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Abstract
Circulators can be used to separate trans-
mit/receive (T/R) signals and for two-port tuners.
Conventional ferrite devices are not applicable
for MMICs. Two new types of electronical circu-
lators are presented in this paper covering the
frequency range from 1.8GHz up to 80GHz.

Introduction

In the past, ferrite circulators have been used in
many waveguide (WQG) circuits but this technique
can not be used for MMIC applications. It is not so
easy to realize circulators with rotational symmetry
in a MMIC design, but for almost every application
this feature is not required. Thus, T/R separation as
well as two-port tuners can be realized by a quasi-
circulator (Fig. 1).
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Fig. 1: Comparison between a circulator with rotational
symmetry and a quasi-circulator

The only difference between both circuits is the fact,
that there is no transmission from port 3 (receiver) to
port 1 (transmitter) in the case of the quasi-circulator.
In the frame of an ongoing BMFT-Project active
circulators have been investigated for 1.8GHz,
40GHz, 55GHz, and 80GHz. Two different
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principles were investigated and realized for such
MMIC devices. All designs were conducted utilizing
state-of-the-art  simulation software including
numerical calculations for the CPW elements [4]. All
circuits were fabricated at the Daimler Benz foundry
in Ulm based on a 0.25um HFET technology as well
as on anew 0.15um PMHFET technology.

2-Branches quasi-circulators

The first principle described here is based on a sym-
metrical setup of four identical transistors. The idea
for this type of quasi-circulator was derived from line
unified (LU) FET circuits (Fig. 2). The new quasi-
circulator is also shown in the bottom half of Fig. 2.
In this case, the signal from port 1 goes into the two
branches. Within these branches the incident signal
will be amplified. Thus, an amplified part of the in-
put signal goes to port 2. Due to a 180° phase shift
between the two branches however, the combined si-
gnals vanish at port 3 [1]. In addition a part of the
antenna signal is transmitted from port 2 to port 3.
Since HEMTs are present in each branch of the
circuit there are no backward signals from the ports 2
and 3 to port 1. Symmetry is a requirement for this
circuit and thus four identical active devices are
needed for such a quasi-circulator. This is hard to
realize. The devices must be biased independently in
order to adjust for small manufacturing tolerances.
Such quasi-circulators were designed for many diffe-
rent frequencies and with independent HEMT bias as
well as without this possibility. The results depicted
in Fig. 4 represent a first shot design without inde-
pendent HEMT biasing. The device utilized for this
circuit has a 1,=0.25um with w,=320um periphery.
Fig. 3 depicts a photograph of such a circuit.
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Fig. 2: 2-branches quasi-circulator principles

The simulated and measured forward gain S,; and
the matching S;; are results for a 40GHz quasi-
circulator are shown in Fig. 4. Simulation and mea-
surements agree well over the whole frequency band.

Fig. 3: Fotograph of a 40GHz 2-branches quasi-circulator
with individual HEMT biasing

The matching at the three ports is better than 10dB
and the insertion loss between port 1 and 2 for
instance is about 2dB at 40GHz. The isolation
between ports 3 and 2 .is better than 25dB over the
whole frequency band for this circuit.
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Fig. 4: Comparison of measured and simulated results for
a 2-branches quasi-circulator for 40GHz

In order to show the capabilities of the devices and
the technology we have simulated and designed
quasi-circulators for §0GHz. Results of this investi-
gation are shown in Fig. 5. In this case, the device
has a gate length of 1,=0.15pum and a gate width of
w=60pm. The simulated input return loss is better
than 15dB at all ports and the transmission path 1-2
for instance shows an insertion loss of 2dB at
80GHz. The isolation between port 2 and 1 is about
20dB in this case. This circuit was designed and
fabricated. Measurements will be conducted soon.
Even though these results could not yet be verified,
they are quite remarkable for such a high frequency.
For frequencies below 10GHz the out-of-phase po-
wer-divider (Fig. 2) can be realized by using a floa-
ting-source transistor as three-port device. Our in-
vestigations have shown however, that such a FET
has limited power handling capability. In total it
must be pointed out, that the design of such a circuit
is a very hard task for most design tools. Problems
occur due to the closed loop structure for instance

(Fig. 2 and 3).
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Fig. 5: Simulated results for a 2-branches quasi-circulator
for 80GHz

Layout generation and circuit optimization must go
hand in hand which means that a parametric opti-
mization must be used. Also stability can not easily
be maintained and simulated for the whole circuit.
Our experience has shown that, once the topology of
the structure is well defined to meet the needs of the
simulator and the layout generator, the desired fre-
quency can simply be defined and a layouted circuit
can easily be found by an optimization.

Wilkinson quasi-circulator

The design of the second kind of quasi-circulator is
much easier and offers also a better adaptation to dif-
ferent applications. Such a circuit consists of only

two amplifiers and a Wilkinson coupler. Fig. 6
depicts the principle circuitry. In comparison to the
previous quasi-circulator it should be mentioned that
only about half the size is required while the
performance can be maintained. In addition, a low
noise receiver part can be combined with a high
power transmitting path. Because of this it is clear
that the Wilkinson coupler based quasi-circulator is
more suitable for real applications.

Fig. 7: Layout of a Wilkinson quasi-circulator for 1.8GHz
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Fig.6 : Principles of Wilkinson quasi-circulator

In this circuit the transmitter signal is magnified by
the first amplifier. The Wilkinson coupler provides
the transmitted signal only to the antenna port [3].
The received signal (antenna) is splitted by the cou-
pler. While the transmit amplifier isolates the path
from antenna to transmitter, the other part is magni-
fied by the receiving amplifier. A big advantage of
this design is the fact that the transmit amplifier may
bé designed for power applications, while the
receiver amplifier can be a low noise one. As for the
other type of quasi-circulators, designs for various
frequencies were conducted. In this paper a 1.8GHz,
40GHz, and 80GHz example are shown. It should be
mentioned that the same technology (I, = 0.15um)
was utilized for all frequencies. It is clear however
that at 1.8GHz for instance a much cheaper MESFET
technology will as well be applicable. It should be

pointed out, that at 1.8GHz many lumped elements,
e.g. spiral inductors were used, while at 40GHz and
80GHz simple transmission lines were sufficient for
matching purposes. A first example of this type of
quasi-circulator for 1.8GHz is shown in Fig. 7. The
size of the Wilkinson coupler is reduced significantly
by using lumped CPW elements. The size of the
complete circuit shown in Fig. 7 is 5300){1450;1m2
including all bias networks. Some of the S-para-



meters for this circuit are shown in Fig. 8. The
matching at all ports is better than 15dB and the
insertion loss was designed to be around 0dB in this
case. The isolation between port 2 and 1 or port 3
and 1 is around 15dB. It should be noticed that a
bandwidth of 400MHz can easily be achieved at
1.8GHz.
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Fig. 8: Simulated results for a Wilkinson quasi-circulator
for 1.8 GHz
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Fig. 10: Simulated results for a Wilkinson quasi-circulator
for 80GHz '
In Fig. 9 the layout for a 40GHz Wilkinson quasi-
circulator is depicted. The 80GHz circuits have iden-
tical topology only the matching elements are shor-
ter. At these high frequencies transmission lines and

other distributed elements are used instead of lumped
elements. Likewise this circuit has an isolation of the
DC ports better than 20dB for frequencies up to the
highest frequency of interest. The size of this circuit
is 2900x900pm2. The S-parameters in Fig. 10 de-
monstrate the applicability of this principle even for
highest frequencies.

Conclusion
In this paper two principles of new quasi-circulators
have been presented. Thus, a very wide frequency
range from around 1GHz up to 80GHz can be co-
vered. Even for the lower frequencies the small space
requirements open new fields for the applications of
circulators in MMIC design.
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