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“M\ - Introduction

* Analog Integrated Circuits are based on
elementary stages

Voltage references

Current mirrors

Current sources

Amplifier stages
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Elemen‘rary amplifiers

- Common source amplifier
* Biasing with a resistor
* Biasing with an ideal current source
* Biasing with a current miror

- Common gate amplifier

- Common drain or source follower

- Overview of Basic CMOS Amplifiers

- Common mode issues
- Differential pair and differential amplifier
- Differential output amplifier

- Homework & Labs

* Resistance biasing: Vo,
dimensionnement & plage de
fonctionnement
B Vouf > Veff V‘"_| T

1 Vour
- Vin(dc) 2 Veffl > W/L (Ibias) = _Lou
- R 9 VouT# Vdd/2

+ Small-Signal Model

- Voltage Gain, input and output resistance
Odl
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‘vm @ Gm1-Vin % rq//R ‘vm
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‘M| R-biased Common Source amplifier

N

\\ L ]
\N -16,7 VIV |
% 25
z \\
15 \
! N\
500m AN
0
N\,
700m 800m 900m 1 11 2 13 1.4
Voltage X (iin) (VOLTS)
simaltion stati i s
Lgs (A) —
4500
a00u
3500
. 300u
¥ 2w
1500
1000
50u
700m 800m 900m \‘Inl'zge)((lm) (von;')‘ 12 13 Vin (V)

[
|
\

° g od;
\Vin $9m1'vin % Fds ‘vou‘r
5, ©
Jf— vin _|

Biasing point
B vin> v’m . Vin'vfn = Veff< vou’r: vou’r# vdd/2
- > W/L

Small-Signal Model
- Voltage Gain, input and output resistance

| Impact of a resistive load ? |
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M Common Source amplifier
%

ThEL

I
. I- biased Common Source amplifier
s
.INCLUDE ../modn.mod
JOA NN o S N MU N B M1d g s b MODN w=25u I=1.6u M=4
N vss00
- vbb0O
S | I I \\ T vgg00
- Tload vdd d 100u
I Valim vdd 0 5
i e it M - dc vg 0.98 10.002
ve -op
S I T A ) N .probe v(d) Id=par('i(Valim)")
::: .option probe post=2
e T TN .end
\ ER r

Biasing by current mirror

o091 o di
Pdsn
Vin Im-Vin // Vout
r'dsp
S, ©

Biasing point
- vin> v’m : Vin'vfn = Veff< vou’r: vou’r'#vdd/2
- > W/L

Small-Signal Model
- Voltage Gain, input and output resistance
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Voltages (iin)

T-biased Common Source amplifier

cunrent x-8.93-01 |~
CQurrent ¥=2.500000 |
Derivative=-1.950+02

.INCLUDE ../modn.mod

Include ../modp.mod

M1dgsb MODN w=25u I=1.6u M=4

M2 d g1 vdd vdd MODP w=25u I=1.6u M=4
M3 g1 g1 vdd vdd MODP w=25u I=1.6u M=4
vss00

vob0O

vgg00

Ibias g1 0 100u

Valimvdd 0 5

.dc vg 0.96 1.02 0.002

.probe v(d) Id=par('i(Valim)")

.option probe post=2

.end

: i
| Impact of a capacitive load ?

960m 970m 980m 990m
Voitage X (in) (VOLTS)

Outline

- Elementary amplifiers

- Common gate amplifier

- Common drain or source follower
- Overview of Basic CMOS Amplifiers

« Common mode issues

- Differential pair and differential amplifier
- Differential output amplifier

+ Homework & Labs
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Common gate amplifier

All transistors are saturated

lds2

o

Input resistance ?

9m1~vgsl Fyst

Vout

X

Common gate amplifier

amplificateur grille commun ne nmos 425/1.6

aa il Vdd

w
L

Voltages (i)
N
@

Current X=7.37e-03
Current Y=2.51e+00

! Impact of a resistive load ? !

0 2m am em 8m

10m 1zm
Voltage X (lin} (VOLTS)
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Voltages (i)
N
»

800m

600m

Common gate amplifier

vdd

amplificater

ur gni

*2516

Amplificateur grille commune

M2 vdd g out vdd MODP w=25u I=1.6u M=4

M3 g g vdd vdd MODP w=25u I=1.6u M=4
M1 in bias out in MODN w=25u 1=1.6u M=4

Ibias g 0 100u
Vbias bias 0 1
Valim vdd 0 dc 5
Vinin 0 dc 0

Rl out 0 100k
.dcvin 0.1 0.001

40m 60m
Voltage X (lin) (VOLTS)

- Elementary amplifiers

- Common drain or source follower
- Overview of Basic CMOS Amplifiers

+ Common mode issues
- Differential pair and differential amplifier
- Differential output amplifier

+ Homework & Labs
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Source follower (Common drain)

Vdd

Vin_l T1

0
1
T T =
3 2 | Vout Vgst Gmi1-Vgst Sryet
o

- RY
Vgs2=0 Xﬁﬂ 92 ds2 |V,

4

All transistors are saturated

Output resistance?

Voltages (in)

JXOUT

Current
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- Elementary amplifiers

- Overview of Basic CMOS Amplifiers

- Common mode issues
- Differential pair and differential amplifier
- Differential output amplifier

- Homework & Labs

I / \ Overview of Basic CMOS Amplifiers
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- Common mode issues
- Differential pair and differential amplifier
- Differential output amplifier

- Homework & Labs

SN p er s
/”\\ Common Source Amplifier Limitations
e
+ Biasing
B vin:veff+vfn
Vdd Vdd
TZ T3
Idl=[d2
I Vin/
| \%
Tl out
v | 3
v
[AV = _gml(rdsl //”dsz)=(_fml)]
a1t 8us2 Vi Vo,

Vg =2 | Tour = Tas1 //rdszl
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+ Sizing: symmetrical

- Biasing

- IdsaT:Ibias/ 2

- vin+:vin—:vmc
VSI:VSZ > vmin(Ibias)

- vgslzvgszzveff+vfn

= Vour=VadRicad- Tbias’ 2
+ Small-signal

- Vind:v' -Vi

in+ in-

B Vou’r:vouf+_vou'r—
B Vmc:(vin++vin—)/2

[
|
\

'T‘vgsl T"m
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Differential Input Stage:
mplemen‘tahon

high gain

Active load with a
current mirror

- Higher output
resistance

- Referenced output
voltage

Biasing
- VouT: vdd_V953

~an . Differential Input Stage:

small-signal

\ ;‘3\ )2
YN
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" Differential Input Stage: small-signal
>/ output voltage

vl’l
Vour = (g»,4vg:4 +8n 7)X(rd:2 //rds4)

Vm

gs4 En 2
83

8Ems = 8ma

v,
out _
N =8n X("dsz //rm)

in

~aacy Differential Input Stage: small-signal gain

(=]
\
\

analysis

82 | Low V¢ and large length for large gain |

v,
out _ =
=8&m. X(”m //’}154)—

Vin 8is2 + 8uasa

A = ; &2 ;
A, bias +/1/) bias
2 2
of L
oty = 2 )_ Ly
mi2 = =5
me,z Vem.z

2

A =
(/ln +4, iVe//u
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/\- input range (CMIR)

aa Differential Input Stage: common-mode

AA]] transistors must operate in saturation:

o )

| Low V for large CMIR |

T (for correct operation
of the current source)

o

‘M - Outline
/A

+ Homework & Labs
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Dimensionnement de I’étage différentiel

1°) Calculez le W/L de T ; et T,, de fagon a ce que la tension de sortie soit égale a 2,5V lorsque
V,=V,=1,6V. Estimez ensuite la résistance de sortie de cet étage.

2°) Calculez le W/L de T, et T}, de fagon a ce que le gain différentiel soit de 500.

3°) Quelle serait la fréquence de coupure de cet étage si on connecte une capacité de 5 pF a la
sortie a la place du 2¢m¢ étage de gain ?
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Homework & Lab

Dimensionnement du 2¢™ étage de gain

1°) Calculez la résistance de sortie de I’étage puis le W/L du transistor T, ainsi que le gain petit-
signal de I’¢étage A,

2°) On connecte une résistance de 100kQ en sortie de I’amplificateur. Calculez le nouveau gain
de I’étage A’ ?
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Performances statiques de I’OTA Miller

Déterminez les valeurs théoriques du gain statique (petit-signal) de I’amplificateur (en 1’absence
de charge), de la plage de mode commun d’entrée admissible et de la dynamique de sortie.

Caractérisation statique de ’OTA Miller

Tracez la caractéristique statique V¢=f(V,-V_) sans charge de sortie pour un mode commun égal a
V2. Relevez le point de pente maximum (V,-V), .. de cette caractéristique et déduisez-en le
gain expérimental.

Caractérisation dynamique de ’OTA Miller

Tracez le diagramme de Bode du montage et concluez sur la stabilité de ce montage utilisé en
suiveur de tension.

Montez 1’amplificateur en suiveur de tension puis appliquez un échelon de tension entre 1V et
2V sur I’entrée et observez la sortie. Conclure et expliquez les résultats obtenus.
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