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Study on semiconductor Mg, Si thin filns
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Abstract: Recent dewvelopments of Mg Si films are reviewed. On the basis of the crystal structure of Mg Si,
the basic properties, preparation methods, and application prospects of the films are presented. The researches
show that Mg. Si is a kind of semiconductor with narrow-band-gap, which has good applications in photowoltaic
and thermoelectric devices. Furthermore, the filmis a new kind of environmental-friendly semiconductor mate-

rial, and because the conmpositions of elenments are rich in strata and non-toxic pollution, the materials attract
great attention. In the technique of epitaxial growth, the relatively mature methods include nolecular beam ep-
itaxy, pulsed laser deposition, reaction-diffusion and so on. Howewer, these methods have the problems of

harsh preparation and poor quality of the thin film. Finally, current problems and future research trends of the
materials are briefly discussed.

Key words: Mg Si; semiconductor thin film; material preparation

: 2010-03-11; : 2010-05-13
( No. 6076602) ; ( No. 2008DFA52210 ) ;
( No. 0831)



. Mg Si 447

al2 8
1 Mg 4 S
Mg,Si Si( a=0.539) 18%, ,

[2

Si )
[1] =~
Mg, Si
Si Mg , Mg, Si
: Si
| Si E) .
’ I\/UZSi ’ 7 X
Mg Si
) 1 2 MQZSI
Mg, Si ’ Fig.2 Crystal structure of Mg, Si
2 Mg,Si 3 Mg,Si
1 Mg-Si , Mg, Si , Mg, Si
Mg-Si , : 0.118 0.8 eVv
MgZ Si WzSi ) ’ !
Fm3m ( Nb. 225) , ( fcc) :
a =0.635 nm 2 ,
a , ’
[3]
x(Si)/ % '
o0 20 0 60 80 100 a(hy) = AChy - E;) ™, (1)
1300+ Liquid , . indir ir
0 achy) = A(hy - E™ - E) (2)
% 1100 m Liquid-+Si Samsonov
& iqui
£ 900} , Mg, Si 0.78 eV s
= - Liquid+Mg,Si Mg,Si+Si Daiki Tamura Mg, Si
Mg+Mg,Si , . 300 K
SO0l
20 40 60 80 100 0. 66 eV 4 K
w(Si)/ % — ’ ' ’
0.74 eV'™ ; A. Vantomme ,
1 MgSi Si(111) 600 nm Mg, Si
Fig.1 Phase diagram of Mg-Si system 0. 74 eV

0.83 eV



448

3
.99 eV'”, 3
100 4 s
80 ‘ ‘;‘
I ool
©60f T
5 5 o
— =
S 40f 1
6 "
® L 083ev
20j 0.74 eV \ G5
0 4 / i 1 X 1 1 0 M 1 i \ ‘./u f
0.7 0.8 0.9 1.0 1.1 1.2 1.3 0.7 0.8 0.9 1.0 1.1 1.2 1.3
Photon energy/eV Photon energy/eV
(a) [RIZATRR (b) ELHZAHTBR
(a) Indirect band energy (b) Direct band energy
3 Mg, Si
Fig. 3 Optical absomption coefficients and photon energies of Mg, Si in room temperature
) CASTEP Mg Si
, 1969 , M.Y. Au-Yang , 0.299 4 eV 4
Mg Si :
0.53eV ;1970 , Aymerich F 4 Mg, Si
Mag. Si :
0.49 ev'®;1993 , Corkill Cohen Mg; Si
, 0. 118 eV , : ( Pulsed Laser
0002 Yoji Imai Deposition, PLD) , ( Molecular-beam
36 Epitaxy, MBE) , ( lon-beam Synthesis,
¢ : 5 : ! IBS) , Reactive Diffusion, RD ,
55E “—% : ( )
= | |
3 1s=—=< N\
?’?" = 0\\\\-‘#?# ( Magnetron Sputtering) Mg, Si
= = A ' ]
R 2
Es==———
. 4.1 ( PLD)
L ; ' ; Seung-Wan Song : PLD :
—15 i E )
- I r X P HRTEM Mg. Si :
250 : Mg, Si ,
4 MgSi 10 60 min, :
Fig.4 Calculated band structure of Mg, Si 30 380 nm, 500 5 h,
, PLD ,

0.28 ev'”:2003
0.277 ev'™:

[13]



5 : Mg Si 449
Si 6 mm Si Si-Mg , Si
, 250 , Ar 1330 mPa Mg 4 10
, PLD 10 Hz, 200 RBS : 81 nm
300 mJ/ pulse, 5 cm, 10 Mg, Si, XRD 6 L
60 min : 4.3 (1BS)
30 380 nm, 380 nm ,  XRD E. Goranova IBS Mg, Si :
e 5 . Mg 500 “
. —_ Mg + : Mg 1.33
= S 13.3 Pa , 230
- s 500 30 s 5 min
5 R = R , Mg, S
: 3 4.4 ( RD)
= q .
B @ I S T. S. Kamilov , RD
i) ol Mg, Si :
® el
= ' w ‘ D (p=3000 Q- cm)
1020 30 40 50 60 70 n (p=100 600 Q- cm),
26/(°
e 200 350 um 10 mmx 10 mm
5 XRD Mg ,
(a) Mg, Si . (b) PLD , 1.33 x10 ° Pa,
380 nm Mg, Si , 700 1100
Fig.5 XRD pattems of ( @) My, Si powder used for tar- 10 , 7
get and (b) 380 nm My, Si PLD film 500 600 , Mg
13. 3 133 Pa, 30 40 min,
4.2 ( MBE) MgSi
Jhn E. Mahan MBE Mg, Si
XRD Mg, Si , | M. Si (17)
Si(111)  Si( 001) , HF
, 400 , 800 !
o0 L. , Temperature region
106 £ : of furnace
; - = :
|t 7= 700 5
2 10°F o o
= F o =) ' l, cm
3 L8 2 ;
SR (Ll A l Ampoule eececcocc oo Mg
8 F = . a3 =
2 10 — i1%g g o \[
ep e | @G???iéimm
2 102 _ ‘o g o o / crucible
;g : 1 “~ \ Si-substrate Furnace
IS j J |
—— '.‘-L—E—';-—.—:_.. R Tl i T 7
10 30 SOZBK( )70 90 110 Fig.7 Schematic diagram of reaction-diffusion device
6 MPE Mg, Si  XRD 4.5

Fig.6 XRD pattemns of Mg, Si by MBE

Mg, Si ;
(1) W. K. Chu Mg Si



450 3
200 Mg, Si , (3)
My ) Z =5 /K, (3)
- , Z seeback s,
(2) M. Wittmer MBE o K %
Mg S ! 862 K ,ZT 0.56'";
’ Si , Bi ,ZT 862K 0.86"" ;
e V. K. Zaitsev Mg, Si; - . Sn,
(3) P. L \hnega 100 nm Mg Xx=0.4 ’ ZT>1 [ 25] ,
Si(100) Mg, Si , Mg, Si
500 nm Al 6
[20]
(4) P. Boher : Mg, Si ,
Mg, Si W/ | |
Mg, Si , Si( 111) , S | S
[21]
’ NUZSi
, (1) Mg, Si
5 Mo, S |
: Si ,
51 |
, 1.2 1.8pum , . (3)
Mg, Si/ Si e
52 |
, Mg, Si |
, Ag Cu P , Mo Si
Sb, Al Bi n Mg, Si
Z,

[1]

[2]

[3]

[4]

MAKITA Y. Kankyo Semiconductors-why and how{ A] . Proceeding of Japan-UK joint Workshop on Kankyo-Semiconduc-
ors[ C] . Tsukuba International Congress Center, August 3-4, 2000.
WANG Y, WANG X N, MEI Z X, et al.. Epitaxial orientation of Mg,Si( 110) thin film on Si( 111) substrate[ J] . J.
Appl. Phys. , 2007, 102( 12) : 126102-126104.

[M]. : , 2003: 60.
FANG R CH. Solid Spectroscopy [ M] . Hefei: University of Science and Technology of China Press, 2003: 60. ( in
Chinese)
SAMSONOV G V, DVORINA L A. Silicides] M] . Moscow. Metallurgy Publishing House, 1979: 447.



;o Mg: Si 451

[5]

[ 6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[ 16]
[17]

[ 18]

[19]

[20]

[21]

[22]

[ 23]

[24]
[25]

TAMURA D, NAGAI R, SUGIMOTO K, et al. . Melt growth and characterization of My, Si bulk crystals[ J] . Thin Solid
Films, 2007, 515:8272-8276.
VANTOMME A, LANGOUCHE G, MAHAN JE, et al. . Growth mechanism and optical properties of ssmiconducting Mg, Si
thin films[ J] . Microelectronic Eng. , 2000, 50( 1-4) : 237-242.
AU-YANG M Y, COHEN M. Electronic structure and optical properties of My, Si, Mg, Ge, and Mg, Sn[ J] . Physical
Rev., 1969, 178(3) : 1358-1364.
AYMERICH F, MULA G. Pseudopotential band structures of Mg, Si, Mg, Ge, Mg, Sn, and of the solid solution Mg, Ge, Sn
[J . Physical Status Solidi, 1970, 42( 2) : 697-704.
CORKILL J L, COHEN M L. Structural, bonding, and electronic properties of 1IA-1V antifluorite compounds[ J] . Physi-
cal Rev. B, 1993,48(23):17138-17144.
IMAI Y, WATANABE A. Energetics of alkaline-earth metal silicides calculated using a first-principle pseudopotential
method[ J] . Intermetallics, 2002, 10: 333-341.
IMAI'Y, WATANABE A, MUKAIDA M. Electronic structures of semiconducting alkaline-earth metal silicides[ JJ. J. Al-
loy. Comp., 2003,358( 1-2) : 257-263.

, , .. Mg,Si [J. ,2007 (38) :4119-4123.
CHENQ, XIE Q, YAN W J, et al.. Study on the electronic structure and optical properties for Mg, Si[ J]. Functional
Materials, 2007 Supplement( 38) Vol: 4119-4123. ( in Chinese)

SONG S W, STRIEBEL K A, SONG X Y, et al. . Amorphous and nanocrystalline Mg, Si thin-film electrodes[ J] . J.
Power Sources, 2003, 119-121:110-112.

SONG S W, STRIEBEL K A, et al. . Electrochemical studies of nanoncrystalline Mg, Si thin film electrodes orepared by
pulsed laser deposition[ J] . J. Electrochem. Soc. ,2003, 150( 1) :121-127.

MAHAN J E, VANTOMME A, LANGOUCHE G, et al.. Semiconducting Mg, Si thin films prepared by nwolecular-beam
epitaxy[ J . Physical Rev. B, 1996, 54( 23) : 16965-16971.

GORANOVA E, AMOV B, BALEVA M, et al. . . lon beam synthesis of Mg, Si[ J] . J. Mater. &ei., 2004, 39: 1857-1859.
KAMILOV T S, KABILOV D K, KAMILOVA R Kn, et al. . Inwestigation of the magnesium silicide Mg, Si films[ C] .
2006 Intemational Conference on Thermoelectrics, Vienna, Austria 6-10 Aug, 2006: 468-469.

CHUW K LAU SS,M LLER H, et al.. Implanted noble gas atoms as diffusion markers in silicide formation[ J] . Thin
Solid Films, 1975, 25( 2) : 393-402.

WITTMER M, L THY W, Von ALLMEN M. Laser induced reaction of magnesium with silicon[ JJ. Phys. Lett. A 1979,
75(1-2) : 127-130.

JANEGA P L, MCCAFFREY J, LANDHEER D, et al.. Contact resistivity of some magnesium/silicon and magnesium sili-
cide/silicon structures[ J] . Appl. Phys. Lett. ,1988, 53( 21) : 2056-2058.

BOHER P, HOUDY P, K HNE M, et al.. Tungsten/magnesium silicide multilayers for soft X-ray optics[ J] . J. X-Ray
Si. Technol. ,1992, 3( 2) : 118-132.

VANTOMME A, MAHAN J E, LANGOUCH G B, et al. . Thin film growth of semiconducting Mg, Si by codeposition[ J] .
Appl. Phys. Lett., 1997, 70( 9) : 1086-1088.

TANI J, KIDO H. Thermoelectric properties of Sb-doped Mg, Si ssmiconductors[ J] . Intermetallics, 2007, 15: 1202-1207.
TANI J, KIDO H. Thermmoelectric properties of Bi-doped Mg, Si semiconductors[ J] . Physical B, 2005, 364: 218-224.
SONG R B, AIZAWA T, SUNJ Q. Synthesis of Mg, S, ., Sn, solid solutions as themoelectric materials by bulk mechani-
cal alloying and hot pressing[ J] . Mater. <i. Eng. B,2007, 136( 2-3) : 111-117.

(1983—), L E-mail: kejie8308@ 163. com
( 1964_) ’ ’ ’ ) ’

E-mail: gxie@ gau. edu. cn



