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Fig. 1. (color online) XRD patterns for TaN;_s films
deposited at 523 K, 613 K, 683 K, 763 K, 853 K.
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Table 1. Sample parameters for TaN;_g films deposited at different temperatures. T's is the substrate

temperature during deposition, d is the thickness of the films, D is the mean-grain radius, and ngr is

room-temperature carrier concentration, psso k is the resistivity at 350 K, po, W and V¢ are the fitting

parameters in Eq. (2)—(5), respectively.

Ts/K d/nm D/nm nrr/10%2 cm 3 p350 K/HE cm po/uQ- cm W /nm Vo/meV
523 248 10.52 1.00 5574 2191 0.586 76.98
613 270 10.14 1.03 3748 1457 0.528 84.41
653 255 12.61 1.71 2551 972 0.560 73.98
683 244 11.21 2.00 1635 759 0.465 67.43
723 240 13.14 3.26 1324 486 0.524 80.35
763 233 15.59 4.51 1038 385 0.545 70.85
813 240 23.01 5.81 827 281 0.663 56.24
853 237 25.66 6.50 702 241 0.659 53.40

3 HRET®

128 T A [ 22 el B2 ) 6 ) LA S Y
(1) TaNy 5 R 1) X S LRAT T (XRD) . W BLE

H, BE A R R L T, A5 o IR I 5,
T )T S U 5 T 3, e L e R 0 s U
BETIR N, 2 W] TaNy _g W iR B8 5R R IR B 1Y
THEZHi A K, X5 SEM 45 B — 2 (W5 i
HpFiR). fE853 K MAEKK) TaNy_s Wil H I 7 5

197302-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 64, No. 19 (2015) 197302

AN WS AT S e, 20 T RN bR HE XS BT S R
EE, B0 I 6 AT S 06 S Sl oJ I8 THT 02 3777 45 4 TaN
[ (111), (200), (220), (311), (222) &A1 (40Fd 1 Fr
7). TAE 523 K %A1 il £ ) TaNy _s 15 BR A 52
U (111) 4, DCHIEL (200) & TG S B3 O AT
W, L R UG (A WA R AT S5 . MRS (111) AN (200) AT
S, AT T AT M A R R a, R IR
IR TR, o B, B 4.404 A k2
4.365 A. SCHR [6] %4508 75 TaN,, I HBEE N &
TGN, AR BOR WD, (B R R
FLBE 23R Z TG N, X S FATRIRE S AN, AT RE
it 8 5 i RGBT e, AR E R T B HL PR
FIR/NG (LR S0). 4k, AT E R, B
BN E RGN, TaN, 5K 5% HoZ e in.
FATHIRE S 2 B TaN $EMRSS 15 2010, ) 250 Bt <
PRSI, XA i NI R B 11
A A e R, FF S AR BRI S R AT
T — DA

A w T NAY e,

B2 AR BRI BE T 45 ) TaN s #E1 SEM &
(@), (b), (c) F(d) 45 7 xF B2 i IR 523 K, 613 K,
763 K 1853 K

Fig. 2. SEM images for TaN;_; films deposited at (a)
523 K, (b) 613 K, (c) 763 K, and (d) 853 K.
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Fig. 3. Resistivity as a function of temperature between 2 and 6 K for TaN;_; films deposited at different

temperatures.
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Fig. 4. (color online) Normalized resistivity as a function of temperature for the TaN;_s films deposited at
different temperatures. (a) p(T")/p (350 K) versus temperature T, (b) p(T)/p (30 K) (in logarithmic scale)
varies as a function of T—1/2

least-squares fits to Eq. (2). In (a), the data for the samples deposited at 683 and 613 K have been shifted

. The open circles are the experimental results, and the solid lines represent the

up by 0.05 and 0.1 respectively, for clarity.
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Abstract

Tantalum nitride with a face-centered cubic structure (TaN;_;) has received much attention due to its high hard-
ness, good wear resistance, chemical inertness, thermodynamic stability, and low temperature coefficients of resistivity.
First-principles calculations have indicated that cubic-TaN possesses metallic energy band structure, and the experi-
mental results show that the carrier concentration in TaN;_s films are comparable to that of normal metals. However,
semiconductor-like temperature behavior of resistivity is often observed in polycrystalline TaN;_; film. In the present
paper, we systematically study the crystal structures and electrical transport properties of a series of TaN;_s thin films,
deposited on quartz glass substrates at different temperatures by the rf sputtering method. Both X-ray diffraction
patterns and scanning electron microscope images indicate that the films are polycrystalline and have face-centered
cubic structure. It is also found that the mean grain sizes of the films gradually increase with increasing depositing
temperature. The temperature dependence of resistivity is measured from 350 K down to 2 K. The films with large
grain sizes have a superconductor-insulator transition below ~ 5 K, while the films with small grain sizes retain the
semiconductor characteristics down to the minimum measuring temperature, 2 K. These phenomena are similar to that
observed in superconductor-insulator granular composites. Above 5 K, the temperature coefficients of the resistivities of
the films are all negative. In the temperature range between 10 and 30 K, the films show hopping transport properties
which are often seen in metal-insulator granular systems, i. e. the logarithm of the resistivity (log p) varies linearly with
7Y 2 where T represents the measured temperature. The thermal fluctuation-induced tunneling conductive mechanism
dominates the temperature behaviors of resistivities from 70 K up to 350 K. It can be seen that the thermal fluctuation
induced tunneling conductive mechanism is also the main conductive mechanism in metal-insulator granular systems
in the higher temperature regions. Our results indicate that the electrical transport properties of the polycrystalline
TaN;_s films are similar to that of metal-insulator granular films with different volume fractions of metal, where the
metal possesses superconductivity at low temperatures. Hence the high resistivity and negative temperature coefficient
of resistivity of TaN;_;s polycrystalline film can be reasonably ascribed to the similarity in microstructures between

TaN;_s polycrystalline film and metal-insulator granular film.
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PACS: 73.61.At, 72.80.Tm, 73.40.Gk DOI: 10.7498/aps.64.197302

* Project supported by the National Natural Science Foundation of China (Grant No. 11174216) and the Research Fund for
the Doctoral Program of Higher Education of China (Grant No. 20120032110065).

1 Corresponding author. E-mail: xindianliu@tju.edu.cn

197302-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.197302

	1引 言
	2实 验
	Fig 1
	Table 1


	3结果与讨论
	Fig 2
	Fig 3
	Fig 4


	4结 论
	References
	Abstract

