HEZ KRB RRREY M |
&R de R 2 e R 2 S ET T

A Study on Single-Walled Carbon Nanotube Network for

Thin-Film Transistor and Nonvolatile Memory Applications

Fid o RER
R EAS K

PERRAY L&



LY SR E Y
ERT S WE T PR e

A Study on Single-Walled Carbon Nanotube Network for

Thin-Film Transistor and Nonvolatile Memory Applications

FrA sk *3_;4?] Student: Hsiao-Yu Chang
R ELAS Advisor: Bing-Yue Tsui
=2~ &
ThRaARE kRGO
AL m
Athesis

Submitted to Department of Electronics Engineering & Institute of Electronics
College of Electrical and Computer Engineering
National Chiao Tung University
in Partial Fulfillment of the Requirement
for the Degree of Master
in
Electronic Engineering
2008
Hsinchu, Taiwan, Republic of China

PERRAY L g8



LY SR E Y
ERT S WE T PR e

RN I ERR AL

# &

A @ 5 RCE P SN HITRE R TR HE R

Tl fr2 i g e Bl Pl W S g > FREFFREY
LR LR s g B M (> 10pA@Vp= -0.1V
on/off ratio<10) » ¥ * & ;& %ﬁd T L R b ANHERRR
Sea it X FRE R GRELI A B L DR BERME A B
FIUUBE R G Bk DB B B > B O] (Ip<lpA@Vp= -0.1V > on/off
ratio>10) ° F1* Guo # ¥ 5 B8 F > 7 @33 85 F 5 3.6cm/Vs >
ﬂaﬁ?mﬁﬁiﬂﬁﬁ 1% ° 4% ¥ B F 51 03 B4 F 5 360cm’/Vs
fofiT H %”’kﬁi? 3 e 8723 cm?/Vs mF - BRAREC LRI R F] A E‘(? oS
PR e A B A TR REERY REAT R
?%%ﬁ%ﬁ%ﬂ{ﬁﬁ%ﬁ&%ﬁﬁgwﬁﬁﬁﬁﬁﬁg&%iﬁo

?ﬁﬁﬁi%ﬁﬁﬁﬁﬁéaﬁﬁ @uﬁ\?’ﬁ—{ﬁﬁﬁﬁﬁ

i€ mﬁ%“ﬂ@%@—ﬁﬁﬂ°ﬁ$ﬁ§%&‘%ﬁ§iﬁﬁﬂ\
B LEMPRE b L - HRAPAAF EET DL R

i



B g R AT I G 5 62.3uQem P EREF B RS S 11.50m -
'%mﬁ&wJ.n3%gc m> § B A% I 10nm TR &5 A7

B B R

F_&
?*3‘
o,
T.
\,
@E
ah
fom
)
(Iﬂ
1\

DT g

wkﬁﬁﬁﬁﬁﬂﬁiﬁ’ﬂQ?%%%@*ﬁﬁﬁﬁﬁ%&?%ﬁ%%

W Pr S AR g = o o REAFLER > F R B8V 25 Frocn

RTH AR B TR ET D NEFFARL AT RES DEARS

2GR AR R ATR L RRE22V . ¥ g A i
A

-

FREPGFFRD > RGBT R F o A% AR
TRLr v T e BRI R A T EREREET NS
T RERES T EERRE AT £ BT ORI &
a‘sl%",!rf T A &I E R e PR e F foml g S A1) R Bt
TR > PR FI v F - fE o TR R a
ﬁ%%ﬁ?ﬁ%ﬁ%ﬁ%ﬁ@’@ﬂikmﬁi’a%ﬁﬁ’ﬁﬁé—ﬁ

B AT g E e g

il



A Study on Single-Walled Carbon Nanotube Network for

Thin -Film Transistors and Nonvolatile Memory Application

Student: Hsiao-Yu Chang Advisor: Bing-Yue Tsui

Department of Electronics Engineering
Institute of Electronics

National Chiao Tung University

Abstract

In this thesis, carbon nanotube (CNT) network.prepared by coating method were applied
to thin-film transistors (TFTs) and non-volatile memory. It is observed that with channel
length shorter than the CNT, the on-curreént of TETs is higher than 10pA at Vp=-0.1V but the
on/off ratio is smaller than 10. And, the on/off ratio can not be further raised by electrical
breakdown method. For TFTs with longer channel length, the on/off ratio becomes larger but
the on-current becomes smaller (Ip<IpA@Vp= -0.1V, on/off ratio>10). This tradeoff is
attributed to the non-uniform distributions of the CNT by coating method. The mobility
extracted from Gy max and the layout channel width is 3.6cm?/Vs. Since the surface coverage
of CNT is ~1%, the actual mobility of the CNT TFT is 360 cm?/Vs. This value is still smaller
than the mobility of individual CNT transistor (8723 cm 2/Vs) due the Schottky barriers (SBs)
formation from the junctions between semiconducting tubes and metallic tubes. The
on-current transport mechanism is identified to be dominated by the Schottky emission.

There are two major drawbacks for the CNT network TFT from the experimental results.
At first, the SBs between semiconducting tubes and metallic tubes limit the on current and
therefore the switching speed. Second, the electric breakdown method is not suitable for CNT
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network so that the on/off ratio can not be further improved. Increasing surface coverage,
placing CNT in parallel, raising the semiconducting CNT percentage are the key factors to
improve the CNT TFTs performance.

On the other hand, the resistivity of the CNT network is estimated to be 62.3uQ.cm. The
resistivity of a 11.5nm thick Cu film increases from the bulk value of 1.7uQ.cm to 32.34uQ.
cm. It is hard to form continuous Cu films thinner than 10nm. Therefore, CNT network can be
applied as excellent ultra-thin conducting layer if the metallic CNT percentage can be
increased.

The CNT network can be applied as the charge-trapping layer (CTL) for non-volatile
memory. The same CNT network fabrication method is used. Comparing with control sample
without CNT network, we can verify that the memory effect is due to the existence of CNT.
From the measurement of memory .characteristics,”Vg = 8V result in effective positive charge
storage. The lager programming voltage or the longer programming time makes the more
threshold voltage shift. And the threshold voltage 'shift would saturate. Erasing voltage is
much higher than the programming veltage (-22V- versus 8V) and the positive charge can be
removed by raising temperature to higher than 250°C.

The observed P/E phenomena are quite different from those of the traditional flash
memories. Four possible mechanisms including hole injection, dipole rotation, mobile ion,
and electric field induced molecular interaction are examined. Both the rotation of polar
molecules and the metallic impurities are excluded. Hole injection mechanism also relies on
some unreasonable assumptions. The electric field induced molecular interaction seems more
feasible although the detailed mechanism is not clear at this moment and need much more
efforts to clarify. The retention and endurance characteristics of the CNT memory are not as
good as those of the traditional flash memories. Because of the novel operation mechanism, it

is worthy to improve the performance by optimizing process conditions in the future.
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T o BEAAP IR ER BRI E TP BT - 25 ket
2o MR RGO BT A S FRRIAEE > Gl R F
F#4[20] vz Era F ooy [21]

R R e TR EF Y RO F 2R

i

250 PP T ffudidk s HRTEM &g ¢

7

~xzh

RECE b A AR TR dnEg REANGH B TR o apa 34 &
AT s [22]

b atag S ARE ERLE RR L IRRTIR o P W R R § o
K> B AV REARZHAT A 2 E P BB RS
E AR GT A FltdoP i B A iﬁ# AR 7 kA
[23-25]- 2 B fZendydls 2 i Ouidndl ek B L R - T @02 Fdy
F o Fl R E i Y B BB he ARITAEERY > TEREFGF
RAB|RP L > AR ERT AL LR LT F KPR R E RIS
REFDAE DR R SEM I o i RER Y S - TARA DG D
Gh s BplEARS »’\,—f: ,—F‘,gé‘ll,,\—a-@u‘ﬁbtiﬂm,gg_ml};& EUIET I A
Sa S e UL oA Vg E R T R ERY
&3

Rm o g % 5432 K EJH\’F? j\%}"\l'?w\? & o B ’F‘U&JH\’E T dp 8 0
THE AT R E FE T2 e E Rk o F Rl BT 2 g,
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i
ﬂm
14
=1
=
by
WY
‘).

FE P RECE & T RIIRR 0 g LEY N R
TRAMA A Al > APFE T - B g e ML
2_ P T K2 gt AT E T fo A8 20 3 s (channel) 2T 4 e Al 2 RE
k& (storage layer) t » T - & ¢ RAif 2 R AR EORT SO BRI X

B pow e A e gk o B R R TERE ks i

1-4 BE EET Ll ¥ B SRS E il ie 2
SHRE AN R ] < SR E AR D A B G e 0 B
REBTHEIREFEFAG REPRT > A2 L0 a3 88 5@ gpn
Hise o SRR Fletdpy 53 84 B2 Mgt o et &
TP AR hir B i P R BE A EUmpE R 2 N ATa SUIR
fe F] L 2003 E B 4o A SN BB v B T SR

BEAR - Ban R ngF b ing Sigied e B > R R EL AT B D e
% SRR E LT MF L B RARE 2 B L BT A R e

Eﬁ?ﬁ$éf#®m+@%@ﬂ\%%ﬁiﬁﬁﬁ%§ﬁ?ﬁ@%ii

BERESNFETUALAEA B - AEADEF TR

(chemical vapor deposition, CVD)» ] #* £& B igit # {5 P42 & A1 g & en

..\

PEAERE O RERAMHDENFHRADEREZARFEI Y HE 2 e
PRI REEFEF PR AES, P L EFARE ¥ 2700°CH1000°C
R SHROFETEET KO ETI AT o

FlpL A PEERE Y b - B3R DR &+mﬁi}'\’§ G VR A £ il - B £ 3
@ﬂgﬁwﬁﬁwéﬁé’%ﬂﬁ%ﬂ%%ﬁﬁﬁj’Eﬁﬁ*$$w§
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BEENTLWATTROMEL D A a Fehfliz e RBHFRT > AP EHF
IREEADPRAFL DS o LTI BPFD Apg >t S BEAIRE T LW
I - ko Al TR G FEE AR 2 15 il &
R BZIOHEM 6 * R 2 EA T Y Rw T
S FF S AREE2AAY A LH v - A K B4 1998 & Marko
Burghard % * #-8 % 3 &SDS # ¥ &4 & - B4 > RAE ¥ s Teh
B R E R W) R P 3] % e 0P 0 [27] 220014 Yu Huang
% 4 4)* PDMSmold #fec4 & (T & B & » ¥ & — i F 05 F 3 7% 0
i g 7] [28] ° 2004-# Huijun Xin% 4 #4-8 # %5 & % DMFA $22 §1 % F
prehinds S e 2 A F [29] - 2006& Hyunhyub Ko % % #- # 45 %

we

(Carbon Solutions);3 #SDS¥ I jgfiudm (Tt iz & » * L[E 4 4 G (T

v

ET RS TA - bR BRTARIES T TR 2 9

I

ind s o £ —gin [30)s 2 ihi & g ;b@ﬁg@@+%%@
M BTtk e R R AT E AR L 0 AR fi
Teda3 RE T e vy AFEE A

FET G AT RARE ORI T ZLETP G
TR R ORF R o APPOTERE BARE 0 B e aul F R RN
Jﬁﬂﬁ—ﬁﬁﬁ’if%&ﬁTﬁESﬁéiﬁgéﬁ°ﬁ*©ﬁ%%
G e MG h s fIP X B S p wE TI02 15 B AR g
M7 € ABiT - R o % W ¢hNaval Research Laboratoryd 2003 # % 20057%
4o Rl E ENCR R M ’ﬁmi‘ﬂ?%i*t%hii » g Ed ke i
HE =L AT 7 205mS/mm > 3 @4 F ¥ i2150cm’/V s o e i hE 2
g*wgﬁﬁ@ﬂwﬁ%,%i@é@uﬁﬁ@@%ﬁﬁ’iﬁiiiﬁ
o drehpt E [31-32) ¥ bR SEEA R N RERY T R R
< B I 323 ik George Griinera ¥ 4 2004 # #-¢ ¢ 45 % (HiPCo)
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% *t chloroform 1% E 7 B i@l (¥4 < 5 ff 353 B ¥ &
[33] © pt#0 5 BFf 2322006 # #-6# #5 & (Carbon Solutions)* -+ = * %
Fr a3 (Sodium dodecyl sulfate, SDS) 4§z 4| * PDMS stamp & &7 7 %] i¥
TR E B [34]
FHpE 2 FE - B REROEEXAE LD FRFHLEFIL G L

PR FRJL > F R G 305 acE > A1 g HRE DTk

Aimw YR IFIRG PF KK A 0 & 2 (spin coating) e ¢k B TR
e B AL E kR I R G e ek IR E i o 1
HiERmpE? PRERAPT RS SR ROPL P g ERL S

];\‘E,ﬁ'?fgo ﬂl—b

|~
\
T
&= »

o
NN
s

S
o
A
e

ERE WL TR R ER s I Y A T L PANEE

\4
N
2

ETINS

SR

FRE TR B B S N5 Y, T e A s R

=
>

1-5 2Eg i i 4

AEFMRREORT AL 2 FRAT R FETE KPP HE
PR S ROPGELE F RFR S H(floating gate)ihie (R A (4 B
1-6(a)) ' BRI L% ¢ FRenB TR G T 0 & 2 RE T RAEH » Fa
Fh e 02 1S K R (state) s A H# AL 0 P ARG hT R €T TR
EERRTENNILE S S LR

"TF B LE(Moore’s law) i B o RGER B HEis R B TRE 2

’-,,»

)zﬁ

-

A 4 s

&5 7
=4

=3

gehg B0 7 %4 1t K (tunneling oxide)® ¥ ¢  HcdE@ R A o 2!
MATHEET 20 P H A A AN hB a7 ¢ o - 64 SONOS
@"ﬁ{ﬁwmwmlﬁﬁ@’%ﬁiﬁ@ﬁ%ﬁ@ﬁ%?%y?;;?
% > 'T} t= 7 SONOS (4Rl 1-6(b)) ; AR s ) T sl o ﬁk
= 7 nanocrystal ;& B4 FH(4oBl 1-6(c)) » @ AR m v B * B P R REG
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T AT z%ﬁ] ©2006 # {4 pF 7 H 2 B A lJlm“L’f# [35): =z b~ Bl i

BE iR o E TR N f ik d T F 7 = (flat band voltage)
;%ﬁ@g(MV’&%¢§Hﬁ$%%mnMdmw**+@$£¢m;pm?
? 02007 EH BT g ARSI peRE A THRT S

e HFMFREFEAE? IR ZFETFRTIRF I AEY

1-6 %% %4

Rt BLIEA AR - LR PR T
V- R E e R E R 2T e R b o

¥ i—@%é%&%iﬁé%*&%ﬁﬁm~* S s A 2
Hp A fE & et 18 e fodk ¥ ok 2k o

FZRAAE eRTERSHOE RS H% -



Bl -1 20 ESEr iR @QEFB2 ARE I EETERF A A
Ao [2] (D) E B2 K A 3d 5 7 MR G o T T A2

B (o) BEAKALE
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B 1-2

B e L RRE SR LR PRk

WP C, TRLE Hi Az
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K-DOPING i
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(a)

1 5
£ =
(b) -'\-3 S .
K" 4 L e <

Bl 1-4 2R FZE o Henst Jlic? b o 5$§t—1 i Jﬁz?}a pdiw—ﬁ-
I el f (M ST BHE —”*ﬁi‘lﬂﬁ&id)w (b)M L WmE - Tk

'JFT Jm}‘-ﬁl\z‘ﬁt D, [9]
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(a)

Gate

blocking oxide

Tunneling oxide

/AN

(b)

| substrate

Gate

blocking oxide

Tunneling oxide

/AN

(c)

| substrate

Gate

blocking oxide

Tunneling oxide

Y \o_

Si substrate

B 1-6 23T M e Bt 2 B - ()R FH =B ~ (b)SONOS = B4

(c)nanocrystal 3= {g 48 o



2-1 B BT i
-1l REEFXT LML AL BHELEF L

B T SR THR Y 2 R L RS (AR 2-1(a) ~ (b)) 7
- AR HRELF BRI P2 b B AT DT fE s
i om A - REBAET BB ERR TR d FREFFIR
TR AGHET H AR E S H RS  B o 2 TR AR
BN T EG FR ST EMEESEMEF o ey = R BRI ET 3
10 BT o

TR * BB 28 (in-situ.doped poly-Si) o ¢t iE # i BE G
why o BRI AcRT K- E dae g TG E A BRI
Wﬁﬁ?%éﬁﬁﬂﬁﬁwmﬁﬁiﬂﬁﬁﬁ’%#ﬁﬁﬁw%é%mﬁ
PR E F ORI A SRR i (Pd) e 4RBE RS AP H S TR
PREFEYEF o RHEG 5 F Lagdhr & K 600°C b ehF F A

ml‘

Gfept AR c X3 AL NG EBIUFPT LM R UV XD
FERINEF ~WwROER [17] (B 3-2) > so@{» AP AL 48 £ BRI
AW REET AR TR ST FE R RJE e o
k¥ nim b b oo s e di b Jhik(drain) ok H&(source) 2. [ ek & Ao
BRE o F R AW LA RETLH 5 0.35um 0 F] Pk fk(drain) frix i
(source)z. F¥ e B F 04-~14-4~7-9-14-29~49um % ~ 462 4 5 &
BF 5-20~50um F=f8% < o H ¢ {0 iRkEAEE R A 04 fr 1.4pm
g 2 fisfoihtate B €4 03um >~ 24 5 €4 0.5um > 7 i 2§
oML AT 1-2-5~8~10~15~30~50pm & ~fE = ~f o
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212 R RPEBRRE

AR Bt * Carbolex = & px &2 AP-grade s #» & o ;%22 @ ik
SEM +4r®] 2-3(a)¥ 5 1 # & ¥ 5k (tangled) » T35 j2¥ 14nm > & & A
e 2-5pum e d S pR g B e @ 3 B 4 (Van der Waals force) sz &> # 1
# sk (bundle) s 3% & (4B 2-3(b) [37] ) > A F & P2 /2.5 & 20nm o &
REE FBLE B R B R D S0-70% 0 R 5 A F it A4 (Y) e s (ND) ¢ 2 1
£ 2 5 R 9% q /2 (arc discharge) » o+ » 2 7 W T T &R i en¥ B2z
A ARSI AR > P HERIEREESD FF AL S5 1)
S L LR T P N e P
AP-grade B ¥ # & wd> & k¥ 4 47 ((Raman spectroscopy) » 4 7.5 % frie 7
P 2 BLALFLAR 4 o

F YR REE DB R ImgeR B R 3 3T 40mlch s 7O T Fpe
(Dimethy Formamide, DMFE) > & % > 23 A BT B¢ R T 24| FF o 3 &
ER LA BEB - AR AR S A o d R > T - AR
B E AR ATRH ELAATHRE LR FHE -5 R
Sy BT AATRE 0 R ADER g S aE R OR L gE
qar i [38]

213 BF REENLA S E AL HE
Hefie B 4F Bk F U3 0% 0 %4 (spin coater) 3N s E % B ] £

Boo FARATEAE 2 5 2 AR D F - BRA00ESE) > BB RIE g
a3 da ]F]%\ W &2500%307@ ’ ﬁ B B E Bk IR R A ik R g
TETRENHLMAG % = £4000830F) > 2 Af % = ¥ i A § crDMF

A e Bl s o Hef 1B 0= 120°C Hot plate t 4534 48 > 1134 %
AALHE FDMFA + o 9 B0 T R A &Y ¥ - Ry kg
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o EEARE > R T E BARS o
?ﬁﬁiﬁéﬁéﬁﬁkﬁ\iﬁ$&’éﬁﬁ%ﬁ$&ﬁ=Tﬁﬁ
L A S o ArBI2-4(@)T FIRT RS A 5 300nmpE E R b B
@%ﬁ?%ﬁ’maﬁgﬁﬁpﬁi Flt 15 P % E-T M AROB R T
5 50nm > 4-B)2-4(b) 3 I § HALE SR S FRE o F &Y LY <
B B 5251040 > H P g B b A S R E BT 2 353 0
2-55 % w40k~ * 323 chpk F R EN > d L SEMBIF N # B % 540
St E BESF L 1% B Lanmxat ¥ R A= E (Y G ) e pE
BEIRRFOACTERYTHBEARE DS > RERESIPHT
Fo BB REY LRRE RIS o SEMBIERIH A EE R 504
frldumeh~ & (4o Bl2-6(a) ~ (b)wdlpg. = & M55 & F > fe 43 4um b o
AERE SR Ad BB (d)y BT NG RSB R S PR
d 0 SEMEBELR T dam » BE TR Y T oo MRS A 7
B R R RIEET BB E R > At gt A B A AR e ds [
PBEEEA Hde o Fla RS PR BT T o BRI R 2 Tk chA
B o e A SRR RLE iR S 0 REOY A BB il

2

FREZ AT PR LFZFRFETT LIRS E RE-

2-14 BE R R EWT S A

A * B 73 F & 2 F % % (National Nano Device Laboratories,
NDL)% B 2 i ~ & 2 5k # «w(Nano Facility Center, NFC)2_ f 42 3% # % =
~irglive HP gk kAL E Canon FPA-3000 i5+ I-line stepper & & 4 &% >
B 52 Bo) MBS 035um e AR g L A E Sk e A 1 e
faif o T G A2 GiTiER
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1. > 3#7= v test wafer -

2. # * laser marker ¥F& FliT%] 5L 0 ¥ SC-1 # ¢ d&= 75 & ~ 10 » 45
Z B3R T 0 2 ?J’érib'“rggi 71 particle o

3. S fligd STD fikts > d L2 p g Focft 150nm 598 F § 1 & (wet
oxide)fr 50nm 7 in-situ doped £ 5 #7 o

4. & * AG-610i P-i# 12 L g #2900 & 20 ﬁ/mi\—r b oo

5. % - kY AT HiROEB X > &% TCP 9400 poly etcher 4 %] » & (& &
% % 12 (4 F] 2-7(a) °

6. @ * RTpE WHBEA T F 1 (SizNy) 5 40nm(4-§] 2-7(b)) -

7. % RE 25T R EFT > &% ILD 4100 metal etcher 4 %] >
B 1S3 FEIE

8. B IERE M (e 2:0.21 78K o de Bl 2-7(c))

9. % = i k¥ T HKIETAEDOB R - @ % lon Tech Microvac 450CB & 4%
50nm 4° & FERFFHETT 3R LT RECE 2-7(d) -

2-2 BE R RER
2-2.1 BB RBERBOAEREELL G L

BE R B ATR Y 2 A R 5 BlAcE 2-8(a) 0 AL E R R E A
Bt TA? B ~itd B R HPEEFE R 4™ 1
Lilg M AEmg Fy )\*fr':}je“/fﬂ T w‘./\fr#wr‘ R T SR
Flet T R G F %A (tunneling layer) & @ * SE OB R > B €3 2 B > frdk
%%%%ﬁa@@a,@%ﬁmgﬁﬁai_%hém%oﬁﬁﬂﬁﬁﬁ
FREHEYF P RFLF AR S AR A AL R R
TR AR s gt S 5 3 #0% & (interface trap density) -
Ty g @ NI enT AT U 2 o K IEdE 4 T & (blocking layer)
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TR ERFE T RS P 0 - s WRERFEE ARSI &R - R0
TR A o FIR ERE A R AR T RS EDERIPN 0 o8 4R ¥ K
RIAXF ARSF o 7R P g IR 7 R A L2 BT b g R o
FEE et TSR E a2 S [39] Pl RS K
% /% (atomic layer deposition)/Tff % * 45 > Ap#AT - F V45> F (V4EA T W
B Ry BB PRREIM 2 LTSRS R EFAET SRR
a
~iEagk ¥ F A A f % ¥ ¥ (active area)rnT & kY 7 £ 37
Wik s Hopfopt ¢ WL HHEY - ZXE o 222 PARB4CR
2-8b) > EEAEF 50301510852~ 1pm & M fE 58> @ W §
%A RF 48 8 - dum % = 48 Adian

222 BAE R LB Y AR e S

2R E AP E R R e R oY 2-1.2 H e suik o B E Rl v
el i mwkgthk?aw“rd’ﬁ:’; ,;@4‘:5{? A R £ & ik
B SEELE B9 d BY VERRIAF IR 2 REAS

T SRR RIS L S P SRS L R

2-2.3 B R ZERM A e AR

1. %7 vt P-type wafer o

2. i * laser marker ¥+ % Fli¥%[ 5L > £ 3t SC-1 {7 wd&E= 75 & ~ 10 » 45
ZRERT 0 3 “,/TT % 5ot & 24 Hparticle ©

3. RCAclean » *t-k T g ? ~k3c% 3 & 35nm -

4. $ ¥ tap-type 3t & & BF, ~ 5x10"° cm™ ~ 60KeV o

5. % - kX LARLHETE > &% TELS000 4% » %3 tf ke
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6. STD clean » 2_{& ﬁ‘}siﬁﬁfg = £ § “# 150nm -

7. % kE R EA TR @& % TELS000 8% § & fr§ 8 -
8. & % L p-type channel stop &+ & & BF," ~ 2x10" cm™ ~ 60KeV -

9. STD clean » ** R Ty = £ /&%¥ ¥ i* & 550nm -

X

\y

»lJ Ii{"i‘

i

10.HF dip & Smin > 2 {82 G - B/ P> d K4 ppd %
>3 “T ¥ it o L IFHF dip §6min> B 3] &H % % 27 kK543 L @2
7r 3 ",/TT FoE o
11.STD clean > *t-k Typg = £ /B% ¥ it & 30nm > ¥ ¥ HF dip & | & ¥ 7
Lok B ETy i3 "T §5% » 3] = & LOCOS (local oxidation of Si)% 4%
(4c ) 2-10(a)) -
12.RCAclean » ** K T g & = £ 304:4% . & 20 nm o
FoE kY T XM EOBK o
14. & & 4 S/D n-type 3+ 4 & P° +5x10" em™ ~ 30KeV > 2 ok
15.STD clean» I %% -k % g 55 900 & 30min 8+ /& i FHA(d- Bl 2-10(b))°
16.HF dip & ¥| & # 7 j&-k » £ ¥ RCA clean > §]#* AG-610i P-i# i3 X g 1u
RTO(rapid thermal oxidation)s1= ;X ® 15 ¢ 4 T & ) Snm > £ &KLy
¥ #.900 B 20min chig ¢ > ¥t A A4 O, o
17. 0 Tep g e 80
18.1¢ * R EBFHLF L 7 i+ K i f Hitr(atomic layer deposition, ALD)
& EF 48 250 cycle W SR 7 = 7 KAR(TMA)fe-k » w8 B &
160°C (4 8] 2-10(c)) °
19.BOE 2 “/T‘ T TR L A
20.-k T g 700 & 30min B gL o
$7 Y T RBPT OB LT * metal etcher &% % 48 £ dip
BOE 2 't 5 i*# > Sis ® [k d ip K I2 o
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2.FH R FZ LY T AW RSB S TR 10nm -~ 5 40nm B K £
B o e dcatis 8L H % (bo Ml 2-10(d)) -

VEAFRT ST F L TEABT OB o % F L 4% 4 ¥(thermal

\\\

evaporation coater) 7 4545 #5 fie it B (T ELA 4R T 4 o
24,1 * #u R 5% % 4F % Yi(thermal evaporation coater) ¥ 4848 300nm( - 5

2-10(g))
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Wet oxide

wafer

lj‘ig]o

=
v

LB (@) B > (b)
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B 2-3 F XAk TEM R [37]-
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(b)

Bl 2-4 T @3 R BE O (2)300nm ~ (b)5SOnm -



B 2-5 % {40 = A 4T 2 d
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(b)

(c)

(d)

B 2-6 B4 ¥ % 5 =x #c 40 S 2 B F FH 2 B A2 < o g TS (a)

L=0.4um ~ (b)1.4um ~ (¢)L=4um ~ (d)L=9um -
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(a)

Il
Wet oxide
wafer
(b)
Wet oxide
wafer

Wet oxide

wafer

(d)

Wet oxide

wafer

@ >ERF 5 YK 150nm
Fr in-situ doped 2% #
900°C ~ 20s §++ & f*

% TR R

LPCVD = & Si;Ny 4 40 nm
5T iR ETT

filw 222 #rit 2 3 ik gl ieRk
R

ReEPd T sy Bliva
BT e

B 2-7 B E BT N WA BT LR
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(b)

St = : 215 B > (b) FALE o
Bl 2-8 g etz ~Ex LR (@ 3w B (b)
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IELECRTE B
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B 35SnmfEiEF R

B 5% p-type 33 i & BF, -
Si wafer 5x10" cm™ ~ 60KeV

B LOCOS #4%

B 20nmER&EF K

B sk ¥ Rk 2 S/D n-type
& & P~ 5x10" cm? ~ 30KeV

® 900°C - 30min §¢ 5 i 1t

B Dip HF ¥ A RCA » & * $-if 7
LT = £ 5 5mm ¥ i K

900°C ~ 20min ¥+3 it & T2 4
Ak E 10 % Bl IeRE B
B E S E ALO; ~ R
160°C ~ 250cycle

% i BOE dip

B ET
B B4R & Ti 10nm/Pt 40nm
+ Rt B R R

Si wafer

LIRS R I W SER & o
60nm I & fedn sz Wi T &
B #4548 300nm

Si wafer

Al

B 2-10 ¢ ¢ il WAz 2T LW -
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3-1 Bg B v x BB A2 2

AP R en il 5B kG Q2 & 10 & 40 F)fen
e 4 (& E FA Sum>20um - 50um frid F £ A 0.4pm -~ 1.4um > 4um > 9um ~
l4pm) » * &3 & aidmied R RS~ 2T HE S 2 P8 -

RITERPVRIPFEETABIHHLE PR EESAEE
RII2 B 0 &% b F & S BRI R K TS St
R R g B iR LTS TR T o R &Y
FEEETERESREA ARG €7 R E LT BEREY xRN
oA 3l MR P TR B e S TR A R RAR
X iR )iiﬁfr‘ﬁ%‘\’gim«kﬁi{; ’ﬁ:‘i’g B iE e gAXE o

P B30T HWARG S Bl 4] - BLEE TR
e LA MG 4oR] 3-1(a) 0 ¥ - AR T R AR MBS Ao R
3-1b) e AP HERFFEFIALER S TRURE S G IPPEL o

301 BLE e g

Bl 3-2 vt gdp e ~ % ¢ 4 (L=1.4pum ~ W=50um)2_ ™ » % B g % F =
Bt~ E RO R 32@) s Mg R TR R R R YF
BRI HhAE £ R 04um- § & S0um> & £33 £ & 1.4pum~ & 50um
it SEFR G B A FH TR A T BT ELET
SRR SURRTE B SUEN & AL AP R NI R Sl QU & -
GRECITE N FTE R

232 HERTHEHY DL REPHBF L IR

~
<
J=
e
5
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3RAFE o HWHF LR D 04um -~ B A 5 S0um chn i 2 o 0 B 2 %
T R A S0RA 0 10 59 5 150pA ~ % 15 40 = 9 5 280pA o o
PRETUFRELTINIRG R G AR T BE Y BH A o H A DA
"iim«kﬂd‘é}%t BrigE AR o P R Ped B 20 E R TR K S
FhF B ME S SRR E o TP VIR R EE € AR F T o Bl
bu AR A7 e o

Bl 3-2(b) = A g % =t Bcfr B B G eRBE R VREDIEFREE G X
B BB GEL R o FIRTRRINEFRE YT N A
B 4 s A G0 ] hild o

BAR R Al B E R L 35ume i1 @3 A4 DMF Al o
Pl A RTFRF L 24 BaaRT R IR RGO ;‘%ifbﬁ?{%ﬁl’?%%f‘laﬂa
Ft > pprd SEM 7 RZIIBFOERE G- F 5 [ 3um e #E R F 5 1
erHi%#ﬁﬁmé’ﬂulij” A 33 Aitidg L R 5 04um
it d A HE RSP EN DR R TSN A mE kS & o
BEE AT U P R RIES R JOPER M DL B RTRE B R A D
RADE BT S EME R T b A e i BRI BT
WU E R G l4um a2 d WHE R R4 RLE £ i mﬁarﬂa
FIpb % e B b P B DR W EEF o FARE ST BT 105
M E R 04pm o Ldpm fha i H B R G T 3 SERL O = i

312 A AR B
Bl 3-3(a) ~ (b) 5 % HALH 40 2 A E R &R AT Tin b %

FHREF AL ERR e FL R PR AR B2 Y

EEEEARA T Qum 2 > FHERRFFEAE BRI RS F PR
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R FARRIEW LG L RR A DR ERE A FARE A5 0 5 % 0Bl 26
SEM 1B F| I 7 113 AP EP S o

Ze 3-2(c)rt Fa o i FR SOum £2 20um i R 2t b o ¥ OF A
Rt Gl LEEA E 0 £ HE G ERAR] A BARERIT > AT PIAE o
AF AP E R RO A Rl g o 3B B B3 2.5 chR F] T Y

RS A RRR R D 3 PEES S N TR R

35) 0 ol TR ER G AR A TR G TR A
g TE)“L ik L A T e BlA% K > @ B L2 5 R S0um £2 20um #Hid 7

2 ek 3 2.5
Bofsde #rh B % B B 40 2 A2 E TR fo M B R R enk 1 1F
2B 3-6(a) B $H &ML BERLBIE ] Y UL RRER E0 T
SRR o BB BIRRT IS CEF R R b W TR T A B B
WA o B 3-6(b) 5 WA RAefeB B iR 0 J BlY VB R
LR KT T0pA (Vp=-0.1V)gn =~ = 2 BB il & 7+ o B R B8] 30
H
TR I LY TpAQ EEA R~ 2 Ip-Ve M R 4oB] 3-1(b)) o Bl TR F
ERH A CSEFLERTRR AR B G F L R RH e
e FAFERPOL B O BMY Sl TAS T LaMa Ll FE
Bedde o BV D) G ERLGER 0 A M e 0 S RE A R 3D TR o

(=

10 (# 3 3) = & Ip-Vg B %4c B 3-1(a)): @ B B G % 3% 10 ch= 2

32 ME WD HL F S

Fo? g5 BT ML R R FHOT R B
-/% o
oo T T LT U R R T R M o R B MY h 0 MR
Bk R BAaRflAR s masE 2 g .

34

£3 ;l v/T:B ‘k\‘_.
B ERSNTEF R FE

Wi

A

MR frH R T R R



321 REENT HHERTINRETL LML T ABFET R 0EKS
Bt

B 3-7(a) 5 # T I E T MW Ip-Vo M R > WA ™ s £/ 1.4nm
Rt H o 3 G ¥ @5 85 F 5 8723 cm?/Vs

d
gm,max = Cll\lT IUCOXVD

1.4x107°  7x8.854x107"
0.4x10*6)”( 43.5%x1077
1 =8723cm* /Vs

435x107 = ( )0.1)

Bl 3-7(b) 5 % (40 = et § R B Vo B GRS 2 E £ R
4um ~ & & 50um) > o Gm,maxa&%.}i’ﬂr*“—? BHF B AT RE R HAEER

PA 5 Ee = N E YR 2
fek R T @A T LM B8 F 95 3.60mYVs -

7x8.854x 107"

43 5x103 )(0.1) > z=3.60m" /Vs

648x10'7=(%§)y(

%%ﬁ@@zst@ﬁﬁiﬁﬁﬁﬁ” Voo W WIREME BEGH

N

*ﬂﬂf“**ﬁ%ﬁ£§é360cmgﬂkot“ Bl S B 3 B AR
B EGR S SH c TRAYBFFRY ORGP RBF R
BEFHETHh3.6 omY/Vs 38 5 RAfe L p FET LA LT B
B ¥ooEr BT LSERERE B RREF) R L o B 3-8
AT TRy [41) AR T o BE LT AR higE o
¥ 2005 & E.S. Snow #7 3 BIFf { i&— ) #opt F T S 5 B8 F

£ 3 150em?/Vs [32]) -

—\

BTRFmEIPATROME REG L AP BB F n{oE
FF AR T o E 40 K ARLE T LM TS A RRE R g
S RE 2 BRI g F AR A L o T N R R )T 4um ih A 2
BAEY EBUEAE T b0 A R G TS S G RERE T

35



PR ERC P RP S AR R ST Jum A R AR T F FI s
O R B o B TR BRI N ls\E,“\’gﬁ_ Hg ~ it o lwies 5
3hEZETRERES KB R

B/ 3-9 & ’ilﬁfﬁ'\? 40 =x 2_ ’bx—xé'lg-p\ }i'frml Wil pFenT PRl % o
RERT 5 kR BT & (percolation limit)pF [33]) 0 i £ R fo~ 2
FH PRI ZTIRE MM T o B %EI Nl 7 ot > 3£ F
LR RIE NS E ALY o M E R R A dum thA 0 B R R
2HRFUE HFFIR 2-6C)(d) PRI UE R RAAS A H
BEREOH A AR > FPLEE T A R R R e A Pl 5
tvod BT A EEER Bk ER TR Y AR RYE

SelF R HIFEIRG frehn Eadt s it e 2 ERE sy o R
WE GNP HM(FFEG SR ER B 6o d B HAE 40 <

R=R =R 2% _356Q) > R, =44.5(kQ/0)
W 0
R, :$:%(Q/D)—>p 6230(2Q2-cm)

d RS FDO TS 44.5kQ/0 0 BB fe 2004 £ G. Griiner # 7
st dchig s 4 - Ren [33] - FRmlp RESF T RES - TIREKY S
623uQem  HPIF T RE AL TR 0 £ B SRR E 2 48
AR S R AREET TR IR T - ) SR - e o B
mEBERDL PR L BAY TG #~1.TuQcem 4p F B R o e F 4
WE R HITE S 2 T 33p d jE(mean free path)FF(39nm) > § 3F § 2k € 4L

B 323 40 405~ R R ondcst ~ Ao de kS ATH S R 0 R
F’

TR GHBNEHTE BR S A A 15+ 2 [42)-H.D. Liu &42® E % (5x107°

36



torr) Tk B 1 % #5402 484 I 900 ~500nm SiO, e AR b0 AR
5 A& 4lnm PR F e B 3 2.67uQcm s e SEF 5 R MHEI 11.50m o T RE
GBI 3234uQem > F P B AR E D 10nm 2T PE o F4F s £ A4 HP A
F g eng k(slands) s 0 @ R BT GEEMS T RS [43) @&
B RAE BT T e Alicfo s s b T (=1 TpQ em)4p 19
TS e MAUEY B RACRET § T R R R Rl T

SRR T BNy S SR A

322 REENT HHERTINAE T LML FEBHIFH

Bl 3-10(a) = iT W E R EF T KM Ip-Vp M 5B - ERB AT F P
PF— Arzn i ot p-type L R8O FlilsE . Vg i R 10V BF L R 80 Ip-Vp
TR G TREL R R R R R TR R
FR TR 5 138kQ vk H I E BEE Ik Bk T rE 6.5kQ < G 3F 5
FRIT A AL A IR FL A F T T s BUR AR F WL R 40 7
e BARE TR S DTIE o F Vo BB 20V o mg S MBS E 0 d
BlP " M RERFD - VoM 7 2 2 BNl ® - - B4 Vp
§ 0 B4R R 0 EF VpHite o Ip % IRdn BH So 48] 3-10(b) ¢ [Vp| £
595 PE(~-1.8V) Ip ¥ Vp R ILAMR 2 P EFrensl S8 T 5 122kQ -
o Vg=-10V e B0 T rEdp2 7 33 o fp|BE R+Vg 7 1 %5 L gl
PaEgdF e At FddiEiRm®@i g2 0% L £ 5 /&
TRERESE S FVpAd UFEMEFF T ERABTIRBRAS > AET
R @ 4o ) 3-11 #7570 foik s H 3% i ' 4 (Drain Induced Barrier
Lowering, DIBL)4p fe o o B% » S e ik A5 d g g & & S s a o

$fe-Vg Bl £ B PSR IT o

Bl 3-12() 5 b — $ET W E R T ML RIE Ve M GR > 7 AR

37



METTER en P4 RFEL T2 gRT < o T
FOER 3-12(b) kv e G R E T M ¥ €83~ 2 5 LRI
R GG Rl IR R o FIY IR ORI TR IA e AR 1L F) B 3-12(b)
FERE D FEAIIS0CHE TN PRET RO EFREARR D
7| 25 mm*ﬁﬁaﬁ»maﬂma%oamw@&mz% PR
i F IR R L A S BA TR IR RH AT ik
o2 R eR R AR GG A BB R TR € Bpl A Y - e
PFACH R A T INE AR e T o d £
G W e chAR R o FIR SRR ERIT L - AR ES for g R T RS
B B R B IS g P S As A B

Bl 3-13 ZAg 2T HIBuE Ip-Vo MRl 5 ~#Fd 2823
125CPF > R s P B Se i35 BEFURE B 5 ) 25C 0 iy SR AR
Com o AR g > M ARER Ao T E R p T SR AR F o JiRlEE
PR fopl DR YT MR o ERERR S SRR T RS o
EREEE o LM E F R 2 3 % A& K (Schottky barrier
height) - SE 8 R340 > F AR S P 3§ KIS0 B 7 BB R Moo kiR
SOVE R D 3 ST R e T FHEE T EEF R
HAva e o JP ZPIRP R B Y W ITopl F ET W A &
ERMRFE L EME A PR AR E o

/E'J—M ‘J‘%;}B’ IEJ;F’ i iim.)i

33 i ToAm HEM Y G BP

3-1 SR SRV A B AIES Mo E PR T R P TI A
R de o BB Bl 2 ﬁJ@%@F&fﬂ&%’*bﬁﬁﬂ%'%
d E R PR 2 BB E R A BB B AT M- R R 20V R
(0L A R At M B R RIS 0 IpE Vp e R

38



i g

H A E E B TR B B 3-14(a) 5 AL
#EE 40 S g R R 14pms B R S0pm a2 Ip-Vp BT B o 5 F [V
B Ao WA E 3 EETT S R T E R o B 3-1400)F R FE T s
IV BT3B > d 57 FRGED THHFEE > B GG BF
oo WA TSI AEFMF TR BGR DR o B 3-15() 3 B E g 2
o & R l4um ~ F R SOum o=~ it H Ip-Vp b (2% - B 3-15(b) 5 & 1=
iz 82 Ip-Vo bl R B2 7B Glp Bk 2 > e Bk (Seh
R R R A o A f AR L ] b B R i FORUE
% =k dicdR b P ﬁipﬁk’)g%ﬁd PR i A B OBE O ] o

B 3-16 5 &% ¥ *f 40 = s adsg & B 0.4um h~ 2 2 [5-Vp B (2B » (a)
Blen= i 3R 5 50pm ~ (bRl 2 3R S5um e bt A f T TR
m’b'—’ﬁip%}ﬁgiﬁd ]“*”ﬂ%,zig%cr"“&gw&n]o

Poam A F TR e f e Bt L E TR R Al i
RUGAR FEgEFRAPmpRERSF > RF 2 ¥ T F2ET
BB B BhB e B13-17 5 AR pRaA T on LR 0§ 32
BLimd TRH G F T G TGS - AR AR By
ERABTRL > R AT L A TR BRI o A X EME S
B AT RS D - TARAR P B-m 2 ok B Ao B] 3-10(a) o FRt g A
%ﬁ&ﬁﬁ%»ﬁ%@@ﬂﬁﬁ%%?&ﬁﬁ??ﬁgﬁiﬁ%%%i’

5 oo d ]}L?frfv,«flj’i% ':;‘F:‘/‘;ﬁ" 4 —i","ﬁ%b‘_ﬁ%‘\?mlﬂé ’ %iﬁ’# > d g*gj

1R AR 2 T R e

39



% 3-1 By B

T2 4 @52 K

B3 2=~ (b) %

10 %2 (0) % 40 (3¢ % 105 A8 A 5 Sum o 2 75 & b

fof CEHF SRR E AT

(2)

(b)

TR S 0 FIE A P N F S o

L) (um) 5 20 5
0.4 100 | 1.00 | 080
1.4 1.00 | 1.00 | 0.60
4 0.08 | 000 | 0.00
9 0.00 | 000 | 000
14 0.00 | 000 | 0.0
Lo ()l s 20 5
0.4 1.00 | 1.00 X
1.4 1.00 | 1.00 X
4 0447 | 0.38 X
9 0.00 | 0.00 X
14 0.00 | 0.00 X
Lo (m)l - 5 20 5
0.4 1.00 | 1.00 | 1.00
1.4 1.00 | 1.00 | 1.00
4 1.00 | 1.00 | 1.00
9 100 | 0.75 | 040
14 075 | 050 | 0.0
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22 ~(b) %% 10 = ~(c) % 40 =% o

(a)
W(um) 50 20 current ratio
L(um) (width 50/width 20)
0.4 49.4nA 20.8uA 2.4
1.4 3.8uA 2.8uA 1.4
(b)
W(um) 50 0 current ratio
L(pm) (width 50/width 20)
0.4 147.0pnA 57.7TuA 2.5
1.4 33.8uA 93pA 3.6
(c)
W(um) 50 20 current ratio
L(um) (width 50/width 20)
0.4 281.0pA | 121.0pA 2.3
1.4 84.0nA 38.1nA 2.2
4 7.6uA 4.0uA 1.9
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%033 pLY EOET SR G e A2 o T o B Bl G (a)%

2%~ (b)10 = ~ ()40 =

(a)
W(pm)
50 20
L(pm)
0.4 1.81 1.86
1.4 22.50 | 13.10
(b)
W(pm)
50 20
L(pm)
0.4 1.46 1.40
1.4 213 2.10
()
W(pna)
50 20
L(pm)
0.4 147 1.46
1.4 2.07 1.97
4 4.97 4.61
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Q
on/off ratio
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(b)
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41 Wi A TR & >34
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