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(Ü Marom �.�¢�êâ, �Ñ
¬âº��7á��þÝ�'Xª. Äu®k�nØ�., �éþÝ
� 10—50 nm Cu ��, �Ä�L¡Ñ��¬.Ñ�±9>{Ç¬âº��A, JÑ�«{z>{Ç)Û�.. (
JL², 3 10—20 nm ��þÝ��S, �Ä¬âº��A��{z�.�yk¢�êâÎÜ��Ð. �éu Lim,
Wang � Marom �., ¤J�.��éIO�©Oü$ 74.24%, 54.85%, 78.29%.

'�c: L¡Ñ�, ¬.Ñ�, ¬âº��A, ²þgd§

PACS: 68.49.Jk, 73.63.−b, 73.23.−b, 72.10.Fk

1 Ú ó

�X8¤>´A�º��Øä~�, 7áÛ
�®�C$��u>f²þgd§ (¿§e>f
3 Cu ��¥�²þgd§� 39 nm[1−5]), Ïdº
��AéÙ>{Ç�K�®¤�Ø�Ø�Ä�Ï
��� [6,7]. ��S¬â�»~�!¬.Oõ, g
d>f$ÄÉ�¬â!¬.���, u)Ñ�-E,
UC>f�²þgd§, ����²w�º��A.
�Ä8¤>´¥pë�°½�p�ó²ÅÄ, >f
Ñ�Å�éÙ>{Ç�K�C��uî, ù¬�
8¤>´�ò�!õÑ!��5��5�X�Ø
|K� [8−11].

DÚ Fuchs-Sondheimer (FS) �.�Ä
7á
��L¡Ñ��A, =·^uü¬��¿��9
�¬.Ñ�é>{Ç��z [12]. Mayadas Shatzkes
(MS) �.b�¬â/Gl.�º��Î/�õ¬
��, ¬âº����þÝ��, JÑ
�«�Ä
SÜ¬.Ñ��A��. [13,14], �´, ���þÝ
eü� 100 nm ±e�, T�.�¢�êâ lî
. Marom Ú Eizenberg[15] JÑ�oN�.nÜ�
Ä
L¡Ñ��¬.Ñ�é��>{Ç�K�, ¿
XïÄ
7á��>{Ç�§Ý�6A5. þã
�.3©Û��>{Ç�.�L§¥þÄu¬â

º����þÝ���b�. ,, éu 25—45 nm
pë�°, ¬âº�l 30—800 nm Ø�, dd¤Ú
å�¬âº��AØN�Ñ, þã�'�.7,�
�Ø� [16]. ©z [12] ¥��.Äu¬.º��'
u��þÝ, �'~XêØ�½, (J3 20—40 nm
��S�¢�êâ��ÎÜ, �3�u 20 nm �Ø
���. Wang � [17] Ú Emre � [18] ^ Scherrer’s �
§�Ñ��þÝ�¬âº��'X, JÑ
�«#
��., ¿^¢��y
 10—500 nm ��ST�
.�k�5, �ÿ��ÄÙ¦á�é.¡�K�.

�éþã¯K, Äu®k�., (Ü¢�êâ,
�©�Ñ
¬âº��7á��þÝ�'Xª; 3
�ÄL¡Ñ��¬.Ñ��, éu 10—50 nm �
� Cu ��, Äu©ã¼ê, JÑ{zCqoN�
.; ¿3�Ó�^�e, éA«�.�¢�êâ?
1
©Û'�, �y
¤J�.�k�5.

2 �'�.

2.1 MS ���...��� Marom ���...

õ¬7á��¥�3¬.Ñ��A, E¤7á
>{Ç�éuN>{Ç�O\. DÚ� MS �.Ú
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\ α ëê£ã¬.Ñ�é>{Ç��z [14], k

α =
RλB

Dg(1 − R)
, (1)

Ù¥, λB �7áá�>f�²þgd§; R�¬.
��Xê, 0 < R < 1, ^5L�¬.Ñ�rÝ; Dg

�²þ¬âº�. f(α)� α �¼ê:

f(α) = 1 − 3
2
α + 3α2 − 3α3 ln

(
1 +

1
α

)
, (2)

�Ä¬.Ñ���7á>{Ç ρg �L«�

ρg =
ρB

f(α)
, (3)

ρB �N>{Ç. þã�.==�Ä¬.Ñ�é>
{Ç��z, �Ñ
L¡Ñ��A. ,, �>f�
�7áá��L¡½>��, ¬u)ØÓ§Ý�Ñ
�y�. Marom � [15] éØÓÑ�?1þz, 8
¬.Ñ��L¡Ñ�Å�u�N, nÜ�Ä
ü«
Ñ�Å�é7á>{Ç�K�, �Ñ
U?�>{
ÇL�ª�

ρ =
ρB

f(α) − g(k, p, α)
, (4)

g(k, p, α) =
6(1 − p)

πk

∫ π/2

0

dϕ

∫ π/2

0

×cos θ sin3 θ cos2 ϕ(1 − e−kH/ cos θ)
H2(1 − pe−kH/ cos θ)

dθ, (5)

H = 1 +
α

cos ϕ sin θ
, (6)

Ù¥, k = d/λB; d���þÝ, 0 < p < 1�Ñ�
VÇ, �6uá�A5.

�u)���5Ñ��, >f�Äþ��ØC,
d� p = 1, é>{Ç�CzØ�¤K�. �u)Ü
©Ñ�½ö��úÑ��, >f3�5���þÊ
�½#3�Å���þ$Ä.��ûÑ�¬Úå
>{Ç��§Ý�O\.

2.2 Lim ���...

Marom �.8�ê!éê!n�¼êu�
N, ¿ � � ¹ �  È ©, L � ª ��� ¡. Lim
Ú Isshiki[13] 3*ÿæ^lfåDÈ�ª)� Cu
���×£>fw�º�ß�>fw�ºã�
�, O�Ñ²þ¬âº����þÝ�'~Xê.
é FS-MS �.?1
{z,�

ρs+g

ρB
= 1 +

3
8k

(1 − p) +
3
2
α

(k À 1, α ¿ 1), (7)

α =
RλB

Dg(1 − R)
(R = 0 − 1), (8)

?����.ëê� p = 0, R = 0.24.

2.3 Wang ���...

3ý��¸e Wang �æ^�ª^�í�XÚ
DÈ 10—500 nm õ� Cu/Ta ��, ÏL X ��û
�×£¤�ëê, ² Scherrer’s �§O��Ñz�
¬âº�, �Ñ
¬âº����þÝ'Xã. é
u 10—500 nm õ� Cu/Ta ��, æ^IOo:&�
{ÿþ��>{Ç, ÏLé FS �.Ú MS �.©
Û'�, (Ü¢�êâJÑ�.:

ρ

ρB
= 1 + (1 − p)e−kt λB

d
+

3RλB

2Dg(1 − R)
. (9)

Lim �.é Marom �.?1
{z, ?�
¬
âº����þÝ�'X, �Ñ
�«�Äü«Ñ
��A�{z�., �¤ã�.�Ñ
 Ta á�é
L¡Ñ��A�K�. �7á�����, T�.
�3�½�Ø�. Ó�, Lim �.Ú Marom �.þ
��Ä¬âº��Aé>{Ç�K�.

3 ¬âº��A�>{Ç�.

3.1 ¬¬¬âââººº������AAA

3 ï Ä > { Ç ¬ . Ñ � � A � L § ¥, é
õ�.{ü/b�¬âº��7á��þÝ�
� [13,15,19]. �éu 25—45 nm pë�°, ¬â�»
l 30 � 800 nm Ø�, ¬â��¿ØÉ�upë.
¡,  �upë�pÚ�° [16].

ã 1 MS �.� Cu >{Ç¢�(J'�

©z [12] Äu 500 nm þ SiO2 �.)� Si (¬
� 100) 	ò�, 3ý�Øå�� 5 × 10−10 Torr
� p ý � (UHV) n N S, ¿§^ � e, ± z ©
¨ 2.56 ± 0.2 nm ��Ç, >fñÂÔÊ¡DÈ�
��. æ^��o:&�{ÿþ7áá�, d�¬
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>{�>{Ç��''X R = ρ/d, ?��7
á��>{Ç. ã 1 �Ñ
ØÓ¬âº��7á
��þÝ' (¬þ' Dg/d) �¹e MS �. [14] �
¢�êâ�'�. �±wÑ, ØÓ¬âº�é>{
Ç�K�é�. 3��þÝ�¬âº����^�
e, ©¥¤ã�.�¢�(J�3�½� �, 
3 Dg/d = 10/3 �^�e, �.�¢�¤�êâÎ
Ü�Ð, �3 10—20 nm ��S, MS �.3ØÓ¬
þ'�^�e�¢�E�3�� �. �Ï3uD
Ú MS �.==�Ä¬.Ñ�é>{Ç�K�, �
À
L¡Ñ��A, AO´éu 10—20 nm þ7á
��, L¡Ñ��^é>{Ç��zLy���²
w.

�Ä¬âº��Aé>{Ç�K��~k7
�, �ÑL¡Ñ�½¬.Ñ�¬é>{ÇE¤
�½§Ý�$�. *ÿ�þ Cu ���¬âº�
5�Ñ²þ¬âº�©Ù��(J [20]. �
þz
¬âº�, éõ©zÄu¬â¿¡��/�b�,
O�¿¡¡Èl�Ñ¬â�»���þÝ�'
X [3,21,22], ��õ�é 50 nm ±þ��þ��. 
é 50 nm ±e Cu ���¢���. �©ÏL�Ä
ü«Ñ��A, (Ü Marom �.�©z [12] ¥�
¢�êâ, 3�Ó^�e (p = 0.05, R = 0.24) ¦)
ØÓ¢�êâ:���§|, �ªO�Ñ¬âº�.
�
�¢�êâÐÎÜ, ØØ´ FS �., �´ MS
�., ?��ëê p �þ� 0.05, �©z [12,23],
� R = 0.24, �©z [12,14,23]. �
3Ó��^�
e�Ñ¬â©Ù, �©��þãëê�. ã 2 �Ñ

¬âº����þÝ�'X, �±wÑ. 10—20 nm
þ����¬âº�¥�ê¼ê'X, ��þÝ
3 20—50 nm ��S, �ö¥�5'X. ²L[Ü,
§��(½Xê R2 Ú�'Xê R Ñ� 0.99, L²
äkéÐ�[Ü°Ý. (10) ª�Ñ
§��m�©
ã¼êL�ª:

Dg(d) =


3.70159 × 10−10 ed/5.16371×10−9

−0.27489 × 10−9 (10 6 d 6 20 nm),

1.30144d + 9.73973 × 10−9

(20 6 d 6 50 nm).
(10)

éu 10—50 nm �� Cu ��, L 1 �Ñ
Ø
Ó¢�^�e��(�!éAu 10—50 nm þ�
��¬â��!>{Ç¢�êâ. Ó�, ã 3 ��
Ñ
�©�{�L 1 ¥¢�¬âº��'�(J.
�±wÑ¤J�{�¬âO�(J�¢���Î
Ü, �y
�©�{�k�5Ú�15. �duÉ

¢�á�!��(�!ò»§Ý��m�Ï��
K�, ØÓ¢��¬âº�¬����, Ly�ã 3
¥�lÑ:.

ã 2 ØÓ��þÝ�¬âº��'X (a) 10—20 nm
þ���; (b) 20—50 nm þ���

ã 3 10—50 nm þ����©¤�¬âêâ�¢�'�

3.2 ���©©©���...

|^¤í�Ñ�7á��þÝ�¬â�º�
�m�'X, �Ä¬âº��A, ?� Marom �..
ò (10) ª�\ (1) ª, k

αg =
RλB

Dg(d)(1 − R)
, (11)
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d�, (5) Ú (6) ªC�

g(k, p, αg) =
6(1 − p)

πk

∫ π/2

0

dϕ

×
∫ π/2

0

cos θ sin3 θ cos2 ϕ(1 − e−kHg/ cos θ)
H2

g (1 − pe−kHg/ cos θ)
dθ,

(12)

Hg = 1 +
αg

cos ϕ sin θ
. (13)

L 1 ØÓ¢�^�e�¬â���>{Ç

��þÝ ¬â�» >{Ç (300 K)

¢�5 ¢�^� ��(� d/nm Dg/nm ρ/µΩ·cm

28.9 34.6 3.99

Sun-Ta[3,24] 600 ◦C ò»0.5 h SiO2/Ta/Cu/Ta/SiO2
34.3 39.4 3.87

38.8 44.3 3.49

48.5 69.6 2.95

27.1 41 4.22

31.7 41 3.55

37.5 65 3.26

Sun-SiO[24]
2 150 ◦C ò»0.5 h SiO2/C Cu/SiO2

45.3 101 2.80

41.2 88 2.81

32.6 68 2.84

37.5 81 2.81

46.4 113 2.50

9.76 5.01 11.40

LW[25,26] �©z [4,27,28] Cu/Cu/SiO2/Si 21 12.5 7.09

27.9 22 6.59

11.57 — 12.45

12.83 — 10.98

15.30 — 6.50

17.91 — 4.34

20.57 — 3.53

Liu[12] UHV nN9�u Cu/SiO2/Si 23.06 3.38

25.61 — 3.18

28.12 — 3.11

30.75 — 2.84

35.84 — 2.70

40.96 — 2.67

Marom[23] 300 ◦C ò»1 h Cu/Ta/TaN/SiO2/Si 50 59 2.77

39.7227 — 2.86997

ME[29] �¡ 50 nm Cu �� Cu/Ta/TaN/SiO2/Si 47.5264 59 2.71306

56.8876 — 2.51963

10.243 — 11.3182

11.422 — 10.0327

Barnat[4] pý��¸í� Cu/SiO2 12.5191 9.18294

13.8184 — 8.78055

15.4836 — 8.23397

Wang[17,30] æ^ PVD3 Si ��þDÈ Cu Cu/Si 8.86 — 9.55

18.80 5.81

49.45 — 3.08

016802-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 016802

é u 10—50 nm þ Ý 7 á � �, È © C þ
1 − e−kHg/ cos θ 3È©��Cq�u 1, Ó�, d
u p ���, Cq�u 0, þª�±z{�

g(k, p, αg) =
6(1 − p)

πk

∫ π/2

0

dϕ∫ π/2

0

cos θ sin3 θ cos2 ϕ

H2
g

dθ, (14)

ò (13) ª�\ (14) ª¥, C�È©«m¿z{, k

g(k, p, αg) =
6(1 − p)

πk

∫ π/2

0

dϕ∫ 1

0

ψ5 cos ϕ4

(αg + ψ cos ϕ)2
dψ. (15)

du¬.Ñ�ëê αg Ì�3 (2) ª¥ f(αg)
åÌ��^, �3 10—50 nm ��S (15) ª¥ αg

��,�
{z�., �Ñ αg, Ú\��þÝëê d,
²L[Ü, ?�È©L�ª, �ª��

g(k, p, d) =

(1 − p)(6.99e109d/4 − 19)
5000πk

(10 6 d 6 20 nm),
(p − 1)(978e−1010d/353 − 978)

1000πk
(20 6 d 6 50 nm).

(16)

ò (16) ª�\ (17) ª, ���ª���>{Ç ρgs

)ÛL�ª�
ρB

ρgs
= f(αg) − g(k, p, d). (17)

4 (J©Û�?Ø

�
�y¤J�.�k�5, 3Ó��ëê
^�e, ©Oéþã�.Ú¤J�.�¢�êâ
?1
'�©Û, Xã 4 ¤«. ã 4(a) ¥�±w
Ñ, éu 20—50 nm þ�7á Cu ��, Wang �.
�¢�(J9Ù¦�. l��î, ù´du
õ� Cu/Ta ���DÈ, �.�Ñ
õ� Ta á�
é Cu/Ta .¡�K�, Ïp�
¢S�¹. é
uþÝ�u 20 nm �7á��, du��Ä¬â�
º��A, Marom �.� Lim �.¤�(Jþ�u
¢�êâ. Ó����þÝl 10 nm )�� 15 nm,
¢�¤ÿ>{Ç(J¥¯�eüª³, �Ï3u7
á Cu ��3 SiO2 0�þ)��3XØëY5 [31],
d�
º����Õá¬� (< 10 nm) �¤ [12]. �
��þÝ)��L 10 nm �, ¬�m©Ü¿/¤¬
�ó. d�, >f3¬�ó�m�a�C�ª�å

5, l����>{ÇwÍeü. ���þÝ)
���½§Ý� (20 nm), >f����L¡�A
ÇC�, ¬��)��5��, ü NÈS>f�
¬.�-EgêC�, >{Çeüª³Ø2²w.
ã 4(b) �Ñ
¤J�.�L 1 ¥¢�êâ�'�
(J. êâ�"Ñ©ÙL², Cu ��>{Ç��E
ó²äké���'5, =BXd, ¤J�.EU
� Ð/ L«> { Ç����'X. Ó��±wÑ,
éu 27 nm ±þ� Cu ��, � Cu/SiO2 .¡�',
Cu/Ta .¡du�3p§ò»±9p>{Ç Ta á
�¤Úå�L¡o÷Ý�Ï�, E¤Ù�A>{Ç
��, Ó��)º
 Wang �. [17] é>{Çp�
��Ï. �þ>{Ç¢�êâL², �Ä¬âº�
�A�, ¤J>{Ç�.�¢���ÎÜ, �y

T�.�k�5.

ã 4 (a) ØÓ Cu >{Ç�.'�; (b) ¤J�.�¢�'�

L 1 ¥¬â�»�>{Ç�éA'XXã 5
¤«. �¬âd 10 nm )�� 40 nm �, >{Ç¥
wÍeüª³, �L 40 nm �Ø2²w. ù´d
u¬â���, ¬.Ñ�ÓÌ��^, d�¬â�
»þ�u>f²þgd§ (39 nm), ¬.Ñ��^
²w; �X¬âº��ØäC�, ¬.Ñ��^
~f, L¡Ñ��^�r, ,d���þÝC�,
>{ÇeüØ2²w.
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ùp, ½Â�éIO� s ��L�ü^�ê
â:��C§Ý, =

s =

√√√√ 1
N

N∑
i=1

(ai − bi)2, (18)

Ù¥ ai, bi ©O�3Ó�î�Ieü�p�I�
�, N �¤�êâ:�ê. �±wÑ, N ��, �ÿ
êâ��, �éIO��°(. aquIO�, s �
�, L²ü^êâ����C.

3¢�êâî�I:é��.?1��, L 2
ÚL 3 �Ñ
 4 «�.O�(J±9�¢�ê

â���Ø�Ú�éIO�. 3 10—20 nm Ü©,
� Lim, Wang Ú Marom �.�', �©¤J�.
��éIO�üÌ²w, ©O� 74.24%, 54.85%,
78.29%, ��Ø�Ø9Ù¦�.� 1/3, �y
¤J
�.�°Ý. ���þÝ�Ñ 20 nm, �©¤J�
.�¢�(J���Ø�Ø�L 10%, �éIO�
=� 0.1631, �Ù¦n«�.�'þkØÓ§Ý�
ü$. Wang �. s ��. ÄÙ�Ï3u>f3>|
��^e$Ä�õ� Cu/Ta ��.¡�, du Cu
���� Ta ���õ, >fu)L¡û���
AÇO�, p ~�, lE¤>{Ç �.

L 2 �Óëê^�eA«�.�¢�(J'�

Lim �. Wang �. Marom �. �©�.

d/nm ¢� >{Çρ/µΩ· cm Ø� >{Çρ/µΩ·cm Ø� >{Çρ/µΩ·cm Ø� >{Çρ/µΩ·cm Ø�

11.57 12.45 6.58 5.86 9.73 2.71 5.54 6.90 11.46 0.98

12.83 10.98 6.08 4.88 8.91 2.06 5.20 5.76 9.39 1.57

15.30 6.50 5.36 1.13 7.73 −1.23 4.71 1.78 6.66 −0.16

17.91 4.34 4.82 −0.48 6.85 −2.51 4.35 −0.01 5.01 −0.67

20.57 3.53 4.42 −0.89 6.19 −2.66 4.07 −0.54 3.61 −0.08

23.06 3.38 4.12 −0.74 5.70 −2.32 3.85 −0.47 3.46 −0.08

25.61 3.18 3.87 −0.69 5.29 −2.11 3.67 −0.49 3.32 −0.14

28.12 3.11 3.68 −0.57 4.96 −1.85 3.53 −0.42 3.21 −0.10

30.75 2.84 3.51 −0.67 4.69 −1.85 3.40 −0.56 3.10 −0.26

35.84 2.70 3.24 −0.54 4.26 −1.56 3.20 −0.50 2.93 −0.23

40.96 2.67 3.05 −0.38 3.93 −1.26 3.05 −0.38 2.79 −0.12

5: L¥Ø�þ�ýéØ�

L 3 �Óëê^�eA«�.�¢�(JØ�©Û

ØÓ�.�¢���éIO����Ø� ¤J�.ü$�éIO�

d/nm Lim Wang Marom �©�. Lim Wang Marom

10—20
�éIO� 3.86 2.20 4.58 0.99

74.24% 54.85% 78.29%
��Ø� 47.08% 57.84% 55.46% 15.53%

20—50
�éIO� 0.66 1.99 0.48 0.16

29.06% 76.40% 75.43%
��Ø� 25.47% 75.44% 20.00% 9.37%

ã 5 ¬â�»�>{Ç'X

5 ( Ø

DÚ FS/MS >{Ç�.þ�Ñ
¬â�º�
�A, �é 10—50 nm þ� Cu ��, �©l�Ä>
fL¡Ñ�Ú¬.Ñ� Marom �.Ñu, (Ü>
{Ç¢�(J, ��
¬âº����þÝ�'X
L�ª. Ó�, �Ä¬âº��, JÑ�«>{Ç{
z)Û�., �Ñ
©ã¼êL�ª. �yk¢�
êâ�', �©¤J�.�Ù¦�.Ø���. |
^�©¤J�.�±¯��¡/�O�¡pë>
{Ç, �^uïÄÚUõpëò´!G69õÑ�
�¡��.��, �B�?8¤>´�O`zJø

�«k�Ãã.

016802-6



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 016802

[1] Sun T, Yao B, Warren A P, Barmak K, Toney M F, Peale R E,
Coffey K R 2010 Phys. Rev. B 81 155454

[2] Feldman B, Dunham S T 2009 Appl. Phys. Lett. 95 222101

[3] Sun T, Yao B, Warren A P, Barmak K, Toney M F, Peale R E,
Coffey K R 2009 Phys. Rev. B 79 41402

[4] Barnat E V, Nagakura D, Wang P I, Lu T M 2002 J. Appl. Phys.
91 1667

[5] Zhu Z M, Wang D J, Yang Y T 2010 Chin. Phys. B 19 097803

[6] Bid A, Bora A, Raychaudhuri A K 2006 Phys. Rev. B 74 35426

[7] Steinh Ogl W, Schindler G U, Steinlesberger G, Engelhardt M
2002 Phys. Rev. B 66 75414

[8] Feldman B, Deng R, Dunham S T 2008 J. Appl. Phys. 103 113715

[9] Dong G, Yang Y, Chai C C, Yang Y T 2010 Chin. Phys. B 19
110202

[10] Dong G, Xue M, Li J W, Yang Y T 2011 Acta Phys. Sin. 60
036601 (in Chinese) [Âf, Å�, oï�, Õ, 2011ÔnÆ
� 60 036601]

[11] Dong G, Liu J, Xue M, Yang Y T 2011 Acta Phys. Sin. 60 046602
(in Chinese) [Â f, 4 W, Å �,  Õ , 2011 Ôn Æ � 60
046602]

[12] Liu H D, Zhao Y P, Ramanath G, Murarka S P, Wang G C 2001
Thin Solid Films 384 151

[13] Lim J W, Isshiki M 2006 J. Appl. Phys. 99 94909

[14] Mayadas A F, Shatzkes M 1970 Phys. Rev. B 1 1382

[15] Marom H, Eizenberg M 2004 J. Appl. Phys. 96 3319

[16] Graham R L, Alers G B, Mountsier T, Shamma N, Dhuey S,
Cabrini S, Geiss R H, Read D T, Peddeti S 2010 Appl. Phys. Lett.
96 42116

[17] Wang M, Zhang B, Zhang G P, Yu Q Y, Liu C S 2009 J. Mater.
Sci. Technol. 25 699

[18] Emre Yarimbiyik A, Schafft H A, Allen R A, Vaudin M D,
Zaghloul M E 2009 Microelectron. Eng. 49 127

[19] Mayadas A F, Shatzkes M, Janak J F 1969 Appl. Phys. Lett. 14
345

[20] Barmak K, Sun T, Coffey K R 2010 AIP Conference Proceedings
Stress-induced Phenomena in Metallization: 11th International
Workshop Bad Schandau, Germany April 12–14, 2010 p12

[21] Onuki J, Khoo K, Sasajima Y, Chonan Y, Kimura T 2010 J. Appl.
Phys. 108 44302

[22] Carpenter D T, Rickman J M, Barmak K 1998 J. Appl. Phys. 84
5843

[23] Marom H, Ritterband M, Eizenberg M 2006 Thin Solid Films 510
62

[24] Sun T, Yao B, Warren A, Kumar V, Barmak K, Coffey K R
2008 2008 IEEE International Interconnect Technology Confer-
ence Burlingame, United States, June 1–4, 2008 p141

[25] Liu W, Yang Y, Asheghi M 2006 Thermomechanical Phenomena
in Electronic Systems -Proceedings of the Intersociety Conference,
San Diego, United States, May 30–June 2, 2006 p1171

[26] Shojaei Zadeh S, Zhang S, Liu W, Yang Y, Sadeghipour S M,
Asheghi M, Sverdrup P 2004 Thermomechanical Phenomena in
Electronic Systems-Proceedings of the Intersociety Conference
Las Vegas, NV United States, June 1–4, 2004 p575

[27] Fenn M, Akuetey G, Donovan P E 1998 J. Phys.: Condens Matter
10 1707

[28] Fenn M, Petford Long A K, Donovan P E 1999 J. Magn. Magn.
Mater. 198 231

[29] Marom H, Eizenberg M 2006 J. Appl. Phys. 99 123705
[30] Rossnagel S M, Kuan T S 2004 J. Vac. Sci. Technol. B 240
[31] Messaadi S, Medouer H, Daamouche M 2010 J. Alloys Compd.

489 609

016802-7



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 016802

Study of the grain size effects on electrical resistivity
model for ultrathin (10–50 nm) Cu films∗

Wang Ning† Dong Gang Yang Yin-Tang Chen Bin Wang Feng-Juan Zhang Yan

( Key Laboratory of Ministry of Education for Wide Band-Gap Semiconductor Materials and Devices, Microelectronics Institute, Xidian University,

Xian 710071, China )

( Received 7 May 2011; revised manuscript received 1 July 2011 )

Abstract
A relation between grain size and metal film is given by combining the Marom model with experiment data. Based on available

theory model, taking into account the surface scattering, boundary scattering and grain size effect, an analytical resistivity model is
presented for the 10–50 nm thick Cu films. In particular, within a range of 10–20 nm, the findings show that the proposed model with
consideration of grain size effects is in good agreement with experimental results. Compared with Lim, Wang and Marom’ models, the
proposed method can reduce the relative standard deviations by 74.24%, 54.85% and 78.29%, respectively.
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