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Abstract—This letter presents a D-band low-noise amplifier
(LNA) for joint radar–communication applications in 22-nm
CMOS technology. The 4-stage LNA uses transistor switching
and bias class changes to achieve dual-mode functionality. In the
radar mode, the LNA achieves gain of 17 dB, noise figure (NF)
of 7.7 dB, 3-dB bandwidth (BW) of 117–129 GHz, and IP1dB of
−20 dBm, respectively. In the communication mode, the LNA
achieves gain of 22.6 dB, NF of 8.5 dB, BW of 115.9–128.9 GHz,
and IP1dB of −29 dBm, respectively. The power consumption
for the radar and communication modes is 13 and 12.2 mW,
respectively. The LNA has a core area of 0.06 mm2.

Index Terms—CMOS, communication, D-band, gain boosting,
low-noise amplifiers (LNAs), mm-wave, radar.

I. INTRODUCTION

LARGE available bandwidth (BW) in the D-band (110–
170 GHz) favors high-resolution radar systems and

next-generation high data rate communication systems.
Spectrum sharing in beyond-5G systems allows both systems
to use the same radio frequency blocks. In addition, the two
systems have the potential to help each other to increase the
operational efficiency of the product. For example, radar sens-
ing can help in accurate beamforming during communication,
while the communication subsystem can facilitate radar data
exchange between sensors [1].

Receivers (RXs) for communication and radar have con-
flicting requirements [2]. In a full-duplex radar, the RX must
tolerate high transmitter (TX) to RX leakage. Thus, high
IP1dB is prioritized over gain, noise figure (NF), and power
consumption. Simplex communication RX, on the other hand
receives low signal power at D-band which relaxes the IP1dB
requirement. As a result, RX front-end in communication
mode can be optimized for lower power consumption, better
gain, and NF. Hence, the RX front-end must be programmable
to support the two systems to save chip area.

Fusion between the two systems is a relatively new con-
cept in the D-band frequencies. Mixer-first architectures are
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preferred for high IP1dB [3], but due to the high NF, RX
sensitivity is degraded. In another case, supply switching is
used after downconverting to the first intermediate frequency
(IF) to facilitate different filtering and BW requirements
for radar and communication, while the low-noise amplifier
(LNA) is the same for both systems [4]. In [5], 2-stage CS-
LNA is demonstrated, which has good gain and NF, but not a
high IP1dB.

The prior art cannot be effectively used for a joint radar–
communication system as it lacks programmability in the front
end. In this letter, a programmable-gain LNA suited for joint
radar–communication applications is demonstrated.

II. CIRCUIT DESIGN

A. LNA Stages

The architecture of the LNA is shown in Fig. 1(a). The LNA
has four common source (CS) stages. In both modes (radar
and communication), the input stage is designed for optimized
NF and gain while dual-mode functionality is achieved by
varying bias currents in the second and third stages (STG2,
STG3), and switchable transistors in the last stage (STG4). In
the communication mode, the stages are biased with a current
density of 0.15 mA/μm, based on the tradeoff between power
consumption, NF and gain. In the radar mode, the first and
last stages retain the previous current density, while the middle
stages are biased in Class-B mode where gain is lowered to get
higher IP1dB. For all the stages, capacitive neutralization boosts
the gain, while maintaining the stability factor (Kf ) around
1.6 before including the loss of matching networks. It also
allows for simultaneous noise and gain matching by bringing
the available gain and noise circles closer to each other [6].
The fmax and Gmax at 140 GHz of the neutralized differential
amplifier in STG1–3 are 280 GHz and 9.2 dB, respectively.

B. Programmability for Joint Radar–Communication

In the radar mode, we assume a state-of-the-art D-band PA
with output power of 13 dBm [4] along with a measured TX-
RX isolation of 37 dB [7], which results in the minimum IP1dB
specification of −24 dBm. The higher IP1dB of radar mode
requires a large width transistor in the last stage (STG4) which
results in increased power consumption. In the communication
mode, the required IP1dB is lower, hence a smaller width tran-
sistor is sufficient. When operating in communication mode,
power can be saved by switching to a smaller overall transistor
width in the last stage which is achieved by combination
of MR1 and MR2 and switches SW1 and SW2 as shown in
Fig. 2. During the radar mode, nodes A and B are shorted to
the gates of MC1 and MC2, respectively, doubling the overall
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Fig. 1. (a) Block diagram of LNA along with the simulated power
consumption of each stage in the two modes. (b) CS stage with capacitive
neutralization for STG1–3.

Fig. 2. STG4 circuit diagram in radar mode.

width of the STG4 transistors which in-turn boosts the output
compression power of the LNA. In the communication mode,
nodes A and B are shorted to ground halving the overall
width and reducing the current consumption. Cs isolates the
bias voltages of gates of active MC1(MC2) and grounded
MR1(MR2). In comparison to the STG1, an extra loss of
1.3 dB is introduced to the communication mode due to loss
of RF energy through Cs resulting in higher NFmin of STG4.
But, the overall NF of the LNA is not significantly affected
in communication mode thanks to the higher gain of the
preceding stages. The simulated NF of LNA in communication
mode is 0.3 dB better than the radar mode.

Simulated Gmax and stability factor (Kf) in the two modes
for STG4 as a function of neutralization capacitance, Cneut are
shown in Fig. 3 for two values of Cs. Higher values of isolation
capacitance, Cs lead to a higher loss in communication mode
whereas the higher Cs increases the gain of LNA in radar
mode. Therefore, Cs can be used as a parameter to control
the gain of the communication mode. In Fig. 3(a), with Cs

Fig. 3. Gmax (continuous line) and Kf (dashed line) in radar and
communication modes with sweep of neutralization capacitor, Cneut for STG4
with (a) Cs = 0 fF and (b) Cs = 40 fF. With choice of neutralization
capacitance as design point A, Gmax in communication mode is high, but
gain in radar mode is low. With choice of neutralization capacitance as design
point B, Gmax in both modes is simultaneously high. Therefore, B is a better
design point for dual-mode operation.

= 0 fF, the Gmax is low for STG4 in the radar mode. This
implies that the gain in the radar mode needs to be derived
from the earlier stages. As a result, the current consumption
of the LNA is increased. Furthermore, the earlier stages
become the bottleneck for obtaining a good IP1dB, which
results in further increase of power consumption. Therefore,
the gain in STG4 in radar mode cannot be very low. With
a higher choice of Cs as shown in Fig. 3(b), high gain in
the radar mode can be achieved at the expense of a slight
increase in loss in the communication mode. For the choice
of the neutralization capacitance in Fig. 3(b), Gmax for the
two modes are similar. Higher gain can be achieved in the
radar mode by increasing the neutralization capacitor further,
but it degrades the IP1dB in the radar mode as well as create
instability in the communication mode. The operating gains
of STG4 for the communication and radar modes are 6.1 and
7.1 dB, respectively. The difference of 1 dB can be interpreted
as the loss associated with communication mode to facilitate
dual-mode operation.

This dual-mode functionality does not affect the matching
insertion loss significantly. The input shunt resistance of STG4
changes from 450 to 350 �, while the shunt capacitance
changes by about 3% for the two modes. The simulated change
in matching network insertion loss is 0.2 dB. The output
resistances are 450 and 900 � for the radar and communication
modes, respectively. The impedance transformation ratio to
50 � is high in both cases. Therefore, the insertion loss
difference is less than 0.1 dB for the two modes.

In addition to programmability in the last stage, biasing
plays an important role to improve IP1dB in the radar mode.
STG1 biasing is kept same as in communication mode to
maintain the same optimum input and noise match conditions.
Increasing the current density in STG4 improves OP1dB
negligibly, and the gain increase results in worse IP1dB.
Therefore, only the biasing in the middle stages (STG2, STG3)
is changed in the radar mode. The desired power gain is
decided by the NF specification of the receiver, and the NF
of the mixer and IF chain. Fig. 4 shows that the output
compression point, OP1dB, of the LNA in radar mode varies
by about 2 dB with sweep of bias of STG2 and STG3.
The power gains of the LNA in the plot are in the range
of 14–16 dB. The best OP1dB is obtained for the case of
low current density in STG3 highlighting the effect of gain
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Fig. 4. (a) Simulated 1-dB output compression point (OP1dB) with sweep
of bias of STG2 and STG3 when the gain of LNA is between 14 and 16 dB,
and (b) corresponding gain. The label “JA STG3” denotes the current density
of STG3 in μA/μm.

Fig. 5. (a) Operating power gains of the stages (Gp1–4) when STG3 is
biased in class-B in radar mode. (b) Operating power gains of the stages when
STG2 is biased in class-B in radar mode. Other stages are kept at same current
density as in communication mode. Gp_tot is the total power gain of LNA.

expansion on improvement in compression point. Fig. 5 shows
the reason why having STG3 in class-B biasing shows better
OP1dB than the case when STG2 is in class-B biasing for the
same gain in this implementation. The gain expansion in STG3
coincides with start of compression of STG4 in Fig. 5(a),
and thus gives better OP1dB performance for the LNA. The
gain expansion gives more improvement in IP1dB than the
decrease in gain. Overall, the power consumption of LNA in
the radar mode is comparable to the communication mode.
Though the doubling of the transistor width in STG4 increases
the power consumption, it is compensated by the decrease
in power consumption in the middle stages. The power
consumption of the LNA is 11.6 mW in the communication
mode and 11.5 mW in the radar mode. Fig. 1(a) shows the
simulated power consumption breakdown for the two modes.
The simulated gains at 140 GHz for LNA in communication
and radar modes are 19.2 and 14.4 dB, respectively, while the
IP1dB are −22.7 and −14 dBm. The improvement in IP1dB
is 8.7 dB, while the decrease in gain is 4.8 dB, highlighting
the impact of transistor switching and bias change of middle
stages in the radar mode.

C. Matching Networks

The interstage matching is achieved using low-k transform-
ers designed as fourth-order filters [8]. The coupling factor
for the interstage matching transformer is 0.21. The maximum
power loss in interstage matching networks is 2.1 dB. The
input matching network for the LNA uses a high-k transformer,
for optimum noise and input matching. The output matching
to 50 � is achieved with a balun, shunt capacitor and a single-
ended transmission line yielding an insertion loss of 2.8 dB.

Fig. 6. Chip micrograph of the proposed LNAs.

The simulated fractional BWs for communication and radar
modes are 15% and 18.5%, respectively.

III. MEASUREMENTS

The chip micrograph of Fig. 6 shows the proposed dual-
mode LNA fabricated in a 22-nm CMOS FDSOI process. The
chip size is 1 mm2 with core area of 0.06 mm2.

The S-parameters of the LNA are measured using N5247B
PNA-X including extenders from VDI (WR6.5-VNAX).
Infinity Waveguide Probes from FormFactor are used for
probing on the on-chip GSG pads. The NF is measured using
the gain method and the setup includes a low pass filter
in addition to the extenders to filter out LO leakage to the
network analyzer.

Fig. 7 shows the small signal parameters for the LNA in
communication and radar modes. In the communication mode,
the peak gain for the LNA is 22.6 dB at 122.7 GHz with
a 3-dB BW of 13 GHz. The NF from a polynomial fit of
measured points is 8.5 dB at the center, with a minimum NF
of 7.8 dB at 129 GHz.

In the radar mode, the peak gain for the LNA is 17 dB at
122.7 GHz with a 3-dB BW of 12 GHz. The NF is 7.7 dB
at the center frequency with a minimum NF of 7.4 dB at
127 GHz. The dc power consumption for the two modes from
0.8 V supply is 12.2 and 13 mW, respectively. The gain is
5.6 dB higher in the communication mode, while the NF, BW,
and power consumption are similar in both modes.

The LNA is unconditionally stable across the frequency
range. The frequency of peak gain is downshifted by approxi-
mately 10% compared to simulations, attributed to inaccurate
modeling of capacitance in the active devices, and the metal
capacitors.

The measured linearity of the LNA at 124 GHz is shown in
Fig. 7(c). The LNA shows IP1dB of −28.2 and −19.6 dBm for
communication and radar modes with gains of 21.8 and 16 dB,
respectively. Even though the gain change is 5.9 dB, the IP1dB
improvement is approximately 9 dB, thanks to the transistor
switching in the last stage and Class-B driven gain expansion
of the middle stages. Fig. 8 shows that the IP1dB improvement
is consistent across the measured frequencies. To get better
IP1dB, the gains for the radar mode can be lowered further by
adjusting the bias points of the middle stages (STG2, STG3).
In these high linearity modes, the LNA achieves IP1dB of
−16 dBm with gain of 12.5 dB.

This letter is compared with the state-of-the-art LNAs in
Table I. For comparing performance of LNAs, a well-known
figure of merit, FOM1, is used [7], while FOM2 compares
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Fig. 7. (a) NF and S21 of the proposed LNA. (b) S11 and S22 of the LNA. Solid line: measurement; dotted line: simulation. (c) Measured large signal
performance and IP1dB of the LNA at 124 GHz.

Fig. 8. Measured IP1dB of the LNA across frequency.

TABLE I
PERFORMANCE COMPARISON OF D-BAND LNAS

the IP1dB performance of the LNAs as well [9]. The proposed
LNA achieves state-of-the-art performance in terms of gain,
NF, and power efficiency in communication mode despite the
losses associated with the mode switching. The high gain of
the LNA in communication mode prevents the degradation
of the overall RX NF. In the radar mode, the achieved IP1dB
is comparable to the state-of-the-art works with similar gain,
with competitive power consumption and NF, showing the
advantages of the proposed switching and gain expansion
mechanisms.

IV. CONCLUSION

A D-band dual-mode LNA suited for joint communica-
tion and radar was demonstrated. This letter shows that

using bias changes and transistor switching, it is possi-
ble to design LNAs that achieve good NF, high gain,
and low power consumption in the communication mode
while also achieving good IP1dB performance for the radar
mode.
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