EECS 141 - FO1

Lecture 7
Additional Material
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Inverter Chain
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If C, is given:
- How many stages is needed to minimize the delay?

- How to size the inverters?

May need some additional constraints.
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Inverter Delay

* Minimum length devices, L=0.25um

« Assume that for W, = 2W, =2W — t 2W
» same pull-up and pull-down currents
 approx. equal resistances — —

* approx. equal rise and fall delays
* Analyze as an RC network | l: w

-1 -1
114 w
Rp = Runit( L ] = Runit( N ] =Ry =Ry

unit unit
Delay (D): t,;, = (In2) RyC, tyn=(n2)R,C,
w
Load for the next stage: Cj, =3——Cpis
unit
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Inverter with Load

Delay
_qu — '
B
—L I“ :
Ry, = Load (EL)
= t,=kRyC,

k is a constant, equal to 0.7
Mead/Conway model: no load - zero delay

Assume W, = 1
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Inverter with Load

Cp=2C T Delay
|| 2W A

—
owlie Lo
_| ]T:parlL ‘

o Loas
CN = Cunit e o
Delay = kRy(Cpar + C.) = kRyCpar + kRy/CL
= Delay (Internal) + Delay (Load)
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Delay Formula

Delay ~ Ry (C par
R

= %ﬂ (37CunitW +Cp )

+CL)

C
= 3YRunitCunit + Runit WL

Cyr
= 3YRunitCunit + Runitcunit C_

mn
Cr ]
t t
unit ~uni ( Cm
:p+gh h=CL/Cm
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Apply to Inverter Chain

In I: I: I: Out
1 2 N I C,
D=D,+D,+ ..+ D, -

1

C.
Di ~ Runit Cunit (37"' é——l—lj

N N Ciut
Delay = ZDi ~ Runitcunit2(3y+%]

i=1 i=1 1
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Optimal Tapering for Given N

Delay equation has N - 1 unknowns, C, — C

Minimize the delay, find N - 1 partial derivatives

Result: C,,/C;= C/C;,4

Size of each stage is the geometric mean of two neighbors

- each stage has the same effective fanout (C,,/C;,)
- each stage has the same delay

Digital Integrated Circuits Inverter © Prentice Hall 1999




Example

'"~[>o—{>o—{>o— Out

’;’ 1 f f2 ::CL= 8 C1

C,/C, has to be evenly distributed across N = 3 stages:

f=38=2
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“Logical Effort”

C
Delay = k- Runitcunit(3y+_Lj
Cin
=1(p+g-h)
p — parasitic delay (3kR,,;C,.itY) - 9ate parameter = f(W)
g — logical effort (kR,,:Cy.it) — 9ate parameter = f(W)
h — electrical effort (effective fanout)

Normalize everything to an inverter:
ginv =1’ pinv =1
Divide everything by 7;

nv

(everything is measured in unit delays t;,,)

nv.
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Buffer Example

%>o%>o>o%

N
Delay=7Y (p; +g; h;) (in units of ;)

— inv.
1=

p;, g;are constant (and equal to 1)

Variables are h;

Minimum delay is when h;’s are equal
(each stage bears the same effort)
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Optimum Effort per Stage

When each stage bears the same effort:
JN=F
j=NF

Effective fanout of each stage: , = /'/g;

Minimum path delay
a 1I/N
D=Y (gihi+p;)=NF'" +P
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Optimal Number of Stages

For a given load,
and given input capacitance of the first inverter
Find optimal number of stages and optimal sizing
(Ignore inverting non-inverting)
D=NF"N 1+ Np,,
oD
a_N:_Fl/N ln(Fl/N)+F1/N =0

Substitute ‘best stage effort’ p= Fl/ N
Forp,,,=0,p=e
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Buffer Design

—_

8 226 64—I— 4 2.8 15.3
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