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Abstract — 1In this paper, two wideband and low power mm-
wave LNAs implemented in a 0.13pm SiGe BiCMOS technology
are presented. The W-band LNA has 22.3 dB peak gain, 17 GHz
3-dB bandwidth (BW) and 8 mW of power consumption whereas
the D-Band LNA achieves 25.3 dB peak gain, 44 GHz 3-dB BW
while consuming 30 mW of power. Input and output of the LNAs
are wideband matched to 50 Q in their respective frequency bands.
Using the measured gains, the effective noise bandwidths are
calculated to be 33.8 GHz for the W-band and 58.9 GHz for the D-
band LNAs. Measurement results indicate that the LNAs are
suitable for low power and wideband radiometer systems.

Index Terms — millimeter wave integrated circuits, low-noise
amplifier, millimeter wave radiometry.

1. INTRODUCTION

Passive imaging systems operating at millimeter-wave and
THz region have been gaining attention in recent years due the
advancements in monolithic microwave integrated circuits
(MMICs) which are capable of operating at low atmospheric
attenuation windows such as 94, 140 and 220 GHz. These
systems can detect thermal radiation emitted from the objects
and provide an image of the scene especially in low visibility
conditions (fog, dust, rain etc.), given that the system has high
enough temporal sensitivity [1]. For this reason, radiometer
systems enable critical applications such as concealed weapon
detection [2], remote sensing [3] and non-invasive medical
imaging [4]. However, achieving a high sensitivity detection,
or low enough noise equivalent temperature difference
(NETD), remains a challenging issue.

The limiting factor for designing a low NETD system arises
from the 1/f noise of the active components. However, even if
these fluctuations are minimized using calibration techniques,
one still needs to improve the RF bandwidth of the receiver as
well as the system noise temperature. Consequently, a high gain
and wide bandwidth low noise amplifier (LNA) to suppress the
noise of the power, becomes crucial.

Silicon based technologies such as CMOS and SiGe
BiCMOS have advanced tremendously, achieving fi/fmax of
more than 300 GHz, which facilitates the design of high
performance millimeter-wave circuits at relatively low cost and
similar performance to its III-IV counterparts. In this work, we
present wideband LNAs, operating at W-Band (75-110GHz)
and D-Band (110-170 GHz) using IHP’s SG13G2 0.13pum SiGe
BiCMOS process featuring HBTs at 300 and 500 GHz f; and
fmax rEspectively.
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Fig. 1. Circuit schematic of the W-band low-noise amplifier
(Electrical lengths are given at 94 GHz).

II. CIRCUIT DESIGN
A. W-band Low Noise Amplifier

The circuit schematic of the W-band LNA is shown in Fig. 1.
Four-stage common-emitter (CE) topology is sufficient for W-
band to achieve 20 dB or higher gain, and CE provides lower
NF than a cascode stage. First stage of the LNA was designed
using the simultaneous power and noise matching technique.
Optimum transistor number was chosen to be x5 and collector
current (I¢) is set to 1.2 mA for a tradeoff between minimum
noise figure and gain. Using a shunt shorted transmission line
at the base and an emitter degeneration, it is possible to avoid
any series transmission line (TL) while still allowing for 50 Q
input over a wide bandwidth.

The remaining stages are all identical. Emitter degeneration
inductance were reduced to a smaller value and Ic is increased
to 1.7 mA to achieve higher gain per stage. All the base biases
were applied over large poly resistors. RF shorts were
implemented using 450 fF metal-insulator-metal (MIM)
capacitors with adjusted geometry such that they self- resonate
close to W-band. To ensure circuit stability at all frequencies,
small silicide resistors were used on the bias lines, and
secondary capacitors were added on the order of several pFs.
All the bias planes were sandwiched between two ground
planes, i.e. metal 1, 3, 5, TopMetal2 were used for ground
whereas metal 2,4 and TopMetall were used as bias planes.
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Fig.2.  Circuit schematic of the D-band low-noise
(Electrical lengths are given at 140 GHz).

amplifier

This sandwiched configuration adds also several pFs to bypass
network in addition to the MIM capacitors. All the transmission
lines were implemented using microstrip lines with TopMetal2-
Metall configuration. EM simulations were performed using
ADS Momentum excluding the secondary capacitor banks and
metal fillers.

B. D-band Low Noise Amplifier

The schematic of the 4-stage D-band LNA is shown in Fig.
2. Similar approaches were made with the W-band LNA in this
design; however, the topologies of the second and third stages
were changed to keep the gain above 20 dB across the entire D-
band. Consequently, power consumption constraints are also
relaxed compared to W-band as a tradeoff since available gain
per stage is much lower.

A cascode stage could provide 3-4 dB more compared to CE,
as a result the two middle stages were implemented as cascode
amplifiers. At the input, CE was chosen over cascode for
wideband input matching as well as to achieve lower NF since
the CE provides better noise performance than the cascode
configuration. Similarly, the output was also implemented as
CE for improved output matching. Interstage matchings were
designed using T-type networks, utilizing high characteristic
impedance microstrip lines along with MIM capacitors. The
collector current of the first stage was set to 2.2 mA to optimize
the noise performance while achieving acceptable gain to
suppress the noise of the following stages. 4.4 mA and 3 mA
collector currents were set for the cascode stages and the last
stage, respectively, to achieve high gain.

All the transmission lines were implemented using microstrip
lines with TopMetal2-Metall configuration. Parasitic effects
are major concerns at mm-wave frequencies. Therefore, full
chip simulations were performed including the vias, capacitors
and the bypass networks. Parasitic capacitances due to the RF
pads could also significantly deteriorate the input matching of
the LNAs, and the NF of the chips would increase because of
the loss at the input due to the parasitic capacitance of the input
RF pad. To avoid this problem, custom RF pads were designed
using just TopMetal2 with a reduced area while still allowing
probes to be landed properly are included in the structure.
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Fig. 3.
(right).

III. MEASUREMENTS

Micrographs of the chips are shown in Fig. 3. The total
area of the W-Band LNA is 0.6 mm2 0.85 x 0.7 mm) including
pads and the chip consumes only 8 mW of power from 1.3V
supply whereas the D-Band LNA draws 9 mA from 2.5V
supply and 5 mA from 1.5V supply (total of 30 mW) and
occupies 0.56 mm2 (0.8 x 0.7 mm) of area including the pads.

S-parameters were measured on wafer at IHP-
Microelectronics’ facilities using separate setups for W-Band
and D-Band LNAs. Measured peak gain of the W-Band LNA
is 22.3 dB at 73 GHz and drops to 12 dB at 110 GHz and in
very good agreement with simulation results. Average gain of
the LNA is approximately 16.9 dB. Also, the input and output
return losses remain below -10dB from 75 to 110 GHz. As for
the D-Band LNA, return losses are better than -8 dB across the
entire band and peak gain is measured to be 25.3 dB at 150
GHz. Gain of the LNA stays above 20 dB from 110 GHz to 160
GHz. The 3-dB bandwidth of the LNA is measured as 44 GHz.
Noise figure measurements were performed at Millilab
(VTT/Finland), and the NF results are shown in Fig. 6.
Minimum NF of the W-Band LNA is 4.2 dB, and 5.9 dB for the
D-Band LNA.

It is worthwhile to calculate the effective noise bandwidth
(ENB) of the LNAs to assess their viability in a radiometer
system. Using the measurement results and the expression (1)
given in [5, 6], the ENB of the W-Band LNA is found out to be
33.8 GHz, and 58.9 GHz for the D-Band LNA. Table 1
illustrates the performance of the LNAs in comparison with the
recent publications.
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IV. CONCLUSION

Two mm-wave LNAs have been designed in 0.13um SiGe
BiCMOS technology. The W-band LNA achieves 22.3 dB peak
gain, 17 GHz 3-dB BW, and 35 GHz of ENB while only
consuming 8 mW of quiescent power. The D-band LNA has
25.3 dB peak gain, 44 GHz 3-dB BW, 57 GHz ENB and
consumes 30 mW of quiescent power. The proposed LNAs are
suitable for W-Band and D-Band radiometers and the state of
the art performances have been demonstrated.
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Fig. 4.  Simulated and measured s-parameters of the W-band LNA.
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Fig. 5. Simulated and measured s-parameters of the D-band LNA.
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Fig. 6.  Simulated and measured noise figure results of the W-band

and the D-band LNAs
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TABLE I
SUMMARY OF PERFORMANCE AND COMPARISON

3-dB Peak
A
(7] Z?g‘;l 66-84 34 3.5-4 15.6 03
8] O'SlizG‘;m 82-100 27 7 27.6 026
9] O'Slfc’;m 70-97 19 8.5 35 1%
(Tvl;,i_sB‘;Vn‘:;)k O'Q?G’Lm 7087 | 223 42 8 0.6
[5] 9;(‘;‘; 135-141 36 >6.2% 45 0.36
[10] Olem 1 0162 | 326 |48 28 i
[1] O‘S%Lem 120-134 | 28 | 5565 12 0.4
(T];'_i;;:l‘:;)k Gomm o giase | 253 | 59 30 0.56

* Estimated ** Excluding pads
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