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Fig. 1-1 Roadmap of semiconductor package.
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g
€ Dicing

The completed silicon wafer is cut by a diamond saw into LSI chips.
J

R

—l& L

([ € Die bonding

The LSI chip is mounted on a lead frame.

1 ’
4 i : ™
€ Wire bonding
Electrodes on the chip and lead frame terminals are connected by
means of very fine gold wire
I ’
( A
€ Molding
The bonded lead frame is molded plastic resin.
_/
)
4 Platlng and Marking
The leads of the molded LSI are plated and aligned. The LSI is
then marked with the company name, lot number, etc.
y

The completed LSI is tested by means of measuring instruments
for circuit performance such as electrical characteristics. For the

4 Sortmg and Burn-in and testing
tests, a voltage is applied to the LLSI at a high temperature.

The completed LSI is inspected for appearance, electrical
characteristic, and reliability.

[0 Final characteristic inspection

Dehvery J

Fig. 1-2 The assembly process of the LSI.

12



Mold resin tablet

Top die

Package

Lead frame

l Bottom die

Fig. 1-3 Transfer molding method.
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(a) Loading of lead flame

and resin.

///’/7[”////
Chotton 421/

(b)Clumping / /// Lz %IW//
(Resin preheat) / e Z / // /

LA “

"‘x«% /

4'

(c)Injection of resin /,///;,, s “ e
=—mp S V00

// _":;. R

e
/////// D) Resnton MY

?\\\\

(d)End of injection
o A Ao
L A e X

-——.—-c—r-o“rm i oL

5 S TN

1 /////
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(e)Unloading of package

Fig. 1-4 Molding process.
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Fig. 1-6 X-ray photograph of wire sweep.
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LT

upper view

>

T

>
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a3 S Y L L

RRRRR (AN

Inner lead || Au wire Chip Die pad

N

A-A Cross section

Resin flow direction

Wire sweep rate : 0 =x/L

Fig. 1-8 Wire sweep model.
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BFiT5, 11=0,12=L,lo=1=L/2, DR, RX%2F%,

L =
Vo=w| — | (aLL.+ b) (2-3)
3al + 4b )
L N
Ho=w [——— (2-4)
aL+Db
~
L 2al2+ 3bL
Mo=w (2-5)
al+b 6

INGDBERPSETTIHERNICL > THERE A DTS YHZITS
WEES (i) FRRRXICK->-TtHEZH N D,
1

— Cp (w) pU? Ay sinw
2

F = 0° =w=180° (2-6)
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ZZTC, UBIEOEHYHEE. ColdV 14 YOHRNEE. wEBiEhhoy
AVICHTHEE. o dBEEETH 2. Av=Sdw & 2Sw=F CTH B Z Lilik
BLTEORNPS, LA /IWXE Re=pUl/ n DBEZ BN BT
NICE->TEIERBIINDFHFEWERRADEIS>IZRIh 3,

1 dw uki
— Cp (w) Re? sinw
4 dz, ©

T, dw X7 A VPYOERE, d2 IZF Y ET 1 DRSS, ni3EEHETH
50 LA IWWZXBUL Re = Ouslehar/ N TREND o LparlTHNDORETET
HH., FYETADEZDOEFP. X Lhar=de/2 LELB Z L DSHFK D,
HEED» S, BERNLICED UM PHZIT 2 HREERIEL 1 2 NV IBICIKE
LTWBDT, ZO7A4 VAR ZHEABR="FERIFANICISIhIHRE
PERWZIE, FYEF AL XIHNINIFTE, LA 2 IIVZTEDPENTEHEM
T, MNICEEICBPNAEARORABRECIE. LAV VIEIIH LT
EH 568, KL A )V XHEEHE TIE LambUPD A —€ g iz £ 5 R,

W:—:
2S

0° Sw=180° (2-7)

87
Cp = ;  Re<0.5 (2-8)
Re(2.002-logeRe)

BHEAINS, ORIV A 2 NWVZED 0.5 LT, 2F b Rh DB H ke
HICEBEINTWEIEESTCHEATE S, /. ¥y ETABXITLB v Y
—VHOEAMBEEDOELCEEME. BMIERERLEICEIDL A 2 IVTHD
AL, Re=5~40 OFEHICH W TIZSHORUWINEHTE 3,

Cp =(0.707 + 3.42Re'1/2)2 (2-9)

Fh. 74 VPOERICE LB LN ZNEREOMICT S YOV TE, B
Z. BEERK (FEZRE—A M) BBERLTL %, Chs0BEKBESE
XERREPLBEICL > TIA VHERET 200 XEERERICEF LD
$H DD Table. 2-1 TH %,

CORDLENETA VRNOXEEFRICIOWTHEZT > o
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Bonding wire

Lead frame

Fig. 2-1 Idealized parabolic configuration of a wire bond
subjected to a distributed transverse load. The top
figure shows the vertical projection of the wire and
the melt front advancing at an average velocity us.
The profile traced by the wire can be described by

the expression
y=ax2+bx=(4/L2)(h1+h2/2)x2-(1/L)(4h;+hz)x. ©®

MW

My
Vo
w
H Vo
Moﬁ B
X
y
1
0
P

Fig. 2-2 Cross-sectional cut across the wire bond showing the
resultant actions (Ho,Vo) and moment (M) from a
uniformly distributed transverse load w acting between
liand /2. @
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Table 2-1. Factor of wire sweep.

Factor
Component
1st factor 2nd factor 3rd factor
Viscosity of melting resin
Hardening characteristic
Viscosity Content
Resin Filler Shape
Distribution
(Spiral flow)
Inside void of melting resin
Diameter
X:é?i?:i%g Y oung's modulus
Wire Shape
Configuration Height
Length
Gate Gate position of Package
Package Package thickness
structure Arrangement of Angle of wire and resin flow direction
wire Pitch of wire
Injection speed Velocity of resin
Molding temperature
pgi(;lgieli;%r Atmosphere

Pressure in
cavity

Low pressure

High pressure
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3.1 74 PYEROBRFHEOKD

RBEN T - ORRBITFHERIREL ZD2ICD TSN 5, —HIZHE
BIFETH DSy I — 2 ORE TN - B RO REHEB(NHO) 2 &I & 51
ERRHEREDBENICLH =2, COFERIEABNEWETI-DICHETER
WEWIREADBH D, I —FREBBICLZ2FETH . BEHFEED
BEEERAETH D, BEHEBEINS v —JADRBE 2 CEEDELET
DBECHNTHED, 74 VYORRRER2FEZICEES 2. Lo THE
BICX2BRECODVTRF2ITo =,

3.1.1 BBRAXBEEICLZIUVS YEROBEE

XBBERICLDZOFRIIFEBETCH 2 =DICHRED DD, B KN
ICHEERNRN T ONMOREERET H2FETH 2. XBRBAIILH]
BIIHRICETARBOBMO 2 EDAERIDRL, BELBETERICH
WBZeDHKkD, XBEERBETCHRE L -HEHEH 2% 1 ED Fig. 15 TR
LTWb, CORRICEMICTA VRNWERZRAETHEITTHH25E. XA
RIFEBCEHTH S, 74 VRIAZBICEHALEZREDHER % Fig.3-1 I
N IS

D, ZOARETA YOEED Fig. 15 IR LIELDICEFITHZBE
WX ICERTH BD. Fig. 32ICRTLIORTFERCFT 1 o7 EeME N
DEBRMEOTAYI) VI ROXBERRETCOHBIISVLWTRK, BEV-7
BOTAYEB|N—TROTAVYHEL->BGERS>TLEFVWEELRER.
TOEIFHELRN, TOBRE., FEFEUETEPCREEROZDIZITDbA
TWAXBERT, HEDV A PHEMLUTWARICEAZI SEESH 5, 2
DT BECHI R IS B AR F OERRBAG IR N T v 78 o X/ AR
HBDIZF L. BEELIC X b EREFRPEMERIOZS. Fv 7B
WCEF LERETTEEBEMPES RSB EFIIEI LI LICX 3.5,
ZOBRARMHEAEIZEML T I LEERVW RN, Z0F v 7RO T RESIH
V57 4 2 U iRHE% Scanning Electron Micrographs (SEM) (I THELE
% Fig. 3-3 12T TDLDIC, Ny TFr—YATOT A YORKIE 3 RT
BMRERZLTWRICH»PDO T, EROBRETR/ S I —YRAEDOT A
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VREDFRZ SWTHIZHB L, H|E LAFIZDRNGD, FEIZR>T.
AR —=IVASDERAS FPEARDY S5 v /R OBRFADD LEF>TIR
HDBPHETE T D6,
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Fig. 3-2 X-ray photograph of stagger wires.
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Fig. 3-3 Scanning Electron Micrographs(SEM)
photograph of stagger wires.
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3.1.2 SMX-30CTH XHRCTEREZAWTOEHE

BIEIC TR EZLDIC Ny T —UADOT A YORRBED L S RIREEIC
HZ2D0DEIRTHCHEL,. REEEMICHEETIEN T A YHRAEFIC
VETHDIDEEZ, T4 VHRWEELETVA YO IRANBEBFEEWIT
5Zte Ll #CC. EXHAXHBCTEEZHWT QFP ¥4 7 )Sv i —
CEHEMEL, Sy T—VAROT A PRROBEET o=, BIEICHEAL
J=F B Fig. 3-4 IR T BEERMEFE SMX-30CT £EZ AW =,

BIEIZIE, RAEEI I T7OQFPIATDTSIRF v I N\vr—y %R
B UTHW:E. 2oEBIZ. —33D 28mm ADEX 3.2mm,D 256 ¥ QF
PHATDNTr—VTHB. CORFUTETREAR T4 U THEMDBANS
NTWB, ZORMTIE.BENV—TRHOF v 7EEBDISDT A YDEEX % 190
um, @V—7HOFHX%E 250ume Lz,

HELEAMO CT M/EHE8%1#% Fig. 3-5ICT77. ZTDLHIC, X#HECT
£ECIX. FEOWEMETCOE A YRIOKBEZEL I LHAETH .
IS ETCHEUIMREDFERTLIELZZ LBHELRDP ST A VPRED
MNEBEREZERICBIZLIPERZILEZEKR LTS, I E2—-FTH&
TAYDIRTHINBEBOHEMRETR>BE2ERNE L, Fig. 36IIRT LD
2. XBCTEBEZAWTHELNEMBEEBRLID Xy rF—YHADOETA VD
2WMTTEERE (X, Yiil) 2ME Lk, T4, FEEAHME (Z8) BFELLTE
EMBEBDORATA Ay F 2Rl COLEDHBICHWERERHG%.
Table 3-1. IZ7RT, lEEHEHDOTHIIN S0umMmERZ, SOCTF—4
INED=SHDORIERRIL, 1800view TH 6 O EEL=, £/, HERT
#BIZITS5 CTHEBAOBEERICETA2REEKN6 OREELE, V1 VYOI
BIXZOBZEOHLERZEL Lk,

TDET AV OBBIEERD S IWoelt LB LlHEE % Fig. 3-7TI0mR73. &
D& EIFEALEIRTICOEBEERICIEK. =V F NI Ea—FEZHN
T—RRICTHIREINTWS My Shade EWSEEHAY 7 b U7 THEEL .
2DV 7 b7 Windows95/98, NT4.0 LD OS TE#EL. £z, I
12 —# % Pentium FHIEFOE# CPUMED SN —VF VO B2 —FTH
ETDHDTH Do
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SRV Z74 v I LEEBDPS, VA VYORNARICEERZRIZTE
FALEE. 74 VPORIBEHBIERNARICHLTRELERELTWSEZ L
DBbhrd, 74 VYORBEET LOBEE (Sy FE) »oibEdoTn
ZEBAEBRERAARICHLTRANRTH RV, BLV—7HDT 4 VYDILb
EBDEIFENV—THONS EBDEELBE L, EF5I2EohiL SRk
RELTWRZeHbD D, 2OZLhs, BERNIL > TREIEMEKE
KEFEL. Ab PO BEZOREBEZITCERLTWEEEZ NS, &
3RmALL=EBIZ TS T74 v 27 PEHWTER L. ZNICLD,
RREBEICEZDZZLHVHKZ =D, 74 PHEOMNBRAKGOLEL T3
DA VYDHERRL., ZOFRREBRETZI VAL k>, ChiF. &
EFTCIIMDTAVYOF v ANy FREICEDERTZ I ehHERDd
SIERRTORENAEL R L2EKRL, SEBUVAVIZEEE ST,
hOBRMBROBRLAETHEZ2ILER LTV S,

XBMCTEEZAWCESN-HEZHMBKRTS2ET. I/0 44—
TOLSIDUA PERBEFAETCHI2BLMRALE. ZLT. TOFK
ERAVWTIAVPRANIEZ VA VYOEREREZ IR TILT 22 & TZEOHEE
DUEBEFRZEENICED I HHKDI I L 2R LE,

AEBTOBENZI 0uMOERIIFHLTTHIH. | BHEOEEHIE
BOBAROFH ES0umEi b, £ LTHROSPREZGEEDHET I
iz, ok, VA PHEDMNEBEBRFRPREPRERERERGZ I LE
Wkzah, ShREZALSIE2EHNBETH . WEHAEIIEDL IHVEE
W% 512X512 HED, S, 1024X 1024 BFEANELHITH I e ENH 3,
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Fig. 3-4 Photograph of X-ray CT instrument
(SMX-30CT).
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Fig. 3-5 X-ray CT photograph of QFP type.
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/ 5 Bonding wire
/ »; Package

. N )

X

Fig. 3-6 Schematic illustration of coordinates.

Table 3-1. Measurement Condition of SMX-30CT.

Type SMX-30CT
Maker I Shimadzu Corporation
X-ray tube focus “ Sum
X-ray voltage 120kV
X-ray current 0.030mA
Slice pitch 0.096mm
Source to object sidtance 50mm
Source to image distance 500mm
Reconstruction matrix n 512x512
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(a) upper view

——

(b) oblique view

T e —

(c) side view

Fig. 3-7 Schematic illustration of 3 dimension structure
of wire position data.
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3.1.3 SMX-225CTH XHBCTEEZHWVWTOEER

FIETIE, 74 POEEEROFFRAIICODVWTXBCTEELZAWVWTE S
MBS S A YVHEOMBERRZEEZEFT—F L LTHEB L, —fic/—
VNI E2-FHELTHERINTWABEBRAY 7 b7 2HNWT,
ZDRONEEBFEED LICIYGTHICERETEI LTS YOERERR2E
e EBRRELPLERPIOUM DT A VIZH LT I HEORBEIEE
DIHKREFOHIFI L 50um L72h KDL THBOPREBGEEBELHT I LM
Hkiaholk, 22T, XBEEA-HOWBHOL L., FIFCTHELEEE
BRURBEN T —U2BRTHICHZ>THIAL-ZEREEPTES A,
YEEN TV TOXMBBICBITERA L balz2iZonWTiTHabYE
20, RYBARBEBA~AT7 1 — KN v 7 LAEANEBIILTHEWE, ZLTH
FIEEFRALLULTHEINEZEBZAL., JVEFEMRZCT -V REDED
74 YHEHED 3 RITHBERICOVWTHEET O FEICHEINEXZCT
FEIX, SMX-225CT #E (BEERBERY) THD. COEE/NE % Fig. 3-8
[ o IS

Fh, BlEICHEA LA, sIBICTHEICHERALEZDDERILERAE
BNy —I0, —0H 28mm ADEX32mm D256 ¥ QFP YA 72H
Wi=o

HELZKXHO CTWEEEF % Fig. 3-9I2T°7. ZO/SA-HEHEIE
& 3WMTTHERL L =5 % Fig. 3-10 127" § 6 Fig. 3-9)ixE/)— 7/l D} E (K FE
FHEDISNY FEEUEDS 71 YDOE—HE S (1st bend position)E TD
TAVYEIE2HRBEIZELHTES CTHEBRTCH . Fig. 3-9@FDT A
YARUBICBEHLTATHYDODB LI, BUVAVYOE—HMKRETOR
IMWBRR->TVWBRIEHDIZ, ALUAVICH LT, MEBRUEZ ¥ E
HEEFHONRBIZHZEN—THOIN Y FEEMAEIPST A PYOE—/RiH
HETOUAYESIZ2BRLECTHERZDIZTRT, Fig. 3-9b)FD 7 1
VYABIUBODUAVYEI 2B TIE, E—EHAETO7A eI HE
WA P74 PEHEL, B HHREITOVS PESIHFEVT A VIET
A¥BEIBEL R>TWS, ZOHBIZBRINZT A P2 TITOWTER
OBEADEH o= £ (b) Tl BLV—7ROTA PEIBBNWTAS P&
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BWIAVezZhZhitBT 2L H60umiTEDENRD >, TDZ L
PHEITAYHENEZELTWA VA VYEZOERLEBRICTA VEINE—E
HAPSLELLTWEEEZ SN S, Fig. 3-10@)IZ 71 Y2EDK % B iE
TOHICTFig. -9THELZTVA V% 180 EhliEma €, ROMD L AED
53 b LB TH 5, Fig. 3-10(b)i&k. ZhEZHE»SEHELEHIT
HBo. AIETHERE IWTBUEBZRLEEZ LT A YERICHREED Y 4
YRERIEVERNZERE SR TR TN TER, Thickbudg
YOREHRELOERPMBEMFREMZ Z LK D, ZOFRBKRETH
DRy FEDPSEOTAPAELELENDEIZ IR TEGER L TIHALED
Dz Fig. 3-11IZTFT. Thhs, ZhZ2hO74A VYOE—~FHROAED
DD REREOHMB D FBERBZIETIAVYEEIHER>TVBI LN
bh 3,

HER DR ERM% Table. 3-2ICRT, COLEDCTF—FINED -0
D ERFEIL 2400view THBOMEE L, F/. AERTEICTSICTH
BEEAOEBMBRICETAREENITRZE L AETAVWEXEC TR
BT, 1800view OF —F INEICE L = HEREIEH 60 2 TH b, BAIE
a7 b ICHEHRZEBRBIZED> TR, FH, C THEERICEH
T HRFEIEFIETHWEZEETIX 1800view TR OO EELZDIIN L. &
B H W28 Tl 2400view TH 17T L UHEEE P 4.7 E~mLELIHhTW
o CNSEEEEBICHFAICHREINAEV I MV ZFLO VB2 —-FYDOEE
ftick hEHRIhE, GIHTHVWEXBCTEELORO RERER. X&
BOESATERZ sumdS dumne@EINEBICL2BEEORLETH
5o EHIIVZMIZTOERICLIDEBGUE M) v I ADBRRBETEIE
KRO2XS12EETH-=DD 1024 X 1024 HEF TITA D LD IRk &,
A4 2 FELIVMDPLLAEZLTC BVWEETCORBITPAR LR o,
MBHEEDEHEILIZOSEZX—Windowhrs5Windows NTAk
EHINEILLAL U AEY 2 IZMBHS 6AMBALEE L. I HICHHE
HER—FL 128MBOF—¥ AEUHK—FKE@MULAEZLICL D, AT
DV7 b POUMBAEOERINTNWELITHEH, V7o T7D
AEIE ASEPHRE CIIMB I L TERDP o1,
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XBCTHETCOBRERBAZFAET 272010, ER LITHREX W= R BES
V=V DIAER=IIREREICOVWTHERIT- =

Fig. 3-12 ICBRBICER LEER EICEREINAEBA Sy T —URRT, Z
DRV T—UDEBOKE 2L L/ CT BB Fig. 3-13I1IC7T . ZOWHE
NMECRABICEERRREPEEL TORVWVIBDIZAER—IVO CT EHE
% Fig., 3-141IC7 7. ChERZ L. BAER—IVOMNEERKE ZDARENIS
FAEEDPEELTWAHEFE2ERTIILIPHETWE, REOKHE & HhE
TH5EOICZOMNEEZKHEALY P LBELEEHE% Fig, 3-15IC77. 20
ERCXBCITHRELEMEBRLIEBILIVW—BDIHEI LPbr 3, AL
HEICBVT, EEEROBICMOEENEEEEL TWAMNEZHEL -
CT Hifg % Fig. 3-16 IC"d . COHBZRTON»Z LI, T—X MEHR
h, BAER—IVOERREREZR TR Z LHBHERV, COMEZKE
Ay bLBELEBES Fig, 3-1TICTRT. EEBRHVERBRIUREOE N
BREESBIIAFTERLEICEEINTED, ZOREBILLVBEEIETHS
XA R—NVOEEGEREZBRET LI LHEERP 2RI LBEDDI S,
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Fig. 3-8 Photograph of X-ray CT instrument
(SMX-225CT).

Bl £ ] 5]
N s

| 300.m Ml Low loop wire

(b)

(a)
(b)

2nd bend position
1st bend position —>

__ Chip
[ |

(¢) Schematic illustration for cross section
Fig. 3-9 X-ray CT photograph of QFP by SMX-225CT.
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(a) oblique view (b) side view
Fig. 3-10 3 dimension image of the stagger bonding wire.

Fig. 3-11 3 dimension image of the bonding wire on
the 1st bonding side of stagger type.



Table 3-2. Measurement Condition of SMX-225CT.

X-ay tube focus 4pum
X-ray voltage 190kV
X—ray current 0.07mA
Type of LI. unit 1.I./CCD Carmrera 4.5inch
Slice thickness 0. 012mm
Slice pitch 0. 008nmm
Reconstruction matrix 5124612
SID/SCD 19.08(500.0mmy/30.0rom)

e

S . A5 ===V

Fig. 3-12 Photograph of BGA on board.
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Fig. 3-13 CT Photograph of BGA on board.
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Package side &

l200um| IZODLzm1

Fig. 3-15 Section cut of solder ball including inner void
at no other parts.
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Package side

...

substrate

Fig. 3-16 X-ray CT image showing the influence of other
parts.

Fig. 3-17 Section cut of Fig. 3-15.
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4.1 VA4 PRNICH TSR IEFHEORE

FE2ED Table 2-1. ICBWVWT. VA VPRNICHTEIEEHEREZR L. #
DHRT, BIEHIEROFRHFICHT 2 XRERITOMISSH HEE (BiswmE).
ORtlEREERE,. OEEANHEEHD IFEHETH 2, COERDOHTOOH
A BRI BE AR R RS B OB LR & B BIRD D b OB HHEE DIE T
H2hd, ROVD2DODBERIIOWTERICBEINATWAREZHVWTHE
1107,

4.1.1 74 V¥RIICH T IREREFORE
4.1.1.1 ERA¥%

BT, EAFROAERKTH S QFP160pin (/Nv i — UM~ E
28X28mm,BE& 3.2mm,d—F—¥—}F) O Tr—C AW, £HBITE
£ 33um T, Au99.99%DHiE#%Z{#H A L. Normal Loop KX TV 1 ¥R
TA T ERITO . HRAUEHIEEAEE 175°CICME L= L EDHE L I
& DBfR%E Fig. 41107 T, COMBRAERBIIIATIZMINLWSHIES
BICTHIERITo . £/, Fig. 4-1 O&EBIEICH T 28 % Table 4-1. I
Y. COBBRE7 VRO ILBETH 2. BIRICIEEALMYE - 2R
- MEEE - BMEEEZFEBTEOIC. REAIELTZ74F (FEL
772Z:8102) PEFEFNTV3E, ERIFALEBEICEENEZ 741508
BRI 8OWI%TH D, ZORRIIHRT7 1+ 5 1 ERIR7 1+ S 82 TERETh
T\, BiEOHEIX 1.91 TH %, ERICIK. HHBEMBY —HRE—F TH
HxhaH EEBEEZRA V. COEE (NEC ® FAMS-C) X HEDORE
RIBTEBICHFAZINTNWEHDTH 2,

Fig. 41 2R Thh 2 L3 ICHEIABLEOBETH . MAEED S
BIEHEIIETLTWE, B RETIHEENELET 2. Z0%. REORE
B ELHITHBIXBBLELHEESALRL TV ¥EEXREEORERBICEL
T, COBELRELEHESEETHESEOX v EF « ~OBREEAZEM
DREEZRBRMICTIRo>TND, ERIIRE L IEOREEH LB FIET
& % Resin B O#igZ AW, #HILBEZSEAZALTH» S 5 HERICHIETE
AzBIL <,
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4.1.1.2 EBR&ER

HHEEE VA VYEERIIOWTOERER % Fig. 421077, MIgEA
BRI HRIRFE T L CICE T 2R (BHeS HRR) 5.5 7 (Biigz &8
ANBALTHS 105 7)) UTOFEBICBWTIX, Fig.42»5bh 3 L>5IC
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BHES LD 5.6 WH 5 10 BOBEHICE W TIE, 3.5%HIEDITIF—F
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BIENHREP 5525 I0WDOBEBETEAT A PEEESELLTHARNK
SICRZ M, BIEREIHLLTED, REFLT TS VERRESHT
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Fig. 41 R ULEED ICHIEHMEOEILDSEATHWS ZLIZLD¥EERIC
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BHICBOWTEIBIEREOBHDICL b, RHEICKES W REETIZERD T
25, BEELTOME LRICLIDHBEICXEIN -REEHRELRL, &
BLLTIA PRI Z2BREEAD - EIOND, BESHE
BEREDS 10 2EZ =HZ0 056, REOETICX ZRERKOE DI L
T, BEELCTONE LRI L Z2HREBHOEMPRES R>T 2 LE
2B L THATZ 2,

CORREDPS, BERHEZETIENET A YERIZERT 52 L HHE
B ehbhd. LPLERHS, KREOLBEREICIIABLESBIELZHAN
TW3Zeickb, BEZTTFNLIHENE L. 2IRME LD EEELE
REODBERGEBLRITNIERS RV, F-, HHKEZELITZ2ILEE
FELBOWTIIEEHOETEZ2ERLTWAILERTILEND b,
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Fig. 4-1 Hardening characteristic of mold resin.

Table 4-1. Characteristic of mold resin in Fig.4-1.

Temperature | Spiral flow Min. viscosity Gel time
Mark { Resin
[*C] [em] [poise] [sec]
2 A 175 181 355 30.5
O 175 106 1,046 26.5
A C 175 171 455 30.5
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Injection quantity[cm?/s]

— 1.96 0.78 0.52 0.39
9.9 | | T

g5.0 ~ RESIN B @
95 - —— — - - — & -
=
wn 40 — — — —
o
= 351 -
3.0 ‘ ‘

0 S 10 15 20

Injection time [sec]

Fig. 4-2 The relation between inject condition and

wire sweep.
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4.1.2.1 KBA®%

BAHCIE. EAEDHERIRTH S QFP256pin (/8w — Atk
28X 28mm, B & 3.2mm,I—F—F—F) ONv T —CERWE, £8EE
£ 33um T, Au99.99%D#tiE# Z{# A L. Normal Loop FERTU 1 ¥h
FAT T o, FRALULEHIEMEZIEC 72 VRO IEBIETH B, #
FBICEENTWE 74 SDOEERBIZ 18WtUTH D, ZOERIZLE TR T «
ZTCHREINhTWS, BIEDQHEIX 1.88 TH D, ERICIK., $EEOBRER
BTERBICERAI N TV 2H5H L#E (NEC # FAMS-SR) ZHWi,

4.1.2.2 EBER

BRolEB Xy EF WENTHEER 2TV, Sy —CHTR LA
BTOT7AVOERERIIDWTHAEBL-HER%Z Fig. 43 IIRT. ZOBRE.
WERITONOTW B EE8kPa) TOBEMEARICEAR, EBXF Y EFT 4N
EEZO8kPAIZ LTHEERE LEAD A PERRIAE L2 TOMNE
TOIAVYERENREL ko, Fh. &EF v EF 1+ AZIME(88kPa)
LCHIIERE 21T o 188, BFETCOBBEREICENRT 4 YOERRIZH
ELELZTOMETHhE x>k,

ZCT. BEEAROKRELZBE I Z22DIIN—T7 a3y b (XiEya—
brawvh) EMEINTVE AR THRERNWKEOHERZTT > JDN—
7vav bR, BEREERTTS Oy R2ELXE, M2 KEEDT
BILXERHETHD.Fig. 44 IINh—7>av h&fToE-BHE%ERT.Fig.
4-4 TEETICTF—IBEH, COMEPSBEPEAZINTVWEIRFMD
3. ERFYEF A HOENZEZETEIWT 8kPa iCHEL. N—7 3
v M EIToEROBIEAEAERELZBEE LZEE% Fig. 45 077, 8Z
SOGREHIBERAEICEEL TR eHbh 3, AULLEEFYET+A
DODEHERGETH 5 98kPa T.N—7 v 3 v b E2ITVBIEEEARERES
BHEL-EE® Fig. 46 1077, 8F+ 71 ANOEN% 8kPa ICHI/EL
EBELRIULLD ICHIEEBERAEICEZOIEBEELTWE I LY
5. X YETF A ADEN%Z 588kPa FTHEL. N—7>3 v bEITH
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BIEABARBMRELZBRELEFZ Fig. 4T TRT COBEETERNRDIZ.
FWE (8kPa) & UVE E(98kPa) TR & M =Bl A AR T O K@M D S hinny
ZETHBo

CDON—723y MIBOWT, BLT7S oYy BTHE 2 ILOREE2E
fbxgi=d EREFYET A AOENZELIEEZROMEOXFYET 4+ N
CBITREIEMBEZENZNER 5. ZODNE% Fig. 48 IZERNITRT,
ERXYETANOEABEBENVIEFYET A NOBIEFREIEATHEZ
bbb,

UEDHERDPS, ERFyETF+AES% 8kPa lICHE L EIZX, &
FE(98kPa) T D g A & <A EHTRE A~ D ZFE(90kPa) B K & < 72
S DICEEASBOERE S PHET 2RWEREDOKEMEEL. RET
OBIEAEBEIEMLTWEEHLELIOND, ZO/BRELTIAPICTHD
ZEERENRELRDZ I LICL>THAEIVKREL ZD, EBFYET 1
AEAEBELEZLEEZEETCHERE 2T 2BEICHERY A VERED
RKE o ELHET S, AFHOHBTEYEF YT 4 AE S % 588kPa I
ME Uk & &I E98kPa) TOMAGEA L ERXBRIEAERDERMS PR
ET35E2LoKFE0ErMEIH,. RBTOBBEEISRDOLLLE
25, TOFERELTIAVICO»SEERENELRDILICL>THRE
B ha< b, XY ETF AENZNELZ L ZIXEETHIERE
EToRBRICEARTAVPEREREINI SR EHET .

ChEHERTZ-0IC. BERICERELTHWERE (S F) OREEE
ETHEELESGSEMEL CRELEGEDOXBRBEREEMLTNEY, Z
DEEIZTRELEHFOXFyET s NOKREKREEZEHE L -ER% Fig.
4-9@ICTTe T, FORDTA VYERKEE Fig. 4IDICTT., TOH
Bhs, BERETRFYEF A AILKEIBSEELTVWBIRENRT
Bhz, MELTHRELEEOXFYEF A NOKERELZBRLE-ERS
Fig. 410@ICTR T £/, TORKDOT A Y ERKRES Fig. 4-10b)ICTR T,
EEBILED T A Y ERAIREE Fig. 4-9b) L MEKERFD 7 1 ¥ EFIREE Fig.
4-10b) 2 BT B EE—UBO VA VIZHLPICEEREROAMPREL
ERELTWS, ChEDERPS, MERETIEIEERBICEEL TWEH
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FERSOSKEHEE L TWRWEEDR2 S, CHICX VAR L EIEOFE
LB RBITOBBEEEELICIDREFELLTVWEIEZTRL TS L
BZ2b, £z, ThZhoOUA VERXOZER., COMEFERELICLIR
HOETHDZI LD, TNHORERD S BHERLED,
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An angle with gate and mold flow [degree(clockwise)]

Fig. 4-3 The relation between cavity inner pressure
and wire sweep.

51



Fig. 4-5 Flow front of resin at 8kPa in cavity.



Fig. 4-7 Flow front of resin at 588kPa in cavity.



Flow fronts of resm
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Fig. 4-8 Flow fronts position at difference cavity
pressure in same plunger position stopped
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Fig. 4-9 X-ray image of normal pressure injection in
cavity.
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Fig. 4-10 X-ray image of high pressure injection in
cavity.



42 TAYHRNWCIATEUA PHIBORE

BROTS 0V PICBAINEBEEZS L FEMENEHEERD ., F ¥
Ersmicfu@d 27— F (BEEAD) PSFryEF 1 AAEA - RIEX
N, COBHIEMBIIRAMEREICL Y ZOREE LT ¥ 3, Table 4-2.
CZDEANEE L Fig. 4 11 ICEAMEEICKDHENEDBZLETT,
CORIZ, Ny T—VBETHIEOKHEIELTZILE2LEL. 7470
MEBIZBITZ2VAVPHERNICHTI2HEEZHABTL -,

421 T4 VPRNICHNTEIVS PEREORESE

4.2.1.1 EBRA®
KRICB4ALIETAHWEAN L ZGERUHIEEBEZAWTHABRZT =,
RBEIFEIETARELSIC. XBREGRBICLVBERL-EGEILSTAY

BELEZHEL=.QFP160pin ¥ 1 7D T f PEEREL Fig. 412127,

Fig. 4-12 6, 2O T =V TRIAVYHEBERICHA L F1 o 7EhTw
5 Bbh b,

4.2.1.2 EB/HER

B E (BEEA) BETONY ST —CHADT A1 VYERE%E Fig. 413 12
T’ Y= b E2ETIMBELERONS Y —SHDOT A YERRDSMHIZD
WTCRLEYDTH D, COL—F—Fy— b ENBXVIT—CRHOT A VRS
FA4UTEITOTVRAMMICHB LTV, £, CORR%E 45 BEEBICT
OvbhLEHDZE Fig. 4-14 12737,
REXEBELEINTVWBRIVAVYEREDOMBRIT—MERTAHED 90 ED/S
W= A—FBETHBH. 45 ERIEDONUETH 71 VEEENKRENT
bbb, HL, WEDNBETOTA VYERRIIZDRIED T4 VYOER
RICHRTAELELLEDSHDDICHN L, 45 EFIEBOMNBTOT 1 VYER
RIFZDOHRED T A VHEDERKRIRELELLTBLTEN NIV, U
AYERLOBRKOTRESEBIZ 7 A YHEDOEMIC L 2BINREERTH %,
ZDZLEEZDELIVAVHEDERLOENKE W 90 BEUETCHEL R
STWAREEDNTIA PERENRENILICLDHDTIERL., FIET7AY
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HMEDERFEODEPRENWILIZLZ2HDTHE I b ot Nvr—
CHEDP S ZDEVWORRZHEE TS L. Fig. 4-12 55 45 ERiEDOMET
XA VREIIRS T4 0 7INTWBEDIZAHL, 90 EDLLBETIET A v
ESNTWRWMIBDPERET . ZLT. WEDMNBTIA PERELKE
KBO2TVBETA VI TAPHBERELNTOVRWVMUBDHIED T A Y TH 5,
Fig. 412 53 ZORBEBRE T I LI HED, COFERITT 1 Y ORIRE
DIAVYERIIREBLTWAILETRBLTWS,

WEEBID2VAVOERENIOEEZTOIA VERKRELD /N
TW3, ChiIBiERNDAED Fig. 48 TRLELIICTF— P LD ERIC
IEMoTWZ &L, DAV eBERhARLRTAEN NS RDE
THHLERING, /2. 0ERT 180 EOEREBOHE. BMisHNIZE
THREEEIBRL /NS 25, ZORR. COAETIIEATKIEIER
NICH U TKEFROEMDBRERDH NS E>Tnd,

LR HEERIICH T 374 YERKIE Fig. 4-2 TRUED, Ry Tr—U A
TO7 A VEREROS MBS HREICEFRR CHENOERE LTS L
BB, 2hiZFr—tH»5 45 ERT7O0Y b L% Fig. 414D F7 57
POLLELHLTH B, Thbb, 74 PEEIBERIAOFRAETA VLD
RTAEICHKREL WD EEISNE, 2OZ ik, @DNA»EHSFL
AT R VKD, CDLHIC. EATLS HABERNIINTETA VD
MEHYTAVPERLOREIEZXEITEZI DI S,

DA VERIZEREIT TR, 74 VYORKICL2BESHHKROBEEL L
THELELTWS, X, 74 VYHENITA YOERLR2KE T 2-00HE
DEEL RENhTNWEH, SEOFHEDOLSIZEIITAYHELN TSN
W=V TCOREII RV, COEREPSTAVPOLAEL L TOERXREFE
ZARDETAVHEDERROEEZNSLKTEILIRLETHDIEE R b,
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Table 4-2. Shear rate range of molding die(1®

Mold di Shear rate (™)
o e 1 10 100 1,000
cavity CE—
QFP runner >
gate <=
Spiral flow test die <>
5X10°
C
Fo \ EIA WX
\o B RREEIHE S W
T alE v\ C #7415
© B D PHTI15-
- D:\u\u\ E @7 4(5-
B 5x10°f » r Ja-ra94
o B.\ \V\D 7R
® @ V\
B BN SN
o
§ ~— '\l&u ° o
102- O\k \- & _‘u_;
oﬁﬂhgégag
BX 10
10° 10! 102 10°
YO XRE V (s77)

Fig. 4-11 Relationship between viscosity of model resin
encapsulants and shear rate(1®,
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Fig. 4-12 X-ray photograph of QFP160pin at injection
time 11.6 sec.
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Injection time : 4.1 sec

Fig. 4-13 Locational dispersion of the amount of wire
sweep.
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Injection time - 17.1 sec

Fig. 4-13 Locational dispersion of the amount of wire
sweep.
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8 Injection time : 4.1 sec

]
'
|

Wire sweep|[%]

2 L B —
o Lo / ‘ ‘
0" 45"  90°

135° 180° 225° 270° 315°
The angle with the resin flow and wires [degree]

Injection time : 5.5 sec

Wire sweep [%]

0° 45° 90° 135°  180° 225° 270° 315°
The angle with the resin flow and wires [degree]

Injection time : 7.2 sec

Wire sweep [%]

N

0° 45° 90° 135°  180° 225° 270°  315°

The angle with the resin flow and wires [degree]

Fig. 4-14 Relationship between wire sweep and wire
angle.
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8 Injection time : 10 sec

| rc—\cv 6
o
3
z 4
[4)]
Qo
=)
g 2
|
! 0
0° 45° 90° 135° 180° 225° 270° 315°
The angle with the resin flow and wires [degree]
8 Injection time : 11.6 sec

Wire sweep [%)
H

‘ 2
0 ‘
0° 45° 90° 135° 180° 225° 270°  315°
The angle with the resin flow and wires [degree]
8 Injection time : 14.5sec:

Wire sweep (%]
-

0° 45° 90° 135° 180° 225° 270° 315°
The angle with the resin flow and wires [degree]

Fig. 4-14 Relationship between wire sweep and wire
angle.
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8 Injection time : 17.1 sec

Wire sweep [%]
-9

2
0 " . i
0° 45° 90° 135° 180° 225° 270° 315°
The angle with the resin flow and wires [degree]
8 Injection time : 19.3 sec

Wire sweep [%]
F-9

B2
0
‘ 0°  45°  90°  135° 180° 225° 270° 315°
| The angle wire the resin flow and wires [degree]
90 degree,/.” . 180 degree
- x -~ 270 degree
0 degree
Fig. 4-14 Relationship between wire sweep and wire
angle.
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422 74 VPRI TIBERN T AL VAP ORTABORE
BIEICBNWT, BEEAT— MIBE VA Y LORTABICLIDIDAYE

EBRERDZILERBRE, 22T, BlERhARIIH LTS YHRTAH

EXTAVPERICEDRIZEELTWSHDHEEL .

4.2.2.1 ERF&*

EROHAKICIE QFP ¥4 7D —C2RAWTITo =, HIEBIE TR
ahdNoTr—IABICHB)—KTIZL—LDF ANy K (P45 k)
FIZBAYFEMBL, VAYER LT LT 2FTok #4859 FEICUAY
RoT4 T RTRSEDIE. FYTIIEDTA PADEEDTHSDOBE
DEIDAAICL X EEHRTI2ELENE LTS, ABE2EFTNVELE
M% Fig. 4-14 IZ7R T, £ 7= MiEHEN AR E 71 Y L DAE & D% % Fig.
415X I — bR SENAILEIWERIZBR>TIA VPR T4 VT LED
1YAEZ0EL L., 2hZh, 30 . 60 &, 90 E. 120 E. 150 E. 180
BLELEEEREIT> =,

EERICIT, FTHEEIY—RE—F THIHIN2HLEE (NEC &
FAMS-C) 2H\/. COEBODHR Y PRI A 19mm Tdh 5, FKEDOH
FEEAIZ 3lmm DR bO—2 ZHH 7.0 TiTo 7. BiEIZE 7= V2D
#HILBEERA W=, COBEICEENET7 1 ZOEFRIX8OWt%THD, #
OFRRIEHERET + 7 BKT7 1 TN 82 CEEAEINTWHMIEDHEIT 1.91
THbd, -, A4 )NV 70—1HiZ 84cm TH 5,

Table 4-3. IZRT NI —UHERVT A VIZET 27 —4I2T. %
f1ole . ERICAWEZRMS% Table 4-4.127 7,

4.2.2.2 KBRER

Fig. 4-16 I 2 X EER LU - EgH 21T, Fig. 41T EARIIBIT
ZIAVYERZEZHABLEGERET T, VA PICHAETH2HED 90 BITE
SUFETA VERRPKEL R D, COBERERIPS. VA P LBER1AH
CONATIAENTIAVERIIREEELTWEENDDP S, £L T,
ORI Fig. 4-14 TEEBORBICTETFMUAHERIIBS—RLTED.
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RBEN YT —JIIBIFEZIAVHENERN T2 LCEBECEELRERTH
5T EhBbh b,

Fig. 418 X7 A VL BERN L OXNME T 2AEZ sin0 TELHEHDE
TToe 74 VOEEERN sin0 LOMICHHIBEFREH R LDBDIPZ, 20D
BRI, IR —VRETIBECVA PRI T 2GKREEZ T
BT2BHHRIEERBRTH 3,
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_ 180 degree

Die pad of

60 degree __ lead frame
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~—
-
-~
~

~—
-
-

,,,,, Wire (11 wires)

-
,,,,,

30 degree

Out line of
| Resin

Gate ~— Resin flow

Fig. 4-14 Schematic illustration of sample about wire
angle with resin flow and wires.

Resin flow

/,/ ’:/’ direction
g
e /’/

Wire angle: 6

Fig. 4-15 Schematic illustration of relation between
wire angle and resin flow direction.
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Table 4-3. Package structure parameter.

Package type QFP304pin
Package size 40mmX>40mm
Package thickness 3.7mm
Wire material Au wire(99.99%Au)
Wire length 6mm
Wire height 300mm
Wire pitch 1200 u m
Wire diameter ¢ 30um
Loop shape Normal loop

Table 4-4. Experiments parameter.

Instrument Fams-c
Die tempatrature 175C
Injection time 7.0sec
. Epoxy resin
Resin (Biphenyl)

Filler shape 300mm
Filler content 80wt%
Spiral flow 84cm

Die pad

Resin flow \

direction o

Fig. 4-16 X-ray photograph of wire angle sample.
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: . @ Average — max — min

14%
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10%
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4%

Wire sweeglgaq[%]

2%

0% ‘
0 30 60 90 120 150 180
angle of wire and flow [degree] |

Fig. 4-17 Relation between wire angle(degree) and
resin flow direction.

@ Average = max —min

14%
12%

%)

[
f—
(=]
x

8%
6%
4%
2%
0%

Wire sweep

0 0.5 1

angle of wire and resin flow [sin6]

Fig. 4-18 Relation between wire angle(sin 6) and resin
flow direction.
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423 VA VRN T HT74 VYRIRBORE

421 B TERICBEINTWA NNy F =074 VRS HEERE L=,
ZDRR. T4 VYORBE VA VYERIIKELTWAZILEZTREBLTWSS
XDV TdRE, HEROBEICETVAVYERIIHNTZ U1 YRBOREIC
DNWTORFERTNTELH T 2<FLVWAIRTH 2. 2DV 1 YREBI
Wy T =V DEWMFHICHNELSRE—-HTHD. COREERREITHZ
SR EBENS T — OB > TEALEFEEICKREREEREDD D,

4.2.3.1 EBRH®
ERERICIIFECHEALEDDERABEDS v —C#RAWTEMLE, E8
FERONRIA—F, BEREOEMZEDLETHEBETH 2,
HBEZ2EFIWE L2 Fig. 41910RT. 74O v F%290um (7
4 ¥ED 3). 120um (41%), 150um (5 %), 300u«m (10 f%). 600
um (20f%), 1200um (4 0f5) D 6KEL L=,

4.2.3.2 EBHER
BI7AYRERBICBITZET7ASVPHABOT A PHh%E Fig. 420 1277, Z
DEREDPLTAVPRUNICEBICISINZMEBICHSZ No.l VS PHRDY
A VEREED OumE v FTH 6%, 1,200umb v FTH 13%&EL., #
FIZRBIZHES>TIAVYEREPINEI L R>TWD, ZL T, NoJICfiET
374 ¥ Tk 0umE v FTH 4%, 1.200umbE v FTH 10% & i 2/3
BICELLTWD. "4 VHEDERELRDEZL 714 YHERNOEHITITIC
HoTNELR>THED, ZWRFITEVIEFZ IV TNWELIICRZ %,
T, VA VERSEMTZIZETAVYEREIEML TS, ZLT,
BE2OEEERhCRIIICESENS Nol DTS VERERENTA VO
BRICE>TRREZ2TED, BIBLAELIDICTA PHEBHRESRBZITED
A VEREBBRELBOTWAHERBEONEZ. CHIERNDOLRICHZ T
AVOBARVTTHEOIAVYOEED LHROTA PIIRH L TREEZEZTW
3rEZOND, ARICHTIBEROEBIIODVTESZLORENDH DN E
hoiFLA 2 )VZXE Re B 1 U LEOFRNPBHHICKEINTWSHETH
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D, BEFIZAZEDOZNZNOAROAARBMC OHREDIFL 1 )V IHIC
HLTCTHBH6, CNODORETHZRTHABEOERICERICETRERE
T2 EICL D EFROBAHNZANEZMHE LL D L T2 D60, N
L 2EEEZRNDPEC S LIEMTRANVC LV BICIbo TR 2BEEY
IR T 2L dHBLIRMEODNDH S, £/, WEEEH»S>DOREH
LICX-oTHHHIEND600, COBRREL AV IVIETOREZDRN,

LA )V ZXE Re=104~ 105 DB TR NICEFI R AEOH I RETIEH
HOEEOH 3.8 FD Yy FEBICMAREME A FIAD S 75 ANEFHE
FICEALTNWBR6I68), FEDERD 38EUTOE Y F THEREITHN
BRI AFRERD  FNLIDKRKEREYFOBRIEITIRERD DN
YBENYT—VHEBDL A WV XEIEL Re=1X102~101TH 3, 5EHS
NERBREIVAVYERD 40 FHOBEMICETCEEEZRIIL TN, Sy F
—JHOMEBERNVEREE CORBIEHN IS HERLE L. RDBRIC
HRETAREBTEIRVWEHAINE CORBRIIISRIFEIFVETH 5,

Fi=, NI LU TREROV7A YOERESETLRELTWRLSICR
Z%0 CORBIEDVWTHIHLIIHAEIRLETH 5,

REORETIE. VA4 VHBIBERDIDICHT 2D, BRED/NY
Fr—YTCIRU A PREBHREHICHMLTED, 2074 YERBHETA VYE
RRIIEEBTIERI. ERLERBIIEETCH D, SHISICLHFLIHE
H. T4 VORBBBIIRDZ I LIIRVWL I DR, SEBECEEEREREFH
DEHE/SY RE Y FRAANORBICAH LT, FrigHzeB-LHIET %,

Fig. 421 IC7 A4 YHRNICHT B 74 YOREBROBEFKEEZRT . Fig. 421X
11 EZDTAYETOTA VERRBOEYLBRRAR/NMEEZTL TS, ZDF
Bhoy, ETCOIVAVHETTA PHEOHBERWE AL PERIINE
WENDbD D, £, VA VPERLT A PRIBOBERIE. 71 VYEBRHT A
YEDSETH S 150um 2L L, 150um L h/h& ks 74 VEE
RZABICNEL 2D, FLT150um LD HRELRDZ LT VERERD
HAXESH» &b, Fig. 422171 ¥®D No.1~No.11 DR{IBRBICF &
DEHDTHD. EDTAVHBIZBWTH LEERIZEDORWI EHD
5,
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4-19 Schematic illustration of sample about wire
pitch.
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Fig. 4-20 Effect of wire position on wire sweep.
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Fig. 4-21 Effect of wire pitch on wire sweep
(all wires).

, —@—average =— max = min‘

Wire sweep [%]
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Wire pitch [ m]

(a) wire position : No.1

Fig. 4-22 Effect of wire pitch on wire sweep.
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(c) wire position : No.3

Fig. 4-22 Effect of wire pitch on wire sweep.
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(d) wire position : No.4
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(e) wire position : No.5

Fig. 4-22 Effect of wire pitch on wire sweep.
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(f) wire position : No.6
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(g) wire position : No.7

Fig. 4-22 Effect of wire pitch on wire sweep.
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Fig. 4-22 Effect of wire pitch on wire sweep.
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Fig. 4-22 Effect of wire pitch on wire sweep.
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4.3 T4 VYRNIIHT IS4 PORE

B 2ED Table 2-1. ICHWTRLETA PRADOEERER T, 71 ViZHt
THXEEBERIREL AT C2OII408EI 3. 74 YORHMNERTH 3
Y OURLEMNENBERTHI27AVYORRTTIA Y NV—TERTH B2, 7
A ¥ OEEEIFRHEIC OV TREAMAREBICIS WV TCEREBZAVWTZORE N
BSMPICLTERDO.09, Fig, 4-23 174 YHFELIIHT T4 VEERD
EEBIIDODWTITRT, R, Atype, Btype lZd7=—V)  VEHEDRR2 T4
YTHb. £z, COHFRITA VPOEERBBEMIBODIDTH 5. HHD
EHREITEOUDRICLZ2BDTH AN, ERERLERTZNIETIT
Wb,

oo Vu- L'/ (EF*) (4-1)

CZTC. ViHE, u: ¥, L:9A4AVYDES, E:7A4YDV L JTE,
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Fig. 4-23 Effect of wire diameter on wire sweep®,
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Fig. 4-24 Schematic illustration of structure in
QFP120pin.

»
(v ]

— [\
(o} =

P @ 28pm
w ¢ 30pm

A 33um_

-
o

Wire sweep [%]

o
a
|
|

0.0
5 6 7 8 9 10 11 12 13 14 15

Injection time [sec]

Fig. 4-25 Effect of wire diameter and injection time
on wire sweep.
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Fig. 4-26 Effect of injection time and reciprocal of
the wire diameter® on wire sweep.
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4.3.2 T4 YRNIIANTEIUAL VPP ITRORE

BEIIBWT, RUFA4 T4 PICIRZLLDEENELET 5. €80
EfZdeLb, B2y /£H, THWZANL CEREFEM 2L
BrhbDORESGELEHRTH D, TOHRT, VA VEREETBILIZ74 VK
YTAVITIRICBI2SE O I TRISEHIECOBEMICENESRS
BRI LBHRBDPOEERERTH S, 71 YHAIIHNTEZIIA ¥
YOIUROREBEZHAKIITHI LT, T4V EIROEDPERIEFHBES N
5T FERERIIBVWTHALRESREEND D,
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MEOREZHLES LCIXEELRRETH .
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Hk2, ChiZERLEETCH 2. LIPL, SOBHRLOY L VYRIIERS
fi1<1.1.1>T 11,400kgf/mm2 THH., Y>> VL@ LIC L 2 71 YERO M
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Table 4-5. Mechanical property of Au wire.

Wire flggilllguz Elongation UTS 0.2% offset
[kgf/mm?] (%] [kgf/mm?] | [kgf/mm?]
GPG 9,506.86 5.58 26.51 22.83
K1 8,2562.48 3.85 22.00 19.66
R1 8,841.94 5.63 29.65 25.32
G1 8,705.91 4.96 24.47 21.46
NT5 8,868.34 5.30 24.90 21.96
HG-2A(Pd:0.4% add) 8,780.96 4.48 25.61 22.30
HG-2B(Pd:0.6% add) 9,226.37 4.32 26.26 23.12
- ® average O mﬁax'.i‘
12 ‘
__ 10 —
=
o 8 a
3
s 6 B
[42]
g 4 ® o -
3 ]
2 - o - -
O L
8,000 8,500 9,000 9,500 10,000

Young's modulus [kgf/mm?]

Fig. 4-27 Effect of Young’s modulus of wire on wire

sweep.
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Fig. 4-28 Effect of Yield strength [0.2% offset] of wire
on wire sweep.
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Fig. 4-29 Effect of injection time on wire sweep.
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Fh. ChoOHERLPS., HBAEMEIBITZ2T7A PHENEERBT 5720
Wi, BENV=TERTIA Y)Y TVTEILTI7AVEREEZN 1 %R
TEHIENTES, —RICTAVPEIF4AmmU EOEVWINA L 20EL TR
BPTAVYE2BIN-EVITTBRTFRA VT4 Y TRICAVWONTWVWSA
FENV—TERBT A PRI UTEBRDESH DI Db oz, T4 VR
NIZH LTI ZDOERNV—TERBENTH I, GENVN-—TEREDAP
RUFTERTZIZETAY) T TBR T4 07Ny OB EML
B ) —=INVN—TETL V) T T HRBICHERTREVREZLEL T2,
ZOEEEMLODFRE VT, BEICBVWTHITA VEDEVWBEDESERR
T4V TDHBEIIDAEEN—-TEREIAVLOGR TS, §&. ZOEE
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Fig. 4-31 Shape of trapezoid loop bonding.
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Table 4-6. Experimental condition of wire shape.

Package QFP304pin
Package Size 40mmx*x40mm, t=3.7Tmm
Wire Au wire (Au:99.99wt%)
Wire Length 6.00mm
Wire Height 356 um
Wire Diameter ¢ 30 um
Loop Shape Normal Loop, Trapezoid Loop
Wire pitch 1,200 um

Wire sweep [%]

O H DN W b Ot O

0O 1 2 3 4 5 6 7 8 9 10 11 12
Wire position No.

Fig. 4-32 Effect of wire loop on wire sweep.
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Fig. 4-33 Wire looping profile.
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Die pad

Fig. 4-34 Schematic drawing of wire height.
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Fig. 4-35 Effect of wire height on wire sweep.
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Fig. 4-36 Relation between wire sweep and wire height
at wire position.
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HBC CH3
(a) biphenyl
O O

AN VA

(b) cresolnovolak
Fig. 4-37 Chemical structures of epoxy resins.

Table 4-7. Typical composition of epoxy molding

compounds.

Raw material | Purpose %[Weight]
Epoxy resin Granting electrical, mechanical 15~40
Hardener and thermal properties
Accelerator Rapid curing <1

" R i icit
Flexibillzer eduction of elgstlcl y apd <5
thermal expansion coefficients
Filler Admstmgnt of therrpal and 60~85
mechanical properties
Coupling agent Improvement of adhesion <1
piung ag among resins, fillers. and lead
Flame retardant Providing flame retardancy <1
Coloring agent Coloring <1
I 1d rel
Mold release agent Granting mold release <1
characteristics
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} DO filler size(average) [um] i

around the package §
surface

package center

around the wire |

Position of package

0 20 40 60 80

Average filler size [u m]

Fig. 4-38 Relation between package position and filler
size.

O filler content [%] |

around the package
surface

package center

around the wire

Position of package

| 0 10 20 30 40
Filler content [x m]

Fig. 4-39 Relation between package position and filler
content.
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around the package surface package center

around the wire

N

inner lead

chip die pad

Fig. 4-40 Schematic illustration of investigation point.
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Fig. 4-41 Cross section of package ( arrows : wire ).
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(b) Package center

1004m ||

(c) Around the wire
Fig. 4-42 Filler content of cross section.
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Fig. 4- 43 Particle distribution of molding compound.

Table 4-8. Characteristic parameter of filler cut resin.

24 tm cut (40t m cut {54 ¢ m cut |74 LHtm cut (148 U m cut
Spiral flow ! [em] 130 136 125 122 140
Koka's ‘
: Pa- 2 0 820 430 40.
Viscosity (10kg) ars 8 65 0

Table 4-9. wire bonding parameter of sample.

No. | Wire pitch Wire length | Loop height Loop shape
[ 4 m] [mm] [y m]
1 90
2 120
3 150 300
4 300 Normal
6
5
‘75 1,200 0
3 300 Trapezoid
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Fig. 4-44 Effect of wire pitch and filler cut point on wire

sweep.
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Fig. 4-45 Relation between filler cut point of mold
compound and wire sweep in wire pitch 90, 120, 150,
300 and 1,200 4 m, respectively.
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Wire position No.

(a) Filler cut point 24 £ m

Wire sweep [%]
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Wire position No.

(b) Filler cut point 404 m
Fig. 4-46 Relationship between wire sweep and wire

position in filler cut point 24, 40, 54, 74 and
148 ;4 m, respectively.
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(c) Filler cut point 54 4 m

Wire sweep [%]
S = N W s ot O

01 2 3 4 5 6 7 8 9 10 11 12
Wire position No.

(d) Filler cut point 744 m
Fig. 4-46 Relationship between wire sweep and wire

position in filler cut point 24, 40, 54, 74 and
148 ;£ m, respectively.
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Fig. 4-46 Relationship between wire sweep and wire

position in filler cut point 24, 40, 54, 74 and
148 ;4 m, respectively.
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Fig. 4-47 Relationship between wire sweep and wire

position in wire pitch 90, 120, 150, 300 and
1,200 £ m, respectively.
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Fig. 4-47 Relationship between wire sweep and wire
position in wire pitch 90, 120, 150, 300 and
1,200 £ m, respectively.
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Fig. 4-47 Relationship between wire sweep and wire

position in wire pitch 90, 120, 150, 300 and
1,200 . m, respectively.
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Fig. 4-48 Effect of wire loop profile on wire sweep
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Fig. 4-48 Effect of wire loop profile on wire sweep
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Fig. 4-48 Effect of wire loop profile on wire sweep
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Fig. 4-49 Effect of wire loop height on wire sweep
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Fig. 4-49 Effect of wire loop height on wire sweep.
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Table 4-10. Particle component and properties of resin.

Resin|| Distribution center of filler particle | Rosin-Rammler Filler SF | Viscosity
No. || 0.5 1 ) 8 30 | 40 |distribution contan{ cut point lem] Pa-s
1 [ @ [ 0.956 98.0 9.5
2 @ =2 0.818 108.0 83.6
3 | @ @ 1.003 139.0 5.8
4 ® @ 0.877 122.0 63.0
5 @ 1.826 none 37.0 133.2
6 L) 1.592 51.0 110.7
7 @ 1.431 43.0 69.6
3 L&) 1.351 56.0 65.8
9 ® o e | o ® 0.859 187.0 4.0
10 ® . @& E 1.380 24 151.0 5.0
11 2 ® @ @ 0.727 40 204.0 3.8
2/ 0| ®| & e ® 0.793 54 208.0 5.0
13 | ® | ® | ® | ® @ 0.859 187.0 4.0
14 @  ® e e @ 1.177 none 140.0 5.7
15| ®@ | ® | ® | ® ® 1.508 36.0 78.5
14 )
f \'. —
12 l.
10
'g —A
= —
Z c
5 —D
3, 6 —F
5
e N
2
0
0.1 1 10 100 1000
Filler particle [ ¢ m]
Mark A — B C D E
Distribution center of filler particle [ m] | 40 | 30 [ 8 5 1 | 0.5

Fig. 4-50 Particle distribution of compound filler
particle.

131



O Spiral flow [cml]

‘ | 0O Koka's Viscosity [Pa*s]

140
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100
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0

Spiral flow [cm]

10 11 12 13 14 15

Resin No.

Koka's viscosity [Pa-sl

Fig. 4-51 Relation between spiral flow and Koka’s
viscosity for resin.

| —O—Spiral flow [em]  —a— Koka's viscosity [Pa-s]
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= 0.
‘ E (jd \/‘

s 0.6

o
| 0.5 ‘ ‘ :
| 200 400 600 800 1000 1200 1400
| Wire pitch [pm]
1 _ _ o
Wire pitch [ 1 m] 90 120 150 300 600 1,200
Spiral flow [cm] 0.648 0.670 0.739 0.755 0.860 0.832
Koka's viscosity [Pa*s 0.800 0.781 0.771 0.782 0.642 0.727

Fig. 4-52 Correlation coefficient between spiral flow
and Koka’s viscosity for wire pitch.
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Table 4-11. Particle components and properties of resin.

Resin || Distribution center of compound filler particle RR Filler SF | Viscosity
No. 0.5 1 5 8 30 40 | cut point|| [em] | [Pa-*s]
1 @ @ 0.956 98.0 9.5
2 @ @ 0.818 108.0 83.6
3 @ ® |1.003 139.0 5.8
4 ® ® (0877 122.0 63.0
5 ® 1.826 | none 37.0 133.2
6 D 1.592 51.0 110.7
T @ 1.431 43.0 69.6
8 ® |1351 56.0 65.8
ReP]| ® | ® | ® | ® @ (0359 187.0 40
74
2
5 40— Resin No.
/N 8
=X AN -
& 0 N
g |
= /
g A ,e"[' \A —
e \

Filler particle [1 m]

Fig. 4-53 Particle distribution of compound filler

particle.
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Wire sweep [%]
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|

Resin No.
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~l
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©

Fig. 4-54 Relation between wire sweep and resin of
different filler particle compound.

Wire sweep [%]
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A 300pm |
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’ B 1200pm |,
4 _
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2 | _
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1 |
0
1 2 3 4 5 6 7 8 9
Resin No.

Fig.

4-55 Relation between wire sweep and wire pitch
for resin of different filler particle compound.
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Table 4-12. Particle components and properties of filler

cut resin.
Resin Distribution center of compound filler particle RR Filler SF | Viscosity
No || 05 1 5 8 | 30 [ 40 cut pointl| [cm] | [Pa-s]
10 @& @ @ & 1.380 24 151.0 5.0
11 @ 0 ) @ 0.727 40 204.0 3.8
12 @ [ ® ] i) 0.793 54 208.0 5.0
9IRef)|| @ ) | ] 2 ] 0.859 74 187.0 4.0
7, g " . - i ~ Resin No.:
9 10
— 8 11
. s | 2
Q 6
=
g 5
o' 4
[eb)
= 3
2
1
0 . o
0.1 ] 10 100 1000

Filler particle [/t m]

Fig. 4-56 Particle distribution of compound filler
particle for filler cut resins.



| B Koka's Viscosity [Pa-s]

O Spiral flow [cm]

250

200 @) @)

150 @)

100

Spiral flow [cm]

50

| 24 40 54

( Filler cut point of resin [z m]

74

10

Koka's viscosity [Pa*s]

Fig. 4-57 Relation between spiral flow and Koka’s

viscosity for filler cut resin.

136



D> =
{

|

|

Wire sweep [pm]
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Filler cut point of resin[pm]

Fig. 4-58 Relation between wire sweep and filler cut
resin.
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O ! . i
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Filler cut point of resin [ x m]

@]

Wire sweep [%]
w

Fig. 4-59 Relation between wire sweep and filler cut
resin for wire pitch.
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Table 4-13. Particle components and properties of
Rosin-Rammler distribution constant.

Resin || Distribution center of compound filler particle R-R Filler || SF [Viscosi
No. 0.5 1j 5 8 30 40 cut point]| [em] | [Pa*s]
13 ® D &l 2 ® |0859 187.0 40

9ReD|| @ 3 & ® ® (0859 none 1879 40
14 i i ® B ® |[1.177 140.0 57
15 @ e | o il @® 1508 360| 785

27— — Resin No. —
! 15 —— 13
10 | =
= 8 —15
=
W
2 6
g
—
= 4
.
0 et
0.1 1 10 100 1000

Filler particle [/ m]

Fig. 4-60 Particle distribution of compound filler
particle for resin of different Rosin-Rammler
distribution constant.
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Fig. 4-61 Rosin-Rammler distribution constant of resin
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£ & 150 =
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Rosin—Rammler distribution constant

Fig. 4-62 Relation between spiral flow and Koka’s
viscosity for resin of different Rosin-Rammler
distribution constant.
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O Wire sweep [%]

Wire sweep [%]

0.6 0.8 1 1.2 14 1.6
| Rosin—Rammler distribution constant \

Fig. 4-63 Relation between wire sweep resin of different
Rosin-Rammler distribution constant.

OWire sweep [%] 90 um

Wire sweep [%]

0.6 0.8 1 1.2 14 1.6 18 2 ‘
Rosin—Rammler distribution constant w

Fig. 4-64 Relation between wire sweep and resin of
different Rosin-Rammler distribution constant
for wire pitch.
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Wire sweep [%]

‘ 0.6 038 1 12 14 1.6 1.8 2
Rosin—Rammler distribution constant

Fig. 4-64 Relation between wire sweep and resin of
different Rosin-Rammler distribution constant
for wire pitch.
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5 | -
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—

0.6 08 1 1.2 14 1.6 1.8 2
| Rosin—Rammler distribution constant

Fig. 4-64 Relation between wire sweep and resin of
different Rosin-Rammler distribution constant
for wire pitch.
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Wire sweep [%]
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Fig. 4-64 Relation between wire sweep and resin of
different Rosin-Rammler distribution constant
for wire pitch.
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Fig. 4-64 Relation between wire sweep and resin of
different Rosin-Rammler distribution constant
for wire pitch.
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Rosin—Rammler distribution constant

Fig. 4-64 Relation between wire sweep and resin of
different Rosin-Rammler distribution constant
for wire pitch.
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Fig. 4-64 Relation between wire sweep and resin of
different Rosin-Rammler distribution constant
for wire pitch.
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(b)
Fig. 5-1 (a) Coordinate in a rectangular cross-section
cavity and (b) coordinate around a wire (15
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Fig. 5-2 The comparison of the FEM and the experiment
results.
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Fig. 5-3 Schematic drawing of wire number.
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Fig. 5-4 The comparison of the experiment results and

the simulation results.
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