Structured Electronic Design

Intrinsic CS stage
Design of static and dynamic performance
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CS stage determine bias sources
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CS stage determine bias sources

Maximum negative output voltage: 0.9V Obtain values of the input bias sources
Maximum positive output current: 10uA for required output drive capability:
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Minimum dimensions
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CS stage determine bias sources

Maximum negative output voltage: 0.9V
Maximum positive output current: 10uA
Weak inversion

Minimum dimensions
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CS apply bias sources
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CS apply bias sources

0.6165

(4)

() —>

R1
17T

N\

41

0.9
(1) (2)*~(3)

?

T

—/

! O
e

M1l
C'18nmos

W = 220n
L = 180n

<«— \V=031.547uV

TlOu

agne 11



CS apply bias sources

0.6165

(4)

) —>

R1
17T

N\

41

0.9
(1) (2)*~(3)

?

T

—/

! O
e

M1l
C'18nmos

W = 220n
L = 180n

<«— \V=031.547uV

TlOu

less than 0.1%
Inaccuracy

gne 12



() —>

Path for charging
the gate-source

CS apply bias sources
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CS apply bias sources
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Structured Electronic Design

Intrinsic CS stage
V-l drive capability

Anton .M. Montagne
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CS stage static (stationary) behavior

Vo(Vi) characteristic
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CS stage static (stationary) behavior

Vo(Vi) characteristic
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CS stage static (stationary) behavior

Vo(Vi) characteristic
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CS stage static (stationary) behavior
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CS stage static (stationary) behavior

0 lo(Vi) characteristic
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CS stage static (stationary) behavior

0 lo(Vi) characteristic
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CS stage static (stationary) behavior

lo(Vi) characteristic
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CS stage static (stationary) behavior

lo(Vi) characteristic
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CS stage large-signal dynamic behavior
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CS stage large-signal dynamic behavior
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CS stage large-signal dynamic behavior
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CS stage large-signal dynamic behavior
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CS stage large-signal dynamic behavior
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CS stage large-signal dynamic behavior
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CS stage large-signal dynamic behavior
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Structured Electronic Design

Intrinsic CS stage
Small-signal dynamic performance

Anton .M. Montagne
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CS stage small-signal T1 matrix parameters
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CS stage small-signal T1 matrix parameters
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CS stage small-signal T1 matrix parameters
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CS stage small-signal: A
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CS stage small-signal: A
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CS stage small-signal: A
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CS stage small-signal: A
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CS stage small-signal: A
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CS stage small-signal: B

(c) 2020 A.J.M. Montagne 44



CS stage small-signal: B
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CS stage small-signal: B

Poll: How many poles?

(c) 2020 A.J.M. Montagne 46



CS stage small-signal: B
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CS stage small-signal dynamic behavior
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CS stage small-signal: C
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CS stage small-signal: C
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CS stage small-signal: C
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CS stage small-signal: C
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CS stage small-signal: C
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CS stage small-signal: C
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CS stage small-signal: C
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CS stage small-signal: C
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CS stage small-signal dynamic behavior
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Structured Electronic Design

Intrinsic CS stage
Input and output impedance
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CS stage small-signal dynamic behavior
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CS stage small-signal dynamic behavior

Input impedance with shorted output
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CS stage small-signal dynamic behavior

Input impedance with shorted output
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CS stage small-signal dynamic behavior

Input impedance with shorted output
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CS stage small-signal dynamic behavior

Input impedance with shorted output
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CS stage small-signal dynamic behavior

Input impedance with shorted output
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CS stage small-signal dynamic behavior

Input impedance with shorted output
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CS stage small-signal dynamic behavior

Input impedance with shorted output
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CS stage small-signal dynamic behavior

Input impedance with shorted output

. _ B _ 1 1 1
% vo=0 " D  s(cgs+cgd)  SCiss Ciss |
Input impedance with open output Cgd K Cgs and ¢y, K Cys
> — Y5 _ A _ 1_|_S'r'o(cgd‘|‘cds) —_— ngOng
Lie=0 " 4; |. - ( + + ) Cgs =
1o,=0 "o\ €gs€dsTC€gs€gdTCds gd gs
S(CQSHHQM%)CQ‘JZ)(HS cgs (1T gmro)egd [l] (1 gdz) gi
g m

Output impedance with shorted input

2 =5 — L o
Olv;=0 A 1+4sro(cgatcds)  148T0Coss

(c) 2020 A.J.M. Montagne 67



Input impedance with shorted output
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CS stage small-signal dynamic behavior

1

Input impedance with open output

U4

“ili,=0 — 3,

Output impedance with shorted input

B

ZO ’Ufg:O o Z

10=0

1

14s7, (ng ‘|‘Cds)

Qi

o

1457, (ng+cds) o

s(cgs+(1+gmro)cgd) (1‘|‘3 O(

To

1‘|_3To Coss

€gsCds _l_cgscgd_l_cdscgd)

Cgs+(1‘|‘9m7“o)cgd

)

Ciss

Cgd K Cgs and cgs K Cys

T ImToCqd

1 Cds | _1
|:|:| ( Cqgd dm
Coss== IjTO

Cgs —_—

(c) 2020 A.J.M. Montagne 68



CS stage small-signal dynamic behavior

Input impedance with shorted output
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CS stage small-signal dynamic behavior

Input impedance with shorted output

24 — E p— 1 p— 1 —_—
tlv,=0 D s(cgs+cga) SCjss Ciss
Input impedance with open output Cgd K Cgs and ¢y, K Cys
> — Y5 _ A _ 1_|_5T0(ng(‘|‘cds) ) —_— ngOng
tig=0 — i; |, - C Cgs =
© 1o,=0 Tol|l CgsCdstCgsCgdtCdsCqgd gs =r
s(cgs+(1+gmTo)cya) (H‘S cgs+(1+gmro)cyq ) [l] (1 Cds) 1
Cqgd dm
Output impedance with shorted input
z — E — o - To
Olv,=0 A 1+3ro(cgd+cds)  14s76Coss COSS== To
Output impedance with open input
Z —_— /ra CQS_|_ng 1
0l7;,=0 o 1 rolcgsc CagsC ci.C
Cgs'l'( +gmro)cgd s o( gsCtdstcgs gd"’ ds gd)

Cgs‘|‘(1‘|‘9mr0>cgd
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CS stage small-signal dynamic behavior

Input impedance with shorted output

2

Input impedance with open output

2

B __ 1

vo=0 " D s(cgs+cga) T 5Ciss

1

14s7, (ng ‘|‘Cds)

iOZO (2

S(Cgs+(1‘|‘gm7°o)cgd) (1‘|‘3 (

Output impedance with shorted input

e

Output impedance with open input

20

B To

v,=0 — A 14+sro(cgatcds)

Cgs _|_ng

To\€gs€ds _l_cgscgd_l_cdscgd)

Cgs+(1‘|‘9m7“o)cgd

To

1‘|_3To Coss

1

Oly;=0 — To Cgs"‘(l"‘gm'ro)cgd

1+s

To (CQSCdS +CQchd+Cdscgd)

Cgs+(1‘|‘9m7”o>cgd

)

Ciss

Cgd K Cgs and cgs K Cys

Cgs —_—

T ImToCqd

(1) 3

COSS

iy

Cgd K Cgs and cgs K €y

COSS

,r,o// 1 ng‘|_Cgs
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CS stage small-signal dynamic behavior

Input impedance with shorted output

2

Input impedance with open output

2

B __ 1

vo=0 " D s(cgs+cga) T 5Ciss

1

14s7, (ng ‘|‘Cds)

iOZO (2

S(Cgs+(1‘|‘gm7°o)cgd) (1‘|‘3 (

Output impedance with shorted input

e

Output impedance with open input

20

B To

v,=0 — A 14+sro(cgatcds)

Cgs _|_ng

To\€gs€ds _l_cgscgd_l_cdscgd)

Cgs+(1‘|‘9m7“o)cgd

To

1‘|_3To Coss

1

Oly;=0 — To Cgs"‘(l"‘gm'ro)cgd

1+s

To (CQSCdS +CQchd+Cdscgd)

Cgs+(1‘|‘9m7”o>cgd

)

Ciss

Cgd K Cgs and cgs K Cys

Cgs —_—

T ImToCqd

(1) 3

COSS

iy

Cod K Cgs and cgs K Cys

COSS

,,,,O// 1 ng"'cgs
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Structured Electronic Design

Intrinsic CS stage
Geometry and current scaling

Anton .M. Montagne
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CS stage scaling

Saturation region approximations
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CS stage scaling

Saturation region approximations
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CS stage scaling

Saturation region approximations

__ 2 / _ /
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CS stage scaling

Saturation region approximations

__ 2 / _ /
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CS stage scaling

Saturation region approximations

CgS — %WLC/OX ng — WC]/:)GOV IDS gm
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CS stage scaling

Saturation region approximations

Cgs — %WLC/OX Cgd — WC]/:)GOV -[DS gm do
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CS stage scaling

Saturation region approximations

Cgs — %WLC/OX Cgd — WC]/:)GOV -[DS gm Yo

Maintain
Inversion coefficient

o<: proportional with
. strongly increases with increasing
. increases with increasing

1: decreases with increasing

ll: strongly decreases with increasing
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CS stage scaling

Saturation region approximations

Cgs — %WLC/OX Cgd — WC]/:)GOV -[DS gm Yo

Maintain
Inversion coefficient X Wv x L

o<: proportional with
. strongly increases with increasing
. increases with increasing

1: decreases with increasing

ll: strongly decreases with increasing
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CS stage scaling

Saturation region approximations

Cgs — %WLC/OX Cgd — WC]/:)GOV -[DS gm Yo

Maintain
x W, o< L ~ W

Inversion coefficient

o<: proportional with
. strongly increases with increasing
. increases with increasing

1: decreases with increasing

ll: strongly decreases with increasing
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CS stage scaling

Saturation region approximations

Cgs — %WLC/OX Cgd — WC]/:)GOV -[DS gm Yo

Maintain
Inversion coefficient X W’ x L x W T W7 ¢ L

o<: proportional with
. strongly increases with increasing
. increases with increasing

1: decreases with increasing

ll: strongly decreases with increasing
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CS stage scaling

Saturation region approximations

Cgs — %WLC/OX Cgd — WC]/:)GOV -[DS gm Yo

Maintain
Inversion coefficient X W’ ox L x W T W> ¢ L T W7 i L

o<: proportional with
. strongly increases with increasing
. increases with increasing

1: decreases with increasing

ll: strongly decreases with increasing
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CS stage scaling

Saturation region approximations

Cgs — %WLC/OX Cgd — WC]/:)GOV -[DS gm Yo

Maintain
Invlersilon coefficient &8 W’ o< L x W T W7 ¢ L T Wa ¢ L T W7 U L

o<: proportional with
. strongly increases with increasing
. increases with increasing

1: decreases with increasing

ll: strongly decreases with increasing
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Maintain
Inversion coefficient

Maintain
Drain current

CS stage scaling

Saturation region approximations

_ 2 / _ /

Im

9o

x W, o< L x W T W, | L

o<: proportional with
. strongly increases with increasing
. increases with increasing

1: decreases with increasing

ll: strongly decreases with increasing

TW, 1L

TW, L
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Maintain
Inversion coefficient

Maintain
Drain current

CS stage scaling

Saturation region approximations

CgS — %WLC/OX ng — WC]/:)GOV -[DS 9m Jo
x W, L ~ W W, | L W, | L TW, § L
x W, o< L

o<: proportional with
. strongly increases with increasing
. increases with increasing

1: decreases with increasing

ll: strongly decreases with increasing
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Maintain
Inversion coefficient

Maintain
Drain current

CS stage scaling

Saturation region approximations

Cgs — %WLC/OX Cgd — WC]/:)GOV -[DS gm Yo
x W, L ~ W W, | L W, | L TW, § L
x W, o< L x W

o<: proportional with
. strongly increases with increasing
. increases with increasing

1: decreases with increasing

ll: strongly decreases with increasing
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Maintain
Inversion coefficient

Maintain
Drain current

CS stage scaling

Saturation region approximations

CgS — %WLC/OX ng — WC]/:)GOV -[DS 9m Jo
x W, L ~ W W, | L W, | L TW, § L
x W, o< L x W W, L L

o<: proportional with
. strongly increases with increasing
. increases with increasing

1: decreases with increasing

ll: strongly decreases with increasing
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Maintain
Inversion coefficient

Maintain
Drain current

CS stage scaling

Saturation region approximations

_ 2 / _ /

dm Jdo

o<: proportional with
. strongly increases with increasing
. increases with increasing

1: decreases with increasing

ll: strongly decreases with increasing
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Maintain
Inversion coefficient

Maintain
Drain current

CS stage scaling

Saturation region approximations

_ 2 / _ /

dm Jdo

o<: proportional with
. strongly increases with increasing
. increases with increasing

1: decreases with increasing

ll: strongly decreases with increasing
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