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Abstract; In order to improve the interfacial properties of organic semiconductor devices, polymeth-
yl methacrylate(PMMA ) was spin-coated on the silicon nitride insulation layers to fabricate a com-
pound insulation layers. First, the surface topography and roughness of composite insulation layers
with different PMMA concentration were investigated by atomic force microscope. Then, the organic
metal-insulation-semiconductor ( MIS) devices were fabricated by vacuum evaporating of para-hexa-
phenyl (p-6P) , phthalocyanine copper and the gold material electrodes, respectively. Finally, the
hysteresis effect and electrical properties of MIS devices were studied. The experimental results show
that the roughness of the compound insulation layers was lower than 1/5 of the single insulating lay-
ers and was about 1.4 nm. The p-6P films can form the larger and more ordered domains on the
compound insulation layers with the increase of PMMA concentration, but it is formed spherical
islands on the single insulating layers. The organic MIS devices of the compound insulation layers
have almost no hysteresis, but the devices of single insulation layers have the largest hysteresis volt-

age of about 12.8 V and its internal trap charge density is about 1. 16 x 10> ¢cm ~>. The mobility of
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MIS devices with the compound insulation layers is 1.22 x 10 "% em®/(V

- s), which is 60% higher

than that of MIS devices of the single insulation layers. The saturation currents are increased by

345% . The MIS devices based on the compound insulation layers have better interface performance

and electrical performance which can be applied to the field of organic display.

Key words: compound insulation layers; metal-insulator-semiconductor; polymethyl methacrylate; silicon nitride;

hysteresis effect

1 3l

&R )21 R (MIS) J& A5 AL it 1k
BOTFTs) R EBEEH, T2 N T2 S h
AR AT ORPARE I R IR
HMEIN G SRR A M R TR A A g0k
MRE MIS At R B T AR M AR,
TR ( CuPe ) J2 4 Ja IR b1 RE A — P, 2 1 4
OTFTs SAMAL RG34 1A Bl AR E M
RO R B B ARR T X BRE (p-
6P) TERIIE b &2 FARAE A, 7T DAt — A~ % 2k
B AR XA 2 0 A K B AR
FEFAEM BB T A WU R AR K i S
A L SR AR (SIN, ) M
R B Ak 2 e MR H A R M R A
T IR A R R SR R e
(PMMA) {E N EHE R G UIMEL, A B R L1
SEVEREDST T T A A AR 1) 8 A0 2T A b
FHPORT OFETs MMk 46 20 221, 520 S 140b1 B
TRA g R s i AR 2 R A 4a %%
JZ SiN./PMMA A 248 5 A ML SR RE

AR B A 4% )7 SiN,/PMMA %54 p-6P
HRAEK CuPe L T AL MIS L SIKZE, 5
B2 SIN XTI F5E T 5 A 4 )7 SR BLE
SR 0 Ji7 - 07 W SO A DL B MIS & 4 1 He
75 RS B A L A AR PR

2 % %

2.1 ##l

SiN, #J I T _Ei R S F A BRA A #
JREALFE B B JE R, R 4 200 ~ 300 nm (455
(A/NA) i 2, B 55 SIN i 2, R H
P TR FH I ( PMMA | [5]1A 50 ) 1R 4 ( CuPe,
aliiE R 95% ) W3k T ¥ Aladdin A H], p-7SHK
K (p-6P, 4l K 99% ) WK F A AL B Tl k=X

o

24t Hr, CuPe F1 p-6P YA IR $E4E, PM-
MA i B B T = S R i
2.2 EARGERBIEERENGE

SIN, #IRAR K FH N R | £ B X 8 K kAT
Mk JSRTE  1E 80 CHLA HHET 1 h, PM-
MA 507 FH = 580 R ot 75 5900 3 ik, T o) BN [ e
() PMMA ¥, S8 A8 10 b 247 (TG
FIRFEARDEFE 1 min JEHEIRTE A2 )2 SiN AT
o R, T A 300 1/ mim, B [i1]
6 s, S5 R 1000 r/min, BFIA] 2 30 s HEWs, 4t
TEA SR TR R4 %R 55— R4 %2
SiN, R G4 %)%

R L 23 2898 0 J5 1k RS G TR 180 C Al
HZAE6.0x107* Pa LI, BELEZRBEAH LI p-
6P Fll CuPc, p-6P MZEBEFEEE R 0. 1 nm/min, 7%
PEIRFEA 3 nm, CuPe VPR ZEHE M A 0.3 nm/
min , ZEPEJEEE R 20 nm,, SR FH A BEORRL O £ , 7 L
Z5E 8.0 x 10 ™" Pa LA, 284 [ 55 4> A B8 5 4
B, AR N 1 omm; HE 4 AR
HEEHS5 mm, TR 0.25 mm, K55 K 20,

2.3 HBEEREH MIS SSEHRIEFE

A )72 KA WL p-6P 13 11 B 35 R 2R
HAOKE Ttk 24 1Y SPA300HV J& 1 7 W 1348
(AFM,Seiko Instruments Inductry,Co. Lid. Japan. ),
SPI3800 4 il ¥, 49 4 77 =X o i i B X ( Tapping
mode ) , MIS i [ L 25 FE S RHAEPEIINACR H Ag-
ilent £4980A 11 LCR BHATINIRAAN , 76 1 25 Ha e i A
R NI, ST B (SEM) SR
JEFE[E FEL AR XL-30 3702 S B 4 i 7 i ik
%, FERSHRI ARG TR R T B R 2 636 A XL
THAE F R A, MR Ml

3 Z£X544%
3.1 E&84%Z SiN/PMMA RiFESE p-6P &

EF 3R IR 5%
RS T A SR SIN, SR T AFM B 5



556 W WO, A, T AHE)ZE SIN /PMMA A HL4 R -4 22 -2 S a0 775

MRTAFRE B, &l 1, e 2x ) SiN, 13RI &2 AW PMMA 1&1fi SIN, J2 1m0, AN A 9 1Y
WK, R EHLREEE M 7.7 nm DAL, RIASIN X PMMA FHBURIR 242 )2 SIN, | IEE &4
T 3% SR AR R L 3K, BEAS A ML A . &%)2 SiIN/PMMA Qi 2, Bl PMMA %500k &

W R A HELUTE WA T A BILIEEE PR8I0, 2 A 1 SR 5 R 285 8 A B R I, AT
FIBEAR L2 2 2 SIN, R TADMRE B2 R SR 2L ARWGE , ikl 2(a) ~ (e) . 24 PMMA ¥
5

Ra :5.354E+00 nm

P-v :6.210E+01 nm

RMS {7.761E+00 nm

3 Rz :4.764E+01 nm

(10 Points)
S :2.617E+07 nm?
S Ratio :1.00904

Bl 1 BagaZy)zt SiN, 9 AFM JE 55 1] K LR 2
Fig.1 AFM morphology and surface roughness of the SiN_ single insulation layers
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Fig.2  AFM morphology and surface roughness curves of the SIN /PMMA compound insulation layers with different concentration

of PMMA solution. (a) — (e) PMMA solution concentrations are 2, 4, 6, 8, 10 mg/mL, respectively. (f) Curves of

roughness with PMMA solution concentrations.
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Fig.3 AFM morphology of 3 nm p-6P films on different insulating layers. (a) SiN_ single insulation layers. (b) - (f) SiN_/

PMMA compound insulation layers which concentrations of PMMA solution are 2, 4, 6, 8, 10 mg/mL, respectively.



5 6 1]

WO, A, T AHE)ZE SIN /PMMA A HL4 R -4 22 -2 S a0 777

3.2 E5@%ER p-6P/CuPc BHl MIS £ 4
B B 3 45 1
FFoE B A A 2k Z XA B AR RE A
XF T BR a2 2 SiN_/p-6P/ CuPe FIE &4 % )2
SiN,/PMMA/p-6P/CuPc £ Hl MIS & 4 1) [l ¥
PE, i 4, FEIHEKATE A 1000 Hz B, $145 &
Ve M+40 V E] —40 V IEFHE, SRJG XM -40 V|
+40 VIREIHEH, KA 0.8 V, KRR -
R 2R [l R e, 4 2% )2 SiNL/p-6P/CuPe
FHHL MIS %448 B 5 A% [o i BL %, [l i B &
AV, =~12.8 V., HILAT LU E G B g i Y
Nl = CoxAVh/q9 (1>
Hrp ¢ BRAZIZHE, ¢ REFHEARE, BLA
R (1) 13N B 2 A AL MIS 2800 [ BIF e oy 28
FERLZI N 1.16 x 10" em >, K BRFETE 51 B
BIF 23 A% i L Ao, RE R BS R MERE . L, 1
AL SIN, AR KB MIS #814 A7 7 K
B, 7E R R IE 0 R o RS 3 A
RIXARE, Kt 2RI T BB B4R, 78R [ 4
T AR AN RE L P R, SRR B A R R
R FEAEIH SRR, SR FH 3% RS B S I
8 mg/mL PMMA &4 B 2 )2 SiN, F 1 J , ¥4 ik
(58 4 e % 2 SiN /PMMA |4 p-6P/CuPe 1
FAHL MIS #5F, A -HL R (C-V) th 2 A I B 1Y
FIEIG, K 4, WHEGAZZESA LS
A 2 ARA Y AL T B B, R F A BILJe S A 11
R TLH, X 5 MEL a5 R —
1450 T T
— 1425
£ 14.00
13.75
13.50
13.25
13.00
12.75
12.50
12.25
12.00}; ) ! 3 ! ! ! | l |
-50 =40 =30 =20 -10 0 10 20 30 40 50
Vel V

Capacitance/(nF - c

El4 gz SiN, MRS 442 SiN,/PMMA [ p-6P/
CuPc A HL MIS #1945 14 B B C-V 113 it £ ()
AR 1 000 Hz)

Fig.4  Structure and C-V hysteresis curves of the p-6P/CuPc

organic MIS devices based on the SiN, single insula-

tion layers and the SiN_/PMMA compound insulation
layers (test frequency is 1 000 Hz)
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Fig.5 SEM images of organic MIS devices. (a) SiN, single
insulation layers. (b) and (c¢) SiN,/PMMA com-
pound insulation layers of PMMA concentrations with

2 mg/ml and 8 mg/mL.

XA T A 4% )Z SN,/ PMMA 5 Pk
JZ SIN, PRSI A o B A 1 MR, 4n ]
6, TEARFMIRAET 2 E4Z AL MIS 244
FH R R, TEM R R Vg = - 80 V IR



778 K St

¥R 540 &

AR L HLZ SIN, 38T T 345% , 1Kl 6(a) .
RS R PRI AN X L R A N

Ing = (W/2L) uC, (Vs = Viy)*,  (2)
Hp BB, AN em®/V - s, L AW 4351
B RSE, C, e A R A
K (2) IS 5 #4222 SiN_/p-6P/CuPe A L
MIS #FREREE N 7.63 x10 7 em®/(V - 5) ;&
G4 %% )7 SIN /PMMA/p-6P/CuPc A #L MIS #$ 14
RIIERE AN 1.22 x 1072 em®/(V « s) B Z B4
GESRTET 60% , ANIEL 6 (b) . HLFH R AT
R LR 5 W R R I 250 — B0 B TR
B Y 2 )7 A T AR S T B B, R T A o
HiERE FfLd , HE A o 2% J2 %) B {E HL 52 i)

&

040
-5.0x107 %)
Z1.0x10 k0
~1.5x10°F
-2.0x10°=70
-2.5x10°F
-3.0x10°
—3.5%107°F0"

Ins/ A

2.4x10°
10°¢ 2.0x10°

107 1.6x107°

/l/Al/Z

Iis/ A
1
DS

10 1.2x107°

I

107 8.0x10™

100 4.0x10™

0

-80 -60 -40 -20

V(;s/v
Fl6 Passs)ZE SN, FIE G422 SiN /PMMA (% 4
PEMZE (a) AR AR ZIE (b) (Vs = =50 V)

-0

Fig. 6 Output curves (a) and transfer curves (b) (V.4 =
—50 V) of the SiN_ single insulation layers and the
SiN /PMMA compound insulation layers
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