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Fabrication and photoelectric properties of high-performance
phosphorus-doped CdS nanoribbon FETs

Abstract

CdS is the most promising material for detecting visible radiation due to its primary
band gap of 2.4eV at room temperature, which nanostructures have also attracted much
attention owing to the unique optical and electrical properties. Due to the fast development
of nano- technology, study on fabrication and properties of CdS nanomaterials become
more and more popular. In addition, great progress has been achieved in nanodevices based
on CdS nanomaterials, such as photoelectric diodes, sensors, field effect transistor (FET)
and logic circuits.

Doping is one of methods to improve the properties of materials and devices
based on CdS nonmaterials. Recently, doping-effect of some dopants, such as In.
Mn, Fe. Hg and Cl and so on, has been reported. But doping to materials to improve
the devices performance is limited by materials themselves. For further
improvement of the device performance, we must redesign the configuration of the
devices. Herein, top-gate configuration and high-k dielectric material (HfO;) were
used for further performance improvement.

In this dissertation, the electrical and optoelectronic performances of
phosphorus-doped CdS nanoribbons have been studied systematically. First, P-doped CdS
nanoribbons were synthesized by co-thermal evaporation. Then back-gate FETs based on
P-doped CdS nanoribbons were fabricated and the performances have been studied.
Subsequently, top-gate configuration and high-x dielectric material (HfO;) were used
for fabrication high-performance nano-FET. Focuses on the methods to improve the
performances of FET, it’s useful for other fabrication of nano-FETs and helpful for
its commerce application. The results are following:

1. The intrinsical and doped CdS nanoribbons were synthesized by co-thermal
evaporation, using CdS and phosphorus powder as source material and dopant material.
Experimental parameters such as: temperature, pressure, flow rate and time were studied
well. CdS NRs have a uniform width of 0.5-1pm, a thickness of ~30um, a typical length of
30-60um. Moreover, the CdS NRs are hexagonal single crystals grown along the [001]
orientation. In additional, the diverse morphologies of material can be obtained by different
condition.

2. Back-gate FETs based on an individual CdS nanoribbon was fabricated by
photolithography and mask template. The Si wafer covered with 300nm thick SiO, was
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used as substrate. Si and SiO, were served as gate electrode and gate dielectric material,
Indium was used for fabricating the source and drain electrodes.

3. The electrical and optoelectronic performances of back-gate CdS:P NR FETs have
been studied systematically. It shows that the device exhibits the electrical characteristics of
an n-channel FET, i.e., when Vg increases (or decrease), the conductance of the NR
increase (or decrease). A transconductance (gn) of 7.2nS, electron mobility (u,) of 14.8
cm?/Vs, threshold voltage (Vi) of -14.3V and subthreshold swing (S) of 25V/dec were
obtained. From the measurements, P-doped CdS NR has a high sensitivity to visible light;
the current of CdS NR FET measured in light is 10 times of it measured in dark, the current
is increased obviously in light wavelength of less than 517 nm.

4. Annealing was used for improving the back-gate CdS:P NR FET performance at
300°C. The contact barrier was eliminated and the P acceptor was activated by annealing.
So the current was enhanced by 10 times. A transconductance (gm) of 70 nS and electron
mobility (o) of 140 cm?/Vs were obtained.

5. High-x dielectric material (HfO;) and top-gate configuration were used to
fabricate the top-gate CdS:P NR FET. A transconductance (gm) of 0.87uS, electron
mobility () of 27.4 cm?/Vs, Io/log ratio of 107, threshold voltage (Vg,) of -1.45V and
subthreshold swing (S) of 200mV/dec were obtained. In additional, a high Ipigh/Ipark ratio of
10 can be obtained by applying an appropriate gate voltage. Response speed of back-gate
and top-gate FET were studied well, which shows that the response time of back-gate FET
is more than 30s, the top-gate FET has a fast response speed with response time of less than
5s.

Keywords: CdS nanoribbons; field-effect transistors; doping; high-x dielectric
material; top-gate; response speed; nanodevice
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Fig.1-7 The structure of CNFET.
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BMREEELREMBR. M -VIEAKESHLEVERSIE T R 7 #%
B, HFURHEERBHLAYHRMLE, HATHEMBREHEREGR T2
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MHEARBIR. Boh, EF CdS —EHKGMNBHINH RS TRANE
H. HAARCERDGIETET CdS —EHXMBHIHANE, €R¥IHE
BBMNE, HREE_RYE. LERUBEARACRETEMN.

1SJie ZANUSHABERYHEAERPEERT CdS Ak, HHl&T
HFRRB CAS BRWHHBNE, FHATEHEARBET, FREREEN
HEES. HESUTHEAR:

o=V, =60 mV
—a= ,,=00 mV
—a— V=120 mV
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(C) A 05 V:M 05 1 (d) 2 0 ] 10 ]
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(A)CdS GKAHBIE RIH LR (b) CdS Gk A BB E I B R 2R
()N FHRE T# Ips-Vps HIZR ()R FILRIRE T HBAE L
Fig.1-9 Transport properties of single-crystal CdS nanoribbons
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BHERMOWIER, FKEHRIRNEERFEEENEW, BT HHKE
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Fig.1-10 (a)I-V curves of a CdS single nanoribbon illuminated with light of different wavelength
(b) Spectral response of the CdS nanoribbon
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Fig.1-11 (a) Time response of the CdS nanoribbon to the pulsed incidence light (b) Natural logarithmic
plot of the time response spectrum

Ren-Min Ma Z A chal & TEF CdS kS MR —RENE R LS4
B . [ Au Al In BRSNS CdS GUKME R M A R B b IR o e, 3L 4%
EoBEEEREHRABRFEGX10° Acm)RE/EHOITXEHA0Y. HERES
BHMNE R n RIFERRIGBNE, JFEBIER-1.56V, BFH 3.5n0S MEE M B
FFXH, 2 x 108,

Ma Z AL FRABANETRA CdS XK &8 ¥ SEHBNE I &l & 74X
BAEIEITREE (RAASS). CdS gk RIHRAAREOMER, BATFXLHN 107, &
KEITTRE (0.4V), BALK T SEEZEE (60mV/dec).
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Figure 1. (a)SEM of the device. (b) I-V curve of a CdS NB Schottky diode on an exponential scale. (c)
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Fig.1-13 (a), (b) Schematic illustration of an inverter. (c) Transfer characteristic of the inverter. (d) The

gain of the inverter vs the input voltage.



HERIMRFREEFMIRX

EAPKRER BN REANETT, JKGRNERENARRR, UETH
REVSERRM A . BT UAASCH E B B iR R 5 & AR AKG BN E .

AR X EE IS RBES RO 98K B & BRI GOKH 5 RN E %
RERFRHRIRIE. B, KARBRNG %, SHBHBI CdS HiKki. RiE
Hil & HET CdS:P JK KBS BN E , FHXH AU RBITHINR. B)E,
KA AT AR R TR ST, 256 & H i R g K asF, JER R
KERBEERET T RATR. TEBHFUT I

(1) KRAREEOTE UHEALRNBEEARKENBRE, EAMEn 5
TEAF RAELLT, & RS — BB B AL RAK, FENHFH R &
AT

(2)  SFIRAEZEM MASK BBIEMF T 6 &5 T BARBEHS RGBS
K R U o

(3) XHA&ETRERENBIHRNRELEER, METIMEN, #—D R
Bk CdS K HH N E TR RE

(4> ER¥SARXEAER AR EH T H B0 S T, RAHR
BB 2% CdS Kl S N 1 B 2E DG B 2P R



FHERERBRAELRART RN ERE AR ETR

BT LRRE. TERRIE

21 TRHR/KEE
2.1.1 LR

£2-1 TRAF
Table2-1 Chemical reagents
ZimE R Mk (B8) i
CdS 99.99% Aldrich(3 &)
R 4 ~f BIMENESAHERAF
—EAEER 4~f SRER R E AT B A F
PP RZJ-304 ML BT R EHRAF
(ER) BERK RZX-3038 HMEABTHERERAF
EA >99.99% SRR T=HERAE
a5 >99.99% HREXEAL T = SH R A E
AR >99.99% SRR BRU T MERAH
il LRE PR TEAF
Lk I Rtk TR AF
kL 99.999% HZERLFARFRAAE
BERy 99.99% HAEANEEFFHERAF
A 99.99% HLEFMERBERAF
WK RS186-3600 #[H Radiospares 2\ 7]

212 KA

(1) BEEEARSY (PHREBERZEASRHEPOERAT)

HRERELZ 6X10°Pa, IN#JEREE: 1400°C

(2) KW-4A RIS EHL (PRIB B FRIR AT

HHLDhE 40W, EFEFEMSEER >60 f/4, HEREE £1%, KEHSH
+3%;

(3) BP-2B Bt & (AL EHAMAFH B A KL

BB <200C, WEKE £27C;

(4) BG-401A BIBEHL (FERFERASEN+HHFRA)

BRERE 0.15um

(5) HEFHEBAL

(6) DZS-500 B! F - R BRE RS (P RIBrok BHEHEA S S OB RAFD

W E S E<Tx10°Pa, THEEF<TIx10*Pa, 270C E BBEFH, IHE 0~6KW,

12



ERRT A KFH A F AR

HH 0.1~99.9A /min, EEEAHHHE 1A
() XEBRE
®) HFH & (FEHERBERNARARD
(9) KEITHLEY4200 ¥ 243l &% (REHEMRFNB L)
(10) BEiB XY (BREREMBEATRAAMERAERAF)
(11) KBRS (ERELTOLNBHRAED
LPX 150 Arc Lamp. H#{Y. Keithley2636
(12) BERNEERE (PRIBRLAREESETH P OFRATD)

B 2-1 BoERNBES
@SIBHL GBS (RZIRAN () BFRERRL QFBEAZERP OREBRAL ()
BEZEERAT X (WEREF S ()& R 4200 2 ARR{
Fig.2-1 The photos of some equipments.

22 ERTE
2.2.1 CdS:P KFHERITE

AL ERELEY, RAREREERMAKT, LRHXBETESH
KESHRABRE. HE., PASERMERSRE. B ™8 EH U ESHE K
CdS KA ¥l. REEESERUT:
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PR B AR KW H BN E R A AT

1.

S
6.

7.

SRHKRBEROLBEN A CAS BIARBABEN ALO; A+, ¥LLEHA
BARESR 200m B AuBHSi FREEREENAGENE, REHAER
BB A;

T ABREEFHRBERAHK, XAZPRRMESHE, THAIHERHR

Z, YPARERE-EAENXANBRARFTHFFIFREXAR,
SEEMEE;

 HPRAERBTENSER, XA TRERAR:
ITFAmMBCERE, REFBMREES, FHm#, HHEFEBABRIMES

[, FESIEENRE;

EmHBERT, RE\EFERBEPAIE:
LABMRBRBFERUE, BULBEBASHE, XANHE, REBIR;
i AREREZRRN, BUHFm.

222 HKRGBNERIHIETZ
2221 EMBHBNENHIETZ

JEAR AN R R A i — FARER R B, AR RN R

SRR AR, FIAREBARN SifEAME, FAIRMEIENEE, HREH7
RE . HEHWT B AR

H 2-2 RS BN E R EE
Fig.2-2 The schematic of back-gate FET.

A L5 R F Y6272 F MASK AR i & A A BN E

—. &L

KZTERESUFEFBRATENTZS R —. FEEHRBEER LN
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AR Tk KR+ 2 8 30

BREHEE R B EZR—HENEREUERBHLESHGEHER, TAXA
BB SLED (7 O 2R b i B TR B R BIE IR LB Y Si0, BRE
R#ERE L EE BB K6 RS T b B R A28, AT 32 & 1 as8, A E T X
A PLA P, R R R AT B 4 A BUT BRI A R AL, REHBERIERER. R
JE R BHBA RS ER, X SiO; Bl R AR B AT A R o, i 7E
Si0, Eai&RARE LAS 5 ZREREMNAEE . RESRNT:

1. HlFE: BUERMAKPELE TSR, SIS E I Bk

2. S AMERS AR RIS TR AWERE A B

3. B FIFINEHEE SiO /i B E—EHMtEr. BERES. HMIEEL
ZIRE. HHAKIE SI0, FREASKS £, RERARER EEIRAZRE SiO;
A s, FIRSSR=ERNELIE S0, M RAZIR AR 2RI
SO A FEER TRRBERBSIINRE. LRT, M s2kE frEme
[, RABEERCRIBERL;

T s
AR rﬁﬁm;f/ N
—Si0, T
5 5 si
Bk, K ok B, it
e Si
YT %
i 2-3 AR T ZREE

Fig.2-3 Flow chart of photolithography process.

4. Hikk: # SO, AUEMKE £, BUE—ERR (], SRR AT
ERE, ERETER, MRS Si0, b Z el fR A5 M R AR B, 175
R, RATRIOEZIKA R SR NE RN, LET, WS HRE
FAR 1) ;

5. Bk RAZMKABOLE, EEAMEZNLE, SBEAMBARRT. &
TREIMELT, EAFREE, MARBRREREXR L, FRRNOEBERT, B
KR RZ RS RETHAN TS L, AXZKRG—mmE L, £RHEEBETEH



HHEERBARLRARE S BN E IR A

An FOFERLR Y B S HESEE T B R AR, BB

6. BF: HRBOGBSONZRER, URBHIEENER. HBRLENHER
BETRZNERH, ME—EQrE, B, AEETFKRE FRT. EEHET
REEYRE;

7. B RREE, BRESRERK. B, Bl ERE AT I E AR a4
H, RS Sio, i Z MW AEER. ¥ ERENFLETHRES LIS —ern
6], B, MR RS

8. SETHEL: BRFE Sio, AR RRREAREN—BAZK, S¥WE
EH BRI RE, WAERRE L. BB Plasma HIAH,
RBEFREE T

9, HfE&mEB: BHERBARTRERBERRZRT, MARERRTRRSL®
JREE, FZARMK, ERHREVIH, S&FLOERMEE BT /EENSEE
os
10, £k ZBEGARESZROAZIREER. BEBEE BROFERBAZRAE
Brh—ERE, E2RECRIBERE .

JE M BN AR Bl T E R T EFTR:

(KR, AR BKR. WHSSEASIOUSIHER RERLAIR

-

2-4 RS MNE ORI & T 2R
Fig.2-4 Flow chart of fabrication the back-gate FET.

. MASK R

MASK R4 it A X BB TR B, % Sum M MG — e A £, KHF
SETEATHFEEE, -BBRARFRERAS S, AEAR, HEMNNS
MNE. HETFRZE BREZAFRHETENRS, BRHRERATHRASH
fole, ARERIZIUERER, HFEERAKRMBHKEXTELHNER.

MASK R L RELSTRA:
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AT KFREFARX

H B R B B E B R B
|||||II|||| b
i1111LLLLRD . .
SARRRRRNNER . |
TERRRRRA A E | ¢
SEEEEEEEER 3
IIHIIIIIII! 4
NEERERERRN ¥
LEEREEE -
EAREHE ERRERTAEE
B 2-5 R EAEE

Fig.2-5 Schematic illustration of Mask process.
1. HIRE: BUERMGKHEE TS, SIBGKME BB
2. S ARMERSHESKMEERERRER R ULENER B
3. HIfEE Rl HERBARTRERERRZT, FAREETRELE
B, FZAKREK, FEREMRMITR, B SRERARER,

2222 THBZHRNE fHl%E TE

MR 3% % i R AR & AR E R ARk £, ALRPRATET
i LR AR ST RN E, SHUFRIRMER, £ EHs&E—EL%2, RE
AR EHI SR T8N REENEE RSN TR B8, BER
BARg: B0, HEMMEEE; B=8, SETHEH. HHXRE, T
BANENHERE=RNALATZ. KEHrERWT:

2-6 IMA Y E R A
Fig.2-6 The schematic of top-gate FET.
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HAGTZLRUT:
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AT KEHEFL R

) & U1 o A it % 10 M 268 2 =
P 2-7 & TUHH B0 & R S
Fig.2-7 The schematic of fabrication of top-gate FET.

2

W =YOEZ] BRI &SR R — K &R EEE, SR IS #
BT

2.3 FKMB BRI

WABEFEREEIHTENRRE, HET NGKHEBE . B9KHHE
MRITESHRETR. BRHKRBHOHENERIK=0BR. FIKBERAR
MRBOANEHSHH#SHRERNENER. REFTEENKMBRESE
HTEFEENEH. EEEEMORIEF BT B & 1 009K 55 31T HER Y
BREHRIERBRS T, AERTERERBRGEE, CAAREH KK
BERER, CAAKMEERSRMTGHH L. B, XXT-EAKSGHNE
EEEBERRIN . SO TAR 5%,

1. X HE&A15 (XRD)

X HEATHF R U X FHERERESEWPORTH AR AERE), #75 TA%AEA
FHill: —RAHFA—TFHEROME: —RHBE—HIEOEM. X FERS

N

1\\\x9( ! =
d E\\x\\\u///////
e .

e e Gl Gl

P 2-8 X HEBAH REHE
Fig.2-8 The schematic of X-ray scattering.
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HHERBRARLBARTHRNERA A BHRIR

YIFAREAE R, ¥ 23 EF R8BS, B 2830 R8T .
X HELRETHHE, HTHXHAKRESAREHREAHETY, dTERLEAR,
FrUlFIgERA X HEZ2EHNE, HUEBRSRETHL, BAERN X HEEZN
REEHTHHE— A RENBEM, £ LN, HRBHE NS REE
SRR B R AR AR EBE R

2. FHBETEME (SEM)

T 2448 (Scanning Electron Microscope, fi#k SEM) KIS RN
B, EHBRTEMEAR, ERABTRIEAREE, EREGEEANBTR
PUOGHPR AR T RS 2R E, FEEFHSHEMEREXNER, REMUBERN
LhEE MR BMMERB AR ER . REAEBEHHERNBIA, AfiEFRREA
BRHE, XEAT X SN, BFHRE U EIAIR S AT R RSA S iR
R FEME, BREMANNEGE, NAEANT K, SrHERKPRERS, ©
BRAXSHARATEAATROO TR, BRCT ZRNATEVED. HEF . #E
R, MEAESTUR.

B TFEMBEZ TUARRERBEN ZNA, X5HASFTRAEH R
BESATFN. FEH:

(1) XBIHFAVEE. —KEFRIFATAE 7-100m.

(2) BBABHELTERL NJLHEEILH ), HESEAH.

(3) EgETELR, EHNAR. THERZERBEAMHEERE.

(4) R &R,

(5) ATEEHT.

(a)

i 2.9 HEBT B
(a) LW (b) ZHEERE

Fig.2-9 Scanning Electron Microscope.
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BB Tk K8 26w X

AEETEMEN TERETARER 29 MR EMmLl%A. dE EmABsF
RS HRETR, SHERER, SdmEEEER, 2dHR=AMEER
HBRMETAERE, BEBRFRABR—NUNETREEERGRE. ERAEE
B rEEEATRANEZE, ECRERT, fEFREAFREAR. BEHRTR
S5RBTEAEA, FELEHER. XEESEANPEREREK, 2R KERFESH
EIBHEOMEL WATERENRE. HTEIRHKE LNBRRE BERE
HNEREHERN, BT, BEFRTERAF LN — AN, ZERERNIOCE LR
SHA—ANRA. FHEEREXERAZESREN S, EFHRREAAFORE,
BT PR EARES, TRER.

3. BHEFERHE (TEM) NEaHEHETEMSE (HRTEM)

fEN¥ BHMBE T EEERE /DT 0.2pm KGN, XL T BMEHEE
sy, EREHEBHGHEN, RTEERRKEEALRE, UERSERENT
P2 . 1932 4F Ruska & B8 T LA SRAE A 6 IR KB 5 B 1 B HUBE (transmission electron
microscope, TEM), HLFHRMBKHAT IR EIMEREKBEE L, 3 HBFHRM
BKESRFHTROGEFESRRRE, FUBEEHEKSE. Bil TEM B55
AL 02nm. BT BHBESHEBHENRERBER—F, FIARNESES B
RABTHRECE, AalmEs. B FEMBENBCKEREmTELR . H
MYEARS. AHEERBRE. HERSK. WXRE. BRERAE 5 M.

heated hlament
v {source of clectrons)

specimen

IMAGE ON
FLUGRESCENT
SCREEN

. .Qh. b

B 2-10 BEH BT BHUE
(a) YA (b) SHEEE
Fig.2-10 Transmission Electron Microscope.
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HHERBRRURAKRTHRNE R RMEETR

AL B RIRTEE R SRR E R LB, BT R IRIERT L2,
BB FRAR A RBT SR RR R . AR EHREEXT, TR
BRESHENSREABRANERSESR, EFMEMRERTRELMEMREH,
M EBRA R PR . B PEN BT EREAR BN E KM R FRER
FHETHBE. BaPEMRENESHEBRINNXARKETRRABE. BE®
BRELSEHELRBENRBFENRBRERI T, BATENBEIEG LB RS
e, BmOoBERREEERR. SRENESHE.

BOPES BB RN —ERIB R R RRR . —EFQBR R USES
M—RATHERE, %75 R EEEERPRLHFLIERE. —EEFQBRERNAR
B AT AR G T AT, AR EFER, ARSI RENS&F, B
PIRRLLB A S . RISt R SmEE S BE P MR R mEERMERK, BT
RAANBEHTE, 4 R&E6R R &1 ERES KT ERK —%&ikE
Qo _HBRET ZRERKRRE. HE. FEARAFUEMAR L, HRREL
KRIOKE B0 PR EE R 4 RRR.
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HRIVKFEFRLEMRX

B=E BBk CdS FKH & U AR BN E 16 % 5 RAE

31 3%

HERRTHRB MBS R, &8 - VIEAXRME S PR EHNERSE
HEHR—ERME. L%, YEAESNHRAS. gk EEBRBEAR kg KB 44A
SRR SR -V £ AR R R 180>,

YEA B EBZHAESEME, T-VIRLAMEERBRAR BN ME
FHEERE, BrTHIEOMHNR. S Z2NATFEMRERER, Bob545ME
WA, SN, eBERkE, KHEERESEHR. BETRXEMENEHS
BUHZASFRBERFFR. BEZ —FE TN S ALK& HERERRIXE
MEREREHKE . TTREBAIEIEMEH R RENP KRS HEBRIE,E
BENAPERHEERR.

BLB(CAS R —F R EEREHQA4V)ERKLEY, ATHHEREEK
PLFRT ROETEE, BERFFEBEIRME, sTRMET EE.7-3.68eV)F s
MM, SIERTHRBI TSN ZEXE, SEREZHREDL tatsmgs
MMM EREEARPIETERBHTFRMNA.

32 BB CAS BKRFEHERREIE
3.2.1 BBZ: CdS KIS %

BREFHESBMEREERERAF R, BERZESBEFHELEF LA
ORISR, BESINEENBRITE, BHBANE, WTLURFEREESEMER
SHEER, BRTKE. TBEREHEESREEH0 2, SrEn b, K4
pn &8 BEES BREKEISERARMEEY., BilXEEASFEHAENE
B, BABIHESRLAKNET. XBAFEEG. TLHAK, BERBEANBRERERE
%, RESHEIUVNBUHBRINHIEAREZ —.

W B R P IR R BT R HI BB 2 CdS gk, CdS B R MBER
(BiE>99.99%) 7 FIE A IEA R RSB 2R EE AL RS, RESHBANAE
ERbief LEE, AHRR 10 BEX. BF som ESEMNEAHEEREEN TR
B, EARKEHERTK. REHARENSEHESTZE 107 Torr, BHARER
A 60 scem RIFEBA BARNESR (95%) FIEAS (5%) HRESEEIESIER
Rk, FIEFEEEL 20 °C/min FIFHEEEAZ 910 °C, FREHA/DE . BB
BEVHE, BT AR SN B IR R EE A RS AR B R4 470°C 1 530°C, EFHEFREEES,
SE—BEHRFE 150 Torr. FFERBERZEEN, BUHES, BRRAT —EHA
EBEERIIBY.
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Bk RE R B AL R AR R B R R REE

((ﬂ':ﬂi%

H+Ar |
gy S . "|

@ ® i 1 ® F[j]

%%ﬁ*ﬁ/ .

B 3-1 CdS GPREHAER & RFAEREHE
Fig.3-1 Schematic illustration of synthesizing CdS nanostructure.

3.2.2 BB CdS gk R
ATHECESBE ORISR, S LBEITT SEM, TME, HRTEM, XRD,
EDS 247,

3.2.2.1 BB A CdS K R SRR

3-2 BB% CdS KA PR BB A
(a) TROKAE 4 2500 (b)IEK A% 5000
Fig.3-2 FESEM image of the as-synthesized CdS:P nanoribbons.
(a) 2500 magnification (b) 5000 magnification

B 3-2 B h& BB 2% CdS XKW LR, LR IIAERK, BRITRE
THEEREN. BEBROFPKMERS. SHK CdS FKHERER B S — 3,
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ARI o KFH L FA R

TRETE 0.5-1 Bk 2z ia]. B KL 30 gk, KETE 30-60 Tk 208, @idiE S/
254 R R R . SRR, AT LSS CdS GKHT IR R R .

1pm

F 3-3 BB CdS KA (a) B 5T L BER y M(b) R 2 B B
Fig.3-3 (a)The TEM image and (b)HRTEM image of CdS:P nanoribbon.

3-3(a)/ CdS oK )% 51 s F BB (TEM), MBI AT LAE & AL
B2k CdS gk H M EER S KB 14 BeKkAES . W TEM BFafLUEH, 7E CdS 44
KArch LT SRTEL, XA RES BT RERAMNLG RS, B 3-30b)EWMBH CdS
KA B 4y P B ST R T S48 R (HRTEM) AR RE (4 L AT 51 76 A I (SEAD). M
b el LAE, AR CdS MBI AR, WE001I A mAEK.

3.2.2.2 BB 2% CdS GUKHr Ak 4 a4

B 3-4 R T HARKBEBI CdS JKHH X HEATH B, HbThhir
CdS fIbrME XRD B, L4 ABEBZ: CdS KK XRD Eit. MEHEAITLE
W, SHREBHEZ CdS 40K A B RNAEY EH. K X HEA5EE SHLEE
#E X SHEATS Bl (a=4.140A and c=6.719A, JCPDS Card No.02-0549)4H7f. Zilif—
45 %F H A AT IR, & B CdS:P 5K 45 9 XRD Bl 554k XRD B A Biin®
HFPEFHERBEA, #HACIS RELHRIBALELRAE, PBREHN
RSHBRME, MPHEFEE (1238) KT SHETER (1.094). FHit,
UPHAREKTSHUER, HABRTEAEREA. RIBEMHEALERERY
DL BB EROTRE: SR ER a M 4.126AINF 41324, GBFH c
M 6.692A 3N F] 6.717A. P B 7%t CdS A G Hyr= £ i, {# 4140 & [ (3] 76 14
K, 1 CdS RAEHMERRENE, SRRITBREMEFS.
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JCPDS Card No.02-0549
H ' ] . I ol -
20 3 40 50 60

0
2 Theta (deg)

B 3-4 BB CdS KA XRD F
Fig.3-4 Phosphorus doped CdS nanoribbon XRD pattern.

33 BBHCISHABEMGRNENH L ERIE
3.3.1 BB CdS 9K FIE M3 BN 6 &

AL AR MASK B VERDEZI3: 51 & BB 2% CdS FUKTF MMM,
M AESERA, HPERETIEEHE. TEHER, BRSNS RABHaK
M RZETEHERERE R, BHRELHEBREN. KLRPRAMEHY
EEMER A 300nm E/K SiO, KEBIH Si A EAEE, H Si # Si0 5 5HEA
BN R AR A% R BHB 240 CdS 9K 1E NSNS WiE,; FREkX
B & IZ RN E R BERMBREEBB M CdS AXKEHHNHEE. B 3-5 K CdS
kRN E NS HRER.
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SR KFImEZMABX

In/Au

Si0y(300nm)
Back-gate(Si)

& 3-5 BB CdS KM RMHBNE =& E
Fig.3-5 Schematic of CdS:P NR FET

3.3.1.1 MASK #itRiEHl &85 2 CdS 9K Rl %R &
¥4 B CdS Z9K- 4 BB R A i A4 4 300nm J& ) Si0, 8 Si A b. 2 EUE
.

—

B 3-6 CdS 49k 43 UR
Fig.3-6 The image of CdS NRs dispersion.
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HBHERBRBMLBARE SR R BRI

A CdS FKHHEM B Si A AR, RARZERRE T, R FRE 0.15g
WA BAZRREFRIMBEAT, EHERE. FHABEAEREERE (HRH
A 4.090/eV), BBF CdS KR n B SAEGKME, $Ee S BIR T fRK G
Befd, GHEEEEMAE L. FUXLRPEIFRERGBNE R BEME . fFHRE
REGMRAZEZHE 10°Pa i, FTTAMMREHE, ZiRWAR, FHRRELZE
W HIRBRE AR R . MEELOREERA 0.5 0K/A0e, &b mmAEEE,
R EEERRTE. fERTER, NAERRATIHAR, BTHEER, B
THREGBISERR T EM A RN & A A& .

B 3-7 BRESI& RSB E BFRA
(B E ()EMIER A
Fig.3-7 The image of FET device fabricated by MASK.

(a) The image of device (b) The image of single channel
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AR Tk KEFEF HEM R

3.3.1.2 ZEHIE BB CdS Gk R RN &

BAR MASK LT U ERER &R NE, BXMTEEERE,
T b & E R RGN R, HFEMERNKETRENER. fUALRFA
i K F 2% & CdS AR BN E

BB CdS UK 2 HF) Si0,(300nm)/Si K b, REREEMHLZIER (G5
MELL, RZI-304), LMEIE 600 F//r b IER 9 ¥, B LIEIE 3500 ¥/4 s
ek 30 BELZIRS A MBERAFEMER. BEARKEE 0OCHFETHE 90
B, RZIRABARESIER, EBTRRE, MmRESE AR R Z0E 0
B 3F R B e 2 BB A i BE Y, ANTS R ZIHERIIR . SR 5 (8 R A 2B b L (CETC
45inst BG-401A ) Ll 1.0 Jem® MIE5RITHRE 20 B, MR ERE (HFMRL
RZX-3038) £ 30 ¥, ¥RBAHIRNZRER, UREAHFENEE. BEE
ERETREBRRE, HEBREREN, FHEFRENEZIK.

Y {

P 3-8 CdS gk iR B ZIE R
(@), (D)Lt E; (o). (=HREE: (o). HFBHREE
Fig.3-8 The photolithography pattern of CdS NR FET.
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o T HE T 1B 20 R 1 B 0 K T B U B R LK ML R RE BT Y

B L TEBUE 1 P B B TR YR OO B @ R I BEAT R0 BE, R R TSR A R
EBRHF SR E REN — BRI, 65 & Bk CdS 40K R S MR R E &
fit, R REBHERES SO, RASEFE, EREEKN, EREEILHRE. M5
fEAR MASK R —HRRRGIE T Z—RERE, HIEREARER BEAR
R ERSR, Eailk, mE 3-9 Fir.

# 3-9 BB CdS KRB N E
Fig.3-9 CdS:P NR back-gate FET.

3.3.2 BB CdS KA BN E (e s tE e

B 3-10 BB CdS JUK M HMNE
Fig.3-10 The single CdS:P NR back-gate FET.
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B 3-11 CdS 4ok R A N LY
Fig.3-11 Photo of CdS nanodribbon back-gate FETS.

2 S 561 25 H 3 R 2 8 49 4200 BU S4RRIR (Keithley 4200) FiEEH G,
TEEE T X CdS kK4 M 730 S A ST B R RIE. %EE| CdS 4K
] WG EEUR, BT RS AMYETE BRI RS T TR .

0.5 VooV
0.4} oy..
203 B,

3 «d“ A
Z0.2 o -ﬂ'ﬁyyr

Lo.1f s

) I | AP ESNI AL £ St S L
0 4 5

2 3
Vps(V)

Bl 3-12 BHBA% CdS K R 35 3N B FO 0 L A vk i 2
Fig.3-12 The output characteristic curve of CdS:P NR back-gate FET.
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B 3-10 HEABEBA CdS GukiEMBH BN E tF BB A, TLANEE
HAR CdS GRS fEVR IR AR 2 8], YR AR F (] BE 4 8 oK.

2210 yg=30v
[ - Vg=20V o
1x10"1[ | . vg=10V. ot
< C VGOV | e
72) A
0f "
£ : e
.gl!!'!:"
_1,‘10-11'_ :',
-2)(10'11- PR PR MR W RN NSV W S T U B

3-13 A{E CdS K RSN E M Lt i s
Fig.3-13 The output characteristic curve of intrinsic CdS NR back-gate FET.

B 3-12 & CdS 99K I MZ B E M -25V SN E] 5V B i S 28 46 i 4 1E it
2, [EfRAH SV. MNEFTTLLES, &8 h&E, RASREBRM CdS giKitrziE
HERIFHAREEA. SHEEN () B, CdS KB SHEZEM (K
W), XBHEEMAD n WEHRNE. BBRCAS ZANn B, XFEREAS
SRAFER Cd BT B A AMER Y. WA 3-13 fin, LERGREARET AL CdS
KA RGN E RN T 1074, FAMME/LFREWR. XRAMN FEASH
L BEAKME, BRARRBEBHNANFE . SAMER CdS FKAFHHNEHL,
BB CdS KM ERAFRAENHES.

B 3-14 ABB I CdS Sk MR N ELE Vos=1V B BAFElZE, WE
cha] DS 2R B T IS FEE A-14.3V; BIAITT R EEA~10; B 3-14 B
R MRS AT LI RS S

g, =dly/dV,=13nS (Vps=1V)
ALK

g, =dlps/dVy =(Z/ L)p,CoV s
ATLAAEH -
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P /Z/L)COVDS

Hep Z/L ARAWENRESKEZ, R fdh Z A EH%EE, L ARKS
B2 EHIFER (8um); Co WL FEMIHEA Co=essh, €K SiO, I EE (3.9),
h X SiO, A% EHIEE. BT SiO, i 5 Co=11.5nF/cm’.

1
107 \Vth=-14.3V "l
‘ / 150

.“.M.

8 eoeet | s J

f= i
LA — 1100%
A

» vps=tv |7

TS 7N S T Y T
20 15 10 -5 0 5 10
Vg(V)

IDS(

K 3-14 BEB4 CdS 4K IR N B B TR Z
Fig.3-14 The transfer characteristic curve of CdS:P NR back-gate FET.

TBEEBEBRRT ETRZEN) ERMESEMATHFHEBEE, WERT
FHEGERTEERNRENER, SaFHR, TBREX; BEEE, TBX
B, FA—FESEMES, BRTFREAR, TBEAR, —RKELTHIBER
FZER.

BRI EZWIREEHRMEEE:

—REZWLFEMEEIEHRD. TBRBK, BEEED, BIHR BTN,
Th¥ei b, BRAEEIER. B THTHIBER-RHTEANIBER, B, 2
F R MOSFET % B RXMAETIEABRTH n WESH, TAXHZAEAERA
TH p WIESH.

TREYWBE TSR TR & A R R i E R RGBT
BHEXKEE. THREK, FEOREREBSE, SEENEIERESEXMH
MBRTEIBRRIEL, BHERBERATIEE, ATLHEREEERITXMAEE .

WRIE LR, RATTLLHEBHBHES CdS KRN EN BT IBE p=14.8

cm?*/Vs.
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R B 5% 4B 1 R 1L 4 4 Kt 3 B R O BB BT

T EEEE, XFRA S BT, £ MOSFET EWBRETIEN., fEAERBIT XK
M—ANEESH, BEXA:
S =n(10)[dV, /d1n 1]

BA L7 R [mV/decade). S 7TEME LS T A MR B Ip B — B ENFTH Z0H
BB EME AVgs, TE In~Vos RAMZERK EFAXE,

SEERHEHARFEEEX: HERAREMERDERIZEERD, WS HE
BN FEMBHHOTEER I — AN SR AR EEEE, FSEYSK: BEA SN,
S {H K A, 4 T35 MOSFET (VE I X TYE#E, sREK S E/ M, AN
% MOSFET i t—EMamEERMB /D FEEN. N LERAXRTUHEE S~

Si0»(300nm)

Back-gate(Si)

B 3-15 SRR R R B HA
Fig.3-15 The schematic of photocurrent measurement and photo of the device
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BRI KRFEH L EMHRX

CdS MBFRE AR 2.4eV, XMATWAIEERR, £—FFEEREFFEEME, B
RAENTT IR B B EEME. LR, RIIRT RSBV E KB PH
e, HAREWREEWE 3-15 Fis.

B 3-16 2R TEB BT HBIER T, CdS K5 N 1 1-V 54k gh2k
Stte. AR A LED eIRMEANGHLE. JHEEE, EFRRRA SV HELT,
BN R AR A Bl~1.6x100°A. HILT, EXXABRSRNEEERRRA 5V 1
RIERIRA 1.8x107A, BIESREAELIAR] 10, BRT CdS guKH# 3ol Wt mBusktt. =
T R EA TG R T BR T IR R Em.

2x10°
— AHXR
1x10°} — EHH
< o
(7]
=
1x10°}
2x10°}

'l i | e EENPUI BN STV Y

5 432101234 5
Vps(A)
3-16 CdS R WEMIHHENE BN SREERES T

Fig.3-16 The comparison of signal measured in dark and in light

B 3-17 AURIARAEER 5V b RS BRI W R, ME AT 78 W
PSRRI b . FEREE & RBDERITITEOCARS, BERE MR, ERER
RRAEATIOCIRR, BAFFHSREM, BEFENMEREMAONE: R, ZJtiRX
A, BARIHASRITRESEM, BEAMERRDNEE. XEERMTAIREREN
RERE, SITIRER, REREAEENEE M RENER, FUXRIET B
5 S HIZ G nsm/ IS .
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Fig.3-17 Time response of CdS NR FET
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Bl 3-18 BB 7% CdS oK REHSA BN 9 56 i W Y
Fig.3-18 Spectral responses of CdS:P NR back-gate FET.

Bl 3-18 ABEB 2 CdS KA B E S A B KK GERNE. CdS HIEEW
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FRIERFHEZAR X

TEER 2.4eV, BrLURIEN AR A K:

x=2 5
Es

R R UG ASHEHAERE KT CdS MR, BIASHERE K/ T 5170m B,
FREBRCAERI T, MMRE CdS gXKimmm SR, WE 3-16 P LLEH, HA
6K AT 517om B, BEHBA CdS KRB SRUBIK: JAHAEKDT
517nm B, HESEHE EF, HHE 5100m PHEXBIBAME, RIFHOEBAT CdS
KA RN .

FRSE R, CdS gk R AIER RIFHGHEAMEL, X MR BURERE,
YE R YR B P AR KN A AR

3.4 BAXBEB I CAS GyK el 55 N B 384 HE R o i %

S FEGRARIEAT R S TIR XA B TRESMHERE, CENAHE
REMERBE LS, BAIX CAS 40K RMIH BN B ALE 300°C FHAT+4-60
BAAE, ERBKRET, Adhie’ ™, FEFRURERERK. B 3-18
FIB KB FRHEERS .

—_—1 =15V

—_— 10V

00 05 1.0 15 2.0 2.5 3.0
Vps(V)

3-19 IR KJT CAS GKr 35 20N i i 1 b £
Fig.3-19 The output characteristic curve of CdS:P NR back-gate FET after annealing at 300C.
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E 3-20 iBKJF CdS KA BN EH Bt 4k
Fig.3-20 The transfer characteristic curve of CdS:P NR back-gate FET after annealing at 300°C.

MEFTTLLE W, £id 300CBXT48E, #FNERHERET, HihgE
hEtE, WS RBHRS CdS 4K F A BT ABRE i, KEmibLpd—»
/N, TR KETALL, MARIRE TE— M EEX KBS g,=70nS, HiR A8 X n,=140
em?/Vs 32 T3k 10 f%,

BASTRHHRNRE I EARARMIRE, —RERTHKTHEE BRI E
g, MTkE T A —RETESRK CS KR ENTESX, FLAE CdS
kAT LE HEED. X8, BT PETFHHBETHRENOLERIER, % CdS
AR AT R PR P-H &8, FRBEIMET PHZE. & CdS:P KHEBES
ERBEEHTR K, P-HEERSKHH, #E, HRLHE CdS 91K, BiETP
HIZE, EXHRHPREMNILFRERT, FFHERALURER.

35 AENG
B A REHE T BHB I CdS 90K, 205138 1 Yo 2R AR AR P 77 vk il
ETETRRBBZ CdS FOKHEMAAN AL . X HHT T oFME RN
W, FXPLRGRETT 0. RN, KAR KBRS EF AR,
1. EREEEEASSF GRS —MBBRAE CdS gk, SETE 0.5-1
WMKzinl. BERALZIA 30 #K. KETE 30-60 HKZ A,
2. KRCREAERIE PR G & B T RAR CAS:P AUK A RHHH B &R A%
HEHARIIRGEREH, AN CIS:P #IKHHEE n RS, HES.
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FIETIKEBREELBX

BRFIBE, BEREMTBEEESH% 7208, 14.8 cm’/Vs., -14.3V F
25V/dec.

¥ CdS:P 4K HI & MOE M, HETUR, 4REREIT MR E
B, IEXRTHEMRABEERN 10 £, £dkiEmNamEm, gk F
517nm FEX HIGEHERE BERS.

v BT SRAHITIRER K, BERERGMNE, MREREFRBRTIBRR
RETIE 1018, FHFNEANFEFT T 24, — BB KREE T HARM CdS 45K
WHEMBL, —RBATTUBEPHZE.
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FHERBARULEAKRTGRNERE AR

SEIUE BHBZ CdS FUKH MMM E K% SR

41 BNEERAEZRRTREHERTREPHINA

FLH A B SR R AL B BT R S R E ARG MHRERRATLE, RAEHEH
JU SRR ELT, —HE 65nm TZEM &L, 2006 A9 65nm TEHARRBE
BREEEFEK, EFJLKSEGRBRAMNDENFERENSE, EXt/LEZHT
CPU B 1, AZREELRA S MERTHER, CEATREET, JH5/RA
RTHAERIMEAER 65nm TEFEAKE TEXR, FEMEHIE CPU 7 65nm K EZ|
TRk, BEFHRE. RE 45 BRIZHN, RERABAERFNEZEH
¥, FEERERBLELE. KA L Hafnium(88) 4 EAH) High-« AR, 00 B 7l
WHIFERMRE ZERN 10 £, BFHREARKEE, TXER>REE. SH
TPl 65 49K 45 JUKAIRAIL I, (20X BERBRZE D KIHER 2 £ A SR
FIRHERIA R .

FEHRFMP, SFWEEth T 57 v SR B 2h B EOA L AC 5 SO Bk e FHEE K
T B i L FH 2 S BB AL RE RV T I, X TR RERI B FRIR, BULAEHERE.
MBS EENRBESENSR. ANBRURERNTE, BAOMREENS L
U™, BT BRUSE, #—SREBHMIEERTE I RFOMREEEMERE
PIESE €k Za 2 (e

NEEHORAREEMEEEFRMENN—FRE, FRAMEAMEL «E
—RRURAER, “HAHKE « EX 3.9, METXMEERME RN IRRZ
A high-x # KL B high-« BT H, [THRRBES MMKEIERREHMRL
GEXERBTAESRS, FEEBRED SN TEMRDMEERR. H—Fm, Kk
B[N REIFEREEERERN. EFER, TR (top-gate) RN
HRMHEZ P, ML TEENRBEH, TUSHAEREMRE, SER/M
THRE, BENTFXEENRENEETEE.

B, X b E — E AR A S E R B CdS GK W RMHA BN, UK
R R BH BAR A% R MR BB AT 25 MR 3 — D R T BN AP e .

4.2 BB 7% CdS Gk 7 T A 3 O & 00 il &

XELERA “BTmL" 2242, FERIEEARH & CAS F1KH &- « T
BRNE. B 4-1 K CdS gk &E-« TN E rERE, HEHmLUSAZE,
B—EABERNER: FZEAMRAEE: B=EATIMERK. RITRAZKEZ
R HE & X B

%—Z’F:

1. BB AH CdS gk 4 BB R A H 300 49K E SiO, MEBZH Si H L
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AT K2R3

2. DMEIE 600 ¥5/53%h, B 3500 /5 b it B BEIR Ya %I -

3. 7E 90 MBS EHLKE 90 B

4. 7E BG-401A RIBEHL DL 1m)/em® RIREE MR 20 B

5. [FHEEH (HMELL RZX-3038) B 30 ¥, ¥RBAIHHICLIBEM,
AR B TR ENER:

6. BRGSERLE RSB TS OO R SR AT AL H

7. £ DZS-500 & B FR-AAE R B R G EH M R0 AE &R Bk

8. {EFNEEHER.

PL_b 25 B A L5 A RO ) e Skl i AR AE

B, EE—PHIEHNRREHREFRBOLRIK, #ATRHREEMEZIR,
FERRERNREZIEMRELENOERY, KPREE—LLRBMR. BEERXARE
Wt bl & 30 KB AN (HFO):

=4, 5EBHFRAE SOCZIR R BB R S % TR R AR 20 40K &

KTEZLBRWAE 4-2 Fiw.

Top-gate
Au
In/Au C%QONZR 3 In/Au
Si0»(300nm)

Back-gate(Si)

B 4-1 CdS Gkt - « TiH 2N S 7~ A
Fig.4-1 The schematic of CdS NR high- x top-gate FET.
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o 1 BB % 35 2 BR 1L 4R 40 K 0 RO B R U e it R

& 4-2 BB7% CdS K- « TRHHA BN E (5] &
Fig.4-2 The fabrication of CdS:P NR high-x top-gate FET.

(a)

B 4-3 BB CdS XK F-x TS5 20 (a) =P8 5 Fi(b)yi s B i A
Fig.4-3 The photo(a) and SEM(b) of CdS:P NR high-« top-gate FET.

4-3 3 CdS g - x AN E KB REmasE ., KPR
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AT KEFR L EHRX

AR A (E]BE 4 8 THOK - CdS UK TR LA 430 9K ML L ZHERE A 30nm,
TERAR R 4 20nm & HAR .

4.3 BE1B 7 CAS 99K 4 M 370 3500 (80 o
30

0 1 2 3 4 5
Vps(V)
B 4-4 B$157% CAS UK TTHE SR R8s O L 1 B 2
Fig.4-4 The output characteristic curve of CdS:P NR top-gate FET.

B 4-4 hBEBR CdS 40K S i B & 2 T 2 RO (A i 2R
(Ips-Vps)o TIMEFREM-2V 82 8V, [IFEA 2V. MEFATLUEH IV #iZ R LR
. 7E Vps=5V, Ve=8V Kf, HLHfiIEE 30pA, HHELTFREMBHENE RS TER
ABER. B 4-4 PR ORETIF, TEBIRE N 2V, AT AR e iAo
HIgEHBIR, MWERRAMRBENAEER. 55 AEPRTTLLEE, A oV 7 2V
HRBBRX R, M 2V Bl SV ABBNEMBRAKX, 5% 8035888455
Hira.

4-5 hBEB I CdS GUKi TIMA BN B I BAFE LR (ps-Ve). MBI TETEL
HEEY, HETFRMBHUNE, RABN BEBMRE%ZENTIM S WS BN E
FItEREEERS; HTEREMRELSY, FRHBEE (V) BAZE-145V, FFXRERT
Uo/log) EIE 107, 7E Vps=1V NES (gn) 3 0.87pS, FEBRTFHIBE (u)
X 27.4cm*/Vs. £ V=10V, Vps=1V B TIERRA 10pA, WHEERIE (S) BF
/N E~200mV/dec, BARELE IS 60 mV/idec EX, HELHRREZ CIRERMFIK
MEHZ N S EENES, MR MNEHL, THEERERADT 51&, BSiR
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BT 120 £ FEREEHEMNT 10°6F, BRTFHEIBREHT —F, LHHEZER
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Fig.4-5 The transfer characteristic curve of CdS:P NR top-gate FET.
F 4-1 MR TTH 7 280 B B RERT EE
Table4-1 The comparison between back-gate and top-gate FET
JEM S ROV & Tt 32 S RIS
BERE -14.3V -1.45V 10
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B IF R 10 10’ 10°
DALk ) ~25V/dec ~200mV/dec 125
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Fig.4-6 The photoconductive characteristics of CdS NR top-gate FET

B 4-6 & Vps=0.3V BRI AEXRBT (BL) BT (L) MENKEMSR
NEREBIEEME. HATRHESBRIEE®E Qonm), TMAELZEENS AER
1, BTLLCE AL B AT CdS KR4 BN . WE 4-6 1, ATLAERFE
BE Vi A-1.45V B313(-11V, XEELEAEXRRT, K0P RERF %M
SHM.

B 4-7 AR ML R RIRN LR, BT HATHSRNELRES,
EHAEMGB N E R EET . SRR EE A S ENSEN, XERIERE
Vo=-3V, HBT—MBEEAHEE R L/lg=10°, WE 4-7 fin. METREMRE
AR, BET 1004, XEERRNYKMALEN, FMENET ZRTFHIER.
Bhb, BATNE 4-7 P UM BB E ML AFEE R, TS SO0 B BeAR B i B
BT, HTHREENT S, mREMEFEN, XTRERBEEHETS, — Rk
BT RELYE (B 4-7 FiRich A) A— AN BKHEERE (bridh B), HEXKTRE
BRI A8, BAREMIEFEN K8 NE NG TR &, BR3P S iREr
YRR RGN, XEERFABAHE, —RER CdS giK#HEE KBS
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Fig.4-7 Time response of CdS:P NR FET
4.4 KFENG
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ETHABN S E . ERESENRRENERNRRERAHAR T KB ZREHR
Zfe, TRERKRY, HETEMZZNE, KA BE RSN %% E TR
B VIR IR CdS 99K RN B BTk BE

1. RINERTER—HS LT ZRERAEAZINTE, NTERTETm
L, HEHIEHEAR, HRIhEE R REPKEEBE TR,

2. KA RS SIS & R 30nm, BFEBHSMENBE, N CdS FrK#H
WHZ R T & R ENMIRA%E.

3, BEEREZANAES-« EUREGENEBRBRKETE, RIHETAR
TS S HBEB 2% CdS SIKTIHMNE . RAMINIR T HRFEMeE, B8, &
RFTBE. QRIFEL. RERENTBEZIES A 0.87uS. 27.4cm™/Vs, 107,
-1.45V 1 200mV/dec, ML TREMIZRNE D FIRET 120, 1. 10% 10 1125 15

4, ZREHR CAS TiMHNE B EERE. EXRT, LARBHREM-1.45V
BALE-11V, BEF AR RN 10 15, B EMEEMN-3V BRERE —AMEESH
RS EL Low/log=10%, AL TRAMEEER, |R/ET 10° £,
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5. BIFF AT RMA TS B E RN EE. ST E T, RHHRN
EHTRRENANEET 30 2, THBZ%NE T BRAEMNERE, g /b
T 5s, MNCEEH BRE. WLRERMN BB AWM ARNRERFT —ENSE
ﬁ\xo
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BLE 2L

BEEE 7R84 M REREFRERNRE, FENERBRTH LK
B TAENLER IEFERE M A EAR R, 18] B A % Lh Bl 45/ 818 53 8 AL AR RE CMOS 2844
EHHITHR, FRETEMR CMOS TR Ak, BFRgK CMOS HF R34
GHIERNEYIEE., EHit, EERFKEFRERIARRA. BFHHEAKRZH
MR BB AR AT IR, R BRI B GK I B B Y SR KB T GIK e F
HENHHRANTR. IREEHKREHEMETFHREFHONHCERE TSR
B, BEEGARMENERERFOHENAEHALRENR. TAEIFRER
HERBREANRT, SXDBNENERDERER, UETERNLEENA.

AN REHFIR T BEB 2 CdS GUKT RN E I B2 Rt ZE MR —H XA
PEREERT EHR LB — BB B ERARAKRT, BIRU T E&GRER
HEE. HERBIEN CAS K. B—HHE, HHHETETHSHR CdS KT
B MR B R A SN B MR A R T 454 B st R RN, FExT
HMREBT T R K. EAERTREPKGHNE BHERER L, STEFK
BRNERHERBETRERREESERN MHKGRNENLRNARET —E
RHESNER . BHEERFRABRNT:

1. RAHRERNGE, S&EMEAR, GRESRN—H. 23R T 55,
AEEHIEE. RIE. KRERNE. £RER, BBR CIS PXFTANTAEY 4
¥, £EKFEH001]), FEO0.5-1 7K. BELAN 30 9K, KE 30-60 K. LIE
RAEH, WHBEIERE, RAKE, REXEESRPKME LSHA B,

2. BRI EZER MASK 18R 55 70 5 25 & SR AR M L. KA
K1 300nm £ Si0, EMEB L Si A EAEM; BB CdS ke NlE; A4
B SIS BNE I ERARR, BRI SBEB A CdS UK RN & AR

3. RERBEB I CdS Gk H RN B BB HEIRRHARH
HIERBMERN n WIEZHKNE, BSEMESN (e Tm (), L
K. BRFIBE. BEEBENTBEEESHITTLGAR 7.208, 14.8 cm¥/ Vs, -14.3V
F125V/dec. HHEMRAERER, BEBA CdS 4kH3al WL, R TFHR
HESHFE 10 £5, BB N 88K DT 517om B985 CdS K H B NE
MAERRA EERS.

4, WRMFTBKAEE K ERGERE, BXEE 300C, BE 10 24, KRR
BHE. 290ea, BKERTHXENEBORMNEMAL, FBETPHZE,
H B KFTIREBTIE— M ESR, KBS gn=700S, BRFIEBE pn=140
cm?’/Vs iR & T ik 10 5.

S« ATH—PREZEMGHERE, KA EERENBMRN TR LS5 &
BEB 2% CdS KA A N T, o 3 IR B e AL, E AL S 48 % 2 B FE 0 30nm.,
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HENRIRER: BS. BANFIBE. ARFXE. BEREMNTEEZES 5
% 0.87uS. 27.4 cm*/Vs, 107, -1.45V F1200mV/dec, AL TRHBHMNE S HIRET
120, 1. 10°. 10 1 125 1%, S4b, BRI BRIMBBRIE, L3RS EiA 10° K8
FE R

6. R AT R NE MR NEE., ST E, KRMSBNERNT
Fema Ry 1) B T 30 B2, TSN B BB BARMIEINERE, HmNEE /DT Ss,
WINGEE A B . LR RRATME X RN RN RS REEEE
ME.

Z LR, RERERE, RUETEEM, GRBHEMN CS gk, FE, &l
HEMBZRNE, HFARSGET 244, FARNMEERENBELE. MEEHN
TiHh 2R 450, 6% T BMTERER CdS 4K FAMNE . AXHAAMRAETH—%
Gk R R BRI T REFIE S, AR THRIIEERENSKEBHH
LBRRL .
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