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Abstract 
In this study, we have developed organic substrates solder 

flip chip bumping processes using a stencil printing method, 
and then followed by coining process performed by specially 
designed coining machine with controlled gas environment, 
temperature, and strain rate. The variations of process 
temperature are 25 (room temperature), 50, 100, 150, 200 oC, 
and coining rate (considered by the process time) are 0.6, 1.2, 
6.0, 12.0 µm/sec.  Three types of solders, Sn-37Pb, Sn-3.5Ag, 
and Sn-3.8Ag-0.7Cu, were used to fabricate solder bumps.  It 
is found that 120 µm  pad opening size and 230 µm pitch 
PCB pads can be easily handled using electroformed stencil-
printing masks.  The diameter of the reflowed solder bumps 
was 150 µm and the height above the solder mask was 85 µm. 
Coining has been successfully performed on these bumps 
until 25 µm height above the solder mask by using a 
modified tension/compression tester.  It is found that the load 
vs. height plot of coined solder bump shows three stage of 
coining deformation.  The primary stage is characterized by 
remained elastic effect at initial deformation.  The secondary 
stage of coining deformation is characterized by yield 
strength for plastic deformation.  The final rapid increased 
stage, more loads needed for same height deformation 
because not only compressive stress but also shear stress 
interacts within solder bumps.  As a result of comparison 
with various solders, which has different Young’s modulus 
and yield strength value, it seems that coining loads were 
affected not only by Young’s modulus and yield strength but 
also by more complex factors such as density and ductility of 
solders.  Values of coining loads for the same height 
deformation strongly depend on coining rate and coining 
temperature.  Loads needed for same height deformation 
increase, as applied coining rates increase.  At high 
temperature coning process, solder bumps were deformed 
with lower load than room temperature at the same coining 
rate regardless of kinds of solder.  The coining loads for the 
same height deformation were depend rather on temperature 
changes than on coining rate changes.  

 

Introduction 
Flip chip technology becomes popular chip 

interconnection technology because of its excellent electrical 
performance, smallest package size as chip size, and high 
I/Os handling capability compared with conventional wire 
bonding interconnection technology [1].  Because of these 

advantages, flip chip technology is widely applied for various 
applications such as telecommunications, computers, 
appliances, and so on.  To use low cost organic substrates for 
cost competitive flip chip assembly, joining with mixed 
solder by only printing paste type solder with low melting 
temperature on PCB [2] or low melting temperature solder 
bumps on chip has been demonstrated.  

However, when organic substrates are used for the recent 
high pin count flip chip assembly, substrate bending and 
warpage problems should be solved to guarantee good flip 
chip interconnection and high assembly yield.  One way to 
solve this problem is flip chip bumping on organic substrates 
pads, and then coining flip chip bumps to guarantee 
coplanarity of flip chip bump surface on which actual flip 
chip devices will be attached thereafter. 

Fig. 1 illustrated that the coining process of solder bumps 
on PCBs was the solution for the coplanarity of organic 
substrate.  Warpage of organic PCB substrate cause poor joint 
quality at the center after chip assembly.  This problem could 
not be solved by simple solder bumping on PCB as shown in 
Fig. 1 (b).  However, after coining, the coplanarity of solder 
bump surface made it possible that good interconnection over 
whole area. Therefore, studies of coined solder bumping 
process on PCBs are important and required. 
 

 

(a) Organic PCB with warpage 

 
(b) Solder bumping on PCB 

 

(c) Coined solder bumps on PCBs 

Fig. 1. Illustration of coined solder bump on PCBs. 
 

There were some advantages using this substrate with 
coined solder bumps.  First, easier flip chip alignment would 
be possible between chips and PCBs, because coined solder 

Organic substrate
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bump has large area and no shany surface.  Second, because 
stencil printed solder material on PCB can be tightly 
controlled from a volumetric standpoint in solder bump 
formation step, it is possible to prevent partial joint by 
insufficient eutectic solder paste on PCB or complete UBM 
consumption by excessive eutectic solder paste on PCB [3].  
Flip chip interconnection between device with high lead 
solder bump and organic PCB with eutectic coined solder 
bump was illustrated in Fig. 2. 
 
 

 
Fig. 2. Illustration of flip chip interconnection with organic 
PCB with coined solder bumps. 
 

Experimental 
The experimental procedure of stencil printing solder 

bumping on micro-via PCB and coining process is shown in 
Fig. 3.  Three solders, Sn-37Pb, Sn-3.5Ag, and Sn-3.8Ag-
0.7Cu, were stencil printed on both OSP and electroless 
Ni/Au finished micro-via PCBs.  For fine pitch applications, 
solder pastes contained high percentage of metal with small 
particle size was used.  The metal particle size was about ten 
micrometers.  Reflow steps were classified in 3 stages: flux 
activation zone at 120°C and 150°C for 1 min, dwell zone at 
210°C for Sn-37Pb solder and 250°C for lead-free solders 
respectively, and cooling zone for 90 seconds. The 90sec 
dwell time was used for both solders.  The pad opening size 
and pitch of micro-via PCB substrates were 120 µm and 230 
µm respectively.  The stencil printing was performed using 
an electroformed stencil mask with 165 µm diameter opening 
size and 75 µm thickness.  The diameter of solder bumps 
after reflow was 150 µm and the height above the solder 
mask was 85 µm.  Solder bumps were coined until 25 µm 
height in N2 atmosphere by using a modified 
tension/compression tester as variables of pressure, 
temperature, and time.  The variations of coining rate were 
12, 6, 1.2, and 0.6 µm/sec and those of coining temperature 
were room temperature, 50, 100, 150, and 200 oC. 

Fig. 4 shows the solder coining machine used in this 
study. Modified tension-compression tester controls coining 

rate, and load cell detected the coining load.  High 
temperature coining process can be obtained using a hot bar 
and a heated substrate.  For high temperature coining process, 
coining was performed in nitrogen atmosphere to prevent 
oxidation of solder surface at high temperature.  The coining 
steps used in this study were as follows;  First, hot bar down 
and stops at contact point by detecting load change. Second, 
hot bar compresses to an ordered height.  During this step, 
computer system received in-situ load data.  Finally, hot bar 
up back to its initial state after coining. 

The daisy 4000 serize bump shear tester was used to 
measure the average ball shear strength of 30 solder bumps 
from each cells.  The traveling speed of stylus, which was 
positioned 3 µm above the solder mask layer was 100 µm/sec. 

 
 

  

(a) PCB Board (d) Solder Reflow 

  

(b) Stencil Printing (e) Coining 

  

(c) Mask Remove (f) Coined Solder Bump 

 
Fig. 3. Manufacturing process for producing coined solder 
bump on PCBs. 

 
 

 
 
Fig. 4. Solder coining machine used in this study. 

(a) PCB Board(a) PCB Board(a) PCB Board
 

(a) Easy align between device and PCB 

(a) PCB Board(a) PCB Board(a) PCB Board
 

(b) Interconnection by eutectic solder covered high lead 
solder at low reflow temperature 

Hot bar 

Hot plate 

Load cell 

PCB 

Cooling line 

(a) PCB Board(a) PCB Board(a) PCB Board

(a) PCB Board(a) PCB Board

(a) PCB Board(a) PCB Board(a) PCB Board

(a) PCB Board(a) PCB Board(a) PCB Board

37Pb/63Sn 
97Pb/3Sn 

(a) PCB Board(a) PCB Board(a) PCB Board(a) PCB Board
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Results and discussion 
Fig. 5 shows SEM images of stencil printing solder bumps 

on PCB.  The diameter of solder bumps after reflow was 150 
um with the minimum pitch of 230 um. 

 

  
(a) Solder bumps on PCB (b) Top view of solder 

  
(c) Side view of solder 

bumps 
(d) A Magnified solder 

bump 
Fig. 5. SEM images of stencil printing solder bumps on PCB. 

 
Load change as coining height 

Fig. 6 shows the SEM images of coined PbSn solder 
bump on PCB as various coining load at room temperature.  
By using our coining machine, we were able to coin solder 
bumps with expected height and known the load required 
during coining process. 

 

  
(a)17.6 gf –3.2µm  coining (b)48.7 gf–12.7µm  coining 

  
(c)145.5 gf–37.4µm  

coining  
(d)463.1 gf–57.2µm  coining  

Fig. 6. SEM images of coined PbSn solder bumps at various 
coining loads. 

 
Fig. 7 shows the relationship between load and coining 

height at various solders.  It is found that the load vs. height 
plot of coined solder bump shows three stage of coining 

deformation.  The primary stage is characterized by remained 
elastic effect at initial deformation.  This region is between 0 
~ 5 µm coning height.  Around 5 µm coining height position, 
it is recognized that yield of solder material was started.  This 
is a region II of Fig. 7.  In this region, dislocation within 
solder bumps could be developed and accumulated.  The final 
rapid increased stage, more loads needed for same height 
deformation because not only compressive stress but also 
shear stress interacts within solder bumps. 
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Fig. 7. Coining load variations of PbSn, SnAg, and SnAgCu 
solder bumps as coining height. 

 
Mechanical property of coined solder bumps 

Fig. 8 shows the SEM images of coined PbSn solder bump 
with 25 µm height on OSP finished PCB.  In this study, the 
final target of coined solder bump height was set to about 25 
µm height above solder mask. 
 

  
(a) Coined solder bumps (b) Cross-sectional image 

Fig. 8. SEM images of coined PbSn solder bumps on OSP 
finished PCB. 

 
The average bump shear strength of non-coined solder 

bumps measured at OSP surface finishes was shown Fig. 9. 
For OSP finish, fracture occurred 100% within the solder 
regardless reflow numbers because of thick Cu thickness and 
solder mask height.  In case of the cohesive failure at solder 
bumps, lead free solders showed higher value than PbSn 
solder because bump shear strength value depend on only 
solder bump hardness.  The hardness value of lead free 
solders was higher than that of PbSn solder [4].  However, for 
Ni/Au finish, a brittle fracture at the IMC layer or the 
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interface between Ni-Sn intermetallic and P-rich layer was 
observed after several reflows.  Bump shear strength values 
of the OSP finish are relatively higher than those of Ni/Au 
finish [5]. 

 

1 2 3 4

40

60

80

 

B
um

p 
sh

ea
r 

st
re

ng
th

 (g
f)

Reflow No.

 SnAg
 SnAgCu
 PbSn

 
Fig. 9. Bump shear strength variation of PbSn, SnAg, and 
SnAgCu solder bumps on OSP PCB surface finish as 
numbers of reflows. 

 
The average coined bump shear strength measured at each 

solders were shown Fig. 10.  For coined solder bumps, 
fracture occurred 100% within the solder regardless PCB 
finishes because solder bumps experienced only one reflow 
cycle.  However, bump shear strength values of coined solder 
bumps are relatively higher than those of non-coined solder 
bumps.  For coined solder bumps, the hardness of solder 
material increased by work-hardening effect during coining 
process.  And, as shown in Fig. 11 and Fig. 12, the fracture 
area of coined solder bumps was larger than that non-coined 
solder bumps.  And lead free solders showed higher bump 
shear value than PbSn solder because lead-free solders 
usually have higher mechanical strength than PbSn solder. 
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Fig. 10. Bump shear strength variation of three types of 
coined solder bumps as a function of coining rates at room 
temperature  

  

(a) Top view of solder bump 
(b) Fracture surface of  

solder bump 

  
(c) Top view of coined 

solder bump 

(d) Fracture surface of 
coined solder bump during 

shear test 
 
Fig. 11. Fracture mode change of SnAgCu solder bump after 
bump coining process. 
 
 

Non-Coined Solder Coined Solder 

  
(a) Cu/OSP/PbSn 

  
(c) Cu/OSP/SnAg 

  
(e) Cu/OSP/SnAgCu 

 
Fig. 12. Top view of non-coined and coined solder bumps on 
OSP PCB finish after bump shear test. 
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Effect of coining rate and temperature on coining load 
Fig. 13 shows applied coining loads for coining down to 25 

µm bump height versus coining rates at different process 
temperatures.  As the coining rates increase, process times 
become shorter, applied loads become larger.  At rapid rate, 
sufficient dislocations formed at initial state disturbed 
deformation induces hardening effects. As the process 
temperature increases, applied loads become smaller.  Since 
temperature became larger, yield stress of PbSn material 
became smaller [6].  Moreover, dislocations and defects 
inside the solder bumps can move more freely at high 
temperature. 
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Fig. 13. Coining loads versus coining rates at various process 
temperatures in PbSn solder  

 
Fig. 13 indicates that the process temperatures have more 

significant effect than coining rates.  The lower applied 
coining loads at higher temperature could be explained by the 
microstural change of coined solder bump surface.  Fig. 14 
shows the microstructures of coined solder surfaces of various 
coining rates at room temperature.  Coining rates did not 
change microstructures of coined solder bump surface.  
However, process temperatures changed the microstructure 
significantly.  Fig. 15 shows the microstructure of coined 
PbSn solder surfaces at various process temperatures at the 
constant coining rate of 12µm/sec.  Large grain 
microstructure was observed at 100oC process, and mixed 
structure of Pb and Sn phases was also appeared at 150oC 
process.  Because of the fast diffusion of elements in solder 
material, at higher temperature coning processes, solder 
bumps can be easily deformed with lower loads than room 
temperature at the same coining rate.  In general, 
temperature dependency of material properties is more 
significant than deformation rate dependency [7, 8]. 

 
 

 

  
(a) 12 µm / sec (b) 6 µm / sec 

  
(c) 1.2 µm / sec (d) 0.6 µm / sec 

Fig. 14. SEM images of coined PbSn solders at various 
coining rates at room temperature. 
 

  
 (a) Room temperature (b) 50 oC 

  
(c) 100 oC (d) 150 oC 

Fig. 15. SEM images of coined PbSn solder at various 
coining process temperature at the coining rate of 12 µm/sec. 
 

Fig. 16 shows the applied load variations in two lead free 
solders coined down to 25 µm bump height as a function of 
coining rates at various process temperatures.  Compare with 
PbSn solder case, the effects of coining rate were not 
significant.  Since lead free solders have small amount of 
silver and copper than lead in PbSn case, hardening effects 
by disturbing dislocation movement were not large.  However, 
at high processing temperature, applied loads decrease as 
PbSn solder case. 
  Fig. 17, 18 shows the microstructure of coined two lead 

free solders surfaces at various process temperatures at the 
constant coining rate of 12 µm/sec. Large grain 
microstructures shown in PbSn case were not observed at 
SnAg and SnAgCu solders.  No grains were observed at Pb-
free solders. After higher temperature coning processes, 
especially at 200 oC  process, the microstructure of coined 
solder bump surface showed different shape.  Because of the 
fast diffusion of elements in solder material, the 
microstructure changed significantly at high temperature 
coining process near melting point of solder materials. 

Pb 

Sn 
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(b)  Sn-Ag-Cu solder 
Fig. 16. Coing load of lead free solders versus coining rates 
at various process temperatures. 
 

 

 

 

 

 (a) Room temperature (b) 50 oC 

 

 
 
 
 
 
 

(c) 150 oC (d) 200 oC 

Fig. 17. SEM images of coined SnAg solder at various 
coining process temperatures at the coining rate of 12 µm/sec. 

 
 

 

 
 (a) Room temperature (b) 50 oC 

 

  
 
 
 
 
 

(c) 150 oC (d) 200 oC 

Fig. 18. SEM images of coined SnAgCu solder at various 
coining process temperatures at the coining rate of 12 µm/sec. 

Conclusions 
Three types solder bumps were sucessfuly coined down to 

25 µm bump height by using a modified tension/compression 
tester as variables of pressure, coining rate, and temperature.  
The load vs. height plot of coined solder bump shows three 
stages of coining deformation. Bump shear strength values of 
coined solder bumps are relatively higher than those of non-
coined solder bumps.  

 The applied coining loads become smaller as the coining 
rates decrease and process temperature increases.  In lead 
free solder cases, the effects of coining rates were not 
significant compared with PbSn solder. 

The effects of process temperature and coining rate were 
significant, because these effects affected the applied loads 
for certain solder bumps height deformation.   

The influences of coining process temperatures are more 
significant than those of coining rates, because not only 
dislocations and defects inside the solder bumps can move 
more freely but also element in solder materials can easily 
diffuse at high temperature. The microstructures changed 
significantly at high temperature coining process near 
melting point of solder materials.  
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