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Figure 12. SN5420 Die Photo-70X Direct Light

Figure 13. SN5420 Die Photo-40X Diffused Light
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Figure 14, SN5420 Die-photo-40X Oblique Light
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Figure 15. SN5420 Die-photo-40X Direct Light
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Results of the four point probe resistance measurements are shown
in Figure 19 and 20, and Table 11. Data is plotted for two ranges of temperature stress,
160° - 220°C (Thermal-electrical) and 300° - 500°C (storage only). Control samples
were used in the experiment.

Accuracy of the probe measurement technique was found to decrease
in proportion to the distance between measurement probes. A summary of the variance
in measurements made on control samples is shown in Table 12, The greatest error
occurred in the measurements taken between the ball band and bonding pad (0.2 mil);
the least, in measurements taken over the longer lengths of flat metal (4.0 mil). For
this reason, resistance change as a function of stress could not be accurately deter-
mined. However, the following observations are significant

Figure 18. Diagram of SN5420 Metal Contact Pattern
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SCRATCHES IN
METAL PRIOR TO
STRESS

NO EVIDENCE —
OF DETERI-
ORATION
AFTER
STRESS
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(B) POST STRESS

Figure 21 , Photographs (200x) of Scratched Lead
Before and After 375° Stress for 1000 Hrs.
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SC05493

A, 300° C STORAGE/ 1000 HOURS

B. 300° - 400° C STORAGE STEP
STRESS/540 HOURS

C. 300° - 500°C STORAGE STEP
STRESS/ 540 HOURS

Figure 22. Contact
Subjected

Metal to Oxide Cross Section for Samples
to High Temperature Storage
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Cross Section of Gold Ball Bond to Metallization Interface
Following 400°C Storage for 540 Hours

Vertical pull techniques normally result in wire breakage immediately above the ball
bond, thereby eliminating a true measurement of bond strength. The tensil strength

of 0.7-mil gold wire is estimated to be approximately four grams, while the mechanical
strength of a gold bond to moly-gold interconnect system has been domonstrated from
shear tests to be greater than 50 grams in many instances.

Figure 23.

(1) Effects of High Stress Tests on Bond Strength

To investigate the effects of various stresses on bond strength, a
series of high stress tests were performed on a sample of devices taken from the same
manufacturing lot as the devices subjected to the Fixed and Step Stress Series.
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Figure 28B.  Detail for Device and Shear Probe
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(A) TRANSISTOR POWER DISSIPATION
(30 mw)
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(B) TRANSISTOR REVERSE BIAS STEP
STRESS

V, 56,6V

cc
600 2

(C) DIODE FORWARD BIAS STEP STRESS

Vcc 26,6V

(2000 )

(D) DIODE REVERSE BIAS STEP
STRESS

\Icc =18V
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COMPONENT
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(E) RESISTOR STEP STRESS

Figure B~-2. Circuit Diagrams for Operating Stress Circuits






















































































































SC02467

Figure D-1. Masking Misalignment or Defect

b. Surface Contamination (Restricted to Visible Contamination)

Surface contamination may result from incomplete cleaning or from ambient
particles in any stage of slice preparation or packaging. Some of the particularly
troublesome areas are residual photoresist trapping etchants, "back streaming" of A
vacuum pump oil, flaking of gold plating, weld splatter, gold "overhang" from badly
undercut molybdenum in the gold-molybdenum metallization system, and dust particles

containing active etchants.

During this program, only one failure resulting from surface contamination
was encountered. This was from the Ring Counter Step Stress at 200° C, after 275 hours.
Microscopic examination of the failed device revealed a conductive lead. Removal of
the material caused the circuit to function properly. The material was visible in the
pre-cap photograph. Unfortunately, in removing it from its location on the integrated
circuit it was lost, hence no further analysis was possible. Its appearance suggested
that it was most probably residual photoresist containing etchants which reacted with
the molybdenum thereby producing the short circuit. Refer to Figures D-2a and D-2b
for illustrations of these effects.
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(A) PRE-CAP PHOTOGRAPH REVEALING SPURIOUS DIFFUSION

®)

SITE (NOTE CIRCLED AREA)

POST TEST PHOTOGRAPH OF SPURIOUS DIFFUSION
SITE (NOTE INTERFERENCE LINES ABOUT SITE)

Figure D-3. Photographs of a Spurious Diffusion Site Which Resulted in Device Failure
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Figure D~5. Oxide Fault (Pinhole) Under Bond Pad

d. Die Delamination

In the period of transition to a new header design, devices used in the pre-
liminary investigation were manufactured with the following die-to-case contact config-
uration: silicon-glass frit-gold plate-nickel plate-Kovar. The glass frit to gold plate
interface did not form a chemical bond, hence failure to adhere occurred during subse-
quent stresses. This was corrected by removing the gold plate and nickel plate in the
area of the die bond to the package. Refer to Figure D-6 for an example of a die delami-
nation failure. This mechanism existed only in devices used in the Preliminary Investi-
gation.

e. i_!_all Bond Separation

Five ball bonds separated during the Step Stress Series and the Fixed and
Step Stress Series of the test program. No bond failures were observed on the Preli-
minary Investigation.

Three of the bonds failed after surviving 15,000 G's constant acceleration.
Two bonds failed due to inadequate pressure or temperature in the bonding operation.
Refer to Figures D-Ta and b for illustrations of these failures.
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Figure D-6, Die Delamination at Glass Frit-gold Plate Interface

In addition, it has been determined that relative strengths of the various contact metal
{ interfaces may be ranked in order of decreasing strength as follows:

e £
Si 8102

. §i0,-Mo
| ° Au-Au
l . Mo-Au
This is the expected result, as all interfaces excepting moly-gold are chemically
bonded. The Mo-Au interface is further weakened by Au overhang when the Mo is

over etched and/or when the Mo was allowed to become oxidized prior to Au evap-
oration. !
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(A) BOND FAILURE CAUSED BY INADEQUATE TEMPERATURE
OR PRESSURE

(B) NONCENTERED BALL BOND SEPARATED FROM BONDING

PAD DURING 75000 G'S AFTER WITHSTANDING
60,000 G's,

Figure D-7. Examples of Ball Bond Failure
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TOP VIEW X-RAY OF
UNIT PRIOR TO STRESS
(NOTE ONLY TWO WIRES
APPEAR SLACK.,)

SAME UNIT FOLLOWING
STRESS (NOTE ALL
WIRES APPEAR SLACK)
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Figure D-9. X-ray Before and After Constant Acceleration Stress
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Figure D-11. 20X Picture of Unencapsulated SN5420 Integrated Circuit

The basic problem associated with wire dress is that of the package design,
where relatively long wires are needed to connect the die bonding pads to external
package pins. Small dies, such as the SN5420, are particularly vulnerable to wire dress
problems because of relatively longer bond wire lengths. As a solution to this problem
a new packaging concept has evolved by the design of a '"cavity package, " shown in
Figure D-13, External pin connections are moved closer to the die to reduce the bond
wire lengths, thereby reducing the probability of failure due to slack wires. Use of
this package will eliminate the necessity of screening for slack wires. By changing
the size of the cavity for different die dimensions, wire lengths can be minimized for
dies of all dimensions.
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LEAD DRESS PRIOR TO CONSTANT ACCELERATION

—p X2

LEAD DRESS FOLLOWING X~Z CONSTANT ACCELERATION

}

Z2

LEAD DRESS FOLLOWING Y1 CONSTANT ACCELERATION
(EXERTS UPWARD FORCE ON BONDS)

sScoe184

Figure D-12, Lead Dress Before and After Constant Acceleration Stress

(Note that die is piroperly oriented in package.)
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rigure D-13. 30X Picture of New "'Cavity' Package
(Note the Relatively Shorter Bond Wire Lengths)

4S5C024566

Figure D-14, Failure of Scratched Lead
(Note the Scratch Occurred at Oxide Step)
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g. Metal Scratches

Scratches on the molybdenum-gold evaporated metalization do not normally
present a reliability problem. However, prolonged exposure to elevated temperatures
such as 300°C may weaken scratched leads to the failure point. The suspected failure
mechanism is oxidation of the exposed Mo substrate resulting in a high resistance area
in the pattern. Power dissipation in the region during electrical testing then causes
destruction of the lead. Only one failure due to scratched metallization occurred during
the test program and is shown in Figure D-14. To illustrate the ability of severely
seratched leads to survive stress, refer to Figure Z1 of Section V. This device sur-
v.ved 375°C for 1000 hours.

h. Peeling Metallization

Ten peeling metallization failures occurred during the main test program.
Evidence of this failure mode was found from both electrical and storage stresses, with
equal probability of occurrence at all stress intervals. An example of a peeling metal
failure is shown in Figure D-15. This failure mechanism is caused by:

® Undercutting of the molybdenum layer
e Lack of adhesion between the moybdenum layer and the gold layer

Undercutting of the molybdenum layer is caused by reaction of molybdenum with etching
solutions. It is difficult to control the removal of excess molybdenum to the degree re-
quired to prevent undercutting. Lack of adhesion between molybdenum and gold results
when molyudenum is allowed to oxidize prior to evaporation of gold.

Figure D-15.  Unit #171 (300°C Storage — 108 Hours) Peeling Gold Evaporated
Lead Resulting in Open Base of Pin 10 Output Transistor
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Figure D-20, Open to Substrate Window Due to Deterioration
of Gold-molybdenum Materials Caused by Electrical Overstress





































