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Experimental Wide-Stopband Filters Utilizing
Asymmetric Ferrite Junctions

H. How, Y. Liu, S. Zhang, C. Vittoria, C. Carosella,

and V. Folen

Abstract—Filters incorporating asymmetric striphine Y-junction cir-

culators have been fabricated and tested over the frequency range of
0.05 to 18 GHz. The passband frequency was near 2 GHz. The inser-
tion loss was -2 dB and the stopband extended from 4.5 to 18 GHz

with transmission < – 30 dB. The filter includes ferrite discs in which

high order modes have been eliminated as calculated in an earlier pa-

per [2].

INTRODUCTION

Filter designs incorporating ferrite materials have been devel-

oped for the past 25 years. Typically a polished sphere of single

crystal YIG is fed through two orthogonal semi-circular wire loops
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such that the two wires become tightly coupled at the ferromagnetic

resonant frequency of the YIG sphere [1]. However, this design is

susceptible to magnetostatic mode excitations above and below the

main ferromagnetic resonance mode. In addition, instabilities of the

spin waves can induce the excitation of other subsidiary resonance

modes. Altogether, excitations ‘of these extraneous modes give rise

to spurious transmissions at frequencies off the fundamental pass-

band frequency. The power handling capacity in a resonant device

is therefore quite low ( -100 mW). In a previous paper [2] we

investigated the feasibility of constructing a ferrite filter utilizing a

Y-junction circulator design. By careful design of the junction ge-

ometry high order modes of excitations can be effectively sup-

pressed and, hence, the stopband transmission of the device can be

extended many times the fundamental frequency. Since wide stop-

band filters are currently needed for radome applications, we find

here an example of ferrite devices that can be utilized to protect

electronic components in high-power an~/or high-noise environ-

ments. For a typical stripline circulator operating below 30 GHz

the CW power handling capability can be as high as several hundred

watts [3], since non-resonant properties of the ferrite are utilized

in the microwave transmission mechanism.

A circulator is clefined as a three-port device arranged such that

the energy entering a port is coupled to an adjacent port but not to

the third port. A circulator requires its three ports to be arranged

symmetrically with respect to one another. However, one may re-

lax this 3-fold symmetry to obtain one more degree of freedom in

designing a circulator filter. Strictly speaking, this asymmetric de-

sign cannot be referred to as a circulator design and, thdrefore; we

call our device a circulator design only under a restricted basis. In

[2] we have established the circulation conditions for an asymmet-

ric circulator, which determined in turn the radius of the ferrite disc

and the dielectric ratio of the ferrite and the dielectric filling ma-

terial [2].

In this paper we report our experimental work following the de-

sign conditions predicted by the theory [2]. We have fabricated

several asymmetric circulators using three different kinds of ferrite

materials. Experimentally, we find that transmissions due to high

order mode excitations have been effectively stt~pressed and the

reflection and transmission characteristics compare reasonably well

with our calculations [2]. Using two circulators in cascade we mea-

sure 2.1 dB insertion loss, 33 dB isolation, and the stopband ex-

tending more than two octaves of the transmission frequency,

f3XPERIMENTS

Fig. 1 depicts the geometty of an asymmc%ric circulator where

the three ports are designated as the input, output, and isolated

ports. The angle O denotes half the asymmetric port separation an-

gle (not necessarily y equal to 60°), and ~ is half the suspension

angle of the three ports. As predicted in [2] a circulator filter design

can be realized by assigning the two angles 0 and ~ both equal to

450. Furthermore, the theory also predicts the following values:

tiO/U~ = ‘2.1, cof/u~ = 2.0, yAH/u~ = 0.012>

p = 6.12, K = 4.88, ~.ff = 2.23,

~d/~f = CI.092, X = 0.157, Z = 4.92,

where p and Kare the Polder tensor elemenk defined by
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Fig. 1. Geometry ofan asymmetric circulator.

and co~ and U. are given by

@m = 47ryM, , W<, = yH, .

Here ~ is the gyromagnetic ratio, 4mM, the saturation magnetiza-

tion, Wf the circulation frequency, AH the linewidth, H, the dc in-

ternal field, and Cf and cd are the dielectric constants for the ferrite

and the dielectric filling material, respectively. The effective

permeability of the ferrite is

the wave propagation constant and the intrinsic wave impedance of

the ferrite are, respectively,

—

with K,,, eo, and c being the permeability, permittivity, and the speed

of light in vacuum, respectively. The two parameters x and z are

defined as

X = kR, z = Z, ff/Z,.,

and R and Z,n denote the radius of the ferrite disc and the input

impedance of the device. When x and z values are used, the theory

requires R and Z,n to be expressed as

R= a (cm), Z,n = w (ohm),
47rM, &f &f

where 47rM, is in unit of Gauss.

We chose three ferrite materials which were furnished by Trans-

Tech, Inc. (Adamstown, MD). The ferrites were either magnesium

ferrite (TT1-4 14) or nickel ferrites (TT2-113 and TT2- 130). Table

I lists the magnetic and physical design parameters of the ferrite

discs. In Table I h denotes the height of the disc, D (= 2R) the

diameter of the disc, and N: the axial demagnetizing factor as cal-

culated from [4]

N, = (1 + e2) (e – tan-[ e)/e3.

The ferrite disc is approximated as an oblate spheroid with eccen-

tricity

The dc internal field is therefore

H, = H,, – 47rM, Nz,

where H,, is the external applied field. Experimentally, we used

neodymium permanent magnet discs to bias the ferrites to a max-

imum biasing field of 4000 Oe. The permanent magnets are de-

signed to the following dimension: 0.5 in. in diameter and O. 19 in.

in height.

Fig. 2 shows the layout of the central stripline geomet~ of cir-

culator #1. The port width has transitions such that the port imped-

ance changes from 50 Q to Z,n. The central metal strips were photo-

etched through copper foils of thickness 7 roil. Reflection. trans-

mission and isolation coefficients were measured on the devices

from 0.05 to 18 GHz utilizing a network analyzerHP8510B. Fig.

3 shows the measured S[,, SZ1, and S3, data for circulator #1. Sim-

ilar results were also obtained for circulators #2 and #3. Table II

summarizes the results. We have chosen air to be the dielectric

filling material in these devices, since the theory [2] requires the

dielectric constant of the filling material to be close to 1, see Table

11. From Fig. 3 we see that the stopband of the device extends to

more than four times the transmission frequency.

Table II reports on bias magnetic field requirements, transmis-

sion frequencies, insertion loss, isolation, and transmission band-

width as compared to theory. While most of the experimental data

compare reasonably well with theory, the transmission bandwidths

calculated from Szl do show some discrepancy between theory and

experiments. When transmission bandwidths are calculated from

S,, or S31, there is less discrepancy between theory and experi-

ments. As indicated in the theory [2], the transmission through the

device is low for frequencies between f, and f2 as defined by

~ = YH,, & = Y(H, + 4xM,,)

In this frequency range LL,ff is negative and hence the wave propa-

gation constant k becomes complex. However, experimentally, we

find that the transmission coefficients between f, and f2 are rela-

tively high. The transmission bandwidths of the devices calculated

from S21 are roughly the values predicted by the theory plus the

widths of the complex wave-propagation regions given by fz – f,.
The widths of the complex wave-propagation regions for circula-

tors #l to #3 are 2.1, 1.4, and 2.8 GHz, respectively. Therefore,

we suspect that the approximations imposed in the Green’s function

calculations pertaining to an asymmetric circulator are inappro-

priate,for frequencies in the range where the wave propagation con-

stants become complex. We also note that these devices exhibit

higher insertion loss than expected due to higher value of the line-

widths used as well as the impedance mmmatch at the input and

output ports. The ferrite materials used in fabricating the circula-

tors have linewdiths AH about 20 times larger than the value used

in the calculations.

Fig. 4 shows the transmission characteristics of a cascade struc-

ture involving two identical circulators (circulator #1). The trans-

mission frequency is around 2.0 GHz with 3 dB bandwidth about

3.3 GHz. The insertion loss is 2.1 dB, the isolation is greater than

30 dB, and the stopband extends beyond 18 GHz, which is about

2 octaves of the transmission frequency. The insertion loss of this

device can be improved by using ferrites with less magnetic loss

and/or better impedance matching network. For example, quarter-

wave transformers may be used within the circulator p“orts to avoid

impedance mismatches.
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TABLE I
SPECIFICA~tONSONTHEFERRITEDISCS FORCIRCULATORS #1 TO #3

Type 4.7rM, (G) ~f A H/47rM, h (mm) D (mm) N,

Circ. #1 TT1-414 750 11.3 0.16 1.22 4.4 0.68

Circ. #2 TT2-113 500 9.0 0.30 1.22 7.4 0.79

Circ. #3 TT2-130 1000 12.0 0.32 1.22 3.2 0.60
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Fig. 2. Layout of thecentral metal strip ofcirculator #l.
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Fig. 3. Reflection, transmission, andisolation data forcirculator #l.

TABLE II
THEORETICAL AND EXPERIMENTAL DATA ON Cd, H,,, Transmission FREQ!JENCY, INSERTION LOSS, AND

BANDWIDTH FORCIRCULATORS#l To#3

Tran. Freq. I. L. 1s0 B. W.

Cd (K%e) (GHz) (dB) (dB) (GHz)

Circ. #1 Theory 1.04 2.08 1.5 -0.3 215 0.6

EXP. 1.00 1.87 2.0 0.83 -15 3.3

Circ. #2 Theory 0.83 1.45 1.0 -0.3 215 0.4
Exp. 1.00 1.16 2.1 0.82 -16 3.2

Circ. #3 Theory 1.10 2.70 2.0 -0.3 215 0.8
Exp. 1.00 2.26 2.4 0.72 -17 4.4
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Fig. 4. Transmission data for the cascade structure involving two circu-
lators (circulator #1).

CONCLUSION

Practical wide stopband filters involving asymmetric stripline

Y-junction circulators have been fabricated and tested at micro-

wave frequencies from 0.05 to 18 GHz. The calculated biasing field

requirement, transmission frequency, insertion loss, isolation, and

stopband frequency range are in reasonable agreement with the cor-

responding measured values. The ferrite filters were designed to

operate away from magnetic resonance so that high power handling

capability could be achieved. The fabricated filters show stopbands

of 2 octaves and hence can be used extensively as protective ele-

ments in a wide frequency range in radome applications. The de-

vice’s insertion loss can be further improved by using low loss fer-

rite materials or impedance matching networks to the input and

output ports of the device. The passband of the device is wider than

theoretically expected. However, the wide transmission band im-

plies increased thermal stability of the device and ease of operation

when deployed in a cascade configuration.
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Some Observations on the Design and Performance
of Distributed Amplifiers

J. L. B. Walker

Abstract—This paper presents closed-form analytic expressions for
the voltage and power distribution along the drain line of an ideal dis-
tributed amplifier.
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I. INTRODUCTION

A recent paper [ 1] reports on a computer analysis of a distributed

amplifier and shows that a nonuniform power distribution occurs

in the drain line, and that over some portions of the frequency band

one or more of the active devices may become passive i.e. absorb

power rather than generate it. It is the purpose of this paper to

present closed-form analytic expressions for the voltage and power

distribution along the drain line of an ideal lossless distributed am-

plifier and to show that the above conclusions are fundamental to

its operation.

II. ANALYSIS OF AN IDEAL DISTRIBUTED AMPLIFIER

An ideal GaAs FET has an equivalent circuit of just a gate-source

capacitance CX,,at its input, and a voltage-controlled current gen-

erator g,,, in parallel with a capacitance Cd, at its output. Fig. 1

shows an idealized distributed amplifier in which each FET has

been replaced by this equivalent circuit. Physically, each gate-

source capacitance is symmetrically embedded between a pair of

inductors L~/2 and forms a Tee-type constant K filter section [2].

However, the ensuing analysis is simplified if one considers the

inductance L,q to be symmetrically embedded between a pair of ca-

pacitors C8,,/2; thus each gate-to-source capacitance C~, in Fig. 1

is represented as two capacitors Cx, /2 in parallel. Similarly, each

drain-to-source capacitance is represented as two capacitors Cd, /2

in parallel. The Pi type constant K filter section has an image

impedance and propagation constant of

and

Og= Cos-’ (1-2(3)
respectively, where

(1)

(2)

(3)

The cascade of constant K filter sections forms an artificial trans-

mission line of characteristic impedance Z$. This transmission line

needs to be terminated in source and load impedances of Z: in

order that S1, = O. If the input and output half-sections are in-

cluded, then the transmission line needs to be terminated in Z; [2]

rather than Z: for S,, = O where

(5)

Assuming, for the moment, that C,~~ = O in Fig. 1, then all the

preceding equations apply to the drain line also if the subscript or

superscript g is replaced everywhere by d.

Now for proper operation of the distributed amplifier one re-

quires [3]

Og=od=o (6)

and hence, from (2)
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