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Problem 1 Low-power Common Source RF Design

The circuit in the Figure below is a single MOSFET Common Source (CS) Amplifier.
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Figure 1: Common Source Amplifier.

• Find the optimum inversion coefficient of the common-source amplifier shown in ?? for maximizing the
following figure-of-merit

FoM ≜
ωu

(F − 1) · Ib
. (1)

• Calculate the bias current required to achieve a gain-bandwidth fu = 10GHz for a load capacitance
CL = 10 fF with λc = 0.25.

• Calculate the resulting noise factor F for a source impedance RS = 50Ω.

• How can you reduce this noise factor?

Problem 2 Common Source Design
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Figure 2: Common source amplifier including the self-loading capacitance.

The normalized bias current and aspect ratio for the CS amplifier

ib ≜
ID

Ispec□
· 1
Ω

=
IC

gms −Θ
;

AR ≜
W

L
· 1
Ω

=
1

gms −Θ
,

(2)
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where Ω ≜ ωu

ωL
and Θ is equal to CwL

CL0
· ωu

ωL
= ωu

ωtspec
.

Design the CS amplifier, shown in Fig. 2, for the following specifications at room temperature:

fu = 18MHz CL0 = 60 fF VDD = 1.8V L = 40nm Cw = 0.450 fF/nm, (3)

and by assuming the following values for the technology parameters

Ispec□ = 950 nA n = 1.5 VT0 = 455mV λc = 0.4875 Lsat = 19.5 nm. (4)

• Find the ICopt, the value of the inversion coefficient for which the bias current is minimum. Assume no
velocity saturation.

• Based on the ICopt, find the values of the bias current, Iq, and the transistor aspect ratio, W/L, to achieve
the specified gain-bandwidth, ωu.

©C. Enz Low-power radio design for the IoT 2022.03.24



Problem 1: Low-power common source RF design

fF 10
15
F

K
J

1.38 10
23


 kB 1.38 10

23


J

K
 q 1.6 10

19
 C T 300 K

UT

kB T

q
 UT 25.875 mV

λc 0.25

gms IC λc 
λc IC 1 2 4 IC 1

λc λc IC 1  2


0.01 0.1 1 10 100
0.1

1

10

gms IC 0( )

gms IC λc 
1

λc

IC

IC

IC

gms_id IC λc 
gms IC λc 

IC


1 10
3 0.01 0.1 1 10 100

0.01

0.1

1

10

gms_id IC 0( )

gms_id IC λc 
1

1

IC

1

λc IC

IC



M1

Ib

Vout
RS

Vin

CL

FoM
ωu

F 1( ) Ib
=

RS

γnD

Gm ωt

Ib
=

n 1.3

λc 0.25

ICopt
1

λc

4

3

 ICopt 6.35

CL 20 fF

fu 10 GHz ωu 2 π fu

Gm ωu CL Gm 1.257
mA

V


Ib

Gm n UT

gms_id ICopt λc 
 Ib 152.283 μA

γnD n
2

3


RS 50 Ω

F 1
γnD

Gm RS
 F 14.793



Problem 2: Common source design for given GBW
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The effective optimum bias current is then given by

ibias
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2) Design example in 40nm CMOS technology
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