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Pre-coated Aluminum Plate for Solder “SAPlate”

Shunsuke KawaNo, Kou YOSHIOKA, Tatsuo TOMOMORI

Synopsis : Aluminum alloy excels in lightness and heat radiation, and it can be multi-used as the heat
radiation material such as for heat sinks. However, heat radiation material using the aluminum
alloy had a fault that joints by soldering can not be used. Then, we developed a pre-coated
aluminum plate “SAPlate” that had a solderbility and began manufacturing in 2006.

Various soldering methods using lead-free solder can be applied on this product keeping the
superior property of aluminum such as lightness and heat radiation. Moreover, it has excellent
formability and anti-whisker property. On this paper we introduce a typical characteristic of

SAPlate.
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(a) Flow soldering process
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Fig. 3 Flow soldering process and reflow soldering process
Table2 Lead-free solder alloys and available soldering process24-7)
Solder Typical M.p. |Soldering Process . .
Alloy | Composition | (°C) |Flow [Reflow | Hand Merit Demer it
Sn—-Cu Sn-0.7Cu 221 | O X @] Low cost Low wettability
Sn-Ag | Sn-30Ag-0.5Cu | 217 | O (@] O |High relativity High cost
Insufficient
Sn-Zn Sn-9Zn 199 X (@] X Low cost reliability
_Rj _LQRi Low soldering -
Sn-Bi Sn-58Bi 139 X (@) X temperature Low relativity
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Fig. 4 Measuring method at zero cross time with wetting curve’.8
and appearance of testing

Table3 Test condition of flow soldering wettability
+ Sn- 30Ag- 05Cu (M705%)
» Sn- 03Ag- 0.7Cu (M35*)

245°C

Solder

Temperature of
soldering bath

Testing device

*SENJU METAL
INDUSTRY Co. , I'td

Solder checker SAT - 5000 (RHESCA Co., Itd)

Speed of dipping 20mm/s
Depth of dipping 2. Omm
Time of dipping 10s

0.2x2.0(W) x20(L) mm

- EC-198-8 (15%, 0.08%)**
» ULF-300R ( 6%, 0.04%)**
*NA-200  (50%, 0. 00%)**

Size of sample

Flux
(Solid content,
Chlorine content)

*#¥TAMURA KAKEN
Co., Itd
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Fig. 5 Flow solderability of SAPlate in lead-free solder
Sn- 3.0Ag- 0.5Cu
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Fig. 6 Appearance of samples after wetting balance test (Flux : NA -200)
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Fig. 7 Flow solderability of SAPlate in lead-free solder
Sn- 0.3Ag- 0.7Cu
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Table4 Test condition of reflow soldering wettability

= 8n-3.0Ag-0.5Cu (M705-GRN360- K2-V*
Flux content:11.2 %, Halogen content:0. 0%

+ Sn-58Bi (L20-BLT5-T8F%)
Flux content:10.0% Halogen content:0. 0%
*SENJU METAL INDUSTRY Co., Itd

$5%0.3 mm
Solder checker SAT-5100 (RHESCA Co., Itd)

Solder paste

Supply of solder paste
Testing device

0. 1mm
1. Omm/s
0.2x2.0() x20(L) mm

Depth of dipping
Speed of dipping

Size of sample

250 . ;
Peak 240°C
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Fig. 9 Temperature profile used to evaluate reflow
soldering
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Fig. 10 Reflow solderability of SAPlate in lead-free
solder paste Sn-3.0Ag-0.5Cu
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Fig. 11 Reflow solderability of SAPlate in lead-free

solder paste Sn- 58Bi
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Fig.12 Appearance of samples after reflow soldering
test(Sn-58Bi solder paste)
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Table5 Condition of solder joint and pull-strength test

Sn-23.0Ag-0.5Cu (M705-GRN360-K2-V*
Flux content:11.2 %, Halogen content:0. 0%
*SENJU METAL INDUSTRY Co., Itd
Supply of solder paste @$5x0.25 mm

Reffer to Fig. 9 (M705)

Solder checker SAT-5100 (RHESCA Co., Itd)
0. 25mm

1. Omm/s

0.2x2.0W) x20(L) mm

Solder paste

Temperature profile
Soldering device
Depth of dipping
Speed of dipping

Size of sample

Speed of pul | 20mm/min
250 — DBreaking in the material
r DBreaking in joint interface

o 200
= L

R e e e
I

[

—

B 100 e ] ] e
= L
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Fig.14 Solder joint strength measurement result of SAPlate

Fig. 15 Photograph of samples after solder joint strength test
(a) Breaking in the material
(b) Breaking in joint interface
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Fig.16 Appearance of evaluation of heat radiation
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Fig. 17 Evaluation result of heat radiation
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Fig. 19 Appearance of a sample used to examine whisker

Table6 Result of whisker examination

20°C—50%RHx 13000hr

Condition (Room keeping)

55°C-85%RH % 2000hr

Shape of

sample Sheet

90° bend Sheet

Result No whisker generation%
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Table 7 Structure of SAPlate (type 2K) and function

of each film
Structure Thickness (m) Function
- Abrasion-resistant
: : <
Organic Resin S1.0um « Antioxidation of Sn plating
Tin —
Nickel =0.5um — - Solderability
Aluminum = Adhesion of Sn plating
sheet =0.5um { Solder joint
= Anti-whisker
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Fig. 20 Surface appearance of Sn plated Al sheet after
flow soldering

Sn(Solder)

(b) After soldering

(a)Before soldering

Fig. 21 Cross sectional observation image of SAPlate
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Table8 Result of whisker examination

Condition 55°C-85%RH % 2000hr
Sample A Sample B
Tin
Structure Nickel Tin
of sample Aluminum Aluminum
sheet sheet
Result %No whisker generation§ Whi sker
i i generated

Fig. 22 Surface of sample A and Sample B after whisker examination
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Fig. 23 Surface of sample A and Sample B before whisker examination
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BALZHZLa—=br 7= a8 Ty 7L —1 (Solderable Aluminum Plate)
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Fig. 24 Measurement result of crystal orientation and
crystallite size of Sn-plating film
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Standard (type 2K)

=g

Sn iﬂOrganic resin

Fig. 25 Cross-section observation image by FIB
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Standard (type 2K)

Sample C
(without organic resin)

Appearance of paper rubbing tester
Load:980g, Times:100

Fig. 26 Result of paper rubbing test and appearance of
evaluation device
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Fig. 27 Relation of color difference b* value
of sample and keeping days
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O Standard(type 2K)
M Sample C

Solder :Sn-3. 0Ag-0. 5Cu
(245°C)
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Fig. 28 Relation of keeping days and flow soldering
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