Interconnect delay

R

Lumped RC model Vi W Veu

T C
Charge V,, to Vpp
The transient output voltage is V.=V, [1_ ew)

v, —
Ta gL
RC 2

1y = 69RC
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Interconnect delay

+Distributed RC ladder model
R/IN RIN RIN RIN

Vm V. ut

lC/N l(.',/N lC/N lC/N

« More accurate than lumped RC model
. More difficult to solve for large N
« Need full-scale SPICE simulation
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Elmore Delay

. Single line model not useful for generalized
RC tree networks
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Elmore Delay

RC-tree property:

N ¢
o Unique resistive path between the source node I ‘
sand any other node /of the network — path ——

resistance R;

Example: Ry,=R;+R;+R,
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Elmore Delay

Gy
RC-tree property:

o Extended to shared path resistance R;: -

H

R, =Y 'R, st (R,e[path(s = i) path(s —k)])
Example: Rg,=R;+R;
Rs,=R,
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Elmore Delay

= Assuming:

o Each node is initially discharged to ground

o A step input (pulse) is applied at time ¢=0at node s
= The Elmore delay at node /is:

N
Tpi = ZCkRik
k=1
= It is an approximation: it is equivalent to first-order
time constant of the network
o Proven acceptable
o Powerful mechanism for a quick estimate
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Elmore Delay ~ Elmore Delay

«Distributed RC ladder model
. Examp|es RIN RIN RIN RIN
Vv, Vou
gC/N lC/N lC/N lC/N
1,y =RC +(R +R)C,+(R +R,+R)C,+RC,
& CER
t,,=RC +RC,+RC,+(R +R,)C, = Z,WH N
_CRNW+D ,RC[LHJ
NN 2 2N
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Interconnect Delay Interconnect Delay
L
R
T2
+ Fanout Effects . = 4(r L), v+ 2¢, U+ w)
= Lines with multiple loads will have longer delays - !
« Clocks
. Data buses

. Control lines
. Delay is proportional to the square of the

= Solutions length
«  Wider lines for special signals . Try to avoid long lines
. Buffers
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y | y
d
E 50001 metalt (0.5 wide) D . Avoid long interconnect delays using buffers
2500 metal1 (0.5 wide)[\ 2500y metal1 (0.5 wide)
D 0 % ,I> O
Interconnect resistance . Interconnect resistzasr(;%e
_ 730004 _ R=.0722E _3500

r.liw —» R—.O7W—7OOQ 05u

Interconnect capacitance + Interconnect capacitance
Clw+ 2C,(1+w) —» C,,, =.03-50001-0.52+.044-2- (50004 +0.54) = 515fF Cire =:03-2500 12-0.54 +.04 - 2- (2500 4 +0.541) = 258 fF

Intrinsic load capacitance o }

. Intrinsic load capacitance
C,=5fF ~
G C,=5fF
Propagation delay .
e 700-515 47 . Propagation delay
f, =4 RC, = [faf 7()()-5fFJ: 184ps (= Rsz +RC, :2_[350 -2258fF +350_5ﬁj:94ps
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Interconnect Delay

. Avoid long interconnect delays using wider lines

I: 5000, metalt (5 wide) ll:

Interconnect reSlStanCeOOO
R=.071224 300
su

Interconnect capacitance
C,e =-03-5000 - 540+.044 -2 (5000 £ +54) =1190 fF

Intrinsic load capacitance
C, =5fF

Propagation delay

1, =8Cue g, = [
2

»

w+70-5ﬂ’}:42ps
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Delay Definitions

VON
Vot Vo2

Ve time

t

Vor— r_,y b

V%
Vort Vo2

e P!
Viow gy /e
time

Switching Delay

. The intrinsic delay of a gate
. Transistor sizing can affect the delay
. Extrinsic capacitances can affect the delay
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Switching Delay
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. Fall time analysis

!
«— Vou>VooVi
VIN VouT Saturated
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Fall time analysis

. Saturation Mode

IC = IDS
AV _, Vo=V,

—C, et — o 2DD T
Fdr " 2
dt=—2#,d‘/m,,
k,Vpp =V,

t/l = Z#IQVI’“ ‘/lml
V=V, )7 oo e

B~
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Fall time analysis

. Linear Mode

IC:IDS

dv, \»
Wi _p L v vy You
T {( o =VilVou =5 }

- =6
k,QVpp =V, )V, = Vi)

Vou

dt

P _-2C, J'Vuu’vm dav,,
Pk, e (2, V=YD=V
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Fall time analysis

. Linear Mode

VooV

< Vou
t,= In|
kVop =V 2V =V,) =V,

Wap
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Fall time analysis

L=ttt

~in
oG (20,m) 19V, -20V,
& Vop =V Vop =Y,

oD

e 2(n—.1) _ s
"k..(vnn—v,,.)( ErE 20’”] "V
! (M+ln(19—20n)j

(I-n)\ 1-n
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Fall time analysis

. Fall time is proportional to load capacitance
and inversely proportional to V, and k,

. Decreasing the supply voltage will increase
the fall time

. Increasing the transistor width will increase
k, which will reduce the fall time

. Changing these three parameters can cause
conflicting goals
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Rise time analysis

G 2Ap-.1) J
t = +In(19-20p)
k,Vuu(l—p)[ I-p

K :L[Mnn(w-zopq p=
I-p

Toa-p)

S

DD
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Rise time analysis

. For equal fall times and rise times

K G _g G
"k, Voo k,Von

Propagation Delay

3 March 2009

. As with interconnect delay, find the
equivalent resistance and load capacitance
of the transistor

L =-69R, C,

T

ﬂ o
<
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Propagation Delay

_ IR W A0
R, =avg(Ry )= I 0

Propagation delay is the time for voltage to
reach half way point - so integrate from 1/,

to VDDQ
1 Vonl2 Vi (1)
R = s 4y
T T

For the output range we are interested in,
the transistor is always in saturation

=2 (Vw/? V,
Ry = [ s
Viop o0 Ipgur(1+ AVpg)

Propagation Delay

2 p Y,
ch - ,”/ s dVDY
Vo o0 L gy (14 AV,55)

2 "
= (AV, —In(l+ AV, )™
Vo P Vo)
Vo
2 v AV~ N A
L2 e ) 3 e
2 Voo
_ 2 [v ! ]
\Z DI SAT 2 3 Von/2

W' TAV
s 2

3 March 2009

3 March 2009

Propagation Delay

. Load capacitance

—

—iC
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Propagation Delay

. Load capacitance
Intrinsic capacitance - sum of capacitances at
drain - Cgp+ Cpg

Coca
[?
Cocs| =
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Propagation Delay

. Intrinsic capacitance

»  Cgp is composed solely of overlap capacitance
The transistors are either in cutoff or in saturation, so no
channel capacitance exists

The actual load capacitance relative to ground is 2Cgp,
because of Miller effect

a Miller effect accounts for an increase in the equivalent input
capacitance of an inverting voltage amplifier due to amplification
of capacitance between the input and output terminals
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Propagation Delay

=0.69R,,(2Csp0, +2Copo, + Copy+ Cpp, + Cor)

Lon eq

Extrinsic capacitance is composed of wire
capacitance and input capacitance of fanout
Input capacitance is composed of overlap
capacitance and channel capacitance

= Overlap capacitance is Cgpo + Cgsp (very small)

= Channel capacitance is C,,WL. Assume worst case
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Propagation Delay

All capacitances are roughly proportional to
W

Equivalent resistance is inversely
proportional to W

3 March 2009




