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Fig. 1. Device structure diagram of AlGaN/GaN HEMT.
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Fig. 2. A schematic diagram of polarization caused by a

longitudinal optical wave.
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Fig. 3. Mobility limited by polar optical phonon scattering

as a function of temperature.

157303-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 15 (2020) 157303

HA SR AR B RE It = TR 5 e, BR
ERANRE, A RABT, WO FH W e
A RE RV R N R A R 7R R e
kg T L K TP F BB Ao I A I A IS 3 4
AE R ) W WSS T HIUR %2 AlGaN /GaN HEMT Hy
e T RER N 91.2 meV 24, 7 200—400 K
1) T BE S BB N R T PR BB o kg T (17.2—
34.4 meV), BT AW FEURHR A 25 75 1L
SRR HER A 27

WA 2 7 RIS DR 28 e 1 3 B 38 I ek
Fv AR AL B2 S AN E] 4 B, SRS R Bl IR
BRI AR PG, AL U R R
P 1) I B8 2 I T AR AL AL R ppo = AT
(o = 3.5) IAERECCR, XER ARG PO T
AR SR B R VIR DG, TR B, AR IR SRR
FU, WA PR . R TR Y T, AR
SPERIR T PV R RRE  CE TR A AR A RK
SR R P E YIRS AR, P BD65 A 5 N, )
T X —4ErE. E 4 B80T LB Y BEE 2DEG ¥k
JE B, B 75 U R e e R
AR, X 2N 24 2DEG #e B 18 Ri), 2ok e
Ep ¥ 2B, AR (2) =X 9% K-k B 5 43 A pR K
AL, BT 45 i T AR T o i A R
K, HRECH B F 3SR, 20
ML 5002 AR E AR 1, 3 OO 5 m, #k
fEIG5 7 FEOR R R e i E B R T B W AT,
2DEG Wk BRI, B 3E i 1 B - Sk ei s 1
() A B AR FH R A AR Ak D' 25 75 - 05 R 28 e 1
TR, i sREL ¢ (2) PTAL 2DEG W K flifS
ARG SHI b SR, BT Y R O A i 0,
(g ) $ R HL 10 RIS AR 2 75 0k PRI 228
B, W\ (q.))? Fm T 56 A T R A5
55, (9) SREEW, [1(q.) "Bl b BRI, BT
ARG 275 F I AH ELAE B o 38R ai. (R,
Wi 2DEG WEERG K, Mo i Fm, i+
Skt S - A AR RIS, B
S R P e i % F T . AlGaN/GaN HEMT

th 2DEG W EKH T AlGaN # 22 ) Al 443 .

A FRL A TR R SRS R 22 AL DL e R A F
o7 T80 %% 85 43 )3 ok 2028 2DEG e BE T s e i Ak Ot
FRETHUN R RER TSR

ARG P BN DR 2R R E BT RS R D
T RER AL SR AN 5 R, FERE

300 K, 2DEG #FEE R 1 x 10" em 2 IS4 T,
25 7 U R P (W B R e T
Al Fo A 184 T AR LR MBS I, 246 T RE RN
91.2 meV ¥ 96.2 meV I, HAL G T U
PR 2 e o B A B8 R B 2950 em? V- Ls ! 14 i 3]
3529 cm?V-ls'l AL FRE B R E IR T R
i 2DEG B4R EE N E. A HGER, R
S AR E TR, SR T AR
HEMT il {627/ F B il K SiC i Si 4
JEE 1281, PR, S A PR 3 A TR AR T 4 R A
He2FrFRe s, G 2DEG ZEiRiER R,

10°

—=— nop =6X10"1 cm—2
—— nyp=2x10"2 cm—2
—A— nyp =6Xx1012 cm—2
¥ nop =1x1013 cm~—2

104 1

if*gg‘iupo/cmz\/‘l-s‘l

108

200 250 300 350 400
WE T/K

4 A[F 2DEG W EE nop T, Akt 2 75 F BT B R B2

A2 Ak

Fig. 4. Polar optical phonon scattering dependence on tem-

perature for different nop.

3600

3500 | , ,
nop =1X 1013 cm—2

3400 L T=300 K

3300
3200

3100

EBE upo/cm2 V-1.s-1

3000

2900 ! v !
91 92

9 94 95 96 97
e FREE /meV

Kl 5 ARG 75 B B2 75 RE i Aw o 1R R
Fig. 5. Curve of polar optical phonon scattering versus

optical phonon energy Awy .

4 %

ARSI TR ARG P 1 B Rl I 38 e 52
AP R TR D 7S RSBt i T v T, i LA

157303-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

W) I8 =

R Acta Phys. Sin.

Vol. 69, No. 15 (2020)

157303

WA G P - BT PR 2R TR 1) 3 B AR B i 82 4 o
MR, B 2DEG WK, S5t
THIEAE NG R, SR T U PE 1T
R AR, 2000 1 B2 SR IO 7 75 51
kﬁb‘ﬁfﬁﬁﬁﬁﬁ%ﬁ%ﬂn i T GaN Hit2

TREFBR, PRI M WST 75— Xof 1 3% 48 1) 52 0
jt T2 B P F RE R XA A2 A - HIUR TR e
UFSRE 2 A ] BT RUE: N & e Yl i 238
HePiH AlGaN/GaN HEMT = iiT 3.

Sk

[1] YuE T, Dang X Z, Asbeck P M, Lau S S, Sullivan G J 1999
J. Vac. Sci. Technol., B17 1742

[2] JiD, Liu B, Lu Y W, Zou M, Fan B L 2012 Chin. Phys. B 21
067201

[3] Ibbetson J P, Fini P T, Ness K D, DenBaars S P, Speck J S,
Mishra U K 2000 Appl. Phys. Lett. 77 250

[4] Liu G P 2013 Ph. D. Dissertation (Beijing: University of
Chinese Academy of Sciences) (in Chinese) [XI| 5§ 2013 -+
2R SC (bt RERRERE R

[5] Hsu L, Walukiewicz W 1997 Phys. Rev. B 56 1520

[6] Gokden S 2003 Phys. Status Solidi A 200 369

[7] Anderson D R, Zakhleniuk N A, Babiker M, Ridley B K,
Bennett C R 2001 Phys. Rev. B 63 245313

[8] Ridley B K 1998 J. Phys. Condens. Matter 10 6717

[9] Zhang J F, Hao Y, Zhang J C, Ni J Y 2008 Sci. China Ser.

(10]
(1]

(12]

(13]
(14]
(15]
(16]
(17]
(18]
(19]

(20]

21]

(22]

(23]

157303-5

E: Inf. Sci. 38 949 (in Chinese) [FK4: R\, #PRR, SKIEI, il &

2008 HEEF E #: {5 B 38 949

Yang F J, Ban S L 2012 Acta Phys. Sin. 61 087201 (in

Chinese) B4, Bt R 2012 P34 61 087201]

Protasov D Y, Malin T V, Tikhonov A V, Tsatsulnikov A F,

Zhuravlev K S 2013 Semiconductors 47 33

Chen Z K 2016 Ph. D. Dissertation (Chengdu: University of

Electronic Science and Technology of China) (in Chinese) [B
YL 2016 HZENHESC (R PR K]

Yang P, Li Y W, Wang X B 2015 Acta Phys. Sin. 64 197303

(in Chinese) [#ll8, FiE(H, F&W 2015 YF~A4f 64 197303)

Gurusinghe M N, Davidsson S K, Andersson T G 2005 Phys.

Rev. B 72 045316

Rode D L 1975 Semiconductors and Semimetals (New York:

Academic Press) pp4—28

Yokoyama K, Hess K 1986 Phys. Rev. B 33 5595

Price P J 1981 Ann. Phys. 133 217

Look D C, Sizelove J R, Keller S, Wu Y F, Mishra U K,

DenBaars S P 1997 Solid State Commun. 102 297

Chin V W L, Tansley T L, Osotchan T 1994 J. Appl. Phys.

75 7365

Cui P, Mo J H, Fu C, Lii Y J, Liu H, Cheng A J, Luan C B,

Zhou Y, Dai G, Lin Z J 2018 Sci. Rep. 8 9036

Ambacher O, Smart J, Shealy J R, Weimann N G, Chu K,

Murphy M, Schaff W J, Eastman L F, Dimitrov R, Wittmer

L, Stutzmann M, Rieger W, Hilsenbeck J 1999 J. Appl. Phys.

85 3222

Zhang Y F, Smorchkova I P, Elsass C R, Keller S, Ibbetson J

P, Denbaars S, Mishra U K, Singh J 2000 J. Appl. Phys. 87

7981

Zhao D G, Xu S J, Xie M H, Tong S Y, Yang H 2003 Appl.

Phys. Lett. 83 677


http://doi.org/10.1116/1.590818
http://doi.org/10.1116/1.590818
http://doi.org/10.1116/1.590818
http://doi.org/10.1116/1.590818
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1063/1.356650
http://doi.org/10.1063/1.356650
http://doi.org/10.1063/1.356650
http://doi.org/10.1063/1.356650
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1116/1.590818
http://doi.org/10.1116/1.590818
http://doi.org/10.1116/1.590818
http://doi.org/10.1116/1.590818
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1063/1.356650
http://doi.org/10.1063/1.356650
http://doi.org/10.1063/1.356650
http://doi.org/10.1063/1.356650
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1116/1.590818
http://doi.org/10.1116/1.590818
http://doi.org/10.1116/1.590818
http://doi.org/10.1116/1.590818
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1063/1.356650
http://doi.org/10.1063/1.356650
http://doi.org/10.1063/1.356650
http://doi.org/10.1063/1.356650
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1116/1.590818
http://doi.org/10.1116/1.590818
http://doi.org/10.1116/1.590818
http://doi.org/10.1116/1.590818
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1088/1674-1056/21/6/067201
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1103/PhysRevB.56.1520
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1002/pssa.200306701
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1103/PhysRevB.63.245313
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://doi.org/10.1088/0953-8984/10/30/011
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://www.cnki.com.cn/Article/CJFDTotal-JEXK200806011.htm
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.7498/aps.61.087201
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.1134/S1063782613010181
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.7498/aps.64.197303
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.72.045316
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1103/PhysRevB.33.5595
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/0003-4916(81)90250-5
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1016/S0038-1098(96)00784-3
http://doi.org/10.1063/1.356650
http://doi.org/10.1063/1.356650
http://doi.org/10.1063/1.356650
http://doi.org/10.1063/1.356650
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
https://www.nature.com/articles/s41598-018-27357-6
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.369664
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.373483
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://doi.org/10.1063/1.1592306
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 15 (2020) 157303
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Abstract

With the increasing demand for high-frequency, high-power and high-temperature microwave applications,
AlGaN/GaN high electron mobility transistors have received much attention due to their promising material
features such as wide band gaps, high-concentration two-dimensional electron gas (2DEG), strong electric field,
at which the electron velocity is saturated, and high operating temperature. The 2DEG mobility at
AlGaN/GaN interface is a key parameter to describe characteristics of high electron mobility transistor, and the
mobility of 2DEG in AlGaN/GaN high electron mobility transistor is determined by a variety of scattering
mechanisms in which the polar optical phonon scattering caused by electrostatic field between uneven polar
positive and negative charges is responsible for mobility limitation in a 2DEG at high temperature.

Calculation of polar optical phonon scattering is carried out by the analytical model in which Fang-Howard
variational wave function and Fermi’s golden rule are used. The interaction between 2DEG and phonon is
described by scattering matrix element for the transition, in which phonon occupation number is given by Bose-
Einstein statistics. The scattering time is derived by neglecting the in-scattering, and the numerically calculated
energy-dependent scattering time is averaged according to Fermi statistics.

At temperatures in a range of 200—400 K and two-dimensional electron gas concentration in a range of
6 x 101-1 x 10'3 cm2, the mobility varying with temperature is analyzed. It is found that the mobility limited
by polar phonon scattering decreases monotonically with the temperature rising and their dependence is well
approximated by a function of ppo = AT~ (o =3.5) as the phonon occupation number increases with
temperature rising. Furthermore, the polar optical phonon scattering is enhanced by greater electron
concentration as a result of increased interaction between phonon and 2DEG. The mobility limit is calculated
separately by emission phonon and absorption phonon, the results indicate that absorption phonon is
predominant, which is attributed to high optical phonon energy in GaN. The mobility of polar optical phonon
scattering is further studied by changing the optical phonon energy, which shows that the room temperature

mobility of 2DEG can be improved by increasing the energy of polar optical phonon.

Keywords: two-dimensional electron gas, polar optical phonon scattering, high temperature mobility, optical

phonon energy
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