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Short Papers

A Broad-Band Element for Microstrip Bias or Tuning

circuits

B.A. SYRETT

Abstract-A mfcrmtrip radiaf trausmiwdon line dradt element namely

a lSOO efreufar stub or “bal&muon” structure, having a reflection

coefficient of mdty magnitude and phase wbfch varies slowly with

frequeney is presented. llworetimd reflection coefficient data are shown to

agree weff with experimental microstrip (q =2,35, h =250 pm) dsta fn X

band. Appficatioos of the baff-moon ndcrnstrip element fn the design of

broad-band bff or tuning networks are dkassed.

I. INTRODUCTION

An efficient means of supplying dc bias to active devices is an

important consideration in the design of amplifying or oscillat-

ing circuits. A typical bias network comprises a dc blocking

capacitor, and an RF bias line in the form of a low-pass filter or

choke. Since the biasing must be achieved with minimum RF

energy loss to the bias line and dc source, the input impedance

of the bias line should be an RF open-circuit or an RF short-

circuit, For active devices which must operate over a bandwidth
greater than say 100 MHz, the designed RF open- or RF
short-circuit must also be broad band. Bias lines constructed
using lumped elements [1] or sections of quarter-wavelength
transmission lines [2] may not have sufficient bandwidth for
such applications, This paper concerns the analysis and experi-
mental characterization of a radial microstrip element which is
suitable for broad-band bias or tuning networks.

II. THEORY

The microstrip configuration under investigation is a radial
transmission-line element in the form of a circular stub with
vertex angle a, inner radius ri, and outer radius r= as shown in

Fig, l(a), separated from a ground plane by a dielectric of
relative permittivity q, permeability A, and thickness h as shown
in Fig. l(b). The input signal is assumed to be uniformly applied
along the inner periphexy at radius ri. Exact analysis of the input

impetice of the rnicrostrip element is impossible since he
mode of propagation is not a pure radial TE or TM mode.

However, an approximate analysis can be undertaken as follows.

First consider the angle a to be 27r so that the microstrip

element becomes a ring resonator. A magnetic-wall model [3]

can be employed for analysis where the ring is considered as a

cavity resomtor with electric walls on the upper conductor and

bottom ground plane, and magnetic walls at radii ri and rL. Thus

it is assumed that the electromagnetic fields are confined entirely

inside the dielectric under the upper conductor ring pattern. The

oscillation modes of this resonator model which have a field

distribution similar to that of the quasi-TEM mode of the input

microstrip line are the z-independent modes (the z axis is per-

pendicular to the plane of the rnicrostrip as shown in Fig, l(b)),
In general, these modes have a longitudinal electric field compo-
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Fig. 1. (a) Geometry of the radial microstrip transmission-line element. (b)
Cross section of the microstrip transmission line.

nent E=, radial magnetic field H,, and azimuthal magnetic field

Ho as shown in [3].
The lowest order mode that can be excited is the radiaf

transmission-line mode. This mode has no field variations in the

@ direction, no field components in the radial direction, but has

field components E= and Ho onlY, given by [4], [5]

E=(r) =AH&J(kr) + BH~2)(kr) (la)

and

Hal,(r) = ~~ [AH~1J(kr)+BH\2)(kr)] (lb)

where H#) is the Hankel function of the first kind of order n,

lft2) is the Hankel function of the second kind of order n, and

k ~ Q-O k the wavenumber. The Hj’) terms represent

waves travelliug radially inward while the H;’) terms represent

waves traveling radially outward. The Hankel functions may

also be written as

(2a)I@(kr) = Jn(kr) +jiVJkr)

(2b)H$2J(kr) = J.(kr) –jN.(kr)

where Jn is the Bessel function of the first kind of order n, and

Nn is the Bessel function of the second kind of order n. The

constants A and B in (1) may be determined by specifying an
input wave impedance Zi = Ez(ri)/H@(ri) when load wave ilU-

pedance ZL = &(rL)/H+(rL) is given. The input wave impeda-
nce is [4]

[

.zL COS(~i – t/’L)+~zoL sin (~i – ‘L)
‘i= ‘oi ZOL cos (i//i – 8L) +~zL ‘h (*i – *L) 1 (3)

where 20 is the wave impedance of a radial transmission line

given by

r[Zo(kr) = ~

1

J~(kr) + IV~(kr) 1’2

r J~(kr) + iV~(kr)

and angles 0 and $ are given by

0(/cr) = arctan [No(kr)/.lo(kr)]

Iti(kr) = arctan [ —J1(kr)/iV1(kr)].

The subscripts i or L on the parameters 2., 0,

denote evaluation of these parameters at radius ri
tively.

For a radial transmission line having ri <rL, the total voltage

between the wnductors is – Ezh; the total radial current out-

(4)

(5a)

(5b)

and ~ in (3)
or rL, respec-
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HALF-MOON ELEMENT
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Fig. 2. (a) The half-moon element-end terminating an input rnicrostrip
transmission line. (b) Use of the half-moon element to provide a broad-
band RF open-circuit at point B for biasing shunt-mounted active devices.

ward in the microstrip conductor and inward on the ground

plane is 27rrH@. Thus the input terminal impedance Z= is [4]

~ ‘.(ri) = ~ z,

‘~=–2mi H+(rj) 2mi {
(6)

for the ring resonator.

The microstrip element under consideration here is an open-

circuited (ideally ZL = m) radial element with angle a less than

27r. As a first approximation it may be assumed that the terminal

impedance is uniformly distributed along the periphery at radius

ri. Then from (3) and (6) the input impedance of an open-

circuited microstrip radial element with vertex angle a radians is

[6], [7]

z =j /zZo(fJcri)cos [f?(kri) – +(kr=)]
T

ari sin [+(kri) – +(,fcr=)] “
(7)

For stripline elements there are two such impedances in parallel

resulting in one-half the terminal impedance of a microstrip

element. Edge effects of the tnicrostrip element, which are not

taken into account by the magnetic-wall model, can be described

approximately by replacing relative permittivity c, by the effec-

tive permittivity Ceff defined by Wheeler [8].

In practice, the rnicrostrip element end-terminates an input

microstrip line of width W and impedance ZO related as given in

Wheeler’s curves [8]. The resulting reflection coefficient r at the

terminal impedance Z= has unit magnitude and arbitrary phase

arg (I’). The radius ri is chosen as w/2; radius r= is determined

by the required center frequency of operation fO and phase arg

(r~) at that frequency; the angle a is determined from band-

width requirements. For bandwidth considerations the change in

arg (r) was investigated as frequency was changed for various a

with rj and r= fixed. The computed results indicate that as the

angle a is increased, the variation in arg (r) over 8– 12 GHz

decreases. For example, if ri = 0.38 mm and r~ = 4 mm, the

variation in arg (r) over this band is 39” for a = 7r/2, 26” for

a=2n/3, 20° for a= T, 16” for a =5w/4, and 14° for a =3w/2.

To avoid circuit layout problems and also possible adverse

junction effects while maintaining reasonably broad bandwidth,

the angle a = n is suitable, resulting in a “half-moon” microstrip

element as shown in Fig. 2(a).

k~ “1f~:;,-:‘: ,’,: ::: 3’, “,’’’,’’:’’ ;:8’,”. !$”
“.. . - ... a m..,,=..- - ~~~~,

Fig. 3. The measured input impedance in X band of half-moon elements of
various radii terminating a 50XZ input rnicrostrip transmission line (6, =
2.35, h =250 #m).

III. EmEWMENTAL RESULTS

Ten half-moon radial line elements with outer radius in the

range 1.5< r~ <9.0 mm were fabricated on Duroid D-5870 (h=

250 ~m, q= 2.35) substrate.l The input transmission line had

50-0 characteristic impedance with W= 760 pm, so that ri = 380

pm for all circuits. The circuits were tested in X band using a

Hewlett Packard Automatic Network Analyser operating in re-

flection mode. The reference plane was established at point A in

the circuit of Fig. 2(a) using three rnicrostrip calibration trans-

mission lines in conjunction with a computer program [9].

The reflection coefficient r measured at the reference plane is

plotted in Fig. 3 for several values of r=. The results to be noted

are the following:

1)

2)

II’]- 1.0 for all radii 1.5 <rL <9.0 mm over the frequency

band 8– 12.4 GHz (estimated measurement error was

* 0.02)
arg (r) changed only + 15” over the 8– 12.4-GHz band

about a phase value varying from + 250° at center

frequency 10 GHz for r~ = 1.5 mm to + 140° at 10 GHz

for r~ = 8.0 mm (estimated measurement error was Y 20).

The measured dependence of arg (r) on the radius rL of the

half-moon with frequency as a parameter is shown in Fig. 4;

theoretical behavior calculated using (7) is also plotted. Fig. 4

shows very good agreement between theoretical and experimen-

tal values of arg (I’) for 2 <rL <9 mm and frequency in X band.

III. APPLICATIONS

The radial line element with a <m has been used as a resona-

tor section in strip line transmission filters [6], [7]. However, the

half-moon element (a= T) has broadband reflection properties

which make it an especially useful one-port rnicrostrip circuit.

One possible application is a broad-band tuning circuit with

lTrade name of Rogers Corporation, Rogers CT.
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Fig. 4. Comparison of experimental and theoretical results for phase of the
reflection ceefficicnt of a half-moon element terminating a 50-fl input
nricrostrip transmission line (q= 2.35, h =250 #m) as a function of radius
with X-band frequency as a parameter.

specified reactance (approximately zero resistive component) at

the center frequency as determined from information in Fig. 3.

For example if a load with – 24-$2 reactance at 10 GHz is

required, this corresponds to r= 1.0/— 129° in a 50-fl system,

From Fig. 4 a half-moon circuit of radius rL = 1.9 mm will have

the desired reactance.

Also, in Fig. 4 it can be seen that for 2.7 <r=< 4.3 mm, the

haff-moon element is a broad-band RF short-circuit at point A

with center frequency in x band. Note that since the half-moon

circuit is a radial line element, the required rL is less than a

quarter-wavelength at the center frequency. The half-moon

circuit can be used as a bias line for series-mounted active

devices with the dc bias applied at point A through a microstrip

transmission line of high characteristic impedance (> 100 !2).

Typically the arg (~ changes only * 15°, about the phase 180°

at center frequency, over a 6-GHz bandwidth.

Alternative RF short-circuits have smaller bandwidth and

larger area. For example, an RF short-circuit designed at 10

GHz using the half-moon element was compared with a low-imp-

edance open-circuited quarter-wavelength microstrip stub.

From Fig. 4, an outer radius rL = 3.65 mm is required for the

half-moon circuit (with inner radius ri = 0.38 mm corresponding

to a 50-Q input microstrip line). For a meaningful comparison

the characteristic impedance of the microstrip stub must be

chosen carefully. A terminal characteristic impedance for the

radial line can be defined as

ZOT(kr) = ~ ZO(kr) (8)

from (4) and (7). Then the radial line stub will have an equiv-

alent characteristic impedance defined as

2%= VZOT(kri)ZOT(krL) . (9)

Since ZoT(kri) = 17.3 Q and Zo~krL) = 5.1 Q, a microstrip stub

having characteristic impedance 20= Z~ = 9.4 a was con-

structed for comparison purposes. The measured arg (17) for the

9.4-Q open-circuited quarter-wavelength stub changed 29° over

the band 7– 13 GHz whereas the arg ~) for the half-moon

element changed 22° over the same bandwidth. In addition to

the wider bandwidth, the hrdf-moon element has a smaller

physical area (21 mm2) than the low-impedance rectangular stub

(28 mm2).

It is usually advantageous for shunt-mounted active devices to

be biased looking into an RF open-circuit, The broad-band RF

short-circuit at point A in Fig. 2(b) can be transformed into an

RF open-circuit at point B, with little sacrifice in bandwidth, by

means of a quarter-wavelength microstrip line of high character-

istic impedance. Again the dc bias should be applied at point A
through another line of high characteristic impedance but of

arbitrary length. Typically arg (r) at point B changed & 18”,

about phase 0° at center frequency, over 4-GHk bandwidth.

Two such configurations can be cascaded to improve bandwidth

if necessary.

V. CONCLUSIONS

The half-moon radial line element displays broad-band reflec-

tion coefficient properties which make it a useful one-port mi-

crostrip circuit element. It is especially well suited for use in

broad-band RF bias lines or tuning circuits for active devices.

The analytical model presented for the half-moon circuit can be

used for computer-aided circuit design.
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Dispersion inn Coupled Microstrip Meanders

A. K. AGRAWAL

A&mct—A meander lfne consisting of an even (n), or odd (n – 1),

number of coupled mierostrips has been analyzed for its dfspemion and

iterative fmpedance ebameterfstks. In contrast with the mdt eelf apprerd-

mtttfon used by other authors, thfs method takea aff the crmpffngs fnto

account and enablea correct determination of stopfmod Iocatiorq wfdeh fs
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