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Abstract—A compact ultra-broadband distributed SPDT
switch has been developed using GaAs PHEMTs. An FET-in-
tegrated transmission line structure, where the source pad of
the shunt FET has been integrated into the signal line while the
drain has been grounded to a via-hole with minimum parasitic
inductance, has been proposed to extend the operating bandwidth
of the distributed switches. SPDT and SPST switches using this
structure have been fabricated using a commercial GaAs PHEMT
foundry. The SPDT switch showed low insertion loss ( 2 dB) and
good isolation ( 30 dB) over an octave bandwidth from 40 to 85
GHz. At 77 GHz, the SPDT switch showed extremely low insertion
loss of 1.4 dB and high isolation of 38 dB. The chip size was as
small as 1 45 1 0 mm

2. To the best of our knowledge, this is
among the best performance ever reported for an octave-band
SPDT switch at this frequency range. SPST switch also showed
the excellent performance with the insertion loss of 0.4 dB and
isolation of 34 dB at 60 GHz

Index Terms—Distributed, GaAs pHEMT, SPDT, switch, trans-
mission line, ultra-broadband.

I. INTRODUCTION

THE transmitter/receiver (T/R) switch is a key component
for communication and radar system. For broadband sys-

tems, switches showing low insertion loss and good isolation
over more than an octave band of frequencies is required. For
millimeter-wave applications, FET switches are generally ad-
vantageous over p-i-n diode counterparts in terms of the mono-
lithic integration capability with other transceiver components,
fast switching speed, RF-isolated biasing and small power dis-
sipation [1]. Especially, high-performance FET switches can fa-
cilitate highly integrated transceivers for 60 GHz communica-
tion systems and 77 GHz automotive radars.

For millimeter-wave applications, shunt switches have
demonstrated superior insertion loss and isolation character-
istics [3]–[6]. In order to increase the bandwidth of the shunt
switches, distributed approach, where an artificial transmission
line is formed by periodically loading the transmission line
with the shunt diodes or FETs, has also been developed. A
SPDT switch using the distributed shunt diodes realized by
shorting the source and drain of the FETs showed 1.8 dB
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Fig. 1. (a) Schematic and (b) equivalent circuit for the switch-on/off state of a
conventional shunt switch using two-finger common-source FETs.

insertion loss together with 32 dB isolation from 50 to 70 GHz
[4]. Distributed SPDTs using three-terminal shunt FETs have
also been developed [5], [6]. However, when the shunt FET
switches are realized with multiple-finger common-source
FET structures, which are the standard FET structures offered
by the commercial foundry, there is a need for an additional
transmission line between the signal path and the shunt FET as
illustrated in Fig. 1. This is to eliminate undesirable coupling
effect between the signal line and ground via-holes. The length
of this additional transmission line [ in Fig. 1(a)] can be
reduced somewhat by optimizing the via-hole layout. However,
there is a physical limit and the finite length of this line
introduces parasitic inductance [ in Fig. 1(b)], thereby
reducing the bandwidth of the capacitively-loaded artificial
transmission lines. There have been attempts to solve the
problems either by resonance [5] or impedance transformation
[6]. However, these approaches eventually restrict the operating
bandwidth of the distributed FET switch, and result in large
chip size.

In this work, compact broadband SPST and SPDT switches
have been developed using improved shunt FET structures,
where the pads of the FETs are integrated into the transmission
lines to minimize the parasitic effects. Using the standard

1531-1309/03$17.00 © 2003 IEEE



506 IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 13, NO. 12, DECEMBER 2003

Fig. 2. Simulated insertion loss and isolation of the 5-section distributed shunt
switch as the connecting line length (l ) is increased from 0 to 200 �m.

two-finger transistors offered by the commercial foundries, the
SPDT switch showed very low insertion loss ( 2 dB) and good
isolation ( 30 dB) over a wide bandwidth from 40 to 85 GHz.
To our knowledge, this corresponds to the best performance
reported for an octave-band SPDT switch at this frequency
range.

II. DESIGN AND FABRICATION

As shown in Fig. 1, the conventional distributed transistor
switch using multiple-finger common-source shunt FETs
requires a finite transmission line to be inserted between the
signal line and the transistor, which introduces parasitic induc-
tance, , to the shunt impedance. The shunt impedance
in the on-state of the distributed switch is basically a series
combination of a FET capacitance and a via-hole inductance;
the via-hole inductance is typically on the order of 15 pH for the
substrate thickness of 100 used in this work. The addition
of reduces the bandwidth of the artificial transmission
line as shown in Fig. 2, which shows the simulated insertion
loss and isolation characteristics of a conventional SPDT switch
composed of five distributed shunt FETs for various line lengths

. Line lengths are varied from 0 to 200
in this simulation, corresponding to the parasitic inductance
change from 0 pH to 100 pH. As the line length
is increased, the operating bandwidth of the distributed switch
decreases rapidly. This problem should be solved in order to
extend the operating frequencies of the distributed switch.

In this work, an improved shunt FET structure is proposed,
where the source and drain has been reversed to facilitate ground
connection to via-holes with minimum line lengths. Fig. 3(a)
and (b) show the layout of the proposed unit cell using a two-
finger FET and its equivalent circuit for ON and OFF state,
respectively. The two source pads have been integrated as a
part of the signal line, and connected to each other using an
air-bridge. Small inductance from the air-bridge has been ab-
sorbed into the series inductance of the artificial transmission
line. The drain pad is grounded using a via-hole. The connecting
line to via-hole can in this way be minimized, resulting in negli-
gible parasitic inductance. The structure can be easily extended
to multiple-finger FETs.

(a)

(b)

Fig. 3. (a) Schematic and (b) equivalent circuit of the switch-on/off state of
the proposed unit cell using FET-integrated transmission line structure.

Fig. 4. Microphotograph of the fabricated SPDT MMIC. The chip size is 1.45
mm � 1.0 mm.

The SPDT switch consists of a tee junction and two dis-
tributed SPST switch branches connected to the tee junction
using quarter-wavelength lines with a center frequency of
77 GHz. No impedance matching circuits or resonant circuits
are used, resulting in a small chip size as well as broad
bandwidth. Each distributed SPST switch is composed of
five sections of FET-integrated transmission lines. The gate
periphery of the shunt transistor is , and the unit
finger width was matched to the width of the high-impedance
inductive line (12.5 ) in order to avoid the discontinuity
effects. The on-state resistance and off-state

capacitance of a unit transistor are 5 6 and
6 7 fF, respectively. The gate bias is applied through a large
resistor (500 ) to prevent RF signal leakage.

The switch MMIC has been fabricated using a commercial
0.15\ GaAs PHEMT foundry. The microphotograph of the
fabricated SPDT switch is shown in Fig. 4. Overall chip size is
only 1.45 mm 1.0 mm. The SPST distributed switch, which is
used at each branch of the SPDT switch, has also been fabricated
and tested.
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Fig. 5. Measured and simulated characteristics of (a) SPST and (b) SPDT
distributed HEMT switches.

III. MEASUREMENTS

RF performance of the fabricated MMIC HEMT switches has
been tested up to 110 GHz using Agilent 8510XF network ana-
lyzer and on-wafer probing system. Simulated and measured re-
sults of both SPST and SPDT switches are shown in Fig. 5. The
measured SPST switch shows insertion losses less than 1.8 dB
up to 85 GHz. At 60 GHz, an extremely low insertion loss of
0.4 dB has been achieved together with high isolation of 34 dB.
It is worthwhile to note that the large operating bandwidth (DC
to 85 GHz) has been achieved using the FET-integrated trans-
mission line structure thanks to the low-parasitic inductance.
The measured SPDT switch showed the insertion losses of 1.6

0.4 dB and isolation higher than 31 dB over a wide frequency
range from 40 to 85 GHz. The return loss was better than 7.3 dB
across the entire pass band. At 77 GHz, which corresponds to
the frequency of the automotive radars, the insertion loss was as
low as 1.4 dB and the isolation was higher than 38 dB together
with 15 dB return loss. To the best of our knowledge, this is
among the best results for 77 GHz SPDT switches. Fig. 5 also
shows a good agreement between the measurement and simula-
tion.

Table I summarizes the reported characteristics of the SPDT
switches at mm-wave frequencies. The distributed switch of
this work shows state-of-the-art overall performance in terms

TABLE I
SUMMARY OF THE REPORTED CHARACTERISTICS OF THE BROADBAND SPDT

SWITCHES AT MM-WAVE FREQUENCIES

of bandwidth (40 85 GHz, 1:2.1), insertion loss ( 2 dB), iso-
lation ( 30 dB) and chip size ( ).

IV. CONCLUSIONS

A wideband SPDT switch has been developed using a
commercial PHEMT foundry. The operating bandwidth of
the distributed PHEMT switch has been extended to 85 GHz
using a new FET-integrated transmission line structure, where
the source pad has been integrated into the signal line and the
drain has been grounded to a via-hole with minimum section
of transmission lines. The circuit does not rely on any resonant
circuits or impedance transformers, resulting in a small chip
size and ultra broad bandwidth. The SPDT
switch showed a low insertion loss ( 2 dB) and good isolation
( 30 dB) from 40 to 85 GHz. At 77 GHz, the SPDT switch
showed excellent performance of 1.4 dB insertion loss and
38 dB isolation. The SPST switch, which were used at each
branch of the SPDT switch, also showed a very low insertion
loss of 0.4 dB together with an isolation of 34 dB at 60 GHz.
The SPDT switch of this work can be effectively used for a
wide variety of applications including 60 GHz and 77 GHz T/R
switches.
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