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AWG tinned copper wire. After dip soldering with
Sn62/Pb36/Ag2 solder at 2202C, 10 second dips,
wires are bent at a 90 degree angle adjacent to
the pad, then pulled using an Instron device. 40
& 60 pinch thickness plated gold was evaluated.
lllustration 5 shows the typical adhesion test
pattern used in this study. The SEM cross
section photomicrograph (illustration 6) shows
the relative Au, Ni, Ag thicknesses of one plated
6118 test part and conductor porosity & density.
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Chart 11: Post-fired & Refired Brazing

Data show that thinner plated gold
provides slightly higher pull strength values after
aging. Typical initial failure modes show pads
pulling ceramic out. As aging proceeds, the
more prevalent failure mode shows the pad
lifting away from the ceramic. The data in table 4
also show that values drop dramatically after
thermal cyding (-40°C/+125°C, two hour
schedule).

Ilustration 5: Wire Peel Adhesion Test Pattern
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Illustratn 6; SE crss-section Plated 6118
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Table 4: Wire Peel Soldered Adhesion

_ 6118
[2gin: "0 erm &l CyCles |
hrs. 140uin | 80 pin J40 pin | 80 pin | 40 pin | 80 pin
9] 235 | 135 | 235 | 13.5 | 23.56 | 13.5
250] 12.4 | 14.4 | 18.0 | 168 | 3.5 na
500] 21.5 | 8.2 | 221 | 17.1 | 5.5 5.4
To00| 17.8 | 106 | 19.4 | 16.3 | 4.3 5.6
values n Newions

Immersion Gold Evaluation
Immersion gold plated 6118 parts were
evaluated for functional properties.

The data in Chart 12 show wire peel
adhesion pull strength values after dip soldering
with Sn62/Pb36/Ag2 solder at 220°C and 10
second dips. (These data compare plated nickel
thicknesses for silver conductor 6118). Wire
bonding is not expected to be successful with
immersion gold plated parts. Three levels of
nickel thickness were tested to determine the
optimum thickness for soldered adhesion. These
test parts were thermally aged at 150C for up to
300 hours. Parts plated using “Condition 3~
exhibit consistent wire peel pull strengths over
the length of the aging. Values remain between
18-20 Newtons (80 mil pads, #20 gauge wire).
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Chart 12: Wire Peel Adhesion, immersion gold

Plateable Silver Composition 6117

6117 was designed as a cofireable,
plateable conductor for DuPont™ Green Tape™
951 low temperature co-fired ceramic (LTCC). It
contains a small amount of binder glass and
oxides to enhance adhesion to the tape. It is
printed at a dried thickness of 15-20 um. 6117 is
not brazeable, but can be wire bonded. The wire
bonding data are comparable to the data
obtained for 6118. All wire bond strength values
reported for 1 mil gold wire were above 11.0
grams regardless of the aging condition tested.
See charts 13, 14 & 15 below.

Another set of data points were obtained
for test parts plated using a higher goid
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thickness of ~150 pinch. A single metal lift (ML)
was observed after 1000 thermal cycles. At this
higher plated gold thickness, the 1 mil Au wire
bonding performance was slightly befter than
6118, indicating that the Au plating process
latitude may be wider, however the metal lift is a
concern. As with 6118, electroless gold
thickness should be limited to a maximum of
90-100 pinch.
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Chart 13: Thermal aging at 150:C
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Chart 14: Exposure to 85%RH/85C
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Chart 15: Thermal Cycling (-402C/+1252C)

6117 was also evaluated using the daisy
chain pattern and subjected to 2x and 5x refires
using an 850:C/30 minute belt profie. Wire
bonds were placed directly over the plated 6117
directly over filled vias. Vias were filled using
standard via fill product 6141 (DuPont™). The
data in charts 16, 17 & 18 show good wire
bonding results for all conditions. Once again,
values measured were lower than previous

000302

charts but can be explained by the need for
different wire bond loop geometries used to
accommodate the alternate daisy chain test
pattern. There were no bond lifts, no metal lifts,
and no misses. Typical failure modes were wire
breaks and heel breaks at the first and second
bond sites.
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Chart 16: Wire Bonding over vias, age at 150:C
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Chart 17: Wire bonding overvias, 85%RH/85:C
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Chart 18: Wire Bonding over vias, TCA

Table 5: Wire Peel Soldered Adhesion

6117

agng a > amal Cyaas

hrs. ﬂ}lin 80 uin 40Jlin 60 in 40_|,lin 60 Win
0] 154 | 1341 154 | 131 154 | 131
250 5.2 12.2 8.9 13.1 4.4 na
500 125 | 106 9.5 11.8 53 66
1000 88 116 | 111 13.4 3.3 6.3

vaes n Newbns

Wire peel adhesion by dip soldering was
evaluated on 6117 using the same method as
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previously described above. Groups of parts
with 40 & 60 pinch plated gold thicknesses were
evaluated. Table 5 shows a summary of
soldered adhesion values obtained on the plated
6117 test parts. Thermal cyded adhesion using
(-402C/+125%C, 2 hour schedule) is a concern.
Values were slightly lower than 6118.

Plateable Silver Composition 6119

6119 was developed as a plateable
silver conductor for post fired application on
DuPont™ Green Tape™ 951 low temperature
co-fired ceramic (LTCC). 6119 prints at 15-20
um dried thickness. It is not brazeable, but can
be wire bonded. Accelerated aging and
environmental studies were performed on 6119
at the higher plated gold thickness of
approximately 150 pinch only. Lower plated gold
thicknesses were not evaluated at the time of
this paper. Excellent wire bonding data were
obtained with no bond lifts or metal lifts
occurring at any stage of the aging study. See
chart 19. Wire peel adhesion results are listed in
table 6. A drop-off is noted after thermal cycling
at the single plated thickness tested.

51191 m¥ AuWin Bonding
—a— grg 1500
1320 —— 2grg BEXAHEIC
R—:- Tharmal cycling
125 _\-~ a —
B 120 S
- \w
1.5
11.0 v . .
itk 280 500 1000
HouradCycle s

Chart 19: 6119 Wire Bonding performance

Table 6: Wire Peel Soldered Adhesion
6119
[agng at 150C | 859.RHesC | tharmal cyaes
hrs. |40 pun| 60 uin | 40 pin| 60 pin] 40 pin| 60 win
0] 173 | 2098 | 173 | 209 | 173 | 209
250 58 124 | 177 | 239 5.6 na
500| 145 6.4 2041 23.0 6.1 6.1
1000] 9.0 00 | 185 235 | 4.1 6.0
values in Nawlons
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Summary & Recommendations

Although not mentioned elsewhere in
this paper, yield is a major concern. Periodically,
plated test parts can fail a simple scotch tape
adhesion test on fine line (5 mil) features. Yields
can vary, although the goal is 95%. Additional
plating process development for large scale
manufacturing is underway.

New silver conductor 6118 can be
cofied on Green Tape™ 951 and is NVAu
plateable. It can provide excellent 1 mil Au wire
bonding performance if gold plating thickness is
maintained between 40 to 80 pinch with ~150
pinch plated nickel. 6118 provides excellent
brazing performance with Auso/Sn20 alloy, if
brazed using a special profile previously outlined.

Cofireable, plateable silver conductor
6117 provides excellent wire bonding
performance using 1 mil Au wire, however it is
not brazeable. The plated gold thickness latitude
is wide. Wire bonding characteristics have been
presented here.

6119 can be post fired onto Green
Tape™ 951, Ni/Au electroless plated and
provide excellent wire bonding performance
using 1 mil Au wire. Wire bonding data are
presented in this paper using 150 pinch plated
Au thickness.

Most of the data presented here were
generated using two dimensional planer test
pattern parts. Additional work is ongoing to
investigate complex three dimensional LTCC
parts with multilevel cavities. Also, lower plated
Au thickness evaluations have been initiated.
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