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Abstract: In this paper, an ultra-low-power low-noise amplifier (LNA) at SGHz is proposed. The main focus is on precise
computation of output impedance, input impedance, and gain of the LNA. The LNA is composed of a common-source LNA
and a cascode LNA. In fact, the casode LNA can assist to have more stability by declining S12 considerably. Plus, it can be
beneficial via increasing the gain of the second stage of the final LNA. In addition, in order to emphasize the significance of
the meticulous calculations, the formulas calculated in this paper are compared with their counterparts in other papers. The
combination of two different supply voltage is mentioned as an approach to bring down the power dissipation of the circuit.
Simulation is performed by MATLAB, HSPICE, and Advanced Design System (ADS). TSMC 0.18 um CMOS process is used
to evaluate the circuit. The LNA is analyzed with two different voltage supply 0.7 ¥ and 0.9 V. The input matching (S11) is -14
dB and -16 dB for voltage supply 0.7 V and 0.9 V respectively. Plus, power dissipation, noise figure (NF), and gain (S21) are

532 uW, 944 uW, 1.25 dB, 1.05dB, 15dB, and 17dB for voltage supply 0.7 V and 0.9 V respectively.
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1. Introduction

RF receivers are composed of three integral elements,
including Mixer, Oscillator, and Low Noise Amplifier
(LNA). In fact, the main purpose of utilizing LNA is that the
signal is amplified with the lowest possible noise. The
performance of an LNA can be evaluated by Noise Figure
(NF), Scattering parameters or S-parameters, third order
intercept point (IIP3), and power dissipation (Pdiss). Each of
the aforementioned factors is to justify a specific task of an
LNA. Indeed, the performance of an LNA against noise can
be interpreted by NF. Plus, stability, impedance matching,
and gain have been analysed by S-parameters. In addition,
IIP3 represents the linearity of the circuit, and voltage supply,
the size of transistors, and power dissipation are
interdependent. Furthermore, different factors such as
topology, technology, and bandwidth have been focused
widely. Different topologies consisting of cascode, cascade,
and differential have been used and considerable results have
been achieved [1-6]. An LNA can be designed to operate at a
particular frequency, which is called narrow-band, or to
perform during a series of frequencies, which is called

wideband [7-10]. The technology has been brought down
constantly from micrometres to nanometre. In this paper, an
LNA is designed with precise calculation of input and output
impedance and gain with the intention of the lowest
possible power dissipation.

2. Proposed LNA

The design of an LNA can be carried out by the size of
transistors, s-parameters, voltage source, inductors,
capacitors, and resistors within the circuit. In other words,
voltage source and width of transistors define the bias of the
circuit, specifying power dissipation. The scattering
parameters are calculated by input and output impedance of
an LNA and elements connected to its terminals. Hence,
miscalculations in input impedance, output impedance,
equivalent circuit, and the gain might exacerbate the ultimate
results. Therefore, the more precise calculations and
equivalent circuits are, the more reliable their results will be.
The proposed LNA is composed of two stages, including a
common-source (CS) LNA and a cascode LNA,
demonstrated in figure 1.
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Figure 1. The proposed LNA.

To clarify, each stage is designed separately in order to
fulfil the purpose of the design. The first stage is designed to
have an acceptable input matching. Plus, the elements and
bias are adjusted to bring down the power dissipation. The
input impedance of the stage is given by [11-13]:

1 L am x[s

Zyy =sx(lgtls) +—— (1)
s Xcgs cgs

The approximation in (1) might bring around considerable
errors in calculation, thus needing more precise calculation.
To commence the design process precisely, each stage is
clarified separately. The first stage, CS LNA, is depicted in
figure 2 and its small signal equivalent circuit is
demonstrated in figure 3.
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Figure 2. Stage one (common-source).
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Figure 3. Small signal equivalent circuit of stage one.

The small signal equivalent circuit is solved with the
intention of extracting input impedance, output impedance,
and gain. The input impedance is given:

. NUMZINFIRST

ZlnCS B ——

DENZINFIRST
NUMZINFIRST = (rout  z02 +1d x Is x s>
+ld Xrout xs+1d Xs%z02 +Is x5 X202 +
gm Xls Xrout Xs Xzo2 + cgs x1d xIg x[s x

st +cgd XIld xIg Xls x5 +cgs xld xIg %

rout xs3 + cgd x1d xlg X rout X553 + cgs x

3
3

Id xls Xroutxs3 +cds xld XIs Xrout X s
+gm xld Xlsxroutxs2 +cgsXld xXlg%Xs
xz02 +cgd X Id ><lg><s3 X z02 +cgs xld x
Isxs° xz02 +cgd xld X Is X 53 X 202 +cgs

3

x[g x[s X 53 X 202 +cgd XIg xIs x5~ X202

+coxld xIs X 53 X202+ cgd X ld X rout x

52 X202 + cds xId X rout X 52 X z02 +cgs %X

) ) 2
lg X rout X s X 202 + cgd X Ig X rout X s X
202+cgs><ls><rout><52 X z02 +cds X Is X
rout X s% X 02+ co X Id X rout X s* x 202 +
cgsXcgd xld ><lg><ls><rouz‘><s5 +cgs Xcds
xld ><lg><ls><rout><s5 +cgd Xcds x1d xIg

xls X rout X s° +cgd X gm xld X[g xIs X rout
xs +cgs xcoXld XIg xls X 59 X 202 +cgd %X
coXld xIg xls x57 xz02 +cgs xcgd x1d x[g
Xroutxs4 xz02 +cgs X cds x1ld Xlgxroutxs4
xz02 +cgd X cds x1d Xlgxroutxs4 xXzo2 +
cgsXcgd xld XlIs X rout Xs¥ % 202 +cgs Xcds
xld x Is X rout x s X202+ cgd X cds X Id %

Is % rout x 5% x z02 +cgs Xcgd xlg x[s x
routxs4 X z02 + cgs X cds X Ig X [s X rout X

54 X z02 +cgd X cds X [g X Is Xroutxs4 X

202+ cgs X co Xld Xlgxroutxs4 xz02 +
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cgd xcoxld ><lg><rout><s4 X z02 +cgs X
coxld Xlsxroutxs4 X zo2 +cds X co X ld
xls X rout X s xz02 +cgd x gm xld x[g %
rout s> X z02 + cgd X gm xId xIs X rout X
s3 xz02+cgd X gm Xlgxlsxroutxs3 X202
+co X gmxld x s X rout X s> X z02 +cgs X
cgd xcoxld Xlgxlsxroutxs6 X202 +cgs
Xcds X co xld Xlgxlsxroutxs6 xzo2 +cgd
Xcds X co x1d Xlgxlsxroutxs6 X z02 +cgd

Xco X gm % ld ><lg><ls><r0ut><s5 Xz02)

DENZINFIRST = (s %(cgs Xrout Xzo2 +

cgd xrout Xzo2 + cgs x1d Xrout xs +cgd
xld Xrout Xs +cgs x1d xs xzo2 + cgd x1d
X$ X702 +cgs XIs X5 X z02 + cgd XIs X s %

2 2,

202+ cgs Xld XIs X s* +cgd XId XIs X s

cgs Xcgd X1d xIs X rout X s +cgs xcds x1d

xIs X rout X s +cgd X cds x1d xIs X rout X5

+cgd X gm X 1d xIs X rout X 52 +cgsxcoxld

3 3

X[s X 57 X202+ cgd XcoxXld X[s X s~ X202 +

cgs Xcgd X1d X rout X s> X z02 +cgs X cds X
Id x rout X s> X202 +cgd X cds X Id X rout X
52 Xzo2 +cgs X cgd xIs X rout X s X 202 +
cgsxcdsxlsxroutxs2 X z02 +cgd X cds %
Is % rout x s Xz02 +cgs X co xld X rout X s>

X202 +cgd X coxld X rout X s% X 202 +cgd
xgm X Id Xrout X s Xzo2 +cgd X gm X s X
rout X s X zo2 +cgs X cgd % co xId X Is X rout

4 4

Xs' X202 +cgs Xcds X co x1ld XIs X rout X s

4

xz02 +cgd Xcds X coxXld XIs Xrout s X

zo2 +cgd Xcox gmxld XIs X rout X s> x202))

In which:

rout: the output resistor of M1

z02= the impedance of output port

cgd: the capacitor seen through gate-to-drain of M1
cds: the capacitor seen through drain-to-source of M1
cgs: the capacitor seen through gate-to-source of M1
gm: transconductance of M 1

§12% 7% fx-1

f: frequency

In order to compare two formulas, the simulation results
performed by HSPICE with TSMC 0.18 pum RF are

compared in figure 4.

500

-1000 |- —+%— Imaginary part of zin calculated by proposed zin | |
—©— Imaginary part of zin simulated by HSPICE
@ Imaginary part of zin simulated by [11-13]

-1500

-2000

2500 ! L ! ! ! L i ! L
1 2 3 4 5 6 7 8 9 10 1
Frequency(Hz) x10°

100

90 1

—#— Real part of zin calculated by proposed zin
—&6— Real part of zin simulated by HSPICE
70 Real part of zin simulated by [11-13] 1

20

1 2 3 4 5 6 7 8 9 10 11
Frequency(Hz) x10°

Figure 4. The comparison of imaginary and real part of proposed zin.

The following conclusions can be deduced from figure 4:

1. The error between the proposed zin and simulated
results are approximately zero.

2. The error coming from (1) in imaginary part is
noticeable but negligible.

3. The error coming from (1) in real part is considerable
and not negligible.

4. It is implied by (1) that the elements in the output of
M1 do not play any role in zin. In (2), however, it is
proved that all elements in the output of the circuits
affect zin directly.

5. It is implied by (1) that the real part of zin does not vary
via frequency. In (2) demonstrates that it is clearly altered.

The results coming from (1) might be afflicted with the

drastic error in real part. For instance, at 7 GHz the real part
is 48 from simulation versus 92 from (1). The error is about
90%, which cannot lead into a precise design. These
comments are applicable to output impedance and gain of the
LNA. Indeed, S11, S22, and S21 are calculated by [14]:

_ zin—zo

S11

zin+zo

§20 = zout = zo (3)
zout + zo

§21=(1+s11)x (22
vin

S12 = (1+522) x ()
vout
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Owing to the fact that all the s-parameters are dependent
upon input and output impedance, the error in both of them
deteriorates the whole design. In addition, the output
impedance of the first stage is given by:

zout g = NUMZOUTFIRST
DENZOUTFIRST
NUMZOUTFIRST = (ld % (cgs X cgd x g x s %
rout + cgs X cds XIg X Is X rout + cgd X cds x
lg XIs X rout) x5° +1d X (cgsxlg xIs +cgd % 4)
lg %Is +cgd X gmxIg XIs X rout + cgs X cgd
Xls X rout X zo + cgs X cds X Is X rout X zo +
cgd X cds X Is X rout X zo) x5t +1d X(cgsxlg
Xrout + cgd X Ig X rout + cgs X Is X rout + cds

Xls Xrout + cgs XIs X zo + cgd X Is X zo + cgd %X

gmxlsxroutxzo)xs3 +1d % (Is + gm X Is X rout

+cgs Xrout X zo + cgd X rout X zo) X s2 +1d x

rout Xs)

DENZOUTFIRST = (rout +ld xs +IsXs+ gmXls

Xrout X s + cgs X rout X s X zo + cgd X rout X s X zo

+cgs><ld><lg><s3 +cgaf><laf><lg><s3 +cgsxld

3 3

+cgd><ld><ls><s3 +egs XlgXlsxs” +

3 3

X[s X s

cgd xIgxlsxs” +coXld xIsxs” +cgd xld %

rout x 5% + cds xId  rout X s + cgs xlg xrout

xs2 +cgd Xlg><r0ut><52 +cgs Xls X rout X 5%

+cds % Is X rout st +coxld Xrout st +cgs

dexsz ><zo+cgaf><la’><s2 ><zo+cgs><ls><s2

Xzo +cgd x[s % 52 X zo+cgsxcoXld xXIg xls

x5O +cgd><co><1a’><lg><ls><s5 +cgs Xcgd %

ldxlgxroutxs4 +cgs X cds x1d x[g X rout x

st +cgd Xcds x1ld Xlgxroutxs4 +cgs*xcgd

xld x Is  rout x5 +cgs xcds X ld x [s X rout x

s4 +cgd><cds><ld><ls><rout><s4 +cgs % cgd

xlg X [s X rout X s+ cgs Xcds X Ig X Is X rout

x5t + cgd xcds % lg XIs X rout X s cgs X co

4

xXld x[gxroutXs™ +cgd % coxld x[g X rout

4 4
Xs ' +cgsXcoxld XlsXroutXs " +cds % co%

Id xIs x rout x s +cgd x gmxld X Ig Xrout x

s +cgd><gm><ld><ls><rout><s3 +cgd X gmx

3

lgxlsxroutxs3 +coxgmxld xlsXrout X s

+cgs xcoxld xlsxs*

X zo+cgd xcoxld Xls
Xs4 X zo +cgs Xcgdxldxroutxs3 X zo +cgs
xcds % 1d X rout X s X zo +cgd x cds X ld x

rout xs> Xzo+cgs><cgd><ls><rout><s3 Xz0

+cgs Xcds X ls X rout X 55 X 20 +cgd X cds %

3

Is><r0ut><s3 X zo + cgs X co X ld X rout X s~ %
z0 +cgd><c0><la’><rout><s3 X zo +cgd X gm
xld X rout X s% x zo +cgd X gmXxls Xrout X s
Xz0 +cgs><cgdXco><ld><lg><ls><r0ut><56
+cgs><cds><c0><ld><Ig><ls><rout><s6 +cgd
Xcdsxcoxldxlgxlsxroutxs6 +cgd X co

Xgmxldxlgxlsxroutxss +cgsxcgd X co
><Id><ls><rout><s5 X zo +cgs X cds X cox ld %
Is X rout X s Xzo +cgd X cds X co*xld X [s X

r0ut><s5 X zo +cgd X cox gmXId X [s X rout

4

Xs ' Xz0)

The gain is given by:

. _ NUMGAINFIRST
g[lll’lCS =
DENGAINFIRST
NUMGAINFIRST = (Id Xs%z02 %(cgs Xls

xs2 — gm Xrout +cgd Xls X s2+ cgd Xrout

Xs +cgs X cgd Xlsxroutxs3 +cgs X cds X

3

lsxroutxs3 +cgd Xcds XIs X rout X s~ +

cgd X gm X Is X rout ><s2 )

DENGAINFIRST = (rout X o2 +1d xIs X s>
+d xroutXs+1ld xsXzo2+IsxsXzo2+
gmX[s Xrout X s X 202 + cgs X rout X s X zo
Xz02 +cgd X rout X s X zo X zo2 + cgs X Id %

4

lgxlsxs +cgd><ld><lg><ls><s4 +cgs X

ld><lg><r0ut><s3 +cgd %1d x g X rout x

= +cgs><ld><ls><r0ut><s3 +cds x1d x[s

Xroutxs3 +gmxld xIs Xrout ><s2 +cgs
3

dexlgxs3><202+cgd><ld><lg><s X

zo2+cgs><ld><ls><s3Xzo+cgd><ld><ls
><S3><zo+cgs><ld><ls><s3><202+cgd><
ldxlsxs3Xzo2+cgs><lg><ls><s3><zo2

+cga’><lg><ls><s3 Xzo2+c0><ld><ls><s3

2

(&)
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xz02 +cgs % ld X rout X 5% X zo +cgd xId Xrout
xs2 X zo+cgd xld X rout X 52 X 202 + cds x1d

rout X s2 X z02 + cgs X [g X rout X s2 X z02 +cgd
2

xlg X rout ><s2 X z02 +cgs XIs X rout X s~ X zo2

+cds><ls><rout><s2 X zo2 +coxld ><rout><s2 X

202+cgs><laf><s2 ><zo><zo2+cga?><la’><s2 X zo

Xz02 +cgs ><ls><s2 XzoXz02 +cgd Xls ><s2 X zo

Xz02 +cgs X cgd dexlgxlsxroutxss +cgs %

5

cdsxld xIg X[s X rout X s~ +cgd X cds X ld % [g %

4y

Is X rout X s° +cgd x gmxld X[g X[s Xrout X s
cgs><c0><ld><lg><ls><s5 X z02 + cgd XcoXld X Ig
Xlsxss ><202+cgs><cgd><ld><lg><r0ut><s4><202
+cgs><cds><ld><lg><r0ut><s4 X z02 +cgd X cds %
ldxlgxmutxs4 X z02 +cgs X cgd X 1d X [s X rout
><s4 X zo +cgsXcds XIld ><ls><r0ut><s4 X zo +cgs
Xcgdxldxlsxroutxs4 X z02 +cgd X cds X Id % s
Xroutxs4 Xzo+cgs><cds><ld><ls><rout><s4 X
202+cgd><cds><ld><ls><rout><s4 X z02 + cgs %X
cgdxlgxlsxroutxs4 X z02 +cgs X cds X [g X [s X

4

routxs4 X z02 +cgd Xcds X lg X[s X rout X s~ Xzo2

4

+cgs X coxld Xlg Xroutxs” Xzo2 +cgd X coXId %

4

lgxroutxs4 X z0o2+cgsXcoXld xIsXrout Xs " %
z02 +cds X coxld ><ls><r0ut><s4 X z02 +cgd X gm X
ldxlgxroutxs3 X z02 +cgd X gmxld x[s X rout X
s3 ><zo+cga’><gm><la’><ls><r0ut><s3 X z02 +cgd X
gmxlgxlsxroutxs3 X z0o2+cox gmxld Xl[sx
routxs3 ><202+cgs><co><ld><ls><s4><20><202+
cgdxcoxldxlsxs4 X zoXzo2 +cgs X cgd X Id %

3 3

rout X s~ X zoX zo2 + cgs X cds Xld X rout X s~ X

zo><202+cga’><caVS><la’><r01,tt><s3 XzoXz0o2 +

cgs X cgd X Is X rout x 3

3

X zo X z02 +cgs X cds
X[s X rout X s~ X zo X z02 + cgd X cds X Is X rout
><s3 ><zo><202+cgs><co><ld><r0ut><s3 X zo X
zo2 +cgd x cox Id X rout X 5 XzoXz02+cgd
Xgmxldxroutxs2 Xzo%Xz02+cgd X gmXls %
routxs2 X zo X z02 + cgs X cgd X co X ld X Ig x
Is % rout x s° X z02 +cgs X cds X coxld xIg x[s
xrout x 50 X z02+cgd X cds X coxld x g x [s x
routxs6 X z02+cgd X cox gmXId X[g X[s
rout X s> X z02 +cgs X cgd X co*xld xIs X rout
><s5 X zo X z02 + cgs X cds X co X ld X Is X rout
xs5° X zo X z02 + cgd X cds X co X ld X Is X rout

xs” X zo X z02 +cgd X co*x gmxld Xls X rout

4

Xs ' Xz0Xz02)

3. Cascode LNA

The second stage of the LNA is a cascode LNA. Indeed,
the main purpose of utilizing cascode is that the gain of the
final LNA is increased and the S12 decline significantly. The
cascode LNA and its equivalent circuit are demonstrated in
figure 5 and figure 6.

VDD2

o]

4”: v E8

S|

Figure 5. Cascode LNA.
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Figure 6. Small signal equivalent circuit of cascode LNA.

The gain of cascode is given by:

gaincas = numeas 6)
dencas
The details of (6) is represented in the Appendix. The
formulas might be considered as long and complicated.
Nevertheless, they are supposed to be solved by MATLAB
and precision should not be sacrificed for simplicity or
approximation.

4. Biasing and Design

Biasing is a significant factor by which power
consumption can be manipulated. As it can be seen in figure
1, two divergent voltage supplies are used to bias the circuit.
This technique might bring down the power consumption of

the circuit considerably. The main purpose of the CS LNA at
the first stage is a proper input impedance matching. On the
other hand, the Cascode LNA is used to increase the gain.
The first goal can be achieved by VDD1=0.5 volt. Therefore,
it is not necessary to waste power in the first stage. The
second stage, however, might need a bigger voltage to have a
better gain and this can be obtained by VDD2=0.7 volt.

Another aspect of designing the LNA is the width of
transistors, defining the current of the transistors. Plus, all
transistors should be adjusted appropriately in the strong,
moderate, or weak inversion to reduce the power dissipation.
In this paper, the width of all transistors is set to 80 pm. M1
and M2 are biased to operate in the strong inversion region
versus M3 operating in the moderate inversion region.

5. Results

The proposed LNA is simulated at 5 GHz by Advanced
Design System (ADS) and 0.18um CMOS Process is used
for all transistors. The performance is evaluated in different
situations, compared in table 1. First, the LNA is analysed by
lumped elements except transistors. Second, all elements,
including inductors, capacitors, and resistors are substituted
with their counterpart elements in 0.18 pm technology.
Ultimately, both circumstances are scrutinized by increasing
source voltages and the trade-offs are mentioned.

Table 1. Comparison of the performance against voltage sources and elements.

VDD1=0.5 VDD1=0.7 VDD1=0.9 VDD1=0.5 VDD1=0.7 VDD1=0.9

Performance VDD2=0.7 VDD2=(.7 VDD2=0.9 VDD2=(.7 VDD2=(.7 VDD2=0.9
LUMPED LUMPED LUMPED REAL REAL REAL

NF (dB) 0.49 0.45 0.368 1.247 1.164 1.044

S11 (dB) -17 -15 -15 -14 -14 -16

S12 (dB) -34 -34 -34 -36 -36 -36

S21 (dB) 21.9 22 24 15 15 17

*Pdiss (UWW) 248+288=536 379+287=666 527+423=950 246+286=532 377+286=663 524+420=944

*The first figure is the Pdiss for the first stage, and the second is for the second stage

The results are illustrated from figure 7 to figure 22. As it is expected, the results coming from lumped-elements are more

appropriate than the results with real elements.

40
i m2
] freq=5.000GHz
30—| NFmin=0.485
i m3
<E i freq=5.000GHz
SE - nf(2)=0.489
Z —
10
O T

freq, GHz

Figure 7. Noise Figure with lumped-elements.
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©
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5

freq, GHz

Figure 8. S11 with Lumped-elements.
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m
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Figure 9. S12 with Lumped-elements.
40
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20 K

dB(S(2,1))
LT
/ /

40 — ~_
i m6 T~
0] freq=5.000GHz T
dB(S(2,1))=21.963

freq, GHz

Figure 10. S21 with Lumped-elements.
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] nf(2)=1.247 NFmin=1.208
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Figure 11. Noise Figure with real elements.
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Figure 12. S11 with real elements.
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Figure 13. S12 with real elements.
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Figure 14. S21 with real elements.
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Figure 15. S22 with real elements.
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Figure 20. S21 with real components and VDD1=VDD2=0.9.
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Figure 21. S22 with real components and VDD1=VDD2=0.9.
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Gainlabs] X I[IP3[mW | f.[GHz]

FOM3 =
|NF =1|[abs]x P .[mW]

€

Owing to the fact that all significant parameters participate
in the figure of merit, the performance of the LNA might be
evaluated more precisely. The performance of the LNA is
compared with other state-of-the-art in table 2.

The stability of an LNA can be guaranteed by mu (p)
stability test given by:

20

_1-|stf -|s22f +[a]’
2x|s12[ x|s21
A=S11x522-512x521

(10)

The LNA is unconditionally stable provided that p is larger
than one. Plus, the larger p is, the more stable the LNA will be.

15—

10—

i
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Pout IMD
o
\

6 -4

POWER

Figure 23. [IP3 with real component and VDD1=0.5 and VDD2=0.7.
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Figure 24. 1IP3 with real component and VDD1=0.9 and VDD2=0.9.
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The linearity of the LNA, which is demonstrated in figure 23 and figure 24, is enhanced by increasing voltage supply to 0.9
volt. It is another trade-off between power consumption and linearity.

Table 2. PERFORMANCE SUMMARY AND COMPARISON WITH OTHER STATE-OF-THE-ART.

TECHNOLOGY Frequency Supply voltage Power (diss) S21 NF  S11 S22 11P3 FOM1 FOM2 FOM3
unit pm GHz \% mW dB dB dB dB dBm dB/mW 1/mW -
This Vdd1=0.5,
work 0.18 5 Vdd2=0.7 0.532 15 125 -14 -18 -3 28 84 211
\Tv}(l)lrsk 0.18 5 Vddl=vdd2=0.9 0.944 17 1.05 -16 -19 9 18 300 1.1914e+04
[17] 0.09 55 12 9.72 13 2.7 -11.7  -14 -3.25 1.34 0.53 1.39
[18] 0.09 55 0.6 2.1 112 3.6 -28 -14 -8.6 5.33 1.34 1.02
[19] 0.18 5 1.5 15 20 3.5 -20 -20 -9 1.33 0.54 0.34
[20] 0.18 5.8 1 222 132 25 -5.3 -103 - 0.59 0.26 -

0.18 5.8 0.7 12.5 7 268 -7.1 -123 - 0.56 0.21 -
1] 0.25 52 2 10 10 3 -30 - 0.3 1 0.32 1.77

0.25 52 2 10 11 2.17 -45 - 0.3 1.1 0.55 3.05

0.25 5.25 3 12 144 28 -11.5 -123  -1.5 1.2 0.48 1.8
[22] 0.25 5.25 3 24 16 25 -123 119 -15 0.67 0.34 1.26
[23] 0.25 5.8 2 10 8 4.8 -235  -103 10 0.8 0.12 6.84
[24] 0.18 5.7 1.8 3.96 11.47 3.4 -14 -17 - 2.89 0.79 -
[25] 0.18 5.7 1 32 164 3.5 -11 -15 - 5.12 1.67 -
[26] 0.13 5.1 0.4 1.03 103 53 -177 114 - 10.02 1.33 -
[27] 0.09 5.5 1.2 9.72 123 2.7 -103  -19 -3 1.27 0.49 0.68

0.09 55 0.6 1 92 3.6 -10 -14 -7.25 9.01 223 2.3
[28] 0.09 55 0.8 5.4 144 29 -134  -107 -6.2 2.67 1.02 1.35
[29] 0.18 5 0.6 0.9 92 45 -12 221 -16 10.22 1.76 0.23

0.18 52 0.6 1.08 10 337 -134 -106 -8.6 9.26 2.5 1.78
0] 0.18 5 0.6 1.68 141 3.65 -12.7 -14 -17.1 8.39 2.29 0.23
[31] 0.18 52 1.8 12.4 16.5 1.1 <20 -13 -11.5 1.33 1.87 7.61
[32] 0.18 5.8 1.8 3.42 94 25 -13.3  -148 -7.6 2.75 1.11 1.16
[33] 0.18 5.4 1.8 2.7 21 2.8 <10 - -23 7.78 4.59 0.125
[34] 0.09 2.6-10.2 12 72 125 3-7 <9 - - 1.74 0.47 -
[35] 0.13 5.65 12 6.4 149 48 -324 - -4.2 233 0.43 0.99
[36] 0.18 5 1.5 12 11 095 -33 -13 5 0.92 1.21 187
[13] 0.18 5.8 0.6 0.798 1121 322 -19.19 -14.67 -9 14.04 4.14 3

0.18 5.8 0.6 0.834 13.92 332 -12.74 -1338 -11.5 16.69 5.19 2.1

consumption. In addition, trade-off between power

6. Conclusion

In this paper an LNA is designed with the intention of low
power consumption, thus prolonging the life of the device. In
fact, the design revolves around precise computation for
input impedance, output impedance, and gain. Indeed, owing
to the fact that all elements, which include capacitors and
inductors, should be calculated via input impedance and
output impedance, the error stemming from the
approximation in their formulas impacts the design
extremely. An approach is proposed to use two different
supply voltages to decrease the first stage power
consumption. Indeed, the decline in the voltage supply of the
first stage is a contributing factor for an appropriate power

consumption and gain, NF, and IIP3 can be observed. Indeed,
the power consumption is increased from 532 pW to 944 uW
by boosting VDD1, and VDD2 to 0.9 volts. Plus, NF, S11,
1IP3, and S21 are enhanced from 1.247, -14, -3, and 15 to
1.044, -16, 9, and 17 respectively. Although the technology
has been scaled down to nanometre, the topology and
calculation proposed are applicable to other technologies, i.e.
0.13pm, 0.09um, and so on. Despite the fact that the LNA is
not implemented, it is declared by all other state-of-the-art
that the implemented circuit’s results are close to the
simulated circuit. Hence, it is deducible that if the LNA be
implemented, the results might be close to the simulated
results.
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Appendix
CASCODE GAIN
gaincas = numedas (11)
dencas
numcas = (loxs % zox(gm2 xro2+cds2 xro2 xs+1) X (cgslxls x s2 -gm1Xrol+cgdlxlsx 52 +cgd1xrol xs+cgslxcgdl

><ls><r01><s3'+cgs1><cds1><ls><r01><s3'+cgd1><cds1><1s><r01><s3+cgd1><gm1><1s><rol><s2 )
dencas = 1ol xzo+1r02%Xzo+1sXloXs+loXrolxs+loXro2xs+1sXsxzo+1oXs*xzo+gm2xrolXro2xzo+cgsl

2 2

><r01><s><zo2 +cgsl><ro2><s><zo2 +ng1><r01><s><zo2 +cgd1><ro2><s><zo2 +cgsl><ls><s2><zo +cgdlxIsxs” x

2 +cgd1><lo><s2 ><zo2 +gm2XloXrolxro2xs+gmlxlsXrolxsXzo+gm2XlIsXro2 Xsx

zo2 +cgs1><lo><s2 X Z0
70 +cgs2 Xrolxro2xsxzo +cgdl Xrol Xro2Xsxzo +cdslXrol Xro2 Xsxzo +cds2 Xrol xro2 Xsx zo + cgs1x1s X

3

1g><10><s4 +cgdl><ls><1g><10><s4 +cgsl><ls><10><rol><s3 +cgs1><ls><10><r02><s3 +cgs2xlsxloxro2Xs~ +

cgd1><ls><lo><r02><s3 +cdsIxlsxloxrolxs> +cds2 xIs X lo X102 X5 +cgsl><1g><lo><rol><s3 +cgslxlgxlox

3

ro2 xs +cgd1><lg><lo><rol><s3 +cgd1><lg><lo><ro2><s3 +gm1><ls><1o><rol><s2 +gm2><ls><lo><ro2><s2 +cgs2 %

2 3

loXrol X102 xs2 +cgdlxloXrolxro2xs +cds1xloxrol 102 xs2 +cds2 x 1o xrol X102 X 2 +cgslxIsxIgxs

><zo+cgd1><ls><lg><s3 ><zo+2.0><cgsl><ls><lo><s3 ><zo+cgs2><ls><1o><s3 ><zo+2.0><cgd1><ls><lo><s3 xzo +cgd2
><ls><lo><s3><zo+cgsl><lg><lo><s3 ><zo+cgd1><1g><1o><s3><zo+co><ls><1o><s3><zo+cgsl><ls><rol><s2 xzo +

cgsl><ls><r02><s2 ><zo+cgs2><ls><ro2><s2 ><zo+cgd1><ls><r02><s2 ><zo+cdsl><ls><rol><s2 X 70 +cds2 X1s Xro2 X

s2 ><Zo+cgsl><1g><r01><s2 ><Zo+cgsl><1g><r02><s2 ><Zo+cgd1><1g><rol><s2 ><Zo+cgd1><1g><r02><s2 xzo +cgsl

xlox 101X 52 ><zo+cgsl><10><ro2><s2 ><Zo+cgs2><10><rol><s2 ><Zo+2><cgdl><10><r01><s2 xzo +cgdlxloXro2 x
52 ><Zo+cgd2><10><rol><s2 ><zo+cgd2><10><r02><s2 x 20 +cds1x 10X 101 52 X 20 + cds2 X [0 X102 X 52 X 20 + O X

lox101x5Z X 70 +c0 X 10 X102 X 52 ><zo+cgsl><gm2><r01><r02><s><zo2 +cgdl><gml><rol><r02><s><zo2 +cgdlx

4 x 202 +cgsl><cgd2xls><10><s4 x 202 +cgs2><cgd1><1s><10><s4 x

x 202 +cgsl><c0><1s><10><s4 x 202 +cgd1><co><1s><1o><s4 x 202 +cgslxcgs2xls x

2 3 g0l +

gm2><rol><r02><s><zo2 +cgslxcgs2XxIsxloXs

202 + cgdlxcgd2 xlIsxlo xs™

3 %202 +cgsl><cgdl><ls><r01><s3 x 202 +cgs2><cgd1><1s><r02><s3 xz0~ +cgslxcdslxIsxrolXs

cgsl><cds2><ls><ro2><s3 x 202 +ng1><cdsl><ls><rol><s3 x 202 +cgd1><cds2><ls><ro2><s3 x 202 +cgslxcgs2xlox

rolxs> xzo2 +cgs1><cgd1><lo><r01><s3 x 202 +cgsl><cgd2><lo><rol><s3 x 202 +cgs2><cgd1><lo><rol><s3 x 7202 +

cgsl><cgd2><lo><r02><s3 x 202 +cgsl><cdsl><lo><r01><s3 x 202 +cgd1><cgd2><lo><r01><s3 x 202 +cgslxcds2xlo

X102 X §° X 202 +cgd1><cgd2><lo><ro2><s3 x 202 +cgd1><cdsl><1o><rol><s3 x 202 +cgd1><cds2><lo><r02><s3 x 202

+cgs1><co><lo><rol><s3 ><zo2 +cgs1><co><lo><r02><s3 ><zo2 +cgd1><co><lo><rol><s3 ><zo2 +cgdlxcoxloxro2x

s3 ><zo2 +cgsl><gm2><ls><ro2><s2 ><zo2 +cgd1><gm1><ls><rol><s2 ><zo2 +cgd1><gm2><ls><ro2><s2 ><zo2 +cgdlx

gmlxloxrolxs2 ><zo2 +cgs1><cgs2><rol><ro2><s2 ><zo2 +cgsl><cgd1><rol><ro2><s2 ><zo2 +cgs2xcgdlxrol Xro2

xsZ X 702 +cgsl><cdsl><rol><r02><s2 x 202 +cgsl><cds2><r01><r02><s2 x 202 +cgd1><cdsl><r01><r02><s2 X702 +

cgdl><cds2><rol><r02><s2 x 202 +gml><gm2><1s><r01><r02><s><zo+cgs1><cgs2><1s><1g><10><r02><s5

ro2 Xs

+cgslxcgdl
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5 5 5

Xlsxlgxloxrolxs
5

+cgs2xcgdl xIsxlgxloxro2xs
5

+cgslxcdslxlsxlgxloxrolxs
5

+cgslxceds2 x1lsx1gxlo

xro2Xs~ +cgdlxcdslxIsxlgxloxrolxs~ +cgdlxcds2 xlsxlgxloxro2xs +cgslxgm2xlsxlgxloxro2xs4+

cgdlxgmlxlsxlgxloxrolxs4 +cgd1><gm2><ls><1g><10><ro2><s4 +cgs1Xcgs2><ls><lo><rol><ro2><s4 +cgslxcgdl

xlsx 1o X101 X102 x5 +cgsl><cdslxls><lo><rol><ro2><s4 +cgsl><cds2><ls><lo><r01><r02><s4 +cgs2xcdslxlsxlo

4

xrol xro2 x s +cgdlxcdslxIsxloxrolXro2xs +cds]xcds2 xIs xlo o1 xr02 x s+ +cgslxcgs2xlgxloxrolx

ro2 xs +cgslxcgdl><lg><lo><rol><ro2><s4 +cgs2><cgd1><lg><10><rol><ro2><s4 +cgslxcdslxlgxloxrolxro2x

4 4

s +cgsl><cds2><lg><lo><r01><r02><s4 +cgdlxcdsl><1g><10><rol><ro2><s4 +cgdlxcds2xlgxloxrolXro2xs ™ +

cgslxcgs2><ls><1g><lo><55 ><zo+cgsl><cgd2><1s><1g><1o><s5 ><zo+cgsZ><cgdl><1s><1g><10><s5 xzo+cgdlxcgd2 x

5><zo+cgd1><co><ls><lg><lo><s5 xzo+cgslxgm2XlsxloXrolxro2x

3

ls><lg><lo><s5 x 70 +cgslxcoxlsXxlgxloxs
53 +cgs2><gm1><ls><lo><rol><ro2><s3 +cgd1><gm1><ls><lo><r01><ro2><s3 +cdslxgm2xIsxloxrolXro2xs~ +cds2
><gm1><ls><lo><rol><ro2><s3 +cgsl><gm2><lg><lo><rol><ro2><s3 +cgd1><gm1><lg><lo><rol><ro2><s3 +cgdlxgm2xIg
><lo><r01><ro2><s3 +cgsl><cg52><ls><lg><r02><s4 ><zo+cgsl><cgd1><ls><lg><r01><s4 xzo +cgs2xcgdl xIs xIg Xro2
><s4 ><zo+cgsl><cdsl><ls><lg><rol><s4 ><zo+cgsl><cds2><ls><lg><r02><s4 ><zo+cgd1><cds1><ls><lg><r01><s4 x7z0+
cgdl><cds2><ls><lg><r02><s4 Xzo+cgsl><cgs2><ls><lo><rol><s4 ><zo+cgs1><cgs2><ls><lo><ro2><s4 xzo+2Xcgslx
cgdlxlsxloxrolxs4 ><zo+cgs1><cgd2><1s><lo><rol><s4 ><zo+cgsl><cgd2><ls><lo><ro2><s4 x 7o +cgs2 xcgdlXxls x
lo><ro2><s4 ><zo+cgs2><cgd2><ls><lo><ro2><s4 ><zo+2><cgsl><cds1><1s><lo><r01><s4 xzo +cgs2XxcdslxIsxloxrol
><s4 ><zo+2><cgsl><cds2><ls><10><ro2><s4 ><zo+cgd1><cgd2><ls><lo><ro2><s4 ><zo+cgs2><cds2><ls><lo><ro2><s4 X
zo+2><cgd1><cdsl><ls><lo><r01><s4 ><zo+cgd2><cds1><ls><lo><r01><s4 ><zo+2><cgd1><cds2><ls><lo><ro2><s4 X 70
+cgd2><cds2><ls><lo><ro2><s4 ><zo+cgsl><cgs2><lg><lo><rol><s4 ><zo+cgsl><cgd1><lg><lo><r01><s4 xzo +cgslx
cgd2><lg><lo><r01><s4 ><zo+cg52><cgd1><lg><lo><r01><s4 ><zo+cgsl><cgd2><lg><lo><ro2><s4 xzo +cgslxcdslxlgx
lo><rol><s4><zo+cgd1><cgd2><lg><lo><r01><s4 ><zo+cgsl><cds2><1g><lo><r02><s4><zo+cgd1><cgd2><lg><lo><ro2><
s4 ><zo+cgdl><cdsl><1g><lo><rol><s4 ><zo+cgd1><cds2><1g><1o><ro2><s4 ><zo+cgs1><co><1s><lo><r01><s4 xzo+
cgslxcoxlsxloxro2><s4 ><zo+cgs2><co><ls><lo><ro2><s4 ><zo+cgd1><co><ls><1o><ro2><s4 xzo +cdslxcoxls X
10><rol><s4><zo+cds2><co><ls><lo><ro2><s4Xzo+cgsl><co><lg><lo><rol><s4 xzo+cgsl><co><lg><lo><ro2><s4 X
zo+cgd1><co><lg><lo><r01><s4 ><zo+cgd1><co><lg><lo><ro2><s4 ><zo+gm1><gm2><ls><lo><rol><r02><s2 +cgslx
gm2><ls><lg><r02><s3 ><zo+cgdl><gm1><ls><lg><rol><s3 ><zo+cgdl><gm2><ls><lg><ro2><s3 xzo +cgs2 XgmlXlIsx
10><rol><s3 ><zo+cgsl><gm2><ls><lo><ro2><s3 ><zo+2><cgd1><gm1><1s><lo><r01><s3 xzo +cgd2xgmlxlsxloXrol
><s3 ><zo+cgd1><gm2><ls><lo><ro2><s3 ><zo+cgd2><gm2><ls><1o><ro2><s3 ><zo+cgd1><gm1><lg><lo><r01><s3 X Z0
+co><gm1><ls><lo><r01><s3 ><zo+co><gm2><ls><lo><ro2><s3 ><zo+cgsl><cgs2><ls><rol><ro2><s3 xzo+cgslxcgdl
><ls><rol><ro2><s3 ><zo+cgsl><cdsl><ls><r01><r02><s3 ><zo+cgsl><cds2><ls><r01><ro2><s3 x 7o +cgs2xcdslxIs x
rol><ro2><s3 ><zo+cgd1><cdsl><ls><rol><ro2><s3 ><zo+cdsl><cds2><ls><rol><ro2><s3 xzo +cgslxcgs2 xlgxrolx
ro2><s3 ><zo+cgsl><cgd1><lg><rol><ro2><s3 ><zo+cgs2><cgd1><lg><r01><ro2><s3 xzo +cgslxcdslxlgXxrolxro2x

53 ><zo+cgsl><cds2><lg><rol><ro2><s3 ><zo+cgd1><cdsl><lg><r01><r02><s3 ><zo+cgdl><cds2><lg><rol><ro2><s3 X 70
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+cgsl><cgs2><lo><rol><ro2><s3 ><zo+cgsl><cgd1><lo><rol><ro2><s3 ><zo+cgs2><cgd1><lo><rol><r02><s3 xzo +cgs2
><cgd2><lo><r01><ro2><s3 ><zo+cgs1><cdsl><lo><r01><ro2><s3 ><zo+cgsl><cds2><lo><r01><ro2><s3 xzo +cgdlxcgd2
><lo><r01><ro2><s3 ><zo+cgs2><cds2><lo><r01><ro2><s3 ><zo+cgd1><cds1><lo><r01><ro2><s3 xzo+2xcgdlxcds2 x
lo><rol><ro2><s3 ><zo+cgd2><cds1><lo><r01><r02><s3 ><zo+cgd2><cds2><lo><r01><ro2><s3 xz0 +cdslxcds2 xlo x

rol><ro2><s3 ><zo+cgs2><co><lo><rol><ro2><s3 ><zo+cgd1><co><lo><r01><ro2><s3 xzo +cdslxcoxloxrolXxro2x
53 ><zo+cd52><co><lo><r01><ro2><s3 ><zo+cgsl><gm2><ls><r01><ro2><s2 ><zo+cgs2><gm1><1s><rol><r02><s2 X Z0
+cgd1><gm1><1s><rol><ro2><s2 ><zo+cdsl><gm2><ls><r01><ro2><s2 ><zo+cds2><gm1><ls><rol><ro2><s2 x 70 +cgslx
gm2><lg><rol><ro2><s2 ><zo+cgd1><gm1><lg><r01><ro2><s2 ><zo+cgd1><gm2><lg><rol><ro2><s2 x 70+ cgslxgm?2 X

lo><r01><ro2><s2 ><zo+cgd1><gm1><lo><r01><ro2><s2 ><zo+cgd1><gm2><lo><r01><ro2><s2 xzo +cgd2xgm2xloxrol

><ro2><s2 ><zo+co><gm2><lo><r01><ro2><s2 ><zo+cgsl><cgs2><cgd1><1s><lo><rol><s5 ><zo2 +cgslxcgs2xcgd2 xls x

loXT02xs° ><zo2 +cgsl><cgs2><cdsl><ls><lo><r01><s5 ><zo2 +cgsl><cgd1><cgd2><ls><lo><r01><s5 ><zo2 +cgslx

S ><zo2 +cgs2><cgd1><cgd2><ls><lo><ro2><s5 ><zo2 +cgslxcgd2xcdslxIsxloxrol xs

2 +cgs1><cgd2><cds2><1s><lo><ro2><s5 ><zo2 +cgs2xcgdlxcds2 xIs

><zo2 +cgd1><cgd2><cdsl><ls><lo><r01><s5 ><zo2 +cgdl><cgd2><cds2><ls><lo><ro2><s5 ><zo2 +cgslx

cgs2><co><ls><lo><ro2><s5 ><zo2 +cgsl><cgd1><co><1s><lo><r01><s5 ><zo2 +cgs2><cgd1><co><ls><lo><ro2><s5 ><zo2

+cgsl><cdsl><co><1s><lo><r01><s5 ><zo2 +cgs1><cds2><co><ls><lo><ro2><s5 ><zo2 +cgdlxcdslxcoxlsxloXxrolx

$ ><zo2 +cgd1><cds2><co><ls><lo><ro2><s5 ><zo2 +cgs2Xcgdl><gm1><ls><lo><rol><54 ><zo2 +cgslxcgd2 xgm?2 x

4 ><zo2 +cgd1><cgd2><gm1><ls><1o><r01><s4 ><zo2 +cgd1><cgd2><gm2><ls><lo><ro2><s4 ><zo2 +cgsl

Xco><gm2><ls><lo><ro2><s4 ><zo2 +cgd1><coxgmlxlsxloxrolxs4 ><zo2 +cgd1><co><gm2><ls><lo><r02><s4 ><zo2

+cgslXcgs2><cgd1><ls><rol><ro2><s4 ><zo2 +cgsl><cgs2xcdsl><ls><rol><ro2><s4 ><zo2 +cgslxcgdlxcds2 xIs x

4 ><zo2 +cgs2><cgd1><cdsl><ls><r01><ro2><s4 ><zo2 +cgslXcdslxcd52><ls><rol><ro2><s4 ><zo2 +

cgdl><cdsl><cds2><ls><r01><ro2><s4 ><zo2 +cgslXcgs2><cgd2><lo><rol><ro2><s4 ><zo2 +cgslxcgdlxcgd2xloXxrol

><ro2><s4 ><zo2 +cgsl><cgs2><cds2><lo><r01><ro2><s4 ><zo2 +cgs2><cgd1><cgd2><lo><rol><ro2><s4 ><zo2 +cgslxcgdl

><cds2><lo><rol><ro2><s4 ><zo2 +cgslXcgd2><cds1><lo><r01><ro2><s4 ><zo2 +cgs1Xcgd2><cds2><lo><r01><ro2><s4 X

202 +cgs2><cgd1Xcds2><lo><r01><ro2><s4 ><zo2 +cgs1><cdsl><cds2><lo><rol><ro2><s4 ><zo2 +cgdlxcgd2 xcdslxlo

><r01><r02><s4 ><zo2 +cgd1><cgd2><cds2><lo><rol><ro2><s4 ><zo2 +cgd1><cds1><cds2><lo><rol><ro2><s4 ><zo2 +cgsl

2 4><202+cgs2><cgd1><co><lo><rol><ro2><s4><

202 +cgslxcdslxcoxloxrolxro2xs ><zo2 +cgsl><cds2><co><lo><r01><ro2><s4 ><zo2 +cgdlxcdslxcoxloxrol

><ro2><s4 ><zo2 +cgd1xcds2><co><lo><rol><ro2><s4 ><zo2 +cgs1><cgd1><gm2><ls><r01><ro2><s3 ><zo2 +cgs2 xcgdl

><gm1><ls><r01><ro2><s3 ><zo2 +cgsl><cdsl><gm2><ls><rol><r02><s3 ><zo2 +cgd1><cdsl><gm2><ls><r01><r02><s3 X 70

+cgd1><cd52><gm1><ls><r01><ro2><s3 ><zo2 +cgsl><cgd2><gm2><1o><r01><ro2><s3 ><zo2 +cgdlxcgd2xgmlxloxrol

><ro2><s3 ><zo2 +cgd1><cgd2><gm2><lo><rol><ro2><s3 ><zo2 +cgd1><cds2><gm1><lo><rol><ro2><s3 ><zo2 +cgslxcox

gm2><lo><rol><ro2><s3 ><zo2 +cgd1><co><gm1><lo><r01><ro2><s3 ><zo2 +cgd1><co><gm2><lo><rol><ro2><s3 ><zo2 +

cgs2Xcds2 x1sx]loXro2Xs S

><zo2 +cgs2><cgd1><cds1><ls><lo><r01><s5 XZ0

X]o X ro2 X 55

IsXloXro2xs

rol Xro2 Xs

><cgs2><co><lo><rol><r02><s4 x 70~ +cgslxcgdl xcoxloxrol xro2xs

4

2

13
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2 +cgsl><<:g52><cgd1><1s><1g><10><r01><r02><s6 +cgslxcgs2xcdslxlsxIg

6

cgdl><gml><gm2><ls><rol><r02><s2 X Z0

xlox o1 x102 xs° +cgsl><cgd1><cds2><ls><1g><10><r01><r02><s6 +cgs2xcgdlxedslxIsxlgxloXrol xro2xs" +

cgsl><cdsl><cds2><ls><1g><10><r01><r02><s6 +cgdlxcdslxcds2xIsxlgxlo x1ol X102 xs° +cgslxcgdlxgm?2 xls %

5 5 5

Igxloxrolxro2xs~ +cgs2xcgdlxgmlxlsxlgxloXrolxro2xs +

5

+cgslxcdslxgm2XxIsxlgxloxXrol xro2Xs
cgdlxcdslxgm2xlsxlgxloxrolxXro2xs +cgdl><cds2><gm1><1s><lg><1o><r01><r02><s5 +cgslxcgs2xcgdlxIsx
lg><lo><rol><s6 ><zo+cgsl><cgs2><cgd2><1s><lg><1o><ro2><s6 ><zo+cgsl><cgs2><cds1><ls><lg><1o><rol><s6 xzo +
cgsl><cgdl><cgd2><ls><1g><10><r01><s6 ><Zo+cgsl><cg52><cds2><1s><1g><10><r02><s6 xzo+cgs2xcgdlxcgd2 xIsx
1g><10><r02><s6 ><zo+cgsl><cgd2><cdsl><ls><1g><10><r01><s6 ><Zo+cgs2><cgdl><cdsl><1s><1g><1o><r01><s6 Xzo+
cgsl><cgd2><cds2><1s><1g><10><r02><s6 ><Zo+cgs2><cgdl><cds2><1s><1g><10><r02><s6 xzo +cgdlxcgd2 xcdslxIsx
1g><10><r01><s6 ><Zo+cgdl><cgd2><cd52><1s><1g><10><r02><s6 ><Zo+cgsl><cgsZ><co><1s><1g><10><r02><s6 Xz0+
cgsl><cgdl><c0><ls><1g><10><r01><s6 ><Zo+cgs2><cgdl><co><1s><1g><10><r02><s6 xzo+cgslxcdslxcoxlsxIgxlo
xrolxs® ><Zo+cgsl><cd52><co><1s><1g><10><r02><s6 ><Zo+cgd1><cds1><co><ls><1g><10><r01><s6 xzo +cgdlxcds2
><co><ls><lg><lo><ro2><s6 ><zo+cgdlxgmlXgm2><ls><1g><lo><rol><ro2><s4 +cgs2xcgdlxgmlxIsxIgxloxrolx
$ ><Zo+cgsl><cgd2><gm2><1s><1g><10><r02><s5 ><zo+cgdl><cgd2><gm1><1s><1g><10><r01><s5 xzo +cgdlxcgd2 x

5 5 5

gm2 x]sX1gxloxro2xs” Xxzo+cgslXcoxgm2xlsxlgxloxro2xs

5

xzo+cgdlxcoxgmlxIsxlgxloxrolxs

5

xzo +cgdlxcoxgm2 xlsX1gxloXro2Xs~ Xzo+cgslxcgs2xcgdl XIs xlgxrolXro2Xs~ Xzo +cgslxcgs2 X cdsl

><1s><1g><r01><r02><s5 Xzo+cgsl><cgdl><cd52><1s><1g><r01><r02><s5 xzo+cgs2Xxcgdlxcdsl*xIsx1lgxrolxro2 x

$ ><Zo+cgsl><cdsl><cds2><ls><1g><r01><r02><s5 ><Zo+cgdl><cdsl><cd52><ls><1g><rol><r02><s5 X 70 +cgslxcgs2

><cgd1><ls><lo><r01><ro2><s5 3

5

xzo +cgslxcgs2xcgd2xIsxloxrolxro2 Xs
5

x 7o +cgslxcgs2xcdslxIsxloxrolx

5

ro2xs” xzo+cgslxcgdlxcgd2 xlsxloxrol xro2xs” xzo+cgslxcgs2xcds2X1sxloxrolXro2Xs~ Xzo +2x

cgslxcgdlxcdSZ><1s><10><r01><r02><s5 ><Zo+cgsl><cgd2><cdsl><1s><10><rol><r02><s5 xzo +cgs2xcgdlxcdslx

Isxlox 1ol Xro2 s> ><Zo+cgsl><cgd2><cds2><ls><10><r01><r02><s5 xz0o +cgs2Xcgd2 xcdsl xlsx]loxrol xro2 x

s5><zo+2><cgs1><cds1><cds2><ls><lo><rol><r02><s5 S

5

xzo +cgdlxcgd2Xxcdslxlsxloxrol xro2 xs
5

X 70 +cgs2 X

cdslxcds2xlsxloxrolxro2xs” xzo+2xcgdlxcdslXcds2 xlsXloXrolXro2xs~ xzo +cgd2Xcdslxcds2 xIs

xlo X 101X 102 X§° ><Zo+cgsl><cg52><cgd2><1g><10><r01><r02><s5 xzo+cgslxcgdlxcgd2xIgxlo X101 X102 X5

><zo+cgsl><cgs2><cds2><lg><1o><rol><ro2><s5 ><zo+cgs2><cgd1><cgd2><lg><lo><rol><ro2><s5 xzo +cgslxcgdl

><cds2><lg><lo><r01><ro2><s5 3

5

xzo +cgslxcgd2 xcdslxlgxloxrolxro2xs
5

x 70 +cgslxcgd2 x cds2 X1g x]o %

5

rol xro2xs” xzo+cgs2xcgdlxcds2xIgxloxrolXro2xs” xzo +cgsl*xcdsl*xcds2 xlgxloXrol Xro2 xs~ Xzo

+cgdl><cgd2><cds1><1g><10><r01><r02><s5 ><zo+cgdl><cgd2><cds2><1g><10><r01><r02><s5 xzo +cgdlxcdslx
cds2><lg><1o><r01><ro2><s5 ><zo+cgsl><cgs2><co><ls><1o><r01><ro2><s5 xzo +cgslxcgdlxcoxlsxloxrolxro2

><s5><zo+cgs1><cdsl><co><ls><lo><rol><r02><s5 5

5

x 70 +cgslxcds2xcoxlsxloXrolxro2xs
5

X 70 +cgs2Xcdsl x

5

coxlsxloxrolxro2xs” xzo+cgdlXxcdslxcoxlsxloxrolXro2xs” xzo +cdsl*xcds2xcoXIsxloXrolXro2xs

><zo+cgsl><cgs2><c0><1g><10><r01><r02><s5 Xzo+cgsl><cgdl><c0><1g><10Xrol><r02><s5 xzo+cgs2XxcgdlXxcox



American Journal of Networks and Communications 2019; 8(1): 1-17

lg><lo><r01><ro2><s5 ><zo+cgsl><cds1><co><lg><lo><r01><ro2><s5 ><zo+cgsl><cds2><co><lg><lo><rol><ro2><s5 X 70
+cgdl><cdsl><co><1g><10><r01><r02><s5 ><Zo+cgdl><cds2><co><1g><10><r01><r02><s5 xzo+cgslxcgdlxgm2xlsxIg
xrol xro2 xs” ><zo+cgs2xcgdlxgml><ls><lg><rol><ro2><s4 Xzo+cgs1Xcdslxgm2><ls><lg><r01><ro2><s4 xzo +
cgdl><cdslXgm2><ls><lg><rol><ro2><s4 Xzo+cgd1Xcds2xgml><ls><lg><rol><ro2><s4 xzo+cgslxcgdlxgm2xlsxlo
xrol xro2 xs” ><zo+cgs2xcgdlxgmlxlsxloxrolxr02xs4 Xzo+cgsl><cgd2Xgm2><ls><lo><rol><r02><s4 X 70 +cgs2
><cgd2><gm1><ls><lo><rol><r02><s4 ><zo+cgsl><cds1Xgm2><ls><lo><rol><ro2><s4 xzo +cgdlxcgd2xgmlxIsxloxrol
xro2 x5 ><zo+cgs2><cd52><gm1Xls><lo><rol><ro2><s4 ><zo+cgdlxcdslxgm2><ls><lo><rol><ro2><s4 xzo+2xcgdl
><cds2Xgml><1s><lo><rol><ro2><s4 ><zo+cgd2Xcdsl><gm2><1s><lo><r01><ro2><s4 xzo +cgd2xcds2xgmlxlsxloxrol
xro2 x5 ><zo+cgsl><cgd2Xgm2><lg><lo><rol><ro2><s4 ><zo+cgd1Xcgd2xgml><lg><lo><rol><ro2><s4 xzo +cgdlx
cgd2Xgm2><lg><lo><rol><ro2><s4 ><zo+cgdlxcdSZXgmlxlg><lo><rol><ro2><s4 xzo+cgslxcoxgm2xIsxloxrol x
ro2 xs™ Xzo+cgs2><coxgml><1s><lo><rol><ro2><s4 Xzo+cgd1><co><gm1><ls><lo><rol><ro2><s4><zo+cdsl><co><gm2
xlsx 10X 1ol X102 s Xzo+cd52><co><gm1><15><10><rol><ro2><s4 ><zo+cgsl><co><gm2><1g><10><rol><ro2><s4 X Z0
+cgd1><coxgml><1g><10><rol><ro2><s4Xzo+cgd1><co><gm2><lg><lo><r01><ro2><s4 xzo +cgdlxgmlxgm?2XxlsxIgx

ro1X 102 x5 ><zo+cgdlxgmlxgm2><1s><lo><r01><ro2><s3Xzo+cgd2><gm1Xgm2><ls><lo><rol><ro2><s3xzo+co><

gm1><gm2><ls><lo><r01><ro2><s3 ><zo+cgsl><cgs2><cgd1><cgd2><ls><10><r01><ro2><s6 x 202 +cgslxcgs2xcgdl xcds2

xls x 10X 101 X102 x50 x 202 +cgsl><cgs2><cgd2><cdsl><1s><lo><r01><ro2><s6 x 202 +cgslxcgs2Xxcdslxcds2X1s x1o %

rolxro2 xs® x 702 +cgsl><cgd1><cgd2><cd52><ls><lo><rol><ro2><s6

xs0 x 702 +cgsl><cgd2><cdsl><cds2><ls><lo><rol><ro2><s6 x 202 +cgs2xcgdlxcdslxcds2xlsxloXrolXro2xs™ Xzo

+cgd1><cgd2><cdsl><cds2><ls><lo><r01><ro2><s6 x 202 +cgsl><cgs2><cgd1><co><1s><lo><rol><ro2><s6 x 202 +cgslxcgs2

xeds1 % coxIs 1o x 101 x102 x50 x 70 +cgs1><cgd1><cds2><co><ls><1o><r01><ro2><s6

xlox101x102 x50 X 702 +cgsl><cds1><cds2><co><ls><lo><rol><ro2><s6 x 202

xs0 x 702 +cgsl><cgd1><cgd2><gm2><ls><lo><r01><ro2><s5

5

x 202 +cgs2xcgdlxcgd2xcdslxlsxloxrol xro2
6 2

x 702 + cgs2xcgdl xcdslxcoxls

+cgdlxcdslxcds2xcoxIsxloxrolxro2

x 702 +cgs2><cgd1><cgd2><gm1><ls><lo><r01><ro2><s5 x 202

5 2

+cgslxcgd2xedslxgm2 X1sXloXrolxXro2xs ><202+cgs2xcgdlXcds2Xgml><ls><10><rol><ro2><s xz0~ +cgdlx

cgd2><cdsl><gm2><ls><lo><r01><ro2><s5 x 202 +cgd1><cgd2><cds2><gm1><ls><1o><r01><ro2><s5 x 202 +cgslxcgdlxco

5 5><202+cgs1><cdsl><co><gm2><ls><lo

5

xgm2 xlsx]loXrolxro2 xs x 202 +cgs2xcgdlxcoxgmlXlsxloxrolXro2xs

X101 X102 X5° X 202 +cgd1><cdsl><co><gm2><ls><lo><r01><ro2><s5 x 202 +cgdlxcds2xcoxgmlXxlsXloXrolxro2xs

><zo2 +cgdlXcgd2xgmlxgm2><ls><lo><rol><ro2><s4 ><zo2 +cgd1><coxgml><gm2><ls><lo><r01><ro2><s4 ><zo2 +cgsl

><cgs2><cgdl><cgd2><1s><1g><10><r01><r02><s7 ><zo+cgs1><cgs2><cgdl><cd52><1s><1g><10><r01><r02><s7 X z0o +cgslx
7 7

7 7

cgs2xcgd2xcdslxlsxIgxloxrolXro2xs’ xzo+cgslxcgs2xcdslxcds2XxIsxlgxloxrol xro2xs’ xzo +cgslx

cgdlxcgd2xcds2xlsx1lgxloxrolxro2xs’ xzo+cgs2xcgdlxcgd2XxcdslxIsxlgxloxrolxro2xs’ xzo+cgslx

cgd2><cdsl><cds2><1s><1g><10><r01><r02><s7 ><zo+cgs2><cgdl><cdsl><cds2><1s><1g><10><r01><r02><s7 xzo+cgdlxcgd2

><cdsl><cd52><1s><1g><10><r01><r02><s7 ><Zo+cgsl><cgs2><cgdl><co><ls><1g><10><r01><r02><s7 xz0 +cgslXxcgs2 xcds1x

co><ls><1g><lo><r01><ro2><s7 ><zo+cgsl><cgd1><cds2><co><ls><lg><lo><r01><ro2><s7 x 70 +cgs2xcgdlxcdslxcoxlsxlg

15
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xloX 101X 102 X5/ ><zo+cgsl><cdsl><cds2><co><ls><lg><lo><r01><ro2><s7 xzo +cgdlXxcdslxcds2 xcoxlsx1gx]ox

rolxro2xs’ ><zo+cgsl><cgd1><cgd2><gm2><ls><lg><lo><r01><ro2><s6 x 70 +cgs2xcgdlxcgd2 xgmlxlsxlgxlox

rolxro2 xs® ><zo+cgsl><cgd2><cdsl><gm2><ls><lg><10><r01><ro2><s6 xzo +cgs2xcgdlxcds2xgmlxls x1gxlox

rolxro2 xs® ><zo+cgd1><cgd2><cdsl><gm2><1s><1g><lo><rol><ro2><s6 xzo+cgdlxcgd2xcds2 xgmlxlsx1gx]lox

rolxro2 xs® ><zo+cgsl><cgd1><co><gm2><1s><lg><lo><rol><ro2><s6 xzo+cgs2xcgdlxcoxgmlxIsxlgxloxrolx

ro2 xs® ><Zo+cgs1><cds1><co><gm2><1s><1g><10><r01><r02><s6 xzo+cgdlXcdslxcoxgm2xIsxlgxloxrolxro2x

s ><Zo+cgdl><cdsZ><co><gm1><1s><1g><10><r01><r02><s6 xzo +cgdlxcgd2 xgml*xgm2xIsxIgxloxrolXro2xs

xz0 +cgdlxcoxgmlxgm2xIsxlgxlo X101 X102 X5 X Z0)

In which:

rol: the output resistor of M1

ro2: the output resistor of M2

z0: the impedance of input or output port

cgdl: the capacitor seen through gate-to-drain of M1
cdsl: the capacitor seen through drain-to-source of M1
cgsl: the capacitor seen through gate-to-source of M1
cgd2: the capacitor seen through gate-to-drain of M2
cds2: the capacitor seen through drain-to-source of M2
cgs2: the capacitor seen through gate-to-source of M2
gml: transconductance of M1

gm?2: transconductance of M2

2% T f x4 =1

f: frequency
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