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LBEBODREZOFEIRICHT CL—FEF—T 27/ ad—0—2ThHY, L—F L AT LATIE~A 7 02D
EAE ., BAIEHELR, BESOBAINCH T HMHEENR RO b D, ENLOERIZIEZ HT-DIZL—F
EY 2RI A E R (HPA) K OMERMEE IR ES (LNA) O =8 KR & U C s B B {F rTRE C i
11 @it E S 72 Bk 2 A 9% Gallium Nitride (GaN) BNHE TH 5, GaN HlE251E GaN-HEMT (High Electron
Mobility Transistor) & [RIE CHEK E L CTH Y, GaN HIE&ROBIRIL b7 U A X B3, 7 VB3, [nIKEH
FHOWNTHED LD, KigSUXET VBRI & BB EZMIIRE L TEY, Ty TOREDETY 7,
HARMELORBEOET ) 7. N7y AL D2EERHITEIMR T OME, 118 BT EE 22 HEE 25 oD SEHL
D 4 S>OEAFREICBE T 2R 21T - 72,

KX TEET N7 v TOEMERE~OFEEE L/ GaN-TEMT KEH N TV PAFETVERE L, &
DEFAFD T v TETFILDETFNANT A—ZIT R LA VEBRKRS RT A — ZBPEISERE SR L
oo N7V T OB RBE~ORELEET D L TREETT /VIT 28 GHz 1280 T AM-AM RePE721F Tre < AM-
PMRFPEICBA L CHERE L~ L, RETNLVOFIEZMHER LIz,

WIZNT v T ORBEER LT NT U AZET VE GaN-on-Si [T IZHETE LT Si B o & &k & Eiit
DIRERIFNZ EMEBIICERB LT REE NI VA ETIVERE LT, KIEFREICB T 2 RERAER
DEBEET LT DI, RLA Uit e Y —ATFOMIC CR-C BEEZEML7Z, 20 CR-C BEAN
OEPLERBITETBLOF—/VORE, BEE, ERIEREOYEI T A —Z N TRIA L, TV
& OEPME 2 b L7z fE R, IR T T 23U — A A — T RHEDOIRERHEICB LT, IR MTNER R %
FEREEICHE L., 612, KEBRED N LA CEMRIBEAEICE L THIRETT /WTRER R & #h—2
L7, EET MIRERMEL SO N7 0 O A X EECHIBERORFHCANRET A THDL Z L 2R LT,

E 512 GaN LNA AT b7 v I X B A JJE % OB E KT (U 30 B5PE) & #1552 (0] 1
(TECO)%#2% L7, TECC X LNA WOMifExIG: LD T U P RZLRU VT v TERTH RN TV IRE %
HTH75— "ML TARBETHY, b7 v TORMEZFRIH L TGRATNEZ DS — b, 7 2 2RI b X
BB ENTES, TECC OBEFBIZOW T RXEZHWTHIAL, v 7ORBEEE LN TR
22T NVEHANTTECC 2%t L7z, #%FF L7 TECC ®¥ 2 =2 L— 3 »OfER, TECC # GaN-HEMT @
U BN REEERIEST D 2 & 2R LTz, 512, TECC #3m L7z GaN-HEMT ZH8UEL., 2D U B3 #
PEERE Lz, JEORER, TECC #HIC &> TEREDEE Tamby 23 300K O & X @ERH 1B 2 bR A Powe ¥
2.4dB 75 0.2 dBIZIEH L. Tamb 23350 KD & & APwe 28 1.9 dB 05 0.2 dB IZ&J+ 5 2 & &R L7z,
TECC N T v 7 OB L2V ANV EHEZ IR IT CREBIETOME T L 2mRE Lz, BELE
TECC IZ, GaAs LNA ® GaNLNA ~O@E X #ix Z[HEIC L, L — X ZEHOMRER LICHERTE2b0 L%
Zbivd,

BRI RIS REERICH T T I A A% 5 HPA 248 E L1z, I 7 2% 5 HPAIIH EH OARE
FIE LTy — MEEERLZE LT, FR CEIBEEMR ARG - WET52 72K, VA4 YEOREORT
OB BN EHLZ LN TES HPA ThHhDH, EIHAH A HPA T/ — MEAEICL DI Ay Fick
2 AEMET L0, VA Y Fa—=r 72X o THRBEICREFRER N AR 28 Lz, BIEOM
FNRGA—R B RETDHIOORFREZEH L, ZORHRNE NT v TORBEEE LI NIV UAXET IV
ZHAWTSHEINAZ L HPA 3% Lo, BUEROGHE LR R, 3.1GHz IZHB\\ T o — MEZA T RiOEHE
HPA IZB\WWTHI/IFET) 240 W KON PAE 54.4% % 8 L. 7 — MEAEEHZ O I WA S A HPAIZB W T
711568 W LN PAE 52.0 % &R L7z, WTALh by T LV TH Y £ I A% L HPA OFMEE
TR Uiz,

AFFEOREIL, GaN ORRZFER LB X OERLO—B L2V BEL O THY | DWW TILEZ LS
DOEBUIMIT T —mEHES Z PG SN D,

i« FSCEBIL. FI3C 2000 7 & 950 300 3B A 1 ET O 520 b L<IFEL 800 5% 1 FfEH L T E&E W,
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Gallium Nitride (GaN) is a key semiconductor for high—frequency amplifiers because of its high-
frequency operation capabilities, high output power, and excellent power handling characteristics.
This thesis focuses on the modeling and high—frequency amplifier of GaN-High Electron Mobility
Transistors (HEMTs)

Firstly, a large-signal GaN-HEMT model was developed, incorporating the effects of traps on
nonlinear capacitance. The model parameters were extracted from transient S—parameter measurements
as well as transient drain current measurements. By considering the trapping effects on nonlinear
capacitance, the proposed model achieved good agreement with measured data at 28 GHz, accurately
reproducing both AM-AM and AM-PM characteristics.

Secondly, the model was extended to GaN-HEMTs on silicon (Si) substrates, incorporating the
temperature—dependent behavior of capacitive coupling currents within the Si substrate. Comparison
between measurements and the proposed model showed good agreement with the measured large-signal
characteristics at high temperatures, as well as with the drain electrode width dependence of large-—
signal characteristics.

Thirdly, a trapping effects compensation circuit (TECC) for GaN low-noise amplifiers (LNAs) was
proposed to compensate for recovery characteristics after input overdrive caused by traps. The TECC
is a gate bias circuit that includes a transistor with the same type of traps as the target transistor
in the LNA, allowing for adaptive adjustment of the gate bias immediately after input overdrive by
utilizing the properties of the traps. Measurement results showed that the TECC reduced the transient
change in output power from 2.4 dB to 0.2 dB at 300 K, and from 1.9 dB to 0.2 dB at 350 K,
demonstrating effective compensation for trap—induced recovery characteristics across different
temperatures

Finally, a semi—custom GaN high-power amplifier (HPA) was proposed, which allows output power
selection through wire tuning without the need for circuit layout redesign. The semi—custom HPA
achieved 158 W output power and 52.0% power—added efficiency (PAE) through wire tuning after gate
width modifications, demonstrating its performance

The results of this research contribute to improving the development efficiency and practical
application of GaN-HEMTs.
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