E-ISSN 2581 — 7957
P-ISSN 2277 -3916

CVR Journal of Science and Technology, Volume 24, June 2023

DOI: 10.32377/cvrjst2402

Low Power RF Low Noise Amplifier Design for 5G
Wi-F1 Receiver

T.D.V.A Naidu' and K. Lal Kishore®
'Assoc. Professor, Satya Institute of Technology and Management/ECE Department, Vizianagaram, Andhra Pradesh, India
Email: teludamodar@gmail.com
2Professor, CVR College of Engineering/ECE Department, Telangana, India
Email: lalkishorek@gmail.com

Abstract: This paper presents the design of a differential Low
Noise Amplifier (LNA) for a 5% generation Wi-Fi Receiver. The
circuit is implemented with 90nm transistors using CMOS
technology. The proposed differential LNA for 5G Wi-Fi (IEEE
802.11ac) is designed by combining two single-ended 5G Wi-Fi
LNAs with optimized design values. The gate and source
degenerated inductance values are optimized to achieve a SGHz
frequency of operation. Noise neutralization capacitors of 10pF
are used to reduce the channel noise in the MOSFETS used in
the circuit. The differential LNA achieves 93.6% input
matching, an input impedance of 45.94Q, a transducer gain of
25.76dB, a noise figure of 1.52dB, P14s of -11.7dBm and IIP3 of
3.17dBm.

Index Terms: CMOS, Noise Figure, 1dB compression point
(P1as), Third Order Input Intercept Point (II3), harmonic signal,
ISM Band

I. INTRODUCTION

IEEE 802.11ac standard is known as 5G Wi-Fi. Modern
Wi-Fi technology uses 2.4GHz and 5GHz frequencies. The
design of LNA is mainly important in the performance of the
overall receiver chain. The noise performance of the LNA
should be critical because the same noise is amplified in the
succeeding stages. To control the noise in the subsequent
stages, LNA gain should be very high. The design of LNA
should balance the Gain, Input impedance, Noise Figure and
Power Consumption. To design LNA for a 5GHz Wi-Fi
receiver, the design factors for LNA are shown in Table 1.

TABLE I.
RF LNA DESIGN FACTORS
Parameter Value/Range

Input Resistance(R,) =50Q
Transducer Gain (Gr) 15dB-20dB
Noise Figure(NF) <=3dB
1-dB compression point (P4p) >-30dBm
Third-order Intermodulation Intercept
Point (IIP3) i ~-20dBm
Power Consumption (Pguic) <Smw
Frequency of operation (f,) 5 GHz
Input Reflection Coefficient (S,;) <-15dB

The inductive degeneration technique is implemented in
distributed amplifier design to reduce the noise figure under
low power operation state. A common-source amplifier is
cascaded to the distributed amplifier to progress the gain at
high frequency and encompass the bandwidth [1]. A two-
stage ultra-wide-band CMOS LNA is designed with the
common-gate configuration as the input stage, the broad-band

input matching is obtained, and the noise does not increase
rapidly at higher frequencies. By merging the common-
source (CS) and common-gate (CG) stages, the broad-band
characteristic can be achieved by using two inductors [2]. A
CG amplifier combined with a CS amplifier through a current
mirror can achieve a high gain due to the additional current
amplification. Low noise figure (NF) due to the thermal noise
cancellation can be attained with low power consumption
without degrading the input matching. The linearity can be
improved with low power consumption, a multiple-gated
transistor technique for cancelling the IM3 distortion [3]. The
T-match technique is applied to achieve simultaneously
wideband input and output impedance matching, wideband
power gain and a wideband NF [4].

A concurrent dual-band LNA is designed to achieve
concurrent gain and impedance matching at both bands. Input
and output matching is realized using two-pole matching and
LC resonant network [5]. Series inductive peaking in the
feedback loop can be implemented to enhance the bandwidth
and noise performance of the LNA [6]. The dual-loop
feedback configuration can stabilize the LNA’s input return
loss (S11) at Very High-Frequency (VHF) with small dc
blocking capacitors. The body bias control technique is
helpful to reduce the power consumption in the inverter-based
resistive feedback amplifier [7].

A couple of CS stages are stacked to share the current, and
the double transformers are implemented as an RF signal path
between the CS stages to improve the gain and stability [8].
Four common-source stages and three transformers are used
to connect the drains of the former transistors and the sources
of the following transistors to boost the transconductance of
the transistors. Consequently, the gain of the circuit is
effectively amplified. The NF can be reduced due to the noise
contributions of the following stages being further suppressed
by the application of the transformers [9].

This paper uses a Cascoded common source topology to
avoid Miller's effect and improve the LNA's gain. The various
existing impedance matching techniques, such as resistive
matching, shunt feedback, common gate input matching and
inductive source degeneration techniques, are reviewed [15].
The proposed differential LNA design uses the inductive
source degeneration to transfer maximum power from the
antenna to LNA. The gain improvement techniques are
reviewed, such as Inter Stage Inductive Coupling,
Transconductance (gm) boosting, Partial Positive Feedback,
and Cascoding strategies [13]. The cascoding technique is
used to design the proposed LNA with optimized design
values to achieve the desired gain and improved NF.
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The wireless receiver front end consists of a Low Noise
Amplifier (LNA), Mixer and Voltage Controlled Oscillator
(VCO). According to the National Frequency Allocation Plan
(NFAP), it operates from several MHz to GHz frequencies.
In NFAP, 2.4GHz-2.4835GHz frequency is the unlicensed
band used for ISM (4G) applications such as Wi-Fi,
Bluetooth, Zigbee etc. Similarly, the SGHz-5.8GHz band is
allocated for 5th generation (5G) Wi-Fi IEEE 802.11ac [10].
The present work generally relates to radio frequency (RF)
frontend receiver circuit, and in specific relates to a low noise
amplifier and mixer circuit design for use in radio frequency
(RF) frontend receivers that reduce power consumption
without affecting the overall gain of the circuit [16]. Single-
ended and staggered-tuned four-stage LNA circuits can work
at finax/2 frequencies [18].

Wireless receives the signal and converts them into the
necessary form with amplification. Typically, LNA is the first
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block of the receiver chain in a radio frequency system, the
first block decides the performance of the remaining receiver
chain, and hence LNA plays a crucial role in the receiver
front-end design. The front-end block is formed by a Low
Noise Amplifier (LNA) and a mixer block for mixing a signal
amplified by the LNA with a local oscillator signal, to down-
convert the amplified signal to an intermediate frequency.
The thermal, flicker and gate-induced noise degrades the
noise performance of the circuit [19].

II. CIRCUIT DESIGN

The main objective of this work is to provide a new and
improved merged LNA-Mixer circuit with a low power
consumption for a Wi-Fi/radio front-end receiver. Figure 1
(Ckt 1) is RF LNA for the 5G Wi-Fi receiver front end.
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Figure 1. Proposed Novel merged LNA mixer using creative current recycle technique

In Fig 1 (Ckt 1), the Input port source resistance is 50€2.
Coupling Capacitors Cpi, Ch2, Cps, and Cps are coupling
capacitors that couple the a.c input to the MOSFET. Noise
Cancellation Capacitors Cpi, Cn2, Cn3, and Cps are used to
cancel the noise. Rg; and Ry, act as load resistors, and Ry and
Ry act as biasing resistors. Gate Inductors L, and L, source
degenerated inductors Ls; and Ls, and drain Inductors and Lq;,
and Ly can series RLC network and be used to provide
additional gain to LNA. Here the source degeneration
technique is used to achieve impedance matching.

_ 9mls .
Zin = Cor +jwLs + JaCes (D
mL
Ry, =225 )

Cgs

Differential Cascode Common Source LNA with inductive
source degeneration and noise neutralization capacitors
shown in Figure 1 (Ckt 1), is used for impedance matching
and Gain improvement. The input transistors NL1 and NL3
convert the input voltage into drain current (Ips). The drain
current Ips is flowing through a low impedance node
available at the source of NL1 and NL3 to cascode transistors
NL2 and NL4 to output inductive loads Ldl and Ld2. The
output inductive loads convert this Ips into an output voltage
Vou1 and Voup. In Figure 1(Ckt 1), Vg is the source signal
voltage received from the antenna, Rs; is the source
resistance, the gate bias voltage is Vg1, and the supply voltage
is Vpp. From the mathematical analysis, the gate-to-source
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capacitance and the quality factor can be represented as
shown in equations 3 and 4 respectively.

Cos1 = 2WLCox + Coy (3)

1

Qs = —Zstngs1 4)
From the Rqi, Lai, Cr2, Cy2 and parasitic capacitances Cgqo,
Cav2 a parallel resonant circuit is formed at the output of the
LNA circuit. The resonant frequency at the output is shown
in Equation 6. Cqq» is the gate to drain capacitance, and Capz
is the drain to bulk capacitance of MOSFET NL2. C,; is the
noise neutralization capacitor and Cyp, blocking capacitor of
NL4. The resonant frequency (®;) is shown in Eqn 5.

1

Wy

N J@La)(Cgaz+Capz+Cnz+Cph2) )
Zin 1s resistive at resonant frequency (w,) with the input

resistance (Rj,) shown in equation 2 by choosing good gm, Ls

and Cg, values. So that, the impedance can be achieved is Rj,

=50(). Cy4sdepend upon the MOSFET device dimensions and
frequency of operation. Choose the value of L according to
gmand Cg. Here L is an on-chip inductor, and L, is an off-
chip inductor. The frequency of operation can be represented

as shown in equation 6.
1

it ©

The gain of the common source or common gate amplifiers
can be improved by increasing the transconductance or the
output resistance. The output of the common source amplifier
is connected to a common gate amplifier known as cascoding,
which improves the gain of the circuit. Miller effect can be
reduced by using a cascoding structure. The g, can be
improved by increasing the 1, or Cox or W/L ratio or Ips, as
shown in equation 7. An increase in W, or Cox or W/L ratio
will tend to increase the Ips, which increases the voltage drop
across Rp, which reduces the output voltage swing of the
circuit. Hence the gn, should be increased without affecting
the circuit's gain.

w
Im = ’ZﬂncoxTIDS (7

The typical receiver noise figure is 6 to 8 dB, in that the
antenna switch or duplexer contributes about 0.5 to 1.5 dB,
the LNA about 2 to 3 dB, and the remainder of the chain about
2.5 to 3.5 dB [12]. While these values provide a good starting
point in the receiver design, the exact partitioning of the noise
is flexible and depends on the performance of each stage in
the chain. The total noise figure of LNA and Mixer is
represented in equation 5, where NFpna is the noise figure of
LNA, vy, mix? is mean square noise voltage of mixer, Arna is

the gain of the LNA.
17n,mix2 1

NFrota1 = NFina + il TRTRS ®)

The linearity is represented in terms of 1-dB compression
point (Pi4g) and Third order Intermodulation Intercept Point
(ITP3). Non-linearity in the RF circuits creates harmonic
distortion, gain compression, Intermodulation, and cross-
modulation [12]. The typical value of 1dB compression point
is in the range of -20dBm to -25dBm, of IIP3 of LNA, is -
10dBm to -16dBm to achieve better linearity in the LNA
design. The nonlinearity expression in a cascaded LNA-
Mixer circuit is defined as shown in equation 9, where
Vipsina is the third harmonic frequency signal voltage

Wy =
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generated by LNA, Apna is the gain of the LNA and Vip3 mix
is the third harmonic frequency signal voltage generated by a
mixer. From mathematical analysis, LNA gain and noise
factor is represented in equation (10) and (11) respectively.

2
1 1 A
R e ©)
Vipstot”™ ViP3LNA V1p3mix
-R
Ay = _—fd1 (10)
2wyLgq

2 4Rg (wr\?
F=1+ygmRs(22) +3(2) 1
Y9milis wor R4y \wr ( )
The differential LNA design values for 5G Wi-Fi receiver

are shown in Table II [11]. From Table II the input port
resistance of LNA is 50Q.

TABLE IL
DIFFERENTIAL 5G WI-FI (5GHZ) LNA DESIGN VALUES

Input Port (P;,) Source Resistance 50Q
Coupling Capacitors (Cyi & Cpp)&( Chz & Cpa) InF &350fF
Noise Cancellation Capacitors (C,; & C,3) 10pF
Noise Cancellation Capacitors (Cy, & Cpa) T20fF
Load Resistors (Rgq; & Ryo) 300Q
Biasing resistors (Ry1 & Ry2) 50KQ
Gate Inductors (Ly; & Ly) 32nH
Source degenerated inductors (Ls; & Ls,) 550pH
Drain Inductors (Lg; & Lgo) SnH
Length of NL1, NL2, NL3 & NL4 90nm
Width of NL1, NL2, NL3 & NL4 60um

The Proposed Mixer circuit without shunt paths is shown
in Fig 1 (Ckt 2) and is implemented with 'NM1', 'NM2' are
RF transistors that convert RF voltage into current [17]. This
current is steered by LO transistors 'NM3', NM4', 'NM5' and
'NM6'. Then this steered current is converted into IF voltage
using 'Rg3' & 'Ras’. Here NM3', 'NM4', 'NM5' and 'NM6'
transistors are known as switching quad [14]. At the RF port
Vrr+and Ve represent the different phases of RF input. The
conversion gain (Gc¢) of the proposed mixer without shunt
paths is shown in Equation 12. It can be defined as the ratio
of the IF can be defined as the ratio of the IF voltage (Vir) at
the output to RF voltage (Vrr) at the input, where gmi
transconductance of 'NM1' and 'Rd3' is the load resistor.

Ge == gma-Ras (12)
The Proposed Merged LNA-Mixer with current shunt paths
is shown in Fig 1. A feedback connection shown in Fig 1 (Ckt
3) is given from the mixer drain terminals of 'NM1' and 'NM2'
to LNA drain terminals of 'NL1' and 'NL3' using PMOS
current sources ('P1' and 'P2') and two LC tank circuits. The
LC tank circuit provides high input resistance from LNA to
Mixer, such that the drain current of LNA cannot be entered
into Mixer.
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III. SIMULATION RESULTS AND ANALYSIS
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Figure 5. NF of differential 5G Wi-Fi LNA

[

Figure 2. Sy, of differential 5G Wi-Fi LNA

The target Noise Figure is <3dB and the achieved Noise
Figure =1.52dB in Differential LNA shown in Fig 1 (Ckt 1)
as shown in Fig 5.
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Figure 3. R;, of differential 5G Wi-Fi LNA | : i
From Fig 2, the input reflection coefficient is -23.831dB. “ - -3 "
From that it can be said that in the proposed differential 5G Figure 6. Pygs of differential 5G Wi-Fi LNA
Wi-Fi, LNA delivers 93.6% of input signal to the circuit and

6.4% of incident wave is reflected back as shown in Fig 2.
From the port input impedance Zy=45.94Q at 5 GHz
frequency as shown in Fig 3. From this, it can be said that
91.88% matching occurs at the input of LNA.

T

LNA gain in Differential LNA shown in Fig 1 (Ckt 1) is
compressed by 1dB from actual value at -11.7dBm i.e. when

the input signal power attained to value of 67uW as shown in
Fig 6.
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Figure 4. Gy of differential 5G Wi-Fi LNA w
The achieved transducer gain is 25.76dB at 5GHz 2 u u n
frequency for Differential LNA shown in Fig 1 (Ckt 1). =

Figure 7. 1IP3 of differential 5G Wi-Fi LNA
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[IP3= -3.17dBm of Differential LNA shown in Fig 1 (Ckt
1), when the input signal power reached to -3.17dBm (i.e.)
481uW, the third harmonic signal power meets the input
signal power as shown in Fig 7.

b9 e I

I

g (M
Figure 8. Mixer Conversion Gain

In Table III, the biasing voltages for RF and LO
transistors are taken as 300mV. The proposed mixer voltage
conversion gain of the Mixer circuit shown in Fig 1 (Ckt 2) is
13.38 dB at 5 GHz frequency. The current flowing through
the transistors, drain to source voltages of transistors used in
the mixer part and power calculations of proposed merged
Differential LNA-Mixer with shunt paths in Fig 1 (Ckt 2) are
shown in Table III. The static power consumed in the mixer
part of Fig 1 is 1.276mW.

TABLE III.
POWER CALCULATIONS OF PROPOSED LNA-MIXER WITH SHUNT PATHS
(MIXER PART)

Parameter Value
Biasing voltages [Virr) & Viwo)] 300mV
Current through Ny &Ny 0.687mA
Current through Ny, Nyis, Nyis & Nye 0.317mA
Drain to Source Voltage of Ny &N 70.13mV
Drain to Source Voltage of Ny, Nya, Nus & Ny 548.9mV
Power consumed by Ry; & Rys branch 0.484mW
Power consumed by Ny &Ny, 0.096mW
Power consumed by N3, Ny, Nvis & Nye 0.696mW
Static power Consumption in merged LNA-Mixer 1.276mW
with current shunt paths (Mixer Part) ’

The biasing voltage of differential LNA is taken as 300mV.

The current flowing through the transistors, drain to source
voltages of transistors used in the LNA part and power
calculations of proposed merged Differential LNA-Mixer
with shunt paths in Figl (Ckt 1) are shown in Table IV. The
static power consumed by the differential LNA part in Fig 1
is 2.26mW.

CVR Journal of Science and Technology, Volume 24, June 2023

DOI: 10.32377/cvrjst2402

TABLE IV.
POWER CALCULATIONS OF PROPOSED LNA-MIXER WITH SHUNT PATHS
(LNA PART)
Parameter Value

Biasing voltages [V &Vin] 300mV
Current through Ny j, Nio, Nis & Nis 1.13mA
Drain to Source Voltages of Ni; & Ni; 618.13mV
Drain to Source Voltage of N, & Ni4 381.87mV
Power consumed by Ni; & N 1.397mW
Power consumed by Ny, & N4 0.863mW
Static power Consumption in merged LNA-Mixer 2 26mW
with current shunt paths (LNA Part) :

TABLE V.
POWER CALCULATIONS OF PROPOSED LNA-MIXER WITH SHUNT
PATHS (SHUNT PATH PART)

Parameter Value
Current through P1 & P2 0.053mA
Drain to Source Voltages of P1 & P2 548 mV
Power consumed by P1 & P2 0.058mW

The current flowing through the transistors P1 and P2, drain
to source voltages of transistors used in shunt paths and power
calculations of proposed merged Differential LNA-Mixer
with shunt paths in Fig 1 (Ckt 3) are shown in Table V. The
static power consumed by LNA, Mixer and shunt path parts
and the total static power consumed in Merged Differential
LNA-Mixer with current shunt paths in Fig 1 is shown in

Table VI.
TABLE VI.
POWER CONSUMPTION IN PROPOSED DIFFERENTIAL LNA-MIXER WITH
CURRENT SHUNT PATHS

Parameter Value
Static power Consumption in LNA part 2.26mW
Static power Consumption in Mixer part 1.276mW
Static power Consumption in current shunt paths 0.058mW
Total Static power Consumption in Merged LNA-
Mixer with current shunt paths 3.594mW

The transducer gain (Gt) of LNA and the conversion gain
(Ge) of the Mixer, the total gain and the total static power
consumed in proposed Merged LNA-Mixer (Fig 1) are shown

in Table VII.
TABLE VII.
TOTAL STATIC POWER CONSUMPTION AND THE CONVERSION GAIN OF
PROPOSED DIFFERENTIAL LNA-MIXER

Result Parameter Value
Transducer Gain (Gt) of LNA 25.76dB
Conversion Gain (G¢) of Mixer 13.38dB
Total Gain of in proposed LNA-Mixer 39.14dB
Power Consumption in LNA 2.172mW
Power Consumption in Mixer 1.336mW
Power Consumption in proposed LNA-Mixer 3.594mW
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TABLE VIIL
COMPARISON OF THE LNA CIRCUIT IN PROPOSED DIFFERENTIAL LNA-
MIXER
Paramete | LNA design Proposed
r/Referen factors REF [10] | REF[15] 14
LNA
ce
f; 5GHz 5.2GHz 5.2GHz 5GHz
Si <-15dB -15dB -10.5dB -23.8dB
Gr 25.76dB 15.5dB 8.22dB 25.8dB
NF <=3dB 4.5dB 3.7dB 1.5dB
11IP3 >-20dBm 5.6dBm 4dBm -3.16dBm
Ptatic <SmW 10mW 7.6mW 3.594mW

The comparison of the existing LNAs with the LNA circuit
in the proposed differential LNA-Mixer circuit in Fig 1 (Ckt
1) is shown in Table VIII. Table VIII compares the results of
the existing SGHz proposed differential LNA with REF [22]
and REF [23] and with the LNA design factors. From Table
VIII, the input reflection coefficient (S;;) of the LNA part is
-23.8dB, the Transducer gain (Gr) of the LNA part is 25.88,
Noise Figure (NF) is 1.5dB, IIP3 is -3.16dBm and the static
power consumed (Pyaiic) is 3.594mw are superior to REF [10]
and [15].

ITI. CONCLUSIONS

The differential LNA for 5G wi-fi and mixer circuit can be
merged to achieve larger gains. This is a useful feature for the
subsequent blocks in the 5G Wi-Fi receiver design. The
source degeneration technique is beneficial to achieve
impedance matching at the input side of the circuit. The
cascoding of a common source amplifier with a common gate
amplifier will improve the gain of the circuit while avoiding
the Miller effect in common source amplifiers. Cascoding
Technique is not only used to improve the gain, but also to
improve the noise figure and linearity. The linearity of the
LNA can also improve by choosing the differential structures
in LNA circuit design. The PMOS transistors are used in
current shunt paths. The current shunt paths are used to
connect the mixer circuit with LNA to reduce the power
consumption without affecting the gain in future.

REFERENCES

[1] Yueh-Hua Yu, Yi-Jan Emery Chen and Deukhyoun Heo, "A
0.6-V Low Power UWB CMOS LNA," IEEE Microwave and
Wireless Components Letters, Vol. 17, No. 3, pp. 229-231,
March 2007.

[2] Ke-Hou Chen, Jian-Hao Lu, Bo-Jiun Chen, and Shen-Iuan Liu,
“An Ultra-Wide Band 0.4-10 GHz LNA in 0.18um CMOS,”
IEEE Transactions on Circuits and Systems-11: Express Briefs,
Vol. 54, No. 3, pp. 217-221, March 2007.

[3] Donggu. Im, I. Nam and K. Lee, "A Low Power Broadband
Differential Low Noise Amplifier Employing Noise and IM3
Distortion Cancellation for Mobile Broadcast Receivers," in
IEEE Microwave and Wireless Components Letters, vol. 20,
no. 10, pp. 566-568, Oct. 2010.

[4] Y.-S. Lin, G.-L. Lee, “ Low-power 77-81 GHz CMOS LNA
with excellent matching for automotive radars”, in Electronics
Letters 30th January 2014 Vol. 50 No. 3 pp. 207-209.

CVR Journal of Science and Technology, Volume 24, June 2023

DOI: 10.32377/cvrjst2402

[5] Y.J. Hong, S.F. Wang, P.T. Chen, Y.S. Hwang and J.J. Chen,
"A concurrent dual-band 2.4/5.2 GHz low-noise amplifier
using gain enhanced techniques," 2015 Asia-Pacific
Symposium on Electromagnetic Compatibility (APEMC),
Taipei, Taiwan, 2015, pp. 231-234.

[6] M. Parvizi, K. Allidina and M. N. El-Gamal, "A Sub-mW,
Ultra-Low-Voltage, Wideband Low-Noise Amplifier Design
Technique," in IEEE Transactions on Very Large-Scale
Integration (VLSI) Systems, vol. 23, no. 6, pp. 1111-1122, June
2015.

[71 D.Im and I. -Y. Lee, "A High IIP2 Broadband CMOS Low-
Noise Amplifier with a Dual-Loop Feedback," in IEEE
Transactions on Microwave Theory and Techniques, vol. 64,
no. 7, pp. 2068-2079, July 2016.

[8] S. Kong, H. D. Lee, M. -S. Lee and B. Park, "A V-Band
Current-Reused LNA With a Double-Transformer-Coupling
Technique," in IEEE Microwave and Wireless Components
Letters, vol. 26, no. 11, pp. 942-944, Nov. 2016.

[91 Y. Yu, H. Liu, Y. Wu and K. Kang, "A 54.4-90 GHz Low-
Noise Amplifier in 65-nm CMOS," in IEEE Journal of Solid-
State Circuits, vol. 52, no. 11, pp. 2892-2904, Nov. 2017.

[10] Khosravi, S. Zandian, A. Bijari and N. Kandalaft, "A Low
Power, High Gain 2.4/5.2 GHz Concurrent Dual-Band Low
Noise Amplifier," 2019 IEEE 9th Annual Computing and
Communication Workshop and Conference (CCWC), Las
Vegas, NV, USA, 2019, pp. 0788-0792 To-Po Wang “A Low-
Voltage Low Power K-Band CMOS LNA Using DC-Current-
Path Split Technology” IEEE Microwave and Wireless
Components Letters, Vol. 20, No. 9, Sept. 2010, pp. 519-521.

[11] Behzad Razavi, “Cognitive Radio Design Challenges and
Techniques” IEEE Journal of Solid-State Circuits”, Vol. 45,
No. 8, Aug. 2010, pp. 1542-1553.

[12] Ehsan Kargaran, and Bahman Madadi, “Design of a Novel
Dual-Band Concurrent CMOS LNA with Current Reuse
Topology,” 2010 International Conference on Networking and
Information Technology, Date of Conference: 11-12 June
2010, INSPEC Accession Number: 11432175, pp. 386-388.

[13] Ehab Ahmed Sobhy, Ahmed A. Helmy, Sebastian Hoyos,
Kamran Entesari, and Edgar Sanchez-Sinencio, “A 2.8-mW
Sub-2-dB Noise-Figure inductorless Wideband CMOS LNA
Employing Multiple Feedback,” IEEE TRANSACTIONS ON
MICROWAVE THEORY AND TECHNIQUES, VOL. 59,
NO. 12, DECEMBER 2011, pp. 3154-3161.

[14] A. V. Do, C. C. Boon, M. A. Do, K. S. Yeo and A. Cabuk, "A
Weak Inversion Low-Power Active Mixer for 2.4 GHz ISM
Band Applications," in IEEE Microwave and Wireless Comps
Letters, vol. 19, no. 11, pp. 719-721, Nov. 2009.

[15] Yu-Jun Hong, San-Fu Wang, , Po-Tsung Chen, Yuh-Shyan
Hwang and Jiann-Jong Chen, “A Concurrent Dual-Band
2.4/52 GHz Low-Noise Amplifier Using Gain Enhanced
Techniques” APEMC 2015.

[16] S. K. Hampel, O. Schmitz, M. Tiebout and I. Rolfes, "Inductor
less Low-Voltage and Low-Power Wideband Mixer for
Multistranded Receivers," in IEEE Transactions on Microwave
Theory and Techniques, vol. 58, no. 5, pp. 1384-1390, May
2010.

[17] M. Kim, H. An, Y. Kang, J. Lee, and T. Yun, "A Low-Voltage,
Low-Power, and Low-Noise UWB Mixer Using Bulk-Injection
and Switched Biasing Techniques," in IEEE Transactions on
Microwave Theory and Techniques, vol. 60, no. 8, pp. 2486-
2493, Aug. 2012.

[18] S. P. Singh, T. Rahkonen, M. E. Leinonen and A. Parssinen,
"Design Aspects of Single-Ended and Differential SiGe Low-
Noise Amplifiers Operating Above fmax/2 in Sub-THz/THz
Frequencies," in IEEE Journal of Solid-State Circuits, doi:
10.1109/JSSC.2023.3264475.

[19] A. Michailidis, T. Noulis and K. Siozios, "CMOS Noise
Analysis and Simulation from Low Frequency and Baseband to
RF and Millimeter Wave," in IEEE Access, vol. 11, pp. 39807-
39823, 2023, doi: 10.1109/ACCESS.2023.3268821.

CVR College of Engineering

12



