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Design of a millimeter-wave power divider based on thin-film technique

WU Xing, LI Zhong-yun, DENG Lei
(Institute of Electronic Engineering, China Academy of Engineering Physics, Mianyang Sichuan 621900, China)

Abstract: In order to realize the Miniaturization of Millimeter Wave(MMW) multilevel solid-state
power amplifier, according to the traditional design principles of Wilkinson power divider, this paper
presents a Ka-band Wilkinson power divider with chip resistor integrated. The highlight of this design is
the use of high precision materials and thin-film technique. Simulation results show that it bears the
attributes of low insertion loss, low standing wave, and high isolation in 10 GHz bandwidth. The divider is
very small and easy to be fabricated for its simple structure, which is very suitable for the chip-level power
synthesis and other miniaturized design of MMW circuit.

Key words: film circuit; Wilkinson power divider; Millimeter Wave; simulation

Wilkinson Tj 7 #% J& — R 7E X % Bt DA T £ R i Bas B R T Z T 4%, 782 K0 DL S @A B, i T
W ) AR, HAMEREZ R S R A O, W OGN R AR AR, U AR R B S TR A S N A 22
5 K0 ol T PR AR U AT A Ok, Bt S T PR B TR KT B R, A S I L T A 2 K Dk B Y A 1Y, Wilkinson
oy de e /NEAL . R NT RS B BT RS S A A AR R A R R . AR SCIr i Wilkinson ) 434 3
AT /NS B B SR E WA, BRI R A9 15 AT 4 35 st/ R 48 RF I Rl A& G S oA M4
HRGHRSR B K, TOIERBUN B DR A /N R R e 35 . SR 7E TR & vl 9% F Wilkinson T 43 8 7 A )
AL/ LR &, WAL R BN RS R F . AR R A 99.6%A1L,05 V58 Fe b, I T 15 Al fif T 20 1 4 48 il
JIE H B Wilkinson Bl 4388 , £5 HL.45 R WK, 78 25 GHz~35 GHz S, HiAE 3/ T 0.26 dB, F 5 204 T—15 dB,
W B BE A 15 dB, H A 7E 27.5 GHz~32.5 GHz yulBHl N, /T 0.13 dB, 4T R 505 M & 8 T-25 dB.

1 RE5&ITRE

[+ 90°—»] « 90°—]
P 1 A ERHERD Wilkinson T4 B i SR P D LT 6 A2 z 2 H 2 f
WL RIRITNAT L T4 BE . B0 3 20 0 2 0 B Ye s D14 B ° ?e
Zo A Zy W05 2 — BB B BE B B 2, DR, B4 z Z | & f
BELHE A5 e B K B 3o 90° B FE . (L TF W48 3 2 1] (i L BEL R, B O e

N [N Fig.1 Wilkinson power divider
=ays i ) =[G
j‘]l}m%%m’ ﬁﬁu%@gmﬁgo l’:‘:]lWllkmsonI)Jﬁ%%

W E LT, Wilkinson Z2r a8 76 X P BEal AR A4 4 B
FIH ez, R A X B DL b 2 R LR ) f

KFEHE: 2010-10-13; f&EIHEA: 2010-12-03




% 61 f ES ETEEBRIZHNERKIIFHEN 723

a) X TRAE B, NI BAT 5 TAE SR 2 B A, RIS RE R Y AR B RS o .

b) B i P BH LA AR I IR AR, DN RS i N Z Z
XAEM SRR R T, S B v BT, T . 2
BEXS LA BT, — A R P IR P A SR LR IR | - R
270°, TASKE 90°, P4 ¢ A RE A . I o 235 ol BEL AR~ i Bl L =
F, a2 iy se s, AEH . - 3
R = S Ak 7L 3 ! Zy
MR LA b0 Afr, 2508 3 dB Mgy, W Z,=2,, Z=Z,, Afiifbix Fig.2 Simplified model of Wilkinson power divider
o B ZimZi=Zo, SRER S i AL ORI 2, fé 2 Wilkinson 5155 841 20
M T 253 FR, ] R AR A S ik A3 il 280 Mg T R AR — 4 =, R 3. B 3 A (AR
SIWSE
Lo =0 (1) no)
27,
2 11 3
Zodd=R/2 (2)
5% (1) A1 2) T 45 0 0 12 |
w Zy I Zy Zy Zy  Z) 27, Zy R/2 Z,
ES & 2% 27,
_ Zeven _ZO _ le _225 l Agl4 A4
Feven - ) 2 (3) l‘_’l‘_"
Zywt+Zy Z;+27Z; A/t A/
(a) equivalent circuit of Wilkinson divider (b) even mode equivalent circuit (¢) odd mode equivalent circuit
_ Zoaa — 2y — R-22, (4) Fig.3 Equivalent circuit of Wilkinson divider
Mz w+Z, R+2Z, 3 Wilkinson Dj4#8 2 (85 452
HT O T A A 1 g 14 2 SR AR R B
1 RZ} -4Z;
Sy, =85 ==L on + 1 qg) = L 0 5
22 33 2( even odd) (le+2Z§)(R+ZZO) ( )
1 2(Z2 -RZ,)
Sy =Sy = = (Do = Togg) = =200 6
23 32 2( even udd) 3ZO(R+ZZO) ( )
Xt FHAH MY 3 dB Wilkinson T 43 #§ :
§2,78337823753,=0 (7
ARG~ ()T 15
R=2Z, (®)
Z}l =RZ, 9)
2 )ZL% *% & 175 E Fig.4 Simulation model of Wilkinson power divider

¥l 4 Wilkinson Z/3 #4475 LA AL
R A ] A0 7= i 0 e R 00, 95% L I 1 e 6 = i 35 e 4 b3k FH A L R B8R 9.9 1 99.6%A 1,05, AH HE A 44 )
ERBAEML, Sl s, ASRE, R T2Z0HE, JRE 0.254 mm 1 0.381 mm W3 e, B
KA, mZRENILR T2, TS S8 Bt R A RE I 2E . ERISERMT, MRAERAT 8 E 558
JERBERIE G &R, ARBITEER 0.381 mm JE B SE Fr, Rk B B 4 ST A6 A DI TORS B2 2% 0 T i 5 1A A G 5%
ZH /N, B BEARER T BEN 50 Q/7 ) TaN, K %60 0.29 mmx0.145 mm. &[] HESS Bt = 4 i @ 1) H A%
UL 4 Hosi 1 Sk A F, i 2 F3 S s E, D5 LA R UL 5. i LA R AT LA 7E 25 GHz~35 GHz

L, TR I ) A AN ST i 3.08 -10 :

Y =t -3.10 : : -15 ! I
F£ 294 0.005 dB; i1/ T 20 15.. Sar =]
T 0.26 dB, 4% ¥ 11 ) 4t g 3uaf 8 25 b ~J /12,

e 3 -3.16 S -30
T S B K ERE E ¥§§¢
F 15 dB, 7 27.5 GHz~ g 320 g -40 - X7
-3, 45 22
32.5 GHz G, 4 iiﬁ =+ 50 | s
i 3. .55 '

/NF0.13 dB, 5 ¥ H X } 22‘3.00 27.50 30.00 32.50 35.00 25.00 27.50 30.00 32.50 35.00
SFF % i o i B R RE 35K /IGHz fIGHz
3: 20 dB (a) insertion loss (b) reflection and isolation

Fig.5 Simulation results of Wilkinson power divider
I 5 Wilkinson ) 43-a i B4 5



724 s E 5E B FIRE 9%

3 MKERKESH

Kl 6 2 Wilkinson RLBF LW IET, i T i FHAY
MR A BB, SEBR Wilkinson BT RUSTAY
9 3.6 mmx2.2 mm, 4TI, TR R LR A
K 0 % 2.92 mm 3 HE 2%

17 6t 924 53 4 (URHA S, 46 25 GHz- /s
35 GHz 3B N, B A Sk T 10 dB, RS E (a) prototype of the divider (b) measﬁremem platform

KT 15 dB, i ABUREZY S 4.1 dB, o 75 29 GHz~ RPN et
30 GHz Ju Rl N, R4 & 50 50

WAEHES KT 20 dB, T 40 40

FEHN 3 4. 3dB 30 30

s BRI s 3 2

BB, SORPERL, M g 20

WL N 03dB; P4 g g

-10 -10
2.92 mm 3 45 58 B0 EE, 0 "'"\:F'*-’_ 0 by
A B2 H 0.3 dB. 0 0 mba

[
B L L £ 5 0 0 d
bR FE, & -0 30 35 30)5 30 35
= K P Bt % Wilkinson o fIGHz N o fIGHz -
Ij] % %% % ?ﬁ ;b'H! z /,‘] %7 (a) insertion loss and reflection of power dl\;?;% Measurement resulis (b) isolation of power divider
3.5 dB, LI T 2 % 7 WAL

BRI G, R R R B D A I, R ORI/ R G RS o e A, i E B AR AT LA A i
FASEI U, I HLAE W] 52 o i i o B 29 2, R L RE A /R 32 (0 D R JEE PR A 1T HAE R YR 5 19 o TaN 44
FLRE AR Z (0 B R SR LY 2 300 W/em®, #2 BRARBE T v B e BELA RS, HOBROK BB AR 2 0.97 W 3%, T L)
TERE HZITC AR Dy o a5, L 3l 4 2% 3 1 O SBADIR= T 1 W

4 #ig

ASCHRAE AL 58 Wilkinson D73 &8 BT ERIE, FIHTECH R T 20, LA 99.6%A1L,0; B B AE AR, TaN A RH:
TR EL BE, BT T — b AR s B 5 F BELAE N 1 Ka 37 BE Wilkinson D 4r#% . 28N % RS 3.6 mmx2.2 mm,
S8 A R /DR T DR R BT oK o SEIEE R E W], 1E 25 GHz~35 GHz JE [N, HARIM LAl 4.1 dB, %
Ui VR R T 15 dB, i i I B B 2R T 15 dB. 51 58 9 R AR A 19 Wilkinson D 5p a8 A ECEC, BT BRI 32
W58 06/ 1 o 4 BARRE L O HL iy T O B2 B0 B R AR e LSBT AR B RRE M, RO SERE FELA, % Wilkinson
oy ety S SRS BN, SO R RAEFIA .

S E 3k

[ 1] Wilkinson E J. An N-Way Hybrid Power Divider[J]. IRE Trans. Microwave Theory Tech., 1960,MTT-8:116-118.

[2] Mazen Hamadallah. Microstrip Power Dividers at mm-Wave Frequencies[J]. Microwave Journal, 1988,31(7):115-127.

[ 3] Demitrios Antsos,Rick Crist,Lin Sukamto. A novel Wilkinson power divider with predictable performance at K and Ka-band
[C]// Microwave Symposium Digest,IEEE MTT-S International. San Diego,CA,USA:[s.n.], 1994:907-910.

[4] XU Hongjie, ZHANG Yonghong,FAN Yong. Ka-band Wilkinson power divider based on chip resistor[C]// 2007 International

Conference on Microwave and Millimeter Wave Technology. Builin:[s.n.], 2007:1-4.

1EE® T
B BE1985-), B, mWiEELmA, 7 FERZ(1971-), B, WIEFEMTT A, 5K
5 1l o 1 S A R S S VN B = O B By, NIRRT IR R Y.

11.email:373113483@qq.com.
B FE1979-), H, WA, B

A 1, 3 N 2 R B H ST A L




