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Flip chip solder bumps have been electrodeposited from cell design'! In addition, bath type may also be of importance
fluoroborate and sulfonate baths to compare the perfor-| in controlling bump height uniformity. This investigation
mance of these two baths with respect to growth behavior, discusses the plating behavior of solder bumps with two
composition and bump height of the eutectic solder bumps different baths. The bump height, bump composition and the
on a 4-in. silicon wafer. In general, the fluoroborate bath| operating conditions are also investigated.

gives rise to a slower deposition rate than the sulfonat
bath, while a slightly better bump uniformity is achieved. | Experimental  Procedure

The solder bumps exhibit a smooth surface appearanceThe procedure for producing the solder bumps on a 4-in.
when electrodeposited from a sulfonate bath. silicon wafer is as follows. An aluminum film with a thick-
ness of 1.50m was produced by sputtering on the silicon
Electronic packaging technology has moved from throygfafer. The Al film was then spin-coated with photoresist and
hole technology to surface mount technology since the mitle wafer exposed under UV light to develop the patterns for
1980s: Recent developments further apply area array |I£dlder bumps with the aid of a mask (Fig. 1). The assignment
arrangements, replacing peripheral arrangements. The @fthe chip position is also specified in Fig. 1. Each chip
array arrangement makes use of the whole area of a die@ntains 32 x 32 bumps of which the diameter isu60
substrate compared to the peripheral area arrangement.iAdividually. The pitch size, center-to-center distance be-
cordingly, a greater /0O number can be produced on a dipfi@een neighboring bumps, is 1.

a fixed pitch size. On the other hand, the pitch size cap b&he UBM of the solder bump consists of, sequentially,
enlarged when the I/O number is fixed. A greater I/O numbgsutter-deposited O Ti and 0.§1m Cu, and an electroless
enables integration of more functions within a chip, whilerickel deposit. The UBM layers were produced on Al film.
large pitch size lowers inductance, thus enhancing clotke electroless nickel deposition was conducted in a nickel
speed. Currently, the Ball Grid Array (BGA) represents drealfate bath, using sodium hypophosphite as reducing &gent.
array technology. The I/O can very easily go up to more th@ihe thickness of the EN layer is aroungi#. Solder was

500 with BGA in comparison to 300 or so with QFP (Quaglectroplated from a fluoroborate battmr from a commer-

Flat Packaging). BGA is a module level packaging techn@ekal sulfonate bath. The solution was stirred with a magnetic
ogy, while the chip level packaging of a BGA module ¢agtirrer during plating operations. The anode was a platinized
incorporate wire bonding, TAB (Tape Automated Bondingjitanium mesh. The morphologies, as well as the composi-
or flip chip bonding technologdTo comply with the high I/ tions of the platings were investigated with a scanning elec-
O area array technology of BGA, it is desirable to apply flgpon microscope equipped with EDS (Energy Dispersive
chip bonding for chip level interconnection. Flip chip bondSpectrometer). The bumps investigated were the center bumps
ing technology is also an area array technology and is by dathe arrays located at the diagonal of the upper left quadrant
the highest 1/O chip level packaging technology. on the silicon wafer.

Flip chip bonding technology relies on solder bumps,
produced on silicon chips, for interconnection. The sold
bump can be produced on the terminal pads by vapor
sition? screen printind,as well as electroplatirfgelectro-
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thography. A complete solder bump structure consist Oanoonooog

UBM (Under Bump Metallurgy) layers and the solder pl
ing. A variety of UBM layers has been develo&dThe
function of a UBM layer is to promote the adhesion, wettin
and to provide a barrier function for inhibiting interdiffusior
between solder and the conductor, for example, an alumin
pad. Solder plating needs to be well controlled to produ
uniform solder bumps. Electroplating bath conditions
electrochemical cell design may determine the plating beh:
ior of solder bumps. The I/O pad acts as the electrod
electroplating. A chip may contain hundreds of bump pac
Because a wafer contains hundreds of chips, it ma
assumed that thousands of solder bumps will be pla
simultaneously during the plating process. The uniformity _.
the solder bump height can be controlled with approp |e};%' 1—Chip pattern across a 4-in. silicon wafer.
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Results  and Discussion

Bath type may significantly affect the current distributi
and current efficiency. This investigation was not to anal
current efficiency; rather, it was to investigate the effec
bath type on solder bump growth, as well as on solder b
composition. Figures 2 and 3 depict the solder bumps
tained from a fluoroborate bath and a sulfonate bath, reg
tively. This series of experiments was performed on
plates. The current density ranges are 10-20 mAacm 10-
100 mA/cnt, respectively, for fluoroborate and sulfong
baths. It is evident that the bump surface consists of sm
bumps when deposited at 15 and 20 mA&/drom the
fluoroborate bath. This mini-bump structure indicates in
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Fig. 2—Appearance of solder bumps electrodeposited from fluorobg
bath, current density (mA/éjn(a) 10, (b) 15, (c) 20.

equate control of the bump height at these current densities.
ofn the other hand, the bump morphology is relatively smooth
ywéhen deposited at a current density as high as 100 niA/cm
t &bm the sulfonate bath (Fig. 3). The evidence of Figs. 2 and
uhjmdicate that the fluoroborate bath is not practically appro-
gisiate for high-current-density solder bump deposition.
pecFhe uniformity of the bump height and the thickness of the
@lated solder bump are of importance in terms of flip chip
bonding practice. This study investigated the average bump
itéeight distribution throughout a 4-in. silicon wafer for the
afigifonate bath to determine the most suitable current density.
The total charge applied was fixed at 108 coulombs. Itis seen
atfom Fig. 4 that the average bump height on each chip varies
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ratigy. 3—Appearance of solder bumps electrodeposited from sulf
current density (mA/ctu (a) 10, (b) 30, (c) 100.

onate bath,
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from about 20 to 3um when deposited at 10 mA/énfn
increase in current density to 30 mAfomot only increase
the bump height, in the range of 37 to 4, but also
enhances the bump height uniformity with a deviation of|: § 40.0
percent. A further increase in current density raises
deviation to 5.1 percent when the current density is as hi
100 mA/cni, although the bump height increases up to 4
45pum.
The solder bump must reflow at suitable temperatur
produce a ball-shaped bump for flip chip bonding applic & 20.0
tion. The reflow temperature is determined by the compic
tion of the as-plated solder bump. It is desired to produc
eutectic solder bump, 63Sn-37Pb, to give the lowest refl : : :
temperature. Figure 5 shows the composition of the bum Chip 1-1 Chip2:2 Chip3-3 Chip4-4 Chip B-5 Chip &8
different chip positions when plated at various current der Chip position
ties from the sulfonate bath. The total applied charge is| 108 4—Average bump heights on various chip positions when deposited
coulombs. The Sn content of the bumps varies from 60 to/&" sulfonate bath at different current densities.
percent Sn (analyzed with EDS) when the current density #0#
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10 mA/cnd, indicating unsatisfactory uniformity in deposi- ek ot
tion potential across the wafer. The percent Sn tends ™* |
increase as the current density increases from 30 to 10Q r —— 0 e

cm? Of these various conditions, a current density of 30
cn? results in a composition between 60 and 63 percent £
and the least deviation in composition distribution. " =
It is shown in Fig. 4 that current density affects the bun o i il
height distribution. In addition to current density, the chi
position on the wafer may also affect bump height. The effe
of chip position on bump height is ascribed to current dist
bution. Figures 6 and 7 show the average bump heightofie ;.
chip across the wafer when deposited from a fluorobar: Chip1-1 Chip22 Chip3d Chipdd  Chip&8  Chip &6
bath and a sulfonate bath, respectively, with current densit Chip position
of 10 and 30 mA/cfa It is reasonable to achieve a slowerig- 5—Sn content of solder bump on various chip positions when deposited
deposition rate from the fluoroborate bath. On the other hafigf" Sulfonate bath at different current densities.

deviation in bump height is seen for both systems, but, for1 520 —r
same bump height range of 30 to 86 and 35 to 4Qum, it 5.0 5
seems that the fluoroborate bath results in better uniformi 2 RS

The bump height deviation from the average bump heigh & 0
1.08 percent (for 30 to 38m) and 2.08 percent (for 35t0 4C E 3sa
pm) for bumps deposited from the fluoroborate bath, while s
is 3.02 percent and 3.30 percent from the sulfonate bath| "<
deviations are all within 5 percent and may be accepta £ 5.0
from the application point of view.

Fdngs

The electrodeposition behavior of solder bumps has
compared for fluoroborate and sulfonate baths. The depc Chip 11 Chip2-2 Chip3-1 Chipd-d  Chips-3  Chip G-

tion rate is much faster from a sulfonate bath than fro Chip pasition

fluoroborate bath. A smooth surface morphology of ttHd0. 6—Average bump heights on vari_ous chip positions W_hen erosited
solder bump is obtained from a sulfonate bath, while ar uf;mn fluoroborate bath at 10 mA/érwor different electrodeposition times.
appearance is achieved from a fluoroborate bath. A cufr 5@
density of 30 mA/criresults in best uniformity in composj- § as.a
tion and bump height of the eutectic solder bump deposit &
from the sulfonate bath across a 4-in. silicon wafer.
fluoroborate bath gives rise to slightly better uniformity|i = 358
bump height than the sulfonate bath, but both baths giv
to practically acceptable bump height uniformity for th
deposition conditions.
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Editor's note: Manuscript received, August 1999; revisior § e
received, December 1999. =
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Chip posithon

Fig. 7—Average bump heights on various chip positions when deposited
from sulfonate bath at 30 mA/eifer different electrodeposition times.
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