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Gold-tin eutectic solder (20 wt% Sn), because of its excellent mechanical and thermal
properties, is utilized for flip chip and laser bonding in optoelectronic applications.
Coelectroplating of Au and Sn has been investigated as an alternative to conventional
methods for depositing Au/Sn alloys. Pulse current (PC) and direct current (DC) plating tests
have been performed and compared using a suitably stable plating solution. Plating
conditions, including current density and ON and OFF times (for PC plating), have been
varied to optimize the process. Reproducibility tests have also been performed. It is shown
that a range of alloy compositions can be deposited, including eutectic and near-eutectic
compositions, with compositional and microstructural uniformity potentially suitable for
microelectronic and optoelectronic solder applications.
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1. Introduction Solder paste screen printing is a simple process with a
In electronic/optoelectronic packaging, chip bondinglow operating cost. The paste consists of Au-Sn powder
serves three major functions, i.e., mechanical supporgnd an organic binder. However, the solder particles are
heat dissipation and electrical connection. The choicextremely susceptible to oxidation and solder contam-
of solder material for bonding is based on optimizationination can result from organic decomposition during
of a number of properties, including solderability, melt- bonding.

ing temperature, Young's modulus (or stiffness), coeffi- Deposited solder offers advantages over the other two
cient of thermal expansion, Poisson’s ratio, fatigue life,processes, such as decreased oxide formation prior to
creep rate and corrosion resistance. In terms of meltingonding and more accurate control of the solder thick-
temperature, solders are typically classified as eitheness and volume [2]. The solder can be deposited us-
hard (high melting temperature) or soft (low melting ing thin film technology, either vapour deposition or
temperature). The Pb/Sn system is an example of a sofflectron-beam deposition, using patterned photoresist
solder, which is commonly used for electronic packag-or a shadow mask, or by electroplating. Electron beam
ing. Hard solders, e.g., Au/Sn, are used for optoelecevaporation is the most common method to sequentially
tronic packaging. Au-20 wt% Sn, which corresponds todeposit Au/Sn alternating layers, producing a multi-
the Au-rich eutectic composition, is the most commonlayer stack with the desired composition [2—4]. Ther-
composition utilized; it has a relatively high melting mal evaporation has also been employed to deposit Au
temperature (28C), good creep behaviour and good and Sn sequentially to a total thickness of abouard
corrosion resistance. [5, 6].

Traditionally, solder preforms, paste or deposited Co-evaporation of Au-Snsolder, using electron beam
solder have been used to bond microelectronic anévaporation for the Au and resistive heating for the Sn,
photonic devices onto submounts. Solder preforms ohas also been reported [7]. Layers up£®;.m in thick-
eutectic Au-Sn are produced via a chill-block melt- ness at the eutectic composition have been deposited.
spinning technique [1]. The high rate of heat extrac-Considerable heating of the substrate occurs during de-
tion associated with this process causes the metal tposition, which requires that the process be interrupted
solidify almost instantaneously, resulting in the forma-to allow for cooling. This results in a very lengthy de-
tion of a thin strip of the alloy (20-5@m thick) with  position process (more than several hours).
an amorphous or microcrystalline structure. Preforms Electroplating of Au/Sn is attractive primarily be-
are problematic, however, in terms of handling andcause of its low cost and simplicity of operation. The
alignment and become impractical for fine-pitch andtechnology for electroplating Au or Sn is quite well
flip chip applications because of poor thicknessdeveloped. Gold electroplating has a history dating
and bonding area control. Preforms are also susceptibleack 150 years. Gold can be deposited from alkaline or
to oxidation prior to initiation of the bonding acidic baths -the source of Au being primarily cyanides
cycle. (e.g., KAu(CN})) [8]. Non-cyanide electrolytes, such
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as KAuCl, or gold sulphite, are other possible sourceswere sectioned into smaller pieces, each having an ex-
of Au. Studies on non-cyanide electrolytes have showrmposed area=1 cmx 1 cm defined by stop-off lacquer.
that these systems offer higher purity and freedom fronPlatinum foil was used as the anode. The cathode-anode
breakdown, but are more sensitive to operating condispacing was maintained at a fixed value throughout the
tions and composition control. Electroplated Sn and Siplating process.
alloys are widely used in industrial applications. Ex- Plating experiments were carried out at a fixed tem-
amples of typical solutions include alkaline stannateperature (20C) under both direct current (DC) and
solutions based on sodium or potassium stannate, acjgllsed current (PC) conditions. For PC plating, ON and
Sn solutions based on stannous sulphate and acid flu®@FF times were varied and their effects correlated with
rate solutions based on stannous fluoroborate. deposit composition and microstructure. One set of ex-
Sequential electrodeposition of Au/Sn solder, usingperiments was done at constant average current density
commercial Au and Sn plating baths, has been em{2.4 mA/cn?), cycle period (10 ms) and plating time
ployed to fabricate Au/Sn bumps on patterned Siwafergl hr), while varying the ON time from 0.2-5 ms. A
with Au seed layers [9—11]. Gold is deposited first fol- second set of experiments was done while maintain-
lowed by Sn to a total thickness of up4dlO um. ing a constant peak curent density (10 mARNOFF
Interest in co-electroplating of Au-Sn alloys datestime (8 ms) and plating time (80 min), and varying the
back several decades. However, only a few papers hav@N time from 0.5-4 ms. Finally, plating experiments
been published. Available information concerning thewere done at OFF times ranging from 3-9.9 ms. The
coelectroplating of Au-Sn alloys is mainly confined to peak current density was maintained at 10 mA/cm
the patent literature [e.g., 12, 13]. A recent patent [12]with an ON time and plating time of 2 ms and 80 min
employing a cyanide-based electrolyte, reported the derespectively.
position of bright Au-Sn deposits (at more than Qrh All electroplated samples were examined in a Hitachi
thick) containing 75-95wt.% Au. A non-cyanide basedS-2700 scanning electron microscope (SEM), equipped
electrolyte - Au and Sn were dissolved from chlorides -with a Link eXL energy dispersive x-ray (EDX) spec-
was reported in another patent [13]. Aufn thick Au-  troscopy system. An accelerating voltage of 20 kV was
Sn alloy layer (26t 2 wt% Sn) was plated on a 50 mm used for both imaging and composition analysis; pure
Si wafer. Au and pure Sn standards were used for quantitative
Other co-electroplating systems have been reportednalysis. Both plan view and cross section samples
inthe literature [14—17]. The main difficulties in coplat- were examined. Cross sections were either prepared by
ing of Au-Sn alloys are two fold. First of all, it is dif- cleaving, for imaging and thickness measurements, or
ficult to control the deposition process. Not only mustby polishing, for quantitative composition analysis. De-
2 metals be codeposited, but their compositions must bposit surface roughness was measured by atomic force
controlled. The other problem is continual oxidation of microscopy (Digital Instruments NanoscoRg
the stannous tin to stannic tin at anodes when insoluble Reproducibility tests were carried out to assess the
anodes are used. repeatability of the plating bath. A single metallized
A suitable non-cyanide solution for co-depositing InP wafer piece#1.5 cnt exposed area) was plated
Au-Sn alloys over a range of compositions (includingcontinuously from a 50 ml plating solution. An average
the eutectic) has been developed. The details of solutioourrent density of 1.6 mA/cfwas used, with an ON
development will not be presented here, as the papdime of 2 ms and an OFF time of 8 ms, for a total
will focus on deposit structure, composition, unifor- of 40 hrs. Deposit composition was determined from
mity and reproducibility. The primary aim of this paper polished cross sections at 2.25n intervals from the
is to demonstrate that Au-Sn alloys can be coelectrodeposit-wafer interface.
plated at compositions near the eutectic value and with
suitable uniformity for subsequent bonding purposes. . .
Deposition conditions are varied in an attempt to study3- Results and discussion

their effect on deposit morphology. No bonding exper-3-1. DC vs PC plating _
iments are reported here. Deposit composition results for DC and PC (ON time

of 2 ms and OFF time of 8 ms) plated samples are

shown in Fig. 1. The composition vs current tendencies
2. Experimental methods are similar for DC and PC plating. The Sn content ini-
The electroplating setup consisted of a pulsed currertially increases with increasing average current density,
supply, with ON and OFF time settings in the 0-9.9 msreaches a plateau and then decreases with increasing
range. A 50Q2 standard resistand@; was connected current density. Increasing the current density tends to
in series with the plating bath to monitor the peak cur-favour plating of the less noble metal (Sn in this case). If
rent density in the circuit through an oscilloscope. Athe current density is too high, however, hydrogen evo-
non-cyanide (weakly acidic) plating solution of fixed lution becomes significant, decreasing the efficiency of
composition was prepared from Au and Sn chloridealloy plating. Hydrogen evolution may also cause a lo-
salts, with appropriate stabilizers, buffering agents andal increase in pH, increasing the susceptibility of Sn
levelers. An acidic plating solution is more compatibleion complexing. Tin ions will be further stabilized as
with photoresist developers, although if the acidity isa result of complex formation, suppressing Sn plating
too high hydrogen evolution becomes a problem. Theand reducing tin concentration in the deposit.
cathodes were either InP or Si wafers, coated with Ti From Fig. 1, it is clear that DC deposits obtained
(25 nm)/Au (250 nm) blanket metallizations. Wafers at the same current densities are consistently lower in
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Sn Content in Deposit (at %) 1.6-2.0 mA/crrange, i.e., at low average current den-

50 sities PC plating has no obvious influence on deposit
PC microstructure. Both DC and PC deposits show a ten-
40 .\gﬁfl\- dency towards coarser microstructures at higher cur-
/\’__‘\ rent densities, with the effect more pronounced for DC
30 = deposits. At a given average current density, the peak
DC current density is considerably higher for PC plating,
20 i.e., about 5 times that for DC plating (based on a duty
cycle of 20%). The higher peak current density results
10 in higher overpotentials and a finer deposit structure,
because the rate of electron transfer in PC deposits to
0 : : : , , : form adatoms is much faster than the diffusion rate of
12 16 20 24 28 32 36 40 the gdatoms across the surface to positions in the lat-
Average Current Density (mA/cm?2) tice, which favours nucleation. Grain refinement has

been observed in other PC systems, e.g., a phosphate
Figure 1 Deposit composition vs average current density for DC plating gold plating bath [19]. If the current density is too high,
and PC_pIating. The ON and OFF _times f_or_PC plating arg 2msand8 M$he Iimiting value is exceeded, i.e., metal ions are con-
respectively. Error bars are contained within the data points. sumed faster than they can arrive at the cathode and the

plating is under diffusion control, resulting in dendritic
Sn content than PC deposits. This result is similar tagrowth and a rough deposit surface.
that found in other Au alloy pulse plating systems, e.g., Thediffusionlayerin PC plating is considered to con-
Au-Co and Au-Ni systems [18], and may be due tosist of a pulsating part and a stationary part [20]. After
a difference in polarization behaviour for PC and DConly a few current pulses the concentration fluctuations
modes. The cathodic potential in PC mode may be morat the cathode become independent of the number of
negative relative to DC mode, which would favour Snpulses applied. Depletion of the cation concentration
plating. in the pulsating diffusion layer limits the pulse current

Representative microstructures for the depositiordensity, and depletion of the cation concentration in the

conditions presented in Fig. 1 are shown in Fig. 2. DCouter diffusion layer limits the average current density.
and PC deposits are similar for current densities in thé he thickness of the pulsating diffusion layég)and

Figure 2 SEM secondary electron (SE), plan view images for PC plated deposits (a—c) and DC plated deposits (d—f). The ON and OFF times for PC
plating are 2 ms and 8 ms respectively.
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the pulse limiting current density, ¢) depend on the
ON time ¢on), the duty cycle ¢ =ton/(ton + torp)
and the diffusion coefficientd). Both p andi_p in-
crease with increasing ON time arid. Assuming

layer can be very high, and increases with shorter pulse
length, the pulse current density can reach extremely
high values without a decrease in current efficiency due
to hydrogen evolution. As long as the pulse duration

a linear concentration profile through the pulsatingtime is shorter than the transition time, the average cur-

diffusion layer:

8p = [4/ Dton(1 — y)]%°
iLp = iL[(4/7 Dton/6%)°3(1 — y)*° + y] 71

rent density used in PC plating will not exceed the DC
limiting current density and PC deposits may have a
finer grain structure than DC deposits when the same
average current density is used.

Sample edge effects in PC plating at average cur-
rent densities of 2.0, 2.8 and 3.2 mA/&mre shown

i is the limiting current density for DC plating. Since in Fig. 3. Edge effects are clearly more pronounced at
the concentration gradient in the pulsating diffusionhigher current densities. The actual current density at

2.0 mA/cm?2

the edge is higher than the current density setting. As
the average current density is increased, the actual cur-
rent density approaches the limiting current density and
the deposits are more likely to exhibit microstructures
characteristic of limiting current conditions, i.e., coarse
grains and even dendritic growth.

3.2. Effect of ON time

Deposit composition results obtained at different ON
times, for a fixed average current density (2.4 mAfgm
and cycle period (10 ms), are plotted in Fig. 4. Corre-
sponding microstructures are shown in Fig. 5. The de-
posit composition plot initially increases with increas-
ing ON time, forms a plateau in the 1-4 ms range and
then decreases at values greater than 4 ms. The wide
plateau has obvious advantages for practical plating
operations. An increase in ON time corresponds to a
decrease in the peak current density (since the average
current density is fixed) and a decrease in the OFF time.
If the ON time is too short, e.g., 0.2 to 0.5 ms, charging
or capacitance effects are evident. The faradaic current
foralloy plating is substantially lower than the peak cur-
rent setting, which may explain the lower Sn content.
At long ON times, e.g., 5 ms, the peak current density
is quite low, which favours Au plating and therefore
results in a lower Sn content. For example, at an ON
of 5 ms, the peak current density is 4.8 mAfowhich

is ~20% of the peak current density for an ON time
of 1 ms.

Sn Content in Deposit (at %)
45

40

35! e

30

25

20

15

ON Time (ms)

Figure 3 SEM SE images showing edge effects in PC plating at differentFigure 4 The effect of ON time in PC plating on deposit composition at
average current densities. The ON and OFF times for PC plating are 2 ma constant average current density of 2.4 mA/end a cycle period of

and 8 ms respectively.
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Figure 5 SEM SE images for PC deposits at various ON times at a constant current density of 2.42mAttencycle period of 10 ms.

For pure metal pulse plating, the ON time should Deposit composition results obtained at different ON
be shorter than the transition time, otherwise hydrotimes, for a constant peak current density (10 mAm
gen evolution or organic decomposition may occur. Theand OFF time (8 ms), are plotted in Fig. 6. The Sn con-
transition timer decreases as the pulse current densityent increases with increasing ON time for short ON
| increases according to the following equation (assum-
ing Dt/8% «0.1).

12 = (7 Dn?F2/4)C2 Sn Content in Deposit (at %)
50
F is the Faraday constant (96,500 C) &hi$ the metal
ion concentration. Hydrogen evolution decreases th 0 o \
current efficiency while organic decomposition causing /
carbon plating destroys the deposit by increasing the de % o
posit resistance. For alloy pulse plating, the mechanisn /

is somewhat more complicated than that for pure meta o
pulse plating; it is possible that each component has it: /
own transition time.

It is clear from the SEM micrographs in Fig. 5 that
deposits obtained at 2 ms of ON time have the dens - i 2 ¥ A
est structures, finest grain size and smoothest deposit .
This is confirmed by AFM surface roughness measure ON Time (ms)
ments. Deposit S_urface mean roughness values for 1, |2-igure 6 The effect of ON time on deposit composition at a constant
3 and 4 ms ON times are 73.8, 58.4, 64.1 and 62.9 NMheak current density of 10 mA/Gand an OFF time of 8 ms. Error bars
respectively. are contained within the data points.

10 A 4
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times, reaches a plateau and then decreases with furtherCleaved cross sections of the deposits in Fig. 7 are
increases in ON time. The rising portion of the curveshown in Fig. 8. The 1 ms ON time sample exhibits
may be related to the transition time for Au plating. ductile fracture, which is due to its high Au con-
For ON times longer than 0.5 ms, Au plating becomegent. Deposits obtained at 2 and 3 ms of ON time are
diffusion controlled and Sn plating or hydrogen evolu-dense and uniform and adhere well to the substrate.
tion begins. As such, the Au transition timed9.5ms.  The microstructures are very similar to typical solidi-
When the ON time is increased4e2 ms, both Au and fied cast structures, with the initial deposit fine grained
Sn plating are likely diffusion controlled, giving rise to and subsequent grains growing in a columnar manner.
the plateau in the composition plot. Further increases iffhe fractured surfaces of these two deposits are more
ON time lead to additional hydrogen evolution, which characteristic of brittle fracture, due to the increased
may result in an increase in the local pH value andamount of AuSn; both deposits are hypereutectic in
suppress Sn plating. composition, i.e., 39 at% Sn compared to the eutectic
SEM micrographs of deposits obtained at differentvalue of~30 at% Sn. The 4 ms ON time sample is very
ON times are shown in Fig. 7. The 1 ms ON time sam-rough - its thickness varies from 1.4 to §:&n - which
ple has a much finer microstructure than the other deis due to the high average current density (3.3 mAjcm
posits. This is due in part to its high Au content or low which is likely close to the Ilimiting current
Sn content (16.7 at%) relative to the others, which havelensity.
Sn levels greater than 33 at%. For the higher Sn con- Practically speaking, ON times of 1-3 ms produce
tent deposits, roughness increases with increasing OBuitable microstructures and reasonable plating rates
time. At longer ON times, the average current density(0.7-1.7um/hr). Higher plating rates could be achieved
increases leading to thicker and coarser deposits. Aty increasing the Auand Sn contentsin the plating bath,
4 ms of ON time, the microstructure approaches thatvhich has the effect of increasing the limiting current
obtained from DC plating. density.

1 ms

Figure 7 SEM SE images of deposits obtained at different ON times, with a constant peak current density of 1( raAdcan OFF time
of 8 ms.
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3 ms
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4 ms

Figure 8 SEM cleaved cross section images of deposits obtained at different ON times, with a constant peak current density of 4 @mdAfom

OFF time of 8 ms.

3.3. Effect of OFF time
The effect of OFF time on deposit concentration isOFF time lead to a constant Sn content. During the ON
shown in Fig. 9. In all cases, the peak current densityortion of the plating cycle, the cathode region becomes
was 10 mA/cr, the ON time was 2 ms and the plat- depleted of Sn ions. During the OFF time, the Sn ion
ing time was 80 min. The Sn content initially increasesconcentration is recovered to some extent, before the

Sn Content in Deposit (at %)

50

40

30

20

10

e

¢

4 6 8 10

OFF Time (ms)

12

for OFF times in the 3—4 ms range; further increases in

next pulse, by the diffusion of Sn ions from the bulk
solution to the depletion region. The extent of recovery
depends on the length of OFF time. If the OFF time is
long enough44 ms here), the Sn ion concentration at
the cathode reaches the bulk value before the next pulse.
Any further increase in OFF time has no influence on
deposit concentration.

SEM images corresponding to the deposits plotted
in Fig. 9 are shown in Fig. 10. The 3 ms OFF time
sample is not shown, but was quite porous and black
in colour, which indicates a high carbon content in the
deposit. The OFF time was too short to allow the Au
and Sn concentrations at the cathode to return to the
bulk values, resulting in a diffusion controlled plat-
ing condition. For deposits with OFF times4 ms,
the microstructure becomes finer with increasing OFF
time, while the composition remains almost constant.

Figure 9 The effect of OFF time on deposit composition. The peak The Iongest OFF times (8 and 9.9 ms) give similar mi-

current density is fixed at 10 mA/dmnd the ON time is 2 ms. Error

bars are contained within the data points.

crostructures, which indicates that the recovery time is
sufficient.
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Figure 10 SEM SE images of deposits obtained at different OFF times, with the peak current density fixed at 10% raAétian ON time
of 2ms.

OFF time has been reported to affect deposit miface composition analysis of the resultant deposit at 5
crostructure in different ways. An increase in OFF timedifferent locations yielded an average composition of
resulted in grain refinement for Cd deposition, but in10.8+ 0.6 at% Sn. The surface morphology was fairly
grain growth for Cu and Au [19]. It is argued that for coarse. SEM images of cleaved and polished cross sec-
Cu and Au, grain growth, which is thermodynamically tions are shown in Fig. 12. The deposits are columnar
driven, occurs during the OFF cycle. For Cd, grainwith a finer grain structure near the metallization layer
growth is believed to be retarded by adsorption of in-(Fig. 12a). The fracture mode of the cleaved sections
hibiting species during the OFF cycle. is primarily brittle in nature, but becomes more duc-

Cleaved cross section images of samples obtained #te near the deposit surface. This is an indication that
OFF times of 9.9 ms and 4 ms are shown in Fig. 11the composition is more Sn-rich in the interior of the
The thicknesses of the 2 deposits are 1.6 angith@e-  deposit and Sn-deficient near the surface.
spectively. The average currentdensity forthe 4ms OFF A backscattered electron (BSE) image of a polished
time sample is twice that of the 9.9 ms OFF time sam-cross section is shown in Fig. 12b. The image contrast
ple, however, the deposit thickness at 4 ms of OFF timédue to atomic number effects) is more pronounced for
is more than 4 times that of the 9.9 ms OFF time samthe BSE images relative to the SE images, with the
ple. Both samples exhibit a columnar structure, withcolumnar behaviour clearly evident. Sn-rich regions
the 9.9 ms OFF time sample being more dense. are darker, while the lighter contrast regions are Au-

rich. The BSE images show 2 distinct layers. The inner
layer consists of 2 phases ancki®3 um thick, while
3.4. Reproducibility testing the outer layer (2—3um thick) appears to be a single
A single metallized InP wafer piecex(.46 cnf ex- phase and Au-rich. The Au-rich outer layer corrobo-
posed area) was plated continuously from a 50 mkates the EDX analysis done on the surface of the de-
plating solution to a final thickness ef26 um. Sur-  posit. Composition depth profiles (at 2.2 intervals)
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Figure 12 (a) SEM SE image of a cleaved cross section of the deposit
produced from the reproducibility test. (b) SEM backscattered electron
(BSE) image from a polished cross of the same sample. The semicon-
ductor substrate is to the right of the deposit.

Figure 11 SEM cleaved cross section images of deposits obtained a]

o,
OFF times of 9.9 ms and 4 ms. The peak current density was fixed a$n Content (at %)
50

10 mA/cn? and the ON time was 2 ms.

40 x

at 4 locations were done through the thickness of the 30
deposit. Because of local variations in composition, due
primarily to presence of 2 distinctly different phases, 2
the profiles were summed and plotted as a single profile .
(Fig. 13). The resultant composition profile correlates  1°
well with the cross section images, i.e., up to 22—-23

um of Au/Sn solder of uniform composition can be s 3 s P = " %
deposited from a single 50 ml solution.

Based on the above information, the number of InP
wafers (2 inch diameter) that could be plated from therigure 13 Composition depth profile for the sample shown in Fig. 12.
same bath without a significant composition changerour individual profiles have been summed and averaged.
was estimated. If the process was scaled uptoa 2 L
plating solution and 3.&m of solder was deposited on
each wafer, then a total 6¥19 wafers could be plated rium alloy consisting of AgSn and AuSn. The total
before replenishing the bath. volumeV of the deposit is the product of the plated

The percentage of Au in the bath consumed aftearea (1.46 c) and the deposit thickness:22 pm).
plating ~22 um of solder (before the Sn content de- Since the average composition of the deposit is Au-
creases) can be estimated by assuming the density 80 at% Sn (Au-28 wt% Sn), the volume percentage of
the deposit is equal to the bulk density of an equilib-AusSn and AuSn in the deposits 35% and 65%

Position Measured from Semiconductor/Au-Sn Surface (um)

765



respectively. The deposit density can be estimated
from a weighted average of the densities o080 and
AuSn, yielding a value of13.6 g/cni. If g, is the to-

tal weight of Au added to the bath prior to plating, then
the percentage of Au consumed after plating22 of
solder is

e Reproducibility tests indicate that several 2 inch

wafers &10) could be electroplated with Au-Sn
solder &39 at% Sn) to a thickness of 3.6m.
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The percentage of Sn consumed can be calculated in
a similar manner and amounts 4e8.5 wt%. The Au
contentinthe plating solution has changed significantly, 1.
while the Sn content has only changed a small amount.
Decreasing Sn content with increasing plating time 2-
has been addressed by Holbr@nal. [21], who at-
tributes it to faster Sn consumption due to the for- 5
mation of Sn-rich agglomerates. This explanation is
reasonable for a large current density which is closea4.
to the limiting current density. For this work, the cur-
rent density is 1.6 mA/cfwhich is significantly lower
than the limiting current density a£4 mA/cn?. The
change in deposit composition with plating time may g
instead be due to composition changes in the solution

additives. .

8.

3.5. Summary

Arelatively stable, non-cyanide, weakly acidic solution
has been utilized to co-electroplate Au-Sn alloys onto
metallized semiconductor substrates. Depositions were

done under both DC and PC conditions and the results®-

are summarized in the following.

11.

e In the studied range of average current density,

PC deposits have consistently higher Sn con-2.

tent than DC deposits. At low current densities
(<2.4 mA/cnt), the microstructures are similar, |4
while at higher current densities, PC deposits are
finer and smoother.

and cycle period are held constant, the compositio
vs ON time plot shows a plateau. Deposits obtaine

at 2 ms of ON time, which is within the plateau re- 16,

gion, have the finest and smoothest microstructure.

When the peak current density and OFF time aré-’-
held constant, a plateau is also observed in the de

posit composition vs ON time curve. Grain struc-
tures are finer for shorter ON times.

When the peak current density and ON time are
held constant, the Sn content in the deposits firstin-
creases with increasing OFF time and then reach

a plateau. Short OFF times (3—4 ms) give coarse

grained microstructures, while longer OFF times

9. C.

For PC plating, when the average current density*4-

19.
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