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(2014 4F 8 A 1 HUKH; 2014 4F 11 A 24 HIKBIEER )

I 1LH (Pentacene) FAT 0 R A3 ROV i 448 45 10 K AE 7T LG X i W e 2 4, )iz BT T8 ()
A AVE . 3R B E R BT B PUK R SR, BER AR A RO TEREAN TR, RN BRRRERE. AL
il 7 bk T B A A R AIC L O RO FAR I 25 ITO(S) /Pentacene /Al(G) /Pentacene/Au(D).
SRR, AE TAEREARE —3 VIR, JF TG AR 25 ITO /Pentacene (80 nm)/Al(15 nm)/ Pentacene(80
nm)/Au [ BH{EHEA 0.9 V, « JF/267 Bt Ry 10%, I T R UFI P B 5 A R DL I Hi 4% 1
AE. 7E 350—750 nm A [R13 K  EER HR AT, S8 4F 00« B /i st L R i S BE i N S 38 K AR AL 7E 350
nm SO B R, 206 BRI AR« B /I LA B I de K B A 2 308, H X R AR B EE S 219 mA-W T K
TARHEREFERM EHE 350 nm B @G B T BRI Z . Xy 241 i s T AR B0 s RS 2 LG R 4%

R T R RATHIE.
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R, S K R R s RO T #
PRI A H e /)  BEFEAIR DA R0 F M T S 0 38 %
SRR, R, N T 7 R B R R S
P RIEAT T —Fh AT AR AR e FL i R I R
B WG FRARIIAS, A5 2 Re e (R 455 XA ML B f%
s ks A R (PR X i E Nl N =2
¥, FEEFRAE T WO X B A m R R H37 808 i
TR R VE AR R 1 9 F 2K (Pentacene) 'O fE 45
WUEPE EMRE, R B2 2895 1 7 vk 46 1 24 T 26
T o A G A ARG LR TR O R R 2% ] DL
ST P AR B AT T IR AT, LSRR
P R 4% T 1 R 1 B G PRI 28, 3% 56) T i) 45 (I H
JEF TAEMESE X A VLEG L RS A A T E
ERE .

2 SIS AL

SIS o o) £ B T I A S R I
JE FF AR IR 28 ITO(S)/ Pentacene/Al(G)/
Pentacene/Au(D) ()& &5# K 1 s, HE %)
T B A AL (ITO) 133 I /R AR (12
AL GTE A, I S AR OR T 85%), IRIE 258
TR T PR AN £ R S T PR 10 min, 4
AR JE R AL TES min; #5108 1) HAh % A Dy ge
J2 ¥ SR FH 1T B 5 A7 1) B A 2K B T VA &L 3R
TEJ5 ok CA 3 B 450 S 0] R ik i 4
S HL R 2% 1010V B FU R 06 ) SRR b S8 B8 4
Ak, #1457 I F2RO6 AR ES ITO /Pentacene
(80 nm)/Al(15 nm)/Pentacene (80 nm)/Au. B
e, RIFE A A2 x 1074 Pabl T, #E1TO %
FBL0.01--0.06 nmes™" f 33 A 2K G4 I 1 8 0
(80 nm), FOR R F 25 B M I A K A
B 30 min; FLR, BUBTKOH 28 75 B8 2 07 W AR iR
(15 nm) fE MR, Z 5, 55— 2 I TR B )

AR, 288858 — 2 F AR R (80 nm); &
J&, il & Ak (50 nm) FE IR, SEIGH, #
{1 % HERD 8 R R b i 2380 P 2 SR R R AE R 4
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L HAu
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B
Fig. 1. (color online) Structure diagram and test cir-

cuit of the pentacene photodetector.
3 BREIT®

FE T O MR, 5 T 3 B R 45 K
JE 3 286 LR M %5 ITTO /Pentacene(80 nm)/Al
(15 nm) /Pentacene(80 nm)/Au [ H FEL L R4
thZan B 2 s, B2 (a) el BUE H, VR - H
it (Ips) & YR -JR R (Vps) AR B & (Vgs)
FR) A7 ) HE DR TG R, HL B T R e 1 X R
ANX, X 5 AT S AR ¥ ] 28 A0 e F SR L
A% (static induction transistor, SIT) fJIEEAFTHL
T ZE AN R D81 S 1 R A TR X
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PRI N B AR (metal-oxide-semiconductor field-
effect transistor, MOSFET) ] # Jii 143 A 80 % [19],
[, B asfF R A R i 2 (LK 2 (b)) v %0, 7
Vbs = —3 VI, E8 41 “TF /587 L LG (Zon/ Lofr)

(a)
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9104, I H | Insg|Y/2-Vas M2 IR T 1585 0 B (H
HUE (Vin) A —0.9 V, XRFIZOGCHFNEAEA R
L ¥ P AL A R DL R P T LS5 R 1 R IR
A28 1] K FELIAR P R R

10.005

1 0.004
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+10.002
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Fig. 2. (color online) (a) Output characteristics; (b) transfer characteristics; (c) energy level and carriers

transmission diagram of the pentacene photodetector in dark.

TE ORI fe i v A OR 7 2 T 1 B 0 1R 45
(A B 5 2 ' FE RN 3 LG S o R R
PEM AT ST, FRATHE — 2B 78 o] W A i va
(350—750 nm) 6 £ A 7] K 5 506 I ITO 3
B D B4 HRS A, o GO P AR 1 e 2R AT IR N
WHIE. FRAFAEAS R A K OB B S T  B R
th 2 an &l 3 (a) B, WTLAE H, £ Vps = —3 VI
Vas = —3—3 VIR TAEHIE T, BEE ANGFHK A
750 nm 8/ B 350nm, B8 1 B R 4 I il 4k
AT ERIER RS, X TR SN PO A
BB e B OC IR eI RN b= R T -
O, FEMEEAE R, e 0 - 2 O R 4y
B, 1525 S H MR T HE 8, A Ips
K, BB A 7F B /N 1 L gt v DA 2 R e 1
i, Vi, RATER#EE. KB NAXTUE
i [21].

Vin = —qnod/C; + Vgs, (1)
Hrp Ve N FR IR, ¢ HITHA, no AEIR T
FE. AR LR Ve THE AR, BEE NG
KM 750 nm ¥/ #1350 nm, BEEIZHIAE K, (1)

b B IR T B T G 0 A A A R Ve KRR
. e A, BRI EE R DR AR B 0 A UL I
BOR, 3 (b) Bras. 74b, 1£350 nm 5§56
SR, G MR RO, H I O R S A S A
T LAE H Tns BRI K, 411l 3 (c) Fon.
B, £ Vps = =3V, Vas = —3—3 VIO LIEH
JER, TG AR ITO /Pentacene(80 nm)/
Al (15 nm)/Pentacene (80 nm)/Au 7] DL LI
AR TBOR 2800 B4 S B N SR D115 I, AT S B
R

B T Vin, Ton/Top 2800 DURAER: T 2 B
mn M G5 AL AR R O T4 PR 25 1) R S 1
REZ 4b, & AT LB “BH /0 B EE (Ton /] dark) F1
Wi B 52 (R) SR 5E B R AE LR MR g, 5 2 i
T (22].

Ipn Iitum — ldark

pP=_F = , 2
Idark Ida,rk ( )
1 Ii um — 1 ar

Rnc B Einc X A ’
Forb T M T qark A 8 1175 56 JER A0JG B 9
HURAE, Ton NG HIRAA, NSOGTIE Py AT LA
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EENSCIRIREE B 58106 2R A SRR,
N T TEACSESS S BN G D AR I R R 2, SRR
225 A0E, 1 O R B EE R bR R S 2R 254
RNZEEBAE, 5FF A FCHEIRN S TTO/Pentacene
(80 nm)/Al(15 nm)/ Pentacene (80 nm)/Au X} [A
— NSEOGHEAT BRI, D00 T AR AR S5 A 0 O T
2R FLRIN 35 e e 1 2 R 5 DRy

Iph(A)ASi

Ionsi(A)A’ )
Horb Ri, Tonsi A1 Ag 73 ) s HE Tk 2 2R 000 85 14 Wi
IR AR FLAUE AN S AR

R(A) = Rsi(A)

1074
: Vbs= —3 V = Joluhd —— A =750 nm
\ —— A=700 nm -+ A =650 nm
10~° —— A =600 nm — )\ =550 nm
&, —+— A =500 nm - )\ =450 nm
e Xy —— A =400 nm - )\ =350 nm
i 10
>
2
I 1077
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10-9+ (a) S P v s b p
-3 -2 -1 0 1 2 3
Vas/V
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45 (b)
4.0
< 35 — A =750 nm
i —~ A =700 nm
S 3.0 - A =650 nm
> 2.5 — A =600 nm
2 920 - A =550 nm
| : — A =500 nm
1.5 - A =450 nm
1.0 — A =400 nm
0'5 — A =350 nm
0

A =350 nm  FIHR
Vas Vas
—a— 0V —=—0V
—10f —®— —05V—— —05V
—A— 1V —A— 1V
gL —1.5V—9——-15V
—— -2V —— -2V

—12F

—<4— —25V—<— -25V
r—»— -3V —— -3V

-3 —6
Vbs/V

K3 (MTIRE) I IO RRIN SE (a) AR FREELT
JEHE T IR I 2R, (b) AR R GG R e R 2%,
(c) 350 nm HEA Y K Jo ot T i AR il 2k

Fig. 3. (color online) (a) Transfer characteristics under
different monochromatic light and in dark; (b) photocur-
rent curves under different monochromatic light; (c) out-
put characteristics under 350 nm monochromatic light and

in dark of the pentacene photodetector.

MR (2) 30, FRATTH S H 2 T 2 B A A 5 1
FRIAEG F R 9 2 ' LRI 28 7E AN [ g o e TR
IR B /B B EE T /T dark, FF15 BB
Vas LS R, IR 4 (a) s, ATLUE M, 4T
A — NS B0, 85 4F B Ton /L aanc BB Vas
(I NACEPNITES N N TN ) SE RN
[ IR B B R, Ton/Tqan WEAE A2 L
FAAE (£ Vs = —0.5 VHF), Bt #18 fil 18
FIARBENSH G K BTG, T340, Ton/Taan
B G NG B N TG N, NIRRT
500 nm B, Ty /1 an UG RZE IR MANGGK
29350 nm I, T /T garic K FTIE 308, 1K i B2 T
e B iy (A 0 [ 0 O HUPR U 2% 8 i A
A 8 T I B S 2 F L R 1 R R
LT - O O 2, PRI T R S %,
TR = 1) < B /B F AL L.

300 (&) —=— )\ =750 nm
—o— \ =700 nm
—A— X\ =650 nm
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it B8N IRF IR AR AR A B v 7 i 2

Fig. 4. (color online) (a) (Ipn/Idark) curves varying
with the gate voltage under different monochromatic
light; (b) comparing with the standard Si-based pho-
todetector, responsivity curves varying with the inci-

dent wavelength of the pentacene photodetector.
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Abstract

Due to the excellent characteristics of field-effect transistor and its high absorption coefficient in the visible region,
pentacene has been widely used in phototransistors. The channel length of the vertical transistor could be designed
to be very short (on the order of nanometers). In this way, the device performances and its working frequency can be
effectively improved, and the energy consumption can be reduced simultaneously. In this paper, we fabricate a kind
of low-voltage pentacene photodetector ITO(S)/Pentacene/Al(G)/Pentacene/Au(D), based on the vertical transistor
configuration. The threshold voltage and “on/off” current ratio are —0.9 V and 10? at a low working-voltage of —3 V,
respectively. The pentacene photodetector ITO/Pentacene(80 nm)/Al(15 nm)/Pentacene (80 nm)/Au exhibits a good
p-type transistor behavior and low-voltage-controlling performance. The photosensitivity and responsivity vary with
incident monochromatic light from 350 nm to 750 nm, and the photosensitivity peak of 308 is obtained at 350 nm with
a responsivity of 219 mA-W™!, which is even higher than that of the standard Si-based photodetector under 350 nm
incident light. Therefore, this work provides an easy way to fabricate a high sensitivity all-organic photodetector working

at low voltages.
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