19/10/2017

Digital systems: from bits to
microcontrollers

- Introduction to digital systems fundamentals

- Sequential digital systems
- Introduction to microcontrollers

- Introduction to advanced implementation platforms

LUIS GOMES, 2014,15, 16

Multiplexers

A multiplexer has two types of inputs, according to their role:

- control inputs, which are responsible for the selection of data inputs;

- data inputs, which provide data to be transferred to output according with value of selection.

Selection
S S Description of the behavior:
If (Selection = 0) then DataOut <= 10
£ DataOut else if (Selection =1) then DataOut <= 11
e else if (Selection =2) then DataOut <= 12
5 . else if (Selection =3) then DataOut <= 13
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Multiplexer with
1 variable of selection

If (SO = 0) then O <= DO
else 0<=D1
0 D1 DO|O
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Multiplexer with
1 variable of selection
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If (SO =0) then O <= DO
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else 0<=D1 ﬁ\
S0 DL DO|O
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Multiplexer with 1 variable of selection
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Truth table with
embedded variables
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Multiplexer with 2 variables of selection
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Introducing an enable input

s1 solo EN S1 SO| O
0 0 (10 0 x x 10
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Modular composition of multiplexers

Would it be possible to implement a
multiplexer with two selection variables with
multiplexers with one selection variable?

S1 SO| O
O 0 |10
0O 1 |11
1 0 [I2
1 1 |13

LUIS GOMES, 2014,15, 16
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S1 SO O

0 8 MUXO0
O 1 I1

1 0 12 MUX1
1 1

S1| O
0 | MJXO
1 | MJX1
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Modular composition of multiplexers

Would it be possible to implement a
multiplexer with two selection variables with
multiplexers with one selection variable?

LUIS GOMES, 2014,15, 16

Alternative implementations
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Multiplexer for function implementation

A Bl K
A 00|0
01/0
K 101
110
K=A./B
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Implementation of function K
using multiplexers with 2

selection variables.
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ABCD

K B C D| MJX0

0000 mg 0 0O 0 O01lO
0001| m 0 0 0 10

| o MUxo 0100 A K

0 1 1|0
0100 m4 0 1 0 110
0101|my| O 11 010 A
0110 mg| O 11 1)1
0111|m, | 1 MUXO .
1000 mg 0 B C D | MJUX1 MUX1
1001|mg | 1 0 0 0/0
0O 0 1|1

1010 mlO 1MUX1 0 1 0 1
1011 my| 1 0 1 1l1
1100 my,| 1 1.0 01
1101 my| 1 10 1)1
1110 my,| 1 i i 2 i
1111 my| 1
ABCD K B C D| MJXO
0000 mo 0 0 0 Oolo BCD
0001 m 0 0 0 11/0
0011/ m,| O 0 1 110

3 1 0 0|0 1 | MUX1
0100 my 0 1 0 110
0101|mg | O 1 1 0/o0 A
0110/ mg| O 11 1]1
0111|m, | 1 MIOJ, 5
1000/ mg | O B C DJ|MKXL Muxt | MUX
1001 mg | 1 0 0 00
1010| m,y| 1 0 0 111

o *MUX1 o 1 01
1100 my,| 1 1 0 0/l1
1101 my,| 1 1 0 1|1
1110| my| 1 i i 2 i
1111 my| 1
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ABCD
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Demultiplexers

A demultiplexer has two types of inputs, according to their role:

- control inputs, which are responsible for the selection of data outputs;

- data input, which provide data to be transferred to one output according with value of selection.

Selection

$.S

Description of the behavior:

If (Selection = 0) then O0 <=1

else if (Selection =1) then 01 <= |
else if (Selection =2) then 02 <= |
else if (Selection =3) then 03 <=
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Demultiplexer with 2 variables of selection
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Composition of mux and demux

Selection Selection
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Data
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- Comparators
- Adders
- Basic arithmetic

Introducing digital arithmetic

Magnitude comparator

Magnitude

—

B 7“49 comparator

A>B
A=B
A<B
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1-bit magnitude comparator

A B < >

o O 1 O 0 XNOR2

0 1 0 1 0

1 0 0 0 1

1 1 1 O 0 AND2B1
A=B > A@ B:AQB
A<B = /AB e
A>B > A./B AND2ET

1-bit magnitude comparator
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1-bit magnitude comparator

A=B A<B

A B |[A=B|A<B|A>B
0 0 1 0 0
0 1 0 1 0
1 0 0 0 1
1 1 1 0 0

= k= O O

R OoR
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A>B = A=B . A<B =

=A=B + A<B

3-bit magnitude comparator

Input numbers: A,A;A, and B,B;B,

Output (A=B)

(A,=B,).(A; =B,).(Ay=By)

Output (A>B)

(A,>B,)+(A,=B,).(A;>B;) + (A,=B,).(A; =B,).(A;> B,)
Output (A<B)

(A,<B,)+(A,=B,).(A; <B;) +(A,=B,).(A; =B,).(A;< By)

LUIS GOMES, 2014,15, 16
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3-bit magnitude
comparator

Output (A=B)
(A,=B,).(A; =B;).(A;=B,)
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comp1bit
A, —1a [
GT ——
B, e EQ
comp1bit
A —a m—
GT ——
B, —Is EQ
comp1bit
AO —A LT
GT
By |6 EQ
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comp1bit
A2 —A m—
GT
B, —18 EQ
comp1bit
A1 — 1A LT
GT
B, —18 EQ A2
comp1bit
A0 — A LT
GT
BO g el AND3

OR3

Output (A>B)

(A,>B,) +
(A,=B,).(A; >B,) +
(A, = B,).(A, = B,).(A,> B,)
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Decimal addition

Wor N
O O oo
~N = 01
OOLCDO'I

Decimal addition table

6 1 2 3 4 5 6 7 8 9
o|0f|1|2|3|4|5|6|7[8]|9
1|12 |3[4|5|6|7|8]9 |10
212 |3|4|5|6|7|8|9 (10|11
3 /3|4 (5|6 |78 /|9 |10/11 |12
4 | 4|5 |6 |7|8|9|10(11]|12|13
5(5 6| 7| 8| 9|10|11|12|13 |14
6 |6 |7(8|9|10|11|12|13 (14 |15
717 |89 |10(|11 |12 |13 |14 (15 |16
8 | 8|9 (10|11 (12 |13 |14 |15 (16 |17
9 |9 (10|11 |12 (13 (14 |15 |16 (17 |18

Binary addition
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Counting

sequence
0
1
10
11

-

2 bit addition

0
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3 bit addition
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Full-adder  Half-adder
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Half-adder } cout

C

A B|Gy |S
A 00[0 |0 A DQI
B 01/ 0 |1 B
ll 1 0|0 |1 S
Slpy]  11)1 0 }

C..=AB

S=ALB=AB+ADB
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Full-adder
Co A S A
ABCGC|C |S —
R 000/ 00 ﬁj O @
001/ 0|1 G G
181 010/ 011 I I@ @
Sl ]e 01110 B B
100[0 1
| 101[1/0 Co=A.B+A.Ci +B.Ci
s 110[110 —— - — -
11111 S=A.B.Ci+ AB.Ci+ A.B.Ci + A.B.Ci
=A[LBUCi
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Decompose full-adder into half-adders

ABG|C|S
000[0]0O A . S
001 0 |1 1/25 1/25
010|0]1 B—8 Cuf B Cou
o@D 1|0 | R
100/ 0|1 Ci Co
1 110
0/ 110
111 1
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1/2%

out

S1

C1

A
1/2%
B

S2

S p—)

C2

Decompose full-adder into half-adders
A B GC|C, | S|C1|S1|C2|S2|Co|S
0oo0f0[ofo[0[0[0[0[0 Ao_ |
001|020, 0 0|2/ 0|12
o100 /1l0/2/0|2|0|12 B—F
0 1/0{0/1/1/0/2/ 0 _
1@ o/1]lo/1/0/1|0|12 G
1 1 /00, 1/ 10/ 1/|0

Oj1/0J12,0/0(0/2/0

11 /12y1{0/0/ 1|1 1

4 4 4

S

Pseudo-parallel adder
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Modular compositio
of parallel ad

}}A-B Cout
B

LDO/—B A./B

S=/AB+A./B




