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Planar technology

» Complementary Metal Oxide Semiconductor

* Invented in the 1960’s, but took over in the
80’s

* “on’means low resistance, ”off”” means high
resistance

* Logic “1” and Logic “0” values are arbitrary FINFET technology

. _— . N2 . _
e.g. logic “1”==1.0V, logic “0”==0.0V By lnge Riogeums COMYSAMD i
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Transistors as Switches
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The most basic CMOS gate - inverter

* When “inp” is “1”, then the nmos is on and the pmos is off — output will
be ?

*  When “inp” is “0”, then the nmos is off and the pmos is on — output will
be ?

Viad (1) Truth Table
q TS L Schematic Equation
inp PR in | out
D ing_"ﬂlt 0 1 out =in’
Q S 1 0 out =in
V! o)

LVF:] > =0
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Basic Gates — (N)AND gate
\). NMOS Trans ma Sertes
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NAND  Y=(A&B)" Y=(AB) S— What kind of gate is this?

a) AND
O b) NAND
c) Inverter

&Ié AB=| ) \%-_— () @ Noneofthe above
B
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e =l el k=2 ->)
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1
1
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Basic Gates — (N)OR gate

OR Y=A+B Y=A|B

A[B|Y
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Transistors as Switches: CMOS




Transistors as Switches
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Transistors as Switches: Transmission Gate
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Boolean Algebra

A branch of algebra in which the values of the
variables belong to a set B (e.g. {0, 1}), has two
1)Satwfies operations {+, .} that satisfy the following four
Aaslotleds sets of laws.
(oj;(_ *Associative laws: (a+b)+c= a+(b+c), (a-b)-c =a‘(b-c)
2)‘_‘,“ - ro Commutative laws: a+tb=b+a, a‘b=b-a

& Q

T . - a+(b-c)=(a+b)- (a+ b ==
(e Ok Distributive laws: a+(b-c)=(a+b)-(atc), ’>b__ 7@%}9‘
. (f G @”{' a'(b+c)=a-bta-c C c

t, de iR *Identity laws: a+0=a, a-1=a bqri_{ b= _
1| theorems -Complement laws: ata’=1,a-a’ =0 ~—2> =~ <

=
c
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(x’: the complement element of x) o
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Duality

e Swap (+, - ) and complement all 0’s and 1°s

 If we can prove a statement using laws of
Boolean algebra true, then the duality of the
statement is also true.

Laws and their duals

Associative (a-b)-c=a-(b-c)|(a+b)+c=a+(b+c)
Commutative ab=Db-a atb =b+a
Distributive* a:(b+c)=a-b+a-c | at(b-c)=(atb)-(atc)
Identity al=a at0=a
Compliment aa’=0 ata =1
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Representations of combinational circuits:
The Schematic

A
R e N ¢
L4

B

« What 1s the simplest combinational circuit that you
know?
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Representations of combinational circuits
Truth Table: Enumeration of all combinations

Example: AND

id |[A |B |Y
0 0 0 0
1 0 1 0
2 1 0 0
3 1 1 1
A _
Y Y=AB
L4
B
Boolean Algebra

Similar to regular algebra but defined on sets with only
three basic ‘logic’ operations:

1. Intersection: AND (2-input); Operator: - ,&
2. Union: OR (2-input); Operator: + ||
3. Complement: NOT ( 1-input);  Operator: !

“&, |, !” Symbols in BSV

<48>
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Some Def’s

» Complement : variable with a “BAR?” over it or ¢ after it
A’ oo =4-
o Literal : variable or its complement & (7{aals = | =

» Implicant: product of literals

o jC(a,b,c,d - lol+<0\ib +c+ cD(OJJ_C_d + C'(Q

p—————— e —

« Implicate: sum of literals = 3 ‘('J/ §6 1§ Qe 11
A+B+C
( ) | vonderm | ot
Minterm, maxterm (implicant or implicate that includes all the
inputs)

f(A,B,C,D): ABCD, (A+B+C+D)

Lebefybiear cde %] e 57 Teme
(abcq)=ab+a et C -0 i1 is & SAT proklen
lak.cd ) a-rlo')(a‘*b)(c*d*e) o Siﬁ%ﬁ%«%o

Boolean algebra and switching functions NP

Two-input AND () Two-input OR (+) One-input NOT
AND |Ag lv OR |oB Iy (Complement, > )
000 000 NOT A |y
0110 01]1 0 |1
1010 101 1|0
111 111

A ] A
1_}A 1%1
A A
o) gD

For an AND gate, Foran OR gate,
0 at input blocks the other inputs ! at input blocks the other inputs
and dominates the output and dominates the output

1 at input passes signal A 0 at input passes signal A
50



