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Abstract

An ultra-wideband (UWB) low-noise amplifier (LNA) has been proposed in this
paper. The effective bandwidth of noise canceling is extended. The 0.18um CMOS
technology is used in the fabrication of this amplifier. The noise figure is calculated
over 3.1-10.6-GHz along with good gain and noise figure, good linearity is also
required for the LNA to operate properly. The I-dB compression point and 11P3 point
are the characteristics measuring the linearity of the RF components.
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I. INTRODUCTION

From the last five years the demand for high-speed wireless communication
systems is growing . With a frequency spectrum allocated from 3.1 to 10.6-GHz
,ultra-wideband (UWB) is emerging as a very attractive solution for short-distance
and high data rate wireless communications. Two possible approaches have been
proposed to implement an UWB system. One uses the multi-band OFDM modulation,
while the other transmits short pulses with position or polarity modulation. Although
the standard has not been completed, a front-end wideband low noise amplifier is
indispensable regardless of the receiver architecture. The amplifier must meet several
stringent requirements. Those include broadband input matching to minimize return
loss, sufficient gain to suppress the noise of a mixer, low noise figure (NF) to enhance
receiver sensitivity, low power consumption to increase battery life, and small die
area to reduce the cost. There are several existing solutions for high frequency
wideband amplifiers in CMOS technology. Distributed amplifiers can bring the gain-
bandwidth-product (GBW) to a value close to device fT, but consume large power
and area [1]. Amplifiers employing shunt-shunt feedback are well-known for their
wideband matching capability, but require high power consumption to obtain
reasonable noise figure [2]. A multi-section LC ladder matching network has been
proposed to achieve wideband matching, low noise figure, and low power
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consumption simultaneously [3].However, the rapid growth of noise figure at high
frequencies decreases the receiver sensitivity when operating at upper bands. Besides,
the loss of inductors in the matching network contributes substantial noise, and this
makes it difficult to realize them in a small area. In this work, the concept of noise
canceling is re-exploited [4]. By using inductive series and shunt peaking techniques
and the design methodology described in this paper, broadband noise canceling
effectively lowers the noise figure over the target band under reasonable power
consumption and small die area.

Il. CIRCUIT DISCRIPTION

The proposed schematic is shown in Figure 1. A Chebyshev filter is used to
achieve resonance in the reactive part of the input impedance over the whole
frequency range of 3 to 10 GHz. Typically the Chebyshev filter consists of two
capacitors and two inductors. The Chebyshev filter works as a passband filter if
the sizes of L1, C1, L2 and C2 are selected correctly.

The proposed solution expands the basic inductively degenerated
common source amplifier by inserting an input multi section reactive network,
so that the overall reactance can be resonated over a wider bandwidth. This
input matching network is shown in the Figure 1. by a dotted square. An
inductor (L5) is placed in series with a capacitor (C3) to add flexibility to the
design. Different values of L5 and C3 would give different matching conditions.
The cascade connection of M1 and M2 improves the input output reverse
isolation and the frequency response of the amplifiers.
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Figure 1: Proposed circuit diagram.

I11.  CIRCUIT ANALYSIS

A. Gain Analysis

The input network impedance is equal to Rs/W(s) where W(s) is the Chebyshev
filter transfer function given by:
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W(s)=wL1 + (1/wCi) + wL2 1)

Note that W(s) is approximately unity in the in-band and tends to zero at
out-of-band. The impedance looking into the amplifier is therefore equal to Rs
in the in-band, and it is very high out-of-band. At high frequency the MOS
transistor acts as a current amplifier because of the channel length modulation
effect. The current gain is given by n(s) = gm/(sCt) . The current flowing into M1
is [Vi W(s)]/R, and therefore the output current is V\W(s)/(sCtR,). The load of the
LNA is a shunt peaking transistor used as a resistor.

The overall gain is:

Vout = {GMW(s)H{RL(1+sL/R.)}
Vout {GmW{s)}{PL(1+sL/BL)}

Vin {SCtRs}{1+8FR1Coutr+ sLCout} (2)

where, RL is the load resistance, L is the load inductance, and Cout is the total
capacitance between the drain of M2 and ground. That means Cout = Cgp1+Cgda,
where Cdb2 is the drain and bulk capacitance and Cgd3 is the gate and drain
capacitance of transistor M2. Equation (2) shows that the voltage gain roll is
compensated by L because it is directly connected to the drain of transistor M2.
Moreover, it shows that Cout introduces a spurious resonance with L, which must
be kept out of the band.

IV.  SIMULATION AND RESULTS

m2
freq=4.530GHz
dB(Vout/Vin)=-59.970

ma
freq=6.630GHz
dB(Vout/Vin)=-63.469

ml
freq=3.590GHz
dB(Vout/Vin)=-46.942

m3
freq=5.530GHz
dB(Vout/Vin)=-66.633

ml

dB(VoutVin)

ma
m3

L o e e e L e s e
a 5 6 7

freq, GHz
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Figure 4 : Noise factor

CONCLUSIONS

Wireless high rate communications leverage the ultra-wide unlicensed spectrum
around 60 GHz. The combination of wide bandwidths and high frequency carriers
makes the design of a transceiver CMOS IC challenging. Conventional narrowband
RF implementations circumvent the problem of delivering high gain at low power
levels by extensive use of tuned LC circuits. This work introduces that is we use a
Chebyshev filter at input stage than we can reduce the noise considerable amount .

REFERENCES

1.

Ke-Hou Chen , Jian-Hao Lu et.al “An Ultra-Wide-Band 0.4—10-GHz LNA in
0.18-_ m CMOS”, |EEE TRANSACTIONS ON CIRCUITS AND
SYSTEMS—II: EXPRESS BRIEFS, VOL. 54, NO. 3, MARCH 2007 PP 217-
221.

A Wideband Receiver for Multi-Gbit/s Communications in 65 nm CMOS
Federico Vecchi, etal IEEE JOURNAL OF SOLID-STATE CIRCUITS,
VOL. 46, NO. 3, MARCH 2011 PP 551-561.

Anuj Madan , Michael J. MC3artlin et.al “4 5 GHz 0.95 dB NF Highly Linear
Cascode Floating-Body LNA in 180 nm SOI CMOS Technology” 1EEE
MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 22,
NO. 4, APRIL 2012 PP 200-202.

J. Borremans, K. Raczkowski, and P.Wambacq, “A digitally controlled
compact 57-t0-66 GHz front-end in 45 nm digital CMOS,” in 2009 IEEE Int.
Solid-State Circuits Conf. (ISSCC) Dig. Tech. Papers, Feb 2009, pp. 429-493.
[5] High Rate 60 GHz Phy, MAC and HDMI PAL,1st ed. ECMA
International,Dec. 2008, Standard ECMA-387 [Online].
Available:http://www.ecma-nternational.org/publications/filessECMA-
ST/Ecma-387.pdf



Analysis of Low Noise Amplifier 33

6.

10.

11.

12.

13.

14.

15.
16.

17.

Wireless ~ Medium  Access Control (MAC) and  Physical Layer
(Phy)Specifications for High Rate Wireless Area Network, Amendment 2,IEEE
802.15.3c, IEEE, New York, USA, 20009.

F.Vecchi, S. Bozzola, M. Pozzoni, D. Guermandi, E. Temporiti, M.
Repossi,U. Decanis, A. Mazzanti, and F. Svelto, “A wideband mm-wave
CMOS receiver for Gb/s communications employing inter-stage coupled
resonators,” in 2010 IEEE Int. Solid-State Circuits Conf. (ISSCC)Dig. Tech.
Papers, Feb. 2010, pp. 220-221.

T. H. Lee, The Design of CMOS Radio-Frequency Integrated Circuits.
Cambridge, U.K.: Cambridge University Press, 1998.[9] B. Analui and A.
Hajimiri, “Bandwidth enhancement for transimpedance amplifiers,” IEEE J.
Solid-State Circuits, vol. 39, no. 8,pp. 1263-1270, Aug. 2004.

G. L. Matthaei, L. Young, and E. M. T. Jones, Microwave Filters,Impedance-
Matching Networks, and Coupling Structures. Norwood,MA: Artech House,
1980.

J. R. Nelson, “A theoretical comparison of coupled amplifiers with staggered
circuits,” Proc. Inst. Radio Eng., vol. 20, no. 7, pp.1203-1220, Jul. 1932,

C. H. Doan, S. Emami, A. M. Niknejad, and R. W. Brodersen, Millimeter-
wave CMOS design,” IEEE J. Solid-State Circuits, vol. 40, no.1, pp. 144-144,
Jan. 2005.

S. Bozzola, D. Guermandi, F.Vecchi, M. Repossi, M. Pozzoni, A.
Mazzanti,and F. Svelto, “A sliding IF receiver for mm-wave WLANS in 65
nm CMOS,” in Proc. 2009 IEEE Custom Integrated Circuits Conf.(CICC),
Sep. 2009, pp. 669-669.

C. K. Liang and B. Razavi, “Systematic transistor and inductor modeling for
millimeter-wave design,” IEEE J. Solid-State Circuits, vol. 44, no. 2, pp. 450—
457, Feb. 2009.

I. Zverev, Handbook of Filter Synthesis. New York: Wiley, 1967.

M. EI-Nozahi, E. Sdnchez-Sinencio, and K. Entesari, “A millimeterwave (23—
32 GHz) wideband BICMOS low-noise amplifier,” IEEE J.Solid-State
Circuits, vol. 45, no. 2, pp. 289-299, Feb. 2010.

R. A. Shafik, M. Rahman, and A. Islam, “On the extended relationship among
EVM, BER and SNR as performance metrics,” in Proc.4th Int. Conf.
Electrical and Computer Engineering, Dec. 2006, pp. 408—411.



34

Shivpraksh Palhewar et al



