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Unequal Power Divider with Different Complex Termination
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In this paper, we propose a method to implement an unequal power divider with different complex termination impedances
for different output power ratios. The proposed method was designed using a matching the terminated complex impedances of
the output port using only the transmission line, and presented an isolation circuits to satisfy the isolation characteristic
between the terminating complex impedance ports. To prove the feasibility of this method, an unequal power divider with
different load complex impedances with a splitting ratio ¥ = 3 dB and 1.7 dB and an unequal power divider with different
complex termination impedances of all ports with a splitting ratio ¥ = 3 dB was designed at a center frequency of 2 GHz,
and it was confirmed that the measured results of the electrical characteristics agree well the simulation.
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Fig. 1. Schematic of unequal power divider with complex
termination impedance.
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Fig. 2. (a) Transmission line transformer to transform complex
impedance Z, into a real impedance Rs , (b)
Transmission line transformer to transform complex
impedance Z, into complex impedance Zs.
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Fig. 3. Equivalent circuit of unequal power divider to obtain
isolation characteristics.
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=13+j337Q,7Z;=084 +j 3 Q).

Table. 1. Element values of unequal power divider with k?
= 3 dB splitting ratios ( Z; =50 @, Z, = 1.3 + j 3.37
Q, Z3 =084 +j 3 Q).

Symbol Width (mm) Length (mm)
Zy 1.1 23.46
Zu 193 10.4
Zy, 0.78 19.3
Zy 26.2 8.67
TLi, 0.4 6.6
Riso 150 @

Ciso 0.25 pF

¥ 2 Bdju|80| ¥ = 1.7 dB2l EH{7|2| AKX} Zf (7, = 50 @
Z, =100 - j 30 Q, Zs = 100 + j 30 Q).

Table 2. Element values of unequal power divider with k2
= 1.7 dB splitting ratios ( Z; = 50 Q, Z, = 100 - j 30
Q, Z3 = 100 + j 30 Q).

Symbol Width (mm) Length (mm)
Zai 0.34 12.3
) 0 0
Zy 0.2 6.5
Zy 0 0
Riso 150 @
Ciso 1.0 pF

E 3. 24|80 ¥ = 3 dB2l =2Hi7(2| &K} ZL (7, = 60 + j40
Q Zy =100 +j 60 Q, Z; = 50 + j 80 Q).

Table 3. Element values of unequal power divider with k2
= 3 dB splitting ratios ( Z; = 60 + j40 @, Z, = 100 +

j60 Q, Z3 = 50 + j 80 Q).

Symbol Width (mm) Length (mm)

Zy 1.1 4.68

Zu 0 0

Zy; 1.0 10.7

Zy 0 0

TLi, 0.4 1.1

Riso 15 Q

Ciso 1.0 pF
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Fig. 5. Photographs of power divider (a) k* = 3.0 dB splitting
ratios (b) k= 1.7 dB splitting ratios (c) k¥’ = 3.0 dB
splitting ratios.

dBel =tH7[ (c) =uHe|E0]

S, [dB]

_E_ Mea_s,,
_e_ Mea_s;, --@“ Sim_S;,
—+}— Mea_s,, ===~ Sim_S,,

'40 I T I T I T I T I
1.2 1.6 2 2.4 2.8
Frequency [GHz]

)
=
w —— mea s,
H —— Mea_S,,
——f— Mea_S,,
-30 --EI'- Sim_S,,
==©>r= Sim_S,,
=== sim_s,,
'40 I T I T I T I T I
1.2 1.6 2 2.4 2.8
Frequency [GHz]

(b)
38 6. K = 3.0 dB?! HICHE HEu|7| AlS2lolMTl EXZD
(@ 181, 1821, ISs1l (0) 1S, 1Szal, ISzl
Fig. 6. Measured and simulated results of unequal power divider
with & = 3.0 dB. (@) S, ISz, [Ssil (b) Sz, 1S=d),
Ss2l.

t

0
-10 —
m -20 —|
k=2
4 A
-30 _+ Mea_S“‘!k_
|—E— Mea_s;, \
—|-_ Mea_s,, \'{'
.40 - -& = Sim_S,,
B -@' = Sim_S;,
==4—- Sim_S,,
I T I T I T I T I
1.2 1.6 2 2.4 2.8
Frequency [GHz]
(a)
0

1.2 1.6 2 2.4 2.8
Frequency [GHz]

(b)
38 7. ¥ =1.7 dB2l HIHE M Eu|7| Algafo|lM2}
E™Z1} (a) [Sul, [Szl, [Ss1] (b) S22, |Sasl, |Ss2l-
Fig. 7. Measured and simulated results of unequal divider
with k2 = 1.7 dB. (a) |S1|, |Sz1, |S31] (b) [Sz2l, [Saal,
[S32l.

= B EReA TEd Al FRe Ry AL
As el slolth. a7 S@ 28 29 dvds
ez AFE Azlem, T-50), (o 9 AEH=

7)1 FEE Bujrle FEEo] H4 udam
sl oA 50 Qo HH AagHorE FAHT 4
7b $ith " olf =, o] ¥Hl7lEE 50 @ AS7E
=43 Lo 1 AF}E Microwave Offices AFE3}o]
B4 ¢ dYdaE ZEE wisie] vy 27

www.koni.or.kr



J. Adv. Navig. Technol. 30(4): 319-324, Aug. 2020

0
-10 —
)
=
0 20
e _e_ Mea_S,
—|— Mea_S,,
-=-&-- sim_s,,
-30 -G - sim_s,,
- =d4~~ Sim_S,,
I T I T I T I T I
1.2 1.6 2 2.4 2.8
Frequency [GHz]
(@

. \ ! -=©r- sim_S,,
'”l = === sim_s,,
-40 — T
1.2 1.6 2 2.4 2.8
Frequency [GHz]
(b)

J8 8. £ = 3.0 dBQI HIcHE ML47| AlS2folMz ZXAD}
(@) 1S, 1921, 1Ss1] (0) [S22l, |Ssal, |Sa2l-

Fig. 8. Measured and simulated results of unequal power divider
with k% = 3.0 dB. (a) [Su, [Sz1], [Sz1] (b) 1S, IS4,
Ss2l.

E 4. 7|F dHE4847|7|2k 5,

[

Table 4. Comparison with conventional power divider.

Ref. K (dB) Freq. RL (dB) IL (dB) Type
(GHz)

[7] 1 23 - equal

[8] 1 28 -3.0 equal

[9] 2 19.2 -3.3 equal

This 1.7 2 24.8 -2.2/-4.7 unequal

work 3.0 2 32.6 -2.1/-4.7 unequal
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