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Homework 1, TP Schedule

= Homework 1 assignment is due on Nov 12 at 20:00

= EDA statement assignment is due today

" The list of edauser IDs will be posted on moodle

" First TP session: Nov 10 in BC07-08 from 3:15pm to 6pm
Week Subject by week — EE-320: Analog IC design — Fall 2025 Suggested Chapters
Week 1: 08/09 — 14/09 Introduction, organization, review of MOS transistors + Exercisel Ch 1, Ch 2.1-2.4, Slides on Moodle
Week 2: 15/09-21/09 | MOS large and small-signal models, regimes of operations + Exercise2 | Ch 2.1-2.4
Week 3:22/09 - 28/09 | Holiday — No class
Week 4:29/09 — 05/10 MOS parasitic effects, layout basic, single-stage amplifiers + Exercise3 | Ch 2.1-2.4,Ch 3.1
Week 5:06/10—-12/10 | Single-stage amplifiers + Exercise4 Ch3.1-3.7
Week 6: 13/10-19/10 Single-stage amplifiers + Exercise5 Ch 3.1-3.7
Week 7: 20/10 — 26/10 | Break — No class
Week 8:27/10-02/11 | Single-stage amplifiers + Cascode + Exercise6 + Homework1 Ch 3.1-3.7
Week 9: 03/11 - 09/11 Differential amplifiers + Exercise7 Ch4.1-4.4
Week 10: 10/11-16/11 | TP1 Practical exercise session on Cadence Tutorial on Moodle
Week 11: 17/11-23/11 | TP2 Practical exercise session on Cadence Tutorial on Moodle
Week 12: 24/11 -30/12 | TP3 Practical exercise session on Cadence + Homework2 Tutorial on Moodle
Week 13: 01/12 -07/12 | TP4 Practical exercise session on Cadence Tutorial on Moodle
Week 14: 08/12 - 14/12 | Differential amplifiers, current mirrors + Exercise8 Ch4.1-4.4,Ch 5.1-5.3
Week 15: 15/12 -22/12 | Current mirrors + Exercise9 Ch5.1-5.3
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Review: Common-Gate
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Review: Common-Gate, Cascode

- Voo
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Rp
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Vour = Vin — Vra1 + Ves2 — Vran
= (Ves1 — Vru1) + (Vgs2 — Vruz)

Vin O_I M1
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Cascode: large-signal behavior
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Cascode stage: Small-signal model
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Cascode stage: Small-signal model
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Cascode stage: Small-signal model

Vbp
Im1V1 v
Rp -||—+ = o Vout
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Cascode: output resistance

v" An important property of the cascode structure is its high output impedance

rRout rRout
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I

Vin O_I M1
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Cascode: output resistance

v" An important property of the cascode structure is its high output impedance

rRout rRout
-l-_": M3 __|_—||: M3
I

Rour = [1 + (8m2 + mp2)ro2lro1r +roz

|.j-M1 ‘Trm X (gm2 + &mb2)T02r01

1

Rour = [1+ (gm + &m»)Rslro + Ry
=+ (En+em)rolRs+ro D

MS EE 320 10



Cascode: output resistance

v" An important property of the cascode structure is its high output impedance

&

o
L

r Rout

rRout

M
Rour = [1 + (8m2 + mp2)ro2lro1r +roz

|.j-M1 ‘Trm X (gm2 + &mb2)T02r01

Vb2 o—|[, M3 = A higher output impedance, but a limited headroom

= Minimum
Vbie—|[, M,

Vin o—

¥
=

output voltage: sum of three overdrives
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Cascode stage: gain
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Cascode stage: gain

Vbp
5’1 Av = —GnRous
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A method for voltage gain calculation

* In a linear circuit, the voltage gain is equal to -G,,R,,; Where
= G,, is the transconductance of the circuit when the output is ac

shorted
» R, represents the output resistance of the circuit when the input

voltage is set to zero

Gm — Iout/Vin
Av = —GuRous

MS EE 320 14



Cascode stage: exact gain
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Cascode stage: exact gain
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Cascode stage: exact gain
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Y
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Cascode as a constant current source

Vb3 o—-—| M, ECascode
. Current
Vo2 o |[* m; i Source
I: [ [1+ (gm3 + gmp3)T031r04 + 703
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Cascode as a constant current source

Vb3 o—-—| M, ECascode
. Current
Vo2 o |[* m; i Source
I: [ [1+ (gm3 + gmp3)T031r04 + 703

Av = —GuRou

Rour = {[1 + (@m2 + 8mp2)r02]ro1 +ro2} {1 + (8m3 + 8mp3)ro3]roa +ro3})

|Av| ~ gmlRout
|Ay| = gmi1l(8maro2ro1) |(8m3rosroa)]

Vout,max — Vout,min = VDD — (Vs1 — VT H1) — (Vgs2 — Vru2) — |Ves3 — Vrus|l — |Vesa — Vr a4l
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Folded Cascode

Vbp
Rop v' Cascode: to convert the input voltage to a current
Vout and apply the result to a common-gate stage
My Jl— Vo v' The input and cascode devices need not be of the
< same type
Vin o—]|[,. M,
\
Vbp Vpp Vpp
Rp Rp Iq
Vin o—||: M, Vout Vin o—||: M Vout M,
My |} Vo My Ve  Vinofzmy  —eVo
‘_ X Vout
Im1Vin I = Ro
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Example: Calculate the output impedance
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Example: Calculate the output impedance

Rour = [1 + (8m2 + gmp2)ro2l(roillros) +roz

v" The output impedance is lower than a nonfolded “telescopic” cascode

r "
ik Lz
IZ:> =
-l-_“: M ro1
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Folded cascode with a cascode load

MS EE 320 23



Differential Operation

= Differential operation
= An important circuit invention
= Used in high-performance analog and mixed-signal circuits
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Differential Operation

= Differential operation
= An important circuit invention
= Used in high-performance analog and mixed-signal circuits

» Single-Ended and Differential Operation:

Zg Zs X Zs
Q /\/ + Vout -
+ ’
Vin Vout t
B Leow /\/ \/\ "
_T_ ........................ 0

= Level

t t

» Asingle-ended signal is measured wrt a fixed potential, usually the ground

= Adifferential signal is measured between two nodes that have equal and
opposite signal excursions around a fixed potential
= The “center” potential in differential signaling is the “common-mode” (CM) level
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Differential Operation: immune to CM noise

» Higher immunity to “environmental” noise

CK Vx

Voo M ot
Clock Line
.—D¢ L
Vx )—\4

Ss¢

L
M 1
_I 1 Signal Line Vy
L Line—to-Line [ M2 Ls
- Capacitance

= The CM level of the two phases is disturbed, but the differential output is not
corrupted, so it “rejects” common-mode noise
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Differential Operation: immune to supply noise

» Higher immunity to “environmental” noise

N v, N
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Basic Differential Pair

= Bias currents should have minimal dependence on the input CM level

Vbp
Rp1 Rp2 /’ Vbp — RDISS/2
Vout1 X Y Vout2

Vin1 0—| M; M |—° Vin2

~Y
~Y
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Differential input-output characteristics

(neglecting channel-length modulation and body effect):

Rp2
out1 out2
Vin1 M I—O Vin2

Rp1=Rp2=Rp

SS

Differential input-output characteristics of a diff pair
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Differential input-output characteristics

(neglecting channel-length modulation and body effect):

Rp2
out1 out2
Vin1 M I—O Vin2

Rp1=Rp2=Rp

SS

Differential input-output characteristics of a diff pair
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