MSM

Sudy on Optoelectronic Propertiesand M SM Devices of

Diamond-Like Carbon Thin Films

o>

B A3

2004 7



A Dissertation Submitted for Doctor Degree of

Philosophy at Xiamen University

Sudy on Optoelectronic Propertiesand M SM Devices of

Diamond-Like Carbon Thin Films

Xiang Cheng

Super visor Prof. Chao Chen

Department of Physics
Xiamen University

July, 2004



RS 10384 HPRE BE W
2 2. B200124010 UDC

B I K%
[0 i VAR e

MSM

Sudy on Optoelectronic Propertiesand MSM Devices of

Diamond-Like Carbon Thin Films




BEAMNARIR I, FEANAE ITHE T R AL R
FUMR o ANAER G 1 S5 1) HAD A N B AR I 5Tk
R BAESCR DIIRA T AR o AR AARTR AT AR SE e

S A AR DA

PN (B4):

= H H



830 RERIAEBDE LTS MSM Ot i 28 F R R

RSO NI RIS G W4T (DLC) IS 1= S A 1 2 R o b ik
ITVEIR o SR FH SIS B 1 AR B S A 2 SO OB T 1A K& Ff DLC i,
LEX AT AR KK DLC WIS £ M RAE IR b, PEARRIEST T S a5, FHh
T LL DLC R A5 2 K MSM G RIS, IR 1-V A5 Db by
C-V REPESHAT PRGN AN 23 BT o Jo0 i M S ARSI AR, Xk AR
F, R REEE T DLC #ERRLE Y L7 TR Y FH st

LERINGEA B ARG T R R, A T ARG 2 B
%5 DLC #iik. KM AES. Raman . XPS #l FT-IR 55 770200 BT AE K I
DLC FJEHEAT 85 RAL, RIS S0 e 55 1T 2 4040 ] LA 2445 DLC
iR sp?C M sp’C ILLE, JAIERAE T DLC #EA R 2Bl Bt o

LX) DLC W S A S 0 i, R IBE A AR KA AT, R
[R162%H BRAE 1.0~3.8eV i N A AR A, SR FH Al ot B 1) A AR ASE 28 i
JRE R T S5 M AEAT T TR o AERfA TIN/DLC BRI 5, Wl T DLC #
IR PA) B9 H S B P (A A A, o B = AN DX 1 2 S LA AN T
FAT A AR S AR L SARE . IRl b5 DLC #2500 e 18k
AMHFIEBRE. ST DLC M FEEE N s 8U0E (PL) Ftk, Xk
TEHLEAE THIPRR B E B AN DLC #fh, AT T AES. HE% C-V,
HAH SR PL M. #93] DLC: N FESHEFIREMIN R 0, Lk N X
DLC sy BRgb Mg, LIRS M2 N 1) DLC #IE% PL PERE, 151k
T N oo M.

H AR P DLC ST 52, il T MSM 2514 1F ' i 4k
TES o X FAEN 1V ERE . C-V R PR i B BEA T VAN (1 I R 3 #r .



S

LG FELAEIN S ()30 3 0 43331 g 450nm A 550nm, £ 325nm [FI0GEHE R
MR ES N 3mA/W R 0.26mA/W. LRl =528 T Ti. Al. Au
A Ag %54 J A1 DLC i RS i BT 11022 i pA) S A1 1 o 4 4 vy 1 i

AR TAERGIE SAE T HSERAIESE T RE-PECVD Jj ik nf DU D) 36
DLC {16225 B il Th ot DLC #EBREAT Mk B n 3520, JERAH
W2 C-V I T A 20 A B TIN ST DLC AT LR Y R 47
(RBERERFEfik; W& Tiv Al. Au. Ag Fl DLC B2l 22 S s it
il 7 LA DLC #5446 V5 2 1F MSM o6 -l 2« T AR BSE AL R A Ry
FER 0T DLC AR P AR T FL AR I A A THT AR

DLC I, e, MSM g3fF

1I



830 RERIAEBDE LTS MSM Ot i 28 F R R

ABSTRACT

The semi-conductor characteristic parameters and optoelectronic properties of
diamond and diamond-like carbon (DLC) were expounded in this work. Series of
DLC thin films were grown by RF-PECVD, and the optoelectronic properties of
DLC thin films were investigated based on the characterization. DLC based MSM
photoelectron detectors were then successfully fabricated and their characteristics of
devices such as current-voltage, spectral response, capacitance-voltage, were also
measured and thoroughly studied. Finally presented in this thesis were the summary
of our research, some suggestion for the future work and the prospects of the
application of DLC thin films in optoelectronic techniques.

With the great assist of Shenzhen Institute of Nano Materials, we successfully
grew DLC thin films with different optical bands. The films were characterized by
Auger Electron Spectroscopy (AES), Raman spectroscopy, X-ray Photoelectron
Spectroscopy (XPS) and Fourier Transform Infrared (FT-IR) Spectroscopy. It is
found that we can effectively control the ratio of sp°C and sp’C and then change the
properties of DLC thin films by altering the growth conditions such as RF voltage.

By measuring the ultraviolet transmission spectroscopy we determined the
optical bands of the sample at the range of 1.0-3.8eV. The band structure of the thin
films was then discussed based on the two-phase model of the amorphous carbon.
After a detailed analysis of Ohm contact between TiN and DLC thin films, the DC
conductivity of DLC thin films varied by temperature was measured and it is found
that the main conducting principles at three different temperature ranges were
different, which shows the typical conductivity property of noncrystalline materials.
And subsequently, the electron mobility in extended states and localized states of
DLC films were calculated respectively. Photoluminescence characteristics of the

DLC samples were studied at varied temperatures and the mechanism of
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ABSTRACT

photoluminescence were also discussed. The DLC samples with doping of NH3 and
N were characterized by AES, electrochemistry C-V, DC conductivity and PL. The
distribution of electron density of DLC:N thin films was analyzed and also the effect
of the dopant N on the DLC band gap. By comparing the photoluminescence
performance of non-doping with that of N-doping, the change of photoluminescence
centers by the doping of N was discussed.

DLC based MSM photoelectron detector was fabricated with our two batches
of DLC films. Current-voltage, spectral response, capacitance-voltage, were
thoroughly measured and analyzed. The spectral response peaks are found to be at
450 nm and 550nm respectively and the absolute response reached 3mA/W and
0.26mA/W respectively at 325nm. Based on measurement and analysis, the contact
inner potential and Schottky barrier between the metals Ti, Al, Au, Ag and DLC thin
films were also obtained.

The innovative points of the work are:  the control of the optical band gaps of
the thin films during the growth by RF-PECVD was successfully utilized, n-type
doping was achieved, and then the longitudinal distribution of electron density was
measured; good ohm contact between TiN and DLC thin films was found, and then
Schottky barrier between the metals Ti, Al, Au, Ag and DLC thin films were
determined; DLC-based MSM photodetectors were successfully fabricated; The
property of DC conductivity of DLC thin films was interpreted with two-phase

model and noncrystalline band theory.

Key words: DLC thin films; optoelectronic properties; MSM devices.
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