Chapter 1. Introduction

Read Section 1.1(Higtoric) + 1.2(Cost) +1.3 (Quality Metrics)
So far you have been introduced to logic design(concept of Os and 1s). Some of you
know about electronic devices ( trandstors - - - - ). Thiscourseisdl about how to use
trangstors to make logic circuits and logic functions.
0 —> 0.2V
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How to make sure we don't interpret the data wrong.
LogicO = readslogic O
0.7V - logic 0 ?
logicl ?

What causes the transistor to have 0.7 V ?
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Noisein Digital Integrated Circuits
noise = unwanted coupling
(Indigitd they cdl it noise because they don't know how to account for it 1)
Inductive Coupling

Can be reduced by
VA —> distancing interconnects
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- Add Ground Plane

Gnd

-> Shortening interconnects



Capacitance Coupling can be reduced by same.
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Power and Gnd noise can be reduced by
- widening Gnd & Vpp interconnect
- Add cepacitorsif necessary / available

VDD

*How much noise istolerated?
-> Voltage trandfer characteristics of an Inverter
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ided case = VoL =f(Von) , Vou =f(VoL)

but in redity the output Sgndl deviates from the nomind vaue
*reason > noise, loading in the output of the inverter (Gate)

limits of acceptableregionisVi., Vin
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Regener ative vs. non-regener ative

out = f(in)
in = finv(out) Vo Vi V2 V3
out out
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Regenerative Non-Regenerative

If transfer characteridticsis regenerative - undefined input - afew gates, defined
output
To be regenerative - gain in undefined region > 1

ganin two legd region< 1



Noise immunity
Noise margins may be low but il circuit can rgject the noise source. This ability

is S0 cdled noise immunity.

Signal

Noise immunity
This impedence is high
S0 noise is rejected

noise source —> proportiond to sgna swing ( strong sgnad = strong signd)
- fixed

To operate correctly noise margin = Sum of the coupled noise vaues
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To operate sefe, thereisamin Sgnd swing
> Vay = 27 fiVNfi /(1—2? g)
2 x Sum of fixed noise/ (1 —2 x Sum of prop.)



Directivity
Logic gate should be unidirectiond
-> Output change should not affect at the input.

PRI

Capacitive coupling through

Fan-Out

Increasing fan-out can affect the logic out-put
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Driving
gate

CMOSIlogic - no problem in atic
dynamicaly however there will be alimitation !

TE%— 0/1 j:l: due to fan-out
L 1/0 [ - Problems
0/1 j leéi o —L - increased delay
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due to fan-out

increased dynamic power

To increase fan-out, W/L of thedriver transstor ? ? current drive will increase
? better trangt performance



Fan-in

Farrin ?7? complexity ?? interior Setic &

) dynamic properties
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Ideal gate (inverter )

Vout /gzo 9=® Vame = Vv =Vay /2
Input impedance ? 8
vV \/ ] } Fan-out ?
M P sw Output impedance ? 0
Vin




Performance
Clock frequency of alogic circuit ?  gate propagetion time
? regiger read/write time
? uncertainty of clock arrivd time
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Propagation delay Propagation delay
High > Low Low - High
Propagation delay

to=(trLr+ trHL) / 2 (average response time of a gate)
t;, tt 7 depend on strength of driver + load presented to it



Measuring tp
Uniformway of messuring t, isby using aring oscillator
Odd # inverters (at least 5)

Period of oscillation frequency, T=2x1t, X N = N(tpLH + tpHL)

ledVth 2th » tf +tr f T » tf + tr
tf. ZtrZ

< - >
Ring oscillator frequency ( 5inverters) 5GHz? T = 200psec ? tp, = 20psec
does not mean CICTS work up to 50 GHz
inverter ? no parasitics, no coupled gate, no extrainterconnect, no fan-inffan-out
achievable clock frequency ~1/50 1/100 of 50GHz

careful optimized design could be better

t;, tf, tp for RC network
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