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Abstract: By adjusting sputter current from 1.3 A to 2.0 A in reactive magnetron sputtering deposition processes, Ag
doped amorphous carbon films (a-C:Ag) with doping content from 0.7at% to 41.4at% were prepared. The influence of
Ag content on structure, component, mechanical and electrical properties of a-C:Ag films were systematically studied.
The results showed that Ag atoms were dissolved in amorphous carbon matrix at low Ag content (0.7at% to 1.2at%)
conditions. However, Ag nanocrystal with a size around 6 nm formed when Ag content increased to 13.0at%. With the

increase of Ag content, the size of sp’ clusters in the amorphous carbon matrix increased while the structural disorder

degree decreased. Stress test indicated that in the low Ag content range, Ag atoms were dissolved in carbon matrix
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which played a pivotal role in promoting relaxation of bond length and angle distortion, thereby the film stress was

reduced. Ag atoms started to form Ag nanocrystals as the Ag content increased. As a result, film stress would be re-

duced due to release of excessive distortion by sliding and diffusion at the grain boundaries. When Ag content reached

37.8at%, a-C:Ag exhibited transition from metal to semiconductor characteristic near 11.6 K. However, as the Ag con-

tent increased to 41.4at%, the films displayed semiconducting characteristics in the whole test temperature range

(2-400 K) and exhibited typical thermal activation mechanism within temperature range of 164-400 K.

Key words: amorphous carbon; Ag doping; structure characterization; mechanical property; electrical behavior
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Table 1

Ag concentration, O concentration, film thickness and

average deposition rate varied with sputtering current and power

Sputtering current Sputtering power Ag concentration O concentration Thickness Deposition rate
/A /W /at% /at% /nm /(nm-min~")
1.3 582 0.7 30.2 364.5 18.2
1.4 602 0.8 26.5 358.3 17.9
1.5 647 1.2 27.2 508.5 25.4
1.6 859 13.0 452 725.4 36.3
1.8 788 37.8 32.9 1409.1 70.5
2.0 856 41.4 322 1720.4 86.0
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Fig. 1 Typical XPS spectra for the a-C:Ag films (a), and rep-
resentative Ag 3d spectra of the films with 41.4at% Ag (b)
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Fig. 2 XRD patterns of a-C:Ag films with various Ag con-
centrations
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Fig. 3 (a) Sample for TEM prepared by FIB, (b) HRTEM and
SAED of sample with 1.2at% a-C:Ag



390 T AL A R R

34 %

I VRO PR, 2 B U () R A A5
TEM FOWESI4E & XRD, IEWIHEEF Ag JR7H
“BVES BB Ag G9K & 7% A8 AT H i i AR
NI Ag & E LN 1.2at%~13.0at%.

NTHE Ag AR IE bk S5 A I R2
Kl 4 25t 7 AN Ag B & a-C:Ag 1) Raman Y61,
AR A 532 nm #OEATE, ThEA 0.12 mW, UK
540 50, BESGR A 10s, —RE M. HIE 4 %0, Fr
1 EAE 1000~1800 cm™ P ¥TE Fl A, Raman 1%
HOAR I AR FRbE, Xt 7 i ) R B AP
AE A% ) Raman Y63 HE 1T X Gaussian pREL A, 7
BB R T FrA sp” C JE T (I 4 3% 3 (Stretching
mode, B, H30) ) G U, LA BT IR GE K h sp” C
JiE 7 ¥ <P W 3% 311 (Breathing mode, Ay £230) 1) D
W24 K2 B T GUEHIE, D IS G ISR L
(In/lg, A DS G WER5REE Loy L), G UEF
I %% (Full Width At Half Maximum, FWHM)%: 2% .
AFETHEH W& BB IR T, Raman HEUE5HE
Bt 4 S BB i BRSO, ARBE R EE Ag SR
M 0.7at%3 K F 41.4at%, a-C:Ag ) Raman 31455
JEE R 25 B A, X AT DL AN 5 T AT MR B O,
Ag RIS SEHERR sp> & BRI, T07E A e

@

41.4at%
37.8at%

- 0%
1.2at%

S — | 7T,/
o7

1000 1200 1400 1600 1800 2000
Wavenumber / cm™!

Intensity / (a. u.)

(®)
Raw data

Fitting result G peak

Intensity / (a.u.)

Background

n 1 n 1 L 1 L 1 L
1000 1200 1400 1600 1800 2000
Wave number / cm™
K4 AFE AgB+aEa-C:Ag i Raman YiE K (a), B4
i 0.7at%(1) a-C:Ag [¥] Raman #1545 S (b)
Fig. 4 Typical Raman spectra a-C:Ag films with different Ag

concentrations (a) and the fitting result of a-C:Ag film with
0.7at% Ag atoms (b)
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41.4 1580.7 2.68 110.0
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Fig. 5 Surface topographies of a-C:Ag films with different Ag concentrations
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with 41.4at% Ag in the range of 2~400 K (b)
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