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ABSTRACT

Engineering Samples and Reliability Tests

The second group of twelve engineering samples was shipped to the

Signal Corps on August 15, 1962. Step-stress tests were performed on a

corresponding lot of 24 units. The majority of failures were not attributable

to failure mechanisms which occur at any of the reliability test or operating

conditions.

A matrix test was performed on factory units, each cell representing

various combinations of power and ambient temperature. Units in each cell

were tested for 1,000 hours. Known device failures occurred in those cells

representing the maximum stress conditions. The acceleration factors as

indicated by the test were within the control limits.

One thousand hour life and mechanical and environmental tests are being

run weekly. On the basis of limited results, no failures have occurred except

among those units subjected to 300 mw. Steps are being taken to eliminate

these failures.

Stem Development

Stem development is proceeding in two directions. Considerable

engineering effort is being devoted to solving production problems which

have arisen in the manufacture of the ceramic stem. In addition, a TO-46

stem of the stamped design with a Kovar to glass seal has been established

which will meet reliability requiremcni.s.

Device Processing

Further modifications and improvements have been made in the pilot

line which has been established to manufacture high reliability units.

ix



Effort is continuing in tho preparation of revised standards.

Striations believed due to micro impurity segregations have been

observed in the surface of substrate wafers. These striations result in

an undesirable surface after the epitaxial deposition process. Tests are

being performed to improve the surface of substrate wafers.

Process improvements have been introduced into the epitaxial deposition

operation. Improved methods of process control have been established.

Studies have been made of oxide growth as a function of temperature, time

and atmosphere. Studies have also been made of the oxide thickness necessary

to prevent phosphorus diffusing into the silicon under various conditions.

An evaluation of methods of removing photo-resist after the phloto-

resist operation has been undertaken. Studies of the purity of liqu-d

material used in photo resist have indicated the benefits of

filteration.

Methods of reducing surface contamination during wafer processinl;

have been studied. It has been found that certain high molecular weight

alkyl-or aryl-substituted polymeric ethylene glycol derivatives may be

substituted for waxes used in lapping, polishing, and scribing wafers. In

addition, an acidic hydrogen peroxide solution is being used in cleaning

substrates. This has demonstrated more complete removal of metallic

trace impurities. Further, container purity has to be studied and those

with less impurities have been designated for particular uses, as

appropriate.

A detailed study was made of one aspect of the phosphorus diffusion

process, i.e., the P205 carrier gas system. The effect of source depletion,

source temperature, carrier gas and carrier gas flow rate was determined.

It has been established in the laboratory that a fresh P 0- source should
2
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be used for each run and the optintan source temperature is 220 0C - 50C. The

present nitrogen carrier gas system and flow rates are satisfactory.

The formation of contacts by the evaporation of gold and gold alloy has

been evaluated to eliminate the formation of "purple plague'. Initial samples

are encouraging and further testing will be performed.

An improvement in the mounting technique has been achieved by evaporation

of gold on the back of the pellet to improve wetting. Studies are being made

of temperature profiles on the K and S Mounter. Studies are also being made

of continuous furnace mounting.

Tests are being run on bonding wires of various compositions other Lhan

the present gold to inhibit formation of "purple plague". None of the ,.

wires have been successfully bonded using present processing technique.-

Gold plated Kovar shells have been found to produce the most consistent

seal and welding conditions have been found less critical when this material

is used. The shells will be marked with an indelible individual code to

assure identification through all procezsing anl testing jubsequent to

sealing.

x



I. PURPOSE

The objective of this contract is to improve the reliability of the RCA 2N1708

epitaxial, planar, silicon switching transistor. The failure rate goal, at a 90

percent confidence level, is 0.0011 percent per thousand hours at a junction

temperature of 500C.

To attain this objective, design and process improvements will be evaluIted

and put into effect. A system of process controls will be established.

Various reliability tests will be performed. These will include step stress

tests, matrix tests, temperature aa, --. jower aging tests, and life and mechanical

and environmental tests.

A 9 to 12 month development period followed by a 6-month production phase

will be undertaken. During this latter period, life testing will be employed to

establish the actual failure rate of the improved 2N1708.



II. DELIVERY OF ENGINEERING SAMPLES

State-of-the-art saraplez were shipped to the U.S. Army Supply Agency

as shown below:

Number Date of Shipment

12 1 June 1962

12 15 August 1962

The electrical characteristics of the 12 samples shipped 15 August 1962

are shown in Table I. The electrical characteristics of the 12 samples

shipped 1 June 1.962 were provided in Quarterly Report No. 1. The 2N1708

Electrical Specifi&7;ions ro -,how, in Thbie Ii.

2
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TABLE II

2N1708 ELECTRICAL SPECIFICATIONS

Tj. VCBO VCEO VEB0 Ic Pd (TA=250C)

-65 0C to 1750C 25v (max) 12v (max) 3v (max.) 200ma (max.) 3 watts (max.)

Characteristics Limits

T'A = 25C+ I Conditions Min. Max. Units

ICBO VCB=ISv, I ' 0 0.025 pa

ICBO VCB=I5v, I ' 0, TA = 150-C 15.0 pa

IlCE X  VCEI, VBE = .025v, TA = I0°0C 15.0 4a

BVCB 0  I C = 1001a 25.0 v

BVEBO 1E - 100a 3.0 v

BVCEO IC = 1ma 12.0 v

VBE(Sat.) IC = 10ma, ' IB lma 0.7 0.9 v

VCE(Sat.) IC - 10ma, I B =ma 0.22 v

VCE(Sat.) I C - 50ma, B = 5ma 0.35 v

Cob VCB lOv, i o, f l4Okc 6.0

hFE IC 1a, VCE = lv 20.0

hfe IC = 10ma, VCE = iOv, f - 100mc 2.0

t s  I Bl'B2-lm 25.0 n sec.
R C = 110OC, VCE = lOv

IC - 1Oma, IB = 3ma, IB2 ' Imat k0.0 n sec.
onVCC = 3v, RC - 270i

Soff ~ I C = ioma, I - 3ma, IB2 - ima750nsetoff  B~n~a '275.0 n sec.

VCC , 270a

+Unless otherwise specified

4



III. STEM DEVELOPMENT (G. Granger)

A. Ceramic Stem

As stated in the First Quarterly Report, an order was placed for

5,000 ceramic stems. When the supplier increased production to satisfy

the requirements of this order, production problems developed. Consider-

able engineering effort is being devoted to solving these problems because

of the many advantages of a stem of this design as discussed in the

previous report.

B. Glass to Metal Stem

Because of the production problems associated with the ceramic stem

immediate steps were taken to establish a specification for a suitable

glass to metal stem which will meet the reliability requirements of the

contract. The stem which has been ordered for this program is a TO-46

stem of the stamped design with a Kovar to glass seal. The specification

includes the use of clear glass and a bubble criteria to eliminate any

inherent weakness in the seal.



IV. DEVICE PROCESSING

A. Introduction (P. Grenier)

The pilot line has been changed from that previously reported, as

shown in Figures (.) and (2). The following is a summary of these changes.

1) The crystal growing and substrate preparation sections have been

omitted. The important technical requirements for these sections

have been included in the parts standard for Polished Substrates ().

2) Many process control and quality audit steps have been added.

3) The assembly and testing sections, beginning with Mounting (58) have

been expanded.

A major effort is in progress to prepare standards for each step shown on

the flow chart. The present standards are being reviewed, expanded and improved

commensurate with high reliability. Particular effort is being expended as

follows:

1) Materials standards for all chemicals, gases, etc. consumed in the

manufacture of the transistor.

2) Inspection criteria for wafers-both visual and electrical

B. Crystal Substrate Growth (R. Czorny, P. Grenier)

The techniques for growing silicon crystal and preparing substrates for

silicon planar epitaxial transistors are considered satisfactory for production

of a high reliability 2N1708. The specifications for procurement have been

expanded and improved and visual limit samples for substrates established.

One difficulty that has been investigated is the appearance of striations

on the surface of substrates. These striations are believed to be due to micro

impurity segregations (I). This is objectionable because it affects pattern

definition in the photo resist process.

The crystal is grown by the vertical Czachrolski method. Changes in

(1) Meltzer G "Minute Resistivity Variations in Germanium Crystals and Their Effect on
Device", J. Elec. Chem. Soc. 109 No. 10 - Oct. 1962, Pg.47.

6
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crystal growth conditions, particularly in reducing cup and seed rotation

rates, have improved this condition.

An alternate approach being investigated is the use of mechanically

polished wafers followed by a light etch to remove the work damaged surface.

Preliminary results indicate excellent surfaces.

C. Epitaxial Layer Preparation (U. Roundtree, P. Grenier)

Various processing improvements have been introduced to improve reliability

of the device as described below. The revised standard for the process is

being prepared together with procedures for process control.

Epitaxial layers with controlled thickness and resistivity have been

grown using the hydrogen reduction of silicon tetrachloride doped to the

required level with phosphorus pentachloride. To achieve the best possible

ccntrol, it was necessary to hold conztant several of the critical variables:

deposition temperatures, growth rate, and hydrogen flow rates. For the ranges

of interest, i.e., layer thickness of 0.4 - 0.55 mil and layer resistivity

of 0.4 - 0.7 n-cm, these variables were optimized. For this relatively wide

resistivity range, it was felt that solution doping (n in Sic1 would

be adequate.

The resistivity of the epitaxial layers was determined from a four point

sheet resistance measurement times layer thickness on opposite conductivity

control samples (P-type). This method of determining resistivity is in

agreement with capacitance voltage measqrements made on N on N wafers.

The thickness of the epitaxial layer is measured on N+ control samples

by an infrared spectro photometer. This method is a non-destructive test

and is made on a sample rather than on the wafer itself to reduce the

possibility of contamination of the wafer surface through handling.

D. Oxide Growth and Surface Passivation (W. Greig, L. Porante, A. Miller)

Standards for the oxidation operation are being revised, as necessary,

9



. A. -ure high reliability. Studies in this area have been undertaken as

described below:

1. Growth rate of SiO2 on Si as a function of temperature, time and

Growth rates have been determined for a temperature range of 900C -

13000C oxidation times have been varied from 15 minutes to 16

hours. Oxidizing ambients investigated were dry oxygen and steam.

For the case of steam oxidations a carrier gas was used which passed

through the steam generator. The results obtained are shown in

Figure (3) and Figure (4).

It can be seen from comparison of the figures that the rate of

oxide growth is more dependent on atmosphere than on temperature.

Steam oxidation is employed on the 2N1708 because of the higher

growth rate. Further growth rate as a function of the oxidation

time follows a parabolic law.

To obtain oxide thickness under the various conditions, the

following procedure is used: A portion of the oxidized wafer is

masked by coating it with apiezon wax. The partially masked wafer

is then etched in a dilute solution of HF to remove the Sio 2 frcm

the unmasked areas. Upon removal of the wax, a well defined

"step" is evident between the oxide and the bare silicon surface.

Measurements of the height of the "step", which represen:, tile

thickness of the oxide, are made using an interference micro-

scope. For accuracy of this measurement it is necessary to . '.,u

an opaque surface. This is accomplished by evaporating a u:i":,.

layer of Au (or Al) over the whole wafer.

10
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2. Oxide masking against phosphorus diffusion

The masking capabilities of SiO2 during phosphorus diffusion

were studied. The results are shown in Figure (5) were mask failure

time is plotted versus oxide thickness.

From these data the oxide thickness can be optimized according

to the time of phosphorus diffusion under the conditions employed

for the 2N1708. For example, with the present base oxide thickness
0

of 8,ooo A, it can be seen that oxide mask failure will occur after

33 minutes of phosphorus diffusion time. This is considerably in

excess of the present times utilized for emitter diffusion.

The determination of masking capability was made as follows:

Using a P205 open tube carrier gas system under conditions simulating

those of the phosphorus emitter diffusion, wafers having oxides of

various thicknesses were subjected to the P205 vapors at a temp-

erature of 11000C. Penetration of the phosphorus diffusion through

the SiO2 was determined by removing the oxide and thermal probing

the surface to determine conductivity type. Since the wafers were

p-type conductivity, presence of an n-type layer on the surface

following diffusion was indicative of SiO 2 mask failure. This

procedure was repeated in order to obtain a relationship between

the oxide thickness and mask failure time, i.e., the time of which

phosphorus will have diffused through a given oxide thickness.

E. Photo-Resist and Etching Technique (J. Emanuel, W. Kern)

Detailed standards have been prepared for the photo-resist and etching

techniques. The present process is satisfactory for production of high

reliability transistors. However, work is proceeding in two major areas

to further insure reliability. These are: improved method of removing

13
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photo-resist; improved process controls and inspection criteria.

The present methods of removing polymerized photo-resist films include

spray-cleaning with methylene chloride and combustion. These techniques

may have certain detrimental effects. Because of the pressures required,

spray-cleaning may cause the Si0 surface to be torn and pitted. Also,
.2

combustion removes the bulk of the organic material but leaves an ash

which contains metallic impurities which are fairly certain to contribute

to electrical degradation.

Many organic chemicals have been tested as removal agents for photo-

resist films. A group of organic nitrogen compounds show the strongest

attack. Listed in order of their effectiveness they are hexahydropyridine,

phenylhydrazine, aminobenzene and n-methylacetamide. Tests are being run

in order to determine the effect, if any, these compounds have on the electrical

characteristics of the device.

Photo-resist can be completely removed by immersion in a sulfuric acid-

hydrogen peroxide solution or in a sulphuric acid-potassium bi-chrom-te

solution. Both of these solutions result in quick and certain remir" ..

Tests are now in progress to determine their effects, if any, on the

electrical characteristics of the device.

The liquid materials used in the photo-resist process are bei,:: .;I udied.

Filtration has disclosed the presence of considerable foreign matter. The

solvents have been filtered through a 1.5p filter. The photo-resizt.; 1mave

been filtered through 10p filters. Residue-after-evaporation tests .-. oi

both filtered and non-filtered material show that filtration remo-e • between

50 and 90% of the foreigrn matter. Controlled tests are in progress tc

determine the effect of t::e5e filtercd reagents on the electrical

of the 2N1708.

11



F. Surface Preparation and Cleaning (W. Kern)

1. Introduction

The extreme importance of the semiconductor surface of a solid

state device with respect to its performance and reliability is well

recognized, but not generally given the degree of attention it

deserves in device technology. Nearly every one of the numerous

processing steps that are required in manufacturing a device affects

the semiconductor surface intentionally or inadvertently to some degree

by physical or chemical actions and must therefore be strictly controlled.

Surface contamination plays an important part in considerations of this

nature and requires not only advanced analytical and technological methods,

which are being developed and applied in the course of this project, but

also requires a critical attitude and work philosophy of its own.

Investigations carried out during this reporting period have been

primarily directed towards the early stages of device processing and the

following is a summary to date of these investigations.

2. Mounting of Semiconductor Wafers

A variety of natural and synthetic waxes are conventionally being

used for mounting semiconductor wafers in lapping, polishing, scribing,

and etching operations. The bulk of the wax is later removed by rinsing

with organic solvents. However, it was found that monomolecular layers

of residues always remain on the semiconductor surfaces, even after

extensive solvent extraction treatments. These residues constitute

one of the serious sources of contamination which may lead to adverse

device effects. A substitute was therefore sought that has none Lf the

undesirable properties of waxes while retaining some of their adhe;-.%,

characteristics. Preferably, the substitute should be water soluble,
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have a non-ionic molecular structure that has no adsorption affinity

to semiconductor surfaces, should be sufficiently resistant against

the usual chemical etching solutions, and have convenient melting

properties. An extensive search showed that certain high-molecular

weight alkyl-or- aryl-substituted polymeric ethyleneglycol derivatives

are excellently suited for this purpose. Some of these non-ionic

compounds show also outstanding detergent activity so that they have a

double effect as adhesive and surface cleaning agent. The method has

been applied in the present reliability improvement program for mounting

silicon wafers for etching, with excellent results.

3. Substrate Etching and Rinsing Treatments

The silicon wafers used in this project as substrate material are

mounted on Teflon blocks by the above method and treated with a CP4-type

etch in a rotary system. After the work damaged surface layers are re-

moved the wafer surface has a mirror finish. The etchant is diluted

rapidly with deionized water, and the wafers are thoroughly rinsed in

cold and hot deionized and distilled water. They are visually clean

at this stage. However, radio chemical studies recently conducted at

RCA have demonstrated tAat metallic trace impurities contained in th;e

original electronic grade etch reagents at parts-per-billion concentration

levels deposits on semiconductor surface during etching. The significant

observation is the fact that impurities usually become concentrated on

the sample surfaces to an extent that will deleteriously affect device

characteristics on subsequent processing.

For example, silicon wafers etched for 60 seconds in an iodine-con-

taining CP4 type etch to which 5 ppm of gold-198 had been added showed

surface concentrations in the range 1013 to 1014 atoms per cm2 , or

about one tenth of one monatomic layer. Similar results were obtained
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with other metals and etchants. The decontaminating effects of various

-- chelating and complexing agents in treating such wafers were examined

in a quantitative study. One of the best systems found is hydrogen

peroxide containing a small amount of distilled hydrochloric acid. Three

typical desorption curves for this system are presented in Figure (6);

these were obtained with wafers that had been etched in reagents

-- labelled with radioactive gold (10 to 30 ppm). In addition, trace

analysis of spent desorption solutions have shown significant concen-

trations of copper, chromium and iron.

This purification treatment, followed up with hot rinses of

deionized and doubly quartz distilled water, has been incorporated in

the substrate preparation schedule of the present project and is con-

sidered an important improvement.

4. Container Purity

The nature and purity of the container material used in processes

where trace impurities are of concern must be compatible with the purity

objectives. Radiochemical analyses and solubility calculations have

i shown that sufficient amounts of impurities can be leached out of Pyrex

glass even with water, contaminating semiconductor surfaces to a serious

Iextent.
Generally, in the reliability program, the liquid-storage containers

1 are made of polyethylene and the high temperature containers of natural

fused silica. However, for certain purposes synthetic fused silica is

used which has orders of magnitude lower impurity concentrations than

1 the ordinary silica as stated in a recent RCA publication (W. Kern,

Neutron Activation Study of Gallium Arsenide Contamination by Quartz,

IJ. Electrochem. Soc. 109, 700 (1962). The normal processing vessels
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are made from either natural fused silica or polyethylene.

G. Diffusion Processing (W. Greig, S. Policastro)

Revised standards, which are more specific and detailed, are essentially

completed for the diffusion processing operation.

One of the important engineering efforts in this area has been a

detailed study of the P2 0 carrier gas system. This study was concerned

with determining the variables inherent in the system, particularly with

respect to 2N1708 process requirements.

The following system variables were found to effect the reproducibility

and controllability of the resulting diffusion parameters:

(1) Source depletion

(2) Source temperature

(3) Carrier gas

(4) Carrier gas flow rate

The effects of each of these variables are discussed briefly below:

(1) Source depletion

It has been determined that an apparent depletion of the P205 source

takes place the longer it remains in the furnace. This is demonstrated

by a significant increase in sheet resistance (decrease in surface

concentration) on test wafers diffused successively using the same

source. This difficulty can be avoided by using a fresh source for

each phosphorus diffusion.

(2) Source temperature

The source temperature controls the vapor pressure of the P2 0

which in turn affects the surface concentration of the phosphorus in

the silicon. Experiment; have shown that control of the source temp-

erature is essential for reproducibility of the diffusion parameters.
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It was also found that the source depletion problem was dependent

upon the source temperature with depletion being more rapid at higher

temperatures.

An optimum source temperature of 2200C ± 50C was established which

minimized the stability problems yet provided surface concentration

-. sufficiently high to meet device requirements. Several wafers have

been processed under these conditions in the laboratory.

(3) Carrier gas

Both N2 and 02 have been used as the carrier gas. Above a source

temperature of 2500C no difference was noted between the two gases. At

lower temperatures, however, e.g. 2200C, higher sheet resistance is

obtained with 02 than N2

(4) Carrier gas flow rate

Using quartz tubes of approximately 1 1/2" diameter, flow rates

of 2, 4, and 8 cfh were investigated. Little or no effect was noted

of 2 and 4 cfh; at 8 cfh an increase in sheet resistance was obtained.

H. Contact Preparation (G. Granger, W. Triggs)

The primary objective in the study of contact preparation and bonding

(See Section IV-J) is the elimination of a condition known as "purple

plague". This term aptly describes the condition and, therefore, it has

* become conmon terminology in the industry.

The "purple plague" is an intermetallic compound of aluminunm and gold

which forms when the finished device is subjected to temperature above

2000. The formation of this compound has two effects on device performance:

1. It degrades the electrical characteristics, particularly saturation

voltage, because of the high series resistance caused by the formation

of this compound.

2. It reduces the mechanical strength of the contact due to tne reductJ n
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of wire size resulAng from the diffusion of gold into the aluminum

contact.

To inhibit the formation of this compound, the amount of aluminum used

in making the contacts is kept to a minimum and an encapsulant is required to

reinforce the aluminum to gold contacts.

Further improvement is needed to meet the high reliability goals of

this contract. To accomplish this end, gold and other contact materials

are being investiatew.

Initial samples were fabricated with gold contacts to determine tne

processing problems encountered with gold. The results obtained on this

test were encouraging. An improvement in bond strength was made with no

initial degradation of electrical characteristics due to processing. A

designed experiment has been planned to procure a more comprehensive

statistical evaluation of gold contacts.

I. Mounting of Pellet to Stem (W. Preston, G. Granger)

(1) Metal evaporation on back of pellet

An evaluation of metal evaporation on the back of the silicon

pellet has been completed. Because of the reduction in oxide

thickness on the back of the pellet, a significant improvement

in the wetting of the pellet to the stem was achieved. This

process has now been adopted as a standard procedure for all

pellets processed through the reliability line.

(2) K and S Mounter

A study of the temperature profile during mounting is being

conducted.

(3) Continuous Furnace Mounting

jAn initial evaluation of furnace mounting was made. The

advantages derived from the use of this process are improved
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atmosphere and temperature contro reduced thermal stress on the

device and the stem, and a reduction of handling of the pellet

during mounting. Special preforms and stems are required for

further evaluation and these have been ordered.

J. Wire Bonding (G. Granger)

(1) Thermal compression bonding-wires of various metal compositions

In order to eliminate or inhibit the growth of the "purple

plague", engineering tests have been run on the use of aluminum

and gold alloy wire for making the thermal compression bond to

the aluminum metallized contact area.

The tests were made to evaluate the visual effect of high

temperature storage on the bonds. Small quantities of devices

were bonded using various bonding forces. The bonds were ex-

amined visually and with a pull test. The uptimum beading

conditions were selected which produced the combination of best

visual bond and maximum pull strength. Ten units were bonded

under the conditions outlined for evaluation of high temperature

storage. These units were not sealed.

(a) Aluminum .. ire

It is impossible to break through the oxide layer

and obtain satisfactory bonds using conventional bonding

techniques. Most of the wires lifted off without disturbing

the aluminum contact.

Visual exiunination of the mechanical samples subjected

to high temperature storage showed no evidence of "purple

plague" on the stem-wire bond after 1100 hours.

(b) Gold alloy wire

The bond ;trengLh with gold alloy wire was extremely!



variable with aluminum contact thickness in the range of
a

1000 A. The force required to obtain a satisfactory bond

was large enough to chip the silicon beneath the aluminum

contact in this thickness range. When the aluminum thick-
a

uses was increased to 50,000 A, satisfactory bonds were

obtained which are comparable to bonds with pure gold wire.

The results of high temperature storage on the bonds

made with gold alloy wire showed no significant formation of

"purple plague" after 1100 hours.

(2) Ultrasonic Bonding

A vendor of ultrabonic bonding equipment has been consulted

on the problem of bonding small diameter wires to the contacts.

A sample of units was provided for a study of the feasibility

of making the bond with ultrasonic equipment.

K. Sealing (G. Granger)

An evaluation of shell material was made to determine the optimum

material for a reliable resistance weld. It was found that gold plated

Kovar produced the most consistent seal and the welding conditions were

less critical when this material is used. Gold plated Kovar shells

have now been adopted as standard for this program.

A coding standard has also been incorporated. All units are now

marked with an indelible individual code so that identification is

assured through all processing and testing subsequent to sealing.

L. Automatic Test Equipment

An automatic test set has been modified to test for Ic, V ,CBO and

VEFM . Tests for I CB will be made individually using a micro-micro

ometer. Such tests will be n.ade prior, during and after aging and also
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of the various down periods during life testing.

The units for power tests are being soldered into printed

circuit boards. The units for high-temperature tests are beinL,

inserted in recepticleu soldered into printed circuit boards.

All tests are being performed on these boards thus reducing the

possibility of damage due to handling and the possibility of mixing

units.

The data for each transistor is being punched on its own in-

dividual data card. The cards may be used for obtaining a "run-

off" of data for each transistor, a failure search and a statistical

analysis using a program plan for -,he RCA 301 computer.
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V. TEST PROGRAM

A. Step-Stress Tests (A.A. Dunham, G. Granger)

The first step stress tests were performed on 24 units as reported

In Quarterly Report No. i (See Table III and Table IV). These units

correspond to the 12 state-of-the-art samples submitted to the U.S.

Army Signal Supply Agency on June 1, 1962. Temperature was employed

as the sole stress on 12 of the units, while power was the stress em-

ployed on the remaining 12 units.

The second step stress tests were performed on 24 units corresponding

to the 12 state-of-the-art samples submitted on August 15, 1962. (See

Section II). The procedure and results obtained and a comparison with

the first step stress test are discussed below.

1. Step-Stress Test-Temperature (See Table III)

Twelve units were stored for 20 hour periods instead of 3

hours as in the first test at each of the temperature steps.

Also, since the gold-silicon eutectic is 372°C additional steps

were added of 350 0 C and 370°C.

Two units survived the first 3700C period. These were

then returned to the oven for an additional 20 hours after

which they also failed.

The cause of failure was the same as in the first step-stress

test, namely, alloying of the gold from the connector wires over

the surface of the pellet.

2. Step-Stress Test-Power (See Table IV)

Twelve units were operated at room temperature for two hours

at each of the power steps. A VCB - 10 volts instead of VCB

20 volts, as in the first test, was applied.
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TABLE III

Step-Stress Test-Temperature

Step Temperature OC Hours at Temperature Cumulative* Manifestations
% Failures

First Test (See Qduarterly Report No. i)

250 3 0 -

300 3 0 -

320 3 0

340 3 0

360 3 17% 1 short
1 high ICB0

380 3 100% 7 open base collector
to emitter short

3 shorts

Second Test

250 20 0

300 20 0

320 20 0

340 20 0

350 20 0 -

36o 20 0 -

370 (ist.) 20 83% 2 collector to base
shorts

8 complete shorts

370 (2nd.) 20 10% 2 complete o_' s

Failure ICBO (VcB0 e91 v) 3' 0. 5 pa

or hfe (I c e-0na, VCE d lv) '> 15

A27



4-) 4.) 4.)
$-1 $4 $4
O 0 0

Ell (a Cl)

4-) 4j) 4-)
4.) 4.) 4.)

4) c

4-) HOI 0 0
*H- 43) 4J 4-

40) n4. 02 2 )

C-4 H

02

OP 0

to 4' 00 0 KN

44.)

m m400 0 Cd

E4 ) 4.) 0 j

00

ca H

P2 +

Ogoo 0 0 00

S H MC4 _:t U.\ c -

C.0 C4-4

C?/

28



0i

4) C
4'4-' H- H- 4.) H H H-

00
>H

Cdi 0 0 0 0 0 0 0

C) '~q.

4.)

00

L Cu H- H -1 H H- nA

Z. 4.1

E- P~

\DiI \~ '0 LA\ Nl 0 0 L
Cu O ~ ~. 0' 0 0 s

4- 3 C.) H >

k) w0 LAOR - C8O
t; +H

k E-4C ~ A C Q ~ ~ C
0 & H OOQt-a u§~~d

~~8 8) 008

I. U) 49



The cause of failures are noted as follows.

Nominal Power Note No. Failure Mechanism

(See Table IV) Units

600 mw 1 i unknown

800 mw 2 connector wire burnt,
excessive base current

800 mw (D "purple plague"

800 mw 1 1 gold from collector wire
alloyed with silicon

800 MW 2 unknown

900 mw 1 1 gold from collector wire
alloyed with silicon

1000 mw 1 gold from collector wire
alloyed with silicon

1000 mw 1 thin aluminum contact

The failure mechanism of "gold from collector wire alloyed

with silicon" was the same as those observes in the step-stress

test-temperature. This would be expected since 800 mw corresponds

to a junction temperature of 360-380°C at the thermal dissipation

of the units. Unit variation results in some units surviving

at higher dissipation.

3. Conclusion

The step stress tests performed above have not resulted in

an acceleration of the normal failure mechanisms which occur

at any of the reliability test or operating conditions with the

exception of the one unit failing for "purple plague" in the

power test. Recommendations have been made and accepted by the

Signal Corps to discontinue tests of this form. E*phasis will

be placed on various temperature and/or power aging tests which
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is believed will be more rewarding in accelerating meaningful

failure mechanisms.

B. Matrix Test

A matrix test was performed on 2N1708 units produced by the

factory process. These units were not from the reliability pilot line

(See Section IV-A). A second matrix test will be performed when

significant process improvements have been completed and put into

effect in the pilot line. It is considered advisable to delay this

test somewhat beyond the data originally stated.

The matrix test and the known device failure in each cell are shown

in Figure (7). Other failures were generated in each cell, however,

careful failure analysis has indicated that these were probably testing

errors and therefore they are not shown. Immediate action has been

taken to insure that all testing errors will be eliminated on all

future tests. The known device failures have fallen into a basic

pattern and steps are being taken to improve this condition.

By reference to Figure (7), it may be seen that all device failures

occurred in Cells 9, 6, 2 and 4. These are the cells with the highest

junction temperatures considering the combined effects of power and

ambient temperature. Among these cells they may be listed in decreas-

ing order of severity as follows: 9, 6, 2, 4 and with cell No. 9, the

300 Shelf Life Test, representing the most severe test.

Cell No. 6 had the most failures. The analysis of these failures

showed that three were due to foreign matter in or under the encapsulan-.

If these failures are eliminated there is no significant difference

between failures in Cells 9, 6, 2 and 4 at the 95 percent confidence
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level. In addition the results are not inconsistent with past

factory life test history.

The acceleration factors as indicated by the matrix test are

within the control limits . It is apparent, however, that the

cell size is too small to provide much infor'mation on acelleration

"actors. Addition;l data from the second test will be helpful

but the primary source for development of acceleration factors will b

be the Shelf and Operating Life Tests being run each week. (See

below).

Junction Temperature

Power 250C 1000C 2000C 300 C(mw )

0 Cell No.8 Cell No.7 Cell No.5 Cell No.9

o 0 0 2

150 Cell No.10 Cell No.1 Cell No.6

o 0__ _ _

300 Cell No.3 Cell No.2

0

45 o Cell No.4 i

Note: The number of device failures are shown in each cell

FIGURE 7 FIRST MATRIX TEST
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C. Life and Mechanical and Environmental Tests (A.A. Duaham, J. Vance

G. Granger)

In accordance with the terms of the contract proposal samples of units

from the pilot line are being subjected to Life and Mechanical Electrical

Tests as shown below:

3000C shelf, no power - 1000 hours - 25 units/week

2000C shelf, no power - 1000 hours - 25 units/week

300 mw operating, 250C - 1000 hours - 25 units/week

Mechanical and Electrical ----------- 35 units/week

The life and Mechanical and Electrical Test end points for the device

are:
Limits

hfe (I c = -10 ma, VCE = lv) Min. Max.
15

I o (VCB - 15v, IE = 0) 0. 'a

Other tests being performed are:

VCB 0 (I c = 5 pa) 25v

VEBO (lB = 100 1a) 3v

The units subjected to Life Tests are tested to the above criteria :-

various down periods and at the completion of tests as shown in Figure (.

The units subjected to Mechanical and Electrical Tests are tested to the

same criteria after completion of tests.

The failures, according to the end point criteria for the initial lot

of units are shown for Life Tests in Figure (8)and for Mechanical and Electrical

Tests in Figure 9. There were no failures after 100 hours for 2000C and

300*C Shelf Tests. There were five failures after 100 hours for the 300 wzw

Operating Test. There w:erx Z- 'Li L'es :.fter completion of Mechanical and



Electrical Tests.

The units which failed after 100 hours at 300 mw failed for ICB0  .5pa.

Analysis disclosed similar reasons for failure as observed in the matrix

test (see below). Steps are being taken to eliminate the cause of the failures.
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VI. CONCLUSIONS

A. The step-stress tests as performed have not proved successful in

accelerating normal failure modes. Emphasis will be placed on various

temperatures and/or aging tests of another form.

B. The acceleration factors as indicated by the first matrix test

of factory units are within the control limits. A second matrix test

will be run on units from the reliability line when basic engineering

improvements are completed. Due to limitations on cell size, the primary

source of information on acceleration factors is expected to be the

weekly life tests.

C. Due to manufacturing problems associated with the ceramic stem a

stamped design with a Kovar glass seal has been established. Work

will continue on the ceramic stem.

D. Improved methods of oxide growth and the minimum oxide thickness to

mask against phosphorus diffusion has been established.

E. Contamination of substrate and/or wafer surfaces is reduced ny:

1. Substitution of certain high molecular weight alkyl-or aryl-

substituted polymeric ethylene glycol derivatives for waxes used

in mounting wafers in lapping, polishing, and scribing operation.

2. Use of acidic hydrogen peroxide to remove trace metals.

3. Use of particular containers for certain purposes.

F. It has been established in the laboratory that a fresh P2 05 source

should be used for each run. The optimum source temperature is 2200 C t 50C.

G. An improvement in the mounting technique has been achieved by evaporation

of gold on the back of the pellet to improve wetting.

H. Gold plated Kovar shells have been found to produce the most consistent

seal and welding conditions have been found less critical when this materiai

is used.
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VII. PROGRAM FOR NEXT INTERVAL

A. Eliminate or inhibit formation of "purple plague".

B. Evaluate various power and/or temperature aging conditions on

sealed units to permit removal of questionable product prior to

sampling for life and mechanical and environmental tests.

C. Continue studies of oxides and their ability to protect the surface

of the pellet.

D. Improve phosphorus and boron diffusion techniques.

E. Continue studies of surface contamination on substrates and on

wafers and methods of reducing contamination.

F. Improve inspections and process controls.

G. Complete revised standards for the high rze!ability pilot line.
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VIII. PERSONNEL AND MAN-HOURS

The engineering personnel contributing to this program during this quarter

are listed in Table 5. Also indicated is a tabulation of the man hours expended

on the contract. Figure(lO)depicta the 2N1708 Reliability Improvement Project

Organization.
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TABLE V

MIOURS FOR THE SECOND QUARTER

Name August September October Total

t''Eucineers

R.C. Pinto 184 - - 184

W.L. Totten 18, 152 184 520

G.F. Granger l8 152 184 520

A.A. Dunham 184 38 46 268

J.F. Van.e - - 10 10

P.J. Grenier 152 184 336

E.W. Karlin 46 - 46

W. Kern 64 32 24 120

L. Fo- - 46 35 81

W. Triggs - 4 9 13

G. Lang - 16 - 16

J. Emanuel - - 7 7

U. Roundtree - - 13 1

Total Engineers 592 696 2134

Technici& :.

Manufacturing Services 408 473 602 1483
Testing Services 113 30 51 194

Total Technicians 521 508 053 16 2

Total 1367 1100 1349 __i_
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