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Abstract — The multi-band low noise amplifier can operates
on different frequency band. In lower band will works on
frequency band 700MHz to 1200 MHz and upper frequency
band operates on 1700MHz to 2300MHz.In this external gate
source capacitor is used for the input impedance matching.
The noise figure is 4.05 and 3.59 for lower and upper band
respectively.
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I. INTRODUCTION

With the progress of wireless communications
requirements for transceivers that can support multi-bands
and multi-standards. The key bottleneck for multiple-
standard communications is the implementation of the
low- noise amplifier. This can operate at different
frequency bands, which plays an important role in the
noise performance or sensitivity of the multi-band, multi-
standard receiver. The challenges include an input
matching, frequency response of power gain, noise figure,
and good linearity within the desired bands. A basic
approach implements multiple separated narrowband
amplifiers, each designed for a different frequency band.
Apparently this method undergoes from high power
dissipation, a large chip area.

There are three ways of implementing a multi-band
LNA. The first way is to use a separate LNA for each
standard, resulting in larger die area, higher cost and
power. The second way is to use a wideband LNA. It
offers the smaller area and power, the sensitivity suffers
with large out-of-band unwanted blocker due to the non-
linearity of the transistor. The third method is use the
concurrent dual-band LNA that offers better trade-off
between area, power and sensitivity.

The design of multi-band design of these wide band low
noise amplifiers implemented for lower and upper bands.
The lower frequency band is from 700MHz to 1200MHz
and upper frequency band from 1700MHz to 2300MHz
respectively. The main goal of this investigation is to
design and implementation of a single reconfigurable
multi-band multi-standard low noise amplifier. This low
noise amplifier will be designed in such a way that the
reconfigurability is achieved by changing of hardware
configuration to support these frequency bands. This low
noise amplifier is use for the multi-band multi-standard
mobile receiver. The multi-band low noise receiver is used
an inductively degenerated common source topology. The
IDCS topology is cover lower band as well as upper band
frequencies. This multi-band low noise amplifier is use the
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external gate source capacitor. This capacitor is used for
the input impedance matching.[1]

The paper is organized as follows: Section | gives
introduction information of multi-band low noise
amplifier. In the section Il we present the design of multi-
band low noise amplifier, mathematical calculations and
circuit diagram. In section Il circuit diagram and
simulated results such as scattering parameters, linearity
and noise figure calculation are presented. For the purpose
of design and implementation we use Agilent’s ADS
simulator. In Section IV we present the Layout
implementation, Simulation and measurement results. In
section V we present conclusion and future scope.

1. PROCEDURE

A. Design of multi-band LNA

Fig.1 indicates the schematic circuit diagram of multi-
band wideband inductively degenerated common source
LNA targeted to cover the carrier frequency range from
700 MHz to 1200 MHz for lower band and 1700 MHz a to
2300 MHz for upper band. Multi-band low noise amplifier
is used lower values of inductor because it will operate in
lower as well as upper band. The external gate source
capacitance Cg and C,, are the external capacitor
required for both the band modes respectively. The
external capacitor is used for the input impedance
matching. Cp; and Ccp, are used as load capacitance for
lower and upper band respectively. Lg, Ls, Lp, L; and Ry is
the input load inductor and load resistor. [2] [5]
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Fig.1. A Schematic Circuit Diagram of Multi-Band Low
Noise Amplifier

RFy

B. Design parameter

For the input impedance matching multi-band low noise
amplifier introduce the gate source capacitor Cex. The
values of capacitors Cex1 and Cex2 have to be determined
in such a way that the matching conditions for upper band
and lower band are fulfilled. Depending of the situation of
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transistor electronic switch SWO whether it is in ON of
OFF mode, the LNA will operate either at upper band
frequency or lower band frequency. [3]

The following equations are derived for the impedance
matching at the input of multi-band low noise amplifier.
i) For upper band mode:
The first transistor SWO is off condition.

Cex = Cexl = Cgs ex, upper band

Z (Lg + Lg) + gmil,
in, Jband = S
in,upper ,ban G S ngl T Cgs‘upper o
1
+
S(ngl + Cgs,upper band )

mllL

R, = gm s =500

ngl + Cgs,upper band

ii) For lower band mode:

Cex = Cexl + Ce><2: Cgs ex, lower band

Z (Lg + Ls) + gmiL,
in,lower band ~ S(Lg S ngl + Cgs,lower band
1
+
S(ngl + Cgs,lower band)
mllL
R, = g% - 500

ngl + Cgs,lower band

For the output impedance matching, SW1 and SW2
participates important roles in to decide the load at the
output. The on and off positions of these switches will set
the output impedance matching of the LNA either to
operate at upper band or lower band mode.

For the upper band mode SW1 has to be in ON condition
and SW2 in off condition. In this situation R; and L; is in
series. So to calculate the output impedance matching of
low noise amplifier following equations is revised.

For upper band
1

+
Rgy1Ry + 5Ly

Y = sCpy +
L upper band D1 r+ SLD

1

ZLupper band = YL band
upper ban

1
= (SC 1) (T + SLD)(Rupper band T SLl)
D

_ Rupper band T + S(Rupper band LD + TLl) + LlLDS2
1+ SCDI(Rupper band T T) + SZCDl(Ll + LD)

At lower band mode SW1 has to be in OFF condition
and SW2 in ON condition. Only R; and L, are representing
the resistance. With the total capacitance  (Cp; +
Cpy) and L will set the output impedance matching for
lower band mode.

So, for lower band

1
YLlower band = S(CDI+CD2)+T+SL +R + sL
D 1 1
1 1
o Z = = < )
L lower band YL lower band SCp lower band
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(T + SLD)(Rlower band + SLl)
_ Rlower band T T S(Rlower band LD + rLl) + LlLDS2
1+ SCD (Rlower band + T‘) + SZCD lower band (Ll + LD)

Where
R upper band =R g1*Ry and R joner band =R1

Cb, tower band=Cp1+Cp2

iii) Calculation of gain of the multi-band low noise
amplifier
Gain of upper band

Vout
521 =2X
Vin

521 = GMZl (S) X ZL upper band (S)
Gain of lower band

Vout

521=2X

in

521 = GMZI(S) X ZL lower band (S)

111. CALCULATION

Now, find out the cutoff frequency
w = 2[If = 211 x 2GHz

=12.56 G rad/sec

The value of L is arbitrary value and it should be below
0.55 nH. Unnecessary source inductance can lead to LNA
oscillations because of gain peaks at higher range
frequencies. For this design we assumed the value of 0.55
nH.

So we assume Ls=0.55 nH.
Im R, 50

— = —=——=7500G rad/sec
(Cgs + Cd) Ls /

@r = 0.1nH

The value of Q is given by

_ 1 = 8a?
Q= 1+p Wherep—sy

The parameters for p are dependent on the CMOS
technology but typically « is assumed to be 0.8 -1.0
(normally 0.9) ¢ is set to 2 - 3 times the value of (take to
be 4) y is set between 2 - 3 (normally 2)

1
Q=’1+—
p

=2.67
Evaluation of Lg
0= wo(Lg + Lg)
2R,

20QRs
wo

LG = -LS
The source degenerated inductance L can be calculated
by the following equation:

R, =-Inls =50
Cgs+Cq
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Unnecessary source inductance can lead to LNA
oscillations because of gain peaks at higher range
frequencies. For this design we assumed the values of 0.55
nH.

2 X 2.67 x50
6~ 1256 x 107
=20.70 nH
Calculation of Lp
1
0’
Assume C,=100fF
Lp =15.60 nH
To find gate source capacitance Cg,
1
w§ (Lg + Ls)

—0.55x107°

Lp

CgS upper =

1
Cos wpver = (1256 x 10°)2(21.15 nH + 0.1nH)

Cys upper = 0.298 X 10712 f
1
Cgs lower = 75+ 1
wj (L + Lg)
c _ 1
gslower ™ (593 x 109)2(43nH + 0.1nH)

Cys tower = 0.6666 X 10715 f

Calculation of Cy4

gmLs
=_Inls _-500
$ (Cgs+cd)

But the transcondutance

Im wpper = W " Cyg
9m = 500 x 10°% x 0.298 x 10712
= 0.149 mA/V
Im lower = W7 * Cys
Im lower = 500 X 10° x 0.666 x 10715
= 333.333mA/V

The above equations show that Cgy of lower band is
higher than C,, of upper band. Therefore the ending
current of low noise amplifier operating at lower band
frequency has to be higher than the ending current of the
low noise amplifier operating at upper band.

Re-arranging the equation
(Cps + Ca) =9';—SLS =500

0.00149 x 0.1 nH

0298 x 10712+ ¢,) =
( + Cy) 50

% Cy=29558x10715f

Calculation of dimension of M1

3 Gy

B 2 Cox Lmin
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Ly =0.6X10"° andT,, = 1.01 x 1078
Eox = &€&

&= a dielectric constant for silicon material =3.9
go=a dielectric constant for the free space =8.85.102
So the calculated value of

£0x=3.9+8.85.10"2

€ox

C,, === =3.14x10"3pF

ox

So

C,, =3.14 x 1073pf
oW =237um.
Calculation of Q;,

1

Qin = 20,RsCps + C4

1
T 2x12.56x109%50x(0.298x10~124295x10~15)
Qi = 245

Calculation of Gain:
The gain will be calculated by the following equation.

Gm = Qingm upper
= 3.65x 1073
Calculation of Vesecive

Im Lmin
Hn Cox w

in

Veffectivev =

M, is the device mobility=433cm/V
Vettecive=0.717V

But V, =0.67

So we need to apply total voltage
V=0.717+0.67=1.38V

Noise Figure
14
E =1+—
upper ngSQizn
E =1+ 2
upper 77 0.00149 X 50 X (2.45)2
=5.47
14
F =1+ —
lower + ngsQiZn
F =1+ 2
lower ™ = 70,333 x 50 X (0.845)2
=1.17
IV. RESULTS

I) Simulation Results for Lower Band
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Fig.7. The 11P;0f Low Noise Amplifier

The figure for the above simulation results is shown in
page no.8 the scattering parameter input reflection
coefficient S;; measures the input return loss. The input
reflection coefficient of this low noise amplifier achieved
is -32.361 dB. The scattering parameter output reflection
coefficient S,, measures the output return loss. The output
reflection coefficient of this low noise amplifier achieved
is -9.592 dB. The value of about -44.840 at peak frequency
and it is a good reverse isolation. S,; forward /power gain
of low noise amplifier achieved 5.363 dB in the
simulation. The simulated noise figure of low noise
amplifier is 4.181 dBm. The simulated value of 1IP; is
4.279 dBm and it shown in simulated figure. The circuit
has been achieved the best value of IIP; with minimum
current consumption.[4]

I1) Simulation Results for Upper Band
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noise amplifier achieved is -11.929 dB. The input
reflection coefficient should be below -10dB. The output
reflection coefficient of this low noise amplifier achieved
is -9.689 dB. Scattering parameters S, i.e. reverse
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The results are divided into two types, simulated and
measured as shown figures. The power gain S,; for the
simulated is about 6.5 dB at the center frequency while for
measured gain is about 6.5 dB. The difference between
these results is because of the parasitic values of the
component. The input return loss for simulation is -32.361
dB and measured input return loss is -11 dB. The
difference of simulated and measured is -34.30 dB.
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For S, the simulated resulted produced -9.5 dB at the
center frequency while without matching network the
measured value is -9.7 dB obtained. The reverse isolation
S1, obtained for simulated value is -45 dB and measured
values is -44.7 dB. The noise figure of the schematic
circuit is around 4.05 dB at center frequency and measured
value is 4.18 dB.

The power gain S,; for the simulated is about 8.00dB at
the center frequency while for measured gain is about 7.5
dB. The input return loss for simulation is -11.75 dB and
measured input return loss is -12.00 dB. The difference of
simulated and measured is -0.250 dB.

For S,, the simulated resulted produced -10.01 dB at the
center frequency while measured value is -10.15 dB
obtained. The reverse isolation S;, obtained for simulated
value is -34.65 dB and measured values is -34.90 dB. The
noise figure of the schematic circuit is around 3.59 dB at
center frequency and measured value is 3.62 dB.

V. CONCLUSION

The multi-band low noise amplifier can operate at
different frequency bands, which plays an important role
in the noise performance or sensitivity of the multi-band,
multi-standard receiver. The values of capacitors Cex1 and
Cex2 have to be determined the matching conditions for
upper band and lower band. For the output impedance
matching, SW1 and SW2 decide the load at the output. The
on and off positions of these switches will set the output
impedance matching of the LNA either to operate at
upper band or lower band mode.
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