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Toshiba's third voluntary plan (voluntary environmental action plan) includes the theme of lead reduction.

Based on this plan, we

have been expanding the application of lead-free soldering to products since fiscal 2000.
In fiscal 2002 and 2003, we investigated reflow/flow lead-free soldering technology to expand its application, the Sn-Zn soldering
process to widen the process margin, and lead-free solder coating technology for the leads of electronic devices to make completely

lead-free products.

We have also applied reliability design technology, a diagnosis system for lead-free soldering processes, and a skill

education system for lead-free soldering to the manufacturing scheme.
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Lead-free products
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Relationship between fillet-lifting and temperature cycle in
temperature cycle test

000000000000 D00000000O0DDOOOSn-
PbO OO0 QFPO D O-0 00 M Sn-Bil 00 QFPO Sn-Ag-
cu0 0000000000000 DO000ODDOoOO
00000000 3000000000Sn-Pb0O00 QFPO
000000000000000 Sn-Ag-Pb0D0D0DO0O
0001790 0000000000000 00D0000
000000000000 00000000D0D0000D
0000000000 D00000000O0D0D0O000O0D
000000000000000000000000000
ooooo
() DOoDODOOODO0OO0O0O0O0OOoo
() DOODO0O0OO0O0DO0O0OD0O0O0D0OO0O0O0DDDOO
0000000000000 D0D00000000OO
oooooO
03000Sn-BiD 00 QFPO DD DD D DDOOSN-Ag-Pb
000000000000000179000000000
00D00000O00oooD

10.0
8.0 -

6.0 |-

40 Sn-Bi0 0O

Sn-PbO 0O

20
0.0 -

02.0 -
04.0 -

000O0Mmp VO

220.00

08.0 - 215.70
010.0

06.0 -

012.0 | | | | | |
0 50 100 150 200 250 300

omoao

00000D00DO0O0O00DO0O00OOd snPbOOOQFPOODODO
goooobD1ooobooooooooo

Differential thermal analysis curve of quad flat package
(QFP) solder joints
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Relationship between rate of fillet-lifting and temperature of
solder joints
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Fillets formed at different soldering temperatures
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Weibull plots of solder joint reliability

000000 Vol.I No.OOTTIO



goboobooocbooocoooooooboooooooo
oobooooooooooooobooboooboooboao
gooboooooobooobooobooooboooooboon
goooon

DDDDDDD

mmoooooooooobobobooboboooooo
gogobobooobobooobbooobboobooboo
googooobboobbbooooooobboooobo
0o0oooooooooR4
goooobbboobbobbooooooooobn
OO0DODODO0O0OO0OOON/OFFOOOO0ODOOODODOOOO
goooooooooooobobbobobbobobbbbn
ggooboooooooobbboooooooooobobo
gooobbobooboooooooooooooooboobooon
gooboboobbbboooooobbbooooboboobooo
ggobobboooboobboooobbboooon
[ [Josme]
goooobobobbboooooobuooooooobo
goooobbboboobbbooobbbboooobn
gobbogoobbooooboobboooboooooon
gooobooboboboobooooboooooooobobo
oo oooooooopooooobooobo
goboboobobbboooooobobbbooobobo
gbogbooboooboooboooobobooon
goobogbbooobooboppoobobooobog
goobboooobboobobobbboooobo
gogbboobobooobooobbooooobooooo
gooogoobbobooooooooobbobbobn
goboopoobooboobooobooboooon
gbogooooopbbooooooobbboobob b
00000000000 ooooooooor™eeEnooo
goooooobobobbboooobobobbbbooobo
gOo0OBiODOODOSn-Zn-BiODODOODOOOOOOO
0000o0o0ooooooOdsn-POOOODODOOOOOO
gooooooboobbooooboo
ggooouoooboooooooooboboobobobo
gogbooboobbbboobboobboobboobon
goooooooobobobobbboobbooobooooobn
ggobooboboooobobbooooobbooboobo
gbobo0obOoobooobooo sn-AgCudbOODOonbDoon
gooobobooooooooooooooooobooboon
goooobooboooobooboboobooooooo
gooogoboobbbooooooooooooboooboo
googoobobbbooobooooooobbobobo

ooooooooooo

=
o

Sn-PbO O

i
o

Sn-Cul]

=
o

Sn-Zn-BilJ

=
o

[

Sn-ZznO O

00000000 ZL£&00
=

=
o

o
N
i

Sn-Ag-Cul]

I

Coffin-Manson(
£ ON#O Cp
CplkpO OODO ooog

L1l wwumr/\\r\um

10 100 1,000 10,000
oooooo NDOOO

[
o

[

o
N

[N

OL

[N

I

[N
o

o
[

[
o

o
&

O000000000000000000000000000000
oo0ooooooooon

Fatigue characteristics of lead-free solder materials
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Tensile test results and material model
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Equivalent strain range in solder joint of ball grid array (BGA)
under thermal cycle test (TCT) conditions (0400 — 1200
with 1 h holding time)
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Drop test equipment for printed circuit board with electronic
devices, and strain history on rear surface
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Scope and contents of lead-free process diagnosis
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Soldering qualification system of Toshiba Group
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