Lecture 170 — 1 Stage Frequency Response (1/10/02) Page 170-1

LECTURE 170 - INTUITIVE ANALYSIS OF ANALOG CIRCUITS
(READING: AH - 191-193)
Objective
The objective of this presentation is:
1.) Illustrate how to perform a small-signal, midband analysis from the schematic
2.) Introduce the Miller technique and the approximate method of solving for two poles
Outline
* Key concepts in CMOS analog IC circuit analysis
* Intuitive approach
* Examples
* Summary
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IMPORTANT RELATIONSHIPS FOR CMOS ANALOG IC DESIGN

1.) Square law relationship:
KW
ip="72L (vgs- Vp?
2.) Small-signal transconductance formula:

2K’WIp
Em= L

3.) Small-signal simplification:

gm= 10gps = 100845
4.) Saturation relationship:

21p
Vps(sat) = \| R*(W/L)

ECE 6412 - Analog Integrated Circuit Design - II © P.E. Allen - 2002




Lecture 170 — 1 Stage Frequency Response (1/10/02) Page 170-3

An Intuitive Method of Small Signal Analysis

Small signal analysis is used so often in analog circuit design that it becomes desirable to
find faster ways of performing this important analysis.

Intuitive Analysis (or Schematic Analysis)
Technique:

1.) Identify the transistor(s) that convert the input voltage to current (these transistors
are called transconductance transistors).

2.) Trace the currents to where they flow into an equivalent resistance to ground.
3.) Multiply this resistance by the current to get the voltage at this node to ground.
4.) Repeat this process until the output is reached.

Simple Example:
DD
—| M2
8m2Vol T Vout
R
= Fig. 5.2-10C
Vol =-(&m1vin) R1 — Vour =-(8m2vo)R2  — Vout = (m1R18m2R2)Vin
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Intuitive Analysis of the Current-Mirror Load Differential Amplifier

VBmsi 1 i— Fig. 5.2-11
1.) i1 =0.5gn1vig and ip =-0.5g,,0Vid
2) i3=i1=0.5g,1vid
3.) i4=13=0.58m1vid

: . 1
4.) The resistance at the output node, 7y, 1S ¥ gs2llr gg4 Or 9d50 + 8dsa
Em1Vin Em2Vin Vout Eml

5 Vour = (0-58m1vid +0-58m2vid )out = 8ds2+8dsa ~ 8ds2+8dsd - Vin — 8ds2+&ds4
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Some Concepts to Help Extend the Intuitive Method of Small-Signal Analysis
1.) Approximate the output resistance of any cascode circuit as
Rour = (8m2rds2)rds1
where M1 is a transistor cascoded by M2.

2.) If there is a resistance, R, in series with the source of the transconductance transistor,
let the effective transconductance be

Em
Em(eff) = 1+g,,R

Proof:

ng(eﬁC)Vinl gm2(eff)vin .
8m2Vgs2  igyr

4—
M2 M2 . +Vgs2 -
= ¢ Dvin rds1
M1 v, = o

Tds1 -
Small-signal model

— — — Fig.5.2-11A

vin
vgs2 = vg2 Vo=V - (gm2rds1)vgs2 = vgs2 = 1+gm2rdsl

. gm2vin
ThU.S, low = 1+gm2rdsl = ng(eﬁ) Vin

ECE 6412 - Analog Integrated Circuit Design - II © P.E. Allen - 2002

Lecture 170 — 1 Stage Frequency Response (1/10/02) Page 170-6

Miller Two-Stage Op Amp

VbD

o —" o
M3 M4 C.

) I ——0 Yout

R M2_|—

Vin

Assume proper M5
common mode I— |

. 5 1L, M7
input voltage  VBias

Fig. 170-01
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Miller Two-Stage Op Amp
VDD
1 —i[" M
M3 M4 C,
\| v
11 $ O Yout
MI M2_|F—
Vin
2+
Assume proper M5
common mode + IK l: M7
input voltage ~ VBias
Vs Fig. 170-01
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Miller Two-Stage Op Amp
455
1 —i[" M
M3 M4 C,
)| —o0 Voutr
Em1Vin Tgm2vin 3 o
2 5
M2:lz|_—
Vin
2+
Assume proper M5
common mode + IK l: M7
input voltage ~ VBias
Vs Fig. 170-01

ECE 6412 - Analog Integrated Circuit Design - II

© P.E. Allen - 2002




Lecture 170 — 1 Stage Frequency Response (1/10/02)

Miller Two-Stage Op Amp

Page 170-9

Vbp
8m1Vin lgml Vin
T
M3 M4 C,
\ | v
Em1Vin TngVin /1 o out
2 —
M2:lz|_—
Vin
2+
Assume proper M5
common mode + IK Il: M7
input voltage ~ VBias
) Vs Fig. 170-01
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Miller Two-Stage Op Amp
VbD
8m1Vin lgmlvin Vol
e A
M3 MAR, 1=rgsollrasa | C,
N )\ %
Em1Vin TngVin /1
2
M1 M2 [F—
Vin
2+
Assume proper M5
common mode + IK Il: M7
input voltage ~ VBias
) Vss Fig. 170-01
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Miller Two-Stage Op Amp

VDD
Em1Vin lgml\/m Vol ~
e — +
T — e
M3 M4 R() | =rd82”rds4 CC 8mbVol
<'_I \ I Vout
Sm1Vin T Em2Vin I 4_‘_I © ou
2 Rour=rds6llrds7
M1 M2 |F—
Vin
2+
Assume proper M5
common mode  + IK Il: M7
input voltage ~ VBias
) Vs Fig. 170-01
Vout 8ml ~8mb6 ~8m18m6
Vin ~ \8ds2+8dsa) \8ds6+8ds7) ~ (8ds2+8dsa)(8ds6+8ds7)
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Folded-Cascode Op Amp

=t

V .
Bl 3 M10 M1

(1 M2J— M8 | Mo

Vout

B g\ Y M6 M7
VBias —|-E| l:l

Vss Fig. 170-02
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Folded-Cascode Op Amp

45)5)
VBias l¢ Ly o
LS EVE M10 |FH[M11
Vin - +Vin
+2 2 - —
. l‘_Ml MZIl— M8 [ Mo
Vout
Vin —O
B T\ M, M6 M7
Va4,
VBias -l'El l:
M4 | M5 .
Vss Fig. 170-02
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Folded-Cascode Op Amp
1455
VBias | Ly <
[ MYE M10 R
Vin - +Vin
42 2_ . o
. l‘_iﬂ ME_’]l— M8 [ Mo
) Em1Vin 8m2Vin Vout
Vin 5 T l > —O
T\ /M, M6 M7
Va4,

Vss Fig. 170-02
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Folded-Cascode Op Amp

Vbp

=%

V .

EES NEVE: M10 |
2
* l‘_iﬂ MZIl— M8 | Mo

Vi Vi Vout
Vin gml mT l 8m2Vin "

11

2 2

/ S M6| M7
VBias —|-E| l__:

8m1Vin l T 8m2Vin
2 2

N

VBias ‘|'|__,—| l__,

M4 | M5

Vss Fig. 170-02
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Folded-Cascode Op Amp

Vbp
VBias [+
S| NEVE MI(ZII——II‘I\__/H 1
Vin - +Vin
+2 2
l‘_i/n MZ||— gm1Vin M8j|——||:M9
+
Vin gmévin T l 811122Vin 42— _gout
S M6( M7 p—
VBias —|-E| 8m2Vin
2
E8m1Vin l 8m2Vin
2 | 2
VBias l:
M4 | M5

Vss Fig. 170-02
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Folded-Cascode Op Amp

Vbp
VBi <J ~ <
=[_Mm3 MI10 | [M11
Eml1Vin 8m1Vin
+ 2 2 —> <
[ ME— v Mg [ Mo
+ e —
Vi Em1Vin T l Em2Vin 42— Vout
in - A —O
2 2
T\ ) M6 7 #
VBias -|-|:—| gm2Vin
2
8m1Vin l Em2Vin
2V 2
VBias |E |l:
M4 | M5 .
Vss Fig. 170-02
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Folded-Cascode Op Amp

,J Vbp
VBﬂ| M3 MI(III——II‘M

11
—l ' 8ml1Vin E8m1Vin
B ST i g A

+2 r_i/ll ME_’IF— g

m1Vin M8:||——|I:M9
+
Vi Em1Vin T l 8m2Vin 42— _gout
mn 2 2 <«
S / M6| M7 — Rout = [gm9rdsordsii]
VBias l:l Em2Vin  [gm7ras1(rasallrdss)]
2

Em1Vin l TngVin
2 2

N

VBias l__,

M4 | M5

Vgs  Fig. 170-02

Vout 8ml  8m2
= Rour = 8m11(8mor asor as1 DNgm7r as1(rasallrass)}

Vin 2 t 2

ECE 6412 - Analog Integrated Circuit Design - II © P.E. Allen - 2002




Lecture 170 — 1 Stage Frequency Response (1/10/02) Page 170-19

SUMMARY
Intuitive method is quick and simple
Intuitive method 1s approximate (misses the unbalance of the folded cascode)
Intuitive method does not give any information about frequency response

The intuitive method can be used with BJT circuits assuming 8 >>1 and including r, in
the resistance calculations
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