
ROMANIAN JOURNAL OF INFORMATION
SCIENCE AND TECHNOLOGY
Volume 19, Number 3, 2016, 239–254

Investigation of 60 GHz LNA with estimated
S11 values based on mathematical model and

numerical solution

M. FANORO1, S.S. OLOKEDE2, and S. SINHA3

1Department of Electrical & Electronic Engineering Science, Faculty of
Engineering & Built Environment, University of Johannesburg,
Kingsway Campus, Auckland Park, Johannesburg, South Africa

Email: adeniyicall@gmail.com
2Department of Electrical & Electronic Engineering Technology,

Faculty of Engineering & Built Environment, University of
Johannesburg, Doornfontein Campus, Beit Street, Johannesburg, South

Africa
Email: solokede@uj.ac.za

3Faculty of Engineering and the Built Environment, University of
Johannesburg, Kingsway Campus, Auckland Park, Johannesburg, South

Africa
Email: ssinha@uj.ac.za

Abstract. This paper presents the design of a millimeter-wave low noise am-
plifier (LNA) realized using a 0.13 µm silicon germanium bipolar complementary
metal oxide semiconductor process technology. The effect of input matching on an
LNA is investigated. A small-signal equivalent circuit, which depicts the resistor-
inductor-capacitor relationship of the input impedance network, is explored to de-
termine its input impedance. A MATLAB code was written to understand the
frequency response of the input matching network. The responses obtained are
expected to be applied to the LNA to determine the input reflection coefficient
(| S11 |). The equivalent circuit model (ECN) is verified numerically using 2D
Advanced Design System (ADS) software. Thereafter, a step-by-step methodol-
ogy that can be applied in realizing a 60 GHz LNA at the V-band is formulated.
The amplifier is designed using lumped elements in a two-stage cascode topology
based on a novel matching network. The matched network consists of an L-input
and a T-output matching network as well as inductive emitter degeneration. The
output network is designed to enhance maximum power transfer, whereas inter-
stage matching is designed to optimize for high gain while minimizing the noise
of the local area network. The transistor configuration is implemented by varying
the length of the transistor to observe the minimal noise figure and the maximum
gain, while keeping the voltage across the collector, emitter and the base constant.
By utilizing the cascode topology and series peaking inductor, (| S11 |) of the LNA
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peaks at 14 dB, whereas the output reflection coefficient (| S22 |) achieved is 25
dB. The estimated value of S11 using the ECN was about 12 dB. The noise factor
is 4.3 dB minimum at 60 GHz, whereas the forward gain (| S21 |) of the LNA is
well above 26 dB.

Keywords: optimal current density; inductive degenerative emitter, cascode
topology; S-parameters; LNA; input matching; parasitic capacitance; common-
emitter; millimeter-wave; input reflection coefficient.

1 Introduction
Research interest in the millimeter-wave (mm-wave) frequency and the develop-

ment of an integrated circuit at the 60 GHz frequency range can be attributed to many
factors, among others 7 GHz bandwidth typically available between 56 and 64 GHz,
coupled with the high data rate that can be experienced by end users on the dense and
short-range wireless network. This is also expected to reduce pressure on the low fre-
quency, eventually releasing originally allocated spectrum for other uses. The earlier
suggested demerit of the system, the short-range coverage, potentially offers additional
strength to the frequency range, as it is secured against interference from other signals.
An added benefit realized from the 60 GHz frequency is the development of miniatur-
ized circuitry using III-V semiconductors, complementary metal oxide semiconductor
(CMOS) and heterojunction bipolar transistor (HBT) technologies. The scaling down
of these manufacturing technological nodes over the last four decades, currently to a
10 nm process, affords the opportunity for more development, as predicted by Moore’s
law [1]. Because of the low quality factor associated with passive components, and par-
asitics that limit the frequency of operation [2] (above 10 GHz) evident in the mm-wave
frequencies, designing of an integrated circuit (IC) is a challenging task. Likewise, the
importance of achieving a low noise figure (NF) and high gain in the low noise am-
plifier (LNA) makes it even more rigorous. Lumped elements used in designing LNA
have become less appropriate at the mm-wave frequency, since the desired characteris-
tics of the lumped element vary in response to the electromagnetic effect, thus leading
to the use of transmission lines. Critical performance parameters, such as impedance
matching, gain and the noise factor, must be considered while designing an LNA. Input
impedance matching ensures maximum power transfer, low degradation of NF and a
reduction in signal losses between the source impedance and the output. The choice of
any matching topology is determined by complexity in implementation, adjustability
and bandwidth range [3].

In selecting the bias approach for the LNA, reducing the direct current (dc), power
consumption and total NF of the LNA circuit must be the overall end goal. In [4], tradi-
tional current reuse topology is employed to share current across two common-source
(CS) transistors: a small-signal grounded CS transistor and an emitter degenerated CS
transistor. The supply current is shared across the transistor. In [5], a two-stage cas-
code topology using a 40 nm CMOS process was designed with the goal of reaching
the minimum NF at the first stage. The common-gate, CS and series inductor between
the two transistors was optimized for this purpose. In [6], current reuse sources are ar-
ranged in a current-sharing mode offering 50% power sharing, connecting across each
cascode stage while increasing its gain. Employing this approach requires the connec-
tion of a capacitor and an inductor between the base of transistor Q2 and the collector
of transistorQ1 is a pathway for the reuse of current in the circuit with a supply voltage
VDD. The capacitor provides an ac short in series, which is an independent and alter-
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nate path for biasing the LNA. The design methodology of a broadband (47–67 GHz)
LNA was discussed in [7]. Wideband input matching was realized by using the source
degenerative emitter at mm-wave frequencies. A T-matching network is employed at
both the input matching network (IMN) and output matching network (OMN) of the
LNA [8, 9] to ensure wide bandwidth, high power gain and low NF at the frequency
of interest. An effort was made to design the LNA in the first two stages of LNA [9]
with optimal noise matching. Likewise, a D-band LNA, implemented in a 130 nm
silicon germanium (SiGe) BiCMOS technology, consisting of two cascode topology
stages terminated inductively at the base, was reported in [10]. A bias circuit, made of
a current mirror and resistors, is utilized to regulate the flow of current in the circuit.
The termination at the base using an inductor was aimed at increasing the gain at the
frequency of interest. While in [10,11], T-section matching is utilized at both the IMN
and OMN, a CS topology is used as the first stage and a cascode topology forms the
second stage [10]. Similarly, a three-stage differential LNA is designed using a trans-
mission line in [11]; the first two stages are aimed at optimum noise matching and the
last is conjugate matched to ensure maximum power transfer. Even though the process
technology employed in [12] is similar to that used in this paper, an inductive base
is seen on the common-base (CB) transistor as part of a two-stage cascode topology
specifically aimed at boosting gain.

This work examines the contribution of parasitics from the active component in
the transistors and passives, on the input impedance matching, while showing the esti-
mated input return loss, S11, via mathematical analysis. On completing this, the design
methodology employed in the design of a 60 GHz LNA is described. The paper is
organized as follows: In Section 2, the design theory for the input matching, utilizing
its small-signal analysis based on the common-emitter (CE) configuration, is derived
and explained. Furthermore, relevant equations are formulated, derived, discussed and
modeled. In Section 3, the design methodology for the design of the LNA is outlined.
A single-stage cascode with a series peaking inductor across the CE and CB transistors
is used for this analysis. The circuit schematic describing the approach used for the 60
GHz LNA is described in Section 4. The results and discussion are presented in section
5 and lastly, the conclusion is presented in Section 6.

2 Design Methodology of Input Matching Using Math-
ematical Analysis

The IMN and OMN are fundamental to the performance of the LNA. However,
the IMN offers a distinctive function as it controls the overall NF of the LNA. In this
design, a simple resistor-inductor-capacitor circuit using a common-emitter configu-
ration with inductive degeneration is deployed in the IMN of the 60 GHz LNA, as
shown in Figure 1, while an equivalent circuit of the input matching is depicted in
Figure 2. Cpad, Cbc, Cbe, le, lb and Re are modeled mathematically and subsequently
used in determining the frequency response of the IMN. The resistanceRe is resistance
associated with the inductor, le, which is implemented to balance the real part of the
input matching. The pad capacitance, Cpad, is connected in parallel to the reflected
parasitic capacitance in the base-collector junction, Cp. Cpad is incorporated as part of
the matching network.
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The addition of le and lb introduces an imaginary input matching component to the
circuit. lb is assumed as an ideal inductor with nil resistance and capacitance. In this
analysis, resonance is achieved at the expense of a low quality factor (Q-factor).

Fig. 1: Proposed IMN for the LNA with an inductively degenerated CE amplifier.

Fig. 2: Equivalent circuit model of the IMN.

The following matching conditions, (1), (2), and (3) must be satisfied [13]:

ωT × le + re ∼= Rs (1)

ω2
o(lb + le)× (Cbe + Cbc) ∼= 1 (2)

ω(lb + le) =
1

ω(Cbe + Cbc)
(3)

where le is the inductance of the base; lb is the inductor at the base of the transistor;
Rs is the input resistance of 50 ohms; re is the resistance of the inductor; ωT is the
unity gain frequency; ωo is the operating frequency, Cbe is the internal capacitance of
the transistor across the base-emitter junction and Cbc is the internal capacitance of the
transistor across the base and collector junction. It has been established in [14] that
ignoring Cbc is not practically correct when modeling at the 60 Ghz LNA. With the
above condition, the necessary values are computed for this analysis. From (2), le and
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lb can be determined, since the value of ωo is known. Figure 3 is a flow chart show-
ing the process followed in computing the resonant frequency and the input reflection
loss using MATLAB. The input impedance of the IMN in Figure 1 is calculated. The
resonating frequency is computed based on the initial assumption of values used at
the onset of the simulation and it is updated until it resonates at the desired frequency.
Thereafter, the transfer function of the system consisting of the coefficient of s at a
higher degree is computed. The response of the network depends on the coefficients
of s2 and higher, as revealed in the transfer function, and this cannot be ignored. The
magnitude and the phase response of any system are needed to estimate accurately and
optimize the values of the parameters. If the transfer function is of a higher order in
the polynomial, a second order approximation of the transfer function is computed to
reduce the order of the system. Once this has been completed, a frequency response
plot of the system is generated. Figure 3 is a flow chart showing the process followed
in computing the resonant frequency using MATLAB.

Fig. 3: Flow chart of the input matching algorithm.

The second order approximation is computed using the Taylor series, where the
polynomial approximation is achieved. This response is determined solely by the s2

and it can be mathematically described in relation to the components at the numerator
of (4), where bo is the first coefficient of the numerator with a power of zero. The ex-
pression in (4) is represented in a linear time invariant model using the transfer function
model expressed in (5).

H(s) ≈ bo
s2

(4)

H(s) =
A(s)

B(s)
=

a1s
n + a2s

n−1 + · · ·+ an+1

b1sm + b2sm−1 + · · ·+ bm+1
(5)
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3 DC and AC characterization of 130 nm BiCMOS tran-
sistor

The cascode topology is reliable for balancing the parameters of the LNA such
as gain, linearity, power consumption and NF. The topology used in characterizing
the transistor consists of a single-stage, CE and CB transistor stacked together. In
designing an LNA, the simulation of dc and radio frequency (RF) characteristics are
carried out. Advantages of cascode topology include superior frequency characteristics
in the absence of the usually large Miller capacitance, since it is partially cancelled
out. Figure 4 shows the implementation of a cascode topology using a SiGe HBT.
Identical HBTs of similar sizes, coupled with a collector voltage, VCC , of 1.5 volts
are used to power the circuit. The base of Q2 is biased using the VCC . A collector-
base-emitter-base-collector (CBEBC) transistor layout was used, which has an area
of 0.12 µm by 0.25 µm. The reduction of the width allows low power consumption
and increased peak fT . Figure 4 shows the setup for the RF and dc simulation. The
idea is to match the input and output port of the schematic shown at the mm-wave
frequency using the S-parameter at a unique bias point (ac and dc). The S-parameter’s
reading is normalized to a characteristic impedance of 50Ω. This is connected to the
base of Q1 and the collector of Q2. In the process of extracting the S-parameters, the
S-parameter control is used to sweep across multiple frequencies. The measured S-
parameters include S11, S12, S21 and S22. These parameters are then further used in
computing the admittances, impedance and the gain as required.

Fig. 4: Setup for RF and dc simulation for cascode topology using 2.5 µm by 0.12 µm
CBEBC configuration, consisting of dc feed and dc block.

4 Design methodology of the LNA
In designing an LNA, it is imperative to maximize the gain and linearity, reduce

dc power, and reduce the NF while keeping the frequency constant. In [12, 15–20],
many design strategies have been utilized. The following are the design considerations
and steps employed in designing a 60 GHz LNA, using a cascode topology with series
peaking inductor connected across the transistors.
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A. Choice of Optimum Current Density, Jopt
In the design of the LNA, choosing the current density at the minimum NF and

the maximum fT and fMAX is necessary for determining the biasing point of the tran-
sistor. The current density is also dependent on the emitter length, since the width of
the transistor is fixed. If the maximum gain is the end-goal of the design, then the cir-
cuit must be biased at the peak fMAX . However, in this case, the Jopt values between
the optimum current density at minimal noise and transition frequency are chosen.
As the Jopt value approaches the Jopt value related to fT , the shot noise associated
with the LNA increases. In [21], designing an LNA using the cascode topology com-
prises biasing at the minimum noise current density, Jopt; ensuring simultaneous input
impedance and optimum noise impedance match is important. This was highlighted
by [11], where the biasing current, Jopt, was approximately equal to the peak fT cur-
rent density, similarly applied in a cascode topology.

B. Choice of Q-factor
In the design of an LNA, the choice of Q-factor is very important. Some pub-

lications have proposed a random choice, while others have employed simulations to
find the appropriate Q-factor. In this design, a guiding rule that a low Q-factor serves
for the ultra-wideband and mm-wave band, while a high Q-factor can be employed in
the narrow band, is followed. The interdependence of the Q-factor and the gain, band-
width, capacitance across the base and emitter, frequency at resonance, R in parallel
and the inductance at the input matching is considered. The relationship between the
resistance at the source,Rs, and the load resistance,Rl, can be used in the computation
of the Q-factor.

C. Introduction of Inductive Degenerative Emitter
The contribution of emitter degeneration to the LNA, especially at the first

stage, not only reduces the minimum NF but also stabilizes the amplifier and linearity
level. Even better is the fact that the possibility of simultaneously matching the noise
and impedance for an inductively generated stage can be easily realized. In order to en-
sure an optimally matched network, the input impedance must be equal to the complex
conjugate of the optimum source impedance and source impedance. Analytically, Zs

is determined using (6) below, where Zin is the input admittance, Zsopt is the optimum
source admittance and re and rb are the resistance associated with the inductor at the
emitter and base respectively. The resistive component of Zsopt is used in analyzing
the IMN. Computing Leagainst the real part of the source impedance can be achieved
by equating it to the ratio of the difference between 50 Ω impedance at the source and
the resistance associated with the base and emitter of the transistor and the angular fre-
quency. This is expressed in (7); where fT is the transit frequency measured using the
cascode topology.

Zs = Zin = Z∗
sopt (6)

Le =
Z0 − re − rb

2πfT
(7)

D. Computing the Capacitance across the Base and Emitter Junction and its
related Transconductance.

The base-emitter capacitance, Cbe, adversely affects the gain and noise perfor-
mance of the LNA. Equation (8) shows the relationship between the Cbe, transconduc-
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tance, gm, and angular transition frequency, ωT :

Cbe =
gm
ωT

(8)

Lb =
ωT

ω2 × gm
− Le (9)

Lb =
Xsopt

ω
− Le. (10)

Cbe is thereafter used in computing the transconductance of the transistor. This
parameter plays a significant part in determining the overall gain of the circuit. The in-
ductor at the base, Lb, is necessary for ensuring optimal input matching of the network.
The reactive component of Zsopt, expressed in (9), is used in computing the value of
the inductor at the base. The inductor at the base is also dependent on the inductor at
the emitter. Equation (9) can be expressed further and presented in (10).

E. Introduction of Capacitance of the Pad and Series Inductor across the CE and
CB Transistor

The pad capacitance of the LNA, Cpad, appears as a parallel connection; at
the input of the LNA, it is connected to the source impedance, Zs. The mathematical
expression for the impedance input matching is shown in (11).

Zin = ωT × Le + j(ωLe + ωLb −
ωT

ω × gm)
(11)

However, this expression excludes Cpad, which in fact cannot be ignored. This has
to be factored into the input matching of the LNA as described in [12]. Therefore, Cpad

can be calculated by using (12). Figure 5 shows the schematic of the LNA formulated
from the methodology proposed for the 60 GHz LNA. The design consists of the cas-
code topology with series inductor across Q1 and Q2. The series peaking inductor,
Lim, connected across the CE and CB junction, is initially computed using network
matching. It is thus optimized by simulating and plotting the fT and minimum NF
(fmin) against different values of Lim [15]. This approach is aimed at broad banding
and increasing the bandwidth of the LNA. Lc and Le play a significant part in deter-
mining the overall gain of the first stage. The ratio of Lc/Le gives the power gain. It
is therefore necessary for amplification that the value of Lc be larger than Le in order
to increase the gain of the first stage, as expressed in (13).

Cpad ≥
(
ωT

gm
− Z0

ω2

ωT

)−1

(12)

Gain =
Lc

Le
(13)
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Fig. 5: LNA topology utilized in the design consisting of the cascode topology with
series inductor across the transistor.

F. Design of other Stages: Multistage The design of the LNA is aimed at opti-
mizing the fmin at the first stage. However, subsequent stages of the LNA are not
biased at the current density aimed at the lowest NF, as stipulated in the first stage, but
are biased at the higher fT and higher Jopt, since other design parameters are to be
optimized. These parameters include gain, bandwidth and linearity.

5 Schematics of the LNA
The schematic of a 60 GHz LNA in the V-band using a 130 nm SiGe BiCMOS

HBT is depicted in Figure 6. It employs a two-stage cascode topology, which reduces
the effect of the capacitance across the base and collector, Cbc, in the process, thus
improving reverse isolation and enhancing stability. The cascode topology is made
of four transistors of width 0.12µm and length 2.5µm. The scaling transistor Q1

improves the possibility of attaining optimum NF and input matching. Meshed between
these stages is interstage matching consisting of a dc-block capacitor C1, a bias and
a base inductor (L3 and L4). Each stage consists of a series inductor (L1 and L5)
between the CE and the CB transistor. Cpad represents a point of access to the LNA.
Thus, it is designed as part of the IMN. Because of the very small value of Cpad and
Cbe, the L matching network, which consists of the LBIAS , Lb effectively cancels
out the capacitance of the LNA. Le also contributes to creating a simultaneous noise
and impedance matched input network. In this design, the goal at the first stage is to
optimize the NF, making it as small as possible, while subsequent stages are aimed at
increasing the gain of the LNA, ensuring linearity.
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Fig. 6: Simplified circuit diagram of a two-stage cascode topology using an inductive
emitter degeneration at the input matching of the first stage.

Since the width of the HBT is constant, the emitter length is varied to determine
the suitable length that offers the lowest NF and the highest small-signal current gain,
H21, for the characterization process. In this process, the voltage across the collector-
emitter, VCE , and the voltage across the base and emitter, VBE , of the cascode topology
are kept constant. Figure 7 shows a plot of the NF and H21 against the emitter length.
The results show that the optimal point for NF andH21 deviate slightly from the 2.5µm
emitter length. The optimum noise impedance, Rsopt, can be estimated at about 72 Ω.
With Rsopt computed, the scaling factor, K, can be calculated. This provides a good
balance for the noise and gain/linearity of the first stage. The second stage is biased
to achieve a higher gain, since the emitter degeneration is no longer part of the circuit.
In the IMN, the source impedance of the first stage was matched against the input
matching of the first stage. This was the optimum way of calculating the values of the
other components in the circuit. In order to exclude the need for any external noise
matching circuit in the LNA, an inductively degenerative emitter is introduced to the
HBT in the first stage.

Fig. 7: Simulation result for determining the optimal length of the transistor at a con-
stant width of 0.12µm, VCE and VBE of 1.8 and 0.85 volts respectively.
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The source impedance, Zs, must be equal to the input impedance, Zin, and the
optimum impedance of the LNA, Zsopt. This is expressed mathematically in (6), where
Zsopt = Rsopt + jXsopt; Zs is the source impedance of the LNA and Zin is the input
impedance of the LNA.

According to (6), the difference between Zs and Zsopt is close to zero. This is
only when optimum NF is achieved. The aim of the first stage is to ensure a low
NF. In designing the IMN for the LNA, a CE transistor of the cascode topology is
used. In this approach, a parasitic capacitance and dc-block capacitance of the input is
utilized. The value of the pad capacitance ranges from 17 fF to 30 fF, as demonstrated
in [12,23,24]. In this design, a parasitic capacitance of 30 fF was assumed. The values
of transconductance, gm, current gain, β, Cbe, current at the collector, IC , current at
the base of the transistor, IB and optimum source resistance, Rsopt are known. Rc

sopt

is calculated using (14) [26].

Rc
sopt =

√
β

(
1 +

2× gm × rb
gm

)
(14)

Le =
Rs

K × ωT
(15)

Lb =
Xc

sopt

ω
(16)

OnceXc
sopt has been computed, a scaling factor, K, is calculated by dividingXc

sopt /Rs.
Le can now be computed using (15), where T is the transition frequency of the transis-
tor and Xsopt is dependent on Cbe. In fact, it is the inverse of the operating frequency,
ω and Cbe of the transistor. The difference between 1/ (ωCbe) and ωle will be used
in the input matching, since Rs = Rsopt. Equation (16) expresses the relationship be-
tween the operating frequency and the inductance at the base [12], where ω and Xc

sopt

are the operating frequency and the reactive source component of Zsopt, respectively.
With the resistive and reactive components of Zsopt computed, impedance and noise
matching has been achieved. A Smith chart can be used to extract the components of
the circuit. The interstage matching network is expected to increase the bandwidth as
well as gain of the LNA. A T matching network was employed, with a dc-blocking
capacitor; an inductor serves as the load for the biasing voltage of 0.85 V with an in-
ductor connected to the base of the transistor. This not only enhances the bandwidth; it
reduces the NF and increases the gain. To ensure proper matching between the first and
second stages, the output reflection coefficient, ΓOUT , must be equal to the complex
conjugate reflection coefficient at the input, ΓIN . In the output stage, it is necessary to
ensure that the source reflection coefficient, ΓS , and the load reflection coefficient, ΓL,
are properly matched. Before this can be attained, the desired load reflection coeffi-
cient, ΓL, must be selected and matched to the reflection coefficient of the output load,
ΓOL. This is accomplished by using the operating gain principle where power gain
circles are plotted and the nearest ΓS to the peak gain circle is selected. The governing
equation is:

ΓL = ΓOL (17)
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6 Results and Discussion
The 60 GHz LNA was designed and simulated using a 130 nm SiGe HBT BiCMOS

GlobalFoundries technology process. At a bias voltage of 0.85 V, the LNA operates at
9 mW from a supply voltage of 1.8 V. The input matching of the 60 GHz LNA was
investigated with a source impedance of 50 Ω. In Figure 8 and Figure 9, the (| S11 |)
and (| S22 |) are lower than 14 dB and 20 dB respectively. For (| S11 |), it is below 14
dB between 57 and 64 GHz while it is lower than 12 dB in a similar frequency (57 –
64 GHz) when considering the mathematical approach used in the computation of S11.
This shows clearly that the mathematical approach offers some insight into the behavior
and frequency response of the IMN. Figure 8 shows a plot of the (| S11 |), represented
with dotted lines and a solid line for the mathematical approach and the simulation
approach. Likewise, in (| S22 |), it is below 20 dB between 57 and 63 GHz. (| S22 |)
within the same frequency range yielded lower than 50 dB. However, this could not be
depicted in the graph. The forward gain S21 of the LNA depicted in Figure 10 is 26.63
dB, achieved at 60 GHz frequency. The 3 dB gain spread is across 58 – 62 dB. The gain
can be attributed to the cascode stage employed in the design of the LNA. At 60 GHz,
an NF of 4.3 dB was simulated, which is the lowest for the LNA, as shown in Figure
11. The stability parameter is displayed in Figure 12, as the parameter K is higher than
1 across all frequencies of interest (56 to 64 GHz). The LNA is unconditionally stable.
A good reverse isolation, S12 at −76 dB, was simulated, as shown in Figure 13. The
proposed LNA achieves the highest gain at the desired frequency range. The figure of
merit (FOM), used for comparison with other LNA’s is:

FOM =
Gain×BW [GHz]

(NF − 1)× PD[mW ]
(18)

where Gain is the expected power gain, NF is the expected NF, BW is the 3 dB
bandwidth and PD is the dissipated power. The proposed LNA has an average FOM
of 4.48 GHz/mW. The performance of the proposed and designed 60 GHz LNA in the
V-band frequency and its comparison with existing wideband LNAs are summarized in
Table I.

Table 1. 130 nm SiGe BiCMOS LNA Performance Comparison with State-of-the-
Art LNAs
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Fig. 8: Simulated S11 parameter of a two-stage cascode LNA.

Fig. 9: Simulated S22 parameter of a two-stage cascode LNA

Fig. 10: Simulated S21 parameter of a two-stage cascode LNA.
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Fig. 11: Simulated NF of a two-stage cascode LNA.

Fig. 12: Simulated K of a two-stage cascode LNA.

Fig. 13: Simulated S12 parameter of a two-stage cascode LNA.
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7 Conclusion
In this paper, a mathematically based approach for computing the input return loss

of an LNA was investigated. A flow chart, which details a step-by-step approach for
designing and analyzing the input reflection coefficient was discussed. It was discov-
ered that the input reflection coefficient plays a significant role in the performance of
the IMN, while relying on the parasitic capacitance. Thereafter, a step-by-step design
methodology that can be used in the design of a 60 GHz LNA was proposed. In ad-
dition, the design and simulation of a high-gain, 60 GHz LNA using lumped elements
was presented. Furthermore, the design was based on a two-stage cascode SiGe HBT
BiCMOS process, using ADS and demonstrating a small-signal gain of 26 dB with
low power consumption of 9 mW. An NF of 4.3 dB at 60 GHz was realized. The IMN
and OMN were conjugate matched by using an L-matching and T-matching matching
network for maximum power output.
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