
F luxes — the brownish, 
fairly liquid material 
that allows molten sol-

ders to wet onto other metal surfaces 
— have come a long way from their 
rather primitive SMT forbears in sol-
der paste, wave soldering, and rework 
to fulfill diverse needs in the semi-
conductor market. Consequently, the 
performance demands for these func-
tionalized fluids have increased sig-
nificantly. 

A series of viscous, tacky, ball-at-
tach fl uxes has been developed for ap-

plication on BGA substrates in a pat-
tern of precisely controlled deposits. 
Spheres of solder alloy are placed into 
these fl ux deposits and the fi nal unit 
is refl owed to form a fi nished BGA 
package. Flux choices for BGA man-
ufacturers are primarily governed by 
refl ow profi le and atmosphere type, 
substrate land metallization, sphere 
alloy, fl ux application method, fl ux 
cleaning method, sphere size, and 
placement method. Current prac-
tices use water-soluble fl uxes that al-
low cleaning aft er refl ow. However, 

it seems inevitable that the drive for 
cost reduction and process simpli-
fi cation will result in the use of no-
clean fl uxes. 

Pin-transfer Flux Process
The pin-transfer method is the most 
common process used to selec-
tively apply flux deposits to BGA 
substrate land pads. Flux is dis-
pensed into a shallow reservoir 
with a fixed depth. A squeegee 
passes across the surface of this 
flux once or twice, to ensure that 
the surface is smooth, for repro-
ducible deposits. Next, a specially 
designed head with a set of spring-
loaded pins is lowered into the 
flux reservoir. After a short time 
delay, the pin-transfer head is 
lifted from the flux reservoir and 
aligned just above the substrate. 
The pattern of the pins exactly 
matches the corresponding sub-
strate pads. The spring-loaded 
pins are now lowered to meet the 
substrate, then raised again, transfer-
ring a large portion of the flux from 
the pin to the substrate.

Many factors must be taken into 
consideration during this process. 
Th e pin properties, such as diame-
ter and point geometry (the shape of 
the pin end), play an important role 
in the amount of fl ux they will carry. 
Th e depth of fl ux into which the pins 
are lowered is also an important con-
trol variable. Furthermore, the rheo-
logical properties of the fl ux and their 

variation over time play a signifi cant 
role in determining the volume of 
fl ux deposited onto the BGA sub-
strate. Humidity may also be crucial. 
A 35–55% relative humidity (RH) is 
the preferred range, especially when 
using water-soluble fl uxes. 

Why Pin Transfer?
The use of such an old technology 
for semiconductor packaging in the 
third millennium may seem surpris-
ing. However, pin transfer lends itself 
readily to the flux-application pro-
cess as it combines several factors 
that make it preferable over print-
ing: 

Gasketing: Due to fi ne pitch and 
small size, the typical plastic BGA 
substrate tends to be thin, allowing 
it to fl ex a little. If fl ux printing were 
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 ◼ Ball-attach fluxes for solder sphere 

attachment processes are just one 
example of how fluxes used within 
the semiconductor market have 
evolved significantly. Process needs 
for water-soluble fluxes have sparked 
the necessary advancements for 
developing products that meet these 
requirements.

FIGURE 1. Low voiding that is typical 

of advanced fluxes in semiconductor 

packages.
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FIGURES 2A AND B. Lead-free 

spheres reflowed under air and 

nitrogen.

to be used, a dedi-
cated board-support 
unit — or fixture — 
might be necessary 
to allow the substrate 
to gasket complete-
ly against the sten-
cil. The pin-transfer 
method, however, 
lends itself easily 
to boards with un-
even topographies. 
The use of spring-
loaded f lux-trans-
fer pins allows for 
small variations in 
board co-planarity.

Aspect Ratio: A small, fairly deep 
flux deposit is usually needed. For 
stencil printing, this would require 
a thick stencil (considerably thick-
er than a SMT solder paste printing 
stencil). The level of process control 
with such a high-aspect-ratio print-
ing process leads to unacceptable 
variation in the size of the flux de-
posit. 

Shear Thinning: Although ball-
attach fluxes are fairly viscous and 
tacky, repeated printing will cause 
the viscosity to drop significantly 
(so-called “shear thinning”). Com-
bined with issues related to the re-
lease of flux from the thick stencil, 
this is a headache for process con-
trol if poorly formulated fluxes are 
used.

Pin transfer is therefore an impor-
tant process for BGA manufacture, 
and it is with this in mind that the 
following study was conducted. 

Comparing Fluxes
Four different ball-attach f luxes 
were prepared using the pin-trans-
fer method. The BGA substrates 
used were FR-4 laminate with cop-
per (Cu) area-array pads. The spheres 
used to demonstrate attachment 
were 0.026-in. diameter (0.66-mm) 
SAC387 (95.5Sn3.8Ag0.7Cu).

Wetting
Using standard f lux chemistries, 
lead-containing solders with high 

tin content, such as 
Sn63 (63Sn37Pb), 
will wet readily onto 
standard BGA sub-
strate metallizations. 
For SAC solder balls, 
however, wetting of-
ten poses a challenge, 
due to higher surface 
tension of the high-
Sn alloys,3 and the 
predominance at the 
solder surface of in-
tractable tin oxides, 
rather than a SnPb-
oxide mix. Added 
to this, the predom-

inant use of air reflow atmosphere 
must be considered. Since typical 
lead-free temperatures are ~40°C 
higher than in standard Sn/Pb re-
flow, improving wetting of the sol-

der becomes a complex task.
To study the effect of flux type on 

wetting of substrates, four ball-at-
tach fluxes that were deposited by 
pin transfer and inspected post-re-
flow were used. Although this is a 
simple study, it highlights the wet-
ting ability of the different available 
fluxes. Two of the chemistries were 
water-soluble (Flux A and Flux B), 
the other two were no-clean (Flux 
C and Flux D). The overall wetting 
of the water-soluble fluxes was bet-
ter than the no-clean fluxes, since 
no-clean fluxes are generally less 
active than water-soluble f luxes. 

Between the water-soluble fluxes, 
Flux B formed bumps with slight-
ly better shear strength. Of the two 
no-clean fluxes, Flux C formed the 
highest shear-strength joint.

Cleaning Without Staining
No-clean f luxes rely on rosin or 
resin to encase the reactive rem-
nants of activator materials, which 
are fairly ionic. If cleaning is desired 
for increased reliability, a water-sol-
uble f lux is commonly chosen. 

Tests revealed a downside that 
seemed to be a trade-off with the 
better-wetting fluxes. The two sets 
of simulated BGAs using no-clean 
flux appeared clearer than those 
made using the water-soluble flux. 
However, room-temperature water 
with only slight agitation was used 
to wash the water-soluble flux res-

idue. This partial washing was 
conducted to show the ease of 
cleaning between the two wa-
ter-soluble chemistries.

Between the water-soluble 
fluxes, Flux A cleaned slightly 
better than Flux B. Experience 
has shown that if BGA packag-
es are reflowed in air using a 
standard lead-free reflow pro-
file, virtually all traces of flux 
residue can be removed from 
BGA packages with de-ionized 
(DI) water using a jet at above 
60 psi for 1 minute or longer. 
Note that, in general, air reflow 
at excessively high temperatures 

will severely impact the cleanabili-
ty of any flux.

Further Testing
Water-soluble Flux B was chosen to 
undergo additional testing. In a stan-
dard SIR test per IPC-TM-650, IPC 
J-STD-004 sets a resistance require-
ment for >108 Ω after 176 hours at 
85°C/85%RH. Flux B passed this cri-
terion with a resistance of >109 Ω at 
the end of this time period. 

An X-ray image was also taken to 
check for voiding in the material. 
Figure 1 demonstrates the low void-
ing that is typical of advanced flux-

FIGURES 3A, B, C. All spheres soldered well 

and cleaned effectively at their respective 

reflow temperatures with 3 different alloys.
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Spread Factor Test Results

Surface  
Finish

Reflow Environment

Air Nitrogen

ENIG 92% 92%

Ni 66% 67%

OSP 68% 70%

TABLE 1. Results of a wetting-spread test.

es for the semiconductor 
packaging industry.

All the materials stud-
ied were optimized for 
reflow in air; however, in 
another study the effect 
of nitrogen atmosphere 
reflow was also exam-
ined. Figures 2a and 2b 
are images of lead-free 
spheres ref lowed un-
der air and nitrogen (at 
around 100-ppm O2), re-
spectively. Although the 
use of a low-oxygen atmo-
sphere produces a some-
what more aesthetical-
ly pleasing solder joint, 
reflow of the simulat-
ed BGA packages in both 
air and nitrogen yielded solder joints 
that were robust and fully wetted to 
the substrate pads. 

To follow up on this observation, 
a wetting-spread test (Table 1) was 
conducted to quantify the difference 
between air and nitrogen reflow for 
Flux B. It was concluded that spheres 
reflowed in nitrogen looked a little 
better but there was no significant 
difference in solder wetting.

Solderability of both low- and 
high-temperature alloys in air is 
also a potential parameter for con-
cern. The flux in question was able to 
perform its function over a wide va-
riety of reflow temperatures. Newer 
fluxes for ball attach are being chal-
lenged to work well in air under stan-
dard Sn/Pb reflow profiles and under 

high-lead temperatures. This requires 
a flux to have a relatively low activa-
tion temperature yet still remain ac-
tive without “burning out” at tem-
peratures over a range of 130°C or 
more. The samples shown in Figures 
3a, 3b, and 3c all soldered well and 
cleaned effectively at their respective 
reflow temperatures with three dif-
ferent alloys.

Conclusion
Technology needs are driving the 
evolution of f luxes for different ap-
plications in semiconductor pack-
aging. Currently, there is no sin-
gle pin-transfer ball-attach f lux 
that clearly outperforms all other 
f luxes in each of the many desir-
able performance characteristics. 

However, there are 
f luxes that excel in 
certain character-
istics based upon 
what is most impor-
tant to each applica-
tion. Therefore, cus-
tomers should work 
with their supplier 
to decide which flux 
will best meet their 
process needs. AP
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Indium Corporation’s 
WS3600 Ball-Attach Flux
was developed in cooperation 
with customers using automated 
pin-transfer ball-attach equipment. 
Based on the specifi c performance 
needs for pin-transfer fl ux, WS3600
offers a unique balance between 
several opposing needs.

WS3600 has suffi cient viscosity to hold any size sphere in place during the 
placement process and consistently deposits the needed amount of fl ux. Its 
unique activator system is strong enough to allow excellent wetting onto a variety 
of different surfaces, without corroding exposed under-bump metallizations 
and works equally well with both Pb-containing and Pb-Free alloys. 

The distinctive red color of WS3600 allows for easy automated detection of the level 
of fl ux inside the fl ux reservoir and visual inspection during the sphere placement 
process. Residue can be cleaned away completely after refl ow using only warm water.

To learn how to put WS3600 to work for you, contact 
Andy Mackie (amackie@indium.com) or Jim Hisert (jhisert@indium.com)

www.indium.com               reliability@indium.com

ASIA: Singapore: +65 6268 8678 
CHINA: Suzhou, Shenzhen, Liuzhou: +86 (0)512 628 34900
EUROPE: Milton Keynes, Torino: +44 (0) 1908 580400
USA: Utica, Clinton, Chicago: +1 315 853 4900

Finished Goods RELIABILITY

WS3600 
Ball-Attach Flux 
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