d

C/ VAR N~

TH -

- X

FISHEEAOR Bl O B M B R M E ST

Optical and electrical transport of nitrogen doped

ultrananocrystalline diamond

WFcAE TR

AEHIY

REES L

fEREBE— " F LA

1



Optical and electrical transport of nitrogen doped ultrananocrystalline

diamond
WoeA  BZEFEN Student : Shih-Shang Peng
TREHRIT © BRE L Adviser : Dr. Kien-wen Sun

B IRVAR SN
ERA (LA T
fE— B S

=

A Thesis
Submitted to M.S. program, Department of Applied Chemistry
College of Science
National Chiao Tung University
In Partial Fulfillment of the Requirements
For the degree of
Master of Science
In
Applied Chemistry
August 2010

Hsinchu, Taiwan, Republic of China

TEREBE—-H% LA

2



SIS AOR S OO VB R R IE

B4 ErH faEHIT  RE L

A b - EEH SRR BN 22 A AR (RS (MPECVD) R R AV Ei#S
FEREZOR G398 1 (N-doped UNCD)HYZEEE ] » F I S6a8 o1
R E15£1f) N-doped UNCD» [ 13- £lBHZAYD ~ G band LK 1150cm™
) UNCD F5fl& - ZRMmaE e PL B85 #IEs A5~ 5 Nitrogen
vacancy FYIROE » PRI HEHIEAEARAE ST > TR AR ST o
BeMisln SER SN s N B ags B rRE ez
10"~10%cm?® » #EEE5EE i B (Field Effect Transistor) (& Hl# ] DL 75
R BT 2 R R R BR R - DR Ry HLS RS =y > S SREL B B
RAFES N-doped UNCD HYEEEE » (HHHEA IR - Rie s
i EE SR > lE— N-doped UNCD SHfE{E)f E A 220K DL E2R
F-{E A A R A 5 JE TS 220K DU 2R S E - e
HHHHTZE Mott's Hopping (m=3+1) =4EpkigiE =0T - EERE

HETRIEERAF C—N ¢ ~C—N ="~ C—N o Fifef -



Optical and electrical transport of nitrogen doped ultrananocrystalline

diamond

Student : Shih-Shang Peng Adviser : Dr. Kien-wen Sun

M.S. program ,Department of Applied Chemistry
National Chiao-Tung University

Abstract

In this study, the conduction: mechanism of nitrogen-doped ultranano
crystalline  diamond .films [(N-doped - UNCD) grown by
microwave-assisted chemical vapor~ deposition (MPECVD) was
investigated. From Raman spectroscopy. analysis, the N-doped UNCD
film shows significant D, G band and the-1150cm™ characteristic peaks.
From photoluminescence measurements we found no characteristic light
emission of the nitrogen vacancy in the PL spectra of N-doped UNCD
films. Therefore, the doped nitrogen atoms did not enter the grains, but
only existed in the grain boundary. From the Hall measurement, the
N-doped UNCD film was proven to be heavily doped n-type
semiconductor with a carrier concentration as high as 10" ~ 10*%cm?®,
Furthermore, we fabricated a field effect transistor (FET) structure on the
N-doped UNCD film. From the transconductance measurements, we
found that the electrical conductivity of N-doped UNCD film could not

modulated by the gate bias. Such results are attributed to the high carrier



concentration and the metallic conduction behavior of N-doped UNCD
films. Finally, from the variable temperature electrical measurements, we
conclude that the N-doped UNCD films exhibit thermionic conduction at
a temperature above 220K. At a temperature below 220K, the hopping
conduction is responsible for the carrier transport and it can be modeled
with Mott “s hopping model where the free conducting electrons are

provided from the grain boundaries C=N ¢ *, C=N 7 ‘and C-N o .
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fl % (Lithography) - & L (Oxidation) - fifi 1 (Etching) - #i 5%
(Difussion) ~ jj(fs(Deposition) » &~ EAG R HY 26 - F B -
T e B R L i B BRISEEAN R B8 T B B AR S A ML
TRIBS T — R SR A R s SR AR Ry A i 2 B TH R AT E 57
2 =+ AIE R R R R S SR PR R AT B T - SRR
TEAMRA/ N B R S 5 AMEE MRS TR E S SHREY
FEME » B Rt B RS TR s /K- HHE AR - (B4 e
P2 0 75 28 P A E RO ~ DB ER(mask) PLRCE HE R &2 523 » Ol
B BEAEER - RERESUREAZRERL BRSO RiTHy
it - MRS FIAER (Rayleigh criterion) » SEEEZATAEE 7T AV R/ NG

Ry 1 A7 & (resolution) » 1K & 1) DA K SUE FLIE (NA) H B

K

Resolution=KIVNA(K1 HBFES2E)) - S MR B AV &
TR B BB F LIS i B2 (B INBUE FLISHY RN —ERIPR ]
AN T A e B RN R VIO BRI - Y ER  FrBE A

15



HRSYR 5 » AR G-line(436nm) - I-line (365 nm) -~ KrF (248 nm), ArF
(193nm/DUV) - F, (157 nm/VUV) &2 %]Ar,(126nm)[E2.1[23] -

(B BRI R R PR G - (FHERAD R RIR S 2 MR R - HFE6
SRR R AR ARG - — B &/ N R ST ilEeAL
o RETHE S - PR GG (extreme UV lithography) ~ SXEE
#te—7- 5 ( focus ion beam,FIB) ~ X5tfusz( X-ray lithography,XRL) F1Z%
K EEEN{H5( nanoimprint lithography ) ~ #&-7-2R{¥(5% (electron beam
lithography) A1+ #5572 (ion beam lithography)=£[24] - oot » B3
N R R R BRI NI 0 < — NI At S et > HAR
{EFHYCEE T R s AT METEAEY RGBT 1 5 A A kY
o

16



2-1-2 BFHRME 4% (Electron Beam Lithography System)

BT R R I SRenVE T8 - (B E T iR - BT

ANEATEIEAYERR | - &OBHOES IR S B - (HE R ok B
AEURRE2.2 - RIS FEATE 7 (de Broglie)/EG A -

A =h/P=h /(2mE)1/2
=h/(2mqV)1/2
=6.626*10%) - 5/(2*9.11*10%kg*1.6022*10"°C*XeV) 2
=1.23nm/( X)) ¥
HO BRIV & R 8 PREIE - g EFER - m
RETER  VIIEEER - EE-FHNE R R 10KV - P18
£0.012nm - AT LB AR M A S = HET S » BT R
TR E TR B2 718 ( Electron Gun )~ [HfRHA( Blanking )
TfEiE S (Condense Lens) ~ 72172 E#% (Stigmator ) ~ #7)$5% ( Objective
Lens) - fmifres (Deflector) - &-7-{HHles (Electron Detector) k%
#j*¥-& (Stage Driver) £[E2.3[25] > B TOLEMERym HLZERAE - £ 3
PSR EE AT A1 Y BT 2R 8K F i B B B S e B T AR N
I B 1% » B 2B b o 18 7 A 3 5 7 5 20 B 9% 5
( Thermoionic Emission ) - &+ ( Field Emission )27/ (Schottky)

S5 HP R R G O T AN A SRR - TR

17



N~ FRETE R ~ RV BRI S EERVE T RS - AEE TR
SELT IR AIEER[26] -

A I Fe (o8 F B 37 20 i K B ROR BH LR B T R &R 4
(Electron Beam Lithography System) - IS & ELS-7500EX » B H A
ELIONIX Inc.fAr#lis - B340 Ryfa Lt/ #5(ZrO/W) sy B 532 5T -

JZEE B A 250KV - i/ NRE AT £ 10nm o [§2.4[27] -

18



2-2 & EREEFehZ(Reactive lon Etching)

BALE A R RS R BT IE ~ &R B
TSR B EEREN: - BRI HSMIESHSEENM A > 16 H.
gAML EE (Glow Discharge) i 52 - S 474 nlAEH B (DC)
mBEREORAFA(RF) (REE NEVERIGIVEG - [82.5 - R AT P HYE T2
TR A L — R TR TR T E AR T S Al R
e E AT £ Y KX % 1+ (Secondary Electron) » f£ EUfi(DC)&ES; [
AHVESTHE TR E L RET R MSORAE(RF)ES NEL
WS HE T IRAILU T e T iR P AV E T R L -

REEFINEHDP-RIE (‘highdensity plasma Reaction lon
Etching ) [E2.6 » /5% & B S SR T Bl I = 2 T B Y A A S A
Ryt E| FH BRSO FERRERG PN s R YRS 81 538 > A0 — 2R (EREHE I B
A BBl Ae 0T HIRVRHERR - ERATHYERRERR S sETe s - I
B S HEHZEBG P A RE R AT D75 P B LD A E IS - 2.8
G ATE RESIRY B - 3 BRI RERERY - NIt S & EESURAR
Zfd > Hoh e & AT RIS A G AR FR A 5 20 [B2.7
FE— RS PERE TR ZI 2870 0 BT B REIER R NI B EEEZER
H HEs(Radicals) 5 [{E = Z AL BEATEAZI 2 &8P Bl & B MR

FEARAT - INIFER R FTRE P BT -

19



EF

e E AR Z AR R L REE M ERME - BETAY PR E B
AT A TREFRY T RE ~ Sl R (E ST E ezl Rs > (AT
Jik/ V& E A TG Y)(Polymen) By HIEE (riE (Passivation) » BUAE R
feiEzF - HERZIR A B EF AL - 2. 5By # TR D B
B Z (EH > NI FRE ST AR A TR - bz R
PRIt~ FE R3S i s A -

20



2-3 fISEUR LA

2-3-1 fISHEHEE

SRS - A TBL5) TR T NERY
ST V7B « RHSEFEVE S TR IR - that s
SHTFHIERA AT » W02H A B ISR R
Fllit(Rayleigh scattering) « 41 » /NIRRT &A1 A%
SETFHPRHAIE - B R BT ADERSEREIER - A
ST EHH RS THF (LA TFRISE) - RESU2 NS -
FRENIGHRES » PR TH SRR ErBU] » AU ISR N ASDE
PATTAISR 3 F— B A Wl ~ JixiBhel i ®) - SLiRBATIRAS -
HIBRLE TR (R R R THET (155 T A S EEEIERE - 40
BE— ¢ BRI AR A - ISR R R 4 T3
7T HE MR MERIHRIR 52 Al S50 (Raman scattering) » 2
FHENEREAZRV. C. RamanfE19284F 853 » Y1931 13k H Y
L -

FPTRT L o S S AR B S A — (B T 1
(isotropic ) fy5yF B EIBERS » 57 FGAELMBEIEP P =oF - it
3 » BSROIE 2 5 MR IE T ek 4R - {240

21



REGE AR 2 B FTEE  AIJE=Eqcos2mvot » P=aXEgcos2mvet

~|

Eo BB 2 IRIE © 40R 5T AU LRBERF I (I3 DURRvidEE)
difk®)) o AL RE R © a=aot(Ac) cos2mvit » oo By F-HHRFA AR

B3 AR B KB & - 77 A BRI EAZER - (HHEE

A2 -

p=[agt(Aa)cos2nvt]Eocos2mvot=0gEqcos2mvot+1/2(Aa)
Eo[cos2m(votvi)ttcos2m(vo-vi)t]

Bt vg ~ votvi s vorvi o IR RER ISR ~ B SEFE5ERUH (anti-Stokes
scattering) F152 4 7e ik (Stokes scattering) - [ 2.8

JSZ SR AR A SE TR D S A BR L s e <2 ) Y o T AU
ERHL SHGT RS o LIRS AT s R AE IS A= 105 - O
TETE TR E TEEIEREN WU /N - RS
RV T S S FEAE A E R T R AT = REFRIRRE - B AT
hiifE R - BT R RREEIMHEE ERRAYEERE [ - [E2.9[28] -

—FRAER > B SEFRA 8% AR BRI SRR MR % B 524 E
SRR S AR S91RZS - IR BT — M B Sl myEi () - i
B ARE AR 7% B = Do Y 8 (wave number) 2R » H
S S EE SRR BUE A AR O R SR BUE BT E R R 2
(Raman shift) - [M{ER—EAYE @ Aame LG e ik BOE N Lt el
& FEE ISR B —EEENEIE - FEEE A

22



A SRR FTATE - AL S0 el e IR B s R
BECRREE > SO0RE K B R 19644 FdGH S ST R S8
SPCRERTIE - B S HY R AR M (L = O E R AT 4 A AL & o i N
HBk i - NINETEEHVED - (EREEFHSTLUBOR > SEaE AT DIREY
UK BEAh o B BIE MG ~ BRI ~ SCED AR  EThRE R %

x|

HESIA > RIS R B B a3 a2 - (EArS LREnIE
RS EERT KE D ~ WHOUKRVESE HEA B B AT s BUER
Fikan~ BAURNE > S H Bl SOt t E 2 AV E R Y 281

M E -
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2-3-2 LA ERRERAERAG

FR1E18844F-Ernest Abbeit T HR H RYE IR AR STHIIR A - (H 4L
BN AR [29] - ifiMarvin MinskyfE1957 45 #2415 | ]
DUE R LR SR n AT ) (R E RS A B E AR DU AH
I RERYERS 240 i — B AN R EAT - B F(19694F - Paul Davidovits
FIM. David Egger £4]5 mW fyHe-Ne FEHFESLIR - 21 7B 50
DU FIAY e R R ER 4R [30] » 2 (R4S R By & S B - A
19874 HE HH % 2 LAY IL AU RS
FAP e Fraunhoffer @25 fe (4 mT DAR F & HH 4 S BRI M
#HiEd - VARG

22 = 0.61—

T 2Xnxsind

HAPMNEUR R ~ n Rt aE - 028+ - N ARTZEHEEIE

FLIE(numerical aperture, NA) » it IATME SRS - B2 = At RERE
WhATR IR R R IR AIEBE RBUEFLEE - NEEFLIENA=NSING -
FIT DA 5 FE T S (4 1 BT A R 58 P AL A » 57T A
TEEINATE -

ShljE B2 45 Y2 BANIER A V7785 (objective) BE LA SR £E 77 §5% (focusing
lens) (Y FE (7 & O A » B AR B2 G iy 22 fe R R BE Y i
2.10[31] - —EHOCRK SR ENEVEE - HEEPREEN
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St AR eER (beam splitter) Sr EHIEE ERESRHVIR AR - A
e Y HEEST L (con-focal pin hole)Rf S ST E ASEHHIEE (photon
detector) 1 DMEDHIS S8 » MEFTIEREIT - S SRR
FE P (Focus plane) fnr [E]HT - & RS 2985 2 BT 1 DAY MY e
igk(Reference plane)ill; H 7Z& 4= 5f 5% - Hrp SRS FLAVEC B vl LA RHTE
o B YR B R DAY NI RS R - M B R R HUA S A AT A
ARG A2k > A S L A ER R SR B IS TR RS R S AT
A o &R B AL LSRR AT AR By

d= 05+

S BRI AR (R AT BRI B B 5% > T BU2 i LSt
FLAVEE » A] DIFRE AR LA MYERSE - L2 S s G Al » 1
S BB AU A (A AT ) T BAR DR R BT (M AR » DU T

N
_2M
Zmin— W

Fom B BB M E AT AR o DUE SRR B m FEUH > B H
(ite £~ Tt - B AR AR BURAY IR » SRV R A AR Y AGE B B
MRS TSR I g B & T (R (B S RS T AUS AR
5 FEE i A R R S LI PR (AR BRI IS - AL S e\t iR
BEDAE SRSt st FUE B Bl LR R RSG5
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S8

{FIZRSBE R LT - RS2 S RN R E 5 Rk -
ik iE L) A GRS R B S a2 1% - Bl EAH A Ry =%
ZE [IsARENGR o

TR P FHEY R B 17 30 M KBRS OR B HS 0oy Sl FE R 5 » 2
5% 5L abRAM HR800 - HZEHORIBA JOBIN YVON /5] Fiiflis
A E£633nmHe-Ne s &1 » SEE NS A RIE - —ZSYMPHONY AHHY
CCD(Charge Coupled Device){& %% » 53—t In/Ga/As photo diode -
CCDEE kg 22 All(LN2 cooling) - T-FHY#i[Z|{{:200nm~1000nm
AR e R AL AT 7000m P 7T it B (=] 22 200nm Ay UV
E% < [fIn/Ga/As photo diodefft&|35H SNk B2 900nm~1700nmiy AT
LLAME(NIR)NG B - 125 W o o U3 T m LUz §2200nm~1700nm
RS > FREEEMIBOR TR « SIYMEFERC T — (D = rIRE 8l
F& o LA BREM RS ZEA Y8R - ATEXY 4P i e
XYZ =42V At » WG HC & BEAS p RE E T E A SRR S T
BRI =z 8 i A ) E Ay ek -
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i rmy

favelength/Minimum Feature Sze

1
N

%
\

1000

700 Wl r=nd of Exposrs
Mavalenoth Reduction

Trard of LILS] Minavzation
T2 Y=2ars

S00

Thereticd Resolution Limi
weing Resolution Erharcement
100 = ecrmoioy

70 s = =8 =
1970 1440 190 2000 2010
Year

[ 2.1 YEUR R /) R s A
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1. Spin Coating & Baking

Electron Reajxt
Substr ate

2. Exposuring

1 i =-peam

Election Reaist
Substr ake

A. Developing

P e trom Res|=t
SubElrEle

& 2.2 B RMEEAME R EE
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GUN

GUN Alignment

Blanking

Ist Condenser Lens

2nd Condenser Lens |

OL Alignment

Stigmator

X |

[solation Valve

——\Aperture Driver

Objective Lens

Deflector

Stage Driver

Pico Ammeter

ﬂ;-{/j’/——-ﬂeight Sensor
-—Electron Detector

Vacuum Controller
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2.4 B FIRES R F(ELS-7500EX)

[E

2.5 T\HE EMEORES TRE
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2.6 HDP-RIE &

31



TCP Coll

/ ‘ Upper Gap Housing
/
Duscharge Area
Wafer
5
Insulating Plate
e
Stoke Esonca=E1-E:2 D Antistoke
Incident
Ei=h v Laser line
ANV e st [\\ A\
Ei=h v
Fo= Ei~ Esonon
F=hve
A
I
Stoke line
Antistoke line
| | | >
v
Vo-Av Vo Ve +AD
2.8 hIE s RElRE
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Rayleigh Raman

scattering scattering
E=hv E=hvtAE
. E=hv
Virtual IﬂE
states  g_py
A
bl
v =
g 3
m B
1l n
g ™
51 2
+
=
3
Ground 3
clectronic . |
state 1 "AE
0 A 4 y

[&2.9 RayleighHis & anti-StokesE B Fil StokesH i 1Y E P 7B
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laser source

: objective
\ :
\ 1/ Reference plane
%

focal plane

Reference plane

2.10 FhuE AL SRR S KH R
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F=E FERGUENE

3.1 FEMEKREOEE

HPT RV OIS R B H ARSI S TR S 23805

RCSIEBLR TR E MG BB AT L F SRV LIS P Ay -

JIFEUNCDRT - ZESHY BRI T 222 B, - (2 A b
& EE TR > EEINE R & H AR (AR ITA -
UNCDFEZEAERAMN BV e B ERIAZ AL E > DUIRRUNCD - BrLUA
B A RN O RAERE SR FRE SR I AE EE K -
SR HIEAE T IRILAEY) - TPETICHTH ~ R AR I A R
Ry B 8 -

Bt SoRt B AN AR T S EE T
B ASE O AR RERE SR - L& =45 3%
e A B - FHZRE KOG AR B SR E T Rl
—or#E QSR > FECRIBIEEZ RIS Ok K > ZHFACT
ANEIFTERAL - BROR/ N RS nm > AR ~ SR AR R I &
F57EE1:1:100(wt%) Y EE AR &

AR EER{E WU BB EERRARD (F(MPECVD) Z:410) (FUNCD »

T EERG R BIPLAS A FEIATaRGT » BEARSE BRI Ry 2kWHY
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2 ASGHZ IR » BaFe e 72 U TELOOERE H A 2 23 (coupler) i e 32
B 5 01 T2 (I R4 20 4ot antenna)fy A FEAS -
SERRER Rt B2 TR BRR(TMA02) » IR RS RS 25

%T[

WE SR AR RE FE A FR AT - I ARV R & P EHAEIEES - i

]n

i ] 7#800°C -

{EZ &R S HIPAFERERG NS - A5 TR BEA
FiE e b e R AR B & Tt - B EERS - DABSIRGE R
RI057HER - (HIERSIYEZEE /N0 . torr » BET& i AR 257 A1 59971
IscemBERSRATHE & 75 SRR IERF AR AZUR » HIFHRERAE
{527 K FERY ARG 48 2£100scem - e BRI Ry2torr » (WU RER
F5600W > 5% f7 S R i (E-H tunen)sise S S RE &7 22 i (E(~10%) -

AR REEETS - WY OREAG R T 2 30torr - Ry FR e B 22 AR e
Al1scem - 4E4ERIERS R /7 7 2280torr » [LEFFTRBHINELES - 5510
gy (EEOR R EFA - KRBT Ko aE B BT R TARRRI: - BRtA
o THRFURAIRF 6] > AR RSB 7 L AT IR 5 S S s B (o EL PR (X
(~1%) - SEERECRIE BT - RINIENGSRARS - FPEm B 2K - 7ol
REE[E £600W » 21845 (L F0R B A - RERFEERAAEIR - BRPARAS » I
RS B R - FREEE150°CILT o FIRIEBE A » HUH
a1 1% R TOBRBRE RN AT E AR ERIT S DI RE &
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600WHEREFEER 170.5t0rr ~ &SR E R0 =70 5l B20scem Kz 80sccmHy
fRfE T BEEAIEL0 R - (R RIIVER BEE20%  BIEIRER
Hefm R B9 A SR —% > FrLAMPECVDARYER, ~ FH5E ~ RERELERA] -

MoK R EAIVERG R ) - HlEg A E R -
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3-2 ARIEBRIRES R HRHI2 K PL 2808

N S FEUNCDE AT 2 BIPLEVA AMBUEi5E[35] » &R a8
2 EATR RIS EEE - REEA S EPLCEEAT HAYE R Z2FFEXR
EADRIRIE B TIZEE A AR R AVIEIT 2 A M E R T - A hEm SN
ARIFA RIS ER AT RSB LRESE - DR N R8UE
MPECVDIERG AN BE ] Ry 110torr ~ LUK & s R 4em » D8m A\ H 22/
B R RS B 1E3.5%~25%(N, : Ar : CH,= 3.5~25 : 94.5~73 : 2) » [#
TE EAt) (R 2 E0R AE & Ry 14000 JREEG BR T 5 e 110torr ~ B S HY IR

F 5800°C » 3B AR FERAS T HIRER SR T -

ERNER

AT

e ESRISHE DA R D » (e EURAIFbeR 2 & 1 i
EEZIETE 5 100% - JJIRERT I AS40 77 38 - dthy BIEAFR - REEBR TCE

A HIEE R SERIRaman LU PLEE & B HIH ¢ REE] (LabRam HR) »

=
l

sl 2 FHISi wafer{F i1 E520em AU s fEEEE » DU BRI MRy
A

il
W

%

SRR

/
/\

PR A1 e s o [E]3.1 o
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3-3 FRFERREROR I ERENESI R EHENSRR HE

TR SR HIET S PR M — 720 TR B
TESI walerSR SRR FIRTHILZ I LB B E AR

>V

BN R MRS XA SRR S8 AR T g 3 5] F AR AT

W

ME—RE S - BUETT=ATT:

L HEERFSERESBEREEEEE R - lHIETP
0.5cmX0.5cm -

2. B A B AEDENVILLERY S EHUEE . %260D I - % -PMMAS20
TEYERH -

3. B tEEEIA AT 108D 500rpm %604 2000rpm - (ELYERHEE Ky
£45500nm) -

4. FLIRACHRS L AR O f a2 e -

5. FMEMER LA +74007 20k 7 IEERE B (Eh AR AR e e S
(Rl A S A R S B o [13.2 -

6. I A B 37 5% A8 K B2 SRR B 0 Y B T8 28 8% A 4R (E-Gun
Evaporator)t » i8R %% : (ULVAC EBX-8C)[E]3.3~4 -

7. FESETIP/AU 495 Tisonm ~ Pd30nm + Au240nm -

8. Rl A B ANER T B =& (power 75% > FrEERT 138 » IV ER
JE Ry T R glift Of I RAAE A IR NI Al EFE 82 - HE B
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) [E3.5

9. FralA DI AL AR P R b - [B13.6 -

10. FHFT 8RR DU PR 1Y 2 B AL 2 AR B M 2o BB B fF LLUEAS -
3.7 °

11 R e ZE A b By BB A P 8 4 VR A 2 R & O S5 A stage F 1T -
3.8

12 jffstageE A AW EH L > [83.9 -

13.BaaaEMl -

MAE A 5 R EHEM - Ehami EL A FAtEEE - H2f

RIS ERTN L - SERATR

1. %/ AR IE 5 20.5cmX0.5¢m ¢

2. R EE R A0fE] iR AR S B A

3. HHEMABIRERST -

4. HhEZE(E 2 E2x107t0rT)

5. M ARRE EUR AR (T HERG PR e 22 21| 80K (i % (3 Lakeshore 321
PERDAE) ©

6. VUfE R HI MRS -

7. FAEEM - [E3.10 -
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3-4 FEFEEFOR SO RSN B AR E (R 2 BUE)

SR e B E T AL E B T PSR TE R A 2 i 5 = (top

contact):

1.

HF—R%Si waferf 5 o F— @ 4@8&GHIE Ak i o ERE (isolation
UNCD) /= [ 4 £5500nmiki: o 5 HIHS 2877 4% F B3 R B

TE R 20% E IS HEE AR &t S8 A H I 49500nm = -

IRFEAR A pli2emX2emAVNEAA -

R ICEAEDENVILLERY 5 FAYEE (%260D F » i EPMMAS20
TEY¢RH -

e Lot B T 107D £5500rpm » $£60#52000rpm - (ELYERH S Ry
£45500nm) -

5 Fihot platej1£445 180°Ciff&2475% -

{f FHWECAS @Ef2 A 3%a Bl - FREnkie &Ry SR E &5
= -

&R BEREF RS EIE G - S LR H e
s HEFTERE o MR EEBARE EAES0KV - BT AN Fy600pA » lfi Fl]
FA B RS P el o IS ] - AR B S AR B UE RPN R (LS
L

[ 28 Ry R Y Y BB - R IR Redpm > BB E20um - [E
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3.11[32] -

10 B SE R ATR I R I B2 il T (MIBKEIPA=3:1)457 55 - jiRF AR

ﬁ

JCEBIRHYO R ER - DASERE 2K - W SRR - g
FRIBWES «

11 A BEEEERE R b Ry TR R E AR B AR » [B13.12 -

12,780 A B 17 32 38 K B2 5 OR L BG o0 Y B T BB 75 B % 4R (E-Gun
Evaporator) » 8K %% : (ULVAC EBX-8C) -

13 ZE 8% AI(80nm) & /F B (F A0 FHHIHPD-RIE &R EEHEA » FTLAZE
SEAIETEF M ENS - AT DL E/ERbZITIFERR) -

141557 B AP BE i R R R (power 75% » 4B 77 5H) -

153k R Al EURe IR

16. FAPI (s 2B AR B2 AR RHEHULPECVYD - [#3.13 » /44 5 & _FSiOx
EERIAE%E - K 1R RE - SIOXEE4T/5400nm -

17 FEE B ETHRIGRA 28 -

18,7651 7 BB AEDENVILLERY = FAUEE :%260D - - % -PMMAS20
TEYERH -

19, ffe O R i 10FD £ 500rpm » 12:60F52000rpm = (1 FH 51
£475500nm)

20.F5 Fihot platefji#i 2 180°CH 52536
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VA& R/ BN E T R HIB e & - SR TR B
o ETTHROY o IZREEERE E AES0KV - BRIt A/N600pA

22.[8]2 B5140pmX140umf/y4: Epad > [E3.14 -

23 T —HEERE G - HRHESEpad S E R OREEE3 SpmpE
(TR ) -

24 .E-beamZ= A7 B 4[E > [E3.15

25.[7] FEARZ 5= -

26 3506 R AR A ERYTATALE -

27. ] AE-gunth > ZESEAI(EFE £580nm) -

28.Lift off (/2 AP E = mPOWERTS 6/ 7758 ) -

29.{5 FIFIB(Focused lon'Beam)ifi_f-top gatesg /& il £ [ ¥R $1 1Y <& pad
F > [#3.16 -

30. FPt&#+=35um ~ Z lum ~ JEE350nm o

31.&fj5ctop gate - HE AR IR BIAE - FZRR AR AR A B 48 4%

32. {5 AR AR RS oy HDP-RIEER ZISIOX DA S E ISR 70K S 98
ffE

33 RLAEERE R £ - B AHDP-RIEFERG A -

34. 601 Z1[SiOx(ICP POWER 400W -~ bias50V ~ Ex JJ10mtorr~ CHF340sccm

Ard0sccm $548 105788 » BR LIS FE4Y F5400nm)[33-34] &y T HEE SIOX
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REERZISE S » AT LA R MU R B ZIRF 1 2~3 7738 > ez SIOXHY B 4%
G A G BB AR DL R AIEE R DL R PLER AR -

5. FE L E IS R B A (ICP  power 600W -~ bias120V ~ R
J710mtorr ~ O,70sccm ~ Arl0scem) FH AR =R E S I A — 2 AT LA
BRI A AHE - BRI F5400nm/Imin > & G 2R R ELZ]
P ] - BRZIPE A R BB ARG A G Al A fe PLER i - BEZI5E pi%
Hitists o [E3.17 -

36. G
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3.1 FLEXEE Raman K PL &30 -

3.2 TN G (I BE e BT A P R
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& 3.3 FT e ARG F/

[l 3.4 T THR 2 PE ARG I D
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