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Abstract

This study proposed a novel pre-treatment process for copper lead-frame in the
QFN(Quad Flat No-lead) packaging process which have been widely used in ASE
Technology Holding Co., Ltd. Before copper lead-frame enter the packaging process, a
pre-heat process is pre-treated on the copper lead-frame with passing through the oven.
The pre-heat process induced a uniform oxide layer on copper lead-frame, and we found
this uniform oxide layer can avoid copper lead-frame from delamination in the high
temperature wire-bonding processes. Compared with the copper lead-frame without
pre-heat process, the surface of copper lead-frame will be covered with a die. And due
to the die we put on copper lead-frame, we found that the surface of copper lead-frame
beneath the die will not be oxidized. When the copper lead-frame enters the
high-temperature wire-bonding process, it will form a clear interface between oxidized
area and non-oxidized area which is caused by the die. And we also found the
delamination area is really close to the oxidized and non-oxidized interface. With the
cross-section observation in the scanning electron microscope, we can see the
significant interface between oxidized area and non-oxidized area which was caused by
covering the die. Furthermore, we found that the shear stress of the interface is
significant large with the ANSYS® simulation system. Such oxide-layer structure cannot
bear the thermal stress generated when the temperature changes, and there is a
significant stress concentration in the oxidized and non-oxidized interface, and further
inferred to be the main cause of the delamination phenomenon. Therefore, this
experiment developed a pre-heat process, which induces a uniform oxide layer to
eliminate the uneven oxide interface caused by the covering die during the packaging

process. The uniform oxide layer which induced by pre-heat process effectively reduce



the stress in the copper lead-frame. It can also be proved in the ANSYS® simulation
system. All the results tell us the pre-heat process can be the solution to avoid copper
lead-frame from delamination. Furthermore, we put both the original copper lead-frame
and pre-heat one into production-line test. After the test and the reliability test, the
copper lead-frame without pre-heat process was found that all of 56 samples were
delaminated, the fail rate was 100%. In contrast, none of the 56 samples of the pre-heat
copper lead-frame were delaminated. The fail rate is successfully reduced to 0%.
Therefore, it is determined that the pre-heat process can solve the delamination problem
in this packaging process. In addition, this study also does the pudding mold test to
understand the relationship between the heating condition and the bonding force
between the surface of the copper lead-frame and the EMC. Finally, it was found that
the copper lead-frame heated in the oven at 200°C for 1 to 5 minutes is stable and
confirmed that this pre-heat parameter can effectively solve the delamination problem
happened in the production line and reliability test.

Keywords: packaging process, copper lead-frame, delamination, pre-heat process
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WL £ (Alloy-42)% TR %% BT 4RE A BIFENE T LA HRRESE
doB) 17 BA)Y ch AR iR L 4 R A LEpuEL ANB-C-D 1 E
K27 72 FenEMC> a4 g £RREEMAR R LT > 8P & &R
Fedoam o BT BRI A EETNEBE £ B R LS AT E - R
diom X H AE A2 PUETHBE B E BT FOEMC 2 B ek L"“F’S
WA L a4 L H IR T AR LT B 1-T(B)r A5E 24 ) Preng RAE B
EREERPRHEE CASDEBAF L TP ICAH @ B-Co ESRe (5 30hh
AL B LR 48 ) AR 2N EMC 303 B A B A T AR
t AgEd FEE Mo d PARAITEERL S RIRESVH O T LE AR
g b 4 RIERE R yg AR A b e H2 B enhl Y BB P % E T
g 2 EATfR PR A s A B EMC Akt 4 > [V

v g MO B B &[5, 6]



(A) (B)

8 - 100 ?
A aloy-42 s é
k24 Copper-Alloy - é
%: ok , ! B3 HH24 é
1 e Ll ?
2 | K ) E ol Y
£ Zn 5"
g /'.’. 125 U
= P> P &
IR 3% ) £ [
o /E::: ’:::; .::‘ 0 42 Cu 42 Cu 42Cu 42 Cu
A C D E A B c D E

Bl 1-7 3 EMC & 4r 485 & & 2 2 45 & & (Alloy-42) (A)i: 2 4 R85 % F) 11 2

(B)¥ F 2 4 17.% % W[4]

@ Agustin % A [7]4% B3R S d 8 A SN AT R 2 B endbF R Y R4 A
FEAIAERE S S AR F R AR R DR FL - o R AR S ITNTF]F G
A 38 1 (A) R kT 3 adkE A 5 & BLT(Bond line thickness) ~ (B)¥ k3% #)i% %%
3| okt Bl en® A v s (Fillet height) o 4oB] 1-8 #7157 > £+ 4Fi2a 7 F]3 i 5 A~

FiEd TR T AR R RRE > W T kg -

(A) (B)
DIE attach adhesive b DIE attach adhesive
1 AN
ar |\ EE — e
X af N
DIE Paddle DIE Paddle

Fillet height % = a/b *100%

Bl 1-8 XX ¥ LU EREEMAR TE S M(A)BLTERIE A -

B)iE & & v 67 4 F

Agustin ¥ % %3 T~ 4% /% (FEM , Finite element method)4 47 7 = BLT &

k

]

&

Fillet Height » H 3L 2 dp e L g b X 1 a P R4 £ > 4B 1-9 #7177 » 3

# > ¥ {# &e Fillet height %43

AR

BBLT i 5] 15um 41 pF > 3 4 5 § k7 4 sk
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d B Bin4pk 0§ Filletheight 423 pF > 2 45 374 » ApHEF - 27§
% 0y Fillet height » 7 5 seenddo * Ao T4 % Mo B il A 2RT ST %iB
et o BREFRADNRRAE MAHAR % ik S H BLT ¥ + 2 15 pm 2
% Fillet height & &~ %) 25% ™ » =z k& S5 8T 0 B & 5§ sonfpdl48 3k
% A e BLT 14 2 Fillet height » if # 1 5 sxern®d ML hh 'k o d & PP SRS 5
SV IET S IC MR AR 2 BT A Aok T UG ok 0 (T LG 0 K
kb % [8] -
160.0
140.0
120.0

100.0

80.0
60. Bu=5um
40.0
BLT—lSp.m BLT—25um BLT= 35|,lm
20.0
0.0

0% 25% 50% 75% 0% 25% 50% 75% 0% 25% 50% 75% 0% 25% 50% 75%
Fillet height (%)

o

Interface Shear Stress (MPa)

=
e
(o]
=
Pt
ot
e
P
Ry

¥4 g F st s % B[7]
1.3 E:MmZE ICH VR R R %

LT EMH AR ICALRMEBAR I FRICT A R- X1 F]> @@
C A4 %k Bl enf Tl 4] coF7 7 4834 & 1996 £ Inoue % 4 4% 91[9] » 4]
1-10 #777 » F £ AEE IC g hp 4§ P RF e A AR R
RAr > NIRFZ AR E RS 4 R T AL e BT Y 0 |
#IC p 2Ry s & (Delamination) » = o %k 7 & 4 B 3R] 2~ TR F
LPEE Y URTERR T QRAARE AL D MR BHEE > DRBRAR
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% (Popcorn) » d {4 § s & 2 ks p R0k F B R R TR OT A L DRURIL S0

FoICK-g i F Rt ~@% A2 A (Crack) » S 4 E R IC 4 22 -

Storage (Moisture absorption)
Moisture

Reflow (Package delamination / expansion)

i m— Solder
PCB / I“L \
K \Vf |
delamination :
Thermal stress

~ Vapor _
Water vapor pressure
Package cracking

B 1-10 IC 52 & 2L #5417 & WI[9]

LEMAERFE Rk ME AL RFIVERLAE NG 0 3 R ehit i
I em R R FT e~ i@% k- A3t p 0 Bgd sk gk 5
AR B A AR AV RIRE R LTS 4 E L
BEARY o &G Ay g i erslAesi g % [10, 11] > #1010 2F § auT g B
WEHF AR e G § R R F AR [12] [13] 0 2 Ang % £ [14] Dk
Bgr AN A EE LR EMC 2L S idpd 40 o4 2 ang 1 K L
RME DR T T FLTEFEARRERNE T A ELG TR A Y
K B Bz B chbd 7 [15] [16] > 4o B 1-11(A)#77m » 3 T4 472 & 200°C < § kB
¢ 10 3120 A 4BenF i & BB € % 100 nm I 400 nm > @ % 300°C s £

.
3

(L

FHF OV EERPKS ¥H500nm I 1400 nm > # ¥ KR P B A0 3 0L kA &

(=

SERLRY PRSP EE S IEE BRI TR S S A
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4o 1-11 (B)#F 7 o

(A) (8)

Oxide Thickness, y (A) Oxide Thickness, y(A)
16,000 16,000
14,000 14,000
12,000 12,000
10,000 10,000
8,000 8,000
6,000 6,000
4,000 4,000

200°C
2,000 2,000
0 1 i 1 1 PR | " 1 I
Q
0 20 40 60 80 100 120 140 5 10 20 50 100 200
Heating Time, t (mins) Heating Time, t (mins)

Bl 111 442 3 iR R PEE chie BT & B A M GRI(A)F & 5 A %
PR (B)F (R BB S S 1 WI[14]

§ ¢ 5 Cho % A [17]% £-$H4r b2 & 5 & EMC 2 B endb ¥ 4 ie (7 - b 7 o
P B PR - R84 IR N Bl 1-12(A) 7 o 588 EMC a2 g g
Fht—As o AEA PSR AR S phd 0 B F R B R AL ETE P AT hk
A A4 K 2| Erh 4 2E EMC 2 FFendh £ 4 3533 o B A EAFATE RO =
7 I8 & (150°C ~ 200°C ~ 300°C) & % Je se A PEFF » 4F 4k o2 4 K cnF K B
B¥ EMC 2 Berfa s+ + | M » A udeR 1-12 (B)~(C)~ D)#i7 » £ ¥ ¢h
FUOREAR TS BT EF CBRE KRR o AORRERRY T UER LR
AR A 2 RARG Y EY RRMPY) 2 ARG PR ER
(nm) > d e R EEATEF R F4r4 245 F * 5 30~50nm ehF it Ko 7 Y
FARA AR BT EMC 2 Behfeé 4 » AR E4 AREFDIRE A 53 CEER
AR P RES BRI RRFDPBE - SRR AEL AP § 1
Bengd > ok v izl By K ER > VLB EH Ay P RETR

PR mAREN A doe oA ki A ERSXE5 A 30~50nm 2 7 o
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<[ E—=A}>
—
) ® W ©
1 150°C 200°C
[ 35
1o 8 35 7% {150 4
@ o H % <@ o
L ) 5

g 3 g8 |i=—A g g
= w 92 s0f | 82 g
j= 25 2% @
o 30 g2 1 100 & & g
% 180 58 25 ® & 301 g
= aw 3= o
a 33 23 g
=

g 25 140 @ 3 20 fng ‘g’* 3
: 3% 0 88 g
a 2o el =
20 » 20 T F 15 ,I _ 3 El

0.5
' 49 10 C,T;'_" . 10
50 100 150 200 250 300 10 20780 0.0 50 100
time [min] time [min] time [sec]

Bl 112444 RIRETLBA) 12 FHE CEERALEMCRE A "TF e HBFR
s Y BI(A)IB0°C e P 22 g K B R 2 B b 4 A %% B (B)200°C 4 4
RS KRR MERLES RARLEEE > (C)300°C +efpFFr g M K B A 112

BL4BEEERILT]

% 2016 # > d Esa 3 A[I8]& 4§ P gk AmiEF7Amy > 7 AB P
FEPF Y CER A G ERR MR G RER OV RGER BIER SRR DL

& A, 0 T F B AcE.(SEM , Scanning electron microscope) ] » f 4 47 28 & {7 4¢

Fwo LG 3 RN E20nm e B @ F &5 fif 150°C 4o fu = o] PES -
HEie S hHhi IS amdd > e IR 50 nm cnfd > @ § 4472

'
¥

FEL B R LT 240°C 4oz ol pERS o HA G BH AR L AP A3
g Bl Az 200 nm sl S o X L E- R * R T 4 B (AFM, atomic
force microscopy) » BLEH 4 & fe R - ZRIFE R AT Bk S BREE S Sum h
T A TEBRFRFEELG AARFREORBETE L B A g AR AR KA
L AR o

Esa % « %584 7555 % 3 %4 (STEM , Scanning transmission electron

microscope) 444 &% i§ 240°C 45§40 3 ) PEAT IR IR % chik S TR
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4ol 1130 A ke SR A G ARSEF o FL AR L4 L (FIB, Focused
ion bean)*> & & &-pFid = R S H o B T DR o d mapping B & T U IR
PR NPT A Rendp RS A HAE 2 g R ALY ST o
MHET IR G F R gl d P REET UG ERRE DI R A

WCULE CUuO 2 FF od sz BRBRTIMGENTT R §4FF 4130 £ K975

Cu Oxide Cu Oxide

Interface

B 1-13 % /& $ 50 STEM BI(A)A 45 % 2 B (1Bl > (B)4F ~ & ch~ % A 47 5 % B

(C)F R =%k & 415 % B[18]
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14 B4 p P LQFNHEAR

IS op P kL o E g >3 T @ (ASE, Advanced Semiconductor
Engineering, Inc.)s7 QFN 34 @ > &l £ 244 < FIpRHAeh 3 F 5+
EARE RS R A B AR R OB A RGFEFEALF MR R DEUENZ
fOAAEE M A EFLRE R R F A > s A G nF LR E- Y
TEOGA > TP AP AR d NE P PE e R FYERERY R
#¢1180°C #% % & 200°C - %“ﬁ“ﬁb kFFFROETA > & A 200°C R IIHEBET
FEERG DT KBRS ERE DRI RF AR HEE ST LA

B 200°C e MEARIE R > BARFEHE T T LARRE B0t 1]
7 iRl 5 21 0 @ & AR & Ji%kiRli (Thermal cycling test)w > 3¢
FLOBHRSDMMEIRGE > @ IGER P kP IROT LRE R AR 0 B
BRI 2L BRSNS SR G o (- HRBHARE DR 0 dof]
114> mA 2 sk e 2 40t IC % B> d iR S 7 IGRA P A
i 200°C eh3= MR T AR E R ZE KRR BAERE > R4S LG B L PR
Bl25=70 F 5 WA Bz g itk > ERA SR 100% fail chlg % o higtRang %
B ATy S BRAPRLERE IS VR KRR

Z 11 A SRR AN S 2V LR A JATR T {8 0 Fail rate 1t

T3 BB AR IR RAT TR G R R
Numbers el Fail rate Numbers 2l Fail rate
numbers numbers
e 21 10 47 6% 21 21 100%

Bl 1-14 Bk ik AL A BB S F B BLARE i S o Rk [
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1585 p ih
AEE AP Y R RPN S PR F QRN A MR K R ALE 7
FrEE R g AL B EA L 24 R R S F 4 R

A

AN

FAFET A LREAATRT BRI E L G 0 &Ll
R R REFALAFEE LG TA LD LK G o RET| G otE RS e
o R TR e A e

B ERAEY o IC AR IR Y AR KT A L g

- %

FRLETHFE - AGERFE A A F R RE R & Hr Ak b
kb LR ey EBELEF RIALT RGN EEAE > Ra bl
ERAEY o 3 ARG RS SRR EY B F o B LR A
FELZ D REAUE > FIF AP EPE R FAFEPRETEF A R AP
BAEMAI180°C, AP ERT c HER S DALY § IR PR A LIRS
R R BB EE ] B 0 200°C $TEUE B 0 R RITRANSH o o
WARTEYTR G KT o & F M AT S A T 5 UF 200°C { B AR R s AR e
L5 F PP 00 FIL A Skt k(Y B Y gr 4 TS ROE A F R 200°C
PR O S Ao AT A BET RETAFRRY A s A
PR G mAFIFATE Y L AT D PR AL ERMER AL
FIC A A A {1 I RARfe- L £ & FF o

Flp APy QA H AR FIHEI AR > AL TRERGEFEY
TfEMEE AR HEAINET E TR FT e o E RS F A
AR AVRE A G (F S F LA B AR LR RS YT

AR E T AT WA bldrh A G4 - BIE Mk Y MREHEE LS

FF iR 0 R ER MR R A Mg AR T A G 0w BUT 0 11 G s T
FRA g RE D LERE -
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o W 2

SRR Y

- % =

il

B0 ZHWm S THRASITRIZERE D 2 FRK AR

BB ARBY L0 L A KA -

Hw

F ;L‘ # 7 gf&if%@lfﬁ?‘f%& e 1 rﬂﬁ‘ £ l‘"‘

FARMEB AL b BMEEY ¥ Lo

FRHELEAL D AR FARLEN S

MR E LR AR AR TR Y ¥ LR e

CE P F IR S X A4 R QFNA SR Srig ] ch |

WRERRBRTICDHRER N &

-
[

[

A%RE

PRy kR RS ELGF LR

GETAT R Ao Bl E R G koG 1L

R R B RIR L R e 2

94/‘,
FRAE 5O
!

B
'?i&»ﬁ&ﬁ=ammfaﬁwwW$&“wvi&ﬁ

A Rm

R R

QFN4t Az in 45 @ # LR enilieinfe i &

R SRR L T LA

2]

-E
e
W

B

=

FoRlsk 0 REEHRE A g

Bl BEE T ORORIE R 2R BT AR SR

DOEGE (5 fA AT 2R TR DA AR (TR

BEEHG

NI T s BN LIRS e R R

FUF Tl (I T BT (K R sk (0

DR BUPIZRE S D E 7 o AR (5 ok AT2E 0 BT A A

g B A T R chec

BHRBEAIKREY

W 1-15 A5 5 e < % AL
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2.1 i B4l
Gy v 3 Y I G ASEFBEL IR ELE AR o I
7 %”Iﬁz/»\%-‘%f?ﬁﬂ’ﬁ =+ [19] —,ﬁ:/’a\—iqj;}%%&fg&{é H-ofo i e kiR
T TR T L P - U S R - T e
- Rg R PR s BA e AT A L
- R RBAERE KT I B I F R R ST BN AT

EIRF g e GRS F KB R o
211 pEk7 BE L3 5d a2

BIRSIEY SRR B L2 A HY - e
BMF I BIEE RE O 2 4 3 F L =« (BTA , Benzotriazole) 3 & » =+
AR BHEa s+ 0 5 A 1970 £ 0 Poling[20]fr%%" EER AR SRR
(Infra-red reflectance spectra)s .t sges 4 + ¥ U F v end 6 > A5 - %
Y WEA K 0 @ A 1979 #F 0 d Fox % AU D0 - § A S KT LG
RSN REF R LES > IV AERRPMRF AL HIFR
SHL LT O Er g v 5 A A3 Rk o 1989 #
Tornkvist % « [22] @& * & = ¥ & 3% i b & ex % 3 & (FTIR, Fourier transform
infrared reflection absorption spectroscopy) !+ % & i* fe$<ip] £ (polarization resistance
measurements) k 2 47 BTA » + &2 & BTA ¥ A i3 &t - 7 e A 5[5 = v
C7H7N3 (methyl-benzotriazole) » 4@ 2-1 #77 » & H i niFER 5 R 2 £ 6
PR 48y i £ R B g 4-7 A F R = ek (4-methyl-benzotriazole) &

7 A ¥ p = ek (5-methyl-benzotriazole) # 43 4F £ & chFuf 4 »ie ket BTA £

LEE <1998 & - d Walsh % 4 [23]:5i8:75% X v fcmic s % 3 (NEXFS
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near-edge x-ray absorption fine structure spectroscopy) ~ 17 BTA & + o dF & B % @
SRS 0 IR BTA $EH A 3 ) g B3 3% 27 3 (Lone pair)& 74
2RFERE A MBS L b inE A BTAS S ¢ BT 3 04 5
RESFIHBI RGN nd s A - R > TFRS G AR ERREE D
BTA 4 3+ > 4ol 2-1 %77 » HE® F 27 P &850 1 (@5 BTAS + 7 &%
Mg A3 E i ks O):EBTALFIH?P a B RFIEFLA04E (0
# BTA&L 3= BF A3 EHRhF&E 27 - B3 A+ L35 - Ko R+
P e M- A AR X 9100 A 2500 A 2 B BEY F AT E S
P WIRER T AT R EERY T E R d e Lk o

(A) (B) (C)
H y
N N _N,
Cry Crp CEe
N N’ N

benzotriazole 1-mathyl-benzotriazole 2-mathyl-benzotriazole

(D) (E)

4-mathyl-benzotriazole  5-mathyl-benzotriazole

B 2-1 &+ 2457 L BI(A) F & = ek Benzotriazole » (B) 1-7 A ¥ [ = vk

1-methyl-benzotriazole > (C) 2-7 A ¥ [ = « 2-methyl-benzotriazole - (D) 4-7 A%

77 =« 4-methyl-benzotriazole - (E) 5-7 A % [ = v 5-methyl-benzotriazole [22]
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202

©

T

i

5 o ] %

°e o %06 w
Q(\/><\/><\/><\/><\/><\/><\/>

NHN

: BTA molecular

<1

“N' ‘N' “N’ ‘N' ‘N'
Copper Lead frame

B 2-2 B4 o BTA 2 3 5423 » 3 7 & B

§ tdb i d kB BTAA 3 5 4ol 220 o BTA iR $ 7R A 5 Bif -
BHY LR s A e FE ﬁ*v'g»{itél#_%’iv% hosh R RE 00T 4 ARk
J’ﬁ_ B4F A5 — 3 2R ff g 0 F F s 0 3 F A £ A G o i T

Fif ek
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212 = e B s g kAR

2R AR g S N AF 1 K 2 L d N A B
A2y PR R EAEFREERHDF AT TG IRy A e
FRPEY A LB e E R koL B e ad2 B S J Bauer
and Vogel # ! WA HAIL G4 &4 5 7 LE T2 Y § oy L iF
*[24] > @ Brown & A X LR BT - kF|egA it B A F ok o 4 [ Aot 4
i ¢ f2[25] [26] [27] » 4 % Hughes % % { i5 48 XPS ~ SEM % % ® & L5

Y S BE RS EU T REF SRR BF I K

BB iR e gt A P F BN Aok B $F HE T aE-
# 7% 7% AIOOH » # 17 Crf . Al R & Aot A b - SERKEF M acehie— #

MR BIEEAR A G BB R DA REN R EF VR R E AR 2-3 H7or o
. : 3-
Hydrated Chromium Oxide, Fe(CN)6 cr”

s
Cr, 0;.CrOOH F~Fe(CN)3~

(Cr, ADOF and Al,O,

s
s e

2024 Aluminium Alloy

B 2-3 202440 & £ bl (T4 H H A 1 RIR S R 6 R T R B[28]
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2.2% 7 HOPIERIE

TORRIRE T ENHEA LYY ARRERE LG HEMCFAE 4 B
33 e j2[29] > §A_% 1997 # > d Takano ¥ A [30]1] & 7 F 7 HiplE > A
WA F KBRS T R R R A hE PR EARY
g EMC 2 B eide £ 4 3553 B 14[29,31]» » # % § 1 K B A& & 20 nm ¥ > § &
B bt oA FF I RERARES NMPF B4 RARE A FEM X
TPl F CREEFE TSR G 2 [32] R RT A R
Erlard 2 EMC 2 g & 4 535 B (2> 22 AR 2273 BAF vk M 054 4p
FEEO > STIL AT S T RRIR R T AT o #5003 3F 5 A chf B [33-35)
HRGEREESEEFRP 20 WL EY DD A - 3p A EF 7 S EMC
LT T A A R A S @GR - L ARE Y F e R RT

At 7 BB PIAEEF OB Lo T Y ERIHAEETE hE S (EF 4 4R 2-4

a4

Argn oo m b — 1EF 4 L VA EMC EFRladpd A Z Fenda e 4 2

EE

<

EMC

Copper Leadframe

B 2-4 # 7 HF %t & B
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23 RE ABERERE

AR B A R e 8] S Y E S B AT L RO SAT R LR IC 3R ET
E%ﬁéi’iﬁiiﬁ VIR R [36] o @ A2 F L B kcdR SAT sk R iZ i 1974
#x=cd ROA Lemons % A 3 N[37] > i€ * AgF B~ Rk o R F TR ZN) R
R e F 0 m RO AR AT Ry B AT R AT T R LD
PR kBB SN 3 0 A S AR T E R T e L Sk it g
Moo RIFALF ABMEY VAL K Y F- AR ORISR VLT F
7 2 [38] > BEALF A B AT B TA S F B RELRR SN D%
o oWl 25 FoUg Rl FALE RFARG R AT JRE A S - AL R
{7 Bt BTk & LR N IR R o £ H T E_Watanabe % 4 ijfu
BER 25 P H%ER[39] M DCEMEREY FRHER SIS 05
kb kg TR AR ESE] > PR - BERAR R BETEEL 8 k5
BRE RS ERFANEKE LRSS S DB RO R R KBRS FE
BokeBEZT o Rd RN E L& RBOER R EREFRHOEETH
TSR L R RRRRFORE FHRSM VRS AP NI A
M OAH KRBT R R PFER] o el TR AZF L T E A kT

FEICH LT G N R -

Data Processing Unit ho Signal > Water Chiller
(oversframes/mm) Echo '9"3 L Aa NS
|__|Pre-amp %’]
= A/ID Converter |
o s s s
_——
=t
Transducer
/Detector __Water Pump
Temperature Sensor

& Controller

=

A

Water proof
| DUT holder

DC Power Supply

Bl 2-5 1% A3 ok A T PR RLIP IC IR A (TR PR N 3RS (1 2 HEFI[39]
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Fzd AR

3.1 QFN 4t flseindse

AP AP ) R EMARRGF ISP RGEFNQFN XL A
o QFP 41555 1 rhaRsIgrank o 2 A IC RN RE AL SHG
e P2 LEIC & o A0 By RATRBELE 2 g e
WAz RN 7 BN INIC HLAEID > F ke M IC 1 (T ICIE AR o A A
Frgr f* B iaws 2 tURE Y & REG § A LER B
AU~ b Bk s BORFARME RS HEMC £ 5 A 0 T E YA T R

A0 B S RARIE (7 ihimiP o o ] 3-1 477 o (fE ) ¢
, / ©
N §\‘*/\% & Uﬁ%

Bl 3-1 QFN st XA 2T LR (AR ’]iﬁi—;-i;tﬁk&r?:ﬁ F 5 (B) tedp 472
¢ sk F b 4R (C)* (D)3 (7 47 M(E)EMC 9% 54 ) & 4
(A) § 5]{:-;%5%1-1 2 4%

ErEARZ D o d WA AR AT LFF ERF LG FEA R EES
AR R AT g AHW SR G EERIF RSN I 4 T LB -

LY R P E R LRSI FE D B L S
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(B) 4172
S lARH B RL T S AR F AR 4T L 0 9700 € & ki 472 Diepad 57 &

LRV (TR R B g ER o

(C) H#tb¥
WG TR T end B Bk B 4 4738 i Diepad ¥k > IAE (7R OE R
FURBM > pflRar @ ¥ enst S N BTk T N U F f§ KR F

gkﬁﬁ;f,—;\_:g Loy By ;’ftﬁ“ﬁlfiﬁaf“’ , @;_ m; ,Lﬁ@(]ﬂu»t *Im,—,_‘ﬂ °

(D) st 42

BV 8 i R ¥ 1 4 e T4 ALz (Wire bonding) o B LG
So AR b SRR R ELAE W g b cfR Y R ICT I 2 P B A R qpad e

-\l S FARORTER SR £ ¢ RARAALAEFE 200°C TiEF

RICHE BB 200CHEY £ 9 S P2 L A% FHREY P F 45 &
Mengedrik > i FAL - K3 K> adrsELG N PR EFIRERY
AR TFF 0 F i F P RPAEL RS FL G FIHREBRAEDLEA L - %
Benfic o IC A EROER FEFLRARE LAFT FLHE DA -
(E) EMC 393 8¢ = F)

S P ARS AIC B ¥ M EMC 5D & Az 2 & P e S0 K
BEARTF P ARSI U BRF R IC R FRNE MRG0 T R
LR RUEE R R E SR RPICF M bl4e IC 55 IC KPR
IC S5t 2 @:d p #p4=5°(Marking) 2 IC + = > 2= i IC e 4F -

HOE L Fendt R ARRARS 0 B IC AR € AR 3-2(A) w0 AP AEk
FRAcE 10 B4 10 B P 43T 2 IC %70 B > ¥ 13 3k OM # 15 Bl » ¥ 4
13 5 OM B ffad 45 & = fE e v IC %75 Bl4o® 3-2 (B) » & T 3| F 4 4p sz
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U~ St 2 Boeh K enEMC 3t dpa & > @ b S EA AL S dve % aflard T A
BEBET ARV A FEREY > I CRIKEDRE L FRFIRERLE S

Hin R > TP T LB AR R g A S AR g i L AR N o

(A) Epoxy molding compound

(B) ‘ Copper lead-frame

Epoxy molding compound

Delamination

Die attach material \
Copper lead-frame Die paddle

Bl 3-2 FEHEAURL LAk s h 2 EMC @ SH(A)EART LH > (B)F Z¥5 OM

BI(% 3 - 100x)
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L

-\

32 #3§

B - Fehage ViR e AR AL hE MK AL A ARG
LB RF] FP o REROBAVEET G A - 0 BB WUama § 0
g SHE R G S RRTHE YRR LG DY e RO

Zenk BT 0 % Rt F By

o

FALFRESEFEFATR L FRAS

FPEAFEIRFIHMEG - B pHS AL WEBE 0 LA R
FPFES N e o s AER PRGSO B ok b ARIUE it
WA2(180°C, I min)#r A 4 thg it f > £ 7 € NIRME % > d B 7 da 2] 4ok
GO AT A G P o T UG e R E R R eng 4 > N Ay

EEITNT A Ry d& L e i P E TR o
321 3 BE L F g

AT R TTA 54 ME A FFF L cha 8 45 > d 35040 3 0 keh
B RRARM o AT R o B A AR Y REFHE 1L A 2 AT R
Felrpr o AT EDTTAL RS IFHF B RY » FH L B RS > £ 5
KRB RPBFITRTAER > MR A G PE LS T VRS AR B RERS (S
B2 dp b ik eiRie HARAIG LT EA B o o d b p Y kAR G é
Zoef - KRG ORE R S EE KRRt s f R B

LEe S o F A BB TIRF o B R g MR RS E LG B

=

£ UL ARRS A S T ORI A A G RAF R F o o E R
LR P RE L 2 RS SRS EIRE + EE S S S
EoOMFERLF CGBRRGEAT AMERLG 0 FZ 0 B E RN IR
Srp R E A HRE g f 0 R 30 A B ET A R e R kG -
s ddrE R £ SRR Tt 85°C S 1 A AR R R AR A G
FERFoRF G ASE AT F ik oo

25



3.2.2 + fdadh i

ARERR T LRGP R T BEDRE > L
Fher TEIEE > 28U AR HE R PEREER AR RY 0 R
PIE B ide » 23T KT P8BS enilf > i 33 kAR 35 g/l 42 6

mI/L Efﬁ’x /{-3/]? ° ]ﬁb‘fﬁ'/p /p? ’ ]__fﬁffr m{r“f‘az“@“’au ’ 'Q\Z"P\—"JLHN ’”’T!‘I’ » AT

AMAp g A G D W ralfe g K £+ §AKE - TR F B
AFBRAR T T F R AR AR o § e LA 2 A

GORE Nz E o Rfonia s REREF CRBIRT AT bR A

=

(\x

[
P
i
;L;}-
Wi
=)

|fedF en hassh MR g ¢ oo d 3N VR R E Y R
e AT R R RIS e TR AT R N kY R R R g T

AT AR A E g SRR TR )}‘E{’m‘“ﬂli’li}mﬁlbﬁf@
3.2.3 @A FLF A

PR E TG AR S A Al E R R - REK G LR
2 WH LGy ks

e X PN VA

i R g2 o AR G iR J\/F Mo PlEEAN T R R o A EE R G R - R &% R
R ’F kAR EDH A~ S P SR R fie Yo ﬁTTAA%Cl’{j%?ﬁ,%

oo MRS EARF U  HA KA ST LRACR 330

26



Q@QQ@@@@

NHN. NHN. NHN. NHN. NHN. NHN. NHN
C romlum

Copper
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(A) Die attach material
Mold compound

Wire

Ag Plating

~ N\

Cu Leadframe

(B)

Exposed die paddle

(C) EMC side 1 pull

]
‘ Pull
CopperLead-frameside

B 3-41C B Fpl@Enl H45 152 (A= HEWAELDIC ¥6 7 LB > (B)#
IC eeh [ a2 % 18 ow LB (C) IC AR 8 o077 L
34 sp&FE A 5 F 7 B

LEMIEY o R F L e S W AdreE 2 EMC 2 B AT Bdy b
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Zodexi®r 4, WIFATEMC Bdpbrir 2 FFendbF /L 4 5533 o 4ol 35 (AT ;
EMC fétodrdrie @ & ch W44k > = B 3-5 BRI A e AR s ordaieeh L
NHFAPE 5 B 0 B 35 (C)R Linie s B R4 Rp Bend H AR -
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B4 B ip| ®(Pressure sensor)
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(B)

B 35 # 7 WRFLFREFER(A)T ZFldré Y £ - 3 EMC 2 i d
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(D) Hgi R4 am(d p 7 4t ERFE )
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Pre-heat (B) (C)
200°C, 1 min i \\\L‘h “U/

%\\\ ////E’§
%V®§$

Pre-heat
200°C, 5 min

AR
LN
g

(E)

Bl 3-6 A LRI 4F 1T Fom LB (AR~ RED L 4B chw AU
(B)Z IC ¥ & Bht 419 » * ARE & o (C)t Sk (D)Hsid MG A2 erde £17%
B R o (E)#IC 11k » B8 s i~ EMC » (F)* 423 i B el % 3545 IC

mIREE F IR R %
352 ¥ L ARE AR FRRE
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Brigse BB R EE Y 0 IC 45 A ap K F R P E R R 265°C 0 ik 45
AEETET IR RN - AT RRERBREGE SRS GUE R L RRREIC 3R
Sl AR AL Hop s Ao T € NI A B AR A
A hE TE A ERICET] 265°C hott hB R L 5 BRI 4 Y Mk
horg A A R s i 3 IC SE N F R AR R ke IC PR
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kg e (Hitachi FS30011, Hitachi, Japan)#4n 5B 347 & 5 5 um g 5 A B A4
waE 1C PR ETE G MRS R G o FRe RO fEA BGE e Rl 165010
Agarn IC 2 RSB R WA R IC v BV RSB 5 kT fRIE A B

WAL IC LF ¥ g seeneef i j SR MG > AR FRA T LR P 0o

Thermal Cycling Test
Heated from 24°C to 265°C in 4.5 min
And cooled from 265°C to 24°C in 4.5 min

<
Ht 0
0:

Bl 3-7 R ¥ e i)ﬁiﬁ’_&?ﬁ%ﬁ* % B
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FEECIR G o T KA 4o A % 0 IC F 32> Taiwan Cemedine Co., Ltd. %:%5 1500L
E A E Y L AF % E A5 5 Plato HA-FS-B p #587 Br 88 (7 ¥ 5 A7 >
hr@l 3-8 #rF » F AR ¥ H400 BH AE P A BN P R Es 28 0 L@
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37 & EEA F T AT

SR MBEEIRATE AU SIS g A 2 F K 0 B
CRER S RFIERFI TV E ARSI AU RAIT AR TG PR
B AP T 2 B A e eI e BB Sl B A R TR e Bl A

- Az {7 X &AE F 3 i 3% 8 (XPS, X-ray photoelectron spectroscopy) % o %% 4

P22

70 FEmendg f’rﬂb,ﬂ?{zr'ﬁ Bl 39> AP Lo UIphefi- HdE T LbE AL S

&

AR BP0 @ TE e BUR R PR T F T ORIGR S S % 60 200°C ) £ ¥ R
b BRBEEAR SR AEEE SRR 0§ AT Ao B dy 47

AREBRBETEIOC LA LRR AP B EE - B A SRR
g 47 2F - AT I HE L Ao g 200°C e B PER D AR - B ERELE T R G
FEARY FAWATEFI b Sl RS Mr Baps - g7 XPS i
BiEAYT o AP AR ih XPS 5 JEOL = @ e JAMP-9500F Auger Electron

Spectroscopy % o A4 K P B MgKa/AlKa X Xk gas 47 0 4oB 3-10 -

Oven Hot plate

W 3-O XPS 4 47 % 5 52 i % %

B 3-10 * feenge T + i # &% JAMP-9500F Auger Electron Spectroscopy % % ]
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# 31 v le7 RARAcREER cdy gToER ITL ARV A R

DoE Pre-heat Recovery Assembly WB
° (200°C in oven) @ 25°C (200°C on hot-plate)

Original - 10 min

Pre-heat 1 min 1 min . 10 min
— 30 min
at room

. t t .
Pre-heat 5 min 5 min emperature 10 min
Pre-heat 10 min 10 min 10 min
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Ad-PHDOFILEIFOAG > LY EBRIRE DT EF VR
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BAE A AlmASNEY S APE - PR LA LA kR
B EHEFEFIRE LT Shy P EAF A iR Y £
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¥Rl 2 RFZRE BRI §FOFRT O EYFEF L BN AoR
BI3A)M R tE AR 2 A > A m EEIREREDLERS 15 &
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180°C ~ 200°C 22 220°C = :F B 17 5 Fg e AR TR % 2 S 008
(A) (B)

Before Pre-heat process After Pre-heat process
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Double coating Dummy
Chromium plating SAM coating
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Ble o » - G d 2 A RRERKRERERSY NRRE R Gl o TR
ST A e d BET AT RSB EUASRAERIT 2 S R
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PIMEE)T 067 kgw: FIT R g g 4 es o R FLE L 3 k] 044 kgw

Wdr ok end b HERL A R RFIF Fle o F]P o B F T RS T N F
&E’Sﬂ—‘fﬁ,i i'-é] 114 B RS g;g L B |E,_§\,['ﬁ#—_3-,]~i_'rﬁ;’{§%é , g i® 19 A 42
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Maximum Force(Kgw)

e o o 9o
N B oo 0
x

1 T -

R ARVl £ 22 ARMACES TE
B 42 7 fRlEEE £ R

o
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i
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T
Il

o 42 F T WCRRRE RN AR

TR
Condition J &gk 4728 F 1842F - H o 5 K B }éi
(Gl +7 58 25 8)

Average 1.08 0.67 0.44
Min 0.17 0.12 0.13
Max 1.82 1.54 1.44
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WEL96hF f+ JuEE > @ el 4-4(C) 4 JAEMC 6 dp $ffesni= 3 4r§ 13.93wt%
i R EL S TN SR HETE o R A 5 A Cu g Cu0 2 B o iR
BRI R AP NERF F ST T Bengfe L ek 11.2% 0 @ § 1
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i EORRET x Sk

O(wt.%) : 1.06 O(wt.%) : 13.93
Bl 4-4 ke SBET LB d BlY cse b BA s Ak = SAT B >

BV LT EF 6 hi B T LA R (B)B E 1l a %G o (C)F X1 EMC

I~

1
F A3~ F LR PR LERERAE L
Density Lattice
(g/cm?) Crystal system mismatch 2 b c B
CuO 6.31 Monoclinic 11.2% 465 341 5.11 99°29
Cu,0 6 SC 4.18
Cu 896 FCC 15.7% 361

s R i AR TR IR AR 4D R RS hiFE G
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