Power _Dfssfpa?‘v‘am

Seuree
There are 3 main /a/' pouer aid’'ssi pa hou in CMOS
/ogic :
' mainly
[, sfahc powes Cl:'S‘S‘/',Da Pon ame ¥t /eq/(age

curcentT

Z. cljhanlc pou/ef 6/15‘91/091 f)oh due fp flee cédrg/ng
and a/«:sd’mrg/mg of the /load capacitance .

3. dynamic power dissipathon due fo The
t*f‘ﬂns':ey,'[ wrremf durlng S’w/fchz'ng LHme

[When both nmoS and pmoS are
CO“dh&ﬁ'm? ) '

/s Stahe powes o(:'sg/',oa Aou

A emos Fansrsfor is Aever com,o/déloag oFF.
7 The source awnd drain (diffasion reﬁfohs) of
€l/e(y ffanSiS/“af, 9s well as the }‘Mnoﬁ"am
between +he wells and subshkate forrm

parasi he diodes ! [ Textbook ]

Transistor /eakage currenT /s adue T the 7607.

%“T a fEV@f.S'éd qlz‘oole COMdlan a V-é/“gr
small leakKage currenT.




"4 2.

1 A £
. -
N - .
s}v _”——I PN JuncTnam
Vz b
1 > v
b"'&
>
v
q,‘zoas\' _ﬂ__V_
T _ KT
= “LS (6 — /)
where
19

c

q: efecfvyon oha,{ge = /. 602 x /O
23

k= Boltzmann’s consTant = [.38x10 JJK

T = tfempera fure
V = Vo/fa\?e appbed t The diode

Is= reverse saturabion cwcrent

(e.g. ocder 107" 2 07'% A )
@lectron densi
) in regiow P *

_ Do P, Dn N
s 9 AREH'( ZP ’ LnP)

N .
- Dp = hole diffusion
cwnstant
D, = electron oy ffnsien
con STant

Lp= VZnDn * electron d{%&an Zh = electron ml'narl'/‘%
ieng th cacrier life trmé
hole minorify cacrier

LP = V zpr Dp % )
ha/é\df-ﬁ&msfou (emS-H/\ Irfetime




3

//,J:ﬂ*i//"”““/

shon'S +he
;nvér fer

The prelnre

Parasih'c odes in a €MI9S
n/2

Fetate = > leakage corcent x Voo
§

is the nuw ber of Aans:S

AasSunme +thaT 0"15 hal &
D[f aT any Ame

where D

(/h anc:h“u— we
of the 'bfa;as:'Sf‘bCS ace

EKGMPIQ—
o 5“0 X lo—,s A [Per ﬁ’dnS‘/'Sfo‘)

We assume +that the Jeakages for the
h-diffusion [p-su pstrale and pdiffirsion [n-well
and we n€<7/eof 7

,Su_l,sfra,Te /ea/(aje
the n-wel / p- Subslfajé

nMmoS rs OFF', So
hégte&r "Tt“)

¥ Liea kage

are "H’\€ Samé

the effect of the n-well [ p=
( we have the effect of
diode only when the
in average we can rE‘ASor\ablj

% powc sapply 3.3V




% ASIC size /oo oo transishr

) s 1S -12
Psfm‘n = 1O - _2_/: . B6o0.lo0 . 3.3 «~ [/ &S«~xlo W

—

sfathec
As yon can Sec the fpowar ol.‘ssv'pm hoy /S feﬂ/é«(
Small, Se it rs usnally neg/ebfeoé.

P

total
The dlea kqge cuarrent Mmeéasure d when

The Powe(‘ 3hppli [S aPplﬂ'ecL , b7l there S no
: ngn“’ achvi (wéh inpnl 1S sel & a 87‘6@@
and Kept at this valne ) Can be used

va lue
as a qu,’0}< me‘ﬂwd. ¥z 7‘&5‘7" f,f e AS/IC /s
"br‘oKem". '

ed under Ths's

The leakage current measar
Congli hons [ IppR = 9Guiésce
/s expecled To be very small.

Al +he par T}" ‘ W 7('}) an Jppq b/:gger tha »
A cerfarn Threshold are i Scarded .

nTt /lea /(age c«-frént‘)




2. Dynamic PRwer oissipation - Swil'ohl'ng cervent

This is fthe bz'ggesf conribule fo The powesr
d,‘S‘Si,oaﬁ‘om , §° 07[7‘214 n PfaC/'fce, /S nsed
fo eshmale the tvtal powes dissipation .
Tt's due T the cthargin g amd dischacging
07[ the Jload Ca,,ona"/‘ance.o ‘ ,

Voo

Vi wa——( Lip,:/l’jjc" Toz

5 t

pmoS achve

>t




Up (f)";a ('6) dt

a = a./e(p.ge /oou/ef' =

0(/3\1

+ 7 af 7‘/76 i
U3 beginniNg-
the capacilance
° __J_. - /s chafged

g'l: the 2
. e9 c 2N
oS -—0] Lt the ::apaot"a-"“-
achve T jus is uncharged
Wwv L.

T/2 D
pMoS s ¢ Gt Lo () dt = & s
achve P

—
nmos S @) o (8)dt = B pnos
@Gﬁ"/e -,-72

CO - "D,P n "D,hr




pMOS achve 7.

T/2 T/2
Ce@)i@)d = § G t) i) dt =
° / © T/2
T/2
- Cu@-a £fae - o §w d%de
> Jt )
Jo(T72) -
6 ¢ wd% = [_u;g_] °C/’—) _
Ve () 7 ()

z -
_.__‘/D” -0 = C - Vbo
=G| = =

Jo N
o Th T
o (0) =
'%C%)s VDD
o (T) =92
Vbb
—d
co is mitelly
T un charged



nmoS achve

- T
C B L@t = § wer (-ew)dt -
T2 . 72

-
- C o (@) L () dt

T/2 T/2
T
- - C g o (t) dft(f) dt =
T/2
_ '— C,__ S-' U"(.‘:). d(uS""VDD)GLt =
7 2 46
{}E: Lro'VDD
o , ()B . ,‘m‘h‘all
-V Le char ef'
d O Fao B
lo
o —vle
e g
lo ,_1:7 Ue unchalyg ed
Vo (T)—Vbp . o= Voo ¥ .

-
- - (o) G del) 4e -
dt




l

"

7\ w(t/z)
w= Uo-Vop
u(‘r) uCT)
= -( CL g uduw + S Vap du —
u(trz) u(T/2)
2 “CT) M(‘T)
C = } + Voo [u] %
-t w(T/2) u(T/2)
2
(J;(T)— l/pb)Z , (@‘CT/Z}-VDD)
= - Co 'Ii s - S

(\)QCT)-—‘/DD) - (v CT/Z)"‘/DD) _
— CiVo» (: \

Jo
m———‘t‘
o T2 T
L | —
("\/DD) _ o ] - Co VDD [ -l/pb—a] =
e [ = .

'/1—-
. 22




/0.

\§ P¢ NMOoS

The :’aneSh'Mg YLLw'ng 749 notdce is that the
power Xy Fropof‘h\ané[ o the Sw/'féhl'na,

Ffes;uency and the loa d- but dees neot
depend al oll on +the fwaMS’f'S'fbf /Da/ame@('s

Sinee Voo appearss squared in The pous dyssi porfioy
aquah'mn . The best way fv reduce powes Xy
fo reduce Vb ( BV > BBV ee )

= SWITOh;V) € QU én =1 ._—{—-
F ching frequency = —=
alSo ca,éled 'i‘oggle ﬁ"&yuémey




/.
3. Dynamic power afr'SS’/'/Da )‘fon — Shor? circeit ceervenT

When «bO‘ﬂw nMmoS and )DMOS aré ”on ” +there IS a
curcenT path betnween pp and Vss ((shorl
eireed t car/erﬂ"). This results n oliss/ patioy

Voo
r"’l | unloaded inverZer

* e ALse
Vin {
- Iss

L

-

The amountl o.[ Hrme +hat both ﬁ’anS/'S%DI"S

remain Wmﬂ? achve depends ow

the way we hawe ;les/'gnecl the Invecles (ﬂ,.lﬂ,, )/
how Q{fem ‘the fr)/omT g/‘@na/ 7%33/&. and._

The slope of e mpnt wa ve formna

Vin




In orcer %o make ﬂw‘n7s a UWHle b/f easier

we can assume Yhal Yhe inverlec /S
Sy'nameﬁ/l'ca/ b ﬁn= ﬂP £ ﬁ P l/7;;, = - ‘/7/-'0 £ l/-r
and +hat the inpnt wave forn., has Yhe Sawme
risce and 7/’@// time tr= 'tF 2 tr ¢

t2
ean = 4 ZMt)dt
Imean - 5 [)

Since IZVL L{;” <lvn & l(bp“/l'{;/’/ aft leasT one
of the Pvo tansistor 1S i Sahaatbhon we
khou/ ‘/’lfwa :

y
1= L (V- %)
write
Reaalling some geomelry— we can ¥ Vil
V' ({'): l/DD .'b Ilu'z t,ngtL
" tre
f} = VT{ ’ I_"Lf.
7 Vo»
l//’n (t:): VT'
4 = Lo £
=

2

/2.




/3.
J'-fo

..é- /DD t VT') CJt‘ =
jmean = ‘S

.

r ‘/Dbf”v)qtt _
23 § (

2_.

oYy
d So
aMn

; M
74 C/OIAJ >£74
”

Wm j / Y
T - cdrcee
& e Shor
ZL o as:ecaa:e o{
- * aJeJ
orssep
Po«-def

<
wrrenz ’

Zof
I fan * VDD W—— IZ
’?‘C = m Z



/4.
(/Sha/ly “‘he Ps*c (S n€3//?;'5/6 , howecver e
/g s Farﬁ’cu/a//y b/g ( high orive strengrt ou7;0u7
.b"w[][e( or /axge clock bhf@ﬂs ) [t can

P/ay a non neﬁla'g:'b/e rele .

Ptoin L = PS'taﬁ'c t EJ + Fse ~ Pd
dunamic
botal i often

D/)'SS’I',OQ Hon




