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LNA : 15t block of an RF Receiver
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LNA Requirements: Noise

SNR;,
Noise Factor : F=

SNRout
Noise Figure : NF = 10 log,,(F)

Si F1 F2 ;3 | 2°
G1 G2 G3

Friis Equation :

F=1+(Fl_1)+(F2_1)+(F3—1)+ N (F,-1)

G, GG,  GG,.G,

LNA Requirements to reduce the RF receiver overall Noise Factor:

e Low Noise Factor, F,
e High Gain, G,

5
University of Paris VI



LNA Requirements: Linearity

L oo ollr.

2W1-wW2 2 W2 -Ww1

P3|, = APl +P
dBm

n

2 dBm
Vi ..YO
o b
2 2 2
1 1 , o) B,
+...

= + +
2 2 2 2
AIP3 AIP3,1 AIP3,2 AIP3,3

LNA Requirements to improve the RF receiver overall linearity:

e High Arps 1
e Low o,
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What Happens At The Load Location?

" Voltage and currents at load are ratioed according to the

load impedance

ol

H.-S. Lee & M.H. Perrott

Incident Wave

Y
.
*u
‘I

Reflected Wave

Y
*u
"

Voltage at Load
Vi + Wi

Current at Load

I, — 1,

Ratio at Load

1/;+VT=Z4
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Relate to Characteristic Impedance

" From previous slide

%+%_%(LHM%)

I,—1, IL; \1—1I/I

= 7

" Voltage and current ratio in transmission line set by it
characteristic immpedance

%=w=%—¢ﬁ=q
I?: I’r I@ V"z

" Substituting:

14+ Vio/Vi\
Z”(l—vr/w) -
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Define Reflection Coefficient

.. Vi

" Definition: [, = #
V;
= No reflectionifI' =0

" Relation to load and characteristic impedances

14T
7, (112 =7
1-T

" Alternate expression
ZL i ZD
Zr1, + Zo

I‘L=

= NoreflectionifZ =2,

H.-S. Lee & M.H. Perrott MIT OCW



Parameterization of High Speed Circuits/Passives

" Circuits or passive structures are often connected to
transmission lines at high frequencies

= How do you describe their behavior?

Linear Network

| Y

/ N\

Transmission Line 1 Transmission Line 2
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Calculate Response to Input Voltage Sources

"= Assume source impedances match their respective

transmission lines

Same value
by definition

/

Vim

Transmission Line 1

N
/

H.-S. Lee & M.H. Perrott

Same value
by definition

Linear Network

\

7N

Z;

vinE

Transmission Line 2
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Calculate Response to Input Voltage Sources

" Sources create incident waves on their respective
transmission line

" Circuit/passive network causes

= Reflections on same transmission line
= Feedthrough to other transmission line

vin'l

. Lee & M.H. Perrott

Linear Network

VinZ

MIT OCW



Calculate Response to Input Voltage Sources

B Reflections on same transmission line are
parameterized by I'|

= Note thatI'| is generally different on each side of the
circuit/passive network

Iy '
Vi L Linear Network Vi
3 Z, wmp ® }56@/ @ - 7, 2
? Vin1 V_n % @ &i\ g v“%

How do we parameterize feedthrough to

the other transmission line?
H.-S. Lee & M.H. Perrott MIT OCW




S-Parameters — Definition

" Model circuit/passive network using 2-port techniques

= Similar idea to Thevenin/Norton modeling

l_‘L1 l_L2
v” L Linear Network J Vig
~ Z, wmp @N@ - 7
1 A _
?V = i@‘z« =
ini Vi T Vi
" Defining equations:
Vv, % Vv
Vo Vi1 Vio
= 521 + Soo
V4o V41 V42

H.-S. Lee & M.H. Perrot
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S-Parameters — Calculation/Measurement

rL'1 rL2
V” L Linear Network J Vi2
Z, w - 7
Z — ®N® — Z,
- @ -
? Vin1 Vi % Xiﬂ Viz Vinz %
V, V; Vv v V: V.
v Z1 v 41 7. v 22 A N,
set Vi =0 set V;;,1 =0
Vi1 Vo
= Su1=-=Ipn = Spp === I_LZ‘
Vi1 Vio
Z1 [V, Zo (V,
N 821 — 1 ( r21 N 812 — 2 ( rlj
Z2 \ Vi1 Z1 \\Vi2
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Block Diagram of S-Parameter 2-Port Model

S-Parameter Two-Port Model

" Key issue — two-port is parameterized with respect to
the left and right side load impedances (Z, and Z,)

= Need to recalculate S,,, S,,, etc. if Z, or Z, changes
= Typical assumptionis that Z, =Z, = 50 Ohms

H.-S. Lee & M.H. Perrott MIT OCW



Common Source Amplifier

Av = gm’Zout Rout

Cgd Vout

N
Vin /\ |
| M1

- Parasitic capacitance Cgd between input and output nodes.

- Low Gain
- Complex Load Impedance
1
(Zout — Rout rOH J((E )

par
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Common Source Cascode with Inductive Load

A

Benefits of Cascode

Lout
- Vout

_| |:|v|2
Vin I I:Ml

\4

- Isolation between input and output nodes
- Higher Gain

Purpose of Inductive Load

- Real Load Impedance can be obtained

1
[ONS
(()OC H Ja)O out)

(Z out — rOcascode

par
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Biasing

Current Mirror

Vin

Lout

Vout

M1

Current Mirror

— AN
X

- The current in M1 is fixed by Rref and the ratio (W1/L1)/(W3/L3).

- R is to increase the impedance seen by the input signal.

D. Haghighitalab, M. Vasilevski & H. Aboushady
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Matching Input Impedance

A
Rref 5%
Lout

aH He
YN

Vout

vin [ [ w1
Ldeg
Inductive Degeneration

ale
v

- Lg compensates the complex impedance due to Cgs1.

- Ldeg adjusts the real part of the input impedance to 50 Q.

20
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Ldeg and Lg (1)

Zm !

] Lo
> .
wwW—se—{_m,
Ldeg

Vin 9 Rs
Vbias 9

> Input Impedance

8
Z. (s)= c + S(Ldeg + Lg )+ _Cm Ldeg
5 8S gs
> Matching Zin to 50Q
_ 8
Rs T Ldeg
C o
> For a Real Impedance @ wo

1
Q). =
DL+ L,C,
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Ldeg and Lg (2)

52.5

52.0—

51.5—

51.0—

izz— 49.94920 For different

40,5 — Ldeg values

49.0—

Re{Zin)
Y Values

48.5_

48.0—

47,5

47.0_: ;>Re{Z|n}

S UL SO R S cr:4865103N] 1 00 T T L independent of Lg

T T T T T T T
~ 40.0N 42.0N 44.0N 46.0N 48.0N 54.0N
LG_PARAM (-)

s N A

Lout
Vout

Ldeg
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Ldeg and Lg (2)

52.5

52.0—

51.5—

51.0—

50.5—

lrrwryrcra!

49.94920

50.0—
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Re{Zin}
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100.0
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Pe e
-

—Ldeg for:
Re{Zin}=50

N 48!0N
LG_PARAM (-)

D. Haghighitalab, M. Vasilevski & H. Abaushadng
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N 1 T | T T T T | 1 T
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NF of a MOS Transistor

Techno. 0.35um
c=-0.4j
y=2/3

Noise Factor = 1—|—(%) ¥ (%) 1 (1 — 2[clxq + (4Q° + 1)2(@

wt am ] 2Q
, 5 dl i* i 1
X = gm | O gy = ﬂ; c=-nd Q=" Wy N ——
9do | 5 aVis|y, =0 E ZT weClgs2 Rs Cgs
T SNy
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NF Characterization

. SNRl . Si/Ni(source) . Si/Ni(source) . No(total)
F = — — —
SNRO So/No(total) (Sl ‘G)/No(total) G'Ni(source) -
No(total) — No(source) + No(added)

— F = No(total) . No(source) + No(added) . 1+

No(source) No(source) w

1) No(added) : Output Reffered Noise due to the LNA.
2) No(source): Output Reffered Noise due to the source.

25
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Noise Sources

Résistance

H0:3

i =4kT /R

D. Haghighitalab, M. Vasilevski & H. Aboushady University of Paris VI



Noise Sources

Résistance Transistor
W R |
CD II: i2
E
i2 = 4kT /R iy = 4KkT 78, Af
;2
i, = 4kT 0g o Af
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Noise Sources

Résistance

do:d

i, =4kT /R

Transistor

Inductance

Csub _

I
— Ig
i 2
ad =
IRsub

3 = 4kT yg ,,Af
_2
i, = 4kT og ,Af

D. Haghighitalab, M. Vasilevski & H. Aboushady

@“‘f

Ls

ot
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Noise Sources

Resistance Transistor Inductance

d0:d

I Csub ___ Ls
| ~5

OL

D | [ BopaE

i2 = 4kT /R iy = 4kT yg ;oA

ig2 = 4kT og ,Af

F — 1+ No(added)

No(source) No(aldded)
S 1 2ler | 2y | 2 2
NF = f(‘G'Ni’ld‘Hd ’lg ‘Hg ’lR‘HR ’le HRS ’leub HRsub )

o(source)

N
29
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Noise Sources

¥
Lout
lout
a[ S
v %R
'iﬂ_ﬂgﬁ IEMI L,
J‘ Ldeg
I ()
H — out
‘ d(S)‘ —Im(s)
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Characterization

Gain :

Vin

L

Input Impedance: lin

Noise Factor:

in

o — out
Circuit
L out
Circuit

—  Qut
Circuit

D. Haghighitalab, M. Vasilevski & H. Aboushady

Gain(s) = Vour(s)
Vin(s)
Zin(s) = L1(S)
[in(s)

F _ 1+ No(added)

No(source)

31
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Characterization Example

Ve

1 J—
gy w—— S DsCV = V., (5)-V, ()
V‘ c— ‘%ut R
o : 2V, (s)=1

—l/R 1/R+sC| V,(s)| |0

S
—1/R 1/R+sC
R

0
1 Gauss-Jordan
1 0 ' )
o Wm

Gain(s) = Youl) _ 1
V. (s) 1+sR(C|
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Automatic Characterization Procedure

Netlist Description

Create Matrices

— Gain Matrix

— Zin Matrix

— Matrices of Noise
Transfer Functions of
each Noise Source

Cairo+

Small Signal Parameters

v

Solve Matrix

— Substitution
— Numerical solution of
the matrix

Zin , Gain, No(added)

D. Haghighitalab, M. Vasilevski & H. Aboushady

Maxima

GiNaC (C++)
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Design Procedure

o Vout

Transistors g
Length: Minimum L to reduce parasitic capacitances.

=» Width: 1ds calculated for NFmin.
- Layout: Maximum number of fingers to reduce Gate resistance.
| Inductors
-» Ldeg : Adjusted for Re{Zin} = 50 Q..

. Lg: Adjusted for Im{Zin} =0 Q.
. Lout: Adjusted for the desired Zout and Gain.

34
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CAIRO-+

Circuit Design Transistors’ Small Signal Linear Circuit
Parameters Sizes Parameters Performance
And Biasing
Temp W, 8m1 Ao
Vini Voot 8ds,1 Fr
VOUT,i — Vdsl — Cgs,l — (l)m
Veg,i . gm,n
.2
IB| Wn l_d
L. 2 9
! lg !
F=m===- >h------ === = - >
Sizing Small Signal Performance
Biasing Characterization Modeling

[Ramy ISKANDER “Knowledge-aware synthesis for analog integrated circuit
design and reuse” Ph.D. Thesis UPMC,LIP6 2008]
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Automatic Sizing Procedure

lds-min (Wmin,Lmin)

¥

> Transistors Sizing

Gain
oK?

es

36
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Automatic Sizing Procedure

lds-min (Wmin,Lmin)

¥

> Transistors Sizing

v

Choose Inductances

*
in?
Yes
No Gain
OK?
es
37

Caractérisation de NF , Gain, Zin University of Paris VI




Automatic Sizing Procedure

lds-min (Wmin,Lmin)

4
> Transistors Sizing L et Lg valeurs initiales
v
L. pour ReZ =50
Choose Inductances 2 teg P e{ m}

J
N @
in?
Yes

o
o

N Gain
OK?
es

Caracterization of NF , Gain, Zin
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Automatic Sizing Procedure

lds-min (Wmin,Lmin)

\

> Transistors Sizing

v

Choose Inductances

v
Calculate NF

No NF

in?

No Gain
OK?

es

39
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Automatic Sizing Procedure

9
gld ________________________ _______________________ 1 rin‘ll(Wmin,Lmin)
1 ________________________ - B —

PTI D e S S | ptors Sizing

= : : :

wsl X ________________________ ________________________ S— 1 \1,

P . T . VRPN TR I nductances
Il \W
20 2I 3I 4
Ids (A) 10" \ﬁte NF
N
in?
Yes

No Gain
OK

?
es
Caracterization of NF , Gain, Zin

? Topology
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Automatic Sizing Procedure

lds-min (Wmin,Lmin)

\

> Transistors Sizing

v

Choose Inductances

v
Calculate NF

No NF

in?

No Gain
OK?

es

41
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Automatic Sizing Procedure

lds-min (Wmin,Lmin)

v
> Transistors Sizing
v
Choose Inductances
v
Calculate NF

in?
Yes
> Impedance Matching
v
No Gain
OK?
© 42
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Automatic Sizing Procedure

lds-min (Wmin,Lmin)

\

> Transistors Sizing

v

Choose Inductances

v
Calculate NF

Ldeg for Re{Zin}=50
No A Lg for Im{Zin}=0

in?
Yes

> Impedance Matching
%
No Gain
OK?
© 43
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Automatic Sizing Procedure

lds-min (Wmin,Lmin)

\

Transistors Sizing

v

Choose Inductances

v

Calculate NF

No NF

in?
Yes

Impedance Matching

Gain Adjustment

\/
No Gain

OoK?

es

Caracterization of NF , Gain, Zin
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Automatic Sizing Procedure

lds-min (Wmin,Lmin)

4
i Transistors Sizing
Choice of Lout : T
AV - _Gm ‘ZOMI Choose Inductances
Zout — f(Lout) ‘1’
Calculate NF
No NF
in?
Yes
)| Impedance Matching
v N
Gain Adjustment e Gain
OoK?

es
45
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Automatic Sizing Procedure

lds-min (Wmin,Lmin)

\

Transistors Sizing

v

Choose Inductances

v

Calculate NF

No NF

in?
Yes

Impedance Matching

Gain Adjustment

\/
No Gain

OoK?

es

Caracterization of NF , Gain, Zin

>

O
N

G
N
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Matching Input Impedance

¢ Introduction

¢ Les parametres de conception
¢ Circuit proposé

¢ Méthode de conception

¢ Caractérisation automatique
¢ Conception automatique

*» Exemple de conception

47
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Design Example I: A 2.4GHz LNA in 130 nm CMOS

A PO Spécifications
Rref% - Technologie 0.13 um
Vout Vdd 1.2V
Mlﬂ - | M2 Résistance de source 50 Q
[ % _’| (Rs)
V'D—(\'L’f‘ | ML Fréquence centrale 2.4 GHz
(fo)
Ldeg
Gain 215 dB

Résultats de la procédure proposée
W | G | Ve () Vis () tabtma
MI 48.96 0.13 0.6 0.6 3.3122
M2 48.96 0.13 0.6 0.6 3.3122
M3 5.08 0.13 0.6 0.6 0.33122

R= 100 KQ , Rref =1.811 KQ , Ldeg
D. Haghighitalab, M. Vasilevski & H. Aboushady

=0.3709nH ,Lg=48.65nH , Lout =4§ nH

University of Paris VI



Estimated and Simulated Input Impedance

4
15 x10
: : : : mmEpdo
g 10F--- ==y .............. .............. ......... . cairo 4
T : : :
Y O SR _
[ H: 2 404e+09 :
¥: 49.98 :
0 4 I1n I12 I14 16
10 10 10 10 10
FHz)
10°
: : mmeeldo
H@ 21 cairo
£ : 5
c o} f :
P~ :
] i i .
10* 10° 10° 10" 10" 10" 10"

Zin (ELDO)

(Cairo+) (Q)
(Q)

50.00 49.57
D. Haghighitalab, M. Vasilevski & H. Aboushady University of Paris VI
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Estimated and Simulated Gain and NF

Ao 2.39%9e+09
Wo19.14
00— T T e

Gain (dB)

gol i
-80

QOO L. i

_'IEU 7 i i iiiiiiIﬂ i i iiiiiil9 i i iiiiiil_"] i i iiiiiil-l-I i i iiiiii12
10 10 10 10 10 10
FiHz)

| Gain@B) | NF@B) _

Cairo+ 19.14 0.774099
ELDO 19.04 0.727277
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Simulated S Parameters

0.0
-2.0—
-4.0
-6.0—
-8.0—

-10.0—

-12.0—

-14.0—

-16.0—

-18.0—

-20.0—

-22.0—

-24.0—

-26.0—
-28.0

S11 (dB)

18.0
17.0—
16.0—
15.0—
14.0—
13.0—
12.0—
11.0—
- 10.0—

9.0—

8.0—

7.0—

6.0—
5.0

S21 (dB)

vaiuco

‘IIII|IIII|IIII|IIII|IIII|IIII|III|III|I ||||||
2.0G 2.1G 2.2G 2.3G 2.4G 2.5G 2.6G 2.7G 2.8G 2.9G 3.0C

F(Hz)
S11 @ 2.4 GHz =-24.24 dB
S21 @ 2.4 GHz = 17.028 dB
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Simulated IIP3

50.0 GAINF1
i GAINF3
. PBRUIT _
0.0—

Fondamentale

Y Values

=-0.44 dBm

ettt | - - [
-130.0 -120.0 -110.0 -100.0 -90.0 -80.0 -70.0 -60.0 -50.0 -40.0 -30.0 -2leiZO:dd444f, 10
AMPDBM (-)
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Comparison with state of the art

S| o f
FOM = lOlog(l ()()( ‘ 21‘(1"16“”6) fo )) [Chandrasekhar 2002]
(F B DPdc(mW)

Techno. | NF [IP3 | Gain || Sy Saq P, | Vig | Lais fo FOM
(um) (dB)|| (dBm) | (dB) |} (dB) || (dB) | (mW) | (V) | (mA) | (Hz)
[1] 0.25 1.7 1.5 15 - 15 12 2.5 5 2G| 205.92
[2] * 0.35 043} -2.87 | 19.8 -18 16 20 - - 24G | 21242
[3] 0.18 0.771 -12.2 | 21.6 ||-17.7 - 112 | 1.8 - 24G | 215.03
[4] 0.35 1521 -4.3 20.2 |]-10.3 - 12.5 - - 24G | 210.51
[5] 0.25 2.5 0.5 147 |1-195)| 14.7 | 1.97 2 - 24G | 213.09
[6] 0.13 0.76]| -2.5 12 -6.5 12 4.2 1.2 | 3.5 | 214G | 213.56
"This work® 0.13 0.72(| 044 [19.04 [[-2424|[ 17.02| 38 | 12| 3.16 | 2.4G | 217.75]

(*) résultats de simulation

[V. Chandrasekhar, C.M. Hung, Y.C. Ho, and K. Mayaram. “A Packaged 2.4GHz LNA in a 0.15umCMOS Process
with 2kV HBM ESD Protection” , ESSCIRC, 2002]
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The Issue of Package Parasitics

Noise +

Voltage Lbondwire2
E é Noise :
: L R, =/—=c, Current :
Equivalent ' - - . :
,...Souree : e :
N E ' Vot Mixer and :
E R ! Lext  Lbondwire3 Other Circuits | .
' M1 !
Ly Noise ,
E E =~ Current :

Noise +
V{j|tage Lbondwire1

" Bondwire (and package) inductance causes two issues
= Value of degeneration inductor is altered

= Noise from other circuits couples into LNA
H.-S. Lee & M.H. Perrott MIT OCW



Differential LNA

" Advantages

= Value of L., is now much better controlled

= Much less sensitivity to noise from other circuits
" Disadvantages

= Twice the power as the single-ended version

= Requires differential input at the chip
H.-S. Lee & M.H. Perrott MIT OCW



