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ABSTRACT
Microelectronic wire bonding is a widely used and cost effective manufacturing process used to electrically connect
integrated circuits (IC) with printed circuit boards (PCBs) or other substrates. The first bond is formed on the chip side
and the second bond at the circuit board side. The choice of wire bondable surface finishes used on the circuit board
can have a great impact on the reliability of the device. Electroless nickel electroless palladium immersion gold
(ENEPIG) is one of the available wirebondable finishes and has been applied in these applications for some time.
Although the rate of adoption of ENEPIG has been limited, it is attracting more interest due to increased gold prices,
as a replacement for electrolytic nickel gold. This paper will present experimental data that demonstrates the
capability of ENEPIG as a versatile surface finish providing reliable gold wire bonding performance. It also confirms

that ENEPIG is a viable alternative to electrolytic nickel/gold.

INTRODUCTION

Wirebonding is high yield, inexpensive process, applied for many years in many different types of packages, including

BGA and quad flat packs.

The focus of this paper is the performance of wire bonds at the substrate side, in order to demonstrate the gold
wirebonding capability of ENEPIG finishes. In this study, we first optimized the bonding parameters for electrolytic
nickel gold and then applied these parameters to ENEPIG finishes, using a 2" bond pull technique to characterize
the bonding process window. Using this approach, we were able to make a direct comparison between electrolytic

nickel gold and ENEPIG under the same conditions.
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I. WIREBONDING OPTIMIZATION FOR ELECTROLYTIC NICKEL GOLD
The substrate used in this study was FR-4 copper clad. The electroplated nickel and gold layer is electroplated had thickness of
3um and 0.25um respectively. Immediately before wirebonding, the sample surface was cleaned with IPA to remove any trace

contaminants.

Bonder : Kulicke & Soffa Manual Gold Wirebonder 4524
Capillary  : K&S 414FE-0013-324
Wire 1 K&S AW 14, 25um
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Bonding Parameters:

12t bond 2nd bond
Search 2z 2
Power 3
Plz refer to
Time 3
test matrix
Force 45
Tail 5
Loop 6.5
Ball Size 45
Test Matrix:

Group 1 Group 2 Group 3
WeldingTime| 2 | 4|6 )8 | 6] 6 |6|6 6|66
Capillary

GlE6E|6]6)3]|45]6]1°% 6|66
Force
Ultrazonic

414141414 4414 1]4]85
Ponaver

RESULTS:

Group 1 - Welding Time Effect

Wire Pull Force vs Welding Time

Failure Mode

Hesl Heck Wiire.
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Increasing the welding time slightly increased the 2" bond pull force
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Group 2 — Capillary Force Effect

Wire Pull Farce vs Capillary Force Failure Mode
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Capillary force had little or no effect on the 2" bond pull force

Group 3 — Ultrasonic Power Effect

Wire Pull Force vs Ultrasonic Power Faiure Mode
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Ultrasonic power has the greatest impact on the 2" bond pull force, with the maximum force at setting 4.




Optical Images of 2" bond

Welding Time Effect Capillary Force Effect

Ultrasonic Power Effect

After considering both the effectiveness of 2" bond pull force and the possibility of damage to the substrate’s surface, the

following optimized 2" pond parameters were chosen:

Welding Time 16
Capillary Force 16
Ultrasonic Power 14

IIl. WIREBONDING PERFORMANCE TEST OF ENEPIG FINISHES
The optimized 2 bonding parameters were then applied to gold wirebonding of ENEPIG finishes, to determine their bonding
performance. Reliability and pre-conditioning tests were used to check the performance of ENEPIG finishes under different

accelerated aging conditions.




Optimized Parameters:

ENEPIG Test Matrix:

Reliability and Pre-conditioning Test Conditions:

Reliability Test

Testing Environment

As-is

As-plated

Baking at 150°C for 4hrs

after gold bonding

Accelerated aging of the

wire bond

Preconditioning Test

Reason for testing

Baking at 150°C for 4hrs

before bonding

Accelerated aging /
simulation of application of

die attach adhesives

Exposure to 85°C /
85%RH for 12hrs before

bonding

Simulate storage in an

uncontrolled environment




RESULTS:
Reliability Test — As-is

Reliability Test - Baking at 150°C for 4hrs after gold bonding

Preconditoning Test - Baking at 150°C for 4hrs before gold bonding




Preconditioning Test - Exposure to 85°C/85%RH for 12hrs before bonding

EINDINGS:

1. No 2™ bond misses during bonding or 2" pond lifts during pull testing were noted.

2. Under several different preconditioning / accelerated aging conditions, we find that the percentage of heel break, the average
and standard deviation of pull strength are not adversely affected by preconditioning for thicker palladium (>0.4um) and
thicker gold samples (>0.05um).

3. Over arange of Au/Pd thickness combinations, ENEPIG finishes provided similar gold wire bonding reliability to electrolytic
Ni/Au.

4. Under same bonding parameters, the effect of gold and palladium thickness on the failure mode after 2" pond pull test could
be clearly observed.

5. For the test series at Au = 0.03um, the thicker the Pd thickness the better the failure mode and heel failure were not present at
Pd thicknesses > 0.3um. This indicates that a good Au-Pd alloy was formed, as the coverage of Pd over Ni will be better and
the nickel diffusion may also be suppressed at greater Pd layer thicknesses.

6. For the test series at Pd = 0.05um & 0.1um, the same observation is found when increasing the Au thickness. The heel failure
were not present at Au thicknesses > 0.05um. In this case, increasing Au thickness again provides better protection to the Pd
layer and thus enhance the quality of the Au-Pd alloy formed.

With appropriate selection of Au/Pd thickness combination (Au >0.07um and Pd >0.1um), the majority of the failures were wire

breaks, with only a very small incidence of neck breaks.

The use of electronic devices at ever higher operational temperatures is even further stressing interconnection reliability. These

results demonstrate that ENEPIG is a viable alternative to electrolytic nickel/gold.




CONCLUSION
ADVANTAGES OF ENEPIG FINISH
The key advantages of ENEPIG, providing a combination of both excellent solder joint and gold wire bonding reliability can be

summarized in the following points:

1. “Black Nickel” free — no possibility of grain boundary corrosion of nickel surface by immersion gold

2. Palladium acts as an additional barrier layer to further reduce copper diffusion to surface, thus ensuring good solderability

3. Palladium completely dissolves into solder, avoiding the formation of an excessively high phosphorus concentration at the
final interface and providing an oxide-free nickel surface to allow reliable formation of Ni/Sn intermetallic

4, Withstands multiple lead-free reflow soldering cycles

5. Demonstrates excellent gold wire bondability

6. Process costs substantially lower than either electrolytic nickel gold or electroless nickel electroless gold

Apart from the advantage of gold wirebonding reliability, the cost of ENEPIG has now become a critical consideration. With recent
increases in the price of gold price to levels above US$900 per troy oz, the production cost of electronic device that currently use
thick gold electroplating has become extremely difficult to control. Since the cost of palladium metal (US$300 per troy o0z) has
remained relatively low in comparison to gold, an significant opportunity for cost saving by replacement of thick gold finishes with

ENEPIG is now available.




