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ABSTRACT A low-power and wideband RF-to-baseband (BB) current-reuse receiver (CRR) front-end
utilizing both a 1 /f noise cancellation (NC) technique and an active inductor (Al) is proposed tuned to operate
from 1 GHz to 1.7 GHz for L-Band applications, including those that require high modulation bandwidths.
The CRR front-end employs a single supply and shares the bias current of the low noise transconductance
amplifier (LNTA) with the BB circuits to reduce the power consumption. To minimize the losses of the radio
frequency (RF) signal right before down-conversion, a high impedance Al circuit isolates the mixer input
from the CRR output node. The 1/f NC circuit suppresses the low frequency noise of the LNTA that leaks to
the output. A common-gate LNTA with gp,-boosting, along with a single-to-differential LC-balun are used
to enhance the input matching, conversion gain and noise figure (NF). The proposed receiver is fabricated in
a TSMC 130 nm CMOS process and occupies an active area of 0.54mm?. The input matching (S11) is below
—10 dB from 1 GHz to 1.7 GHz. At a local-oscilator (LO) frequency of 1.3 GHz, intermediate-frequency
(IF) of 10 MHz and default current settings, the CRR achieves a conversion gain of 41.5 dB, a double-
sideband (DSB) NF of 6.5 dB, and an IIP3 of —28.2 dBm while consuming 1.66 mA from a 1.2 V supply.

INDEX TERMS Current-reuse receiver (CRR), cross-coupled common-gate low noise transconductance
amplifier (LNTA), wideband, low-power, wide modulation bandwidth, L-Band.

I. INTRODUCTION

The internet of things (IoT) aims to connect trillions of
devices for various applications. Today, both academia and
industry are investigating how to employ the IoT to manage,
locate, monitor, identify and track within different sectors
such as automotive, agriculture, manufacturing, education,
smart buildings, military and others. IoT applications operate
in different frequency bands. One of the important bands is
the L-Band that includes several applications and wireless
standards such as various global navigation satellite systems
(GNSS), cellular communication, aircraft surveillance, dig-
ital video/audio broadcasting, etc. [1], [2], [3], [4], [5], [6],
[7]. For instance, among the various features of the IoT,
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location tracking is important, and can be used in different
applications such as vehicles for navigation, health for patient
tracking, military for soldier localization, shipping to track
goods, etc [4].

As the L-Band includes several wireless standards and
applications within the 1—2 GHz band, a wideband RF
front-end that covers a wide frequency range is suitable as
it mitigates the need of multiple RF front-ends. In addition,
a wide modulation bandwidth is required in the front-end to
not limit the receiver bandwidth to address the requirements
of different wireless standards.

However, while wideband RF front-ends are attractive,
as they provide system agility and compactness, reducing the
power consumption of the RF front-end while maintaining
performance metrics such as linearity and noise figure (NF)
is a challenge. Various methods and techniques have been
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FIGURE 1. Conventional and stacked receiver front-end architectures.

studied to address this challenge. Among them, a widespread
method to reduce power consumption is current-reuse. Usu-
ally, current-reuse has been employed within individual
blocks such as the low noise transconductance amplifier
(LNTA) [8]. In [9], a current-reuse power-optimized LNTA
was used in a conventional cascaded receiver architecture.
It reports good 1-dB compression out-of-band linearity, but
a poor in-band 1-dB compression of —56 dBm is achieved
at a maximum gain setting of 61 dB. Another approach [10]
employed a current-reuse baseband amplifier in a mixer-first
receiver architecture. It achieves very good performance con-
suming a low-power of 0.38 mW. However, the receiver
architecture is not suitable for wideband modulations as it
reports a very low baseband bandwidth of 2 MHz that is
not suitable for wider modulation bandwidth applications.
In [11], a quadrature low noise amplifier (LNA) and active-
type poly-phase filter (PPF) were used to reduce power con-
sumption. However, the receiver has a narrow RF bandwidth
due to the common-source LNA topology, and high NF
because of the quadrature technique used in the LNA. In [12],
alternatively, an inverter-based LNA with an LC-balun and
passive PPF are used to generate the quadrature signal before
the down conversion. This reduces the LO dynamic power
for Bluetooth low-energy (BLE), but using an LC-balun and
passive PPF is not suitable for wideband applications. In addi-
tion, a phase-locked loop (PLL) free receiver architecture is
proposed in [13] at the cost of a high NF.

Recently, current sharing of RF and BB blocks using a sin-
gle supply voltage has been actively studied. Conventionally,
receiver front-ends cascade circuits to receive and amplify a
weak RF signal with a LNTA, down-convert it to BB through
a mixer and finally convert the current signal to a voltage
signal using a transimpedance amplifier (TIA), as shown
in Fig. 1. On the other hand, by scaling down the CMOS
technology node where the voltage threshold is reduced and
transition frequency (fr) is increased, stacked architectures
that reduce power consumption by sharing the current of the
RF circuits with the BB circuits are now possible.

Although the stacked architecture reduces power consump-
tion significantly, it has shortcomings. In [14], LNTA, mixer
and voltage-controlled oscillator (VCO) blocks are stacked
to share a single supply, reducing the power consumption.
However, the front-end suffers from VCO injection locking
and a high NF of 9 dB. In addition, the common-source
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LNTA used limits the RF bandwidth, which is not suitable
to cover wide RF bandwidth with a single receiver module.
Another approach with cascoded LNTA, active mixer and
BB filter was proposed in [15]. It still suffers from high NF.
Moreover, the use of an active mixer reduces the linearity
and increases voltage headroom requirements. A function-
reuse RF front-end is an interesting method which employs
a push-pull amplifier to function as both LNTA and TIA.
However, it reported poor Pigg of —50 dBm due to the
low supply voltage [16]. This approach is only suitable for
sub-GHz applications. A current-reuse architecture using an
N-path passive mixer for input matching is another sub-GHz
alternative which reports good NF performance [17]. How-
ever, one of its bottlenecks is the use of an active mixer for
down-conversion that requires a higher supply voltage. It also
suffers LO to RF leakage due to the N-path passive mixer used
for input matching. Moreover, it requires additional circuits to
combine the N paths at the output which increases the overall
power consumption. In [18], a 1/f noise-cancellation (NC)
technique and linearity enhancement method is used, but its
power consumption is high at § mW. A current-reuse receiver
(CRR) proposed in [19] employed input matching and a 1/f
noise reduction technique that results in a low NF of 1.94 dB
at the cost of limited RF bandwidth. Moreover, both [19]
and [20] suffer from losses of the RF signal due to the sharing
of the BB output and passive mixer input. To overcome this
issue, our earlier work in [21], applied the concept of an active
inductor (AI) from [22], [23] to isolate the mixer input from
the BB output, thus reducing the losses of the RF signal before
the down conversion. This allows the receiver to maintain its
performance at higher frequencies even in a relatively large
130 nm CMOS process. However, it still suffers from a high
NF at low IF due to the direct injection of the low frequency
noise of the LNTA into the BB.

This work is the continuation and extension of our earlier
published conference paper in [21] that presented simulation
results. Notably, this work improves the circuit architecture
of our prior work with a 1/f noise cancellation technique and
an integrated on-chip input inductor. In [21], a high quality
off-chip input inductor model was used in simulation, while
in this work, this inductor is integrated on-chip. Importantly,
measurement results are now presented, thus experimentally
validating our prior work, along with the aforementioned
improvements.

Accordingly, this work proposes a quadrature (I/Q) low-
power and wideband RF-to-BB CRR front-end uniquely
employing both an Al and 1/f NC technique in order to
overcome the aforementioned issues. It utilizes a wideband
LNTA stage to convert the RF voltage to an RF current,
a current driven passive mixer to down-convert the RF sig-
nal to an IF signal, and a TIA to convert the IF current
to an IF voltage using a single transistor. The proposed
CRR front-end achieves good NF and linearity performance
along with low power consumption. The paper is struc-
tured as follows. Section II provides a receiver architecture
overview, Section III details the different circuits required in
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the design, and Section IV presents the measurement results
and discusses them.

Il. RECEIVER OVERVIEW

Through the scaling down of CMOS technology nodes, the
implementation of high frequency circuits is readily possi-
ble with reduced trade-offs thanks to the reduced parasitic.
However, the fabrication cost increases sharply for smaller
technology nodes. Thus, in order to implement such circuits
in cost efficient CMOS such as 130 nm CMOS technology,
design techniques are required to maintain the performance
of the design. For instance, in [19], while a very low NF is
reported, the RF bandwidth is limited. This is due to the fact
that the input of the down-conversion mixer is shared with the
receiver output node causing loading from the following stage
and output circuit. Ultimately, this degrades the performance
of the receiver at higher frequencies and limits it to sub-
GHz applications. To mitigate this issue, this work uniquely
applies both an Al and 1/f NC technique from [21], [22], [23]
to the CRR front-end.

The block diagram of the proposed CRR front-end is
shown in Fig 2. It includes an LNTA to convert the RF voltage
to a current. Transistors Mcg, inductor Ly and cross-coupled
capacitors Cac form the LNTA circuit. The LNTA sets the
receiver sensitivity, linearity and input impedance match-
ing. Thus, it is designed to attain the required performance
metrics, and it defines the overall current consumption. The
CRR employs a passive mixer shown on the top left of the
figure, and includes transistors Myx that do not consume
DC current. As previously mentioned, the CRR uses both
an Al and 1/f NC circuit in order to improve the receiver
sensitivity. These are implemented by May, Ra1, Car, Mnc
and Rgs. The single supply current divides equally between
the TIA blocks, each formed by a single transistor, Mrtja,
and feedback resistor, Rpg. The TIA feeds the LNTA and Al
current. Moreover, the receiver employs a quadrature (I/Q)
architecture using a 25% LO duty-cycle and single LNTA.
In this way, the power consumption is significantly reduced
by the reuse of the supply current. Details pertaining to each
circuit composing the CRR front-end are discussed in the next
section.

lIl. CIRCUIT DESIGN

A. LNTA WITH LC-BALUN MATCHING NETWORK

The LNTA plays an important role for input matching and
receiver sensitivity. Two well-known typologies can be used
to provide input matching: the common-source and the
common-gate. In [19], the common-source topology along
with a 1/f NC technique is employed. Although the noise
performance is very good, it has a narrow-band response, and
is sensitive to package parasitics and non-idealities related
to the printed circuit board (PCB). In this work, a common-
gate topology is used instead, and provides wideband input
matching at the cost of a higher NF. In Fig. 2, Mcg forms
the common-gate topology which is differentially applied in
this design. The gate terminal of Mcg connects to a bias
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FIGURE 2. Block diagram of the proposed CRR front-end.

voltage, Vp1. Center tap inductor L provides the DC current
path to the ground and resonates with parasitic capacitors
at the input to reduce input losses. Cpy is an AC-coupling
capacitor. To reduce the power consumption and NF of the
LNTA, cross-coupled capacitors Cac are used to boost the
transconductance of Mcg by approximately a factor of two,
yielding an effective transconductance of gmeff = 2 X gm.
This assumes that the short channel effect is negligible for the
input transistors. Moreover, this increased transconductance
helps achieve the required input impedance, 1/gmefr, and a
better NF with less current. The noise factor of the LNTA is
calculated by using the following:

v ) 1 RBatun
4o Rng RS

F=1+ , )]
where o and y are the bias-dependent noise parameters and
Rgs is the source resistance. The balun losses can be mod-
eled by series resistor Rpy,,. v/ is reduced by increasing
the channel-length slightly while maintaining the transition
frequency, fr, at least ten times higher than the frequency of
operation.

Earlier works used a 1:1 balun to convert the single ended
signal to a differential one [22], [24], [25]. To perform input
matching, the LNTA input impedance should be designed to
Rs = 1/2g,,. This degrades the NF by increasing the second
term in equation (1) by two times. The noise factor is then
given by

~ Y RBaiun
F_1+20[+ Rs ?2)

In this work, a 2:1 LC-balun, shown at the bottom left of
Fig. 2, is used to convert the single ended input signal to
a differential one at the input of the LNTA. It can convert
the 50 2 antenna impedance to any impedance required (in
this work 25 €2) on the differential side by choosing proper
inductor and capacitor values. This gives the advantage to
design the LNTA with higher gy, eff (in this work 2 X gy, efr)
to achieve lower NF while maintaining the input matching
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FIGURE 3. Simulated conversion-gain and DSB NF of the CRR using a 1:1
LC-balun or a 2:1 LC-balun.

performance. In this way, the LNTA noise is given by

~ Y Rpaiun
F_1+4a+ Ry 3)

In this fashion, the good input matching is maintained and
the second term in (3) is halved in comparison to (2) that
involves a 1:1 balun. An W/L of 501 /140n is chosen for Mcg
to achieve the best NF and gy, /gq4s performance, where ggs is
the admittance of Mcg.

To outline the benefit of the matching technique proposed,
the simulated NF and conversion-gain of the CRR is com-
pared using a 1:1 or a 2:1 LC-balun employing g .y and
almost 2 X gu ¢, respectively. The results are shown in
Fig. 3, outlining that the conversion-gain is improved by
about 2.5 dB and the NF is reduced by more than 1 dB.

The LNTA and LC-Balun were tuned to the L-band in this
work, but this tuning could have been applied to other bands
such as the 2.4 GHz ISM band (e.g., Bluetooth Low Energy)
or the 900 MHz ISM band (e.g., Zigbee).

B. ACTIVE INDUCTOR AND 1/f NOISE-CANCELLATION
TECHNIQUE

Conventionally, a cascode circuit is used to boost the out-
put impedance and enhance isolation. Fig. 4(a) shows the
conventional CRR using a cascode circuit after the LNTA.
The input of the down-conversion mixer and receiver output
share the same node, causing RF signal attenuation from
both parasitic capacitors and the large loading of the next
stage at the output. This limits the operating frequency of the
circuit. Moreover, it renders the architecture impractical for
modern applications if designed in a large technology node
such as 130 nm CMOS. To overcome this issue, this work
proposes an Al in Fig. 4(b) using May, Car and Ray. The
impedance looking into the Al circuit, Zag, is low at DC
but keeps increasing with frequency [23]. In this way, the
Al circuit isolates the mixer input from the output node at
higher frequencies, while the DC current passes through the
Al circuit. To boost the impedance further, Rg is added to the
source of Maj. The impedance looking into the Al circuit,
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Za1, by ignoring Mnc since it is in parallel is given by
~ 8mAIRs(RarCars + 1) + RarCars 1
Za1(s) =

8mAIRsCars + gm.ar + Cars

where Cp,r is the parasitic capacitance at the mixer input.
The Cp,r depends on the technology node. Fig. 5 shows
the mathematical model of the magnitude of Za1 versus the
frequency using (4) for different parasitic capacitance values
and compares it with simulation results. To model this, a g, s
of 3.5 S, Cag of 1 pF, Rar of 50 k2 and Rg of 200 2 are
used. Two scenarios are considered for Cpy. Firstly, Cpy, is
ignored, showing that Zay increases linearly with frequency.
Then, Cpar values of 30 fF are considered to compare with the
simulation results. This shows that as a result of increasing the
parasitic capacitor at the input of the Al circuit, Zay reduces
faster at higher frequencies and limits the operating frequency
of the AL

The Al circuit injects noise into the LNTA output at RF as
well as at low frequencies at BB. The noise factor considering
the Al circuit is then given by

_C)

s Cpar

R 1
F=1+ 4 ‘;"”” +4Rs (ng,Al + —)

4o S Rar
2 2
RBajun Vi Lna Vi ar
1 K| ——= Ky——=—. 5
( TR >+ TRy T Rairrg O

Another problem of the conventional CRR shown in
Fig. 4(a) is the direct coupling of the LNTA 1/f noise to the
output. This also can affect the structure with the Al since
the Al circuit is not blocking the low frequency components.
To overcome this issue, Mnc, added in Fig. 4(b), creates a
low frequency path to the output with the opposite polarity.
This makes the 1/f noise common-mode for the next stage
such that it can be rejected with a differential architecture
(K1 ~ 0). The 1/f noise of the Al circuit is still contributing
to the output. The source-degeneration resistor, R, helps
reduce the 1/f noise of Mnc and Mag as well as boost Zaj.
In (5), gm.ar is replaced with gp ar/(1 + gm.arRs) where
R; is a degeneration resistor and K, <« 1. The simulation
results of the CRR front-end with the NC circuit activated
or deactivated is shown in Fig. 6. As can be seen, while the
thermal noise remains the same, the 1/f noise is suppressed
by the NC circuit. This allows the CRR front-end to operate
at low IF in a direct-conversion architecture.

The straightforward way to design the NC circuit is to half
the W/L ratio of M1 and double the value of Rg in the Al
circuit. Then, the same device values can be used in the NC
circuit [22].

C. PASSIVE DOWN-CONVERSION MIXER

A conventional current driven double-balanced passive mixer
is employed to convert the RF current to the BB current,
as shown in Fig. 2. It operates with a 25% duty cycle LO sig-
nal to enhance both NF and conversion gain [26]. The clock
generation circuit is shown in Fig. 7 [27]. The AC-coupling
capacitors, Cy, separate the DC biasing of the mixer. More-
over, this blocks the low frequency noise of the LNTA. The
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FIGURE 4. (a) Convectional CRR with cascoded transistor. (b) Proposed architecture introducing an Al and 1/f NC technique.
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FIGURE 5. Mathematical model, with and without Cpgr, and simulation of
the magnitude of Z, versus frequency.

source and drain biasing of the mixer switches is provided
by the TIA to be half of the supply (600 mV). The gate bias
voltage of the mixer switches is chosen to ensure that the
LO signals are able to toggle the switches properly, while
maintaining the Vgs and Vgp values in the safe operating
region to avoid breakdown.

D. TRANSIMPEDANCE AMPLIFIER

The BB current generated by the down-conversion mixer is
converted to a BB voltage using a TIA at the output node.
The TIA circuit is formed by Mt and feedback resistors,
Rrp. MT11A needs to provide sufficient g to maintain the
impedance low enough at the output of the mixer in order
to keep the voltage swing at that node small, and thus avoid a
degradation of the linearity. To enhance the output impedance
and reduce the short-channel effect, a large channel length of
500 nm is used for Mtya.
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FIGURE 6. The simulated NF with the NC circuit activated or deactivated.

Overall, the conversion gain of the proposed receiver is
approximately calculated as

22
Gaincgr = Tgm,eﬁRFB (6)

E. OUTPUT BUFFER

An output buffer is required to allow for measurement of the
CRR using off-chip laboratory equipment such as a spectrum
analyzer, high-speed oscilloscope or any similar instrument
with a 50 © input impedance. This output buffer ensures
that the output impedance of the CRR is well matched to
the impedance of the testing equipment. For this purpose,
a fully differential current-mode logic (CML) circuit is used
and shown in Fig. 8. The gain of the CML circuit is designed
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FIGURE 8. Output buffer circuit used in the measurements.

to be of 0 dB and is given by
Gaincyr = gm1 - Re, (7

where Ry, is the output load. This load is chosen to be 50 €2 in
order to avoid a very high value for gy M1 that would results
in high current and large W/L ratio, reducing the bandwidth
of the buffer. A 2:1 balun can be used off-chip at the output
to convert the 100 2 differential output to a single ended
50 € output. Cascode transistors, My, are used to enhance the
bandwidth of the CML circuit. The input of the CML circuit
is AC-coupled to separate its biasing voltage with that of the
CRR front-end. The cascode transistors are directly biased
with the supply voltage.

Both the CML and CRR front-end each utilize a 1.2 V
supply. The CML circuit consumes a high current of 40 mA
to maintain high linearity and low NF performance for testing
proposes.

IV. EXPERIMENTAL RESULTS AND DISCUSSION

The low-power and wideband RF-to-BB current-reuse
receiver front-end was fabricated in TSMC 130 nm CMOS
technology. Both CRR front-end and CML output buffer were
implemented on-chip and the die micrograph is shown in
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FIGURE 9. Die micrograph of the fabricated die (a) fully covered with
metal fill (Chip1), and (b) with reduced metal fill on the sensitive nodes
(Chip2). Note that the circuitry on the right half of the dies is not related
to this work.

Fig. 9. The design was fabricated under two conditions, one
is covered with metal fill at sensitive nodes (Chipl), shown
in Fig. 9(a), and another reduced the metal fill on sensitive
RF nodes and blocks (Chip2), shown in Fig. 9(b). Metal fill
reduction was done manually through an iterative process to
make sure the metal fill is optimized on the sensitive paths.
The CRR front-end occupies an active area of 0.54mm?,
excluding the output buffer and bond pads. It consumes
1.66 mA from the 1.2 V supply. Both chips were measured
under the same biasing conditions, PCB and test setup.

The diagram and picture of the measurement setup is
shown in Fig 10. The CRR front-end and output buffer supply
and ground are separated on the PCB. The chip is pack-
aged into a QFN48 package, and is connected to the PCB
with an RF socket (SG-MLF-7006). To extract the actual
performance of the CRR front-end, the non-idealities due to
the socket, cables and external baluns should be taken into
account. To this end, the S-parameter characteristics of the
cables and baluns are extracted using a 4-port vector network
analyzer (VNA), Rohde and Schwarz ZVB 8. The socket
losses are provided by the manufacturers’ datasheet. The
single-ended input from the signal generator (Agilent N5182a
MXG) is converted to a differential input using an external
LC-balun shown at the bottom left of Fig. 2. A second signal
generator(Agilent N5182a MXG) provides the clock signal
for the mixer switches. The differential output of the out-
put buffer is converted to a single-ended signal using a 2:1
balun (TRS2-32-75+) and this signal drives the measurement
equipment.

The Y-factor method using a noise source is employed to
measure the NF performance. Fig. 11 illustrates the measured
and simulated double side-band (DSB) NF versus the IF while
the LO frequency is at 1.3 GHz. A flat measured NF of
7.5 dB is achieved using Chip1 and is close to the simulation
results above an IF of 1 MHz.The measured and simulated
NF of Chip2 with reduced metal fill lowers by about 1 dB
to 6.5 dB above an IF of 1 MHz. The 1/f NF is slightly
increased for both simulation and measurement at low fre-
quencies due to the AC-coupling between the CRR front-end
and the output buffer circuit. This effect is not important as
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FIGURE 10. (a) Diagram and (b) picture of the measurement setup.

the buffer would not be required in a receiver implementation
including the BB circuits. The measured 1/f noise corner
frequency is very close to the simulation results. This shows
the 1/f NC circuit operates well.

The measured and simulated conversion gain versus the IF
is shown in Fig. 12 while an LO frequency of 1.3 GHz is
used. The circuit achieves a flat conversion gain of 40.5 dB
with Chipl. The figure also shows using Chip2 the impact
of the metal fill effect on the conversion gain simulation and
measurement results due to the parasitic loading. The conver-
sion gain of 41.5 dB of Chip2 represents a 1 dB improvement
over Chipl. A wide IF bandwidth of 90 MHz is achieved. The
conversion gain results are reduced at low frequency due to
the AC-coupling at the input of the output buffer, but again
this would not be an issue in an implementation of the receiver
without the buffer.

A two-tone test with 1.31 GHz and 1.311 GHz input sig-
nals is performed to measure the in-band IIP3 performance of
the CRR front-end. An LO frequency of 1.3 GHz is applied
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FIGURE 12. The simulated and measured conversion gain versus the IF.

to the mixer switches. This generates two tones at 10 MHz
and 11 MHz at the IF, along with third-order intermodulation
products at 9 MHz and 12 MHz that appear above the noise
floor by increasing the input power. Fig. 13 shows the output
power of the fundamental tone and third-order intermodula-
tion product versus an input power sweep where an in-band
IIP3 of —28.2 dBm is achieved for both Chipl and Chip2.
There may be a few dB uncertainty in the IIP3 results since
the CML circuit might limit the linearity. To confirm this,
under the same biasing condition and test scenario, the CML
voltage was increased by 0.2 V. This improved the ITP3 result
of Chipl to —26.5 dBm and Chip2 to —27.5 dBm.

The in-band IIP3 performance is verified across the IF by
using a two-tone RF signal (1 MHz offset between tones) and
an LO frequency that remains constant at 1.3 G. The input
tones are swept and the IIP3 extracted for multiple IF values.
The result is shown in Fig. 14. It illustrates that the in-band
IIP3 performance of Chipl increases from —28.2 dBm to
—25.2 dBm by increasing the IF from 3 MHz to 95 MHz.
The IIP3 performance of Chip2 increases from —29 dBm to
—26.5 dBm by increasing the IF from 3 MHz to 95 MHz.
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products versus the input power sweep. The resulting in-band IIP3 is
shown.
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FIGURE 14. Measured in-band 11P3 performance versus the IF.

The out-of-band (OOB) IIP3 performance is verified
across the IF by using a two-tone RF signal (1 MHz offset
between tones) and an LO frequency that remains constant
at 1.3 GHz. The input tones are swept and the IIP3 extracted
for multiple IF values. The result is shown in Fig. 15. It illus-
trates that the OOB IIP3 performance of Chipl increases
from —24.1 dBm to —16.9 dBm by increasing the IF from
120 MHz to 280 MHz. The OOB IIP3 performance of Chip2
increases from —25 dBm to —16.2 dBm by increasing the IF
from 120 MHz to 280 MHz.

Fig. 16 shows the receiver performance across the RF range
from 1 GHz to 1.7 GHz while the IF remains constant at
10 MHz. It shows the S;; remains below —10 dB over the
entire RF range with Chipl. The S1; of Chip2 moved slightly
to higher frequencies due to the parasitic capacitor reduction
on the input nets. Both conversion gain and NF of Chipl
remain almost constant at 40.5 dB and 7.5 dB, respectively.
The conversion gain and NF of Chip2 also remain almost

95846
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FIGURE 15. Measured OOB IIP3 performance versus the IF.
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FIGURE 16. Measured receiver performance versus the RF input signal
frequency.

constant at 41.5 dB and 6.5 dB, respectively. The NF of
Chip2 remains constant at the RF band edge while it degrades
slightly for Chipl. The IIP3 result of Chipl improves for the
frequencies above 1.3 GHz from —28.2 dBm to —22.5 dBm
due to the RF signal losses at higher frequencies and reduced
conversion gain. The IIP3 result of Chip2 follows the same
trend and it improves for the frequencies above 1.3 GHz from
—29 dBm to —24 dBm.

The performance comparison and summary of the pro-
posed receiver with the recent literature is reported in Table 1.
Note that the majority of the other designs in the table are
implemented in smaller CMOS technology nodes ranging
from 28 nm to 90 nm and have relatively narrow baseband
bandwidths (i.e., modulation bandwidth), providing inherent
advantages. This work compares well in terms of bandwidth
and NF considering its technology node and power consump-
tion. It supports a significantly wider baseband bandwidth
of 90 MHz and a wide RF band of operation from 1 GHz
to 1.7 GHz (i.e., in the L-band). Its area, considering the
technology node utilized, also compares well with the other
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TABLE 1. Performance summary and comparison.

Parameters This This TMTT JSSC JSSC | MWCL | JSSC IEEE JSSC JSSC JSSC TMTT
Work Work* 2020 [11]|2014 [15]]|2014 [16]]2019 [19]|2017 [22]|2021 [24]| 2021 [9] |2021 [10]|2018 [13]|2019 [12]
Application ToT TIoT IoT ZigBee | ZigBee IoT  |Bluetooth| BLE ToT TIoT ZigBee BLE
Process node 130nm 130nm 65nm 65nm 65nm 65nm 28nm 65nm 28nm 28nm 65nm 130nm
CMOS CMOS | CMOS | CMOS | CMOS | CMOS | CMOS | CMOS | CMOS | CMOS | CMOS | CMOS
Frr—_High (GHz) 1.7 1.7 2.48 3.55 0.96 0.92 2.8 2.48 2.9 2.8 2.48 2.48
Frr_rLow (GHz) 1 1 24 2.25 0.433 0.9 2 24 2.2 1.8 24 24
BB Bandwidth (MHz) 90 90 2 2 2 20 1.5 2 2 2 2 2
S11 (dB) <-10 <-10 <-10 <-10 <-10 <-10 <-10 <-10 <-10 <-10 <-10 <-10
Gain (dB) 40.5 415 49.5 57 50 40.7 434 42 61 45 57.8 42
NF (dB) 7.5 6.5 8.2 8.5 8.1 1.94 7.8 13.2 5.5 6 15.7 7.2
In-Band IIP3 (dBm) -28.2 -28.2 —25.75 -53 -45 -25.6 -20 -25 -46 -13 -18.5 -17
OOB IIP3 (dBm) |-24.1_-16.9(-25_-16.2| N/A -6 -20.5 N/A 6 N/A -7.5 5 N/A N/A
Ppbc@Vpp (mW) 2@1.2 2@1.2 |2.16@12| 1@1.2 [1.15@0.5] 3.6@1.8 | 43@1.8 |1.13@0.8]0.37@0.7|0.38@0.8| 1.78@1 | 1.7@1.2
Active Area (mm?) 0.54 0.54 1.16 0.3 0.2 0.559 0.4 0.85 0.5 0.2 0.45 0.7

* This work with reduced metal fill in the vicinity of sensitive RF nodes.

works. Moreover, its projected low-cost of implementation
is well suited to IoT applications, while supporting large
modulation bandwidths for applications such as GNSS.

Very good performance is achieved in [10], but the receiver
architecture is not suitable for wide bandwidth applica-
tions due to the sharp frequency response having a 2 MHz
bandwidth at the LO frequency. Many of the other receiver
architectures are not able to achieve wideband RF matching
due to the LNTA topology, making them unsuitable for wide-
band wireless standards. Note that in some of the references,
instead of in-band IIP3, only the 1-dB compression point
(P1dB) is reported and it is assumed that in-band IIP3 is
10 dB higher than P1dB.

V. CONCLUSION
A low-power and wideband RF-to-BB CRR front-end was

fabricated in TSMC 130 nm CMOS technology. The design
was fabricated under two conditions: one is covered with
metal fill at sensitive nodes (Chipl), and another has reduced
metal fill on the sensitive RF nodes and blocks (Chip2).
The results show almost 1 dB improvement in conversion
gain and NF when the metal fill is reduced on the sensitive
RF nodes and blocks. It uniquely incorporated an Al and
NC circuit to the conventional CRR front-end architecture
to enhance the NF performance and RF bandwidth of the
receiver. The current sharing of the LNTA, Al and TIA
reduced the power consumption significantly. In addition,
a cross-coupled technique with a common-gate topology in
the LNTA reduces the power consumption further while
maintaining the receiver performance. The LNTA uses the
LC-Balun to convert the single ended 50 Q2 input from the
antenna to a differential port with slightly lower impedance
in order to allow for the LNTA to be designed with a higher
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transconductance, thus improving the NF and conversion gain
performance.

The proposed wideband receiver front-end can be used for
L-band frequency ranging from 1 GHz to 1.7 GHz. This can
simplify multi-band receiver modules and lower their integra-
tion cost and overall power consumption. For instance, this
receiver can be used to support the various global navigation
satellite systems. In this work, the LNTA and LC-Balun were
tuned to the L-band, but the design could be re-tuned to other
applications.

Fundamentally, the proposed CRR front-end architecture
allows relatively large CMOS technology nodes to extend
their performance capabilities to higher RF operating fre-
quencies at low-power and good NF, which can significantly
reduce the implementation cost of wideband RF receivers.
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