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Noise Analysis for low-voltage low-power CMOS
RF low noise amplifier

Mai M. Goda, Mohammed K. Salama, Ahmed M. Soliman

Abstract— In this paper, a noise analysis toa 1V, 1.5 GHz CMOS low-noise amplifier (LNA) was done.
The Circuit is simulated in 90 nm CMOS MOSIS. The LNA gain is 18dB , noise figure (NF) is 2dB , reverse isolation (S,,) is -36dB , input
return loss (S,,) is -12.6dB , output return loss (S,,) is -17dB , and the power consumption is 5.4 mA from a single 1 V power supply.

Index Terms— Low-noise amplifier (LNA); RF front end; Global system for mobile communication (GSM); Global positioning system
(GPS); Wireless local area network (WLAN); Advanced Design system (ADS).

1 INTRODUCTION

HE development of the high-speed wireless

communication systems puts increasing request on

integrated low-cost RF devices with multi-GHz
bandwidth operating at the lowest power consumption
and supply voltage. A wideband LNA [1], which is a key
block in the design of broadband receivers for multiband
wireless communication standards. One of the important
blocks in the receiver is the LNA. Still the challenge is
CMOS radio frequency (RF) front end circuit is for high
performance, low cost, low power consumption [4,5].
Today the present goal is to reduce the power
consumption, which leads to an increase of the battery-use
time and of cost as well [2].

2 CIRCUIT ANALYSIS

As the first active stage of receivers, LNAs play a critical
role in the overall performance and their design is
governed by a trade off among the following
parameters[3].

1) Power Dissipation

2) Noise Figure

3) Linearity

4) Gain

5) Bandwidth

6) Input Matching (antenna-LNA matching)

Doing the analysis for many circuits and calculate the
gain, the input referred noise and the noise figure trying to
minimize the noise figure as can as possible to achieve
higher performance for the overall design then studying
the S-parameter for each design to know the incident,
reflected power and the power loss in order to do
matching then checking stability and enhance it by adding
a source inductor.

2.1 Circuit analysis of Shaeffer Low Noise Amplifier
Fig. 1 is the most popular narrow-band LNA. It is

narrowband because impedance matching is only

established within a very narrow frequency range due to

the resonant nature of the reactive matching network.
Impedance matching is established by inductive
degeneration. Around the  operation frequency

w, =1/ /cgs(Ls +1L,)

the input impedance only presents a real part
Zin = gm/CysLs; detailed analysis is found in [4].

VDD

:

Fig. 1. CMOS low noise amplifier [4].

2.2 Noise analysis for Low-voltage low-power CMOS
RF LNA

To reduce the cascode number of elements, the mutual
inductance properties between two inductors were used as
shown in Fig. 2, the LNA differs by one additional
capacitor C2 compared to the typical cascode LNA. The
insertion of this capacitance adds a degree of freedom to
play with the noise performance in addition to the gain at
low-power consumption [2]. Also the input is applied on
the M1 source instead of the M1 gate, which makes the
body effect increase the equivalent transconductance of the
stage [6].
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Fig. 2. Modified cascade low noise amplifier [2].

1. Gain analysis
The voltage transfer function of the proposed circuit can
be written as follows:

V;ut
A, = v =A; %A,
_ ay5* +b,y5° +cy5% +d,ys t ey
e f252 +g,s+h,
fis?+g.s+hy
2 a3+ bys?+cs+d,
a
qu = Z;

a = sba,f; +s°(a,g, + fiby) + s*(ayhy + bygy + 3 f1)
+s3(d,f; + byhy + c39,) + s2(hy + g1dy + hycy)
+s(g,e, + hyd,) + hye,

B =s%a.f, +s*(b.f, + a,g,) + s3(cif, + b1 g, + arhy)
+s2(d, f5 + 19, + bihy) + s(dy g, + ¢ hy) + dih,

The mutual inductance M1 between L1 and L4 helps in
giving extra freedom for controlling the conversion gain
taking into account the layout fabrication limitation. Also
the body effect affects positively the LNA conversion gain.

The hand analysis equations are done using MATLAB
R2010a tool.

The Matlab results that the gain at 1.5 GHz without
including load resistance nor source resistance is 29 dB as
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shown in Fig. 5.
2. Noise performance simulation result

The NF of the presented LNA is 2.079 dB at frequency
1.5 GHz as presented in Fig. 3.

The Matlab results that the noise figure at 1.5 GHz is
2.32 dB as shown in Fig. 6.
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Fig. 3. Noise Figure

3. S-parameters simulation result

The low-voltage low-power CMOS RF LNA shown in
Fig. 2 is simulated using the ADS simulation tools. As
shown in Fig. 4 at 1.5 GHz frequency the input return loss
S11 = -12.6 , the output return loss S,, = -17 , the reverse
isolation S;, =-36.
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Fig. 4. S-parameter.
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3 COMPARISON
Table 1. Comparison of LNA performances

538

Ref. Tech. (CMOS) Freq. Supply voltage Gain NF Power
(um) (GHz) (V) (dB) (dB) (mW)
[2] 0.25 2 1 25.67 4 5.13
[7 0.2 1.9 2.25 19.7 2.37 23
[8] 0.18 2 0.29 26.25 2.2 0.96
[9] 0.18 31 1.8 14 2.66 23.7
[10] 0.09 58 15 14.6 5.5 24
[11] 0.18 2 1.2 14.8 3.1 13.4
[12] 0.09 1.76 2 23 2 2.8
[13] 0.18 5.06 0.7 20.8 3 8
[14] 0.13 2 15 14.5 2.6 17.4
[15] 0.18 2.4 5 14.951 15 300
[16] 0.09 1.76 2 23 2 5.6
[17] 0.13 24 1.2 28 2.2 4.8
[18] 0.18 3 1.8 14.49 1.89 11.7
This paper 0.09 15 1 18 2 5.4

4 T T T T

&

)

Gain (dB)

Py
=
\M
=
=
o

% | |

|
1 15 2 25 3
Freq (GHz)

Fig. 5. Gain from Matlab calculations.
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Fig. 6. Noise analysis from Matlab calculati

X0

ons.

4 CONCLUSION

low-voltage CMOS LNA based on a modification done
to the traditional cascode LNA was presented. Using
cascode elements of the reduction technique based on the
two transistors limitation to reduce the supply voltage that
leads to reduce the power consumption, which is essential
today to increase the battery life time on most applications.
The input signal is inserted in the M1 source to take the
advantage of the body effect to help increase the
conversion gain. The insertion of the capacitor C2 gives
another degree of freedom to control the LNA gain. The
LNA is simulated in standard 90nm . The LNA presented
here is useful in RF signal-processing applications, in the
front-end transceiver, WLAN.

The results from calculations is done using Matlab is so
close to simulation results.

Comparison of LNA performances is shown in Table 1.

Appendix A
Input Impedance

. L.
Vin = linsbo + St (lin + GuVsa)sls Voun = 5o
gmLs>
Vin = Iin| SLy + sLs + +
in Ln( 'g N SCgs Cgs
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gmLs>
Z.. =s(L.+L, )+ +
= sl ) + o (22
To do matching in the input impedance it will be only a
real part Z;, = R,

5Cys

J

gs
1
ot 1) =
g
w? = !

Cos(Ls + L)
The resonance frequency is
1

/Cgs(Ls + L)

Noise Analysis
neglecting flicker noise, involving source resistance R

w, =

V2 = 4KTygm R2u:

G =-2 =
" Vi Vin
y = Vi =1, (R, + Z;)
gS SCgS m m S m
G. = Im1 Iin/SCgs
™ Ly(Rs + Zy)
G = Im1
m 1 gmlLs
sCys [Rs +5(Lg + Lg) + 5Cys + Cys
Gm gml

T 1= w2Che(Ls + Ly) + jo(RyCos + GmiLs)

at resonance frequency w,, 1 — w?Cys(Ls+Ly) =0

g
1G] = gl
m S
wCys (RS + Cos )
w m
|Gl = ﬁ ,where w; = Im
WR; (1+—1€ S) gs

S

The Noise Figure NF =1+

2
Vno

2
m

Wr Ls

S

)

2

TN\ AKTY Gy Ry w?RE (1+
B AKTR,R?,,w?

2

wrlL
(T{))Z _ Ygm@*Ry (1+ R, :)

— 5
G V;ll w7

w wrL
NF =1+ (14 222) frg R,

T s
Appendix B

Vgs1 = Vist

Vgs2 = Vis2

Vin = —Vys1

Al =1+ rol(gml + gmbl)

AZ =1+ To2 (gmz + gmbz)

1
7 = 5Cgs1 +5Cpy "'m

_ 1+ SRZ(Cgsl + Csbl) + Sz(Cglez + CsblLZ)

R, +sL,

R, +sL,

/=
1+ SRZ(Cgsl + Csbl) + Sz(Cglez + CsblLZ)

1 1

7, ~ SCoar*SCam ¥ R (L1L4M12)
AV A

1 (L4 - M1)

—=5sC +sC +

z, T TR TR (Ly — My) + s(LyL,M?)

1 X

zZ, Y,

Xy =L, —M + S[Rl(cgdl + Cdbl)(L4 - M1)]

+52[(ng1 + Cdbl)(L1L4 - M12)]

Yy =R, (L, — My) +s(LyL, — M?)
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4
7 =—
1 )(1
1 1
_=SCgsz+SCsb2+ L. L. — M2
’ Ry (i14_M11)
i
7 ==
2 X2

Y, = Ry(Ly — My) +s(L,L, — M?)
X, =L —M + S[R4(Cgsz + Csbz)(Ll - M1)]
+52[(Cgsz + Csbz)(L1L4 - M12)]

I _ Vout + Vgsz

Toz — To2
o

V.:+V
Vour = — (gmzvzqsz + Gmp2Vosz + w) (R3 +sL3)

02
R, + sL
Vo [1 + g]

To2

1
= —Vys2 (gmz + Omp2 t r_) (R; +sL3)

02
Vout [7”02 + R3 + SL3]
= _V:qsz(l + GmaToz + Gmp2702) (Rs + SL3)

Vout _ _AZ(RS + SL3)
Vgs2  Toz ¥ Ry +5Ls

Voutl = ISZI
L=1,—1
1= 17’01 + gm1V:qs1 + Gmp1Vpst

Voutl +V,
_ gSl
= + Gm1Vgs1 + Gmp1Vgst

rol
Vo + V. V
_ out gs2 gs2
L = gmaVys2 + Gmp2Vgs2 + +
To2 Z,

1 1 Vout
I3 =V (gmz + Gmp2 +E+Z_2) +E

Vout1 1
_% — Vgs1 (a +*0mt gmbl)

€y

from equation (1)

VA Vot Z
Voutl [1 + ) =
To1 To2

1
+VinZI (‘I"_ +*0m T gmbl)

ol

1 1
(r,2 + Ry + sL3)Z; (gmz * Gmp2 t E + Z_z)

-V
out A, (R; +5L3)

Zy
Voutl [1 + a

1 1
Z, (1"02 +R; + 5L3)Zl (gmz + Gmp2 + E + Z_Z)

out a A, (R; +5L3)

1
+VinZI (‘I"_ +*0m T gmbl)

ol
T,
1 1 1 (r,2 + Ry +5L3) (Az + ZLZZ)
NEREI
Pt Zy Ty out To2 To2A2(R3 + 5L3)
Ay
+Vin - (2)
To1
Vour1 = Vi
Vin = (gmlvgsl + gmblvbsl + > r : )
ol
(R, +sL,)
* 2
1+ SRZ(Cgsl + Csbl) +s (CgleZ + CsblLZ)
1
(gml +gmp1 t r_) (R, + sL,)
‘/in 1 + 012
1+ SRZ(Cgsl + Csbl) +s (CgleZ + CsblLZ)
—v [%1[1 + SR, (Cgsl + Csbl) + SZ(CgleZ + CsblLZ)] + A (R, + SLZ)]
" To1[1 + SR, (Cgsl + Csbl) + SZ(Cgs1L2 + CsblLZ)]
Voutl = Vinrol
. [[1 + SRZ(Cgsl + Csbl) + sZ(Cglez + CsblLZ)] + ﬂ] 3)
(R + sLy) To1
from equation (3) in equation (2)
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Ay (Ry + sLy) — (rpy + Ry + sLs) (4, + TZO_ZZ) hy = Top A2 Ry Ry (Ly — M)
Vout
Ou TozA2(Rs + sLs) a, =154 Ly (LyLy — M%)(an + Cdbl)(Csbl + Cgsl)
- {1 _'_i} b, =17 Ry(LyLy — Mlz)(Cgsl + Cdbl)(Csbl + Cgsl)
m T,Ol

+Ly7,, (LyLy — M12)(Csb1 + Cgsl)

. {1 + SRZ (Cgsl + Csbl) + SZ(CQSlLZ + CSble) + ﬂ}

R, + sL, To1 +124 LRy (Ly — M) (Cys1 + Capr) (Copr + Cysr)
—Vi * ﬂ +A 17, Ly (L Ly — M%)(Cdm + Cgsl)
To1
1% c; =15 (LiLy — Mlz)(cdbl + Cgsl)
A, =L =4, %4,
Vin

+751 R, (L1 Ly — Mlz)(csbl + Cgsl)
a,s* + bys3 + c,5%2 +d,s + e,

4, = £,52 + g,s + h, +1r5i R Ry (Ly — Ml)(Cgsl + Cdbl)(Csbl + Cgsl)

fis*? +gis+hy ForlaRa(Ls - Ml)(CSbl " Cgﬂ)
"~ 4,83+ bys?+cs+d,

+r5 Ly (L, — Ml)(Csbl + Cgsl)

a
B +751 Ry (Ly Ly — M7)(Capy + Cyor) + LpAy (L Ly — M)
a =s%a,f, +s°(a,g, + f,b,) +s*(a,h, + b,g, + ¢
2f (ayg: + fib2) (azhy 291 2f1) +rolL2R1A1(L4-_Ml)(Cdb1+Cgsl)
+s3(dyfy + byhy + cy9,) + s*(hy + g1d; + hycy)
dy = 1oy (L1Ly — MP) + 1Ry (L, — Ml)(cdbl + Cgsl)
+s(gqe, + hyd;) + hye,
+ - +
B= 55a1f2 +s*(bsif; + a,9,) + s3(cfo + b1 g, + ashy) TorRaRa Ly Ml)(CSM C951)

+s2(d,f, + ¢;g, + by hy) +s(d, g, + c,h,) + d;h, +14 Ry (Ly — M) (Copy + Cgsl) + ARy (Ly Ly — MF)

Notes: +101 A1 R Ry (Ly = M) (Capy + Cgor) + LoArRy (Ly — My)
ay = LaTop (LyLy — M%)(Cgsz + Csbz)
+ro LA (L, — M)
by, =15, (Cgsz + Csbz)(L1L4- - M?)
e; = Rimyy (Ly — M) + 13, (L, — M) + AjR R, (L, — M)
+L3r02R4-(Cg52 + Cgbz)(Ll - M)

A
5 +A;R, Mo (Ly — My) — r_l
+1,5R;3 (Cgsz + Csbz)(L1L4- - M?) o1

— _ 2
¢ = Apop(LyLy — MP) + r022R4—(Cg52 + Csbz)(Ll - M) fo = LaTor(LyLy — M)

=r,R,(LiL, — M?) +R,L L,—M
+r02R3R4-(Cg52+Csb2)(L1_M1)+r02L3(L1 - M,) 92 = TorRo(laLs 1) iharor (s )

h, =r,,R,R;(L,— M
di =R A7, (Ly — M) +15(Ly — M) +1,,R; (L, — M) 2 01R2R1 (L4 1)
fi =To24A;L3(LyLy — M7)

91 = T R3Ay (L1 Ly — M?) + 1,5 A5 LRy (L — My)
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