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Abstract—Here we present a novel low-voltage active mixer commodate low2.1 - Vpg supply voltage operation as well as
topology which enables 3-V double-balanced active mixer op- multi-decade RF performance usingu GaAs HBT’s [6].
eration from wide-bandgap GaAs-based heterojunction bipolar y,ever, this previous work only reported 5-V performance
transistors (HBT’s). The compact mixer design integrates directly . .
coupled active radio frequency (RF) and local oscillator (LO) rgsults and dp 2-GHz operatlpn. In this Igtter, we presenj[ the
transformer baluns with a Schottky-diode ring-quad to form a  first 3-V design results of this novel active balanced mixer

double-balanced mixer which operates from dc to 5 GHz. Biased topology which employs higher speed.in GaAs HBT’s and
with a low 3-V supply and operated as a down-converter with gchieves dc 5-GHz performance.

a fixed LO at 800 MHz and 0 dBm, the mixer achieves 9.4-dB

conversion gain (CG) at 1 GHz with positive CG out to 4 GHz

and an IP3 of =5 dBm. The LO-IF isolation is >20 dB while ||, | ow 3-V GaAs HBT ACTIVE BALANCED SCHOTTY MIXER
the 2-2 spur suppression is>20 dB over a broad 1-5-GHz RF ) ) ) ) ) )
input band. The novel 2.1 - Vi, supply design topology allows 3-  Fig. 1 gives the detailed schematic of the novel active mixer

V operation from the high turn-on voltage GaAs HBT’s, making design. The mixer integrates compact radio frequency (RF)
them suitable for portable wireless applications, and can enable and |ocal oscillator (LO) active balun transformers which are
1.5-V operation for Si, Si-Ge, and InP BJT/HBT technologies. directly coupled to four & 7 um? Schottky diodes forming a
ring-quad-mixer. Active IF-combiner taps are a novel part of
I. INTRODUCTION the active transformer design and provide broadband amplitude

N THE PAST few years, the commercialization of GaAgnd phase balance performance from dc to 5 GHz. Typical
I heterojunciton bipolar transistor (HBT) technology has réimplitude and phase balanceof dB and<6 degrees were
sulted in low-cost high-performance IC’s for wireless applidchieved over a dc to 5 GHz band [6] using a2 GaAs
cations including 3-V high PAE amplifiers [1]. Compact lowHBT-based active transformer design. In this work, the active
cost low dc power and high linearity LNA design solutiondransformers employ L:m GaAs HBT which obtairy7’s and
have also been demonstrated using GaAs HBT's [2], [3fmax’s of 43 and 65 GHz, respectively, and possess 1.4-1.45-
These LNA and PA designs typically employ common-emittéf turn-on voltages [7]. The use of the fastep.fir HBT's is
topologies and, therefore, can easily obtain reliable low 2-8xpected to extend the amplitude and phase balance to higher
V single-supply operation inspite of the high 1.4-1.45-Jrequencies. The key feature of the novel active balanced
base-emitter turn-on voltage characteristics of GaAs HBT’&lixer topology is that it only requires ar2.1 - Vpg diode
However, for the active double-balanced Gilbert-cell mixe#op, or~3-V supply using GaAs HBT's. This topology can
typically used for the RF down-conversion and modulat@dso enable reliable 1.5-V multi-decade double-balanced active
applications, the high turn-on voltage of GaAs HBT's cafixer performance using lower bandgap Si and InP-based
present a challenging design problem, especially for supgi§BT and bipolar transistor junction (BJT) technologies.
voltages lower than 2.5 times the HBT base-emitter turn-onFig. 2 gives a microphotograph of the fabricated GaAs
voltage(Vgg). Si-bipolar techniques for reducing the operatin§iBT-Schottky active double-balanced mixer. The mixer is
voltage of the active Gilbert-cell mixer involve folded currenpymmetrically layed-out with the compact active RF and LO
source topologies [4] and ac capacitor-coupled approaches E@!uns constructed on either side of the Schottky-diode ring-
These approaches can result in as low2ds. Vs voltage duad devices. The total chip size including a supply bypass
supply operation, ore1.5 V for the Si-BJT implementation, capacitor is 1.3x 0.9 mnt. A smaller area can be obtained
but may suffer from linearity performance degradation d¥y integrating the supply bypass capacitors off-chip.
size and cost increase due to the integration of large on-chip
coupling capacitors as well as limited frequency capability. [1l. M EASURED PERFORMANCE

Recently, a novel compact actively balanced GaAs HBT-

Th le-bal i -
Schottky mixer topology has been reported which can aco e double-balanced mixer was operated as a down

nverter and characterized for 3- and 3.3-V supply bias
conditions. Fig. 3 gives the conversion gain and two-tone 1P3
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Fig. 1. Schematic of the 3-V direct-coupled HBT-Schottky active mixer design.

Fig. 2. Microphotograph of the active balanced mixer MMIC. The chip size

is 1.3 x 0.9 mn?.

3.0-3.3V  Supply Operation

FLO= 800 MHz (Fixed)
PLO= 0 dBm
PRF=-25 dBm
—O0— Vce=3V; lcc=23.8 mA
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Fig. 3. Conversion gain and two-tone IP3 performance over a swept
input frequency from 1 to 5 GHz for 3- and 3.3-V bias operation.
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PLO= 0 dBm
PRF=-25 dBm
10 T T T T T

-10 T —O— Conversion Gain (dB) .
—F— LO-IF Isolation (dB) 1
—#&— 2-2 Spur Suppression (dBc)

Down-Conversion Performance

RF Frequency (GHz)

Fig. 4. Conversion gain, LO-IF isolation, and 2-2 spur suppression at 3-V
bias.

draws 23.8 mA and achieves 9.4-dB gain at 1 GHz with
positive conversion gain up to 4 GHz. The corresponding IP3
is between-5 and—6 dBm. At 3.3-V bias, the MMIC draws
26.3 mA and achieves 12-dB conversion gain at 1 GHz and
positive conversion gain beyond 5 GHz. The corresponding
average IP3 is about 0 dBm across the band. The broadband
multidecade performance is attributed to the novel direct-
coupled active-balanced design topology while the upper
frequency capability is directly attributed to the speed of the
1-um GaAs HBT's.

Fig. 4 gives the conversion gain, LO-IF isolation, and 2-
2 spur suppression ateh3 V bias. Under this low supply
ipas condition and with—25 dBm RF input power, the
LO-IF isolation is better than-20 dB while the 2-2 spur
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suppression is typically 24 dBc over the broad 1-5 GHz multihe bandwidth capability. The unique topology presented here
octave bandwidth. The direct-coupled nature of the actiwdfers a potential compact low cost solution for commercial RF
balance mixer topology allows similar performance down tdown-converter and modulator applications spanning baseband
dc, however, no measurements were taken below 1 GHmp through 5.7 GHz and operating from 3-V battery supplies
The reasonable LO-IF isolation and 2-2 spur suppressiand lower.
over this multi-octave bandwidth is directly related to the
excellent dc beta and threshold matching of the HBT's, as well

as its high-frequency performance capability. These features

make GaAs HBT feasible for applications covering dc to 5.41] RF Micro Devices, Inc., “1995 designer's handbook.”
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