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Abstract

The main object of this study is focused on the fabrication of the electron
emitting device called Surface Conduction Electron Emission Devices (SCE
Devices). The most critical ‘process_to-fabricate the SCE device is how to
produce gaps in nanometer scale with a low turn-on voltage and great field
emission characteristics. We present two kinds of fabrication method to form
the nanogap on palladium cathode as electron emitting source. First one is
focused ion beam (FIB) sputter etching system, by using various beam energy
and location, we can define nanogaps of different width and location. The
turn-on voltage decreased with decreasing of the nanogap width, and different
gap lacation will arise different field emission results. Oxidized palladium
cathode with high temperature annealing in low pressure oxygen atmosphere
cause the formation of palladium oxide. It will change the gap width and the

roughness of the emitting source and bring about better field emission

il



characteristics.

The other method is hydrogenation, it is based on that a large stress
develops in the metal due to phase transformation leading to volume expansion.
The width of nanogap could be controlled by adjusting the hydrogen pressure
and the Pd film temperature. The deposition rate of palladium film will affect
the formation of gap. By comparing palladium film with different deposion
rate,we find out that the film with lower deposition rate will have better

property to form nanogap.

keywords : palladium - Pd - palladium oxide ~ PdO - nanogap ~ surface conduction
electron ~ focused:.ion beam ~ FIB. - hydrogen embrittlement ~ field

emission °
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FHBEAME o AT B G B Canon 2 PR G R feahs FR LR AR
( Forming & Activation )i 42 » M #i i f§ B - BN fe ke 7358 54 7
FhE K AR g A P RS T F R AEPET N T R
P ERENS R Au AT RafllfE R EREFT I FHIRE N &

At ivo % - 6 5

A

FREF LR > Fld fde PR A2 (AN P ERAMS S e gt
SAEOTA S RN S A OV R a R4 frds B R R
AT Y ¢ N RS PAE e S MR 2 A P B gAY R HLR

iEn
B A, g R A8 o R 2 B E SR E 4 L (Focused Ion
Beam ) 4 %3 ls\:fJFﬁ)z-,?ljﬁﬁxg\ﬂ’éq‘\g_Pdﬁ%Eﬁi #WiEh 2 kg

thi BB xS SCES$ 5T+ hatliv, $i8- HH3 b AR

TR R T A M e o B 0 AR AT §F BT e
VAR PN (o f e R RS SR G R B
ELRER S 2 Ll NP - e W ey

-
®A
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¥oR TR
2-1 & BHFHES%
THEFFH OB A - BEF T %K ( Quantum Tunneling
Effect ) o § Ak £ 45 tie- RRNTFF P FLa i ad
(Vacuum Level ) ## ¢ % @ @H FLAa HE 7 d 2 Fadj+- @

a 395
1%

e3¢ I ( Potential Barrier ) > &£/ % o 0T F 50 59 7 "Ear o WA
é%%&é%ﬁiﬂoﬂﬁ?%%7§%$muPT%”’ﬁ§@@ﬁf
TRAGER | > EWAGHT I TR AIAANES LR ZHEAALR T
AT TS SN 0 FlaiE ~ B3 ‘%ﬁﬁﬂaﬁﬁo

B 215 £/ TFaFahiFiia®le 2B hT F L BEL R

Eft®: 4 @il M2 Fe 85 pd 35 e

=
=

1 425 ¥ g Image'charge ™ #7 ¥ Plenifa) o @ FE ¢ 0§ -

BEBLTFEPIFBIANTFT Y B RT3 h3 gl Ea By - A

SR R Bt ® S g e e B - BTAF AT AL

& B- o § NI L AP REg R E 0§ DA
BT AR F T 40 F chimage charge o d *t 3 B R BT A 4 T sl

Image charge 2. B erv 51 4 5 ! Ejraciive (X) = - e/ 16m g X
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s & image charge » it 5 ' E > g, 5 absolute permittivity °

FAATFY dr - D G A T E R B A T ok

& e effective work function & ™ » L] 2.3 »
TREEAOPRE > kY RiEd o B 5o
E(x)=(Ep +®)-(-¢* / 16me, x)-exE

e M ENT BAR S o AR AR T ST g AUR FAR K
fe R EEd s § F ARRART ABR o F d RIRERF > TE A 7 ol 0 S
EHPFNERTRINEZAANTEA A Epd T30 2 BB
4e@B 2.4 0 line 1 5 7 38| FFiFeng F 2 rline 2 5 @ 3R+ g 3 =
w0 d X T A TR

T & 3 5iE 427 * Fowler-Nordhiem ( F-N )= #2;% kf5 it o F-N = 42

P2 RHEDTFAE-THFE)TELELRWY V)2 B HT TR

(J,Alem®) % -

) AE {M

t*(y)o

#9¢ AL 1.54x10"°(AeV V?)

B % 6.87x10° (eV>?Vm') - A & % & ¥

y % 3.79x10" (E"%/¢) - ¢ 2 & J ehs &8 (Work function )
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LTRSS 2 v(y)T 7 5 V(Y)=cos(0.57 )& v(y)=0.95-y" -
EZ¢bhed 3 w41 BV/d> VE TR dIIEED iR
BEAE & SCE thb) 5 ¢ d7 &7 5 TR o B 5 B 68 % 715 (Field
Enhancement Factor ) » # 224 8¢ ek 5 M o 3-8 542 (D)7 d [=]a £
Foo R FFEHGFOR FEEF AL CAPT LENFF TN

AV Bdg *v(y)
d’t*(y)p P

iz—ﬁb*%ﬁi;“ﬁé}’?‘,ffﬂ?,@\/’ﬁﬁ’\log’?’15??]3

3
| Aaf’ Bdp2v(y)

In(—) =1 —— AN 2.3
"y n{dZtZ(y)w} Y 23
V(Y)~1 A AT )

4

2 2
In(—)=In| 22| BAen 2.4)
v dt°(ye] BV

3
Bdg>
S = (2.5)
p
¢ FNPlot# 541 R3Sz LF R FNLTFFFHFL > L0
A LR O - S SR ¢ 35 B B Bl & 2SS TR

( turn-on voltage)

do b ot TR IR TR B S A P S s F BT (B)

T SEARTHARHE DA AT R A FRFF R § R TG D

mr

LT E PR R SRR det B e R B HEE ) R
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d 20 FF Bk G B {e A S R T B FlueF g
B REGE R VAR S PR REFRTF] IR - HREF LT
M TRE TR BE MG RS T -G T

B M S Boenf R KU MO S enat fR o

WL ERAL L GI(B] 2.5) AR T H TR T o8 T 2 B G

BRORBEZHFDTHRAERN > FHI DY > 5 AL TR

P E L T R -

bR E P A 4] % F-N-Plot k35 SCE = # chmpd TR > § F-N
plot B ¥ B 4> 5 AP FHUPFHROR R E T & 3% SCE ~ 2 hggpd
TR AR 2.6 om0 @ BRE T BAN] L AR EET R P TR

GREEEUE = 2oL

Elx)
—_— X
EF + O e
Er
metal dielectric
B 2.1 ﬁ%ﬁ/}ﬁ?l‘ T3 e B e 21



metal dielectric

W 2.2 % Image charge B3¢ T™ it Bl ¢ © [21]

metal dielectric

B 2.3 4 THT T F B e 21

W24 #4e@HFTFL TR TELE 21
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FENREE

B 2.5

X

n(1/V?)

E F-N Plot
b
i
"\
\
= =
\ '\._ .r’.’____--'_“_—
1
\
1/WV

turn on voltage

B 26 F-NPlots 2 % -

22

N T IR - 22




22 E2 BB TS R

AAAEIH/AET I AT Gt AR g AL blrh T3 7
( Molecular Electronics ) 23] ~ 2 # g B Bpa®x > @ aSCE~ 2 gt + » 3
RS SR ATy e BN BM - BINA o “,‘f T 5

Canon = @ 973 M1 end R E K A MA = 3 20k > by FulFdd - i g

Iz

T2 K A 2 2 327 F d @2 (Electron beam
lithography )i2-si2-61 ~ Shadow evaporation; 2-712-8] ~ 7. 1% 45 /%

,:}F,

( Electromigration )i2-9 ~ & * & ;4§72 ( Electrochemistry Deposition )p2-10] ~
F E#3 £72 (Focused Ion Beam 211104 % 48 & i ;2 ( palladium

hydrogenation )[2-12] °

2-2-1 73 & pc@asiz (EBL)
R ARMRMTL PR E P R LR e - > 2RI
FI*F T FREBEL B> 38 SR - R E R SRR R 0 AR
e A A Sk I 3K R eB ko
2001 # d K. Liu% A #7% % mv/“cv’ zs,*g LA PR AFHE Z

BipEF > ¥ FF 5] 24nmz -3 F BB doBl2.75 @ & 20034 P.

ED

Visconti# 4 #£3f % ev ¥ oo {1 T+ Ao e lift-off «Hflfe



1%%(%{%?@2 PMMA & [ crapd [ 14 & U A & 9P e 5 > 7 15 3

TR A100nm3I 10 nm T e xH g K B A > drBl2.8 o

15nm

12nm

. oEm

W27 %33 kRMmEFGSZ KA (25 oo~ 7 nm) ° [2-5]

(a)

W28 fI* T3 kML Cr/Au st 22 F 4%
(a) 40 nm  (b) 20 nm E =5 % - [2-6]
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2-2-2  Shadow Evaporation ;*
Shadow evaporation;2 i & £ 4| * BT+ A - B4 RTH £

ez kA58 & 5F Ak > 2003 d Y. Naitoh % £ 973 4 0~ ;;w 27 f

S

ARp R AT Rk e s B tEA - B A ROUTH S - i &

™

Cire

ﬁ\%\}
_33
el

F’_&
|

EF R -G EBT REBEREAY - BEROTFEF - 4

¥
=

i
fagd

FOEEBRED - BEAHE HEDTRT LT A N A

ki

IF

i
>

gAY

T -
G =H - (cotan 02 — cotan 01)
GiHEmT R H ¥ - EBDER > FINFERFRDAES -

FERBAOERENE NHBMASERTT AL B A DK HE B
A2 B4 ®2.9 ; ¥ ¢t Yasuhisa NAITOHZ A ps)#7%3 4 e £+ L A% §g i en
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Top view Side view

44444

, First strip

The first metal evaporated

I
T Froto-resist

Si0,(300nmYSi substrate

— —

AV

i anogap

The second metal evaporated

Fhoto-resist

\

W29 4% 3 E&3¥ Shadow Evaporation ;= 35 = Nanogap ° [2-7]

Top view Side view

. The second metal evaporated
Stable sidewall (2 nm Crand 20 nm Au)

AN

(@)

The first metal evaporated

(2 nm Cr and 40 nm Au) Nanogap (10 nm)

WM 2.10 Fi* & E 3% Shadow Evaporation ;= 35 =8 Nanogap|2-8]
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4] - Hongkun Park % A poy 4% 8% oy > W 25 & 4 %9 5 10 nm

E£FAFAREISMMEZ ARDEFTHE > 2 2 A 20 HF  4oRl2.11

200 nm

W21l fl7 288 S04 A2 JARE S TS HARE N
@aB#H > B2b)TRSE 29

2-2-4 7 v Fiwfiz (Electrochemistry Deposition)

A.F.Morpurgo % + % & ¢ F A1 2 2 - B2 R ®livz K &
Hipioe 29" T35 AAHETENS BARAT/AUT 2> BFRT &
o~ 23 0.01 MeKAu(Cn)212 2 IM KHCO34c02M & § i 47 514 = 5
bufferiz it @ & {7 it H g o WM FEARY o TS E »-05~0.6RFn

TR MHOT IR H2B pA 0 R Fad e ’ﬂA/S’j% I A I
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4

2 LN N2 Kl f;‘%_kfﬁ%]% TRTFEINIEEROE KNP A0B2.12

(A) Titanium/Gold (15nm/3snm)  (B) & k-1
B \V amplifier
. ac 1 kit
S0z
: | mignitor
/ before electradeposition
5

(©Q

deposition 1 @

after electrodeposition
W212 fir e BmpRr ez L 0% AT Enfps

B)R - EmfhT L H (C) LA BImAFE - 210

®2.13 T FH w2 SEMR o [2-10]



2-2-5 E E#F 42 (Focused Ion Beam )
FRERFAMR L Iy B L EMAE L > ¢ ETEM@E R 0
G 3 BT FMTRA G BRI FE R BRE
FEMRT A~ D4 (Ga) oF & (FaET o o boid TR NS
Fergpap s 4o 1% 3 Ay # a AF TN TR L 2k < o g
Mo AT ARG B AL kgD T2 PRt S 2+ (beam
spot size ) » F]pt T AR T L ERIAR ) B M E R - B]2.14 5 G. C. Gazzadi

FA RERS AT F Nz N 2+ BilsER Bl -

214 41+ REHRF AW TE X A2 AEFH ST F BREL ERF - 211
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2-2-6 4 & i*;* ( palladium hydrogenation )

EHEE L EE T FF G E AL MY PE ¥ IR % ( hydrogen
embrittlement ) > A FER EHE G HH A & o TR EA L HH]
BT FDER - S 2B RE 1222 BE it (MeHy) ) ER
FHEWWED LEBRIMAAE A RS B F R HENA D o BTG D
ERiF A b AR E A B I FF BA S E e (PAH,) F )
Hge g P RIEYT b AR WIENF A A PR & F EEF

),@.?A;Z;\T;nj;ﬁf@;ﬁ,%,—‘ﬁ;tgﬁé g hd 2o RFIANTELE

)

ARG RF i RIAFICEI L L RP NS G £HFE RIS T

4@5

4 v 4s (PdHy) ¢ d 2048 § FCC R tet7)» — 4305 & |+ &~

-~

1,\1‘(

®

n\\-
=t

‘*‘é.’

ibyg feds e~ 48 (Octahedral) =% > @ ® A7 Fauf AR

6
£ -

\4»
M

R+ E€F R MER 0 d 40 PRS- BN F R
B (P-C-T curve)4c ] 2.14 #777 o 4 & R R M enphiz » & *4 5 atp o %
FERET - BIRR (A (s BARE td EB4A 2 » 253 a i B
AP T A 0 4ol 215 ¢ vk TR B 0 § F R EH ST —

B R 2R [P e o Flo adpd Mg SN N G fE
FREART RF by FPE R YR 0 55 3.89Apa3 ;s A BAR
R ARG Rl PR E RS bR Pl H B R4 S

4.025Ap 1370 Flpt & 4sd qip RS LA SRS SR
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9pers v o AR F HAEIR T 1196 0 dout 1190 REF IR € tds B P
Ad gt o R RAE LT R RS Bt € A HeA)
PR e Bl e RARGE RG] T g Rt @

Fh ez e G, @27 EJI* > SCE~# 1+ o

Pressure (Aimospheres)

/: 110" 1\/
i 200* 3
A1
'/,; 180" \/
21— 160* N,
o ~

l I 1 1 | B
0.0 0.1 0.2 0.3 0.4 0.3 0.4
H/Pd

215 & -4 J B4 -ESFRE SARF o [2-13]
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3-1 HAERE

3-1-1 % ¥ ¢ (oxidation & diffusion furnaces )

FFBF P NP G AR FET A LN RS

ey

ke B KLU AN F BN AU F ok F R &
BAAF R BB ST
Si,, +0,,, —Si0,,, (£ F 1ti3)

2(9)

Sisy +2H,0 | —Si0,, +2H, GR:V 3 v 72)

BRF O F s FAR P AR 5 At
i NSO B it kT e FArgSio2 &R HW%& O
B # BpF o 3Rt FON ik RELIESIO » Fpt AT T B Y g0
Pt AR R ETEGRE S i hE AT E S

LINDBER ! & » $5.55667 °

3-1-2 PR
I L E e A 0 S HMDS ~ £ 2% G~ 0k ~ % - B8 -
THBEREEH I - MR AR E R e BT SR DR A ( pattern )
TNk cHMDSE " FAp % F At (= F V&) » Ao at £.5 7 B 4e sk
Fres AR e 4 o RFE L ke FH6400 > 2 *2d& % % ( spin coating )
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7 SV I Pl o R 5 SYNREX I 5> 4] 5.1-Pm101D-R790 -
k¥ ¥ 2 gl k4% 7)) 85 L Karl-Suss MIB-3 © #i% ehp 95 2 AF,L:FBA*K
A WA A et F 4 o B P gt i R kg s A A

A AR A H R RS

3-1-3 & & ¥ &4 % % (E-gun evaporation system )
I T A e A R E A i 0 R E 35 5 ULVAC
EBX-10C « T+ 1 7 4% 4 Soefife (e Lfed Bo% R m T o 998 48P
Flr RrEfTF RSB ITNFEEARRF 27  BEFRRT EF I

E A AE A G @ AR e8]

s TR f !
TRER S P o
\\1//
ww — —H “_ Sva—
HZERHE
Pk .
(a) (b)

W3l ZIRFHEIAFEFLET (QTF A BRI GBI BB b H o

(D)E Z PR P VAR EAZT R - [31]
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3-1-4  FEHEF L
- PR EREF A TR FIRET T AT LD & P A
B R RRITE R S EBIR c FRRATR Y 2 FE S LA
5.% FEI Nova 200 H#+ R i £ B8+ R ETRE 5~30
kV> 247 & Tnme &+ R 5 BB F RN > 4ci@ R R 5 0.5~30kV > 247 &
1.5nme 2 F &% GaF AR NETRE L 2S5 B W Tk

TR R TS BB R -

W32 2 AFHP R EHT AP o
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& g e i en® A7 0 48 5 5 Branchy Technology Company ! Az c17%

BB BEHRES BREEWEATES o] 3.3 H B (TH Fe

1 TR IBheT !

BARARITE e g B D] 2 B P N T 4 TR 2 0 Sk
ﬂﬁﬁ?f%ia‘."!ﬁﬁuiéff’Fi@i%%“fé“ﬁ’%Qi@ﬁ%‘i}}ii B s ) R 8 A
e flp e B B F I 0 RFFEF WA BRSFESE PN o R A

WG REH W G T L RS 23107 torr 1T o B & F AR
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FFECERPN I AEL FORBEINEE RS BOREFFREE ALY
FEURLIFAIREIBERFRE FEr B2 HP TRLEFRERE O
Flse BARend BRI RSd N FMaOlpEL > RS 7%, 7

TR AG AT GBS RS HE A blheh 300°C T 0 3514

FRiTE D RS L 306atme FTREN G 20atm A F LD E
g FRA B % F BETEY F REFL > T B R E 1L

S s

BLATREL FRHPFIH EFRTF Bt LRI - BREDL §

B3 K R H B AR ©
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F33 % Bmd 0 e
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32 APFRE
3-2-1 @ s T3 Biks (FE-SEM)
AR TR PFFHFRITTEMELL 2B RR A B G
FOE#+ 5 SLp 2 3 545 9 38 T B icst ~ JOEL JSM 6500F #: 35~
% 5+;% SEM £ JOEL JSM 6700F /4 3% 5+5% SEM o

@R ST ARSI IR AL

&3

F R K- BEEER
B it SERETF AP - B gl T S L i AE

LEBPFHEREL  FABEPY > AFET O RIET AERICE > e
SXTIRL AT IAA BRI E R N T S ke BT S
REACF S 2eVo FHARREL - FRHFH T S Riks T F A Rk
B X ARAIER S (LR S RE RFTE T o pd B SR I

R BHCH AL 02-03eVerFt a4t A v d 1omm T o

SRR R o A E e S RN R o I

AT AE I800KIE R THRIT Flpt 2 g5 F WA F s s Loa
MM IR % 0 R F 4% flashing e g & o 04 B3 430 o~ enig gL G

TFREEE]  REERB O TN BRI RERE -
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322 R4 Ess (AFM)
AFMEnI (¢RI 4™ B4 PRATH S 4 5 BF > Bk 2 Benien

FRESRAFDHE T DB AF S L R RIS RE 0 KT

M-

,J‘ g
THE S TR A E DR R 4 AR S AT

Wik BZeheng it IV EDE T A 3 REE 0 A XY

=1

Ao Ao BT RIT

3

BRIRE—F T B AR 0 Tk LT R D

YoB3.547T o 5l Fom A RBcpanit 0 TR E A G kR~ s
) E S8 AP BT * e0f 8L 5 Dimension 3100 o
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Feedback Loop Iaintains

Constant Cantilever Deflection
Controller
Electronics
Scarmer ;
tor
onics
1S\].litﬁ o,
Fhotodiode . )
Detector Cantilewer &£ T ip

B35 R34 Bk 1L TRET L F - 32

3-2-3 B2 AR X X #Eshik (HRXRD)

BAEFTRXK S RAJIE B TR KT RS AL DRT S g e
HAL FEXERBRHRY > AR P HFTDHG € A2 Sird o £ iR
BB @R S BH g  HESE T T K T R
Hoo PP XA MR R A T USRS A G Fheh AR BET
R RFEIIBIE LSBT o AP R TR AR 9
30 nm3]50 nmﬁﬂ?éf%ﬁif@é—ﬁ s FILERE gy 2 N A Mk Xk EERE o X
KM R PT EERE sinf/p 2 E L > 05 XK bt d o pE B s
Jo il B/ p ERARE E A B 0 RIS AR T STIRIE 2 BEst e

-
i T

@

ik g gt bl H 3 g AR A AT AT A 2 D BUATIES o Fl
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ORI AR ER S RN EFTRESES S RENT M E X k2
i R B 50 T NN EBTIUEE > Ao B]3.697 T o il (T IR BRI > Xk x bt
(FFH=T 22R) > 02 ~E AR FHT L0RE SR KR
MESIEL o A0 O B R ) FIPL A IR B R p B IR e A AR
POATIE H eng 47 R XGE MBS IR 5 < H Lk 975 chSiemens D-5000 0 i

* X kR S CuKadts » %R & 5 1.54A

20,

RMXAE

W3.6 Min & XL ESE T AW o

41



3-2-4 X k& F 3 it # ik (X-ray Photoelectron Spectroscopy > XPS)

X £k R RIS £ el o 117 X kRS A
2o EEDETF od TF B A TE NPk T3 o o E ik d

+ ehj # it (binding energy ) »i&m L ErE Sk T 3 2 R 3 i E e

N

CEECR3TEXRTIALREST LB U BN LB T S
AEG S X KRR R E LSl RS d T
BTy ek T 3 0 Hd i (B 7 A 1 %

Eon =hV = EL oo 3.1)
Ho hgr oy Aulh § 9 i F A ka3 - %03 857 AL Z

oo B SR R R ehrdd Bi(work function, ¢ ) 0 A5V 31 B G

oo ot ORISR L B A O BT R Y A R AR o

AL TR F IR FORIBERIRT IR TRAET I RE
RS F 2R AORFRERE LT IR G TR ERF AL

AR TR h X kR T ok KRB S S Thermal VG350 41
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PX KRR RH KRR ET PTG A L DR

3-2-5 ® ¥R S A ¥R (Auger Electron Microscopy ° AES)
AT F R HREAY - DI AL EER LG RF N K
FPEET TR MEINRET I EEATEL DRIF 0 D
Fon® (BB 23 A e IXkE FF T - BRI i 0
TR RS DR o N BT A GOR PR A
= Augerrc & 0 M B PFHEOT W G Augerw + 0 4-B]3.7 o F]H B 5 HFEn

LS TRRIEL SV S § S S L SRS O S B ¥ F

1. FsERNBREETT
2. 5L & F AR E R
3. BARTE

4, e ET

Bk 4 & F(KLM)
E(KLM)=Ex—E,.—Eu

\ Ko~ Xk
® % F@EsCA)
N E(L)y=hv—-E,

W37 kg F(XPS)2 it g + (AES)A 2 RIZ7T & W ° [3-3]
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W38 22z T MER A AR L2 L 2¥F 233

\1'

R T RERE B LR hE S BT 8x10° 0 TR E s B e B
% keithley 237 » # £ plf2+5 & 5 10fA > 10pV > B hE BT e T R A
B % 10mA £ 1100V - d Labview #8878 en 4 & 32414258 > 7 4] 2

£

TRERT AR TRER TN @I PRI R S AV

~

curve) o f1* Bz THER AT M E R AF LY SCE &~ # a6 T
oo BRI e E R oA 53 80 3 - % Conduction current (I ) 0 ;
Iedmsd 7 &+ 5 B i T2 B D sameE s 2 - 5 Emission Current (L) »
oA &4 ) e % R #&= % % propagation {&#Lf5 &t & R 51 F I i&F
A2 R I e (B 3.9 )eod B s d T & 5 Emission Current £2

Conduction current % & (I./ o) 7 = Lk n ¢ -] 3t 3% » F|pb deim 4% =

B bk Lt L B A B iR o
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\ Anode Voltage

(Va)

Gate Voltage (V g)

3.9 Emission Current(1l¢) % Conduction current (I.)w & B °
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¥ § FIB (focusedionbeam) #i¥% ¥ 2 ¥SCE=~ it 2 :x

4-1 R %> FBE AR

it 7% FlCanon 2 7 3 oK &4 WA 2 His §_iF i Forming ! 2 %
M d Fp R el URH MR OO ¥ s g T
B v o PR G B3 Canon 2 B e E e

W REFErE R E 43 L (Focused Ion Beam ) =4p 3 $fe » — =X = 3¢

SR Ak g BT UGN REAZ AR

X

o X7 S A R

o

HAMELIT N % 0% of B MSCE~ &

‘E’J; RN e FXg % % }"5—’7’} ﬁ/’]’

PR

FIBRL (¥ % 5 A sbenfl St fBae W4 1977 & * 9 V3p ¢ hp-type

oY S E - B15S0nmes § R ENE TR A > BFY F MR

WA e T+ % (B-gun)Ehe > &8 % & 1 iU S nmengk F 902 2 15 nmehy

FE TR AEhD B R TRFE - F e &

_“7.
B

b

N

Tz B F M o BF M4 B AR 5 30nmeds R FHEE LY -

g1
=3

S

v ETHR (4rBl4.]) > A1 * FIBid £ B Ew 820 2 ¥ &3 4(H

2 z

2 Sy R

]

=

I - i

Ei*lx

£

42) BB R AL KB £ F 0

(FMH8) » 3 4p T 22 efn 2, 4 (H4.3) » TR $SCER & ol iv o &4
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PP oo NP R K AT TR A B - o S IE K AR
NEE A HFF AR E SR LA B e w G &K E e
P (dceBl44(a) L E b RS S - B Y & T EB R AI-B4.4(b); @
B i R E]‘J%%E’ :t $FIB& % FF T ncnt o] A %352 F & %30 nm -~ 60 nm
™% 90 nmeB B o &%é%gﬁ FRIATFTREME - EZFFHTEER

Pos M AXEMRHRERE > REA S EFEHELTRE -F Y A0 R

3 g bR

47



(@)
AT RALE

Sio,

Sio,

T PUT
1

l l

PHTi

Sio, Sio,
N s

SiOz (150 nm)
e Ti (5 nm)

Pt (15 nm)
1 Pd (30 nm)

—
& Pt Pd
I

(b)

W4l &Fs & ®
(@) 2D PRz RARIRAZM (b) 3D E M o
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(@)

Ii

sio,
Si

Si0,

(b)

li
Pt
P PHTI

sio,
Si

Si0,

Bl 42 17 FIB #liv2 5 & 4 SCE =i .o
(a) B s} 34 &P FNY Lo
(b) Zaix¥ 34 G HERE F - 3 6 & T 1HRISH step e -
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