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ABSTRACT A dual-band balanced to unbalanced power divider with independent power division
ratios (PDRs) at two operating frequencies is proposed in this article. The proposed power divider includes a
dual-band phase inverter, a grounded resistor, and four transmission-line sections (TLS). By simultaneously
changing characteristic impedances and electrical lengths of the four TLS, the independent PDRs are
obtained, and the large-signal output port at lower and upper operation bands can be different. Compared to
the previous works, it has more flexibility in the power division. Moreover, the closed-form design equations
are provided and discussed. To verify the proposed structure, two BTU power dividers operating at 1.0 and
2.0 GHz are designed, fabricated, and measured. The PDRs of the first power divider are —6 and 6 dB for
the lower and upper operation bands, respectively. The second power divider has the PDRs of 3 and —6 dB.
The measured results are good agreements with the theoretical calculation and electromagnetic simulation.

INDEX TERMS Balanced to unbalanced, dual-band, independent power division ratios, power divider.

I. INTRODUCTION

As a fundamental building block, power dividers have been
widely used in microwave applications, such as antenna
feeding networks, balanced amplifiers, and mixers. Because
of the advantage of high-power applications, Gysel-type
power dividers have attracted extensive attention. To meet the
requirement for the continuous growth of modern wireless
communications, studies on power dividers with various per-
formances have been carried out extensively, including arbi-
trary power division, bandwidth enhancement, multi-band,
and integration with filtering. However, there are challenges
from the common-mode noises and radiated electromag-
netic (EM) interference for the multifrequency operation
modes [1]. Compared to the traditional single-ended com-
ponents, the balanced ones have the advantages of good
common-mode suppression and high immunity to environ-
mental and device electronic noise, such as balanced filter
[2]-[4], balanced power divider [5]-[7], and balanced coupler
[8]-[10]. Furthermore, the dual-band balanced components
can be more adaptable for reducing environmental noises in
the multifrequency system.
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Commonly, multi-port balanced devices add complexity
to the overall system, and for a system with both balanced
and unbalanced devices, an external balun is required for the
connection between conventional power divider and balanced
ports, which increases the circuit size. In order to solve this
problem, the balanced-to-unbalanced (BTU) power divider
is proposed to connect both balanced and unbalanced com-
ponents [11]. The BTU power divider can divide one pair
of differential-mode signals into the isolated single-ended
ports with common-mode rejection. In the meantime, unequal
power divisions are highly desired [11], especially for feeding
networks of antenna arrays and Doherty power amplifiers.
By using coupled ring resonators [12], couple lines [13],
and m-shaped networks embedded with short-circuited stubs
[14], some dual-band BTU equal power dividers are real-
ized. Besides, stepped-impedance transmission lines (TL) are
used to realize dual-band BTU unequal power dividers [15].
However, for the existing dual-band BTU power dividers,
their power division ratios (PDRs) at the two operating fre-
quencies are always the same, which limits the application
for an independent dual-band operation mode.

In this article, a dual-band BTU Gysel-type power divider
with independent PDRs at the two operating frequencies is
proposed. The proposed power divider includes a dual-band
phase inverter, a grounded resistor, and four transmission-line
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FIGURE 1. The proposed dual-band BTU power divider.
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FIGURE 2. Transmission part of the proposed dual-band BTU power
divider.

sections (TLS). By simultaneously changing the characteris-
tic impedances and electrical lengths of the TLS, dual-band
response with independent PDRs can be achieved. And the
closed design formulas are derived. Both the theoretical and
experimental results are given and discussed.

Il. DESIGN THEORY

The schematic of the proposed dual-band BTU power divider
is shown in Figure 1, which consists of a dual-band phase
inverter, four TLS (with the characteristic impedance of Z;
and Z,), and an isolation resistor R. The isolation resistor
is grounded, which makes the created heat sinking of the
resistors possible. The balanced input port A comprises of
ports 1 and 4 terminated in Zy;, and the output ports 2 and
3 are two unbalanced ports terminated in Zy;. Frequency ratio
n is defined as

n=hH/h, ey

where fiand f, are the central frequencies of the lower and
upper operating bands, respectively. 61 and 6, are the electri-
cal lengths of the TLS at the central frequency of the lower
operating band. Thus, the electrical lengths of the TLS at f>
can be expressed as n6jand né,, respectively.

A. ANALYSIS OF POWER TRANSMISSION FROM INPUT
PORT TO OUTPUT PORTS

Due to the fact that when the balanced input port A is excited
in differential mode, all the input power is transmitted solely
to the terminations at ports 2 and 3 [16], there is no power
dissipation in the isolation resistor at the two operating fre-
quencies. The voltage VR (as shown in Fig. 1) for the resistor
Riszeroatf and f>. Fig. 2 gives the simplified power divider.
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If the PDR between ports 2 and 3 are k12: 1 atf) and k22: latfs,
so0 it can be obtained that Vo = —kjV3 atf; and Vo = —kp V3
at f>. The voltage relations of the two output branch lines for
the differential excitation case (i.e., V4 = —Vp) atf; and f>
can be obtained by using the ABCD matrix.

Vi = Vacos (.]{—;91) + V»Z;sin (}%91) cot (}%02) /7

+jVaZ; sin <JJC—CIQI) /Zo2, )

V4 = —Vi=V3cos (?92) +V3Z,sin (;—@) cot (}0_91> /71
1 1 1

+jV3Z, sin <JJ7:92) /Z02, (3)

where f = fi or f>. By equating the real and imaginary parts
of Equations (2) and (3), respectively, the PDRs at f] and f>

can be derived as 7 sin6
2 sin 6,

kf = ——, 4

! Z sin 0 )

_ Z; sin(nb,) )
© Zysin(nd;)’

It can be seen from Equations (4) and (5) that the PDRs of
the proposed dual-band BTU power divider are determined
by the characteristic impedances and electrical lengths of the
TLS.

B. ANALYSIS OF IMPEDANCE MATCHING AND ISOLATION
CONDITIONS

To obtain the perfect dual-band impedance matching and
isolation conditions, the proposed dual-band BTU power
divider between ports 2 and 3 can be separated into two paths,
as shown in Fig. 1, and the ABCD matrix of two paths can be
obtained as

¢ o)
¢ D 23_Pathl
_ cos §£02> jZ> sin gjiilez)
jsin (f—192> /72> cos (/—102>
§ [ ! Oi| cos (}%91) jZ1 sin (;:101>
1/R 1

[ }
23_Path2

_ cos (]]%01> jZ; sin (%91)
jsin (}%91> /Z1 cos (}%91>
[ 1 0]] -1 0 1 0
Nz 1|0 -1]|1zg 1
cos <£92> jZ5 sin (£92>
X fl fl (7)
jsin (J:@z) /7 coS (Jiez)
L h N
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To meet the requirement of perfect isolation (S23 = 0) and
perfect matching at output ports (S>> = 0and S33 = 0) at both
central frequencies of the lower and upper operation bands,
the following relations need to satisfy [17]

B3 path1 + B23_pam2 = 0, (8)
B3 _path1
Zyy =
D73 path1 — D23_path2
B23_path2

= - ()

D73 pah2 — D23_pathi

By equating the real and imaginary parts of Equations (8)
and (9), the perfect impedance matching and isolation
conditions for the proposed power divider can be found as

R = Zy =Z01/2, (10)
2é cos (J:Gl) cos (Ji@z)
Z i bil
22
= Z_;Z sin (}C—IQI> sin (}%92)
) sin (]];192).

2
+ sin (]j; > sin <]J:1 92) — % sin (]]:1
(11)

By substituting (4) into (11), the required characteristic
impedance Z; and Z, for perfect impedance matching and
isolation at f] can be obtained as

) 22
sin“ 6» + ki sin” 6 — 2k cos 81 cos 6,
71 =Zn —— ., (12)
ki sin” 6}
k? sin? 01 + sin? 6> — 2k cos 01 cos 6
Z —Zoz\/ : — - (13
sin” 6,

Similarly, the required Z; and Z; for perfect impedance
matching and isolation at f> are obtained as

[ sin® (n6,) + k2 sin? (n6;) |
| —2k; cos (nt) cos (n62)
\ k22 sin® (n))

21 = Zy =, (14)

[ &3 sin? (n6)) + sin? (n6,) |
—2ky cos (nb1) cos (nf
2o = 7o | £ 2 -(Z 1) cos (nth) 1 (15)
\ sin” (n6;)

To simultaneously obtain perfect impedance matching and
isolation at f; and f>, the required Z; in (12) and (14) need to
be equal, so Equation (16) is obtained as

sin? 6> — 2k cos 01 cos 6,
k? sin® 6
_ sinz(nez) — 2kp cos(nfy) cos(ndy) (16)
N k3 sin’(nf))
Similarly, Equation (17) is obtained by using (13) and (15).
k12 sin? 01 — 2k cos 01 cos 6

sin? 6>
k3 sin’(nfy) — 2k> cos(nf) ) cos(nb)
B sin?(n6»)

7
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There are two unknowns (f; and 6;) in Equations (16)
and (17), their solution can be obtained when frequency ratio
n is given.

C. S-PARAMETER ANALYSIS

To derive the standard S-parameter of the proposed power

divider, using the topology in Fig. 2 and the ABCD matrix
can be obtained as

A B 1 0][-1 o1[1 0
L P P I P A

with
Y I:Yoz — jYacot (%92) + jYitan (];91)]
YL = - : . (19)
Y| + Yotan (%91) cot ({792) +jYpotan (%91)
Y [Yoz —jYjcot (%91) + jYatan (};192)]
Yo = (20)

Y2+ tan (%92> cot (%91) +jYo2tan (;f—lez)

where Y| = 1/Z and Yo = 1/Z05.
Substituting Equations (10) and (11) into (18), the ABCD
matrix is simplified as

A B -1 0
= . 21
|:C D]14 [_YOZ _1:| @D
Using the conversion of ABCD matrix into S-parameters,
the S-parameters in terms of ports 1 and 4 are obtained

as
St S| _ [ -1/2 =172

|:S41 S44:|_|:—1/2 —1/2 | (22)

When either port 1 or 4 is excited, the two divided waves

at ports 2 and 3 are 180° out of phase. To realize the PDRs of

k#:1atfi and k3: 1 atf3, the Sp; and S3; can be obtained with

(2) and (3). According to the definition of S-parameters and

the use of (4) and (5), the S»1 and S31 are finally simplified
as follows,

S = = ki TR
V2 |ki (1 — &) cos (}%91>+cos <%92> +k,~aej(f792>

] (23)

S31 = = -1 TR
V2 |ki (1 — &) cos <ff—191>+cos (%92) —i—k,-aej(ﬁ@

] (24)

where
sin (f 92) +k2 sin (’i 1)
. —2k; cos ( 91) cos (J/:—f ) 05)

k sin (; 91> ’

i=1whenf =f],andi = 2 when f = f>.

Considering the perfect isolation between ports 2 and
3 (Ss23 = 0) and the perfect matching at output ports
(Sss22 = 0 and Sgg33 = 0), the standard scattering matrix Sgyq
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FIGURE 3. (a) Phase inverter (b) Dual-band phase inverter.

is derived as

=1/2  Sxn S31 —1/2
_ So1 0 0 —S71
=1/2 =S =S —1/2

Based on the standard S-parameters (26), the mixed-mode
scattering matrix can be obtained as

[ Saaaa  Sdasa2  Sdasaz Sdeaa
(Som] = Ssdoa Sss22 Sss23 Ssc2a
mm Ssa3a Sss32 Sss33 Sse3a
L ScdAA  ScsA2 ScsA3 SceAA
0 V283 V283 0
V2851 0 0 0
= , (27
V25831 0 0 0 @7)
0 0 0 -1

where Sgq denotes differential-mode to single-ended
transmission coefficients. Ss. denotes common-mode to
single-ended suppression coefficients. Sgqq, Scc, and Scq
denote differential return loss (DRL), common-mode
reflection, and differential-mode to common-mode con-
version coefficient, respectively. Sgs means single-ended
S-parameter.

D. DUAL-BAND PHASE INVERTER

The phase inverter and its dual-band equivalent structure are
given in Fig. 3. The transforming relationship between two
circuits can be derived [18],

0, = — (28)
R
2

Oy, = 29
b 14+n @9)
Zy = Ze (30)
a tand,

Z = Z,sinf,cosf,tandy, 31)

cos20, — sin%6,
where 8, and 6y, are the electrical lengths at fi.

Fig. 4 gives the effects of the phase inverter characteristic
impedance Z; on the mixed S-parameter. It can be seen from
Fig. 4 that the bandwidth of |Sggoa| and |Sqgaa] will be
improved when Z. is increased. However, a larger Z; leads
to a narrower bandwidth of |Sccaa| and [Sse2a|. Moreover,
the characteristic impendences calculated with (30) and (31)
need to be realizable. Therefore, Z; is finally chosen as 60 2.

E. PARAMETERS ANALYSIS
Based on the previous theoretical analysis, the design param-
eters of the proposed power divider can be calculated with the

192662
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given PDRs and frequency ratio n by using Equations (10),
and (14)—(17). Fig. 5 shows the calculated electrical lengths
and characteristic impedances for specific PDRs. Limited by
the realizable characteristic impedance range of 20-120 €2 for
microstrip lines, the frequency ratio for the proposed circuit
can be selected from 1.4 to 2.8 with the largest PDR of 6 dB.

Three sets of design parameters are calculated with the
frequency ratio n = 2. In the first case for the PDRs of —6 and
6 dB, Z,, Z», 01, and 6, are calculated as 81.99 2, 55.6 Q,
80.08°, and 46.7°. In the second case for the PDRs of 3 dB
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FIGURE 6. Two-section impedance transformer.

and —6 dB, Z;, Z,, 01, and 6, are calculated as 60.21 €2,
65.26 2, 48.21°, and 76.33°. For the case of 6 and —3 dB,
71,75, 01, and 6, are calculated as 53.44 2, 81.84 2, 48.21°,
and 76.33°. In the three cases, the other parameters are all
setas Zpo = Z1 = R = 50 Q, Zyy = 2Zyp = 100 Q.
0, = 60°6, = 120°, Z, = 34 Q and Z, = 51 Q.

A two-section impedance transformer given in Fig. 6 is
applied for matching Zp; to the standard 50-€2 port, character-
istic impedance values and electrical lengths are given as [19]

g
6T1 = 6m2 = —— 32
IT1 =T, (32)
Z (Zo1 — Z2) Zo» (Zor — Zoo) 1 3

Z2IT1 = AN/
I 2 tan? O1T1 \/|: 2 tan? o011 :| + 0201
(33)
Ziry = 20201/ (34)

where 011 and 0> are electrical lengths at fi. For the fre-
quency ratio n = 2, the values are given as 6yt = 62 = 60°,
ZITl = 63.06 Q, and ZITZ =179.29 Q.

The mixed scattering parameters for the three cases are
given in Figs. 7-9. The |Ssq2a| in Fig. 7(a) at the operating
frequencies of 1.0 and 2.0 GHz are —6.97 and —0.99 dB, the
|Ssaza| are —0.97 and —6.97 dB, leading to the PDRs at the
two operating frequencies of —6 and 6 dB, respectively.

The |Ssa24 | in Fig. 8(a) at the two operating frequencies are
—0.97 and —4.77 dB, the |Ssq3a| are —6.98 and —1.76 dB,
leading to the PDRs at the two operating frequencies of 6 and
—3 dB, respectively.

The |Ssa2a| in Fig. 9(a) at the two operating frequen-
cies are —1.76 and —6.98 dB, the |S¢q3a| are —4.76 and
—0.97 dB, leading to the PDRs of 3 and —6 dB, respectively.
Figs. 7-9 show that independent PDRs at the two operating
frequencies are obtained.

When the port A is excited in the common mode, [Sccaal
at the operating frequencies of 1.0 and 2.0 GHz are always
0 dB, and the transmission parameters of |Sccoa| and |Sce3a |
are all less than —60 dB, implying that no common-mode
power transfers from the port A to ports 2 and 3, as shown in
Figs. 7-9. For the three cases, the phase differences between
Ssazaand Sggoa at the two operating frequencies of 1.0 and
2.0 GHz are 180°. The dual-band out-of-phase characteristics
at two unbalanced output ports are obtained. Figs. 7-9 also
show that perfect impedance matching (Sggaa = 0, Sss22 =
0, and Sgs33 = 0) and isolation (Sss23 = 0) at both operating
frequencies are simultaneously obtained for various PDRs,
which verifies the previous theoretical analysis.

Based on the foregoing analysis studies, the following
procedures shown in Figure 10 are suggested to design the
proposed dual-band BTU power divider.
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FIGURE 7. Performances of the proposed BTU power divider with PDR1
=-6 dB, PDR2 = 6 dB. (a) Issd2A|, Issd3A| and IsddAAI' (b) ISCCAAI'
ISsc2al ISsczal and [Sgcaal- (c) Output ports isolation and return loss.
(d) Unwrapped phase difference between the output ports.

1) Determine the frequency ratio n and the desired PDRs
at f1 and f> referring to Figure 5.
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ifference between the output ports.

. (c) Output ports

3) Calculate the characteristic impedances Z; and Z; using

(12) and (13).

2) Calculate the electrical lengths 67 and 6, using (16)

and (17).
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’ Determined PDRs and » referring to Figure 5 ‘

!

’ Calculate 6, and 6, using (16) and (17) ‘

!

’ Calculate Z; and Z; using (12) and (13) ‘

!

’ Select Z, referring to Figure 4 ‘

!

Calculate the circuit parameters of the dual-
band phase inverter using (28)-(31)

!

Calculate the circuit parameters of the dual-
band impedance transformer using (32)-(34)

!

Convert all the circuit parameters to the
physical dimensions

!

Optimize the physical dimensions using a full-
wave electromagnetic simulator

End

FIGURE 10. The flowchart of the procedures to design the proposed
dual-band BTU power divider.

FIGURE 11. Photograph of Design 1.

TABLE 1. Dimensions of Design 1 (unit: mm; refer to Fig. 11).

/4 Wa W3 W Ws Ws L
2.69 1.27 3.04 2.65 7.1 2.98 46.22
Ly Ls L3 Ls Ls Ly Ls
25.95 39.73 27.95 29 333 126.4 70

4) Select the characteristic impedance Z. referring to
Figure 4.

5) Calculate the circuit parameters of the dual-band phase
inverter using (28)-(31)

6) Calculate the circuit parameters of the dual-band
impedance transformer using (32)-(34).

7) Convert all the circuit parameters to the physical
dimensions using the TL synthesis tool ADS Linecalc.

8) Optimize the physical dimensions using a full-wave
electromagnetic simulator ANSYS HFSS.

VOLUME 8, 2020

2
2
L
<
2
= i i
on ' '
S - -
= : T

-35 : : . . . .

08 1.0 12 14 16 18 2.0 22

Frequency (GHz)
(2)

0

-10
g
~ _20-
]
<
£
2 -30
o0
=

-40-

-50 T t

08 1.0 12 14 16 18 20 22

Frequency (GHz)
(®)

2
Z
D
<=
£
=
o0
<
=

(©

Phase(S,,) - Phase(S ,,) (Deg)

08 10 12 14 16 18 20 22

Frequency (GHz)
(d)

FIGURE 12. Performances of Design 1 (a) |Ssq| and [Sgqaal (b) [Sscl.
ISccanl and [Sgcanal (c) Output ports isolation and return loss
(d) Unwrapped phase difference between output ports.

Ill. CIRCUIT LAYOUT AND IMPLEMENTATION

For experimental demonstration, the proposed theory and
predicted performance are verified by a microstrip dual-band
BTU power divider with the PDRs of —6 and 6 dB (Design 1),
and a power divider with the PDRs of 3 and —6 dB (Design
2). Both power dividers are designed with the operating fre-

192665



IEEE Access

Z.Zhu et al.: Dual-Band Balanced-to-Unbalanced Power Divider With Independent Power Division Ratios

FIGURE 13. Photograph of Design 2.

quencies of fi = 1.0 GHz and f, = 2.0 GHz, which are
implemented on PTFE/woven-glass substrate with a relative
permittivity of 2.65 and thickness of 1.5 mm.

A. DESIGN 1

Based on the design procedures in Figure 10, the main circuit
parameters for the PDRs of —6 and 6 dB are calculated as
01 = 80.08°, 6, = 46.7°, Z; = 81.99 Q, Z, = 55.6 Q,
0, = 60°, 6, = 120°,Z, = 34 2,7, = 51 Q, 611 =
62 = 60°, Zi71 = 63.06 2, Z112 = 79.29 Q and R = 50 Q.
The photograph of the fabricated circuit for Design 1 is given
in Fig. 11. The final dimensions of the circuit are given
in Table 1. The overall size is 0.48 Ay x 0.45 Ay, where A,
is the guide wavelength of 50-2 TLs at the first operating
frequency. The simulated and measured performances of the
proposed dual-band BTU power divider (Design 1) are shown
in Figure 12.

The measured |Ssqoa| at f1 and frare —6.91 and —1.73 dB,
respectively, and |Ssg3a| are —1.33 and —6.99 dB as shown
in Fig. 12(a). The measured DRL at f; is 23.0 dB, and the
—10-dB fractional bandwidth (FBW) is about 16.0% from
0.909 to 1.067 GHz, while the measured DRL at f> is 19.0 dB
with the DRL less than —10 dB from 1.941 to 2.058 GHz
(5.9%). Besides, the common-mode suppression (CMS) of
output ports 2 and 3 are given as |Sgcoa| and |Sse3a| in
Fig. 12(b), and the measured |Ssc2a | and |Sgc3a | are —35.6 and
—44.1 dB at f1, —27.5 and —30.8 dB at f>, respectively.
At the lower band, the CMS has a —10-dB bandwidth from
0.914 to 1.190 GHz, with |Sccaa| greater than —3.95 dB,
while the CMS at the upper band has a —10-dB bandwidth
from 1.732 to 2.080 GHz, in which |Sccaa| is greater than
—2.87 dB.

The |Sss22| and [Sgs33| in Fig. 12(c) shows that the output
ports 2 and 3 have a wide 10-dB impedance matching band-
width at the lower frequency band. The measured isolation
(|Sss23]) greater than 10 dB is from 0.894 to 1.123 GHz
(22.7%) with the value of 24.4 dB at fj, and 1.841 to
2.065 GHz (11.5%) with the value of 17.6 dB at f>, respec-
tively. Because the difference between theoretical resistance
and chip resistor value, and the stronger parasitic effect
around the resistor at the upper band, the isolation at the
upper band is smaller than that at the lower band. Fur-
thermore, the measured phase differences between output
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FIGURE 14. Performances of Design 2 (a) |Ss4| and |Sgqaal (b) ISscl.
ISccaal and [Sgcanl (c) Output ports isolation and return loss
(d) Unwrapped phase difference between output ports.

TABLE 2. Dimensions of Design 2 (unit: mm; refer to Fig. 13).

/4 W W3 Wi Ws We L
2.69 1.27 3.04 2.65 7.1 2.98 27.95
L> Ls Ls Ls Le L7 Ls
40.75 28 44.5 29 333 126.4 70

ports 2 and 3 are 181.2° at f1 and 182.1° at f>, as shown
in Fig. 12(d).
B. DESIGN 2
In Design 2 for the PDRs of 3 and —6 dB, most of the circuit

element values are the same as Design 1, except for the values
of the TLS characteristic impedances and electrical lengths.
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TABLE 3. Performance comparisons.

Ref. fi&f(GHz) | PDR (@) FBW (%) v e Isolation (4B)@ i & ot
[11] 2.0 3 ~43 ~25 >20 ~18 0.73x0.45
[12] 2.82&3.22 0&0 7.9 &6.9 20 & 27 >15 &>15 19& 18 ~0.78x0.49
[13] 09&1.8 0&0 11.9&5.9 24 & 25 22&17 28 & 22.5 ~0.69%0.57
[14] 1.0&22 0&0 30& 13.6 22 & 28 153 &14.7 35&37 0.41x0.34
[15] 1.0& 6.4 0&0 53&73 27 & 28 38.3&282 22& 14 0.75x%0.51
Design 1 1.0 & 2.0 6&6 16.0 & 5.9 23.0 & 19.0 35.6 & 27.5 244 &17.6 0.48%0.45
Design 2 1.0 & 2.0 3&-6 151 & 6.5 27.1 & 24.1 36.3 & 28.4 21.9 & 16.3 0.48x0.45

PDR: Power division ratio. FBW: Fractional bandwidth. DRL: Differential return loss. CMS: Common mode suppression.

The electrical lengths and characteristic impedances of the
four TLS are calculated as §; = 48.21°, 6, = 76.33°,
Z1 = 60.21 2, and Zo = 65.26 Q2. The photograph of the
fabricated circuit for Design 2 is given in Figure 13. The final
dimensions of the circuit are given in Table 2. The overall size
is 0.48 Ag x 0.45 Ag.

The measured |Ssq2a | at f1 and frare —2.23 and —7.06 dB,
respectively, and |Sgq3a| are —4.65 and —1.55 dB as shown
in Fig. 14(a). The measured DRL at f; is 27.1 dB, and the
—10-dB FBW is about 15.1% from 0.919 to 1.069 GHz, while
the measured DRL at f> is 24.1 dB with the DRL less than
—10 dB from 1.932 to 2.062 GHz (6.5%). The measured
|Ssc2a| and |Sge3a| are —36.3 and —38.8 dB at f1, —35.2 and
—28.4 dB at f>, respectively, as shown in Fig. 14(b).
Moreover, the CMS at the lower band has the —10-dB band-
width ranging from 0.916 to 1.27 GHz with |Sccaa| greater
than —4.52 dB. At the upper band, the —10-dB bandwidth of
CMS is obtained from 1.770 to 2.098 GHz, in which |S¢can |
is greater than —4.3 dB.

It is seen from Fig. 14(c) that the measured isolation
(|Sss23]) at fi and fo are 21.9 and 16.3 dB, respectively.
The measured isolation is greater than 10 dB from 0.909 to
1.108 GHz (19.7%) and 1.867 to 2.074 GHz (10.5%).
Furthermore, the measured phase differences between output
ports 2 and 3 at f; and f> are 179.7° and 180.1°, respectively,
as shown in Fig. 14(d).

The comparison of the proposed dual-band BTU power
divider with previous works is summarized in Table 3.
Compared with [11]-[15], the proposed dual-band BTU
power divider has more flexibility of the power division, such
as arbitrary PDRs, the lower and upper band with different
large signal output ports. The size of the proposed BTU power
divider is less than that of [11]-[13], and [15]. Furthermore,
good CMS and large DRL are also obtained for various PDRs.

IV. CONCLUSION

In this article, a dual-band BTU power divider with inde-
pendent PDRs has been presented. The large signal output
port at lower and upper operation bands can be different.
And the proposed dual-band BTU power divider can be easily
synthesized with the prescribed arbitrary PDRs. In addition,
the proposed dual-band BTU power divider is a Gysel-type
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power divider, which is also suitable for high power
applications.
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