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Effective Resistance Calculations

Calculate the delay from the charge/discharge
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Effective Resistance Calculations

Problem:

Using 0.13 pm technelogy parameters, compute A, and A, from the equations

above for unit-sized devices,

I

Solution:

For the WMOS device,
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Load Capacitance Calculations

“Fanout Gate Capacitance”

Each gate connected to the output of % T
a CMOS gate (driver) presents a capacitive >° T T 1 J__ D
load , when all summed termed as “Fanout Gal | Gl | G 1L
Gate Capacitance” T
Conont = 200 =
] o Co= Cgn+ 200; + Cg + 204
| FTS = C, LW, + 2C W, + C, IW, + 2C,W,

(Col + 2000 W, + W)

C,= C,nL + 20, = L6 fF/um + 2025 fF/wm) = 2 fF/ um

fF
X0 = EIUJ_mX Wy + Wy + W, + W, + )

first inverter  second inverter
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Load Capacitance Calculations - Il

“Self Capacitance”

ik

Coon 1~ ) CGDp,n :Col (?)

L‘rgg U.S.S'

Cog = Cras + Cpge + 2C o + 2C
Another term in load caclulations is the load presented by ~=* ™ R o oL

The driver itself (all capacitances connected to V) = Ol + CpWy + 2C,(W, + W)

We have to consider Miller effect! In calculating C = Cgl W+ W)
(Board Notes)
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Load Capacitance for NAND and NOR

Yoo
Yoo
| i | A=0—1—=0 fly ||—
A L Lo
| — Shared SD X —T__me
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— ... Consider sharing
L] = —
" =T
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Sharad SD Ml__ Mﬂ__

What is worst-case capacitance calculations, why does it matter for speed calculations?

Tr—

Cor = Srm t Com t Copa T Caps T U

-—_
sitchawd S0 et chared S0
= Cppyz T Cppa T Coppag

Example: what is the worst case Iinput ana output capacitance tor a NAND3 CMOS gate
(Board Notes)




Response of Inverter to a Ramp voltage change

Voo Vout + = = = b i Voo
I: rpms ; \:‘- Vop/2
ot Yo —— 1 T v,
Vin B Vot o L
| o TDHL, step
I: 11""3"“15' ; - I
» N
- [ - 1] i
o o7
Response of an inverter to a step V,, Response of an inverter to a ramp V,,

We modeled this propagation delay by 0.7(Ln2)*RC Ramp input makes the propagation delay
(back in propagation delays) longer(approximately by 50%) making it

~RC
A ramp voltage change is a more realistic scenario when we have a full chain of inverters

driving in cascade
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Gate Sizing for Optimal Path delay

Lo
1

In order to drive a large load we can NOT use an arbitrary large gate to minimize the delay

(it just shifts the problem to the previous stage)

A proper question is drive a load (C,,,4) With an input capacitance of C,, (and of course

optimizing the delay)
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Optimal Path Delay Design

There are two unknowns, the number of gates and the size of each (two degrees of freedom)

Cjn = CE(WH + WP} = C.E'(Wﬂ + EWH} = CE(SWH}

L?‘l
Rﬁf = Rﬁﬂﬂ Wﬂ

La
Tow = Rl = Rop ( W) Cp (3W,) = 3R,C,L,

This is the intrinsic delay of a gate (specific tag) used many places
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Gate Sizing for Optimal Path delay

T

.
total_delay = > fr,-m,( gl + ij-)

=1

Let's consider two consecutive ones
8L, | Wi
- . o, e, e
Minimize the delay (find a W that makes " " "
W Wy
dDj/dW =0) W, W
SoW =V W Wiy

If the size of each gate is the geometric mean of the two gates (previous and after) the delay

Is minimum!
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Gate Sizing for Optimal Path delay

£2 FH-12 FH-1

oo > Do >

|||—||—

incluaiszcin

Therefore, we can consider the size of gates a geometric sequence with factor f

FCh = Cru

_ In{Cpat/ Cin)
B In f

S
total_delay = W X ’r,-m(c + ’?’m)

-1

In(Cra/Cr)
Inf

total_delay = X Tl f + Firw)

What f makes the total delay a minimum?
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Optimum Fan-out for CMOS Gates

Dehly versus Fanout

N

-
L1
-1
2L oyp=00
ap=035
lL ep=10
op=20
0] I I |
0 2 4 =) g

The optimum value of f depends on y (for y =0, itis e).

It is similar calculation if we have chain of NAND and NORSs:

Ln
Trand = BgCin = Rw( " ) 4W,C, = 4R, C,L,

H

G

|::'ji+1
total_delay = > *rmd(— + ’}’na:d)
i

Tror = Rlm = R&EH(FL; ) 2WLC, = 5RO L,
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Optimum Fan-out for CMOS Gates

| ) >—

J J+1 J+2

c, C. C,
total_delay = ’rmﬁ(% + ?md) + TW(C”H + m) + Tm( AR
i i+1

!

The delay through stagesj and j + 1 is given by

Cint Cita
'Dﬁ‘l = Trand + Yrand + T i IS + Yinw

Cj i+1

For minimum delay, we take the derfwative with respect to G

3 L4y ( 1 ) (CH?) .
=T —_— —_ T:iI['.-‘ —_— =
0C NG, Ci

el 2] = 1l )
« '« Trand I = Tinw C}'+1

!

S TILEILC‘.FD} = T:iILVPDj+1
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Optimum Fan-out for CMOS Gates

Example: Find the device sizesthat optimize the delay through theindicated path for the cir-
cuit bel ow,

o D b E

1
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Optimum Fan-out for CMOS Gates

We must equalize the fanout portion of the delay, Therefors,

ol )<l E) ()
r Urand Ci i CH-] ror CH-E

We take the produc of these three components and then oktain the geometric
mean:

G Chz Cloag
Fanout_del =3\/ ( d ) % T (— X T |
anout_delay Trand Ci Tirw CJ__H T rar Cﬁ_}
G 200
= {/»rm. Mo, X Tm,(%> = {/4 X3 K 5(7) X PeqnCals
in

= 18.2 Rg,CyL,

Therefore the input capacitance for each gate can be computed by setting the
fanout delay to the above result:

G 200 fF
m(%) = 5RegnCyls (C—) = 182 R.,C,L,
H2

H2
e C_f+2 =55 ﬂ:
G 55 fF
f+2
Time = (C_> = EHeangLn (C— =182 Heqncgln
i+ faal
e C_f+'| =9, ﬂ:
G 9.1 fF
1 .
Trﬁnd(?) =4 Heqncgln((_——m = 182 ReguCyln
LG, =2 1F
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