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SECTION I

INTRODUCTION

During this period of work, significant progress was made

toward the solution of the critical processing problem of via for-

mation for the monolithic Type A device. Two processes for for-

mation of the ground via were developed and readied for implemen-

tation.

The first shipment of engineering samples was delivered to

ERADCOM during this period. Test data for the shipment is in-

cluded in this report.

The present work is in the stage of developing the active

transistor elements with isolation and integral ground connection .

Following the development of the monolithic transistor, the pro-

gram will go to the pilot production phase , followed by the pro-

duction feasibility demonstration.
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SECTION II

TECHNICAL WORK THIS QUARTER

2.1 INTRODUCTION

The post-via and pre-via processes were finalized during

this period. All work was done on dummy wafers so as not to ruin

nearly completed wafers during process development.

For the purposes of definition , in the pre-via process the

via is etched prior to finger metallization, and in the post-via

process the via is etched after finger metallization.

2.2 PRE-VIA PROCESS

When the deep (3.5 mil) V-groove used for the via is

etched prior to finger metallization, normal photoresist proces-

sing for the definition of the fine finger geometry (“~2~.i) becomes

impossible. Normal photoresist processing involves spin coating

of the photoresist onto the wafer. However , the spin process re-

quires a planar wafer surface to provide the very important uni-

form thickness coat of photoresist. The deep via disrupts the

planar surface and prevents the application of a uniform photo—

resist coating unless special precautions are taken.

The pre-via process sequence is desirable due to the fact

that the via is etched and open during platinum deposition and

conversion so that ohmic contact regions are formed in the via

—3—
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and active transistor contact regions simultaneously . A normal

one-layer metallization process is adequate to complete the active

device if desired , although two—layer metal may still be used for

other reasons such as feeder bar build-up. However, the two-layer

metal plate—up still requires only one sputter deposition of the

refractory metal].ization and background gold.

Several months of effort were expended on attempting to

apply a thin, controlled, and uniform coating of photoresist.

Many different photoresist compositions and coating methods , such

as spin-on , spray-on and roll-on , were tried with only marginal

success. The conclusions at the end of this effort were that the

surface of the wafer must be planar,and there was no way around

that fact.

One method of obtaining a planar surface was to etch the

via later; however , there were other serious problems with that

approach, as described later in Section 2.3. Another method of

obtaining a planar surface was to backfill the via with some

compound after it had been etched and the ohmic contacts were

formed. The material used to backfill the via would be present

only during the normal spin—on of the normal metallization photo—

resist and would be removed before plate—up. The material chosen

was a high viscosity positive photoresist which was applied by

flooding the wafer and baked on without a spin. The photoresist

covering all areas of the wafer except the vias is exposed and

— 4 —
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developed off , leaving the via filled to the surface with accept-

able planarity. Then the normal metallization negative photoresist

could be spun—on as normal. Some problems were encountered in hard

baking the backfill in that the photoresist filling the via would

crack or actually pop out of the via; however, this problem was

solved by optimization of the baking technique. The negative met-

allization could be exposed as normal and then developed. The

particular negative photoresist developer used is also an effective

positive photoresist stripper, so that during the development of

the negative photoresist the positive photoresist backfill is com-

pletely removed. The wafer could then proceed to metal plate—up

as normal.

If a second level znetallization is used, normal spin—on

photoresist processes are adequate due to the fact that the second

metal pattern definition is of gross geometry and far enough away

from the vias so that photoresist difficulties are not a problem.

2.3 POST-VIA PROCESS

The alternative approach to ground via fabrication is the

post-via process. In this process, the via is etched after the

ohmic contacts and finger metallization are formed so that pla-

narity is not a problem. However, since the via is etched after

the formation of ohmic contacts on the transistor , an additional

low temperature ohmic contact for the via must be formed. The

—5 — 
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maximum temperature of contact formation is limited to 400°C so

that the previously defined metallization will not be disturbed .

Also , a pinhole free passivation and masking layer must be used

over the regions which do not receive the V—groove etch to pre-

vent etching in undesired areas. This passivation must stick to

silicon, Si02, and gold and must conformally coat over large

steps and slight re-entrant angles, must hold up against hydra-
0 . 0

zine at 100 C, and must be deposited at less than 400 C. The

ohmic contact and passivation schemes will be discussed in the

next section.

2.3.1 Passivation

The passivation issue has been a major problem. Many dif—

ferent passivants were tried and most failed at least one of the

necessary criteria.

Photoresist won ’t hold up to hydrazine. Silox doesn ’t

adhere well to gold and tends to crack when deposited over large

metal areas such as feeder bars. Ethyl silicate cannot be de-

posited at a low enough temperature.

Plasma deposited silicon nitride (Si3N4) appears to work

fairly well. It will hold up to hydrazine, sticks to gold,

can be deposited at 300°C, and it forms a comformal coat due to

the very short mean free path of particles in the plasma. We

have been using outside vendors to deposit the Si3N4 until our

—6—
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own plasma system is installed, so control of the process is

difficult; however , acceptable films have been obtained. The

silicon nitride layer is deposited over the metallized wafers

and then the areas to be V grooved are opened and etched.

The silicon nitride is then opened again to expose the feeder

bar areas to be plated up, and the wafers are transferred to

second layer metallization.

The remaining silicon nitri de forms the final device

passivation .

2.3.2 Ohmic Contacts

An ohmic contact must be used in the via to prevent recti-

fying metal-semiconductor junctions and to provide the lowest

possible contact resistance. Platinum is normally used as the

contact metal but is not useful in this application, as the 400°c

temperature limit will not allow proper conversion to PtSi.

The first lot of L-lO devices had no special ohmic contact

at all , TiW was the only contact metal. The contacts obtained

were ohmic but had 30 times the desired resistance.

Aluminum has been employed as the ohmic contact metal with

good results on test vias. The aluminum is sputtered onto the

wafer and is removed everywhere except in the via. Then the

—7—

I ~~~~~~~~~~~~~~~~ --~~~~~~~~~~~
—_-

~~~~~ 
- . .  -

~~~~~~~~~~
- — - -

~~~~~~~~~~~~~~~
— — - - - -

~~~~~~~~~~~~~
- - -

~~~~~-~~~ -~~~- -- - - -~~~-— ~~~~—~~~~~~~~~~~~~~~~~~
-—~~~ -~~~~~~



_____________________________________ — ----—---—
~

--- —.- —------------- —- — --_—

refractory metallization for the second layer metallization is

sputtered on, and the second level metallization is plated up in

the via and wherever else it is necessary.

2.4 L—lO STATUS

One lot each of L-l0 devices was run through the pre—via

and post-via process. Both failed due to an unrelated metal ad-

hesion problem caused by a contaminated plating bath. The lots

were stripped and will be re—metallized.

2.5 ENGINEERING TEST SAMPLES

Fifteen each Type A and Type B devices were shipped to

ERADCOM during this quarter. The test report for these devices

is included for reference in this report.
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ABSTRACT

This report presents the test data fo r 15 type A and
15 type B devices. Th•se devices were assembled from the
best available lots at the date of testing .

TTPE A DEVICES

The type A devices are a single cell of the 1.-tO dea~.gn.
The chip was mounted directly to a copper flange for testing
as shown in Figure 2.

DC data was taken on 29 devices, 15 of whi ch. passed dc
test. The data for th . passed devices is shown on page ‘) .

HF testing was don. in the stati on diagrased on page 3
at 2.0GHz In the CW mode.

Two levels of power wars measur.d~ maximum saturate d
power and gain and eff icien cy were recorded , and ga in and
ef ficiency at 5 watts output were recorded . No devices
failed during HF testing. Data is shown on pages 10 and 11.

TYPE S TESTING

IS type B devices Figure 3 , were assembled in a BeO
package and teated .

DC data was recorded on all devices and is shown on
page 8. None f ai led dc test.

HF data was recorded at 4GHz .n the CV mode in the test
station diagrammed on page 8 at a sat urating dr~.ve level of
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SUMMARY

The type A devices have poor RI performance as described
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The type B devices have excellent HF performance and
excellent yield.
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SECTION III

CONCLUSIONS

3.1 CONCLUSIONS

Two via processes were developed during this period of

work. Both processes appear to provide a way to directly con-

nect the bases of the isolated devices to ground without dis-

rupting the active devices themselves. Both processes are

acceptable from a manufacturing point of view.

Metallization process problems not associated with any

of the special metallization requirements of the monolithic

devices have prevented actual application and testing of either

process. As of the close of this quarter, the metallization

problem appears to have been solved, and L—1O devices will be

metallized by both via process as soon as possible.
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SECTION IV

EFFORT FOR THE NEXT PERIOD

4.1 L—1O

Work for the next period will be to process further lots

of L-lO devices and further develop the manufacturing techniques

necessary to produce acceptable performance at 2.0GHz. Circuit

• development will be done on L-l0 devices to optimize a monolithic

shunt inductor to be fabricated on the same chip as an L-lO device.

4.2 4GHz

The design process will begin on a 5W 4GHz isolated device.

However , some performance and manufacturing data will be required

from the L-lO before the 4GHz design can be finalized.

\ .
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SECTION V PUBLICATIONS, REPORTS, AND CONFERENCES

There were no publications during this quarter.

The following program review conferences were held during this quarter.

July 24, 1978 Program Review at Harry Diamond Lab

Government Personnel: Mr. Rorst Gerlach
TRW Semi. Personnel: Bernie Lindgren

Alan Harrington
George Schreyer

August 22/23, 1978 Program Review at Lawndale, Calif.

Government Personnel : Mr. Konrad Fischer
TRW Semi. Personnel: Bernie Lindgren

Alan Barrington
George Schreyer

Monthly Report Nos. 13, 14, 15 were submitted during this reporting period.
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SECTION VI IDENTIFICAT ION OF PERSONNEL

Hours
Joseph Courier 150

Alan Barrington 325

Robert Jenkins 318

Bernie Lindgren 85

James Scheppele 135

George Schreyer 50

George Skelly 152

Frank Bartel 150

Harold Bjornson 137

Dorothy May 76

Norman Nissen 143

Eugenia Nunez 126

Lois Reed 73

Stephanie Wesche 74

William Imhauser 315

Ken Kam 24

Chet Winham 83

Antonio Morauski 100

Anne Bayard 140

Arthur Durschlag 144

Carl Bridges 139

Ruth Moore 32

Robert Etchells 88

Paul Sanders 65

Kim Tarrant 52

Donald Stauder 50

Andrew Marchette 137

Evelyn Jeff ers 43

C. Delgado 16
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