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A Low-Power Monolithic GaAs FET Bandpass
Filter Based on Negative Resistance Technique

Yong-Ho Cho, Song-Cheol Honglember, IEEE and Young-Se KwonMember, IEEE

Abstract—This paper describes a monolithic GaAs FET ac- out out
tive bandpass filter utilizing negative resistance elements. The
negative resistance element was realized with a common-drain Ct Ct
FET with series inductive feedback and the measured output
impedance characteristics are given. The fabricated monolithic Lf Lf
forth-order filter showed an insertion loss of 0.7 dB at 4.85 GHz
and a 3-dB bandwidth of 50 MHz with a dc power consumption = = = =

of 7.5 mWw. (a) (b)
Index Terms—Active filter, bandpass filter, microwave FET Fig. 1. Negative resistance circuits. (a) A common-gate FET with series
integrated circuits, negative resistance circuits. inductive feedback. (b) A common-drain FET with series inductive feedback.
I. INTRODUCTION II. DESIGN AND EXPERIMENTAL RESULTS

N RECENT vyears, a number of researches on the monofoOr the negative resistance circuits, two circuit configu-

lithic GaAs bandpass filters for the integration with radié®tions have generally been used, i.e., a common-gate FET
frequency (RF) front-end monolithic microwave integrate¥ith series inductive feedback [1] and a common-source FET
circuits (MMIC’s) have been performed because of thelVith series capacitive feedback [2]. While the latter represents
potential of reducing the size in portable communicatiofedative resistance and capacitance in the lower microwave

systems. These approaches are mostly based on the negé‘[ﬁ%’ency bs_;md, the f_ormer represents negative resistance and
resistance techniques [1], [2] or the highactive inductors inductance in the higher microwave frequency band. The
[3]-[6]. While those circuits exhibit good RF performance, ijpegative resistance is used for the compensation of flllter
is necessary to reduce the dc power consumption for thdd3s: We also found that a common-drain FET with series
to be monolithically integrated with receiver IC’s in portabldnductive feedback shows a negative resistance. The common-

communication systems where battery life time is an importafi@in FET circuit and the common-gate FET circuit are shown

design factor. in Flg. 1. C_apautorCt is required for negqnvg regstance
The transistor-based active inductors, i.e., capacitdhning. Inthis letter, the common-drain FET circuit [Fig. 1(b)],

terminated gyrators which are generally composed of ygﬁlch has similar chara_tctensﬂcs except for shghtly Iarger

common-source FET [common-emitter bipolar junctioffductance compared with the common-gate FET circuit, is

transistor (BJT)] and a common-gate FET (common-bagéed_ in realizing a monolithic active bandpass fllter._ If we

BJT) as an inverting and a noninverting transconductdfonsider transconductange: and gate-to-source capacitance

respectively, seem to be very attractive in realizing MMIE ss @S equivalent circuit elements of FET, we can describe

filters because we can achieve high-resonators using th€ output impedancé,,; as follows:

only transistors and capacitors without any spiral inductors. FOr theé common-drain circuit

However, the active inductor has at least three series-connected 1—w?L;C,

tranS|stors.|ncIud|ng a common-source tranglstor, a common- Zous = Im 4 j@(Cr 1 Cos — w?LCpuCy)

gate transistor, and a current source transistor, so that it is

difficult to reduce bias voltage while providing acceptable R&nd for the common-gate circuit

performance. The performances are dependent on the transistor )

gm/gds ratio which is a function of drain-to-source voltage. Tos = 1 —w?Ly(Cy + Cgs)'

On the other hand, active resonators using negative resistance gm + jw(Cr + Cys)

technique result in simple circuit configurations composed qf . . .

a single transistor and passive LC elements. Hence, they %]roé if we use a small-size FET for a low dc power operation,

more suitable for the realization of low-voltage and low-powep difference in theZ,, is slight because’, is negligible
MMIC filters. compared withCy.

The circuit was designed using HP-EEsof LIBRA. An
Manuscript received November 14, 1997. 1 pum x 50 pm FET was used and the feedback inductance
The authors are with the Department of Electrical Engineering, Korer and the tuning capacitane& were determined to exhibit
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Fig. 2. Measured and simulated output impedance of the common-drain FE
with series inductive feedback.
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laboratory, include }:m gate-length FET’s, mesa resistors,

metal-insulator—metal (MIM) capacitors, spiral inductors, and Frequency (GHz)

gold-plated interconnections. Fig. 5. Measured insertion loss of the fabricated filter with FET on and off.
The fabricated circuits were measured using an HP8720 net-

work analyzer and a microwave on-wafer probe. Fig. 2 shows ) ) . i .

the measured and simulated output impedance characterisie® at 5.5 GHz. This resistance tunability makes it possible

of the common-drain FET with series inductive feedback? control the@-factor of resonator.

Negative resistance is obtained from 4.6 to 5.5 GHz with A forth-order Chebyshev bandpass filter was realized by

a maximum negative value 0£3.1 2 at a 3-V drain bias capacitively coupling two resonators as shown in Fig. 4(a).

voltage with a drain current of 1.2 mA. Inductance is 2.9 nHhe resonators consist of negative resistance circuits and MIM

at 5 GHz. For the comparison of the results, a postcircuit sifi@Pacitors. The coupling capacit6t should have very small

ulation was performed based on the measured process coriaflacitance and it is realized by the series connection of

monitor (PCM) data. There is a good agreement between gapacitors. The capacitols; and C, are required for input

measured and simulated frequency response patterns of @ahg output impedance transformations. The microphotograph

output impedance. of the fabricated circuit is shown in Fig. 4(b). The chip size
The measured output impedance for several gate bias vi#t-0.9 mmx 1.4 mm.

ages(V,,) at a 3-V drain bias voltage is shown in Fig. 3. The The measured and simulated performances of the bandpass

series resistance changes from 0.52-@2(} at 5 GHz with filter are shown in Fig. 5. The measured results clearly show

an inductance variation less than 3% as e varies from the loss compensation effect of the negative resistance tech-

—0.6 to 0.0 V. However, the inductance variation is aboutique with FET's on. The filter shows an insertion loss of 0.7
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dB at 4.85 GHz and a 3-dB bandwith of 50 MHz. The centeaxctive bandpass filter was demonstrated. The filter showed an
frequency shift in the measured result seems to be maimhgertion loss of 0.7 dB at 4.85 GHz and the 3-dB bandwidth

due to the parasitics which are not considered in the circait 50 MHz. The dc power consumption was as small as 7.5

simulation. The supply current is 2.5 mA from a 3-V supplynW from a 3-V supply.

The resulting dc power consumption is only 7.5 mW, which
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