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Abstract

In this paper, a CMOS low noise amplifier (LNA) for ultra-wideband (UWB) wireless
applications is presented. The proposed CMOS LNA is designed using common-gate (CG)
topology at the first stage to achieve ultra wideband input matching. The common-gate
has been cascaded with common-source (CS) current-reused configuration to enhance the
gain and noise figure (NF) performance of the LNA with low power consumption. In order
to ensure maximum power flow from CG input stage to g, boosted CS current-reused
stage, parallel-series LC matching has been used. The output-matching network is used
to improve the output reflection coefficient. The LNA is designed using standard 90 nm
CMOS process for 3.1-10.6 GHz UWB. It exhibits a power-gain (S,,;) of 19.2-20.8 dB, an
NF of 2.3-3.7 dB, a reverse-isolation (S},) of less —53.8 dB and an S,, of less than —6 dB
for the entire UWB frequency range. The proposed LNA has an input reflection coefficient
(S;,) of less than —10.6 dB for 3.1-10.6 GHz. It achieves input 1-dB compression point
(P1dB) of —17 dBm at 6 GHz and input third-order intercept point (//[P3) of —8 dBm,
while it consumes only 5.05 mW of power from a V4 supply of 0.7 V.

Keywords Common-gate - Current-reuse - Input-matching - Low noise amplifier - UWB -
Wireless communication

1 Introduction

The continuously emerging new applications of wireless communication devices lead to
the development of communication systems with low power consumption, high data rate
and wider bandwidth. Simultaneously in 2002, Federal Communications Commission
(FCC) [1] releases 3.1-10.6 GHz frequency spectrum for unlicensed operations and attract
researchers and engineers to design communication devices for UWB frequency. In last
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few years ultra-wideband (UWB) technology is proving itself as the best candidate for
designing of UWB digital applications with high data transmission rate, low complex cir-
cuits and high immunity. The UWB consists of fourteen channels each having bandwidth
of 528 MHz which are further clustered in five band-groups (BG) as shown in Fig. 1. FCC
imposed maximum upper power emission limit of —41.3 dBm/MHz on UWB channels to
avoid any inter-channel interference with neighboring channels. This motivates researchers
to design wireless communication devices for UWB.

Further, in order to survive and fulfill the requirements of current and future market
trends, the complementary metal-oxide semiconductor (CMOS) technology is prefer-
ably used to design radio frequency integrated circuits (RFICs) with low power consump-
tion, large integration and smaller size. In comparison to SiGe based HBTs, GaAs based
HEMTs and BJTs, the continuous scaling in CMOS with advanced fabrication technolo-
gies makes it now possible to fabricate RFICs as a system on chip (SOC) using CMOS,
without sacrificing the performance of RFICs [2].

The low noise amplifier (LNA) is a primary module in the receiver chain of all wireless
communication devices. Low noise figure (NF) preferably less than 3.0 dB, high flat power
gain (S,,) to amplify weak input signal received from 50 Q antenna, wideband band input-
matching, high reverse-isolation (S,,), high linearity and unconditional stability are the key
factors in defining the overall performance of the CMOS UWB receiver [3]. Simultane-
ous achievement of all the performance parameters of LNA is a very critical task as there
are trades off between these performance parameters which make the LNA design process
more critical. Input-matching and the noise figure characteristics of an UWB LNA forms
the basis for broadly categorizing the architectures of CMOS UWB LNA into two major
groups specifically: common-source and Common-gate as shown in Fig. 2.

Common-source resistive termination shown in Fig. 2a could be a way to enhance
the bandwidth of LNA [4-6]. But the inclusion of a resistance at gate of input CS tran-
sistor is not only attenuates the input signal but also adds to the noise figure of the
CS-LNA. Adding resistance at the input also puts a lower bound on the noise figure
ie.,, NF>2+4(y/a)(1/g,R,) of the CS-resistive termination LNA, where « is the ratio
of the transconductance (g,,) and zero-bias transconductance (g, of the input transis-
tor. The trade-off between power-gain (S,;) and noise figure (NF) is also seen in this
topology. Resistive-feedback shown in Fig. 2b has also been explored by many research-
ers [7-9] to achieve UWB input-matching and low NF. As, extra noise has been added
by the feedback resistor Ry, lower limit of NF is restricted to nearly 3.5 dB. CS with
inductive-degeneration (CSID) shown in Fig. 2¢ can be another solution for wideband
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Fig. 1 Ultra-wideband frequency spectrum released by FCC in the year 2002

@ Springer



A Common-Gate Current-Reuse UWB LNA for Wireless Applications...

I RFout AA | RFout ! RFout
R¢ L,
o—YYY L—| M
RF, —> "; M REn
Ls
Z
Zi, —_— in ——
(b) - () -
Zy Lg/2 Lg Lg/2
1 RFut
i [ N X J
-_— - - Z
RF,, ———- .
L,/2 L
( d) g g Lg/2 —

Fig.2 Basic wide-band LNA topologies a Common Source with resistive termination, b Common Source
with resistive feedback, ¢ Common Source with inductive degeneration, d Distributed LNA, and e Common
Gate LNA

LNA with low noise figure [6, 10, 11]. The input impedance, Z;,(») of CSID is given by
Z,(®) :ja)(Lg + LS) + (ja)Cgs)_1 + wrL,, wy is the unity gain frequency of the transis-
tor and is given by ratio of the tansconductance (g,,) and the gate-source parasitic capac-
itance (C,) of the input transistor M. Tlhe input resonance frequency (w,) of the CSID-
LNA is given by o, = ((Lg + LS)CgS)_ . The matched input quality-factor (Q;,) and the
noise figure of the CS LNA in matched condition can be expressed as (2coORS gs)
and {1 +y/ (ngsQ;zn)}’ respectively, where vy is the coefficient of the channel induced
thermal noise [6-9]. The quality factor of the CS-LNA under matching conditions is
very small and this makes CS-LNA more suitable only for the design of narrow band or
wide-band LNAs. The quality factor of CS-LNA can be increased by the use of small
input transistors. However, this in turn demands for large size of the source inductor
to resonate with small gate-source parasitic capacitance of the input transistor, which
increases the chip area. Distributed-LNAs shown in Fig. 2d, on the other hand could be
another solution for wideband LNA, but due additive nature, gain of distributed-LNA
is limited to 8—10 dB and large chip area is another major disadvantage of distributed-
LNA [12-14].

Common-gate LNA shown in Fig. 2e on the other hand provides a less complicated way
to achieve constant ultra-wideband input match by providing 1/g,, % 50 ohms [15-17]. But
noise figure of CG-LNA is higher than that of CS-LNA due to low power gain capability.
This paper reports a common-gate low noise amplifier topology, cascaded to a cascoded
common-source current-reused amplifier to design UWB LNA with flat and high power
gain by boosting up the gain and with very small power consumption.

The rest of this paper is organized as follows: Section 2 describes the circuit of the pro-
posed LNA. Circuit analysis for the proposed LNA design is given in Sect. 3. Section 3.1
describes the input matching analysis and frequency response analysis for S,;, whereas
Sect. 3.2 provides noise figure analysis for the proposed LNA design. Simulation results
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for the proposed LNA design is shown in Sect. 4 with a table of comparison with existing
LNA topologies. Finally conclusion is done in Sect. 5.

2 Proposed LNA design

Figure 3 shows the circuit diagram of the proposed LNA design. It consists of a common-
gate input stage followed by a cascoded common-source current-reused stage and an out-
put-matching circuit. The common-gate configuration at the input side has been utilized
here due to its wide-band input-matching capability with 50 Q antenna impedance. Con-
necting an inductor L at the source terminal of M, forms a parallel LC resonator with
gate-source parasitic capacitance C,; of M; as shown by the small signal model of the
proposed LNA in Fig. 4a, which decides the Q-factor of the input common-gate stage.
Parallel LC resonance circuit provides a low value of Q-factor under matching conditions
1.6.04 cGmatchea = (@C 51 Ry /2), which ensures a large input-matching bandwidth.

At the output of common-gate, the inductor L, resonates in parallel with gate-drain par-
asitic capacitance C,, of M, at 1/\/ (L41Cyq1)- The capacitor C; has been used as coupling
capacitor. The inductor L,, forms a series LC tank with gate-source parasitic capacitance
C,, of M, resonating at 1/ \/ (LgyCyy)- This forms a parallel to series LC matching network
between common-gate and common-source stage. Conceptually, the band-pass filter’s fre-
quency response can easily be achieved from this parallel-series LC matching when both
the parallel and series LC tanks resonates at the same resonance frequency and this could
be achieved when Ly, Coqy =L,,C,p- For analysis of the inter-stage matching network the
conceptual diagram of the matching network is given in Fig. 4a. In this impedance (Z) of
the parallel network can be expressed as

-1
1 . .
Zp = < +joC + > =Rp +jXp )]
out,CG

JoLy

Assuming

RFuut

Fig.3 Circuit diagram of the proposed common gate UWB current reused LNA
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Fig.4 a Small-signal model of the proposed LNA showing parallel-series LC inter-stage matching between
CG and the cascaded CS stage, b Frequency response for S,; and S,, of inter-stage matching network, with
Ry, c6=Rincs=50 Q, Cpqy =022 pF, L; =5.2 nH, L,,=2.0 nH, C,,=0.45 pF, ¢ Frequency response for
Syyand Sy with R, c=170 Q, R, ~s=50 Q

oCyyy — +Kp 2

2
U)Ldl wOdel

-1 Lo . . S .
where wy = (/L ngl) and here +sign is considered for w > @, while —sign is consid-
ered for o < wy,.

Similarly, the impedance (Zg) of the series network can be expressed as

1
Zs = <Rin cs TjoLy — > = Ry +jX; 3
s &: wcgs2 ( )
Assuming
oL L _ 2% g )
2~ = =X
¥ wC,y wywC,y

where o, = (\/ngCgsz)_l and here +sign is considered for w > @, while —sign is consid-
ered for o < .
Case-I: When o > @, after substituting (2) into (1) and (4) into (3) we have
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: 2
R()ul,CG - ]KPRDW’CG

Zp = (%)
2 p2
1 + KPRaut,CG
Zs = R, cs +JK; (6)
By forcing Rp = Ry and Xp = —X; at w = wy, we have
Rout CcG Rout cG — Rin cS
S S—— T or K?=_2&tv @ oo
2 p2 in,CS P 2 (N
1+ KPRout,CG Ram,ccRin,CS
KPRzut,CG (8)
22 =Bs
1 + KPRaut,CG
which mean that
Rr)ut,CG > Rin,CG (9)
KpRyui.c6Rincs = Ks (10)
On substituting the values of K} and K in Eqgs. (2) and (4), we have
Ly = Ry c6RinsCos2 (11)
Case-II: When o <
Similarly, Egs. (1) and (3) becomes
7 = R()ut,CG +jKPR3m’CG (12)
P 2 p2
1 + KPRuut,CG
Zg = R;, cs — JK; (13)
By forcing Rp = Ry and X, = =X at @ = w,;, we again obtained the same results of (7)

and (8). For conjugate matching, wy and w; can be expressed in terms of Kp and Ky as

given below

 KpFLyy + (K20l +4a7)”?

P®otar
wy = 5
2 2 42 2\
K Cyyr + (KSwOCgsZ + 4(00)
wy = 5
KpoRLyy + (K212, +4a?)"”
o = _ p L + (Koj Ly, + 4ay)
=

2
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1/2
2 2,42 2
—K5w;Cyp + <K5a)0Cg52 + 4a)0>

2

a7

@y =

In order to equalize Egs. (14) and (15), Eqs. (10) and (11) must be satified and similary is
the case for Egs. (16) and (17).

With the presumption of conditions that the output resistance of CG (R,,, ) and input
resistance of CS stage (R;, ) is equal to 50 Q, in a sample run of parallel-series LC match-
ing network it has been observed from Fig. 4b that the frequency response of S}, and S, for
parallel-series network shows a band-pass behavior. When R, - deviates from 50 € then
due to complex-conjugate resonance between parallel and series LC tanks, gain slightly
decreases from center frequency with an increase in the bandwidth, as shown in Fig. 4c.

In the next stage, cascoded common-source current-reused topology has been used to
achieve a very high gain with very low power consumption, which improves the overall
noise figure of the proposed LNA design. The operation of current-reused structure can
be explained using its DC and AC analysis. In DC-mode, inductor L;; and L behaves as
short circuit and provides dc-biasing voltage to M, and M;. In AC-mode, the capacitor C,
behaves as short circuit and L, resonates in parallel with gate-source parasitic capacitance
(Cys3) of M;, whereas the capacitor C; will behaves as a bypass capacitor at higher fre-
quencies of ultra wide-band. Inductor Ly; on the other hand forms parallel LC tank with
gate-drain parasitic capacitance C,g3 of Mj. Table 1 provides the component values for the
proposed LNA design.

3 Circuit analysis
3.1 Input matching analysis and frequency response of S,,

Figure 5a shows the small signal equivalent circuit common-gate stage with load imped-
ance Z,,; (w) connected at the drain of M. If Z, is the impedance looking into the source
of the common-gate transistor M, then Z (w) can be expressed as

To1 + ZLaadl (Cl))
7z () = —mMM—
X( ) 1 +gm1r01 (18)
where, Z; ,..1(®) is the total load impedance connected at drain terminal of M, and is given

by

Table 1 Component values for

Transistors No. of Fin- Inductance Capacitance Resistance
the proposed LNA ! p .

ger X W(um) X L(um) (nH) (pF) (KQ)

M, 50x50x009 L, 51 C, 20 R, 50
M,  1x90%0.09 L, 85 C 20 R, 02
M,  10x178x0.09 L, 56 C, 10

L, 036 C, 32

L, 40 C, 02

L, 09 C5 25
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Fig.5 Stage-wise small signal equivalent circuit of the proposed LNA design for input-matching and
voltge-gain analysis

Z paai (@) = joLy

1 1 .
<ch +R ||<ja>L JWT2>) R jXLoaar (@) (19)

L
j @ ng 1 gs

If Z;,(w) is the impedance of the parallel combination of Ly and C,, then Z;(w) can
be approximated as jX|, (). Therefore the input impedance of the proposed common-gate
UWB LNA can be approximated as

7, (@) == [ 1 L+ 870 ]_1
Zy(@) 1o+ Zpgaa (@)
o1 1= 8w Xpoaa1 (@) ] ™
- [8m1 _JXsl(w) To1 +JXLoaa1 (@) ]

—1
¢ - Bt Xyt (@) = > 1 L+ g1 -Tor X
ml 2 +X Mdl(co) Xﬂ(w) +X£0ad1( ) Load1

(20)

In Eq. (20) the imaginary part is dominated by the term 1 /Xcl(a)) because for the fre-
quency of interest, g,,1.7,1>X ,aq1(®@) Would be far less than r X Lna 41(@). Further,
8- X L{m 41(@) is very small as compared to the r +X§ i1 (@) and this will results in a
good wide-band input impedance matching by pr0V1d1ng a relatively constant real part.
ie., 1/g,,;. The g,,; of M is set to a large value that results in less than 50  because the
amount less by 50  will be contributed by the total load impedance connected to the drain
of M,. Simultaneously, the inductor L, is set to 5.1 nH such that it resonates with the
small valued C,, near the center frequency of UWB. The input reflection coefficient is
then approximated using the standard expression as [18]
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Sp = % (21)
mn s

Since, in the proposed LNA design the current-reused stage has been used at the second
stage and this stage has been used to improves overall performance of the LNA circuit in
terms of its noise figure and power gain. For frequency response analysis of S, the small
signal model of each stage shown in Fig. 5 has been used. The frequency response of S,;
can be approximated by calculating the transfer function of the complete LNA design. Let
Ay, Ay, Ays, Ay, and Ays are the voltage gain of respective block shown in Fig. 5. Then the
expression for the overall voltage gain (4,) can be expresses as

Vout

AV = V = AVl XAV2 XAv3 XAV4 XAVS (22)

in

— Vnurl — Vumz — Vour3 — Vout4 — Vmu
where, Ay = S, Ayy = g2, Ayy = 2, Ayy = and Ays = 7.
in outl our2 out3 outd

Applying network theorems we have

Ay, = (1+gm1r01)/(1+L> (23)

Z1 a1 (@)

AV2 =jCUR1 Cvl/((1 - w2Lg2Cg.72) +]wR1 (CgSZ + Cl (1 - szgZCgSZ)))’ (24)

AV3 = _ngZLoadZ (a)) (25)

1 .
<jwcg.‘3 VoL ) :

where, Z; ., p(@) = 1, || Z,3(w) and Z,3(0) = R,

The voltage gain A,, is given by
Avs = —8w3ZLoaa3s(®) (26)

where, Z; ;@) = 71,3

1 . . 1 . . .
( m|[]de3 ) H (]ooL2 + Jw_C4> and C,; is the miller capacitance
at drain-ground terminal of M. Finally, A, 5 can be expresses as

1

Apys = ————
YT - w?L,C,

@n

Therefore, the power gain (S,,) of the proposed common-gate current reused UWB LNA
can be expressed using the overall voltage gain A, as [18]

Vuut Zin(a))
L x2.—" XA,
\% R, +Z,(w)

s

Sy = 2. (28)

where V is the input signal source voltage and V,

Lut 18 the respective output voltage.

3.2 Noise figure analysis
Noise figure of an LNA is the key parameter in deciding the performance of a UWB

receiver. For calculating the noise-figure, small-signal noise equivalent model of the pro-
posed LNA is shown in Fig. 6. Three major noise sources have been considered here, the
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ngVgx2

Fig.6 Noise equivalent small signal model of the proposed LNA

thermal noise of antenna source resistance (Vj Rs), gate induced noise <i2gl’i3 g2> and

.2 .
w1 b, dz) due to M, and M, respectively, where

V2 = AKIRAf, 2 =4kTog,Af, 2, =4&TrgumAf, i,
>
ln,dZ
bandwidth and the equivalent gate conductances g, = <w2C2 ) / (58d01) and

gsl
8 = (aﬂ Cgsz ) /(58402 ). respectively.

Firstly, the output noise voltage due to each noise sources have been calculated here
using the voltage gain relations as follows

channel induced thermal noise <i2

2. 2 o =4kTbg A and

= 4kTyg 0, Af , with k=Boltzmann constant, 7=temperature in Kelvin, Af=noise

ZLuadl ((,())(1 + Em17o1 )

\%4 X Vi gs XAy X Ayz X Ayy X Ays

n,out,Rs = R,
(rol +ZLnad1(w))(1 + m) +Rs(1 +gmlr()l)
(29)
Z, dl(w)(1+g 1”1)R )
Vn.out,gl = - R L - X ln,gl XAVZ XAVS X AV4 XAVS
(rol +ZLuud1(w))<l + Zvl_(‘m)> +Rs(l +gm1rol)
(30)
Rs
rulZL(}udl(w)<l + m) .
Voourdl = 7 Xy gy X Ayy X Ayz X Ayy X Ays
(”ul +ZL0ad1(a)))(l + m) +Rs(1 + gmlrol)
BD
Vn,uut,gZ = _ngZin,mZ(w)ZLvadfa (CO) X in,gZ X AV4 X AVS (32)
Vn,out,d2 = _ZLoad3(w) X in,dZ X AV4 X AVS (33)

then using the Eqgs. (29)—(33), the noise figure can be approximated as
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2 2 2 2 2
Vn,aut,Rs + Vn,nut,gl + Vn,nut,dl + Vn,(mr,gZ + Vn,our,dZ
NF =
2
n,out,Rs

2
2 Ry
22 r 1+
@b Co Ry L 78m ”‘( |Za1(w>|2>

=1+
S5&m1 aR; (1 + gfnlrzl)
N s x{<1+ " ><1+ i > S
58 (1+ g1 ) A2, |ZLpaar @) |Z, (@)

R2
+< Z (Zo)|2 )(1 +gm1r01)z}
s1

RS
s @ | 0 2 @) (1 5257) 1+ 8007)
aRS ZLoadl(w)(l +gmlrol) XA%/z XA%/3

Equation (34) can further be approximated and re-written as

2
Y8m1 r‘%l (1 +R?1/|ZS1(G))| > ad

2 2 2
ngl aRS (1 +gmlral) 5gm2(1 +gmlrol) A\2/2
(35
Equation (35) reveals that in order to decrease the noise figure for the entire frequency

of interest, the large value of g,,, and g,, are preferred with the condition that |Zs1(a))|2
should also be large.

adw*C? Ry
NF ~ 1+ &

4 Results and discussions

The proposed CG current-reused UWB LNA is designed and then simulated using Cadence
Spectre-RF using standard 90 nm CMOS process. To achieve the desired performance, the
LNA is firstly designed and simulated for low noise figure with acceptable power-gain and
input-matching conditions, constrained by the power consumption for different values of
width of M, and M,. As observed from Eq. (35) g,,,; should be large to reduce noise figure.
So, W, =50 um has been selected to cope-up NF with ultra wide-band input-matching and
gain. Further, it has been observed from Eq. (35), that the width of the transistor M, is
selected in such a way that it satisfies both the power-gain and low noise figure. For this
purpose the value of W, was set to 90 pym. It has been observed from Fig. 7a—c that the S,,,
which directly proportional to g,,; was ranging from 19.2 to 20.8 dB and §,;, < —10.6 dB for
3.1-10.6 GHz, with NF was ranging from 2.3 to 3.7 dB for the frequency range of interest.

Using the small-signal model of output matching circuit shown in Fig. Se, the output
reflection coefficient can be estimated by calculating Z,,, (@) for proposed LNA and can be
expressed as

Z,(@) = (1311 (1/joCy) lljwLgs + jooLy ) [|(1/joCy) (36)
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Fig.7 Simulation results a S,, vs Frequency, b S}, vs Frequency, ¢ NF vs Frequency and d S, and §,, vs
Frequency

where C,, is the miller capacitance due to gate-drain parasitic capacitance of M;.Therefore,
S,, can be expressed as [18].

S Zout(w) B Rs
27 Zpu(@) + R, 37
The LNA achieves S,, less than —6.2 dB with an excellent reverse isolation (S;,) of less
than — 53.8 dB throughout the complete ultra-wideband range as shown in Fig. 7d.

Another important performance parameter for LNA is linearity that is to be taken care
at the time of LNA design because it defines the capability of handling the large input sig-
nals, as linearity of the LNA mainly survives due to the non-linear components presents in
expression of transconductance (g,,,) of the transistor.

So further, the LNA was simulated to find analyze linearity in terms of 1-dB compression
point (P1dB) and third order intercept point (/IP3). The simulated P/dB is — 17 dBm at which
gain of the LNA reduces by 1-dB and the output power at P1dB was 1.3 dBm as shown in
Fig. 8a—c, respectively. For IIP3, two tones test has been carried out with f; =5.995 GHz and
/>=06.005 GHz with a frequency spacing of 10 MHz and centred at 6.0 GHz. Input power has
been swept from —60 to 0 dBm and extrapolating the fundamental and the third order signal
response, it has been found that 7IP3 was nearly —8.0 dBm, as shown in Fig. 8d.

The inductors are the most area requirement components in the chip layout design for
any LNA and they are the main key components in deciding the phase linearity of the LNA
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Fig.9 a Group delay for the proposed LNA design and b stability factor (K) and delta (IAl) vs frequency

design. In order to achieve better phase linearity, the phase derivative of power-gain, also
known as group delay of the LNA should be constant at all frequencies or there should be
minimum variation in signal delay at different frequencies. The group delay of the proposed
LNA is shown in Fig. 9a and it has been observed from the figure that for 3.1-10.6 GHz fre-
quency its minimum value was 102.2 psec at 6.5 GHz and maximum value was at 219.9 psec
at 3.1 GHz with an average of +58 psec. However due the use of large sized inductors present
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Fig. 11 Simulation results for temperature variations, a S,; vs Frequency, b S,, vs Frequency and ¢ NF vs
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in common- gate stage, the group delay of the proposed LNA is not constant, but still it is
comparable with LNAs reported in [19-21], i.e., 190+ 110 psec, +28 psec, and + 115 psec,
respectively.

Beyond the NF, S-parameters, and linearity, the designed LNA should also have uncon-
ditional stability throughout the frequency of interest. The stability of an LNA can analyzed
using stability factor (K) and can be expressed [18]

K = 1- |SII|2 — |Szz|2 + 181185 = 312521|2 S
281,85

1 and A = |88y = Sa8y| < 1

(38)
The stability factor (K) was greater than 18.67 and delta was ranging from 0.04 to 0.21,
as shown in Fig. 9b, which confirms the unconditional stability of the proposed LNA in
3.1-10.6 GHz UWB frequency.

In order to analyze the effect of process and temperature variations on S}, S,; and NF,
the designed LNA was simulated at nominal-nominal (NN), slow-slow (SS) and fast—fast
(FF) process corner and different temperatures ranging from —25 to 50 °C. It has been
observed from Fig. 10 that, §;; was less than —9.5 dB, S,, was greater than 13.5 dB and
NF was less than 5.2 dB for all the given process corners. Simulation results for tempera-
ture variations on performance parameters is shown in Fig. 11 and it has observed that, S,
S,;, and NF was ranging from —21.67 to — 10 dB, 17.59 dB-22.73 dB and 2.17 dB—4.2 dB
respectively for 3.1-10.6 GHz frequency range. The chip layout diagram of the proposed
LNA is shown in Fig. 12. In chip layout, metal-1 layer having width and spacing of 5 um
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Fig. 12 Chip layout of the proposed LNA design

has been used for designing of all inductors. The Q-factor of inductors used was considered
in the range of 0.8-1.2 to ensure wide-bandwidth. Capacitors have been designed using
metal—insulator-metal (MIM) for which metal-2 and metal-3 layers have been consid-
ered and the biasing resistor R, has been design n-diffusion layer to reduce overall chip
area. The chip layout has dimension of 628.23 umx786.565 um with an overall area of
0.4941 mm®.

In order to evaluate and compare overall performance the proposed LNA with existing
LNA circuits, a scalar quantity figure-of-merit (FOM) has been used. FOM can provide
direct view regarding the quality of LNA designed because LNA described in different
literatures have different circuits, bandwidth, noise figure and other related parameters. The
figure-of-merit can be expressed as [4, 20-24]

131 ] s X BWo,

(F-1)XP,, “0)

FOM [GHz/mW| =

where it includes absolute value of S,; (1Syl,,,), 3-dB bandwidth in GHz (BWgy,), Noise
factor (F) and power consumption (P,,y). The FOM of LNA reported in this was 36 GHz/
mW which is better than the other reported LNAs in the literature. The performance of
the proposed common gate, current-reused UWB LNA is compared with the previously
reported LNAs, in Table 2, showing the advantages of the proposed LNA in terms of flat
gain, low noise figure and low power consumption.
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5 Conclusions

This paper presents a design of common-gate, low power, and low noise amplifier for wire-
less applications using 90 nm CMOS process. It utilizes common-gate at the input stage to
achieve ultra-wideband input-matching and cascaded with common-source current-reused
stage to achieve low noise figure throughout UWB. Due to the current-reused topology
it achieves a high and flat S,; of 20+0.8 dB, with a low noise figure of 2.3-3.7 dB for
3.1-10.6 GHz frequency. The LNA has §,; less than —10.6 dB for complete UWB range
and achieves input 1-dB compression point of —17 dBm at 6 GHz and input third order
intercept point of —8 dBm, while dissipating 5.05 mW of power from a 0.7 V supply. This
proves the proposed LNA design as a good solution for the UWB wireless applications.
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