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(c) Chip

(d) Tr.

Fig.2.2 Continued.



(a) Joint of gull wing type lead

(b) Joint of chip

Fig.2.3 Appearance of joint at the cross section.
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Fig.2.6 Shape and size of glass-epoxy substrate.
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Fig.2.8 Intensity distribution of YAG laser on the silica glass.( 6 :0.5rad)
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Fig.2.12 Boundary condition at joint model.
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Fig.2.13 Schematic diagram of measuring
instrument for abosrptivity.
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Fig.2.14 Typical example of temperature change. Fig.2.15 Absorptivity of samples.
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Fig.2.16  lllustration of boundary  Fig.2.17  lllustration of model for measuring of ha.
condition at model
for measuring of h..
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Glass-epoxy substrate
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ha : known / -
hi-s :[unknown .
1600 /Glmcpoxysubunm
/ Unit: 2 m
Fig.2.20 lllustration of boundary Fig.2.21  lllustration of model

condition at model
for measuring of his.

for measuring h-s.

Fig.2.22 Thermal image of land.
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Fig.2.23 Comparison of calculated
value with experimental value
at joint model.
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Fig.2.24  Appearance of model joint.
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Fig.2.26  Three-dimensional thermal model

of the micro joint.
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at bond interface.
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Fig.2.35 Experimental apparatus for detection
of micro defects.
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Fig.2.36  Positioning of laser beam
for heating the lead
on AkLO, substrate.
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Fig.2.37  Positioning of laser beam for heating the lead
on glass-epoxy substrate.
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Fig.2.38  Micro joints with different heat conductance

at the interface.
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Fig.2.39 Behavior of average temperaturel
at the joint surface,
under several material with
different heat conductance.

2. 7. 2 HEAWTOABRXKOMHN

Kic. Ag/PAEBMABKLAT LI FERICMAELY —FEb—5—F y 78
BHIXDBEALLLOEML. V- FMOEAWHO —MEMBEEKLTA
IRMAGRLABAOBRERERB U, BAXRKRBOTHEE ISV THRE T
Bo Fig. 2. 40() R EAMO — L RRICL A UMERR (EHEM) 27 LS
D T. Fig.2.40(b)i3EL . ..
EHCOREAHERLT
WS, SR aAE A N

&uzuaammumM'”
HTOATRK®AE L U
BEAXATOLURLERE &
C—HLTOBREMER
LD EARETOHE M #
M LEBBCENBD SN
5,

RiZ,. EBRBOEASBAA

ELTEZRFHEWEIZQFP Fig.2.40 Detection of several defect at joint in hybrid
integrate circuit by thermal image.

(a) Fractured surface of reflow soldering joint
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(b) Thermal image of reflow soldering joint

Fig.2.40 Continued.
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(a) Appearance of reflow soldering joint

Fig.2.41 Detection of the defect of soldering joint
on print circuit board.
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(b) Fractured surface of reflow soldering joint(PCB side)

(c) Thermal image of reflow soldering joint

Fig.2.41 Continued.
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WKWHFIET 5 KB, Table 3. 1K xA ¥ Table 3.1 Classification of defect.
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MozoEaman 5 o MERKI Internal defect Mo bonded

SILKkEAEEFKIFD2OICaHEh Void
No device
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gdh. Ev b, 740y bPOXREK.
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. _ - . External defect Pit
TV ZO5DEAFEINSL, 05 Defective formation
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Bridge
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Y75,

I, S5ODHNBRBGIDVWTHMWT S, £J. Fig. 3. 21739 & D L& ¥
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BIBHE3. EFmdEEIRT
R ZBERICESTHETE. Ba
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FOhH, REFLZOBENETH e
5E )T ENELCETE. OBIRIK
M5 hoTHhd, RiZ. N E
ThEHETH5HEAWEFiIg. 3. 3IIxFR T,
chid, Bmo&GE. FETEIHBL
T V- FEfobhohr@HTY -~ Fig3.1 lllustration of good joint.
PN 72D, BROEWEENT
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—o- L

Fig.3.2 Hlustration of no device joint. Fig.3.3 lllustration of joint with -
misalignment.

NH53ERXED. VU= FRIT VPO RAETEEAEINTLEIRBETH S, N
KEDEERMBERENECLD, FMAXADFRLII0ROEKOBBRIE L. #
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&K\jvvy%ﬁTéﬁéﬂéFmﬁﬁuiTo:nu@%%ﬁ%éﬁﬁbi

Cu alloy lead Cu land
Formation of fillet

LR

Fig.3.4 lllustration of joint with Fig.3.5 lllustration of joint with bridge.
defective fillet formation.
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No bonded area Gap —

Solde

-l

- = = ] 7
? 7

Fig.3.7 Hlustration of joint with no bonded. Fig.3.8 lllustration of joint with void.
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Fig. 3. 9BfEK L7t ® 7
WEEHROBIZEBRBITET
VTHDe Ty FETH, Fig.3.9 Three-dimensional thermal model
J— KM DOBOIZE ZRK of the micro joint.
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By Y- FPHBELTHESCT250)0DF 424110y, HEEH VB, T/, ES
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Fig. 3. 11K R § & 5 BQFPO A -

L 3000
Vo4 v By — FO A S
Q
WEEEEIC LT, HEAME o/ bbbl Ll L
b - L h, ____________ -
FEL Tt 12y P e oo : ' »
i o : + Joint interface 3 Cu alloy lead
SRAEHABEFS LEMKT
e Ro.

NMEBBRRE7 4Ly bZE

BNV BERST ®ER
; & . Fig.3.10  Three-dimensional thermal model
Fig. 3. BR R T & 3% 820 of the micro joint with thermally

: unsymetrical structure.
MI A= L QO - RD

Fig.3.11  Appearance of QFP gull wing type joint at the cross section.
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FHBAORXIF1000zn, V- FORDOBMADEXF1600unT. 5> K&
THERZ /445" )RUH LBIZ1000unTH 5, F 7. BMREZEDBIIHID,
V- FERMEGBORTMEEEZT ., PRABEFGOXTHREE T .REY — FOoHh

_40_



Solder fillet

( 1600 Glass-ecpxy sunsiats

Unit: 2 m

Fig.3.12  Three-dimensional model of joint of gull wing type.

319G

0

Cu lanc

) 2
Glass-epoxy substrate Uniz: u m

Fig.3.13 Fillet formation parameters and observation points
of the surface temperature.
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Table 3.2 Physical property of the materials.

Pro Thermal Specific :
perty conductivity | heat Density
Material wW/(mK) | J(KgK) | Kgim®
Pure Cu 398.00 386.00 8880
Cu-Ni-Sn
Alloy 46.00 376.56 83900
(C7250)
42 Alloy 15.00 | 502.08 8250
Pure Sn 64.00 235.00 7300
Pure In 82.00 243.00 7310
Solder 51.00 | 190.00 | 8400
(SrvPb:63/37) ’ )
Glass—epoxy 0.63 | 1500.00 1770
ALO, 36.00 | 779.00 3890
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Fig.3.14  Absorptivity of materials. Fig.3.15 Comparison of calculated
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MTH3. B badddic (b) Laser irradiation time : 100ms (T.:380.2K)
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ETOXRBEM) »10nsT & 100ms - ;-Srri;%eeritfutr:ed:iitggu;j)?g: o
THRMDEASETEE IS (Q:3.2W,defect size:250 1~ mx250 1 m)
FA3LE0E(T) (FMICKHIERTZ) 2BAZEEHEAROKIZILELTO
EZZ10nsTI150xn, 1000sTI7540TRIZ—EZTHD., TLZ0MELHBEMY
KEELTORY, O LR, LROREHEZOME. HBZ MBI LBA.
HPORHMBEHN TR AKBREFNICBOOTRKEOMNEXRDOLB Z %25 L
T3,

L L. BEHMOBRMBENHKTHRVBE, TOREXRKORHELEICE
BESAZTMEELD I, T THABOMEN ML IORBEE5: 20428
BRAOPRICI 20O RBECR LABRGEBRFT EFTLEZAOTRA T 3,
TORRDFiIL.3.22)()TH 3, CORKBZLILBELBOHEOLEEL S

(a) Laser irradiation time : 10ms (T.:324.3K)

0 A
e

(a) Laser irradiation time : 10ms (T::354.4K)

(b) Laser irradiation time : 100ms (T. <432.7K)

Fig.3.22 Temperature distribution at the surface of the micro joint
at joint with thermally unsymetrical structure. 5
(Q:8.4W/m* defect size:400 « mx400 « m)
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(a) Defect size: 50 £ mx50 £ m

(b) Defect size:150 £ mx150 £ m

(c) Defect size:250 £ mx250 £ m

(d) Defect size:350 £ mx350 £ m

(e) Defect size:400 £ mx400 £ m

Fig.3.23

Influence of defect size on

temperature distribution

at the surface.

(Q:3.2W,laser irradiation
time:100ms, T.:380.2K)
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above T,

|
Decide the size and
position of the defect

Fig.3.36  Flow chart of defect
detection process.
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Table 4.1 Chemical composition of lead.

Chemical composition (°%)

Ni Sn P> Fe Zn Mn Cu

9.0:0.2] 20:01 ]005max}{0-6 max|0-5 max{0-6 max]| REST
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KARTEIBHNEZE Ko,
RERTOCBRFREABO

B R ERMPGET S #
LW ME IR E T B - (b) Thermal image of reflow soldering joint

(a) Appearance of reflow soldering joint

4

i

& 1
= i

HITHB U, TR

Fig.4.24 Detection result of ‘ood joint.
Fig. 4.24(0)T & 3. = O K v o



KARTEOIOKEATOHRE
HER—FET. V- FES
D74 Vby bETOEKE D
BEAMIOPPRRLTT W
5, D74 VLy bOBRE
PELSTTOVLI2301R%EED
CORAMERH L TR D
k. BHEIOATO S KN
MENPMAIZD0LOTH B &
ZXZoh 3,

9. NERK O
D2V TKRHT 3, F ¥,
Fig. 4.25Ca)ic "4 & H s
EHMOoNB LI, MoOME
bW A, Fig. 4.25(b)ic |
TEHOK, BEARBOR L
TOELEITEREAA FREE
LT3, ZOHEAHOM
W XFig.4.25(c)TH %,
CORIKFAT LIRS F
DREBICHELLB2ICE
BRErEKhTVE, Z0#
EMOBBEBET. 120 (T.
DHIB64K(ILE ). o % TS
363K(0EDD ETH 5 7. TK)
T2HELTHRBLE, ®
DR, BEDORKODME
NY - FEWRDISI6lunT
V= FOBE@E LD LSS
SdundD EZ AT, KE &N

(a) Appearance of reflow soldering joint

(c) Thermal image of reflow soldering joint

Fig.4.25
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Y- FEFHMIC143pn, Y —
FOWAMIZI0OunTH 3 DI
HUT BE®ETOXRKGOM
B2RY — FOESHDS 157 0,
Y- FOBE@E LD LS

WpenD &I A, KEIHY -
FOREFHMEMTI3lpenY — F
DWEHBETunTHRE X h.
ZOBRENKAEICI0%, &F (a) Appearance of reflow soldering joint

MiIFBEAERELLLEL S
T3, O&XHIIKEAL FiC
kBEEDHOEAEMO T,
KA FOAEEKREIHBRB
TEB3I &2 5,

Ric. #EMD7 4V y b
OREBERBORROKHICD
T RN T 5 D
Fig.4.26()iKmd LI icESL
MOoANABLEIMOMED 2
AR, Fig. 4.26(MIC R T & I i,
B DO HWNEERKEEDEBICH~XT
BEAEWMOT7 4Ly FLAE
BEhTuoidw, B, AK
REORXB TR 74 Ly b2
#E00punE K Eh T LB
LT, CORABTRER 741y
FRE2CERZHATOE L,
SO BE A OB E & (c) Thermal image of reflow soldering joint

Fig.4.26(c)TH 3, COBK Fig.4.26  Detection result of joint with defective

FTT L3V —-—FoOREFOR formation of fillet.
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ATORELELBTORE
KEXTHSTTW 3, Bk
MICIREAHD AT.-s (
Te-TINR7 4Ly b HEK
RT3 EAEMNH 12K
(T =% 364K(91E ). T :=#
352Kk( 19 )) Ty 74 Vv
PRI A TR EL S
HHIK (T :=#36TK(94ME ).
T s=#1358K(85)) T& 3,
HEXYIalb—vavol
ERHRITOERERLBOD
B EAHMOME LB EYR
HEFLOODEES & & &
FREAERNEL LTV S
KHTH B, W, BEABOD
BET: T:REhTh#Es
BOFLWERY FHEHO
EEDOIED FHMAE ML,

Ric, &80T Y »y V0 (b) Thermal image of reflow soldering joint
REBICDVWTHRET S, T 7.
Fig. 4. 2T1(a)K R T & 5 1.
BEAMOV NI BBROBEAMLOYV VY EL o2&, BEAMIKAK LTV 3, 20
EEWO BB K NFig.4.2TNTH 3, CORKTT LIORNELAROBREE VB
AEOEEBOVY LI DB o2 EiREDMA LD, BAWMOEEH LK
575,

R, ZAWOY - FOSVFLOMBThORBIKSDLVTRHFT S, % 3.
Fig. 4. 8RR LIRY - FRAMO 2O BHTEROMBICEAIAT LA
Vo COEEMWMOMERNFig.4.280)THB, CORKFETLIRLELZEZRT
RESHGXEREICIABL. V- FORBMENLY - FhS57 4Ly bicd h

Fig.4.27 Detection result of joint with bridge.
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(b) Thermal image of reflow soldering joint

Fig.4.28 Detection result of joint with misalignment.

SBHMBHLEO0TEORFTCORENBTSTTVAEIEDS Y - FOMELRT L
TS5l Wb h,

REIC, #48Ey PORBIKSDVTRHAT B, 9. Fig. 4.29(a)ic 7T &
QI BEHMORBELELED 7 4 Ly b BZADH B, ZOELSHOHER M
Fig.4.29(b)TH %, COBRIKARTEHIIC. Pv bicHSTI2HER FOIBHTIC.
RERRIRRIOL TV 3,
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(a) Appearance of reflow soldering joint

(b) Thermal image of reflow soldering joint

Fig.4.29  Detection result of joint with pit.
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4. 5 Hi&

FHETE, EEBEMICVACL—YVEHEHFLLBEO, BERIEIZETI-HD
DHRBEBRBBEEEOFRAREZXLIASTORGIFHORINEMEZIT > T, B\ @
KT sfEHEHELTES. ABRBOBRHBIKEU I RGHERMBEFEEZTOERIC
DLTHRIFL, TSR ETOREREBBEE LA T, EBOAPO AT VY 4 7
BY - FOESGBOARBEREZRB LILARBREL 7ot XX ERMICKRIT L, UT
K. EUEREEHT 5,

1) HEGRGEBONEAE~N, ABRBREEEONA S~y FO K
b, HEHFOBHCHAFRNRRERFEAANBEHEY T2 15—
MAEv L A ZNERE R ABROERBE AR LAY B ENTES S
EEWODIIE Ui, £/, REARRREBOBH A —THET. ZHEO K
A - HAHORER THML., HMAELSAUABE L TCOME D
FHEEHSWAOREE RFAMBEIL S0, HENIERTEE. HEMH
hOBEIROKERT 5 ENY SN oty Sh. WEDED O E X%
RETCHFBLAHE. HAAEORHLRIH RN EOBENE L& &2 ¥
HITE C (323K(50C)T 0-28.3). HRVUOBEXBOEER LD & 0
H O (383K(11I0C)T o -T. DABONE - EE2Wohic Lo & . 8B
REHEEBEACT. ASAKNRZAERBEEBOBBAZEE L. L
EVCBEEAB LR LD RKROFEE RBOME. KESERIMTE 3
SEEWONIE Lk, AETORBRMIES S TIXAERKEO M IE L
TH. LEVET. 20 C2MAELEBRERL D FABWE. 0~604 00 &
BIKRED, RMOKESELTHRLUSESW@ET 420 T2 R L -BE &
I Y- FOEFHMAE. REOKE 20425, V- FOBARTRE
LI CHRIBENAS EZWO AL, 4B COEBEBATEBABE
T AL ENS D ENA SN o te T ERMBREEEER L 218
. RBMOGFEORHBICBEELEZWET 120 BT3B 72H. REBIZ
SE2BEEAAT VN EAELEVCBET . COHBMABEDODET S D& 0 D2
THB20 U LM E. BELCRMORBATEL LI E B b o 72,
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KBOQAPO AN T 4 VIV RY - FOEEBEMCCTRERE ot X
DFZYHHELEBZNICKIEL., KA FTREOH A4 XXBEINLUANT. I
BRA4vLIR TRUETEIFZY ST LA, £/, 74 Ly FPOEREK
DOV TIR60umD 7 4 Ly PREIDEEXFRETE L, 2O, 7Y v I,

MEITHh. Ev POBRBENERSZIEELRL I
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BOSHE RHMBRETToZXDF v 7HRIELB~OEA
5. 1 @dUL»Hic

HEEZFTIKENT, OBERETOQQPOH VY 4 VB Y — FORLSBICL
FERKBRE T Ot REML Ui, B, ARXORMBENED b5 —HE
DEARETY V IEREBLOBAHBWETHEF v TENS R ELBIELE
LIBRBIEDOTLU— VR NBREEEA*BALABORBORE 7 0t 2 i
DWNWTEBRHLALEDDOTH 5,

ET. FyTRBRCEETIRMASE L. HEETLRMBEWEILT 3,

RIS, Foy T BaDREBRBICBEOT. QFPOA LY 4 vV BY — FEIRZEOD
EAHOBENBU LD oRAMESEIRHT 5.,

SO, Foy T BMAREABIIFETIRKON., KEARKAERD LIF. B(E
BEFLVEFRL. Th2AVCTHEATORIEZT L., XRBEOKRE To€X 0D
BEEFIEABIC. REOKRBEB#BIEDL TR T 3, |
TBRERK, Ty THaOEEROXA., DEVEEAGHREEABE O TWLE I L
KEBERRGEBOERHMBKOLEIRHL, EBOF» THAOES
HGEMOT. RBRE T O XEEROCRHT 5.

5. 2 FyTHBAEBEABIFETIRKONSRERBBEHICH Y AMEA
5. 2. 1 BEABRKOSSE

Fy7THRORBOEBEBE L TRTable 5. IR LT ORI DOREHKR., ¥
WSRR HEXV. Fuy 7B, By bRUTY 9 V0ot BREE. K
1P, REQLLSIEABRKBICHETES, _hooRKIZHhZh, BEWN
KEBCREPELIRUZOBEBRIKECLS, BARTONPRUELSHE
2BCTS. RUEARBOMBANNX BT I I E - -MEND S, TH T
FREINSODRBIZHODWTHMT 3,

Fd. RELAESBOH £Fig.5. LIZ R,
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Ric, A8 REEDOAN. Fig. 5.2,
Fig.5.3. Fig. 5.4, Fig.5.5iIc & ¥
BaOREH. LETH. Ev b,

Table 5.1 Classification of defect at chip joint.

TY oy UDA4DICML TE. QFPOD internal defect No bonded
AN 4 VTSRO Y — FDEESR Void
KEETIRWKEAETS 3, K _ No device
iIZ. Fig.5.6Ic "3 F v AL TH Misalignment
208, Zh@ YV 7o-—FrRALIE Pit
—FEYNFY L rDBRAIZEE External defect | Bridge
EBZ3RMTHHADS V FOV LY Tomb stone
RN ECHERU. BatEFC Solder shortage
ZLTHhEVILDH, TORERD
KEh, BamdPRhF05 v Fo L

Solder plated Cu-Land Solder plated Cu-Land

Chip resitor component Chip resitor component

Fig.5.1 lllustration of good joint. Fig.5.2 lllustration of no device joint.

KB ENBRBTH 50 Wit Fig. 5. T RT Y LS RETH 3 5. & hid.
Foy7BaOT 4Ly bR FPOHFAVT 4 v /B ) - FOFEEBOE — Ll
DI 4Ly PEHET LD THB2ED, YAFORRE. QPFPOH ALY 4 ¥
FHY - FOE-ABOT7 4Ly FOXERABKEARONM. RUKHHIE
FETF &S5,

WiZ. Fig.5.8. Fig. 5. 9K R4 LI BLAMRMICBM L TE. QFPOH LY 1 &

_86_



Chip resistor
component  Solder plated Solder plated Cu-Land
/ Cu-Land

-

Fillet
Chip resitor component

Fig.5.3 lllustration of joint with

misalignment. Fig.5.4 lllustration of joint with pit.

Chip resistor Sn plated
component Cu-lLand
L

-i

Fig.5.5 lliustration of joint with bridge.

JTHY - FOEEABILEFETIRBEAKR TH S, OB, BEAICELHEE S
SFMEB. Fig. 5. IR T EIIHIKR. Fy T ET VPN Fy7ERKAOMODRAET
HeoxMo it @NEBIERST S ¢,

TIT, 3BETR, kEARBOBKREBIIDUVLTRF TS, K4 FiZBLTERRK
MEHEBI O RESGERUBLUEH LR T, I TREF LAV ELT
5
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Chip resistor

Fillet component

= Substrate =

Solder plated Cu-Land

Fig.5.6 lllustration of joint with tomb stone.

External terminal :
{Sn/Pb plated)

FA'F \
~ \

7 . .,
Solder plated Ch'%ﬁf&i}%m
Cu-land

Fig.5.7 Hiustration of joint with solder shortage.

gl%gonded External External
/ terminal / terminal
Chip resistor Chip resistor
component component
Fillet > Fillet —>
, 0 == e
Glass epoxy substrate Glass epoxy substrate
Fig.5.8 Hllustration of joint with no bonded. Fig.5.9 lllustration of joint with void.
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.
o

Exeerral terminat  — :
{Sn'Pb plated)

Soider plated Cu-Land

Growth direction of crack

A \ w\)\
| N\ s
Secondray crack
i1 Substrate

Primary crack

E Chip resistor component
A Y

e

Fig.5.10  lllustration of growth direction of crack .

5. 2. 2 REBRHUEBIIFETIMEZS

Fov7THaECTOBRENQPOA LY 4 /B Y — FOELAHEKRS(ES
IEN2HHDB, —DOR. BABLEETIESGRENY - FEST Y FORE —
DTHEHUL, 74V bETUVF FoT7BRZIESVF, FovBRBIET 4Ly
PD3DRKU 7T ¢ )23, V- FOBHABLBEENXILS 7401 v
FPERZH, ZOEPBEOTWHE I ETH 3,

%%ﬁﬁb\'ﬁéit:t&:; b, REXKEDRAKXHFETIH0O K. L
DHENHELLBAPOHTNT 4 D /WY — FOELBITHNTHRZ I &2 3,
Fles 74 Ly PHILTOLEIEIIEY, RER TOREHBMKEIZNETD
HMEDEBNASTLBIETH 3,
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5. 8 FyTHMEESGLDOBIZHETILOEIK

FHTEH., V- VYHHFLIIZEGHROEELALEBAESGOHMELETHEN
CRHT B, EAROBREHET L EEKRL, BEEABOBAELASLIUTA

EDHWOBITET - 1
Fig. S. IS AT HEREICTF y PTHRZEALALLDOZHEICLULTHERLILES

Chip resistor
component

=~ I
< Solder plated
Cu-Land

T Fillet Unit : mm

Fig.5.11  Shape and size of joint of chip.

HOBIEZHEETTINANFiIg.5. 12T
b, hid. #¥3x=2K*v
R (1. 9mox 1. 8oaxl. 6om) £ D
FRICHEBDO S v F (800« ox
900« nx35u«m)%2 B E L. THh
EF v TER(A:0:)8085 v F
DPRIZYVNVSTEEIATL
5, COBERLLT v 78 &
Otk *EFig 5. 13ILFRT. O
FolXBRB[ITBLCO2OOHEHE
KHyh, BEER. €7 I v7
RaAvFrvYy, BBA VY I ¥
ENRH B, LIHrL. Fh b
Bt v/ AEHMEH

Chip resistor
component

Substrate

Unit: #m

\—-— 0091

Fig.5.12 Three-dimensional thermal model of chip joint.
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BHs 0 EHREELTHB08, %
KeDdDbONF v THGOIKIC
LoTlb, TIT. BicHEF
VWTEBmehkitzoFRKhTEL
7o, T T, 7 97 REM
ELTHEEAEHALERL

TWADTHIEHFEFTFNVNTERI N

Unit: 2m
FRH WO, £, SR Ag. Ni, Sn . External terminal (Sn/Pb plated)
-PbOZEHEED/IDBBRTE S
D OBMEREFATEE Fig.5.13 fg;;;i:;ri.size of chip resistor
B L 72,

. TOBDOSA vV aY A XELTHEEBITEEIE. #50un. B50x .
BESOunDI KT, BEEBIrOoENAB I LW THIOzo, K100z, &
SH0um&. Xy v aZREULTHE, . BEHEFIVNOMYPEERIER
FHEICEDOLET293K(20CIE L, F00 ABREB 74 Ly h2EICH T ARE
BAfo ChBARy FEERE(LEANETOREAB AL RS K — 8
LEFRT7 4Ly PRBEOBESGHFE IR IOVRBOEELRBLDPT LI
TdH 5%,

BEFGTORERBWNICBAAFTRERZRE 075 LOANSYSEAWL, 2 12—
% & U Tid. Sun SPARC station 2
ML, %5}57/{!-\‘1-7--/7"11#3
IInsTH » T %,

BHE. BzEETNVIKACEEHE

Property] Thermal | Specific Density

DB E %X Table 5.2 =~ 9, conductivity | heat
Material W/(mK) ~ | JI(KgK) | Kg/m?
SORBESHORAERD R Pure Cu 398.00 | 38600 | 8880
N .
DHEH. BEEBTOREELSHDOHEE (Sn;c:g/m 5100 | 19000 | 8400
Dt F%2%ELI:DDHFig.5.14TH 3, "
THUDLbL, Fy T OT7 4Ly b2 ALO, 7540 | 767.00 | 3900
Glass—epoxy 0.63 | 1500.00 1770

e —mBARL. BELXOEELT
Wb, TOBEMBII-2-3-4% M &
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ETHERAEEL S,

Fig.5.14

5. 4
 # 3

5. 4. 1

EAMORMKBRELEHORS

Direction of observation

Direction of observation

for temperature distribution.

BRrEETFNERACKLBESGRITICL S R EGRBBRE o2

V- B HNAERECLIIRBBEEE T ot IILETHIRMBBEEEZFHIIODNT

BT 5,
L — ¥ 18 4 B .
REHFHIRACEMRMEEHEAL TV 5%,

TR ERBEDONNS A -5 ELTIE.
3) BREHMBEEIND 5, 5
I TR, REEREERMR (t ).

DD

KOEETOEN (Q) KOWTHRHTHEEILT 5,

9. ARELFBHAICISAEELRD
BERERIBIABREEEQELRANLE
EOESHOBREFGEREIIODVWTRE T 5,
COEREFig. 5. 1517 d., HiILH B &
I Q=1.74x 10°w/n°DHE& T2 100ms
FTEHIFEANICAELAZL, BHdID
100nsD B i T HHEE B K H1324. TK & K
(A COBEACRBBRBBEEFEOR
BV ZTOBREHMEEDFHHIE
W, THDOLEYLENKREOEEHKIC
Wh, ThTRABELTHRIAL, &
DARBRTRHEEHMEBEZELKEVILLHKX
BB HICBAEYTH D ENZR B,
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R i T T T L]
B : Q=6.940X10° (w/m?)
O_o : Q=3.470X10° (w/m?)

0 1 0=1.735X10° (w/in?)

(K)

Temperaturer

300}
000 005 010
Time (s)
Fig.5.15 Relationship between Q and

LV—VYBAgKEHEAER

v—¥

surface maximum temperature

under several .



WIZ. Q=6.94x10°w/n°*DH & TIEI. 100msT410.3Kic b, LMD HHE
DEAEFNERBITENND S, T/ Q = 3.4TX 0w/’ DH AT S50ush 5
100nsO M THRELEFEXIHA L. BRERE L. IKCHMGEHRGEEE O L
REGEWBMBICE LLKEEEWZ S, /. BEGMEEN tIcH LTS AERIKE
EEBOKKBEE(33ns/frame), REHHOKE., BEHBLOTEHELOLHK D H L
T&EH, NOoDFELXZRLTRMBREEHBEZSI LB, FABRKBEEO®
fE. WRAYWOMBHIODY - FEERGBEE L TIE353K (80°C) BEE (FE
BOBA. QITULTIATXI0w/n’BE) . FL-H2EBHENARR t ELTERL -
TR RAEZInsABEY EEZ SN 5,

5. 4. 2 V-VESgHEBEEIESHXODAE LA ONMR

FETER. kEERBOMNEEY A OB T ot X E2RiF T 5, £ TEJ.
REDIECBRIEZEETFTNTU-VYRHAFHEELSREZTAELAORBERST T
5, 9. ABREELTQ=3.4TxX10°w/n’%2BAT. BHEOBBEEDICELS
ZHOBRBRENEOIICENMTAPZBEEETNERAVCZORE» T 2R
frlice TOEREFig 5. 16(a)~(DKIFRT, RIZAHBZ L DTV — ¥R RN
NosTREEBRELIEGREOEZNHNOK, 20nsTRREBKBEELERFREOXIN
5K, 50us TR BEBAELBREREEOZRIWOK, I0nsTREBRAELRIEED
ENRNKTHY, BEFHOEROBEALAL TR, £-T, V-FERHFLT
NoDKHMOBBELDILEEODABTERNEAET 74 Ly PEANEEKMIC
BELEALTOLEI ENDI B,

SO EEVRHBEEAPERTZIIONT, BELARLKOEAILCBRED
FROAEGDBEAEEARALLVOT, BREICRBEBRICKALBEE T 5BRICE.
MUKHAOBROFMHEZ LEATHERIZAABERICIIEEZNREIODOTRHRE
MRELSBLBIENDNI S, T, 50os~100nsEF TCOMICHLTHMUEDNRSEEE A
MWhELRBZIEEID, S50os~100msic VD RAF N/ BBEBRTHE T S &L
BETHHENWZ B,

RIZ. Z2HROBEAHOBREF ML 7cHICFig. 5. 1TiIC100nsTO(A)E LA S5 D
2HhDOBRELSH. (DPRMEAERGETRT,. UHFPOHMEI. 7 XA
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19.887

= 26.417
— R
— RN
45005
Em 52534
- E 59063
F 1At 5.593
oo
L R, -]
jRass
feaas
i
+§-+t 3
3
4~H—t ‘
i ;}tf"
pedes
(a) A top view
19.977
= 26.497
33016
m 2053
— R
mm 52-574
B 59-093
65.613
72.132
78.651

(b) A cross longitudinal view

Fig.5.17  Temperature distribution of the whole join.(Q:3.47x10°W/m?*)
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BETHd, (UTEHEITRFTOZERIFAKTHE, ) 2O EMSLUTODOI E
PP ST sl (DDOHRIDEHROBMAMICHKITI2HNIFILEAERL NI &
(LDDOR LD EBRORS FHMIZHKTE2HPF0.IMMBEETHE I EbIMD, 20D
ENSCERDI A XILLILIXLENVUCBRIEZETTINVOEHROY 4 ZICHEML
WI ENG MBS,

WIZ, BEEBMBIIXRESERBEF O>DBREZEETTFTLEHOT. RBEE o+ 212
DTHRHET ) COBOABELTHOLIEIR., Q=3.4Tx10°w/n® TH 5.
. W RBEEEMEDON #Fig. 5. 18(a)~(DIXrxd, T hoRKELTHSD
bR, REGRS2OFEEZRBELRAGCEITDLDOLABL VLI EEHEL TV S,
By 0D bFig. 5. 18(a-D~(a-5@ 74 by b EF v FHREARAMITBIT S
REATHD, #RD 150unx 150undFKEH %EDefectlE L. F 72 250umX
250 mD Kk # A % Defect2, 54T, 100 wx 100z nd b d % Defectd. 200 m X
200 mD & D % DefectdE 45, £/ T7 4Ly POHDIG250pu 1D 2EREAD
b D #FDefectb&E L T 5,

A B *150 A B __L_

P L Lol
D + C D : : C
150—~]  |~-300+] ~ 250 Fyp™
[~ 800 -

(a) Defect position:bond (a-1)Defect1:defect size (a-2)Defect2:defect 'size5
interface between chip 150 £ mx150 £ m 250 ¢ mx250 £ m
resistor component
and fiflet.

100
A B A B _L B
T

O 200

I e =
D i C1oo 5 b c .

00— 350 ——I 200 r‘_soo’l
(a-3)Defect3:defect size (a-4)Defect4:defect size (a-5)Defect5:defect size
100 £ mx100 £ m 200 £ mx200 £ m 450 £ mx250 £ m

Fig.5.18 Position and size of assumed defect.
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Fig. 5. 18(b-D~(b-NRBF v RO THET » FHOESREIC B 5 k#
BTHY, FyT7THETHOENS 7 4 Ly T TOKRES % Defectb. F v 7
B THOBRNS 7 4 Ly PIZMFTOD2000F TORES 2 Defect?. L T
Foy7HaTHBORNSIS0unDMBEI»S T 4Ly PIZHFTO300u00 KL
#Defect8& L T 5,

l“"— 800 ——’ c
) Qefect position:bondh. {b-1)Defect6:defect size
mtgrface between chip 450 22 mx800 & m
resistor component
and land.
H H a

D c
(b-2) Defect7:defect size , (b-3)Defect8:defect size

Fig.5.18 Continued.

Fig.5.18(c-D~(c-DR 74V y bETF UV FHOBARBICBI I XELTH
DHPRDIS0Lax 150 nd kiE S %Defectd 250 mx 250 2 mD K 4 % Defectl0.
U FDEMS5250u nd 28 K E A FDefectl iz L T W 3,

ETRHEOMNBINEDIHINEARETEELIHICHLELZEX 500 28T
BB, RBEBEBRAUBMICEBEEZELLEFNEL-TRBUBELELETEBEES®
EOKERERDI, FERLHBEDLDREELDIBGADOHEREFiIg. 5. 19ICF L 72,
SORENRGBELOBEHEETNORAGEZGILIONEEERIC LLERKD H 3 8
BETNVORESMMBIT O R %Fig.5.20~Fig. 5. 261 R ¥,
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E . N
150—{  J=<-300 - F

809
{c) Defect position:bond _ . -
interface between fillet (C ”?gif,cfg,ff ;ggt flze
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Fig.5.33 Relationship between A T

. . . AT
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Fig.5.34 Heat flow lattice a longitudinal section without defect.
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Fig.5.39 Relationship between defect
size and A T at bond
interface between chip resistor
component and fillet.

Fig.5.40 Relationship between defect
size and A T at bond interface
between land and fillet.
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Fig.5.43()0 RERIZ. (DOABMEEIS bbIB L3I, YILFARREL
TVEbDTHB, VIVIBNRRTILEMBERNNILHBD, PDLOARTES
KBREBDYVVIBRRLTOBZDND D 3,

Fig.5. 44(2)0BMERIZ. (DOABMEEDO LI A BREOMENFTATL
EoTW3bDTH3, ChiRBENSY (REROBEBERRS) NBDBICH > T
53 ETAVTOVE2R 22U TEEEER B,

I ————

P RIPRIAES

(a) Thermal image (b) Appearance of joint

Fig.5.43 Comparison of thermal image and appearance of the joint with solder shortage.

(a) Thermal image

(b) Appearance of joint

Fig.5.44 Comparison of thermal image and appearance of the joint with misalignment.
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RETH 3,

(a) Thermal image (b) Appearance of joint

Fig.5.45 Comparison of thermal image and appearance of the joint with pit.

(a) Thermal image (b). Appearance of tombstone

Fig.5.46 Comparison of thermal image and appearance of the joint with tomb stone.
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(a) Thermal image

(b) Appearance of joint (c) A fractured surface

Fig.5.47 Comparison of thermal image and appearance
of the joint with void.
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Fig.6.4 lllustration of no device joint. Fig.6.5 lllustration of joint with misalignment.
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