
sion point is 16 dBm. The conversion gain of the receiver is 23.4
dB.

4. CONCLUSION

A small size 60-GHz full duplex transceiver module is developed
for high data rate millimeter wave wireless access link. The sub-

strate integrated planar 60-GHz BPF and the simple broadband
coplanar ribbon-bond interconnects enable a compact and low cost
realization of the transceiver module. The planar three-pole Che-
byshev filter using a new type of IWG transition shows an inser-
tion loss of 3 dB and a 2.4% bandwidth at the center frequency of
61.5 GHz and the coplanar ribbon-bond interconnect exhibits low
loss of 0.2 dB over DC to 70 GHz. The RF output power of the
module is 16 dBm at 1 dB compression with conversion gain of
30.6 dB and the conversion gain of the receiver is 23.4 dB. The
overall size of the module is 50 mm � 75 mm � 23 mm.
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ABSTRACT: A 5.2-GHz SiGe BiCMOS stacked-LO-stage CMFB (com-
mon mode feedback) subharmonic mixer is demonstrated in this article.
The stacked-LO-stage and the active loads are used to improve the
2LO-RF isolation and the conversion gain, respectively. The SiGe mixer
includes five levels of transistors stacked together at the supply voltage
of 3.3 V because of the low knee-voltage characteristic of the SiGe
HBTs (heterojunction bipolar transistors). The mixer demonstrated
achieves 23 dB conversion gain and �78 dB 2LO-RF isolation. © 2007
Wiley Periodicals, Inc. Microwave Opt Technol Lett 49: 1214–1216,
2007; Published online in Wiley InterScience (www.interscience.wiley.
com). DOI 10.1002/mop.22398

Key words: subharmonic mixer; stacked-LO-stage; SiGe heterojunction
bipolar transistor (HBT); 2LO-RF isolation; Gilbert mixer

Figure 5 Measured output power of the transceiver module: (a) trans-
mitter; (b) receiver
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1. INTRODUCTION

The traditional Gilbert topology suffers from the high LO-to-RF
leakage that causes the self-mixing and DC offset problems in the
direct-conversion application. To prevent the leakage and improve
the RF performance, the micromachining technique has become
popular for RFIC designs [1, 2]. On the other hand, the subhar-
monic mixer topologies are proposed to directly eliminate the LO
leakage. There are many subharmonic mixer topologies to sup-
press the LO-to-RF leakage [3–5]. One of the most useful subhar-
monic mixer topologies is the three-level stacked-LO scheme [3,
4]. However, the stacked-LO-stage consumes more headroom.
Figure 1 shows the circuit schematic of the stack-LO SiGe BiC-
MOS subharmonic mixer. Because of the low knee-voltage char-
acteristic of SiGe HBTs, a 5.2-GHz SiGe BiCMOS subharmonic
stacked-LO-stage down-conversion micromixer using active loads
to increase the conversion gain is demonstrated in this article. The
mixer demonstrated here is stacked with five transistor levels: two
levels for the micromixer input stage [6, 7], two levels for the
stacked-LO stage, and one level for PMOS loads.

2. CIRCUIT DESIGN

The circuit schematic of the demonstrated SiGe BiCMOS stacked-
LO-stage subharmonic mixer is shown in Figure 1. The RF and the
LO input frequency of the mixer are 5.201 and 2.6 GHz, respec-
tively. The RF micromixer input stage consists of transistors Q1,
Q2, Q11, and Q12, and resistors R1 to R4. The micromixer input
stage basically is an active balun used to generate differential RF
currents and can also perform input impedance matching. The
stacked-LO-stage of the subharmonic mixer is composed of tran-
sistor pairs Q3 to Q6 and Q7 to Q10. The function of the stacked-LO
stage is equivalent to a Gilbert cell that mixes down the RF
frequency with 2LO frequency. The stacked-LO-stage subhar-
monic mixer translates the RF input frequency down to IF fre-
quency with quadrature LO signals, which are generated from a
two-section passive polyphase filter. The balanced circuit topology
and the stacked-LO Gilbert stage produce the low 2LO-RF leak-
age. In addition, the SiGe BiCMOS technology used in this work
provides deep trench isolation to reduce the signal coupling among

devices. The loading network of the demonstrated mixer is an
active PMOS load to increase the conversion gain; therefore, it
requires a CMFB circuit to stabilize the bias voltage of the active
load. The CMFB circuit formed by a differential pair consists of
transistor Q20 and Q21, and the sensing resistors RC1 and RC2. An
output buffer consisting of a differential pair and an emitter fol-
lower is employed to combine the differential IF signals and
perform the output impedance matching. The die photo is shown in
Figure 2. The 2.6-GHz LO differential GSGSG pads are on the left
followed by a two-section passive polyphase filter, while the IF

Figure 1 The circuit schematic of the 5.2-GHz stacked-LO Gilbert subharmonic mixer using SiGe BiCMOS technology.

Figure 2 The die photo of the 5.2-GHz stacked-LO Gilbert subharmonic
mixer using SiGe BiCMOS technology
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output GSG pads are on the right. The RF input pads are on the
bottom and there are 6-pin DC pads on the top of the chip. The
total die size is 0.9 � 0.97 mm2 including the probing pads. The
transistor fT is 67 GHz with 2 V BVCEO. The emitter areas of the
transistors used here are 0.3 �m � 9.9 �m for the mixer core and
the output buffer.

3. MEASUREMENT RESULTS

The supply voltage of the demonstrated mixer is 3.3 V, and the
current consumption is 5 mA including the output buffer. Fig-
ure 3 shows the measured conversion gain and the DSB (double
side band) noise figure as a function of frequency when the LO
pumping power is �4 dBm. As shown in Figure 3, the conver-
sion gain is 23 dB and the 3-dB IF bandwidth of the mixer is
about 145 MHz. The measured DSB noise figure in its IF
bandwidth is 20 dB. According to the measured noise figure, the
1/f noise corner does not appear for the IF frequency down to 1
MHz. The major reason can be contributed to SiGe HBTs that
have lower phase noise compared with CMOS transistors [8]. In
addition, the 0.35 �m PMOS transistors as active loads are
buried channel devices and have good flicker noise perfor-
mance. Therefore, the 1/f noise figure corner is lower than 1
MHz. The power performance of the stacked-LO subharmonic
micromixer when the RF frequency is 5.201 MHz and the LO
power is �4 dBm is shown in Figure 4. The measured IP1 dB

and the IIP3 are �37 and �23 dBm, respectively. When the RF
frequency is 5.2 GHz, the RF input return loss is �11dB. The
2LO-RF leackage power is �82 dBm; therefore, this
stacked-LO structure provides near �78 dB isolation when the
LO frequency is 2.6 GHz and the 2LO frequency is 5.2 GHz.
This excellent 2LO-RF isolation results from the stacked-LO
stage and the balanced circuit topology. The port-to-port isola-
tions are also measured, and the LO-to-IF isolation is �52 dB,
the LO-to-RF isolation is �49 dB and the RF-to-IF isolation is
�34 dB.

4. CONCLUSION

A 5.2-GHz high 2LO-RF isolation stacked-LO stages subharmonic
micromixer using SiGe BiCMOS technology is demonstrated.
Active PMOS loads to increase the conversion gain with CMFB
circuits are used in this work. This mixer contains five levels of
active devices stacked together. The 2LO-RF isolation of the mixer
is �78 dB and the conversion gain is 23 dB.
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Figure 3 The measured conversion gain and the DSB noise figure of the
5.2-GHz stacked-LO Gilbert subharmonic mixer using SiGe BiCMOS
technology

Figure 4 The measured IP1 dB and IIP3 of the 5.2-GHz stacked-LO
Gilbert subharmonic mixer using SiGe BiCMOS technology
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