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Abstract: In microwave and millimeter wave circuits, power divider is an extremely important device. It is a device that divides
one power into two or more branches in proportion. It plays a key role in the performance of the entire microwave circuit. With the
continuous deepening of research on power divider, the design theory of milliwave power divider has made great progress, but there
are also some problems, such as uneven power distribution, poor isolation, bandwidth limitation, etc, this paper first summarizes the
basic design theory of millimeter wave power divider, and then designs two kinds of millimeter wave power divider. One is a power
divider based on E-plane T-structure. Its key technology is to introduce a thin film resistor placed on the H-plane inside the T-joint
to improve the port isolation of the power divider. The power divider has the advantages of high isolation, wide frequency band and
good repeatability. The power divider is simulated in Ka band by HFSS software. The results show that the insertion loss of the power
divider is less than 3.25 dB at 33~40 GHz, and the amplitude frequency characteristics of the two ports are consistent. The return loss

is better than 15.0 dB, and the isolation is better than 26.0 dB. The power divider has good return and isolation characteristics.
KR HERSRE; TANRS; REE; =EHE
Keywords: power splitter; T-shaped waveguide; Isolation; return loss

DOI: 10.12346/etr.v4i9.7066

133 PRl ORI T SRS o B DA R DRSS RN
B BOLB AR RITR I, SRR, S5ty SRR TREA TR, (ARG

HORWE TPIZIRN, AT SR S, oy VR ARSI, IR, RS, STt

FOVEEE, TN RTINS T o i PR, PR SO e i R R A B i BT 0

YIS RTERC | SR A A T4 I IR, EER

KB R, MR RRENSE PRI RI%E 2 BRI RILRIA

ATLAT ST A, TS AR s . R4 1940 4%, IR B T2 BEARAS SR R DRI T %

[1EEE A ] HiBRml (1995-) , F, PEBEEMEA, AR, DTN, WERE SHEARTT . AT RS AR,

65



TITEFAAR -F45-F9H-20224F9A

NSRS, B EE A H T 4505 4.
1960 4F, EXNE4: - T - B4 #% (Erest J.Wilkinson ) &
TR (n BIEGUPRSES) 183, N8 T —
PR VCRL, IRHAFE . PR B AT S 1 Y n 3 1 23843
#iro H. Riblet 75 1952 4E4& 1 T —Fp LI BRFS & 251 21t
VIO 2 A BL RS R A 25 Z M DCEL I S, KRR R T
WA 58, 2003 4, B K alasanandri 31 T — R
KBS i DR A EL A , v T S LR a8 S5 45 o
E 2B WP L T — RS e T 2508 0 s . i
F1 AR A 1T, I3 DR i Al 1 SE A 78 23 g 11
2 Fin 3 AR o o BT A AN R B
BREEKy, IR TN S LA Ty R s U R A
X SEHIF AR 5 ke AT T 3 E R AT 5 R JEH AT T T
URASTRIEAL, JFRAL T RIS BB, TRIL Al 2 oK i 2oy
A TR E,

3 it EAl
3.1 ZimOMEE RS

i T8 L TR O A — A =it 1 I, T = oy 11 o 4%
i S FEMEIEAINT -

Si Sn Si
[S]= Sy Sn Sy (1)
Sy Sy Sy

o Mg L 5 G R AE, IR X AT A T
RN e R U 7 N e N A TS )
S, =8, =58;=0 AL, S5 LA ROIEE R KAIE

Sp,=8y Sy=8, S;=5 (2)
Al
Sy S S
[S]= Sy Sy Sy (3)
Sy Syu Sy
M AR A

1S, +[S0|" +[8s) =1
1S,|” +[Sw | + 55| =1
1S, [" +[S5]" +[85) =1
Sn*Slz +S12*S22 +S13*st =0
B =0 D RES [ BT VC S, B S, =8, =S5, N
T A AT AR
66

(6)

1S,|” + S =1

1S, +[S,]" =1 o)
1S,]" +[8,]" =1
SBSB=0

FINSEEIEG

S, =08F S, =0

H S =0, W BRI Sy =0, ffiiS); =5y =04
SRS ESAOPIE, PIFRATAT AR GRS (1 = 1 # F
ANREMENSEARIERC . 4 =3 H B B BFEA RN, AT LA
THAE M IR [T A R0 , AT 52 B 4 11 DT
32 A BRHEERARER

Do A BOREIR B AE T vE . s PR | A
PUFE . I I [P ARFE 5

¥

4 BT TRERS HENTSHE

4.1 MFEITEHE
MRPERTIR IS, A HESS AL (s B D)o 2508 T

SRR, B OARYE Ka P BEER 26.5~40 GHz, AHXS R Y
WK H 7.5~11.3 mm, HIE N < 2a, B BI-320 5 E
WS (7.112 mm x 3.556 mm ) , FEAEIGNE 1 R,

_F'J_'—"_"“-

B 1 )5 R REE

TE TAESAE 26~40 GHz SR Y, 7 B45 R K 2~
&l 4 TR



Engineering Technology Research

XY Plot 1 HFSSDesignt &
3,00 o
= Curve info
---.--__.::_'_" f— nagizl:-
g Setup! - Sweep
20 == — By
] —— Setugi - Swetp
T —
340 -
a8
280 ]
400
420 T T T T T
26.00 2810 3000 3200 ENT) 3690 3800 40100
Freq 1GHz)

2812, S13 ( horsSimANIRGE )

XY Plot 2 HFSSDesgn1 &

Ao | curveinta
] |— ams,
750 3 | Sewp1 : Sweep

“a

260 28100 3000 321 o 36100 380 40100

o 34,
Freq [GHz]

B 3 S11 ( Ih o REEIKIRAE )

XY Plot 3 HFSSDesign1 &
e 1 Curve o
|=— mmisiz3)
| setupt - Sweep
350 L3 -
400
=450 ]
” —
o
& 5 =
U500
5580 —
6000 |
50
2600 zu'm !OICID az IDﬂ 31'““ !Bhﬂ 00 4000
Freq [OHz]

B 4823 (hosRimOREE)

UL A ELEE R B . 76 30~40 GHz I, 4l Afit
#E 821 i1 S31 T -4.1 dB;

WIPADHE SIL LT -5.5 dB; I LIBE 2 1% S23 KT -6 dB,
FRBARAT
4.2 Wi 55

B FIRESRAHTAT L, T IR BTG 1 28 A7 AE =iy
H R i S et . o PR B E A -6 dB i, fEAR
RBOR AT, KRR B X T AU S R A i o AR 454
fa o, R ER Sl URJEME— 1, — R AE T B S
SEREINAHT AN BRSSO L A AT S, T
AN SRR B e/ N [T AR e N AR . RS
MRS MR BT e — 20, A AL T
B FLEHIMA— A PRI, SURTEBCTA5 G| ABELAS
55, Rt EAR, RSN R A T i RS TR

W T — AR ALY E T BUAS P G A XA R T
T RS0 SR AR BRI, fftk T T i IR
(I, AEZE A PR AT 2 CRHAT AL Bt AT JE Ffy et e ke 52
B A 111 Rt S 22 )R BT PE B

WOLH) TIRSS M A A AIE X E WA H T2
50T, WICFEM B T ME S, HE, TRk
FELH7C BRE T AT 3 3 12 BEL 0 D FC R R T S AR T 9 D8 e e 3
Moo FETOR, T LUARYEBHSTIC RCHE RS B BT e s
AR TR BT g R I S, Al RN T
e

PO 2% FHL Y 38 1 DG . 2 = 11 [0 2% [ IR AN i 5 B =3 1
(Y DS TC ™ 3 A A S 1 S S RS 1 R 2 A BT v e
Sy f/ME, ATRABRAT 3 S 11 R 2% O BEAR S 280

Sy S S 0 \/5/2 \/5/2
Sy Sn Su|= \/5/2 Sy Sy (8)
Sy Sn Sy \/5/2 S35 S

BT H

[S,|” + S| +0.5=1 (9)

13| = |S5| =[S5| =[S | =—-6dB (10

DL AT 22T, AN D0 S 11 ) SR ] 9 53 #E y -6dB,
PR R -6 dB. ARSF S MMIC 7EIR 4G Ak hRIR
VU4 HE R R E AL, O HLAEA Y A S AR R IR AR
Ko FILL, ZRERRGEEARL . L, iS3CkEFER
AR R IBCE 75 DR A S 0 R B) H P b, DR R T
TR RIS 11 22 ) 4 e 5

BT LGS, 76 T BIZSA A —HoW A A, HUBH
AR AP R, TR 0.127 mm, K LB
100 Q o BN A =YL EUR A HFSS H g an & 5 Fs .

B 5 Thoy B et i L A
SR e i) % 40 A P R S A S A IS B v BEL PR S
TR R AN, LR AU e 55, Brbl i
R RE LTRSS AR AE BT A B8 b e L
A BRI AE, T LU A B AN 2 R T 450 45 1Y
67



TITEFAAR -F45-F9H-20224F9A

ARG, X L P22 RS o F s RS LA H
FAEAEE /N, BIIGHR/ RE AR SRR A BE 412k . sdid
RS, RIS VSRS, Jf HAEm AR # /NS
T AT A g o 1 B 2 1

AR A6 ST DG F S B P 260, A BELC ) DG FCL 5 1 5 S
H P1 RS P3. S P1AING H P2 Z (R ATIFE, H5E
Wi 53 1 PL A IR, PRI i Haa, nif8 P1 B P2 2
E] (R B R BETT RS gk 1 s o

= 1 MEEREHER S R~F
P1P2/P3 Wi ETE Eaiiyr
1.5 mm 1.25 mm 2.5 mm

TE TAESR 26~40 GHz RS N, I B4 R UKl 6~
&l 8 fIr7R .

XY Plot 1 HFSSDesign1 &
i Curve Info
] — gBis(1.1)
4 Setup! : Sweep
-16.00 s
] 7
-18.00 - A
1 /
I A
20,00 .
5 - 2
i \ A
82200 X v
1 ] i %
% | A\ rd .\‘- e
-24.00 -] .’ S
26.00
5 \_/
-28.00 T — T T T T
26.00 28.00 3o, lDD 3200 3400 36.00 3800 40,00
Freq [GHz]
7 =
6S12, S13 ( ThorsRANMRFE)
XY Plot 1 HFSSDesign 4+
1400 7 Curve Info
] — aBis(, 1)
] Setup1 : Sweep
-16.00 | 4
] y
;
18.00 -, A
47
\ #
] J y
~20.00 A
] ="
G-22.00 - L e
] = /
1 K / T ca
-24.00 | b -
-26.00
26,00 | =1 | | L
2600 2800 000 3200 34100 3600 38100 4000
Freq [GHz]
g] 4o
7811 ( Thor 28 R 5E )
XY Plot3 HFSSDesign1 &
by Curve Infa
= dB(S(2.31)
4 Setup - Sweep
2750 - S
2875 -] Se-
5 ] T
o LY
§ranoo | g
g b \ y
-3125 <
1 . ;i
3250 - N, v
] >
3375 ] ! .
26.00 2800 3000 32100 3400 3600 3800 40,00
Freq [GHz]

8823 (ITh4ye8im AR E )
68

DN ESRELE BB WA . 7E 30~40 GHz I, 2k s oy
T ATE S21 A1 S31 LT -3.18dB;  WUHIASFA/INT 0.01 dB,
WIS ST -15.0 dB, 3 PR BB S23 I6T -26.5 dB,
AR I

YRR R REL R A BE R, AR ANIAT 9 BR .

9 AR tR X LL B

SN, DA ESEAE AEE (S12, S13) |
FIEHAE (S11) ARARLF, 5 LRSS RBEA—, HAum0
B AL LI B, D ELEE SN 10 iR,

St i HEs

XY Plot 3

HFSSDesigni &

Curve Info
= dB{S(2.3))
Selup 1 : Sweep

-24.00

I,
26004

2800 =
30.00 S
| hY Iy

-32.00 —

dB(S(2.3))

-34.00 Y

-36.00 - Y /
i1

-38.00 \ f

] N S
-40.00 -

-42.00 -} . . " .
26.00 28100 3000 3200 34100 36.00 3800 4000
Fraq [GHz]

10823 (o e8im OREE )

M 8 FE 10 B9 L FATAT AR, D as i b
WA, i R R LR AL/ UMM B AR, S T

R A

54518

X T BIEE P ST - R B 408, R
Sy f i AUFE S21 F1 S31. [ 4BFE S11 . 3y 1 B 5 & S23
FEEFRAGE . =36 1T 1Y S SHRAL S Hr A5 TCIR =
S 11 90 2% 2 TG 1 1 L 4% 3t 1 S VG T, L 114 3 1 ol 89 2 5
AR AR R G — SR FE R, AR e T AL S
T3 A 0 HE A LI A — HR 5 el BEL 3 fe £ v iy 11 o 88 11 1%
WS, GRS, SR 2K, R
XS BEL A HEAT TS, A BB R AR, o 1 B

RSN ZE R o

S 3k
[1]  FWr. 270 550 3 D)o 45 B F o8 530 [D]. W1 e FRHE R
22015,

[2] BRI — Pl 58 404 3 d BRCH D)2 A 9 B3 (0] BE 4 B



Engineering Technology Research

1,2009(12):20-21.

DavidM.Pozar. ff Jf TFEEE = RR[M].Ab 5T f 7 Toll i ik, 2006.
E.WilKinson. An N-Way Hybird Power Divider[J]. IRE Trans. on
Microwave Theory and Techniques,1960(8):116-118.

J.Reed, G.J.Wheeler. An Method of Analysis of Symmetrical
Four-Port Networks[J]. IRE Trans.on Microwave Theory and
Techniques,1956(4):246-252.

H.W.Yao, A.E.Abdelmonem, J.F.liang. Wide-band Waveguide and
Ridge Waveguide T junctions for Diplexer Applications[J]. IEEE
Trans. Microwave Theory Tech,1993(41):2166-2173.

(7]

(8]

9]

VL 3, T Kad BB TR S )R 5 R s [0] o2k
TF£,2009,39(3):41-43.

A.E.Abdelmonem, H.W.Yao, K.A.Zaki. Slit coupled E-plane
rectangular T-junctions using single port mode matching
technique[J]. IEEE Trans.Microwave Theory Tech,1994(3):903-
907.

Tao Ye, Jun Xu. China Design of a Novel Millimeter-wave Power
Combiner[D].Chengdu: University of Electronic Science and

Technology of China,2011.

69



