56 8 2007 8
1000-3290/2007/56 08 /4960-05

Vol.56 No.8 August 2007

ACTA PHYSICA SINICA

(©2007 Chin. Phys. Soc.

1
1
2
2006 12 4 2007
AlB,
—Al—Al—Al—  —Si—Si—Si— B,
- Al Si c
Bardeen-Cooper-Schrieffer
PACC 7470 7125
I.
39 K MgB, AlB,
CaSi,
16 GPa Si
CaSi,
AlB, 14 K.
AlB, MX,_.Si, M=
Ca Sr Ba X=Al Ga ' BaAlSi
K T, 3.9
7.7K .
7.7 K CaAlSi
CaAlSi
¢ SrAlSi
7
CaAlSi
. ARPES ’
CaAlSi
CaAlSi
* 10574021

t E-mail rongma@seu. edu.cn

CaAlSi

210096
210097

CaAlSi
CaAlSi Al Si
A-L
—Al—Si—Al—
147 K -

Papaconstantopoulos ’

CaAlSi  SrAlSi

- A =0.95 SrAlSi

13

. Wang
- A=1.05

=0.225. -

10 11
Huang

P6m?2

20060286044

McMillian T

CaAlSi

. Mazin

CaAlSi
A =0.73.

c

CaAlSi
SrAlSi A
CaAlSi
B,
CaAlSi
. CaAlSi



8 CaAlSi 4961
X 5
Al Si 3.
Ca . Mazin
Al Si CaAlSi
P6/m2 . Giantomassi 1 1 Ca d Al
2 CaAl,_,Si, Si p CaAlSi
ARPES MgB,
Al Si x=1 POALSE p,,
G p.
§ T .0 T
CaAlSi Al Si . F
Tamegai " CaAlSi X b AF
¢ ¢ AF Al/Si
Si Al 5 c bLe r
T.=6K 6 T.=8K . 5 .
¢ Al—Al—Al—Si—Si N Ey 1.1
6 Al—Al—Al—Si—Si—Si ~ 1.2eV7".
1415 ¢ CaAlSi
CaAlSi ¢
CaAlSi >
~
Al Si c gg
CaAlSi
2.
CaAlSi Al Si
c —Al—Al—Al—
—Si—Si—Si— F c g
— Al—Si—Al AF . -
N CaAlSi
17 18 _
. 2k
Ca Al Si spd .Ca  3s 3p 1 CaAlSi aF b AF
. Ca 3.0a.u. Al
Si 2.0a.u. - 2 CaAlSi
F w Eliashberg F w
F r 6
. CaAlSi Ya = B, Ay c
0.41905 nm ¢/a = 1.0498 Ey  En a-b



56

4962
AF r 15 Asp B,
9 B, Ay AF CaAlSi
B, c E,o Eip
E,, a-b 3 2 F w Eliashberg
2 *F w CaAlSi -
MgB, -
2a F 0 By, o F
A-L A F w 26 cm ™!
AF B, AF
By, Ay A F w
Al Si 60 cm™'

N
jani
=
~N
¥
Y
r M K Ja A LI HO 2 4 6
FTAEE/TH?
PETRIE
(b)
4
Bl
9' \./
N
jany
=
E
® L
®
59
[
4
L Lo ey R e
1% * RN WS / &
T M K a A LI HO 1 8

FFARE/TH

. 2 CaAlSi F @  Eliashberg F w aF b AF


Absent Image
File: 0


8 CaAlSi 4963
- - wy, exp| - 1.(34 1+ A
» 1.2 A—p 1+0.622
A= 2Jw71a2F w dw. W,
F ’ } A w, T,
2 L. | AF W
B, A 0.87 A =147K F
0.36 - A=1.23. A=0.80 n
CaAlSi - =0.10 T.=6.9K. CaAlSi
c B, AF Bardeen-Cooper-Schrieffer
- A =0.80. BCS
McMillian 6 14
1 CaAlSi A w, T
A wR/K n” T./K TP /K
F 1.23 107 0.16 7.8 7.8
AF 0.80 147 0.10 6.9 7.8
7 14 15 CaAlSi Al Si c
5 6 CaAlSi
c 5 71415
T.=6K 6
T,=8 K 4.
F c
- CAF ¢ c Al Si
— Al—Si—Al— CaAlSi 1 CaAlSi
- _AF Al Si ¢ —Al—Al—Al—
2¢ . Tamegai —Si—Si—Si— By A-L
1415 - CaAlSi -
2 Al Si c
c —Al—Si—Al— - A =0.80
Al/Si w,, =147 K CaAlSi
- T BCS

1 Imai M Abe E Ye J H Nishida K Kimura T Honma K Abe H
Kitazawa H 2001 Phys. Rev. Lett. 87 077003

2 Imai M Nishida K Kimura T Abe H 2002 Physica C 377 96

3 Imai M Nishida K Kimura T Kitazawa H Abe H Kito H Yoshii K
2002 Physica C 382 361

4 LorenzB Lenzi ] Cmaidalka ] Meng R L Xue Y Y Chu C W
2002 Physica C 383 191

5 Imai M Nishida K Kimura T Abe H 2002 Appl. Phys. Lett. 80
1019

6 Lorenz B Cmaidalka ] Meng R L Chu C W 2003 Phys. Rev. B
68 014512

7 Ghosh A K Tokunaga M Tamegai T 2003 Phys. Rev. B 68
054507

8 Tsuda S Yokoya T Shin S Imai M Hase 12004 Phys. Rev. B 69
100506

9 Mazin 1 I Papaconstantopoulos D A 2004 Phys. Rev. B 69 180512

10 Huang G Q Chen LF Liu M Xing D Y 2004 Phys. Rev. B 69

064509

11 Huang G Q Chen L F Liu M Xing D Y 2005 Phys. Rev. B 71
172506

12 Giantomassi M Boeri . Bachelet G B 2005 Phys. Rev. B 72
224512



4964 56

13 Wang J L Zeng Z Zheng Q Q 2004 Physica C 408 264 17 Savrasov S'Y 1996 Phys. Rev. B 54 16470

14 Tamegai T Uozato K Kasahara S Nakagawa T Tokunaga M 2005 18  Savrasov S'Y Savrasov D Y 1996 Phys. Rev. B 54 16487
Physica C 426 208 19  ChaiY Q Jin C Q Liu B G 2003 Acta Phys. Sin. 52 2883 in

15  Sagayama H Wakabayashi Y Sawa H Kamiyama T Hoshikawa A Chinese 2003 52 2883
Harjo S Uozato K Ghosh A K Tokunaga M Tamegai T 2006 J. 20 Chen X R Guo HZ Cai L C Gao J 2005 Chin. Phys. Lett. 22
Phys . Soc. Jpn. 75 043713 1504

16  Savrasov S'Y Savrasov D Y 1992 Phys. Rev. B 46 12181 21 Meregalli V. Savrasov S Y 1998 Phys. Rev. B 57 14453

Structure and superconductivity of the ternary silicide CaAlSi™

Ma Rong' ©  Huang Gui-Qin®  Liu Mei'
1 Department of Physics ~Southeast University ~Nanjing 210096  China
2 Department of Physics Nanjing Normal University ~Nanjing 210097  China
Received 4 December 2006 revised manuscript received 18 January 2007

Abstract

Using response-linearized linear muffin-tin orbital method we have studied the electronic band structure phonon spectra
electron-phonon coupling and superconductivity of the new superconductor CaAlSi with AlB,-type structure. The following
conclusions are drawn from our calculations. 1 If Al and Si atoms are assumed to be arranged along the c-axis in a long-range
ordered —Al—Al—Al— and —Si—Si—Si— structure one should obtain the ultrasoft B;, phonon mode and hence very
strong electron-phonon coupling in CaAlSi. However the appearance of imaginary frequency phonon modes indicates the
instability of such a structure. 2 For Al and Si atoms arranged along the c-axis in a long-range ordered —Al—Si—Al—
structure  the calculated electron-phonon coupling constant is equal to A =0.80 and logarithmically averaged frequency w, is
147 K. This calculated result can correctly yield the superconduction transition temperature of CaAlSi by the standard Bardeen-

Cooper-Schrieffer theory for moderate electron-phonon coupling strength .
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