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(Low-Noise Amplifiers: LNAS)
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Types of LNA:s:

e Tuned LNAs (Conventional)

(The selectivity Is provided by the internal tuned load of the amplifier)

e \Wide-band LNAS

(The selectivity is provided by an external input filter)
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Requirements:

- Signal transfer from the incoming electromagnetic wave
with maximum efficiency,

- Minimum interactions of different incoming signals
In the amplifier,

- Minimum noise, generated in the amplifier.
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e Signal transfer from the incoming electromagnetic wave
to the output port of the antenna:

VA = a(antenna) xE
(2., depends on the type and the dimensions of the antenna

and the direction of the incoming wave)

e Signal transfer from the output port of the antenna
to the input of the LNA:

Vin = VA X Ig(coupling)

(,B(mpﬁng) depends on the properties of the connection

and the method of matching)

e Signal transfer from the incoming electromagnetic wave
to the input of the LNA:

Vin = a(am‘enna) X IB(coupling) xE
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Maximum signal transfer from antenna to the LNA

a) Antenna is connected to the LNA with a transmission line:

i I : : i |
| o coaxial line A
2 ] i (Z) i ol
- i = - |
antenna coupling circuit - coupling circuit Zi=ri—jX
Z4= R4+ jXy
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b) The output port of the antenna is very close to the input of the amplifier:
(No transmission line is needed)
b1) With maximum power transfer condition:

JXu
jXA T Czs
. . 1
R, rie = Ry .]XA+.]XM+ . =0
]a)OCl
V4
anten LNA

Conversion of the the parallel C;, and r,, input components to the parallel C;; and 7,

2,2 2
° 1 = — 1+ 2 Cis’/;'s
— ip 2 12
CiS @ Cisl/;'s
Cp, = Fip C @ 0,
riS C _ is
ip 1+ 2C2 2
° & L @ is’/;'s
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b2) With maximum voltage transfer condition:

ZU Z, = v,=v,

anten LNA
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Example: PIFA (printed inverted-F antenna)
(Z. Feng et al.)

g 20}

S 200

£ 1ol Frequency for which the

& 100} Impedance is 50 ohm (real):
" f(50 ohm) = 2440 MHz

At resonance (f, = 2225 MHz)
Z,=(210+, 110) ohm

" i 1 i /] 1 L i
2.1 22 23 2.4 2.5 26 2.7
Frequency (GHz)

©2012
Leblebici/Leblebici, Fundamentals of High-Frequency CMOS Analog Integrated Circuits, Cambridge University Press, 2009



Derived equivalent circuit

Rp=210 ohm
Cp=3.96 pF
Lp=1.27 nH
Ls=6.39 nH

With a current source representing the illuminating wave:

Ly C,
. e ' N |
i 1
iw@®) LCoT ||& Vof®)
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Output voltages for various loading conditions:

(mV)
/N
200 7
/A
\ (A) High impedance load
150 N\ (B) 210 ohm resistive load
7 \\ (C) 50 ohm resistive load
B
e .o \
100 1— .
— \\\\\ (For 1 mA drive current)
\\
50 — =N
__....-—_...Q-——---"‘"# \\\
0
2.1 2.2 2.3 2.4 2.5 2.6 2.7
Frequency (GHz)
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Suitable circuits as antenna amplifier

a) Common gate amplifier

g o
- Low input impedance.

- High output impedance.

- Suitable for tuned load.

- Suitable for wide-band applications
1 —=

with a resistive load.
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b) Trans-impedance amplifier with parallel current feedback:

R, - Low input impedance.

- Low output impedance.

E - Not suitable for tuned load.
- Suitable for wide-band

‘_> applications with a resistive load.

1 ‘ —l—

g, + jC()CgS (b)

A
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c) Amplifier with inductive source degeneration:
- Low input impedance for a certain
frequency.

j - High output impedance.

- Suitable for tuned load.
- Not suitable for wide-band applications.

L
7 =|8ms |y oL, ————
Co oC
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d) Current mirror input amplifier

- Low input impedance.
- High output impedance.

- Suitable for tuned load.
_|E s - Suitable for wide-band
applications with a resistive
o— load.
V! |—-]—|E M2
B |
1 L
Zi = . -
gml +JC()(CgS1 + CgsZ)
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Thanks to its better noise performance,
the source degenerated circuit is extensively used for tuned applications.

The input impedance of a source degenerated transistor:

g d
d R ——
T il nggS i2 I
—— |
T © Qe
g._-l Vi S. :
|
ZS Z=1/Y, |
I
° é
S yu=i/v, =
y11:1+( +sC )Z
gm S gs S
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Input impedance of a inductive source degenerated transistor

L, Rg
Ls, Rg Ls Rg
Z; Zi
. L .
z, ;i: Ens + R +SLS+1+ngS =7, tsLy +—
yin Cgs SCgs SCi
. 1 . .
z, = (7; +RG)+S(LS —I—LG) -I—E , Z, = (]/; +RG) @ W, = \/]_/ (LS +LG)C1'

l
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The trans-admittance of an inductive source degenerated amplifier

I~
t
<

! g
YmG(a)O) == . -
Vi 8RR+ joy |:Cgs(RA+RG+RS)+gmLS:|

If the input impedance is matced to the antenna impedance;

g
Y,o(a,) = —
v ’ ngS +]a)OCgs (2RA)
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YG(a)O — Sn
‘ - J(@, R +(2,C R, )’

For g, R, U 20,C R,

Enm
20,C R,

Y, (@)=

Voltage gain for the resonance frequency of the load impedance:

)‘—‘ G(C()O)‘X‘Z (wo)‘—‘ G(COO)‘XQeﬁ‘La)O
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Circuit diagram of a source degenerated
single-ended tuned LNA

+Vop
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Circuit diagram of a source degenerated
differential (symmetrical) tuned LNA

I ¢ ®* Vb

| Mm21 M22 |~
> .-
C. Lg | | Le C.
M11 M12 [P Y —op—}
7 -lvuu""vuu‘r R
A RGG LS LS GG
+
I
Vad Ve ! +Vers
+Ve3 °-|| M3
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Linearity of an LNA
The immunity against intermodulation

The drain current corresponding to an input voltage, v, = v, ;

. 2 3 4
ld _ glvgs + gZVgs +g3vgs +g4vgs T

Since the 7, = f'(V,,) transfer characteristic is not linear.
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The physical source of the nonlinearity :

Ip p 7 Ip
) A Vs = 1.1V
\\ / _‘_‘:‘_ —
\II\/’_"’##
[ / v S Ve = 10V
NE s
. ctf \\ \‘
ALY Vs = 0.9V Q
e ant !
// “
/ T - Ves=0.8V /
/ ‘\ ‘\\
“ i Vs =07V
: \\\ Vis=08v T T 1 '|/| — T
Voso Vop Vps 0 02 04 06 08 10 12 Vss(V)
(a) (b)
dl, 1 d?I, , 1d’I, 3
]D IIDQ-I-W AVGS +§W (AVGS) +§dV3 (AVGS) sk RRE
GS lp . GS lp ) GS 1o
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For variations of the signal around the operating point, O :

:glvgs +g2V +g3 +g4

The generated harmonic components of the drain current
for a single sinusoidal input voltage, v, =v, =V, cos ar :

L

_I_

(1 3

g Vi+=gVi+
\2g2 8g4 )
)

gV +%g3Vi3 +----jCOSa)t

)
ngVz i g Vi+ j CoS 2wt

\ 2 2

(1

2 gV + j cos 3wt
\

F e
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The intermodulation products for two simultaneous sinusoidal voltages,

V,, =V, CO0Smt +V, COSw,t

1
Ly =§g2(V12 +V22)
3 2 1 3 3 2 1 3
tl&li+2 &y +2Vr) |Cosat+| gl +2 & (HTV + 277 ) [cos wyt
1 1
+§ g,V,~cos 2a)1t5 g,V, cos2aw,t
1 s 1 s
+Z g.V cosSa)ltE g5V, CoS3w,t
1 1
"‘Engle cos(@, + @, )t +Eg2V1V2 cos(w, — ,)t

3
+% g,V,’V, c0s(2m, + @, )t + " g,V V, cos(w, + w)t

+% g V.2V, cos(2m, — w, )t +% gV V7 cos(2m, — w,)t
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Interpretations:

e An extra DC component appears on the drain current.
(Shift of the operating point for high signal amplitudes)

e @, and w,, each has two components in nature;
- Varies linearly with the amplitude of the signal,
- Varies with the third power of the amplitudes.

e Since for an S shaped function the coefficients of
the third power components are negative, the amplitudes
of the fundamental components are equal to the difference
of the corresponding linear term and the cubic term.
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Id A

-
—_
=

> Vgs

It means that for the fundamental components, the slope of the
output-versus-input amplitude curves decreases with the input amplitudes.
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e In case of the amplification of a modulated signal,
to maintain the amplitude relations of the carrier and
side frequencies, the decrease of the amplitude of the
carrier must not be more than 1 dB, that corresponds
to a ratio of (1/1.122):

gg/f =1122 - V|, =038 [-*L
gll/i_Z‘gB

y? ‘ga‘
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e The 2nd and 3rd harmonics are far from the
fundamentals; they can be easily filtered out In
tuned amplifiers, but important for wide-band
amplifiers.

e The symmetrical circuits have an advantage;

they do not contain any even harmonic at the output.

e Another advantage of the symmetrical circuits:
they do not contain any extra DC component.
Therefore there Is no shift of the operating point.
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e The most important intermodulation products are
the "close" second order producs. If @, and w,
(the neighboring channels) are close to each other,
such that w, = @, + Aw;

(20, —w,) =0, —Aw

(2w, —w,) =w,+Aw

e These components are proportional to g, and
steeply increase with the signal amplitudes.
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(20)1 - 0)2) W W, (20)2 - 0)1)

e The carriers (o, and w,) are always modulated
and have corresponding modulation side-bands.

e Note that the width of the side-bands of the 2, and 2w,
components are twice wider than the side-bands of @, and w,.
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The resulting spectrum with the side-bands:

------------------------------

Note that the interfering effects of the close intermodulation products
are more severe compared to that of the neighboring channel!
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Another metric to evaluate the nonlinearity of an LNA:
The input level for which the level of a close intermodulation
product becomes equal to the linear term of one of the carriers.

v, (dBV) 4

> Vi (dBV)

v v

-1dB IP3

This is called as the "third order intercept point™ (IP3).
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IP3 can be calculated from its definition:

M _ B8V )y 154 |8
Vi, 3 ; e 2|
p; 3

ZiIQQT 5;3

Relation between the input levels
corresponding to -1dB point and IP3:

Vi
4

s =3.037 — 9.65dB

—-1dB
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