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Transistor Ordering (Input Re-Ordering) , P29
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FERITE (PPT P33)
- MOSEH4HE

Gate Capacitance

* Gate capacitance can be complex, but we will use a simple
model

* Coc = 8oxWL/tox = CoxWL = Cper_micronW
Cper micron @bout 1.3fF/pm
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/____ SiO, gate oxide
(good insulator, €, = 3.9¢,)
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Diffusion Capacitance

* Csg Cpg
* Undesirable, called parasitic capacitance
* Capacitance depends on area and perimeter

— Use small diffusion nodes
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ZERITE (PPT P33)
- NAND GatehRE]
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JERiTE (PPT P33)
* 3-input NAND pull down delay
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Example: 3-input NAND

* Estimate worst-case rising and falling delay of 3-input NAND driving f
identical gates.

+ R13KQJunit | ' - 5 B y
J

+  C=0.21fF/unitf -

. S . ) s gg L
{ N L U.H’Ezlk%litﬂll D=
— = LT apSERIR SR

069
° tp =1+ S/RC Py

Y | @ Worst-case pull down
" P
1 " 0. c:(

foa = —+15§; —+ I+[(?+5f)c( +— —])

,

,i o (10 S+5/)RC

o ECHnEREIERSY
* tyg =069 X [L5C X5+ 1.5 (§ + §) + (7 +5F)C x (§ +24 g)] = (5.87 + 3.451)C
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FlMAlogical efforti#{TIEIRITE (P42 P43)

- Logical EffortiaX

NPT
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Q Express delays in process-independent unit 7 = &
Q Delay has two components: d =7+ p 4

HER TZ 70 RAYS2I

t= 3RC
Q 7 effort delay = gh (a.k.a. stage effort) _ \ b (g mm— ¢ s
= 3 65 . 3 HEFTJ—N
— Again has two components > m. e LAINVESR S EIRA B 79— 18R
) 60 ps in 0.6 um process . N

Q g: logical effort . Delayﬁj\jyﬂ’ﬂ_ﬁ\ﬁ )

— Measures relative ability of gate to deliver current N , < ol

_ g =1 for inverter + B HdrivedMEBREEE
Q h: electrical effort = Cy | Ci, Bpk, (f)

— Ratio of output to input capacitance

o« —IR/NMIEmEETD 3z

— Sometimes called fanout ARy AR JNEIES
4 p: parasitic delay transition delayfaak (p)

— Represents delay of gate drivingnoload

_ L] L] L] L] r 1I
Set by internal parasitic capacitance i . EEtE I JdeliverEa B e i
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FlBlogical efforti#{TIEIRITE (P42 P43)
- 12581 V9B

d DEF: Logical effort is the ratio of the input
capacitance of a gate to the input capacitance of an
inverter delivering the same output current.

d Measure from delay vs. fanout plots
4 Or estimate by counting transistor widths

r{z —{[2 A—|4
Y
2 B {[4
A Y A 2 Y
1 B—[2 Ik
Cin_3 Cin_4 Cin_5
g=3/3 g=4/3 g=>5/3

BIEBEH FEHE

NELF TP

598 PEKING UNIVERSITY

{ZiRworst caseH{TitE, LLANIEAERY
NANDRY_ERER D MIZIZ I — M E 5@
FfdeliverfBiREYEEDFOINVIER, EiX
BAY— 1 pMOSEE 2R MIEAN
By, FELSENEENANEN

<8>



FlMAlogical efforti#{TIEIRITE (P42 P43)

- ZERREFAYIPath DelayitH

Q Path Effort Delay D.=>f,
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Q Path Parasitic Delay P = Zpi

Q Path Delay D=>d =D +P

A Delay is smallest when each stage bears same effort
f=gh=Fr"

A Thus minimum delay of N stage path is

D=NFY+P

 This is a key result of logical effort
— Find fastest possible delay
— Doesn’ t require calculating gate sizes

m
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#lHlogical effortif{37iEiRITHE (P42 P43) ‘
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[ Logical effort generalizes to multistage networks
Q Path Logical Effort G = H g
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 Path Electrical Effort ] — ("Ouf-Path

-y

A Introduce branching effort

“in-path . .
Q Path Effort _ _ — Accounts for branching between stages in path
F_Hff_l_[gfhf C C
b _ “on path + “off path
(jon path
Note:
g =1 g, =5/3 g; =4/3 =1 B = b.
h=x10  h, =yix h, =zly hy = 2012 ! [12 114 =8H
d Now we compute the path effort
- F=GBH
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EIiloglcal effortitfTiEIRITE (P42 P43)
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3x2y45 135
BH = —

8 x vy 4

4 5 5 100
G==X=X==—

3 3 3 27

F = GBH = 125
delay&/\iJZHKeffortifE
f=31F=5
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Qsum = C.Vpp = (Cx + C)V¢
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