Technical Report

Hw X

M7V —IAFEEEODNEZXA Yy F 2 TEIRE
ELUVIZ UPS ANDEH1E

Application of Lead-Free Soldering for Compact
Switching Power Supply and Mini-UPS
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Abstract

Lead-free solder has been successfully applied to the mount parts on the printed circuit boards for switching
power supply and mini-UPS aiming reduction of environmental load. The lead-free solder is defined as the
soldering materials containing lead in the concentration of equal to or less than 0.1 mass%, and SN-3AG-0.5Cu
alloy was selected for this purpose. The temperature management of solder equipment was turned out to be a
very important factor to put it into practice in the soldering process. This paper describes the technical views of

the soldering process and the test results on the reliability of the parts applying this technology.

Key words: Lead free solder; Reliability test; Switching power supply; UPS

1 [FC&IC IRFESNL LI, xEURELFEYEOHH %
%'JFE?%%E%U?&‘E@W%%FWJT ATWEG . iz
() Y—xRA - 27% NT—TL 7 bO=7 AT BWTh, V- R 2T7H F—T O WEE
&, 300 VA 225 30 kVA OFFH#EI = UPS & H A & A4 HAA RTA 2% 20054F4 FICHIZEL, $ADITA
UPS B LU, HeMLAAR/NER A v T 7 ERRL 722D\ T, 2006 4F 7 A £ TIZ RoHS $& 45X
YR-FNEEOH ALY LG ZTHICREALTEY, METHILIILTWAS, ZOL)RERNLS, 7
CNHOEBEDT A T A 7 )V %l L 7B AR O Y MERDIZAZERIIBWTHEEE R 0HRT ) —
B, BREEIRATICHCHE L - Ban DB %S - RRETOHEAE T IR ZATAOY N BEZDEHLE 2> TW D, R TIR
KEEHO—DIH|IT T 5B, dE, BEELS SN/-E
THEGD T ¥ P FEARDOIFALZFERI A S N8 A *RoHS 154 (EU Directive on the Restriction of the use
DAZATZHS, BUEMIZSH3NDL T L2 XD H TR~ of certain Hazardous Substances in electrical and
WL, 2NNk A B e BLIZTE LT, electronic equipment): BAUE THEMRIC BT 2 HER
KELHEMEE %> TWwb, EU D RoHS 54 * EYPREOFERGIBRICE T 2385, EU AT O# G~
Dy, KER, K3, AMfiz a2z, PBB, PBDE
* (BR) Y= A - A TH T =TT 4 FHAlTEH SR DAY 2006 427 H 1 HUBEEIE S 5,

© 2005 GS Yuasa Corporation, All rights reserved.

45



GS Yuasa Technical Report

7)) I AZFEER OB ERLIZET T A7
A B & 02 OB MR O K5 R % ol i &
5.

BT —IZAZ L SO EAEEH 0.1 mass%
UTFDZARZEEFRSILD, RoHS 84 Tl 2005 4
10 HEBEICBWTEUZBRORERINELTH S
S, BWHEWEORERE 0.1 mass% xR 2N b D
EEINTWD. SoEME L L Co @3RN El
B4 91/157/EECIC X D @A B/ SN TW5E. % B,
VIR ATHDITAFTA4 BT, Bl
%O 17T RoHS 4 RIE TH VB SRS L ) 2
KD b OIFEARRIE LT 5.

2 #MI7VU—BALMHOZEE

RHRLIVBEHENTUBHADIZALIZ, AR
63%, $f 37% (Sn-37Pb) O A AL T, ERLE 2%
183 TOEFII AL LIFIEND b DO TH D, RELT
LI, BERDERA D X A7 (Sn-37Pb) & 25X A7
LFRT D, 7 —EAZOMEHE, A X - 4] (Sn-
Ag) %, A X -4l (Sn-Cu) &, AR -Hi$ (Sn-Zn) H
7Y, BUER 20 BT L OMBAERE LTh D .
ERFAEMRICOWT, EFFAZLBELT
Table 1 17T, 87V — X A2 O—HEf 72 511,
ERLREEATE <, AN D55, 7)) — 12 A7H
WOBEEIZBWT, HEROILHTA L L FAEU o
BEENE, BOTEEN, MEaZ MRSV M ER
b %L D7) —HEHE O T, Sn-Ag A0 A
2 965%, 3%, $105% (Sn-3Ag-05Cu) % Mk} &
LCREsE L7e. S oMlE (L) 715 3l e 31
£ (JEITA) IS Td 5. B S S ¢, 7u—
) Tu—FEE FHFEEOLTECH UM
PEHTE, RSO TFHMECTH 2 O TLREMG

* fa L (Solderability): JIS Z 3001: 1999 (V&EFEHFE)
T, BI7REALERET7 7y 7 AOME~DO D
EDLLNRTEORTEEZ V) LEHRSINTVD. 1
ATEOMRAMREE LT, AL LTEHMis s,

2005128 $2% $25]

ERBERRIC X D HAMERM A FF T & %, JEITA T
131998 4E2 87 7 ) — X A ZZFEHLIZ T 72078 7
Oy >y M= TETON, §7) —IEATIFEH
fbu— F<v 72002, 7Y —IAZERBEO
WRHEE Y R EARRENT VD, GHOHT ) —
FERLICBWTHEZZ ko7,

3 ERAEANDRELREHS

WFAZRTEREEE, 7Y v ERICE T E %
L, BRI — v LEBFIGOmTFE 5 ) MO
FATZ & Y ERER T 28 Ch 1), AR L B
an & & AR - BRI ICEER AT E 5. BIE LT
) —IZA 72 (Sn-3Ag-05Cu) 1F, HERDILFHITAIZIZ
B, BREEAT 183 T2 5 220 CL 37 CEAT 5.
BENRES AT E128), AT A2ETHLO
M BUREEDSTRRE & 7 . 1d A 7ZFERRA T,
JEo bR RS BAZMOKE, Fozx (Bt
L7=AHil) RIS 2%, F72, BEMOOTREE ZEN
TWABY, ANEDPLLFEND ), By — %
LYAMOBREITREL &, ERDIZAZRTH DY
HEDORE Ll HEE 2 5.

31 7O-—-%F#

Tu—FEE LI, BEFBmEHAERLZTY Vb
WA GALMNTEREST L2 HETH L. BEEETIE
WA B ) FHEE e 70— %S 5. E
ETRE, FAEHIEYEST2HMORA LT
Ty ARWA Lk, 7)) — b TRETEROMEE
 EAEE, TAZRCHEAR L, EAROIZA
M2 B L72IZAZICEM ST, BAZRITEBS
%9 . ZTOTRE, ZAMELESYISEET 2720,
RANT Ty 7 ADEA B ERTLLENHDL. 7
Je— PTETOMBIZLD, KA LTI v 7 A0
M % EOMRET 5. BAREEBALICIREED D B L6
TERRBIZEDS TR 720, IMEEZ/NSCT LI EDPE
KaEns, EEBEEKRICIE, FFUA, UT Y ML,
WD T EORRE DS, EHR IC O/ME
DHOPFEREING., BEEORL LHmHAPFEREIN

=1 W SN =|
X JE {1

Table 1 Main properties of solder materials.

Solder material Sn-3Ag-0.5Cu Sn-0.7Cu Sn-9Zn Sn-37Pb
Melting temperature 217°C-220C 227 C 199 C 183 C
Mechanical characteristic Very good Fair Good Good
Solderability Good Good Fair Very good
Cost Fair Good Good Very good
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Fig.1 Example of temperature profile of printed cir-

cuit board by flow soldering.
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Fig. 2 AC/DC switching power supply
for evaluation test.
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Fig. 3 Cross-sectional views after thermal shock
test of 250 cycles.
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Fig. 4 Cross-sectional views after thermal
test of 500 cycles.
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Table 2 Shear strength of solder joints on chip re-
sistors after thermal shock test of 500 cycles at the
condition from -40 °C to 125 C.

Sample No. Material
Sn-3Ag-0.5Cu / N Sn-37Pb / N

1 36.6 28.7
2 26.4 47.3
3 234 33.6
4 35.4 26.8
5 44.9 43.8
6 22.6 42.2
7 24.8 40.8
8 32.8 259
9 28.6 36.3

10 39.7 47.5

Average 31.5 37.3
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Fig. 5 The 1.25 kVA Mini UPS main PC board for
evaluation test.
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Fig. 6 Cross-sectional views of main parts of Mini
UPS after thermal shock test.
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