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Micro Soldering Process and Its Reliability

Young-Eui Shin*
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4% (soldering) 2] ‘EZE= H A< €1 (solder)
g o g3ly BHE HEE £§A7IA g3 G
HS AgA71e Helgt & 4 Uvh ok&2 Micro
soldering Micro H¥H stgdols AY A=
B2 solderg ©] 43§ Aojch. wakA 2 F¥ A=
soldering™ &3t gt HEFHe WAoo wlA -
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¥, BW gEol HYAH ¢ MY FH(E7EY
2 A3 52 X)) FFE v A oI A4
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Holgh & & Ut

o]2]§t Micro soldering 71&9 &2 F+& AA
AE o] g=H, 53 AFE AR T 7179
3 dF /ey 5348 985 33 itk of
&8 o] Hols Y, nFo] HFH g3}
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A(LSI>VLSI>ULSD 3 obg8 228 HE H&
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3kl Micro soldering®] Z+& Z A2 FoMx
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B 1
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AR RE 77, 4% A2 HY dE SAe
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Micro soldering 71&2 A 3~4 A& e x

& 5+ sloh

AAZE - wEA A Rl 43 JdEg - ds
o

A2A1% L vt=A F 9o}t H7)1x 9 =4 (innner
lead) 7t HE - &

A3AE T AR REFL A D=(out lead) &
3z JuHe H3 - HS

HMaAZF 32 71de] 435 B dLo o9& A

29el 74

o} 714 9}olo] Ed(wire bonding)-& Al 2 A&l
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Micro Soldering®] Z2AH 29t 2 AgA

Table 1. Micro Joining Methods and Joining

Mechanism.
EEED Gl o A £349 @4
dojaz g | 000 | gavEogguy
FRUR W HA4 2 dgd Er%@ Ll
(aEERE) g @f A% FHoAE 1Y
£y Solders] 4% 3 Wetting 5%
{Soldering) 28] Wetting < Trapping
A RN Bk A%
nojA g .
x}sl}z g Joule el 9% o ‘%%4 A%
WA | Bewcay | dedenay
gof | AR e g
€ f
(Wire Bonding) | ° o3 rlez-} c:] ;&L Hy 9 W3z
stz ) FF | ZEm 9 g9d | £8AY RE —
{Micro Beam Joining) g 3% £ Uy 7 833

A3 Aol s, APy WY, A= v1%e As
Fol gom ole@ ARse IR dRME

Aol lolM dd g A Aozt a7 Hn,

3. Micro soldering2| ZEAMA

Micro soldering L2 M2 Fig 19 B9 AXH
i-Ro] Mg wtAAE o] Rsto] sl Ao A
Hol e A3 AlE 9ol solder pasteE dh
solder paste®] HIAAHE o] &3l RES HEs}A
A FHAIZl Fo JEES DA (reflow heat) ol

2] &ta] A& soldering® = o] UyrAoln] o 7)A
© e ZgMze Neg =z e

>

3.1 Solder paste2| QI =X

o] LML SMT(Surface Mount Technology)
M AW FHoZ F5F HY RYE BRI
AelA 48l 23 T 2ot} AME vf2T
(mask) &} E8E A o) solderE: TF3+o
ol 2= ofg R Z|H(ZHE 79 Mgk 2w
+ HE nHNA A7 Z(squeezer) B vl AH9)
solder pasted ©]FAI7|WA] vfA= Aol Lo
AUAAA AAEFHEE Hol k. 53 B @A)
71 Me g2 9X(ead pitch)7} " H3E LSI
VLSI #Feo] g5 A7) Bo} nl2=a sjelg
AA 2 S SHEHA Sl % ZHE solderd] 2
Foll e A 2204 44, 94 &2 )9
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! Solder Paste?] 914
&4

& "4
&

Reflow Soldering

A -z

Fig. 1 Micro soldering process in surface mount

technique.

A4 HpEo] 4
o BEg WA

HAF31H solder paste
B2 A (bridge)*} solder ¥
Hoh

ot 39 "R Vi 29 F49 §4L 1)

y

Thickness of Solder
Thickness of Solder

(b) Print Speed

%

(d) Squeeze Hardness

(a) Print Pressure

Thickness of Solder

Thickness of Solder

(c) Squeeze Angle
Fig. 2 Relation between print condition of solders and
thickness of solders.
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33 Ee AL 2EE soldering 35 F9E 47
HME Z+E solder pasteo] WE U] T2A 29
7)&0] B3 5] o|of gt} Fig 2% solder paste2] 1)
243 AMNF solder pasted] FAo] UwtAd A
g Uehd Aojn) 4ol 19 F9] 71&7)E sol-
der paste®] EAX o) we} Ao]E zteth

32 & BHX 33

71 Aol solder paste® 3.1904 71&qE U4
oz FF& ¥ A% FE(SOP, QFP, PLCC
29 972 RE conecter ¥ A7 AR} 2z
A% 27 (mounter) ol 2}3ted solder paste ‘el
gA5E AL i £ o] FAHNA FEF
a7t JgslA o] FoJAA X3 solder bridge,
manhattan @4 5o 2% 828 o7|AEH + 9l
onzg zhdg Fo|Z 7|&oo} Frh B3| ol
Ax 3} sl QFP(Quard Flat Package) 5% F%9
3 (multi-lead), P14 3 X (fine pitch)3} =& &
o] 283 wet GR7| i 2F A= 7ot
A H3 gls FAMolth

kA o2l a7l &3yl st 05mm
9% €] 03mm, 02mm X tl&3E L E£3lT
914 71%(High Resolution Recognized Function)<
Z+= CCDE gAl7Io 23N Fu = AdEn
olt}, &3 8l= 2 E(lead open)d] AE ol #lolA
(lasen 9] =g )83l st Al ALH
I dth

Fig. 3& 719 $AE o] &3 I¥ &A =24
29 ol vjepd Holrh

33 B|Z2%9 &2 (Reflow soldering)

A H solder paste® 7FEAA FH2(flw)E
43} - solder 2ZE F5AA 71T Ao A HH
oE A - BN Hes AP - AFANE TEE
orEit), gl S 2 Ao gE A Hel #Els
d% 71g "ol FHE o]F2 YA soldering
o) o]9le] Bl g g 9% 1T Avle
28 71g HE HT Bo] Bol ol&HI e
Z A9 gleh. A7dAME Z4F gL B Hako
71& st el

Print of Solder Paste
2

Adhesives Coating

0
Components Mounting
4

Reflow Soldering
3

Invert

{4
Print of Solders Paste

Y

Components Mounting

4

Reflow soldering

U

Visual Inspection

Fig. 3 Flow chart of surface mount process.

331 9% YEEF WY

(1) 94 7189 WA(UR : Infrared Reflow)

oMol AL G& ol g3l P WHoR
ZA7F R G EAQS 2 ok a9
B34 2 7tg aAEe] 44 Ao wet FH4Eol
oz mMi RESL JYEGEA 97 FFF
9] 2P 93l FtEzl B vtd BE E4
Yozl 4 Ut} WA o] WAL FtE WAE
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Micro Soldering®] T2 A2 2 2124
A7) 2 B3 Hg 9 Aol7t & AL Lx 7}
May 24 $4E et ok

Fig. 4= A& 714 #29 AFeE Jehd R
ojt},

Infrared Heater

1
I
{
|
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1
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| |
| I
: : Conveyor

- >/

Fig. 4 Configuration of infrared reflow type.
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(2 714 g 71g wA(vps
Soldering)

ol WY& Fig 59 B 243 BaA 284
A9 F7] €471 FAM F79 2 FEL o)
|3ty 7tgste whgold, of Wwye 71E wiA
29 vFE Zon 73 Fge] & &Aolmz
TEH 7E S & 5 duke EFo] Y} & Auj9)
TR ZAG A2 Awel wEs wgo] Bt
€

Vapor Phase

Saturated Vapor
Cooling Coil

Outlet

7 T
Cooling Coil / Heater

Inert Gas
Fig. 5 Configuration of vapor phase soldering type.

(3 9% 71E Ha(Hot Ain ¥ A 2SS
HF4(N, Reflow)

o] W42 Fig. 69l 221 AX A F71&§ 714 3H=
AR SBRAA dEREY A 93ld
7tgete Walolth, gdo Y gdAe FHANE
IR VPS FHle) Z27HEQ Ao Q3T HEPR

KAER ek, #1345 F488 19954 128
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l/::;‘ ‘\\\\ \!\“ ;/ 7 Heater
(U &D i0/0,G
Hot Air—i 1! / ?

o o

Fan
Fig. 6 Configuration of hot air type.

A3t A= E VPS walrn dotatr)e
B AN S s §8% 29L 23
HZ 29 0ol dAM F53] BEHT Qe
ol =3 dF 7t 4ol N, 7tAE F94A
A" F e A
71 A BEZ S (reflow) 3k AT B3}
a3tk 53 e vl AR o Q18 9 EEo)
93 g 87 Aol A LY 7hx hH Zo] At
AE el WA Bo] AEHo §AHe] 8 K
B 2Y2(flux) 2 849 Y29 1802 9
gt A& #lE29 £95(N2 reflow soldering)
o] T Eof B& HEJ 51 Yut

Fu2 A4 2E2S 2ugH AR HE 92
2 AR AAYE Fig 79 Ve

agelA B ZAH N2 reflow soldering®] Z
FHY 532 & AH glonl ddFo g gy
go] oFgt EYH2F o] L3l EBREILE Hatd
2A 9 BAg AX &z ded 3L T2 ok

£ soldering Aol A3} HoE AL J}
EE A% 2= A5 vl 23} Hge] ZAsle
wettability(2-S3) & 32714 Ho), ¥t N, 2
A7) FAMe 7HEE A =HE JtE Fo st
AA = o] FAFHo] Fe fluxe] AHgo] 7158HA o
71EH R fluwt BEIGE 448 ol
o]Zlo] N, reflow soldering W2jo] BRF&A E =
Btite] o] f-ofct,

wetA N, reflow soldering & flux® «g]7}A o}
F AFo] MEHAT, B W2lo] Re BIFUIG

a7 Hdoh
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_J—— A
e Jtx FA
— Hi BmE A3y

L

— & A3

L oix) =g

> Eef

el 2 i

BEREE
}————D Nz Reflow Soldering
ERE

EiEMAL
Y
-~ RMA 1t > 715l A Soldering
TAyE BE

A 2 9

Soldering ¥4 7ﬂ

D> Fluxless Soldering

Fig. 7 Relation between cleaning methods with flux and soldering process.

332 =8 HAERS B

(1) ¥~ & W4 (Pulses Heat Tip)

o] W41 & Fig 870l 2 AAH 71498 dltip) &
NENA BAE MY HEEte B E2-8ke T
ojt}, o] Hrale] EAL stE L&(tip &=)E 7HE
Azt fEol dAEA AAY + dE BAE 2
et B4 3 Egx uivtAZ SR 7hE e

7

LeLd
Tip for heat
Substrate
Cu pad
E __L hass 3 —"'_"i' E
e/, &
(=) ’ o

2.0 mm

Fig. 8 lllustration of bonding method.

A S8 Gol] Fodt tupol 29 ol Hit
H& Hojo Bgow AF B AYEL 273
7% @ o+9 (multi-lead), P14 3 X (fine pitch) &
B A ol &= HEgoldh

B3 Az BEe ujd HFeo S BEEIL,
m M3} Ao da 3zl 1] R HE Bl
SAY AL o] B 2Y S 95t 1 tEE A
Hd Y 2 FH A &L sl At
" gk o] WAL o4 & A5 A
e FEv B4 HYFE 4 &4 FA G
A3l 7hdlch £ AT Htip) e EAY 34
2 E Fro] BEo] ALET $7} 1o} B TA R
7ttt o] AT "W AAL EHoZ F3ol
=1, 2L A%t A%, A7) AF ol & Mo, W

Fol Ag-€t

(2) & % 22 (Hot Ram)

B 3 e A 7tg §-91e] Aolr} 50mm
olgoz PojNW o] W HA FUdT 2=
E¥xg dE Zo] ojgA "rh metd o] dHe
Baaty] $ske] AR He] & F ook

o] WAL W g WA AT H(tip) Al Bt
% (hot ram)& o1 §F FHOZ o & P2 7t Aol
L3te SL2 7t goke Aol B2 3
gE Folth & B 3 e vieh Foll TR
tEo] &5 A5Eo AF Ho] 42o2 2 g7iR
7H1gE e AT = AR o] W2 o] T

gk @A o WAL $FE solderrt $T T
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Micro Soldering®] Z 2 A9k 7 AlgA4
7t B=9 7iehE #E ZEa

(3) 2§29 2 A 2 (Parallel Gap Resistance)
2] & £ ZE (spot) % D29} w5230 Fig 9990
B MY 270 HEE AT Y(tip) & AHE3Ho
EAE 7IstetA =Y g %o oz R AF}
2 BAE FItd UE F AT Hez AR}
324 5ol Uk 2F 7IFE A7 HFYo| & °
Mool 4 Az 2 "1 23 49 HE A
ol gted WH3HA = of itk o] HWHY 5L TR
AlZrol =3 B i(msec) 2% 45 T4 HAE7}
A &= Aoyt ofH ¥ 5ol glon HF Fxe
Y98 2x =Y dolAe o E HE daug v

wy Z E3E e

5000
— 2@
Etectrode tip——~1/Gap 600 o
250 w
lead
~—

Solder \ Cu lead 3

Cu pad N Solder 2
é{ Substrate g/r 2

L.

(unit:pm)

Fig. 9 Configuration of parallel gap resistance method.

(4) do) A 8 F =29 w2 (Laser Reflow Soldering)

o] A2 oA YEIF F2 #HolH EUE o
3t &GH3es HHoz CO, #HolA, YAG d
olA, Wiz #HolAH Fol ol&EHn Uut Hx=
o] &-d HolHE CORA F2 AMSH Eoke 1Y
g & ciulelx & HEoht sleo] B e = (Hybrid)
ICel Az FAH o]&= o] g}

a8y Co, #olxe A& #3(102um)e] 2
oA HAE g F4E0] AT solder 559
Ust WhAbgo] A ZHUE 75 BAd &4%
YA He B9 2sikh o)2d Co, #eolA Y
AX-E B3] At AL Zo] 373 1.06umS)
YAG(Yttrium- Aluminum-Garnet) &l o]AZA @7}t
=z #lolA ¥& o]83 soldering FA Y F7/H7F =
At

o] ¥4e

54L& d H£02 soldering®] ©F

KBARR S, $13E #4%E, 19959 128
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ojABE A A &4 HUFS dodA) gon
7vE A= Bl A grobA (ms~sec) A AW A

AAEE 343 EEY 4% FAE A8 F
REe AL e
o]/ ?'82 "}%5].1_ %lt 5."—‘?'— reflow soldering

dBHO 7 vy ojlz Fo] AT TGAA
< FE flen 2R 37, ¥, Hre 54,
144 7+4, T7}7}21 & 2YF A9 HAES
2

(1) B A (bridge)

Bridge® A 3le gl= B AF HEo] golderZ
AAHY £E(shor)E Y29 Aoz H2Y
o (multi-lead) 714l 31 =) (fine pitch) @] F=AH o} wha}
FAROE & Z2AZ FH1 Y& EFolu} Bri-
dge B9 ANS A HE o TFHE solder
pasted] #d 35 2 EARN(HE, 5‘]’\ A, HF
ekl AaAde slokh dE o) FFE solder pa-
ste?] HFAdel & ?_‘ Z2-°E solder &-§Aldl
B9 A 93ty £-8F solder’t A3 #w A
o2 BEASAY £7] FFE solder pasted] 9Fo]
Hdistir EGx e FHS FA8A £ad g4
Feol et 289 soldert AT AY goz
E#8A Z383L bridge E4S 23 ®r} Fig
100] 2R 28-& JEPHRSM solder pasted]
HyY HA Zaaae 4 93, g HY, 4
H3, 7td H3 Foz AP,

(2) €9 E-(solder ball)

Solder ball® Fig, 11 HQ RAFH <ju] 7ld)
93l solder] Aol AA FHE HERE solder
P27t olFItE 2 A WAsA "ol Wl A=
HY mp2z HA DA SeR e R solderd] H
g e 7 UEE udtoor ) I &4
HZel gloie 23 2e& 89902 solder ballo
A EE 97 Qo B R solder paste®] AR
3 #Y7t T8

() TE solder YA} 10um ©]3+e] o] Al solder
RS WE3E solder B H o] Zuf 3}t



Solder Spread_out Bridging

Fig. 10 Process of solder bridging.

Cu Pad
o Solder Paste
Solder Printing \%%;%0%88/
O

‘l' A
Solder

Pre—heating C%EE, //Spreod—out

in Reflow Oven %%p 2
I &m« \ »
Melting Solder Solder Balls

Flowing out

Melting
in Reflow Oven

Fig. 11 Process of solder balls.

Journal of KWS, Vol. 13, No. 4, Dec, 1995



Micro Soldering®] ZZ A2 1 A A

(b) Flux®] &3 o] o3 % solder YA+ & A=
e Are] 4bal wu A A7 2EIA Ygoh

(c) Solder paste®] #z]e] Rz FFEo ¥
SEA=

(3) W3l&d(Manhattan)

tuto]l ~(H, HE, A 59 4&¥3r 313
ol e} g WErt Folrl EBF Fo shirt
Aatet dAAdolt) 538 P =E(hand phone)dl] 9
7t #F0X05mm) el 2% sl wet g%
9 Hizrt golA 1 Q) o] AL BF HAA
A=A Axel b9} 2 HF HHHS solder &-§
eloldl o] a7t HAA #HE Ao ZLee 29
Eo B ot LA3A el Fig 120] #
g YAdol| 4% A 2 RUWEE JER I

Chip
Solder

Ty ! Chip] FAlo) 2% ZHE
T, : Chip2] ¥¥2] solder wettingoll 213t ZHE
Ts : Chip®] &% solder wettingoll 213 Zwle
T, Flux®] H&o 93 e

Fig. 12 Moments of affected manhattan phenomenon.

(4) B o = (void)

Solder F¥H-o e FAse mREoR 44
AU EE 718z wiE BEFE 4+ ok
ARAE solderst EA(Z) AW oA HA
=& 732 (kirkendalD) voidolt}. TR A flux 52
718 QEo] RRFezA HASE voidoln, 2
arzle AU o ¥ 2 Z97F B (Sum~
F¥um). 3 kirkendall voids &4t wkg-o) o] 3}
HAAstn 2 B A2 AL 8 (RE) whal F4
A& 28 £ Qo solder paste HH-2 A F
7hmoll 93 voide] A4-E AAE] M flux

KR EBEE, H13% $45%, 1995F 128
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o e 9 kg Yol 25 T2 e @)t
2ARYE TR0}

(5) 3324 (wetting) &F

e BFo 9L Al EWe o ¥ A3}
Hupel] vk £ UF HERZ S Al MG RFEo g
gt AL o o|FE &P & RFe
& dEo] B Este] HAsHA "o w9
Yo HAx TgaiA ddd 7tES #Rrsls Aol
Fasith £i g4F0] £ fluxE AHE gl ot
ANE FAY 4tz mue ¥ odE2e AAY
F o §4go] & RAEFY oIV E14 19 9
fluxe Al Ao Lyl 7tAE ALgdlof 3o &
M A3 e FAo] 2z ¢Fg wyoeln

34 M F

Soldering ¥ flux 7l 718 Ao FA =9
AHEE7 ol mabA e 23 0] F4 o)) vhol 1 o] A
(migration) 2] <o) €} 1990374 & AP A 2 M
Y JtaTt FFE ORI YU EZY
o7 FAZ Rz FAHAD gk 2
7o A WtezA A F31 HEHT Qe
AE tgd gL Aol Utk

(D +44 flux—> 22 AH

(2) 2A(rosin) flux + L7te] &H > B2 A
(3) &F A9 &4 93 A%

(4) & 43

53] (9 =29 & AHL soldering 29 flux®]
ZALZE Mol RAFHog AVt NEge East
E A+ solder paste?] Adto] g F(nF B)
ojth, oL FA4Eo] FH& RMAEIYSY fluxE
AHE-8E71 W #o]l solder paste2] 334 (wettability) &
ot wekr olebd 9 solder pasted o] &35}
soldering® 7%= N, reflow W4 & o] &3}l= #o)
vtz st & 4231 N, reflow ¥H4]S o] 83y
izt REAdHe BAE 2YY AFAE Fig
13%¢] YehpITh
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100

50 \

£69 HAE%)

| 1

100 1000 1% 10%
ppm ppm
A TR

Fig. 13 Relation between wettability and oxgen concent-

ration.

4. &0 HEF(Solder Joint)2 Al A

Solder A2 AFAHL Hd
AZA A 7R £/ $ ok

=]
o

s

gol] w}

(D &% AtelZd] o3t 7 & (fatigue) 93]

(2) &R ey 4 F3t

(3) ulo] @) o] A (migration) ol <3+ 3 =29] et
(4) Y27 (whiskers)dll 218 Fzo £E

(5) Flux Bl 93 ¥4

o] 571 2] solder HEHF2 A=A &
FAHIL e Abgolal olFoiA Aur dA s} &
Aol wet B3 7AZED de Hel (D, ()9
gEolc} (Do d A2 #3 AFE= Sn-Pb solder
pasteE ©}-&3F BIMWE QA7 solder HEH-2
3} (solder fillet )l we} $8 - Hygge &
X7 ggpAEzE f9 d7ivge] 5FY #oy
solder A5 o] 29} JFUxE Wrja ol o] & s} 40]
433 oyt obgE HT Eo 874 o AN
7 QAN H'd solder(lead free)’” A 59 7Y
el wtaE s AR AEE HIT Yo g
solderol W& solder FEHo A4 EA= o
F3ta e dAolth ol solder HPH F

I

Nz #H4e FPFANA A= A Ad H
Emns T2V E] 2 8 Manson-Coffinoll 9§+ &} A}o)
2 345 o] f3te ¢4 B2 £#E(N)E 73
ek Fig 147%€ solder AEHY € dz2 Hd9
PA4L e Ao Z AtolE $9) tEo] HERo
59 WEEo] FAHo Fdo] AlFH HFHo
2 oA oz He A& B Fi Yok w
2B 9 92 FHNDE A3 F ds R
P4 2 AR APy HEV FREUGE F8.3)
i g 4 YA ¢ Sl2 ggog A4 Hu
A= AL (3)9 migration®])©. ©] migratione 73}
n A gxjge b £ JHPH w2 BR BEVL
WA ste] 1 thy ol A A F& ol &o] &5
oA MEdle FF Fo A RUdo 2 JAsld
gk, whol g0l ol o3k whet

Eoale ot

Fig. 14 Fatigue fracture of solder joints.

N, = CET"H™ exp{Q/KT)

A7NA, C2 247, m, ne NS, Qe A 3o =),
K= Boltzman ‘357 (8.62X10° eV/K), Ex A 7%,
He €%, T A &500. Fig 155 2% 7|9
89 Ag =M E ol -3t AA Aol 23 migration
FH-& vEbd Ao g 70T 89% RHANA oF 5V/mmel
A BE AQAAHAUL W 2 e oF 500 A7t
oz vl YA AYE 23T 5+ YL
& F7F Aok o9} o122 Sn/Pb MY solder ¥
el fHo] $3ste ALE M sec~FH sec
PR D3] 9 A Heg Abg 3¢ et
283 T8 712 ook ),
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Micro Soldering®] T & Al~9t I AEA

x10° 10 100
10 ' ‘ 110
70T, 89%RH
5r Lo-Ag

=

=

= ™~
Z.
5 I 11
e I T GE
5 0.5F \. RO
.% o %%, ~

g 3 At
= Je
= [
0.1F ’\, FN-0.1

i yl
5 10 50 100

HABE Es (V/mm)

Fig. 15 Relation between Nm and electric field intensity.

5. Micro Soldering® 2% x|

Micro Soldering®] L2 A8 &2 T2~
g THLR V&Y. 35 Y - AR 549
AE 248 HY ¥ % 71 Mo 2 75y
A A FEAE 5o 283 olod A}
71 3 FEe 5% 248 AY5) gaxE o
w0 22 FAe] Bl A7 e 4ug 29
La7t Ut

Or_c’)l_:

N o

D FY we3e A5 2 A A0
2) 4% A8 TF% o

(3) A A" 24 e

(@) 2F A5 2 92 249 Ao 7%
(6) AL AY 71¢ 2 B4 7%

(6) A9 b3t @ i o] & 72
(7) H7 71¢9 89
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