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ABSTRACT: A GalnP/GaAs HBT micromixer for 2.4/5.2/5.7-GHz
multiband WLAN applications is demonstrated. Our experimental results
show that the input return loss |S,,| is below —25 dB from DC to 10
GHz with power-conversion gains of 11.7, 11.9, and 11.5 dB at frequen-
cies of 2.4, 5.2, and 5.7 GHz, respectively. The wideband matching
characteristic makes the micromixer very suitable for multiband applica-
tions. Input P,z is —4 dBm and IIP; is 2.36 dBm. Port-to-port isolation
is also quite satisfactory. In addition, the single-to-differential input
stage in the Gilbert micromixer eliminates the need for common-mode
rejection. © 2004 Wiley Periodicals, Inc. Microwave Opt Technol Lett

43: 87-89, 2004; Published online in Wiley InterScience (www.interscience.

wiley.com). DOI 10.1002/mop.20383
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Figure 1 Schematic of the GaInP/GaAs HBT double-balanced Gilbert
micromixer

Figure 2 Die photo of the GaInP/GaAs HBT double-balanced Gilbert
micromixer

1. INTRODUCTION

Wireless communication has evolved into a world of multistan-
dards/multiservices with operating frequencies of 900-MHz/1.8-
GHz/1.9-GHz bands for GSM, 1.5-GHz band for GPS, and 2.4/
5.2/5.7-GHz bands for WLAN. Typical design strategies used
different receive/transmit paths for different frequency bands. Re-
cently, a large number of efforts have been made to develop
concurrent multiband antennas, filters, and low-noise amplifiers
[1]. That is, it is desirable to combine two or more standards in one
mobile unit. In heterodyne receivers, such as ISL3685 [2] or
RF2444 [3], the input impedance of a mixer has to be matched to
50€). Therefore, for 2.4/5.2/5.7-GHz multiband WLAN applica-
tions, there is a need for a mixer whose input impedance can be
matched to 500} at these frequencies. In this work, an integrated
GalnP/GaAs HBT mixer, which can handle 2.4/5.2/5.7-GHz triple
bands, is reported. The multiband input impedance matching is
accomplished by the parallel combination of a common-base tran-
sistor and a diode-connected transistor, which renders an imped-
ance controlled by their transconductance. This variant of the
Gilbert mixer is called a micromixer [4].

2. CIRCUIT DESIGN

The schematic of our GalnP/GaAs HBT multiband micromixer is
depicted in Figure 1. A single-to-differential stage is constructed
with Q5, 06, and Q7 and two resistors, R1 and R2. The common-
base-biased Q5 and common-emitter-biased Q7 provide equal but
out-of-phase transconductance gain when Q6 and Q7 are con-
nected as a current mirror. The common base configuration pos-
sesses good frequency response, while the speed of the common-
emitter-configured Q7 is improved drastically by adding the low-
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Figure 3 Input-matching characteristics of the GaInP/GaAs HBT dou-
ble-balanced Gilbert micromixer

impedance diode-connected Q6 at the input of the common-
emitter-configured Q7. Thus, the single-to-differential stage
shown in Figure 1 is very suitable for high-frequency operation.
The resistance looking into point RF input in Figure 1 is equal to
the parallel combination of the R1-Q6 branch and the R2-06
branch. Therefore, 50(} at the point of RF input can be achieved by
choosing appropriate biases of OS5, 06, and Q7. Note that the
bias-current source in a conventional Gilbert mixer contributes
noise and deteriorates the common-mode rejection ratio rapidly at
high frequency. In contrast, the single-to-differential input stage in
the Gilbert micromixer renders good frequency response and elim-
inates the need for common-mode rejection, necessary in a con-
ventional Gilbert mixer. The current-injection-bias technique [5] is
applied (see Fig. 1) to enhance the conversion gain of the mixer.
Because of the current injection from Q8 and Q9, the DC tail
current of the Gilbert quad (Q1, 02, 03, and Q4) can be reduced
and hence large load resistors (R,, R,) can be used, which results
in a higher power conversion gain of the mixer. The single-to-
differential technique is also applied in the LO input and a differ-
ential amplifier is used to convert the differential IF signal to the
single-ended signal.
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Figure 4 Measured power-conversion gain characteristics as a function

of both LO input power and RF input power of the GalnP/GaAs HBT
double-balanced Gilbert micromixer
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Figure 5 Measured two-tone 3"-order intermodulation characteristics of
the GalnP/GaAs HBT double-balanced Gilbert micromixer

3. RESULTS AND DISCUSSION

The micromixer is implemented using a 1.4-um emitter width
GalnP/GaAs HBT process. The die photograph of the fabricated
GalnP/GaAs HBT micromixer is shown in Figure 2. On-wafer
measurement is performed. The supply voltage is 5 V.

The input return loss |S,,| is below —25 dB from DC to 10
GHz, as shown in Figure 3, thus indicating a very wideband
matching characteristic. The characteristics of power-conversion
gain versus RF input power (RF frequency: 5.15 GHz) with a fixed
LO power of —8 dBm (LO frequency: 5 GHz) are plotted in Figure
4, and an input P, 45 of —4 dBm is obtained. The power-conver-
sion gain characteristics as a function of LO input power are also
shown in Figure 4. In addition, two-tone intermodulation measure-
ment is performed and the results are shown in Figure 5. IIP; of
2.36 dBm is obtained.

The characteristics of power-conversion gain as a function of
RF frequency with a fixed IF frequency of 150 MHz and a fixed
LO power of —8 dBm are plotted in Figure 6. The power-
conversion gain is 11.7, 11.9, and 11.5 dB at frequencies of 2.4,
5.2, and 5.7 GHz, respectively. The isolation characteristics of the
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Figure 6 Measured power-conversion gain and isolation characteristics
as functions of RF frequency of the GalnP/GaAs HBT double-balanced
Gilbert micromixer
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mixer are also shown in Figure 6. The LO-IF isolation is 31.1, 35,
and 37 dB at frequencies of 2.4, 5.2, and 5.7 GHz, respectively.
The RF-IF isolation is 21.1, 14.8, and 14.3 dB at frequencies of
2.4,5.2, and 5.7 GHz, respectively. Clearly, the isolation charac-
teristics of the micromixer are quite satisfactory.

4. CONCLUSION

A micromixer has been demonstrated using GalnP/GaAs HBT
technology for multiband WLAN. The intrinsic wideband match-
ing characteristics of the micromixer make it very suitable for
multiband applications. Conversion gains of 11.7, 11.9, and 11.5
dB at frequencies of 2.4, 5.2, and 5.7 GHz, respectively, are
obtained. Good isolation and linearity are also achieved.

ACKNOWLEDGMENT

Support from NSC92-2219E002-008, 91EC17A05-S10017, and 89-
E-FA-06-2-4 is appreciated. The authors would like to thank the
National Nanometer Device Lab for help with the measurements.

REFERENCES

1. H. Hashemi and A. Hajimiri, Concurrent multiband low-noise amplifi-
ers: Theory, design and applications, IEEE Trans Microwave Theory
Tech 50 (2002), 288-301. Figure 1 Parallel-plates type dielectric resonator

2. Intersil ISL3685 data sheet.

3. RFMD RF2444 data sheet.

2 Usikov Institute for Radio-Physics and Electronics

4. B. Gilbert, The Micromixer: A highly linear variant of the Gilbert mixer National Academy of Sciences of Ukraine
using a bisymmetric Class-AB input stage, IEEE J Solid State Circ 32 Ulitsa Academika Proskury 12
(1997), 1412-1423. Kharkov, 61085, Ukraine
5. L.A. Maceachern and T. Manku, A charge-injection method for Gilbert S Department of Electrical and Electronics Engineering
cell biasing, IEEE Canadian Conf Electrical and Computer Eng, 1998, Cukurova University
pp. 365-368. Adana, 01330, Turkey
© 2004 Wiley Periodicals, Inc. Received 19 March 2004

ABSTRACT: Originally published Microwave Opt Technol Lett 40:
96101, 2004. © 2004 Wiley Periodicals, Inc. Microwave Opt Technol
Lett 43: 89, 2004; Published online in Wiley InterScience (www.interscience.

ERRATUM: RESONANCE

CHARACTERISTICS OF WHISPERING wiley.com). DOI 10.1002/mop.20384
GALLERY MODES IN PARALLEL-
PLATES-TYPE CYLINDRICAL In our paper [1], Figure 1 was supposed to be depicted as follows:

DIELECTRIC RESONATORS

M. Fatih Akay,'® Yuriy Prokopenko,? and
Sergey Kharkovsky??
" Department of Electrical and Computer Engineering

REFERENCE

1. M.F. Akay, Y. Prokopenko, and S. Kharkovsky, Resonance character-
istics of whispering gallery modes in parallel-plates-type cylindrical

Drexel University dielectric resonators, Microwave Opt Technol Lett 40 (2004), 96-101.
3141 Chestnut St.
Philadelphia, PA, 19104 © 2004 Wiley Periodicals, Inc.

MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 43, No. 1, October 5 2004 89



