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Research on watt-level power combining technology at terahertz
band based on bonding wire compensation
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Abstract: With the application demands of solid-state high power in the terahertz (THz) band, a THz-band watt-level
power output is achieved by adopting GaN power amplifier (PA) MMIC and power combining technology. Microstrip-
waveguide transition, and the low-loss interconnection based on the gold wire compensation are used to package a PA
module composed of two PA MMICs and an E-plane T-junction two-way power splitter/combiner. Maximum output
power of 160 mW is achieved. Based on the module and an eight-way E-plane combiner, a sixteen-way power combin-
ing amplifier is designed across the frequency range of 180 to 238 GHz. Output power of more than 300 mW is achieved

WANG Wei-Bo

with +10 V drain voltage, and the maximum power is 1. 03 W at 189 GHz.

Key words: THz, gold wire compensation, GaN, power splitter/combiner

51

T

o 25 9 B B A T [ 5E AR B RO
2SN I R 7/ SR R NN TR € AL I
I 7 A SRR AT A B BT S o ERS Sl il 5
S, 2K BEAE 5G A% Bl {5 Hh 2 S BUR Kk
2B B e N —AUE R M WF R s 220

s B HE:2022- 11- 10, 1&E H#E:2023- 01- 10

GHz (R 2% B /1 0 R Ao B, e A W i 2
TR A S U R A B R R, 2 3 T [
SMIFFERLR I 2 56T o 2SR TR 2% I By
S R AT 5T R AR TR T 5 D) R
AR, —RAE 10 mW 52075 TR 52 PR B T2
FH R hih A 80T O A A2 [ 308 1 B o e e

Received date:2022- 11- 10, revised date:2023-01- 10

ERTE R SRS ARRIRL 55 2 L 35T 6 BE B (NF2020003 ) , FEpi 9080 4 342 (612502200302)
Foundation items: Supported by the Fundamental Research Funds for the Central Universities (NF2020003) , key Laboratory Fund (612502200302)
{EZE B 41 (Biography) : KM (1989-) , 5, VLI, B A0 i 3 28 (F DT S0 T i P C AR, W WP, SR S5 A [ A5 e 22 K D T 385 e

A R RAR AKFTA ST AR R . E-mail: ZhuXiangBS@Outlook. com

"B 4EZH (Corresponding authors) : E-mail : jguo@seu. edu. cn;yongrongshi@nuaa. edu. cn



61 KO AF TG S 2 AME IR 2K LR G BRI TS 749

LR 08 R T @ M WKL i s B B SO N ]
7 Tl R 28 A1 B [ S AR I B AR KT, A 2% D
BEECG L 1 0 T et Y BB SR L B s AR
R 2% U6 B [ A T 3R R AR T TG, 98 [ 2 46 Ok
T InP HBT ith i HF IR T8 4 sy e i Se il 1
e i TR 820 mW R LT E P AR D
K 2% 3 B InP HBT 1 GaN HEMT f4 D65 A 9%
A AR R DR AR AE 10 mW L,
7 R 8 12 0 B [ 25 A 2 i ) 38, PR okt 3
ik ) 2R G S B0 K 2% U B R Ty gt Y SR A
FEJE B

IR 22 % B D) 3245 UK A 10 G B R A 45
ORI F B DL KA M 45 H R . Bl TAE
BRI TR, A A5 5 A A% 2 e L 1) 56
S, R 220 B A AT SR FR SO 1 T B S R A 4
BT MMIC R b 77 Ok B AR B e A (H X R
AFITF MMIC #8445 HAF 2 SR B, 76 Bk
W0 28 518, % 5 k] E T T L4 A B SR AR
S LS E I — R 25, TR A R
TR S A SRR BET AR IE L, i Tl 2R A it # 2
IR AL, R AR GE e 5 E T T 825 6 il 3l 5
SR P SR AE R RSEIE  FEA B — A
Uitto BHE TAEMCRAIHEIN, 170~260 GHz [ HiTE I
T WRA AR HEDE T, B RSE 0 0,55 mm, W05 I3,
2002k 0. 275 mm, Jmy 5 0 5 A8 25 A8 b RUSH I BN
PRI, o T35 28 X6 T B A4 R i 2 S S5 38

AR SC [ 25 TR T R 5 T R A 5 I
T 0 A 2% I BE GaN Tz MMIC, Ay 52 S 4
FEMAE 5L H AN A B, SR FH — PG 25 440 11 4 2 4k
B AMELE SR HEAT MMIC 2§ Al 088 | A Rd & 4
25| NIAESME . 240 180~238 GHz [ %4
LN, SR A0 3 /S B TR A, ST Kk
5 B TC RV D)%

1 ETRASLIMERANRBFEEE

R 2 0% B D JORE Bk F R TR 0 R 5
2OV OO0 B A7 e, R s B O SR T S
il 2T 1540 DL SR & 22 S LU R 50
PREF Z B B, 7EAR 28I 5 200 GHz LA LB, Jin
T Pl iR 22 LA SR 4 22 1) 25 HE S i i s i b e
ROR = AR ASE M o A SO 0T - 5 e B 25
PR T E RO IR A, A LA 4 4 4,
S AT AR/ Al ALY I T AR . AR ST
TR 35 170~260 GHz FOTH0HT TR 5T FL 1%, g 4 1ot

DT AESBE , DT 38 M T B e e 15 25 45 K
FIFEI o BEA MGG 4 it B T2 S50 AH
A SR, A6 R R 25 % B B R IR FE , AR SOKE
A 4225 AEF S R R R 1 AIG
3E PR A%, L TAE 2] 260 GHz LA b o T
A3 SR E O R AT DL SR 4 2 AN S R AT
e,

S THI B0 R ity S 3 3k - 5 9 140 B A
B TP, R I T 9 4 R R R D S I N
TE1OA, SEEUCHT 219 3 AL e i

AR SC VR B FEAROA B R 50 pum JREFE 1A e
K Ansys HFSS XTZ RN T LG 1 B % 3R 45
4 1) 0 AR LA e RO an il 1 BT 7R o 76 50 Qs
LR AR BT 22 0] 2R FH 3 BT 4k LA S B 46 5 I 3
Z AN BHPTVC L . A7 B SR 1 58 )3 wws 1 24 0. 4 mm,
THCHY 22 0 I TR (0 B B d D R T BB R O K Ip2 5
TAEMBEA G . il AR ER 1 RSE, DLk e fde
{14 T 451 -

—wsl——d —

(b
B R 25 0 B B R A5 K, (a) 4B, (b) SCH
R
Fig. 1

three-dimensional model, (b) key dimensions
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Fig. 2 THz-band E-plane probe simulation results
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and port schematic

Gold wire bonding, (a) equivalent circuit, (b) figure
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combiner, (a) simulation model, (b) section

Z A B RL ) S RS E AR R BAR Y al ad A
A AR B2 ROST ¢ YD1 58 B w0 B9 RS D3R4 e f:
14 7 S it [0 9 456 o e AR AL AR AT 19 R F Ry w=
0.07 mm, =1.93 mm, e Z R 0905 B 45 R W E 9
Fis o A B85 R B, 7 170~260 GHz i T AR5 BE
LS, I T-20 dB.

|
=
S O

|
[0 R
wn O© W

S Parameter/dB
o
L

| | |
£ B W
wn O W
é/}

,50 1 L 1 L L L 1

170 180 190 200 210 220 230 240 250 260
Frequency/GHz

P9 R 2% s B iS55I 5 E T T 225 5 a7 B4
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