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An Unequal Power Divider with Adjustable Dividing Ratio
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Abstract

[n this paper, an unequal 1:N Wilkinson power divider with adjustable dividing ratio is proposed. The proposed un-
equal power divider is composed of basic Wilkinson structure. It consists of rectangular-shaped defected ground
structure (DGS), isolated island pattern in DGS, and varactor diodes of which capacitance depends on bias voltage.
The characteristic impedance value of microstrip line having DGS goes up and down by controlling bias voltage for
diodes, and consequently the power dividing ratio(N) is adjusted. The obtained N from measurement is 2.59~10.4
which mean the proposed divider has adjustable unequal dividing ratio.
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Fig. 1. Basic schematic of 1:N unequal Wilkinson po-
wer dividers.
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Table 1. Characteristic impedances of transmission
lines in unequal power dividers.

N Z[8] 28] Z3[ 2]
1 50 70.7 70.7
2 50 515 103.0
3 50 439 131.6
4 50 39.5 158.1
5 50 36.6 183.1
6 50 345 207.0
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Fig. 2. Equivalent model of DGS line for calculating
characteristic impedance.
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Fig. 4. Microstrip line with rectangular DGS and is-
land.
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Fig. 5. DGS microstrip line with island and diodes.
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Fig. 6. PCB layout of the variable unequal Wilkinson
power divider.
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Fig. 7. Photos of the variable unequal Wilkinson po-
wer divider.
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Fig. 8. Performances of the 1:6 unequal Wilkinson po-
wer divider.
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Fig. 9. Measured unequal power dividing ratio(N) with
various bias voltage.

A E(Sn) #ol 53 T4 FHolA 20 dB )3}
E 5% EAE HolZ

olAl 17 79 XA u]& v A Fuljrle) 1Y S
g} 7ro] F ¢ tho]QEE AAsY ASHsh= 7}
W E A 930E A a7 E gAY AR S
W E the] €. &= SkyworkAke] SMV 1233-011LF¢)
AFoltt. et vloloj A A4S A7 Aol
O B4 A% A AY Bzl hEgE S g
AsTE A4 HAE sl 7hH AL 1V
HEo 2 YTk
AA o] EE AAT AdelelA AHLE A7t
A & A0 V)l A e 132721 il ¥ &L Yyg

r
l}!' _i

¢

¢

WAL, 3 VY AEE A7MEE dele 1:2.599]
Tl B&S YER T FHoje Hltﬂ’“ H &4V

d f A=, N=104% vi-¢ FHL 7P v g g
ATk 19 9= uiolojx At W LN vy
W Hl&e] &3 ARE IHYZE BAFT 3

e
f

L ooX o

1% 102 npojoj 2 ztel whebr] vjthA Huj
H &S HE o ZF R A, Sn, Sp)H
T 289 Alo]9] A EASn)S E4FE Utk
0V oo vlald 4 VY of Bic) A £u H]&o] 2

A WE o S Fog olF @A FulkEo I
E40] %47 EHUSE & 5 Utk ol RS AL
1:69] 7123 daS ARg Ao oste] ¥ AHH
Z,, Rint, Zs, Zs ko), Z;9F Nzto] g ol whelA
o] AFHo] WatA Esly, o]2 QI3 01’8‘3“]

P m:ir




=

m g

o

— =10

. =

@

o -20—

[+

E _q0

M

b

940

o

i |

w_ﬁU'J'I'I_F\‘|‘\‘T1f'F‘\

1,030 1.2 010 44 .51, 84.79.6% . §2.0

Freq.[GHz]
(@ 0V

— G

@ il

o

— 10

| 5 -

w

o -20-

Y]

E a0 i

; 1= s

s ol S

ao T = W

| —- 3

O A O I A B

1.01.11.21.931.41.51.81.71.81.92.0
Freq.[GHz]
(b) 4V
28 10. vololze] w2 2 dxe) A A
549 247
Fig. 10. Measured matching and isolation characte-
ristics vs. bias voltage.

2ojz7] 2o 2AE FLE,

B oz
ool A Holok & £AZ A
Ll

|t

Hogn
F7H3¢ A+
Ak 18y &
%(14~1.5 GHz)
stretE A3 4 A AL A5 -20dB WY

=
9 fE Hol¥ 35S ¢+ d

N

ok
719] AA £A3" =7 24 F3
TALE Y E3) BH Ngto] W

= oAbz gelo) DGSY| o}
43 ulo]ARAEY AT E A o3}
L B 7)o WA o] Q= ARste] A

A I AE 7P Y, o o] &5ty H]
7

7l 2ol HE HYY AY 2]

A A&t

o] T8 AFe}7] o)Al DGSS oA T wh
< ARl 2 v 16 Bl Bul 7] S A el
4% 43, 16 L7129 58 A EA4S
Bt oJojA 442 tho] S EE Adtele] thoks
Hpolo] & A4S Qrtste A5 £A4% A3 gk
3 A H &S gk udl A A0S Ay Bajy) o
< &9

& =M Agtete 7hd vidiA 971E A9
wHl7]E 71&2 DGSE A &3 v 971& B
719t | nEte] FUE F71E AN EA THEY B
W WS Gs AN 5L 2ET 2 =R
A AAS 7hd B A Bl v &g dE WL g}
| Ag vt 228 g 2y A2EAE 3
&o] 7hgslalat AlgHo], ¥ ATHE o9 #Y
g F7H4Q AFE A& o Folnk

C

HT

&1 g s

(1] E. J. Wilkinson, "An N-way hybrid power divider",
IRE Trans. Microwave Theory Tech., vol. 8, pp.
116-118, Jan. 1960.

(2] D. M. Pozar, Microwave Engineering, Third edition,
John Wiely and Sons, Inc., pp. 318-322, 2003.
[3] L. Young, "Tables for cascaded homogeneous quar-
ter-wave transformers", IRE Transactions on Micro-
wave Theory and Techniques, vol. MTT-7, no. 4,

pp. 233-328, Apr. 1959.

[4] Seymour B. Cohn, "A class of broadband three-port
TEM-mode hybrids", IEEE Transactions on Micro-
wave Theory and Techniques, vol. MTT-16, no. 2,
pp. 110-116, Feb. 1968.

(5] K. C. Gupta, et al., Microstrip Lines and Slotlines,
Norwood, MA, Artech House, 1996.

[6] I. -S. Lim, C. -S. Kim, J. -S. Park, D. Ahn, and S.
Nam, "Design of 10 dB 90° branch line coupler us-
ing microstrip line with defected ground structure”,
IEE Electronics Letters, vol. 36, no. 21, pp. 1784-
1785, Oct. 2000.

[7] J. -S. Lim, S. -W. Lee, C. -S. Kim, J. -S. Park, D.
Ahn, and S.-W. Nam, "A 4:1 unequal Wilkinson

483




BETHEPERIGE 5185 B3] 0075 5A

power divider", IEEE Microwave and Wiless Com-
ponents Letters, vol. 11, no. 3, pp. 124-126, Mar.
2001.

(8] J. -S Lim, G. -Y. Lee, Y. -C. Jeong, D. Ahn, and

1991 29: A7dgte HAAEE
7 (334

1993 29: Mg AAF g
% (344D

20039 29: MEdEy AZHF
B3 8% (35t

bl 199311 29 ~1999 39 &A=}

97 dA5A7Ied T, FANSIIEdTA
AJa+4

2003 39 ~2003d 79: AL BK2I AE7|EAY
@ gty d7d

2003 7¥~2004 99: E35)4 EE4AM

2004 99 ~2005\ 29 S=AAZANG T A
A7 Ag/|edTIE HYE7Y

2005 3€~EA: sAFRIL A7 FAA A T3
I

[F 2AZ0H 23F0 74 AZ/EF 44, 55/4
a7 Rdey g Y2 &8, F7] 720 B9y 4 H8

L8 =
6 0

o

484

K. -S. Choi, "A 1:6 unequal Wilkinson power divi-
der", 36th European Microwave Conference Pro-
ceedings, Manchester, pp. 200-203, Sep. 2006.

9% 2 9=z 28 5

19893 2€: Mg n AAEs
3 (384D

1991 2¢: M7jstn HAF8
3 (FEAAY

199613 8¢: A7Zfste HAF8
7} (F&4Ah

1991 29 -1998d 29 A M=

P
g
H,

19981 39 ~SA): ARG D AR DL 7
28ty IDEC WG #9714

[ A0} RF 2 Microwave 3|2 a4 3! AA, A

SE£7] ® MY 44 F



