ECE334S Digital Electronics Problems 3

2.21 Give an expression for the output voltage for the pass transistor networks shown in
Figure 2.40. Neglect the body effect.

Em Pass transistor networks

2.22 Suppose Vpp = 1.2V and ¥, = 0.4 V. Determine ¥, in Figure 2.41 for: (a) ¥,_= 0 V;
(b) ¥, =0.6V;(c) ¥, =09 V;and ()} F, = 1.2 V. Neglect the body effect.
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1) Consider the following resistor transistor logic (RTL) inverter where switch S1 represents
the transistor and R represents the switch on resistance (it's off resistance is infinite).

1.2V

a) Sketch the output waveform for the switch toggling from open to closed. What is the

time-constant in this case?
b) Sketch the output waveform for the switch toggling from closed to open. What is the

time-constant in this case?



2)

Consider the following inverter circuit.

Vg = 2V
Mp = 3pp = 0.06 m”/ Vs
SOO“AV C,, = 8fF/pum’
o _
f =10

a) Sketch the input/output transfer curve.
b) Find the threshold, V,,, of thisinverter.

¢) Find the output logic high and output logic low levels (assume the current source cannot drive

For questions 3-6 below, assume pn:3up:0.06m2/Vs, \%

3)

4)
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7)

8)

the output above V ;).

= -V, = 03V,
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Cox = 8fF/um’,and V gy = 2V.

Given a CMOS inverter with (1) = (1) = 10, where the input is at Vq, find the
n p

maximum current that the output can sink before the output rises above 0.2V .

Given a CMOS inverter with (\%/) = (\%g = 10, where the input is at 0, find the
n p

maximum current that the output can source before the output falls below 1.8V .

Given a CMOS inverter with (\T/_\—/) = (\T/__\g = 10, estimate its input capacitance if the
n p

minimum length of 0.3um isused for both devices.

Given a CMOS inverter with (\%l) = (\%/) = 10, estimate its input capacitance if the
n p

length of 0.6um isused for both devices.

A 2.5V CMOS inverter is designed with the width of the PMOS equal to twice the width of
the NMOS and W,, = 1um. Considering only gate capacitance, estimate using an RC dely

estimation of the average gate delay time, t,, = (t,5, +15,)/2 if thisinverter isdriving 4
similar sized inverters. All lengths equa 0.25um. CMOS parameters.
MpCox = 120pA/V?,  pCo = 30pA/V?, Vi =045V, V=04V,
Coy = 6fF/um’

Using the concept of equivalent transistors, ssimplify the n-channel driver network shown
below to a single pull-down transistor with a width of W, and a length of 1um. Find this



equivalent transistor for 2 cases: Wi fast) representing the input pattern with the fastest pull-

down and W, o, for the slowest pull-down input case.
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9) A single CMOS inverter is sized with minimum transistor lengths of 0.25um, NMOS width
of 1um and PMOS width of 2um. Given that the drain and source extensions are each 0.5um
past the gate, find the total load capacitance, C, , (include appropriate drain and/or source to

bulk capacitance as well as gate capacitance that the inverter drives) when the inverter
drives 4 similar sized inverters al in paraléel. (See last page for CMOS parameters).
10) A CMOS inverter layout is shown below. The scaling parameter isA = 0.125um.
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a) Fill in the following lines of SPICE source code:
M1 out in vdd vdd pmos|= w= ad= pd= as= ps=
M2 out in gnd gnd nmos I= w= ad= pd= as= ps=

b) Using the parameters on the last page, estimate the total input capacitance of thisinverter,
Ci,,- Also, estimate the total parasitic capacitance at the output of the inverter, C_ . .

c¢) The layout is missing two important connections. In fact, the inverter will not function
properly without these connections. What are the missing connections?



ECE334F
Physical Constants;

¢1 = KT/q = 26mV (at 300K); k = 1.38 x 10723 J/K; T = 300 K (at27°C); g = 1.6 x 10”

_ -12
Egj = 1.05 x 10
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F/cm; (I)S = 2‘¢F‘ = 0.6V

Parameter Sheet
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C;

MOS Transistor; CMOS basic parameters. V 44 = 2.5V . Channel length = 0.25um

V TO M COX }\' 1 COX CO C] CJ sSW

M| O] (uavd] v | (FF/pm?) FF/um) | (fF/pm?) | (FF/pm)
NMOS | 04 0.4 120 0.06 6 0.3 2 0.3
PMOS | -04 0.4 30 0.1 6 0.3 2 0.3

V1, isthethreshold voltage with zero bulk-source voltage.

v isused to account for non-zero bulk-source voltage.

nC,, isthetransistor current gain parameter.

A isto account for the transistor finite output impedance (channel length modulation).
C.x isthe gate capacitance per unit area.

C, isthe gate overlap capacitance per unit length.

Ci is the drain/source junction capacitance per unit area.

J

capacitance. Assumethisvalueisthe samefor all 4 sides of the perimeter.

C.., isthedrain/source junction capacitance per unit length to account for drain/source perimeter



