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Static Power Dissipation in Static CMOS Family

Veo When V, is Low and Vg is High, M1 is off and I5,=0

{ M When V,y is High and Vg7 is Low, M2 is off and 15,=0

Vour Thus, Pgratc=0

o

N

This is a key property of the static CMOS Logic
Family =»the major reason Static CMOS Logic is
so dominant

PUN It can be shown that this zero static power dissipation
property can be preserved if the PUN is comprised of

Vin | Yo p-channel devices, the PDN is comprised of n-channel
devices and they are never both driven into the

- PDN conducting states at the same time

J

Compound Gate in CMOS Process




Static Power Dissipation in Ratio Logic
Families

Assume V=5V
V=1V, pCqy =104A/V?, W,/L,=1 and M, sized
so that V, is close to V,

Example:

Observe:

D I:l\/lz VH:VDD'VTn

If Vi\\=Vy, Vour=V, SO

= ”COX\Nl (Vc;m — Vi - V381 ]VD51

|
V|N AHIMJ. > Ll

l, = 10'4(5 - 1—1—% e1=0.25mA
& 2
Enhancement P, =(5V)(0.25mA)=1.25mW

Load NMOS



Static Power Dissipation in Ratio Logic

Example:

7,

Vi «HII\/Il

A4

Enhancement
Load NMOS

Families

Assume V=5V
V=1V, pCqy =104A/V?, W,/L,=1 and M, sized
so that V, is close to V,

P, =(5V)(0.25mA)=1.25mW

If a circuit has 100,000 gates and
half of them are in the V=V, state,
the static power dissipation will be

Psratic = %105 e1.25mW =62.5W

This power dissipation is way too high and
would be even larger in circuits with 100
million or more gates — the level of integration
common in SoC circuits today
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Propagation Delay in Static CMOS Family

(Review from earlier discussions)
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Switch-level model of Static

CMOS inverter (neglecting diffusion
parasitics)



Propagation Delay in Static CMOS Family

(Review from earlier discussions)
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Switch-level model of Static

CMOS inverter (neglecting diffusion
parasitics)



Propagation Delay in Static CMOS Family

(Review from earlier discussions)

|\/DD
Reu L 1
_ RPD =
VOUT Ve unCOXW1(VDD - VTn )
T VOUT

L,

vin Rpy =
1 %PD l‘lpCOXWZ (VDD + VTlO )

CIN = Cox (W1L1 + Wzl—z)

Example: Minimum-sized M; and M,

If U,Cox=100PAV2, Cou=4 fFP2, V1, =Vpp/5, Vp=-Vpo/5, Hn/My=3, Li=W,=L

L2:W2:LMIN LMIN:O'SH and VDD:5V (Note: T)his Cox is somewhat larger than that in the 0.5u ON
' process

1

Reo = Toaoav. ~ 25K2 C,=4e10" 022 =2fF

Ry = 1 =7.5KQ

10 0:1300.8VDD




Propagation Delay Iin Static CMOS Family

(Review from earlier discussions)

Do

In typical process with Minimum-sized M, and M, :

Voo Voo
RPD ~ 2.5KQ .
Rpy = 3Rpp = 7.5KO i -
G T
C|N ~ 2fF ; _Z

1 &

How long does it take for a signal to propagate from x to y?



Propagation Delay in Static CMOS Family

(Review from earlier discussions)

Consider: For HL output transition, C, charged to Vyp

VN {>c Vour

1 Ideally:
<~
Voo T
t
>
t=0
A Vour
VDD
t
t=0




Propagation Delay Iin Static CMOS Family

(Review from earlier discussions)

For HL output transition, C, charged to Vpp

Vin {>c T Vour
VOUT
A Vin
I:QF’D -
Voo 1 T~ C,
Ve
t
> A4
t=0
t
1 >
t=0 t,
~t _
Vour(t)=F+(-Fe = =0+(Vy, —0)e "=
t
V, R > t, =R.,C
DD :VDDe RppCy 1 PD L

e
If Vogp IS ClOose to V /2, t, IS closeto t,



Propagation Delay in Static CMOS Family

(Review from earlier discussions)

For HL output transition, C, charged to Vpp
Vour

£

Viy — >

Vour
A V|N
Voo Rpu A
T\ CL
t‘ VDD_ Ve
t=0 v
4 Vour
VDD
t tLH = t2:RPUCL
>
Summary:  t . =R, ,C
tHL — RPDCL

For V.gp close to Vp/2



Propagation Delay In Static CMOS Family

(Review from earlier discussions)

O x De Y e
T

In typical process with Minimum-sized M, and M, :

t HL = RPDCL = 25K‘2ﬂ::5p5

t LH = RpUcL = 75K‘2ﬂ::15p5

(Note: This Coy is somewhat larger than that in the 0.5u ON
o pro_cess) o
Note: LH transition is much slower than HL transition



Propagation Delay in Static CMOS Family

Defn: The Propagation Delay of a gate is defined to be the sum of t,_
and t,, that is, tprop=ty 1 4

t prop =t HL*t LH = CL (Rpy +Rpp)

Propagation delay represents a fundamental limit on the speed a
gate can be clocked

For basic two-inverter cascade in static 0.5um CMOS logic

Y
X tprop =t HL*t 1 =20psec




Propagation Delay in Static CMOS Family

t prop =t HL*t LH = CL (Rpy +Rpp)

Ll

Rep = L
”nCOXW1(VDD - Vo, )

R.. =
~ “pCOXWZ (VDD + VTp )

CIN — Cox (WlLl + Wzl—z)

L \
t =C (WL+WL) 1 + z
o =TS e ww, ) T we i, -v)
IfL =L=L,, pn=3u,
L I? W
tPROP = - (VK+VE)[1+3J = - (4+ ; +3 1)
m\V, =) wow, wl,-V) W W
For min size: For equal rise/fall: For min delay:
m = W = Wmin m = 3W1 W2 — \/ngl (4+2\/§)E7.5
. _ 8L, . _ 8L, _(4+23)L,
= uW, V) wW,-v) ™ a,v)



Approximate BSIM values

process Lmin u VT VDD Wmin
500 600 34 0.7 5 900
180 180 35 0.4 1.8 180
130 130 59 0.33 1.3 130
90 100 55 0.26 1.1 100
65 65 49 0.22 1 65
45 45 44 0.22 0.9 45

For min L transistors, mobility will saturate as field strength reaches a certain level.



Propagation Delay in Static CMOS Family

A | e—] ) >—F

The propagation delay through k levels of logic is approximately the
sum of the individual delays in the same path



Propagation Delay in Static CMOS Family

Example:

|

|
D
Stage3 ! Stages !

Stagel | Stage?2

= thLa sty o g

U =t pat st ot g

terop=tLHH L =(t pattu st po i )+ (gt ety ot g)

tprop=tLHH L =(t Hattiia) H(t e ttuis)t (Lot t o)ttt

torop=1proOP4TtPROP3  PROP2 T PROPL



Propagation Delay in Static CMOS Family

Dfooo F

Propagation through k levels of logic
L =Hk P U LK) T THL(k-2) o T Exve
GH=0Hk P U HLK-) T TLH(k-2) T T Tvxa

where x=H and Y=L if k odd and X=L and Y=h if k even

k

t prOP = 2. t PROPK
i=1

Will return to propagation delay after we discuss device sizing
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