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Precision Joining Technology in the SEM

Jeong Suh, Hee-Shin Kang and Jeong-O Kim
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ARiEelIM FA7lER AT e 44 (welding),
H#o]A (brazing), £t (soldering), 3 (adhesive
bonding) Z28]m VIAHEE A (mechanical
fastening) 52 wEZ(macro))A vlo]ZZ (micro)
29 A¥(oining) Eokell A&z Ut 71&9 A
QA oA (CO, #elA, NA:YAG #Ho|A)E o] &3
Aide] n|AaRE, BFA FF FUHP A
H1u ey, 9 BN 100m 759 FYggolw
Vst oA WAHE Hast e u&st
(scanner)& 3 FEAFR Y FAo] vl B3,
T3, FEAV T 2 YR g wis A
opzt WA ae Meo] Ago] At}

MEMS, NEMS, BIO®# ZFole #Z, 1A,
Y& (hermetic sealing), E& &4 WUA7t 7bsd vl
ARY71eol 875, nancelectronics FokollAle

=4 3H): carbon nano-tube con- nection)”]&
T a7, webd, A glaasy, A Ay
E3H(e-beam direct writing)olA] 1€ e
FEo Al ¥ A&5HE B4 vojaz ¢
Wi M99 A F WA o] 7bed Aot ¥,
71ES Al SRV g AR W} 24
g4 A& ARl Jbedta FEALE Add
98 ¢ lon, 71&9 SEM rIsH A 837]
<< 539 w4 TAMY (positioning), 32 A
T 2 FHo| B 7ssiA Ert

u2td, MEMS, NEMS, BIO & § vlo]lag/v
x BF d7IAE A% UxAE 1& i E 4
vAAE7E el g Fue Zls AL 53 B
Asta, WA slEE Ve AEE Asl SEM#H
Az £471E6S S 232 vEe 972
#E asfstazt gt

K - A Eei $2648 F43, 20084 8H

2. L=l |E S8

#A29) Ruoff & Yefre] 7744 224 &
3 dTEIE B3I IAAFAFERA(SEM, Scanning
Electron Microscope)®l H&® A (focused
electron beam)°] B&A(hydro-carbon) 29EE
2 (deposition)AlA Fig. 13 #Z°] AFM(atomic
force microscopy) ®©(tip)dl W=FEE F3sigrt
o]2{gt 7]%€ "nano-welding’ & "SEM nano-
welding” 7)€ty 3o, SEM U4 CNT
& zFsta CNTE 7143 B4 B/t 48& 98
= o] &=},

SEMellA AAple] wiEA oz FAlE = 249 &
Aol oA Bh B30 £3EPY g3&Te A
A o] Wg AFE, AFe FH AT 9
E4t}, SEMS AF AW Yo 27 f7)E0] AAR
o o3 Ed F Folo] &Fo] dojd F hen,
T §HoRE R7]29EC] ANl F&Hes BR

Fig. 1 An individual MWCNT mounted between
two opposing AFM tips (A): SEM image,
(B): High-magnification of (A), (C) and
(D): High magnifications of top and
lower AFM tips
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Fig. 2v SEMS Axpfe] ogt g@aivhefue]
nano-soldering 23 HaZz gr}®. AxE 24}
o ol8) ¥]A%4 €4 (amorphous carbon)’t B4 e
FAslE YaeREVE AR, FEIF AEHE Aol
oltjg} ujAAEAIL solder AMBL GEE dmg
nano-solderingolgtal gt} F7] FollA oju| gy}
E=Rdel g 2o le €@ded Bap) A =
Aol ol wiAge AR HEE Aot} o]#E WEE
geatd Zuld Ux =279 AxRERY ARE s
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3.1 Flip chip packing &4

AT AAAEY A2 17538 wet 1Es WA
A7leo] s o BGA (ball grid arrary),
CSP(chip scale package), EH3 (Flip chip) 7]
219 #8771 Ikt g E9F Vlee ZuEAA)
< (surface mount technology)el ZR23 e EA],
HeA 3 QEE ol kA sl PCB E& 39
glo] g AFA s HisA €rh &, SPHo

{b)

Fig. 2 Scanning electron microscopy images of a
nano-tube junction before (a) and after
(b) soldering by deposition of armorphous
carbon
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A& Fig. 37 o] 3 AP9=s AL v 7IdAe
o s (bump)dl 93X HH HrHeR @%%‘4
Al 87429 FA=Z solder bump 4L A3 &
A (Pb-free) F-Z8A(fluxless) ‘ﬁ:ﬂi@ﬂ -95”’4"%
u-BGAY Flip chipollAl AHEEE F< solder ball
o E-beame ZAFI 23 BGA sj=9d FEHA
A A4S Fig. 49 5904 E9F3 Qiv}. Fig. 4
= solder ballE ¥ £&A171 ¥ FRig. 5 A

et

Substrate

ey

Al pad
Fig. 3 Flip chip package

UBM
~Au{20nm)

.
1, UEM deposition  Si wafer l} Nitd00nm)
. - | Cat3000ms

S PR
*_A14000m)
TTi

2. Bolder ddm deposition(TV>

Solder
PR Ball
e s s Fi s o

3. Phote tithography (PR} 6. E—beam irradiation

7. Solder bumping

4. Soder dam etching

Fig. 4 Soder balls on BGA pad
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Fig. B Melted solder balls on PCB and BGA
(Sn-3.5Ag, $500mm)

Fig. 8 Dynamic deflection of e-beam

A4 314 B37)E(Fig. 6 FR)E F B3 A7)
&t 5§ 1508 JUT Aot}

Fig. 72 Fig. 59 F¥d &viEse JYU=E
2FAEE 3 T gy Apzlelnt, &% ZAa} 500
um ballel *&3d AIA=(H)E 7~8 Nol#, PCB
o] Aol FHr) =Hen, gidd &ulEe] 8§
Bol ol &< ¢ & ok

32 SEM 0|8 A &+l

71&9 AAR A7E AR AR el A EEA
(Fig. 8)lMe 4 wme EARFE @717t oo
HIde 14: HAY(E-beam)e EAE o] 43lA
Ao FA Ty wimd I F i) A}
S5o] gt FAPAAEYE (SEM) & vAIA R el 24
staal sk ko] o $itt YNkgo s SEMo] #
g 2 gaasge R Mg A9 dg F
dE HARAFE 100pA oIt

Fig. 99 #o| EB-welder®} SEMS 71de fA}
3 A2, KAISTOAE SEME Fig. 108 2o] slit
o} aperture? hole A74E& 2% 30m—1mm= &

REBHE - AP H26% H543%, 2008% 8A

Z4-p  wD1B.3mm 26.0kv x10¢  500um

(b

Fig. 7 Fractured surface after shear test on (a)
PCB and (b) BGA

Fig. 8 Modified EB welder (KIMM)

E—-Beam Welder Gun Spec. SEM Gun Spec.

U,~10V AC ;
shL=4~104 S
L e FILAMENT

U, ~8v
1,=3A

U,~ 1000V DC

> U, ~BOOV
1,=20~50mA

L [,=0.3mA

CHTHODE
+— 2

BIAS 4 15-2006 1., =300uA
300V~ 4000V / - WHENELT 5452003 L, =2000uA

Ag, =B0KV ,
Vi \\/ANODE
S
L. e

BEAM CURRENT SEM  probe Beam Carrent
0,1~100mA RS —

4 nA~pA

A ~30KeV

Fig. 9 Comparison of EB-gun
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oy Sitl Condensor & - & Sl
X Lens #1 stit_2

—  SiL3 ‘Qm@ensor & i @ Shit3
M . Lens #2 \__

é Shit 4 St 4

Condensor
Lens #1 &

Condensor
Lens #2

. ‘ @ Sean Coil ‘2 N Sean Coil
Obiect Lensg } @ Object Lens E E
.§ Object Aperture : Object Aperture

(a) (b)

Fig. 10 Schematic of beam profile (a) with 2nd
condenser lens on, (b) with 2nd
condenser lens off

&1L, 2nd condenser lensE offAl# Hoh HAF(Ty)
qe & A Baelm ¥, 1, SEMez A}
434 3= 7% aperture®] hole A74E oA B4
AHAk k= o] glemz SEME HETE Fol
AN BEEo2 AME F7) Qi)

AR 45 AsiMe 7148 g 47
A g M AT £ ok 4 J1AAR]
S 2% moving aperture® AHE ¢ Utk SEM(#
£)02 AMgAldlE AL holed 53 AAlo] o] 53}
B, moving apertureE 3] B7|H HAPo] BT
HEI=E Hol 3lo] SEM-welder® ARS8 4 glth,
HAFE Faraday Cupl® 3¢ 24, d I, =
13AS 9¢ F A L, o &ol7] 918 SEM =
Gz Rl Wiy F+25 B, s/w T WAEF
A) 24, Reflector @ COCKROFT-WALT ON
capacitor® ¥7Z3 2%, Hd = 354 7A AeAl
4 4 9l Fig. 112 71E% SEM-welderg Eos

A= ¥

)

Fig. 11 Developed SEM-welder
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4. SEM-welderE o|&3 En|M| HEZ1

Fig. 12%¥ SEM-welder& ©|83ld 270¢] solder
ball($300m)°] &&=} 1709 ball2 FHES H
SR

Fig. 13€ ¢200me Cu WireZ SEM welders]
£8624 Vae = 20kV, I, = 35A(BSE mode) Al
2 minZt FARE FoZAFeltt Fig. 14w $20m!
Cu WireE SEM welder®] §8%3 Vi = 20kV,
I, = 14/A(BSE mode)lX 1 min 2t AR $9|
SE image$} FAKH7] A9 imaged BEAETh FA}
A ALY A qlel] HlE FARIATEH 2 EF ARlE
£88 EUHE g 29 Aol

Fig. 15% 7R RFE(CNT @ Carbon Nano Tube)
9] A3 (nano-soldering)d¥ ZAHE HAFT. 43

after scanning(bsec.)

Fig. 12 SEM melting of solder ball(300:m)
(Vacc T~ 20 kV. Ib T~ 30 HA)

before scanning

before scanning after scanning

Fig. 13 SEM melting of Cu Wire($200um)
(Vacc Lo~ 20 kV. Ib Lo~ 30 UA)

before scanning

after scanning

Fig. 14 SEM images of Cu wire($20/m)
(Vacc: ~ 20 kV, Ib T~ 14 LA, t=1m1n)
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after scanning

before scanning

Fig. 15 SEM-soldering of carbon nano tube
{010nm) (Vaee - ~ 30 kV, I : ~ 100 pA)

o AHEE CNTT 27l 10nm oW, 7ikaste]
30kVelx 150,000 w&oA HAEATE 183 e
Fet maste B AAE AF: A A9 v
ERE7 HEE 4 ¢ Sinh REIF EAEE Ao
ofjgl HIZAEAI}F solder AB J&EE slnz
nano-soldering(£-2 nano-welding)°lgli ¥}, =,
CNT] mAapg-§o) vl2% a7t HA (deposition of
armorphous carbon)®o] @Ak =R EIL HE
5o, olfg g ol&s UxREr A"
AFM ¥ AR 4 24 vxAr]e] dxEE A4s
7Fed Aoln], WAF 100pAE SEMOAE dg &
e ¥ AFolmg CNT %% SEME o83l 3
el 7Fsditia & 4 sidh

SEM WiFollA plAiREe] olF & 23g 8olsh
7] $18 manipulator7} 878}t SEM$% manipulator
£ AE7)0) #13she 3% manipulatorst Ao 2 F
AMEE Yov YeFEEHR ojFoldn 3%
manipulator£ nano-motor® Y $XA7} b
3t} SEM-manipulator® a5 9%k SEM
chamber ol 134 Hepl& Al#dth Fig. 16&
nano-manipulator’t B2l Z2HE JeHE BAE
t} Fig. 172 SEM-welderg ©]43 v &3
HE 48298 HdFm 9ot

5 &

E-beam direct writing 71%5% SEM %9} g2}

Fig. 16 Setup of SEM-manipulator

RERER: - BOPait $26% $45%, 20084 8H

Fig. 17 Joining of CNT at AFM tip

of wlA] H¥/ZH A4, HA% #571%, manipulator
< ZE SEM-welderg 748l A 245 BA4E
F ek BEE Jleo] AL £ e EolEe
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Bz vlede] FEo] 87HAUT(SEM + 334
manipulator) 3, £ 7|2 MEMS, NEMS,
BIO ¥ #1714, vle]22 w4l 5% joining, Nano
powder & H#o]F 7edz 48 & U& Ao
2 g,
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