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Study on carrier characteristics of Te doped GaSb materials

JIN Shu-pei,HU Yu-nong, LIU Ming,SUN Hao, WANG Cheng-gang
(CETC Electro-Optics Technology Co. Ltd. ,Beijing 100015, China)

Abstract: Undoped GaSh material exhibits P-type characteristic,, which limits its application of GaSbh materials in the
fields such as InAs/GaSb superlattice infrared detectors. The theoretical basis for estimating superlattice carrier con-
centration and growing superlattice substrate , buffer layer and electrode contact layer can be provided by exploring the
electrical properties of N-type GaSb films. Te doping can achieve the preparation of N-type GaSb films by suppressing
GaSb intrinsic defects. Molecular Beam Epitaxy technology is used to get the doped GaSh films which are grown on
GaSb substrate and GaAs substrate at different GaTe source temperatures. GaTe source temperatures are set at 420
°C ,450 C and 480 °C ,respectively,and the electrical characteristic of GaSb films are investigated by Hall test. In the

Hall test at 77K, it is found that all GaSb films grow on the GaAs substrate showing N-type semiconductors, with carri-
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er concentration increasing with source temperature. Compared with the undoped GaSb, carrier concentration and the

mobility at 420 °C and 450 °C due to impurity scattering caused by the increase in carrier concentration, and increases

with temperature , but at 480 °C , the mobility decreases considerably due to the decrease in defect density. A 7000 A
Be-doped GaSb buffer layer is grown on a GaSb substrate , followed by a 5000 A Te-doped GaSb film. The results show

that due to the presence of P-type buffer layer,the film appears as a P-type semiconductor when the source tempera-

ture is 420 °C ,the presence of hole carriers increases the overall carrier concentration of the film,but the compensa-

tion of holes and electrons significantly reduces the mobility. When the source temperature is 450 °C and 480 C ,the

film is still N-type semiconductor,and the carrier concentration which is 2 ~3 times that of GaSb film grown on GaAs

substrate increases with temperature. The mobility is highest at 450 °C and decreases at 480 °C. Setting the GaTe

source temperature at 450°C with higher carrier concentration and higher mobility of GaSb thin films involved in the

preparation of superlattice materials can make the best effect of the whole material.
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Fig. 1 Hall effect diagram
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Fig. 2 Diagram of a thin film sample for Hall test
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Fig. 3 Structure diagram of GaSb film grown on GaAs substrate
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Tab. 1 Variable field Hall test results of GaSb films doped with different GaTe source

temperatures grown on GaAs substrate

Te Y WA /T EE BT HBHA/ (Q - cm) BT HSE/em ™ TR/ (em® - V7' os7h)

0.3 N 1.4335 x 10 72 4. 9498 x 10'® 6847.6

20 0.5 N 1. 6626 x 10 =2 9.2321 x10'® 6732. 1
0.8 N 2.2765 x 10 72 9.7600 x 10 2985. 0

1 N 2.2336 x10 72 7.1100 x 10 3611.5

0.3 N 2.9921 x10 73 4. 1538 x 10" 5029. 3

250 0.5 N 2.9898 x 10 73 4.1214 x 10" 5056. 0
0.8 N 3.0056 x 10 ~3 4. 1300 x 10" 5046. 0

1 N 2.9451 x 1073 4. 1460 x 10" 5053.5

0.3 N 2.5685 x10 3 8.6239 x 107 281.8

480 0.5 N 2.6133 x10 73 7.3600 x 107 325.4
0.8 N 2.5744 x 10 73 8.2830 x 107 281.7

1 N 2.5792 x10 73 8.6293 x 10" 281.6
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Fig. 5 The electrical characteristics of GaSb films doped with different
GaTe source temperatures vary with the magnetic field
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Tab. 2 Variable field Hall test results of GaSbh films doped with different GaTe source

temperatures grown on GaSb substrate

Te 5 ik AR EE/ T bR RS HLBHLEE/(Q - em) BT/ em 7 FBFE/ (em® - Vo5

0.3 p 3.0200 x 10 73 3.7200 x 10'# 571.0

0.5 P 3.0770 x 10 3 3.5700 x 10'® 556.8

20 0.8 p 2.8518 x10 3 4.0121 x10'8 558. 4
1 p 2.7246 x10 73 4.4026 x10'8 699. 0

0.3 N 1.0341 x10 73 1.2190 x 10'8 4963. 3

0.5 N 1. 1200 x 10 =3 1.0000 x 10'# 5263.3

0 0.8 N 1. 0760 x 10 =3 1.2054 x10'8 5070. 9
1 N 1.0470 x 10 3 1.2130 x 10'8 5028.9

0.3 N 1. 0000 x 10 =3 1.9647 x10'® 3185.6

0.5 N 8.9900 x 10 ~* 1.5600 x 108 3970. 0

0 0.8 N 9.7600 x 10 ~* 1.8790 x 10'# 3578. 4
1 N 1. 0000 x 10 ~3 1.9556 x 10'8 3186. 4
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Fig. 6 When the GaTe source temperature is 420 C ,

the electrical characteristics of the doped GaSb film change

with the magnetic field

Fig. 7 When the GaTe source temperature is 450 °C
and 480 °C ,the electrical characteristics of the doped GaSh

film change with the magnetic field
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B4 GaSb A LU, iF LKA 420 °C (450 CHfHE K,
480 CHIYRYS, 7E GaSb(Te) fo Ji& b A= 11 W] B P AE
GaSb MR, fh T P B ZZ vp )2 (A7 1E, GaTe J5 5 A
420 °C BRI /R Rl N R QAR 2000 -k B RE
LT 4 x10%em ™, B HE(UA500 ~700 cm® - V!
- 57", GaTe ik A 450 °C 480 CHT, Jifis -l N i
SRR TR REIAF] 1 x 10" em ™, 25 4[] GaTe
TR GaAs # % A Y GaSb #ilEAY 2 ~3 15, 5
GaAs # I I 2E K 1) GaSb B AH L, GaTe Ji iR
450 CHHEFS R L&A 224k, 1M GaTe Y534 480
CHEEBRIR . K, A ] Te 825419 GaSh #18}
YRR RS I N G2 o2 1B GaTe Y5 R 450 °C
RERS A BRI e ff: . GaSh BB 1k
IR T, TR 3RAE GaTe JRIE N 450 °C i fix KA
SEEREE IR AT LA T AR MEA K N BB AR GaSb,
DL )% InAs/GaSb S B4R B bR E1E NS5 .
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