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Ultra Compact, Low Loss, Varactor Tuned Phase
Shifter MMIC at C-Band
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Abstract—This paper presents a high yield, ultra compact, low 08 35
loss phase shifter MMIC, realized with a commercial 0.«m GaAs
MESFET process. Phase shift is enabled by varying the varactor 07 - 3
capacitances of the lumped element equivalent of a transmission \ L~
line. Continuously adjustable phase control over 99 is achieved EQ 06 — 25 =
from 4 GHz up to 6 GHz, with a loss of less than 2.2 dB. At 5.2 o )( Varacir o
GHz, aloss of 1.2 dB and a loss variation of:0.5 dB is measured. g 05 - & FET- T2 2
Phase and loss variations for several circuits from different wafers £ \ mevaeer o R 2
are within £1° and £0.1 dB, respectively, indicating low depen- g o = o4 115 %
dences on process variations. The phase shifter requires a circuit (c)%‘ " \ ; &~

size of only 0.2 mn¥, which to our knowledge is the smallest size for
a continuously adjustable passive phase shifter with comparable

Crax _, N

performance, reported to date. 0271 Coin 05
Index Terms—MESFET, microwave monolithic integrated cir- a1 ] ! 0
cuit, phase shifter, varactor. 1 0 1 2 3 4 5 6
VVaractor [V]
|. INTRODUCTION

Fig. 1. Measured capacitaneg, and parasitic series resistanég, of a
PHASE shifters are important components for many app|MESFET varactor versus control voltagefat 5.2 GHz. Gate widths= 300
. m, gate lengths= gate-drain lengths- gate-source lengths 0.6 ¢m. Drain
cations, such as radar, smart antennas and measurerﬁﬁaﬁgource are connected together.
systems. A variety of different passive and active phase shift

topologies have been reported in literature. However, most arfid

the reported phase shifters require large circuit areas [1], have o 1 . )
relative high losses [2], consume high dc-power [3] or have large 2nfZ,

amplitude and phase variations within process tolerances, thus . o o
requiring a calibration or a costly selection [4]. In this work, Z, = 50 €. The transmission phase of this filter

In this work, phase shift is enabled by varying the transmi§&n b€ controlled by varying the capacitai¢g(2)], using var-
sion phase of a varactor tuned transmission line. Low los<¥or diodes with a capacitancg in the range fronCin Up
can be achieved with this topology, while consuming negligibF@ Cmax- o
dc-power. In comparison to former works [5], [6] using coplanar The Triquint TQTRx GaAs foundry process was used for
waveguide lines we apply lumped elements for the transmissitl¢ fabrication of the phase shifter MMIC. This process fea-
line, thereby significantly decreasing the required circuit siz&/rés MESFET's with gate lengths of On and inductances
Because of its simple design and its broadband frequency chiith quality factors of approximately 20 at 5 GHz. Depletion

acteristics, a high yield is reached, making the circuit very wéff ESFET'S with drain and source connected together are used
suited for commercial low-cost fabrication. as varactors and are biased by a resistor. Fig. 1 shows the capaci-

tance variation versus varactor control voltage for these varactor
diodes. Diode widths of 30@m have been chosen to obtain an

- _ _ average varactor capacitance of
A lowpass filter inm-configuration can be used to replace a

transmission line with quarter wavelengths{pét frequencyf

istic i i i - Cma.x + C(min
and characteristic impedan&g by using inductors and capac C _ ~ C. 3)
itances with values as follows:

Il. CIRCUIT DESIGN

v, av — 2

Z, 1 At 5.2 GHz, a phase control range of approximately 82as
T f @) been simulated for a circuit with one lowpass filter stage. Sim-
ulations were performed in HP CDS, using measufquhram-
Manuscript received November 20, 2000; revised January 10, 2001. The%—ers of the varactors and the mduc_tors' )
view of this letter was arranged by Associate Editor Dr. Arvind Sharma. The phase control range can be increased by cascading sev-
'The authors are yv|th the_ Zirich Laborqtory for Electromagnetic Fields aggtg| of these Iowpass structures. A design goal for this work was
Microwave Electronics, Swiss Federal Institute of Technology (ETH), CH-8092 . ..
Zurich, Switzerland (e-mail: ellinger@ifh.ee.ethz.ch). 0 obtain a F_’hase Con_tml _range 0P9@eqU|r|qg three cas-caded
Publisher Item Identifier S 1531-1309(01)03207-X. stages. In Fig. 2, the circuit schematics of this structure is shown.
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Fig. 2. Circuit schematics of the distributed phase shifter. The phase can be 50 ," Waf: 2 e ||
controlled by adjusting the capacitance values of the varactors. o5 4 T
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Fig. 4. Measured transmission loss and transmission phase versus control
voltage of four circuits from two different wafers at 5.2 GHz.
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Fig. 3. Photograph of the phase shifter MMIC. Total chip size is 0.4 xam E' -10
1.15 mm. Effective circuit size is approximately 0.2 thm -
S -15
TABLE | 175]
SUMMARY OF THE MEASURED PERFORMANCES AT4 GHz, 5.2 GHzAND < 20 i —
6 GHz, RESPECTIVELY 27} / \\i‘\ /
-25 %
4GHz 5.2GHz 6GHz ' N\ /
Phase control range 90° 95° 105° -30 &
Transmission loss 1.1dB 1.2dB 1.5dB Y
Transmission loss variation +0.4dB +0.5dB +0.7dB .35 }
Return loss . >13dB >15dB >15dB 1 0 q 5 3 4 5

- . . VComrol [V]
A photograph of the MMIC chip is shown in Fig. 3. The total

size of the Chip is 0.45 mm 1.15 mm and the effective circuit Fi9-5- Measured return losse$ ¢ = S22, symmetry) versus control voltage
. of four circuits from two different wafers at 5.2 GHz.
area is only 0.2 mf

It is noted that the phase control range can be increaseddwtuit size has been significantly decreased in comparison to
increasing the number of stages. A phase control range of ougimer approaches. The MMIC has a low transmission loss,
360° was simulated using a distributed structure with 12 stagescellent large signal performance and allows a continuously

I1l. M EASUREMENTS adjustable phase control of over®9Because of its passive
ure and its simple design, the effects of process variations

N . t
The circuit has been measured on-wafer, using a HP 851§%e small, enabling low-cost mass-fabrication.

network analyzer. The transmission phase, transmission loss
and the return loss versus control voltage were measured for
four circuits from two different wafers. As shown in Figs. 4
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