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Study of the electrical property for GeiSnJ/Gei-,Sny(001) with a direct band gap
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(il~so0 Park’, Sang Kook Chun™)

Absrtact

Gei1 «Snx/Ge1ySny is a very promising material for the high-speed device due to the fact that
electron and hole mobilities for the strained Ge1«Sny/Ge)-vSny  are greatly enhanced. Because
GeixSny/Ge; ySny has a direct band gap for the proper combination of x and vy, it can be applied to the
optoelectronic device. Therefore, the study of the electrical property for Gep «Sny/Ger-,Sn,(001) with a
direct energy gap is needed. Ge; «Sn. layer can not be grown thickly due to the large difference of
lattice constants. This fact prefers the structure of the device where electrons and holes move in the
plane direction. The transverse mobilities of electron and hole for GeosSnoy/Ge(001) are 2~3 times larger
than those for Ge/GeosSno2(001). Therefore, GeosSno/Ge(001) is expected to be Dbetter than
Ge/GeosSno2(001) for the development of the high-speed device.
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Fig. 1t Electron and hole mobility as a function
of the doping concentration in

Ge/GeosSno2(001) at 300 K

992

A Fx9 Axd F X XN¥FH L AHe I A
Mol vgl #& YA FHo AXsI=2(7] gy
Y Axes I A $xgctn & 5 gy} o
w, X I' A Ate] = L3} I A Alol9
mAte] 4IRS FAIG £ gloma B =R
ul| 2| 8} % ot

a2y 12 2%71 300 KY 4, GeosSnoz(001) 9
of AAAIZ GeollA ¥7h(acceptor): boron, F 78
(donor)¥ phosphorous® zZtzt =% L H$9
g sxod wE HAt FF oFEE RdFEy.
HWE 9ste] &3td Geo] Ax9l FF o]FES
ETFAAHI) 4oz £qE5 w7} 107/em’ o
dAME ol Ert BE¢EWE 58 2397 oA
(hopping process)ll o] AAQHRAT 7ZFH7 F
el o olFEE ofx B3I oI H gl
gouz 10%m’ o]4e] g wiA )

g8 fi=de] ZAe9 uartA 2 s ue
FE AdEAGe] e AL B F U EeE
FE7 10%em’ BTk ¥ & Ae, A AT oF

£ F2 AP A&d OP 4tgte 938 o)
A, BE&E w57 10%em’ o142 AgeHe
Axtet AF o)L vERIE ZAa7t BHAAH
10 4Fsho] F4 Abd&E o)t

Y WE Mz o]FE WIE Az 7
Zo ¥3EAM AHAEE 4 Aok Ge/GepsSno2(001)
TZAM YWY I NHNM Axuel Az}
we] B35S F/AA HAAe] Aud= fa3
F(omy)H AEE FEEZH m,)e ZA7E ZaA
A, ol #8E Ges) A o]FTRCT B &
HAHY G HE Ged el A F7iEHE ¥Uo)
"ot 3, ¢5tE Ged s 2 ¥ X
GedlM e A=we 9% A (cubic symmetry)o]
Hr)=w gk ulel wzhe] A3 ztgo] delzic
Arwe fx7tme] 4328 Jdywggtor =z
A FAgste Aweke] AF(my)o] HuEwk
AF(mp)ET #FA He 90 € dF =49,
AEg ZolAM 10 meV ¥ Foll X7 AAHA
my & 0015 mol® myE 003 myoltHsl. ol
o e AAE A WYL B GeollM AFY
Wake] ol =( )7t BHWES oFE(us)ETH
°F 15 H) 7FF AR = Yle] ot

By LHAYE HE Geolld:E HH wet LH
w7t Felgduent ofvgl A Ay AR
3 A3, "afe] AR wmu Ak A2 Qs

T -

A=
L.




Y] XTFH GedllH HEF o5 xE gy
Geel 27 s ZrtEth G dEPS] A%
oot Aztm e FEag e HAWgow A z
§3t mi o]l mrET FFole dUcle] o, Ax
7tm 8] & ¥ E W4 (anisotropic) 422 3 F =z
Fapols MY A¢Eo At oF 59, A7}

o ZolA 10 meV @& EoH e m; &
0018 myol™ mT & 0206 my9 A7 Zeo
(8l ol A& pyo prETh o 8w A=
UQle] =},

a9 28 2571 300 KY o, Ge(001) $lo A
FAZ GeosSnozel M WiHE  boron, FAE

phosphorous® 7242t =3 & 299 £ Eo
& WA HF )BEE HAFEY nng 93
of #3}E GeosSnoz® A} HF )EES ¥3
Azt 29 19 349 2L olfE =YErv}
10%cm’ o]4 o we) o]FEE Estarx gkgict
EEE T 10%em’ 2o @ A9 A A
olFET F2 AP ¥ OP Aere] 9ag uhi=g)
2 F ook wd, BEE w5 10%em’ o4
Aol A F8 Aghe 10 Abgo)t)
Bowing &AF}E& x8d 714 dd oygy
(virtual cystal approximation).2 #AAtg ¢sg
GeosSng29 e e Y 0.188 evolx
GeosSno/Ge(001) FZell A2l 2318 0243 eVolt).

e ki ol

10*

electron u in relaxed Ge ,Sn,, G, Sn, /Ge(001)

I e T, <>
TNy

- hETR Y T=300K

$ T RN

Sl T SN

% hole u inrelaxed Ge, Sn,, TN e, ™)

= 10’ p— . ~transverse electron " '

= « « = longitudinal electron u

[es+eee- transverse hole u
~—longitudinal hole u

2 al "3

10 13 “ 15 "‘ J‘f I‘l 1
10 10 10 10 10 10 10

Doping concon(ralion(cm")

a3 2 =7 300 KY o, GeosSnoz/Ge(001) F
ZAM =8 Fx WE Mz} FF o

5
Fig. 2 Electron and hole mobility as a function
of the doping concentration in

GeosSno2/Ge(001) at 300 K
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