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Abstract

This paper discusses the reliability of solder
joints of electronic devices on printed circuit board.

Solder application is usually done by screen
printing method for the bonding between outer
leads of devices and thick film(Ag/Pd) pattern on
Hybrid IC as well as Cu lands on PCB. As result
of thermal stresses generated at the solder joints
due to the differences of thermal expansion coeffi-
cients between package body and PCB, Micro
cracking often occurs due to thermal fatigue failure
at solder joints.

The iitiation and the propagate of solder joint
crack depends on the environmental conditions,
such as storage temperature and thermal cycling.
The principal mechanisms of the cracking pheno-
mena are the formation of kirkendal void caused
by the differences in diffusion rate of materials,
and the thermal fatigue effect due to the differ-
ences of thermal expansion coefficient between
package body and PCB.

Finally, This paper experimentally shows a way
to supress solder joints cracks by using low-a
PCB and the packages with thin lead frame, and
investigates the phenomena of diffusion near the
bonding interfaces.
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Table 1. Mechanical properties of Solder Alloy
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Mechanical Property

Flexibility

—— Sirength

[ Intermetsgllic Compounds
r— Thermsl Fatigue Life
——— Creep

[~ Others

Electrochemical Properties

Wettability
—— Corrosion
[ Migration
f—— Qthers

A8 L a3 235 AN, A4 BuY 5y

Fig. 1 Mechanical ,Eleciric and Chemistric
Characteristics of Micro Joint with fine size

1) REHRRY 9345 %

AAFE Bl 718402 9d9PA4s e

71@4ot LSI package® ®A 443z 9. o
34 AH3EY BR-REXE P AR 9dd
A% 2xuisd ne} Yqyoz dugs ayy
22 @sie, PN A Micro cracke] B4
of EFAd AenA oaAdu.
IR UM p, EBRAT 0, LERAT,
Package sizet ! 9|&3}v], 538 LSI packageq]
HYsof Wzl ¥ Stresst Fudrh £¢ U4
3% Package: 49|¥ Packaged Hl3td g4w
Aol FolAA, dARA G $8 GTo] Fd )
HEA Crack A<t



¥ 294 i Soldering joint® 9] dHTFX%G
Shear stressof <|¥ @H¢ WAE HERIRY.
AHY A5 24 39, H¥ 449 4
3 d# %3, Creepstsl 4 AT B35
o 9t ¥ 2o FAAFY LSl $HHA g
Solderingdl M9 €714% M4 &9 H Hy
T Y,

2) Assembly 239 % ¥ 27] 1¢43

7] AHF Solder jointyol M9 ol HFHo o
A4 Solderst WHYFETY Wettability7}
UsA $AsE 347 Bl o 27 d{ER
4% 59 : AW HE9 1 - 10%)%EH £
o] Y%, Cracko.2 AASE A4E A ¢4,
(79 8 3=)

Wettabilitye 18 34 Jed AAY r71 22
AdHLE rya R 710l HETE Wettability7}
oo 449% &+ 94,
QAEH y O 7L cost +7 a0l 4EHY Wetting
of Atz ¥ 4 31oH, ¢ AW Energy’l 3
+% Wettability7} ¥4€vh. o] A% Energy®
FA%E 48 Flux7t Solders] ¥7t8t). 18
Yy 2E F49 248 Solderst HFFIFETY
AW Energy’} 3Atix #=A Wettability7} $&
Ae opynl, 489 Solderd] ¥ IHAYFZY
ST B8 dof, o] £8%s An AW
Energy7t &4 % Wettability7} $vt2 284 8%
F st

™~ H
i

|
|
|

s i’

| i LEAD |

| J( ),
‘ j
u N

Jl i
t
| FHsl aws 4e 4T ) |

N Ian
) \ LEAD ;

P ; ]

i) \ ,

| g I S Merg i
) QFP/SOP :

—

2% 20 U AR He] O 2o dad He

Fig. 2 Cross Sectional View and Thermal Shear Stress
of Solder Joints

X2 484 a9 HAM

Table 2 Reliability factors and Evaluation equation

¥ AN no-e 7“. {1{

E a

grAR] ¢ =Fge"
Aspg | BHHA A gosw Bovewmgd eogm
b FEREAS

NE= €™ (Agp )™ exp ( e )
kTmax

Nitgg CAHRFSF ma a4

Ry Ofp LA TUE

Y Bolizmann's %<~ Q: 3kd 3} Energy

Tlint +A)=B-Crg
CREEP Shi|l T2 A}-ex tr:majziR) e 4|7
ABC: B T¢ Crecp P2

driz ety

f:-l_
22w 2 N tmT

{28084 krggys mpy

L
g h——‘\\
i T~
f /{ #8S0LDER ~_

fa e e

—

23 3 W W23t =AY Vetting A%
Fig. 3 Wetting behavior between soider alloy and base setal

3) HEAYE 2 F4HE o]FH27e
Diffusion rate Zo 9@ Kirkendal
void

A Ayl gyde §39428 74 949
g4 &x9 Fojo g AARZA Void7t 94
Hn, o] Voidg Kirkendal voide}z 4},

o] Kirkendal void7} Cracke] Iitial point7} 5
o] AG48 & Cracke]l AASA B =3
o] 84o] Lead frames) A713 E4(HAr] AxE,
GRAEE), 2A2HHY signalg 7|3z A
3t A% £=52 1339 Cu-Alloy 499 4
58 o848y 53 o W40l FraAdy, AT
8 Ad4el YAHE Cu-Sn A9Y &Y E
CusSn(e %), CusSng(7)2 brittlesl 4 o} 743
HEW 2 AdFo void7t §4H $3o] 24
A 99 Cracke2 A48A o 19 4& 4
FFd 945 ¢ #e42 250z Ugy
AL, of FFisFUY 7 49 FH&ETY
Ao et HY AWE2A Voidst $45A €.
E¢ Voidd] 3494 4 949 244 ug o
2, d¢3ez Sn-PhA¥Y Solderg AH4#
A¥olE Voide 1) Solderst 39 A9 2) ¢2

TOLT el A 3) 33t 9 FARAA YAHAE,



Kirkendal voide oA Az Y Z2A2dA
sub micron¥ 8 4 m 2719 ARAA Y3e.
o Voidel 371& AR E4X, 4487 E97]
of d&sA ¥k E 3¢ %% 4% Packaged A
Soldering A4l FAE 49& A28, Pro-
cess, TERACE EREF Aojth 4744 4A
@ o} 2o| Crack $4& $A&%7 984t 4
29 4%o] point/t B, A2AY 71Fose €
% A%, 444 , AY Energy, A4 Tw5
g8 4%, 243 4489 A % /14429
4 54%5¢ 2ordn

1

!
| T
! Cu Alley

Solder (Sn/Pb)

Cu Alloy

| infermeloiic

copmpound layers

(ol U R 2 !

a2l 4 4% ARy B3t A%
Fig. 4 Behavior of metal diffusion near bonding interface

3 3. EW MY Packageolr WH 41=dd] vlie £
Fig. 3 Wetting behavior between sclder alloy and

base metal
[ el g ot I I PROCESS R 9! I l FE g9 I
I | T
PR s s — S RS SR
=T i
zllalo Al F o[l
Tihall® Ve || %] &
| *x i~ - e
ARt el lall o
& E-
a0 a2 2
i o | [ B o ERIR A
aj 3 oA 4] Ab AL
TTTTTTT LT T
EIENEI R IR IR
Sl s Al ALY
j g 0|« Al %)% STRESS7}
s ol 9 ;;] Pz
= K4l 2 > =
X =}
T T T ]
| ARRA} STRESS }—v
7| A® STRESS

S5 Cycle Al Y
254 A9
e

IRG

Y
' 2 ‘4—[ Al E "J‘iﬂ"—%

3. 49 #A 1 49 71344

¥ R3ME Solder joint $919 M4 7 AY
2.2 T/C(Temperature Cycle)A@e2 H713en,
Temperature Cycle Condition& -65 ~ 150TCo|d,
1 cycle® 30822 19 59 #r.
g Assembly #8% Reflow #]= Hot Air Cir-
culation #4 & ol &3t 4¥ /AR +4
Lead frame& 57 0.10, 0.15m 42-Alloy%} 54
0.10m 42-Alloyo] Cu E39€ ¥¥oZ 0.025m
deposition® 3% %9 Lead frame® A}4-3t¢irh.

Z2te] Lead frame? Finishing #3422 Sn EF
Yol ¢ 0.007m FAZ P AUt Solder 4E
£ Sn-Pb-Ag(62-36-2%)¢] paste® AH4§oH,
71%e FR-4 % Low-¢ PCBE ol4%4. &%
Solder joint ¥19 %7] A4 £ TCA g
ANE#s SEM % SEMel %3¢ EDX(Energy
X-Ray Analysis)& o|43 ##-£44t.

§ temperawre e

150 +—

Timc{min)

6%

33 5. 2E o) A¥e =2
Fig. 5 Conditions of Temp, Cycle test

4 49 23

39 6& Reflow¥ T/C 200 cycle A3 Solder
joint ¥91¢] @¥& SEME F34 @ad Aoz
1% 649 @% Lead Framed %747} 0.15m, 1)
0.10me] Zojtt, a3 #o] F7} 0.15ms] 3¢
i Solder fillet®] $% 91944 Cracko] WA sz
Ao, FA 0.10me Lead framed] A$E A
FA7h ¢AEE ¢+ o o AL Lead framed)
FH %249 w& Solder joint 3o} StressE 74
A#A, Lead®] Flexibility® HANFoZHA gy
Aot B¢ 39 72 F4 0.10m Lead frameol
Cu =392 EU4d 25m(0.025m) FAHA Ao
£ T/C 200 cycled] #Ed dgFh= Solder joint
FH7F dAEE ¢ & Ak oJAL FUF FAg
Leadd] 7% 42-Alloye] Cu7} Flexibility7t Fo} ¢
8o ¢ YA Ao A% Aoz woy
o},



19 82 Solderst ¥4 ¥34(Lead)He] Wettability
7b A, o 27 YREF 297t Crack
9} Initial point7t S AAE AL Ve FHolth
¥ 29 9 T/Cd o8 44w 2o g49
Cu-Sn#A9 F&47 3HE ¢ F(CusSn)l A Cracko]
HAE 9o,

% 7|%& Low-a PCB(CTE : 1.2x10%71)8
AH4% 7% Normal7]® FR-4(C.TE : 15x107%C)
of ul#, Solder joint ¥99 Crack d4¥Es 3
Ax 9k d¥02 AP oA ¢ Chipg
W4e Packaged] 49344 Ak 4uHoz 3 R
e A228E 7A% A 2% 7. g Aede wes
(El=d M=F : 25im)

Fig. 7 Cross sectional view of solder joints
(Cu plated lead, deposition thickness @ 25um)

Oy 8 F3 Euos Uy 39
Fig, 8 Initial point of crack ue to bad asseably process

() T/C cycle : 200 cycle, Lead frame (0.10m)

2% 6 JYRe] tee

Fig. 6 Cross Sectional View of Solder Joints

Fig, 9 Cross Sectional View of intermetallic compound layers

5.4 &
1) Lead frame9) FAE %2:(0.15-0.10m) g 0.
Solder joint %99 M4 H7HE T/C (Temper- =4, Flexibility7} $4-50] Solder joint
ature Cycle)& ¥ dU49E @3 -E44), Solder F-91o0 Strain Stress7} Z45e), T/C (200
joint %9¢] Crack $A%& AEQ. cycle, -65 ~ 150C)ol W& FBE9 Crack
AYe 54 99A A= 4 g A8t



2) 9% $A(0.15m)¢) Lead frameg® Y-
A T AN, Leadd 247 42-
Alloy2tt CuA 99 247 Flexibility7} Fo},
2E W3 & Solder joint ¥4 $#ghs
4o ¥, Crack S48 Fd Bon
42-Alloy2 Aol Cu =392 J48 44%
Crack $4¢& 9A¥T: AL 493402
gz,

3) Lead framed] £A4E CuA ¥ g A48EA
A% Leads} SolderA® ¥#oof ¥4sl& F
71348 (Cu-Sn#A})o} brittled]A], Shear stress
of 98 Crackel %437 4o AL 44
4 Ao, AA-AEY @4 € TCE
A=Y F7H38AN Y4HE §F Be29
%A% 2 #4839 7149894 54¢
138 Lead frame B Solderd AR 47
ol

4) PCB 7 #¢ Low-a 2 A$30.24, Solder
joint %99 Crack ¥4 9= 29 $71 9
.

5) BAH-EY o|F ARLY FHA A A5
AR FASGE v R AR, 2xus
HE 459 §AAE 2380, 538 Solder-
joint ¥ $E4¢43 2802 Solder A4 9
Ductility @ $4471= A= A4 434e
FHA T B9 HAoln,

#1 £9
L HIBER - deA AYEY ; 884% PACKAGEY
A% 71gs% A4 ¢4, 71948
CENTER, (1988)
2ygs W $AUS Micro AE H44,
MJ-S-20-88, (1988}
A E, R TF : BEEE Micro soldering
714, (1991), 211,
441 4 9 SFYIA=EH, Vol10, No.10,
(1992), 144, .
54 9 9 : $FUYEEA, Volll, Nol,
(1993, 202.
6)Lau, J. H. : Solder Joint Reliability ; Theory and
Applications, Van Nostran Reinhold,
New York, NY. (1931)



