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Overview

Reminder

— Second section of Lab 3: Due 2 Nov (Tue.)

Lab 3 Part 2 Help
Optimal Buffering
Exercise

Lab 3 Part 2

* Input to the system: a’ and b’ (ideal step transitions)

— Your design take a and b as inputs
12

o Esyppry = f F(Odt=Vpp | Isypery(Ddt
t1
— t1, t2: from 10% input transition to 90% output transition

(crossing over 0.25V or 2.25V)
— lgyppy €N be measured at your VDC
— Use “Intel” function in the Waveform Calculator
— ldentify the highest energy consumption input transition

Optimal Buffering
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* Objective : Sizing for Performance
* Constraint: Self-loading and Intrinsic Delay

o If C is given:
How many stages are needed to minimize the delay?
How to size the inverters for a given number of stages?




Inverter Intrinsic Delay

¢ Assume that for W, = 2Wy, =2W,
* same pull-up and pull-down currents
* approx. equal resistances Ry =Ry B " . _ 5
* approx. equal rise t;y and fall ty delays tpHIL =(In2) RNCL tpLH =(n2) RpCp
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Delay = 0.69R,,(C,, + C)) = 0.69R,,C
= Delay (Internal) + Delay (Load)

+0.69R,,C,
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Inverter Intrinsic Capacitances
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Cab = Cocnt Cap-overiap= Cap-overiap
but with Miller Effect (will be covered)-> 2C¢p

Cop = Keq * (CLLOW + Cyy (2L, +W))

Details will be covered in class soon

Inverter Gate Load Capacitances

CG = CGC + CGD—OverIap + CGS—OverIap
=CoxLefW+CapoW + Co5oW

Optimal Tapering for Given N

* Stage Delay=(In2)-R, (C,s
— f:CL/Cg — effective fan out, C

+CL)=(In2)~RWCim(1+CL/Cmt)=tp0(1+f/Y)
=YC,

int




Optimal Tapering for Given N

* Tapering factor between stages f= F/N
— F=overall effective fan out = C, / C,,
— Each stage has the same effective fanout
oo/ Gy = Cof Cojn > Fi =11
— Size of each stage is the geometric mean of two neighbors
C‘g.j = \j C'g._f—l(-'g.j+1
* Minimum path delay
— t,=N * t5(1+/Y)
— Each stage has the same delay

Optimum Number of Stages for a Given F

o Minimum Path Delay: t =N * t_,(1+ F YN/ Y)
o Optimum Number of Stages: N/FlnF )

N is solution of Y+ NF -

or N=InF/Inf where f is given by
f=exp(l+7/f)
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Buffer design example
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276 64 =T 4 2.8 15.3tp,

Exercise

* A 2A wide inverter with input capacitance
C,, must drive a load of 50C,.. Y =0.5. The
output signal may be inverted. Derive the
optimum delay, # of stages, and sizing.




