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Fig. 1. The XRD pattern of unannealed GaN films with

buffer layer fabricated at different temperature.
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Fig. 2. The FWHM of XRCs of unannealed GaN films with
buffer layer fabricated at different temperature.

# 1 ARZZH IR T HEH GaN WY
R T

Table 1.  Dislocation density of GaN films with
buffer layer fabricated at different temperature.

FmERE  JINAEEE BAEEE RS
WE/C /10 em?) /10 cm?) /(100 em?)
825 8.68 2.94 1.16
850 8.53 2.77 1.13
875 7.41 2.33 0.974
900 7.64 2.52 1.02
925 8.63 2.79 1.14

] 3 ARl 45 L 22 vh 2 R RIR K GaN
B Raman Sl Bl & AR K GaN #ERFE i i1
Ey(high) 7 FBURIEERXT I Ry 574 cm™!, 38 i Z8 50
N o = Aw/4.3 (em GPa ') THEAFH AR IR
/NH 1.4 GPal's, 5 B, GaN #E i Raman )
T Ey (high) PRI 42 58 5 H 45 i i &
#i, B, (high) 75T R 20, GaN i
JEELE i o g 2 021, PRIk, B T A RIR K GaN
WERRE i 1Y By (high) 751 HUR IR & 2 58, BAR
BUE IR 2. iR 2 MXTR CR T LLE ), &
GaN VB2 i 205 B2 I3, E, (high) 75 UM
PR e N 18.3 em ! IB/VEN 10 em !, SRSEHE M
F) 25.2 ecm . XU GaN R A 2% v )2 i 5
BEIBEIN, 25 ST Sera i, SR FEAI.

— 825°C = = P
— 850 °C & ® S S
— 875C E\| < E 3
— 900 C 4 = & &
— 925°C & Nk )

—— Saphire

Intensity/arb. units

> -}- -k - >= -5 % - - Sap. 448 ¢!
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Pl 3 IR A IR 2% i )2 19 2R GB K GaN R 19 Raman
Juik
Fig. 3. Raman spectra of unannealed GaN films with buffer

layer fabricated at different temperature.

# 2 AFHEREZNRNARIER K GaN AT
fy By(high) i FHUEE R 2

Table 2.  The full width at half maximum of E, (high)
phonon scattering peak of unannealed GaN fims with buf-

fer layer at different temperature.
G AR AR/
825 850 875 900 925

g

PEATE/om 188 13.3 10 125 252

Bl 4 AR K GaN HER Y28 th )2 Hl 4 RS S
HLF IR TR R R k. FTLIE N, MG S
2 i) £ TR RE B3N, AR A RS RS KR
AN FEIREE R 875 °C B T E RS R IA K,
K 0.713 em? V- Ls L BRI F R S Bl 2% w2
YR W BE TN, SEsNE RN . IR TR R
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KN T B2 BB HUR L A BT A L U
T U HACSR AR s F R R S e 22, > 2 o e
Hn TR BEARES, -V 2 R BA & B #0 FiE
A, R RTE T B R4 BRI S FAH BAE 3
TR R, AmisEm T B iR R 2 R
TiIER RS R S M HU BB, A NAETE,
fiff GaN MBRACH T n B AK, Bl 22 A 13
I, BT IER R S5, B sSRE AR
GG, WREREIRE TR, BN —RAAFET
(DRGEAiOETE> M (oL iR e 7N ] TR U VA= 2 i il
FeF, T L8 B B s (R) L fr , AR 20k o7 At 1)
Hi -, MITTREARIE A% 48 23290, Lee 45 20 BFSEHE Y
GaN W00 iRk, R T M2
AR B, RN RS AR A LR AR
Jeong %5 U AFR R, MR FEE/NT 108 cm?
B, ALE U R EE AT R ] 4k
WREER T 10" em 3 B, 2% 5T 28 AU o 2 AR
R R K 4 Frs, RS GaN
W T EE /T 10" em®, Z5 5K, GaN 3iff
BRI RS R F 2Rt T REA A 2. M H, b
B MZ TR R, R R R e
PN, VLB GalN JBERE i 0 45 fb 0T B A B R
%, 15 FIRR Raman 25 S ARXT R .
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Fig. 4. Electron concentration and mobility of unannealed

GaN films with buffer layer at different temperature.

R T HGE GaN R4S i BT, XTRE ShiEAT
T 1000 °C B JAbEE. & 5 ARk GaN #ifR Y 2%
W2 S RE SRR LR, "TLEH, b
P E T AR G TN, GaN AT Rk
M 5.35 cm2 V- Ls L HENNF] 43.5 cm?-V is, R
AR 8.31 cm?- V Ls !, IERRFR T EURK A]

AEJE TR B DML RE SR . 2B ks, #h
UL 1 AR A vy 114 B PR ] R B S 6 RS
B RE AR T B 23 L AV B SR e O A A, el
Jo BRI pi s LA, FCE 200 A v, AT AR A

45
40 +
35
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20
15
10 |

5F

Mobility /(cm?.V~1.s~1)
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Bl 5 Bk GaN WY 22 w2 ) 4 R 5 I RS R X R
ith £&

Fig. 5. Mobility of annealed GaN films with buffer layer at
different temperature.

25 w2 A IR R 875 °C Y GaN iR 28 1ot
1000 °C iRk, H: Hall Mli45 58 5 AR R KRt T
Fods, X Hetnge 3 gl 4adiR k5, GaN iR
i PR R A, HPHREEAR, XA
FEWDBIRIR, GaN TS, iR 4E .

%3 ZrEHIAIREJ 875 °C 1 GaN Wi E K FTE

1) Hall £ xt L
Table 3. Hall value of unannealed and annealed GaN
films with buffer layer at 875 °C.
GENCES FBFE Hm T
/(Q-cm™?)  /(em?V st /(107 cm?)
B I 24.86 0.713 3.524
BKJE 5.254 43.5 3.907

BHJS, X2 phE &R 875 C 1Y GaN
FEGR KRR IEAT T XRC K. & 6 % vh)Z2 il &
IR K 875 °C BB &k GaN Wiy XRC [&l. A LA
F i, Bk GaN HEAE (100) AT (101) FH) X AT
SRR AR 4 vE KN4 0.28°F1 0.276°,

\ B2 Be .
ZE N K pe = —5Hp, = —2 )
s 25 A p 4.35b§$ Ay CIRYS s

A5 H0 DA A 4 R RS, B 8 B K/INAR i ok 5.4 <
10° cm 2 F1 1.98 x 10° cm 2, S EEBFEE N 7.38 X
10° cm 2 FH HGF AR JORE S, A7 6 25 B2 B S a2
X285 B KR, GaN IR Y 45 5 i i B 4
B, %45 S Hall MRS58 HH—2L.
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(a)

a— (.280° —»
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w-scan/(°)

(b)

0.276°

Intensity/arb. units
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w-scan/(°)
6 2 oh)2 W 45 IR N 875 °C AYIR Ak GaN WA XRC
B3 (a) (100) H; (b) (101) W

Fig. 6. The XRCs of annealed GaN fim with buffer layer at
875 C: (a) (100); (b) (101).

FRATTL XS 22 v )2 il 28 LB 875 C Y GaN
AR JETT T Raman i, MK $45 #) Raman &
PEAE 7 R, 1Bk GaN WAL S HY Ey(high) 75
FECSHIEET I 573 em L, AL AR ES
R I R/NK 1.16 GPa, ML TXTR AR K GaN
WERE S, PR B s, ZediR KR 175 E
L. 5340, AT LIAS ) 3R K GaN RS 5 11
Ey(high) 7§ UM IEE R 58 5.7 cm 1, AL TR
iRk GaN AL A, 2 e 4 v BH /), 45 5
R ERE. TLUEH, /30 Raman 45585 XRC
MR AT 25— 2L

& 8 ML oh 2T 4 IR R 875 C AYIR K GaN
WO X 3], SEM &1, i [&] 8(a) AT, GaN i
HE 2 T AT S FLAEAE, R IF3H L 6, RS /).
1 8(b) i GaN R, 22025 GaN i
AR R K 1.8 um, GaN iR Py #5541l
BAfrAE, RS, WS, ikl T GaN ik
HAEH PR, 455050, GaN MiEA
VROV $H A 2 TR R A A T . 1B 8(c) MR HhE
il B 1R R 875 °C BB k. GaN AR & A9 529
. RE S IR B, R TG, TR LA S

Sap. 748 cm~1

Intensity/arb. units

Sap. 448 cm~1
E; (high)

Sap. 378 cm—1 Sap. 417 cm~1

200 300 400 500 600 700 800 900
Raman shift/cm~—!

7 BRI IR, 875 C MR K GaN B Raman
i

Fig. 7. Raman spectra of annealed GaN fim with buffer lay-
er at 875 C.

2 pm
—

B8 bz A L D 875 C IR K GaN [ Ay 0L
X 1k SEM [ MLy &l (a) F 1 SEM Kl ; (b) # i SEM
Pl (c) iR GaN R i 1 524 ]

Fig. 8. SEM images and picture of annealed GaN film with
buffer layer at 875 °C: (a) SEM image of surface; (b) cross
sectional SEM image; (c) the picture of annealed GaN film

sample.

R T k2% GaN RN T R #1740
W95 T GaN W) XPS Eig. &l 9 FioR, #4518
I A B B R XS BRI, 3R W14 RE AT #T A2
ZANEL B, PRI 4% BEAT IR A T T AU AN
K 9(a) R, B8 T 01300 eV JEENZS A RE4
R, HA Ga, C, N fil O SR g, & 9(b)
N 1s g Wi K, & XTI 7E 394.58, 396.23
F1397.48 eV Ab. Hi 7 396.23 eV 255 HEM N 2
LI GaN 255 I RAFAE, 397.48 eV L5 A BENY N 2
DL N-H, 45 B I AE1E, A 394.58 eV I5XT I 119
N 25 Ga LMM A X7, |5 9(c) }y Ga 2py ) HEWHF
TR, PR ELG XTI AR 1117.67 1 1118.22 eV
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Fig. 9. XPS spectra of annealed GaN fim with buffer layer at 875 C: (a) General scan spectrum; (b) N 1s band; (c) Ga 2p;/, band;

(d) O 1s band.
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Fig. 10. UV-Vis absorption spectrum of GaN film.
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Fig. 11. The I -V curve of annealed GaN film ultraviolet
photodetector.
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Fig. 12. (a) Photocurrent of GaN film ultraviolet photodetector at different illumination intensity; (b) the power versus photore-

sponsivity curve of GaN fim ultraviolet photodetector.
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Fig. 13. Current of annealed GaN films ultraviolet photodetector at different bias voltage: (a) 0 V; (b) 0.05 V; (¢) 0.1 V; (d) 0.3 V;
(e) 0.5 V; (f) 1 V; (g) 2 V; (h) 3 V. (i) The responsivity of photodetector at different bias voltage.
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Fig. 14. (a) Current versus time curve of annealed GaN film ultraviolet photodetector; (b) the time versus rise current curve of an-

nealed GaN film ultraviolet photodetector; (c) the time versus fall current curve of annealed GaN film ultraviolet photodetector.
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Abstract

In this study, the high-quality GaN films are prepared by a simple, green and low-cost plasma enhanced
chemical vapor deposition (PECVD) method at 950 “C, with Ga,O5 and N, serving as a gallium source and a
nitrogen source, respectively. In order to improve the crystal quality of GalN films and ascertain the
photoresponse mechanism of GaN films, the effect of the preparation temperature of GaN buffer layer on the
crystal quality and photoelectric properties of GaN thin films are investigated. It is indicated that with the
increase of the buffer temperature of GalN films, the crystal quality of GaN films first increases and then
decreases, and the highest crystal quality is obtained at 875 °C. When buffer layer temperature is 875 °C, the
calculated total dislocation density is 9.74 x 10? ecm 2, and the carrier mobility is 0.713 ¢cm2V 1.s'1. The crystal
quality of GaN film after being annealed is improved. The total dislocation density of GaN film decreases to
7.38 x 10° ecm 2, and the carrier mobility increases to 43.5 cm?V 1.s'1. The UV-Vis absorption spectrum results
indicate that the optical band gap of GaN film is 3.35 eV. The scanning electron microscope (SEM) results
indicate that GaN film (buffer layer temperature is 875 °C) has smooth surface and compact structure. The Hall
and X-ray photoelectron spectroscopy (XPS) results indicate that there are N vacancies, Ga vacancies or O
doping in the GaN film, which act as deep level to capture photogenerated electrons and holes. With the bias
increasing, the photoresponsivity of the GaN film photodetector gradually increases and then reaches a
saturation value. This is due to the deep levels produced by vacancy or O doping. In addition, photocurrent
response and recovery of GaN film are slow, which is also due to the deep levels formed by vacancy or O
doping. At 5-V bias, the photoresponsivity of GaN film is 0.2 A/W, rise time is 15.4 s, and fall time is 24 s.
Therefore, the high-quality GaN film prepared by the proposed green and low-cost PECVD method present a
strong potential application in ultraviolet photodetector. The PECVD method developed by us provides a
feasible way of preparing high-quality GaN films, and the understanding of the photoresponse mechanism of

GaN films provides a theoretical basis for the wide application of GaN films.

Keywords: GaN film, plasma chemical vapor deposition, crystal quality, photoresponsivity, photoresponse

mechanism
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