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ABSTRACT

A simple approach of calculating the characteristic impedance of a
U-stripline is developed. The procedure is straight forward based on field-cell
concept. The results obtained are very close to the experimental results.

INTRODUCTION

The stripline technique has been used widely at SHF and UHF fre-
quencies in the design and realization of two-port networks such as amplifiers
and filters ™, There seems to be a dearth of information on the use of strip-
line for conveying a signal from one point to another, especially at the
lower end of the frequency spectrum. As an alternative it is suggested that
a U-stripline (using U-section) can be used for these purposes since it is
simple to construct and easy to mount, with low cost. Although it s advan-
tageous to use a flexible coaxial cable at the lower end of the spectrum and
waveguide at the upper end of the spectrum, the cable tends to have a very
high attenuation at high frequencies and the waveguide tends to have a very
large structure at the lower end of the spectrum® In stripline, the height (h)
and the width (w) (refer to Figure 1) of the stripline depend only on the
dielectric material that is placed between the two conductors for a given cha-
racteristic impedance. The U-stripline is more rigid even though without any
dielectric material when compared to normal striplines. Thus. it is more prac-
tical for a long transmission line. It can be constructed from a U-section placed
at constant height above a wide metallic sheet as ground. This arrangement
is shown in Figure 1. The most important parameter of stripline is its charac-
teristic impedance. Therefore, the analysis and the expenmental studies of the
characteristic impedance of a U-stripline is presented here.
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Fig. 1 Electric field of a U-stripline

THEORETICAL FORMULATION FOR THE CHARACTERISTIC IMPEDANCE
OF A U-STRIPLINE

The characteristic impedance of a stripline can be derived using a
field-cell mnu::pt", thus
Ny il

N V& ()

Z'V.'I =
if Ny and Nj can be determined, where N, = number of cells in series and
Np = number of cells in parallel, Ny and N, can also be related to the
inductance and capacitance of the stripline. Thus inductance per unit length
is given by

N
L=—¢§ (2)
NF
and capacitance per unit length is
N
Cc=—L¢g (3)
N

Before considering these cells, the capacitance and inductance can
be divided into several components’. The capacitance is divided into parallel
plate capacitance Cpp, side plate capacitance Cgp, corner capacitance C. and
fringe capacitance C; as shown in Figure 1. Similarly the inductance is
divided into Lpp, Lgp, L and Ly respectively.

The parallel plate capacitance can be calculated directly using Equation
(3), thus
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CPF=£% (4)

where h = the height of the stripline above the ground and
the width of the stripline

W

At the corner of the stripline, the cells are determined by considering
the area of fringing field at the corner divided by the area of one cell
: 2
(i.e. h%).

l— 7 h?
C=¢2— = = (5)
hE
The side capacitance Cg, is determined using the z = exp(w)

transformation (Figure 2)°. The side plate is first transformed into a parallel
plate in the w-plane coordinate. This forms a parallel capacitor with different
parameters. Using Equation (3) we arrive at

2

L= =

loge (% + 1) (6)

where w is the width of the side plate (Figure 1).

Z plane w plane
h+w
i
5 1
h 2

o m ————
s - e ¢

Inh In (h+w)

Fig. 2 Z = e transformation
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The inside of the U-stripline plays no part in the calculation because
the current normally flows on the outside of the conductor at high frequencies.
Thus the fringe capacitance can be neglected. Similarly the components of
inductances of the U-stripline can be determined in the same manner, By
summing up all the capacitances (Cpp + 2C: + 2Cg) and the inductances
““PF + L -+ IL,F.} respectively, the characteristic impedance of the
U-stripline can be determined using equations (1), (2) and (3). Thus, for
U-stripline without dielectric material (i.e € = €5 B = Hg). we obtain

377
Zo = — (7)

157i| ﬂ+1
T+ : ﬂog,,.{h i

{note that H .. 3o 377 Q)
Eo

Equation (7) above can be applied only when the height h of the
U-stripline above the ground is smaller or equal to the width of the
stripline’. For the case of h greater than w, the formula for a single
conductor above a ground plane (with image below) can be used by taking
the impedance as half that of the corresponding two conductor lines; the
Us-stripline is considered equivalent to a circular conductor with radius half
of the width w of the U-stripline.

Hence for h = w

4
Z, = 60 log Th (8)

MEASUREMENTS
The setup using reflectometer as shown in Figure 3 is used. The

values of the characteristic impedance Z, of a 127 mm X 127 mm U-stnpline
for various values of height h have been conducted, as shown in Table 1.
The U-stripline size used in this paper is based on the requirement that the
width must be very small compared to the wavelength. In this experimental
work the incoming signal E; is set to be 2.55 volts and the reflected signal
E; is then measured. The actual value of Z, is determined using the
following relationship”

_.E_r = M (9)

E; Tt E
where Z_ is the characteristic impedance of the link cable (50 ohm). The
calculated values from Equation (7) is compared with the practical values as
shown in Figure 4.
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TABLE 1

MEASUREMENT OF Z, FOR VARIOUS HEIGHTS USING
REFLECTOMETER, WITH INCOMING SIGNAL E; = 2.55 VOLTS

h (mm) E; ivolts) Z, (ohm)
1.25 = 1.0 21.8
2.25 - 0.4 36.4
3.50 (.10 0.0
4.50 (.15 56.3
6.25 (.45 71.4
8.25 (.6 80.8

11.0 0.8 95.7
14.25 0.9 104.6

= PiER
/ Wooden support

= &
SR

i U-stripline
Grounding plate
[T 1 f""‘"ﬂf
!
- = Male-type BNC
connector

To reflectometer

Fig. 3 Measurement setup using reflectometer
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The above method of measurement has a limited range of frequencies
since the reflectometer generates a single frequency of | kHz only. However,
using a Rhode and Schwarz vector analyser an open and short circuited method
is employed to determine the characteristic impedances of the U-striplines.
The results of measurement for various frequencies of importance at the
upper limit are tabulated in Table 2 and plotted in Figure 5. It is also inter-
esting to note that the frequencies are chosen such that to give an equivalent
to a multiple of a half wavelength of a feeding cable in order to reduce ermor

due to stray inductances at the connector.

TABLE 2

MEASUREMENT OF Z, OF U-STRIPLINE AT UHF USING
VECTOR ANALYSER

Frequency (MHz)| Height h (mm) Z rosed Z'npen z
3 2.1 =120 1.0+j14.2 d1.3=j0u
4 2.3 —jlel 1.24j17.3 52.7—jl1.4
500 3 2.0 —j179 1.6+j23.2 6d4.5-j1.9
8 38 —jlv2 2.24j30.4 76.5—j2.0
12 2.1 =j192 2.7+j43.1 91.0—j2.4
3 30 —jiM 2.5+j17.8 43.3-32.4
4 5.5 —j183 2.0+j21.1 56.9—=jl.6
f25 & 7.2 —jl68 294279 68.6—j2.1
8 13.8 —j199 3.3+j31.3 9.00-j1.4
12 17.4 —jI58 5.6+j51.4 90.6+j0.2
3 6.2 —j13.2 25.9+j142 45.545.9
4 (.75—j12.6 44.3+j207 51.5-j3.9
750 6 13.4 =j126 5.5+j35.8 67.7—jl.6
) 17.4 —jl32 59+j43.6 T6.5—j0.1
g 25.0 —jl42 7.5+49.4 B4.94+11.0
12 27.0 —j127 11.14§67.7 | 94.4+j2.1
3 5.0 —j62.0 4.0+j29.0 | 42.7-j1.2
4 57 —j77.4 454340 51.6—jl.5
&75 6 11.0 —j86.3 774451 63.1—jl1.3
8 13.1 —j93.7 11.6+j57.2 T4.4—j1.5
12 245 —191.8 19.8+)79.3 BR.O+j0.8

Note that the j wvalue in Z_ should be (0. This is because the shorting

of the stripline is not perfect
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CONCLUSIONS

Even though the expression for the characteristic impedance for U-
stripline derived using field-cell concept is very simple but it gives an appre-
ciable estimation of characteristic impedance. Z . The measured values using
the reflectometer as plotted in Figure 4 and open and close circuit method
in Figure 5 are found to be in good agreement with the calculated values
using the suggested approach. The formula is also valid for high frequency
as long as the wavelength s very much greater than the height and the width
w of the U-stripline. The upper limit of the frequency range is around K75
MHz which is wide enough for high frequency transmission. For a betier
performance it is suggested that the parameters, height (h) and width (w)
(similarly W) should be less than A/30 of the upper limit of the operating
frequency.
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