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Impact of Schottky Barrier on Carbon Nanotube FETs

and Thin-Film-Transistors

Student: Yi-Che Lee Advisor: Bing-Yue Tsui

Department of Electronics Engineering
Institute of Electronics

National Chiao Tung University

Abstract

Since the carbon nanotubg field=effect transistor (CNTFETs) were proposed
in 1998, lots of researches have been petformed and many interesting properties
have been reported, for example‘ambipolar behavior. Until now, Schottky barrier
model (SB model) is the most accepted ‘model to explain the ambipoar 1-V
behavior of CNTFETs. However, there are still little direct evidences to prove
that the CNTFETs are Schottky barrier devices.

In this work, we proposed a novel device structure with source/drain
sub-gates and used ISE TCAD simulation program to reveal the behavior of the
Schottky barrier devices with various sub-gate biases. From the simulation
results, we found that due to the thickness of Schottky barrier would be
thickened or be suppressed by the gate bias, the Ip-Vg behavior of SB devices
shows ambipolar characteristic. Besides that, as a result of that the Schottky
barrier at drain side is lowered or thinned at different gate bias, the Ip-Vp
behavior shows completely different trend as the drain voltage increases.

When we apply positive voltage at sub-gates, the Schottky barrier at

conduction band will be suppressed and that at valance band will be thickened.
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Therefore, the electron current will increase and the hole current will decreases
and vice versa.

Electrical measurement shows that the CNTFETs and TFTs exhibit the
same [-V characteristics trend with the simulation results and that the sub-gates
could affect the characteristics of both CNTFETs and SBTFTs. However, due to
the tiny one-dimensional geometry of CNT, the sub-gates have much less effect
on CNTFETs.

Finally, we included temperature model into the simulation program to
investigate the temperature effect of SBTFTs and CNTFETs. The measured
temperature effect of CNTFETs shows quite good agreement with the simulation
results. However, as a result of grain boundary in actual SBTFTs channel, the
measured results are quite different from the simulattion results.

Conclusively, this work proyides several direct evidences to support that the

CNTFETs could be treated as'SB devices with single crystalline channel.
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FEBUTRBEBEABRTE Md 2 HBEEI 2T RAEE 7R
T i eatmdd T3 ATFhFACR > T HEFL TR
b A WET R R EACRLA (R RH R AT
% 18 7 "% > (Tunneling effect) 7 i % L =135 = T i (4B 1-11) - F]pt 7
WAMES T TRALTRDERAAMETHHMEL A A2 L
Z 4 A ¢ % &8 (Ambipolar CNTFET) [33,34,35]

1-5% A =H2 3P

dH RSB A R TAMPTET P LR B L D



WAL - B ORI R OF AR BRI G ERT o JRd AR AR R
oM BACREINTT LT HMELL- BRET 7L o
PRARZARELEBEN DEACRZL I ZIEFT AR
PP TRSBEACRLFALERY THCRFL
f© B 4 7 (4o @ HyS¢ Zalkanethiol® % ) 't e £ BT PF o 7 s ¥

Rz BRAfE o F

G2 FA A TR ERFIREDBELACR S B0 B 7 kR § HE
[36,37] -

Bk VO e R B TR B8 R £ TR T
FAERE 2 e o g 3 ALY RS L i st R TG AR
BATROER > A BATIROT S BESS Y 0T % T 5% (Tunneling
current) ¥ F L R en B R & - p AR¥HF LR G FIMF RAER
RATEr A e gl ERP O QF NGOG P RRST Il A 2T
F oK AR T R M & R [34,38]
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63 < 1

AT AL P E AR - BZMEL 2 AMETHME LT &
o 1 RiEEAET S 2 B e (sub-gate) A2 73 B RRIEE A1E
ZEHACE I A T M ARBEIART AL AP AR TR
RenB AR ZARETHUETET SWOT RS ERFE P

FoRP EWP At Aﬁﬁ@m~é’ fe B2 K FHwan
AERARE NIRRT DRERAG o
"2 % ¢ plAR* ISE 2 @ chTCAD =~ 2 et st - B = B4

PER B L LB RR T R A £ 2 % i 4 B (Band

Fe g MAREERN AR AL BT ERHBUCE A RE TS
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(a)

He
I . (1)
arc-discharge

(b)

laser ablation

c——

oven temperature ~ 1200 °C

(c)

CnHm

» anan el

oven temperature 500-1000 °C

Bl-1 =462 %

;L_
p:

FREN LA AR (@B %D (D)F HBG R

(c)* F F tpfiz -
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p
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=
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RRLE 2B R
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M

#l1-3

#5(c) & A A A[10] -
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(a)

MWNT or SWNT
™u

A souroo) |\ Au @rainy |

Si (back gate)

(b)

(c) = e
Gate
Gate oxide {N/DF M) CNr

SO

B 1-6 2 FRAESHEZZFNARETHRM () FREZFAMRET LML B
(71 (b) RIRHEZ A RE T &AL BHE[23] () P WiEZ ARE T HL 2

H[24] -
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Vo V)

B 17 S0 % FaE T &M 5L B R Prtype £k S F R4 MRS

AR T HWEE[T]

a) 100
802

60

(NA)

H % 2 N-type $51£[29]
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T~ K-DOPED

Bl 1-9 JI* doZid R 4nsig»t 2 K Bg F 0 ¥ 10 P-type #1222 KR

i ¥ 2 N-type 2 14[29] -

ak LR ]

T Rl L
s il
My " - =
et et b,

% L ;

(a e oy

NANOTUBE

B 1-10 & % - B # Sl £ B8 KM E R Jd WRF O HA
H o Fl ¢ A4 Ptype 2 i (@) BRETRME > T3 FRRHAE
o Flt R TR @E (b)) fHETERM TF IR SHEACR ¥

PE LT ER AR # T 5 [33]
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Bl 1-11

NANOTUBE

@SB L2 g e E‘(’ﬁi&ﬁ%ﬂ* *

rf Eo

L%

R pMET R 0 F Tl E A RS b o S R [33] -
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o F
S fEh B

2-1 3

-3\7

HW2ARE2PLY "R AR T WM™ & (Ti)
TR MR RN E R KM IR EREE (ambipolar) 2 £
F#12[33,3435] Flp IBM AT F X R3na 2970 ez KA b ¢ IR R
TR AL A AREE S BEMe + 2 H A =K (Schottky Barrier )
LI H R4k (backgate) “72 4 T HAF  Fla i ELRTALTFH
TR METHEERFTALEFIGERRI 0 0 A FlREL R
14[33,34] -
1A ARBEEETE LR ¢ D F > £ T 4ok IBM AT
fo A S S AR PR R AP RO R A T A
B FR s @ F P RESEE > T 0 R1EE & &(Source/Drain) T > &
i“g'%:— ® & R 1% (Sub-gate) > 4o 2-1 - 1% 13 scend BRI &A 4 K0
TH & PERARE CNRRE A ruma o FEAZARE TR
WABACREST DR BIFRTT G Bz K
CIRTE = e

M os 1 AEETB M ETE S 2 BRI AN RIS Atk e 0 A

R T ML

Bz ol B Tk A e § S 9 (Undoped poly silicon film) # & *

AEOTEREERFNpE SO BEETEI AW - N AP LR
Bile L e h) BACH Y FIMEAARTTANERS S
SRR SHAR L R AT AR F A T W R
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A HBA TR o

2-2 A BB HE AR T 2 B

B AR *ISE TCADiz 2 A25 i 7 ~ 2 fr b2 fifg o L ¢ * ISE?
DEVISE#Z ;% 3§ W 4r @) 2-2 2. 2DE T fu 4~ 12 éfﬁ » = % ¢ z_Channel
i * 50nmz Siliconi& %> 11 % 50nm2 SiO, 1% 5 & 55k o & B T 4P| Aig *

i

Fafm 2z 3o dept T g AR P YT UERE LR
THRIFPEPN IR AEG > L2 724 TRz Sl

T HE R E_# * ISE ¢ ¢ DESSIS #2354 » ¥ 2% %2+ 5 Schottky Barrier
tunneling current 4 2 Thermionic emission current ° ﬁ“ + 218 # & (Mobility )
23| P &_## * Doping dependant mobility model > High field saturation
model ¥ 2 Normal field model - _d >t34& + 2§70k 48 » Schottky barrier
lowering model ;X § & *= e it 8P
@ Schottky barrier tunneling 8 >3- 5 2_ ¥t Bk T

- BT RE R T A ] i dl

TR E 0T d 3w Ak L g ok R KRR ik & B F
AP EZEZ AR R BASS NAR AL REFI A RE T
el o Flpt o AR EY 0 F b ALE AR RIF - 7 AT % (Dimethy
Formamide, DMF ) 2. 5 #/3 &|® > £ %% (Spin coating) 2. = ;%% ¥ &
R EG o BEELR NS LD LFA G RS S "
B iEr o A TR R

$- 48 N E @ % g3 515> % (lon implantation) 7%N-typef i + &
AP %8 A H 4P-type AFFAAN BB ITLHAE 4B 2-3(a) © &
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B E Rl BE R ELFAG G TE RS FP A%
RRABMER 2 EFLFNREF mm%@ﬁ%%’agﬁﬁﬁs
o i A BRI A A2 > P B T R
AAE DT RS B SRR 0 L A0 e B RO T R AT B

A2 A BETRBER AR o b S RERWRAED BB
SfRRT T BRI > AP e R IEN substrate/P” sub-gate£? P
substrate/N" sub-gatez_ i o

",/TT”J BT GRS N FX TR AP T R BIFRDE B

(In-situ doped poly silicon) * @ T & H & > 4-B) 2-3(b) » @& * e i 5
FORLIT ehg) W R 2R X &M nF MAzk o & Ed 0 RS R

Miee K2 BFenT B G FI v L aplfifEr S E R+ 3
TR FA e A Ao

0 Pl R SGHE2 seg b sd e aipm g & w2 £ B e
A IR € X ] & AR A enE 3 i (Work function) B2 58 AL &
Wi * g4k (Ti) @4n (Pt) TERHILBEEHREDN 2 FOBHACRE R -
e §4chts Fensy fAe? &2 34 BOE(Buffered Oxide Etchant)z 48 %] »
Tt 4B A - R AR o A - F P BT E
2@ Fh 4B o R ge (Ta) M ScdacirgE 4 oo

]

SH

2-4 A A

BN AAFHRY 0 2ONRE AR RN AR FRFL 0 5
Huz2 A RMEE s haiEiBe APa- A9 X3 ABEER
> el 2-4@)c F BABTROT S LA - BT A d 3 i-line
stepper A At k¥ 2 B HEREL S FMRFROTRE £HTIE
=% &% 0.lum > 4o®] 2-4(b) > FEAFFERFE 2 TF AR B A RAZFEEL
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Meng a2 &l o o
d N R BEE SRRt - g W 2R R 0 AT
THE B TESBIMEAS SR AP S N R a R R
% (Contacthole) > T A% pFril 4% > RS A7 FIFR 3R
W?%ﬁ@’&ﬁﬁﬁﬁﬁﬁmmﬁ%mﬁ’%ﬁiﬁﬁ@ﬁ’%@lﬁ
THALFL O PR R R UL IR ARE T HWOPE - S0P
IR ERTEBFIES~ELGAFHN 102+ - B &> (die) 4
B 2-6 - £ J1* i-line stepper 2. £ AR L cF M > - F R FI # 55 &K

A S E T C I

2-5 ~ it g4z
ARz AP RELERFR O~ FE R T2 Class 1022 ~ § 3
P s Class 10000 2 2 A= #¥pzm A o siim2) =~ (2 G A7 4o @) 2-7 #7o1 » I iFim
P 4T ol
1. @ * Clean Track ™ % i-line stepper :&£ {7 % kL F L - R L=
= fs £ & * TEL5000 Oxide etcher :&{7 % g 4% I & * O-Zone
asher 2 Fx e i % 4 ",/Tf Flapr K e o
2.
a. %2 & HIEN/P" & Wit s > Bl * Clean track!/ % i-line
stepper:it (IN'/P" BIMtREE Rk o R A5 - 3T 7
1 % 4N substrateiZ (7 it ® 90keV#| € lel4 2 BF2 33+ 45 >
& § %P substrateit 7 it £ 100keV #H & leld 2. AsZ 3+ %
e o B+ W=+ 8 0 & * O-zone asher® Fifid i 2 ",/TT K FE >
£ * Wetbenchi& {7 STD clean process » 7F & % = & » i » Oxide

RTA:& 7 1000°C 10secz i3\ » i&m RFe B L > A7 i 2
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N2 2P & f & > 4o 2-7 (a)+ B
b. #E2WiTs &L BMIEES > RB#LFSE STD clean
process ¢ » i¥ » =% g ¢ (Vertical Furnace) * i&{7 100nm =
FivpEAfH N E 50nm 24832 % & (in-situ doped poly
silicon) E¥AF o A =+ 18 > @ * Clean track 1 % i-line
stepper &7 5 H A B M iEEER K o Bk A {s o FE
TCP-9400 poly-Si etcher ¥ &7 5 &2 2 & %] » %] % & {5 » 1%
» O-zone asher ¥ £ fik iz 2 ﬁEJc]m T B Bk
% > 4o 2-7(a) = @) -

3. i * RCA clean process 7F % = = & ff #2755 [{] » £ #-8 FliE »

LPCVD % # # i {7 30nm 2 TEOS oxide /A4t » 7 % &l 152 W 1&

F K o do®l 2-7(b)s

4,
a. FALZEIES 2B T W& IR Y Img 3 X
FE 8 A0ml 20 208 ALY AR R L Blje 4F 0 T F SR 24 o) pE
CR R 2 R BREE PR AR RRPEF LA
4o 2 k% 500rpm ##iE ik 30sec R s S F o £
* 4000rpm 2§ E 4 | A4 MR R EI 0 F T RHE N SR
w2 BCE o
b, #EEHFEWT LMW H& > PIABLFE X 5E RCA
clean process 7% t¢ » % » LPCVD g ¢ Afi 7+ ZRF 2 7 &
Foeinme § § e i 2 f8 > &4l * Clean Track £ i-line
stepper i€ {7 Channel 2. g % - k= (g g @& * TCP-9400
poly-Si etcher i& 7 5 S @2 2.4 %] » A5 - BEiFR2 § HpE
i (Poly silicon channel ) °

5. 3RS FARMEZYTEES H 2452 18304 Clean
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Track £7 i-line stepper &7 £ H Rk ¥ 2 fk o LT L {8 > ¥

¥ &i% » Helix sputter ® £ {7 £ JH 7 &2 A F o
a. FAZRAFLEEETE Bl 45mTorr 2. Ar § BT @ #
sputter 2. DC gun X §45(Ti) & e 3 & * 0.4 % 3B h LT i gk
A= 7 # ¥ > @ RF gun Pl kg ga(P) & e o 3% 100W ehi

G AT R K B {¢ §1* sputter # 5 2. shutter 2. F B i

DCgun & 7 B4E> k& 7 # 45 £ B B DC gun 2 shutter 1«
% 37 RF gun 2 shutter # £ BB LIRS R 7T 44 -
mEFTREREEE FEFMERZ EHENE Y 25nm E o
b. #EEAFMHE BT M A4 45mTorr 22 Ar § BT @& *
sputter 2. DC gun -k 42 (Ta) & e > 3 & % 0.06 % 33 2 TLE n
S S gAe T WRF qun e R g (P & e 57 100W
2 RS NBATTH B S-S B gun 2 shutter b pF4T B iE

\

2 R4 (co-sputtering) 7 ~A4s i & kA2 EBR S 5 -

&

Bl

4o & & o 2 98- DC gun 2 shutter B BF » L2748 & ffen

o

BET A R ENERLEMER R ERE YL AR

a
e

FEBEEAF2Z BF R AAMIART 5 ok 21
P r Q3 ARTHY 2FRT 10 A48 27 lift-off WAz o %2
Frd 2 BRI k@G R arfpE G FAFSABEE
Bedidboks 3 % mF efflEdm 2 &Rk o =2 lift-off @{Az2
EErrd g BhTime Wiv o 4o®l 2-7(c) -

7.0 R EE AHFA G ARG 0 FIt 0 H R KR E T

2 5 AP * In-line SEM ( Scanning Electron Microscopy )
FHLBTIRLFEFF AN PF > - L FRG 2 27 BB
2ZFABE o AcR 2-8 2T EHT L E o NP RZE
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iR o
8. MBI EMINEETEZZAMET M2 RE > &L 2
EHTHm2 FWT W& # » A4 AR 300C2 PECVD(Plasma
Enhanced Chemical Vapor Deposition ) #% 5 # » i@ » 10sccmz. TEOS
% 600sccmz. O, BL4= 7 ch 1 #48 #% R &6 AR S0nmz
PECVD:= § * ¥ @i E h R B FEW iR F 50 5 & ik
( passivation layer ) °
9. # * Clean Track ' % i-line stepper i& 7 £ f§ % (Contact hole)
LRk o Bk s &% BOE(Buffered Oxide Etchant)it {73
FEaun L2 BERAETYa-F i pis R hTESR
Mg oo
10. i# * Thermal Coater A & &olk 7 45 300nm 2_ 4878 " o B s A i@
* Clean Track ¥ i-line stepper & i7-f7 #& 2?7 Pad & ¥ g 3k o & {8 & *
B A N e ERELE pad > TR R E T o)
2-7(d) -
2-6 ~ it & B
Wirr=2 2R ETHMUE FETHW > EFRET 280
(Probe station ) T i * Agilent4156 L %8 8o 7 R4S M B RIEH T E T

JRBE % o
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Bl 2-1 S RiRe iR ™ S A e Bl W E2 2 KA H T S

electrode  TOp gate  elactrode

Poly Si

T T
Sub-gate Sub-gate

Substrate

Rl

# -

Bl 2-2 figor® 20 BR S 4



PECVD oxide

LPCVD oxide

) Ed= 5\

PECVD oxide
LPCVD oxide
LPCVD oxide

B 2-3 % F @R ﬁﬁngé‘ﬁ&>2. = ﬁ:lﬁiﬁi CAETR R S ﬁi.ﬁ?‘ﬁ&.ﬁﬂ :
@QN/P" &Rt b)B#ZE2Z 5 57 B R -
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(a)

: s Electrode

(b)

Electrode

Bl 2-4 ~22 £ BT BERFRZ T LB (R BT 1BE B W 1R
HBENZARE TR PBEOFRAEREY N EHETE 0lym TR
YU PRAMCR 2 R A o
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ontact hole

/

Contact holel

_—

» %] (%47 Pad 245 F & -

y H.-E-..-nr uﬁ;ﬂu:.r.ruh

Tisageer .F._#..h_:
ll?l.r Hklblrlrlrxr'HkIL[llrJrlrﬁ'Hkthllr -Hﬁhlrlrlrl
h-uflrllrl- uﬁbnrlrtuﬁ - ﬁLl.lrnri - Mlhlunrhrlrl uulhltlrlru

t.. ] -._.a.ﬁ EH e e .ﬁ-

I'rL ..r.rUh :.-J_ %u
_._|.__.-..._._..r ._|._._._|:_..__. ' ﬁﬁ;.ﬂﬁr'%ﬁ'%-

.=u._|ﬁ:mrmuﬁ .ﬂﬂ.._._.rr.r .n...J-..ru_.nr- u n._._.j_._.
H.ﬂn-.lrl.r% Lkllﬂ-_rrlrnr -L|-u-r|.rnﬁ Hu
._l..h..n_.rn_.H“ LH._._.._._.._. h::.u._.n_.ﬁ

Fea

thlrnrlrnr

.hﬁ._-rnrirr ddumnhhb
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(a)
As-(BF2+) As-(BF2+)

'Y '

LPCVD oxide

(b)
l_,:l LPCVD oxide

LPCVD oxide LPCVD oxide

(c)

LPCVD oxide

LPCVD oxide LPCVD oxide

(d)

L  Altopgate I

PECVD oxide Al top gate
LPCVD oxide PECVD oxide
LPCVD oxide LPCVD oxide

W27 347 bRl MRS ~ & WlaeT L H -
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F12-8 JI* SEM &5 &1l £ pT ez 2 A AE -
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3-1 %34

BAFP o AR ISE TCAD it % ~ i MM T e Wil b
PR EHTLES U E T FRIBEHET AT RETRFE L2

e
4 B (Band diagram) 2432 B B J hd ondd 2 R F] o

NN\

3-2 i I EWLT HWI-VeiFltz B

Bl 3-1 g0 T Hcke ) R i dick 2 5 4.5eVE 4.8eV2 EHT A 1Y
2 Ip-VoEt o d BlP AP B A HE BTG BLIP T FT
mg%%mﬁ?@ﬁﬁﬂa@rﬁﬁ’a§%?m§%¥$ﬁ?@¢ﬁﬂ
mORBrE D o T A TG MRTBES P BiRTA 2 DR HET U E M
Frohg e anaRFELEY PRI ERAART T AW > e g
B TR A A RS Tk ek B TR T ehdE TN o

FOAREAE A DB THFT UREN - BEdE R o

e

A=

%txr’@aﬁ*@t&%ﬁﬁﬁ’%@?4§¥ﬂ??%ﬁ%?@”

aﬁ;ﬁjgﬂr B i IR e) - - R
FEREE R ET o PR J'l'%‘ ﬂ{i{iﬁﬁ Z PR Freapk R o

foE AR A R RS S

"ﬁ'
3
pe:e
4
=H
;

Y lp-Vedr it » 2y
FRLEF SBK TS 45eVZ FWRT HAWALI BT BFAELLTH
¢

AERBETBRTOTFEET IR x > BEERNT HSHWEM -V



Mg v Fil e N-type @ F 2§ TR Slics 4.8eVEF » HIp-Vetrid g 0t
i P-type ©

AT R RS PO AERETRT R F TR I &4
BLEEM2 e B ACRE RRN  TUT FF I BRAFHE S
(Thermionic emission)$#/|AX:E & K = » L FE P > @ A4 ¥l T
P PR A TRER Y EVRE A R DTRRIL o A F A ]
MiETRF FIZRFFIOHACRS RARS > F Tk

piu

%
R R R EEE T L PR R R L

N

e m T% /ff)' %3@ ;F: /T::L ﬂéi fﬁ ’ ’?"‘f'll fé;é \Jlgtﬁ;& I% L’J’J"E":”?:;'i E]BE] %}Z"ﬁ ﬁi‘k ':’5’7?_‘
FRIMBEC] T TR 0 A5 %7 00 N-type 3 o 4o 3-2(a) o F 2
PRl EREF OEENT HAMAIHRBIEBRT IR DOT IR &

fRARR R T 4 Rt h Tk i) SR P-type 03 i 1o 4o ] 3-2(b)e

TR SRR S - Vo2 B8R

B 3-3 81 T Her Sk 2 45eVE 4.8eVZ BT SRR oh
Ip-Vp#it o d B¢ 7 g RY £ BT s SBRKE > THWALFED

BT ORE TR 0 2 fREF AT RH e d EBrE R o @ W
BT RT S Tkl o e A R AR TR S e d T )
b > @ 2 gED e ARE EBHT R Sl BT AT ARF
gk o n ! FABRIREAFF > IHRIRTHTEHLEORE

B 3B A I Fe o

a4

B BETREF > T2 TR AT BE R D KA LT x
BT ORACRTFABT ROEE A M 4o 3-4(a) 0 Flt R
W AREAEZORACROT T ARG S > 2 FRTTEDH e -
PRI OE AT REFH BT R 2P A8 AR BRORE
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ERBTS AT oA R B R R R e -
F AT R M AP xRy (Valance band ) € & Br§td
I% '?]‘f m%élﬂr.ﬁl /br'%;g}” g_‘/ﬁg m? Ksﬁm)rl F’E'ﬁr' IFL ‘an34(b)

;_

Ft o F AT R AR TR A AW TR AT L F T
Rk L RAEFABRBTRORRDH > BB L RH DT IRE
pAm T R A - A e T o

R g f RBRNNRY P FL AR TR R A R E T
FAROBILBROER A B HRPE > T TR DT RT I E I A Ao B
3-4(c) e M BATRANTET I B FACIG2 B R S Ap M o Fp AR
A EF AT R A A R R RN ) H o % F L b e Rk i
TREFHACRDERRERE  FRAHATRI? §CFAETRAO
HBa 2L PP RIS CEHFABRTERE D E 0o

3-4 RINIBT BREERT gs M lp-Voir itz B 5
Bl 3-5 801 7 b eng] WARiH/RT S T 1R Sfic 4.5eVE 4.8eV2 &
T M ATHR D L Ip-VetFtt o d Y 7 IR FRIFES e f TRE
TR Sl s 45eVE H_4.8eV2 EWT S22 -V td? » 254 W
BREBEFOEETINIHEETE > a fHEBRLBRTORETINEE A R
AP F RGBT OENT LR Y RE D > T UFE R B
e e R
TR ACRPIRE > Fla e R FPT R R R FEAERT

BT R EE TR o BT e T H e T T

MR e R REF RIS AR S & B T 0

§4
ﬁ‘
-El\ “
o
o+
K

—=

RRE > AN BRI BRTILFDOTETIT > A R EFEE T IRR A A4
Bl 3-6(a)° F 2> F RIS e TR §REFTFTFIHATRRE
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L AT S EE AR S 4ol 3-6(b) & @ T T T T

35 BIM BT BRFENT HHMI-VofFitz 5

Bl 3-7 3272 FBRETRT > 2 Fh2 /R iEs S8 i 9lp-Vp
Bl o BlY &7 % BIM R el TR > 7 U f»echit B A BT R T
AT TRIWABTRT O I K2 m Ko

Ty AT B ARDT RT LG sk b A AR A £ BT R X
2 e PR ACRSOE T > A PPEFL T IR ] o

bl SRR A A R RACROE R TN RERTRT
ﬁ%ﬁ?ﬁ@%%%%ﬁaﬁ’iﬂ$Wﬁﬁ%§°@{d%ﬁ%ﬁ?@
R AR R GFA AR A TR > FI Y AR e L TR TS kR
TREBH AL DT FFTETIRERA AL 4oR] 3-7(D)R ¥ “TH T 0 &
BT REAE BBEL-SY Togat OV T g n i K I gk o

3-6 MEBARAETREAFIRARTIILEY

m 3P d TG Alp-Vp RS & T i 0§ B AR e TR A A
W R A pE > LB R A B A T S AR OE ARG R R
Sa b FABBOREATRFIIABRTROESG Y AF Bl TR
VIRAT foenI R 0 M PEE LV LR RS E L e T R F A B

g
L

%K%i?, LeRE - R R 1 /ﬁfé%mﬁ%él“ﬁﬁl B P ﬂﬁﬁ,_’\x“']‘,ga.m)g_g
AEBREHTINF A TR E 4Bl 3-8(a) -

PR ERELTREFOET TN RIS I RERE AR DS
BHEACHES FEAP RS RiEgnH LR ¥ 7 i Bk
F € %P B > hom@) 3-8(b)
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TELYHEDTRAEGTEHEBACKRA L AR A

54 (substrate) K § TR &G4 T B o d TR ARy o FIM AF TR

AL DT H R R S B ARHT IS AR R TR 0 Tt AR TR

AR AR E A IR F g A2 AR Tk o

PP TR R AR f RRFDOAE R B REFEAET L T

B X WA AR DR IEAR e o TILAE T R AR TR AR
Ao BRI R R DR o JER g K Ao Bl 3-9 47T

d Bl NPT UERETAFLTRL SV B i oa BT R E

EHETEFORLLEG ARG ORE S LA BT RO

PERSYF 2 FAFETRISVE  REAHBEAT BRI PaET

BT R G R R A M AR RE AR LIRSS G P
fgﬁo
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