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Abstract—This paper presents a V-band low-noise amplifier
(LNA) designed for communication payloads in very low Earth
orbit (VLEQ) satellites. In VLEO satellite communication sys-
tems, the 50 GHz frequency band is widely adopted for uplink,
and extensive research and development efforts are currently
underway to support this spectrum. To achieve both high gain
and a low noise figure at 50 GHz, the proposed LNA adopts a
single-ended cascode topology in the first stage and a differential
cascode topology in the second stage. The LNA was designed
using a 0.13-um SiGe BiCMOS process, achieving a gain of 24
dB and a noise figure of 2.26 dB at 50 GHz.

Index Terms—VLEO, LEO, low noise amplifier, satellite, Q/V-
band, 50 GHz uplink, SiGe BiCMOS.

I. INTRODUCTION

As the global demand for broadband communication con-
tinues to expand, non-geostationary satellite systems such
as low Earth orbit (LEO) satellites have emerged as a key
focus of development [1], [2]. LEO satellites typically operate
at altitudes ranging from 500 to 2000 km and offer clear
advantages in terms of low latency and high frequency reuse
efficiency. Recently, this trend has extended to even lower
altitudes, with active research efforts underway for very low
Earth orbit (VLEO) satellite platforms, which operate below
450 km.

Unlike conventional LEO systems that primarily utilize the
Ku/Ka frequency bands, VLEO satellite communication is
drawing attention to the Q/V bands due to their wider available
bandwidth and lower spectral congestion [3]-[6]. Among
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Fig. 1. Schematic of the proposed V-band low-noise amplifier.

TABLE I. LNA component values

Parameter Value Parameter Value
Lin 15 pH Lp 185 pH
L E1 17 pH L E2 20 pH
Ch 500 fF Cs 180 fF
Rp1 2.4 kQ Rp2,Rpy 2 k2
Rps 500 Q2 Rgeqt 1.2 k2
Ryeq2 500

these, the 50 GHz band has emerged as a promising candidate
for uplink. The combination of high operating frequency and
low orbital altitude enables VLEO platforms to support higher
bandwidth and lower communication latency compared to
traditional LEO systems.

In this work, a 50 GHz low-noise amplifier (LNA) is
proposed for the payload of VLEO satellite communication
systems. The proposed LNA is designed using a 0.13-um SiGe
BiCMOS process and features a two-stage structure optimized
for high gain and low noise performance.
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Fig. 2. Simulated results of CE and cascode structures showing (a) minimum
noise figure (NFyi,) and (b) maximum available gain (Gmax)-
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Fig. 3. Chip layout of the proposed two-stage LNA.

II. V-BAND LNA FOR VLEO SATELLITE
COMMUNICATIONS

Fig. 1 shows the schematic of the proposed two-stage
LNA. The first stage is designed as a single-ended cascode
topology to minimize the noise figure. A shunt inductor is
inserted in the input matching network for ESD protection.
The second stage employs a differential cascode configuration
to ensure sufficient gain and enhance common-mode rejection
for subsequent circuit blocks.
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Fig. 4. Simulated performance of the proposed LNA with (a) S-parameters
and (b) noise figure including RF pad effects.

Although the high fr of the SiGe HBT enables excellent
noise performance at 50 GHz, the high current gain () and
output impedance of the device can lead to stability issues in
the cascode structure. To address this, de-Q resistors (Rgeq1
and Rgeq2) are included in both the first and second stages
to optimize the trade-off between noise figure and stability.
The values of the components used in the two-stage LNA are
summarized in Table 1.

Fig. 2 presents the simulated minimum noise figure (NFpy;,)
and maximum available gain (Gy,x) of the common-emitter
(CE) and cascode topologies using the HBT model provided
by the 0.13-um SiGe process. While the CE structure offers
a slightly lower NF,, it does not provide sufficient Gy, at
50,GHz. Consequently, employing a CE topology in the first
stage would limit the overall noise performance of the two-
stage LNA. Therefore, a cascode topology was adopted from
the first stage to achieve an optimal balance between gain and
noise figure.

Fig. 3 shows the layout of the proposed two-stage LNA. The
circuit was designed using a 0.13-um SiGe BiCMOS process.
Excluding the bias circuitry and I/O pads, the core layout area
occupies 340 x 220 um.

III. SIMULATION RESULTS

Fig. 4(a) presents the simulated S-parameters of the pro-
posed LNA. The designed amplifier achieves a gain of 24.2 dB
at 50 GHz, with a simulated 3-dB bandwidth ranging from
43 GHz to 56 GHz. The input return loss exhibits a wideband
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characteristic, maintaining a worst-case value of approximately
—13.5dB across the entire V-band. In contrast, the output
return loss shows a narrower bandwidth, primarily due to the
relatively high output impedance, even with the inclusion of
a de-Q resistor in the second-stage output transformer.

Fig. 4(b) shows the simulated minimum noise figure (NFy;,)
and actual noise figure (NF). At 50 GHz, the NF,;, is 2.25dB
and the simulated NF is 2.26 dB, including the effects of the
RF bump pad. Under nominal operating conditions (room tem-
perature, 2.4V supply voltage), the proposed LNA consumes
41 mW of power.

IV. CONCLUSION

A low-noise amplifier for V-band VLEO satellite commu-
nication systems has been proposed. The circuit was designed
using a 0.13-um SiGe BiCMOS process and achieves a sim-
ulated gain of 24.2dB and a noise figure of 2.26dB at the
center frequency of 50 GHz. By leveraging the high-frequency
performance of SiGe HBTSs, excellent noise characteristics
were achieved. The proposed LNA is expected to contribute to
improved gain-to-noise-temperature (G/T) performance when
integrated into a phased array receiver IC for VLEO satellite
applications.
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