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RC Delay Model

O Use equivalent circuits for MOS transistors
— ldeal switch + capacitance and ON resistance
— Unit nMOS has resistance R, capacitance C
— Unit pMOS has resistance 2R, capacitance C
O Capacitance proportional to width

L Resistance inversely proportional to width
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ElImore Delay

ON transistors look like resistors
Pullup or pulldown network modeled as RC ladder
Elmore delay of RC ladder
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Transien € Resronsc I Onlty RC Sysdems
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Transfor,  Fomckion  H(S)
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the Yéc.irromlf of the yolef of H(S)

MY beAC=o0

T B A T

=

l+5[kmﬁqpv+p)gj+slﬁqkwt::U+9L)H+Sa)=o

\ .
= _ A —
$ T, T %=Z|,Z>

7 T

= a| LR R tR) G \lr[ RiC|+(l?.‘+_R:.,)Cz]2" 4RG kG

P

. li _ 4RG4RL |

+
| \/ LRGH(R ARG




Time (onctambs 208 0

b+ SLRCH(R +R) G|+ SRGRG = (1458) (i s) = ©

C= A ,L
- Z! )" 1;
BL:—%[R‘.CIJ.-(Q +'Q,_)(_z}‘l 1 /! ~ 4R04RG )
| | - v LR+ (R ARG )
/| —_ 4F\c'\|la(7_
\ LR G+ (R AR
& = P‘I -: /l, 4%%1
i \/ [\+(|+%‘!>L& >
G _ ¢
o — /|_ 4RICI
Voo Dieagar)ye
T, o = p "y =
" a & \ 2 = -

Lt (4R




Unit Step Response

I

L7\
1ty =
L+ SL R+ (R 4 R |+ S*R G R

I [ A B -

(142t <) {1+ | (<)

A= | _ | 4
(\+$a) [ L (-2 = 2 -7
| | 2
= ' - ! e
B l‘l‘._l‘— c7 ) \ — (1= 24) = S 4
1S 3¢/ s-=_;z A T,/ b N !
[z S
| 2
H(S) = — ya >N \
2 - [ (1%s2) (i eg)
oll\ ! - A—t'lzl' -—tIZ._
Me) = qc — (. €
2, — T
5(21 iEZTDM.{C to Y—
- -
\/ TTIEN I q A—-t/q —tlz, \l
Vo[ \C) = qc — (+ Vbp




o R |

| Ipl
0,6 =L TRGrR+p)G]| 1L 1o — AR

N REN(ER DY
C = iy 2r = [RG+(R 4R
R‘:’»R'c}ez
C’C|=C3_
G = L{RC
T = 0.4 pC
T = 30RC




'\E/‘-, \#—Avxé"? \/M
\}lbp \—L :Cl _CZ 7 = kicl
-I/
7
K' \/g_ .‘27’
A T_/\N Vot
\jDP & TC, _‘_Cz v = (R4 R)C

il

Zi4 22 = [RG+(R4R)C




Tege e ge "

R2 R3 RN
A% N NNV
—C, =FC, ==C2°° —C, (Rtr)G
% AR v A V. v
R, R, R,
A=A AN
- C1 - C2 — C:;) 0o - CN LRi¥12; 412;) C3
- vV Vv v
I:\’2 R3 I:QN
AAA==AAL %% e Ryl ko) Cy
T Cl T C2 T C; o T CN
vV Y \V

=RC,+(R +R,)C,+...+(R +R,+...+ R, )C,







[P(TR;B C‘L

(1R,+ 'I’\Z_z,) G

(Ry+R, + 4 R ) (W




Ry R> R3
A NN AANAAN AN /N
, vv—T——vv V'V
C1 - o — C;g
() i
YV
Rq * Rs Ry
AAA A NN AN /N A AN

Rq Rx R3 Rp
ANA——ANA——AAA
N\ ( —— (o = Cs o C*J R")
),
J7 \V4 AV
\V4

/=

N

¥

o

S—

Pany
-~




Ry

Ry




+ Cosl’
\vd
JI_ Cu
t Ca
1 .,
27— 3 7
K tw
AVAVA J\v/\v/\ I\vAvl\
L o _ (=




