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A design method of an ultra-wideband transition from double-sided parallel stripline (DSPSL) to coplanar waveguide (CPW) is
proposed based on analytical expressions of characteristic impedance. e conformal mapping is used to obtain the characteristic
impedance for each section of the transition within 3.7% accuracy as compared with the EM simulation results. An efficient and
clear guideline for the design of the transition is proposed.e implemented transition performs less than 0.6 dB insertion loss per
transition for frequencies from 40MHz to 12GHz and less than 1.2 dB insertion loss to 27GHz, which well exceeds the previous
results in the literature.

1. Introduction

Balanced transmission lines such as coplanar stripline (CPS),
slot line, and double-sided parallel stripline (DSPSL) have
frequently been used for applications such as antenna feeds,
double balanced mixers, power dividers, and so on [1–5].
Since the DSPSL has broadside coupling between parallel
lines on top and bottom planes, DSPSL has an advantage over
other balanced lines for easy realization of low character-
istic impedances within fabrication limitation. is impor-
tant feature is very useful to obtain suitable characteristic
impedances for various applications.

On the other hand, coplanar waveguide (CPW) consists
of three conductors on the top surface of a dielectric substrate,
where the center conductor is a signal strip separated from
two ground planes on each side by a narrow gap. As one
of the unbalanced lines, CPWs have frequently been used
as transmission lines in a variety of microwave circuits [6–
8]. Since the ground of the CPW can be obtained from
the top side of the substrate close to the signal line, a
short termination of the CPW can be obtained with much
less spurious inductance than that of the microstrip line
which uses vias. With the CPW, active devices can be

easily mounted on top side of the substrate, and therefore
CPW is widely used in implementing MMICs or MICs
[7].

In the previous literature, designs for various DSPSL-
to-CPW transitions have been reported in [9–11]. In [9],
the transition showed performance with less than 1.8 dB
insertion loss from 1.1 to 6.45GHz. In [10], the transition
utilized vertical coupling and showed performance with less
than 1.4 dB insertion loss from 1.3 to 9GHz. A vertical
transition proposed in [11] operated from 0.5GHz to 14GHz
with less than 1 dB insertion loss. However, most of the
previous transitions had narrow bandwidth and suffered
from design complexities due to lack of impedance analysis
of the transitional structures.

In this paper, an efficient and clear guideline for the
design of DSPSL-to-CPW transition based on analytical
expressions of characteristic impedance is presented. e
conformalmappingmethod is applied to obtain the analytical
expressions, and details of the analysis process are described.
e proposed transition is also designed and implemented
to exhibit ultra-wideband performance from 40MHz to
27GHz.
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F 1: Proposed con�guration of the DSPSL-to-CPW transition: (a) perspective view, (b) top view, and (c) bottom view.

�. Con���ration of the �roposed Transition

e proposed structure of the DSPSL-to-CPW transition is
illustrated in Figure 1. RT/Duroid 4003 with 8mil thickness
(dielectric constant of 3.38) is used as substrate for the tran-
sition. e proposed transition consists of two transitions:
a DSPSL-to-conductor backed CPW (CBCPW) transition
(A-A′ to C-C′) and a CBCPW-to-CPW transition (C-C′ to
E-E′). Firstly, in the DSPSL-to-CBCPW transition, the top
conductor of the DSPSL is connected to the center conductor
of the CBCPW. From the DSPSL to CBCPW, the width of the
top signal conductor line is changed to adjust the impedance
of transitional structure. e bottom line of the DSPSL is
shaped to become the bottom ground plane of CBCPW.
Secondly, in the CBCPW-to-CPW transition, the ground
is connected to the wings of CPW using via holes, which
provide ground continuity. e center conductor line and
bottom ground are tapered to achieve impedance matching
and smooth �eld distributions along the transition.

e electric �eld lines at each cross-section in Figure
1 along the transition are brie�y illustrated in Figure 2.
In a DSPSL, the electric �eld lines are mostly vertical as
shown in the A-A′ plot. As the bottom ground becomes
gradually wider, the electric �eld lines spilt over the bottom
ground plane gradually disappear as the signal propagates
along the sections from A-A′ to C-C′. Via holes are used to
connect bottom ground to top ground plane of the CBCPW.
e electric �eld lines of the CBCPW are illustrated in
the C-C′ plot. Next, as the bottom ground aperture opens

T 1: Summary of the transition dimensions (unit: mil).

𝑤𝑤𝑝𝑝 𝑤𝑤𝑡𝑡 𝑤𝑤cpw 𝑤𝑤𝑔𝑔 𝑔𝑔 𝑔𝑔1 𝑙𝑙𝑝𝑝𝑝𝑝 𝑙𝑙𝑐𝑐𝑐𝑐
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wider smoothly, the vertical electric �eld transforms into
the horizontally oriented �eld as shown in D-D′. Aer
the bottom ground aperture is opened wide enough, hor-
izontal CPW electric �eld lines are formed as shown in
E-E′.

e dimensions of the designed transition are summa-
rized in Table 1.

3. Analysis of the Characteristic
Impedance of the Transition

In this paper, analysis of characteristic impedance and
effective dielectric constant of the proposed DSPSL-to-CPW
transition is performed separately for two adjoining transi-
tional structures: DSPSL-to-CBCPW transition (A-A′ to C-
C′) and CBCPW-to-CPW transition (C-C′ to E-E′). Firstly,
for the sections from A-A′ to C-C′, analytical expressions for
characteristic impedances of the transitional structure can be
obtained from [3, 12, 13]. e impedance of this transitional
structure is obtained using the method of moving perfect
electric wall (MPEW) as shown in Figure 3 [13]. By using
the MPEW, the transitional structure is divided into two
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F 3: Transitional structure from A-A′ and C-C′.

conventional microstrip lines with in�nite ground planes.
e height of the divided substrate is obtained as

ℎ1 =
ℎ
2
+
ℎ
2
󶀡󶀡𝑤𝑤2/𝑤𝑤1󶀱󶀱

𝑤𝑤2/ℎ − 1

󶀡󶀡𝑤𝑤2/𝑤𝑤1󶀱󶀱
𝑤𝑤2/ℎ + 1

. (1)

Since 𝑤𝑤𝑖𝑖 > ℎ𝑖𝑖 (𝑖𝑖 𝑖𝑖  and 2), the effective dielectric constant
for each divided microstrip line can be obtained as

𝜀𝜀eff =
𝜀𝜀𝑟𝑟 + 1
2

+
𝜀𝜀𝑟𝑟 − 1

2󵀆󵀆1 + 12 󶀡󶀡ℎ𝑖𝑖/𝑤𝑤𝑖𝑖󶀱󶀱
, 𝑖𝑖 𝑖𝑖  and 2. (2)

Also, the characteristic impedance for each divided
microstrip line can be obtained as

𝑍𝑍0 = 120
𝜋𝜋

√𝜀𝜀eff 󶀡󶀡󶀡󶀡𝑤𝑤𝑖𝑖/ℎ𝑖𝑖󶀱󶀱 + 1.393+0.667 ln 󶀡󶀡󶀡󶀡𝑤𝑤𝑖𝑖/ℎ𝑖𝑖󶀱󶀱+1.444󶀱󶀱󶀱󶀱
,

𝑖𝑖 𝑖𝑖  and 2.
(3)

en, the total characteristic impedance of the transitional
structure is obtained as the sum of the two dividedmicrostrip
lines. Initially, 𝑤𝑤1 and 𝑤𝑤2 of the 50Ω DSPSL are 24mils
at A-A′, but the widths are varied along the transition. e
conductor shape on the bottom plane is circularly tapered
with the similar method suggested in [3]. e radius of the
circular taper on the bottom plane is chosen as 100mil (𝑙𝑙pt)
in this design, and the conductor width on the top plane
(𝑤𝑤1) is tapered to keep 50Ω along the transition to obtain
maximumbandwidth performance. In case of need, however,
the DSPSL-to-CBCPW transition can also be designed to
work as an impedance transformer.

Next, the CBCPW-to-CPW transition (sections from C-
C′ to E-E′) is designed using the guideline in [7, 8]. Once
the conductor trace of the transition on the top plane is

F 4: Top plane trace of the CBCPW-to-CPW transition (𝑟𝑟 𝑟
39mil).

determined by the taper in [14], the aperture gap on the
bottom plane is adjusted to maintain the impedance at about
50Ω. Figure 4 shows process of determining the top plane
conductor trace. e diameter of the trace circle lies on the
𝑦𝑦-axis at the beginning of the transition, while the 𝑥𝑥-axis is
at the center of the signal line of the CPW. e radius of the
trace circle (𝑟𝑟𝑟 is chosen as 39mil in this design. However,
the analytical method to obtain the characteristic impedance
of the CPW transitional structure with a ground aperture on
the bottom side of the substrate (D-D′ in Figure 2) has not
yet been reported in the literature. erefore, until now, EM
simulations were solely used for the design of this transitional
structure. In order to obtain the characteristic impedance and
effective permittivity of the structure, the Schwarz-Christoffel
conformal mapping method is applied.

e con�guration of the CPW structure with a ground
aperture on the bottom layer is shown in Figure 5(a). On the
top side of the dielectric substrate (dielectric constant 𝜀𝜀𝑟𝑟 with
thickness ℎ), both sides of a center signal conductor (width
𝑤𝑤) are separated from two ground planes by gap width 𝑔𝑔.e
following assumptions are used for this analysis.

(1) e ground planes are in in�nite extent, and all con-
ductors are perfectly conducting with zero thickness.

(2) e aperture is assumed to be symmetrical with
respect to the center of the signal line.

(3) e RF signal along the structure propagates as a
quasi-TEMmode.

(4) e dielectric boundaries, which can be considered as
perfect magnetic walls, exist.
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F 5: Con�guration of the CPW transitional structure: (a) the
whole structure and (b) divided structures for analysis.

In this analysis, the in�uence of the bottom ground aper-
ture is carefully considered as the aperture width increases,
since the �eld leakage from the aperture may not be negligi-
ble. For the analysis, the structure is divided into three regions
as shown in Figure 5(b). For each region, the capacitance per
unit length has been obtained using the mapping method.
e total capacitance per unit length is the sum of capaci-
tances for three regions.

An analytical expression for Region I of the CPW can be
found in [6]. e capacitance is then calculated as

𝐶𝐶1 = 2𝜀𝜀0
𝐾𝐾 󶀡󶀡𝑘𝑘0󶀱󶀱

𝐾𝐾 󶀣󶀣𝑘𝑘′0󶀳󶀳
, (4)

where𝐾𝐾 is the complete elliptic integral of the �rst kind. e
modulus 𝑘𝑘0 and the complementary modulus 𝑘𝑘′0 are given by

𝑘𝑘0 =
𝑤𝑤

𝑤𝑤 𝑤 𝑤𝑤𝑤
, 𝑘𝑘′0 = 󵀆󵀆1 − 𝑘𝑘0

2 (5)

e accurate expression for the ratio 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 has been
reported in [15] as follows:

𝐾𝐾(𝑘𝑘)

𝐾𝐾󶀣󶀣𝑘𝑘′󶀳󶀳
=
1
𝜋𝜋
ln󶀦󶀦2

1 + √𝑘𝑘
1 − √𝑘𝑘

󶀶󶀶 , 0.5 ≤ 𝑘𝑘2 ≤ 1, (6a)

𝐾𝐾(𝑘𝑘)

𝐾𝐾󶀣󶀣𝑘𝑘′󶀳󶀳
=

𝜋𝜋

ln 󶀥󶀥2󶀥󶀥󶀥󶀥1+󵀆󵀆𝑘𝑘′󶀵󶀵 / 󶀥󶀥1−󵀆󵀆𝑘𝑘′󶀵󶀵󶀵󶀵󶀵󶀵
, 0 ≤ 𝑘𝑘2 ≤ 0.5,

(6b)

with 𝑘𝑘′ = 󵀄󵀄1 − 𝑘𝑘2.
Since Region II is also symmetric, only the right half

region is considered in obtaining the capacitance as shown
in Figure 6(a).e region is �rst converted into the 𝑡𝑡-plane as
shown in Figure 6(b) using the following relation:

𝑡𝑡 𝑡 𝑡𝑡𝑡𝑡2 󶀤󶀤
𝜋𝜋𝜋𝜋
2ℎ
󶀴󶀴 . (7)

e corresponding points aer transformation from 𝑧𝑧-plane
are obtained by

𝑡𝑡𝑎𝑎 = cosh
2 󶀤󶀤

𝜋𝜋𝜋𝜋
4ℎ

󶀴󶀴 ,

𝑡𝑡𝑏𝑏 = cosh
2 󶀦󶀦

𝜋𝜋 󶀡󶀡𝑤𝑤𝑤𝑤 𝑤 𝑤𝑤󶀱󶀱
2ℎ

󶀶󶀶 ,

𝑡𝑡𝑒𝑒 = sinh
2 󶀤󶀤

𝜋𝜋𝜋𝜋
4ℎ
󶀴󶀴 .

(8)

e points on the 𝑡𝑡-plane transform through

𝑤𝑤 𝑤 𝑤𝑤
𝑡𝑡

0

𝑑𝑑𝑑𝑑

󵀆󵀆󶀡󶀡𝑡𝑡 𝑡 𝑡𝑡𝑒𝑒󶀱󶀱 󶀱𝑡𝑡 𝑡𝑡 ) 󶀡󶀡𝑡𝑡 𝑡 𝑡𝑡𝑎𝑎󶀱󶀱 󶀱󶀱𝑡𝑡 𝑡 𝑡𝑡𝑏𝑏󶀱󶀱
. (9)

By following integrals in [12], the capacitance per unit length,
𝐶𝐶2, is then obtained as

𝐶𝐶2 = 2𝜀𝜀0𝜀𝜀𝑟𝑟
𝐾𝐾 󶀡󶀡𝑘𝑘1󶀱󶀱

𝐾𝐾 󶀣󶀣𝑘𝑘′1󶀳󶀳
, (10)

where the moduli 𝑘𝑘1 and 𝑘𝑘
′
1 are given by

𝑘𝑘1 = 󵀌󵀌
󶀡󶀡𝑡𝑡𝑎𝑎 − 1󶀱󶀱 󶀱󶀱𝑡𝑡𝑏𝑏 + 𝑡𝑡𝑒𝑒󶀱󶀱
󶀡󶀡𝑡𝑡𝑏𝑏 − 1󶀱󶀱 󶀱󶀱𝑡𝑡𝑎𝑎 + 𝑡𝑡𝑒𝑒󶀱󶀱

, 𝑘𝑘′1 = 󵀆󵀆1 − 𝑘𝑘1
2. (11)

e shape of Region III is carefully chosen to account
for the e�ect of leakage �eld through the ground aperture
on the bottom layer. e amount of leakage �eld �owing
out of the ground aperture on the bottom layer will depend
on the aperture width. In order to calculate the amount of
capacitance caused by this leakage, the structure for Region
III ismodeled as Figure 7(a).e signal linewidth in�uencing
leakage �eld is changed according to the aperture width (𝑠𝑠)
and substrate height (ℎ). Points A and H are determined by
line of �ux departing from Points C and F, respectively [16].
e signal line width in�uencing leakage �eld is determined
by the following relations:

𝑤𝑤′

2
=
󶀂󶀂󶀒󶀒󶀒󶀒
󶀊󶀊󶀒󶀒󶀒󶀒
󶀚󶀚

𝑠𝑠
2
−
ℎ
𝜋𝜋
, if 𝑤𝑤

2
>
𝑠𝑠
2
−
ℎ
𝜋𝜋
,

𝑤𝑤
2
, elsewhere.

(12)

Figure 7(a) illustrates the electric �eld lines that con-
tribute to the capacitance in Region III, and the equivalent
capacitance model (similar method presented in [17]) is
shown in Figure 7(b). As shown in Figure 7, the total
capacitance in�uencing Region III is divided into two parts
of capacitances 𝐶𝐶𝑓𝑓 and 𝐶𝐶𝑓𝑓_cpw for easy calculation. e
capacitance 𝐶𝐶𝑓𝑓 is the parallel plate capacitance between AH
and BG as shown in Figure 7(a), and the capacitance is given
by

𝐶𝐶𝑓𝑓 = 𝜀𝜀0
𝑤𝑤′

ℎ
. (13)
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F 7: Model of Region III with consideration of lea�age �eld: (a) �eld distributions and (b) e�uivalent circuit model.

Capacitance𝐶𝐶𝑓𝑓_cpw is obtainedwith the same process applied
to Region I. e capacitance is calculated as

𝐶𝐶𝑓𝑓_cpw = 2𝜀𝜀0
𝐾𝐾 󶀡󶀡𝑘𝑘2󶀱󶀱

𝐾𝐾 󶀣󶀣𝑘𝑘′2󶀳󶀳
, (14)

where 𝑘𝑘2 and 𝑘𝑘
′
2 are the moduli

𝑘𝑘2 =
𝑤𝑤′

𝑠𝑠
, 𝑘𝑘′2 = 󵀆󵀆1 − 𝑘𝑘2

2. (15)

From (11) and (12), the �nal expression for the capaci-
tance of Region III is obtained as

𝐶𝐶3 =
𝐶𝐶𝑓𝑓𝐶𝐶𝑓𝑓_cpw

𝐶𝐶𝑓𝑓 + 𝐶𝐶𝑓𝑓_cpw
. (16)

e characteristic impedance and effective permittivity of
theDSPSL-to-CPW transitional structure (C-C′ toD-D′) can
be obtained as the sum of capacitance contributions of the
three regions. e total capacitance is obtained as the sum of
(4), (10), and (16). e characteristic impedance is then

𝑍𝑍0 =
1

√𝜀𝜀eff

×
60𝜋𝜋

󶁣󶁣𝐾𝐾 󶀡󶀡𝑘𝑘0󶀱󶀱 /𝐾𝐾 󶀣󶀣𝑘𝑘′0󶀳󶀳+𝐾𝐾 󶀡󶀡𝑘𝑘1󶀱󶀱 /𝐾𝐾 󶀣󶀣𝑘𝑘′1󶀳󶀳+𝐶𝐶3/2󶁳󶁳
.

(17)

e effective dielectric constant can be obtained as the
ratio of the total capacitance to the calculated capacitance
with air �lling instead of the dielectric substrate

𝜀𝜀eff =
𝐾𝐾 󶀡󶀡𝑘𝑘0󶀱󶀱 /𝐾𝐾 󶀣󶀣𝑘𝑘′0󶀳󶀳 + 𝜀𝜀𝑟𝑟𝐾𝐾 󶀡󶀡𝑘𝑘1󶀱󶀱 /𝐾𝐾 󶀣󶀣𝑘𝑘′1󶀳󶀳 + 𝐶𝐶3/2

𝐾𝐾 󶀡󶀡𝑘𝑘0󶀱󶀱 /𝐾𝐾 󶀣󶀣𝑘𝑘′0󶀳󶀳 + 𝐾𝐾 󶀡󶀡𝑘𝑘1󶀱󶀱 /𝐾𝐾 󶀣󶀣𝑘𝑘′1󶀳󶀳 + 𝐶𝐶3/2
. (18)

Figures 8(a) and 8(b) compare the characteristic impe-
dances obtained by the proposed analytical method with the
commercial EM simulator (CST Microwave Studio) results.
Figure 8(a) shows characteristic impedance variations with
the signal width (𝑤𝑤) for various dielectric constants. e
impedance values via EM simulation are obtained at 8GHz,
but their deviations are within 0.3% up to 100GHz. Also,
the characteristic impedances are obtained with variation
of the aperture width (𝑠𝑠) for various dielectric constants
in Figure 8(b). For both cases, the differences between the
analytical expressions and EM simulation results are within
3.8% (average 1.8%).

With the proposed design process, the shape of the
CBCPW-to-CPW transition can be easily obtained using the
analytical expression of characteristic impedance, (17). Fig-
ure 9 shows computed characteristic impedances for various
signal widths (𝑤𝑤) as a function of the bottom aperture width
(𝑠𝑠). e shape of the bottom aperture can be determined
by following the 50Ω line as shown Figure 8: that is, from
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F 8: Characteristic impedance of the CBCPW-to-CPW transition (C-C′ to D-D′) as a function of 𝑤𝑤𝑤𝑤 and 𝑠𝑠𝑠𝑠 (cal.: calculated. Sim.:
simulated). In case of (a), 𝑠𝑠 𝑠 𝑠𝑠mil, 𝑔𝑔 𝑔 𝑔mil, and ℎ=  8mil. In case of (b), 𝑤𝑤 𝑤𝑤𝑤 mil, 𝑔𝑔 𝑔 𝑔mil, and ℎ=  8mil.
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F 9: Characteristic impedances of the CBCPW-to-CPW tran-
sition (C-C′ to D-D′). e substrate is RT/Duroid 4003 with 8mil
thickness (dielectric constant: 3.38).

CBCPW (𝑤𝑤 𝑤 𝑤𝑤mil, 𝑠𝑠 𝑠 𝑠mil) to CPW (𝑤𝑤 𝑤 𝑤𝑤mil,
𝑠𝑠 𝑠 𝑠𝑠mil).

4. Simulation andMeasurement

In order to demonstrate the performance of the proposed
transition, a back-to-back con�guration of the DSPSL-to-
CPW transition was fabricated as shown in Figure 10. A
microstrip- (MS-) to-DSPSL transition [3] was added at each

side of the back-to-back DSPSL-to-CPW transition for ease
of measurement as shown in Figures 10(a) and 10(b). With
simulation, theMS-to-DSPSL transition has less than 0.15 dB
insertion loss up to 15GHz and 0.3 dB up to 30GHz. e
performance of the proposed transition was measured using
the Anritsu network analyzer 37397C with the transition
mounted in a universal test �xture as shown in Figure 10(c).
e measurement setup is brie�y illustrated in Figure 10(d).

emeasured and simulated results of the return loss and
insertion loss of the transition are compared in Figure 11.
Similarly to the fabricated transition, the simulation con�g-
uration includes the additional MS-to-DSPSL transition at
both sides of the back-to-back DSPSL-to-CPW transition.
e discrepancies between the simulated and measured
results are considered to be caused by fabrication inaccuracy,
high loss tangent (loss tangent = 0.0027) of the substrate
and interconnection mismatch of the test �xture. From the
measurement, it is observed that the fabricated transition
performs less than 0.6 dB insertion loss per transition for
frequencies from 40MHz to 12GHz, as well as less than
1.2 dB insertion loss to 27GHz. If the estimated losses due to
additionalMS-to-DSPSL transitions and universal test �xture
are to be accounted from the measured values, the insertion
loss for the single DSPSL-to-CPW transition is estimated less
than 0.9 dB up to 27GHz.

Table 2 compares the performance of the proposed tran-
sition with the previously published results. Overall perfor-
mance of the proposed transition well exceeds performances
of the previous transitions in terms of operating bandwidth
and insertion loss. Due to the clear design guidelines includ-
ing impedance analysis along the whole sections of the
transitional structure, the proposed transition design was
implemented with good performance.
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(a) (b)

(c)

Universal 
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Universal 
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Incident wave
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Port 1 Port 2 
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DSPSL-CPW

transition

DSPSL-MS

transition

DSPSL-MS
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(d)

F 10: Picture of the fabricated ultra-wideband DSPSL-to-CPW transition in a back-to-back con�guration including DSPSL-to-
microstrip transitions for ease of measurement: (a) top view, (b) bottom view, (c) measurement using universal test �xture, and (d)
measurement setup.

T 2: Performance summary of DSPSL-to-CPW transitions.

Bandwidth (GHz) Insertion loss Return loss Dielectric constant of the substrate
[9] 1.1 ∼ 6.45 <1.8 dB >10 dB 9.6
[10] 1.3 ∼ 9 <1.4 dB >10 dB 6.15
[11] 0.5 ∼ 14 <1 dB (Some resonant points exist) >10 dB (Some resonant points exist) 3.38
is work 0.04 ∼ 27 <1.2 dB >10 dB 3.38
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F 11: Simulated and measured insertion loss and return loss
of the transition.

5. Conclusion

A design method of a novel ultra-wideband DSPSL-to-CPW
transition based on analytical expressions of characteristic
impedance is presented. In addition to reported analytical
expressions of characteristic impedance for some sections
of the transitional structure, conformal mapping is used to
accurately obtain new analytical expressions of characteristic
impedances for the CBCPW-to-CPW transitional structure.
erefore, in this paper, an efficient and clear guideline for the
transition design is established. e implemented transition
using the proposed design process has demonstrated to
possess ultra-wideband performance excelling the previous
reported results due to good impedance matching, smooth
�eld transformation, and ground continuity. e transition
design approach proposed in this paper is expected to �nd
multitude of applications to circuits requiring balanced lines
and CPW structures.
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