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SECTION I
ABSTRACT

The objective of Phase § of this investigation was to develop
process feasibility, processing techniques, and automated assembly
technology for dual-in-line plastic-packaged integrated circuits.
Eight IC's were processed with trimetal interconnections, gold bond
bumps and silicon nitride dielectric overcoating. These included
three TTL circuits (5420, 5472, 5470), one Schottky TTL circuit
(54520), three CMOS circuits (CD4012B, CD4O14A, CD4027A), and one
linear circuit (CA741). A universal wafer processing sequence
compatible with the requirements of each device type was developeda
Electrical parameter specifications were met successfully for each
device type. Critical wafer-processing steps have been investigated
to determine reproducibility and effects on yield, cost, and
reliability. Beam tapes were fabricated from polyimide supported
copper and conditions for reproducibly high-strength inner-lead
bonds to the device were established. Similarly, outer-lead bonding
to plated steel or copper alloy lead frames on high speed automated
equipment was facilitated. High-temperature accelerated reliability
tests were initiated and problems related to the package materials

of construction were analyzed and resolved.
ACKNOWLEDGMENT
Support for this program was provided to RCA Solid State Division

by sponsorship from the Navelex Code 304 Group. Direction was provided
by the NOSC Code 743 Group.
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SECTION II
INTRODUCTION

The objective of this program is to investigate alternate approaches
to MIL-M-38510 for achieving high-reliability integrated circuits at low
cost. Emphasis is on adapting existing technology to industry mainstream
products to achieve a reliability level of 0.005%/1000 hours at 125°C with
a 607 confidence level, a level that will meet military requirements
without a cost penalty in excess of 207 over the cost of commercial, high-~

reliability plastic-packaged devices.

Py e e W A BB Y e

The approach to achievement of the goals of this program will be the
integration and application of existing sealed-chip integrated=circuit
processing with automated plastic packaging. The program will be carried
out in three phases. During Phase I of the program - Sealed-~Chip Process

Utilization - three major tasks were accomplished:

T (a) Process feasibility - in which the required photomasks were

generated using existing masks to the maximum extent possible.
Then, small quantities of each device type were made to assure
that the masks and processes are available for the production
runs of Phase II. Also, each device type was made using a
matrix of carefully varied process parameters to assess their
impact on yields and reliability.

(b) Process development - in which the processes required to

fabricate the eight integrated-circuit types to be produced in
Phase II were defined and documented. Silicon nitride passivation
and the titanium-platinum-gold metallization system were used to
achieve chip hermeticity and a corrosion-free metallization
system. In addition, a silicon nitride overcoat layer was

applied for protection of the metallization. A series of

II-1
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experiments were carried out at each critical processing
step to assure repeatability. Real~time indicators and
accelerated life tests were used to assess the effects of
process changes on reliability and to measure progress in
achieving the required failure rate.

(c) Automated assembly - in which the assembly technology to

be used in Phase II was defined and documented. The effect
of assembly process parameters on cost and yield was assesseda
Bonding tapes and lead-frames compatible with each of the
device types were designed and fabricated. A number of
devices of each type were then assembled using the automated
assembly system. Reliability was continually monitored by

real-time indicators and accelerated life tests.

At the conclusion of Phase i, the photomasks, wafer process, and
assembly process required to fabricate the eight integrated-circuit
types in the low-cost high~-reliability device-fabrication phase were
defined and documented and sample devices of each type were fabricatedes
Additionally, preliminary reliability data were generated to demonstrate

the soundness of the chosen approach.
At this time, the production runs of Phase II were undertaken.

Phase II - Fabrication

The low-cost high-reliability device fabrication phase of the program
will involve significant quantities of each of the eight selected integrated-
circuit types to be fabricated according to the processes defined in Phase Ia
Both silicon nitride passivated, titanium=-platinum-gold metallized integrated
circuits and conventional silicon dioxide, aluminum-metallized integrated
circuits will be constructed in both plastic and ceramic packageses This
will permit a detailed comparison to be made of the new and conventional
processes. During these production runs, any significant differences

between the two processes will be defined and documented. The utilization

11-2
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of existing equipment and mask sets will be demonstrated, and the cost,
impact of converting to this type of processing will be estimated. ‘
In-process quality controls, real~time indicators, and parameter distri-
butions at wafer probe and final test will be used to monitor the production
run and to assure process reproducibility. All devices produced in this
phase of the program will be utilized in Phase III for reliability testing
and delivery to the Navy. Finally, the testing facilities for the Phase ITI

program will be defined and assembled.

Phase III - Reliability

The reliability of the devices produced in Phase II will be demonstrated.
The conventional aluminum-metallized integrated circuits, packaged and
tested to military high-reliability requirements, will be used as the base~
line from which to appraise the new process developed under the programa
In addition, the level of testing required over and above commercial
screening to assure a reliable product for military end use will be

determined, and the cost impact of this testing will be analyzed and verified.

II-3
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A . SECTION III
ACCOMPLISHMENTS

Conclusions derived from the work during this period may be

summarized as follows:

é | o The trimetallized versions of the eight integrated circuits
resulted in electrical characteristics equivalent to circuits
metallized with aluminum.

o A gate dielectric composed of 900 Z 8102 and 200 Z Si3N4
resulted in stable COS/MOS trimetal integrated circuits.

o Etch-rate measurements, radioactive sodium testing, and
thickness measurements have shown that deposited silicon
nitride junction passivating layers met the requirements
for device fabrication.

o The 500 ; - 700 R layer of platinum used for silicide

! formation resulted in ogtimized yield.

i o A platinum layer, 1500 A thick, provided an adequate barrier

| to Ti-Au diffusion up to 400°C.

I o Magnetron sputtering provided a technique for the fabrication
of trimetal MOS devices using the titanium-platinum-gold

. metallization system.

il o A gold thickness of 1.5 microns resulted in optimized protective

: layer coverage, wafer throughput, and cost effectiveness

; ! consistent with reliable oxide step coverage.

o Dry-film photoresist techniques can be utilized to fabricate

i elevated bond pads with uniform cross sectionse

o Device bond pads 1.0 mil in height are optimum in terms of cost,
ease of fabrication, and reliability.

i " o Sputter etching of the platinum layer is a viable technique

for the fabrication of gold metallized COS/MOS integrated circuits.

|
4 n | I1I-1
i | | |
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A silicon nitride overcoating deposited in a plasma reactor

to a thickness of approximately 12,000 ; provided an adherent
conformal barrier to moisture-induc=d surface electroplating
phenomena in the device trimetal interconnectionse

Unplated copper beam tapes and gold bond pads prbvided a
metallurgical system that yielded uniform, high-strength bondse
The titanium—platinum gold metallization system eliminated the
low bond pull-strength problem observed on COS/MOS devices
fabricated with titanium-palladium-gold.

Accelerated, high-temperature ( 200°C) life tests caused changes
in the electrical and chemical characteristics of epoxy molding
compounds; these changes had a catastrophic effect on device

characteristics.

III-2
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SECTION V
DETAILED FACTUAL DATA
TECHNICAL DISCUSSION

A. Objectives of Phase I

During Phase I of this program to design and develop low-cost high-

reliability integréted circuits, three major tasks have been performed,

(1) Process Feasibility (2) Process Development, and (3) Assembly

Technology Development. Process Feasibility has demonstrated the extent

to which the silicon-nitride passivated, titanium-platinum-gold metallization
- system is compatible with existing circuit designs and photomasks. The
Process Development and Assembly Technology Development tasks have

defined and documented the wafer-process and assembly techniques required

to achieve the desired level of reliability.

B. Process Feasibility

1. Photomask Development

The photomasks required for the eight integrated circuit

types (CA741, CD4012B, CD4014A, CD4027B, 5420, 54S20, 5470

and 5472) have been designed, fabricated and proven out by
processing samples of each circuit. Some minor modifications
were made to existing mask layouts to either enhance reliability
or optimize the structure for automated bonding. These changes
are delineated in the following sections:

a. Contact Coverage. In order to enhance the reliability of
silicon nitride passivated titanium, platinum, gold metallized
circuits, the design rules for metallization were changed. This
modification, shown in Fig. V-1, eliminates the possibility of
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Fig. V-1 — Contact areas.

V=2

i AT A —

!

- N e e



P e ey ey G G B e

=
L 1

;| e &S &/ &/ S| ==

—————————————————— g — S ——

contact between the silicon and the deposited pgold and titanium
layers in contact openings, which could lead to the formation
of a low melting point (v280°C) eutectic alloy.

Protective Layer Design. A silicon nitride overcoat layer

deposited at temperatures between 250°C and 300°C is
required for protection of the gold metallization. This
layer is etched open over bond bumps to facilitate
bonding. To prevent attack of the underlying junction
sealing silicon nitride layer, the standard désign rules
were modified as shown in Fig. V-2 to assure termination
of the bond pad opening etch on the gold metallizationa
Bond Pad Location. To facilitate automated gang bonding

using beam tapes, it is essential that the bond pad locations

on the device be specified in accordance with rational

design guidelines. The principal requirements among these

rules involve minimum separation between bond bumﬁs, peripheral
straight line alignment along the chip edges, and avoidance of
bump placement at corner locations. A detailed outline of these

requirements is given in Table V-1,

The observation of these rules in bond-pad layout provides for

uniform pressure during the thermocompression bonding sequence

~when the bonding thermode is aligned to the bumps. Additionally,

the requirement for a minimum spacing between bumps is established
to accomodate the capabilities of the chemical milling processes
used in beam-tape fabrication. Beam-tape fingers, 0.00l4=inch
thick and 0.003-inch wide require a minimal intradigital spacing

of 0.003 inch, With the single exception of the CA741, which
required a revised bond-pad layout to accomodate automated assembly,
all of the wire-bond pads on the remaining devices were suitably

located for bump fabrication.




S p—.

et SRR

B R A G Gp— g v A1

4.0 mil——e

- 3.6 mil—e=

GOLD | ~PROTECTIVE LAYER
INTERCONNECT ™ o DEFINITION

(a) STANDARD DESIGN

5.0 mil——a=
4.4 mil—=

3.8 mil fei—

|_GoLD sump

GOLD
INTERCONNECT
N W’ |_PROTECTIVE OEFINITION

(b) MODIFIED DESIGN
92Cs- 27978

Fig. V=2 Bond-pad design.

V=4

] I by




N R T TSP A T T R 5

TABLE V-1 - Automated Assembly Device Design Rules

Maintain a 1:1 aspect ratio at the chip layout stage. If the
chip must be rectangular in geometry, it is recommended that the
longer side be expanded in the Y-direction (cross-web on the beam
tape).

Maintain pad layout uniformity and bump symmetry on all four sides
of the chip.

The nominal design centers listed below should be used as minimum
values. 3

Bond pads must form a square or rectangle.

Bond pads at chip corners are unacceptable.

Bond pads must be located a minimum of 0.004 inch from the chip edge.
Bond pads spacing shall be not less than 0.003 inch.

The separation between the bond pads and adjacent interconnect
pattern shall be not less than 0.002 inch to avoid possible shorting.

The nominal dimensions for the gold bumps shall be 0.004-inch
square by 0.001-inch thick.

V=5
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Sample Characterization

Samples of seven of the eight integrated-circuit types fabricated
during Phase I of the contract have been characterized at -55°C,
25°C, and +125°C as shown in Table V-2, The characterization of
the eighth type, the CA741, will be completed early in Phase II.

Although the CA741 is a popular device in the commercial area,
the MIL-M-38510 specification i8 extremely stringent for
aluminum as well as trimetallized circuits. With several
minor process modifications, the CA741 has met the
MIL-M-38510 specification with acceptable yield. Two

wafer lots are currently in process to verify these

results.

Parametric data on each of the seven devices ready for production

are summarized in Tables V-3 to V=9,

C. Process Development

1.

Wafer Fabrication

The processes required to fabricate the bipolar and COS/MOS
circuits under the contract have been developed. Generalized
flow charts of the wafer fabrication processes are shown in
Figs. V=3 through V=7, Qf particular importance is the
successful elimination of the previously uséd titanium-
palladium-gold system used on COS/MOS wafers and its replacement
with the titanium-platinum-gold system used for bipolar circuits.
Fig. V-8 shows the silicon nitride passivated trimetal
structure with a silicon nitride protective overcoat layer.
Critical processing areas have been investigated to determine

reproducibility and effects on yield, cost, and reliability.

The results of these investigations are delineated in the following
sections.

V-6
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TABLE V-2

DEVICE STATUS REVIEW

. .

= : 100-UNIT .
] TEST SAMPLE HI-LOW TEMP.
e TA No. DESCRIPTION PROGRAM CHARACTERIZATION CHARACTERIZATIO!
f 1. TA10151 5420 Dual &4-Input c , c c
NAND Gate
w2, TA10152 54520 Schottky Dual c c c
i 4-Input NAND Gate
= 3. TA10153 5470 Edge-Triggered C c C
} : J-K Flip Flop
4. TA10154 5472 Master Slave c c : e
f J-K Flip Flop |
g S. TA10155 CD40128  COS/MOS Dual ¢ c ' c
4-Input NAND Gate
6. TA10156 CD4027B COS/MOS Dual ¢ c c
J-K Flip-Flop
7. TA10219 CD4014A COS /MOS
8-Stage Shift Register C c C
8. TA10158 CA741 Operational c c c
Amplifier

C = COMPLETE
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TTL gold-doped process flowchart.
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CA741 operational-amplifier process flow chart.
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Fig.
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Fig. V-8 Dimensioned silicon nitride passivated trimetal structure.
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Silicon Nitride Characterization

The use of silicon nitride (Si3N4) as a junction sealant
derives from its superior qualities in comparison to silicon
dioxide (SiOz), particularly silicon dioxide deposited by a
chemical-vapor deposition (CVD) process. Si3NA, which has a
higher dielectric constant than SiO,, provides higher breakdown
voltages. When used as a thin film over thermally grown SiOz, it
acts as a seal for underlying pinholes in the SiO2 laver that
might otherwise cause metal-to-substrate shorts. Silicon
nitride is very effective as a barrier against alkali ion
penetration into the surface. Sodium ions, in particular,

are the cause of excessive moblle charge and cause surface

inversion lavers and/or reverse-bias leakage currents.

Radioactive-tracer evaluations are used to determine the
effectiveness of deposited silicon nitride films as alkaline
barriers. Test wafers are cogted with a layer of Si3NA, 2000 ;
for bipolar circuits and 200 A for COS/MOS circuits, over a
3000 R layer of $10,. A 0.2-mil solution containing 1.31 x 10"

atoms Na and 4 microcuries Na

6

22 is used to coat a nickel
electrode, which is dried under a heat lamp. The wafers are
coated with this tracer element by evaporation at a pressure
of 10-6 torr and subsequently annealed at 600°C for 22 hours.
22 is detfrmined.

The test wafers are then etched to remove approximately 10 A of

At this point, the surface radiocactivity (R) of Na

813N6, and the surface radiocactivity of the fresh surfaces

determined.

The test wafers are etched three additional times to remove
totals of 30 ;, 50 ;. and then 65 R of SijNa. The residual
radioactivity as a precentage of R is determined after each
etch. The results of this evaluation for samples of silicon
nitride from the system used for IC fabrication are shown in
Fips. V=9 and V=10, and indicate that the deposited Sijﬂa

layers are effective barriers against sodium penetration.

V=21
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C0S/MO0S 813N4 gate dielectric, Na22 penetration characteristic.
L]

Si3N4 thickness 1is 200 A.
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The critical nature of the gate dielectric for CMOS devices
necessitates accurate control over the Si NA deposition system,
Etch rate reproducibility tests for 3 different runs in buffered
HF at 24°C resulted in rates of 14 A/min 15 A/min, and 13 A/min.
Capacitance voltage-bias temperature tests with 10 volts bias
applied at 300°C for 1 minute resulted in flat band shifts of

0.1 volt for these runs. Thickness uniformity from run—to-run

and wafer-to-wafer is shown in Table V-10.

In addition to the radioactive sodium penetration test described
above, the integrity of the 200 A 513N4 film was tested by the
capacitor fabrication technique. This test was conducted as

follows:

o °
1. Si3N4 deposition, T = 200 A over 3000 A SiOz.
25 Five-minute etch in buffered hydrofluoric acid at 25°C.
3. Al metallization to form 160 mil2 capacitors.

4, Electrical test.

The capacitor yield was approximately 95 percent. Assuming one
dielectric defect per non-functional capacitor, a pinhole

density of 4.63/cm2 is attained.

The data taken indicate that the required thin Si3N4 layers can
be fabricated with sufficient reproducibility of electrical,
chemical, and physical parameters to permiﬁ fabrication of the
COS/MOS devices. |

Experiments were performéd.fo.finalize the structure of the
composite S10 /Si Nl0 gate dlelectric required for trimetal
COS/HOS integrated circuits. Circuits were fabricated with
200 A and 400 A Si3N4 layers on 900 A and 800 A SiO2 layers,
tespectively, and subjected to bias life testing. The results

are summarized in Table V-ll. Based on these data, a dielectric
-]
of 900 A of SiO2 and 200 A of SiSNh was chosen for the COS/MOS

circuits.

V=24
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Table V—-10 — SigNg4 Thickness Variations

Min/Max/Average
Left side of wafer

Min/Max/Average
Center of wafer

Min/Max/Average
Right side of wafer

A
210 244 221
208 250 221

193 273 234

A
200 260 219
200 265 231

201 258 233

V=25

A

200 277 235
208 256 231

208 258 234
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Table V - 11 - COS/MOS Gate Dielectric

SigN4 Thickness Evaluation

Basic Structure Under Evaluation

Si3N4 (200A — 400A)

P e g

METAL

L ¥
b g e
Si
\—— S0, (800A — 900A)
Operating Life Data for Negative Bias
Silicon Nitride Thickness
Bias/Temperature Duration
Conditions (Hours) 200A 400A
AVTN | AVTP | AVTN | AVTP
125°C — 12V 1000 +0.12 -0.12 — —
2000 +0.13 -0.14 — —
150°C — 12V 168 +0.10 +0.12 +0.26 -0.22

Operating-Life Data for Positive Gate Bias Show No Change

Conclusions
1. Stable Trimetal COS/MOS Devices can be Fabricated.
2. Stability Improves with Thinner SigN4 Layers.

3. The Mechanism for Instability is Consistent with Electron Conduction
Through the SizN4 Resulting in Interface Charging.

V=26




3. Silicon Nitride Plasma Etch Evaluation

Conventional wet chemical processing techniques for etching
SiBNd involve the use of phosphoric acid at a temperature of
180°C. Since photoresist materials will not withstand etching
at this temperature, a chemically vapor deposited (CVD) 8102
film is used as the etch mask, further complicating the process.
Plasma etching offers a simplified, cost reduced alternative

to this system, as shown in Table V-12.

Co T B B B R ™

The effects of plasma etching on the 5102/813”4 dielectric
films have been investigated by means of capacitance voltage-
bias temperature tests. These results are shown in Fig. V-11.
The figure shows that a 530°C, 20-minute anneal in forming

gas appears to be sufficient to eliminate charge induced

i 1 during the etching process.

. Device wafers of types 5420 and CA741 have been fabricated

using plasma Si3N4 etching. Circuit-probe yields and parameter
' ; distributions equivalent to those achieved with chemical etching
techniques were achieved on type 5420, The CA741 exhibited
depressed circuit-probe yields when subjected to plasma etching.
Analysis has indicated some degradation in low current B, a
parameter to which this circuit is sensitive. Processing
techniques to correct this problem are under investigation while
wet chemical etching remains the standard Si3N4 etching

process.

4, PtI-Ti-PtII Metallization

Trimetal MOS devices have, in the past, been fabricated by
means of the titanium palladium gold system. The reason for
this is the sensitivity of MOS devices to sputter damage during
the Ti/Pt deposition process used for bipolar devices and the

V=27
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Table V—12 — Chemical vs Plasma Etch Process Comparison

Chemical Etch Plasma Etch
1. Deposit SiO2 1. Apply Photoresist
2. Apply Photoresist 2. Etch SigNg
3. Etch 3. Etch SiO2

4. Remove Photoresist
5. Etch SigNg

6. Etch Top Layer SiOp
and Contacts

4. Remove Photoresist

V=238
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Fig. V-11 Capacitance voltage-bias temperature tests after Si'SNA plasma

etch and after 530°C 20-minute forming-gas anneal.
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high boiling point of platinum, which precludes its use in an
evaporation system. It has been found that palladium has the
following three major disadvantages as a constituent of a trimetal

system, as compared to platinum:

a. Etchability - Processes that successfully etch palladium
have also been found to attack palladium silicide; the
result is pitted contact regions,

b. Barrier Layer Effectiveness - The purpose of the Pt or

Pd layer interposed between the Ti and Au layers is to
prevent Ti diffusion to the Au and formation of a relatively
high-resistivity intermetallic compound. Pt is superior
to Pd as a diffusion barrier.

C. Si Cracking - As will be discussed in considerable
detail later in this report, Pd has been found to induce
Si cracking at inner lead bonding. This cracking is
eliminated with Pt layers (See page V-68).

Furthermore, the successful application of the Ti-Pt-Au metal
system to MOS devices would result in a single metallurgical
system for all devices in manufacturing, thereby reducing

process proliferation and minimizing capital investment.

Magnetron sputtering has been investigated as a technique for
the deposition of Ti and Pt layers without the damage normally
associated with conventional dc or rf sputtering processes. A
Model 901 Materials Research Corporation Planar Magnetron
Sputtering System was used for this work.

The results of capacitance~voltage bias temperature (CCBT)
testing of a magnetron-sputtered Ti film, as deposited, are
shown in Fig. V=12, These curves show an abnormal slope as
well as a negative~bias temperature-stress instability. After
a 320°C forming gas (907 N,, 10% “2) anneal, however, the

sputter-induced damage was eliminated, as shown in Fig. V-13.
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sputtered Ti-Pt after 320°C 16 hour anneal in forming gas.
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Samples of the CD4012B have been fabricated with both magnetron
and rf sputtering. CVBT plots comparing the two systems are
shown in Fig. V=14, The high level of built-in charge and
negative-bias temperature instability induced by rf sputtering
is apparent in these plots, while the magnetron-sputtered sample

showed normal oxide charge and no instability.

The threshold voltages of several p- and n-channel MOS devices
fabricated by sputtering have been measured. These data are
shown in Table V=-=13. Sputtering of the Ti~-Pt in the rf system
resulted in high p-channel threshold voltages and depletion
type n-channel MOS devices; this condition indicates a high
level of induced positive charge in the MOS gate dielectric.

MOS transistor parameters for the magnetron-sputtered samples

were normal. Llectrical testing of trimetal COS/MOS wafers
fabricated with the magnetron-sputtered Ti-Pt wafers has provided }
yields equivalent to those obtained with conventional aluminum

metallized wafers. i

As a result of this evaluation, the COS/MOS circuits now utilize
the Ti-Pt-Au metallization system, and a single metallization
process has been standardized for all of the integrated circuits

fabricated under this contract.

The initial platinum layer deposited on circuits in the trimetal
process is used to form the platinum silicide ohmic contacts

to the underlying silicon. Thin platinum films result in non-
ohmic contacts, while thick films result in p-n junction leakage
because of excessive penetration of the platinum silicide into
the underlying silicon. To determine the optimum platinum I
thickness, CA741 wafers were prepared with platinum layers

500;, 800;, and 1400 ; thick. Wafer electrical testing indicated
that yields are adversely affected by increased thickness of
platinum. As a result, the trimecal process has been standardized ‘
with a platinum I thickness of 500A to 700 A
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versus rf sputtering, after 16 hour anneal in forming gas.

Table V—13 — Threshold — Voltage Comparison

b
v
%
Sample  Ti/Pt-RF Sputtered

¥ Vip VN
é (Volts)  (Volts)
i 1 4.06 Depletion
; 2 45 v

3 4.1 "

4 4.0 -

v-33

Ti/Pt-DC Magnetron Sputtered
VTP VTN
(Volts) (Volts)

1.58 1.60
1.52 1.68
1.36 1.66
1.32 1.56
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In order to prevent contact alloying at temperatures below
300°C, it is essential that PtSi cover the Si over the entire
contact area. Previous experience has shown that if an
excessively undercut Si3N4 lip is produced over the contact,
as in Fig. V=15, it will shadow the Si and prevent full
Pt-to-Si coverage prior to the formation of the PtSi ohmic
contact by heating to 620°C.

The hazard arising from this condition is that the electroplated
Au will be touching both Si and Ti at the contact opening
perimeter. A low melting Ti-Au-Si eutectic mixture exists at
temperatures above 280°C, and if the metallized device wafer

is heated above this temperature, catastrophic alloying will

occur, as illustrated in Fig. V=16,

Rigid process controls have been instituted in the wafer-
processing area to avoid this unacceptable alloying by minimizing
the Si3N4 lip undercutting and thereby assuring that the PtSi
ohmic contact fully overlaps the underlying Si. As a definitive
control, each wafer is exposed to a temperature of 320°C for

16 hours, following which failing wafers are readily identified
by discolored Au areas over the contacts. Trimetal wafer
processing has incorporated this critical 320°C heat-treatment
since its inception, resulting in only random failed wafers.

The structure of an acceptable ohmic contact is shown in Fig. V=17,

The sputtered titanium film provides adherence between the
silicon nitride film and the subsequent Pt and Au layers. FEase
of etching and continuity are the prime requirements placed on
this film. Film thicknesses of 1000 ; to 1200 R have been found

to be optimum for these purposes.
The function of the platinum II layer is to provide a barrier
between the previously deposited titanium and the gold which

is subsequently electroplated. It is imperative that diffusion
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Fig. V-15 Inadequate PtSi formation resulting from excessive Si3zNg lip.
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Fig. V — 16 Bevel-lapped cross section. Alloying at 280°C
in unacceptably metallized device.
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Fig. V—17 Bevel-lapped cross section. Acceptable trimetal structure
{ o following 320°C exposure.
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between titanium and gold be prevented since it leads to the
formation of a relatively high resistivity intermetallic

compound. To determine the optimum thickness of the platinum,

a series of CA741 wafers were fabricated with 1500 ;, 2500 Z and
3500 ; platinum layers. These wafers were heated to a temperature
of 400°C while under constant visual observation. No darkening

or change in texture of the gold plating was observed, indicating
that the minimum thickness evaluated, 1500 ;, is an effective

diffusion barrier between titanium and gold.

Gold Interconnect Thickness Evaluation

The Au interconnect levels are electroplated into an opened
photoresist configuration over defined Pt lines utilizing the
underlying Ti as a conductive bus layer. This technique has
proven extremely economical when compared to vacuum deposition
processes requiring the wasteful subsequent removal of excess
Au. Since the plating process deposits Au only where it is
required to controlled thickness levels, maximum utilization

of the deposited Au is obtained at a minimum cost.

The thickness of the plated gold interconnects has been
investigated from the standpoint of oxide step coverage.

Figs. V-18 and V=19 are 1000X SEM photographs of 1l.5-micron

and 2.5-micron thick gold metal runs, respectively, and show

the excellent step coverage obtained with 