opyright (c) 2015 -2016 Young W. Lim.
Permission is granted to copy, distribute and/or modify this document under the terms of the

NU Free Documentation License, Version 1.2 or any later version published by the Free Software
oundation; with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of

M

he license is included in the section entitled "GNU Free Documentation License".

—




References

Some Figures from the following sites

~ [1] http://pages.hmc.edu/harris/cmosvlsi/4e/index.html

Weste & H;arris Eook Site

[2] en.wikipedia.org

3] Digital | | Circuits : A Desian P ve.

Jan M. Rabaey,

(http://bwrcs.eecs.berkeley.edu/Classes/IcBook/)

[4] Digital EI .  Des: th VHDI

Pedroni




|nstamtanesns  Powen

Pi¢) = L(t) V(t)

Enmg vdL

A_ve:wyz Powen,

T

r - r
P = = = ’-}'} p(t)dt

0




power  Conswme

PlH)= 1OVIt)= T>k) R = V_; 1y

powen W\P ply
\ ] J

} +

Vop (T Pl)= LTOVIEY= T,u(t) Vep

. I, 6”5’9 Y Stoved

. 0 L L
Ve = E =\ 10vr)dt =\ CTqp Vi dt

]

w 1/ \ d\/(.t> 1 VC.

—
—

(/ 'ﬁ L—_———"

CV(_'t) dT_E'(M. 2{\‘ CV(_t)d\/
v

° 0

Ve

A4

LTV = Lev?

[}

c
L -~ 0




-

N

~—




WA Vo
__Vly
\in =05 —
I::"_I_' | f | =
® 02 04 06 08 Y 1y \
14 p— C,
Ve 05 .\ v v
R | / :"'rum=EfI'=dt x-
0 —
02 04 06 08 { |DOFF i ON ,], DFF
(ns) OFF| (a1 ][un]  [un][SaT][OFF
(mA) F
. ig i i ) A Vout
3 /1 ! Short Vi v
—LP 0.5- i§ E'-.Lmari Crrcutt = 1=
| - = ' Current ”_rL ICL
i D-{Hoﬁlo'z :0'4 -.-{-]'t; 08 1 \/1,,
: . : : P
1- : _ r"!ﬂ
bYF 9/ﬂ_ UN UVin m—
j‘ﬂ | _£05- I% ZJ:Q
i 0 - r I . x.
- 0 02 04 06 os 1| LUN][SAT|[OFF OFF| [ SAT [[UN
oN| ) 01T ‘ ON
1 ckwy,
1c = 05 : I: = Ip - In
T o
05
-1

02 04 06 08 1

Q‘\S CWQX i



_;—\

V)
14—
v1
0.5 —Gi X i1
0 — L : \}Ml ] V'ij,'
® 02 04 06 08 Yin V1,
1- -
/ | T C,
i J 1
80.5 v v
= | Vo= [0t Y Y
/ You g\ ]
0 s
02 04 06 08 f
t(ns) ]’”05 O}\)
@A} 1R i l_VP'?
:E I'Lrn::,-slri g'."“”ﬁ : —°| ’@ V
~05- ;a@ Gl | [V — ﬁf .
i ( \
0 DWI L—( | X ] C
g 02 04 ﬂE 08 1 Cy
(3 OFF S/ LN \Va—
= Chonitd
d 02 04 06 08 1 -
1
Cka/\ﬁy_, [ ?
—q
0.5 J A\ el | Vioul
i 0 ’ " . \f'Ln v I'C 6
_05
— — @ T
q 02 04 06 08 1 g B
()\\SC’W‘VK' vV vV




Shevk Circwd {

14 Vpp
¥
0.5+ —d
)
|- Voud
0 T 1 |'I. T ‘ij
02 04 06 08 \ 11.1 L’_l-
G -—C
30.5- :
; .!"'ruuc = Eflcdt.' .
n I. | 1 L]
02 04 06 D8 1
t(ns) . )
~se = Cse Vg
5T‘A}:g.; : = DL\
!E !I',l_mari S'_'ﬂrt_ w
cos{ 15/ {7 G
D I 1 : :
02 04 06 08 1 e wual Nakp
1+ | -
OFF SRT/LN | 2 s
[ = 'II FZW{_
0.5- et
n{ 02 04 n'ﬁj 08 1
- T Pio < 0v] Poynames
C\nﬂl\ﬁ)z, 0 f p o
1- '
054 / \ k=hk-h
-05 4
'1 T T T |I 1
02 04 06 08 1
O\‘Sw"‘“{
I |



verter, Switthivg (uwent Wlo & [og4

VGS

+ PA lDsn

-lbsp

-5

-4 /\
-3

-2 //
-1

0

IDsn A
-lbsp

VDsn

PLIN | pLIN

PSAT pSAT

PSAT| pOFF|

|
%

:

%

'NOFF| nSAT|

NnSAT nSAT

nLIN \ nLIN ‘

pLIN
NnOFF

SAT
SAT

pOFF
nLIN




—/

A\ 4

e I
EANY/ —q
T
AR A ’\f'l.o —
S = !
\v4 SMVﬂ%




14 \
051\
0 T T |'I- T
g 02 04 D6 0B
1+ —
/
205 f
> 1
i/ VULI e Eflcdt \ ‘\
n I. T T T L
02 04 06 08 1
t{ns})
(mA)
11 @4
=0
'8 | || Linear: Short
2054 18 i\ ! Crcut
- =y i Current
Iy 1 1
If ] ]
I D - T - T - T l:-j--"fl
| Jll 02 04 06 08
1 II
— 0.5+
\
| 0 02 04 06 08
1 s
0.5- f |= = Ip - ln
4
u 0 h ™
=) D_ 5 - ..I'"-, /
'1 T T T 1 :
0 02 04 06 08

mw) (@)

1-

0

\

PI’F 1[’ (Upo ’\/out)

-+ Po=1(Voo - Vau)

n.f"_"

®|Pa

3 I‘l \/out

ol @M— P =lVou N

|

0 02 04 06 08 1

Vbp

Vin

n T T T - T - L}
0 02 04 06 08 1
O f= I Vur @
1 = ¢ 150
~—— Pc = |n:vout
PN
. n:’ D é N \. . - LI.[I} ?5_ EC =J-Pc_dt
05 o i
_ dischowye 0 h
0 02 04 06 08 1 0 02 04 06 08 1
1 n 150 -
/| Puga=1Voo R
f05{ /| % 75 [
2 [\ 00@ 4 feafras
0+ T T - | 1 0 |'.- T T T 1
0 02 04 06 08 1 0 02 04 06 08 1

0= Lovw

Vop




[y \ \- l
Qi3ckintye o Chovnatd [
OFF | [or7 m_uw] T UM SN OFF
a s 4L

H n \ L — H /

L - l;"‘ SB:I OFF X = lore SH1 .uw-

-~ ull
— —
=
S
% <G_-|
<
v
—
\\\
=

NO NG o Cumint
| SH |
A R
L _f
=L - -

=
<Q-—|
<+
WL
=
<}—

I IU"I 1
'FMQS £0.54 %/ 17| Crrcut
. - L + Current
1 D_ H_'V__'é\ 1
I 0 02 04 08 g8 1
‘I_
N AL e 5
ny <05
ol )

| 0 0 04 06 08 1




oM S |

N
1=
=1

1 Ic'l"I I
& /1 | Short
@ [\ Linear §
o8/ 1 ' Circuit
"PMQ-S =05 :g ' Current
I ]
0

i 0 02 04 0608 1
‘I_

WS <05

ol—G)

i 0 0 04 06 08 1

S S

5511- SﬁI
R} 2 _ Rr'l’?
)




(mA) (mW)
1 1@ 4 ' 1- \V/
:g f . i Short DD
5054 i=f i'-.lear i Creut  app. Pe=1o(Voo = Vou) ]-
- :S, ey : Current & ™ / * I
(¥ [N 1 / \
I [N ] \
0 . x__l\-:.” 0 ~ \;' T 1 1 V | p
0 02 04 06 08 1 0 02 04 06 08 1 in N
N B * h e ¢
—=0.54 [\ af05- Pn=lVou N 1
I'\,_l I'-I v
n I'L T T I" T \\I n 1 T 1 jll T .\ 1
0 02 04 06 08 1 0 02 04 06 08 1
()
1 p 1 1
05 / \ lk=lk-l 0.5 A\ Fe= eVou
/ . . =
, 04— T et e T Eo- [Pedt
05 \ / -05 \/ N
'1 I T T T '|II '1 I T T T T 1 u 1 I < T T \|\ 1
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08B 1
1 150
[\ Pua=lVoo [
%75 /
c0s ., w ; Evad 'fpm dt
\ y
0+ = T - B p— 1 04 |/ T T T 1
0 02 04 06 08 1 0 02 04 06 08 1




\[M

|

!)___

v

—
=

e

diScM/\‘gL @

X

N\

A +||++







X

X

<L

=

-l
—

Ia.-ar ¢

ischange (%




A A
2 3
= | X ~ _ el
Imvl- +t| ¢ Imvlu ++
X X
3 2
> ] X > X
T hil
L 1
N mul o =X
e R S s
T T
o { A
o ESN
= X =X
il il
i i










