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Abstract

Abstract

The unique mechanical thermal and electrical properties resulting from the unique
molecular structure of CNT make this material very attractive. In terms of electronic
structure, for semiconductor single-walled carbon nanotubes (SWCNT), the electron
and hole movements in the tube at 300K have a very high intrinsic mobility, an average
free path on the order of microns, carbon ~ Carriers in nanotubes exhibit almost perfect
ballistic transport characteristics, and are currently a kind of optoelectronic device
materials with great application potential. The high-purity semiconducting single-
walled carbon nanotubes isolated by selective modification show good electrical
characteristics in thin-film transistors, and the greatly simplified preparation process
allows us to combine carbon nanotubes with other high-performance two-dimensional
The combination of materials gives play to their respective advantages, and then a
heterostructure phototransistor with excellent performance is prepared. The main
research contents of this paper are as follows:

1. Characterization of high-purity semiconductor carbon nanotubes and
preparation and characterization of thin-film FETs. Characterization of the morphology,
chirality and electrical characteristics of the carbon nanotube raw materials we have.
By optimizing the process of carbon nanotube thin film coating, A uniform and stable
thin film device was prepared, and the electrical performance of the device has also
been improved compared with some previous studies.

2. Using a micro-machining process that combines a carbon nanotube film and a
metal oxide film to prepare a high-performance van der Waals heterostructure bipolar
transistor, its electrical characteristics show good bipolarity, and the subsequent
preparation of the bipolar transistor In the study of the static characteristics of the
inverter, a higher gain (54V / V) is obtained, and it is expected that a higher integration
device will be prepared.

3. Combining SWCNT with the photosensitive dye molecule Z907 to prepare a
heterostructure photoelectric thin film transistor, which greatly improves the
responsivity of CNT-FET to visible light, and studies a preparation idea of the device
and the light fesponse mechanism. The combination of materials and carbon
nanotubes provides research ideas.

4.Using the principle of straightening carbon nanotubes when the liquid metal is
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melted, a single CNT-FET is prepared through a series of processes, which will help us
further understand the intrinsic electrical transport characteristics of SWCNT.

Key Words: Carbon nanotubes, thin film transistors, heterostructures, bipolar

transistors, light response
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BEE BRI E R I R AT X — B R BT 5T, X T R BRgIKE
HI R T E AN BIIAIR . ONT JU 4T 457 S BUR RS It ) 2302
DR B A X — MR AR B 77 BECL T A MRYL, X T AR S
BETRYIKE (SWCNT) , 300K B o 1) L F RIS XIS B A G AR s R ASE
FEBEN, HRERNTFIE BE, BEBSRMKETHERTFEIILFxEE
M E RS BV A RRATE, ERX THRYLKRE A
SR, EBRGURE T 4 00 T 4EERE T P A R 1 R YE R AT B AU ER I
BANGRE, R JUE R K& R R 7 ST AR B R BBy
REHEBEER.

PEERAUKE (CNT) BEREWN, SHEfis, RREZEIEE
Wi, MEFENE SR NS BT TR, SRR A AL A R IR
RHOTRIATRE AR, B ONT SRR DURIA T /LR AR I, il
BEZ RN AR, AAMBEERAT, HEAERB AR A RRE, TR
TR L K SWCNT-TFT K, BH K CNT M2 heRM+¥ 34 CNT A
FRBENLN S . H 48 CNT M3 S B2 in T MR B BRI T &
FHFF /et . RSt CNT-TFT AUt FA1 2R ] fe by /b w5 i 45 & PR3k
K, MR NESREEN FET LB A4S 2B ST
BRGIKE

St TR Al B 1K) SR PR R BE BRI MR SR R A (SWCNT-TFT)
BOPRE R FRRERBE R OME, EREZSE TSP, BTKATS
h A R B R A R4S TFT BRI p BU4EM:, BE 2 mREER
#| n &Y CNT-TFT R EHAMIB 7 M LFE, XM RKKHEZW T CNT-
TFT 7 CMOS #&#FH RIS H; 4T CNT B —Fh 78 i bR B B~ =44
DRI AT DA AR5 I B 20 BB LA s R ONT T AR B4R
WEYFRERRRRE, Fik CNT-TFT ] DAME & e A R8s . IS
RTS8 T ONT WA R A I8 BRI R S HF 8 X, X 2R
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e AR AR E A B BT AE

EARTES, WATELEBPRE AT H BN, QB RIS R
Kl & REE, #TRM CNT-TFT i TAE I AR KR B A — NN B 55
e

1.2 IRIKERELAR

BREVFT LT ST OB M BIR A Z 8T, R—FdEE G2 A BHEETKE
RENRZ PR, B i s A IR A, SRR,
MR RE, B HFERRATREBARBAARSHE, BRack
H, ARENEDEEANERIAUKHEVEMR, ST BN A&k
BRI, B 1L1a S KR BRIUDKE NG BEOEREE, 11b 4 MRS
M T LS B BRGUK B LM, ST RAITEF AN E MR, HIA 1991
A AR R RIS L TR, WS T KBRS R T
Fo

HIE 1889 4F, WA —RENWHE TR ENEASR, XEEM M
M EBER N BRRTRETH, X—ERIRBNAE T A S IR
% (CVD) B, JSHFEE RAEF BRINAR IS 5 87 B M CEL R,
BEANZAEZCUR, BAHA TN Seit i T B SR SR B 4R 5 Hh B4 38 40 i font
i X TE AT AR TEVE R R . I (SR E] 1952 4, 7EX —EMRP Hri— AT 5
AERIEFRE, EFHEFMT, DBOEAR, @3t —a s ag
RE MR YE, SRR EE TEH L (TEM) FUETNMMESY, &
F AT B MR B ELIRRN T E TR~ b R T 2 BERRAK L), X2
82— ROMEBINTRGPRE . TE 1960 4, — N3k B 35 E 0FF 34 57 8 A s
TRFBIRTEAR IR A5 1F T BT FU A BB RORF R, R BT A BRK4T 4 5 LART AL 51 1
ERBTHERNRK, BREGREREME. —HP 1985 £, B4
WP FARE TR, AMIRI T B=MERIE FE, Bl % BT e S 5
J, HESIR T —RIERIIF AR IPL. BT 1990 4£, AfIXX—34F
HIPCEAEAIRIE, 1990 KT LW I R EM R A4 . Kroto 33
ZAZURE Ljima PR —F & #$1)% . Tijima SLRDFFLAHT 77 sROIR v AE K 5 00
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HIFLE], AR —FRNEE, MEEEKRESKBIBRAKIHHEREI THK
RIS OGN, RFGEHBE ZERIREDS, B 1.2 R B K2 BEmRPKE S
WrEE, XEFRERARAEENBERKNZBEEULEMH. RERFZFH
KEBNEBIRX—GR LR, BAE 1992, AMIMSIATHRFE., HEAEM
FHERERMRBERPAE R B2 MEER . RN TRALENHAEER
PSRRI b, T Ees X R PR E BRI A 5 Z 522
M. WNEZRAHERG, BRHEFE, SENROTLEREGHILE REW
BERBIERR.

BEHmMAENRIERI, BRI T —E. LERICKENER
KHL, DL JE et T A F R A ERR T A SEIR R B SR T AP 4RIRER R
FMBARKIE KRB . BEBRPUOREEFL ST ARINRE S, X TR
KERFTFARMRL, FAREEHET B SR E RN, mRER
T, EYMEACEEREE, BRRER, HEMEL YUK UL T RS
JR5E . IR AATTRT CARI A B B B 2 BERR YK B AU BR AT 4R 3R G T = LA
SREVERE. HULT L, BERBEXRMNAMENEITET.

(10.10)

(a) (®)

B 11 BRIURERSN a BEREE; b B RE THBRIKEY

Figure 1.1 Structure of carbon nanotubes a stick model; b carbon nanotubes under

transmission electron microscope !

BIRINER 4 MET, ESWIE 2¢° 2% HEENIAT, RETFRIA
sp’ Z:4k, HA Ui EEAR A, B ERN=ZERE@ERIA)AS
W RINIE, XREBEEBERN—NMERRE. EA2HRE sp” #1406, p. HUEFH
HHETAUERTZFRE, ZUEET a2 ABARAHNSHE



RREMRIKERE R RS MR AR E LN A

o MR, &NAEBTHESTEHRRE p’ SHRES, FRERAZEN,
BRAKER—MERERD T, HRERRAILYK, WK 20 EXK. X

B NEUBIEN S TH—F. BEEYLRE(SWCNTs)E A R 17 85 T
W, HERMN 0.4 2 3 nm A%, SWCNT BFE AT LLB I A 856 B R sh kL
Y. BEHEAUHAREER, Bid LU sp? ZLHBRUKE, W
HRAEFHRNFMHT . EEFRENTUIAFFRNZ T . EFEFREH
H, BANERARR BN R EE TEM, MEZ RS, X
LeEEPAT T EH(E 1.33,b), C-CRSEME —ERANITE RMEMNHRNTLE
(B 1307, geRERERT LT —AFHER R0, mkEr, BEFHE
FRBAHIANFI AT AW H CNT B R &R ML 2 S e, tar LU B AR

M IE 1.4).

Bl 1.2 BmIKESHES

Figure 1.2 Carbon nanotube structure diagram!®



armchair zigzag

B 13 RAHAFRFHERHEERAKENSTEE . () RTFHEW, (b 2FEHN
(o) FHEHZR
Figure 1.3 Molecular models of SWNTs exhibiting different chiralities: (a)armchair

configuration, (b) zig-zag arrangement, and (c) chiral conformation'”),

B 1.4 AREBERNA R FE R S R X o

Figure 1.4 Different chiral and conductive characteristics caused by different curling

modes™
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fib 17 TEM R T 4~ MWNTs FI#IRBIRIE. 53] T 9K E 1T KA
BN 1-1.8 TPa, IX—HET ST FBKE 4008 IRILE (800 GPa). BRILLASN
KB TR BN R T 77 B8 (AFM) H B E B4 MWNT (% il /1 A0 i 1
H%, BB REEEE 032 f1 1.47 TPa 28] M1 (L% 1.1). HMBTF
20 [F) I BT BRANK B BN AT T IR AN B R LR 7T, SRR
RIZ i -: SWCNTs K REERT 5 &RIAMET L. &8 NRH T —HMHL
fi:  CNTs ZE BB RR(E A T RAERZIS, HFBIEWHIHIT=ET 5-7 8

f&, B 1.5 Fis.

Heptagon
eptag ~a

B 1.5 BRIRETHFAER 5-7 gl

Figure 1.5 5-7 defects caused by the bending of carbon nanotubes!'¥
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Table 1.1 Young's modulus of carbon nanotubes obtained by each research group

[12]

Experimental Young’s

modulus (TPa) Method Year  Reference
Not recorded Breakage of C fibers in liquid N» 1995  (43)
SWNTs survive in (pyrolytically grown nanofibers)
the core of fibers
1-1.8 Thermal vibrations of MWNTs in TEM 1996 (15)
(arc-discharge MWNTs)
1-1.28 Direct measurement on MWNTSs in AFM 1996 (16)
(arc-discharge MWNTs)
Not recorded Deformations of MWNTs with AFM tip 1997 17
Tubes resistant to (arc-discharge MWNTs)
stress and bending
Not recorded Sudden shock waves applied to MWNTs 1998 (211)
Tubes do not break (<50 GPa)
but collapse (arc-discharge MWNTSs)
0.5 Direct measurement 1999 (219)
(pyrolytically grown SWNTs)
0.03-0.04 Direct measurement on SWNTs 2000 (220)
(pyrolytically grown SWNTSs)
0.053 Direct measurement on MWNTs 2000 (221)
(pyrolytically grown MWNTs)
0.32-1.47 Direct measurement on individual 2000 (218)
SWNTs using AFM tip and imaged
with SEM
(arc-discharge SWNTs)
0.8 Direct measurement in TEM with 2002 (222, 223)

piezoelectric device
(pyrolytically grown MWNTs)

REEHAAKE (SWCNT) RMAFHE—4MEL, W UM ABRMAE —Fik
R THIREL, BHSHEAMA R LRI T X AEE R B .
SWCNT BT SFERE A RS WMk E LREAZR, ERAT R 205
FFHIRS], HESEEMBRAERX S, B7FRRRERR EBUELSE,
T B EG S £ R B S, BTHMREAFERER, BEKRIH
A& SWCNT #pE I iR d J LR ke, B 1.6 45 H BT RA 8 R A7 WA
B, Hh AR, MAUKET REANTFERER A, BRETEETIH
BUREEE R AR = A0 EUEREHEIELUNETRT, HEE
FENHEENKTUENETRASH. TUBHKTFRELM veBIE, 5
WEVE B P IEIRLOY 3 MEBREN, ST HILINEEY, RELeRit, m
HARIOEBARERN, B 1.7 4B Eos e BIEM L AR SR G
KF, HELRY SWONT HRHESEEERRTH SN ERMRIERE, <
EAE RS SEENTEEAD 7RO RINE 1.80%, EraT s B+



R BUBRGOKE R RSt B R E LR A

FHERNTREERNEEURIELLINE 1.9 fix, SHMSEEMERLEE
BERGHET LR RS ERIFITRRER R, FEAEIRITE TR

M7 SWONT W TEME, MR SEiRx B B 745 R M

A BRBEAT AR 75

B 1.6 FRAELHEEMXY

Figure 1.6 The simple Brillouin zone of graphite sheets!”!

fititiev

fightey

Rk
(b

1.7 SWCONT KRBEHRER 2 &EE; b) FRAEHED
Figure 1.7 Typical dispersion relationship of SWCNT. a) metallic; b) semiconductor!?
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Figure 1.8 SWOCNT electronic state density a) metallic; b) semiconductor!!®!
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1.9 SWCNT Z#HEESHZHKRR
Figure 1.9 Relationship between SWCNT forbidden band width and diameter!”!



W BURGKE R R RS kg KM

SIS FIERIR IR, SWCNT AF=IERE (4100 000 cm? V©1s') B,
EARESR (Fik 400000 Scm™) P, FHHENFESEYRE, RTEER
ZEHER (Bgap=l/Rupe) P22, BT BANBRYUKE b B A B ERFE T
BATF 6% RS BRI E R B B B R IR SR rh . X T SEg0KE,
BRGRE HERE NGB I B R3S N T R 2 SR B S B R AR kAT
Mg R EEER BN ARAERSZ. fln, EEELZIEBER CNT
EERIHETHIT R, TURAEEEREREENERSTREEREED, EE
7E 10-100 nm & B 9 78 I8 B R B0 = ae B B A S e i, AT UL
% (ITO) HEMKRY, 31-38 KR ONT BER4KIL, "REELER
25, SRR B b AT R B P A AR S, X — R BRI ER TR B IX — MR
MR AT, FERIHBIIHARIEER LEREFTEENUMN.

1.3 IRAKRENHESRA

FEiEslgkEEE. FHABRNERN, BIRAEERE— BRI
o BED, BRPURERNERTEFERUT =M. BIVICRE. BotkemEm
WESFYUREE. BIFF R A ESRET IR, T RUE T 58 56 YK E 4
, FrEERENEIFER. CVD IS AREME W SAEIENRRERE T FEL T
BURLIORIR, VEAFFRAZRGURE K BB AFIF 7 AR 7 e
Az, A]LAFEELFE SWCNTs F1 MWCNTs 7E PN IR AE VB LR IR E 41

A RIATET I BIE BOBRGIRE 1 77 00 1 3 R R Ao A e 24 1Y
BlR, AT LLBE R F A RIEB K RSN E 28T . DWW
FEEKFREMRYKE, RERRREN—EWEMSM, KAl gk
2 PBUXLEE 10 B A A E A E A R R IEE 4, BT TR R
MBI REER, €8 SWONT ¥R AL T Rexd 25 R AR B AP, sk +
A K B A BT IR BRI B VP R IR PR E B2 SUR R K Pk
o X—Ia— BfFR, TERXBRE SR ERLERT 708 =X T Tlk Ak B A #%
FEEGGERM . DI NTR AR — &5 A3 (0 F BORSTBRGORE #4755 25,
DESRABAR TR E M ER S M EME S — MR .

SWCNT R EREE T LR —HF S, m)kME—E XL, FIAR RS
B KR FKFERBSRE B FRENAESEZML. Fln, SWCNT FHERIE

10
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e e BB IR SWCONT .

RE FRBEVMFETEEFHZME, BFERE SWNT BEAAETH
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H 110 REVEERLEEESRRRIKE
Figure 1.10 Polymer-coated centrifugation method to select different carbon

nanotubes?4

1.4 BERAENERRSIERE

AR E LB 7 AU AR A L B AR R TT o e rp AT AR 318 HAZ 1 40
A FIHERE AR, B8R AE B R0 G E R RN Ak
% (the potential-effect transistor, PET) D%, ASCHFRATHTHINE ) HE R & AR E
BTHHNEEE. BEMMEHTEEEERRFE LA RERME, XE
B ST BRI R R I T 3R FR IR, R S B R T R
HBUNPISL, R — R AR O HIR ) T AR A %E (thin film transistor, TFT)
MM AR, ZIEACAL, TFT ERERERTENARS . —BRRUFER S
WER LI 2K &% B R RARYE AR AR X A B H o Dyt
SR ST . A SR RF 2 A T BLSe A vE P (1) S A B 2384 SR A O 2 Tl
g, SRS, ENAZENEANRREHENERE (BE 2SR
&R ZRSEENEFEERRY, UaE¥IEEZIEm =40t
BIT, T2 AR = A b, TR SRR H R R
WA, B2 B, MERIEMRE Si kTS t&RE, £ ERKEEN
HZ R SIO, BIER . 1ENEIEERBRNAE B LLLAE RIRR R Au B
R

BAKEERREENS EEHL%'J'—?%*R%%Z@%W% (OFET) ik, BT
B ROBR YK BT I e L p B, FTULBITEENA—Tp
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H BT FIRERE, S USRS OREEN TSRS . BT X —
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b RAREEINAAE, BTATRAKEFERE TEN —EWERRREREAT
REM ST, Sk AVRIRHEN BT 2 ) 1 s AT g5 i 2 R Z A — s e
BRI REL, BERREEE—EERRERIN, BRICKERERZN
B ER ERR TR T UER R E S L% BN A HAKRE NIRIE, BTH
TR M BT REIR B, SR SRR AT HBATEMAR A
—MAFRE Ve i, SRIERGRE RS — AN I RE, RARNE
FHET URRAFTIRE V. SE%ERAENTRR. AREFERF T, I
ARPE RS HRMBRFHET LRI . BE—Ho 8RR FELER—
SRR B REE ARG, RE KX IREERRIGSIIAT R, BV, KT
Vo (R{EHE) B, BTFEPESFERBRRTEEERATUSES. B
1B VeV BN SHE . EVER R MEEEINEIELT, ZAEH
ERRSAASN . FE A B ZIRRARSMIRE (Vo TIT/NT Vb,
A DB EIR Z B BRI A SRR A R R — IR R e R, I
T x— TARRSHR A BEE THERLEX.

VIR AR Z M BRI K, I Ve V-V B, X —IRASE SN
Jelfi i, FIKRERS S| RFERERZ A RREMA, RERNUNEREE
WHRERERXEY K, FEXMRA TERBRER —MENE, el —X
B e SUAMAIX . AR PR E TSR B i X R BT T am (8 ) — L2 F
MDA RS B E BT K. X FRAVFHERA BRI E M &
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g, TPHEMRIFARERE R ER.: SR TIRR. BERE. FFRER
L&), - SEYEIM BHHR FIEBERXME XK BBy ER
F (BFHETIO WFREsiEE, HREATEERP, £ SWCNT-TFT F#;
MFPTBEEERRTIEAEIFEZN CNT EEE . Rtk S B R 1 E
REHRZ, WAELZERENFEI. RREROHEIEME (SHrdtam s
FmTHE) FPY,

—RRIEGT, AR RS A B0 H e 1 i e AL R e Ak Y 2R oRSRAT
BT B S A DABRAIHEIVER) p BB R SR — P IER R R TS
P BB THREIRE B, HFHEENERRTIIZENHE
£, B Va>Veity, FERZAEIRRER L lREA A (1D

Q¢=%MQK%—VHKy—§] (1.1
Hor v ARHTTIRIER TAENKEE, WARNMERBRZENERS, LW
EKE, CGAFREE. SBin—ME/DREREEN, FRANERAART E
EHE, TERHRR (1.2) RETIHE

lgs = = uCi(Vy = Vr)Vy (1.2)
M (1.2) FTLES, IRERMEEREREER —RRHEAEL, XRBEHGT
ER X TR N . EHEBRT, WRTFETELEX IR TFHIBERN
1, BT LEEEM (1.2) 375

MREFETERMNXAEER, BAWHLHERZT R Ve-Vi>>Vp, IS

(1.1 SUATRMEER (1.3) B, B A7 RATA LI B WA X 1T %
lgs = 2 uCi(Vy — Vp)? (1.3)
SRR R BEEN RN EESH, FHAT BRI RERE I L
BEMMMNFREEERTE L. FFRUEECAERER Vo T, TIEEBMR
25 B YRR R O BT A R SR A E TR R R OGS B B . BARTE
THE R R AT LLE R A% ik it 42 B TR IR s s KA R/ MEZ TR I LU E .

1.5 HRPAKERBAERNMTHERFMNA
BIRSEE (TFT) TEATFRERES, B Fr=ml AL s N A
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59, 0% LERS TR EBE N TFT FriE A EEmE s gl ERENS SR
(59, 3 EEEAE N S 0 TFT M40 SR T LSRR, Rt L
[EEREES, EA LA — BT HNER. WEORES i TFT &K
RS RTH IR, RTTRALEA —RXFHERN TFT HFEE—HE
MERYE, FEEEAMIMEETENER, SERE - ZHTE ENAT
FHENE TR, FEREHTEBE UM 2 om? vis) CIREHEHEE
RHBERE, £ EE TFT WEBREBK, EE—ABANRAEBELEE
P MR, BN AR R B T MR AR MR R U E &
M. &REILY TFT £ FIF 2R RS M E R M BIFTATE . —
6, MAT, HAHSBENY TFT RAREN, =4 0KME e
IR AR R . RSN R BERL /) (NBIS) th&r Kk B3R R A
AR, AR L BB I 5 e R IR B,

BEBAKE RN AEEIBE, BEPEN BTN, BRI
BB B T IR R HOER, [ CNTs BUNR M B8 TFT V8 Mt e 8 77
FH. M 2004 FHEE XHRICLE B AN D RRR T BEZEEN,
BB EEERT RN, AE5REIKMEERNRRIG S
B, R IR SR A SR RO RS I R SR, HANBR IR
b5 I BAR KB ARPE B A 2, FIRATE ML T AT A H A0
FRAERURKRIEE. |

1.5.1 SRR ¥F, &R, FHHNA

RN RAFIH CNT BIEH & H RAASA T IR G B EERER =2,
S X e 22 3AT A B 2] B9 SWCNT-TFT HE LR N 170 MAZPE, W 1.11
FiR, E—EEMEN T e MEN TR BBERTTEBH. A&
BRIZAXT SWCNT-TFT [ RF 51T T RENBIR, R A KISt
WU —HEETE, HIEHIES 12 GHz BT A T B0, X—4
SRR ORERATAT OB R W T 2B SRR R — PR m B AL
R . B EREMB SIS RATEMRKER, RERBEHDEMER
SWCNT-TFT FRIpHifE T SR s R B R H o8, Blin28 ], S RM
52, NAND FIf# 840 32 frAb8E, KR BNHEEREEFNRMETE, &
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Figure 1.11 RF characteristics of carbon nanotube TFT'*®!
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Figure 1.12 Inverter prepared by SWCNT-TFT and its transmission curve!S¢!

1.5.2 OLED fli@ER~ (LCD) 1FHlsE 3.
R E O 2 AT LCD A1 OLED SR8 . W4, #EA=HEH

H) TFT VAIEM B 2 B EEMZ Rk, BAEE TFT EATH2ER~H. HEX
T TRT B RARENE £ B 4% LCD 1 OLED &R BB ks E A Em i R R
Wiz LRI =4 (3D) B/RsFEMMINS 240 Hz, ERERIRFE
B (480 Hz Bl m) DIEEGRE. £ TL EMFFER,
SWCNT-TFT AF B & FR FIEBRAFF /K ERCRNEEFENFELE .

BETTAABIRN, FREAE R T ETF SWCNT-TFT JR35 11
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OLED HERK68), ZEiXAN88( % itid 2, E#K SWCNT-TFT #E#:Z] OLED,
B & E 1.13 Fisn. SWCNT-TFT & & BEH Kk & ) FF/o< L 520 LA 2
OLED Xt FFH =B EK.

¥, 15 from - 10V tu
10V ID2V sleps

Drtin current ipA)
Ton Form ) (A
N
=]

-8
Em i
-"rDD (V)
—tp =1V — =04V
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et oo ! =
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:: £ -( we L
-
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1.13 {#f SWCNT-TFT [ OLED $i] e B (6!
Figure 1.13  An OLED control circuit using SWCNT-TFTs!®?!

1.5.3 HUWFRBFMHRZIMERES

B T BRAUKRE A G BF EEFOVMEIERE 0 BRI LA R P ER S
R ERRIKE B EREEER G FRSM, ERE USRI
BHEARTEONANSR. BRESENTIERBFRS AR TTEM T
REWR. B 1.14 FiR, BYDRES SBEIT NSRBI HIE B T EARB KR

ZHBRME, ATUFROANOREN; B 115 GHE - EFRHETRME
B ES AL RE, DB — AU TR E R SRS M8 77
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Figure 1.15 Highly sensitive gas detection!””
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$F2E SUSHEMBRARENRIERFER FET & RIE

21 BlF

FEE—IHSTHAUKE M T AN B, WKL T LFFHK Lijima I LA
K, BRAUKE B DR R MRS E T MR KK A HET . CNT HFH
WS AR SAERME B CNT. RN —RHAF, HTRIKESHK-
SBEULRATTENER, AMINHAESEPEESASRERSHRIK
&. H2003 4Lk, FEE CNT 2 EBARERE, KTFF4E CNT WETFTIT
YA N0, Y SRR B BER UK B I S AR R B S e,
WA AR RIEE BB AT HH BERRE L& BEYE 34k
(CMOS) 374, \AHLH AT E RS ER BRI KEER AT, HR
BT Y0 & A B2 SRR ONT M4 DL 7E IR S 448 (CNT-TF T) il
FHERT R4S — AR E A EE AR, R RER R TRAAE
BEGEENTIBRATF R RS EABLFRANER (BTAENE, B
A&EE CNT S8UF R EEAFD .

{ERETLERERAE ONT Sl & Mo BBAR MR, PURERBEEHIE
TEREE, MAKEBELEENEEESTRAMRA. XUMSERER
Ve B g B E ARSI, UNHFRMRE. HMRRG RS LE. EAhE
BHR, SHERITEMSFERIEARGE S, AL CNT HI4E H ¥ — K K HEARE
R, XEENEE RE IR BN A TR RE R, SNET
AR TT, BT DUBER KN EL T A A (5 BRI, A H BRI R RS
A AT LUSE A T ot AR SR, L R, BRGUREIE R ER
RIS AR,

FEAFEFREATFE BRI E RESREDOEBR R B OB
BAE N SARMRGURE, B RIME BT T SRR T AR
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22 RUESHEFSHMERERIKE
SR APFEARNERFERE (E). R, ZEURBES B+

19



BB IRGK EER RS R E RN A

SEMRPREE L B UM FEBER (BRIARE, BRERHEAksBmeE
HEREY.

Lo A BIRIARE . MBE R /REEE] Merlin B #7 R AT E# B F 2
B, REMBRESRIENIE (Nanolog FL3-iHR320).,

221 WRAKEKERIE

2.1a. 2.1b M 2.1c ABRGUKEE R LA EALENAS R SEM K48
BRI B8 B W] LUE S Bk BB R R 2 R L RRHR, ZERRR
AL BERRE M BIE AL, BERKEREX SHETAROHRE, XEHH
W T B T FT i E S 103 — M KK . ) A I8 %78 21 ) SEM
A PRI E RHET40, B 2.1d VR B BRI E K EN ST
&, WTLLE HBRGKE B ER 2 4051 7E 900 nm £ 1650 nm XAMEEZ M,
BERRMGITE, BERENPHKEN 13 0k

B 21 a) b) o) NEAFRMERGKERE SEM B; O HREKENZATHHE
Figure 2.1 a) b) ¢) SEM images of carbon nanotube film at different positions; d) Statistical

distribution of carbon tube length
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222 WRKERFHRIE

AR A/BRA RIS CANB R BUR I EHE . FEXRBUR 661 B
FIEHiE, RLZERE T DU S8 B8 BURTE B BRI, B IR R Bt Ak 38
BENB R =ETHELER, REXNZ4EEETTHRMER T WA 2.2 Kt
BRI EN —fEE Al SEAN AR SEETON, ABGTK
ENBUR SRR B R A T IR E N FHERHE, BXERNEGE
—FHMBE, SHAEEEH RS, BREROEGERRSBRE. BER
AN R E IR EREABUR BT M 4 AT VAR SRERRE, B AT LUK IR
HEABKATUR RS BER O A AEROLEUR B R R & R AR F4E
P20 G P S BE R IR B RO R EIR B AT A B8 |

MELH GBI BT R Bk, TELL—RIWHELTT, I8
RAMMEHFER P AAGEHEFHEIRGRE . BEMITETENT: £
BB E M F ISR, ARITH G.D MERAR

Ve = 1x107 Ay COS3a
11 ™ 157.5+1066.9d; daz
1 x 107 A, cos3a (3.1

V22 = 1256157574, | &2
T BT BN, Fny, 53 BRI RS KFIBUR R, RBAABE
(em™D); dONBRGKREMER, HREAAR 32), HiREXEmKN
BOE AR IR R T 2 AT BE B —ARAE L T A B (B 0.144, m Al n 73 A NZRIERR Y
KEFHSMEH TR RExXPa AFEA, EREARARK
(3.3); EFHEEHLE m ZANEERUZUERE N LR, Al A2H{E
S RIA-710 cm™ 5 369 cm™; HEFEMIEH 0 5 m Z RN EERU=ERECY
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t = - (3.2)

\/§m]

2n+m

a = tan™![

(3.3)
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Figure 2.2 Two-dimensional contour map of photoluminescence
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SHFBRACRERUHBECEFURGE—CXRERN, —HENT EENH
RARBYKRERNER, 55— EHRNF ARG NAE 2 ) F TR R
HE—NIEHE, SR AFM SR HM BRI T B R T H R . 658U
B S AN AORE RGBS £, B BB E BT AFM
RIE, ATLABEIBRGKENERKRAE 0.7-1 nm 2 6] (H{EEE, FERHH
B, X—EHEMHLTSEFENRIERGEM TR,

G ERE T iR e AR E N — R RS, Wk 2.1

£21 FRHERNBIKENELSY

Table 2.1 Basic parameters of carbon nanotubes used in the experiment

KE Fi Hi?

1.4um 6, 5) (8, 1) 0.7-1nm
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B F T B BB, J9/E S0k N A T HAb g R4 7 AR AT
EMESIATE.

2.3 HYCKEBRRAENTIESBFERMERIE

AR ER ST S 2 —FiE R SRR — MR, REBRYPIKEE
T L B R BTG HEA T LATY RS BE N2 B RRGOK B AR 4L
BRAKE M BB 4 A T BRPURE R SRR KB 4. T SRIe R
GREEULE ZHMRATR, —HEAEERNSFLRREEAENUE
H, B— 5 EAESE PR B AR R T R >, BB RE
i 2l AR RR YUK B T LT R SR X L B, S R A AT SR AL .

SEIe HE B4 A . KQS200E BUEB RIS EE, e, RERE
ZSYERENL (Edwards AUTO306), ¥ SARIENIE RS (4200-SCS),
DLYMPUS (BX53M) 4.

231 HAKERERENEIE

PIR—RERA | FHEXN GRS R USBREERER, RE
BE—EEEN 300 nm ) SR, HUFRE SRS BRI
Wi, ZEELARA/KTE SBAEER 10 min FEE, HAERRSRKEAERT,
TERIE AT REITRAR. BT RIE NI A R _ L TEE — M 58 08 35 oK B HR MY

CIXRETT PAR1EVAIE KN 35 T80 90 HIVAE ), 14 M 41 I B9 RN

AUTO306 EERBERL T, AHEREEE—E 40 nm FEHE& BIRIENIRR B
. BREEREMBTT, BEHAEEMGERS . XHERTRTER (SWEL
AR BB 45D BHIAE

RGBT I RO RR AU B VA VIR BT HET 3 min MEBFEVES GEATIZEN 120
W), HREEERTIISNAR. BXHIYEFEE ) S5 3 min ) O, plasma 1
A, FHEEREHTE. A—NMNERNBRRTE—EERRYKER
W, ETC plasma AFE MESARIEREEZ £, FTUERERER. SHE
BERTEGET 60 EHMR EME 2 min. BUTFEAFBRAEHNEZER, ARE
WA —E BRI FEBERES (TURFENARB G ) RERETHER
AR EEASHRTER. ESEET 120 EABOEK 30 min. S4H &R

23



RS RGO ERE R AR i E RN A

AEEME 23 (AFRERERRERRPAEERTETHNREEYSNHRES
e 2 [ e Bt R IR T RS = AL PHAS MR AT, e v A — B AR Bk
FIIXAEARS) . ZIMETER T BGKE IR R E & HEERE. mE 2.4,
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B 23 BRAKREBEREGEHZME

Figure 2.3 Preparation process of carbon nanotube thin film transistor

Vp Vs

Si0, 300nm
Si(Gate)

B 24 BOKEBREGELHIER

Figure 2.4 Schematic diagram of carbon nanotube thin film transistor structure
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FELERFEIET, RABRERERESRIOCEEE, 304 RS
FRHTR AN B ENEERER R ST AWM, A##IT T LT — R
XTRRSLIOINER 2.2 Fivn, 18 EITA M, XX [U4H 38R B 34T F 2255 1
. 1FEI& BT R RL,

R 2.2 HEHERATE

Table 2.2 Thin film preparation optimization process

Y| 2 3 251 4
Bk 1 2 3 4
PPEEIREL 1 2 3 4

24



552 8B WS AR R L LEE FET fF &R

PZH R R4t R AR 21 TR S Bl & IR R, T LR R RS e AN H
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Figure 2.5 Transfer curves corresponding to devices 1-4
® 23 TEBFRBRZFESH
Table 2.3 Electrical characteristics of different devices
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Figure2.6 The relationship between the number of drip coating and the mobility
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Figure 2.7 Optical picture of optimized CNT film FET device and SEM picture of

optimized CNT film
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Figure 2.9 CNT-FET output curve

24 KB

AREEEBNT AR BHOEL sc-CNT B, KR kFEE Tk
H) CNT-FET, FEANEFERLLTILA:

1. RIET BTA BB sc-CNT BE, FHURKE, IEHFTiE M
RS ESEER, XANELEIEEE R ERALERSE,

2. RERRRIERIGEE RN S CNT EIE, Bk s T2k
WRBTREMIF XL ZEERLR (SRTHZEu

3. WAL MERBAE RN, BIBEE 13-15em?VIsTEREN, TR

Al m —BER,

28



B3 E BROKEEESERSEMNY (GZ0) HEREARREMIUREHE

F3E BAKREERSERSELY (16Z0) EIR R RS

mikE

31 Bl

BEE SR MBRAKERAEARWERE, JEN UFRSEERSHESE
MRS, XMHBRAKEEERTRAE p 245E, RERENZTIH
K, AT BRI AR LUK (6] 81 (0 R T AR & 7 AR 15 SR PR g K
EHERMEHIZE R A RS, EEEERHHREA pa
ER n WERMEARERBEAE R ERTE BRI, AN T4k
YRR R YL, BT HBREE (1.5eV ER), BEEZETEEANTE
BRTESHE, Fiko BOBRIKRERSEE, MAENDSERN 0 BS54
WRRGIAKE, BTEFERT—RFINTHEAHE DR ERANRERERY,
HERE T B R B RBAER TN, FHEFEEHIFRERELN n BT
EFE. EHYESEEEREIBE. KREHE. KRR, BEE, 52
WRPEHABRNER. BAKESENDESHEERREN T T ZR BT
BEE L. RAMEER. B3, WS5RUHERRE R FTEZIRSFMH T LM
A KA E A =S, TEH %05 U848 s B o v LAR> TERAR MR
&, EEREHEAMDIHEETRHREKRTER. EREFERAPEZR
TSR T B S SRR UK E R SRR AR E B R THAR R 51 %
361, R4 HT CMOS HEKIR IR 55250 3.

3.2 HiFEESHERIERSEREMMFREEREN

JEMAEAY IGZO HIE B AT E A LB EIR BB T R W BUIEERIEM
REFERETE . AR & RE B 215 210 1GZO T IRAR I BRLRE 5 5 A
AN, REAEXHIEBN BRI IGZO BIRE N T, EHEN THERIEMAK
AR — P IF W IEIX — R ROk, BARBIEIR S R A K, EULER
FE ) 5 O vk A R R AV 77 (8 5 JE SR M 2 2RSS S il 5 RS MG
ST,

29



BB HPKEE R RE B RIEE RN

321 ZUHARMEENESEEHESH

IGZO #M EEFRA In0,-Ga0s-Zn0, NN EEHIRIRIGIRSE, Jo
EMEMNT Leica A7, BS54 DM4000M, HFHREKGEERS(O-50B) BT
EXRERBERAR, ESHE EWT Lake Shore AF], Mk E&HS
79 ACS—4000-C4 T ULVAC A&, HFEHE T/ REE T RN AL (SEM/FIB)
VTR=, %E FEI AR . SMBERTES THRE 50-150W, &A585t
#l7 12:1, &M< 0.7 Pa, #1420 nm ) IGZO HIEZE, EESHAE T 300
BREIRK 1 /N,

3.2.2 IGZO-TFT EF#H&RIE

) % VI R R T R B D A T ek, PRI PR TET S 300nm B —E AL RE
HIEB R R R, — T EEBRRE WA S — T S RS
AT —ERRENEHESESENREEREEMEERNS S, Warbidimk
WRRERRIENE . ZJEF AR &SN REREA R 1GZ0o M, HF
W I REPREAMNEREE, BSEE U ARLRIORE 5B AN MNES
o, WMRMBETERE, Frxth, TREZBSSHPVEN. Biafithscik
HAHEEZRFAZTR, FIHEASINEERRFHREST ®mAEN IGZ0 #
it ZJEARJCRIBORTE IGZ0O RES B BRI EREIR, EEEEY, &
THREAEREEN, REER, X—FRIMIETRE, H&H T EEERN
IGZO-TFT. & 3.1 45 HH RN &AERIH) IGZO-TFT 3 F3HT rERIEB 2 M
HAR M St . @I R AT, ST B R R X )
BT IER R p=153em?V s FFREH 105, /AT RARERERN 8.72V, X
HSHEUE MRS RMAL, BEEERRE, SR THERNEE, eSS
oAt R — a5 B A B 2R AR T SEIR AR A

30



B35 myekEs BB S ERSENY (IGZO) EERTEMIRAEE

1E-4 4
15-5-1
1E—61

167

Drainl (A)

1E-8-!

194

1E-101

T v T T T T T T
40 20 0 20 40 60
GateV (V)

B 3.1 IGZO-TFT 3B ML
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Figure 3.3 CNT /IGZO bipolar transistor device cross-sectional view
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Figure 3.4 Optical picture of CNT / IGZO bipolar transistor
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Figure 3.11 Schematic diagram of a bipolar transistor inverter
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Figure 3.12 Schematic diagram of CNT / IGZO bipolar transistor inverter
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Figure 3.18 Carbon nanotube CMOS inverter structure and performance!®
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Table 3.2 The static parameters of the bipolar transistor inverter

Gani(V) |
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5.36 5.00 24.64 5.00 29.74 5.2
40 5.96 5.72 34.04 5.72 54.02 5.88
-30 -33.7 -33.16 3.7 33.16 19.04 -33.5
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Figure 4.5 CNT /Z907 composite thin-film phototransistor preparation process
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Figure 4.6 Sectional view of CNT / Z907 phototransistor
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Figure 4.8 Transfer curve of CNT / Z907 composite TFT at 475 nm
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Figure 4.9 Dynamic light response curve of CNT / Z907 composite TFT
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Figure 4.10 The transfer curve of CNT / Z907 composite TFT at 633 nm
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Figure 4.12 Transfer curve of CNT / Z907 composite TFT at 808 nm
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Table 4.1 Optical responsivity of devices at different wavelengths
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Figure 4.13 Correspondence between incident wavelength and device responsivity
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Figure 4.14 New configuration thin film device
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Figure 4.15 The corresponding transfer curve of the device at 475nm
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Figure 4.16 Schematic diagram of CNT / Z907 bulk heterostructure transistor
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Figure 4.17 Transfer curve corresponding to body heterostructure
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Figure 4.18 Device energy band diagram
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Figure 5.1  Optical pictures corresponding to each stage of the experimental process
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Figure 5.2 SEM image of a single SC-CNT transistor in the air
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Figure 5.3 Transfer curve of single SC-CNT suspended at room temperature
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