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M/, MEE TR 400 °C KX ULE, HORGEHITIRTL AR N Sl ehtl , X it (XRD) 4R Ew,
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Modulation of Ga,O, Growth Structure and Optical Transmittance

by Sputtering Temperature
LIU Yi', WEI Sufen', SHAN Chan', WU Mengchun',
CHEN Hongxia', LIU Jing', LEE Mingkwei’

(1. School of Ocean Information Engineering, Jimei University, Xiamen 361021, China;
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Abstract: The ultra-wide bandgap Ga, O, thin films were deposited on a (0001) sapphire substrate by ra-
dio frequency magnetron sputtering. The Ga, O, thin films were prepared at a power of 200 W, a time of
20 min, and a total flow rate of 40 mL/min in an oxygen and argon atmosphere (2. 5% oxygen ratio) at the dif-
ferent sputtering temperatures, (25 °C(room temperature, RT),200 °C, 300 °C, 400 °C, 500 °C and 600 °C).
Analyzing the results of scanning electron microscopy (SEM) and X-ray diffraction ( XRD) at different temper-
atures, it is observed that the film structure is strongly related to the sputtering temperature as the temperature
goes from room temperature to 600 °C SEM results show that, when the sputtering temperature is between 200
°C and 300 °C, the cross-section of Ga, 0, film gradually produces the column-like structures. And the growth

of Ga,0; column becomes distinguishing with the increase of temperature, that is to say, the column-size and
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boundary-gap decrease with the increase of temperature. When the temperature further rises to 400 °C and a-
bove, the column-like structure begins to transform into a continuous film structure. The XRD results show that
the effect of temperature increase on the transformation of the column-like structure is consistent with the SEM
results. The thin-film formation mechanism model ( SK growth model) was used to explain the appearance, the
growth and the disappearance of the column-like structure. Then the relationship between the light transmit-
tance and the column-like structure was analyzed. An optical wave guide (OWG) was used to explain well the
reason why column-like structure has higher light transmittance in blue light band, highlighting the advantages
of Ga,0; as the passivation layer of blue light LED.

Keywords: thin film; magnetron sputtering; Ga, O;; column-like structure; sputtering temperature; optical

waveguide
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(240 ~290 nm) PB, EHE KBHEH RE MGG ER A BARA RN S BEAh, Ga, O, AR AE T L
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JeHEA, VIBE (0001) MEEARIE L, Hl4&H Ga, 0,3 Sun 21 FE 500 CF, FIFHRER
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TrEM T ESENAN AR L, 3T BB 1Y BE VAR A: 17T H B ERE Fr 4 J5 2 DR A 4 I AS [ T A8
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1 #&EAFE
1.1 EHERR

EALEF P (SEEE 99.99% , FiA2 R 60 mm, JERE A3 mm) MWEMEH (0001) WA
I (@50. 8 mm x430 pum) FHALTURAIMA O B H AT L o4t . MSP-300BI 24 14 4 I 5 4 it
MU A et Bt B AR A PR AW 1 ORI R AR A, BRI w0, S
S RZ A EEEE R (8+2) cm,

FHRIEVEE R, BEFEAAER R AERE T/K 5 min—HNH 10 min—EE 77K 5 min—IJG/K B
10 min—R BT 7K 5 min TR BIEVE, REREIIRRIIMSF L0, R)5FHFHASERHE TR,
PV I R AR R IR IR B A MRS I = b, SR, Bk EE AR ES iz
4.0x107* Pa J5, WAL (=99.999% ) Ar, (39 mL/min) #1 0, (1 mL/min), ffi STk
2.5% , RGBT TAER T 0.8 Pa, WRATHTR 20 min, DRSS RAHSEHI, Dp2E 200 W, WeFHEE (FF
JEIRE) A BIEE R 25 C (&R room teperature, RT) . 200 °C . 300 °C ., 400 °C . 500 °C . 600 °c
FEAESCIRES A, FT I AR P 410 I 32 T 2 6 07 (%) 0 S P8, S P R A S T4 B A TG S, AR
Ga, O, P MR A5 e 2% 5, F L& 6 AU R SHEE T Y Ga, 0, M, JIBSHILE 1,

i _2.|]_—|_| i F1 GCa,0,HEMTBRSH
Tab. 1 The parameters deposition of Ga,O;, fims
S |- ——
. /v( O AT ) T. 228 Parameter B H Value
T C7 b Target Ga,0,(99.99% )
| § 0
Rotats Iz E_— ARJEHE A Back pressure /Pa 4.0x107*
Charging Valve
1:1&1!“: TAEFE 77 Work pressure/Pa 0.8
1 —E 73 }¥Chamber BHATI 2 RF power/W 200
2 HHThHRIERF power - . o )
3} Target T 5 I Sputtering time /min 20
JMH 4 g Substrate HO-FEHE g
5 L2 Heater Target-Substrate distance /cm
e e 6 —#EHGlow R Ar flow rate/(mL » min ") 39
Mcchﬁ\?&ﬁpmr\p AAJiiE 0,flow rate/(ml » min ") 1
N g N N=]
B 1 MSP-300BI ¥ i 5 % 4 W I 25,200,300,
Sputtering temperature/ °C 400,500,600

Fig.1 Schematic of the MSP-300BI
magnetron sputtering system
1.2 $FHEEN
KL Carl Zeiss 23w A2 771 Sigma500 HYRHHHT BB TS0 4714 FEL - Ik S >t XL 45 v B2 ) = T T2 3
KMAERETES, IN#BEER 5 kV, ﬁﬁﬁﬁﬁ%ﬁaﬁﬁ_ﬁﬂéi{”m* AR o L, [ H
A 23 A ) XRD-6100 2 X ST SGHATII AR T, S8 X LR Cu-K,, BHEME
HL 2004 40 KV, 40 mA, FTEHCRH 026 Jé SRR, 260 AL 5° ~ 80°, A
5°/min, SRAEEIEEA 0.0200°, RH H A H S22 w6A4E 1) U-3900 Y0 6L EETHED T Ga, O, B AYE
B

2 HBRG5VHE
2.1 cdzoﬁﬂﬁﬂ’lﬁﬁﬁﬁffﬁ
AT RFE AT X SIZRBE R GTE (EDS) &, ST ASIRIRHE B2 T Bl 48 1Y Ga, O, HERRAY T HR
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RS IR A3 H, IR 2 i, P 2 AT, REAL 7O
TEI SRR MR (RT) 1600 CHEAMIXRL Ga BER O 1 e i

SPHORARA (36.7%) ARG (39.5%). Rnfar % |

P AR S IR THE 600 CHY x(0)/x(Ga) BER L . Ga
{EXS R R AR 1,725, 1,667, 1717, 1639, L.611, = | —+-0
1.532, HAEET Kumar 25 il i 040 8 SERUR REISIYL 40 k

(RBS) FrllitrHE Ga, O, A AL x(0) /2 ( Ga) BER 35 |

SRR 1.6, FIE . YRR B TR 2 600 °C I, 30 L . : , . .
BERT Y x (0)/x(Ga) L EL 1.6 /) 0.068, FETE 400 ~ B 200 300 400500 600
SO00 s BB 4 Y027 573 41 88. 789 J A ik L il S
B . TEUUR Ga, O, WIS, 600 °C A vy I S I 28 £ fii 45 H 1

Hﬁﬂlﬂﬂﬁ’ﬁﬂéﬁe, PECHERE b s R ’ B A Fig.2 Ga and O element distribution ratio of Ga,O,
HFFBER TR, XS I EI Bt # a5 ) thin films at different sputtering temperatures
A—E,

P 3 S TE RS I 200 °C A5 4F T
il & (4 Ga, O, Wi Ga JTER S 0 TR
3, B 3 WL, Ga, O, ¥ Ga
TR O TR L), i h
FICER & AL HOX IR AR A
HIT 7 FE A G, b 5 RS 7 R A
Ko BEEWAHRER T, FETR
PORETR SR E]—E N, (LR 2) 62,9
FOMEST P, (%% Tk
BEmE|—E Ry, MRS RS BT
RN ONE 3 T LAE Y, bl TR
SHREE R TS, WP AT R SR E
ST, A 1 SR AR
B AT A T T X

e S - 5
ﬁ{%ffﬁ% 7N [:B EI(J =] E\%E Gaz 03 %HE/E\‘ c)O d) Ga,0, HE Ga0, film
HEEZ L, 3 BEHREH 200 CH Ga,0, ¥ERETENH

2.2 Ga,O,EBRHIRIM AR 3 17 Fig.3 Element distribution of Ga,Os thin films at 200°C

Kl 4 S AFIISHEEE T, 75 (0001) ¥ EAHFE LIUR Ga, O, MR 1) SEM JEHLK, &l 4
AE M Ga, O WK LSS WAHE A H VIR B, 75 T AT #4569 Ga, O, W IR B 0 P
FEins . BEEMSHRET R, T YRGS S AR R R AN, (A R IR S N R A A A2 AL ]
B, mARRIERB A b 2 0B, B AR TR WS N . YR T 2 200 €, WSS IR
T H B AR TR INAS I A A0 K/ ftb—— R W E T SR & . 0T R A 3. SRR A R
PRSI TRE, SRR R Y IR RGO, AL ) A A TR HER, T IT IR IR 4
o HIEEETHE 300 CHY, VBRI SR R sib, JhSL AN R ARE K AR R, T A AR /N HLEE
BORRAERE Y, (BRI B A e B R GG ARL, KU Ga, O, WA 45 i B ) AL, il
JETHZE 400 °C, WEREFRAIRRT RGERAT R, THIRTE SRS RS, WS T 2T,
TR TEZ 500 CHI600 °C, HF IR 3E O H AR I it — P 2, IR 9 Bus s s RIZ, 7
RIS ] R A, FRARAE S RO, AR, VAR SRR AEAE S A R RO S ——3R W]
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RS B, W B R AR 2 | SRt — AR BTl IR T S (A R T
B HU BRI, ML T AR IR A, B, TE S SR IEZs#, 1X-5 W RE A ad F
FAKBRHLEA &) R, ARSI R 500 CCH,  MERSEEE If UK 4040 b 600 °C B 515
®, XN, M 500 CHE 600 C, Ga, 0,3 BH O JSLREBERE T =78 %, Fro &M A B
BHMZ, HI, 76500 ~600 °C DX [RIP, RS T it B il 2 T s T 42 T e 38k A 3 i . %k L 6 ol
TREE T B SEM AR FESRIE, nIA5H . 500 CJIrxd iy AR SS & i A

6 K [3
N

200 nm

e

200 )y ’

4 AEHESFEET GaO, HIRKEH IR
Fig.4 Surface SEM images of Ga,O; films prepared at different sputtering temperatures

S 4 fREESAXN, &5 JERARFESHRET Ga, O, WA (MH) FEHELE,
K5 AT, RIS 2 00T, i B AN Tl 0 T B8 J5E 32 1 52 e A T AR /DS, 6 il T M A JRE Sy
(252 £11) nm, FEEMSHEET &, BRI EI,: “AEfh . SR T NER - B R A5
—EUEAEREA L B WIREH” X VUABr B, Sl T IS H 5 A Ga, O M RN AE A, 4T 1
IR B2 BBt —, WKL Z A0 TE e AR, oAl AR TEA ki . IR IR T 22 200 °C,
VSRR, Ga, O WEBR MR IEL T FURL A JCHLEEHERR , 38722 S A % FVBORLZE 2 1) 22 RO 1] i
AREIRES A, RO L AR OR AL, (BB R 25 S IR AR 1, e A BT B —., 200 CIf, #E4R
BOML, HENRRIFERURA ., ORI DI S, HESIRAHL, RN R AL, B ARG 1 Z 1)
TR B v, AE SAEZ ARSI AN B e b BT Hh B 1 BRGNS A IO AR KA
G54, TTHRZIRIET Ga, O, Wi A0SSE SRR MRS B4 . BEIRE 7122 300 °C, HHECT 200 C Y
ARG, I A SRR G I SEBOR , AEARIS/DN, AR B RIBOR P 6 e A= i, DAL [ 98E  3
ERPRSE T AU, AR SRR E % SRR S BRI, S S b S
w5, MR B AR = XK. AR 200, 300 °C B IR A AL RR B, S5 R FREERG N,
s S e . YT 400 °C, JFURH] R AERIRESHIT IR G . ot TlRE E—E T, Ik
SRR F A IR AT R, HEREH NI Z BRS8N =K, AR IR SR U 22 1Y
S5 . 400 C LSS S BT AR 24w, JEARTBIIY . iR 400 CTFZE 500, 600 °C, ELERY
IR R S S SR RN R BT T /N ARoR SRR B, TN PR 22 8 1 B R A A R Y
K, QRSEARFFLERT B, ELIEL 5 v SEM v BB A5 S B0 < AE & . SR LU ME R - AR AR IR 25
H— B AIR G — B SE R A5 1" X OB B (K] 4 RIEDE L L i FEAR AT
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B 5 AEBIGEET GaO, i EE mE R
Fig.5 Cross section SEM images of Ga,O; films prepared at different sputtering temperatures

R A T 25 4 A A8 A, ok — 2D 2 ol R
(R (DL 6) . Zone T DX 3R XF R A 2 G S 1
FE R TR Ga, Oy iIRASH , S A KL
HERLH AT 5 Z AL . Zone IT DX 3885 17 0 56 L 8 A
200 °C Iy A MEEGSF Al DL P i 5 R AR A 1) M S
JE R B AR . Zone TN X 388 36 7R I B 16 B 2] 3k
300 CHIJE Ry BUR HOR S5 H . Wk S IRLEE R 400
500, 600 °C i J 30 H A i 2 v 5 445 A 0] S X
Zone IV DX, A4 S5 H DRI AT, 3 b g 28 305
P VL L2 2 5 B 2 A ORI 1>

TETE AT LRSI Ga, 0, MEBEHIIE it 6 GalMREEERELELM
TRLAE A RN ., 6B T AR S i Fig.6 Schemati.c diagram of Ga,0; films section
SR RS Ty, o RS R column-ike growth change modd
PG A B RE AR A RTEAZ A 2 i BE R AR A 23 5 i A BT 2B A2 T AL 7 B A R ML A
T A# B 200 ~ 300 °C i B2 DX [H] Ga, O 37 R AR AT U7 11 BEAY HEIR 254 . P 7a J2 = 4 B R AR RBEK
( Volmer-Weber growth mode, VW #i:X) | 7EMAATT, A=Kk 7RI A BEAE R REROR, JE A RTEZN
P BB, Im AR A R BE O, B R E e IR A, RO TAER ISR T A HRE
N5, BHRERISE L, HIBBASEREK, B RAERKS W, K 7b & =482 R A KA
( Frank-van der Merwe growth mode, FM #:X) | FEiZAKBUT, A LN RE L2 EE AL, HA
A mGER/DN, IBERE B RIRRES 20 e Kb R, 5 22 FAERK, =
EEETZE AR, MR)ZEE, K 7e & TR R AR =4 R A K AR (Stranski-Krastanow
growth mode, SK ), 7EX—Hizirh, KA NERARK BN BRAKM L, Wil @ 488 KE) =
e KR

TEBARMSHR R OL T, TURE R 9 BRE VA PR, A E R A e Fr AR K, Ga, 0
PR E B LA Ta =ZERPIRA KA (VW B0 SRUTBUE R, HAE WA B2 MBI, —4¢
SR A: KA T Ga, O, WA T A (L 2Z B Bt — .
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WEAPRIETHES , I RO B R R TR AR, A B R
LRGSR B 5 2T R 0 65 IR0 TR, WA i o 0 B 7 103
T B BB LR e A A M i H AR S 5 R, 7SR 4 200 °C A1 300 C
B, T T B RERGE  REIRG I SR RN SRR, 45 AR R, HIRLE T 2 e K
M 85 KA K R AR — S IR T Gy O, T P T — 2R A = 2 i R At
(SK ) TR XERET Ga, . TR A L2 BB — 1=

RSP E 400 CHF, REREHIFE
Wk, TFHEADE AL HEEAL, i ‘ 200 _09 od0
JUTTIIR TR G T AL SN 46+
SR, 5P ek s, A
Keist i R T IR BB 2000 0000
EEREUE TS “EERAE KBRS (ML) e —— S o
YR, e ST SEM R b,

JEEHT 400 °C T 500 . 600 CH, S BELER
R, R LT, RO Ak
Y. FEREE R RUREREE BT R A

b) FIRAEA Layered growth

¢) JZ- 5k Layered-Island growth

233320033

41 JES Substrate |

v ] (" )
MY HE R R A T SR 254, B I BRFLIR (¥ ] ¥ ]
T I, ARG H L K52 A s °°é§§$£3°
FESEHREE AR FEE—25 B R R 7 RS AL AR
2.3 Ga,0,HRHIEH ST Fig.7 Model of thin films deposition mechanism

8 JEAEZE T 2 600 °C 1A [F] Ik 5 il

T, DUBE (0001) HEEFEATHIE L Ga, 0,7 2

WO XRD FIH I, BRETEGEG (ALO) | slE

T b, SETTRE I AT 20§ | § « i %

H19°, 3859, REFRIER I (PDF#3- 2 ] | o SR
1012) I, X3 SR T B-Ga,0,, AR 8 ~ ; - 00°C
W B-Gay 0,9 (201) . (402) 1(-603) fhifi, 5 - ) ; e
KRBT, FIET (201 @m K[ W) s
M. W BEREEEM, VBEEEAME L 8 [T =t ; -

(4 Ga, O, WA ZE & LU A A 10, fEE 45 i ' . ' -
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

AU, W& (201) B SR BT D TRl
FHEAEAFAE (0001) [ 84 55 A1 A6 JiS b W 25 11 B8 REMEHRE T4 K Ga0, #E XRD [ i
£ Ga, O, AL ELA R B B AL f ), X F Fig.8 XRD patterns of Ga,O; films grown at various
BREMTHANER N B-Ga,0, [-201] FHIHIE sputtering temperatures

b O JRFRHES AT F AL O, (0001) .

FERE E B B —, IR T IR TR Ga, O, B AR M, TATHE, hFMRARKE, B
J R4 TR RE R AN BA G 5 A AL, AR LUB URHES

TERY B, #£200 CHRGHRE T, WIPR T B MY S L 2 2mEl, FEOCZA K2 E]
O, AT B, (AR SRR B AR S E R N AMA AR S5 4, A P R
Wz, BERMES IR, R 200 CHRRAREMAREL, XWX T SEM # i # 4T,

BB = FNB B, 7E 300 ~500 CF, = 3475 045 2 35 B Ut B T o T s 3 - R WA 300 °C
M2 500 °C, WA LG — e BRI, MAREST 500, 600 °C, (402) AT énm B &,
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HREREE R Z . X5 SEM S5 RAIERL . 500 CHl# 1 Ga, 0, il 2%, 45 W e

H T M 2 i R Rk BT —E W BhEE, R IRSNEE T, R iisshge IR, Frlloki
FRIARH S B — s e ekt IS, (B4R R RE R AERT ISR ATy /s 2, ASRAEIRR
S5 DA RS T ) RE AN A T B TR, L, R AR R Y BN e, R ) A
BB IE LS A, L, AR B = A BUR AR S5 R 0k A B BE DY B S R A A 2 ), R
T, RS RS R LI A R [ S R, (A IR R T R A R AR G i

K19 AN RIS EE T (402) AT i 0 iy 2 3
Erfe (full width at half-maximum, FWHM), 4% l
SR EE K200 °C I, FWHM {f 5 Kk, 28 B b i
JEEREAR N, 4f b BT e 25 . Y ISR BE AE 200 ~
500 CULEX AN, FWHM £ FREBEH X Eh
T REIE SR G TR, B IR AR 2 1T Y A
L HAERT R, (TR T 70 R iRt [ ' .
BRI EE AR SE L, JFSMHEREFEAERK al
s, SRR ROCT T /N 45 & BT A5 DL AR " . . .
Th. SR A F] 600 CHE, FWHM fE/ Mg 200 300 400 500 600
MO AN, X T A IR R S B A © TR Wi 44 i Sputtering temperature /°C
TEFTH b Aok ki A e, & A Ga, O, TH IR &% B9 (-402)REiTHIENLESE
Am oL AR TR Mﬁmﬂz'iﬂ'iﬂ%ﬁ%;’éﬁ, Thi Fig.9 FWHM of the (-402) orientation diffraction peak
AT Ga, 0, IR AZE 5
2.4 ARKGHEET Ga, 0, BIRHHZ4SHE

ARSNGB T AN [ SR E T Ga, O, HEEAE 400 ~ 500 nm H#5 63 BV P A B gk
B0 R RREIRSHEIE T, UUBUE (0001) T 5 A AT I Ga, O, B B SR 5 Rl &l 10 AT %0,
FEEHRZE 600 CiX 6 MR T, #l4 H 1Y Ga, 0, HFEAE 400 ~500 nm #5EI BE A (1775615 5 %
BITE97% LU I, JE T Rd et i A b e

FEGHL, EEXT Ga, O, RRAE A5G LED 102 BB e L2 s e H B, it 48/ NITiiF s A
SPOGHITERE 2 GaN BEA InGaN JE#0Y LED A6 G (450 ~ 470 nm) , HE] 10 AIFE i, 300 C
TS 1 A5 1Y Ga, O, WEIBE I S 28 05 i, 200 °C I 45 1Y Ga, O Wl JEEE SR 28 Ui o WS R DG S A A
RS 82, BURFRIREAI B FPR S TR, BIAAFIRZS A 1 6% R AT
NS5 . TEPASIE ] 450 ~470 nm N, F5 AR H BLTE 458 nm AL, AU GaN HEF InGaN
W LED By iz, I 10 B mT LUE Y, FEZ IR T &1 Ga, O, AR i T2 AL, fLIHZ, 1
B S A 1

ARG SRR B IRZE A FDGAE 450 ~470 nm JEBOE SR Z A E R . ASHE IR —
MR E AL, WEMRG I NAR, FEAE I N RESET 2RI S A AL R B A T 11 DG SRR
SRR 300 CHE, Ga, O, WA ZS F T IS BN DG, ARG A AR A S [R] BR 270800, itz 22 #1
BCECEARR,, FOIRGSH R B, AR e R B8, A N BE RIS s T %, e TS
FEZ[R], 75 450 ~470 nm BB AU G A SFILBEAIEN ,, ERE R E 2R, B, 4
G BT AR R T G 4540, PRt — 20 LA AT Y, #6300 CHY, FEZSHER S8, M RES,
U, RIS N REYT R, R, TR R R AT R R L, m TR
YT FHRBOL R R S R OB B R et 7 200 CCIRF, FELEHIAAEL, RE N BESS AN L, B
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