High Frequency Design
GaAs SPLITTER/COMBINER

from July 2004 High Frequency Electronics
Copyright © 2004 Summit Technical Media, LLC

Monolithic GaAs Passive
Lowpass 3 dB In-Phase
Splitter/Combiner

By Rick Campbell, Cascade Microtech and
Terry White, TriQuint Semiconductor

This article describes the
design and performance
of a GaAs MMIC splitter/
combiner that has a low-
pass frequency response
and 50 percent bandwidth
centered at 2 GHz

he design of an
integrated low-
pass  broadband

passive in-phase split-
ter/combiner is described
in this article. The circuit
is implemented on a stan-
dard GaAs process with

three thick metal layers,
high Q capacitors, high Q inductors, nichrome
resistors and tightly coupled transformers.
The splitter topology consists of a coupled
transmission line structure and a 50 ohm to
25 ohm low-pass impedance transforming net-
work. Measurements are presented for an
example circuit with 50 percent bandwidth
centered at 2 GHz. Across the design band-
width the insertion loss in excess of the 3 dB
power division varies from 1.1 to 1.5 dB, out-
put port isolation is greater than 22 dB, and
return loss at all ports is greater than 20 dB.
The 2 GHz splitter has a monotonic lowpass
response, with 28 dB attenuation at 4 GHz.
The absolute amplitude difference between
the two output ports is less than 0.1 dB with a
variation of a few hundredths of a dB across
the passband. The absolute phase difference
between the output ports is 0.4 degree, and
varies less than 0.1 degree between 1.5 and
2.5 GHz. Die area is smaller than 1 mm?2.

Introduction

Recent developments in high Q passive
components on GaAs have fostered a new gen-
eration of MMICs with fully integrated pas-
sive components and interconnects, minimum
pin count and 50 ohm ports, as described in
the references [1,2]. One consequence of inte-
grating all components and interconnects on
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Figure 1 - Basic splitter/combiner topology.

the die is that amplitude and phase errors
caused by variations in physical dimensions
are reduced by an order of magnitude over dis-
crete passive approaches.

3 dB in-phase splitter/combiners are com-
mon passive components and are used in
many RF and microwave systems. The split-
ter/combiner described here was fabricated on
TriQuint’s TQRLC passive process.

Circuit Description

The block diagram of a common 3 dB split-
ter topology is shown in Figure 1. The coupled
transmission line transformer offers very low
loss to odd-mode currents, while even-mode
currents see a large series inductive reac-
tance. Circular and rectangular stacked trans-
mission line transformers are well-behaved
when integrated on a low-loss substrate. To
match all ports to 50 ohms, an impedance
transformer is used between the input and the
transmission line transformer.

The 50 ohms to 25 ohms impedance trans-
former is a low-pass lumped element © net-
work as shown in Figure 2. This network has
a few interesting properties, including the fact
that constant a is a free parameter. For opti-
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Figure 2 - Impedance transformer
design. A smaller a value requires
smaller, lower loss spiral inductors.

mum bandwidth, the intermediate
impedance Z' should be near 35
ohms. However, spiral inductor losses
increase with inductance, so network
loss may be reduced by selecting a
smaller a. Thus, insertion loss may be
traded for bandwidth.

Another consequence of using this
50 ohm to 25 ohm impedance trans-
former topology is that it also works
as a 75 ohm to 37.5 ohm trans-
former—without changing compo-
nent values. This splitter topology
has very graceful behavior over a
wide range of frequencies and termi-
nation impedances.

At microwave frequencies, bond

Figure 4 - Layout of the scaled 0.2
GHz circuit.

wire parasitics are significant. Bond
wire reactances may be absorbed into
network reactances and additional
reactive elements added to the out-
put ports, resulting in a practical cir-
cuit implementation. The final
schematic—which includes the bond
wires—is shown in Figure 3.

The unconventional drawing of
the ground connections emphasizes
the symmetric layout. To verify the
design, a x10 scaled version at 0.2
GHz was constructed using small
chip passive components and an air-
core coupled inductor. The scaled cir-
cuit is shown in the photo in Figure 4.

MMIC Design
All element values were calculat-
ed from the basic concept using pen-
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Figure 3 - Complete schematic of the splitter/combiner.

Figure 5 - Splitter die on an evalu-
ation board.

cil and paper and a calculator. The
design was then subjected to PSPICE
and ADS analysis, and small pertur-
bations were made in element values
to compensate for bond wire reac-
tances and imperfect coupling in the
transmission line transformer.

When the coupler is connected to
equal impedance loads, there are no
even mode currents in the coupled
transmission lines, so there are no
magnetic fields. However, the induc-
tors in the m network carry signal
currents. Empty space on the die is
used to minimize undesired coupling
between the © network inductors and
other circuit elements. Figure 5
shows the GaAs die mounted on an
evaluation board, and Figure 6 is a
die photograph. PSPICE simulations
are shown in Figure 7.

Measurements

Measurements of the 3 dB splitter
were made using a Hewlett Packard
8510 network analyzer. A plot of the
S parameter magnitudes is shown in
Figure 8. Insertion loss is moderate,
between 1.1 and 1.5 dB across the

Figure 6 Die photo of the GaAs
splitter/combiner.
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design bandwidth. Isolation and
impedance match on all ports are
more than 20 dB across the design
bandwidth. The amplitude difference
between the two output ports is
approximately 0.1 dB, and varies a
few hundredths of a dB across the 1.5
to 2.5 GHz design range. The abso-
lute phase difference between the
two output ports is 0.4 degrees, and
varies less than a tenth of a degree
across the 1.5 to 2.5 GHz range. This
level of precision is the result of the
excellent mechanical tolerances
available on the GaAs die.

Conclusion

A practical 3 dB in-phase splitter-
combiner with good performance has
been implemented on a 1 mm?2 GaAs
die. Simulation and measurement
results are presented for a version
centered at 2 GHz. The integrated
passive splitter has acceptable inser-
tion loss of 1.1 to 1.5 dB across the
design pass band, better than 20 dB
return loss on all ports, and more
than 20 dB isolation. Output port
amplitude and phase match are
much better than we have achieved
with off-chip passive components in
this frequency range, and are consis-
tent with the needs of 40 dB image-
reject systems. We would like to
thank Mike Doktor for the help in
achieving the highly symmetric lay-
outs. The splitter-combiner was fabri-
cated using TriQuint’'s TQRLC high
Q passive process on mechanical
grade GaAs.
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Figure 7 - PSPICE simulation results.
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Figure 8 - HP8510 measurement results.
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