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Lecture Summary — Module 1
Switching Algebra and CMOS Logic Gates

Learning Outcome: an ability to analyze and design CMOS logic gates

Learning Objectives:
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convertnumbers from one base (radix) to another: 2, &0, 1

definea binary variable

identify the theorems and postulates of switching algebra

describethe principle of duality

describehow to form a complement function

provethe equivalence of two Boolean expressions usanfept induction

describethe function and utility of basic electronic compats (resistors, capacitors, diodes, MOSFETS)
define the switching threshold of a logic gate and idgritie voltage ranges typically associated with a
“logic high” and a “logic low”

defineassertion level and describiee difference between a positive logic conventaod a negative logic
convention

describethe operation of basic logic gates (NOT, NAND, NO#&nstructed using N- and P-channel
MOSFETSs and drawheir circuit diagrams

define“fighting” among gate outputs wired together amdctibe its consequence

definelogic gate fan-in and describe the basis forrigetcal limit

identify key information contained in a logic device ddiaet

calculatethe DC noise immunity margin of a logic circuitdadescribe the consequence of an insufficient
margin

describethe consequences of a “non-ideal” voltage appbeal logic gate input

describenow unused (“spare”) CMOS inputs should be terteitha

describethe relationship between logic gate output voltsggang and current sourcing/sinking capability
describethe difference between “DC loads” and “CMOS loads”

calculateVo. and \py of a logic gate based on the “on” resistance efattive device and the amount of
current sourced/sunk by the gate output

calculatelogic gate fan-out and identify a practical lovienit

calculatethe value of current limiting resistor neededddring an LED

describethe deleterious effects associated with loadiggta output beyond its rated specifications
definepropagation delay and list the factors that cbuots to it

definetransition time and list the factors that conttéito it

estimatethe transition time of a CMOS gate output basedhen‘on” resistance of the active device and
the capacitive load

describeways in which load capacitance can be minimized

identify sources of dynamic power dissipation

plot power dissipation of CMOS logic circuits as a fiim of operating frequency

plot power dissipation of CMOS logic circuits as a fiime of power supply voltage

describethe function and utility of decoupling capacitors

definehysteresis and describe the operation of Schriatyer inputs

describethe operation and utility of a transmission gate

definehigh-impedance state and describe the operatiartroftate buffer

define open drain as it applies to a CMOS logic gate augnd calculate the value of pull-up resistor
needed

describehow to create “wired logic” functions using opemid logic gates

calculatethe value of pull-up resistor needed for an opaindogic gate
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» basic logic gateg“Boolean’s Big Three”)
0 AND - produces a 1 output iff all its inputs are .
0 OR —produces a 1 output if one or more of its inputs a 1

o NOT (inverter) — produces an output value that is the opposite ofstinput value
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» other basic gatefmore commonly used
o NAND (“Not AND”) —produces the opposite of an AND gate’s outp
0 NOR (“Not OR”) — produces the opposite of an OR gate’s outp
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* logical completeness: “anything digital” can be but using solely AND, OR, and NOT gate:
-or- solely using NAND gatet-or- solely using NOR gates
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Lecture Summary — Module 1-D
Logic Signals and CMOS Logic Circuits

Reference: Digital Design Principles and Practices (4" Ed.), pp. 79-96, 141-148

e overview

(0]

o

a logic value, 0 or 1, is often referred to as kinary digit or bit
“LOW” and “HIGH” are often used in place of “0” and *“1” to refer to logic signals

= LOW - a signal in the range of “lower” voltages (&3., 0 - 1.5 volts for 5V CMOS
logic), which is interpreted as a logic O

= HIGH - a signal in the range of “higher” voltages €.g., 3.5 - 5.0 volts for 5V
CMOS logic), which is interpreted as a logic 1

the assignmentof 0 and 1 to LOW and HIGH, respectively, is refered to as apositive
logic convention(or simply “positive logic”)

»= a positive logic signal that isassertedis in the HIGH state, and is therefore
referred to as an “active high” signal

» a positive logic signal that immegatedis in the LOW state

the opposite assignmentl to LOW and 0 to HIGH) is referred to as anegative logic
convention(or “negative logic”)

= a negative logic signal that isassertedis in the LOW state, and is therefore
referred to as an “active low” signal

= anegative logic signal that i:iegatedis in the HIGH state

* logic families

o

complementary metal oxide semiconductor (CMOS) logiis both the most capable and
the easiest to understand commercial digital logitechnology, and accounts for the vast
majority of the worldwide integrated circuit (IC) m arket

5-volt CMOS logic levels (other operating voltageanges proportioned accordingly)

5.0V
Logic 1 (HIGH)
35V L indeterminate region -
]“jj-i*jlﬁf{?fjl undefined input yields
cgicleve undefined output
15V
Logic 0 (LOW)
0.0V
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o MOS field effect transistor (MOSFET)

modeled as a 3-terminal device that acts like a walge-controlled resistance

o ,1/

in digital logic applications, MOSFETs are operatedso that their resistance is
either very high (transistor is “off”) or very low(transistor is “on”)

P-channel MOS (PMOS)

Voltage-controlled resistance:
G +f | source decrease Vs — decrease Rpg
gate drain  (current flows from S terminal to D)

Note: normally, Vgg <0

N-channel MOS (NMOS)

D i : :
wrai \{oltage controlled resistance: current only
G 2 | increase Vgg — decrease Rpg flows through
’ \V source  (current flows from D terminal to S) the resistance
e Note: normally, Vg 2 0 one way

basic CMOS logic circuit

P-ch 5V The S terminal of the P-ch MOSFET

VGS is connectedto 5V
S The S terminal of the N-ch MOSFET

is connected to GND

+ P-channel The D terminals of both MOSFETs
G (pull-ug) are connected to the output (Vout)

D The direction of current flow in the
P-ch device is from the S terminal to
the D terminal (“sources” current)

The direction of current flow in the
D N-ch device is from the D terminal

to the S terminal (“sinks” current)
N-channel ) :
B ( ul |-C|0Wh) A high voltage on the G terminal of
+ G S P D) the N-ch MOSFET (relative to GND)

turnsiton
A low voltage on the G terminal of

_ the P-ch MOSFET (relative to 5 V)
N-ch —<7GND turns it on

+—— Vout
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o load” conditions

P-channel:
“on” resistance=750
“off” resistance = 500,000

— Vout

N-channel:
“on” resistance=25 Q)

D
; E{
+ S “off” resistance = 500,000 Q

© 2013 by D. G.

CalculateV, for the case A=B=0V
P-ch deviceis “on” (Rpg =75 Q)

N-ch deviceis “off” (Rps = 500,000 Q)
Vot = 5 x(500,000/ 500,075) ~ 4.999 V
P gissipation = 92 /500,075 ~ 0.05 mW

CalculateV,for the case A=B=5V
P-ch device is “off” (Rpg = 500,000 Q)
N-ch deviceis “on” (Rps =25 Q)

Vout =5 x (257 500,025) ~ 0.00025 V

P gissipation = 92/ 500,025 ~ 0.05 mW

* example “non-inverter” operation (Q: what would you call each of these case:!

-
sa[:

P-channel:
“on"resistance=750Q
“off” resistance = 500,000

— Vout

N-channel:
“on"resistance=25Q
“off” resistance = 500,000 Q

CalculateV,, for the case A=0, B=5V
P-ch deviceis “on” (Rpg =75 Q)

N-ch deviceis “on” (Rpg=25Q)
Vout=5x(25/100)=1.25V

P gissipation = 92/ 100 = 250 mW

Calculate V,for the case A=5V, B=0
P-ch device is “off” (Rpg = 500,000 Q)
N-ch device is “off” (Rpg = 500,000 Q2 )
V,.t= 5 x (500,000/1,000,000)=2.5V
P gissipation = 92 /1,000,000 = 0.025 mW

Copynght © 2000 by Prentice Hall, Inc.
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example inverter operation (very low power dissipation, very low voltige drop across “on”

more input combinations
pull output high than low
- P-channel pull-ups in
parallel (“OR”),
N-channel pull-downs in
series(*AND”)
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