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Abstract Hf:ZnO (HZO) films were prepared on sapphire substrate by radio frequency magnetron sputtering. The
effects of oxygen flow rate and annealing temperature on the microstructure and photoelectric properties of the films
were studied. For better crystallinity, the prepared films were annealed at 800 °C for 30 min and then naturally
cooled to room temperature. The microstructure and photoelectric properties of annealed films were tested and
analyzed. The results showed that as the oxygen flow rate increased from 0 to 0.6 mL/min, the microstructure
became denser and the resistivity gradually decreased. However, when the oxygen flow rate increased to
0.8 mL/min, the crystallinity deteriorated and the resistivity suddenly increased. The HZO film prepared at an
oxygen flow rate of 0.6 mlL/min obtained the best photoelectric properties. The results of the Fourier transform
infrared (FTIR) spectrometer manifested that the average transmittance of this film in the 3-5 pm waveband was
83.87% and the Hall effect test results demonstrated that its resistivity, carrier mobility, and carrier concentration
were 1.66X107 7 Q+cm, 13.4cm” « V! e s !, and 2.82X10" em™?, respectively. Meanwhile, the XRD results
showed that the annealed films presented ZnO hexagonal wurtzite structure and grew in the (002) direction. The

SEM results revealed the dense and uniform spherical particle structure on the surface of the films. In a nutshell,
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HZO films prepared at an oxygen flow rate of 0.6 mL/min and an annealing temperature of 800 °C can be used as

the transparent window material for the 3—5 pum waveband.
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OCIS codes 310.1860; 310.6860; 310.6870; 310.7005

1 51 7

%W S i fb Y (transparent conductive
oxide, TCO) J&=— P B2 Y6 35 #1455k #4 KL, ]
BT RBHAE R B R ER A R, A In, O,
R, AL P ARAE] 102 ~107" Q » em. fEAT I
SERTLT SN B B 1 Rk 3] 90% M (HR B A
W 2T AR B S TR . A AR TR A
)P R 9 T SR 0 100 45 T HE = In, O RS T W e
In, O, /Cu/W:1In, O, Z )2 ", ZFA1E 3~5 um
WEHMAA RIFMELR, M In WA 48,
I B A AERAR In, O, B TCO MBHEA EE A
B, ZnO MR E LS ROLRERE S R
B B GER A A RAC In, O, TR A BE AT R

TF 7% 375 I S FEL TS 1) G SR 4R i ARG 2 T
RS R, IR Ak B RE AR LT AN B2 1 A I e
MR R SR BAR SRR R B e & Al
DR E SR, X T Zn0 M, BAoc 2
A FETCE R BT s o [T A BT R BUL Zn*"
JEr7 A L, SR I R 2 R, R = A T &
TP A2 R RE SR 1 i e R U O Jf =B
5, RN FE A TR 5 | A 2% R B9, Wang 5%
Hil T2 F M Ga i ZnO (FGZO) K. B4 F
FLALE) ZnO (FAZO) B, i il £ T 15 Y B 2%
B T HE LR BRITRNERYE Zn" .
O 2R K AE I AL R Y H PR Zn™ 3§
O BF, 277 — 2 5 B B S AR B AR . AR OB 7E
ZnO Hi54% HI S0 & (B HZO #E) , Zn*" #)2k 12
9 74 pm, HE' B92E42 K 71 pm, “F R, X
2308/ N B 25 | 1 A% I A8 o AT B AP A A% 1
SEREMITERE, AN, Y AP A Ga” B Zn™"
PR A —AS [ L, T B Zo® T i, R AR
P B BT A OGE A kB I TR Tk
JE. 828 HE' LB TA L EREMBREE
AN T/ IS 2% 5 B TR 5 L B R
I X HZO WA AR 2L,

2 R P A 2 At

K G BN T A2 0 SP-203 R4 15 Ik 5t
I, HZO $B 4l BE R 99, 99% . 45 2% 1k B (i 12 4%

O R 2% AEM BRI AR 20 em. G
F AR N | £ BE 125 55 17K 430 i 7 T
Uk 10 min, KFRF A, B0 TR AR HL AT s SR
J5 BB TS RS ISR B 25 % L G AR T I F A
2 PR ENERMIAE] 5X10° Pa B, FF 4 ) 9%
JEEEEE AL E N 99. 9920 1Y Ar S, T 4% I TE
20 mL/min, B ISR FE B E R 50 C. HREILF
2X10°% Pa i, SCPAI YR AT TR0 S5 LA 22 BR A4 35
T Y4457, 20 min Ji7 3T I P44 T 5 W o 4800
SrHIEEE N 0, 0.2, 0.4, 0.6, 0.8 mL/min, Ikt
S 150 min,

R T T R B 14 R i o AR 7 R AL
BEAF- 5 B & Br #2278 800 °C F # i iR k.
30 min FHEH AR A ER, H TTR [THHE
X2 IrhE X A7 4 (Xray diffraction, XRD) 4»
BT ASCI 3 Y AR o 04 2 K ) RN ZE5 A8 2850, T TSM-
7500F & 9 4§ #1 ¥ B i #% (scanning electronic
microscopy s SEMD) I 12k ¥ 5 A & 1 38 THI B 55,
XP-2 B BSOIR HZO FHERSERE 5 1 J5 B2 L R
M-21 #h (Fourier transform infrared, FTIR) J&i%4%
D RRRE S TE 2. 5~7. 5 pm P BEAYIB IR, v
DR BUE RN IR Ag TR ZE PEHLAE RS i
SRR, Ag FRIREYRRE N 200 nm, JE KT HLTE
T8 o R A R 00 I3t SO kb REEAE it 11 L IS AR
BTV B A R P

3 gERAHS

3.1 XRD MR R4

WA oW SR 1 R, Hd L | 1 &
AR 0RO R CRIR kL 400 °CL 600 C.
800 °CHOHZO Ay XRD 75l %I 45+ S5
mE 1 R, AE 1) T LLE Y 7EAS AR KR
TR XRD A7 59 3 #5280 H 04 (B AR 55 1Y
(002) fir i g F-2% H B AR 55 19 (LoD AT 0, B A1)
XN TR S5 R 1Y) ZnO fiT g, Beah, iR K5 Y
TR S R HE BSS  (004) i B 068, 2 SR (002)
AT SR I G AT S U, IO A 5 . B AR IR IR E
ARG, C002) FC004) 17 555 W4 72 ¥ A8 588 , (101) AT 5
WA A T 55 L 2 R X R W e R K A R T 2
i T8 A T RIS O AR K L E SRR K

2031002-2



% 41 3% & 20 #1/2021 £ 10 B/RFFR

—=— as-deposited

(002)
(a) —e— annealed at 400 'C

annealed at 600 C
—v— annealed at 800 'C

\_ (004)

i
_ﬂ%}t\(lm)
<

20 30 40 50 60 170
20/()

Intensity /arb. units

14.75

— —
=] ot
T T
")
5
S

Crystallite size /nm

(W)}
T

0 0.2 0.4 0.6 0.8
Oxygen flow rate /(mL-min")

(002) —=-(0 mL/min

Intensity /arb. units

20 30 40 50 60 70
20 /(%)

88 _18 o
00 *
&) [ )
@) 0

- N
80808

B 1 HZO WREMEER . () AR KGR BT A XRD fi7 5 EE ; (b) AR R 8 S0 T A XRD i 5 3
(O ASHE T HEBER SRR 5 (D HIO, (m HD U454
Fig. 1 Microstructure of the HZO films. (a) XRD spectra of films under different annealing temperatures; (b) XRD

spectra of films under different oxygen flow rates; (c¢) crystalline size of films under different oxygen flow rates;

(d) structure of the HfO, (m phase), reproduced with permission
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Table 1 Structural parameters of HZO films under different annealing conditions

Annealing condition 20 /() d /A FWHM /(°) D /nm
As-deposited 33.776 2.6515 1. 181 8. 00
Annealed at 400 C 34. 410 2.6041 0. 882 10. 79
Annealed at 600 C 34.423 2.6032 0. 802 11. 87
Annealed at 800 ‘C 34. 485 2. 5986 0. 652 14. 61
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Fig. 2 Surface morphology of the HZO films under different oxygen flow rates. (a) 0 mL/min; (b) 0.2 mL/min;
(¢) 0.4 mL/min; (d) 0.6 mL/min; (e) 0.8 mL/min
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Table 2 Thickness of HZO films under different oxygen flow rates

Film thickness /nm

Annealing condition

0 mL/min 0. 2 mL/min 0.4 mL/min 0. 6 mL/min 0. 8 mL/min
As-deposited 370 440 343 341 300
Annealed at 800 C 287 326 235 226 153
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Fig. 3 Optical properties of HZO films
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Fig. 4 Electrical properties of the HZO films
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