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Abstract— In this letter, a novel unequal power divider (PD)
with three standard 50-� ports is presented. It consists of two
transmission line (TL) sections, two resistors, and a general
isolation topology (GIT). Through analyzing voltages and cur-
rents of each branch, the constraint conditions of such a GIT
are newly established. Considering realization of GIT, two types
of topologies, i.e., asymmetrical coupled line and cascaded TL,
are selected for verification. From the design charts and several
design examples, the proposed PD could not only provide high
power ratio k2 with compact size but also independently adjust
their fractional bandwidths (S11 or S32) with the same power
ratio k2. Finally, an unequal PD with the power ratio k2 = 8 is
fabricated, and the measured results meet the simulated results
very well.

Index Terms— Compact size, general isolation topology
(GIT), high power ratio, standard 50-� ports, unequal power
divider (PD).

I. INTRODUCTION

UNEQUAL power divider (PD) has been widely used
in RF/microwave circuits and systems, which can split

the power with different ratios. Many unequal Wilkinson
PDs (WPDs) have been developed so far in [1], [2], [3],
and [4], where the power ratio between two output ports is
determined by the port loads. In order to connect them with
other circuits, extra impedance transformers often need to be
added at the end of output ports, thus making their overall
size very large. For Gysel PDs, unequal power division is
reportedly achieved in [5], [6], and [7]. Because the resistors
need to be shunt-connected to the ground, their power losses
cannot be ignored at all. Moreover, considering the size of
miniaturization and loss reduction, unequal PDs to be directly
terminated with three standard 50-� ports [8], [9], [10] are
definitely preferred in many industrial applications.

In this letter, a novel unequal PD with three standard 50-�
ports is introduced. By analyzing the voltages and currents
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Fig. 1. Schematic of the proposed unequal PD with GIT.

of each branch, the constraint conditions of general isolation
topology (GIT) are newly established. Considering realization
of GIT, two types of topologies, i.e., asymmetrical coupled
line (ACL) and two cascaded transmission lines (TLs), are
selected for verification. Several design examples are provided
with different fractional bandwidths (FBWs) and power ratios.
One circuit prototype is further fabricated to confirm the the-
oretical simulation in experiment. Compared with the former
works in [1], [2], [3], [4], [5], [6], [7], [8], [9], and [10],
three unique advantages can be derived and summarized as:
1) a GIT is newly analyzed under novel constraint conditions;
2) by analyzing the design charts of two cases, ACL in case I is
preferred for high power ratio, wide FBW of S11, and compact
circuit size; and 3) FBW of S11 (or FBW of S32) and power
ratio (k2) can be adjusted independently.

II. DESIGN EQUATIONS

Fig. 1 shows the schematic of the proposed unequal PD with
GIT, where three terminal load impedances are normalized
as 1 �. It consists of two TL sections, two resistors (where
R0 = 1 �), and a GIT between two output ports (gray box),
where Z1 and Z2 are the characteristic impedances of two
TLs, and their electrical lengths are denoted as θ . Considering
realization of GIT, two types of topologies, i.e., ACL (case I)
and two cascaded TLs (case II), are selected for verification
in this letter.

In Fig. 1, the three involved ABCD matrices, M1, M2, and
M3, can be written as

[M1] =
[

cos θ j Z1 sin θ
j sin θ/Z1 cos θ

]

[M2] =
[

cos θ j Z2 sin θ
j sin θ/Z2 cos θ

]
(1a)

[M3] =
[

1 1
0 1

][
AG BG
CG DG

][
1 1
0 1

]
=

[
AT BT
CT DT

]
(1b)

where V1, V2, and V3 and I1, I2, and I3 are the voltages and
currents of three standard 1-� ports, respectively. For each
part, the input and output currents can be defined as I �

up, I ��
up,

I �
down, I ��

down, I �
iso, and I ��

iso, with I1 = I �
up + I �

down, I2 = I �
iso − I ��

up,
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and I3 = I ��
iso − I ��

down. The relationship between the voltages
and currents can be expressed as[

V1
I �
up

]
= [M1]

[
V2
I ��
up

]
[

V1
I �
down

]
= [M2]

[
V3

I ��
down

]
and

[
V2
I �
iso

]
= [M3]

[
V3

−I ��
iso

]
. (2)

For simplification of our calculation, θ = 90◦ is defined in
this letter. The total admittance matrix [Y ] and the S matrix
[S] of the proposed unequal PD can be deduced as

[Y ] =
[

0 j/Z1 j/Z2
j/Z1 DT /BT −1/BT
j/Z2 −1/BT AT /BT

]
(3)

[S] = ([U ] + [Y ])−1([U ] − [Y ]) = 1

Q

[
S11 S12 S13
S21 S22 S23
S31 S32 S33

]

(4)

where [U ] is the identity matrix and

Q = −Z 2
1(BT + DT ) − Z 2

2(AT + BT )

− Z 2
1 Z 2

2(AT + BT + CT + DT ) − 2Z1 Z2 (5a)

S11 = Z 2
1(BT + DT ) + Z 2

2(AT + BT )

+ Z 2
1 Z 2

2(−AT − BT + CT − DT ) + 2Z1 Z2 (5b)

S22 = Z 2
1(−BT + DT ) + Z 2

2(AT + BT )

+ Z 2
1 Z 2

2(−AT − BT + CT + DT ) + 2Z1 Z2 (5c)

S33 = Z 2
1(BT + DT ) + Z 2

2(AT − BT )

+ Z 2
1 Z 2

2(AT − BT + CT − DT ) + 2Z1 Z2 (5d)

S23 = S32 = 2Z1 Z2(BT − Z1 Z2) (5e)

S12 = S21 = 2 j Z1 Z2(Z1 + AT Z2 + BT Z2) (5f)

S13 = S31 = 2 j Z1 Z2(Z2 + BT Z1 + DT Z1). (5g)

For the power splitting and isolation performances of the
unequal PD, the following relationship should be satisfied:
S11 = S22 = S23 = S32 = S33 = 0 and |S12|2/|S13|2 = k2.

(6)

Finally, all the characteristic impedances and M3 can be
calculated by the following two equations:

Z1 =
√

k2 + 1
/

k and Z2 =
√

k2 + 1 (7a)

AT = k, BT = k + 1/k, CT = 0, and DT = 1/k. (7b)

For the gray box, the constraint conditions of ABCD matrix
can be established and simply deduced as

AG = k, BG = CG = 0, and DG = 1/k. (8)

III. DESIGN EXAMPLES OF THE PROPOSED UNEQUAL PD
To design the proposed unequal PD easily and quickly,

a brief flowchart is summarized in Fig. 2. From Fig. 2, −20-dB
FBWs of S11, S22, S33, and S32 are expressed as FBWS11,
FBWS22, FBWS33, and FBWS32, respectively. θ S11

c (or θ S32
c ) is

defined as the electrical length at the lower cutoff frequency
of S11 (or S32), and RLS11 (or RLS32) is the return loss of S11

(or S32) at θ S11
c (or θ S32

c ). A few critical design steps are further
described.

Step 1: Prescribe the k2 and FBWS11 (or FBWS32).

Fig. 2. Design flowchart for the proposed unequal PD.

Fig. 3. Design chart of M1, M2, and GIT.

Fig. 4. Relationship among characteristic impedances, power ratio, and
FBWs for two different cases. (a) Design chart of case I. (b) Realizable range
of FBWs for case I. (c) Design chart of case II. (d) Realizable range of FBWs
for case II.

Step 2: Based on the above-prescribed specifications, char-
acteristic impedances (Z1 and Z2) and the ABCD matrix of
GIT can be calculated from (7a) and (8), where their calculated
results are shown in Fig. 3.

Step 3: According to the desired value of FBWS11 (or
FBWS32), appropriate GIT topology should be selected, where
only cases I and II are considered for verification in this letter.
By using the mathematical approach in [11], FBWS11 and
FBWS32 can be calculated. The relationship among character-
istic impedances, power ratio, and FBWs is shown in Fig. 4.

Step 4: Considering realization, a suitable substrate (Rogers
RT/5880) is selected for fabrication. Then, the realizable range
(gray range) can be easily drawn in Fig. 4.
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Fig. 5. Circuit-simulated results of six selected examples. (a) Example I:
Z1 = 1.0955 �, Z2 = 2.4495 �, Zev = 4.7758 �, and Zod = 1.8242 �.
(b) Example II: Z1 = 1.0955 �, Z2 = 2.4495, Zev = 2.9984 �, and
Zod = 1.1453 �. (c) Example III: Z1 = 1.0607 �, Z2 = 3.0000 �,
Zev = 2.7969 �, and Zod = 1.3358 �. (d) Example IV: Z1 = 1.2247 �,
Z2 = 1.7321 �, ZS1 = 2.4213 �, and ZS2 = 1.7121 �. (e) Example V:
Z1 = 1.2247 �, Z2 = 1.7321 �, ZS1 = 1.6558 �, and ZS2 = 1.1708 �.
(f) Example VI: Z1 = 1.0607 �, Z2 = 3.0000 �, ZS1 = 1.6764 �, and
ZS2 = 0.5927 �.

Fig. 6. Layout, photograph, simulated, and measured results of the proposed
unequal PD (example III). (a) Layout and photograph of the proposed unequal
PD. (b) Simulated and measured results of the proposed PD.

Step 5: Perform EM simulation and further slightly adjust
the physical dimensions toward optimized target if necessary.

Based on Fig. 4, six design examples are also selected for
verification, and their circuit simulation results are shown in
Fig. 5. Therefore, the realizable ranges of power ratio and
FBW are 5 ≤ k2 ≤ 8, 45% ≤ FBWS11 ≤ 65% in case I, and
1 < k2 ≤ 8, 10% ≤ FBWS11 ≤ 45% in case II, respectively.

To sum up, the following rules can be summarized.

1) For the proposed topology, two TLs (M1 and M2) and
GIT can be designed and discussed independently.

TABLE I

COMPARISON WITH OTHER REPORTED UNEQUAL
PDS [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]

2) By suitably selecting different GIT topologies, different
power ratios and FBW ranges can be realized, where
k2 and FBWS11 (or FBWS32) can be adjusted indepen-
dently. Because of limited pages, tedious discussion and
comparison of FBWS32 are omitted in this letter.

3) Considering high power ratio, wide FBWS11, and com-
pact circuit size, case I is preferred for easy fabrication.
To the best of the author’s knowledge, such kind of
discussion has not been reported in the former works
yet.

IV. EXPERIMENTAL VERIFICATION

In practical implementation, one prototype circuit
(example III) is selected for fabrication on Rogers RT/5880
substrate at f0 = 3 GHz. Fig. 6(a) shows the layout and
photograph of the proposed unequal PD, and Fig. 6(b) shows
the results from the full-wave simulations (Sonnet) and
measurements, where the resistances of two chip resistors
are R0 = 51 �. The simulated and measured results have
matched very well with each other. Finally, a comparison
with the former works [1], [2], [3], [4], [5], [6], [7], [8], [9],
[10] is tabulated in Table I. Compared with WPDs and Gysel
PDs, PDs with three standard 50-� ports are developed as
inquired in applications. It is obvious that the proposed work
could achieve high power ratio (k2 = 8) with very compact
circuit size (0.50λg × 0.09λg). Because FBWS11 (or FBWS32)
and power ratio (k2) can be adjusted independently, the
measured FBWS11 exceeds 48%.

V. CONCLUSION

In this letter, a compact unequal PD with a GIT has been
presented and designed. The design equations and examples
have been given, compared, and discussed under different
power ratios k2 and bandwidths. For verification, one PD pro-
totype has been fabricated to evidently validate the simulated
results in the experiment.
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