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Mo Films Fabricated by Direct Current Pulse Sputtering
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Monolayer Mo films with the same thickness are deposited on the Si substrates by direct current pulse
emission scanning electron microscopy,

Key words

magnetron sputtering method. The influence of different deposition rates on the microstructure, morphology and
thickness, which indicates that the current process technology of Mo film is mature and stable. The morphology

optical properties of Mo films is investigated with stylus surface profiling system, X-ray diffractometer,

1

atomic force microscopy and ultraviolet-visible spectrophotometer,
evolution of Mo films is affected by the deposition rate via altering the growth model and nucleation rate of Mo films.
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respectively. The Mo film thickness fitted by grazing incidence X-ray reflective spectra agrees well with the designed

increase, whereas the surface roughness decreases first and then increases.
=

field
As the increase of deposition rate, the density, diffractive intensity of Mo (110) and average grain size of films
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V18 sk 45 ) AR B ) 52 i) EL A B B 3 S, T LR T LR T 108 ok a4 0 S S A 1 Tk e e 1 T e 24 Sy %
45 S 1Y 100 A% , T A7 skt 5 R 3R B B S T I 0T I R o U S R O R AR TR 1
FLASHE MR AR . BTG T K o L I ST AR X Mo o R ) G 5 ) R L R R R B B SR SR E R DL ik
A1 o T8 N5 JE 32 5 Wi 5 9 TS 1 PN 50 S0 5 PR A A — 6 e A R R, SRR 22 R BURL Mo 8158 J5E 13 3K 31 7 40 K DA
FEFEJUE UK AR GRG0 Mo S5 R M RE 7 IR R . DRI L AR SCOR FH K o 5 3 0 5 o A
HLZ Mo R BF 58 T UTALEE F X Mo 38 I 1) S 25 44 L 3R T 55 MG 4 R RR 1 52

2 SC 5

K FH DK L 90 W S AAS [R] ORGSR AE B SiC110) BE R il 25 Mo 38R . 52 56 i 42 1] A0 8 0 ok o L 9
HL R (PINNACLE PLUSH) ¥k & AE A l#E T, 48 Mo ik FHLR 468 99.95% . TR A K &
ZET 107 Pa, IR 70 mm, R A HEE 700 r/min, Mo 8 5 A9 U0 AR 3 2R 35 20l 0 0 D R 00 8 s
TS ETE LR 1, AR YR R — R R RS AT T DU AR G L R MBS A5 2 R DR R
ST DR A IR . RI) BT F A RE i B A — B0, XX R PSS E AT T ROUL 25 A L TE 5 RN Ok 25 1 RE R AE
R ATTIE . SEE0 P Bk b B A IR SRR R 150 kHz, SUFEIFTE] 1 ps, 36 86 D R AU 4 il Hy PS50

#1 LS GIXRR L4 H 1R
Table 1 Experiment parameters and fitted thickness by GIXRR

Power /W Deposition time /s Deposition rate /(nm/s) Film thickness /nm
Series one Series two Series one Series two
60 100 245 0.25 25.29 61.25
80 100 150 0.415 41.06 62.25
100 100 120 0.505 50.57 61.05
120 100 100 0.625 62.47 62.39
150 100 85 0.715 71.20 61.87
200 100 65 0.95 95.36 62.13
250 100 50 1.271 127.15 63.55

4 & Mo T8 B S B2 RN S T X B R AT 5 (PANalytical Empyrean) #4738, X £ 6 TH A CuKa
G2 =0.154 nm. X BPEATHBOTRAGST /N XL (GIXRRO) I3 R4 GIXRR 2 %t i i1 14 )5
JE O 5 BRORT 2 TRDHURE B2 FEAT #0085 K 4005 1 9 J5E 88 45 SR A g S5 6 1 v J2 P8 AR A o 9IS ) FRIOUL 245 4
FHEEAS X At 5t (XRD) Xof 8 5 (49 9 AR AT 49 4, JF ] Scherrer 20 20THEE ORI/ o IR0 28 118 451 3k
HEF 5 B8 (AFM., VeecoDimension 3100) f137 & 5 49 4 H. 5% (FE-SEM, Zeiss Auriga S40) #E47 £AF .
SBT3 F SUOE 3R 4396 B T (Perkin-Elmer Lambda 1050UV/VIS/NIR) U & , i & 45 B A +£0.08% .

3 HiR5HIE
3.1 mMREER
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Fig. 1 Relation curve of deposition rate and sputtering power
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Fig. 2 XRD patters of thin films under different deposition rates
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Table 2 Average grain size under different deposition rates

Average grain size of different crystal plane /nm

Deposition rate /(nm/s) Mo (110) Mo (211) Average grain size of thin film /nm
0.415 10.5 7.9 7.3
0.505 10.8 9.6 8.0
0.625 11.7 9.8 10.0
0.715 14.2 11.7 12.4
0.950 15.1 14.8 14.8
1.271 15.8 13.4 15.9

3.3 Mo HEMNFRERR

Mo i JEAE 3 J B R BT B R TR A AN 18] 3 TS, Ik o 0 42 W Sk R 9 Mo T R 25 4 B0, 3R TR RS
FEAR . 3SR PR A 7 B A G 4 T S o A Tk ol W A 9 Tk o 0 {1 Dy 8 24y Sy 5 3 G 4R I S Y 100 A% 7E ik e
$0 1) X R T S A ok el ) B AR O L L A B A AT KRB T, DT R S R v R Y B0 T R R R
FLRE R, AR R T, B REIERA —E MR, YUBHEEN 0.250 nm/s[ K 3(a) ]
0.415 nm/s[ & 3(b) JHF, i B 52 B ¥ 5 40 A3 94 K 0K, UKL 30 A B, 3 T AH 6 R RS . 2 0B R
0.625 nm/s[ & 3(c) JH 0.715 nm/s I, W SR 1A 85 F- 3%, S50 0%, iR RO/ LY — 401, 18 3(d) h
WRTEE R IE F) 0.625 nm/s BF, fokz 0 B B0, W2 i B 2 M BT . 2 R T B R R
0.950 nm /s, ¥ B3R 1] A7 7E R et s R Aok, FLIE I AT DL . P SEM LB I AT D S R TP AN 25 R A2 ik
Sy SN PUR R (5 0 2 RS ) RN TUBURL T ) B BB A, OB F K, DT BURL - B 3 3 K 2 i
A A, 2 BOIURUR T 76 58 R T 58 1 BRAR , T AN B8 2R A2 LA L o fb b0 R R b . TS TR R
UBURL W) 4 e 5 345 R, DOBURL 2138 IR 3R 170 RE 28 K W RS M B8 . 2 38k — 2D 3 K DU B R i
PR, B3k 7 3R T B TOBURL TR A KA 8 25 5 T iUAT i L e o, 900 B B 8 3 A 75 0 BURL 7% & B iy Mo
TR 7 A 20 ol A P G SO S R

(@ (b)
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B3 RREVURER T Mo MM £ SEM K. () 0.250 nm/s; (b) 0.415 nm/s;
(¢) 0.625 nm/s; (d) 0.715 nm/s; (e) 0.950 nm/s; (D 1.271 nm/s
Fig. 3 SEM morphologies of Mo thin films under different deposition rates. (a) 0.250 nm/s; (b) 0.415 nm/s;
(¢) 0.625 nm/s; (d) 0.715 nm/s; (e) 0.950 nm/s; (f) 1.271 nm/s
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Fig. 4 AFM morphologies of Mo thin films under different deposition rates.
(a) 0.415 nm/s; (b) 0.715 nm/s; (c¢) 1.271 nm/s
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Table 3 Optical constant and surface roughness RMS value of Mo thin films under different deposition rates

Deposition rate /(nm/s)  Density /(g/cm?) ¢ /nm o /(10" %) B /(107" Vigws /nm
0.250 9.048 1.056 25.74758 1.7969340 1.577
0.415 9.215 1.030 25.741799 1.8301380 1.513
0.625 9.981 0.685 27.68703 1.9684360 0.930
0.715 9.837 0.998 27.480112 1.9537250 1.310
0.95 10.119 1.99 28.66752 2.0096520 2.218
1.271 9.783 2.402 27.327815 1.9428980 2.233

3.4 Mo BEMXFEHMETEHERE

454 X'pert Reflectivity B4 xF GIXRR i & #1748 CAnEL 5 B , 45 2] Mo #1519 %5 5 L 2 Al
B BE DG W B AT R n=1—0—18). W 3 2, GIXRR 14 H i3 IE % 2 3 B A KRRk, {2 2
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--—- measured curve
— fitting curve

10t}

Intensity /arb. unit
— —
R

,_.
=
-

IOU 1 L 1 1 1 1 1
02 04 06 08 1.0 12 14 16 18

0/(%)

B 5 GIXRR L5 52 56 25 2R h 26
Fig. 5 Fitting and experimental results of GIXRR
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Fig. 6 Reflective spectra of Mo thin films under different deposition powers
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