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Announcements

1) HW8 due at 5:00 PM Friday, March 29
2) Exam 3 is at 6:30 PM, Tuesday, April 2

3) Spice Project 3 will be due on April 17
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CS amplifier with active load

large enough
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Voo Ideal
R, = oo L
current A =—t=-gr
I} source v,
0]
A, =—4
Rin =
R =7,
But this gain is not



Solution: cascade amplifiers

Stage 1 Stage 2

Examples: CE:CE CC:CE CE:CC

CE:CB or CS:CG = “cascode”
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Basic cascode
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“cascaded cathode”
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Cascode amplifiers

CS

CG

Discrete transistor version first

Then MOS IC cascodes

Lundstrom: 2019



Outline

1) Introduction

2) Discrete cascode
3) IC MOS cascode
4) Discussion

5) BJT cascode

6) Summary
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Discrete CS:CG cascode

VDD




CS:.CG discrete cascode (without bias resistors)

A, = A, XA, e p
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CS:CG cascode summary

CS CG
A =-1 AUO =+g, R, —O

 Input resistance of CS
* QOutput resistance of CS
« \oltage gain of CS

(excellent high frequency response)
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Outline

1) Introduction

2) Discrete cascode
3) IC MOS cascode
4) Discussion

5) BJT cascode

6) Summary
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CS:CG cascode (IC)

A, =4, XA,
Q2

Avo = _gml (rol ” Rin2 ) X ngRoutZ l J_ — O
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Recall L24

é RL
Rout — 7'0 + (1 + gmro)Rseries

[Rout = (gmro)RS ]

:_ J’ Routzr0+(gmr0)RS
I o (n*R)
" (l+g,r)
RS Rinz 1 4+ RL
gm gmro
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First stage gain

=

Lundstrom: 2019

==

15



sz = +gm2R0ut2
RoutZ = r02 + (gm2r02)RS
Rout2 = (gm2r02 )rol

sz =+8mn (gm2r02r01)

Second stage gain
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Total gain

A, =A, XA,

Avl :_gml(l/gmz) Q2

sz:+gm2(gm2r02ro1) |__) —_— €

A, = _(gmlr01)(gm2r02) R,
s X
N IP Q1 our2
v R =oo
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Total gain of cascode




An easier way

gmlv
Q2 .
|—> a L —©
gmlv'
v
Rin2
o
G Rout
> b Q1 2
()

vo — _(gmlvi)Rout2

Rout2 = (gm2r02 )rol
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Recall: CS amplifier with active load

VDD ﬁ‘ |deal
current R, =

7 source
0 v
A, =—=8,1,
D
I T Avo — _AO

Cascode: A4, = _(A0)2
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Outline

1) Introduction

2) Discrete cascode
3) IC MOS cascode
4) Discussion

5) BJT cascode

6) Summary
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Implementation
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Implementation

VDD
PNP current mirror
I —
¢ O Avo = _(gmr() )2
UO
]
VG2 O_ I Q2 Av(, :_gm I:(ger)ro]”rop
>
Avo = =8l = _AO
_
Oo—! a1 The solution is to use a
+ cascode current course.
v, (S&S p. 549)
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Include a load resistor

Q2
A T *(__ 0 L,
Rin2 Avo — _gmlROMt2 ” RL

! S

P Q1 Rout2 L
t Rout2 = (gm2r02)r01
vi
| | 1 1

But now, can you find the gain of stage 1 (it depends on
R/ !). See S&S, Sec. 8.5.3
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Double cascode
Q2 Q3

AL AL

&Ry, = (gm2r02)r01

O

c +

o

&Ry, = (gm3r03)R02

Ry, = (gm3r03)(gm2r02)r01

||+—
||+—
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Outline

1) Introduction

2) Discrete cascode
3) IC MOS cascode
4) Discussion

5) BJT cascode

6) Summary
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BJT cascode

gmlvi
Q2 .
N LD
Rout2

vO

_(gmlvi ) Rout2
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Recall L24

Rout — r02 + (1 + gm2r02)(RS ” r7r2)

Rout — r02 +(1+gm2r02)(r02 ” r7r2)

Rout = (gm2r02)(r02 ” rﬂ'2)

"

cannot be as larges as
for the MOS case
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BJT cascode

Q1

8mV; L, = _(gmlvi)RoutZ
Q2 .
O
L_F- Rout = (gm2r02)(r02 ” rir2)
Avo — _gml (ngrOZ)(r02 ” r7Z'2)
Rout2
Avo max — _gml (gm2r02)r7r2
g— Al = P81 = =P A,
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BJT cascode

gmlvi

Q1

A

U

~-pa,

%1 max

See the discussion in
Sec. 8.5.6 of S&S
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Outline

1) Introduction

2) Discrete cascode
3) IC MOS cascode
4) Discussion

5) BJT cascode

6) Summary
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Summary

¢

A, =—(g,1)

VDD f‘ |deal
current Common Source:
source
0\ _V
O
D +
I 2
| ) A, =—(8.1,)
Double Cascode:
3 _
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Questions

Introduction
Discrete cascode
IC MOS cascode
Discussion

BJT cascodes

Summary
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