Lecture Six
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Vi, Maximum input voltage considered as logic ‘0.
V;y Minimum input voltage considered as logic ‘1.
Voy Minimum output voltage considered as logic ‘1.
Vo Maximum output voltage considered as logic ‘0.
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NM_ =V, -V, =0.75-0.50 = 0.25V
NM,, =V, - V,, = 3.50 - 2.25 = 1.25V

V, = 1.75V
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CMOS Inverter VTC

VTC graphically
extracted from the
load lines

High noise margin
NMH=VOH_VIH = 5'2.9 = 2-1V

V= Voo/2 NM;, =V -V = 2.1-0 = 2.1V




Noise Margins: Determining V,, and V,

~_, By definition, V,,; and V,_are
¥ "/ where dV,/dV,, = -1 (= gain)

/- NMy=Vpp- Vi
II.".I NML = V"_‘ GND

Approximating:
Vik=Vu - Vg
ViL=Vu+ (Vpp- Vg

Vg, =GND 04 \;‘; ) o .
VR High gain in the transition
in

A piece-wise linear region is very desirable

approximation of VTC




Vs =1+2'5_1 —096V
feq —3
| 1 o
—1— =1.03V
—34.6
"=V =2.5-096=1.54V

Slightly to large
values due to the
approximation




Example:-

Determine Vm if Kn=172.5,Kp=45, VTN = 0.43 V, VTP — _04‘, VDSATN
=0.63 V, VDSATP=_1'O V, VDD=2'5 V?

Solution:-
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0.43 +283

V.= 2

m 140.41
rVpp 0.41X1.5
1+r 140.41

+0.41(2.5—0.4—%)_1 oV

=0.73 V
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Noise Margins Example (Minimum sized transistors)
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R, for Short Channel NMOS
T 1, (mA)
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Vo ut

Propagation delay
t;.) = (prL + prH)/Z
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90%

10%




Inverter - Transient Response

VDD
Regp  C,=2fF; R, =100

t, =22RC=22x10x10°x2x107" =44 ps

tom = 0.69RC =0.69x10x10° x2x107" =14 ps




CMOS Inverter Propagation Delay

Vop

tonL = f(Ron.Cp) R =R

=0.69R,,C | o e
)




Inverter Transient Response

Vpp=2.5V

0.25pum

WIL,=1.5

WiL, =45

R.gn= 13 kQ (+ 1.5)
Rogp= 31 KQ (+ 4.5)
Seep. 27 forC,

ton = 36 psec

Vout (V)

ton = 29 psec

SO

t, = 32.5 psec
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Cp gy =6.fF
Cry =6.1fF
Reqn=13 K2/1.5=8.67 KN
Reqp=31K2/4.5=6.89 K22
tpr=0.69X Rpgn X €y =0.69 X8.67 X6.1=36ps
tyrp=0.69X Rpgpy X Cpppy =0.69 X6.89 X6.=29ps

: _(tpHL+tpLH)_36+29
b= 2 =2

=32.5ps
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Connection and behavicr of series and parallel fransistors



AOI/OAI nMOS Circuits

« nMOS AQI structure

- series txs in parallel

Fza*b+c-d

=T u-n

- nMOS OAI s‘rruc‘rure
- series of pamllel txs F=(ate) (b +f)



