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Dual-Band Divider Has
Rejection Band at 5 GHz

This compact power divider passes signals from 1.0 to 4.8 GHz and from 6.2 to 9.0 GHz,
in addition to including a rejection band to stop WLAN interference from 5.0 to 5.8 GHz.

his compact dual-band ultrawideband (UWB) power

divider is designed for multiband orthogonal fre-

quency division multiplexing (OFDM) from 1.0 to

4.8 GHz and for direct sequence ultrawideband appli-
cations from 6.2 to 9.0 GHz. It also provides a sharp rejec-
tion band from 5.0 to 5.8 GHz to help suppress interference
between wireless local-area networks (WLANs) and UWB
communications systems.

The power divider, which is based on two unit cells formed
of dual composite right/left-handed microstrip transmission
lines, exhibits low insertion loss in both passbands. The circuit
measures just 16.6 x 20.0 mm?—some 45.37% smaller than
conventional single-band, quarter-wavelength (A,/4) power
dividers.

Global expansion of wireless services and systems has
driven the need for miniature high-frequency components
operating in specific multiple frequency bands, using straight-
forward design approaches and ease of fabrication.!* The use

(LH) band at higher frequencies. The circuitry also features
a nonlinear phase coefficient through the two bands, making
the technology suitable for the design and fabrication of a va-
riety of different microwave components.!!"'” One challenge
inherent to the use of D-CRLH TLs, however, lies in achieving
effective impedance matching over the wide frequency bands
provided by the transmission lines.

Since power dividers are so widely used in high-frequen-
cy systems with other RF/microwave components—such as
power amplifiers, quadrature frequency mixers, modulators,
and phased-array antennas—many researchers attempt to im-
prove these components by reducing the size of impedance
transformers for them.!82 Some attempts at designing dual-
band and wideband power dividers have employed metamate-

21-23 in addition to other approaches.?428

rial structures
The use of D-CRLH TLs in a microstrip configuration can
deliver an extremely broadband two-way, dual-band power

divider with fairly consistent performance across its full range

of metamaterials (engineered materials) L
has made possible the use of new design
methods for improved electrical perfor- r
; 45 8/2 Y : 6/2 '
mance in smaller components.® — Loar -~

One of these structures is the dual
composite right-/left-handed metama-
terial transmission line (D-CRLH TL).°
D-CRLH TLs have been implemented
recently in a number of different configu-

Transmission
line

rations, yielding good results.”"1% These
planar circuits are fairly simple to real-

ize since they do not require viaholes for

cp CL

| Coer 3L Trans'mlsmw
line

T~ CR

ground or circuit connections.
D-CRLH TLs exhibit dual propagation
passbands: a right-handed (RH) band

\J

DCRLH cell

BV,

at lower frequencies and a left-handed 1. This equivalent circuit represents the D-CRLH unit cell.
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2. This is a dispersion diagram for the 70.7-Q D-CRLH impedance
transformer used in the power divider.

of passband frequencies. It offers similar performance across
its low-frequency band from 1.0 to 4.8 GHz for MB-OFDM
systems and across its high-frequency band from 6.2 to 9.0
GHz for DS-UWB systems.

At the same time, the power divider achieves high isolation
in the range of frequencies between the two communications
bands, with better than 20-dB rejection of signals in the range
from 5.0 to 5.8 GHz, for effective suppression of possible in-
terference from WLAN sources.

Figure 1 shows an equivalent circuit of a D-CRLH TL struc-
ture. The circuit consists of a series tank circuit formed with
capacitor Cp,, and inductor L in series with capacitor Cg.
Another tank circuit is formed by capacitor C; and inductor
L, in series with capacitor C;. Inductor Ly, is connected to
represent any RH parasitic inductance. The tank circuit is con-
nected to a host transmission line with electrical length 6. The
phase along the D-CRLH TL (B,) can be extracted by applying
a periodic analysis of an infinite number of cells, as shown in
Eq. 1%

cos(Bg) = cos(8) + 0.5[ZYcos*(6/2)]

Band #1 .. Band #2

' RV 1 +180
_5 N \} 1 n
~ R d +90
=-104 e -
s - 3
/ 2
'8 15 // [ K
2 T d 0 =
c > &
& . &
8 o _7\
/7 1 -90
-25 —y’ ‘l
-30 : -180

1 3 5 7
Frequency (GHz)

-== ADS magnitude S;; —ADS magnitude S,; —ADS phase S,; |

3. The plots show circuit and full-wave simulated transmission-coef-
ficient (S21) magnitude and phase for the 70.7-Q D-CRLH unit-cell
transformer.

transformer include: (1) adjusting the cutoff frequencies to be
the lower and upper frequencies of the two desired passbands
bands; (2) achieving +90-deg. progressive phase shifts at the
start and end frequencies of the two passbands; and (3) main-
taining good impedance matching within the two passbands.

Since the D-CRLH TL circuit is unbalanced, the cutoff fre-
quencies of the middle stopband (4.8 and 6.2 GHz) were de-
signed according to Eq. 1, such that for very small values of 6,
the condition B4 = 7 is satisfied at the two cutoff frequencies
by Eq. 3:

—4 = {[joLp(1 - @ Ly CI/[1 - 0*(Lyo,C+ Lp)Cr ]}
X {[Jw(CR + Cpar) - jw3cparCRLL]/(1 - szLCR)]}T[|f: 4.8 GHz,
62G6H: (3)

The upper cutoff frequency of the second passband (11
GHz) was achieved by satisfying the condition B4 = 0 in Eq. 1

L |

+1(0.5)(ZZ+Y,Y)sin(6/2) (1)

acteristic impedances and admittances, re-

spectively; Z is the series branch impedance;
and Y is the shunt branch admittance. Mod-

< T
Y K
where Z, and Y, represent the RH char- b
w
L

eling the D-CRLH unit cell as a transmission
line, its characteristic impedance can be ex- W,

tracted by applying Eq. 2:

R <a

Zepin = (ZIY)™ = (joLyy + {[jolg(l -
WLy, CDV/ [1 - @X(Lep + LYCOW/([jo(Cr +
Cpar) - jw3cparCRLL]/(1 - wZLLCR)]})O'S (2)

W, 4. This two-dimensional (2D) layout

represents the 70.7-Q D-CRLH unit-

Design requirements for the impedance

| cell transformer.

L

C
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TABLE 1: LOADING ELEMENT VALUES AND
DIMENSIONS OF THE D-CRLH UNIT CELL

C 0.16 pF L 4.85
Ly 2.11nH w 3416
Loor 0.830 nH w, 0.2
Lep 3.86 nH L 3.35
Cr 0.23 pF s 13
Coor 0.032 pF L 03
L 0.30 nH L 3
w, 2
We 3

for small 6 and a minimum (min) frequency of 11 GHz. This
can be expressed mathematically by Eq. 4:

m1n((1/27‘[){ [1 + (Cpar/CR)]/CparLL}O-S >

(127){(Lg + L)/ Crl(Liep + Lpae(Ly + Lep) %) = 11 GHz
(4)

For effective quarter-wavelength impedance transforma-
tions over both passbands, the D-CRLH TL circuitry was de-
signed for —90 deg. at 4.8 GHz (the edge of the RH passband)
and +90 deg. at 6.2 GHz (the beginning of the LH passband).
These goals can be expressed by Eq. 5:

$pcrr = Bajf= 4.8 GHz = —T/2,
$pcrru = Baf= 6261, =12 (5)
Impedance matching is adjusted by maintaining the D-

CRLH transmission line with
an impedance Zpcpy of 70.7 Q near the two passband cut-

to 5.7 GHz, and a sharp stopband from 5.7 to 7 GHz, followed
by a LH passband from to 7 GHz to beyond 11 GHz.

These cutoft frequencies fulfill the design specifications for
the power divider’s first passband band (dc to 4.8 GHz), while
the performance of the second passband is shifted by approx-
imately 1.5 GHz. This can be considered a limitation of the
numerical solution, which will be optimized during the cell
realization phase of the design process.

Circuit simulations on the transmission lines and power-
divider circuitry were performed with the Advanced Design
System (ADS) software from Keysight Technologies (www.
keysight.com); simulated transmission and reflection coeffi-
cients are plotted in Fig. 3. The cell was terminated in 70.7 Q at
both ends during the simulation.

The simulations reveal the two passbands defined according
to 3-dB |S,;]| cutoff points from 1 to 5 GHz and from 5.8 to 9.1
GHz. Within the first passband,

[S,1] is extremely minimal, from 0 to —0.2 dB, with very low
reflection coefficient

[S11] of —10 to —26 dB.

The second passband has lower |S,;| values, —1 dB at the
lower frequencies and dropping to —3 dB at the higher fre-
quencies. The £90-deg. phase conditions are validated by plot-
ting the magnitude and phase of |S,)| as shown in Fig. 3. As
can be seen, the progressive phase is +90 deg. within the pass-
band at 4.85, 5.4, and 8.85 GHz. The second phase at 5.4 GHz
is a bit shifted due to oversimplification of the circuit model.

The simulations indicate that the power divider will func-
tion with acceptable performance within the two OFDM/DS-
UWRB bands (1.0 to 4.8 GHz and 6.2 to 9.2 GHz). To evaluate
actual circuitry, the D-CRLH power divider was fabricated
with the layout of Fig. 4. The D-CRLH cell consists of an inter-
digital capacitor shunted with a strip inductor, followed by a
series inductor with a patch capacitor.

The cell is based on low-loss printed-circuit-board (PCB)
material from Rogers Corp. (www.rogers.com) with relative
dielectric constant (g,) of 3.55 and thickness of 1.52 mm. The

off frequencies, as shown in Eq. 6:

12
max(|[]) = 0.3 16/¢- 62 GHz ]O( Left hand
~
§ 8 e - Stop band
I'=(Zy - Zpcriw)/(Zo + Zpcrin) (6) % Stop band
g 6
Equations 3-6 were solved numerically us- & 4 )
ing MATLAB simulation software from Math- = Right hand
Works (www.mathworks.com), with results 2
presented in Table 1. The cutoff frequencies o
were validated by plotting the dispersion dia- 0 20 40 60 80 100 120 140 160 180
gram for the calculated values using Eq. 1, as Bd (deg.)

shown in Fig. 2. As can be seen from Fig. 2, the
D-CRLH cell achieves a RH passband from dc

5. This is a dispersion diagram of the 70.7-Q D-CRLH D-CRLH TL used in the dual-
band power divider.
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6. The design process for the D-CRLH power
divider included (a) the block diagram, (b) a
2D layout with Lf = 5 mm and Wf = 3.45 mm,
and the prototype fabricated on commercial
PCB material.

dimensions of the circuitry were extract-

ed according to Eq. 7%:

L = (ZJ/w)tan(ply),

C, (pF) = 3.937 x 105 I(¢, + 1)[0.11(n
~3)+0.252] (7)

where L is the inductance of the strip-

line; 1; is the length of the strip inductor;

z. is the characteristic impedance of the

strip inductor; C; is the interdigital ca-

pacitance; I is the width of the interdigi-

tal capacitor; and n is the number of interdigital capacitor fin-

gers. The capacitor finger length was chosen for a given finger
spacing that could be practically fabricated.

Based on the calculated dimensions of the strip induc-
tor, some fine-tuning was performed. CST Microwave Stu-
dio (www.cst.com) three-dimensional (3D) electromagnetic
(EM) simulation software was used to achieve the final circuit
element dimensions listed in Table 1.

To confirm the behavior of the D-CRLH cell, simulated full-
wave S-parameters were used to create the dispersion diagram
of Fig. 5. It starts with RH behavior within the first passband
extending from dc to 4 GHz. The stopband extends from 4.3
to 5.8 GHz. The second passband, with LH behavior, extends
from 6.2 to 11 GHz.

Figure 6(a) shows a block diagram of the two-way power
divider. It employs one cell of the dual-band impedance trans-
former in each branch of the divider. Figure 6(b) shows a lay-
out for the dual-band D-CRLH power divider, which is de-
signed to equally divide power applied between its input port
and the two output ports. The miniature power divider mea-
sures just 21.4 x 16.6 mm? or 0.27 x 0.22)\,%, where wavelength
Ag is calculated at the midband frequency of the first passband.
Figure 6(c) shows the prototype power divider fabricated on
commercial PCB material.

S-parameter magnitudes of the D-CRLH power divider
were measured with a commercial, two-port vector network
analyzer (VNA). Figure 7(a) provides a comparison between
measured and full-wave simulated S, results for the D-CRLH

7. The plots show full-wave simulated and measured results for the
two-way power divider: (a) transmission coefficient (S21) and (b)
reflection (S11) and isolation (S23) coefficients.
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TABLE 2: COMPARING THE EXPERIMENTAL POWER DIVIDERS

WITH PREVIOUS WORK

less Propagation Letters, Vol. 14, 2015, pp. 245-248.
4. C. Caloz and T. Itoh, Electromagnetic Metamateri-
als Transmission Line Theory and Microwave Appli-
cations, Wiley, New York, 2006.

5. G.V. Eleftheriades and K.G .Balmain, Negative

Refractive Metamaterials, Wiley, New York, 2005.
6. Christophe Caloz, “Dual Composite Right/Left-
Handed (D-CRLH) Transmission Line Metamaterial,”
. 0.22x0.27 1.0t04.7 IEEE Microwave and Wireless Components Letters,

This work 2 16.6 x 20.4 072 %0.88 62109.0 3.3+£0.3 10 Vol. 16, No. 11, 2006, pp. 585-587.
0.19%0.22 0578 7. B. Li, J.P. Yong, and W. Wu, “A Planar Microstrip
. . .0fo2. i ite Ri -
Ref. 23 %) 22.5%25 x 3.0+05 10 Implementation of Dual Composite Right/Left Hand
0.67x0.76 6.25107.1 ed Transmisiion Line,” 2008 |IEEE International Con-
ference on Microwave and Millimeter Wave Tech-
Ref.24 1 12.9x43.48| 0.4x1.37 3.11010.6 3.0£05 11 nology (ICMMT), Vol. 4, Nanjing, China, 2008, pp
Ref.25 1 22x16.33 | 029x0.22 | 1.8t02.45 3.0+0.5 30 1,617-1,619.

8. A. Belenguer, J. Cascon, A.L. Borja, H. Esteban,
Ref.26 2 24 x 24 0'2379X 0635 3.5t105.0 3.0+09 13-15 and V.E. Boria, “Dual Composite Right-/Left-Hand-
0.39x0.5 ed Coplanar Waveguide Transmission Line Using

power divider, with reflection coefficient (S;;) and isolation
coeflicient (S,;) results in Fig. 7(b).

These results show the two passbands from 1 to 4.8 GHz
and 6.2 to 9 GHz with good agreement between measure-
ments and simulations. The S,; magnitude is better than —4
dB throughout the two passbands. Better performance is
achieved in the first passband, where S, is about 3.3 dB across
the full band.

In the upper passband, the measured S,; drops from —4
dB at 8.4 GHz to —6 dB at 9 GHz. For S, the simulated and
measured values are both below —6 dB for both passbands.
Isolation differs for the two bands, with performance of about
—4 dB for the lower passband and better than —6 dB for the
higher passband.

Considering that the power divider is a modified T-junc-
tion, with best-case loss of about —6 dB, it provides reasonable
isolation. The stopband, for rejection of WLAN signals, ex-
tends from 4.8 to 5.8 GHz, with S,, reaching —33 dB at 5 GHz.
Within this stopband, the return loss reaches 2 dB at 5 GHz.

The design tradeoffs for this power divider include good
return and insertion losses for the two passbands and high at-
tenuation within the stopband, at the same time maintaining
good isolation between the two output ports. These electrical
characteristics were pursued while also attempting mechani-
cal miniaturization of the power divider. The design offers
competitive results with some of the latest power-divider de-
signs (Table 2), while being about 45.37% smaller than a con-
ventional design.
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