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ABSTRACT

III-V semiconductors such as GaAs, InGaAs and GaN are important components in modern
microelectronic industry and optoelectronics. Due to its wide band gap and high thermal
conductivity, GaN has attracted g;reat interests for high power operation at microwave frequency.
In the meantime, the rapid development of information technology and improvement of human’s
life require terahertz detectors with broad applications such as biomedical, security and industry.
To that end, it is very necessary to investigate the DC characteristic and fast response of these
II-V based devices at terahertz frequency, the results are list as follows,

1. We has investigated the polarization properties in III-nitride materials, the relative position of
conduction band energy can be tuned by taking advantage the polarization capability of Ill-nitride
ternary or binary compounds. In this paper, we have investigated the hot electron effect in
AlGaN/GaN/InGaN/GaN double heterojunction device, during the process the transport equation
and scattering effect on the high-field current characteristic are included. We find that the
formation of negative differential resistance is due to the potential barrier which is induced by the
non-uniform carriers’ distribution under high electric field. The nonequilibrium distribution of hot
electron cause the production of hot‘ optical phonons localized in the channel, and the self-heating
effect is enhanced. We calculate the energy distribution in hot electron-hot phonon system, and
find that the electron-phonon sub-system contains energy with an order of ,mag1ﬁtude larger than
the energy dissipated through heat transfer. In such a system, the terhperatures between hot
electron and hot phonon are almost equal with each other, and such phenomenon indicates that
device’s barrier layer with high Al mole fraction will inhibit self-heating effect.

2. We have investigated the ballistic transport properties of carriers with mean free path longer
than the gate length in field effecf transistor. The results indicate that under the action of alternate
change signal the delay of carrier causes the non-static resistance effect, instead, the device
behaves as an oscillation circuit for certain frequency. When considering the local non-uniform
effect along the channel, we develop RLC equivalent circuit model, and the resonant frequency
obtained is in consistent with quantum-theory. This paper introduces the physical mechanism of
hydrodynamic nonlinearity in such transistor, and compares directly detection properties with

other types of detectors. We have investigated the characteristic propagation distance of carriers in
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different devices, and illustration the hydrodynamic instability in these devices.

3. We have studied the excitation process of plasma waves in GaN channel, unlike other III-V
materials, the plasma waves in GaN channel do not suffer from damping at frequency higher than
2THz. GaN-based plasmonic detectors are very promising for realizing room-temperature
operation. We have developed the THz-plasma waves coupling model, and investigate the dipole
oscillation along the channel. Due to the non-ideal cases, the fringing field effect plays an
important role on the resonant frequency and voltage tunability of plasma waves. In the meantime,
we have investigated the resonant enhancement and damping phenomena of plasma waves in
GaN devices.

4. We have analyzed the plasma waves in AIN and double channel devices, including the
Coulomb interaction between carriers, resonant splitting and enhancement of plasmon
hybridization, the results indicate that GaN devices have good performance for power conversion
between 1 to 10THz, and at frequency higher than 10THz the incident waves are reflected back

by the optical phonon modes leading to the damping of plasma waves.

Keywords: GaN HEMTs, self-heating effect, hot-electron effect, terahertz detectors, plasma
waves
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F4 BRI %

e, RATERIIENER HEB BT M4H Bk, S8BT RARMSHR UEY
SRRV E KB, 05 R4 T LUE AL Rk R0 B0 T 1%, X EBATA A
B E R R R . R A R IR, 3R i T B 2 IR
ﬂﬁﬁ,%%ﬂ%%&*ﬁﬁﬁ@%%?ﬁ%ﬂ%moN?i%ﬁﬁﬁ,L%ﬁ%?%ﬁ
AR, TV S LR TAER, IS S ORI RNERRSHE R SRS
Foh TN, BT L TR AE A HR 710" cm® 1 3x10 em®, 7E-SV HHRERET
sepk PG T EER 0 A 5x10em>. 7EME 8 1, FARIMEMIR fE I T K A IE R
ﬂ%ﬁ%#%%&%%%ﬁﬁ%OW%%wE7*%%%%%mm@i%%%dﬁg7m%
L, MR RS T, & 8 I T E S NIRRT L, X IR SRER AT LA
M 0.5THz Z4F 15THz.

§ o SR B SR T B 43 0y = BB (a)0.5—4TH U B SN S B T IR LR,
IR AR R TR K, (b) 4 ~ 11THz FETHESHER, BSHRRETRAT
BRER AR, (c)11~16THz &8 FAREIRK S, HT2BTEERTHEENEZME, XE(b)
RO TEAE TR IR AR AN T8 7 SRR EE T BB S .. EWEERMT,
WE 8 B, DR (a) A AR 5 U Bk I L B YA R AN TR T B TR0, BRIIE AR
g AR AR R A LI T ERIG . RS, R IiRE A B
bl 26950 7 5 B I TR {80 20% LT EL i A, I Ag), 3k B my LA i £ FE ),
FERBR(b), U 2% (4 B TR LR O B th B2 L SV R 3, XM TR 7(2)
g FARRML. F, RASETHRIHRELRBANERES.

8 b R B T A SR I R B A AL B YR F TS B AR A TE ] 8 B R
%%oﬂu%m,%@ﬁ%?%ﬁ%%&%%%ﬁAﬂﬁBm%&%%mﬁ&%ﬁﬁo%
W%A%ﬁﬁ%ﬂ%ﬁ%%ﬁyWW&BﬁCW%&@EWE%O@E%%?%%%éﬂ
%ﬁ,%%¥%&ﬁ%%%¥%E%%MWW$,Bﬁ@#%%%?%%%%%%%&%
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$42 LEHTHBEMELEA

RSB TR E S, 3¢ B2 B TR G FTHCR 1 . B TR AE R S(b)
F(c) F B RIS AE B E H AR LBERIR B I X . X T K@) Ak RIS B TR I3k 7
LR T AR EEET U PLmEAE. AXs bkE, B8 MNEPTEIE A KiRER
YT i TARIE L TR RS BSURE TR, T0ME B A C I TER ph AR BB AL R T e

=

JE o

0.30 region (a) region (b) 0 region (¢)
g Peak B
0251 /7 \ g e T
AA L é 02 Peak A~
N 8 01 -
B o020f 2 ke
= SR | 0 15 20 25
2 o01sF
O
(7p)
O
<€ 010¢__gc ppmT 2
~ |——DC-HEMT: \;
0.05 OV: Nyy/Nyy= 7x10'¥3x10%em™ '\
-SVIN /N —O/ax]() Tem”?
0 00 DC HEMT Wlth inverse electlon dens:«ty RN
‘ 2 47 6 8 10 12 14 16
Frequency (THz)

8. JEI A A AR PR 1R A T PR R VA T (SE IR A ) R B VA T B 1R R ) B IR 3 . OV -5V
WK B R T 24y SR 0 F T ZE 7x10%em™ M 5x10em™ 4. EXRIAESEEH, oV
MREET, EEm TyaE st mmTEER 7x10" Wou)H 3x10%em™ Wor), 7E-5V Hll
PR, EYAREA RV S M F T B O(N.su) R 5x10"em™ (Nos). B8AFVAIE AT 55
BRI THE LEEs T N AEs I EWERTEREA 3x10%m> Vo), THAHE
BB N 7x10"%8 em® (Nor). =0T X 2 ISR X AR(IX $5(a),(b),(c)), FETRIE A(A; T A,),
YRl BB, 1 By), IR C(CL M CEEBRIT IR, FHoMA—H BRI A RRE T 3k
R A, B, CHIZUAENEPTHR, HIMALE—HBRKRELE-5V

i, EXAESRTHTHEEEETEMAEAM, S8 TR IRIES %S
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R YEI WU B A B AR BRI 25

S, IR U T LS I VR MR PR SE B AR R SR T P BE TSR, 53O EE
B AR L VR R T AT BRI 15 SRR T RS, MBI m AR A SR R U e T
BIZERTT R o

§4.3 AIN/GaN BTkl HEHR

£ b — e, BRATAELE SV E S T i T B AR A ELAR P AT AR AR S A
EIIEME . B AlGaN/GaN 3/ BERE B THE, EHTHRENETIRR, &
SR T M PN RIS, EMESRREFARRE. N T Mo — 3,
WATHIFL R T SR e b Ky, R S B T 1R 2 SEIAT R AT 22X

103X — /N AT B T TR EE T SR M AR 2R T IR 18 9 PR BT ST HY
AIN/GaN 2254, 1 5nm 9 AIN 352 21 ALO; FTéi . ALOs E 7] LI AIN/GaN FhE
ERIREEHEADY, som B AN BEWIGAEEER, EHMMEENEET, AINJEHM
GaN HIL=E M S RIS . £/ 9 A4, BFEETH PRGN M A-FEE
WA OB SRR A — R I AR, ATUBEHBRTAEZTE TS EETHE— T,
B T AN R EERE 0.1eV A4, BT =l T 3.8k T(26THz),
@%ﬁ%%%ﬁioﬁﬁT,ﬁ%ﬁ@ﬁﬁ@ﬁ%&%%ﬁ%ﬁ%,%?ﬂuuﬁﬁ%m
KGR T A, XABHE R BT R LR TR ERRAL .

E _
THz Wave
k .
Gratin te
; RUREN
0.1F n=
0.01-4
=
9, o1k
oy 2
@ ] i
g 0.2+ I
4] i 0K
031 <,

- 57015 20 25

044 ) ; Y‘Positixon (nn}) ,

0 25 5 175 10 125 15175
Y Position (nm)

%] 9. MOS-AIN/GaN Y Ml & 224k i 4 R B, Heh AIN BEE S Snm, ALOs EEEL
% Snm, NSRS S BEBALER TR, AR M EAA R E BT RR RN g
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§4.3 AIN/GaN & & PRtz

R AR E it

FET, AINGaN BB TEBRTUMBE 1200 em™/V s, #TF3hEMEE A7
0.14ps o5, 728 9 B TFARMNERELE 10nm £4, XELEEB_FHETFRZERIEE
MEE. FritEBEMETHEENMMERWE 10 MAEFR, WTUEBE 4V iIREET
LB TR BT TT LA B 2.6x10%cm/s. [ 10 BIRT 4V F-4V MR R T 2 e
Frik, BT LAE SR B TR IR A AT R X I b — M R # 2571 (0.1~ 10TH2) E 58, 53
M EHRIE AT LR A =K, K a(ay, as, as), b Fco W 4V F-4V i AR FIHE L
TTUE & o fl c MELT HERLAR, Mg b HRHILHENFES).

VI=1(a,) VgAY ¢
0.24 — N, =2(ay) V=AY
© 020F -~ 7\ |
Q B 15/ - y=3(e) ol
§ 0.16 F %5 R
o X
10+
2012+ = % X
O -2 . |
< 0.08F S 5 . b
0.04 8 04 ‘yﬁ [ Kﬂ'
m;.y(nm).éj\?“/wﬁ

05 1.0 20 40 80 160 320
Frequency (THz)
110, HLAABIAM BSOS IR , | SR B S5 T A,
P L R LR AR T 8 0 s T R B AT R

AT HEHXBEE FARKEDN, RAITESTESERBUR Bk, B2lmomhE. h
TIEMTELAR, I FERIRGER 11 P Ex. B 1) EiH T HIRIE b K70 maEm,
oA AR e ] BE A IRCR AR . R DA BME U b TR R MR AOVAE S T A
Fresi. HeBERTRENNEBEEHEAR, HFAMBREAZNEERR
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LRI B AR RIS

’ enk
@ = 3 11
P 2m g * ab

S -5 Y A B LA A R, 9 L P TR S8 PV P T 5 ) i AR A
I, SRS kYRR I 2oL, R LRSI, n BN, TRMOGHI4A
BRI, BB kW R RR, oL, n RATH L b
B, 3T R BRI VR, R kAR . M 11 T LU R
o i ¢ S R AT R TR S TR SR P AR, T8 11 (o) TR MBI RN
S o B A B A R YR SR . T R S T 1 o A R T R
SRR ), TIrER A B LT AR, R, AR SR Tk
R B T MR R Z S, IE ELZE R 10 FRATAI LA BB M S E T k7). &
V() EESR b BT BN B TR 275, 7T AT BT A R SR S AR
ST RSB TR, S A PR, 7EE 11O RATE A LG R 46, b B IR
S o B R R . TR R, B b BHHR o R ERE.
BE, ERITFFIRET, WRAEE NI, EER b MBEREHR o 1
KARZ, TEF 11(0) T M4 2 B A R RIS T A

B, BT A B T DU S T SR S TR, 6 LT AIN/GaN
ST PR RRE R TR, 2SR SE IR M LA SRR SRR B R S, (B7EH
| %%?wnhmwﬁ,%%ﬁ¥%§~awVﬂuWﬁﬁ,ﬂﬁ%%%?ﬂ@ﬁ%ﬁ@%o
R TR BB LR, PR OUEE T IEE, MO BB TR, AR
PHOEEHIE, E—NELEE T HRRNERERH BTN, Fi, %E&HKES
AT S AR E T, SRR SRR TR R %

(84 =)0
o) = &, +—E—72= (12)
oy, — 0" —il'o

o pro/2m = 16.9THz 255 4%, T, =0.51THz &R TRMME"Y, FziEN T
SR (A R SEE 12 (0P E R R, B RN 2 B AL~ 4THz (Restrahlen) 7 AT LUE
i LST %238, B 12 AR THE S TERMEE S PR T RS rirtt. &
Restralen # K ZHINTRERRS ST, B >R o BILRIHAE, TUE
HIZES AT 10THz T5 0, 2B TR IR ML B RIS, (BAMERT 10THz
R, SR TR A SR T ARRME BRG], Eit, SEERT 10THz
IR, 75 BOR A X B TR AR
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§43 AIN/GaN &E Fi&BIEIR

L 1.1
/gl.os 105
3. 099 0.99
N’ .
= | 0.93 | ,
8= 02 06 10 14 02 06 10 14
= Y
3 X direction (pm)
= 0.22
o 12 0.18
>~ 1l 0.15
| o o 011
0.073
0 0.037
0

X direction (um)

1. SET AR PRI : (@) IO R )R BT A TR B T8 (gated), (b)
SRR ()M BT BOMIREF B AR, () SLIRAER (b)Y B T RIH 585 T A (ungated).

FEh, T TR S BT A IO B T LUE SR A, TR EE
B ARBEERNER T 5T AIN/GaN #4kut, BTF—BTRHENFE 8 hiEe] LA
3x107cm, BT IHKEE T LIER] 8x107cm/s, T BT (IR R EAE 24 et & BF
R EER AT LMEIEN U7 =Uz+Uz,, EF/7, = v K (= 2nn/l HEBTFARBEIEER, L
AR, n=1, 2, 3. )FEHBETREOKMERRE . X TAMEN L4pm KFHL T, 3
P 7 78 60ps, ELLETMBEERLAR, FHMERINIMEGRT I~ XIPMERKRY,
= TR T AR AR I R T DL

T, BAMERNERIEBR I HREEAM T AIN/GaN 84F L%, B 13 fimh
1V -3V MR T BIMROBE 464, SEBEAEAE 2000 cm®/Vs F1 3000 cm?/Vs, X 55%
200K F1 150K T~ Frill i {E =2 —2R . 7T LUE S8 TR I IR 7E (R T 5230 6 BB B3tk
FHHEAIRBEEELLE 10 NERERES, XIEEHT B FIFERUE BB ) RO R K
TRE T B4R RS B TH—PITRBMERNEES, RS TROHERRZXE
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437 BN & R AR R R 25

2,

ZE3x— NEBRATE T AIN/GaN 284 % E T MRS, RFZB/FNEE T4
WeEIRTT DAZEAE S B R e, X BT IR 2 TR R TR, kIR
F 6 PATLVEREMEE, 3 EIR B TRICBUTT LE R RPN, 55
B RN B T AR SRR R, BT R T BRI R U MR E A -

@
W

Frequency (THz)
Restrahlen band

Absorbance
<
%

0.1

e T gt

UL - : -

| 5 10 15 200 25 30
- Frequency (THz) |
B 12, AR RSB TR RE A, PR A TR, M R T DU
PSRRI, 4B AU IS E MBI, T Restrahlen 3 16 T R R A 2 BH0HR
§HET
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§4.4 AIN/GaN "% & F A A E/ER

—— -3V (3000em™/Vs)
3 0 3V (2000cm™/Vs)
g h --=- 1V (3000(}111_2/\78)
f 7 v
v{Ei 0.14 + z ”{,.a
8 : ‘\ : %% i i
& \\ : : “
<€ 0.07 | V
] \\’ \\,m / A
N\ LN ~L
O'OO ' | | I \ ] 1 | i | i

3
Frequency (THz)

13 R TEETHRBSIRE SN, FE ARtk UAR] 6 Bril k.

§4.4 AIN/GaN hEEFIKKRIEEIER

fEE—/NAT, BANEE REER RS T RS RS T . IRE S, 0V
T%#mﬁ%?Wﬁﬁ%ﬁ@m@mym%m%mmmwn&mwhﬁpﬁEm#ﬂﬁm
VT 1.20m MK BT B35 S B TR SEIR R, B8RRI S 4.3 TP img—HE. X
ANE R EATE DA SRS E T ARRSCE, XBENREREREE. W Drude BRI,
AT AE Bl S S8 T R LA WG R . W TARESRMRE, FL2r6T
BEBHB RSB ok, ST AT EAIRG R . AR A RIKEER,
TIRTANE 14 FEH, SHM T (gated) & T B RILIRBIMHAEHER, HBEHRK. X
FEHLUTYENHPT BN (Dgated F 5 FAREHRA MRS RIS, XFdEmEN R
B ERET A RYEEZ AHEETY, Q)T RS T AR B BN BRI,
HE5AFZEEAMEERKN. B2, BHETREE—FMPISMIEN, HEY gated
ungated 25 B T4k 2 1A 2= AR AH E 3R AOBT % . Popov £ A\ L A ZE XA VE A 45
TRBRTE S A EMED, HRITXE, ungated ZB T HREIT T gated
B TR R, AT T B T AR T W EOERAE, X
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RGN R B AR R R 2

AR SR I HORE A RO LIRSS

Gratmg gate fmger
Va

<
[\
N
|
<«
HD

o
[\
O
I
)

L

& ,

< i \

2 0.15 -

o - .

»n Width of gate slits

ﬁ 0.10 - 0.1um
- ——0.2um

0.05 | — 04wm
| — 0.6pm :
xni|||11|||{11|HH||||1111||l|l:|;|:| - e
1 2 4 8 16

Frequency (THz)

14. AIN/GaN 284tk — Y25 58 R LR 45 H Mt &2 (Al (9 BE B A 0.1pm 22463 0.6um,
7 Bt FR B AR IR B A S B P T .

§4.4.1 gated EE TIKIEFN ungated %E?WIBZZ!E? RIBE{ER

% T EIFHLBE (1 gated 25 B AR ungated 25 B8 A 1A AR AR RS, BATTHEAT]
{3 7 7 R B AN [ 4 FE R VA3 L T 36 B T IO 28 RO B T AL IR IS - B 15(2)-(b) W 5T
T 12um HHRKET, 2um HHEAIEE, DK 0.5um MARASEE, 0.4pm MARIAIEE T AZRAFK)
SR AR, 7R, BAVEA T AT EM(E 153@): 1200cm’/Vs F 3000cm’/Vs;
15(b): 5000cm/Vs F1 3000cm*/Vs), FRAEBTFIBREMHNEERANTRIKRESAT
WHIIREEE, W E—/ N WHR. AE 15 FATLE S, TBREROBELT, TOHEFS
FARB IR 4 LB 15(a) T 04 A 2R). TIRLT 4.9THz(b)FEdRIER 8.2THz(by) I3 EHRIE
R AR A R, TR A AR A B ZE ungated FRAFIAE RS, T LV HIER
ST TR SRR B L 0.4pm WA TABRROTE L T 2 2.3 £, X S HREA HIBEECR
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§4.4 AIN/GaN H& & FIRBMAHEIEMH

F—8. EMREEERMBRT, R FTBEER, R gated BEATHRKTE T,

AR AP A SR S B TR LIRS  FE B 15(b) » gated S5 T Rig B i IR B SR 1L 3k

H AR AN IR g, 7T AZE 5.6THz {7 B A5 M H LR B . (B2 @ i 19 hn 8- Va8 1 i 18

B B I B ERILS, X — IR IRSCER P OB TEAR L, XSRS 2%

Y B ABEPUEIL R, B IRER B RINS .. RIEEE TR B
0.244 =<

2 0.4pm gate slit - - = 1200cm’/Vs
0.184 ‘. —— 1200 cm’/Vs
8 0 12_- RN b 1(4‘9THZ} S 3000cm’/Vs
§ T ‘*\L < b (821Hz) Lf;f,;i;m

().()(5“‘ v -7~ o

N 3

O 0.24 | 3000 cm’/Vs
< 0.18 1 | 5000cm’/Vs
0.12i ° ! ) ;i”x‘\v Lg:O.Sm‘ﬁ
0.06- | jf 2 Ls=0.4um

3 6 9 12

Frequency (THz)
15. NEBATHEMSEMRT TSR T EIEREEEE: ()1.2um MR A 2pm 4%
BIFE, SCULR A LR T 1200 cm®/Vs FIZIR TiER A 3000 cm™/ Vs (B, 0.4pm H
ZAIEEAT 1.2um HHE K ERSSEFEE TS WA ZEFEH . (0)0.5um MRACEF 0.4pm
M4 IR1EE, 15 (A HOSELR I G (0 10 A R I T AR AR AT B R 3000 em®/ Vs RISE & 3R
T 5000 cm’/Vs, BRI T EERBBGE 2.37x10 em™ A ZE P ig, BLEHTR.
(@) by A by VEST N T EAFN — K ungated & & AR, TEPH o XN T =k
gated B TR . Ls M4 IRIEE, Lg RMWHRKSE.

FER =W gated Z 5 F A E7E 8.5THz A4, XAMMEEIE T M ungated &5 TR 3L
R, It ABRIEREBNEXN = RE L A ERIE L.
BT B A, B BE RS S AR ICE R 16 R . B 16(a)
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R4 RN & A AR R I 2%

$6 1 5 AR IR e T R T AR A4, P A Pl 5 P R AR PO P RO
16(b) 5 B AR B ST T SR 45 . [ 16 9% Bl IR IR gated 57 T
R ungated S B TARREOAEE, B 1B T 1 2 B T AR IR AR LA O B R
BE, 7EME 16 FRREREFIE BB ATNG . XER A BISH NSTE 6THz

- 130
=
1207
o
G110
4 v
o eaten] 2 130
e E 3
et O 2%
e 036k e | > L20
Lo T 1.104
S b ‘\\ 2
‘ 810 1 o4 06 08 02 04 06 08
Frequency (THz)

X direction (pum)

B 16. ZB T ARBAIE /YIRS, ()& Wk, 224 ungated VATE R BT 2 X
LB TFARMA 6THz RLEAL LT SRGBIMG, OV RAMBIBIE, FETARIE
$THz SN BAL M IL T JEHRMIRI S, (0)S1-S4 AR Akt

8THz frE AL, (ERBACE AN EEAMAINE, XHMIELBIT HRKNERT
R IEIRINE -

ZEE 16c o, BATATULAEWiHE BRI S, Sor Ssr S4 FElE THSI PR AR B 7E
38 LT b A B R B R A A S S TR RGIA S .. MERROFERT, X
b2 30 B T AR PR AT LIS B, I IR B T AR 5 AT L bl S T AR
WO T DL ANSTRATISOR . 45, S TABCIRIMSRIL G R AETE 6 A 8THz A E 4L, (H
RTINS ok & A X B ()10 S AL P AT B B IR, ()BT —,
RABIGEE B T R AT o E 1.

§4.4.2 ungated MERMEE B THCHA IR E B TR IIA S fteiE
BLETITiE gated FI ungated ZEES TR E NI FRVESE B T4k, HHBAMRIRE E2 R
SRV T b, T SCBR B S8V T3 N REAE S ELAR B LT RAUHAT, AR A
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§4.4 AIN/GaN FEBEFHBEMAEIER

HEMETEMEMREE. £ TRRNZEJFNEETHBOESH, HASFRME
[ PR 3R . [ 17 B A8 B T 40, Jorh SR ROME A% A1 BEZE 2pm. 7E ] 17 F gated
S BT AR SE B B R ARBTE . 14THz DUF OB T E Ik =2 1 ungated 558 743t
AT, RSB TR IIRmE S &SRR L, HER 17()F Wl T U2 KM
BIG. SASMAR R B BHR, 14THz BUT RSB T A L R M ae JF A REM AR Fi IR 2R 4L,
GG R 55 E R3] T S REBRMERE, XMEE T — M ERER . B ungated
LB TR, FETFHREMERA 14THz UL LT LR B B SR RORH], Zpif gated
ST AR R ETESWEA TRRHZ A, C1 A C2 HiRIgEAEE
R R E TR AR, AR C1 EE MM T aAE, itk c2 MEE
£ ungated FB 537438 B SO AR IE S B T AR T AL RY
(2) (b)

0.15
3 os em” Cn ¢, 0.77x10% cm”
IS Ry : ! 2
£ 0100} lum slit I
173 41 -
S 005+ . 0.05 k-
< ~ S : - . ; £
6 12 18 24 30 36 6 12 18 24 30 36

Frequency (THz) Frequency (THz)
— (c) (D)
% 1.10 - s 0! . 0.59
-1 . :
\;‘ 05 CGmte 1 05 0.46
Qg 0.34
= 1.0 L
3 0.21
= 0.95 0.084
3 0.95 -
o o 15 20 1o 1S 2.0 0.0

X direction (Lm)
(€) (f)

»o® el Ohm.cm’ 0.00
,g 050 “—x:(c:g 4000, .. RRTITP ,

e 015 ! i 3000E Rf‘amst,an‘ce O_" 1-0.15
g 4 R N Kinctic inductance "
~0.10 2000} - Relative change 4030
w 0.05: J. = 1000+ A 1.045

M) 1 1 - e

<0.00‘ ¥ ___",(-" ’r.*h".‘ ¥ O'M'“T’wﬁ;%f/ . 0.60

0.0 05 LO 1.5 2.0 2.5 3.0 20 15 10 5 }2_ 4 )
X (1Lm) Sheet electron density (10 “cm™)

i7.(a)%ﬂ(b)7‘gKIﬁlﬂﬂ&ﬂﬁ&(%ﬁ%lﬁ)?B‘J%%?Wﬂi?—i?}feﬂ@é%, K rdE R K
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AR A58 B A R 2B R 2%

B 2um, (2)F AL R AT R ETE 1.20m B 3L, ()F(d)AHIx Cl
ﬂ%ﬁczﬁﬂ%%%?%ﬁ%%ﬁ%ﬁo@%%#%mﬁﬁﬁ%%%%ﬁ,@%%ﬁ%ﬁ
FHAFEHLHIZRL.

T AT St R AR R F TR TV ME R, B THE ) 17(c) B () BRA T A AL B
& FEIX B IR T MR AR, RATRILE 17(e) P 1) E L R B A 2 I ST 1
RGN — NI E R FILIEIERE, B PR T 45 5 F ik s 3L AR R B B H R VEE ¥ 24
IR . SRR BT, FATAT LS RIS I R R AL PR S R B K /NS %
PRI B0 GV TE R R IR, [ G AR O\ SR B B S LRI B B R LSRG 2,
#F gated F1 ungated V&3E FHE AL E AL, S5 R BT DR 7S s
g ug

Hpz,. = J—F—%ﬂﬁ % gated F1 ungated YAE RS BIFFALFEPE, Cong KAV TE SR
glug o

FyE5 4iE FBL 25 KAREAE 0.3pF/em AEFT In@hmw*m?%m*@mihm LT3 AR
o GERIEH MR EE %ffl_?fdutaﬁﬂﬂlﬁ Al PR 5%10%em™ A MRR, #14F
%mﬁ@ﬁﬁm%wmﬁmmtﬁoﬁ-%ﬁé&%ﬂ%mﬁé B~ 1, XARERS
RSB TR A R PRI 7E B — IO BRI I%QAHF“#EW¥%&%%ﬁ$h
AR P PR A8k 2 B0 T AR S

ZEE 17 SPRATANIE R TR B T A R 3 B R AR R R AR SR TR B R L
XIS 5 5% 242510 4 RAEE AL, FEIRERT 10THz s, W E—AhF
B, SR TARIEES RS TR, £ L DT RRIREE T RIS T
WSO, TR AT SR SRR B A B A T T AL AT g . T, 75 TR
SRR BT R R — . TR AR R, AN MIE B
f(EAREETE T T o 1, BRSS et AT L2 B0 T 7 (R S0, SEI0 45 RAR WI7E 14 21 30THz
ﬁ%m@ﬁ%ﬁﬁmﬁﬂé&%mde;mmﬁ&mgﬁ%%%@ﬁM%ﬁ#%?%ﬁ
R, BATE BRI, SR N LI IR B T A R AR, BT AR —
R, T R R AR R E A (B, MREEAKE PIREK
ST 25 T R ) A 7 T RS R, T AR PR LA T T A AR

76



§4.4 AIN/GaN H& & FRE B EH

75 T RAZE SR KBS R R RIS

§4.4.3 ungated WIRMEEBE FIERIBEER BN

7 LT, ungated %—%?W?ﬁ#ﬂiifﬂ%ﬁ%ﬁ%m%{, {BRZE Popov 25 A f)
TAe, XEZEETAREIT HERABERE, FUERMNNSERTSAHERIER
BRI T HREXARABAER B BB HSMEE. NFTmrities, &
15038 16 R FIAH AR 3 F VA TE I L S H0R B RBAHSRHYS, AT R IRATK S R A AL
ERIR G, AR T AESAERE THES FHRBRIIREE . EXBERANIEE R
RF, B BAREBS A RT RATH IR RIS TR S B AL, AT AT DL SR <0
VEE R P R . BT DR K, ungated YRGS AR LIMEE RS, XHE
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