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Effect of surface oxidation on the magnetization reversal
of Co planar wires

Student : Chih-Chun Chiang Advisor : Dr. Shih-Ying Hsu

Department of Electrophysics
National Chiao Tung University
Hsinchu, 30010, Taiwan

Abstract

The study of the Ferromagnetic/Antiferromagnetic (FM/AFM) bilayer system is
important in the research of magnetism. The magnetic behavior of the FM/AFM system
is different from single FM layer. The thesis focus on the influence of the
antiferromagnetic layer of cobalt oxide on the.magnetization reversal of submicron cobalt
planar wires using the magneto-transport properties.

We used the techniques of lithography and sputtering to fabricate several series of
Co planar wires of 30 nm in thickness and 30 pum in length. The widths range from 0.2 to
1.1 pm. Some of Co planar wires are in situ covered by a-3 nm thick Au layer to prevent
oxidation. Others are forced oxidized by exposing in the air for certain amounts of time
before covering Au. The magnetroresistance was measured by the four-probe technique.

The resistance of all Co samples increases with decreasing temperature below 10 K
indicating that all samples are slightly disordered. The disorder of CoO/Co planar wires is
worse. For the Co planar wires, when the wire width is less than 0.5 pm, the shape
anisotropy dominates the magnetic behavior and reveals all characteristics of a single
domain structure. When the width is between 0.5 um and 1.2 um, magnetoresisrtance
curve is analog to that of the CoO/Co planar wires implying that there always is a
naturally oxidized layer. The influence of such a nature oxidation is strong as the wire
width increases. The exchange coupling of the AFM/FM bilayer seems suppress the
shape anisotropy induced single domain structure in the high aspect ratio FM layer.

Besides, for the planar wires with surface oxidation, the magnetroresistance curve
is clearly shifted from the remanent field and has the training effect and a big exchange

bias. With increasing amounts of CoO, the above phenomena become more notable.
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Lc(um)

T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50
m=c/a

@‘2—7 at BTV pY critical length =2 aspect ratio fiY Fﬁ% B8 [ﬁ[ T RS S SERE S

Lo SR

1 SR 5 HERRYIT R IR -

=5 AT IO FSAELR HE30 wm » (1178 (- 10)2 FHIRIEL I - Y = $E5 1 B
] PR VP o - TR > 25 PR T HEAL=30 unf ETR G

R AL P Em=25 » 25 PR R T UERRCER L2 pm o RS
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1.2 mfFf » 25 P FRA ™ S SR ) ) 5 S 12 umf
 RESERITI B B 53 )
2-2 BB

2.2, 1 fit

R R A Tﬁ 5 %R [ =R A AR L S 7 AR 2 A
R R RR R Y BT ﬁ?ﬁ:*ﬁﬁ'@@fh‘mﬁﬁ @E‘/ﬁﬁﬁ PV [ o WG [~ 3R
IS Ry EET o

LTS R e M R R AU jf?@'[‘??ﬁ'%lufFﬁiﬁFlfiﬁ”%Eﬁ%ﬁjUL'
LY Iﬁ’*ﬁ*ﬁ]‘ > Spiaspect ratiofi | fifji] &Gk (multidomain) [V EEIY - 2
RS RS EBERI TR P 9= 2 1)K (nucleation, or annihilation of domain wall) 5 ¥ aspect
ratiofld - HHZL i (single domain) iVEAE = H[ T = 78720 > 55 f|[Elcoherent

rotation ~ curling rotation *buckling <

SN S A | T S A |
VPR RY ¢ttt
PN A A S S
AP A B | PR SN Py v
s 42 T2 ) SRR
SRS R S VLY
S A A S S S
F A AP A | N S S
s /Y VNP AN A
coherent curling buckling

(B! 2-8 TR H = 78 T [l BT 20 HURI[14] > = [ Fbcoherent » I 1THIAH3DIHIES

curling ° f[q%\‘ Eibuckling e

Coherent rotationﬂfﬁ?i FPEAOEREF] > 5 I[ﬁiﬁﬁﬁ’?{ lmﬁJF%[_i}?lg/U 5 TR
A B £ o -8 [ T BERER ORI
[p9 i)+ curling rotation fLvt— = i) Fpy~ E,fﬁ;ﬁ,ﬁ ERRE el
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U] D281 RTAT3DIRT. 5 7 pbuckling LRI 3 1y IO i
o5

REHIf) PP O + = IV AT RS RS
T ERE ﬂ\}g\H SELR S 7 ’EETEAI' ‘| coherent rotation it F7§EL » ﬁlj?ﬂl}‘aspect ratiolf]
N D R E = F;ﬁgl”ﬁ1 ¢ J&curling rotation * T AEERELE]1 - F
phRLE(easy axis)Z= If R HE T Eé'Jf » Il coherent rotation * curling rotationf™~ 4 !
4R 8]

g2y CC 211

q£hBessel function’s solution » Mk Fj‘i ﬁ;{o[g YA [ o CHMR T a5l ﬁ §ie
(exchange stiffness constant) <

P EE 20 25 Mg E,r>rcﬁﬂj 4 %EZ?’Q‘EQ #curling rotation ’él[r<rc
[N > REIIEE Bhcoherent rotation[15]-= fHICS5 " NE e E] Fer il il o f
(e L B e P B

=¥ buckling [UEHIYY 1 T coherent rotation & curling rotationfty # 1 ftf] &'
2 ﬁéﬂ":i o L PR FIRILT | 5 e G AR AR [ > [ETRLE ) S S
AharoniFlfJ?E'FpuﬁF'H W P EFHRE - PUSE AT 6] -

[R12-O KL T [l = frp I:Eﬁﬁt%ﬁﬁﬁ@ﬁﬁfﬁﬂﬁ%ﬂ%ﬁ‘ > FHRETES PR 2]
& AVHa(switching field)t i dn < D <dewd/ 6] > 7 P8 EHE =7 2 Rl |4 ZH8 single
domainfIF 142 = REHTfY ficoherent rotation » UKL 3 FUFATRE [y 1 A
E[fJFﬁ[;,ffﬁg.J [Fif i > ST T et OREE R B R Ha=(Ne-N)Ms+2Ko/M: © ,5',
D<ds stﬁiﬁiaﬁfﬂ [ > = RURIPNRLEE =" [ B0 NST 9t i 2 pomgv ]
ONIIESER TR Palggiirat: SRR E b Rt el e T L R el Wé’;”"ﬁ
REHE (G PRI RS I IR G Ea) § Hide <D <Denl/fei] > BrfifFoHy 14—
klsingle domainfv ] 1% > (EURLHw =Rk = fifl > o JF0n FHIREH I PR | Ry7E 720

— 7 fLcurling rotation’stﬁ%LD FlH -2 EJF%%J]” [ Jilfﬁ\ s b= Fiklbuckling (7
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5{[ (75) » stF D -2/37 7 EJFTJ [ [ > — A %[?J’E VEETY = Bhcurling

rotation > fE*4| lzfﬁ%%haroniﬁl%%‘jmﬁﬁ 13 #eBrown =" ?ﬁ"&ﬁmﬁ%?“ IJ:@F%?
$lbuckling[16] FJ ,D>DunEf =" f Iﬁfﬁ il’[L "ZHL 2R 16 (multidomain)f J’fj (£
RS 00 REEE(domain walls) & F ANARAVRYET =1 T F L RLV IRV

[ pRL RS Mg » =5 {7 38k IV H. Bl coercivity » stF{ t D>DelfflT# 5™

[ PR R REEEOT RS AR BV RS o

x
HSW !

< Homage noud [« Curling —|=<—Domain wall—=
rotation d|spla-:ements

1
~. D¥®
2K/ M
dl'n l dcrit D crit
| | -

o

L

~— Single domains = Multidomains — D

Q%ﬂ‘ 29 T [ﬁj*‘fi'ﬁlﬂﬁl e ES ,F\?EfﬁﬂlﬂiﬁfF:i%st(swnchmg field)fv T,Jl ﬁ%ﬂ‘ » Ne
NSRRI AR RS R TR KRR iﬁ B doe
coherent rotation & curling rotationfiy & pi 4 % » Deutlhsingle domain #!
mulitdomainfiy 2 pil 4 7 dmE@%"'E@‘[‘?(superparamagnetism)é"?é;@@‘[‘?

(ferromagnetism)f~ & i [11] e
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2-2. 2 Stoner Wohlfarth Model -Coherent rotation

Stoner-Wohlfarth Model [i' I'] [ < Ff ETA{ 172 coherent rotation » = fol f L5
PRI E T A9t P %F’ﬂﬂ’?‘fﬂ YEL LS Bl (Zeeman energy) - ?qﬁ%ﬂ”ﬁiﬁjf(b
B & 53 DR [ B IR AR [faf e £ (! 2-10)

7/ Easy axis

q*é\‘ 2-10 Stoner-Wohlfarth Model ™ AfiE=f+5 &[4% { “'[HJE S | (SR fél[ﬁ[ o

=S PIf 4 B s R

E=K, sin>¢—H-M. =K, sin> g—HM_ cos(0— p) (2-12)

BT PRSI A P iR LR K PR = A
25 PR S HEENOR T 1 RIS {2 e R

b (iS5 IV o A

Z—Z=0:>2Ku singcosg+HM sin(@—¢) =0 (2-13)
= I'F'ﬁ*ﬁ h=——s (reduced field) - F|] F= T fmb
sin g cos @ = —hsin(@ — @) (2-14)

FIAEEN = =P = FRpReRt pECE - i 2
2¢05(0 — #)(1—cos2 (0 — §))"* cos 20 + (1 - 2cos (6 — §)) sin 20 = —2hsin(6— ¢) (2-15)
ST *ﬁ m=M/M: (reduced magnetization) > ~ M=M.cos( & - @) » A7 Jm=cos O {*
TR T

2m(1—m*)"? cos26 + (1-2m*)sin 20 = —2hsin(6 — §) (2-16)
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5 [P )t e S Y 9 RO S P 0
=0 » mhfp B HORATHES [ RERES Ty 6 BRI - P
ARG TV > D 5 0 =O0'RY - sy v - Rl

[y AR £50 ©
;éra—ﬁ
IF T LF
fy=0°

N\
R\

NE s
2
L

=
211 AR A 20 Q)RR IR REE = bUstiro #1780 fom-h SR
ST 5T I RS 6.20%57,30%45%60,70',85", 90" 7 [ 1% 6 =0",30",607,90°
£ HIF~m-hi AR 81111

Q

[

-

-

| m

- o =

3

=

| I
iy

Z

=] \ﬂ
|

— = —

T

&

| Il

— e

=1

]
]
=

\

) fﬁﬂﬁ%ﬁjﬁﬁ@ﬁﬁﬁﬁa@@f%*’ﬁ P EFT TN RH IR [ e

GO Ao 2 RV FRHa(switching field)

2
N HE— [~ ' E = Eet -z s N
1< i [68—’: —om ‘292 > OFHRIL: a2 0 FORli
h,, =(cos®’ @ +sin’” )" (2-17)

PO 25 P 038 R2- 1255 B asteroid) » 7 6=07, 907, 180", 270 |
A hoF R T 0=457, 1357, 2257, 3157 he EpECT
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B! 2-12 = [l 1&%[ (73 2~ Stoner-Wohlfarth g £ fry E:’}Ik[ﬁ'(astermd) s xRS
bhitEEHI(casy axis) s yiil (4 AELZ I (hard axis)e F,[ﬁ' Fhha sl £ 6 iy Fffd[{ [ﬁ“

2-2. 3 Curling rotation model

HRZ o (Single-domain)ﬁffﬁﬁ WEHIFES " coherent rotation V9 > B —
Fﬁ?ﬁﬁﬁ”%@%ﬁjﬂ : curling rotation e

curling rotation RUZEFUR: ~ = [ pARGEHHI [py 1o 1 HRH T Wi E”
> PEEpY [flj‘iffi = RIS ] DIEN2-13 S AT B S T E I (e
RER= » FURLAEA AR s S5k

. f cross section

Fa

[ 2-13 = SRAIFL ] ERREHT o o= 7T AR Y Z 21 - fifeurling rotationfi B

[BICL7] > T B R B R i curling rotationfly = HiHI[13] -

Aharoni IEF% AL BRI R g TR gEls (A8 curling model F

Brown JUIFJH53 " » 9% m SO e T
(2 " _iz)
h = s 4z s

N, _iz)z cos 0 (2-18)
S
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Ho=2 7 Msho > O EL 9 IREHZE BARGHIY [ (R T [Pk ©] > Ne=2 Naod LR
R BRI [RIERERATRER TN % reduced radius : s=R/Ro » R Euffesfad
I Ro=(A2M)™ > A 1% exchange constant  k=q°/ 77 » g ¥% Bessel function's solution °

[fi12- 14 5hoAEEF 0 Eifll%fﬁl’ﬂ%‘l' » EPREUT Stoner-Wohlfarth model # e fiy
coherent rotation Ha»ﬁ%fn HI¥%curling model T[FlST UFTJ (i o YPRIA= o g
TJ\L_’SE?J?ET‘;FEIE, [ 9 IR EE PO E) 1 0= 0% 6= 90° Ejj hwv 153 T
[fijcoherent rotationt & =45 | » 7 0= 0= 0 = 90 Kids ~ - “Lﬁ%{'ﬂ‘ (!
HIEE f?f,S LG L. 6E3j v TF O <45 EH]: »curling #=VpY hw rﬁl [ coherent JRFEAY ho 2
Mo > 45°Eﬁ » curling =V pY hswrl*?f*ﬂ‘ coherent JFNFEAY ho o

H RIS [ AW S>1 0 Kbl # PR IUTFi o RIS HERL fteurling
rotation » [ € v FRE (Y £ R A RLE(IH Jcoherent rotationfIV72 < [N HS<1 5 -

B V5 2 flcoherent rotationfla ™t

[fi' 2-14 fj=ZIER(m S5%)7% coherent rotation * curling rotation 7%~ Huw =2 0
ElfJ%EJfﬁq%‘\‘ o HiFELE }{J{q&ﬁ‘ £l coherent rotation fIVAH U » REASCE| S [HPVEIEY

curling rotation AN [11] °
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S fifi ',*2'7%'{425? curling rotation ¥ hu > [{!(2- 1)@ curling TS i~ #27%
6 =90’ E?j ho il ERARE > FeA T 9 RGBT 90 E?j » I it curling rotation fl.F=i [AIHE:
Ay o ’?I‘fr,"liﬁjﬁfj’?f Rl 1 LA W@ﬁf‘ﬁ%[ﬂj coherent rotation °
B S R T R > A=W 8] *UiRkL aspect ratio BN HRRTE
A ho [’r}j{ﬁ@‘*‘\ s Bl }?r[ Sl | > I Hif B curling rotation 5 ~ .V E', S fifi

@*Eﬂj . ’?P?%'Tfl% hew [@Fﬁ@? I WHEY hF‘\[ B) it~ curling rotation °

sw

T~ . .1 . 1T 7T T 717
0 30 60 90 120 150 180 210 240 270 300 330 360

0.0 F=—r———

0()
215 TIFY S (% b 0 FORHETR > S=2 ~ S=3 + $=635% 6=00'F b

R = e A T IR hwﬁf'ﬁﬁlfd'& OB 6=0" 180" he.
ﬁ,J» o

2-3 BREEN BRIV
VTS I ST TR R R 1 - L5 e PR S~ 2
TP R Sl SIS LR  EE A A (FMVAFM layer) » #5 P01

ST SRR 1 W R SRR A R 1 -
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2-3. 1 ™ &% (Antiferromagnetism)

R G 1 (Antiferromagnetism) R R TEA PR P b1 FEE R IEET - 7 1932
11 Louis Néel F1- %525 » rj:;%ﬁlﬁ;[v[lili FRE TSR E R 8 | PR o2 (EAF 3B
AT [pPE > B [ S g e 5 o

R SR BV o BE [T o BV LT VR AT =R I AR -
E:*i:f“‘ﬁ*‘?iﬁ!@ﬁ‘%% > (EIRTIEN 8 A0 [ P/ G T E PR TR © D11l 2-16 Frr. FJII
TEV 0t [0 Neel 1% T [Ff > SEHIFOERIFIBp> = o BER RS TR - &%
[z T il ’é[iﬁ’%"ﬁ T [ o ARG 1™ 3 PR RV sty o R [ IR > BV ARG T

T<Ty I'>Ty

AvaAv

AvaAy
AvaAay
AvaAy
LA A
¥ oAy

[ 2-16 ™~ SEREAPRI T T>T B T<TNAETIFY 53 77 i -
~ JEEBRLIEPITTE [P L ES BREE » 31 CoO ~ FeO ~ NiO-+3» B fr1=

mﬁﬂm@@@ﬁﬂmwmWfﬁﬁﬁﬁﬁfﬁﬁﬁﬁiﬁﬁﬁﬁﬁwaﬁﬁ@
eI F o T IR AR ) RIS < 25 PR BRH 1 UL Co T 45
SR TIRE [T CoO » [HJF=s! t J@%%?&:%’fﬁﬁffﬁ‘[‘? |

2-3.2 @@/D@ﬁﬂﬂ%ﬁ/ﬁ@
- R SR AR A R 1 FI' E| ,’;ELEIF‘; Y fl (exchange

coupling) > = fel R RLEERE a0 > S et IRY 25 1 55 [P BT AT LR [ i
ek T RS S T R [/p[ﬁl 2-17 A o
1% Tt W P AR L B T I Ffif *“FA 7 B ELE Y P {5 (exchange
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interaction) » FI'} /7 PR 4 AU i (exchange energy)™ IR HIE o

2SR R R ‘.‘E‘%Elﬁ#]}lﬁﬁ }Z\#F =a 1§J?§‘FH @HP[F”F&W«
(Roughness) ~ "~ S8 e PUREBA I ~ ™ SSRETH O fi ARG ~ 1) SR e
PUR REH I ﬁE F' ﬁf[guﬁ% o {75 LR P G e e B
2pif -

 —  — — — — — ——
e > > —> — > > —>» > —>_| AFMlayer
: T T 4/ — T — —— — i ~
= —— ——  —— ——> —— —— ——> —p || ! P[

— —> ——> ——> ——> ——> ——> ——> —> FM layer

— —> ——> ——> ——> ——> ——> —> —>

2-3.3 1['\}154']’5. xchange bias)
R Tee g %ﬁﬁijf i (exchange coupling) FYZH G4 R 1956 &
Meiklejohn #! Bean lirﬁl 2 7420~100 am H\Jf‘f (& [ Co %] # =" (A[] Co/CoO)F 158
1o [ 218 SRR gl S SR AR 7T K T o s,
Eﬁ’ﬁ“&fﬁﬂ 17 TR 10 KOe {9 IPRAtE ™ 155 Al 77 K S pueii st i ot
CoO 12 F | I IREE YT JRI B LA Y S IR PIEE PRIF=ER R 2
T Co FUESREIER T 5 &8 CoO v 911 10 KOe [UREHS™ REFUY Y ™ St
REFVERN - ST Co % 2 2 PHIRARY & 4820F) £ (exchange coupling) (5] » PNIF4ah
REP IR £ R I IRE T [ FOAES T [l P2 - AP R D 1 &

afs ]E’*(Exchange bias) ’]r.]f’f’/p J@ﬁ“E'h@Cﬂ ﬁ‘rﬁlbﬁﬂ, He PHEETET JD’Z/D[ﬁ[ F“J ZER- o
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b

L ' L 1 J
274 & 8 10
/ HIMULTIPLY BY 10%)

Il 2-18 %f jE[RY Co fERE 23A07T 77KE\3J:FU€;\3¢““EI|,1§\ HrssLeg y%

(cooling field) ™ FUEHHRHN 5 S EE A s F[ Wi PV ENHRRN[19]

2-3. 4 Training effect

“ E{EU@@/@%E@EJ@%E“H ﬁ‘/ﬁ’t[‘r'ﬁn'ﬂg‘ﬁ s 5y TREJENY uifjtﬂ“ﬁn,q&\
YT VAT IR Jw@’it&bEllnﬁmE PHEE T [fil™ i/[lﬁ%‘[‘Q 19) » 53— “MHE Ejj -
RS ] FIREHAR » R Tep R N EIREIRINET P 7 == g SRRl - 11
&@Wﬁrﬁw%EWWEﬁwmi?fww’&ﬁ@%*@EWﬁ@%*ﬁ
o ZPAEIERE B BPRE R RS A (PSR GaE B, training 0 — Jﬂ&?i B training ™ %38 &
T F SR SR P AR T o T BT ﬁ’Ellﬁﬁiﬁ'lIﬁ:fﬁFﬂ?ﬂ FISRINY - PR
ISR 7 e U 48 £ (exchange coupling) '*Af S B R
&l EQ,I‘JﬁjITE‘ﬁJ\F'@ FIRGHD Y fe R A ,5 T P B g Y - B
Fudgh > [ (> SEEE e | IR gl TR i R ) R
W& 53 N Bl 7 s e R B MR A S B j’?ﬂﬂﬁiﬁﬁfﬁ\ﬁﬂ

PEIREIRSZ g [ g iRl ZG (- H&{&7ERY training effect

—E

Training effect == "~ S gtV B & | FEIEEIRY l?f;& CRE FJ RS AT SUR E?j » NG

Fg}

A0

R G FE*F[UFEI#IT%E'-' 1% (magnetocrystalline anisotropy)& = » £ T ?q p el Sgh o SRR

FI V&I 953 T pI & > BT training effect & » A5~ IR B! B E]pVRs
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ARG B R ] 5 [0 3 SR A - ISR e B B o

bl SERREE T IREB 1Y 53 (] pP¥E » training effect EJ[JF?I%‘?FH%EDH o

Magnetic moment (M / M)

300 200 00 0 100 200 300
Magnetic field (mT)
[jif 2-19 CoO/Co SHgadit 1 &annl[zo BGrNA8L) HIEl = 7 25T
ST TRE WEJE' DY WIS O R T ] -

2-4 £ [p[PEREE (anisotropic magnetoresistance, AMR)

PRI RLAE 7 I SR TR I FR AR [ (RGP L2 FEN - [T
= I,FJ— R FL,B (Lorentz magnetoresistance) ~ fk[fﬂ [ T4ERERE" (anisotropic
magnetoresistance, AMR) ~ =% (giant Magnetoresistance, GMR) ~ #&4[= (colossal
magnetoresistance, CMR)--- f[ FIE t[ig&«ﬁru ) ':I::LF(,~ ,\¢\[§r'ﬁu}’F|I )

| ;|\‘7E'<F[ J;%IFIJ Eggl Fl L REPE (AMR) » B J::&IFEJ}H/ A4NE 1 ‘ﬁ

L1

EIRJETS (7 Co

Bl [ﬂ [TERER ARy [ = ﬁli = EIE:E"*LAF_F p J%F,b BT séﬂiﬁﬁﬁidéhiﬁﬁﬁ@
S o IR ITRORE [y B (ISR 9 et 4s W 3d T #hl
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PSP FETRSERE R T SR R sd Y ROk R -
O P [ P R » (79599 d e 537 5
RS s BT d USRS 2 T SRR s-d B oS o s THE s D o
BT _EpOER o 25 R ) S AR A (LMR)ZEAE [ #E0= (TMR) -
AR (LMR) - qu PP [ RHIORE [ T = S Ff IEI A e
RIpIEE (TMR) - E'{ﬁﬁi}’_}ﬂl P [ REEIPVRE ™ [ = B - T i Bl e

1857 5[5 Lord Kelvin 5 F -S04 [l pRHS 218 T A E) T RV E
o S cos' @ F A TSSO (22]123)
R(H)=R, + ARcos” ¢ (2-19)
HHITAR=R-R. > Ru ELEEAE O fprE = 1 P g fift - Ry PLRLEEAIRE (™ [y &1

OB 0 O AL (= S TR A £ o
98 5 R (R LI . B Tt o

SRR S5 TIRRLAIM I i > SRR )2 ) RS R R
[ PRSI PSRORAB AR » ST FERIRR T RS B )
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SEE R T

FHM= folkl ™ IAREFHT B ﬁﬁ“?}%rﬁ Bk R T ICO W AT S [T Y
e 11 SH 7 AR e R PR R S A -1
RLZS (PSR (=R BRI TRARRT - B 3-2 Y 4L PSPt o -

B FOEE B PO (L0 nm Ti 60 nm Au)

AP SR Co 53547530 nm) Au 3 nm 14 [

F N Y O R : —
P ] i CoT FyasLT #Au
I 20 L R 0 T SEAUTGE
P B 5 I %%f&:i\%%?i%%@;%cm PR Rk U el
Au¥s
7‘( 'J['j”flqglf ARG i PR O RSB R ¥
BN 09(LMR)~90%(TMR)

[ 3-1 AR e BRI -

W32 SEM 7 rﬁJ rg,} IRy %ﬁﬁ},fﬁﬁiﬁ o T RSB A S AR
Iglﬂj'p‘—kqgﬁl , , C IE[WE’\E Co?ﬁjiﬂ ?‘LE | e ,l:lﬂ tré S‘iﬁl‘]
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3-1 Hyikrs

A PR ST RO FOBRL b 5 T S P i K AL P
= 25 PR AERL (2 BIRLF 5K ki (photolithography) M T4 fh 5 (e-beam
lithography, EBL) e 5% o Sk BERY A S VRl < E Fj% [ IR B R
RLYEZ9E K (deep ultra violet, DUV) » [ =5 e B i~ IRV IRLIFine (7| |5 v
& ) 5 RN IR AT EI[F?‘ SR T FTJ F B N U B
”%%ﬁ%%ﬂT ~L,E%ﬂﬂﬁw%lﬂaiaﬁﬂw&yuﬁﬁﬁ’mlﬁw«
[FTET e B LS [P R UL O B i Ry e ]
B BRI N fuComsl » JIIIFLF IFE i iy

aL1%gw%%ﬁﬁ
FEr R 5 | 2| S BT B (scanning electron microscope,

SEM ) F=" [l UV TRt - A Rl RO s St LR HITACHI

S-3000H » PSR » FZ(P RS R AL T T e T AR T

S20kV VYIRS b et R g e FRREEDE > I’F'EJ’%Di’é"JDiEEW%
= riﬁﬁifllﬁ | Lorentz force » f{iFE= AR, ﬁlaTULﬁaﬁpﬁf R

T ] (spot size)iFER10 nm o
5T ST SRR o b T I (PMMA) o AR [0

E e B R O (5 R MIBEOF 0 PRI 1 T
PRI R PR (Design Cad) 27T T VIR > [0 [Nanometer Pattern
Generation System (NPGS) iZifijbeam-blanker jt‘ZLTHJ il Eﬁ«ﬁ&%ﬁﬁ Gk

W VR R T RO 5 g s R R P TS R Co o B

ﬂﬁﬁﬁ ﬁr%ﬂ%ﬁ'%\%@ﬁ I B QlﬁL[ﬁ?&lFﬁﬁ%ﬁﬂ AR o F
BRI LA B A -SINFUSi(100) 5L (silicon wafer) « [fi 7 P12
FH s SRR AV B ST Ry 2
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HURIEA] =120 R IFURL495AYPMMA 6%
ST IR APET T - AS PMMAS%A (7 fiUdouble layer

=5 [MCoF PR > T o o I P IR 20— A Ty AER E | B
2B IS AR PRS2 AR > (EDRL i SR 2 e
OGR4 IR BB T2 MRl 2]
R, 20 B2 AL I L4- 100 MIROFBRRL ™ [SP e 20 25 P &

TR %@Eﬂ BB SO B [

NI o=l N 67 R ETEE R S - (M B v [ Y
5 -
HgHi=n -
1. ¥ ffi(Spin) :

FIARG RS T (I~ T ARz - PR SRz - F|P B S (spinner)
RS b T TRIPMMA 6% ({13000 om RIS 57 - ek i 1
H 59300 nm > J[13-3() ©

2. Ht7E(Bake) :

) O BLAS R 7 1BO°C s A4S 53 8 (e T 1 B
AR [« AP SR PMMAS™ 1 &1 R P s F iy
SEA spint! [ IURUR T8 5 o T S PR i ]

3. [5+ (Exposure) *

171 Design-CAD SEFHF[AI » 1V Sy - gL i St
Fir B EHEORYIT F o B INPGS M beam blanker™=iyt= " B EHIOsHES
ﬁw“}ffﬁ [**Eﬁﬂlf‘ﬁﬁfr%drﬁiﬁm PR A tZE;J-wL it

3-3(b) ©
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4. HARY(Development) :
T T R o EURL SRR L TR 7 2 R
ATl 1?{&@ CEEERVATRED 5 25 MR I PR FEMIBK (methyl isobutyl ketone) :
IPA(isopropyl alcohol) 1+ 3 bRtk - “fRLIY o Bk 757 -
F PRI 7 ERYIRAPA 257) » L EHWPID T —wa t e r liFH IRk
PRI R T TERTRL TS TSR BRRRAAT 755
= (e - DIEEI3-3C0)

5. sk
R R R (2SRRI - ITBI3-3) - (REEH2Y 33)

6. FEHLift-off) -

P T TR R [ S s BORPRR o AT | [ B E IR
PR o A T B AR = L T DIRI3-3¢) e =5 MR 4 Design-CAD gy
F[\jﬁlﬂ/&@%gﬂﬁlﬁ_F .
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ARO[ 0 TR R HYRS— TEPMMA E‘HEJFT/ EIOHEESR R U B
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FPE R U )
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3-1.2 %%%E@%F,@@H@%@

Y PIE f  FEHAIS T RS I’F'EJEI’?P%?F PUR =~ B 2 RINR
U B -
a. FH NPV

T NPGS=A# [ 1> 25 T ;P%Jtmfg (dose)ﬂp?%fw%:;»ﬂqfa aﬁ%ﬁpg%mg
iU J?*—ﬁ 53 8= 7877 ¢ Area dose ~ Line dose ~ Point dose » J[I[4{3-6 © Area
dose™ fel L7t fT HT O iAfife1 1™ 2 D E & E[E VEF= PN A5 Line dose™ RURLET BT
{6 R g7 2 D RrR fUFE  Point doseFIRLFH T~ [WEEEHT 2 DR oo f
B o ZFEA T DA R -

Area dose

Line dose

Point dose
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[H3-6 = A 2O T UL W4 T SRR o U -

i T ST By % MR s - 4 O e
F@iEEW%E PR B ﬁwﬁ%ﬁ@&ﬁﬁﬁﬁmwﬁ%¢
] R H S W BRRAS A R o SE REE £ R

— EpER R 7;‘? f&ﬁiﬁpuﬁg\lﬂ/
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b. Design-CAD IVl

HERTE Design-CAD 5 [Pl e | [l PO EEEER R %Fﬁ#[ﬁgﬁ&'\
{7 BT L AP T SR TR R SR B WA
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o TIPS T IR ) -

3-2 N PRy 15

I FRL AT B DY IRV » F LA AR A B PR
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PR RS f A PR IR Y R R S PR R IR > ik
RS T RETTRIREVIRE © T RCREEET R & A - FREETYE
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SEATANESEHAN |51kl iR R 91 BRI~ MO
B o AT IF FAGRIRE - T2 R chamben) o1 8758 » bl dcfe
Jﬁgﬁg}g_l— o

2. PRSI (Mechanical pump) A HHRIF(rough valve R T [ Al
3x10% torr )™ o BB IR A (PR EIﬂE'JWﬁ,H?fS s
SERED TR (urbo pump) Vg - BT RIT BRI (el (foreline
valve) ™ = [fl(gate valve) R[EINTHR HHE [ VS HE] 3x10° torr I')

3. 37l A BT T BT SO - R (> g s P g e
PRI P BIET I |l SR B BRI VRS g
PEBIFVES ] AT 3.0x107 torty P AR B IE TgE=Es 0T ™ F 2 iRy
HATZEI57 9.0x10°~1.0x107 torr ©

4. ﬁﬂ?if S AR L AR RS (DC gencrator) - ﬁﬁ%ﬁﬂ ek
A ;:?(’f Fl Jﬁ[]lﬂ(hmﬂ) DEE 2 Hﬁﬁl EE E&ﬁdﬁ(gﬁﬂhxﬂaﬂjﬁﬁp NG Ir“i;[ﬁ
EH s TS FERVRTR -

5. MR e ook T R R OB RERLS IR R
A IREERS 12T D RERURIRT - T SRR S5 M PR g
o SRS — (LR S PITRIORTGIR 1 mm
0.5 mm U3 7)) i3 7] @ -steper B 5 R - SEEGORE 5 R AT
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HETIE 15 56 » T TSSO 1 » I 1 i O PR i
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P RORRTCRR » BT | RIS AR R L R B AR AR
7 1S SR ok S AR » ST R T ORI Co
PO R 5 T P S I F1 - 25 PR Co
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PSS 5 - TSRS MO AR o B 9 S 1
RS CRPTRLLY o 2 AR b st Ry iy
%ﬁ’ﬁﬁ%ﬁ%ﬂ%ﬁﬁ%ﬁﬁW@W%%w%@xﬁ@%@mﬁmm%ﬁ%
S o £ B PSRRI AT 38 0 B T T O S ¢ 3-10

ERS [Pl 2 I 2 e

T SRS U (e
1. S B RO T T ~ TR (T (2 D20ST 40 1) L Sl -

2. SRR RS A TR A] o AR V}Fﬁiﬁfﬁﬁ"}(holder)
o VR A RO AR R T T

36



3. 455 BTSRRI T O -

4. B FYE&WT?T {j(Mechanical pump)™4™ B Roughf&lf] - ﬁﬁﬁgh’*ﬁgﬁ JEIU;?HEEE&-} il
= 3x107 torr ﬂ?[(ﬂﬁi{n%ﬂﬁﬁﬂirﬁ T O(EES]IER3X10 torr [N o AN

T Y R C O BR ) -

5. AU RN AR - Epp torbo pump) 2 = L 3445t
B Y B T R R = 5x10% o = <

6. TN RAIFL TRIFE » 47 lag s i » i Je g el b s RIT A
&JF'Fpurgeiﬁﬁwﬂ”yﬂ EEETRE I SR F%ﬁf ATRIFTH™ R B [RIF 42
Tl 36 AT ! R 9 BT 128 8X 107 tor ’Efl&ﬁ}ﬂﬁf B &l

7. PR EQlasma) 1) 2 BB PRI AL 775 P 0.8 KVAY )

B 1 R I Oy

8. 47 H T R Pl e "B QI - T 050 4 3x10°
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0. SEFEHH |- Fﬁ—jjf EE l—p JERIFT Flﬁulﬁl_:mgjg#j&[?{[ﬁakgg#yti,;fﬁ: )
FESEAFRPRE N ] 92 IRARVRE HH A AT BRRRY - S Ao
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FESIESTES SR (TR
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3-5. 1 (SRR 7
‘He FIJ[EEYJE -~ ﬁ£l¢ Rl [[—{ii’g[]l JFE5L #mﬂgﬁﬁ# qxgﬁl 3-11 £ [E[[J}ﬁj[ﬁ[ , E“ﬁ[
3-12 BB [ -
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RIFTE 2 DIRIEG > (IR AIIOE - B SRR 72 2 B ) sample
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'9} s}'?n[ﬂlq'ﬂ‘
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SIME B E?%Fﬂt:i’ﬁj‘l?r.%

R R P PERY MRS IR R 2 T IR B 2 BHRIER T R
FIREFAE - E'”’f”xﬁ“fﬁ«ﬁ B 2 Co T AT eH i (~f9 Co T A5a8L - Al
e éf%nE'&TLﬁﬂmi%’ ] ,ga@ﬁwuﬁm o TR EYT éﬁ%‘ﬁ%;ﬁﬁfﬁ;ﬁﬁ#[
O R A A | ‘Edﬁj%w: ° BY= ﬁ*ﬁﬁfﬁ i Co = F7RRIORE P ISR
&L o BT W‘Tﬁq&[ﬁ@ [ Co T P98 Co T ASASYIUREFIE 2 Bl - 5} gﬁr:j
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(1)Co T PYFERHE Co bl 12 8% 3 nm EIfu &) -

KRl | AP w(em) | Re(Q)arl0K Bt (nm)
0.44 15.0
0.47 16.0

Al 0.66 15.5 _—
0.71 15.3
0.82 14.2
1.07 13.5
0.31 14.2

2 0.38 14.3 13t
0.68 11.0
0.89 9.0
0.25 20.2

A3 0.35 20.3 344)
0.41 26.8
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()3 {19 Co  SHAIRIE Co R #0 5fl  Hr LRI F 54 3 mm 110 2)-

M| | AGrw(em) | RA(Q)atl0K | B tam)

0.60 8.8

B 5 min 078 96 3042
0.88 124
037 31.9

Cl 30 min 051 32.1 2842
0.65 22.8
0.84 21.7
0.45 9.1

&) 30 min 0.55 2.7 308
0.76 9.8
091 105
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