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An Unequal Wilkinson Power Divider Using Defected Ground
Structure in Double Layered Substrate
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Abstract

A novel 1:4 unequal wilkinson power divider using rectangular-shaped defected ground structure(DGS) in double
layered substrate is proposed for removing the ground problem of DGS in packaging. Rectangular-shaped DGS
produces the transmission line having much higher characteristic impedance than standard microstrip line. The proposed
unequal divider is composed of DGS and double layered substrate in order to be free from the ground problem of
DGS patterns in packaging in metal housings. The second substrate is aitached to the first substrate which contains
DGS pattern on its ground plane at the bottom side to form the double layered substrate. In order to show the validity
of the proposed DGS in the double layered substrate, a 1:4 unequal power divider is designed and measured. The
predicted and measured performances are shown with an excellent agreement between them.
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Microstrip Line

lower (ground) plane

(@)

Microstrip Line

1st substrate lower (ground) plane

2nd substrate upper plane

Via hole

2nd substrate lower (ground) plane
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Fig. 1. Side views of microstrip line and DGS (a)
Conventional structure, (b) proposed structure
using double-layered substrate, (c) simplified
side view for (b).
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Fig. 2. Topology of L:N unequal Wilkinson power
dividers.
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Table 1. The characteristic impedance of 1:N unequal
Wilkinson power divider.

N | Z[Q] | 2] | R{Q] | RIQ] | R[K]
70.7 70.7 100.0 50.0 50.0
51.5 103.0 106.1 354 70.7
43.9 131.6 115.5 28.9 86.6
39.5 158.1 125.0 25.0 100.0
36.6 183.1 1342 224 111.8
352 2112 145.7 20.8 1249
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Fig. 3. Rectangular-shaped double layered DGS for
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Fig. 4. EM Simulation S-parameter of the DGS line
shown in Fig, 3.

7} mpolARAEY AR o FAHell 472 v
Z7te Ageast A Sk 28y 74
Y2 Z7te] HlEte FrtEE AANELE
23] e o] Bk wEtA AHH R 54 4
davt 34 E748 RAeZ YehdA o

19 4= W=30 mm, #:=5 mm, #,=026 mmZ 3
S 1, o3 713 DSG M Zo) g EM A&
A BEAL Bz AEFH A S04 Yehd
Su el —1.78 dBYIH|, o|2F €] 17 3¢ DGS Bt
o|ARAEY HE7L 158 QY BA YARXE 7
Erhe AME ¢ 5 ATk

DGS mlolABAEY AR B dFHAE
3l RS I9 58 o]&dto dH3
d 5= DGS mlo|ARAEY A2 9
2 A7) 98 dedd Ad AZ 2dS ye
Ak A4 19 38 Ag S ot DGS AR
o 94E3 A} EH(SH)L 4 FHFA -178
dBolch A2 Aol FA FatrdA 447t H

1294

F-—— 6=n/2 ———»{

ZDGS Z
F (DGS Line) °

Zin(S11.1)

a2 5 o)F 71% DGS AZY EA AdHPRXE A
A3l7) 43 A AE Bd

Fig. 5. Transmission line model to calculate the cha-
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line.
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Fig. 6. Layout of the proposed 1:4 unequal power
divider with DGS and double layered sub-
strate.
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Fig. 7. Three-dimensional structure of the 1:4 divider
using DGS and double layered substrate.

Z5o] gk B2 4719 18 108 T3t ©
| A st sol, AagAA 7o dd 553
T AAH L "ok o] JHAM & F UKol
AA 710 HEe FA FAH] Hojof
o 32 H e alolo) Wl F7kel] B9 via-hole=
AAs gtk Via-holeS T3 JEE 75 3193

H

o

[¢]

Jo
o Sk At rlo

The first substrate The second substrate
Top Bottom Top ) Bottom

(b)

(©)

O 8. AerE 14 Mt A Ewirie) A%
AR (@) AL 1 RAA 71 (b) Al 2 A
N, (o) FEHESAA A48 A 27

Fig. 8. Photograph of the fabricated 1:4 unequal po-
wer divider (a) Substrate 1, (b) Substrate 2,
(c) packaged divider in a metal housing.

1295



SETHEREAGE F18% $113% 000115

148 o) Uate] AF A& AR e stEE
AdFo T Bag FEolth

19 §c)e= AAZ A g% 3¢A ¢
AAE 1.4 ¥R A 7)o ARNE BAF
otk o] 1¥g Fate, ¥ =RolAM AL o
7|% DGSE ol &% umm 4& A L)zt
& 39 AFHARE A FA dEE ¢

% i,

rﬂt ru*

i bivIvi v AT Slele e ]

S-Parameter[dB}

()
F-
K=
:g SR
] . .
5 wl /(e
o R ) / S5
D 5] Ao sy
; ]"' -
40. ! —,\#——_ sn1
: sy
5. 33 T8y,
¥ i . i _{"’}_Sn
Y 14 15 18 17 1B 1b 2
Freq [GHz]
()

J3 9. o]37]% DGSE ol&dte AAF 14 ¥l
A A Fu7] AlEgold 54 (a) ol
Aol 32 axE s A Alsdel
A ZA3KAgilent ADS), (b) EM A& oIA
7 7HAnsoft HFSS)

Fig. 9. Simulation data of the proposed 1:4 unequal
power divider with double layered DGS(Agi-
lent ADS) (a) Ideal performance, (b) EM si-
mulation(Ansoft HFSS).

1296

Jd9e & %LQW AletstE 14 WA HY
Buj7)e) NEFol Y S-parameter S4E e
ok 97 19 9@ I A =79 Agilentiit2l
advanced design system(ADS)E ©]43tef o]FH <
A4 A2 TAE 14 A Fuj7]e 0|2 54
o)X, % 9(b)x Ansoftit] AA718 AlEH oA
=79 high frequency structure simulator(HFSS)Z A}
23la st EM A B o) Aotk 17 9(a)
o AL ST Sy FA FHFA 77 -1.022
dB, —6.919 dBE oA 1.4 EujH|E Holx 9
on, 149 9b)d A= ol FAteHA Sn3t Sa
o] zkzb 101 dB, —-7.12 dBolth 53] 1 9b)T
2% 8ol Bl o] 71| DGSet #HY7] H= 7
Z & I ANEHo)AT Ay, o4 &
A9l 18 9a)st M AR o|EM o]F 7%
DGS % o] & o]&& vty AE Fujy] #27F =
dxeE gdgdeE ¢ F dn.

39 102 1% 89 A ¥ujr1e) 348 HeE
Be F3 Qe FA FaFaA 5% 50l 47
~1.042 dB, —6.974 dBoIT}. AA &3 ZAe= A5
Aol e & sty Y, AEH A o
o] 24 AARE B =RoA Agd 72 =2
sl E].EI-H—Q- Q-O]b‘]- &9t & Z;ﬂ @_,,}—E ilﬂ ZA
F94 15 GHzE LR 9 7 gAelM e 4
&(matching, S, S, S»), T 8 ©AL A

S-Parameter[dB]

T & T ‘ li [ 1 ‘ T I T I T T | T
10 11 12 13 14 15 16 17 18 19 20
freq, GHz

J8 10, AZd 14 HnA 1Y sl S44
S-parameter ‘

Fig. 10. Measurement S-parameters of the fabricated
1:4 unequal power divider.



o)F /¢ A HA FXE oL HdA AU AY T

(isolation, Sy), 12X A3 149 F+ &8 HY 7
o Bujui(sy, $)E AT & 9o

V.4 B
B =RdAE 239 DOST B FEHEA

A3 DGSY HAH HE: FAE 3} A5t
o]Z 7|3 DGSE A<kt o1& ~£6}&— i R
A 14 B 708 A #ur1E A A" E
ZA3Ah olF 71 DGSY +RE 01%0}04 158
QY 54 49UAE Z2+E o|F 7|H DGS mela
BAERY AZE HASHY o] F 14 U AY &
w7) FZo) AQdEgt oF 7|®| F2E AL
Qo.nZ A7ty selo] AA 29 v B
o)X ¥LBE F& 3 obFH TAfel I
& & gt

AAE 29 NEHA B ¢

A}
o1
% 2gdso, A2 25 139 9

QA 40 A5
& =AM Al Lé
3171 f3te o5
IF9 B2 d
A o)t
Fa=2d
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, Second Edi-
tion, John Wiely and Sons. Inc., New York, pp. 367-

368, 1998.

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

[4] 1. S. Lim, S. -W. Lee, C. -S. Kim, J. -S. Park, D.
Ahn, and S. Nam, "A 4:1 unequal Wilkinson power
divider", IEEE Microwave and Wireless Compo-
nents Letters, vol. 11, no. 3, pp. 124-126, Mar.
2001,

(51 I. S. Lim, C. -S. Kim, J. -S. Park, D. Ahn, and S.
Nam, "Design of 10 dB 90° branch line coupler
using microstrip line with defected ground struc-
ture", IEE Electronics Letters, vol. 36, no. 21, pp.
1784-1785, Oct. 2000.

[6] J. S Lim, G. -Y. Lee, Y. -C. Jeong, D. Ahn, and
K. -S. Choi, "A 1:6 unequal Wilkinson power di-
vider", 36th European Microwave Conference Pro-
ceedings, Manchester, pp. 200-203, Sep. 2006.

[7]1 D. Ahn, J. S. Park, C. S. Kim, J. Kim, Y. Qian, and
T. Itoh, "A design of the low-pass filter using the
novel microstrip defected ground structure”, IEEE
Trans. Microwave Theory Tech., vol. 49, no. 1, pp.
86-93, Jan. 2001.

[8] J. S. Lim, J. S. Park, Y. T. Lee, D. Ahn, and S.
Nam, "Application of defected ground structure in
reducing the size of amplifiers”, IEEE Microwave
and Wireless Component Letters, vol. 12, no. 7, pp.
261-263, Jul. 2002.

[9] J. S. Lim, Y. C. Jeong, D. Ahn, and S. Nam,
"Improvement in performance of power amplifiers
by defected ground structure”, IEICE Trans. Elec-
tron., vol. E87-C, no. 1, pp. 52-59, Jan. 2004.

1297



19914 29 A7REy Aa3st
4 (FEAh

19939 29 ARdEy H23e
s} (FEAAD

20039 29: Mgy A7AF
BZ T (3

) 1993 29 ~1999'd 3¢: A=A

ENGTY YARANEATY, FAETIedT A

A r¢

2003 3¥€~2003 74 Agvist BK21 BEI)EA
o EALE g

2003 7€ ~2004'3 94 B38| E3AA}

2004 99 ~2005'3 29 EZAREAIAT
A3t Ans|edrIE AYd+4d

20053 39 ~AA: AT A7) FNFSFH F

[ A0 2235 24 JZ/RE HA, 55/5F

A Yy 932 &4 F7) 72 RUE 9 3=
o

*,

o 1

rie

EEER

op>

A

at

o
o

oo

200613 29 SHYHTEL HH
TR (TN

20009 34~ edFNFL A
NEANE- A HAraHA

[F HAE0H 23F3 74 3=/

RE A, 585F &4 29
PRI 58, 77 PR R

20061 29: SAFYI}L HR7)
ST (34D

20063 39 ~8A): ARy A
NN 2" T8 A
T UHZON 2aFa £

¥E 4A, SE4E 24 2Y
P EEEEES TR

98 4 32 3¢ 5

1298

1989 29 AZAYSdL AATH
4 (34D

1919 29 A7t AT
# (F8AAY

1996 8d: Mty HAFE
3 (FEA

1991 29 ~1998d 2 AR
ARZARE HQAT74

1998+ 39 ~EA: AR T AAFRFET 2F R A
Bij3tZ IDEC WG AYuF

[F ZAS0f] RF 2 Microwave 32 )4 2 A4, A9
ZZ7) 2 My A F

19843 24 NN R AAFE
2 (382

19861 29: MZANER AR
3 (FEAAD

19909 89: Mg AAFE
# (FHYAD

19903 §¥~1992d 29: &#=AA



