
For the formation of solder bumps with a fine pitch of 
130 μm on a printed circuit board substrate, low-volume 
solder on pad (LVSoP) technology using a maskless 
method is developed for SAC305 solder with a high 
melting temperature of 220°C. The solder bump maker 
(SBM) paste and its process are quantitatively optimized 
to obtain a uniform solder bump height, which is almost 
equal to the height of the solder resist. For an 
understanding of chemorheological phenomena of SBM 
paste, differential scanning calorimetry, viscosity 
measurement, and physical flowing of SBM paste are 
precisely characterized and observed during LVSoP 
processing. The average height of the solder bumps and 
their maximum and minimum values are 14.7 μm,    
18.3 μm, and 12.0 μm, respectively. It is expected that 
maskless LVSoP technology can be effectively used for a 
fine-pitch interconnection of a Cu pillar in the 
semiconductor packaging field. 
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I. Introduction 

For highly integrated semiconductor packaging fields, such 
as mobile phone and high resolution display, the number of 
electrical interconnections has been rapidly increasing [1]. The 
pitch of the electrical interconnection of the solder bumps 
between a silicon device and a printed circuit board (PCB) 
substrate is becoming narrower and narrower. Several methods 
for performing solder bumps on a PCB with a fine pitch have 
been applied, including screen printing, solder jetting, 
electroplating, micro-ball placement, Super Juffit, and Super 
Solder. To obtain high-quality solder bump, an electroplating 
method using a lithography process is best, despite its high cost. 
As low-cost solder bumping technologies, the Super Juffit and 
Super Solder methods work well [2], [3]. However, they are 
still in the development stage. If the pitch of solder bump on a 
PCB is larger than 130 μm, the screen printing method is 
suitable because of its low processing cost, although its yield 
decreases along with the pitch of the solder bump. Figure 1 
shows the conventional solder on pad (SoP) process used to 
form solder bumps on a PCB. As shown in Fig. 1, the first step 
of the conventional screen printing method to obtain a solder 
bump on a PCB is to print a normal solder paste composed of 
solder powder and flux on the metal pad of the PCB substrate 
using a metal mask. After the screen printing process, the metal 
mask is removed and a reflow process is conducted to achieve 
a solder bump with a hemispherical shape. The residue of flux 
covered on the solder bumps, shown in Step 3 of Fig. 1, should 
be removed by the solvent. It is generally known that if the 
pitch of a solder bump on a PCB is equal to or smaller than  
130 μm, the yield from the screen printing process is very low 
because of the adhesion between a solder paste and the metal 
mask itself, shown in Steps 1 and 2 of Fig. 1 [4]. Therefore,  
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Fig. 1. Conventional SoP process to form solder bump on PCB
substrate. 
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fine-pitch solder bumps should be generated without the use of 
a metal mask or high-cost electroplating process. 

In previous research, the low-volume SoP (LVSoP) process 
conducted on a silicon substrate was investigated regarding the 
chemorheological phenomena of solder bump maker (SBM) 
material as well as processing parameters, including 
temperature cycle and environment condition, from a 
qualitative viewpoint [5]-[8]. In [8], a low-volume solder bump 
with a fine pitch had an advantage for an electrical 
interconnection with a Cu pillar without any solder bridge 
occurring between neighboring bumps during the flip chip 
bonding process [9].  

In the present research, LVSoP technology on a PCB 
substrate with a pitch of 130 μm is introduced from a 
quantitative perspective. The term “low volume” indicates that 
the height of the solder bump with a hemispherical shape on a 
PCB is equal to or lower than the thickness of the solder resist. 
For optimization of the LVSoP process, the following three 
kinds of processing parameters are selected: the diameter of 
solder powder of SBM mixed with resin matrix, the thickness 
of SBM material after the screen printing process, and the kind 
of deoxidizing agent to remove oxide from the solder powder. 
A mechanism to remove the oxide layer formed on the solder 
powder through the use of a deoxidizing agent was previously 
researched in detail [10]-[14]. 

II. Materials and Experiment 

1. Materials  

SBM paste is produced by mixing a resin matrix with solder  

 

Fig. 2. SEM pictures of Sn/3.0Ag/0.5Cu solder powders: (a) type
6 and (b) type 7.  

 

 

Fig. 3. SEM image of PCB substrate used.  
 
powder without any solvent materials. Two different 
Sn/3.0Ag/0.5Cu solder powders are used, types 6 and 7. The 
average diameters of solder powder types 6 and 7 are 5 μm to 
16 μm and 2 μm to 11 μm, respectively, as shown in Fig. 2. 
The resin matrix is composed of a base resin, a deoxidizing 
agent in a powder state, and some additives. Two different 
types of deoxidizing agents, A and B, based on a carboxylic 
material are used. All chemical components of SBM resin are 
mixed in silicon oil bath at 100°C for 10 minutes. For the SBM 
paste, the mixing ratio between solder and powder is 30:70 in 
volumetric percent, and the mixing process is conducted using 
a paste mixer with a revolution and rotation method at room 
temperature for one minute. The viscosity of the SBM with 
both types of solder powders is measured at 25°C at 10 rpm 
using a Brookfield machine. Figure 3 shows an SEM image of 
a PCB substrate with a square matrix structure of Cu pads. The 
total number of Cu pads covered by organic solderability 
preservatives is 625 (25×25). The pitch of each pad is 130 μm, 
and the diameter of each pad is 70 μm. The thickness of the 
solder resist performed on the metal pads in PCB is 15 μm, as 
shown in Fig. 3. 

2. Experiment 

To characterize the chemical phenomena of SBM resin and 
SBM paste during the LVSoP processing, differential scanning 
calorimetry (DSC) thermograms are conducted at a heating 
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rate of 10°C per minute in a nitrogen environment. Figure 4 
shows a schematic of the LVSoP process with SBM using the 
screen printing method. In Step 1, SBM paste is printed onto 
the whole PCB substrate by controlling the paste thickness 
with a 200-mesh stencil mask 80 μm in thickness. The 
thickness of the printed SBM paste is controlled by stencil 
masks M1 and M2 with emulsion thicknesses of 15 μm and  
40 μm, respectively. The total thickness of the stencil mask is 
determined through a summation of mesh and emulsion 
thicknesses. For the reflow process in Step 2 of Fig. 4, the 
temperature of PCB at which the SBM is printed is increased 
up to 240°C at a heating rate of 2°C per second, held for   
10 seconds, and then cooled to room temperature at a cooling 
rate of 1°C per second. The oxygen content of 15,000 ppm as 
the environmental condition is maintained during the given  

 

 

 

Fig. 4. Schematic of LVSoP process with SBM. 

Solder bump 

SBM Stencil mask Solder resist 

Step 1: SBM printing 

Step 2: reflow 

Step 3: cleaning 

 
 

 

Fig. 5. Schematic of coining process with load of 2.5 g/bump and
temperature of 200°C for 30 s. 
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reflow process. As shown in Step 3 of Fig. 4, after the reflow 
process, the residue resin and solder particles are cleaned off in 
the following processes: application of acetone for 30 seconds, 
methanol in an ultrasonic bath for 10 seconds, and compressed 
air blowing. The height of solder bumps (625) achieved 
through the LVSoP process is automatically measured through 
the principle of white light scanning interferometry (WSI). To 
obtain a uniform height of solder bumps, a coining process is 
conducted using a flip chip bonder. Figure 5 shows a schematic 
of the coining process. A glass plate is placed on the PCB 
substrate with low volume solder bumps. A force of 2.5 g per 
bump and a temperature of 200°C are applied for 30 seconds, 
as shown in Fig. 5. 

III. Results and Discussion 

The measured viscosity of SBM paste used is about   
30,000 cps at 25°C and 10 rpm for all of the experiments. For 
the characterization of SBM paste during the SoP processing, 
the dynamic DSC thermogram is conducted at a heating rate of 
10°C per minute for the SBM paste and the SBM resin without 
solder powder, as shown in Fig. 6. To remove the oxide layer 
on the solder powder, two kinds of deoxidizing agents, A and  
B, are used to produce the SBM paste. For both the SBM 
resins and pastes, small endothermic peaks are observed at 
around 100°C and 80°C for deoxidizing agents A and B, 
respectively. On the other hand, the large endothermic peaks at 
around 220°C corresponding to the melting temperature of 
Sn/3.0Ag/0.5Cu solder are detected for SBM pastes with 
deoxidizing agents A and B. It is inferred that the small 
endothermic peaks around 100°C and 80°C are caused by the 
melting of deoxidizing agents A and B, respectively. It is 
believed that the deoxidizing agents are completely melted 
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Fig. 6. DSC thermograms of SBMs and SBM resins. 
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Fig. 7. Optical photographs of PCB substrates: (a) before and (b)
after the printing process. 
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during the mixing time of the SBM resin at the given mixing 
temperature. However, a small amount of deoxidizing agents 
may be changed to precipitate a solid state from a liquid state 
during the cooling process. From Fig. 6, it is inferred that these 
precipitates are detected as small endothermic peaks around the 
melting temperatures of the deoxidizing agents. As explained 
previously in Step 3 of Fig. 4, the residue of SBM resin and 
solder powder should be clearly removed during the cleaning 
process. In the temperature range of 25°C to 240°C for LVSoP 
processing, no exothermic peaks indicating a chemical reaction 
are observed, as shown in Fig. 6. Therefore, it is believed that 
the residue of SBM resin remains in a liquid state after the 
reflow process illustrated in Step 2 of Fig. 4.  

Figure 7 shows optical photographs of PCB substrates before 
and after the screen printing process. All areas of the Cu pads 
are completely covered by SBM paste using stencil mask A or 
B, as explained previously. After the screen printing process 
with SBM paste including solder type 7 and deoxidizing agent 
A, the thickness of the printed SBM with stencil mask A is 
about 35 μm and with stencil mask B is about 65 μm. For the 
reflow process depicted in Step 2 of Fig. 4, the temperature 
increases up to 240°C at a heating rate of 2°C per second and is 
maintained for 10 seconds under a 15,000-ppm oxygen 
environment. During this LVSoP processing time, it is clearly 
observed that the solder particles located in the upper side of 
SBM layer do not participate in building the solder bump 
through the coalescence and wetting of solder particles. Only 
the solder particles located in the lower side of SBM layer near 
the Cu pads, as shown in Step 2 of Fig. 4, are wetted on the Cu 
pads to form low-volume bumps. Therefore, it is identified that 
movement of solder particles does not occur because no 
solvent materials are used for SBM paste.  

The optimization of the LVSoP processing parameters, such 
as the kind of deoxidizing agent, the diameter of the solder 
powder, and the printed thickness of the SBM paste according 
to the stencil mask, is conducted as shown in Table 1 and  
Figs. 8 through 11. To investigate the effects of deoxidizing 
agents, SBM paste made using solder powder type 6 is printed  

Table 1. Optimization of processing parameters for Figs. 8 to 11.

Figure Stencil mask Deoxidizing agent Solder powder

8 M2 A, B Type 6 

9 M2 A Type 6, Type 7

10 M1 A Type 6, Type 7

11 M1, M2 A Type 7 

 

 

 

Fig. 8. Optical photographs of solder bumps on PCB after SoP
processing with stencil mask M2 and solder powder type
6, with deoxidizing agents (a) A and (b) B. 

(a) (b) 

 

 

Fig. 9. Optical photographs of solder bumps on PCB after SoP
processing with stencil mask M2 and deoxidizing agent
A, with solder powder types (a) 6 and (b) 7. 

(a) (b) 

 
 
with stencil mask M2, as shown in Fig. 8. For a 
characterization of the deoxidizing effect according to the 
diameter of the solder powder, deoxidizing agent A and stencil 
mask M2 are used for the SBM printing process, related to           
Fig. 9. From Fig. 8, it is clearly understood that both 
deoxidizing agents can effectively remove the oxide from the 
solder powder. However, deoxidizing agent A shows relatively 
more stable LVSoP results than deoxidizing agent B. From  
Fig. 9, it is observed that the deviation of bump height with 
solder powder type 7 is lower than that with solder powder 
type 6. It is inferred that this lower deviation of bump height 
shown in Fig. 9(b) is caused by the more uniform diameter of 
solder powder type 7 compared to type 6.  

To get a lower deviation of bump height, stencil mask M1 
with an emulsion thickness of 15 μm is used, as shown in  
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Fig. 10. Optical photographs of solder bumps on PCB after SoP
processing with stencil mask M1 and deoxidizing agent
A, with solder powder types (a) 6 and (b) 7. 
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Fig. 11. Optical photographs of solder bumps on PCB after SoP
processing with deoxidizing agent A and solder powder
type 7, with stencil masks (a) M1 and (b) M2. 
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Fig. 12. SEM image after LVSoP processing. 
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Fig. 10. Notably, the phenomenon of a solder bridge forming 
between adjacent bumps is completely eliminated when using 
solder powder type 6 or type 7. However, many Cu pads are 
left without solder bumps when the LVSoP process is applied 
with solder powder type 6. To understand the mechanism of  

 

Fig. 13. Measured height of solder bumps. 
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Fig. 14. SEM image after coining processing. 
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solder wetting coalescence according to the thickness of the 
printed SBM layer, SBM paste composed of solder type 7 and 
deoxidizing agent A is used, as reflected in Fig. 11. From the 
optical observation and measurement of solder bump height 
after LVSoP processing, it is clear that the best combination of 
LVSoP processing is deoxidizing agent A, solder powder  
type 7, and stencil mask M1, as shown in Fig. 11(a). To obtain 
a low-volume solder bump with the most uniform height equal 
to the thickness of the solder resist, all of the chemical 
components and processing parameters are precisely regulated. 

Figure 12 shows an SEM image of low-volume solder bump 
after LVSoP processing. As shown in Fig. 12, it is clear that the 
heights of the solder bumps are almost equal to the thickness of 
the solder resist, at 15 μm. Using WSI technology, the heights 
of the solder bumps are automatically measured, as shown in 
Fig. 13. The bump height values of 0 μm and 15 μm on the y-
axis indicate the surfaces of the Cu pad and the solder resist, 
respectively. The average, maximum, and minimum heights of 
the measured low-volume solder bumps are 14.7 μm, 18.3 μm, 
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and 12.0 μm, respectively. 
Figure 14 shows an SEM image of low-volume solder bump 

after the coining process. As shown in Fig. 14, there are several 
compressed marks with flat surfaces at the top of the solder 
bumps that are higher than the thickness of the solder resist. As 
mentioned in section I, we conclude that it is possible to use a 
low-volume solder bump with an average height of 15 μm to 
join with the Cu pillar without electrical shortage owing to the 
solder bridge between adjacent solder bumps during the flip 
chip bonding process. 

IV. Conclusion 

Low-volume solder on pad (LVSoP) technology with 
SAC305 solder for a 130-μm fine pitch on a PCB substrate 
was developed and quantitatively investigated using a maskless 
technology. From the LVSoP process with the use of a stencil 
mask to control the thickness of the SBM paste, low-volume 
solder bumps on all of the Cu pads were completely performed 
without any missing bumps. The measured average height of 
the low-volume solder bumps (25×25=625) was about 15 μm, 
which was almost equal to the height of the solder resist. A flip 
chip bonding process between the PCB substrate with low-
volume solder bumps and the silicon device having Cu pillars 
without solder caps will be investigated in the near future. As 
one of the key solutions for fine-pitch interconnection with a 
Cu pillar for a flip chip bonding process, it is believed that 
LVSoP technology can be effectively used in semiconductor 
packaging. 
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