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O ONONONG

Overview of Today’s Lecture

Review: Truth tables, Boolean functions, Gates and Circuits
Digital circuit examples: 2-1 MUX, Full Adder

The ALU

Shift Unit

Memory elements: Latch, Data-FlipFlop

Read Appendix B
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Boolean Functions and Gates (Cont))

o Examples: Boolean functions: NOT, AND, OR,
XOR, ...

a NOT(a) a b AND(a,b) a b OR(a,b)
0 |1 00 ¢ 00 ¢
1 |0 o1 ¢ 01 1
10 0 10 1
11 1 11 1
XODR(a,b) XNIOR(a,b) NOR(a,b)
( 1

)

R P OO|lY
R OBk O|T
R P OOlY
R OBk O|T

1
1
()
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Boolean Functions and Gates
(Cont.)

O Gates are electronics devices that
Implements simple Boolean
functions:

o Examples:

>/ﬂ|2(a,b) a.:Dﬂ?(a,b) a NOT(a)
b, ° >—i >O—e

a XOR(a,b) a, NAND(a,b)

e

a, NOR(a,b) a XNOR(a,b)
b,:Dw- b:ij-
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Boolean Functions, Gates and Circuits

o Circuits are made from a network of gates. (function
compositions).

o Example: a b XQR(a,b)

00 O

01 1

10 1

11 0
D—«{>o —

- F=~a*b + ~b*a

B mpe::
| M
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Circuit Example: 2x1 MUX

a—|1 y
b—19
S

B B
Gate 1 }O—
O I Y=(A*S)+ (B*~S)
4 5 Gate 3 0——4@&
A 2 }O—
D Gate

] 4
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Example 4x1 MUX

a—1
b—1o
— }y
/o
e
i
So Si1
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a—3
b —2
— Y
C —1
d —0
2
S
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Circuit Example: Selector

‘<
Q3
r

) l; lo] Qo Qy Q; Qs
4 2 0ool1 000
l 01lo 100
4 | Q1 10/0 010
11/0 0 0 1
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Full Adder 01101100

AN

abC ,, [Sum C _,
000 O [0
001 1 (0
010 1
011 0 2
100 1 0
101 0 f1

Cout 110 0 [
111 1 2
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Example: 4-bit adder

S3 S2 S1 SO

% f f f

<« Full Adder {&«— Full Adder \@— Full Adder @ Full Adder —1

N hh hh bk

b3 a3 b2 a2 al
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Example: Adder/Subtractor

$3

Cout Full Adder & Full Adder & Full Adder & Full Adder
Add/Sub S S ~ ~
D
() () () o o o o o
b3 a3 b2 a2 bl al b0 a0
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Examplel:
0100000

0110101 , (- 52

+0101010 , (= 42
1011111 , (=-33

Example3:
1100000

oL1o101 , (- 52

+1101010 , (=-22
0011111 , (=31
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Overflow

10)
10)
10)

10)
10)
10)

Example2:
000
ALY
1010101 , (=43 ,p)

0011111 , (= 31,,)

Example4:
0000000

0010101, (=21

+0101010 , (=42 ,,)

0111111 , (=63 ;)
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Add/Subtract With Overflow detection

Overflow
S . S S, So
<+ Full Adder (& FullAdder— @ ® @ @ Full Adder }«— Full Adder +——
Add/Sub \ \ \ \
B
) ' ' o ' ' o Y
b, a,.. b, a. b, a b, 2h
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ALU Slice

a iy
A F Q
00 a+b
b 1 0 a-b
Q|- 1| NOTD
2 aORDb
3 aAND b
Add/sub
L Coutl
Add/sub F
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The ALU

Overflow = Zero

)

I ¥ y ¥

ALU control

ALU Slice [TJ[ALUSlice [ ® ©® ©

- I —

ALU Slice | |ALU Slice |

"o &4 TR

bn-1 an-1 bn2 an-2 ail bo aog
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Shifter

a7 ab ab a4 a3 a2 al a0
| T T T T T T Shift-1
SN NS AN AN AN AR 2SS 7@ 1
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Memory Elements

o All the circuit we looked at so far are combinational
circuits : the output is a Boolean function of the inputs.

o We need circuits that can remember values. (registers)

o The output of the circuit is a function of the input AND a
function of a stored values (state) .

o Circuits with memory are called  sequential circuits
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Rest-Set Latch

RIS @
00 Q
01 1
100
101 -
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Rest-Set Latch (cont.)
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Rest-Set Latch (cont.)
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Positive Edge D ata-Latch

Ol
iy
=R m
OHOO

Time > ©GK&DR fall 1999
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D Negative Edge D-Latch
D o] DIE Q
01 0
t 1]1 1
[ Q D Q
o | L[]

=

Q | |

Time >
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Master-Slave Data-Flip-Flop

Master Slave
DD :

Clock

e On Cl D is transferred to the master stage and the slave is stable.

e On CT the Master stage is transferred into the slave stage (output),
and the master stage is stable.

CPS104 Lecl0.23 ©GK&DR fall 1999



DFF Timing

i
Y
.

Time
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Tri-State Driver

o The Tri-State driver is like a (one directional) switch:
= When the Enable is on (E=1) it transfers the input to the output.
+ When the Enable is off (E=0) it disconnects the output.

E Q

D E
010
111
-0 Z

Z - High Impedance
E

1
D_| ]_Q
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Bus Connections

O The Bus: Many to many connections.
O Mutual exclusion: At most one Enable is on!
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IU

latch

Register Cells on a bus

IU

latch

g%
WE

| Q

RE

IU

latch

&

WE

| Q

RE

IU

latch

One can “source” and “sink” from any cell on the bus
by activating the right controls (
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WE and RE).
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3-Port Register Cell

Sl
npy s
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DInE

OutA

OutB

Bus-C
Bus-B

1 Bus-A
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3-Port Register

EC EA EB
Bus-C
J Bus-B
ﬁ Bit-2
lol™>
'ﬂ/ Bus-A
Bus-C
Bus-B
Bit-1
- ol ™
_[> ':l/ Bus-A
Bus-C
J Bus-B
E Bit-0
lol™>
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CPS104 LeciC

Address Decod

Bus-C

Bus-B

1DEp- N
- oo™
ﬁ><>
-
®

ﬂ

e circuit

a A0

a A1

@ EA

@ B0

@ B1

4 EB

@ Co

a c1

¢

@ EC

Register address: 01
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Register File  Reg-3 Reg-2  Reg-1 Reg-0
| | | | | | |

_ || | || | A3
— One-hit Cell = One-bit Cell = One-bit Cell = One-hit Cell __B3
— — — — —C3
| | | | | | | | | | | |
_ [ | [ A2
p— One-bit Cell — One-bit Cell — One-bit Cell — One-bit Cell —BZ
— | - | | _C2
| | | | | | | | | | | |
_ || | || Al
—| onebitcel | onebitcel b onebitcen | onebitcen =Bl
— | - | | _C1
| | | | | | | | | | | |
— | - | __AO
p— One-bit Cell — One-bit Cell — One-bit Cell — One-bit Cell —BO
_ [ | [ | _CO
(, C Q 10 Q T Q0 (i)ﬂ
L ] ] ® L ] 4 A-En
L L 4 1 L g Add-Al
[ ] ] ® [ ] < Add-A0
L 4 ® L ] o <49 B-En
. L L] <4 Add-B1
o Y 'Y . . Add-BO
® L ® 4l CEn
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Summary

So far we saw how to take a Boolean function and generate
a circuit that “realize” the function.

We learned to construct circuits that can add and subtract .

We learned about the ALU: a circuit that can add, subtract,
detect overflow, compare, and do bit-wise operations (AND,
OR, NOT)

Saw how to construct a shifter circuit.

Learned about the memory elements: RS-Latch, D-Latches
and D-Flip-flops .

Learned about Tri-State drivers and BUS Communication.
(many-to many)

Learned about how to constructa  register file .

Saw how control signals can modify what the circuit will do
with inputs .

* Examples: ALU, Shift, Register read-write, ...
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