50,091406(2013)

Bt SHEF

FilE
Laser & Optoelectronics Progress

TR0 I EE O TR T4
QFP 2P A DS

=+ ) )

FEX KA4E £ &
b5 Tl K 2F 308 TRV R BE, dbat 100124)

WE RAGLEOE LIRS A4 00 Iy 200 1 5

AALBENS 34T T 22 PERE I B 1R TE A 7 A

W24 (QFP) 85 R fE AT TR SE R 05T . 15 B T OB AT 12 S 50

4 SnAg3. 0Cu0. 5 £FRHA R S PTh s B AR LRl . ST HRBEE R M BOLEF £ (11 W, 20 mm/s 5 8 W, 10 mm/s)
SNTTNERSE S L Ay N NE = B L R U N = 2 B UF5

#) Cus Sns o

RS T WA AT R SnAg3. 0Cu0. 5 Fl Sn63Pb37 7 7 £ 't £F WOt I 9 T 38 12 . % W] SnAg3. 0Cu0. 5 7 i1 Y Jy 2
P RE T IN 28 o 5 R A 06 BT TR A BT AR R R PP DR R AR 4 A 4H
HESES

DGR BOGET KR KOG BOGET SR
TN249; TG454

L I 3 A
LTSN ST SnAg3. 0CuO. S%HMJF"?H’JTM‘HET“ FUIELOCLT WG AR AE W] 2 42 W AR SR Ty A PR RE L[] I R
KRB WOCHOR REE L LT WO TR TR 1Y 5 i

B AL
VA% B 28 AE R T &R Ak A
b A A SR R
N EEFRIRED A doi:

10 3788/LOP50.09MO6
Research on Fiber Laser Lead-Free Soldering QFP Device
Based on Scanning Galvanometers

Yuan Jianwen Chen Jimin Huang Chao

11 W, 20 mm/s or 8 W

(Institute of Laser Engineering ., Beijing University of Technology . Beijing 100124, China)
Abstract Soldering technology for quad flat pack (QFP) devices is studied using a fiber laser based on scanning
galvanometers

galvanometer with SnAg3. 0Cu0. 5 solder and the relationships between tensile strength of micro-joints and laser
1
10 mm/s

soldering parameters are obtained. Excellent lead-free solder joints are achieved at the laser soldering parameters of

The speed of laser soldering is improved dramatically based on scanning

surfaces indicates that the fracture mechanism is ductility fracture. The metallographic structure of the solder joints
OCIS codes

The mechanical properties of micro-joints are compared for different soldering methods, including
continuous-wave (CW) fiber laser soldering. pulsed fiber laser soldering and infrared reflow soldering. The results
is also investigated. It is found that the structure of soldering seam is fine and the interface is flat. The generated
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| .
compared. The mechanical property of SnAg3.0Cu0.5 is observed to be outstanding. The microstructure of fracture
intermetallic compounds layer is Cus Sn
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indicate that CW fiber laser soldering can obviously improve the tensile strength of the joints with SnAg3. 0Cu0. 5

5l
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solder. In addition, the tensile strengths of SnAg3.0Cu0.5 solder and Sn63Pb37 solder soldered by CW fiber laser are
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=]

lead-free solder; guad flat pack device; solder joint quality

UTAE R L Bl FR R T TR 1 58 L A T 55 [ P R A G A AR IR 4R
it

E-mail yuan]mnwen@emm
5 {8 9

FS B HA: 2013-03-11; Y ZEIIE RS HEA: 2013-05-16; ML HAR B HI: 2013-08-14
BEeWmB: LW ZEE LT H(KZ200910005006)
. bjut. edu. cn

T ik o AR 22 [ ZE AR 4 ) 58 IR0,
S A A RS TCE L VERE . H AT R A E BT AT R A Sn-Ag.Sn-Cu.Sn-Ag-Cu,Sn-Zn 45, JCif W — F
EE BN

D RECA987 ) B W W AR AR, 3 SO F R N O T A 5

MRak R (1965—) . B, 4% . 1 A S 00, EZ N FHHOEII TH AR I m A58 . E-mail: jimin@bjut. edu. cn
091406-1



50,091406 MM SKBIZFHE www. opticsjournal. net

JCATAT L Ak 19 7 AR P JLP- AR AL T Sn-Pb £FkE (HI2 5% Pb 4748 (Sn-Pb) iy T Z0 MR AH B I 322 2 46
BT B REFN Sn-Pb & S AU 5 A9 TCETETRE o Al FUBF IR RE 7 i AR 7 T2 TR M B T AR R X L
JCETET R AT LA

PG TR BAT R TR PR R SHE v 10 B0 4 A AT LA A0 R £ TR Al R B 1 22 R L DR T A2 B
TNz B . B 1974 4 8 U2 HOE BT 07 05 1 LK - OGBS AR 50K 78 &3k B %A B &
JEET I BB R OGRS SO M BOR A | e B AR SR A T — S I B OB IRETIR
AR B O R A L IBCEOR AR T FE R A AR R R R AR O EK
FRIE RG] Sn-Ag-Cu JoETRE AR 4 10 J7 Jii 1 B 2¢ (QEP) g 4 FERS %5 g BEL(RND JT 8% 4. & 3 QFP 7t
FRPE TR SR BE HE 2T A0 (TR R A 32 85 T 29 50 %0 . RN U F Y B oy s 4R &5 17 29 80 %M 1, 4epg Hil T
R SC PRAE Y IS T O 2R BOB AR ER H o0 0T Ik 0 32 AR 43 il D Ocl A8 e ot i 2 i 98 1 e LR R
AN A Tl PO A 500 kHz B PO SRR HTR » REAR G 3ty 5 BRK vh#Ooe X Jo 84T Sn-Ag-Cu 7EBLH
M b AT AR . H AT A S SR B BOLAT IR R R 31 F & S Z080R SR E E N T2 T 10 mm/) 5
ZINF TR T L I L 19

AR HDEEF HOE AR B30 (14 75 sCHEAT J0A FOAT I 52 58 DA i SO ST AR 3812 O 35 370 B TR BT Rt
M S PR 5 BE W T T A S AR A

2 SEEAORLS I

QFP T Ef 2 a7 F 2 H AT 0 J 50 AR (SMT) B e 22 1 o as 7 A0 583 Fl 245 0 HT48R50A-1
Ay QFP-100 Ml HT16512 Ay QFP-44 #3445 IS8 B 4 0. 3 mm, H.0 (8] #4351 47 0. 65 mm A1 0. 8 mm, £
BER N2 (9 JCRTHR 25 E SnAg3. 0Cu0. 5. [R5 T Pb 4T} Sn63Pb37 504 Hse i . 4R 80 Cu/Sn.,

SCH A Bl SMT bl T 2R W 1 Bz o R T 22 0 B 5 A RE 67 85 15 R 6 3t 70 R 380 A0 17 )
B b ARG LA QEP A8 1 I 31 B R H AR (PCB) X I o) A58 8 O 48 L

FLT ORI R G AW I 2 iR . SR A S (CCW) LK oh 95 F O £F 806 (A=1064 nm) LR 4% 514
(975 AT QFP frFAYET IR S5 I RARAETEE g 4~16 W, 130 AR LT B 3~34 mm/s. [R]IFR
FHELAM - AR 2R e AT B JR XS LE S35 XTI SnAg3. 0Cu0. 5 R IE (IR EE S 235 C.

solding paste troll
stencils | Scraperpaq pick and place computer cor;;;; £h
-y =
I ——
printing solder * #
inspection :
— = ' = — fiber laser | 0
] — T
v reflow soldering
I - | D o S i
| = 1
cleaning test | workbench |
1 SMT LZ 2 WHREHRERE
Fig. 1 Process of SMT Fig. 2 Schematic of the arrangement

PR SE LS o X QFP SR SHEAT 7 2% 20 B BT TR o Afr SRR BE 53 B o BT A IR AR AR R L H AR Tl bR
HE JIS Z 3198 TS 4F BRI 77 15 (Test methods for lead-free solders) 25 /S HR70 1 QFP 5 £k 4 s 1% 45°F8 hir
RSN SR S

3 IRERE
3.1 ME4FIRIE QFP S NI E

342 SnAg3. 0Cu0. 5 §FRHESWOL AT QFP-100 28 {FMISMILBR I . 0T LR i 76— WO T 2
SHRNE T AT AR QFP 28 . 1T LIS BIJE 0 AT ERSE S0 UL TG BB 1) B AR A 81 060 o 7 LA

091406-2



50,091406 MM SKBIZFHE www. opticsjournal. net

WLEEE L AR O D R K/IN BT ASRE 58 e AL AR 3R
T AFL R s 5 SO D 3R e v B A O B AN A L 51 IR R
HEB AR Hh A RE A 0 20T | A RGeS S S LR I
nlE 4 Pros .
3.2 BRmARE

RO T R AR BP0 BE A N R AR R £

AT IS5 R B By VIR BRI O T 3 AR ' S.vt3tl0tltHHNNHNHI‘II.R.)‘l'lgT
BESE, 4 PCB EAR R 8 TR 03 B ot 28 1 o 5 )5 0 Ui e

BVERE B2 AR T LSRN TE LT SO IR
3 v 2 S O B ) 0 3 e 2 B 3 SnAgs. 0Cu0. 5 FTAHE SHOE AT AR 1Y

\ FP-100 S
(RAERR AR QEP100 B2
Fig. 3 Appearance of QFP-100 after laser soldering

with SnAg3. 0Cu0. 5 solder
@ ; v
1)
"

)

5
\"T

B4 A QFP L. O WOBT AT s (b) MO 46 7
Fig. 4 Invalid QFP solder joints. (a) The laser power is too low; (b) the laser power is too high
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Table 1 Tensile strength test results of different soldering methods with SnAg3. 0Cu0. 5 solder

Component Method . > 3 i/gf - 6 Average Area /mm’  Strength /MPa
IR 1878 2003 1946 1858 2083 1772 1923. 3 64.1
QFP-100 CW 2205 2054 2055 1990 2135 2347 2131.0 0.3 71.0
Pulse 2096 1975 1702 2053 1740 1822 1895.0 63.2
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Table 2 Tensile strength test results of laser soldering with different solders
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Fig. 8 Comparison of tensile strength between

different solders by laser soldering
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Fig. 9 Microscopic morphology of solder joints fracture surface. (a) Pad; (b) lead
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