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Planar Chain Power Combining Amplifier

YAN Jun-mei*, CHU Qing-xin?, and GONG Zhi?
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2. School of Electronic and Information Engineering, South China University of Technology Guangzhou 510640)

Abstract The distance between signal paths is limited in the power combining amplifiers using parallel
multi-port microstrip lines as the output ports. There is no enough room for the unit amplifiers and their biasing
elements. With the problem, a planar chain power divider/combiner is presented in this paper. A four-path planar
divider/combiner is designed and fabricated. Its measured results are given: the return loss is less than —13 dB on
the wide bandwidth of 2.0~4.5 GHz. The insertion loss is less than 0.8 dB. Additionally, a four-element power
combining amplifier is also designed and fabricated. Its small signal gain on the bandwidth of 2.0~4.5 GHz is
13~19 dB, the saturated output power at 3.2 GHz is 26.4 dBm, and the power-combining efficiency is up to 85%.

Key words amplifier; chain power divider/combiner; planar circuit; power combining amplifier
1 & 4B K, %A BRI FRBORG BA - Rk L X
) A 5 AR TH A 5 AR IORE A, BIREZE — Lt
ERLIBE ARG WERAM PRBERAET, Bl SRR AR, IR A BRI

TR PR A RBEMIALEHR 73, 110 DA R AN
BE NS (10 B R D RS2 T B D) R PR A i L 2

A SCREIIFEN, 3E & B BRI . IT i
PN NE T

fabre 2 TAESR BN BRI BBL, A& 4E
A S AR RES S I B KT R A IR . BRI
a PR R KR 2, (HRE IR ER a2 ARRECK,
kg &5t N 7 SKBUREA ., s e, &
REBHNRIL, BHE R RE R R G M Z
AN [ 2 A F B T A B, SEBLHE 0 d i h AR H
oW, fESCHR[2-8] T, T ) Sh 36 & il 7 SR A 34
2 I =t s P = A T ) O NP N
AT, AE T (I ST 5 H i A 281 1) LB
o SCHR[OFR HHFSEBL 1 — Y1 Y ) T 2 45 J i

ks H#H: 2010 - 11— 30; f&EIEH#A: 2011 - 11-28

SCHR[A0THR 1 — 7l F XUJZ H 6 S 3 P ~F T 2R
Ol CIRTIE UV ae 0 ] (AN 2 AT 3 G s PO
JCE, WRIE LM A3, BUB R T4
H i AT XL, SRR AE LR ) 15 S P 78 0 AT
B FRCCHRIO] Fh HE Y (1~ T D 3 & iy, SEBL T A
FL B A AR N AN K HR) 15 D0 R S B AR R i 1 —
B, BESRACE 2 R ITIOR S, IS 2K 2h
Fhgtt o JF HIXMOUZ HL B A Ty BEL A e s S
LA PH AT A e LEFEAR, 5 1 SEBL it AR BHAT UL A

HAE, SCRR[9-10]48 H A5 A A — AR [ ) sk

FEWH: FHK ERFEIE S (60801033); [ ARA H ARl EHE4(071180601)
e fifr: mEEWI74-), B, W, TEMNFDYRE AT H TR,



53

PR, A PTG RIS 703

s RIS St 2 RV R D, BEA A
) 23 18] T3 o O A O S A B L . 30
WR[OIR FH A T8 fiir 2, K AT LASEIL — 73 )\ BR O Aok
A A TS DU, XA T SRR ST
R B TT RO 4% 5 4 0 e e 2 AV RAFUL IS, I8 75
ZER AR B 7 Z A B DT AL e ds o X A%
S LT A e as ZESC BN P T A e b, T K
LR A A REPTVL A . o ELIX 53 b e SR A A ST %
T F 22 1) 5 B

BEARE PP — s

MmO 2

b uis|

“a p € d

BIL 4 3T P I T R B OO s 2

SCHR[LO0 It SR Y XUZ iy FLE S RE B2 =& B o
TR ZR AR, (A7 B oORSE R B B
PRI E, EET, AR TER SCER[11]5E0 T
— AN AZK S HORUZ FELBE I DR G OR A TR
K25 A7 B s i N e ) A 220 S DA v A
PERE, (HE ST & RS R .

BT UL EAEOL, AR SON SCHRR[O1 I S5 M kAT T 2k
i, S R L A 4% SRR T TH E X A UK
B rEENELTR. G5O, BER
PEBHIT 50 QIKICH £k (@B 4, B 2k (b EY)
feit g N Ay 42 (@) 588 e ey 2k (CB) VU AC R & A
FH B A S 43k 5E IO A TR Th e, R &g
TR R N o AR U T £ R HE B D FR A I 4
FIFR e IR A B 1, MRS RYR T SCHk[12] -
AR R 0 5 7 5 SCHR[9-10] A 45 74 B AN [R) 2 AbAE
TR A AT T AT 2. &
R, I RANZEE DR A, B E R
JCHURER A B R 2 T Bk M, XHEEFES
B TE 2[R AP A AT AR S bR U AT R, SR
T SCHR[9-10] 1 45 1 rh 25 (S 5 @ 1 . [A] BE B 3/
(1% i)

AL T T EE D 2R 4 T 45 ) A A B A
RV TEI732, BTN T — N 45k SO 1)1 T ik
KRG A, AT ARG R, 7E
2.0~4.5 GHzW s b, RGHHFE/NT-12.5 dB,
AFENT08dB. H4h, ACEMTLTT —AE 4
AN BICHUOR 2R P B N Th A BURCK A, 7E2.0~

4.5 GHzI#ias b, /M5 5385 213~19 dB, 1£3.2
GHzI f Al s i Th R /£ 26.4 dBm, & AR EF
85%. LA LR 4h SEAE B 7 P T BE X R o Bl A FR
SERIIE WU

2 EEEIt

T AR 2 ('R FH 2 SR A A\ Bl 26 558 9 ok
ik 1B IBE UL RS, T 428 — AT AR B AT DL e
L 10 B T 7 TR AT B

HE ST R L) 5 s IR T 2 20 L 5 5 AT
Iy e PR, Rt b — k. AR
A SO I EE T R AR R Bl iR . 1205
XS 2 SR R BTt R E T

17

W

Py

W

A A
i

T T T
" Ly s Lyl [y el [, e

K2 g E i

K3 T 4 IS R AL A Y
AT SRR BRI ERR, Edbrth 1%
R R IObR S . 2 AR R R R R RO, X
TR oy T s A 2 R A B3 » B, Zo Zoa
Zopv Zog /T ZRW. W1y Woo W HHREEBRDT, N
TIER| RAFULH, BRI T i

12 "
03 ZO

11,1 @

ZOZ ZO ZO3

111 @

ZOl ZO ZOZ

— ek IE, Zo 50 Q. ME(1)~(3)REfT BT



704 SRR S N 5 A N =

4135

L MRHE PR PUE, B ERETS B 2RI TR . %
ey 28 PR B2 AR RS S B 155 0 1) e A
3 ELWFHESMIKER
WG BRIV, ARSCEBRRIE T — AN E
B 4@TE 5 YR B & Ay, LR . SR
(A AR S 90.8 mm, AHXT A HLH $ 2,55, 5
K20 37 HELE R ST 9 We=13 mm, W,=9.4 mm,
Ws3=5.8 mm, W=2.2mm, L;=L,=L3=7.5mm.
FEHFSSH N 5 L0 B RERL, AT (A
SCEE A 1A RS SR T HFSS {1 20453 21 1) 45
R o EAZ T 5 B L B 25 650 1) S S 1R AR 1)
MHAANfT AR . MBS0 HE RV G, 1

2.0~4.5 GHzI\#as b, OHFE/NT-12.5 dB.
0 -0

20 l 2:5 I 3.i0 | 3.IS : 4.T0 l 45
FIGHz
K4 g ThA 5 HE 2SS S H) 5 FOAI A4S SR

P43 25 17 Xof N7 435 ) 48 N 4536 1) DU R 47
g5, W& 507 5 A RIS 5EF, 1£2.0~4.5 GHz
sy b, 4l A$FE/NT0.8 dB.

ASCHME T — B E AN RPN Th %
B RUBCR A« SEVIIR A an BTN, SR I E A 2
A5 NMGAB83563. &% E T INE R U4, 1%
B R/ME S ] UL 22 dB, MR H DI A
22 dBm.

KI5 Tha ek & K se B A
N T BEUR DR G RO A TR RE, AN
LT —AREE - DEEERBORES. BT

TBOR 8 A4S & BUBOR % B R I B 2% A

AN B0 N2 T 266 il 1R /IS 5 1 2 X 2
e, 763.0 GHzI, ‘Ef/ME 52 iA T
18.8 dB. K6t 45 Hh | HANE 1 HI/IME T 1 2 A3
W5, fEHIA72.0~4.5 GHz I, /M5 5825 #{E13~
19 dBZ 18], A BUBOR#8 H o [ 5% B AN 1 1R 8 2
RS, PE B RIEARYE

BAANTBOR B8 1) /IME S 38 28 IR H 1A 22 110
PRARAE, X TT AR B0 TR 2 SR R R 4 7
FEUER S EOE SRR . BB E AN E 1)
TR 23 A% T 225 BOBOR 5 1) B (1) 72 58 ik XUZ 7
T 7 (B DO 22 73 TE & s IR A RUhE . BT AN
IR BNLE TR E A E

BI6IL 45 T A BBOK 2% B T ROK 28 1 [ 4
PAERII AL, MEIFRRTLLRIL, & BUBCRE I
SHRFELL B O ORI RO R NS 2, X F B
BN SK B &AME S diE ) R E S LA, &
I AMFRA ST B RS RECE /N, X FAH AL
AR ) S BRAR T % B0 IR SR N 5 1 — 3K
PE, BRI E B, B, A RSO E R 1%k
BRI . F3a8, e At D) AT
T W&, 7£3.2 GHzI AN TR I A& BUBCR 2%
AR RN H T 238 0 3l 21,2 dBmAN26.4 dBm,
()4 SR N85 % . A RN

7= 100% (4)

A By Py 29 OBORES AN T T8OK
e AN Y TR

g

g g
E B . r 0 s
_30 » L _
—— ETMARITIRE R ] [ -3
101 ERHABONRE R 10
T T T T —15
20 25 30 35 4.0 45
JiGHz
K6 /MES SRS R
4 % 2

ASCRAT IR TR o/ s, A
ST IR TR RO/ B BREHI I D36 UK A8 SR
i B S Th AR BC G R, A S IEIE 2 8] R



54 PR, A PTG RIS 705

BRE K, A7 (B JECE 5 TIOR3 8 B A B TG A
ST R R IR AR T B T VR . SEBR BT
T AN A A SR I X R E B TR A Bl AR
AN — A AN R ITTH) T EE SRR S o [ i 1
TN HRAE—NMETIBORE . M R R,
A BBOR 2 B /IME 5 38 28 5 B TIOR8 (1 /M5 5 1
W RATEARYI S . IR A AR IEF85%.
IX e gk BUUE B 7 X2 - T D 26 53 e & B 1A 2%
Yo ZEMEAREFE. ST, RIFRBEWERE
FE = A AR SR i, T RATVZ 8 F T R )
DA USRS o a0 I FEA 18 (138 7 RS Fr
JERE, L5 RIE H T Fl oK B . AN
N T FEARECA,  Hi/E B HEs A 1 #£2.0~4.5 GHz
VE R TAESAS .

& £ X M

[1] DELISIO M P, YORK R A. Quasi-optical and spatial power
combining[J]. IEEE Transaction on Microwave Theory and
Techniques, 2002, 50(3): 929-936.

[21 LI L A, HILLIARD B J, SHAFER J R, et al. A planar
compatible traveling-wave waveguide-based power divider/
combiner[J]. IEEE Transaction on Microwave Theory
Techniques, 2008, 56(8): 1889-1898.

[3] EPP L W, HOPPE D J, KHAN A R, et al. A high-power
Ka-band (31-36 GHz) solid-state amplifier based on
low-loss  corporate  waveguide combining[J]. IEEE
Transaction on Microwave Theory Techniques, 2008, 56(8):
1899-1908.

[4]1 JIANG X, SEAB C O, AMIR M. A Ka-band power
amplifier based on the traveling-wave power-dividing/
combining slotted-waveguide circuit[J]. IEEE Transaction
on Microwave Theory Techniques, 2004, 52(2): 633-639.

[5] SONG K, FAN Y, HE Z. Narrowband amplifier with
excellent power combining efficiency[J]. Electronics Letters,
2007, 43(13): 717-719.

[6] SONG K, XUE Q. Planar probe coaxial-waveguide power
combiner/divider[J]. IEEE Transaction on Microwave
Theory Techniques, 2009, 57(11): 2671-2767.

[7] SCHELLENBERG J, WATKINS E. W-band 5 W solid-state
power amplifier/combiner[C]/IEEE MTT-S International
Microwave Symposium Digest. Anaheim, USA: IEEE, 2010:
240- 243.

[8] &%, 2, Tk, —PBT B =K T 26 LA IR T

FL] T RHE R E4R, 1999, 28(4): 374-377.
XU Jun, LI Chao, LONG Yi. Investigation of a novel
millimeter-wave integrated power combiner[J]. Journal of
University of Electronic Science and Technology of China,
1999, 28(4): 374-377.

[9] LI L, WU K. Integrated planar spatial power combiner[J].
IEEE Transaction on Microwave Theory Techniques, 2006,
54(4): 1470-1476.

[10] CHU Q X, YAN J M. A two-layer planar spatial power
divider/combiner[C]//IEEE MTT-S International Microwave
Symposium Digest. Boston, USA: IEEE, 2009: 989-992.

[11] ™E 2, #&PHT, 3. ET XUZF 1 i B i D 28 5

JEORAR[I]. R BE TR 2224k (H AR B4R, 2010, 38
(10): 19-23.
YAN Jun-mei, CHU Qing-xin, GONG Zhi. Power
combining amplifier based on doubled-layer planar cirucuit
[J]. Journal of South China University of Technology
(Natural Science Edition), 2010, 38(10): 19-23.

[12] NAKAJIMA M. A proposed multistage microwave power
combiner[J]. Proceedings of the IEEE, 1973, (3): 242-243.

OH R OE


http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=4446155

	平面链式功率合成放大器
	严君美1，褚庆昕2，龚  志20F(
	(1. 景德镇陶瓷学院机械电子工程学院  江西 景德镇  333403;  2. 华南理工大学电子与信息学院  广州  510640)

	1  介  绍
	2  电路设计
	3  实验制作与测试结果
	4  结  论


