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A RF Microstrip Balun Using a Wilkinson Divider and
3-dB Quadrature Couplers
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Abstract

A RF microstrip balun having low transmission loss for the balanced receiving dipole antenna is designed and
fabricated using a three-section Wilkinson divider and two 3-dB quadrature couplers. It considers two types of the
three-section Wilkinson dividers, the Cohn’s optimum three-section structure and the miniaturized three-section structure,
for wideband power splitting. Also, two 3-dB quadrature couplers for 180 degrees of phase difference adopt a twist-wire
coaxial cable. The fabricated first balun having the Cohn’s optimum three-section Wilkinson divider has 0.5 dB of
transmission loss, +0.2 dB of amplitude imbalance, and 180+2.3 degrees of phase imbalance over 400 to 1000 MHz
by measurement. The second one using the miniaturized three-section Wilkinson divider shows 1.0 dB of transmission
loss, 0.7 dB of amplitude imbalance, and 180+£8.8 degrees of phase imbalance over the same frequency band.
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Fig. 1. Block diagram of the suggested RF balun.
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Table 1. The characteristics of three-section Wilkinson power divider.

T s Ao A g7 28std A7)
Z34 Wy 400~1,000 MHz 400~1,000 MHz
A 71/ Zy/ Z; (Normalized imp.) 1.74/141/ 115 142/122/1.16
Ri/Ry/ Ry (Normalized imp.) 2.14/4.23/8.00 16/3.6/1.12
L/ h1 1 (Electrical length) 90° /90° / 90° 30° /30° /30°
St/ Sn/ Sy (dB) (Worst value) -21.1/ -28/ -28 -13/-23/-23
5o 44 43 Si2/ S (dB) (Worst value) -304/ -3.04 322/ -322
Sy or Sy (dB) (Worst value) -23 -13

& 2. 3-dB 0= A4kt A
Fig. 2. 3-dB quadrature coupler.
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Fig. 3. A photograph of fabricated wideband mirostrip
balun.
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Fig. 4. A photograph of minimized wideband mirostrip
balun.
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Table 2. The test results of the wideband microstrip balun.

2 49 30 AQRA7IE o83 A% | 295Y 30 AF RS o2 73|
g B 400~1,000 MHz 400~1,000 MHz
S/ Sn /Sy (Worst value) -14 dB/ - 11 dB/ - 14 dB -11 dB/ -13 dB/ -10 dB
S5 or §3 (Worst value) -25.0 dB -12.0 dB
Si2 (Mag) -32~-35dB —33~-4.1dB
Si3 (Mag) -3.1~-34 dB -31~-35 dB
Si2~ 813 (Mag) -01~-02 dB 0~-0.7 dB
Si2—Si3 (Phase) -178.5° ~171.7° -1749° ~171.3°

g vlo|ZZ2EY E0|Y, Y 4= 238 3
@ 47 A FujrlE ol &3t A A vlolAR
2EY dEoth

F2¢ HAY 39 4E Ay Fejr|2 A Zd
oY vlolAZ2EY FEH 4AFsE 37 97
< AY Fo712 AZE Y vpo|aRAEY T
9 g ﬂiﬁ AAE AYd goly, 1Y 59 1
d 62 F35 W 400~1,000 MHzol A &3] 3
o Y97 A THME' o] &3 A vlo|AEX
EY UEH 23 39 40E 1Y F971E o)
43 F g nlo|ARAEY WEY AWHAE
AZRE F e HFAE SRR AT AY
A€ vebd 9ot 9 39 A7 1Y
712 Mg vlo]ARAEY HE] wHAE
A7+ A7) 2ol 0.2 dB ©)&), 94t X}O} =
2% 016} Ho) A 42 05dB o3& éxéil%l
F, 2%sE 3g 971E A ZeV1E AFE w
olaiiE%i RO WHAT GAZke] A7) 2ol
= 0.7 dB ol3}, 94 ZFol= 180£9% ol 3}, Huf A
g 42 L1 dB o3 R S E%h 11 62 B,
283t 39 9S4y ey HHAT @R
7k A7) 2 94 Ag Ao 400 MHz o <)
oA F43) vtdE & ¢ e, ok 450 MHz ©]
o e £¥gd 39 A0S A Ful7)
S o] &3t AL A9 31 Y7L FWAIE o
3k 5o 2 o]z} WASHA gktth A9 3¢
21¢ A Fujylo} A¥stg 3¢ 970E Ay £
719 &z A3 EAS, S», Su) AHEW, A

Aoz A 3g YUE AY Fuj71g o)&3
E A7 $48E ¢ 5 Aok SAY, 32 A

mrl

P

¢

l

S }ov

m
W 1> r
|+ oM A rﬁ

[

wh e e
2

—

oL RNEERERD 3er

L A R

[ e v T SR ST ) 1 Y

(@ M7 EA(S -85, Su, S)
(a) Magnitude characteristics

TSSO
£

CARNRVAR e

(b) 17 52 - S, Su, S)
(b) Phase characteristics
J8 5. gy vlo]ARAEY UE 54
Fig. 5. The test result of wideband mirostrip balun.
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