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FOREWORD 

This rtioort represents some results of an In-house microcircuit testlno 

anc failure analysis program partially funded under RAOC Discretionary Fund 

Project DE-69-3, entitled, "Reliability Physics Studies on Integrated Circuits." 

The test method "Monitored Thermal Cycle," Included as appendix B, will 

be submitted for military and Industrial coordination for Inclusion In MIL- 

STD-883 "Test Methods and Procedures for Microelectronics." 

This technical report has been reviewed by the Office of Information 

(RAI) and Is releesable to the Clearinghouse for Federal Scientific and 

Technical Information. 

This technical report has been reviewed and Is approved. 

Approves; u, Jr, JiAtüUÜ« 

Chief, Reliability Branch 
Reliability & Compatibility Division 

lef, Elfliability & Compatibility Division 
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ABSTRACT 

The problem of temperature Intermittent operation In encapsulated 

Integrated circuits Is discussed, and a technique presented which has been 

effective In detecting potential failures resulting from metallization, bond 

or lead wire temperature Intermittents. These are the main causes of Inter¬ 

mittent operation In encapsulated microcircuits at present, and this technique 

should lead to Improvement In encapsulated device reliability if Implemented 

as a screening or qualification test. 

The instrumentation used at RADC for this technique, called the Monitored 

Thermal Cycle Test (MTC), Is presented and a proposed standard test method, 

based on this test, Is Included as an Appendix. Several representative de¬ 

vice failure analysis summaries Illustrate the cause of typical encapsulated 

Integrated circuit Intermittents resulting from failure of the lead wire-bond- 

interconnect system. 
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1.0 INTERMITTENCY IN INTEGRATED CIRCUITS 

The objective of this report Is to present a screening technique for 

eliminating potential Intermittent failures In microcircuits. Thermal 

mtermlttency. In particular, has been a problem especially prevalent In en¬ 

capsulated devices. The major cause of thermal Intermlttency In encapsulated 

devices has been used as the basis for a Monitored Thermal Cycle (MTC) test. 

The test has proved to be a very effective screen for eliminating potential 

thermal Intermittent failures In encapsulated microcircuits. Devices which 

tested electrically good after a previous stress history were found to be 

failures on the Monitored Thermal Cycle test, and a representative failure 

analysis Is presented for several typical failures. 

1.1 CHARACTERIZATION OF INTERMITTENT FAILURES 

The thermal Intermittent Integrated circuit Is a major reliability 

problem at present. It falls In a system; then retests satisfactorily prior 

to failure analysis. Although It Is usually very difficult to trace such 

failures, they can be characterized by one of two major classes. The first 

class, parameter drift, can cause a device to fall at certain temperatures. 

If the characteristics of a particular component or group of components on a 

chip change sufficiently with time and temperature, the Integrated circuit will 

cease Its normal operation as required by the system. This first class In¬ 

cludes such things as Increased leakage current, changes In breakdown voltage, 

transistor current gain degradation, and similar related mechanism. 

The '¿econd class of failures Includes the general problem of continuity 

from the external lead through the lead frame, through various bonds and wires. 
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through the deposited metallization, and, finally, to the chip connection 

Itself. This results In device failure at specific temperatures due tc poor 

bonding, IntermetalUc formation, poorly placed lead wires, metallization 

problems, and any other weak area: In the Interconnection system Influenced 

by thermal or mechanical stresses. 

Various screening and burn-1n tests have been developed to weed out 

potential failures of the first class, which are caused by Increased leakage 

current beta drift, breakdown voltage reduction, and related mechanisms.1 

Although these tests are not 100 percent effective, they can detect a large 

number of potential failures before a device is shipped from the plant. The 

second class of failures Is presently of main concern because of the Increas¬ 

ing volume of plastic encapsulated microcircuits being produced. Tests, such 

as bond pulling, visual Inspection, mechanical shock, vibration, and centrifuge 

have finally become effective for high reliability hermetic microcircuits. 

These lot qualification and screening tests are for the most part Ineffective 

or of limited value when applied to plastic encapsulated devices which are 

presently being considered for high reliability application. 

1.2 THERMAL INTERMITTENCY PROBLEM 

In failure analysis, the failure mechanism characteristic of the 

second class of failures has often been traced to a lead or bond which makes 

pressure type of contact at one temperature, but opens at another due to 

thermal expansion and contraction. This Is the major mechanism In the second 

class of failures, other than transients and electrical overstresses (ZAPs), 

which are not device related problems, but rather equipment design problems. 

Kith the Increasing use of plastic encapsulated Integrated circuits, this 
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problem of temperature Intermlttency has become serious. Since the Inte-nal 

leads are completely surrounded by a rigid or semirigid material of different 

thermal expansion characteristics. It Is even more likely that a lead may be 

pulled from a bonding pad or lead frame as the temperature Is changed. Also, 

the normal molding operation may result In excessive stresses In the lead 

which could Increase chances of eventual failure, either because of the In¬ 

jection pressure during fabrication or by shrinkage during the cure. Based 

on results or various high ¿tress tests, metallization corrosion and bond 

breakage due to thermal mismatch were found to be the main failure mechanisms 

of encapsulated microcircuits^. 

In some cases, the device power dissipation raises the temperature enough 

to cause a failure which automatically corrects Itself when power Is •'emoved. 

Sometimes a failure can occur at lower than ambient temperature. In all 

these Instances, the overall effect Is to produce a system which may be Inter¬ 

mittent In operation, a situation which makes It very difficult to localize 

the problem. The solution to this is to monitor the Individual Integrated 

circuit parameters over the temperature range of the device (not just at 

temperature extremes, since some devices are failures only over a narrow band 

of elevated temperature) before the device Is put Into use. 

1.3 DETECTION OF POTENTIAL THERMAL INTERMITTENTS 

Electrical characterization at temperature extremes (without even 

considering the possibility of measurements over the complete temperature 
♦ 

range) Is Impractical from an economic standpoint. This Is due to the targe 

number-of measurements possible, the difficulty of maintaining the devices and 

associated test socket at the required temperature, and the need to test one 
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device at a time even with an automatic system. Since a large percentage of 

thermal Intermlttency failures has been attributed to opening of the lead, 

bond, contact cut, etc. (rather than chip/circuit functional failure), a 

simple test was Implemented to monitor a group of Integrated circuits as they 

are cycled thermally and detect any open leads using a threshold type of 

measurement. This technique, which is called the "Monitored Thermal Cycle 

Test (MTC)," Is presently being used as an evaluation tool for plastic en¬ 

capsulated Integrated circuits, and Is also being considered as a possible 

screening procedure. It has been proposed asa periodic sampling qualification 

test for plastic microcircuits. 

2.0 IMPLEMENTATION OF MONITORED THERMAL CYCLE TEST 

The problem of detecting thermally Intermittent Integrated circuits can 

be divided Into two major parts. The first part Is the equipment required to 

cycle the devices through the temperature range of Interest. This may be any 

one of several commercially available, programmable temperature cycling 

chambers, capable of operation both below and above room temperature. The 

second part Is the Instrumentation used to monitor the operation of a large 

number of Integrated circuits as they are cycled over the selected temperature 

range. This Instrumentation can be of any configuration that will provide 

useful Information on a circuit over the duration of test. Several possible 

approaches are rvallable to the test design engineer. The procedure used by 

RADC and described below should serve to set operating limits and furnish 

general guidance rather than as a firm system/equipment requirement. 

Figure 1 shows ¿ block diagram of the system used by RADC to perform the 

tests presently being used In one of the many phases of plastic encapsulated 
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Integrated circuit evaluations. The two main sections of the system are the 

temperature chamber with Its associated control circuitry, and the Instrumen¬ 

tation used to monitor the Integrated circuits being cycled. 

2.1 OVEN TEMPERATURE CYCLING 

The chamber used for the temperature cycling must be capable of 

going to both the high and low temperature extremes of the test, and the 

temperature must be capable of being programmed to a specific rate of change. 

The chamber presently being used by RADC uses a combination of liquid nitrogen 

cooling and electric heating to cover the temperature range from -65#C to 

+150#C. A photograph of this section of the system (Figure 2) clearly In¬ 

dicates the specific Items used. The chamber temperature controller Is pro¬ 

grammed externally through the use of a variable resistance. By using a 

potentiometer and changing Its resistance with a reversing motor and the proper 

gear drive, the temperature In the chamber (at the Integrated circuits) Is 

made to cycle from room temperature to -65°C to +150#C, then back to room 

temperature again, at a rate of about 2*C per minute, as shown In Figure 3. 

The most Important point about the rate of change of temperature Is that 

It should be slow enough to minimize thermal shock damage to the Integrated 

circuit and also allow the monitoring equipment to check the circuit per¬ 

formance at reasonably small temperature Increments of no more than 5°C. 

Since the sensor for the chamber temperature controller Is not located 

at the Integrated circuits, the temperature at the circuit lags the chamber 

temperature as determined by the changing resistance of the programming 

potentiometer. The temperature at the Integrated circuits Is monitored by a 

separate thermocouple placed In direct contact with one of the devices to 
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1. Tenperature Programming Unit.

2. Manual Controls

3. Temperature Chamber Itself with door removed.

4. Integrated Circuit Sockets - Note Plug-1n-Jumper 
for comaon line.

5. Plug connecting sockets to crossbar scanner.

Figure 2. Temperature Cycling Chamber



Figure 3. Typical Temperature Cycle 

allow determination of the exact Integrated circuit package temperature. This 

enables the temperature cycling range limits to bp set at the desired 

extremes of -65°C end +150°C circuit temperature. This same thermocouple Is 

used during the temperature cycling to obtain an accurate Indication of the 

package temperature, which Is Included In the data when a failed pin is de¬ 

tected. 

2.2 DEVICE MONITORING EQUIPMENT 

Several alternate methods of monitoring a device may be used for 

the MTC test. Various device parameters may be used, as well as an operational 

test of the Integrated circuit. The method used presently by RADC was chosen 

because of Its relative simplicity, versatility, and Its ability to yield much 

useful Information with a minimum of equipment and Instrumentation problems. 

The technique used Is based on the assumption that the majority of 

presently unscreenable temperature Intermittents are due to opens In the 
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conductor system leading from the external package to the chip circuit 

connections. Basically, the technique consists of forcing a low level current 

Into each circuit pin. In sequence, with respect to the substrate connection 

and monitoring the voltage developed across the device. A threshold which 

has been set to a predetermined value, depending on the type of device. Is 

then checked. If a voltage exceeding this threshold Is observed, an open Is 

detected and Its location and temperature of occurrence are printed out. 

There are several advantages In using this threshold type of measurement 

which led to Its selection over various other techniques. First, It Is 

possible to test almost any type of Integrated circuit with only a simple 

change of threshold *r:d common substrate connection. Also, several types of 

circuits may be tested simultaneously. The high cost and complex wiring re¬ 

quired for parameter type measurements are eliminated, thus making this tech¬ 

nique more attractive economically. Another advantage Is that It Is possible 

to cycle to temperatures higher than those permitted by the Integrated circuit 

chip operational limitations. Use of only a single current limited source 

prevents any device damage at temperatures exceeding use temperature. This 

allows a check of the Integrated circuit conductor system over an extended 

temperature range, thus Increasing the probability of detecting a potential 

operating temperature failure. 

The Instrumentation used for the device monitoring, shown In block dia¬ 

gram form In Figure 1, consists of all of the Items shown except the temper- 
I 

ature chamber. All of the circuits to be tested are Inserted In sockets In 

the temperature chamber, with each lead wired to the Input of a crossbar 

scanner which connects to each lead sequentially. Depending upon the type 
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of circuit In each socket« a common Kss In the oven Is connected to the 

common or substrate pin of each Integrated circuit, using a simple plug-1n 

jumper wire. 

The constant current source supplies a set level of curran* (usually 10-4 

ampere, with a voltage limit set at the lowest feasible level consistent with 

the characteristics of the device being tested). The current 1s fed Into the 

common pin, through the Integrated circuit and then returned through the pin 

selected by the crossbar scanner. The voltage developed across the Inte¬ 

grated circuit Is monitored with a threshold detector. If the voltage exceeds 

a preset value, the particular Integrated circuit pin being checked Is con¬ 

sidered a failure, and Its location and the oven temperature at time of 

failure are punched out on a high-speed punch for computer analysis. The 

scanner Is then allowed to advance and check the next pin. If the voltage 

developed across the Integrated circuit Is bolow the present threshold, the 

pin Is considered good. In this case no data are punched out, and the 

scanner Is allowed to advance and check the next pin. 

The sequence of operations required to accomplish the scanning and test¬ 

ing of the Integrated circuits Is shown In Figure 4. The current source Is 

always disabled during scanner advance so that each pin, when It Is contacted, 

Is connected with zero volts to eliminate any possibility of Integrated cir¬ 

cuit dainage which could occur from the Mgher voltage levels developed as the 

current(*“ource Is opened during transfer of crossbar scanner contacts. The 

current and voltage are then allowed to build up from zero before the thres¬ 

hold measurement Is taken at each pin. 
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START TEST 

Jl 
CONNECT CROSSBAR SCANNER TO 

INTEGRATED CIRCUIT PIN 

t - 
ENABLE CONSTANT CURRENT SOURCE 

COMPARE VOLTAGE DEVELOPED ACROSS CIRCUIT 
WITH PRESET THRESHOLD 

\OUTPUT / data”**” 

Figure 4. Sequence of Operations for MIC Threshold Measurements 
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A code Is punched out at the end of each complete scanner cycle to enable 

the computer to recognize the Interval of each cycle during Its analysis of 

the data. The circuits are continuously scanned and monitored In this manner 

as the temperature chamber cycles from room temperature to >659Ct then up to 

+150°C and back to room temperature again. The removal of the cycle-enable 

command signifies completion of the test, and the scanner stepping Is allowed 

to halt at the end of the cycle In progress. Figure 5 Is a photograph of the 

complete system presently being used at RADC with the various sections labeled 

as shown. 

2.3 COMPUTER DATA ANALYSIS 

The output data of the MTC test consist of a long string of numbers 

representing failed Integrated circuit pins and the temperature of failure 

with numbers to Indicate the end of each scanner cycle. To Interpret this 

list of numh .rs by hand, as on the Initial MTC runs, turned out to be a formid¬ 

able task, especially when several failed pins were detected. To ease the 

task of data analysis, a computer program was written for use on a time-shared 

system with remote teletype terminal. This program listing is given and ex¬ 

plained In Appendix A. The results of a sample run using this program are 

shown In Figure 6. This example also serves to Illustrate several different 

types of previously observed. Intermittent failures. It Is easy to see from 

these eximples why some Intermittents are difficult to detect with ordinary 

room temple rature measurements, or even temperature extreme parameter measure¬ 

ments. 
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1. Current Source - Voltage Comparator - Control Program - and 
Thermocouple Input.

2. Back of Temperature Cycling Chamber.

3. Liquid Nitrogen for Temperature Cycling Chamber.

4. DC Power Supplies for Control Circuits.

5. Data Acquisition and Scanner Control.

6. Crossbar Scanner.

7. Output Data - Paper Tape Punch

Figure 5. Labeled System Photograph/Temperature Chamber
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The computer output may be Interpreted as follows: first, the computer 

asks for any pins which are not to be printed In output table. These pins 

Include known bad pins (such as broken pins), or bad socket contacts, or 

crossbar scanner contact closure problems which are not desired In the output 

table. Next, the computer prints a tabulation of the MTC test characteristics: 

first, the total number of scanner cycles which have been done during the 

single MTC temperature cycle; and next, the total number of failed pins en¬ 

countered during the test, counting the occurrence of each pin once and only 

once. The third printed total applies specifically to the system wiring 

which utilizes only a portion of crossbar scanner contacts and allows an 

Indication 1f any of these points should show up erroneously In the raw data. 

The plot of the MTC output data Is printed next. The heading across the 

top Is of all the failed Integrated circuits, and specific pin numbers read 

vertically with each separate Integrated circuit separated by double dots. 

The heading down the left side of the plot represents the scanner cycle during 

which a failure Is detected. The corresponding chamber temperature (actual 

device temperature) Is also printed for each cycle, and represents the tempera¬ 

ture at the end of that cycle In degrees centigrade. A failure during a cycle 

Is then printed as an asterisk on tho horizontal line representing that cycle 

for each Integrated circuit pin which was detected as an open during that cycle. 

A continuous vertical line of asterisks represents a temperature range during 

which the pin listed at the top of that column was found to be open. A red 

line has been drawn connecting these asterisks to make Interpretation of the 

plot easier. 
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Several types of failures can be seen on the sample given In Figure 6. 

Failure #1 (In this case Pin #11 of IC #19) Is a pin which Is open during 

only the cold temperature extreme of the MTC test. Failure #2 Is a pin which 

Is open only In the maximum temperature extreme. Failure #3 Is a pin which 

opened at the maximum temperature extreme and stayed open during the remainder 

of the test back to room temperature. All of these types of observed failures 

would not have been detected by room temperature measurements. If these de¬ 

vices are of the 0-85°C operating temperature range class, they would not even 

have been detected by operating temperature extreme measurements, and these 

potential failures would get Into equipment. Failure #3 could have caused 

equipment malfunction If It had seen even a short Interval of 150°C storage, 

or perhaps some thermal cycling at lower levels. 

Failure #4 represents still another type of failure; however, we are not 

concerned with this type since It Is a failure at room temperature and Is 

easily detected with any electrical test at room temperature. This pin was 

open at room temperature, and remained open during the entire duration of the 

MTC test. Still another type of thermal problem has been observed where a de¬ 

vice falls for a short range of temperature between the ambient and the ex¬ 

tremes of the MTC test, but Is good both at room temperature and also at the 

extremes. This type of failure would be similar to Failure #5, where a 

particular pin shows up at several random points, and Is usually due to an 

Intermittent sliding type of contact between a bond and the Integrated circuit 

metallization. 

Because of the nature of the test configuration, a minor Inconvenience 
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occurs If the coninon (ground) lead of a device opens. If at any time during 

the MIC test, the common lead should open. It would be Impossible to force 

the required current Into any lead of the Integrated circuit, and all pins 

would appear open. However, the failure would definitely be detected by the 

MIC test since all Integrated circuit pins would print out as failed. Thus, 

when all pins of a particular Integrated circuit print out, It is presumed 

that the common lead Is the cause of failure. 

By the preceding examples. It can be seen how the MTC test Is able to 

detect thermal Intermittent devices, which are failures at other than room 

temperature, without the need of extensive parameter measurements. This test 

Is not able to detect thermal Intermittent malfunctions of the Integrated cir¬ 

cuit chip Itself. At present,however, the majority of thermal failures, 

especially In plastic packaged devices, fall Into the category easily detected 

by this MTC technique. This technique also allows electrical checking of the 

continuity of the metal conductor system of the Integrated circuit over the 

complete storage temperature range of the device (often much greater than the 

operating range of temperature). Many thermal failures, especially In the 

encapsulated Integrated circuits, have been found at temperatures exceeding 

the device operational temperature, although within specified package limita¬ 

tions. These devices are very poor reliability risks, since storage or 

operational temperature cycling could cause eventual failure of the device at 

Its use temperature. Thus, It Is very desirable from a reliability standpoint 

to eliminate these potential failures which would not even be noticeable at 

normal room or temperature extreme measurements. Also, the randomly Inter¬ 

mittent type of failure which only occurs over very narrow temperature ranges. 
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perhaps even within the operating temperature range. Is very difficult to 

detect with any commonly used parameter measurements. This type of failure 

also poses a very serious reliability threat when It gets Into operating 

equipment. 

Almost any of the failures detected by the MTC test could have passed 

any combination of existing stress tests such as thermal shock, temperature 

cycling, mechanical shock, etc., when used In conjunction with conventional 

electrical testing techniques. It Is very Important, therefore, If the true 

value of these environmental tests as they Influence device reliability evalua¬ 

tion Is to be realized, that they be followed by an MTC type of test. This 

MTC testing, while very useful by Itself as an evaluation technique of one 

aspect of Integrated circuit reliability, Is even more beneficial If used In 

connection with the various stress test/parameter measurement techniques 

presently In use. 

3.0 RESULTS OF THE MONITORED THERMAL CYCLE PROGRAM 

The monitored thermal cycle technique for the evaluation of thermal 

Intermittent problems connected with Integrated circuits has resulted In some 

very Interesting data. Since this technique was Implemented as part of a 

plastic encapsulated Integrated circuit reliability program, some Improvement 

has been seen In the ability of the various encapsulated devices to pass this 

test. The MTC test has been used by Itself and as a monitoring technique for 

other stress tests such as thermal shock. Devices passing standard electrical 

parameter measurement, after various stress tests, have quite often exhibited 

opens on the MTC test. 
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Test results have also Indicated that some lots and date codes of a 

manufacturer are better than other lots and date codes of an Identical device, 

thus Indicating poor quality control or possibly a process change. Besides the 

control of the encapsulation process which could cause differences such as 

these, some evidence Is present that lot wire bonding variability has been a 

significant factor Influencing the relative difference In thermal Intermlttency 

failures seen In various lots. The transfer molding process commonly used for 

encapsulating these devices puts a stress on the bond wires and the bond 

Itself, thus requiring even better consistency In bonds than Is required In 

conventional devices. Often, this stress Is not enough to break the bond. 

but upon thermal cycling or shock, a weak bond can easily pull loose and be- 

come Intermittent. 

Large differences have also been seen on devices made by different 

manufacturers using different molding compounds and processes. Detailed In¬ 

formation on these variables at any particular time Is not easy to obtain, 

making any reliability correlation to the specific technique used not possible 

ordinarily. 

Some general types of encapsulated devices have been shown significantly 

more reliable than others under various applied stresses. In some cases, one 

package may hold up well on one type of environmental test and fall on a 

second; a different manufacturer's packaged device may behave In just the 

opposite manner on the two tests. 

One problem associated with encapsulated Integrated circuits occurs when 

moisture penetrates the package, usually along the lead frame, and causes 

corrosion of the metallization which usually starts at the bonding pad2»3. 
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This can also cause the bond to break loose and effect Intermittent contact 

resulting In an unreliable device. Use of the monitored thermal cycle test 

at Intervals In moisture resistance stressing (cycled temperature humidity) 

has detected several failures of this type before they could be located by 

using the conventional electrical parameter measurements. 

The monitored thermal cycle test has also been used In conjunction with 

thermal shock stress tests. When the MTC test was done at various Intervals 

during thermal shock testing, It was commonly found that the MTC test could 

locate a failure that would not be detected by room temperature parameter 

measurements for more than 100 additional cycles of thermal shock. 

3.1 LISTING OF SOME MTC FAILURES 

The evaluation program for plastic encapsulated microcircuits has 

resulted In many failures on the monitored thermal cycle test. Some of these 

failures have seen previous stress and others have failed the first MTC with 

no previous stress history other than shelf storage. Figure 7 Is a partial 

listing of the device failures observed on MTC. Several pertinent Items about 

each device and Its history are listed, and only failures not detectable using 

the routine room temperature parameter measurements are Included. 

Depending on the previous history, several predominant modes of failures 

are commonly observed. MTC failures occurring on a device with no previous 

history are usually opens between the bond and bonding pad because of a poor 

Initial bond. Devices which have seen previous thermal shock stressing usually 

break at the necked down region of the bond or at some spot along the length 

of the wire where damage or usually high stresses may have occurred. 
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MANUFACTURER 
SERIAL $ 
DATE CODE 

PREVIOUS 
STRESS 

DIP PACKAGE 
TYPE 

MTC FAILURE 
INDICATION 

PI 

PI 

P3 

P2 

P2 

Pi* 

PL 

PL 

PI 

P2 

PI 

P2 

P5 

P5 

P5 

P5 

P5 

36/Ö23 

1*0/823 

33/60IQA 

37/833 

II60/&33 

30/681*7 

38/66L7 

1*1/681*7 

11/612 

192/833 

1*0X/81*0 

I2X/809 

I-5/6923 

I-5/6923 

A-14/692 3 

c-20/6923 

A-I2/6923 

200 eye T.S. 
520 eye T.S. 

200 eye T.S. 
52O eye T.S. 

200 eye T.S. 
520 eye T.S. 

44 eye T.S. 

20 eye T.S. 

285 eye T.S. 

285 eye T.S. 

285 eye T.S. 

20 P.C. 

20 eye T.S. 

27OO hrs CTH 

27OO hre CTH 

new ckt 

new ekt 

75 eye T.S. 

45 eye T.S. 

135 eye T.S. 

Phenolic 

Phenolic 

Epoxy 

Silicone 

Silicone 

Silicone 

Silicone 

Silicone 

Phenolic 

Silicone 

Phenolic 

Silicone 

Silicone 
w/bubble 

pin 11: +900^ EOT 

ell: +0^-65^+6 

pin 10: +101^ EOT 

pin 6: +137^+106 

all: +20^-62^+20 

pin 12: +36^+71 

pin ü: +142^E0T 

pin 9: +14#E0T 
pin C: +limoT 

pin 2: +64^+60 

pin 6: +96^ EOT 

pin 6: +137^EOT 

pin 3: +60^E0T 

pin 3: random opene 

pin 11: +12sAkl4o4 
T+120 

pin 9: +47^+15(^47 

pin 9: random opens 

Pin 12: random opens 

T.S. = Thermal shock -65 to +150 
T.S.* = Thermal shock -65 to +100 

CTH = Cycled Temperature Humidity 
P.C. = Power Cycling 
EOT a RM nf Tee*-_ 

Figure 7 Monitored Thermal Cycle Failures 



If a device falls after a history of moisture resistance stress tests, the 

failure mode Is usually corrosion of the metallization at the gold aluminum 

bond region, resulting In an open. A stress history of high temperature, 

steady-state power dissipation usually results In MTC failures attributed to 

bond degradation. In most of these situations, the monitored thermal cycle 

test can detect a failure before normal parameter measurements will Indicate 

that any of the mentioned problems are present. 

3.2 FAILURE ANALYSIS OF SOME TYPICAL MIC FAILURES 

Most of the failures on the MIC test have been analyzed to obtain 

the exact mechanism of the failure where possible. Usually, electrical and 

curve tracer measurements were performed to verify the failure, then the de¬ 

vice was depotted using any one of several techniques, depending on the type 

of encapsulating material. Extreme care was always taken to prevent any dis¬ 

turbance of the leads so that a valid observation of the exact condition of 

the bonds and metallization could be obtained. 

The best decapsulation results were obtained on devices with a resilient 

bubble surrounding the chip. These devices were ground on a belt sender until 

the bubble just started to show, then the bubble was dissolved using either 

J-300 or Uresolve Plus to expose the chip and lead wires surrounding It. 

After analysis of the chip, If the cause of failure Is not found, complete 

decapsulation must be done to expose the lead frame and Its associated bonds. 

The following examples are the results of failure analysis on several devices 

listed In the table given In Figure 7: 
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Failure Analysis No. 1 

Device Type - 709 - Operational Amplifier 

Manufacturer - P5 

Package Type - DIP 

Lead Wire - Au 

Circuit Metallization - A1 

Previous History - New Device - 8 Months Shelf Storage 

This device failed on monitored thermal cycle run after Initial electri¬ 

cal operational test. The circuit exhibited random Intermittent opens on pin 

#3 over the elevated temperature range of the MTC test. After the MTC test, 

the device was again subjected to an operational transfer test and was found 

to be unstable. A curve tracer verification of pin #3 to substrate exhibited 

a very high resistance which jumped randomly to various slopes Instead of the 

normal junction characteristic. This pin, which Is used for the Input compen¬ 

sation, could explain the oscillation observed on electrical testing. 

The device was then carefully depotted, using the procedure outlined 

earlier. Careful visual Inspection of this device revealed no Inmedlately 

obvious problems, except possibly a scratch In the aluminum metallization. 

Micromanipulators were used to verify electrically the continuity between the 

bonding pad and the other side of the scratch. Continuity was also verified 

from the external IC pin and the ball of the ball bond. However, an open was 

seen between the external IC pin and the aluminum bonding pad. 

The bond was carefully pushed aside and the condition of the aluminum 

bonding pad was as shown In Figure 8 at pin #3. It can be seen that this was 

a very poor bond Initially, resulting In the Intermittent characteristic seen 
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as the device was cycled thermally. A bond puller was then used to test the 

bond strengths of the remaining bonds on this circuit, and those of a similar 

device In the same group which also failed. Several of the bonds pulled at less 

than one gram and exhibited the poor alloying characteristic shown previously. 

The adjacent bond at pin #4 In Figure 8 was also a poor bond. Most of the 

good bonds or. the sane device exhibited pull strengths In excess of four grains 

and usually resulted In a wire break rather than a bond pulling off the bond­

ing pad. The bonds that did pull from the pad at the higher pull strength all 

exhibited normal uniform alloying characteristics.

§

I
If s '

t

pin 3 pin 4
Figure 8. Failure Analysis #1 - Open Due to Bad Bond
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Failure Analysis #2 

Device Type - OIL Gate 

Manufacturer - PI 

Package Type - DIP 

Lead Mire - Gold 

Circuit Metallization - Aluminum 

Previous History - 2700 Hours Cycled Temperature/Humidity 

This device had undergone 2700 hours of cycled temperature, humidity, 

and moisture resistance stress testing (MIL-STD-883, Method 1004) before the 

MTC technique was Implemented. The device was run through the monitored thermal 

cycle test during one of the standard electrical test Intervals, and pin #8 

was found to be open from +137#C of the up temperature cycle to +150°C and 

back to room temperature again. At the conclusion of the MTC test, the lead 

was verified open by a curve tracer measurement at room temperature. Decapsula¬ 

tion of the circuit revealed that the cause of the problem was corrosion at the 

bonding pad of pin #8, as shown In Figure 9, which resulted In the eventual 

open. It should be noted that It was not necessary to remove the resilient 

chip coating from this device since It was a clear compound. By grinding the 

package to this transparent bubble and putting a drop of water and a cover 

glass over the bubble. It was possible to see the chip clearly without having 

to risk chip damage by removing the bubble. 

The 2700 hours of moisture resistance had caused considerable corrosion 

of this pin, but had not produced a failure at room temperature on the +65° 

high temperature extreme of the temperature/humidity stress test. When the 

device was subjected to the MTC test, It failed open at +137#C (well above the 
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Figure 9. Failure Analysis #2 
Open at Bond Due to Corrosion
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stress temperature, but easily within the storage temperature rating of the 

device), and did not return to normal, even at room temperature. The MIC test 

had provided an elevated temperature within device ratings which caused the 

failure to make Itself known by accelerating the already existing corrosion 

to such an extent that It open circuited at the recorded temperature. It 1s 

likely that this device would have failed completely after more time on the 

cycled temperature/humidity test after the corrosion had continued under those 

conditions. The MTC test made It possible to detect this potential failure 

before continued corrosion completely destroyed the conduction path. It 

would have been extremely valuable If no further stress testing were planned. 

Failure Analysis 03 

Device Type - DTL Dual 4-1nput NAND Gate 

Manufacturer - P2 

Package Type - DIP 

Lead Wire - Gold 

Circuit Metallization - Aluminum 

Previous History - 2700 Hours Cycled Temperature/Humidity 

This failure is similar to failure #2 and occurred under exactly the same 

conditions. The device failed the MTC test after 2700 hours of temperature/ 

humidity cycling. On this device, pin #3 failed open on the up cycle In 

temperature at +84°C, and remained open to +150°C and back to room temperature 

again. After electrical verification, the device was depotted (on this device, 

completely to the chip) and the result of corrosion Is seen on the pin #3 

bonding pad after the lead had been moved aside (see Figure 10). Again, the 

27 



device had not failed at the +65“C upper limit of the temperature/humidity 

test, but the higher temperature of the MTC test caused eventual and permanent 

failure of this already weak bond. Both of these failures (#2 and #3) show 

the effect of moisture when it penetrates the plastic package, usually along 

the lead frame and lead wire to the chip.

• I ^ . *4 f f 4 J'J’

Yimwirst
i.

M

Figure 10. Failure Analysis #3 - Open at Bond Due to Corrosion



Failure Analysis

Device Type - 709 Operational Amplifier

Manufacturer - P5

Package Type - DIP Silicone

Lead Wire - Gold

Circuit Metallization - Aluminum

Previous History - 135 Cycles Thermal Shock -65 to +150“C 

This device had undergone 135 cycles of the thermal shock, as per MIL- 

STD-883, Method 1011, Test Condition C. The device failed on MTC with pin 

#10 open at the high temperature extreme. Tht device was depotted and the 

bubble removed. Figure 11 shows the result of this failure analysis as an 

open at the necked down region above the ball bond. This represents still 

another common type of failure.

.i«n|

Figure 11. Failure Analysis #4 
Open at Necked Region Due to Thermal Shock Stress
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Failure Analysis #5

Device Type - 709 Operational Amplifier

Manufacturer - P5

Package Type - DIP Silicone

Lea 1 Wire - Gold

Circuit Metallization - Alumimum

Previous History - 210 Cycles Thermal Shock -65 to +150*C 

This device had undergone 210 cycles of thermal shock as per MIL-STD- 

883, Method 1011, Test Condition C. The device failed with pin #9 open In 

the bond wire passing through the bulk of the resilient potting bubble (see 

Figure 12). Note that there Is no slack In this particular lead.

Figure 12. Failure Analysis 15 
Wire Break In Encapsulating Material
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Failure Analysis #6 

Device Type - 709 Operational Amplifier 

Manufacturer - P5 

Package Type - DIP Silicone 

Lead Wire - - Gold 

Circuit Metallization - Aluminum 

Previous History - 135 Cycles Thermal Shock -65 to +I50°C 

This device had undergone 135 cycles of thermal shock as per MIL-STD-883, 

Method 1011, Test Condition C. The device failed with pin #12 intermittent 

over the temperature range of the MTC test. Depotting to the bubble and prob¬ 

ing revealed no opens at the chip. The device was then depotted to expose the 

lead frame where the open at pin #12 was found to be an open at the lead frame 

bond (see Figure 13). Close Inspection of this bond indicated that the failure 

was probably the result of an over-bonded condition existing at the bond. 
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Figure 13. Failure Analysis #6 - Open At Lead Frame Bond



4.0 CONCLUSIONS AND FUTURE WORK 

i The Monitored Thermal Cycle technique has proved to be very valuable for 

detecting thermal Intermittent failures In Integrated circuits. By Itself, 

as an evaluation test to assess the relative susceptibility to thermal Inter- 

mlttents of encapsulated Integrated circuits, or In conjunction with more 

conventional stress and environmental tests, the technique allows Identifica¬ 

tion of otherwise undetectable weak devices. Because of the large variability 

from one package type to another, and even from one lot to another of the 

same device and package type, this technique, when used as a qualification 

test, can provide very useful Information to aid In obtaining the reliable 

devices. The present Implementation of the MTC test utilizes only a single 

upper threshold. An extension of the technique to provide a variable upper 

and lower threshold limit, which would be automatically selected depending on 

the IC pin being checked, could yield even more sensitivity to device changes 

and Is being considered. Also, a broad program has been Initiated for the 

evaluation of encapsulated linear Integrated circuits, which will make exten¬ 

sive use of the MTC test and should provide more data as to the effectiveness 

of this technique. 
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APPENDIX A 

COMPUTER ANALYSIS OF MIC DATA 

This section describes the detailed Implementation of a computer program 

for analysis of the data obtained during Monitored Thermal Cycle testing. The 

program Is written In Fortran and has been designed to be run on a GE 645 Time 

Sharing system. There are two main sections which will be covered separately: 

first, the format and entry of data; second, the actual computer program. 

1. DATA FORMAT AND ENTRY INTO COMPUTER 

The data obtained, representing the results of the monitored thermal cycle 

testing, contain Information Indicating the temperature at which a specified 

Integrated pin Is a failure. The technique used to detect open pins Is de¬ 

scribed In Section 2 of this report. As the devices cycle over the complete 

temperature range during a period of about S.E hours, each pin Is checked for 

continuity at about 5*C Intervals. When an c?en Is detected, the data acquisi¬ 

tion equipment punches on a paper tape, the scanner position (representing the 

IC and pin number) at which the open has been detected, and the temperature 

(millivolts thermocouple output), followed by the line-ending characters of 

carriage return, line feed, rub-out, rub-out. 

Sample data to Illustrate the format used Is shown In Figure Al. The 

first three characters on each line represent the scanner position at which 

a failure Is detected. This corresponds to the IC and pin number of a detected 

failure. The space Is then followed by four digits which represent the 

temperature of failure as the thermocouple output In millivolts followed by a 

fifth digit which represents the thermocouple polarity, with one as positive 

and two as negative. The nonprinting line-ending characters mentioned before 
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tRELEASE MTCDATA 

2\ 
SgôDï g. LfiMTSfl «TSPflTfl 

»5 99 
315 
599 
315 
599 

30101 
00051 
00052 
00082 
00142 

315 00172 
599 00272 
315 00332 
599 00452 
315 00512 
599 00652 
315 00712 
599 00852 
206 00862 
315 00912 
599 01072 
206 01682 
315 01132 
599 0128? 

599 31041 
315 00981 
432 00901 
599 00811 
315 00751 
432 00681 
599 03581 
315 00511 
432 00411 
599 00321 
315 00251 
432 03131 

fi 599 00081 
nui 

y^tSAVE MTCUft-r^ 

SAMPLE OF DATA INPUT 

Figure AI 



complete each line. After the continuity of each Integrated circuit pin has 

been checked once (about 5°C temperature change), a code Is punched out to 

Indicate the end of a complete scanner cycle. This code Is 599 with the 

corresponding chamber (Integrated circuit) temperature. 

After the temperature cycling has been completed (about 3.5 hours), the 

data tape Is then fed Into the time-shared computer data file via a standard 

teletype terminal. 

Referring to Figure Al, the sequence of operations for data entry after 

connection has been made to the computer Is as follows: the solid underlined 

lines represent manually entered user responses; the dashed lines represent 

computer replies; the remainder of the material Is entry from the perforated 

data tape. First, the old data file (MTC DATA) Is removed (Step #1) and the 

computer replies ready (Step #2). Then the tape reader Is prepared for entry 

(Step #3) and the computer replies ready (Step #4). The paper tape Is then 

started (Step #5). When the tape Is completely read, a line Is manually 

entered so that the analysis program can easily recognize the end of the 

data (Step #6); then the file Is saved (Step #7). 

Only a small number of scanner cycles are shown (Indicated by consecutive 

599's). Typically, there would be about 100 scanner cycles required for a 

complete MTC run. 

2. DATA ANALYSIS PROGRAM 

After the data have been entered Into a data file and saved as just outlined, 

the computer program shown In Figure A2 Is then called to plot the Integrated 

circuit pin opens as a function of temperature. The results of this program 
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are shown In Figure 6 In the main part of the report. 

The program Is designed to piot the failed Integrated circuit pin numbers 

as a function of temperature, with the specific crossbar scanner-to-temperature 

chamber wiring used In obtaining the Input data. The crossbar scanner scans 

600 points, of which only 280 are wired to sockets. The rest are wired to the 

temperature chamber common, as only 20 sockets are being used. Any other 

Input scheme would require slight modifications to the program to convert 

from crossbar scanner number to the representative Integrated circuit pin 

number. 
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«Ml 

NOT reproducible 

VtJlTI 4SCII 4(3) 
aQMC) FILÇV^'IS -ITCD^r^ 

CD^vm A(333) 
33343 (3 3MM3>I 3( 3) 
3Í33S.3 DIISVSI')^ C(14)»S(14) 
3'33<S3 K(53i3) 
34*71 DIMEM5I0V 1-340(13) 
333-33 C( 1 )^23)0(2)-53 30(3)^310(4)-123)0(5)-153 
-33393 0(6)-1 33 30(7)-223 )0(2) = 2 53 )0(9)-323 )0( 13)-353 
33133 0(11)-42330(13)-45330(13)=523)0(14)=553 
33113 5(1)*1!E(2)-73E(1)>13)E(4)-33E(5)-23S(6)-143E(7)«3 
33123 S(2)-9)E(9)-435(13)-13)S(11)-5 35(12)-1 1 35( 13)-6)3( 14)=12 
33133 PrtIVT» •• •• 
33143 PHIVT) " " 
-30153 P.^l'VT! " •• 
3-3163 CALL 04TS#riM( Q»Z) 
33173 P2IVT 2,Q,Z 

30133 2 53.2241 (" M)>JIT3.3SD T2E.2M4L CrCLS ftJV )F",H #244,57.a." *• > 
33193 PSIMTt " .. 
33233 P2IMT I " " 
33213 P2I2T» *• '• 

33220 P.2I MT «" 4My 440 SCAM'JE^ P)1MTS T) 4E DELETED 5.2)3 J'JTPUT T44L“" 
33234 Piim»” TTPE 999 IF MIME )2 V) 0)25- 
33243 D) 12 13-1,13 
33253 (ÍE40 14,1041)(1)) 
3-326 3 14 5).2041 (ID 
3-3273 IF ( 1440( 13)-999)12, 1),12 
3320 1 12 CmiVJE 
33293 13 14»14-1 
33333 -<»3 
30313 0150=3 
•33323 LI0=3 
33))3 04=3 
33)43 0) )9 1-1,2333 

3-335 3 IÍE4D ( "0TC D4T4", 23 ) 05040,0D4T4, 0P )L 
33)63 33 
33373 D) 
00380 IF 
03)93 21 
33433 IF 
33414 22 
33423 16 
00433 G) 
03443 17 
30453 G ) 
3.3460 2) 
-3 347 3 18 
33403 G) 
33493 19 
3353.1 G) 

F ).4041 (13,15,11) 
21 10-1,14 
(03040-1440( ID))21. )9,21 
OMTIMtJS 
(0P)L-2>32,23,24 
IF(0D4T4-213)16,17,17 
0TE0P=33+(0O4T4)*(53./)13.) 
T) 15 
0TE0P-00-K 00414-313)+(83./393.> 
T) 15 
IF (00414-133)18,10,19 
0TE0P=( 1 31-0O4T4)+(33./1)0. ) 
T) 15 
0TE0P*-33+( 403-0D4T4) *('0-3. /273. ) 
T) 15 
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NOT REPRODUCIBLE 

13513 34 P-ÎIMTi '* D3T3 FJ'JCTl)') MIT ♦ -'* 
) 35¾3 3 TSYr3 a ) J ) 
33533 G3 n 15 

335-43 15 IF ( 3 SC4M-5-J-Í ) 3 5i 3 3,43 
33553 35 03 36 0=1*35 
33563 IF ( 3SC3M-0 ( .3) ) 37 # 36* 36 
33573 36 C )MTIMJE 
'33533 37 IF ( 350A'» . . J)+3 1 )3 3, 3 >» 33 
33593 39 31 SOM I SC *i 
3 3633 G J T) 19 
33613 33 3=3+1 
3 3633 1( 3»1)«MSCAM-Ct J)+31 
33613 1( 3, 3) = 5(.1) 
33643 01 11 3=1,53 
33653 IF (K 3*1)-F(3. 1 ))13,14,13 
33663 14 IF (K 3»3)-F( 3»3>>13,19,13 
33673 33 IF (M-M4)11,13,13 
3 3633 11 CIMTIMJE 
33693 13 34=31+1 
33733 F( 34, 1 )»K 3, 1 ) 
3371 3 F( 34,3 >= H 3,3) 
33733 DT) 19 
3 37J3 35 3=3+1 
33743 L13=L13 + 1 
33753 .4( LI 3 ) = 3 
3 3763 -3( 3, 1 ) = 599 
3 3773 K 3, 4 ) = 3 r.E3.J 
3373(3 ,19 CmiMOE 
33793 43 LI3=LI3-1 
33 3 33 3‘1= 1 
33313 IF (Ml-1•)233,53,41 
3 3833 41 MC**31 ♦ 1 
3 3813 0) 49 M= MC,MA 

33843 IF (F(M1,1)-F(M, 1 ))49, 41,43 
33853 41 IF (F(MA,1)-F(M,3))49,44,4¾ 

33863 44 PAIMTl" T8SHE IS 31.ÎE T84M IME IF EAC8 * IM FAILED DEVICE LIST- 
33873 4¾ FA»F(MA,I ) L 
3 3883 F')=F(M‘l,í>) 
33893 F(M‘l» 1 ) = F( M, 1 ) 
33933 F(M'l,q) = F(M,q) 
33913 F(M,1) = FA 
33933 F(M,3)»F1 
33913 49 CmiM'JE 
33943 Mi3=M-3 + l 
33953 IF (MD-MA )41,53,53 
33963 53 D) 59 L3»1,LIM 

33973 IF (A(L9)-A(LD + 1 )+3)51,51,59 
33983 51 LC=4(L3)+1 
33993 L0=4(LD + 1)- 1 
01330 54 LE=LC+l 
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REPRODUCIBLE 

JIM J 
j i jrJ 
'31033 
3134 3 
31.353 
3 1 353 
J 1 373 
31 H1 
3 1393 
3113 3 
3 1113 
3 1133 
3 1 MJ 
31143 
31153 
31153 
3 1173 
3 1153 
3 1193 
3 1 333 
3 131 3 
3 1333 
31333 
31343 
31353 
31353 
31373 
31353 
31393 
31333 
31313 
31333 
31333 
31343 
31353 
31353 
3 1373 
01353 
31393 
31433 
01413 
3 1 420 
01433 
31443 
0 1 453 
01463 
01473 
01453 
31493 
01533 

NOT 

03 55 Lr”LS»LO 
I F ( 3<LC» n-3CLF» 1 > >55.55*57 
55 ! K (3(LC.3>-'3<LF.3>M5.56.57 
56 fMIMÎ:" LIST -9- D4TA F4'JLT--TW1 'J'JJOSRS IM 4 CíCLí 455 I02MTIC3L" 
57 94=3(LC.1 ) 
39 = 3( LC.3) 
9 ( LC.1) = 9(LF.1> 
9( LC,9)*3(LF.9 > 
9(LF.1>* 14 
9 ( L F . 9 ) ■ 14 
55 C 3MTI MUE 
LC=LC+1 
IF < LC-LO>54.54.59 
59 CmiMJE 
P.31 MT: " * 1F CfCL23 = ". LIM 
PSIMT« " * IF FAILED PIMS = ".,14 
PSIM T : " * DF TESMS MIT IM SC4M S4MG£=".51 SC 
PSIMT 63 
63 FDS54T ("-IC -"> 
DD 69 J= 1.54 
T»F(J-1>/13. 
PRIMT 64.IMT(T > 
64 FUMAT <"»••» 11 > 
J4=Jfl 
IF (F( J. 1 )-F(J4. 1 > >65.69.65 
65 PSIMT 66 
66 FDSM4T 
69 CDMTIMJE 
PRIMT 73 
73 FDSM4T ( " MJ^DES -"> 
DD 7 9 J» l , M4 
JY=F( J.l > 
PRIMT 74. JT 
74 F DSM4T ("i". I 1 > 
J4=J+l 
IF (F< J. I >-F(J4. 1) >75.79.75 
75 PRIMT 76 
76 FDRM4T (''♦«•'> 
79 CDMTIMJE 
DD 59 ja«i,a 
PRIMT 80 
89 FDRM4T (" • -"> 
DD 88 J-1.M4 
PRIMT 54 
54 FDRM4T C’I ") 
JA= J+l 
IF (F(J.1>-F( JA. 1>>85.88.85 
85 PRIMT 86 
86 FDRMAT ("tl*') 
88 CDMTIMJE 
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a IS l* “N C D\JT l sf/E 
a 15¾¾ PrîIVT 03 
3 1513 Ï3 F IRMA T ("PIM 
31543 DO 99 J»1,M4 
01553 r»F(J#3)/13. 
?> 1 55 ^ P U MT 94, IMT( Y) 
3 1573 94 F9.5M4T ("ï". Il ) 
3 155 3 <)4»J+1 
31593 IF (F(J,1)-F<J4,1))95,99,95 
3 1533 95 P IIMT 95 
31510 95 FI.-mT ("tt") 
3 1 5¾3 9 9 COMTIM'JE 
3 1530 P.íIMT 73 
31543 DO 139 J»l,M4 
31553 JY»F(0,¾) 
31553 PiîIMT 104, JY 
3 1573 134 F03M4T ("4", II) 
01553 J4»J+1 
31693 IF <F(J,1)-FCJ4,1))135,139,135 
31700 105 P5IMT 106 
31713 136 FOiîMAT ("4i") 
31733 139 C0MT1M0E 
31733 PR1MT 113 
01743 113 FORMAT ( "...-.-* 
31753 PRIMT 118 
31760 118 F9RMAT (" CYC TSMP-") 
31^73 PRIMT 114 
31733 114 FÎRMAT (" -") 
31793 DO 153 L«1,LI>1 
31303 L4«9<4CL«-1 ),8) 
31310 PRIMT 116,L,LA 
31833 116*FIRMAT <1X13,15," C-") 
01833 L0«A(L)♦1 
31843 LOAtL + l )-l 
3 1850 DO 143 LD*.l ,MA 
01863 IF (A9S(F(LD,I)- 3(L0,1))+435(F( LD, 2)-3(L8»3)>)141,143,141 
01870 141 PRIMT 148 
31883 143 F9RM4T ("4 ") 
31890 GO TO 148 
31903 143 PRIMT 149 
31910 149 F)RMAT ("4*") 
01920 L9»L9j1 
31933 148 LE-LD+1 
0194^ IF (F(LD,1)-F(LE,1))144,143,144 
31950 144 PRIMT 145 
01960 145 FORMAT <"4t") 
01970 140 COMTIMJE 
019.10 150 COMTIM'JE 
01990 STOP 
03300 830 PRIMTt " MO FAI LORES--MLJM8ER OF CYCLES -",LIM 
08010 EMD 

41 



The program consists of several basic sections, as listed In the follow 

Ing description referring to Figure A2. 

a. Unes 00010 - 00070 

b. Lines 00080 - 00120 

c. Lines 00130 - 00210 

d. Lines 00220 - 00280 

e. Lines 00300 - 00330 

f. Lines 00340 - 00360 

g. Lines 00370 - 00390 

h. Lines 00400 - 00340 

1. Lines 00550 - 00600 

j. Lines 00610 - 00630 

k. Lines 00640 - 00720 

l. Lines 00730 - 00770 

m. Lines 00780 - 00950 

n. Lines 00960 - 01140 

o. Lines 01150 - 01170 

Initial file designations. 

Constants used for conversion from cross¬ 
bar scanner number to Integrated circuit 
pin number In Section 1. 

Prints date and time on output table. 

Allows entry of known bad scanner prints 
or broken IC pins to minimize stored data. 

Sets Initial condition. 

Reads In data from data file "MTC DATA." 

Checks to see If data number Is to be 
deleted as entered In Section d. 

Calculates temperature In °C from thermo¬ 
couple, using linear approximation for 
each data line Inputed. 

Calculates value of j from which each IC 
number and pin number Is obtained using 
constants In Section b. 

Fills list B with failed IC number as 
B(K,1) and pin number as B(K,2) for each 
scanner cycle. 

Fills list F such that It contains one 
each of any failed IC pin number which 
occurs throughout the temperature cycling. 

Fills 11st 8 with a 599 and the temperature 
at the end of each scanner cycle. 

Orders list F In ascending order of IC 
number and pin number. 

Orders each scanner cycle In list B In 
ascending order of IC number, then pin 
number. 

Prints tabulation of shown quantities. 

42 



p. Lines 01180 - 01780 

q. Lines 01790 - 01820 

r. Lines 01830 - 01990 

s. Line 02000 

Prints heading for output plot allowing 
a column for all failures encountered 
during the entire test. 

Prints each line heading of the scanner 
cycle and temperature at the end of 
that cycle. 

Steps across each line representing a 
temperature cycle and compares failed 
list F to the particular cycle In list 
B to determine If a failure Is present 
during that cycle and prints an asterisk 
If a failed pin Is present or a space 
If a given pin Is good. 

Prints If no failures are detected In 
list F. 

t. Line 02010 End statement. 

As mentioned before, this program will result In meaningful output only 

for this one specific data acquisition system. Basically, the only changes 

which must be made In the program. If It Is to be used with another system, 

would be to modify the conversion from scanner number to Integrated circuit 

pin number and possibly the data read format. The specific data acquisition 

output format would dictate the exact program requirements, but the bas*c 

techniques used to obtain the plot of integrated circuit pin numbers, as a 

function of temperature, can be utilized as outlined for any similar system. 
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APPENDIX B 

PROPOSED TEST METHOD FOR MONITORED THERMAL CYCLE 

1. PURPOSE 

The purpose of this method Is to provide for the Implementation of the 

monitored thermal cycle technique as a high reliability screening and qualifi¬ 

cation procedure. This procedure Is applicable to all bipolar digital and 

linear Integrated circuits. Exceptions are made for dielectric isolation and 

MOS devices which must be considered on an Individual basis In the applicable 

procurement document. It Is recommended that this test be done on a 100 per¬ 

cent basis for all encapsulated devices which must meet the most stringent 

reliability requirements, and on a lot sampling basis for all normal high 

reliability encapsulated devices. The monitored thermal cycle (MTC) test 

should follow any other high stress nondestructive screen tests. 

2. APPARATUS/METHOD REQUIREMENTS 

The following paragraphs outline a suggested equipment configuration. 

Any alternate configuration which will perform to the required specification 

Is acceptable. Paragraph numbers refer to the Interconnection block diagram 

In Figure Bl. 

(1) Temperature Chamber; Capable of programmed temperature cycling over 

Çhe temperature range from room temperature to -65°C, then up to +150°C and 

back to room temperature again, at a rate not to exceed 3°C/m1n. This slow 

rate Is required to minimize the possibility of damage by thermal shock effects. 

The temperature should be monitored by a low mass thermocouple mounted In con¬ 

tact with one of the Integrated circuits being tested. 
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LEGEND 

OUTPUT DATA 

J 

Figure Bl. Equipment Diagram 
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Test Sockets: Test sockets should be mounted In the temperature 

chamber with the maximum number of sockets determined by the chamber, scanner, 

or test capacity. The sockets should be of the type to allow easy connection 

of a plug-in jumper to any pin to establish a common connection to the sub¬ 

strate pin of each device. 

(3) Scanner Equipment; Scanner equipment must automatically scan all 

Integrated circuit pins and provide connection to a constant current source. 

Each pin shall be checked at temperature Increments of no more than 5°C. The 

scanner may be of any form which will accomplish the sequential connection to 

each successive Integrated circuit pin In the test chamber. Including crossbar 

scanners, all electronic scanners, reed relay scanners, etc. 

(4) Constant Current Source and Voltage Comparator: A constant current 

source and voltage comparator shall be used to determine whether continuity 

exists. The constant current source of 0.1 mllllampere or less Is connected 

through the scanner to the integrated circuit pin with current flow in such a 

direction as to forward bias the substrate junction. The voltage developed 

across the device will be monitored with a voltage comparator. This voltage 

comparator, with a preset threshold, will then determine If continuity Is 

established at each pin, direct the system to check the next pin or punch out 

a failure, and then check the next pin. 

The voltage comparator should be set with a threshold typically 1.0 

volt higher than the maximum voltage expected to be developed across a good 

Integrated circuit at the specified current level. This value Is best 

established by a curve tracer check of several good circuits, or may be 

obtained through a complete device circuit analysis. Any time a voltage exceeds 
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this threshold, a failure (open pin) signal is sent to the data acquisition 

system to punch out the scanner location and integrated circuit temperature. 

The constant current source should be disabled (shorted) during scanner con¬ 

tact transfer from one integrated circuit pin to the next. The constant 

current source should also have a voltage limit set at less than 5 volts above 

the comparator threshold limit. 

(5) Data Acquisition System: The data acquisition system will punch 

data on paper tape upon receipt of a command from the comparator that a 

failure is present. The data shall include the scanner location of the 

failure, the temperature of the integrated circuit, and a symbol to indicate 

the end of each complete scanner cycle, as well as the temperature at the end 

of each cycle. The data will be in a format consistent with any computer data 

analysis program used. As an alternative, the entire MTC test may be under 

computer control, and the required data fed directly into the computer memory. 

(6) Computer Data Analysis Program: A computer data analysis program 

shall be used to enable easy Interpretation of the data obtained. Data may be 

plotted for the failed pins as a function of temperature or printed as a 

numerical range of temperature over which any pins are failures. 

3. PROCEDURE 

The devices will be placed in a temperature chamber, tr.en cycled form room 

temperature to -65°C +5*C then to +150°C +5°C and back to room temperature 

again, at a rate not to exceed 3°C/m1n. During this temperature cycling, the 

continuity of each IC lead, with respect to the Integrated circuit forward 

biased substrate junction, will be checked at least once during each 5°C change 

in temperature. The continuity checking circuit shall limit the test current 
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-4 
to 10 amperes and the applied voltage to five volts greater than the maximum 

required to check any pin on a good device of that type. The continuity 

checking circuit shall be disabled during transfer from one lead to the next. 

At the conclusion of the cycling, the test data shall be analyzed for any 

Intermittent leads occurring over a temperature range. Manual verification of 

a failure may be done If necessary. 

4. SUMMARY 

The following details shall be specified In the applicable procurement 

document: 

a. Temperature cycling characteristics If other than In Section 2, 

para (1). 

b. Test current If other than 10’4 amperes In Section 2, Para (4). 

c. Threshold voltage for rejection In Section 2, Para (4). 

d. Parameter measurements to be performed after test. 

e. Criteria for lot acceptance or rejection. 
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