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Abstract: A low power, ultra-wide-band (UWB) Low Noise Amplifier (LNA) with active notch filter
for interference rejection in the 5-6 GHZ frequency band, is designed with technology 0.18 pm
CMOS. The UWB LNA employs cascode stage incorporating the feedback structure and the current
reuse topology to ensure good input matching with minimum power consumption and noise figure.
To avoid desensitization of the UWB LNA, an active notch filter is integrated to suppress the
interference causing by the existing narrowband standard such as wireless LANs standard (WLANS)
which exceed the received ultra wideband signal power by more than 60 dB. The proposed UWB
LNA achieves a high and flat gain of 16.9 dB in the low band (3-5GHZ) and 16.3 dB in the high
band (6-10GHZ). The input and output reflection coefficient S11 and S22 are less than —9.8 dB and —
10 dB respectively. A minimum noise figure which is within the 2.3-3.2 dB. The input referred third-
order intercept point (11P3) is 3.5 dB at 7 GHz to prove the linear behavior of the proposed LNA.
The simulation of this circuit can achieve more than 23dB of attenuation at 5.3 GHZ and consumes
7.8mW. Thus, the proposed LNA is Suitable for low power and robust wireless UWB applications.
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l. INTRODUCTION

Since 2002, the Federal Communications Commission (FCC) has authorized the use of the ultra-
wideband (UWB) technology to deal with the requirement of today’s communication systems. The
ultra- wideband is a radio technology, which occupies a large spectrum from 3.1 to 10.6 GHZ with a
limited energy level settled at -41 dBm/MHZ to coexist with other existing standards. In fact, Ultra-
wideband (UWB) systems allow high data rate for short range communication and low power
consumption, which are suitable for various fields such as: Wireless personal area network, medical
image systems, digital cameras and cellular phones. However, the existing wireless LANSs standard
(WLANS) overlaps with this UWB protocol over the band 5-6 GHZ and 2.4 GHZ [2]. Regarding the
high level of the interference which exceeds the received ultra wideband signal by more than 60 dB,
the UWB receiver chain will be affected. These interferes are shown in Figure 1. It induces a
damaging effect on the received signal by causing gain compression and intermodulation products.
To cancel these interferences, UWB systems can employ the Orthogonal Frequency Division
Multiplexing (OFDM) technique which is based on using several narrowband subcarriers. Thus,
OFDM appears as a promising candidate that suppresses the inter-symbol interferences, enhances the
spectral efficiency and the data rate of wireless communication systems [15-16].
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Figure.1. Spectrum of UWB system with inerference.

Because the UWB LNA s the first block in UWB receiver, is responsible to establish the general
system sensitivity. Hence, to overcome this issue these interferences should be attenuated by
integrating a notch filter with the UWB LNA. In order to obtain high performance of the receiver
chain, a clear specification of the notch filter is summarized in Tablel.

Table 1. Specification of the Notch filter.

Standard Notch center 10dB attenuation Peak attenuation(dB)
freq (GHZ) bandwidth

GSM-1800/1900 1.85 1.7~199

802.11b/g 2.44 2.4~2.48

802.11a 5.25 5.15-5.35 >20

On the other hand, there are various topologies for designing wideband low noise amplifiers
principally incorporate, resistive shunt-feedback topology [3], the distributed configuration [9],
common-gate termination [10], and LC input network [11]. Recently, academic research has
developed an innovative structure of the wideband amplifier which incorporates a notch filter with
negative resistance [12] in order to achieve a deep out-band rejection.

This paper focuses on the design of an UWB LNA which fulfills the desired requirements with an
active notch filter and is organized as follows. After a brief introduction to the architecture of ulra-
wideband LNA with a theoretical analysis of the notch filter and its optimization given in Section II.
Section 11, shows the experimental results. Finally, conclusion is drawn in Section 1V.

II.  ANALYSIS AND DESIGN OF THE PROPOSED DUAL WIDEBAND LNA
A Dual wideband LNA design

As shown in Figure 2, the proposed LNA is a cascode stage forming by two common source
amplifiers (M1, M2). Obviously, the cascode structure increases the gain thanks to its high output
impedance, suppress the Miller effect and establish good isolation [10]. Moreover, the design
incorporates the resistive-current reuse technique which reduces the power consumption. One of the
essential challenges in designing this UWB LNA is to ensure a good rejection of the interference
covering the band 5-6 GHZ range. However, there is a trade-off between the wideband input
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matching and out-band rejection. Hence, optimum design should establish both weak interfers and
wideband input matching. In the design, the input RF signal is received by the input pad RFin and is
delivered to the first transistor M1 in order to be amplified. The series resonant circuit consisting of
the capacitor Cin and the inductor L in and the degeneration is used to establish the input wideband
matching impedance. Moreover, Cin which has the value of 2pf is used as a DC blocking capacitor.
Also, a degeneration inductor Ls which is placed in series with source enhances the stability of the
design and should be small of 0.236nH. Moreover, the PMOS transistor Mp coupled with the resistor
Rb1 are used to bias the transistor (M1) in class AB in order to ensure more linearity. On top of that,
the resistive-feedback technique is established by the two stage amplifier (M1, M2) thanks to the
resistive-capacitive shunt feedback. After being amplified by transistor M1, the output signal will be
forwarded to the gate of transistor M2.So, this current-reuse core leads immediately to share the
same bias voltage between the two transistors (M1, M2). Moreover, the two inductor load (L1, Ld)
furnish a high impedance path to authorize the DC source to flow through and the drop of voltage
among them was negligible. Assuming a drain current of 7.8mA to be drawn by transistor M1, the

calculated size for NMOS transistor M1 is approwimately 116 um under saturation [10]:

1
I = 5 Hn>ox l GS1 tn 2
=5 #nCo =V ) 1)

Where Cox = gox/Tox =8.6E-3Pf/um* , Vgs1=0. 75V (class AB operation), Vt=0.5V,
#4,C, = 387(,uA/V 2y for a typical 0.18pum CMOS-process.

i Ch2
5

Cascode UWB LNA .. _
.+ Active notch filter

Figure 2. Schematic of the proposed dual wideband CMOS LNA.
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Ld1 is connected between the two transistors in order to widen the bandwidth of frequency range. A
series peaking inductive load Lg2 is connected to the gate of M2 to double the 3dB bandwidth of the
output stage. To implement further minimum power consumption, the forward body biasing
technique is applied to transistor M2 in order to decrease the threshold voltage Where, the body bias
terminal is joining the drain pad of the transistor M2 using a current limiting resistor Rbk. Cb1 and
Cb2 are the bypass capacitor to suppress the high frequency noise from the power supply. Finally,
the capacitor Cout is playing the role of the output impedance matching circuit.

B. Input wideband matching impedance

gsZ

I_/m\l ngVasz \_| Vout

@
L ~L
C, ~C'gs2(1+=22 I"32)
- C g2Cgs2
L|_ CL C' gsz zﬂ
Cg2+ Cgs2
- F gk
Cgsl
(b)

Figure 3. (a) Schematic of the proposed wideband CMOS LNA. (b) Simplified small signal
equivalent circuit.

Achieving a wideband input matching is a relevant task. The used technique is to adopt the
traditional technique which employs a source degeneration inductor with the resistive feedback
topology to ensure acceptable input impedance matching and minimum noise over the desired
bandwidth. Our goal is to conjugate match the input port of the circuit to the signal source output
impedance Rs at a certain resonance frequency wo. Figure 3 (a) and (b) display the schematic and
simplified small-signal equivalent circuit of the proposed ultra wideband LNA. Thus, the input
impedance can be written as follows:

cgsl Cg

Zin=2,,11Z, _[ s(bs )+ g— 1 (9w LS}//zf
> (2)
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Zinl introduces the input impedance of LNA neglecting the effect of the shunt feedback branch
(RF), where gm1 and cgs are the transconductance and the gate source capacitor of transistor ML1.
However, Zf is the equivalent input impedance looking into the resistive-shunt feedback, and it can
be represented as below:
RF+[SL,_ 0t J
sc,

1
sL, /1 —
1Jr > gml i L SCL
S Cgsl(Lgl + LS )+ S(gml)LS +1

Z, =

At the low cut-off frequency, some assumptions are taken:
SL, //i =1

ScL
S?Cyer (L + Lg;) + SOy Ls; =<1

Hence, the input impedance will be equivalent to Zf and is defined from (3) as below:
R-C, 1 1

]-0— —+
gml S[gmlLLA j

z,~2, -5
Im

(4)

At high resonance frequency, the input impedance and the resonance frequency are given below:
Zin = Zin, = {S(L1 + L) + 1 +WT1LSI}
cgsl (5)

Using the conjugate matching, the high resonance frequency is determined from (5) and expressed as
below: 1

H

~ J(L+L)Cy
(6)

Where cgs = %cme.me

And Cox = gox/Tox =9.46E-3Pf/um*for a typical 0.18um CMOS-process. Thus, this gate capacitance
has the value of 131.683e-3pF for the transistor M1 which has the width 110pm. From (6), the
calculated resonance frequency is approximately 11.57 GHZ for the typical values of L1and LS1 are

H

1.2nH, 0.236nH. The same process is used to determine the low cut-off frequency F .= 620”

Combining the two resonance frequencies will establish the wide bandwidth.
C. Active notch filter

Recent research focus on designing LNA with notch filter to ensure robust wireless communication
systems [6-7]. Figure 4 (a) and (b) show the circuit design of the second order active notch filter and
its simplified small signal equivalent. From Figure 4(b) the input impedance of the filter is given by
[18]:
1 1 Oms
+—)— m + R+,

Ch2 a)zcgsscbz toe (7)
Where Cgs3, gm3, rg3 are the gate—source capacitor, transconductance, series gate resistance of
transistor M1, and RIf is the series resistor load of inductor Lf.

z

in-notch

. 1
= jolL, +—
1o ja)(C

gs3

www.ijaera.org @2017, IJA-ERA - All Rights Reserved 307


http://www.ijaera.org/

International Journal of Advanced Engineering Research and Applications Volume - 3, Issue - 6

(IJA-ERA) October - 2017

The negative term appears on (7) corresponds to the negative resistance seen at the gate of transistor
M3. To cancel all the parasitic items, it should maintain only the imaginary part of the impedance. It
leads to a suitable adjustment of the bias current I1 to vary the transductions gm3 which neglects the
effect of the series resistances RL1 and rg3. In fact, the input impedance will be expressed as below:

$?L,Cy, +1

7. =
in-notch SC (8)

eq

Where C., = Cl N Cl
b2

__vdd1

Zin—notch N L
-2 =t

q—m—ll:lvls

11 Chb2

(a)
Zin-notch N RLf Lf rg3

> AN GT—AN

Vgs3 :1:953 gmfvgs3

||II—O| I—

(b)
Figure 4. (a) Schematic of the second order active notch filter. (b) Simplified small signal equivalent
circuit.

When the impedance Znotch considering the filter is diminished, the undesired signal will be
extracted from the original path to ground. Thus, a deep rejection at this undesired frequency is
established. This frequency is noted fnotch and is determined from equation (9) as below:

f

1
notch — znm (9)
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I11.  RESULTS AND DISCUSSIONS

The proposed UWB LNA circuit integrating an active notch filter and spanning the frequency band
3.1-10.6 GHZ is simulated using Agilent Advanced Design System (ADS) using TSMC CMOS
0.18um technology. The simulation results are disclosed below.

A Gain analysis

As can be seen in Figure 5. (a), the simulated gain (S21) of the proposed LNA without active notch
filter has a high and flat gain of 16dB from 3.1 to 10.6 GHZ .Besides, Figure 5. (b) shows the
simulated gain of the UWB LNA integrating the active notch filter. It is observed at 5 .2 GHZ, there
is a deep increase in the simulated (S21) due to the minimum value of the input impedance Zin of the
notch filter at this resonnance frequency. Hence, the power gain of the LNA will be degraded to
avoid the unwanted signal.

ml m3
freq=3.100GHz freq=10.60GHz
dB(S(2,1))=16.322 dB(S(2,1))=15.281
18 ml m2 20
i //x\\/f4 3 ml 3
16 ] — m
i 15] \ [ X
14| // ] //\\ M
= 12 : g/ H
:" T /ﬁ 1 < ] /
S /1m N B /
2 1 || freq=3.100GHz A !
S sl [ | dB(S(2,1)=16.54 g ] H
4 m2 0
6 | freq=10.60GHz . m2
1 dB(S(2,1))=16.77p =1 > freq= 5.300GHz
“ ] dB(S(2,1))=-6.901
2 \ T \ \ I I 105 I I I I T T
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
freq, GHz freq, GHz
(a) (b)

Figure 5. Simulated power gain (S21) of the LNA : (a) without filter, (b) with filter.
B. Input, output matching impedance and reverse isolation.

Figure 6 shows the simulated input reflection coefficient (S11) which is well down to -9.6 dB for the
entire operating frequencies. As explained before, the input matching of the LNA is set by choosing
the optimum input matching network and using the current reuse core.

ml m2
freq= 3.100GHz freq=10.60GHz
dB(S(1,1))=-9.68 dB(S(1,1))=-10.28

N
~

16

dB(S(1,1))
B =
®

15 \
i /

_2n7

freq, GHz

Figure 6. Simulated input return loss vs frequency.
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About the output matching impedance (S22), it was a sharp increase until reaching 0 dB at frequency
5.3GHZ as displayed in Figure 7. (b). Thus, the unwanted signal is suppressed from the signal path.

ml
freq=3.100GHz

m2
freq=5.300GHz

dB(S(2,2))=-10.443 dB(S(2,2))=0.121
1\ m2
e A m1 0 Y
N freq=3.100GHz |
| dB(S(2,2))=-10.61 5] | .
P ~ | T
: 7 : 10+ o /’ \
z -10+ 1 z \\\
S 2] g 15 \\
\
7 20| \
-14-| m2 \\ /
16 freq=10.60GHz 25| \\ /
i dB(S(2,2))=-8.663 \/
>1Q T T T -30 T T T T
0 ‘2 ‘4 ‘8 ‘10 ‘12 14 0 ‘2 ‘4 ‘5 ‘8 ‘10 ‘12 14 16
freq, GHz freq, GHz
(a) (b)

Figure 7. Simulated output return loss (S22): (a) without filter, (b) with filter.

As can be seen in Figure 8, the reverse isolation metric establish a perfect value less than -30 dB over
this bandwidth to enhance the isolation between output terminal and input terminal. Using the bypass
capacitor (Cb) between the two stage amplifiers (M1, M2) and incorporating a peak inductor (Ld2)
enhance this metric.

m1l
freq=5.300GHz
dB(S(1,2))=-63.28

oo

-30

-35+

-40-]

-45

50

dB(S(1,2))

-55-| / H

-60— \ 1

-65 v
toT T \ T T T
0 2 4 6 8 10 12 14 16

Figure 8. Simulated reverse isolation (S12)vs frequency

C. Noise figure

Figure 9. (a) shows the term NF which is within 2.3-3.2 dB over the entire band 3.1-10.6 GHz
without incorporating the notch filter thanks to the resistive feedback topology. However, the use of
the active notch filter induces a rise in the interference region due to the resistive character of Q-
enhanced filter circuit.
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Figure 9. Simulated noise figure vs frequency: (a) without filter, (b) with filter.
D. Linearity

Linearity is a relevant metric to characterize the performance of the LNA. It can limit the
transmission of the effective power to the load. The commonly used parameter to define the linearity
is the the third-order intercept point (I11P3). Figure 10 discloses an I1P3 about 3.5 dB for input power
of -10dbm and frequency 7GHZ.

50

linearl
Gainl

ml
b ‘ Pin=3.500
100 - linear1=19.78y

dB(HB1.HB.Vout[::,3])

T T T T T T
-50 -40 -30 -20 -10 0 10

Figure 10. Simulated I1P3 vs frequency.
E. Stability analysis

Stability factor (K-factor) is another focus in designing the LNA. To ensure the stability of this
design, it should satisfy the following expression below:
B = 18ul” = [82l" _,

2|511||812| (10)
From figure 11. (a), the LNA complies with the condition and is is unconditionally stable over the
allotted band from 3.1 to 10.6GHZ. Whereas, in Figure 11. (b), it was a clear decrease in the
interference region (5.3 GHZ) to ensure that the LNA is not unconditionally stable due to the effect
of the notch filter to dismiss this frequency.

K; =1+
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Figure 11. Simulated stability Kf vs frequency: (a) without filter, (b) with filter.

Table 2 presents the high performance of the proposed dual- Wide-Band LNA and makes
comparison with the previously reported LNA incorporating a notch filter. The great features
furnished are a deep out-band rejection in the interference region, high and flat gain, low noise and
high linearity.

Table 2. The proposed LNA features comparison

Ref CMOS Frequency  Gain S11 S22 Nf 11P3 Rejection Year
technology  (GHZ) (dB) (dB) (dB) (dB) (dB) Gain(dB)

This | 0.18 3.1-10.6 16+0.8 <-96 <-10 23- 35 23.8@5.3GHZ 2017

work 3.2

[3] 0.18 3.1-10.6 15 <-10 N/A <2 N/A >28@5.5GHZ 2016

[4] 0.18 0.8-1.7 13-175 <-18 N/A 2.17- 7.36 N/A 2016
3.4

[5] 0.18 3.2-6.3 14.96 <-10 N/A 0.95 N/A 94@6.3GHZ 2015

[6] 0.18 3.1-10.6 18.7-10 <-10 <-11 4.8 -8.1 >20@4.75GHZ 2013

[14] |0.18 2.9-4.9 13.2 <-4 N/A 3.9 N/A 42@1.9GHZ 2012

66@8.5GHZ
[7] 0.18 1.2-9.5 14.7 <-10 <-10 5.3 -2.5 35.7@5.5GHZ 2011
[8] 0.18 3.1-10.6 16-18 <7 <-10 3.5 N/A >25@5.6GHZ 2011

N/A: not mention
IV. CONCLUSION

This paper presents circuit LNA with interference rejection using 0.18 m CMOS technology. The
proposed cascode structure employs the current-reuse core and resistance-feedback technology to
ensure wideband input matching with low power consumption and minimum noise. An active notch
filter is used to ensure the robustness to in-band interferences. It achieves a deep out-band rejection
more than 20 dB over the WLAN band at 5.3 GHZ. From 3.1 to 10.6 GHz, the power gain is higher
than 15 dB and the minimum noise figure is 2.7 dB. 1IP3 is 3.5 dB to ensure the high linearity of the
proposed LNA. Thus, the great features make the LNA suitable for robust wireless UWB
communication systems.
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