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Low Alpha Solder Materials in 

MMC 

FC-BGA 

Resin Mold 
Si Chip 

Outer Bump 

Solder Bump 

UBM 

Passivation 
(SiN, PI) 

Substrate Substrate  

Electroplating Paste Printing 

・Main Application:PC (CPU, GPU, Chip-set), Game, Mobile Phone, etc 

Memory Cell 

Sn Anode 

α 

α 
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Roadmap of Packaging 

Technology 

1st generation 

DIP  SMT 

2nd generation 

Peripheral  Area array 

3rd generation 

3D packaging 

4th generation 

Optical packaging 

MEMS 

Hetero junction 
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2.5D and 3D Packaging 

In the case of 2.5D/3D packaging, micro bumps will be applied to the stacked device connection. 

Reference: NIKKEI ELECTRONICS 2012.4.16, p.36 

Micro bump Micro bump 

Cu pillar connection 

Micro bump connection 
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Alpha Particle Penetration Image and 

Depth into the Si Device 

Two penetration roots for α particles. 

Cu Pillar / Micro bump 

SnAg CAP 

or  Sn CAP 

α 
α α 

α 

substrate 

Si device 

Cu Pillar 

Micro bump 

~40um 

20-30um 

1. Directly through Cu Pillar 

α particles can not reach the Si device. 

(Shielded by Cu Pillar) 

2. Over hanged solder bump 

α particles can reach the  

Si device directly. 

Under fill  

Even if the Cu pillar and/or TSV technology (micro bump connection) become 

mainstream, the importance of low alpha technology does not change 
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Bump Formation 
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• Due to the small size of micro bump, following items should 

be considered 

Characteristic Issues for 

Micro Bump 

9 

Conventional C4 Micro bump 

-Void generation 

 Due to the size effect, the 

impact of “micro void” become 

large for micro bump 

-Coplanarity 

 Due to the size effect, excellent 

coplanarity should be needed 
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Consideration of Void 

Generagion 
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UBM condition 

UBM material 

UBM roughness 

UBM cleanness 

Plating film layer around UBM 

Interface (early step of plating) 

Plating film structure 

Displacement 

Possible factor of micro void generation 

Plating film 

Wafer 

Void Source 

Wafer 

Bump 
Void 

Reflow 

Wafer 

UBM 

Sn-Ag plating Wafer 

UBM 

R
ef

lo
w

 

Void Source 

UBM 
UBM 
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Consideration of Micro 

Voids  

Ra= 14.2nm Ra= 35.6nm 

 No micro voids!! 

Micro voids has correlation 

with UBM condition. 

Ni UBM image by AFM  

Cross-sectional image of bump    

It's important to adjust 

suitable Ni UBM surface 

Ni UBM 

Sn-Ag 
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Consideration of Void Generation 

TS-507 

Conventional 

15ASD 

Average grain size: 6.7um  

Average grain size: 11.9um  

TS-507 

• Fine grain 

• Good morphology 

TS-507 will achieve the good void 

performance 
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Consideration of Coplanality 
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Model of Bump Plating 

Anode 

I1=V/R1 I2=V/R2 

Polarization resistance; Rp 

I1=V/(R1+Rp) In=V/(Rn+Rp) 

Relative current density among  these 
bump hole 
J1/Jn=(Rn+Rp)/(R1+Rp) 

Increasing Rp, improving uniformity 

J1/Jn approaches to 1 with 
increasing Rp  

wafer 

Photo  

Resist R1 R2 Rn 

… In=V/Rn 

… 
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Polarization Resistance vs. 

Coplanarity 

Large polarization resistance generates the good coplanarity. 

TS-507 is one of the ideal chemicals for micro bumps.   

Polarization resistance 

Conventional<TS-507 

Coplanarity 

Conventional: poor 

           TS-507: good! 

Current density: 12 – 15 ASD 
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Consideration of Coplanarity for Cu 

Plating Chemical 

15 

Polarization resistance 

Conventional<W25 

Coplanarity 

Conventional: poor 

                W25: good! 

bad 

good 

In the case of Sn-Ag plating, increasing the polarization resistance makes 

the good coplanarity  

These concept can be applied to the Cu plating  
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Introduction of Cu and Sn-Ag 

Plating Chemical 

16 
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Introduction of our Cu, Sn-Ag 

plating chemical 

17 

Items Standard Control Range 

Sn2+(g/L) 85.0 75 to 95 

Ag+(g/L) 1.5* 1.0 to 2.0 

Free Acid(g/L) 100 80 to 350 

TS-SLG(g/L) 
[complex agent for Ag] 

220 200 to 300 

TS-507AD(ml/L)  
[additive]   

60.0 50 to 80 

Optimum Current 

Density (ASD) 

13 8 to 15 

※Ag concentration should be adjusted depending on plater 
and resist thickness. 

Items Standard Control Range 

Cu2+  (g/L) 55 55 to 60 

H2SO4 (g/L) 110 90 to 130 

Cl-      (ppm) 80 60 to 100 

W25-A (mL/L) 

[additive] 

5 2 to 8 

W25-B (mL/L) 

[additive] 

10 7 to 13 

Optimum Current 

Density (ASD) 

15 10 to 20 

TS-507 (Sn-Ag) W25 (Cu) 

Our new Cu and Sn-Ag plating chemical can achieve high speed plating process 
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Feature of Sn-Ag Plating 

Chemical 

18 

 High rate plating (8-15ASD) 

 Excellent coplanarity 

 Excellent Ag content variation 
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High speed (conventional: < 10 A/dm2) 

Features of Cu Plating 

Chemical (W25) 

(2.2 to 4.4 um/min) 

h
1
 

h
2
 

(%) 100
h1

h2 - h1
  Ratio Doming 
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Consideration of Cu Pillar 

Forming (TS-507) 

20 

Cu plating rate is slower than that of Sn-Ag plating at the same current density 

 Cu pillar process might be the bottleneck 

Applying the high speed chemical to the Cu pillar structure makes high 

throughput 

Conventional Novel 

Cu Plating 

rate 

1.1 um/min 3.3 um/min 

Sn-Ag plating 

rate 

2.5 um/min 6.5 um/min 

Cu pillar and Sn-Ag cap structure 
> 2 times faster 

IMAPS 9th International Conference & Exhibition on Device Packaging | March 11-14, 2013 | Fountain Hills, AZ

000770

D
ow

nloaded from
 http://m

eridian.allenpress.com
/im

aps-conferences/article-pdf/2013/D
PC

/000751/2261081/2013dpc-tp21.pdf by guest on 03 January 2023



IMAPS 2013  Device Packaging Conference 

Example of  Forming Micro Bump 
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Plating Performance  

(micro bump) 

22 

Our plating chemical can achieve the excellent coplanarity and bump 

composition uniformity 

UBM WIW (%) 

Cu 7.1 

Ni 4.8 

Cu:W25 (10 ASD)  Ni: NPL-110 (5 ASD) 

 Sn-Ag:TS-507 (8 ASD) 

Plater: vertical 

Target height:  Cu, Ni: 3 um, Sn-Ag: 15 um 

Wafer position 

Center Edge Edge 
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Plating Performance  

(micro bump) 
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Cu UBM Ni UBM 

Cu:W25 (10 ASD) 

Sn-Ag:TS-507 (8 ASD) 

Plater: vertical 

Ni:NPL-110 (5 ASD) 

Sn-Ag:TS-507 (8 ASD) 

Plater: vertical 

By applying our Cu, Ni, and Sn-Ag plating chemcial, we can obtain the 

void free micro bumps.   
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Plating Performance  

(Cu pillar + Sn-Ag micro bump) 
Cu:W25 (15 ASD) 

Sn-Ag:TS-507 (8 ASD) 

Plater: vertical 

Target height 

Cu:10 um, Sn-Ag:5 um 

Our plating chemical can achieve the excellent coplanarity and bump 

composition uniformity even in Cu pillar structure 

Wafer position 

Center Edge Edge 

Item WIW (%) 

Cu Pillar 7.0 

Cu Pillar + Sn-Ag cap  5.4 
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Plating Performance  

(Cu pillar + Sn-Ag micro bump) 

25 

 Cu pillar and Sn-Ag cap structure have a good morphology, void 

performance even in high speed plating. 

 Our Cu and Sn-Ag plating chemical are the potential candidates for 

micro bump formation with Cu pillar structure. 

Cu:W25 (15 ASD) 

Sn-Ag:TS-507 (8 ASD) 

Plater: vertical 

Target height 

Cu:10 um, Sn-Ag:5 um 

As plated Reflowed 
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Summary 

• Along with the development of packaging technologies, the 

requirement for bump forming process have been advanced. 

 

• To correspond these requirement, we have established the high 

speed and high quality Cu and Sn-Ag plating chemical as W25 

and TS-507 

- Feature 

     void performance: optimize the UBM condition, fine grain Sn-Ag bump 

     Coplanarity: improvement of basic performance 

 

• By using these chemical, we can achieve the good performance 

for micro bump with Cu pillar structure. 

 

• We are convinced that the W25 and TS-507 are the ideal 

candidate for Cu pillar/ micro bump technologies. 
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Thank you!! 

If you are interested, please feel free to visit our booth. 
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