Lecture Five



Case 1: Vin=0V, Vot =5V, Vin=1V, V¢,=-1V Region A
NMOS Veoy=Ve — Vg =V, — Vs=0-0=0V

s Vesy < Vi = CUT-OFF

PMOS Viosp=V; — Vs =V}, — Vpp=0-5=-5V

s Vesp < Vip =2 -5V < =1V -0N (L/S)

Vosp=Vp — Vs =Voyr — Vpp=5V -5V =0V
Viesp-Vip=-5—(-1)=-4 V

~ Vpsp > Vesp-Vip > 0 > -4V — Linear



Case 2: Vin=1V, Vpyt=5V, Vin=1V, V,=-1V Region B

NMOS Vo=V, — Vs =V, — Ve=1-0=1V

* Vesn=Vin = ON (L/S)

Vpsn=Vp — Vs=Voye- Vs =5-0=5V

Vpsy > Vesy- Vi 25> 1—1 -5 >0 - 0N - NMOS in saturation
PMOS Viogp=V, — Vs =V, — Vpp=1-5=-4V

s Vesp < Vip 20N L/S

Vosp=Vp — Vs =Voyr — Vpp=5V -5V =0V

Vpsp > Visp- Vip 20 >-4-(-1) -0 >-3 —Linear



Case 3: Vi,=2.5V, V;:=2.5V, V=1V, V,,=-1V Region C
NMOS Vo=V — Vs =V, — Ve=2.5-0=2.5V

Vesy > Vi = 2.5V >1V - ON (L/S)

Vosn=Vp — Vs= V1~ Vg =2.5-0=2.5V

Vosy > Vesy — Vi =2.5 V> 2.5V-1V — 2.5 V> 1.5V —>Saturation
PMOS Vegp=V; — Vs =V;,, — Vpp=2.5-5=-2.5V

Vip > Vgsp -1V >-2.5V >0ON L/S

Vosp=Vp — Vs =Voyr — Vpp=2.5V -5V =-2.5V

Vpsp < Vgsp-Vip -2.5V <-2.5-(-1) —-2.5 < -1.5V —Saturation



Case 4: Vin=4.0V, Vt=1.0V, Viy=1V, V,=-1V Region D

NMOS Vo=V — Vs =V, — Vs=4.0-0=4.0V

Vesy > Vi = 4.5V >1V - ON (L/S)

Vosn=Vp — Vs=V,,1- Vs =1.0-0=1.0V

Vosny < Vesy — Vi 1.0 V<3V —Linear

PMOS Visp=Vi — Vs =V — Vpp=4.-5.=-1.0V = V5p=V;, ON L/S
Vpsp=Vp — Vs =Voyr — Vpp=1.0V -5V =-4.0V

Vpsp < Vgsp- Vip 2-4.0V <-1.-(-1) —»-4. <0V —Saturation



Case 5: Vin=5.0V, V,,;+=0.0 V, V;,=1V, V;,=-1V Region E

NMOS Vioon=Ve — Vs =V;,, — Ve=5.0-0=5.0V

Vesy > Vi = 5.0V >1V - ON (L/S)

Vpsy=Vp — Vs=V,,¢- Vs =0.0-0=0.0V

Vosy < Viesy — Vi, = 0.0V<4.V —Llinear

PMOS Visp=Vi — Vs =Viy = Vpp=5.-5.=0.0V = Visp > Vi, = OFF
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Ideally, the voltage transfer curve (VTC) appears as an inverted step-
function - this would indicate precise switching between on and off - but
In real devices, a gradual transition region exists. The VTC indicates
that for low Input voltage, the circuit outputs high voltage; for high
Input, the output tapers off towards O volts. The slope of this transition
region iIs a measure of quality - steep (close to -Infinity) slopes yield
precise switching. The tolerance to noise can be measured by comparing
the minimum input to the maximum output for each region of operation
(on / off). This is more explicitly shown in the figure below.
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Noise margin : iIs a parameter intimately related to the transfer characteristics.
It allows one to estimate the allowable noise voltage on the input of a gate so
that the output will not be affected. Noise margin (also called noise
Immunity) is specified in terms of two parameters - the low noise margin N,
and the high noise margin N, . Referring to above figure, N, is defined as the
difference In magnitude between the maximum LOW input voltage
recognized by the driven gate and the maximum LOW output voltage of the
driving gate. That is, N, =|V, - Vg.|. Similarly, the value of N, Is the
difference in magnitude between the minimum HIGH output voltage of the
driving gate and the minimum HIGH input voltage recognizable by the driven
gate. That 1S, Nyy =|Vou - Viul. Where V |: minimum HIGH input voltage,
V, : maximum LOW input voltage, V,,: minimum HIGH output voltage,
Vo - maximum LOW output voltage.




* Inverter Dynamic Characteristics

* Fig. below shows the dynamic characteristics of a CMOS inverter. The
following are some formal definitions of temporal parameters of
digital circuits. All percentages are of the steady state values.
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* Rise Time (t,) : Time taken to rise from 10% to 90%.
* Fall Time (t): Time taken to fall from 90% to 10%
 Edge Rate (t): (t, + t:)/2.

* High-to-Low propagation delay (t,,, ): Time taken to fall from Vg, to
50%.

* Low-to-High propagation delay (t, 4): Time taken to rise from 50% to
VOL-

» Propagation Delay (t,): (t,y + t, 1)/2.

» Contamination Delay (t.y): Minimum time from the input crossing
50% to the output crossing 50%



