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An effective technique for mixer LO harmonic rejection in a SAW-less wideband receiver front-end is
proposed. The proposed technique provides a tunable notch that can be placed at any frequency like
mixer LO harmonics, to avoid the aliasing in baseband after mixing. An analog LC notch is used in a
cascode transconductor, and it can reject one of the 3" or 5" harmonics. This notch frequency is
tunable using the bond wire inductors or fixed Gyrator-C active inductor, and a capacitor array,
without any significant Power/Area overhead on overall system. Since the accurate value of inductance
is not clear, a calibration circuit is proposed to tune this LC notch. This tuning phase runs in forground,
and consumes very low additional power. This technique is used in a wideband receiver front-end.
Post-layout simulation in 130nm CMOS results in an average 3 harmonic rejection ratio of 36 dB.
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The overall circuit consums 34mW power and a has a noise figure of 3.4dB at 1GHz frequency.
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1. INTRODUCTION

In the last years, demands for wireless connectivity that
can support voice and data have increased. Lower cost
solutions have been largely affected by the great
advancements in wireless technology. With the progress
of integrated circuits (ICs), the implementation of full
transmitter/receivers is feasible in a chip, which reduces
the total price of communication systems by eliminating
the costly discrete components [1-3]. A wideband
receiver commonly consists of a wide-band LNA, a
mixer, an Analog to Digital Converter (ADC) and a
Digital Signal Processor (DSP). In wideband receivers,
all radio processes and functions are performed in the
digital domain using a digital signal processor (DSP)
that follows an analog-to-digital converter. Such a
system provides the maximum reconfigurability, but
implementation of a wide dynamic range ADC requires
a high power budget, and remains impractical for
battery-powered wireless devices. Hence, in recent
years, other solutions have been proposed in order to
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realize a suitable SDR receiver. Discrete-time (DT) and
mixed-signal solutions are more attractive, and usually
include a mixing operation before the ADC. A power-
scalable ADC having tunable resolution and bandwidth
is usually utilized to save power. These techniques
present flexibility and reconfigurability with a relatively
low power consumption, appropriate for battery-
powered wireless devices.

To realize a wideband receiver, there are several
main issues: the out-of-band blockers, the LO
harmonics mixing and the total noise figure (NF). The
blockers can compress the receiver gain, while the LO
harmonics lead to aliasing. The unwanted signals
located at the LO harmonic frequencies are also folded
to baseband (BB) or Intermediate Frequency (IF) and
degrades the Signal-to-Noise Ratio (SNR). On the other
hand, the high NF limits the sensitivity of the receiver.
Several approaches are proposed to address the blockers
problem [3-6] and the noise issue [7, 8].

To overcome the aliasing due to mixer LO
harmonics, a harmonic rejection operation with a high
Harmonic Rejection Ratio (HRR) in the single receiver
is essential to satisfy the precise selectivity
requirements. The classical HRMs proposed in [9-11]

Please cite this article as: M. Niaboli Guilani, G. Ardeshir, A New Analog-Based LO Harmonic Rejection Technique with Tunable Notch
Frequency , International Journal of Engineering (IJE), IJE TRANSACTIONS B: Applications Vol. 31, No. 11, (November 2018) 1893-1902



mailto:g.ardeshir@nit.ac.ir

M. Niaboli Guilani and G. Ardeshir/ IJE TRANSACTIONS B: Applications Vol. 31, No. 11, (November 2018) 1893-1902 1894

reject the 3 and 5™ harmonics theoretically, but suffer
from gain and phase matching issues which limit the
harmonic rejection performance to about 35dB. A two-
stage approach is presented in [5] to achieve more
harmonic rejection.

Passive mixers clocked by local oscillators (LO)
translate baseband impedances to RF [12-15]. It has
been reported in [10, 16, 17], the receiver front-end
includes an LNA and a mixer, where amplifies and
downconverts the RF signal to basenband (BB) in
continuous-time domain. Several approaches use the RF
sampling method [18-21], where the RF signal are
sampled with a high rate. On the other hand, LNA-less
receivers are proposed that can control the large
blockers received from the input antenna [4, 6].

This work presents a wideband receiver front-end
with harmonic rejection mixer to remove the most
critical of LO harmonic, i.e., 3 harmonic. The receiver
front-end also tolerates the out-of-band blockers.The
proposed technique provides a tunable notch that can be
located at any desired frequency, e.g; mixer LO
harmonics. This, avoid the aliasing in baseband after
mixing. Section 2 introduces the main issues of
wideband receivers (blockers and LO harmonics).
Section 3 presents the proposed solution to harmonic
rejection. The main contribution of proposed technique
is the effective use of bondwire inductance to suppress a
desired harmonic, without any significant Power/Area
overhead on overall system. The tuning phase runs in
forground, and consumes a very low additional power.
On the other hand, the area overhead is negligible.
Simulation results in 130nm CMOS are reported in
section 4 and are compared with the classical harmonic
rejection mixer.

2. WIDEBAND RECEIVERS ISSUES

A weak wanted signal is accompanied by large out-of-
band blockers in a receiver. For narrowband receivers,
an external SAW filter is commonly used after antenna
to suppress the out-of-band blockers before making
voltage gain. The SAW filters are expensive and large.
Therefore, utilizing them is not practical to realize a
multi-band  receiver. Nowadays, the technology
improvements increase the interests in designing SAW-
less receivers, which eliminates the external
components. Unlike active mixers, passive mixers have
no reverse isolation. In the absence of reverse isolation,
passive mixers clocked by local oscillators (LO)
translate baseband impedances to RF. So, low-Q
baseband impedances are converted to high-Q band-
pass filters. Figure 1 shows general solution for a
wideband receiver [3] that addresses both the blockers
and LO harmonics issues.

Equivalent Mixing Principle

o 12.5% Duty-Cycle LO :js—-”-—

Figure 1. General N-path architecture to achieve both the
blocker filtering and harmonic rejection [12]

In RF transceivers, switching mixers are commonly
preferred to other topologies. These mixers multiply the
signal in a square wave, and generate harmonics of the
local oscillator frequency; therefore, a harmonic
filtering is required. In the receiver, the resulting down-
converted signal has relatively large images of the RF
signal located at the odd multiples of the LO frequency.
These images can be aliased with the wanted signal at
the baseband. Alternatively, to reduce the strength of the
3 and 5" LO harmonics, a harmonic rejection mixer
can be used. The classical harmonic rejection mixer
proposed in [9], three square-wave with phases of 0°,
45° and 90° weighted by “1:4/2:1” are summed to
generate a pseudo sine-wave to reject the 3" and 5™ LO
harmonics. This technique is shown in Figure 2. The
main drawback of this approach is that the irrational
number +/2 is difficult to be accurately implemented in
the layout [12]. On the other hand, the harmonic
rejection ratio (HRR) is sensitive to both gain and phase
mismatches, and limits the HRR to around 35 dB.
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Figure 2. (a) Approximation of a pseudo-sine LO [12](b)
Building pseudo-sine LO mixing waveform using three
weighted Gm[10]
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An automatic local oscillator phase-error detection
and calibration circuitry is implemented for the mixers
to achieve high HR ratio [22]. Another technique
presented in [23], proposes a harmonic rejection mixer
that utilizes a ratio of 1:1/3:1/5, as opposed to the
irrational number +/2. The harmonic suppression is
controlled by a set of independent gain and phase tuning
parameters. Recently, a new two-path time-based
approach is published that works based on <50% clock
duty cycle and deleyed clock in second path [24].

3. THE PROPOSED TECHNIQUE

3. 1. Principles and Circuit Implementation In
order to improve the harmonic rejection, this paper
proposes an analog technique that can be integrated with
the already proposed receivers. Generally, to achieve a
total low noise figure, an amplification is required at the
first stage of receiver chain. The voltage gain in an LNA
is realized in two steps: a V-l conversion (via trans
conductance of a transistor) and an 1-V conversion (via
impedance or trans-impedance). The two functional
blocks are separated by using a passive direct
conversion mixer and a low-pass filter (LPF), as shown
in Figure 3(a). A particular realization of the general
concept is depicted in Figure 3(b) [5]. In this approach
the voltage gain at RF is entirely removed. First, a Low
Noise Transconductance Amplifier (LNTA) converts
the RF voltage to current. Then this RF current is mixed
by an LO waveform, and is pushed into a trans-
impedance amplifiers (TIA) with a very low input
impedance. In fact, the impedance in the output of
LNTA is low, and there is no RF voltage gain therefore.
The mixed current is filtered in the TIA using R and C
to suppress the blockers. It is noticeable that the
feedback loop gain has a roll-off at high frequencies, so
the input impedance of the TIA is increased. To
overcome this problem, a capacitor Cyg is used to
reduce the impedance at high frequencies. The Cyg also
contributes to determining the LPF cut-off frequency
[5].

Figure 4 shows the block diagram of the proposed
receiver front-end based on [5]. This technique is based
on placing an analog LC notch in system, and, in theory,
it can reject one of the 3or " harmonics completely.

Low impedance,
Low voltage gain

\ I b @Fple.

(BB) Lo Lo

(a) (b)

Figure 3. (a) The general concept of current-mode front-end
(b) a specific realization [5]

Rll
T
[ b~ ] oV -

Harmonic-Rejection TIA LPF
Current-Driven passive
mixer

Figure 4. The proposed frond-end with harmonic rejection

This notch is tunable by using a fixed Gyrator-C active
inductor and a capacitor array. Moreover, it is possible
to use a bond wire inductor, without any extra power
consumption. Since the accurate value of inductance is
not clear, a digital foreground calibration is proposed to
tune the LC notch. To realize this idea, a cascode
transconductor architecture is used. Figure 5 shows the
cascode transconductor architecture designed in this
work and the general concept of proposed harmonic
rejection method. Cascode transconductor results in a
constant trans conductance within a wideband frequency
range from 500 MHz to 5 GHz. The sizes of Gu-cell
transistors are listed in Table 1.

3. 2. Calibration System for Tuning  Since the
accurate value of inductance is not clear (its
approximate value is known), the value of capacitance
must be set to tune the notch at a desired frequency of

1/VLC.
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Figure 5. (a) The proposed cascade transconductor with
embedded LC filter (b) The wideband frequency range of Gm
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TABLE 1. The sizes of Gm-cell transistors

Transitor/capacitor/resistor Size/value
M1,M2 60/0.130
M3,M4 35/0.130
M5,M6 32/0.130
M7,M8 50/0.130
Rr 2.5kQ
Cr 1pF

Therefore, a capacitor array with selector switches is
required to set the capacitance properly. Figure 6 shows
this concept. Typically, a bond wire inductor has an
inductance of 1-2 nH. To show the operation of the
system, a 1.5nH inductor is considered. If the receiver is
tunable for 0.9-5 GHz, a capacitor bank including
Mx100fF MIM-caps can be used to cover the
frequencies between 2.7GHz (3™ harmonic of 900MHz)
and 5GHz, where M is the number of capacitors. To
achieve a better resolution, unit capacitance can be
reduced; consequently, the number of capacitor
increases. The model of bond wire inductor including
parasitic capacitor is shown in Figure 6.

A digital foreground calibration set the LC filter
capacitance by controlling the switches. A monotone
signal with relatively large amplitude at required notch
frequency is applied as the input, and a simple closed
loop mechanism controls the switches by integrating the
output and converting the result to the digital format. A
low-power low-bandwidth 5-bit flash ADC (with simple
logical operations on its thermometer output) is suitable
because the output is in baseband. A 5-Bit ADC can
support about 30 capacitors in array (2°=32). Figure 7
shows the calibration setup. Figure 8 shows the 5-bit
flash ADC used in calibration loop.

Foreground calibration operates in offline mode. It
can tune the receiver to reject a harmonic interference
before the ordinary operation of the receiver. It is easily
possible with an RF monotone signal test. The loop of
calibration converges rapidly. No extra power
dissipation is expected. Moreover, the flash ADC
consumes very low power. After tuning, the ADC will
be off and the receiver will be ready to work. Figure 8
shows the OTA used in the TIA filter and the integrator
and comparator used in the flash ADC.

Figure 6. Tuning the LC notch

31 thermometer Bits

v =T°
RF.CAL LNTA ( ) TIA B \Y)
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Figure 7. The circuit in calibration phase
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Figure 8. 5-bit Flash ADC (without Thermometer to binary
encoder)

The OTA shown in Figure 9(a) is a simple two-stage
fully-differential with common-mode feedback for each
stage. This amplifier must have a bandwidth depending
on the bandwidth of a wanted channel. In this work, the
unity-gain bandwidth of the OTA is about 120MHz,
which is suitable for the operation of a maximum
20MHz bandwidth in baseband. On the other hand, the
OTA used in the integrator has a very low bandwidth,
because the output response to calibration signal is a
low-frequency one. Figure 9(b) shows the dynamic
comparator used in the flash ADC. 31 comparators are
needed for a 5-bit Flash ADC. The speed of ADC can
be very low.

(@ (b)

Figure 9. (a) The OTA used in TIA and (b) the comparator
used in ADC
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3. 3. Gyrator-C Active Inductor considerations
A gyrator includes two coupled transconductors. The
gyrator-C networks consist of a gyrator and a capacitor
connected to one port of the gyrators. If the input and
output impedances of the transconductors are infinite
and the trans conductance are fixed, the gyrator-C
network is lossless. The schematic of a basic gyrator-C
active inductor is shown in Figure 10(a). Common-drain
and common-source configurations give a positive and
negative trans conductance, respectively. An important
benefit of this kind of inductor is that all transistors are
NMOS, making it attractive for high-frequency
applications. The parameters of the equivalent network
of the active inductor are given by Equation (1) [25].

Cys )
Cp:CgsllszLL_ &I Ry = —2 )

L= g =
Im1 Imi19mz Imi19mz

In Equation (1) the parasitic resistance Rp limits the
quality factor (Q) of the active inductor. Moreover, the
parasitic series resistance Rsdecreases the quality factor.
In this equation, g1 denotes the output conductance of
the M1 in small-signal model, equal to 1/r1. To evaluate
the quality factor of the active inductor shown in Figure
10(a), the effect of the parasitic series resistance Rs is
often negligible, while the effect of R, is considered
resulting in Equation (2) [25].

Rp _ W

Q~=ta @

wlL w

Where, w;, = R, /L .

3. 4. Noise Figure The small signal analyses
compute transfer function by using time-domain
techniques. The small-signal noise factor of a
differential cascode Gm cell shown in Figure 5 can be
calculated by Equation (3).

_ SNRy, __ Y
NF = SNRout I+ 2a2GmRs @

Where! a = Zin/(Zin + RS)!Gm = Z(gml + gm4—)- In a
50Q system, a transconductance of at least 10mU can
guarantee an NF less than 3dB for this first gain stage
without impedance matching (o=1). With impedance
matching, a greater trans conductance is required. With
a 25m0O trans conductance, the NF will be less than
4dB.

M2 L

(@) (b)
Figure 10(a). The simplified schematic of basic gyrator-C
active inductor and (b) The equivalent circuit [25]

4. SIMULATION AND RESULTS

4. 1. The Gm, without LC Filtering The circuit
is designed in 130nm with Vpp=1.5V, in normal mode,
and bias voltages Vg, and Vg3 are DC values equal to
800mV and 350mV, respectively. These values resulted
in a trans conductance of about 20 mU which is
constant in time and in a wideband frequency range.
Figure 11 shows this frequency response from 900 MHz
to 5 GHz.

4. 2. The Gm, with Proposed LC Filtering To
demonstrate the good operation of the proposed
harmonic rejection technique, an array consisting of 14
capacitors and switches are used. The capacitance of a
unit capacitor is equal to 200fF. It is assumed that the
bond wire inductor value is equal to 1.5 nH with a
parasitic capacitance of 20fF. Figure 12(a) shows the
Gm versus frequency when capacitors are added to
circuit from O (without any filtering) to 14 with ideal
switches. As it can be seen, the notch is variable from
2.5 to 5.5GHz with a good depth, i.e., less than -45dB. It
is notable that the G at the wanted frequency also
reduces slightly, about 1-4 dB. Figure 12(b) shows the
curves with MOS switches. It is clear that the depth of
the notch is reduced, because the resistance of switches
is in the ON state. This problem can be improved by
enlarging the size of MOS switches. Figure 12 shows
the curves with MOS switches and an active inductor
with 0.5 mA currents. Figure 13 shows that by using
active inductor, lower notch depth is achieved because
the quality factor of active inductor is much lower than
the bond wire due to parasitic elements. Moreover, its
power consumption is relatively high. Therefore, at high
frequencies, using bond wires as inductors help achieve
a high performance and a low power idea.

4. 3. Calibration Loop and Convergence To show
the operation of the circuit in calibration phase, a
monotone 3GHz signal with amplitude of 300mV is
applied as input.

|

...........
............
----------

= -
o w

w

Transconductance (mS)

—Schematic Simulation
~Post-Layout Simulation
1 5

Frequency (GHz)
Figure 11. Frequency response of Gm simulated in 130nm
CMOS technology. In post-layout simulation, due to parasitic
capacitors the Gm slightly drops

o
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Figure 12. The frequency response of the Gm with the
proposed LC filtering, post-simulated in 130nm CMOS
technology with a 1.5nH bond wire inductance (a) with ideal
switches and (b) MOS switches
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0 2 8 10

Fre4<1uency (G?—iz)
Figure 13. The frequency response of the Gm, with the
proposed LC filtering, post-simulated in a 130nm CMOS
technology with ~2nH active inductance and MOS switches

A 1.5nH inductor with a parallel capacitance of 30 fF is
used in this simulation as a model for bond wire. Figure
14(a) shows the TIA output voltage over time. The
output is degrading along the convergence. The digital
control code is shown in Figure 14(b), which in fact is
the number of capacitors that are placed in the LC
network.

For this case, nine 1.8pF capacitors result in a
minimum output value for 3GHz. This values results in
1/vLC = 3.06 GHz theoretically, which verify the
operation of system. In order to decrease the simulation
time, calibration clock frequency is set to 20MHz. In
practice, the lower frequencies order) are possible to
use. By using 20MHz clock, after about 6us the loop is
converged.

To prove the stability of calibration loop, the
simplified equivalent model shown in Figure 15 is used.

TIA output (V)

1 3 4 5 6
Time (us)
(®)
10
8
W
=]
S s
°
g 4
S
(&)
2
% 1 2 3 a s 6 7
Time (us)

Figure 14 (a). The TIA output voltage over time during
calibration phase (b) The digital control code (post-simulation
results)

Conversion Gain

Integrator

B(s)=1/s

Figure 15. Simplified equivalent model of thecalibration loop

It is noticeable that this is a mixed-signal loop including
a nonlinear mixing operation, and its accurate analysis
is very complicated and is not helpful. Hence, an
equivalent analog loop is used to investigate the
stability. The Gm-cell and sampling mixer are modeled
by a “conversion gain” block in baseband with a single
pole and a gain of Ag/3, where Ao denotes the gain at the
fundamental. The feedback signal is subtracted from
calibration input signal to minimize the output. In this
simplified model, the LC tuning mechanism is modeled
by only a gain factor in feedback path.

The transfer function of forward and feedback paths
is given by Equation (4).
Ao/3

1+
@p

A(s) =

B =5 @

where p, denotes the pole of forward amplifier
(translateded gain from around 3" harmonic to dc), and
orc=1/RC denotes the RC LPF pole in feedback
network. Therefore, the overall transfer function is
achieved by Equation (5).

Ag/3

S AoB
A(s) “op s
H = = =
() = paEe (s 8| Ak ®)
+ —1+wip><? wp 3
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The H(s) has two poles in new places and a zero at s =
0. This means that there is a notch at DC in the overall
conversion gain transfer function from 3 harmonic to
baseband. The loop gain transfer function has two poles
as shown in Equation (6).

T(s) = PAGS)B(s) = 222 x £ ©)
@p

In theory, such a system is always stable, but with a
good phase margin consideration, the loop convergence
response can be without ringing. Figure 16 shows the
bode diagram of open-loop system with A¢=50, wp, =
10MHz. As shown, the unity-gain bandwidth (ou) is
about 150KHz, and a phase margin of about 90°
guarantees the stability of the loop.

4. 4. Harmonic Rejection It is shown that the LC
filtering places a notch in frequency response. As
mentioned before, it is notable that the Gy, at the wanted
frequency also reduces slightly, about 1-4 dB. Figure 17
shows the 3™ harmonic rejection ratio versus input
frequency from 900MHz to 1.5GHz.

50
o
T o0
[}
o
3 50
2
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D100 ]
=
150 5 2 1 0 1 2 3
10° 10 10 10 10 10 10
-80
-100
9 120
2
£ 140
-160
180 | | | "
10° 107 10! 10° 10t 102 10°

Frequency (MHz)
Figure 16. The bode diagram of open loop system
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Figure 17. The 3" harmonic rejection ratio versus frequency,
and a comparison with the classical technique [9] (without the
calibration of gain and phase mismatches)

The results are compared with the classical harmonic
rejection technique [9]. It is mentioned in section 2 that
this technique is very sensitive to mismatches, where
the HRR is limited to around 35dB. The proposed
technique presents a more rejection.

In order to fully consider the mismatches between
different devices and their effect on the realized raised
cosine modulation, a Monte-Carlo simulation on the full
receiver is performed. This Monte-Carlo simulation
considers both of the mismatches between devices and
different process corner models for the devices. Figure
18 shows the histogram of the HRR values for the 3™
(HRR3) harmonics with a 1 GHz input signal. As
shown, the average HRR3 is about 36dB and 95% of the
samples have greater than 32 dB.

4. 5. Noise Figure and Power Consumption
Figure 19 shows the simulated noise figure of the Gnm
cell versus frequency. The result is compared with the
theoretical Equation (3). The cascode transconductors
have a static current of about 2.5mA which results in a
static power consumption of 3.75mW (with Vpp=1.5V).
Cascode architecture has not any extra power
consumption as compared to simple inverter-based Gn
cell. In comparison with [9], the proposed harmonic
rejection mixer uses only one G, cell, resulting in less
power dissipation. The calibration system consumes a
total 1.5mW. It is notable that the calibration block
operates only at the start of the system operation and it
is off after tuning. Therefore, its power consumption is
negligible.

1

0.8 H = 36
o = 4.07
0.6 N = 200

0.4

0.2 -

20 30

40 50 60
HRR3 (dB)

Figure 18. Monte-Carlo simulation results (normalized) of the
receiver for 200 runs
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Figure 19. Theoretical and simulated noise figure
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Table 2 summarize the specifications of the proposed
receiver front-end and compare it to the published state-
of-the-art SDR receivers. Several works reported a
better harmonic rejection, but the main idea is based on
conventional technique [9]: reconstructing a pseudo-
sine mixing waveform with “1:4/2:1” levels. In fact,
these works proposed a calibration method to correct the
gain and phase mismatches, resulting in a high
harmonic rejection ratio. But, in this work, a completely

1900

new concept with a few hardware requirements is
introduced. The proposed work, simulated in 130 nm
CMOS, exhibits a performance that compares well to
SDR receivers implemented in more advanced
technologies, outlining the potential of the proposed
architecture.

The receiver front-end including Gn cell, passive
mixer and sampling capacitances are laid out in 130nm
CMOS technology as shown in Figure 20.

TABLE 2. The performance summary and comparison® Without baseband processing.® Without synthesizer

This work [Igg?:rce\’,vlso] [J'\élgrcp’%] Ru [JSSC709] [JBsas%]?orisj [JS%hCe’nM]
CMOS Technology 130 nm 65 nm 40 nm 65 nm 90 nm 65 nm
Supply Voltage (V) 15 12/25 13 1.2 1/25 1.2
Frequency (GHz) 08-~4 04-~6 0.08 ~2.7 04~09 08~5 05-~3
NF (dB) 3.3@1GHz @ 55 15~25 4 5~55 55~78
HRR3 (dB) 35 (average) 40 @ 1 GHz input 35 41 > 60 38 > 45
Power Consumption (mwW) 340 37~709@ 35~78@ 60W >100 @ 250 ~ 600
Area (mm?) ~0.1® 20 20 1@ 3.8 5.9

-

ikt

A

|

300um

300um
Figure 20. Layout of the receiver front-end in 130nm CMOS
without calibration circuit

5. CONCLUSION

In this paper, an effective technique for mixer LO
harmonic rejection in a SAW-less wideband receiver
front-end is presented. The proposed technique provides
a tunable notch which can be located at any desired
frequency, e.g., at mixer LO harmonics. An analog LC
notch is used in a cascode transconductor, and it can
reject one of the 3"r 5" harmonics. This notch
frequency is tunable by using a fixed Gyrator-C active
inductor, or bond wire inductor, and a capacitor array.
Since the accurate value of inductance is not clear, a
digital foreground calibration is proposed to tune this

LC notch. The main contribution of proposed technique
is the effective use of bondwire inductance to suppress a
desired harmonic, without any significant Power/Area
overhead on overall system. The tuning phase runs in
forground, and consumes a verylow additional power.
The area overhead is limited to capacitor bank and
calibration loop, that are negligible. Post-layout
simulation results of the 130nm CMOS operating at a
1.5-V supply and consuming 34 mW show that, for a
1 GHz RF input, the receiver has a harmonic rejection
of 40 dB for the 3 harmonic. A 200-runs Monte carlo
simulation with a 1 GHz input signal results in an
average HRR3 of about 36dB.
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