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A clear and efficient design method for ultra-wideband microstrip-to-suspended stripline transition, which is based on the
analytical expressions of the whole transitional structure, is presented. The conformal mapping is applied to obtain the characteristic
impedance of the transitional structure within 2.85% accuracy as compared with the EM-simulation results. The transition is
designed to provide broadband impedance matching and smooth field conversion. The implemented transition performs less than
0.6 dB insertion loss per transition for frequencies up to 30 GHz.

1. Introduction
Among various planar transmission lines used for microwave
and millimeter-wave circuits, suspended stripline (SSL) offers
some unique advantages as compared with other transmission lines [1, 2]. (1) SSL yields a higher quality factor than
printed stripline and microstrip line (MSL). Since most of
the propagated signal energy is carried through the air region
rather than through the dielectric layer of the substrate, line
losses are considerably reduced, which results in a high Q
factor on the order of 500. (2) SSL provides wide impedance
ranges because the width of SSL’s strip is wider than MSL
under the same characteristic impedance. (3) Since the SSL
substrate is suspended at the center of a rectangular waveguide, it is easy to design a capacitance overlapped by top and
bottom strips, enabling it to implement high-performance
ultrawideband filters [2–6]. (4) Due to the shielded structure,
radiation leakage is minimized.
On the other hand, MSL is one of the most widely
used transmission lines for microwave and millimeter-wave
integrated circuits. Using MSL, microwave components—
e.g., antennas, couplers, filters, power dividers, and so forth—
can be designed with low-cost and compact characteristics
[7]. Therefore, to combine the advantages of SSL and MSL

simultaneously, it is important to develop a suitable and high
performing transition structure between the two different
transmission lines, and there were already variously related
researches. In [8], an MSL-to-SSL transition using multilayer
techniques was reported. The transition bandwidth was up
to 12 GHz; however, it lacked the ground continuity between
the SSL and the microstrip ground plane. In [9], a transition
structure between the shielded MSL and SSL was developed
with its available bandwidth up to 40 GHz. However, a
clear design guidance including theoretical analysis was not
provided.
In this paper, a new design method of an ultrawideband
MSL-to-SSL transition based on theoretically derived closedform equations is proposed. The closed-form equations used
to govern the transition structure are obtained by conformal
mapping. These equations provide a much easier guidance,
helping the SSL-to-MSL transition to reach its optimal performance. The resulted transition has shown a very wideband
response with considerably low in-band insertion loss.

2. Configuration of the Proposed Transition
The channel cross-section of the suspended stripline is illustrated in Figure 1. In this design, RT/Duroid 4003 with
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Figure 1: Cross-sectional view of the suspended stripline (SSL) channel.
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Figure 2: Proposed configuration of the MSL-to-SSL transition: (a) perspective view, (b) top view, and (c) bottom view.

8 mil thickness is used as a circuit substrate (𝜀𝑟 = 3.38).
The channel dimension is carefully chosen to suppress the
spurious of waveguide modes. The channel cutoff frequency
can be approximately determined by (1) [10]
𝑓𝑐 =

𝑐
ℎ 𝜀 −1
√1 − ( 𝑟
),
2𝑤1
𝑏
𝜀𝑟

(1)

where 𝑤1 is the channel width, 𝑏 is the channel height (=
ℎ1 + ℎ2 + ℎ), 𝑐 = 3 × 108 m/s, and ℎ is the substrate
height. In this design, in order to operate the circuit up to
30 GHz, the channel dimensions, listed in Table 1, are chosen
to provide a cutoff frequency at 30 GHz. To provide flexible
assembly, a split-block waveguide is used; a cover housing can
easily be clamped to a bottom carrier housing. The dielectric

substrate is suspended on the top of the carrier housing
(200 mil width and 80 mil depth) and is capped with the
cover housing (200 mil width and 80 mil height). Multiple
vias are placed at the edge of the substrates to provide a good
conductive connection between the carrier housing and the
cover housing.
Figure 2(a) shows a perspective view of the proposed
MSL-to-SSL transition, and Figures 2(b) and 2(c) show top
and bottom view of the transition. The transition consists of
an MSL section (A-A ), an MSL-to-SSL transition section (BB and C-C ), and an SSL section (D-D ). Figure 3 displays
cross-sectional views of the simplified electric field distributions. In an MSL, electric field lines are perpendicularly
terminated to the ground plane of the substrate as shown at
A-A in Figure 3. In an SSL, the arrowed lines representing
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Figure 3: Cross-sectional views of simplified electric field distributions.
Table 1: Summary of the SSL channel dimensions (unit: mil).
ℎ1
80

ℎ2
80

ℎ
8

𝑤1
200

electric flux are conformed to a TEM-like field between the
signal line and metal wall as shown at D-D in Figure 3. In
order to gradually match the field distributions between MSL
and SSL, a transitional structure of a shielded conductorbacked coplanar waveguide (B-B ) with the cover cavity of
140 mil width and 80 mil height is placed after the MSL
section. The electric field lines of the transition structure
tend to possess increased horizontal components which are
terminated at the edge of the cover (B-B in Figure 3). As
gradually widening width of the aperture on the bottom
conductor of the substrate (C-C in Figure 3), the electric
flux begins to flow out of the bottom aperture toward to
the ground surface of the carrier housing. The width of the
top conductor is also changed along the transition to match
the characteristic impedance and to provide a smooth field
matching to that of SSL. For the transitional structure, the size
of the cover cavity is kept as 140 mil width and 80 mil height,
and the size of the bottom cavity is maintained as 200 mil
width and 80 mil depth. The dimensions of the top and
bottom metal strips are varied to provide a smooth transition.
In the SSL section, the width of the cover housing becomes
200 mil beyond the transition section (B-B to C-C ). The
dimensions of the proposed transition are summarized in
Table 2.

Table 2: Summary of the transition dimensions (unit: mil).
𝑤𝑚
17

𝑤𝑡
18

𝑤ssl
150

𝑠𝑡
5

𝑙𝑡1
52

𝑙𝑡2
20

3. Analysis of the Characteristic Impedance
of the Transition
In designing the transition, impedance matching between
adjoining transitional lines is very important. The guideline
used for design of the proposed transition is as follows. (1)
The shape of the top conductor is determined by the taper
suggested in [11]. (2) The shape of the bottom conductor
is adjusted to maintain the characteristic impedance of the
transitional structure at 50 Ω for broadband matching.
Figure 4 shows the process of determining SSL’s top strip
layout in the transition region. The diameter of the trace circle
lies on the 𝑦-axis at the beginning of the transition while the
𝑥-axis is at the center of the signal line. The radius of the trace
circle (𝑟) is chosen as 73 mil in this design. Next, the shape
of the bottom strip should be decided to maintain a 50 Ω
of characteristic impedance along the transition. This paper
presents a new method to derive the analytical formula for the
shielded CPW transitional structure with an aperture on the
bottom side of the substrate (C-C in Figure 3). The analytical
expressions for the CPW structure with a ground aperture
were recently reported in [12]. In this paper, however, new
analytical expressions for the shielded CPW structure with a
ground aperture using the conformal mapping method are
presented.
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Figure 4: Top plane trace of the transition (𝑟 = 73 mil).

The configuration of the shielded CPW structure with a
ground aperture on the bottom layer is shown in Figure 5(a).
In order to obtain the characteristic impedance and effective
permittivity of the structure, the Schwarz-Christoffel conformal mapping method is applied. The following assumptions
are used for this analysis.
(1) All conductors are perfectly conducting with zero
thickness.
(2) The aperture is assumed to be symmetrical with
respect to the center of the signal conductor.
(3) The RF signal along the structure propagates as a
quasi-TEM mode.
(4) The dielectric boundaries, which can be considered as
perfect magnetic walls, exist.
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.
The total capacitance per unit length is the sum of capacitances for three regions.
The first transformation to obtain the capacitance in
Region I is performed by mapping from 𝑤-plane to 𝑧-plane
as shown in Figures 6(a) and 6(b) using conformal mapping.
Mapping the 𝑤-plane into 𝑧-plane is performed by solving
𝑥 = sn (

2𝐾 (1/𝑥𝑎 )
1
𝑤, ) ,
𝑤1
𝑥𝑎

2
1
√1 − ( 1 ) .
=
𝑥𝑎
𝑥𝑎

𝐾 (𝑘0 )
.
𝐾 (𝑘0 )

(5)

The modulus 𝑘0 and the complementary modulus 𝑘0 are
given by
𝑘0 =

𝑤
,
𝑠

𝑘0 = √1 − 𝑘02 .

(6)

Region II is almost the same structure as Region I
except for the existence of an aperture on the bottom plane.
Figure 7(a) is transformed into Figure 7(b) by following
mapping function:

𝑥 = sn (

2𝐾 (1/𝑥𝑏 )
1
𝑤, ) ,
𝑤2
𝑥𝑏

1 √
1 2 (7)
=
1
−
(
),
𝑥𝑏
𝑥𝑏

where the modulus 1/𝑥𝑏 is obtained by
𝐾 (1/𝑥𝑏 ) 𝑤2
=
.
𝐾 (1/𝑥𝑏 ) 2ℎ

(8)

Points A, B, and E in 𝑤-plane are transformed to the
corresponding points in 𝑧-plane as

(2)

Points A and B in 𝑤-plane are transformed to the corresponding points in 𝑧-plane as

A: 𝑤 = sn (

2𝐾 (1/𝑥𝑏 ) 𝑤 1
, ),
𝑤2
2 𝑥𝑏

(9)

2𝐾 (1/𝑥𝑎 ) 𝑤 1
, ),
𝑤1
2 𝑥𝑎

(3)

B: 𝑠 = sn (

2𝐾 (1/𝑥𝑏 ) 𝑤
1
( + 𝑔) , ) ,
𝑤2
2
𝑥𝑏

(10)

2𝐾 (1/𝑥𝑎 ) 𝑤
1
( + 𝑔) , ) .
𝑤1
2
𝑥𝑎

(4)

E: 𝑥𝑐 = sn (

2𝐾 (1/𝑥𝑏 ) 𝑠
1
( + 𝑗ℎ) , ) .
𝑤2
2
𝑥𝑏

(11)

A: 𝑤 = sn (
B: s = sn (

𝐶1 = 2𝜀0

(1∗)

where sn is the Jacobi elliptic function and 𝐾 is the complete
elliptic integral. The modulus 1/𝑥𝑎 is obtained by
𝐾 (1/𝑥𝑎 )
𝑤
= 1,

2ℎ
𝐾 (1/𝑥𝑎 )
1

The transformation from Figure 6(b) to 6(c) is the same
as obtaining CPW capacitance with air filling [13]. The
capacitance is then calculated as
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Figure 5: Configuration of the transitional structure: (a) the entire structure and (b) individual structures used in the analysis.
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w-plane
G

F

s

E

D

h

𝜀0 𝜀r

𝜀0 𝜀r

w/2

−w2 /2
H

I

J

O

w/2 + g
A

B

w2 /2
C

z-plane

−xc −xb −1 −s −w
F

G

H

I

J

(a)

w
O

(b)

Figure 7: Conformal mapping transformation for Region II.

A



s



B

1
C

xb
D

xc
E

6

International Journal of Antennas and Propagation
A

w
wc

J
Cfringe1

A

J

C B

I H

h
B

D

I

G

𝜀0

Cfringe2
F

E

C

H

(a)

(b)

Figure 8: Model of Region III with consideration of leakage field: (a) field distributions and (b) equivalent circuit model.

70
Characteristic impedance (Ohm)

Characteristic impedance (Ohm)

120
100
80
60
40
20

60
50
40
30
20
10
0

0
0

2

4

6

8
w/h

𝜀r = 3.38 cal.
𝜀r = 3.38 sim.
𝜀r = 6 cal.

10

12

14

0

2

4

6

8

10

12

14

16

s/h
𝜀r = 3.38 cal.
𝜀r = 3.38 sim.
𝜀r = 6 cal.

𝜀r = 6 sim.
𝜀r = 10 cal.
𝜀r = 10 sim.

(a)

𝜀r = 6 sim.
𝜀r = 10 cal.
𝜀r = 10 sim.

(b)

Figure 9: Characteristic impedances as a function of 𝑤/ℎ and 𝑠/ℎ (cal.: calculated, sim.: simulated). In case of (a), 𝑠 = 40 mil, 𝑔 = 10 mil,
ℎ = 8 mil, 𝑤1 = 200 mil, 𝑤2 = 200 mil, ℎ1 = 80 mil, and ℎ2 = 200 mil. In case of (b), 𝑤 = 70 mil, 𝑔 = 10 mil, ℎ = 8 mil, 𝑤1 = 200 mil,
𝑤2 = 200 mil, ℎ1 = 80 mil, and ℎ2 = 200 mil.

The transformed structure in Figure 7(b) is the same as the
CPW with finite ground planes with air filling in [13]. The
capacitance and the modulus are
𝐶2 = 2𝜀0 𝜀𝑟

𝐾 (𝑘1 )
,
𝐾 (𝑘1 )

(12)

2


𝑤 1 − (𝑠 /𝑥𝑐 )
,
𝑘1 =  √
2
𝑠
1 − (𝑤 /𝑥𝑐 )

𝑘1 = √1 − 𝑘1 2 .

(13)

The shape of Region III is carefully chosen to evaluate
the effect of leakage field through the ground aperture on
the bottom layer. The amount of leakage field flowing out of
the ground aperture on the bottom layer will depend on the
aperture width. In order to calculate the capacitance caused

by this leakage, the structure for Region III is modeled as
Figure 8(a). The signal line width which influences leakage
field is changed according to the aperture width (𝑠) and
substrate height (ℎ). Points A and J are determined by line
of flux departing from Points C and H, respectively [14]. The
signal line width influencing leakage field is determined by
the following relations:
𝑠 ℎ
{ − ,
{2 𝜋
𝑤𝑐 {
= {𝑤
{
2
{ ,
{2

if

𝑤 𝑠 ℎ
> − ,
2 2 𝜋

elsewhere.

(14)

Figure 8(a) shows the electric field lines that contribute
to capacitance in Region III and the equivalent capacitance
model is shown in Figure 8(b), which was similarly suggested
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Figure 11: Picture of the fabricated ultrawideband MSL-to-SSL transition in a back-to-back configuration: (a) top view, (b) bottom view, (c)
cover and bottom carrier, and (d) perspective view of transition.

in [15]. As shown in Figure 8, the total capacitance influencing Region III is divided into two capacitances 𝐶fringe1 and
𝐶fringe2 for easy calculation. Capacitance, 𝐶fringe1 is the parallel
plate capacitance between AJ and BI as shown in Figure 8(a)
and the capacitance is given by
𝑤
𝐶fringe1 = 𝜀0 𝑐 .
(15)
ℎ
Capacitance 𝐶fringe2 is obtained by the same process as
the Region I analysis. The final expression for capacitance of
Region III is obtained by
𝐶3 =

𝐶fringe1 𝐶fringe2
𝐶fringe1 + 𝐶fringe2

.

(16)

The characteristic impedance and effective permittivity of
the whole structure can be obtained as the sum of capacitance
contributions of the three regions. The total capacitance is
the sum of (5), (12), and (16). The characteristic impedance
is then
60𝜋
1
.
𝑍0 =
 ) + 𝐾 (𝑘 ) /𝐾 (𝑘 ) + 𝐶 /2] (17)
𝜀
[𝐾
(𝑘
)
/𝐾
(𝑘
√ eff
0
1
3
0
1
The effective dielectric constant can be obtained as the ratio
of the total capacitance to the calculated capacitance with air
filling instead of the dielectric substrate:
𝜀eff =

𝐾 (𝑘0 ) /𝐾 (𝑘0 ) + 𝜀𝑟 𝐾 (𝑘1 ) /𝐾 (𝑘1 ) + 𝐶3 /2
𝐾 (𝑘0 ) /𝐾 (𝑘0 ) + 𝐾 (𝑘1 ) /𝐾 (𝑘1 ) + 𝐶3 /2

.

(18)
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Figures 9(a) and 9(b) compare the characteristic impedances obtained by the proposed analytical method and
the commercial EM simulator (CST Microwave Studio).
Figure 9(a) shows characteristic impedance variations with
the signal width (𝑤) for various dielectric constants. The
impedance values via EM simulation are obtained at 8 GHz,
but their deviations are within 0.3% up to 100 GHz. Also,
the characteristic impedances are obtained with variation
of the aperture width (𝑠) for various dielectric constants
in Figure 9(b). For both cases, the differences between the
analytical expressions and EM simulation results are within
2.85% (average 1.66%).
According to the design process proposed in this
paper, the conductor shape of the transition can easily be
obtained using the analytical expression of the characteristic
impedance (18). The width of the cover cavity for the transition section is chosen as 140 mil to adjust impedance matching. Figure 10 shows computed characteristic impedances
for various signal widths (𝑤) as a function of the bottom
aperture width (𝑠). The shape of the bottom aperture can be
determined by following the 50 Ω line. The top conductor
width of the transitional structure is changed from 18 mil
to 110 mil with the gap width (𝑔) of 5 mil, the cover width
of 140 mil, and the transition length (𝑙𝑡1 ) of 52 mil. In order
to keep the impedance at 50 Ω, the width of the bottom
aperture is varied from 0 mil to 140 mil. When the signal
width becomes more than 110 mil, the spacing from the edge
of the signal line to the top cover is kept at 25 mil, and
variation of the bottom ground shaping is also stopped.

4. Simulation and Measurement
Figure 11 shows the fabricated MSL-to-SSL transition. The
size of the back-to-back transition is 1278 mil × 700 mil.

The performance of the transition was measured using
the Anritsu network analyzer 37397C with the transition
mounted in an Anritsu universal test fixture. Figure 12 shows
the measured and simulated S parameters of the proposed
back-to-back transition. Also, for the comparison, the measured results of the MSL with the same length of the proposed
transition (1278 mil) are shown. It is observed that the backto-back transition has less than 1.9 dB insertion loss and more
than 10 dB return loss up to 30 GHz. Higher insertion loss
at high frequencies (>18 GHz) may have been caused due to
fabrication inaccuracy, radiation loss of the MSL, high loss
tangent (loss tangent = 0.0027) of the substrate, fabrication
tolerances of the SSL housing, and interconnection loss of the
test fixture. By subtracting the interconnection losses and the
transmission line losses, the insertion loss of the implemented
transition is estimated to be less than 0.6 dB per transition for
frequencies up to 30 GHz. It is noted that insertion losses of
the same-length MSL are higher at frequencies over 23 GHz
than those of the proposed transition. The reason of low loss
with the SSL transition structure is that the signal propagates
mostly through the air with less radiation and dielectric losses
as compared with MSL. The estimated insertion loss of the
proposed transition as compared with the MSL is less than
0.1 dB per transition.

5. Conclusion
A new clear and efficient design method for the MSL-to-SSL
transition based on analytical expressions of the characteristic impedances of the whole transitional structure has been
proposed. The differences between the derived analytical
expressions and EM simulations are within 2.85% up to
30 GHz. The implemented MSL-to-SSL transition using the
design guideline performs ultrawideband with low insertion

International Journal of Antennas and Propagation
loss and good return loss. The transition design provides
broadband impedance matching and smooth field transformation to possess ultrawideband performance. Since this
proposed transition can be easily integrated with microstrip
based circuits, the proposed transition will find useful applications for circuits simultaneously employing microstrip
components and SSL components with ultrawidebandwidth.
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