........
NE/SE5535 Dual High Slew Rate Operational Amplifier ... ..... ... ... .. ... ... ... .. .............
NE/SU536 FET Input Operational Amplifier . ... ... .. . .
NE/SE538 Single High Slew Rate Operational Amplifier ......... .. ... ... .. ... ... ... ........
NE/SE5538 Dual High Slew Rate Operational Amplifier ........... .. ... ... ... .. ... ............
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Table of Products and Ordering Information

NE/SE5534/5534A Low Noise Operation Amplifier .. ....... .. ... .. ... . . . . . .
SE/NES5533/5533A Dual Low Noise Operational Amplifier .......... ... .. ... .. ... .. . ...
NE5532/5532A Dual Low Noise Operational Amplifier, Fully Compensated ..........................
NE5539 Ultra High Frequency Operational Amplifier .......... ... .. ... ... ... ..............
nA709 Operational Amplifier .. ... ... . . .
uA709A Operational Amplifier ................................ PP
nA709C Operational Amplifier .. ... .. .. .
SA709C Operational Amplifier .. ... ... . .
uA740C FET Input Operational Amplifier . ...... ... . .. . . . . .
uA741/741C General Purpose Operational Amplifier. . ........ ... ... ... . ... . . ... .
SA741C General Purpose Operational Amplifier. ........ ... . . . .
uA747/747C Dual Operational Amplifier . .......... . . . . . . e
SA747C Dual Operational Amplifier ................. S
nA748/748C General Purpose Operational Amplifier. ......... .. ... .. ... ... . ... . .. ...
SA748C General Purpose Operational Amplifier. ........ ... ... ... . .. ... ... ... ... ... .....
VIDEO AMPLIFIERS . ... . e
SE/NES537 Sample and Hold . . .. ... .. . e
LF198/298/398 Sample and Hold . . .. ... e
NE/SE592 Video Amplifier . ... ..
uA733/733C Differential Video Amplifier . ... ... . ... .. . .. .
VOLTAGE REGULATORS . ... . e e e e e e e e e e
NE/SE5551 Dual Polarity Regulator . ...... ... . . . .
NE/SE5552 Dual Polarity Regulator . ...... ... .. . . . .
NE/SE5553 Dual Polarity Regulator . ......... ... . . . .
NE/SE5554 Dual Polarity Regulator . ......... ... . . .
NE/SE5555 Dual Polarity Regulator . ......... .. . . .
NE/SE550 Precision Adjustable Regulator ... ... ... ... ... .. . . ...
uA723/723C Precision Voltage Regulator . ......... ... ... ... .. . . . .
SA723C Precision Voltage Regulator . ..... ... . ... .. . .. . . ..
uA78L0O2AC Three Terminal Positive Voltage Regulator ....... ... ... ... ... ... ... ... ... ........
uA78L02C Three Terminal Positive Voltage Regulator ......... ... .. ... .. ... ... ... .. .........
uA78LOSAC Three Terminal Positive Voltage Regulator .. ....... ... ... ... ... ... ... ... ... .....
nA78L0O5C Three Terminal Positive Voltage Regulator .. ........ ... .. ... ... ... ... ... .......
uA78LO6AC Three Terminal Positive Voltage Regulator .......... ... .. ... .. .. .. .. ... .. .. ......
rA78L06C Three Terminal Positive Voltage Regulator ....... ... ... ... ... ... ... . ... ... .......
uA78LO8SAC Three Terminal Positive Voltage Regulator ...... ... ... ... .. .. ... . ... ... ... .. ......
uA78L08C Three Terminal Positive Voltage Regulator ... ..... ... ... .. .. ... ... ... ... ........
nA78L12AC Three Terminal Positive Voltage Regulator .. ... ... ... ... ... ... ... ... ... .........
nA78L12C Three Terminal Positive Voltage Regulator .. ..... ... .. ... .. ... . ... ... ... .......
nA78L15AC Three Terminal Positive Voltage Regulator .. ....................... B
unA78L15C Three Terminal Positive Voltage Regulator . ......... ... ... .. .. .. .. ... ... ........
unA78HVO5 Three Terminal Positive Voltage Regulator . ....... ... ... ... ... ... ... ... ........
rA78HVO5C Three Terminal Positive Voltage Regulator ............ ... ... .. ... ... .. .. ... ........
rA78HV06 Three Terminal Positive Voltage Regulator ....... ... ... ... ... ... ... ... ... . ......
unA78HV06C Three Terminal Positive Voltage Regulator ....... ... ... ... .. .. .. .. ... ... ........
nA78HVO08 Three Terminal Positive Voltage Regulator ............ N
nA78HV08C Three Terminal Positive Voltage Regulator . ......... ... ... .. ... . . ... .. ... ... .....
unA78HV 12 Three Terminal Positive Voltage Regulator . ........ ... ... .. ... .. ... ... .........
umA78HV12C Three Terminal Positive Voltage Regulator . ........ ... .. ... ... .. ... .. ... .......
nA78HV 14 Three Terminal Positive Voltage Regulator . .......... ... ... ... .. . . ... ... ... ......
uA78HV14C Three Terminal Positive Voltage Regulator . ... ... ... . ... .. ... .. ... ... .........
uA78HV 15 Three Terminal Positive Voltage Regulator . ... ... .. ... ... ... ... ... . ...........
uA78HV15C Three Terminal Positive Voltage Regulator . ...... ... ... .. ... .. .. ... ... ... ... .....
nA78HV 18 Three Terminal Positive Voltage Regulator ... ......... .. ... .. ... ... ... ... ..........
unA78HV18C Three Terminal Positive Voltage Regulator . ........ .. ... .. ... ... . ... .. ..........
uA78HV24 Three Terminal Positive Voltage Regulator . ...... ... ... ... .. ... ... ... .........
uA78HV24C Three Terminal Positive Voltage Regulator .......... ... ... .. ... .. ... ... ... ... .....
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nA78MHVO5 Three Terminal Positive Voltage Regulator . ....... ... .. ... .. .. ... ... .. .. .. ....
uA78MHVO5C Three Terminal Positive Voltage Regulator ......... ... ... ... ... .. .. ... ... o iou..
nA78MHV06 Three Terminal Positive Voltage Regulator . ......... ... .. ... .. ... ... . .. . . ...
uA78MHVO06C Three Terminal Positive Voltage Regulator ....... ... ... ... .. ... .. ... ... .. .. ....
uA78MHVO08 Three Terminal Positive Voltage Regulator . .......... ... ... ... .. ... ... ... .......
rA78MHV08C Three Terminal Positive Voltage Regulator ........... ... ... .. ... ... ... ... ......
HrA78MHV 12 Three Terminal Positive Voltage Regulator ...... ... .. .. ... ... .. .. ... .. ... ... .....
uA78MHV12C Three Terminal Positive Voltage Regulator ........... ... .. ... .. ... .. ... ... ... ....
uA78MHV 15 Three Terminal Positive Voltage Regulator .. ... ... .. ... ... ... .. ... ... ... .......
nA78MHV15C Three Terminal Positive Voltage Regulator .......... ... ... .. ... .. ... .. .. ... .....
uwA78MHV20 Three Terminal Positive Voltage Regulator ......... ... ... ... ... ... . ... ........
nA78MHV20C Three Terminal Positive Voltage Regulator ......... .. ... ... .. .. .. . .. .. ... ....
nA78MHV24 Three Terminal Positive Voltage Regulator ......... ... ... ... ... ... ... ...,
uA78MHV24C Three Terminal Positive Voltage Regulator ......... ... .. ... ... ... .. .. . .. .....
78HVMGU1 Four Terminal High Voltage Programmable Positive Regulator .......................
NE5560 Switched Mode Power Supply Controller Circuit ................................ ...
SG1524/2524/3524 Switched Mode Power Supply Controller Gircuit ................ ... ... .............
TL-430 Programmable Three Terminal Shunt Regulator ........ ... ... .. .. .. ... .. ... .. ...
TIME RS . e
NE/SE555 T ET o e
SE555C T T L e
SA555 11 PPN
NE/SE556 DUl TIMET ..
SA556C DUAl TiM BT ..o e e
NE/SE556-1 Dual TimMer ..o e
SE556-1C DUl TIMET .. e
SA556-1 DUal TimMEr ..o e
NE/SE/SA558 QUA iMoo e
NE/SE/SA559 QUAd iMoo e
COMPARAT O RS . ... . e
LH2111 Voltage CompParator ... ..... ...ttt et e e e
LH2211 Voltage Comparator ... ..... ... ...ttt e e
LH2311 Voltage Comparator ... ...ttt e e
LM111 Voltage Comparator ....... ... ... ..
LM211 Voltage Comparator .. ......... .ttt e e
LM311 Voltage Comparator . ........ ... .. i
LM119 Dual Voltage Comparator . ... ... ...ttt e e et
LM219 Dual Voltage Comparator .. ........... .ttt e e
LM319 Dual Voltage Comparator ... ...... ...ttt e
LM139/139A Quad.Voltage Comparator ... .......... .ttt e e
LM239/239A Quad Voltage Comparator . .............iiuit ittt
LM339/339A Quad Voltage Comparator . ... ........ ..ttt
MC3302 Quad Voltage Comparator ................ ittt
LM2901 Quad Voltage Comparator . ....... ...ttt
LM193/193A Low Power Dual Voltage Comparator . ..............c. . itniiiiiiiinanann..
LM293/293A Low Power Dual Voltage Comparator .............. ... ... ... i,
LM393/393A Low Power Dual Voltage Comparator ............. ... iiiuiiuinnninninnaennnn..
LM2903 Low Power Dual Voltage Comparator .............. ... oo iuiiniininnnnnennn.
NE521 High Speed Dual Differential Comparator/Sense Amp ............ ... ..ccoviuniinn..
NE522 High Speed Dual Differential Comparator/Sense Amp ............... .. ... . oooou..
NE/SE527 Voltage Comparator ... ....... ...ttt e
NE/SE529 Voltage Comparator . ........ ... .. it
nA710 Differential Voltage Comparator. . ........ ... ... i
RA711 Dual Voltage Comparator . ... ........ .ttt
MEMORY INTERFACE . ... . e e e e e e e e e e e
55/75325 MeemMOrY DriVer . . e e
758207 High Speed Dual Sense Amplifier for MOS Memories ...............................
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755208 High Speed Dual Sense Amplifier for MOS Memories ...............................
7520 Dual Core Memory Sense Amplifier .. ....... ... . ... . . . . . .
7522 Dual Core Memory Sense Amplifier . ............ . ... . . . . . . .
7524 Dual Core Memory Sense Amplifier . ......... .. . . ... . . . .
7528 Dual Core Memory Sense Amplifier . ... ... ... . . .. . . . . . .
75232 Dual Core Memory Sense Amplifier . ........ .. ... . . . .
75234 Dual Core Memory Sense Amplifier . ...... ... ... . . . . . . . . .
75324 Memory Driver with Decode Inputs .. ... ... ... . . .. . .. . .
INTERFACE .. e e
DS3611 High Voltage Peripheral Driver ... ... .. ... . . . .
DS3612 High Voltage Peripheral Driver ... ... .. . . . . . .
DS3613 High Voltage Peripheral Driver ... ........ .. ... . e
DS3614 High Voltage Peripheral Driver ... ... .. .. . . . . . L.
DS7820 Dual Line RecCeiver . ...... ... .
DS8820 Dual Line ReCeIVEr .. ... ..
DS7820A Dual Line ReCeIiVer ... ... .. .
DS8820A Dual Line ReCeIVEr ... ... .
DS7830 Dual Differential Line Driver ... ........ ... .. . . ..
DS8830 Dual Differential Line Driver . ... ... .. .. . . . . .
MC 1488 Quad Line Driver ... ... . .
MC1489/A Quad Line ReCEIVET .. ... .
UDN5711 Dual High Voltage Peripheral Driver (AND) . ....... .. .. ... .. ... . . . i,
UDN5712 Dual High Voltage Peripheral Driver (NAND) . ....... ... ... ... .. ... ... . iiieiiii..
UDN5713 Dual High Voltage Peripheral Driver (OR) . ...... ... . .. ... . ... i ..
UDN57 14 Dual High Voltage Peripheral Driver (NOR) . ..... ... .. ... .. ... .. . . . . .. ..
75S107 High Speed Dual Line Receiver ............ ... . ... . ..
755108 High Speed Dual Line Receiver ....... ... . . ... . i
55/75450B Dual Peripheral Positive Driver ... ... ... ... e e
55/75451B Dual Peripheral Positive Driver .. ........... ... . . . e
55/75452B Dual Peripheral Positive Driver . ........ ... . .. . . e
55/75453B Dual Peripheral Positive Driver . ....... ... ... . . . .
55/75454B Dual Peripheral Positive Driver . ........ ... .. . .. i
TRANSISTOR ARRAY S . . ... e
NE/SE510 Dual Differential Amplifier .. .. ... .. .. . . . .
NE/SE511 Dual Differential Amplifier .. ... ... ... . .
NE5501 High Voltage/High Current Darlington Array . ......... ... . ... . i,
NES502 High Voltage/High Current Darlington Array .......... ... ... ... ..
NE5503 High Voltage/High Current Darlington Array . ............... ... ..
NE5504 High Voltage/High Current Darlington Array . ............ .. ... ... i,
ULN2001 High Voltage/High Current Darlington Transistor Array .. ...........................
ULN2002 High Voltage/High Current Darlington Transistor Array .............................
ULN2003 High Voltage/High Current Darlington Transistor Array .............................
ULN2004 High Voltage/High Current Darlington Transistor Array .............................
CA3081 Seven TransiStor ArTay . .. .. ...ttt e
CA3082 Seven TransiStor Array ... ... ... ..
CA3183 Seven Transistor Array ... ... ... . i
PHILIPS INDUSTRIAL . ... . e e e e
SAA1027 Stepper Motor Driver Circuit. . ... ... .. ..
TAA960 Triple Active Filter Amplifier ... ... ... . . . .
TCA210 Audio Amplifier and Preamplifier . ....... .. .. ... . . .. . ..
TCAS580 Integrated Gyrator ... .......... . ... ... e
TCA980 Microphone Amplifier ... ... ... . .
TDA 1024 Zero Carrying On-Off Triac Control . ... ... ... .. . . . . . .
DISPLAY DRIVERS . . ...
DS8880/8880-1 High Voltage 7-Segment Decoder/Driver .......... ... . ... i,
NES580 Bar-Graph Logic Circuit ............ ... .. .
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NE582 Hex Universal Driver. ... ... . e
NE586 Bus Compatible, Fixed Current, ... .. ... ... ...

Seven Segment LED Driver, Sinking . ............ . ... ...
NE587 Bus Compatible, Programmable Current, ... .........

Seven Segment LED Driver, Sinking . ... ... ... ... . ... ..
NE590 Addressable Peripheral Drivers, Current Sink ........ ... ... ... ... ... ... .. ...
NES91 Addressable Peripheral Drivers, Current Source ................. .. ... ...,
NE594 Seven Segment Vacuum Flourescent Display Driver ................................
D/A—A/D CONVERTERS . . . . e
MC1408-7 8-Bit Multiplying D/A Converter ... ....... ... .
MC1408-8 8-Bit Multiplying D/A Converter .. ........ ... .
MC1508-8 8-Bit Multiplying D/A Converter . ......... .. .
NE5007 8-Bit Speed Multiplying D/A Converter . ............ ... i
NE/SE5008 8-Bit Speed Multiplying D/A Converter ........ .. ... .. . . . i
NE/SE5009 8-Bit Speed Multiplying D/A Converter .............. . i
NE/SE5018 8-Bit uP-Compatible D/A Converter, Voltage Output . ......... ... ... .............
NE/SE5118 8-Bit uP-Compatible D/A Converter, Current Output .. ..............................
NE/SE5019 8-Bit uP-Compatible D/A Converter, Voltage Output, 9 Bit Accuracy .................
NE/SE5119 8-Bit uP-Compatible D/A Converter, Current Output, 9 Bit Accuracy ..................
NE5034 8-Bit uP-Compatible, Analog-Digital Converter, SAR .......... ... .. ... .. ............
AUDIO CIRCUIT S .. e e e
LM381/381A Dual Low-Noise Preamp . ... ... ..
LM382 Dual Low-Noise Preamp . ... ... ...
LM387 Dual Low-Noise Preamp .. ... ...
NE/SES540 PoOWer DriVer . ...
NE541 High Voltage Power Driver ... ... ... ... .. . . .
NE542 Dual Low-Noise Preamp . ........... ... e
NE570 COMPaANAOr ..
NE571 COMPANAOTr . ..
RADIO CIRCUIT S . e e e
CA3089 FM IF System ...
CA3089D2 FM IF System . ...
MC 1496 Balanced Modulator-Demodulator ......... .. ... ... ... . .. ...
MC 1596 Balanced Modulator-Demodulator ....... ... ... .. ... ...
N5596 Balanced Moldulator-Demodulator. . ....... ... .. ... .. .. ...
NE546 AM Radio Receiver Subsystem ...... .. ... .. ... ...
TCA440 AM Receiver CirCuit .. ... ...
uA758 FM Stereo Multiplex Decoder, Phase Locked Loop ... .............. ... ... ... .....
TV CIRCUIT S .
LM 1880 SYNC. PrOCESSOr ...
MC1327 Chroma Demodulator .. ...... ... . . :
TBA120S 8-Stage Amplifier with Balanced Demodulator ........... ... ... .. ... ... ... ..........
TBA120T FM IF Amplifier and Demodulator . . ... ... .. ... .. .. . . . .
TBA120U FM IF Amplifier and Demodulator. . ... ... ... ... ... ..
TBA395 Chrominance Combination Monolithic Silicon Integrated Circuit ......................
TBA396 Luminance and Chrominance Control Combination .................................
TBA1440 TV Video Amplifier-Demodulator ............ .. ... ... . . . . .
TBA1440G/ 1441 TV Video Amplifier with Demodulator ...... ... ... ... ... .. .. ... .. .. ... ... .. .. ...,
TDA2541 Video IF System .. ... ...
ULN2211 2-Watt TV/FM Sound Channel . ... .. .. .. . . . e
ULN2212 1-Watt TV/FM Sound Channel . ... ... ... ... . . . . . . i,
GENERAL CONSUMER . ... ... e
NE543 Servo Amplifier ...
NE544 Servo Amplifier ... .
NE644 Servo Amplifier ... ...
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NE5044 RC Encoder (7 Channel) ........... .o e
NE5045 RC Decoder (7 Channel) ...... R
NE5046 RC Decoder (2 Channel) . ........ .. .. e e
PHASE LOCKED LOOPS . ... . e e e e e e e e e
NES560 Phase Locked LOOP ... ..ttt e e e
NES61 Phase Locked LOoOp ... ... i
NES562 Phase Locked LOOp .. ... o e e
NE564 Phase Locked LOOp .. ... ...
NE/SE565 Phase Locked LOOp ... ... . i
NE /SE566 Function Generator .. ...... ... . ... i
NE/SE567 Tone Decode/Phase Locked LOOP ... ... ot e
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ORDERING INFORMATION

PART CROSS REF PRODUCT PRODUCT
Signetics’ Analog integrated circuit prod- NUMBER PART NO. FAMILY DESCRIPTION
ucts may be ordered by contacting either
the local Signetics sales office, Signetics NE535N MC1741SC ANA High Slew Rate OP-AMP
representatives and/or Signetics authorized uA741C LM741CJ ANA General Purpose OP-AMP
distributors. A complete listing is located on
the back cover of this manual.
Minimum Factory Order: Description of

Commercial Product: Product Function

$1000 per order
$50 per line item per order

Military Product: ECL Emitter Coupled Logic
$250 per line item per order DTL Diode Transistor Logic
ANA Analog Products

) =Product Family / MOS Metal Oxide Silicon
Table 1 provides part number information BIM Bipolar Memory Products

concerning for both Signetics originated MIL Military Products
products and industry standard products.

TTL Transistor Logic
Table 2 is a cross reference of both the old ML2 Military Products
and new package suffixes for all presently
existing types, while Table 3 and 4 provide
appropriate explanations on the various
prefixes employed in the part number 3 Package Type—See Table 1
descriptions.

L Device Number and Temperature Range Suffix
As noted in Table 3, Signetics defines

device operating temperature range by the ——— Device Family and Temperature Range Prefix for

appropriate prefix. It should be noted Industry Standard and Signetics Originated Products—See Table 2.
however, that devices with a SE prefix

(-55°C to +125°C) indicates only its operat- Table 1 PART NUMBER DESCRIPTION

ing temperature range and not its military

qualification status. The military qualifica- SUFFIX PACKAGE PREFIX | DEVICE TEMPERATURE RANGE

tion status of any analog product can be

determined by either looking in the Military Old | New DESCRIPTION? N- 0° to +70°C
Section in this manual and/or contacting AAA | N 14-lead plastic DIL S- -55° to +125°C
your local sales office. A N-14 | 14-lead plastic DIL (Selected NE- 0° to +70°C
Analog products only) SE- -55° to +125°C
B,BA N 16-lead plastic DIL SA -40° to +85°C
DA DA 2-lead TO-3 suU -25° to +85°C
DB DB 3-lead TO-5
DC DC 4-lead TO-46 Table 3 DEVICE TEMPERATURE
DE DE 4-lead TO-72
F F 14, 16, 18, 22 and 24-lead
ceramic (Cerdip) DIL PREFIX DEVICE FAMILY
1LIK | 14, 16, 18, 22, 28 and 4-lead
ceramic DIL CA Linear Industry Standard
K K 10-lead TO-100 DM Linear Industry Standard
L L 10-lead high-profile TO-100 JB Mil Rel—Jan Qualified—
can Old Designator
NANX{ N 24-lead plastic DIL M Mil Rel—Jan Qualified—
PN PHA | 12+ 1 GND pin DIL

New Designator

QR Q 10, 14, 16 and 24-lead LH Linear Industry Standard
ceramic flat LM Linear Industry Standard
S S 3-lead TO-92 plastic lﬁear ndustry
SK SK Microprocessor kit M Mil Rel—Jan Processed
TTA T 8-lead TO-99 MC Linear Industry Standard
U U Plastic power TO-220 PA Linear Industry Standard
\ N 8-lead plastic DIL SD Linear DMOS
W,WJ W 10, 14, 16 and 24-lead SP DTL Series
ceramic (Cerpac) flat UA Linear Industry Standard
XA N 18-lead plastic DIL ULN Linear Industry Standard
XC N 20-lead plastic DIL
XC N 22-lead plastic DIL Table 4 FAMILY PREFIX
XLXF | N 28-lead plastic DIL

Table 2 PACKAGE DESCRIPTIONS

Sifnotics 403




Table of Products and Ordering Information

SPECIAL PROCESSING

Signetics offers two major processing lev-
els: Mil-Spec and Supr Il. Following are brief
descriptions of these processes. For further
information in either product availability or
process data, contact your local Signetics
sales office.

SUPR Il

Signetics Upgraded Product Reliability
(SUPR) program is designed to provide
industrial manufacturers with integrated
circuits of a higher level of quality and
reliability than is available with standard
commercial product. Improvements in
quality and reliability will result in signifi-
cant cost savings to the integrated circuit
user. Signetics has maintained a quality and
reliability leadership position via its SUPR-

404

DIP program (1972) and SUPR |l program
(1975). SUPR Il isatwo-level program. Level
A boosts the AQL functional guarantee on
all Signetics product families. Level B, for
maximum reliability, includes an additional
100% burn-in to Mil std 883. Condition F.

LEVEL A HIGHLIGHTS

e Thermal shock preconditioning (per Mil
std 883)

100% dc testing

100% functional testing at 100°

SEM wafer quality monitor

Die and preseal visual inspection criteria
(per Mil std 883)

The Analog division is continually expand-
ing the availability list of products proc-
essed to SUPR Il Levels A and B. For
information concerning the SUPR Il status

sifnotics

of products contact your local Signetics
sales office.
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MILITARY PRODUCTS/
PROCESS LEVELS

The Signetics MIL 38510/883 Program is
organized to provide a broad selection of
processing options, structured around the
most commonly requested customer flows.
The program is designed to provide our cus-
tomers:

o Fully compliant 883 flows on all products.

@ Standard processing flows to help mini-
mize the need for custom specs.

® Cost savings realized by using standard
processing flows in lieu of custom flows.

o Better delivery lead times by minimizing
spec negotiation time, plus allows cus-
tomer to buy product off-the-shelf or in
various stages of production rather than
waiting for devices started specifically to
custom specs.

The following explains the different process-
ing options available to you. Special device
marking clearly distinguishes the type of
screening performed. Refer to Tables 2, 3, 4
and 5.

JAN QUALIFIED (JB)

JAN Qualified product is designed to give
you the optimum in quality and reliability.
The JAN processing level is offered as the
result of the government’s product stan-
dardization programs, and is monitored by
the Defense Electronic Supply Center
(DESC), through the use of industry-wide
procedures and specifications.

JAN Qualified products are manufactured,
processed and tested in a government certi-
fied facility to Mil-M 38510, and appropriate
device slash sheet specifications. Design
documentation, lot sampling plans, electri-
cal test data and qualification data for each
specific part type has been approved by the
Defense Electronic Supply Center (DESC)
and products appear on the DESC Qualified
Products List (QPL-38510).

Group B testing, per Mil-Std-883 Method
5005, is performed on each six weeks of
production on each slash sheet for each
package type. Group C, per Mil-Std-883
Method 5005, is performed every ninety
days for each microcircuit group. Group D
testing, per Mil-Std-883 Method -5005, is
performed every six months for each pack-
age type.

In addition to the common specs used
throughout the industry for processing and
testing, JAN Qualified products also pos-
sess a requirement for a standard marking
used throughout the IC industry.

MIL-STD-883, LEVEL B

Processing to this option is ideal when no
JAN slash sheets are released on devices
required. Product is processed to Mil-Std-

JAN
CASE OUTLINE SIGNETICS MILITARY PACKAGE TYPES
AND DUAL-IN-LINE
LEAD FINISH 8-PIN 10-PIN 14-PIN 16-PIN 24-PIN
CB — — F — —
EB — — — F —
JB — — — — F
DB — —_ w —_— —
FB — — - —
ZC — — —_ —
GC T _ - —_ —
IC — K —_ — —
All products listed are also available in Die form.
Table 1 MILITARY PACKAGE AVAILABILITY
JB RB RC
Jan
Qualified 883B 883C
54/54H X X X
54LS X X X
548 X X X
82/8T X X X
93XX X X X
96XX — X X
Linear Planned X X
Bipolar Memory Planned X X
Microprocessor — X X

Table 2 MILITARY SUMMARY

883 Method 5004, and is 100% electrically
tested to industry data sheets. Devices are
selectively available as custom processed
parts with electricals screened to the JAN
Slash Sheets.

MIL-STD-883, LEVEL C

If you need a Military temp, range device, but
do not require burn in screening pérformed,
our 883C product is ideal. 883C parts are
the standard full Mil-Temperature range
product to the Signetics data sheet param-
eters and screened to MIL-STD-883, Class
C.

MILITARY GENERIC DATA

Signetics has a new program for those cus-
tomers who require quality conformance
data on their products. This program allows
our customers to obtain reliability informa-
tion without the necessity or running Groups
B, C and D inspections for their particular
purchase order. It provides for the customer
something that has not been readily avail-
able before in the semiconductor industry in
that all Military Generic Data is controlled
and audited by both Government Inspection

Siljnotics

in the case of JAN data and Signetics Qual-
ity Assurance.

Signetics Military Generic Data is compiled
by the Military Products Division based on
data from 1) JAN quality conformance lots,
and 2) Data generated by quality confor-
mance lots run for other reliability programs.
Refer to Table 4.

A Military Generic family is defined as con-
sisting of die function and package type
families.

Military Generic Data

® Allows our customers to qualify Signetics
products based on existing quality con-
formance data performed at Signetics.

@ Allows our customers to reduce costs and
improve deliveries.

® Provides assurance that all Signetics die
function families and packages meet Mil-
M-38510 and customer reliability require-
ments.

o Provides an attributes summary to the
customer backed by lot identity and
traceability.
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finish.

representing the same package
construction and lead finish
manufactured within the 24
weeks of manufacturing period.

If specific data not available,
Option 2 will be supplied.

PROCESS LEVEL PRE-CAP BURN IN FUNCTIONAL DC/AC DC/AC QPL OFFSHORE
AND MARKETING VISUAL TEST @25°C @TEMP
JB 2010, Cond. B Yes 100% 100% 100% Yes No
JM385 10XXXXX
RB 2010, Cond.B Yes 100% 100% 100% No Yes
SXXXX883B
RC 2010, Cond. B No 100% 100% dc Sample No Yes
SXXXX883C Sample ac dc only
Table 3 MILITARY PRODUCTS PROCESSING MATRIX
QUALIFIED
SUB-GROUPS QUALIFIES OPTION 1 OPTION 2
A* Electrical Test
B Package—Same package construction and lead | Data selected from devices | Data selected from devices
finish. manufactured within 6 weeks of | manufactured within 24
the manufacturing period on the | weeks of manufacturing peri-
same production line through fi- | od.
nal seal.
C Die/Process—Devices representing the same | Data selected from representa- | Data selected from the repre-
process families. tive devices from the same | sentative devices from the
microcircuit group and sealed | same microcircuit group and
within 12 weeks of the manufac- | sealed within 48 weeks of the
turing period. manufacturing period.
D Package—Same package construction and lead | Data selected from the devices

Data selected from the de-
vices representing the same
package construction and
lead finish manufactured
within the 52 weeks of manu-
facturing period.

NOTE*

Group A is performed on each lot or sublot of Signetics devices.
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Table 4 ‘DEFINITION AND QUALIFYING MANUFACTURING PERIODS

FOR GENERIC DATA
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PROCESSING LEVELS
DESCRIPTION OF MIL-M-38510 AND MIL-STD- JAN
REQUIREMENTS 883 REQUIREMENTS, METH- REQUIRE-
CLASS QUALIFIED 883B 883C
AND SCREENS DS AND TEST CONDITIONS MENT s JB) (RB) (RC)
General Mil-M-38510 | The Manufacturer shall es- — X X N/A N/A
1. Pre-Certification tablish and implement a
A. Product Assur- | Products Assurance Program
ance Program Plan and provide for a manu-
Plan facturer survey by the quali-
B. Manufacturer’s | fying activity, Para. 3.4.1.1
Certification
2. Certification Received after manufacturer — X X N/A N/A
has completed a successful
survey, Para. 3.4.1.2
3. Device Qualifica- | Device qualification shall — X X N/A N/A
tion consist of subjecting the de-
sired device to groups A, B, C
& D of method 5005 to tight-
ened LTPD, Para. 3.4.1.2
4. Traceability Traceability maintained back — X X X X
to a production lot Para. 3.4.6
5. Country of Origin | Devices must be manufac- — X X N/A N/A
tured, assembled, and tested
within the U.S. or its territor-
ies, Para. 3.2.1
Screening Per
Method 5004 of
Mil-Std-883
6. Internal Visual 2010, Cond. Aor B 100% XA XB XB XB
(Precap)
7. Stabilization 1008, Cond. C Min; (24 Hrs @ 100% X X X X
Bake 150°C)
8. Temperature 1010, Cond. C; (10 cycles, 100% X X X X
Cycling* —65°C to +150°C)
*For Class B and C
devices thermal
shock may be sub-
stituted, 1011,
Cond. A; (15 cycles,
0° to +100°C)
9. Constant 2001, Cond. E; (30kg in YI 100% X X X X
Acceleration Plane)
10. Visual Inspection | There is no test method for 100% X X X X
this screen; it is intended only
for the removal of “Cata-
strophic Failures” defined as
“Missing Leads, Broken
Packages or Lids Off.”
11. Seal 1014
(Hermeticity)
A. Fine Cond. A or B (5.0 X 100% X X X X
10—8CC/Sec)
B. Gross Cond. C2 Min. 100% X X X X
12. Interim Per applicable device speci- |{100% Optional [100% Read &/ Slash Sheet Data Sheet N/A
Electricals fication Record
(Pre Burn-In)
13. Burn-In 1015, Cond. as specified 100% 100% 240 hrs. X N/A
(160 hrs. Min. at 125°C)
14. Final Electricals Per applicable Device Speci- 100% 100% Read &|{ Slash Sheet Data Sheet Data Sheet
fication Record
A. Static Tests Sub Group 1 X X X X
@ 25°C
B. Static Tests Sub Group 2 X X X N/A
@ +125°C
C~@3tg‘é%]gm Sub Group 3 X X X N/A
Table 5 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD CLASS B PRODUCTS
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DESCRIPTION OF

MIL-M-38510 AND MIL-STD-

PROCESSING LEVELS

REQUIREMENTS | 883 REQUIREMENTS, METH-|  REQUIRE- JAN. : :
AND SCREENS | ODS AND TEST CONDITIONS MENT CLASS QUALIFIED 8838 883C
S (JB) (RB) (RC)
D. Dynamic
Test @25°C Sub Group 4 (for Linear Prod- X X X X
uct Mainly)
E. Functional
Test @25°C Sub Group 7 X X X X
F. Switching
Test @25°C Sub Group 9 X X X N/A
15. Percent Defec- A PDA of 10% is a normal re-
tive allowable quirement applied against
(PDA) the st‘atit.: tests @ 25°C (A-
1). This is controlled by the
slash sheets for JB & JBX
products. For RBX & RB 10%
is standard 10% 5% X X N/A
16. Marking Fungus Inhibiting Paint 100% As Req’'d JM38510/ S X X X X | SXXXX 883C
XXXX Slash 883B
Sheet #
17. X-Ray 2012 100% N/A N/A N/A
18. External Visual 2009 100% X X X X
Quality Conform-
ance Inspection
per Method 5005 of
Mil-Std 883
19. Group A Electrical Tests-Final Each Lot X X X X
Electricals (#14 above) re-
peated on a sample basis.
(Sub Groups 1 thru 12 as
specified.)
20. Group B Package functional and Every 6 X X Generic
constructional related test week per Data Avail-
|.LE. package dimensions, re- | microcircuit able
sistance to solvents, internal group
visual & mechanical, bond
strength & solderability.
21. Group C Die related tests L.E. 1,000 Every 3 X X Generic
hr. operating life, tempera- | months per Data Avail-
ture cycling, & constand ac- | package type able
celeration.
22. Group D Package related tests I|.E. Every 6 X X ) Generic
physical dimensions, lead fa- | months per Data Avail-
tigue, thermal shock, tem- | package type able
perature cycle, moisture re-
sistance, mechanical shock,
vibration variable frequency
constant acceleration, & salt
atmosphere.
" Table 5 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD CLASS B PRODUCTS (Cont’d)
410 sifnotics




LINEAR PRODUCTS
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DEVICE DESCRIPTION PACKAGE DEVICE DESCRIPTION PACKAGE
COMPARATORS PHASE LOCKED LOOPS
SES521 Dual Comparator F SE567 Tone Decoder PLL F T
SE&22 Dual Comparator F SE564 Phase Locked Loop F T
SE526 Analog Voltage Comparator F K
SE527 Analog Voltage Comparator F K 'NTERFACF
SE529 Analog Voltage Comparator F K 55325 Memory Driver F
LH2111 Dual Comparator F LINE RECEIVERS
LM111 Comparator F T DM7820 Dual Differential Line Receiver F
LM119 Dual Comparator F K DM7830 Dual Differential Line Receiver F
LM139 Quad Comparator F AUDIO CIRCUITS
l;g‘;:’m Dual G . ; SE570 Compandor F
ual Comparator
nAT10 Differential Voltage Comparator T SES55 I:::rns E T
AT Comparator K SE556 Dual Timer F T
DIFFERENTIAL AMPLIFIERS SE558/559 Quad Timer F
SE510 Dual Differential Amplifier F VOLTAGE REGULATORS
SE511 Dual Differential Amplifier F
SE515 Differential Amplifier F K LM109 5 Volt Regulator DA
nA733 Video Amplifier F K SE5551 Dual Track Reg F
OPERATIONAL AMPLIFIERS SE5552 Dual Track Reg F
LF 155/ SE5553 Dual Track Reg F
156/157 | FET Operational Amplifier T SESS54 Dual Track Reg F
'LH2101A | Dual Operational Amplifier F 78XX(7) Positive Reg DA
LH2108A | Dual Operational Amplifier F ;gs’)‘(‘;(’n uee%aﬁﬁiffgeg gg
LM101 glszr;?;fn(:lm:nr:;e F T nA723 Precision Voltage Regulator F L
LM101A High Performance 1+78HV00(7) Hi Voltage Regulator DA
Operational Amp F T DRIVERS
LM107 General Purpose DS1611-1614| Peripheral Drivers T
Operational Amp F F
LM108 Precision Operational Amp F T “NOTE
LM108A Precision Operational Amp F T F = Cerdip
LM124 Quad Operational Amplifier F K/T/L = Metal Can
LM158 Dual Operational Amplifier T o '::c: :S;j;j:_special request
MC 1556 Operational Amplifier F T
MC 1558 Dual Operational Amplifier T
SE532 Dual Operational Amplifier T JAN-M-38510
SE535 Hi Slew Rate Operational Amp T
SE538 Hi Slew Rate Operational Amp T SLASH QUAL.
wA709 Operational Amplifier F T DEVICE | SHEET PACKAGE STATUS
rATO9A Operational Amplifier F T +JB555 10901 E T Part Il
HAT41 General Purpose tJB556 | 10902 | F Part Il
Operational Amp F T tJB2101A | 10105 | F Part i
uA747 Dual Operational Amplifier F K JB101 10103 E T June 1978-Part |
KAT48 General Purpose Amp F T JB741 10101 | F T June 1978-Part |
SE&30 Hi Slew Op Amp F T JB747 10102 | F K June 1978-Part |
SE5530 Dual Hi Slew Op Amp F K
SE5534 Lo Noise Op Amp T
SE5535 Dual Hi Slew Op Amp F K +JAN per QPL M38510-34 date April 1978
SE5538 Dual Hi Slew Op Amp “F K
SE5537 Sample & Hold F K
SE5539 Hi Speed Op Amp F K
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SIGNETICS

HEADQUARTERS

811 East Arques Avenue
Sunnyvale, California 94086
Phone: (408) 739-7700

ALABAMA
Huntsville
Phone: (205) 533-5800

ARIZONA
Phoenix
Phone: (602) 971-2517

CALIFORNIA
Inglewood
Phone: (213) 670-1101

Irvine
Phone: (714) 833-8980
(213) 924-1668

San Diego

Phone: (714) 560-0242
Sunnyvale

Phone: (408) 736-7565

Woodland Hills
Phone: (213) 340-1431

COLORADO
Aurora
Phone: (303) 751-5011

FLORIDA
Lighthouse Point
Phone: (305) 782-8225

ILLINOIS
Rolling Meadows

Phone: (312) 259-8300
INDIANA

Noblesville
Phone: (317) 773-6962

KANSAS

Shawnee
Phone: (913) 631-2499
MASSACHUSETTS

Bedford

Phone: (617) 275-8900
MICHIGAN
Southfield

Phone: (313) 569-8070

MINNESOTA

dina
Phone: (612) 835-7455

NEW JERSEY
Cherry Hill
Phone: (609) 665-5071
Piscataway
Phone: (201) 981-0123

NEW YORK
Mellville
Phone: (516) 752-0130

Wappingers Falls
Phone: (914) 297-4074

OHIO
Worthington
Phone: (614) 888-7143

TEXAS

Dallas
Phone: (214) 661-1296

UTAH
Centerville
Phone: (801) 290-1292

414

REPRESENTATIVES

ALABAMA

Huntsville
Alpha Marketing
Phone: (205) 533-0766

Montgomery Marketing
_Phone: (205) 883-9901

CALIFORNIA
San Diego
Mesa Engineering
Phone: (714) 278-8021
Sherman Oaks
Astralonics
Phone: (213) 990-5903

CANADA

Montreal, Quebec
Philips Electronics Industries Ltd.
Phone: (515) 342-9180

Ottawa, Ontario

Phillips Electronics Industries Ltd.

Phone: (613) 237-3131
Scarborough, Ontario
Philips Electronics Industries Ltd.
Phone: (416) 292-5161
Vancouver, B.C.
Philips Electronics Industries Ltd.
Phone: (604) 435-4411
Winnipeg, Manitoba
Philips Electronics Industries, Ltd.
Phone: (204) 774-1931

CONNECTICUT

Danbury
Kanan Associates
Phone: (203) 743-1812

FLORIDA

Altamonte Springs
Semtronic Associates
Phone: (305) 831-8233

Clearwater
Semtronic Associates
Phone: (813) 461-4675

GEORGIA

Atlanta
Alpha Marketing
Phone: (404) 231-0534

Marrietta
Montgomery Marketing
Phone: (404) 973-4855

ILLINOIS
Chicago

L-Tec Inc.
Phone: (312) 286-1500
INDIANA

Fort Wayne
Insul-Reps, Inc.
Phone: (219) 482-1596
Indianapolis
Insul-Reps, Inc.
Phone: 317) 259-4431

KANSAS

Overland Park
Advanced Technical Sales
Phone: (913) 492-4333

MARYLAND

Baltlmore
Micro-C
Phone: (301) 247 0400

MASSACHUSETTS

Reading
Kanan Associates
Phone: (617) 944-8484

MICHIGAN

Bloomfield Hills
Enco Marketing
Phone: (313) 642-0203

MINNESOTA

Edina
Mel Foster Technical Sales
Phone: (612) 835-2252

MISSOURI

St. Louis
Advanced Technical Sales
Phone: (314) 567-6272

NEW JERSEY

Bellmawr
TAI Corp
Phone: (609) 933-2600
Phone: (215) 627-6615

NEW MEXICO

Albuquerque
The Staley Company, Inc.
Phone: (505) 292-0060

NEW YORK

Ithaca
Bob Dean, Inc.
Phone: (607) 272-2187

NORTH CAROLINA

Cary
Montgomery Marketing
Phone: (919) 467-6319

Charlotte
Montgomery Marketing
Phone: (704) 535-2400

OHIO

Cleveland
Norm Case Associates
Phone: (216) 333-4120

Dayton
Norm Case Associates
Phone: (513) 433-0966

OREGON

Hillshoro
‘Western Technical Sales
Phone: (503) 640-4621

TEXAS

Austin
Cunningham Co.
Phone: (512) 459-8947

Dallas
Cunningham Co.
Phone: (214) 233-4303

Houston
Cunningham Company
Phone: (713) 683-7231

VIRGINIA

Lynchherg
Micro-Comp,
Phone: (804) 237 6221

WASHINGTON

Bellevue
Western Technical Sales
Phone: (206) 641-3900

SiNOLES

WISCONSIN
Wauwatosa

L-Tec, Inc.
Phone: (414) 774-1000

DISTRIBUTORS

ALABAMA

Huntsville

Hamilton/Avnet Electronics
Phone: (205) 837-7210

Pioneer Electronics
Phone: (205) 837-9300

ARIZONA

~ Phoenix

Hamilton/Avnet Electronics
Phone: (602) 275-7851

Liberty Electronics
Phone: (602) 249-2232

CALIFORNIA

Costa Mesa

Avnet Electronics
Phone: (714) 754-6051

Culver City

Hamilton/Avnet Electronics
Phone: (213) 558-2183

El Segundo
Liberty Electronics
Phone: (213) 322-8100
Irvine

Schweber Electronics
Phone: (714) 556-3880

Mountain View

Elmar Electronics
Phone: (415) 961-3611

San Diego
Hamilton/Avnet Electronics
Phone: (714) 279-2421

Liberty Electronics

Phone: (714) 565-9171
Sunnyvale

Hamilton/Avnet Electronics

Phone: (408) 743-3355

Intermark Electronics
Phone: (408) 738-1111

CANADA

Calgary, Alberta
Cam Gard Supply Ltd.
Phone: (403) 287-0520
Downsview, Ontario
Cesco Electronics
Phone: (416) 661-0220
Zentronics
Phone: (416) 635-2822
Mississauga, Ontario
Hamilton/Avnet Electronics
Phone: (416) 677-7432
Montreal, Quebec
Cesco Electronics
Phone: (514) 735-5511

Zentronics Ltd.
Phone: (514) 735-5361



Ottawa, Ontario
Cesco Electronics
Phone: (613) 729-5118

Hamilton/Avnet Electronics
Phone: (613) 226-1700

Zentronics Ltd.
Phone: (613) 238-6411

Quebec City
Cesco Electronics
Phone: (418) 524-4641

Vancouver, B.C.
Cam Gard Supply Ltd.
Phone: (604) 291-1441

Ville St. Laurent, Quebec
Hamilton/Avnet Electronics
Phone: (514) 331-6443

Winnipeg, Manitoba
Cam Gard Supply Ltd.
Phone: (204) 786 8481

COLORADO

Commerce City
Elmar Electronics
Phone: (303) 2879611

Denver
Hamilton/Avnet Electronics
Phone: (303) 534-1212

CONNECTICUT

Danbury
Schweber Electronics
Phone: (203) 792-3500

Georgetown
Hamilton/Avnet Electronics
Phone: (203) 762-0361

Hamden
Arrow Electronics
Phone: (203) 248-3801

FLORIDA

Ft. Lauderdale
Arrow Electronics
Phone: (305) 776-7790

Hamilton/Avnet Electronics
Phone: (305) 971-2900

Hollywood
Schweber Electronics
Phone: (305) 927-0511

Palm Bay
Arrow Electronics
Phone: (305) 725-1480

St. Petershurg
Hamilton/Avnet Electronics
Phone: (813) 576-3930

GEORGIA

Atlanta
Schweber Electronics
Phone: (404) 449-9170

Arrow Electronics
Phone: (404) 455-4054

Doraville
Arrow Electronics
Phone: (404) 455-4054

Norcross
Hamilton/Avnet Electronics
Phone: (404) 448-0800

ILLINOIS
Chicago
Bell Industries
Phone: (312) 9829210
Elk Grove
Schweber Electronics
Phone: (312) 593-2740
Schaumburg
Arrow Electronics
Phone: (312) 893-9420
Schiller Park
Hamilton/Avnet Electronics
Phone: (312) 671-6094

INDIANA

Indianapolis
Pioneer Electronics
Phone: (317) 849-7300

KANSAS

Lenexa
Hamilton/Avnet Electronics
Phone: (913) 888-8900

MARYLAND

Baltimore
Arrow Electronics
Phone: (301) 247-5200

Gaithershurg

Pioneer Washington Electronics

Phone: (301) 948-0710

Schweber Electronics

Phone: (301) 840-5900
Hanover

Hamilton/Avnet Electronics
Phone: (301) 796-1654

MASSACHUSETTS
Burlmgton
Lionex C
Phone: (617) 272-9400
Waltham
Schweber Electronics
Phone: (617) 890-8484
Woburn
Arrow Electronics
Phone: (617) 933-8130
Hamilton/Avnet Electronics
Phone: (617) 933-8020

MICHIGAN

Livonia
Hamilton/Avnet Electronics
Phone: (313) 522-4700
Pioneer Electronics
Phone: (313) 525-1800
Schweber Electronics
Phone: (313) 525-8100

MINNESOTA
Bloomington
Arrow Electronics
Phone: (612) 887-6400
Eden Prairie
Schweber Electronics
Phone: (612) 941-5280

Edina
Hamilton/Avnet Electronics
Phone: (612) 941-3801

MISSOURI
Hazelwood

Hamilton/Avnet Electronics
Phone: (314) 731-1144

NEW JERSEY
Cherry Hill

Milgray-Delaware Valley
Phone: (609) 424-1300

Fairfield
Hamilton/Avnet Electronics
Phone: (201) 575-3390

Moorestown
Arrow/Angus Electronics
Phone: (609) 235-1900

Mt. Laurel
Hamilton/Avnet Electronics
Phone: (609) 234-2133

Saddlebrook
Arrow Electronics
Phone: (201) 797-5800

Somerset
Schweber Electronics
Phone: (201) 469-6008

NEW MEXICO
Albuquerque

Hamilton/Avnet Electronics
Phone: (505) 765-1500

NEW YORK
Buffalo

Summit Distributors
Phone: (716) 884-3450

East Syracuse
Hamilton/Avnet Electronics
Phone: (315) 437-2642

Farmingdale, L.I.
Arrow Electronics
Phone: (516) 694-6800

Rochester
Hamilton/Avnet Electronics
Phone: (716) 442-7820

Schweber Electronics
Phone: (716) 424-2222

Westbury, L.I.

Hamilton/Avnet Electronics
Phone: (516) 333-5800

Schweber Electronics
Phone: (516) 334-7474

NORTH CAROLINA
Greensboro

Pioneer Electronics
Phone: (919) 273-4441

Raleigh

Hamilton/Avnet Electronics
Phone: (919) 829-8030

OHIO

Beechwood
Schweber Electronics
Phone: (216) 464-2970

sifnotics

Cleveland
Arrow Electronics
Phone: (216) 464-2000
Hamilton/Avnet Electronics
Phone: (216) 461-1400
Pioneer Standard Electronics
Phone: (216) 587-3600
Dayton
Hamilton/Avnet Electronics
Phone: (513) 433-0610
Pioneer Standard Electronics
Phone: (513) 236-9900

Kettering
Arrow Electronics
Phone: (513) 253-9176

OKLAHOMA

Tulsa
Component Specialties
Phone: (918) 664-2820

PENNSYLVANIA
Horsham
Schweber Electronics
Phone: (215) 441-0600
Pittsburgh
Pioneer/Pittsburgh
Phone: (412) 782-2300

TEXAS

Dallas
Hamilton/Avnet Electronics
Phone: (214) 661-8204
Quality Components
Phone: (214) 387-4949
Schweber Electronics
Phone: (214) 661-5010

Houston
Hamilton/Avnet Electronics
Phone: (713) 780-1771
Quality Components
Phone: (713) 772-7100
Schweber Electronics
Phone: (713) 784-3600

UTAH

Salt Lake City
Alta Electronics
Phone: (801) 486-4134
Hamilton/Avnet Electronics
Phone: (801) 972-4300

WASHINGTON

Bellevue
Hamilton/Avnet Electronics
Phone: (206) 746-8750
Liberty Electronics
Phone: (206) 453-8300

WISCONSIN

0ak Creek
Arrow Electronics
Phone: (414) 764-6600
New Berlin
Hamilton/Avnet Electronics
Phone: (414) 784-4510

415



FOR SIGNETICS
PRODUCTS
WORLDWIDE:

ARGENTINA

Fapesa | y c
Buenos:
Phone: 652 7438/ 7478

AUSTRIA
Osterreichische Philips

ien
Phone: 93 26 11

AUSTRALIA

Philips Industries-ELCOMA
Lane-Cove, N.S.W.
Phone: (02) 427-0888

Queensland
Brisbane
(07) 277-3332

South Australia
Adelaide
(08) 45-0211

Victoria
Melbourne
(03) 699-0300

Western Australia
Pertl
(09) 277-4199
BELGIUM

M.B.LEE.
Brussels
Phone: 523 00 00

BRAZIL

Ibrape, S.A.
Sao Paulo
Phone: 284-4511

CANADA

Philips Electron Devices
Toronto
Phone: 425-5161

416

CHILE

Philips Chilena S.A.
Santiago
Phone: 39 4001

COLOMBIA
Sadape S.A.

Bogota
Phone: 600600
DENMARK

Miniwatt A/S
Kobenhavn
Phone: (01) 69 16 22

FINLAND

Oy Philips Ab
Helsinki
Phone: 17271

FRANCE
R.T.C.

Paris

Phone: 355-44-99
GERMANY
Valvo

Hamburg

Phone: (040) 3296
HONG KONG

Philips Hong Kong, Ltd.
Hong Kon,
Phone: 12 245121

INDIA

Semiconductors, Ltd.
(REPRESENTATIVE ONLY)

Bombay
Phone: 293-667
INDONESIA
P.T. Philips-Ralin Electronics
Jakarta
Phone: 581058

IRAN
Berkeh Company, Ltd.

Tehran
Phone: 831564

ISRAEL
Rapac Electronics, Ltd.
Tel Aviv

Phone: 477115-6-7
ITALY
Philips S.p.A.

Milano

Phone: 2-6994
JAPAN
Signetics Japan, Ltd.

Tokyo
Phone: (03) 230-1521

KOREA
Philips Elect Korea Ltd.

Seoul

Phone: 44-4202
MEXICO
Electronica S.A. de C.V.

Mexico D.F.

Phone: 533-1180
NETHERLANDS
Philips Nederland B.V.

Eindhoven

Phone: (040) 79 33 33
NEW ZEALAND
Philips Electrical Ind. ELCOMA

Auckland

Phone: 867119
NORWAY
Electronica A.S.

Oslo
Phone: (02) 15 05 90

PAKISTAN
Eimac Ltd
Karachi
Phone: 515-122
PERU
Cadesa

Lima
Phone: 628599

PHILIPPINES

Philips Industrial Dev., Inc.
Makata-Rizal
Phone: 868951-9

Sinotics

SINGAPORE /MALAYSIA
Philips Singapore Pte., Ltd.
Singapore
Phone: 538811
SOUTH AFRICA
E.D.A.C. (PTY), Ltd.
Johannesburg
Phone: 24-6701-3
SPAIN
Copresa S.A.
Barcelona
Phone: 329 63 12
SWEDEN
ElcomaA.| B
Stockho
Phone: 08/ 6797 80
SWITZERLAND
Phlllps A G.

Zur|
Phone 01/442211

TAIWAN
Philips Taiwan, Ltd.

Taipei

Phone: (02) 551-3101-5
THAILAND
Saeng Thong Radio, Ltd.

Bangkok
Phone: 252-7195, 252-7395

UNITED KINGDOM
Mullard, Ltd.

London
Phone: 01-580 6633
UNITED STATES

Signetics International Corp.
~ Sunnyvale, California
Phone: (408) 739-7700

URUGUAY
Luzilectron SA

Montevideo
Phone: 9143 21

VENEZUELA

Industrias Venezolanas
Philips S.A.

Caracas

Phone: 360-511
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