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In the continuing drive to produce 
ever smaller, yet more powerful, 
hand-held electronic devices such 
as cell phones, personal assistants 
and music players, components 
have been reduced dramatically 
in size. As each new generation of 
smaller components has emerged, 
assembly challenges have in-
creased extensive research, based 
on in-depth process expertise. 
Manufacturers who have part-
nered with a leading technology 
supplier, both in the laboratory 
and on the production floor, have 
been able to develop robust, high-
volume assembly processes for 
each new generation of compo-
nents.

The most recent components 
to travel this route, 0201s, have 
outside dimensions of just 0.3x 
0.6mm. They are approximately 
one-quarter the size of 0402s, 
allowing designers to use less 
PCB area and populate boards 
more densely, often with only 
0.15-0.20mm between the com-
ponents. However, their smaller 
size has the potential to reduce 
assembly process robustness and 
yield. As representatives of one 
multi-national contract manufac-
turing firm stated, 
“for 0201 assembly, 
every ‘mil’ makes a 
big difference”.

A series of research 
studies conducted 
by a leading suppli-
er of high-accuracy 
mass imaging tech-
nology has focused 
on determining the 
impact of specific 
assembly and board 
design parameters 
on the yield of sol-

der paste mass reflow assembly of 
0201 components. To determine 
a process window for high-yield 
0201 assembly, the principal de-
fects of tombstoning, bridging, 
and solder balling were identified, 
counted, and correlated with pro-
cess variables. 

The first 0201 test board used 
tested 27 different combinations 
of pad dimensions for both 0201 
and 0402 components. Fully 
populated, it contained 12,960 
components. The substrate mate-
rial was FR4, the pad finish Cop-
per/OSP, and both horizontal and 
vertical component orientations 
were incorporated for the entire 
matrix of pad sizes. Five rectan-
gular stencil aperture sizes were 
used across all 27 combinations of 
pad dimensions. 

The objectives of the studies

The objectives of the studies were 
to determine the influence of sol-
der paste formulation, and reflow 
environment on yield and an op-
timum pad design on the board. 
After experiments, a 0.127mm 
stencil thickness was selected. 

In the same way, a rectangular 
aperture of 0.28x0.38mm on the 
stencil was considered to produce 
the best results. By incrementally 
shifting the position of the sol-
der paste prints on the pads, the 
corresponding overlap between 
placed component and solder 
deposit was tested for effects on 
yield. The solder paste deposit 
will contact the aperture wall of 
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Figure 2 - When all failure types are 
compared, it becomes apparent 
that trade-offs in the design of 0201 
assembly processes are needed to 
minimise defects such as tombsto-
ning or solder balling

Figure 1 - Research studies indicated that no-clean 
solder paste and air reflow assembly produced the 
fewest number of defects when processing 0201 
components
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surfaces after the printing stroke 
is completed. The ratio of these 
surface areas is identified as “area 
ratio”, a dimensionless number 
that offers a convenient means to 
compare transfer efficiencies. 

When solder paste transfer effi-
ciency was plotted as a function 
of aperture area ratio, the se-
lected stencil produced a trans-
fer efficiency of approximately 
73%. Thicker stencils would lead 
to larger area ratios and, conse-
quently, reduced transfer effi-
ciency. One no-clean and one wa-
ter-soluble paste were used, each 
a eutectic SnPb alloy with a 90% 
metal load and a Type 4 powder 
size. Print speed was set at 25mm/
sec using metal, 60-degree angled 
squeegees. The applied pressure 
was equivalent to 0.41kg/cm of 
squeegee blade length. Print gap 
was set to zero and the rate of sep-
aration between board and stencil 
was 0.5mm/sec.

The equipment used in the re-
search studies was a Micron class 
printer, a high-speed Universal 
GSMxs placement machine and 
a Vitronics-Soltec XPM 1030N 
forced convection oven. Both air 
and Nitrogen environments were 
used; during fully inerted reflow, 
the Oxygen levels were less than 
50 parts per million.

The results

The results of three process builds 
on the optimally identified pad 
design showed that the no-clean 
paste and air reflow assembly pro-
cess produced the fewest number 
of defects (Figure 1). At the oppo-
site end of the spectrum, the same 
no-clean paste reflowed in Nitro-
gen produced the highest level of 
defects. This supported the theory 
that stronger wetting forces may 
degrade yield. 

Comparing the air reflow sce-
narios, the water-soluble paste 
produced a greater number of 
defects than the no-clean paste. 
Since water-soluble paste is more 

active than no-clean, this result 
also concurred with the theory 
that stronger wetting can induce 
more defects.

The optimum pad size and pad-
to-pad spacing were found to be 
0.30x0.38mm and 0.20mm, re-
spectively. Solder balling was 
found to decrease, with less over-
lap between the solder paste de-
positions and component termi-
nations. 

The orientation of the compo-
nents in reflow was found to be 
significant on defect levels for 
the no-clean/Nitrogen and water-
soluble/air assembly conditions. 
However, the no-clean paste re-
flowed in air did not show an ef-
fect of component reflow orienta-
tion on defects, a result that could 
be related to wetting speed. The 
slower wetting speed assembly 
condition provides a larger pro-
cess window and produces good 
yield for both component reflow 
orientations.

A test board was also designed 
to investigate factors including 
printing and placement accuracy, 
the effect of assembling 0201s on 
print deposits staggered apart at 
various separation distances, the 
level of Nitrogen in reflow, the 
orientation of components going 
through reflow and the impact 
of using Lead-free solder versus 
standard SnPb eutectic. 

In addition, instead of Type 4, 
Type 3 particle size no-clean sol-
der pastes (both eutectic SnPb 
and Lead-free (Sn-Ag-Cu) were 
used, since Type 3 is more com-
mon in the industry and has lower 
cost. The stencil aperture design 
employed was the same, but the 
positions of the apertures on the 
stencil were strategically defined 
to create three different levels of 
printed solder separation. 

The overlap between the end ter-
minations of the components and 
the solder paste was different for 
all three. This overlap, defined 
as “grab,” was tested at levels of 
0.15, 0.10 and 0.05mm. By mis-

registering the print deposit or 
misplacing the component, an 
imbalance in the grab between 
the two terminations of the same 
component was purposely created 
to determine the tolerance for 
printing and placement accuracy 
for successful 0201 assembly.

Printing and placement trials 
were performed at three settings 
of registration: 0 offset, 0.10mm 
offset and 0.15 offset in both X 
and Y directions. Printing and 
placement offsets were not com-
bined in these tests and the effect 
of each was tested independently. 
Two boards were tested for each 
offset condition, with sixty 0201s 
being assembled per design com-
bination. 

The research revealed that, gener-
ally, as the print offset increased, 
the number of tombstones also 
increased. However, the relative 
number of tombstones that oc-
curred depended on grab. The 
largest grab of 0.15mm offered 
the most tolerance to print off-
set and did not show tombstones 
for either 0 or 0.10mm print off-
set levels. The smallest grab of 
0.05mm was the most sensitive to 
print registration on tombstoning 
defects. Similarly, as placement 
offset increased, the number of 
tombstones also increased. But 
the overall proportion of tomb-
stones was less for placement off-
set than for printing offset tests, 

Figure 3 - In challenging assembly scenarios, 
the combination of high printing and placement 
accuracy with low grab conditions produces 
the fewest cumulative defect totals and the 
highest yield results for 0201 processing
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hood of producing tombstones 
with print misregistration. 

When bridging defects were con-
sidered as a function of placement 
offset with mis-registration in 
the X direction and grab, higher 
bridging levels occurred with 
larger placement offsets. Bridg-
ing levels could potentially be 
reduced by decreasing the place-
ment pressure setting. 

Bridging defects, tracked as a 
function of placement offset, with 
mis-registration in the Y direction 
and pad spacing, indicated a simi-
lar tendency for producing more 
solder bridges as placement offset 
was increased. It makes sense that 
the finest spacing between com-
ponents exhibits the largest pro-
portion of bridging defects. Very 
similar results were produced for 
equivalent printing offset testing 
in the Y direction. Other criteria 
that were tested included grab 
and accuracy. The results showed 
a much wider process window for 
assembling 0201s on a 0.18mm 
pad spacing than on a 0.10mm 
pad spacing. 

Addressing solder ball defects as a 
function of X shift placement off-
set and grab, the trends differed 
slightly from what had been previ-
ously observed. In this case, larger 
placement offsets actually de-
creased the level of solder-balling 
defects. The lowest grab setting 
was the least affected by changes in 
placement offset and consistently 
showed almost no solder balls. 

With the relatively small amount 
of solder paste underneath the 
component termination, there is 
little opportunity for the solder to 
be squeezed out to the side to form 
a solder ball. Alternatively, the 
highest grab condition exhibited 
the largest sensitivity to solder 
balls with corresponding changes 
in the placement position. The 
larger proportion of paste under 
the component creates a greater 
opportunity for entrapment and 
separation, forming solder balls 
during reflow. 

The reason for fewer solder balls 
to occur with larger placement 
offsets may be due to the dynam-
ics of the system. While the float-
ing component self-centers itself 
during reflow, the solder has time 
to escape from underneath to 
completely wet and coalesce onto 
the pad before the component 
settles onto the board. 

Plotting all failure types that oc-
curred for the 0.10mm pad spac-
ing, and tracking these against 
grab and the combined results of 
both print and placement offsets 
in X and Y directions, the distri-
bution of failures were lumped 
together at unique locations on 
the graphs for each failure mode 
(Figure 2). Hence, it was appar-
ent that there are trade-offs in the 
design of an assembly process for 
0201s. For instance, to minimise 

tombstones, high accuracy is re-
quired for all grab levels. On the 
other hand, to reduce solder balls, 
any accuracy will do just as long 
as the grab condition is 0.05mm.

Combining all three defect mode 
plots together to form one, it be-
comes clear that, in order to min-
imise all defect types and achieve 
high yield in the most challeng-
ing assembly scenarios, the com-
bination of high printing and 
placement accuracy with low grab 
conditions produces the fewest 
cumulative defect totals and the 
highest yield results (Figure 3).

Investigations on Lead-free solder 
pastes

A preliminary investigation to 
measure the performance of a 

Figure 4 - Preliminary research indicates that the performance of Lead-
free solder paste generally surpasses that of SnPb eutectic solder for 
0201 assembly

Figure 5 - In one high-volume production scenario, a modification in the 
size and shape of the stencil aperture size for 0201 processing was found 
to inhibit solder beading
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sembly of 0201s has also been 
conducted. At the 0.10mm offset 
condition, the yield of the SnAgCu 
solder 0201 assemblies generally 
surpassed the performance of the 
SnPb eutectic solder assemblies in 
Nitrogen reflow (Figure 4). Tomb-
stoning and solder-balling levels 
were significantly lower in the 
Lead-free assemblies. This may 
be attributed to the weaker wet-
ting forces of the Lead-free solder, 
leading to wetting speeds during 
reflow being more balanced be-
tween component terminations 
than for the SnPb system.

Plotting the same criteria for both 
alloy systems for printing with a 
0.15mm offset condition, the num-
ber of overall defects significantly 
increased, as expected. Still, tomb-
stoning defects for the Lead-free 
alloy exhibited a much higher yield 
than the SnPb assembly. However, 
solder-balling defects and bridging 
for this print offset condition were 

higher for the Lead-free assembly. 
In this groundbreaking work with 
Lead-free solders, initial results 
show great promise in the use of 
these for 0201s.

From lab to production environ-
ment

As these research results have 
migrated from laboratory envi-
ronments into production pro-
cesses, relatively few adaptations 
have been required to develop the 
robust, high-volume processes 
that can now be used throughout 
the industry to produce boards 
for cell phones and other de-
vices. One adaptation, based on 
work done in partnership with 
a large contract manufacturer 
experiencing solder beading, is 
in the size and shape of the rec-
ommended rectangular aperture 
design. 

Its size has been enlarged slight-

ly, to 0.51 x 0.37mm (20 x 14.6 
mils), with an indentation along 
one of the longer sides, creat-
ing what is known as a “bowtie 
shape”. The distance between 
the outer corners of the aper-
ture is 0.35mm (14 mils), but 
increases to 0.36mm (14.4 mils) 
at the point of the indentation. 
The corresponding solder pad is 
0.38x0.30mm (15x12 mils) with 
0.23mm (9 mils) of separation. 
This modification has been found 
to reduce the volume of solder di-
rectly under the component and, 
consequently, to inhibit solder 
beading (Figure 5).

In this instance and others, man-
ufacturers have found that reli-
ance on the extensive research 
work and in-depth process ex-
pertise of a leading technology 
supplier has accelerated the pro-
gression of the 0201 component, 
from its introduction to process 
research and on to its widespread 
use in high-volume production.
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