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Fig. 1 The physical model to show metal film thickness

influences electrical mean f{ree path
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Fig. 2 Film and free electronic schematic in traditional model

Si(v0)

exp (

K o KRR EL R MBS R, o R JORE
R SR, SR FEA BT FERA K d
PRI A RN PR BER Y AL T B 149 A
R DU RS v R S R AB GE

oo (et ) [ ()]
o (=)

H BB G 8 AT AR 0 R
%:n‘FiX

A
n=real {%}:\/%Er{[l+<w€f€(> )Z}Wle} 7

y=imag {Z}:\/%Er{[l+<wsgso> :|
K e, Fom — M BT Ul B9 AH X A B B s = 2me/ Ao
Ao AR A PRIP o Foan A PRy PcE. h o
NPT A I o AT R K D FI ) AL
WIS 5 A o B 28 S RO AR RS B S
)

—1} (8)

(n*l)Z*XZ

R= DT+ 0
A R W R,
2 itig

DA 45 Y15 S 9], ok 45 o 22 [0 B9 56 R EAT R
SEPRRE R Ao B TSI E5 AR AR L p L0 MR
PE LB 45 RS 2 L X TR PR AR B T
X E H AR A=38 nm(T=300 k), £=0. 025, p=
0.537 3.0 =1/4.41.

2.1 &HEBRARMETEYHEHEMEENXR

ORI F . o7 RLgS W5 R
H AR DGR MR, nl&l 3. MNIE 3 A L AR 4
JFE Y5 JEE JBE /N 9 RS R O M P R R
AR/ G DA — S5 18 D R At A 5 10 v B A g S )
DRSS S NU/FE N



2 AR B, A5 < < I JRE L /N T T e AR i B R Y R 265

40
35+
£
£
g 30
[=9
g
= 25
g
[
=
20}
15
10" 4 102 10°

Thickness/nm
B3 MEXETFTHEdRYYH

Fig. 3 Effects of film thickness on electrical mean free path
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Fig. 4 Effects of film thickness on reflectivity at

different wavelengths

I 4 ] LU 6] TR — K i At 7R T
IR JE J3E A TR B 2830 188 OF 5 4K A5 1) BRI I 36 ik
A & IE I AT A I8 B AR, W A, =550 nm,d =
35 nm B} & IF T R=0. 958 6 & 1F J§ R= 0. 952 3.
T3 Ab R R — K B A X R AR /N R 5
2% [ R RS 38 im0 4G 5 >4 B SR 29 K F 150nm A2
AT S R B RS 1 AR AR LT PR B AR

3 #Hit

A 3 AP S T AR JRE X HL P 2 R R R
20 TR R W R T F 2 B el A A P BB R
FrRG i gs T R N T P8 A AR
R R S = la i /N W g Dl e R 9

ANTHBEEFEY A G R EEDE R

I 5 i 52 ) 9 /N T Ok /0 5 224 B JRE K T i A T B

R P2 B o R SR i A

FE 5 HOR AR — 4. BRI 5T 0 32 B« 24 AR /)N

THL T O AR R B AR

R

[1] HU Xiao-cao, DIAO Xun-gang, HAO Lei. Preparation of
large area TiO;/Ag/Ti/TiO, multilayers on flexible substrate
and its optoelectronic and infrared emission properties[ ] ].
Chinese Journal of Rare Metals, 2008, 32(3) . 300-305.
BA/NE, YW, R, R AR MR TiO:/ Ag/ Ti/ TiO;
2 2 BER i o5 K H G R ZL A R R LT ). #A & JE 2008,
32(3): 300-305.

[2] CLARYSSE T, HOFLIJK I, ZHANG W, et al. Metal film
characterization with qualified spreading resistance [ J 1.
Journal  of Science &
Microelectronics and Nanometer Structures, 2004, 22 (1),
444-449,

[3] TAMIRISA P, LEVITIN G, KULKARNI N, et al. Plasma
etching of copper films at low temperature[ J]. Microelectronic
Engineering, 2007, 84(1) . 105-108.

[4] ZHANG W, BRONGERSMA S, CLARYSSE T, et al.

Surface and grain boundary scattering studied in beveled

Technology B

Vacuum

polycrystalline thin copper films [ J]. Journal of Vacuum
Science & Technology B: Microelectronics and Nanometer
Structures, 2004, 22(4) . 1830-1833.

[5] FAN Ping. Electric conductivity characteristics of ultrathin
metallic films[J]. Acta Metallurgica Sinica, 1999, 35(3):
261-264.

W, AR SR L] SRR, 1999, 35(3):
261-264.

[6] WANG De-fei, QI Wen-zong, GUO Chun-feng. Simulation
study of thermal and mechanical effect on metal film irradiated
by ultra-fast laser pulse[J]. Acta Photonica Sinica, 2008, 37
(11) . 2172-2176.

EAET, S, SRR Rk eh IO i IR 4 R W -
OV RIS [T ). JE T2k, 2008, 37(11): 2172-2176.

[7] WU Ying-cai, GU Zheng. Research on the optimum thickness
of metallic thin film wutilized to excite surface plasmon
resonance[ ] |. Acta Physica Sinica , 2008, 57(4) ; 2295-2299.
RYEA B WO R AE B T SRR 0 B JE R A R R
i) ]. W, 2008, 57(4): 2295-2299.

[8] ZHAO Gang, HAO Qiu-long, QI Wen-zong. et al. Thermal
behavior of thin metal films irradiated by ultra-short pulse
laser[J]. Acta Photonica Sinica, 2007, 36(1);: 9-12.

BRI, BBE . Fr30as, & A Ik OB BT &8 HE Y
AT NI ST 244, 2007, 36(1): 9-12.

[9] FAN Ping, LAI Guo-yan. Calculation of metallic films
resistivities[ J|. Vacuum Science and Technology, 1999, 19
(6): 445-451.

. HEME ESSEEEN BRI R]. Bk
AR, 1999, 19(6) . 445-451.



266 P R S 10 &

Effects of Film Thickness Less than Electrical Mean Free Path on Reflectivity

LIN Yu-qiong', FENG Shi-meng', WANG Kun-xia', GU Jun', LIU Shao-jun'
(1 Department of Physics, Shanghai Jiao Tong University, Shanghai 200240, China)
(2 Shanghai Shenzhou New Energy Co. , Ltd, Shanghai 201112, China)

Abstract: A physical model was proposed to illustrate the influence of metal film thickness on electrical
mean free path, and the formula of electrical mean free path was modified based on this model. The results
demonstrate that the electrical mean free path decreases with film thickness decreasing, when the film
thickness is less than the mean free path. Otherwise it is a constant as bulk material. The film conductivity
expression was also modified based on this formula. Combining with the relationship between metal films'
conductivity and reflectivity, the formula of thin film conductivity with different thickness was put
forward. Computer simulations show that when the film thickness is less than the electrical mean free
path, the changes of metal film reflectivity are nonlinear.
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