Lecture 20

OUTLINE
e Review of MOSFET Amplifiers
e MOSFET Cascode Stage
e MOSFET Current Mirror

e Reading: Chapter 9
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Review: MOSFET Amplifier Design

A MOSFET amplifier circuit should be designed to
1. ensure that the MOSFET operates in the saturation region,

2. allow the desired level of DC current to flow, and

3. couple to a small-signal input source and to an output “load”.
vV

—> Proper “DC biasing” is required! AN A W
(DC analysis using large-signal MOSFET model) .
t
e Key amplifier parameters: Iy Bias (dc)
"""""""""""" Value

(AC analysis using small-signal MOSFET model)
— Voltage gainA,=v_ /v,

Input resistance R, = resistance seen between the input node
and ground (with output terminal floating)

Output resistance R, = resistance seen between the output

node and ground (with input terminal grounded)
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MOSFET Models

 The large-signal model is used to determine the DC
operating point (Vg Vjs, Ip) of the MOSFET.

e The small-signal model is used to determine how the
output responds to an input signal.

Vc,s (JY>Q Ves %
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Comparison of Amplifier Topologies

Common Source Common Gate Source Follower
Large A, <O  LargeA,>0 * 0<A,=1

- degraded by R -degraded by R

; v ; v e largeR,
Large R, e SmallR, — determined by
_ determined by biasing - decreased by R biasing circuitry
circuitry * R,,.=R; e Small Rout

R ~R - decreased by R

out= Mp * r,decreasesA, &R,
r, decreases A, & R, but |-mp-edance seen * r,decreases A, &

looking into the drain R

but impedance seen out

looking into the drain
can be “boosted” by
source degeneration

can be “boosted” by
source degeneration
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Common Source Stage

1=0 - 1 1"
R || R - R
A\/: 1” 2 . 1 D
RG+R1|| RZ —+RS
Onm A#0
Rin:Rl ” RZ
Rout — RD I:Qout = RDH(rO_i_gerRS)
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Common Gate Stage

Voo
E RD 3* R1
= Vout
A
l — O R M, :II——O
G

R.
AR WG, R T
R, ~—|R, 1%0
0,
Rout — Rp Rout = I:QDH(I’O + ger RS)
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Source Follower

C;
Vinc—| c,
R-|_> I Vout
A=0 " %[ N
Rs Roul
R =
A\/ — 1 > IA\, —
—+Rq
On
Rin = RG Rin —
1
ROU'[ - || RS Rout —
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CS Stage Example 1

* M, is the amplifying device; M, and M, serve as the load.

— VS Equivalent circuit for small-signal analysis,
showing resistances connected to the drain

Vino_“: M1 In

i ¢ O

Vi, = roq

Voodifs M, l'“: M M

. . * O Vout

1 gm3
A\/ =—0Omn _” los ” lo2 ” Fo1 = =
gm3

1
Rout - || lo3 ” l'o2 ” Vo1

m3
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CS Stage Example 2

* M, is the amplifying device; M, serves as a source (degeneration)
resistance; M, serves as the load.

VDD
i'%r’”s

Equivalent circuit for small-signal analysis

Il ro3
Vin°_||:M1 A4, =0
T Yout Vout
Vb’_“-:Mz "
= __ 02
T
O Y
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CS Stage vs. CG Stage

 With the input signal applied at different locations, these circuits
behave differently, although they are identical in other aspects.

Common source amplifier Common gate amplifier

1“"inC’—II;r TDD Vb2 ‘—IJ A #0

VGLII

—— oV

Voo, Vor s m, 2, =0
ERS Vll'loj h
) A = fo1
A =G { L+ Gl )Rs + 1o Il Tor i—I—R
gm2
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Composite Stage Example 1

e By replacing M, and the current source with a Thevenin
equivalent circuit, and recognizing the right side as a CG stage,
the voltage gain can be easily obtained.

VDD —
=Rp =Ry
v, P, Ve
Vineo M, M, J—=V Im1 My JH—n
Wy
A, =0 én 2, =0 ”"éi R,
T s AT
_|_
gm2 gml
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Composite Stage Example 2

 This example shows that by probing different nodes in a circuit,
different output signals can be obtained.

e V

ut1 1S a result of M, acting as a source follower, whereas V_,,

is a result of M, acting as a CS stage with degeneration.

Voo
(Lo | N :"

M,

© Vout2

o
Y

Vi[5 M, 4, =0

X chn
[h"
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Vout1: gm2
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Vi T L
gml m?2
1
—— [[ o3 || Tou
out2 _ m3
. 1 1
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NMOS Cascode Stage

Rout = (1"' Omilor )roz + T'os
Rout ® Omlorloz

e Unlike a BJT cascode, the output impedance is not limited by f.
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PMOS Cascode Stage

Vi2 '_II: M,
X
Vor —F m,

o

Rout

Rout = (1"‘ Omilor )roz + Ios
Rout ® Jmilorloz
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Short-Circuit Transconductance

e The short-circuit transconductance is a measure of the
strength of a circuit in converting an input voltage signal into
an output current signal:

In Vout =0

* The voltage gain of a linear circuit is A\, — _Gm Rout
(R

is the output resistance of the circuit)

out

EE105 Spring 2008 Lecture 20, Slide 15 Prof. Wu, UC Berkeley



Transconductance Example

- VDD VDD
RDE Rp ]
I out
'—Ovout - l
dC
Vino_“: M , Vino—} M = GND

() (b)

Gm ::ng1
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MOS Cascode Amplifier

Voo
/4
Vout
Vb1 ._l M, A =-G,R
X A, z_grm[(l"‘gmzroz)rm‘"roz]
Vino_l M1 A\, ~ —=Umlo19m2lo2
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PMOS Cascode Current Source as Load

 Alarge load impedance can be achieved by using a PMOS
cascode current source.

Vb2 °_||£r M4

Voz ~—{[* M,
. Ron = Gm2lo201
oP
RoN? Vout Rop ® Onsloslog
Vi1 o—“: M, ?out — RoN ” RoP
X
Vino_ll-_. M
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MOS Current Mirror

 The motivation behind a current mirror is to duplicate a
(scaled version of the) “golden current” to other locations.

Current mirror concept  Generation of required Vﬁ Current Mirror Circuitry

Voo
/ REF Y lIt:::-pun,ﬂ
MREF-;-:I Vx M, : Current
Mirror

’ 1 W
| pee = — 14,C,, (_j (Vx —Viy )2
2 L Jrer

21
V, = REE___ L/
' \/unCox(W/L)l . | ooyt =
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MOS Current Mirror — NOT!

e Thisis not a current mirror, because the relationship between
Vi and I . is not clearly defined.

Vbp
| REF 5 Y /copy ?

X
MREF:-II/ I M,
Floating

Node

* The only way to clearly define V, with /... is to use a diode-
connected MOS since it provides square-law /-V relationship.
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Example: Current Scaling

e MOS current mirrors can be used to scale I up or down

— 1,=0.2mA; I,=0.5mA

— V| — V/
120" DD DD
Vin1 5 M, Vinz —{[* M,
Voo 2 Vout1 T Vout2
IREF 0.3 mA " ' I1 " ' 12
11 12
W
3 (f) H: ||__.
L MRer 2(VTV) L 5(%) L
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Impact of Channel-Length Modulation

W
=— 14,Co, (_j (VX —Viy )2 [l+ /I(V031 ~Vb sat )]
1

=— 1,Co (_j (VX —Viy )2 [1"' ﬂ’(VD81 ~Ves +Vry )]
1

1 W
| e = _/unCox(Tj (Vx —Viy )2 [1+/1(VGS _VD,sat )]
REF

W
=—1,C,, (T) (Vx —Viy )2 [l"' AV ]
REF

_ (W / L)l | 1"'1(\/031 —Ves +Vry ) _ (W / L)l | 1+ ﬂ‘(VDSI _VGS)
o (W / L)REF - 1+ AVa, (W / L)REF - 1+ AVa,
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CMOS Current Mirror

CS
Stage Follower
Voo
Il‘J |
| 1
Vout1 Voutz
Voo

- Vin1 Vinz —

IReF = = =

CS

Follower Stage

= Mrer

Voo
Vins — Vina —
Vout3 Vout4

5]
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