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ABSTRACT

Some recently developed 0.18-um SiGe BiCMOS radio-
frequency integrated circuits (RFICs) for multiband
multimode wireless communications, radar and sensing
systems, which provides many benefits for sensing and
communications in uncertain environments with harsh
operational scenarios, are presented. The multiband low-
noise amplifier has measured peak gain of 21.9/16.6 dB at
23.5/35.7 GHz and best measured noise figure of 5.1/7.2 dB
at 22/35.6 GHz, respectively. The multiband power
amplifier exhibits gain of 21.4 and 17 dB, maximum output
power of 16 and 13 dBm, and maximum power add
efficiency (PAE) of 10.6 % and 4.9 % at 25.5 and 37 GHz
respectively. The ultra-wideband pulse generator exhibits -
1.9 dB (loss) to 1.1 dB (gain) from 31 to 37.1 GHz and
produces very narrow RF pulses of 200 ps with extremely
low RF leakage. The up-conversion mixer exhibits a
conversion gain of 25.7 dB, 1-dB input power of -23 dBm,
1-dB output power of 1.36 dBm, and maximum output
power of 2.7 dBm at 24.5 GHz.

Index Terms—RFIC, multi-band systems, multi-band
components, harsh  sensing and communication
environment.

1. INTRODUCTION

Advanced communication, radar and sensing systems
working “concurrently” over multiple bands and/or multi-
mode provide numerous advantages and have more
capabilities as compared to their single-band/single-mode
counterparts for communications and sensing - a fact that is
simple to understand since the communication and sensing
are performed at multiple frequencies and/or multiple modes
simultaneously. The ability of operating multiple
bands/modes simultaneously increases the diversity of
transmitters and receivers and hence systems for
simultaneous communications or sensing at multiple
frequencies/modes — especially needed when operating in
uncertain environments accompanied with harsh operational
scenarios such as severe multi-path fading, such as indoors,
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urban settings or mountainous terrains, or when signal
attenuation at some frequencies are excessively high, which
hinder the communication and sensing capabilities. Multi-
band Radio-Frequency Integrated Circuits (RFICs) are the
backbone of modern multiband multimode wireless
communication, radar and sensing systems, enabling low-
cost, small-size, and high-performance single-chip solution.
In this talk, we will present some of the recent developments
of RFICs for multiband multimode  wireless
communications, radar and sensing, which can enhance the
sensing and communications in uncertain  harsh
environments. Specifically, the presented RFICs are parts of
a millimeter-wave dual-band dual-mode radar array system
designed for sensing in complex urban environments and
structures having harsh operations.

2. MULTI-BAND LOW-NOISE AMPLIFIER

Various concurrent multiband low-noise amplifiers (LNAs)
have been developed. Most developed concurrent multiband
LNAs, however, have been aimed for RF applications below
10 GHz due to their large market share and interests. In the
high RF range of microwave and millimeter-wave (mm-
wave) frequencies exceeding 10 GHz, there are still many
challenges in developing concurrent multiband LNAs in
silicon technology, such as limited gain due to low f, and f,
of transistors, high loss due to silicon substrate, low inductor
and transmission-line quality (Q) factors, and inadequate
modeling of integrated inductors, etc. In order to
compensate for the low Q-factor of inductors, several
alternative techniques employed in concurrent multiband
LNAs have been reported — for instance, feedback [1] and
synthetic [2] transmission lines, active notch filters [3], and
feedback notch filters [4]. Among the proposed techniques,
the active notch filter is an attractive solution for creating
stop-bands because it can achieve a narrower and deeper
stop-band notch response (high Q-factor) by compensating
for the resistive loss of an inductor with its negative
resistance. The active notch filters have been developed and
widely used for image/interference rejection LNAs for RF
and lower microwave applications [5]. However, they have



rarely been implemented for high microwave and mm-wave
applications. In this section, we present a new 24/35-GHz
concurrent dual-band LNA using a new active notch filter in
a 0.18-um SiGe BiCMOS technology [6].

Fig. 1 shows the die microphotograph of the concurrent
dual-band LNA occupying an area of 490 ym X 390 um.
Fig. 2 shows the simulated and measured results. The dual-
band LNA has peak gain of 21.9/16.6 dB at 23.5/35.7 GHz,
respectively. The best noise figure is obtained as 5.1/7.2 dB

at 22/35.6 GHz, respectively. The measured IIP;
performances are -10.4/-8.3 dBm at 24/35 GHz,
respectively.
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Fig. 2.  Simulated and measured results for (a) power gain and

(b) noise figure of the concurrent dual-band LNA.

3. MULTI-BAND POWER AMPLIFIER

Several multiband power amplifiers (PAs) working to 5.2
GHz using concurrent multiband matching networks were
reported [7]-[10]. This section describes a new dual-band
PA working concurrently at 25.5 and 37 GHz designed
using a concurrent dual-band matching technique.

Fig. 3 shows a microphotograph of the dual-band PA
designed using a 0.18-um SiGe BiCMOS technology [6]. It
has a chip area of 1.3 x 0.68 mm’. Fig. 4 shows the
simulated and measured gain, input and output return loss,
and reverse isolation of the concurrent dual-band PA under
small-signal conditions. The dual-band PA exhibits gains of
21.4 dB and 17 dB, 3-dB bandwidths of 3.7 GHz and 1.8
GHz, input return losses of 14.8 and 9 dB, and output return
losses of 12.5 and 15 dB at 25.5 GHz and 37 GHz,
respectively. The reverse isolation is higher than 35 dB from
DC to 55 GHz.
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Fig. 4 Measured and simulated small-signal gain, return loss, and
reverse isolation.
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Fig. 5 shows the measured and simulated gain, output
power and the power added efficiency (PAE) at 25.5 and 37
GHz. The measured results show that the maximum output
powers, Poyma, reach 16 and 13 dBm, output 1-dB
compression points, Py g, are 10.4 and 7.1 dBm, and
maximum PAEs, PAE, ., are 10.6 and 4.9 % at 25.5 and 37
GHz, respectively.

4. ULTRA-WIDEBAND RF PULSE GENERATOR

Ultra-wideband pulse generators are needed for single-band
and multi-band RF systems. A SiGe SPST switch used as
RF pulse generator in automotive radar systems has been
reported in [11]. This SPST switch uses the current steering
technique and exhibits 0-dB gain and 35-dB isolation at 24
GHz, and 70-ps rising and falling times. The isolation of this
RF-pulse former is limited by the inherent parasitic
components of the transistors at high frequencies and it
consumes a high dc power from a 5-V power supply. This
section presents a Ka-band low-power RF pulse generator
designed using a 0.18-pm SiGe BiCMOS technology [6],
exhibiting very fast switching speed, extremely low RF
leakage, and very narrow RF pulse.

Fig. 6 shows a microphotograph of the RF pulse
generator with a chip area of 450 x 500 pm’ and its
simulated and measured insertion loss/gain, input and output
return losses, and isolation under small signal conditions.
The measured results show that, around the design
frequency of 35 GHz, the RF pulse generator exhibits an
ultra-high-isolation performance, hence extremely low RF
leakage. From 31 to 37.1 GHz, the loss/gain is from -1.9 dB
(loss) to 1.1 dB (gain), the input return loss is from 14.5 to
30 dB. The output return loss is higher than 10 dB from 33
to 35.9 GHz. From 30 to 40 GHz the isolation is higher 40
dB and, especially at 34 GHz, the isolation reaches 70 dB
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along with the gain of 1.1 dB. Fig. 7 shows the measured
0.8-ns RF-pulses and its spectrum. There is no RF leakage
seen from the measured spectrums; the leakage, if any, is
smaller than the magnitude of the actual RF-pulse, which
demonstrates the ultra-high isolation of the RF pulse
generator. From Fig. 4(a), the 10%-90% rising time and
90%-10% falling time of the RF-pulse former are
determined to be 136 ps and 70 ps, respectively. The small
measured switching time of 206 ps allows the RF pulse
generator to produce very narrow RF-pulses for high
resolution radar and high-data-rate communication systems.
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Fig. 6. Microphotograph (a), and simulated and measured insertion
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Fig. 7. Measured 0.8-ns 35-GHz RF-pulse (a) and its spectrum (b).

5. UP-CONVERSION MIXER

eonaness

Fig. 8. K-band mixer microphotograph.

This section presents an up-conversion mixer in K-band
designed using a 0.18-um SiGe BiCMOS technology [6]
that fully integrates a double-balanced Gilbert mixer cell
[12] with an active balun, differential amplifier and band-



pass filter. Fig. 8 shows a microphotograph of the K-band
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Fig. 9. (a) Measured and simulated conversion gain versus LO
power. (b) Measured and simulated conversion gain versus RF
frequency.
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mixer having a size of 1.2 mm x 0.9 mm.

Fig. 9(a) shows the simulated and measured conversion
gains versus LO power. The frequency and power of IF
signal are set to 21 GHz and -40 dBm, respectively. The LO
frequency is fixed at 3.5 GHz and the LO power is swept
from -20 to 5 dBm with the step of +1 dBm. The measured
result shows that the maximum conversion gain of 25.7 dB
is obtained with the LO power of -2 dBm. Fig. 9(b) shows
the conversion gain versus the RF frequency with -2 dBm
LO power. The 5-dB RF bandwidth is from 21-25 GHz. The
measured results show that the mixer exhibits a conversion
gain of 25.7 dB at RF frequency of 24.5 GHz, and the
maximum conversion gain of 29.5 dB is located at 22.5
GHz.

6. CONCLUSION

Various RFICs including multiband LNA and PA, ultra-
wideband pulse generator, and up-conversion mixer,
representing samples of our recently developed RFICs for
multiband multimode wireless communication, radar and
sensing systems, have been developed. These RFICs are
components of a millimeter-wave dual-band dual-mode
array system designed for sensing in complex urban
environments and structures having harsh operational
scenarios. The successful development of these RFICs with
state-of-the-art performance facilitates the design of high-
performance modern multiband multimode communication,
radar and sensing systems that have many benefits,
especially for applications involving uncertain harsh
operating environments.
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