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Abstract

A miniaturized, broadband brdanced MMIC frequency

doubler, which consists of a common gate FET and a

common source FET directly connected to each drain

elect rode, is proposed. A chip size of O.5 mm x O.5 mm

is achieved excluding the output matching circuit with

conversion loss less than 9 dB, fundamental signal sup-

pression better than 18 dB, and input return loss better

than 8 dB from 6 GHz to 16 GHz.

Introduction

Frequency doublers and multipliers are important circuits

in microwave components. Recently, single-ended frequency

doublers[l], and balanced frequency doublers[2] which con-

sist of two single-ended doublers and a balan for balanced

operation, have been demonstrated in the monolithic form.

Another wide-band frequency multiplier[3], which employs

distributed amplifier architecture, has been reported. How-

ever, the convent ional doublers need large chip size because

the doublers require large quarter-wavelength transmission

lines for fundamental frequency trapping, hybrids and bal-

ans. The distributed amplifier configuration also requires

large chip size due to use of several FETs and many induc-

tive lines.

In this paper, a miniaturized, broadband balanced MMIC

frequency doubler is proposed. The doubler consists of a

common gate FET (CGF) and a common source FET (CSF)

connected in series at source-gate-drain-gate-source electrode
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Fig. 1. A proposed frequency doubler configuration.

locations. An advantage of the proposed doubler is that

it remarkably reduces MMIC chip size, as well as operates

in broad band, due to an active trapping of fundamental

signals between the CGF and CSF, and an active input

impedance match by CGF. The MMIC chip size is as small

as 0.5mm X 0.5mm.

Configuration

The configuration of the proposed balanced frequency dou-

bler is shown in Fig. 1. The doubler consists of a com-

mon gate FET (CGF) and a common source FET (CSF)

connected in parallel electrically and in series at electrode

locations, that is, source-gate-drain-gate-source. A second

harmonic output matching circuit and a phase shift circuit

compensating for phase error between outputs from the CGF

and CSF are added to the CGF, CSF configuration, where
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Fig. 2. A simplified frequency doubler configuration.

no input mat thing circuit is required because of the active

matching effect of the CGF.

Figure 2 shows a simplified frequency doubler which has

a configuration similar to that in Fig. 1. The doubler is

constructed with only a CGF, CSF and dc bias circuit. This

configuration offers a doubler module for generic use. The

simplified doubler in Fig. 2 is, in this paper, designed and

demonstrated.

The doubler operates near the gate-source pinch-off volt-

age which is given through the gate resistors and capacitors.

The drain currents through CSF and CGF are swung by

each input signal level. Amplitudes of output signals from

the two FETs are made equal by adjusting each gate bkrs.

In the CSF section, output phase shifts at the fundamental

frequency and second harmonic are 180 degrees and 360 de-

grees, respectively. In the CGF section, the output phase

shifts at the fundamental frequency and second harmonic

are the same, O degrees. Thus, the fundamental frequency

signals from the CGF and CSF cancel each other. On the

other hand, the second harmonics are emphasized. This ac-

tive trapping and the input active match realize a miniature

broadband doubler.

Design
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Fig. 3. Characteristic of the doubler vs. gate width of FETs.

(input frequency ~0 : 5GHz, 10GHz)

Calculated characteristics of the doubler, dc biased at gate-

source pinch-off voltage, are shown in Fig. 3. Input power is

10 dBm. The CGF and CSF of the module have the same

gate width W9, in the estimation, and V9 is normalized by

the gate width w@ of the CGF in the small-signal active

mat thing condlt ion, that is gm Z. = 1, where g~ and ZO are

the transconductance of the CGF and input port impedance,

respectively.

The difference between the conversion loss at 5 GHz and

10 GHz expands considerably above the w~/w~o value of 2.

Therefore, gate width W9 less than 2w@ is required for broad-

band frequency-multiplying, as well as for lower conversion

loss, as shown in t he figure. Fundament al frequency suppres-

sion, isolation, is better than 15 dB at each w9/w~o value,

and is gradually improved as the w~/w~o value increases. In-

put return loss is maximum at a w*/w@ value between 1 and

3. As a result, a gate width w~ of between w~o and 2w~0 is

chosen in the design, and the gate-source dc bias voltage is

adjusted for better performance in practical operation.

In order to determine the gate width of the FETs, a har-

monic balance nonlinear circuit simulation was performed.
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Fig. 4 . Photomicrograph of the fabricated MMIC doubler.
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Fig. 5. Conversion loss and isolation of the doubler.

Experiment results

An MMIG frequency doubler implemented using the con-

ventional GaAs MMIC process, is shown in Fig. 4. The in-

put and output coplanar waveguide impedance is 50Q for

on-wafer measurement. The chip size is 0.8mm x O.7mm,

and the intrinsic area is only 0.5mm x 0.5mm. This area is

about 1/10 that of the previously reported doublers[l]. Ion

implanted FET with a typical cutoff frequency of 20 GHz,

0.5pm gate length, and 150pm gate width are used in the

doubler MMIC, where a gate width ratio w9/w@ of 1.5 is

employed according to the design.

The measured frequency response at 10 dBm input power

is shown in Figures 5 and 6. The gate source voltage Vg$ is

adjusted so that the MMIC exMblts input return loss around

10 dB and reasonably low conversion loss and high isolation,

where Vg, is 0.9VP for CGF and Vp for CSF. A conversion

loss of 8 dB is achieved in the output frequency range from

6 GHz to 16 GHz. Fundamental frequency isolation is bet-

ter than 17 dB up to 20 GHz. An input return loss better

than 8 dB is achieved without any input match:ng circuits

due to the active matchkg char act eristic of the CGF. Power

consumption is about 42 mW when the input signal power

is 10 dBm. Degradation of the conversion loss at the out-

put frequency between 16 GHz and 20 GHz is due to the
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Fig. 6. Input return loss of the doubler.

absence of a phase compensation circuit. The operation fre-

quency range is extended as the FET are improved and by

using a miniature, thin film microstrip (TFMS) line phase

shift circuit [4]. The broadband performance and very small

size of the MMIC above are extremely valuable for generic

use.

The measured performance as a function of 5 GHz input

power is shown in Fig. 7. Conversion loss decreases gradually

w the input power increases and approaches the minimum

value of 8 dB above 10 dBm input power. Input return loss is

improved monotonically and is better than 10 dB at an input

power greater than 10 dBm. The fundamental frequency

isolation is greater than 17 dB up to 15 dBm input power.
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Fig. 7. Characteristic of the doubler vs. input power level.

Conclusion

A miniaturized, broadband balanced MMIC frequency dou-

bler, composed of a common gate FET and a common source

FET directly connected to each drain electrode, has been

proposed and demonstrated. The doubler is designed and

fabricated as a function module. The chip size is only 0.5mm

x 0.5mm, which area is about 1/10 that of the previously

report ed doublers. A conversion loss of 8 dB, a fundamen-

tal frequency suppression better than 17 dB, and an input

return loss better than 8 dB are obtained in the output fre-

quency range from 6GHz to 16GHz. The broadband doubler

as a miniaturized MMIC function module can be applicable

to smal-size oscillator MMICS and multifunction MMICS.
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