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Why Digital Systems?

e Computer Hardware

» Softwares that require performance can U e
be only written by who have a deep
understanding of hardware.

* Almost all electronic devices are digital

* Audio recorders, cameras, vehicles
phls, medical devices...

* Developing equipment needed in
almost every industry

* |tis an area thatis highly needed both in
our country and abroad. It could be a
different career goal for you.
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What Does Digital Mean? 1885
* Analog Signal » Digital Signal
* It has infinite possible value. — Finite possible values
* For example, the vibration * For example : Pressing a
created by a microph1l on the button on a keypad
line.
1%; 3 4
Analog Signal
2 Digital
Likely Values signal

) 1.00, 1.01, 20000009,
T:; ... endless possibilities
>
4 Possible values :
g 0,1,2,3,or4.
Time =3
=2 There are no other possible values
1
0]

Time

diaphragm D voltage source
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Digital Signals with Only Two Values

* Binary digital signals have only two
possible values
* These are shown as0and 1
* A binary digit is expressed as a "bit".
* Within the scope of the course, binary
digital systems will be considered.

e Binary is popular because:

* Transistors , the most basic digital
electrical complnt, operate at two
voltage values (0 and 1)

: Binary

Value

o P

Time
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Advantages of Digitization

* Analogue signal is very
sensitive to noise
e During transmission, voltage

levels may change due to
many factors.

* Digital signals are more
resistant to degradation during
transmission.

* Voltage levels still may not
transmit perfectly

* However, some distorted 1s
and Os can be recovered.
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Digitized Content, Compression Benefits 1383

* Digitized Audios can be
compressed
* eg. MP3

* Compression can also be d1
on photos (jpeg) or videos

(mpeg)

* Digitization has many
different advantages.

Dr. V. E. Levent

Example Compression Table
00 --> 0000000000
01-->11111111111

1X --> X

0000000000 0000000000 0000001111 1111171117111

00 00 10000001111 01
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Binary Data Encode

Analogue World Data

Sensors

Electrical Signal Digital Data

ADC
Digital Data

Digital System
Processing Unit

Digital Data Digital Data

DAC
Electrical Signal

Analog Outputs

If button is not pressed (0), if
pressed (1)

Multi-button : coding
1st button =001, 2nd button
=010, ...

Some inputs are analog

* Requires an analog-to-digital
converter to switch to digital.

ADC (Analog to Digital Converter):

Converts analog signal to digital

DAC (Digital to Analog Converter):

Converts digital signal to analog

Dr. V. E. Levent Embedded Systems
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ASCIlI Encoding

e ASCII: 8 bits of each character

and symbol. It is a table with
the corresponding

1010010
1010011
1010100
1001100
1001110
1000101
0110000
0101110
0001001

<space>

1110010
1110011
1110100
1101100
1101110
1100101
0111001
0100001
0100000
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Numbers Encoding

e Decimal base ( decimal )

1883

9 8 7 6 5 4 3 P 1 (0]
* There are 10 symbols:0, 1, 2, ..., 8,and 9 S

e After 9 comes a new digit
e So each digit is a power of 10.

512 256 128 64 32 16 8 4 2 1

e Base of 10 is used as it is suitable for daily life

operations.

 Binary Base ( binary )

5 2 3

102 10! 109

* There are two symbols :0and 1

* New power comes after 1
* So each digit is a power of 2.

1 0 1

24 23 22 1 0
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Boolean Algebra

* Logic Gates are built with

NHE

Symbol  x >° F

Truth Table 7

1° 0] 0]
. y - .y
Transistor - E X ° F
circuit F y
0] " Y X
1! 1"
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NOT/OR/AND Logic Gates Time Diagram

1 y 1 1
X X
0 0 0
1
y y 1
L 0
1
F 1 |
0 F F
0 0
time

time
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Boolean Algebra Example

e a=1, b=1, c=1, d=0
F=(aAND b) OR (c AND d)

Answer : F = (1 AND 1) OR (1 AND 0)
=10R0=1.

Dr. V. E. Levent
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* boolean equation

given below F =a AND NOT( b OR NOT(c))

c;l)ba'.F

Dr. V. E. Levent Embedded Systems
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Truth Tables

O «1 O «1 O v+1 O =1 O «1 O «1 O

O O+ 1 OO0 1+ OO 4 +d O O

O O O O vf 1 1 1 O O O O i

O O O O O O O O v " A A A -

* F indicates output.

Input : 4 lines
Input : 8 lines
Input : 16 lines

o )
o 3-
o /-

Embedded Systems
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How is Data Stored on a Computer?

* The computer is an electronic circuit.
* |t basically works by controlling the flow of electrons.

Dr. V. E. Levent Embedded Systems
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How is Data Stored on a Computer?

* Electrons are controlled by " Transistors " .
* |t basically works by controlling the flow of electrons.

Dr. V. E. Levent Embedded Systems
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How is Data Stored on a Computer?

* Electrons are controlled by " Transistors " .
* |t basically works by controlling the flow of electrons.

1. Emitter

2. Base
3. Collector

Dr. V. E. Levent Embedded Systems
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How is Data Stored on a Computer?

* Electrons are controlled by " Transistors " .

It basically works by controlling the flow of electrons.

LED-GREEN

LED-GREEN

www.components101.com

Dr. V. E. Levent
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How is Data Stored on a Computer?

e Data has two states :

1. the voltage ( Voltage ) exists — This state is called "1".

2. The state where the voltage disappears - This state is called "0".

Von (min)
=2.0v
Mon-usable
Area
Woff (max)

= [.6v

LS- TTL Input
Voltage levels

Dr. V. E. Levent
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How is Data Stored on a Computer?

* |tis also possible to make a computer that works according to
more than two voltage states.

e But the control circuit of this computer will be much more complex.

* For this reason, today's modern computers work with the concept of bit,
which is the smallest unit, while expressing information.

e |tis the smallest data storage unit that can hold 0 or 1 on a bit.

Dr. V. E. Levent Embedded Systems
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The computers works with binary system.

Binary system :
|t has two states : 0 and 1

* Larger storage areas are obtained by combining multiple bits.
* two bits, 4 different numbers can be expressed.

Dr. V. E. Levent Embedded Systems
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The computers works with binary system.

* Two bits, 4 different numbers can be expressed.

* 00 =0 (in decimal)

*01=1
*10=2
*11=3

Dr. V. E. Levent Embedded Systems
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The computers works with binary system.

* 3 bits 8 numbers can be expressed by combining them :

* 000=0
*001=1
* 010=2
011=3
100 =4
101=5
110=6
111 =7

Dr. V. E. Levent Embedded Systems
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The computers works with binary system.

* In summary;
e 2 "with n bits-different numbers can be expressed.
e 2= 4 different numbers for 2 bits

» 23 =8 different numbers for 3 bits
e 24=16 different numbers for 4 bits

can be expressed.

Dr. V. E. Levent Embedded Systems
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n UN/

What types of data are expressed / stored in the computer? * == ¥

Numbers — signed ( unsigned ), integers , decimal numbers ( floating
point ), complex numbers ( complex ), rational, irrational , ...

Texts — Characters ( characters ), texts ( string ), ...
Images — pixels , images, ...

Sound

Logic ( logic ) — true ( true ), false ( false )
Operations ( Instructions )

e Let's start with the numbers ...

Dr. V. E. Levent Embedded Systems



Unsigned ( Unsigned ) Integers ( Integers )

* Unsigned integers
* They always store positive values

329 (in base 10) 101 (in base 2)
102 10! 106¢ px P P
3x100 + 2x10 + 9x1 = 329 1x4 + Ox2 +1x1 =5

Dr. V. E. Levent Embedded Systems
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Unsigned Integers

* An n - bit unsigned integer 2 " has a value :

fromOto2"-1.
22 21 20

_ e = =2 OO0 O
_ = OO =m0
_ O =) O =) O =) O
~N O O A WON - O

Dr. V. E. Levent Embedded Systems

1883



Unsigned Binary Base Arithmetic

* Binary base addition (like base 10)

* |t is collected starting from the rightmost, and if it is available,

it is transferred to the next total.

10010

+ 1001

11011

10010 1111
+1011 + 1
11101 10000

Dr. V. E. Levent Embedded Systems
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Signed Integers ( Integrs ) 2 &

1883

 With n bits , we can store 2 "different values .

e 2 "different value;

Signed integers are obtained by assigning half to positive numbers and
half to negative numbers.

Positive numbers 1 to 2 "1
Negative numbers -(2 "1) to -1

For example, if we have a 3-bit storage;
Positive numbers are from 1 to 4 and negative numbers are from -4 to -1.

Dr. V. E. Levent Embedded Systems



Signed Integers ( Integrs )

* For example, if we have a 3-bit storage;
e Positive numbers are from 1 to 4 and negative numbers are from -4 to -1.

* |If the number O is also used, a number from either positive or negative
part is expressed as 0.

Dr. V. E. Levent Embedded Systems
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Signed Integers ( Integrs )

* Positive integers

* They are like unsigned integers.
00101 =5

* Negative integers

* Sign Bit Representation — Always sign bit is first bit,
Other bits are written as in unsigned representation.
10101 =-5

* 1's complement — Each bit is inverted
.11010=-5

* In both representations, the largest bit represents the sign of the number :
O= positive , 1= negative

Dr. V. E. Levent Embedded Systems
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Two’s complement

* Sign bit notation and 1 's complement problems
 The number 0 has two representations (+0 and —0)

* Sign Bit
00000=+0
10000=-0

* 1'scomplement

00000 = +0
11111 =-0

Dr. V. E. Levent Embedded Systems
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* Sign bit notation and 1 's complement problems

* The necessary hardware circuits of arithmetic operations are very
complex.

* Problem with sign bit denoted addition

1011 (-3)
+ 0010 (2)
1101 (-5)—>Wrong

* For the solution, before adding, it is necessary to check which one is larger,
subtract the smaller from the larger, and place the sign of the larger number.

* Therefore, it is necessary to have a circuit, subtractor and sign bit setter in the
necessary hardware to perform the necessary addition process. That is, the
hardware becomes complex and large.

Dr. V. E. Levent Embedded Systems



Two’s Complement

* If the value to be expressed is O or positive,
* They are written as unsigned integers, with the largest bits filled with O.

* If the number is negative,
e written as a positive number
e Each bitis inverted (1's complement )
* 1is added to the result.

~= 00101 (5) -~ 01001 (9)
s:l.].O].O (1's complement )\ 10110 ( 1's complement )
+ 1 + 1
11011 (-5) 10111 (-9)

Dr. V. E. Levent Embedded Systems
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Two’s Complement » -
e Shortcut to find Two’s complement :

* Copy bits of the number from right to left until you see the first "1"
e Reverse remaining bits

»~ 011010000 011010000
\ 100101111 (1’s Complement) (Copy)
+ 1 (Translate)
100110000 100110000

Dr. V. E. Levent Embedded Systems
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Two’s complement '

* Biggest bit sign bit and weight =2 " s .

e -2 "1with n bits It can be expressed from 2 "to 1.
* The smallest negative number ( -2 "1) has no positive counterpart .

28 22 21 20 28 22 217 20
O 0 0 O 0 1 0 0 O -8
o o0 0 1 1 1 0 0 1 -7
O 0 1 0 2 1 0 1 0 -6
o 0 1 1 3 1 0 1 1 -5
o 1 0 O 4 1 1 0 0 -4
o 1 0 1 5 1 1 0 1 -3
o 1 1 0 ) 1 1 1 0 -2
o 1 1 1 7 1 1 1 1 -1

Dr. V. E. Levent Embedded Systems



Convert binary complement to base 10

1. If the largest bit (leftmost) is 1, take the twos
complement of the number and find its positive
value.

2. Add the values by multiplying by powers of 2,
starting with the rightmost bit.

3. If the number is negative when starting the process
(i.e. its leftmost bit is 1), put a - sign on the base 10
number that appears.

X =01101000 p;qry
=26+254+423=064+32+8
=104

tens

Dr. V. E. Levent Embedded Systems
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Convert binary complement to base 10

X =00100111

binary

=2°%42242 142 0=32+4+2+1

=39

tens

X = 11100110 pinary

-X =00011010

=24+234+21=16+8+2

=26 tens
X =-260

tens

Dr. V. E. Levent Embedded Systems
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Decimal to Binary Complement Conversion 1885

1
2
3.
4

Method 1 : Division

Get the absolute value of the decimal number . ( It should always be positive .)
Divide by two — remainder is the smallest bit .
Keep dividing until you find 0, and write the remainder of the divisions from right to left.

Add zeros to the most right for completing width of the number. (in the example below the
number is assumed to be 8 bits)
If the decimal number is negative, take the binary complement of the resulting number.

X =104

104/2 52 k0 bit0
52/2 = 26 k0 bit 1
26/2 = 13 k0 bit2
13/2 = 6k1  bit3

6/2 = 3k0O bit4
3/2 = 1k1  bitd

X = 011010004;,4r 12 = 0k1  bit6

Dr. V. E. Levent Embedded Systems
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Decimal to Binary Complement Conversion

Second Method : Subtracting powers of 2

1. Get the absolute value of the decimal number.

. Subtract the number less than or equal to the
number from the powers of 2.

. Place 1 in the relevant place.

4. Keep going until you get O

. Add zeros to the most right for completing width
of the number. If the decimal number is negative,
take the binary complement of the resulting binary
number

Dr. V. E. Levent Embedded Systems
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Decimal to Binary Complement Conversion

X =104

tens

X = 01101000441y

104 -64 = 40 bit 6
40-32 = 8 bit 5
8-8 =0 bit 3

Dr. V. E. Levent
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Addition

* Binary complement numbers is similar to the addition of unsigned
numbers. No control mechanism is required.

* The hand bit to be obtained from the largest bit is discarded.

01101000 (104)
+ 11110000 (-16)
01011000 (88)

Dr. V. E. Levent Embedded Systems
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Subtraction

* Find the negative form of the second number and add .
* Binary complement of the second number and add it with the first

number

01101000 (104)
- 00010000 (16)
01101000 (104)
+ 11110000 (-16)
01011000 (88)

Dr. V. E. Levent Embedded Systems
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* When adding two numbers, both numbers must have the same bit width.

* If we just add O to the left of the two numbers to make them the same bit
width;

4-bit 8-bit
0100 (4) 00000100 (currently4)
1100 (-4) 00001100 (12,not-4)

* For correct calculation, the sign bit of the number is placed where it will be
expanded. 4.pjt -bit
0100 (4) 00000100 (currently4)
1100 (-4)11111100 (currently-4)

Dr. V. E. Levent Embedded Systems



Overflow

* When numbers are very large , the sum may turn out to
be too large to be expressed in n-bit numbers .

01000 (8) 11000 (-8)
+ 01001 (9) +10111 (-9)
10001 (-15) 01111 (+15)

e Overflow status :

* It can happen in addition operations where both numbers
have the same sign .

Dr. V. E. Levent Embedded Systems
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Logic Operations

e Are calculated as
* There are two cases, True =1, False =0

A B AandB A B AorB
0 0 0 0 0 0
() 0 0 1 1
1 0 0 1 0 1
1 1 1 1 1 1

Dr. V. E. Levent Embedded Systems
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Logic Operation Examples

e And
e WithO=resultisO

 With 1 =result no change

* Or

* With O or operation = no change

* With 1 or operation=1

* Not
* |t changes every bit.

Dr. V. E. Levent

11000101
and 00001111

00000101

11000101
or 00001111

11001111

not 11000101

00111010
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Hexadecimal Notation p

1883

* It is a 16 bit format that is frequently used on computers.

* Each 4 bits of a binary number represents a hexadecimal representation.
* |t provides fewer mistakes than using long O's and 1's.

Bin HeXx Dec Bin Hex Dec
0000 0 0 1000 8 8
0001 1 1 1001 9 9
0010 y 2 1010 A 10
0011 3 3 1011 B 11
0100 4 4 1100 C 12
0101 5 5 1101 D 13
0110 6 6 1110 E 14
0111 7 7 1111 F 15

Dr. V. E. Levent Embedded Systems



Converting from Binary to Hexadecimal

e Each 4 bits equals 1

* They are grouped starting from the right.

011101010001111010011010111

3

A

8 F 4 D

Dr. V. E. Levent Embedded Systems

1883



Decimal Numbers : Fixed -Point Representation

* Decimals expression
* A point is chosing for seperating integer and fraction parts

e Addition and subtration operations are calculating as twos complement
operations

21=0.5
22=0.25
23=0.125
00101000.101 (40.625)
+ 11111110.110 (-1.25)
00100111.011 (39.375)

Dr. V. E. Levent Embedded Systems
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Texts : ASCII Characters

e The ASCII table is an 8-bit table. Each number between 0-255 has a
corresponding character or control signal.

(0]0]
01
02
03
04
05
06
07
08
09
Oa
(0) )
Oc
0d
Oe
Of

nul
soh
stx
etx
eot
enq
ack
bel
bs
ht
nl
vt
np
cr
so
si

10
11
12
13
14
15
16
17
18
19
la
1b
1c
1d
le
1f

dle
dcl
dc2
dc3
dc4
nak
syn
etb
can
em
sub
esc
fs
gs
rs
us

20
21
22
23
24
25
26
27
28
29
2a
2b
2c
2d
2e
2f

sp
!

- & o0 N I

4+ * = ~

30
31
32
33
34
35
36
37
38
39
3a
3b
3c
3d
3e
3f

s © 0 o L1 WDNBKE O

n A -~

vV

40
41
42
43
44
45
46
47
48
49
4a
4b
4c
Yol
de
4f

OZRPRgHIDO@QEMHDODQW P
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55
56
57
58
59
5a
5b
5¢c
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5f
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60
61
62
63
64
65
66
67
68
69
6a
6b
(Ye!
6d
6e
6f

O 8B 8 HFWUPFPPQ HOD QAAO O O

70
71
72
73
74
75
76
77
78
79
7a
7b
1c
7d
Te
7f del
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Other Data Types

* Texts
* Formed by sequential writing of characters
* Image
* They are formed by the combination of pixels.

* Black and White : 1 bit (1/0 = black / white )

e Color: Red, Blue, Green (RGB) complnts are available. Each is stored
as 8-bit numbers.

 Sound

* |t is usually represented as a sequential recording of fixed-
point notation numbers.

Dr. V. E. Levent Embedded Systems
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Design of Processor Blocks with

* Number of Transistors in Processors

Intel 4004 (1971): 2250

Intel 8088 (1979): 29k

AMD K6 (1997): 7.5 million

Intel Pentium 4 (2006): 184 Million
Intel 17 Haswell -E (2014): 2.6 Billion
 AMD Epyc Rome (2019): 32 Billion

Dr. V. E. Levent Embedded Systems

1883



Decoder and MUX

* Decoder : Activates the pin corresponding to the

number received in the input.

e 2 -input decoder: There are 4 possible inputs.

* It has 4 outputs

* Enable with pin decoder
e If e=0, all outputs are O
* |fe=1, it behaves normally

* Ninput decoder: 2 " exit

Dr. V. E. Levent
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0 i0 di 0 1
0 i1 d2 0 0
d3 0
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do

d2
d3

do

dl

d2

d3

O O =» O

do

d2
d3

O » O O

do
dl
d2
d3

do
dl
d2
d3

~ O O O

o O O O

do
dl
d2
d3

= O O O
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Multiplex e r (Mux)

* Mux: It is a combinational circuit. Outputs incoming
inputs according to the select bit.

* 4 input mux = 2 select inputs
e 8input mux =2 3 select input
* Ninputs = log, (N) select input

Dr. V. E. Levent Embedded Systems
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Mux Internal Structure

2%1

={0)

2x1 mux

4-1

sl sO

4x1 mux

.
: 1
= B
& 0
0 0
S [ ]
1 A
0s0
- »
.
P
TE
i

Dr. V. E. Levent Embedded Systems
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MUX Merge

a3
b3

a2
b2

al
bl

a0
o]0)

sO

* Example : Two 4-bit inputs, A (a3 a2 al a0) and B (b3 b2 b1 b0)
e 4-bit 2x1 MUX can be done using 4 1 bit, 2x1 MUX

i0
i1

i0
i1

i0
i1

i0
i1

sO

4 C
A 10 2x1 p
4 D C
B 11 =
sO
ok}
sO (A
cl
cO

Dr. V. E. Levent Embedded Systems
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N-bit MUX Example

1883

central computer

»
©
o
o)
=
£
o
L

Aeidsip 101w
-oA0Qe 9] 0]

We'll design
this later

button

* There are 4 possible texts to display
* Temperature, Average Fuel Usage , Average Speed , KM Remaining - all

* Which one will appear on the screen is selected with the x and y bits.
e 8-bit 4x1 MUX can be used.

Dr. V. E. Levent Embedded Systems



Gate Delays

* All circuits have a delay.
e Outputs don't change instantly

Dr. V. E. Levent Embedded Systems
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From Logic Gates to Control Units

e Combinational Circuits

* The output of the circuit depends on the current input.

* The output delay of the circuit depends on the longest path in the
circuit.

)

Dr. V. E. Levent Digital Design
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From Logic Gates to Control Units

e Sequential Circuits

* The output depends on both the current input and the values
in memory.

* Some outputs of the circuit are stored in memory and reused.
* We'll get into the details next week.

Outputs
Cobmational Croromt

Memory
Elements

Dr. V. E. Levent Digital Design
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Multiplexer - MUX

* n - bit select, 2 " input and It has only one output.

* According to the select bit, the value from the input is transferred to the
output.

4x1

| Multiplexer

4-1 MUX

Dr. V. E. Levent Digital Design

1883



Selector (Multiplexer - MUX)

* n - bit select, 2 " input and It has only one output.

* According to the select bit, the value from the input is transferred to the
output.

2 -1 MUX

Dr. V. E. Levent Digital Design
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Full Adder

* Taking two bits (A and B) and a carry input (Cin), it produces a one-bit
sum (S) and carry ( Cout ) .

A BC, SC,.
O 0 0 0 O
o 01 1 0
o1 0 1 0
o1 1 0 1
1 0 0 1 O
1 0 1 0 1
11 0 0 1
11 1 1 1

Dr. V. E. Levent Digital Design
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4-bit Adder

Dr. V. E. Levent
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®
Other Circuits N’
* Any circuit can be expressed with And, Or and Not gates.

A B C D

O 0 0 O 1. Inthe truth table, do and operation

O 0 1 O for 1 outputting rows

o 1 0 1

O 1 1 0 2. Combine these and gates with or gate

1 0 0 O

1 0 1 1

1 1 0 0

1 1 1 0

Dr. V. E. Levent Digital Design



Vivado Design Tool

* Design Flow

Algorithm

Various
IPs

Hardware
Architecture

Dr. V. E. Levent

Synthesis

Implementation

Behavioral

Timing
Validation

Verification
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Verilog — Combinational Circuits

What is FPGA?
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What is FPGA?
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Chip Design Training
What is FPGA?

* FPGA ( Field programmable Gate Arrays ) is an integrated chip.

* It contains programmable blocks and configurable connections between these
blocks.

* By programming these blocks and connections, the desired circuit can be
implemented in the FPGA .

Dr. V. E. Levent Digital Design

Example FPGA Chip
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Chip Design Training
What is FPGA?

* Some FPGAs can only be programmed once.

* Itis called one-time programmable (OTP).

Dr. V. E. Levent
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Chip Design Training e
What is FPGA?

* "Field Programmable"” means that it can be programmed in the required application with unlimited
count.

e This means that after the FPGA chips are produced in the factory, they can be used in the desired
design later on.

Dr. V. E. Levent Digital Design



Chip Design Training
Why is FPGA important?
Wide variety of integrated circuits (IC — Integrated circuits ) are available.

* Memory

* Microprocessors

Programmable logic devices ( Programmable logic devices )
e SPLD (Simple)
 CPLD ( Complex)

ASIC — Application specific integrated circut
And FPGAs ...

Dr. V. E. Levent Digital Design
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ASICs

* They are useful in the implementation of huge and complex circuits.
e ASICs are integrated circuits built to perform a specific operation.

* ASICs provide very high performance (operation at high frequencies) , ASIC design complexity and
design time and costs are quite high.

* And the produced chips cannot be modified . In case of a fault with the chip, all produced chips will be
thrown away.

Dr. V. E. Levent Digital Design
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Chip Design Training

FPGAS

* FPGAs It is programmable.

* Unlike ASICs ; In the case of an error in the design, the design can be repeatedly modified and tested.

Dr. V. E. Levent Digital Design
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Chip Design Training

FPGAS

FPGAs They are much cheaper than ASICs . ( ASICs are only cheap when millions of units are produced)

FPGAs is much easier than creating an ASIC design.

Due to the shorter design time, once a product is produced, the time to market is shorter.

NRE (Non-recurring engineering) is high when developing a ASIC Design

1883
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Chip Design Training
FPGA is mainly used

* Telecommunication

e Networking

e Automotive

* Medical

e Various industrial applications

* Prototypes of ASIC designs

» DSP ( Digital signal processor ) applications

* SoC ( System on Chip ), a single IC where all necessary electronics are gathered together

Dr. V. E. Levent

Digital Design
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Reasons for FPGA Use

* Computing Power
e Controlling with nanosecond order

Dr. V. E. Levent Digital Design
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Reasons for FPGA Use

Processors

o 0o o o
KN = O
Il
Q

c[1000]=a[1000]+b[1000];

|=a[0]

1]
2
3

O];

1]
2];
-

o 0o o o
KN = O

W N B O

c[1000]<=a[1000]+b[1000];
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Reasons for FPGA Use

Processors

o 0o o o
KN = O
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Q

c[1000]=a[1000]+b[1000];

|=a[0]
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O]
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1
2]
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o 0o o o
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c[1000]<=a[1000]+b[1000];
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Reasons for FPGA Use

Processors

o 0o o o
KN = O
Il
Q

c[1000]=a[1000]+b[1000];

|=a[0]

1]
2
3

O];

1]
2];
3

o 0o o o
KN = O

W N B O

c[1000]<=a[1000]+b[1000];
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Reasons for FPGA Use

Processors

o 0o o o
KN = O
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c[1000]=a[1000]+b[1000];

|=a[0]
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Reasons for FPGA Use

Processors

o 0o o o
KN = O
Il
Q

c[1000]=a[1000]+b[1000];

|=a[0]

1]
2
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O];

1
2]
3

d?
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o 0o o o
KN = O
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c[1000]<=a[1000]+b[1000];
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Reasons for FPGA Use

Processors

1883

FPGA

o 0o o o
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Reasons for FPGA Use

Processors FPGA
c[O]=a[0]+b[O]; c[0]<=a[0]+b[0]; —==
c[1]=a[1]+b[1]; c[1]<=a[1l]+b[1l];, ——=—=
c[2]=a[2]+b[2]; c[2]<=a[2]+b[2], ——
c[3]=a[3]+b[3]; c[3]<=a[3]+b[3], ———=
c[1000]=a[1000]+b[1000]; c[1000]<=a[1000]+b[1000]; —=—=—=
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Reasons for FPGA Use
Processors

Dr. V. E. Levent Digital Design



Chip Design Training
Reasons for FPGA Use
CPU

For 1000 transactions (assume each operation takes 1
cycle),

Average Processor frequency: 3 GHz,
Required Time = Number of operations X (1/Frequency)

= 1000 X 1/3 billion
= 333 nanoseconds

Dr. V. E. Levent

FPGA

For 1000 transactions (assume each operation
takes 1 cycle),

Average FPGA frequency: 100mhz

Time required = 1 x (1/Frequency)

=1X1/100m
= 10 nanoseconds
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Verilog — Combinational Circuits

In LABs Xilinx Basys3 FPGAs with Artix 7 FPGAs will be used.

: —7 W, d g T ANTIn ﬂlﬁlj E;-:-_‘:‘.J _: i
*EJEE !"ﬂl w8 XILINK

SR [REag ﬂ"“ | UNIVE nmnm:qaw

Uunzee N =

': l'l i O ﬁﬂﬁ -
=1 121, I, wel
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Vivado IDE will be used to programming Xilinx Based FPGAs

Timi Uygulamalar Belgeler

En iyi eglesme

Vivado 2019.2

Uygulama

g

Dr. V. E. Levent Digital Design
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Vivado Design Tool

e Download Address:

* Installation and Licensing Video :

Dr. V. E. Levent

Digital Design
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https://www.xilinx.com/support/download.html
https://www.youtube.com/watch?v=yW7t28XaVEs

Verilog — Combinational Circuits

Vivado Design Tool

4 Wivado 2019.2

File Flow Tools Window Help

VIVADO!

HLx Editions

Ed
Recent Projects

Quick Start e

Create Project >
Open Project >
Open Example Project »

Tasks

Manage IP > Recent IP Locations
Open Hardware Manager > vivadoLab

Xilinx Tcl Store >

Learning Center

Documentation and Tutorials »

Tel Console

Dr. V. E. Levent Digital Design

& XILINX.
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1883

Vivado Design Tool

Create a New Vivado Project
VIVADO

HLy Editions This wizard will guide you through the creation of a new project.

rado project you will need to provide a name and a tion for your proj iles. Mext, you

type of flow you'll be working with. Finally, you will specify your project sources and
choose a default part.

& XILINX

Dr. V. E. Levent Digital Design
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Vivado Design Tool

Project Name

Enter a name for your project and specify a directory where the project data files will be stored

Project name: | project_2
Project location: | C:/Users/EmreiivadolLab

+| Create project subdirectory

Project will be created at: C:/Users/EmreivivadolLabiproject_2

Dr. V. E. Levent Digital Design
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Vivado Design Tool

Project Type

y the type of project to create.

o FRTL Project
You will be able to ad
implementation, design plann

Donots at this time

view device resour run design an: planning and implementation.

. You will be able to view part/package resourc
Imported Projec

Create do project from a pli or ISE Project File.

xample Project
Create a ne

do project from a predefined template.

Dr. V. E. Levent Digital Design
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Vivado Design Tool

Add Sources
Specify HDL, netlist

file on disk and add it to your pro

+

4

Add Files Add Directories

Targetlanguage: | Verilog hd Simulator language: | Mixed

Dr. V. E. Levent Digital Design

s containing those files, to add to your project. Create a new source

Create File

4
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Vivado Design Tool —

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints

Dr. V. E. Levent Digital Design
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1883

Vivado Design Tool

Default Part

Choose a default Xilinx part or board for your project.

is the FPGA we will use in LABs o

Static power. | All

XC7A35Tcpg236-1

I#0 Pin Count

Block RAMs  Lllira RAMs

The model must be selected.

XCTvx4851g1157-1

4851ffig1158

Dr. V. E. Levent Digital Design



Verilog — Combinational Circuits

Vivado Design Tool

New Project Summary

© AnewRTL project named 'project_2 will be created.

Mo source files or directories will be added. Use Add Sources to add them later
Mo constraints files will be added. Use Add Sources to add them later.

nily for the new project:

& XILINX

To create the project, click Finish

Dr. V. E. Levent Digital Design
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PROJECT MANAGER - projact_B

Vivado Design Tool

s +
Design Soui

Constrairs

Adding a new design resource Simulalion 3 Hierarchy Updats

sirm_1 i Refresh Higrarchy

Liility Sourncd iE Heararchn

Edit Constrainis Seks
Edit Simulation Sets

&dd Sounoes

Dr. V. E. Levent Digital Design
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Vivado Design Tool

Add Sources

VIVADO!

This guides you t

Ald or cregte gimulation sources

& XILINX

Dr. V. E. Levent Digital Design

twowgh the process of adding and crealing sowces for youl
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Vivado Design Tool

Add or Create Design Sources

Spedify HOL, ne@ist, Block Deslgn, and IP Sies, or dire

diraclories containing thos e fle types b0 add 1o your project Create a new source e o
disk and add it o your project

+.i

Dr. V. E. Levent Digital Design
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Vivado Design Tool

Add or Create Design Sources

Spedly HDL, nefist, Block Design, and IF Sles
sk and add it 1o your projed

+.I

3.. Creale Sairce File

Creabe & new Sounce Nile and add it bo your prajed

File type @ Verilog
Flle name r.':ld

Filg lncahon & <Local to Project

? “

Dr. V. E. Levent Digital Design
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Vivado Design Tool

Add of Créeate Design Sources

Speoity HDL, nefist, Block Design, and IF Bles, or direclodres comtaining tho=e e types to add 1o your project Create a8 new source
disk and add il 1o your project

+.I

Mamin LIEsrary Liacahan

1op ®il_defautlib =Local 1o Projech

Add Directarie s Create File

Dr. V. E. Levent Digital Design
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Vivado Design Tool

PROJECT MANAGER - project_B

Higrarchy

RTL Design
File To Do

Source File Properties

Dr. V. E. Levent Digital Design
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Verilog — Combinational Circuits

Vivado Design Tool

Add Sources

VIVADO"

This guides you thrawgh the process of add

Adding a constraint

Al or cregbe simulation sources

& XILINX

>

Dr. V. E. Levent Digital Design
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Verilog — Combinational Circuits

Vivado Design Tool —

Add or Create Constraints

Spedty or create constraint Nles for phvsical and bming constrain

Adding a constraint

Dr. V. E. Levent Digital Design




Verilog — Combinational Circuits

Vivado Design Tool

Adding a constraint

Add or Create Constraints

Spedly or create consiraint Ales for physical and ming consiraind o add to your project

% Lreate Constraints File

Lireale 3 new consiraints Sle and a0d i 1o your projac

Dr. V. E. Levent Digital Design




Verilog — Combinational Circuits

Vivado Design Tool

Adding a constraint

% fuld Sources

Add or Create Constraints

Spedify or create consiraint Nles for physical and Dming consirain

Copy consiraints files imo project

Dr. V. E. Levent Digital Design




Verilog — Combinational Circuits

Vivado Design Tool

Adding a constraint

Write constraints

PROECT MANAGER, - project_B

autarchy

Source Fibe Properiies

I top.xdc

Dr. V. E. Levent Digital Design
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Vivado Design Tool

Bitstream generation

Dr. V. E. Levent

w PROGRAM MO DEBLNG

Open Tanged

Digital Design
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Vivado Design Tool

Bitstream generation

e _ila_1

WirseTornm - his_ila_1

Mamg

I localhost

B # xilinee_teDigilent’21 0308ATAIIE Ope

ardd Cahicine

& xchubp_0(5)
Hardware Dewica Properias
:IIE h1 on

hw ila 1 Program Device

e IIE] : el Il| LIEI ]

w_no_1 P Run Trigger

hw_wio_2 ¥»  Run Trigger Immediale

Dr. V. E. Levent Digital Design
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Vivado Design Tool

Bitstream generation

% Program Device

Seled a bitsiream programming e and download i fo your hardwane

desice. You can oplicnally select 2 debiug probes file that correspands to

the debug cores contained in the bitstream programming file

Bitztregm file leiMPGezample runsimpl 1TPGIp wrapper. b®
Debug probes file

| Enabile end of stariup check

Dr. V. E. Levent Digital Design
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Most commonly using HDL (Hardware Description Language)
Languages

* Verilog

» System Verilog
 VHDL

Dr. V. E. Levent Digital Design
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Required function

y=akhb
]

& ¥

AND
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Required function

- B I
- Rk
y=a«xhb
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Verilog — Combinational Circuits

Vivado,
* Verilog

* system Verilog
e VHDL

It supports languages. Within the scope of the course, designs will
be made with Verilog language.

Dr. V. E. Levent Digital Design
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myModule

Dr. V. E. Levent
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Verilog — Combinational Circuits

module myModule(input a, input b, input c,
output regy);

endmodule

myModule

Dr. V. E. Levent Digital Design
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myModule

module myModule(input a, input b, input ¢, output regy);

reg tmp;
always@(*) begin
tmp=a&b;
y=tmp | c;
end

endmodule

Dr. V. E. Levent Digital Design
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m Component Description Component Description
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Figure 1. Basys3 board feorures

Powergood LED

Pmod connector(s) 10
Analog signal Pmod connector (XADC) 11
Four digit 7-segment display 12
Slide switches (16) 13
LEDs (16) 14
Pushbuttons(5) 15
FPGA programming done LED 16

FPGA configuration reset button
Programming mode jumper
USB host connector

VGA connector

Shared UART/ ITAG USB port
External power connector
Power Switch

Power Select Jumper

Dr. V. E. Levent Digital Design
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Buttons

o O e
e e

Slide
Switches
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Constraint (XDC) File

Dr. V. E. Levent

Digital Design

1883


http://levent.tc/files/courses/digital_design/labs/basys3.xdc

	Slayt 1: Embedded Systems
	Slayt 2: Instructors
	Slayt 3: Why Digital Systems?
	Slayt 4: What Does Digital Mean?
	Slayt 5: Digital Signals with Only Two Values: Binary
	Slayt 6: Advantages of Digitization
	Slayt 7: Digitized Content, Compression Benefits
	Slayt 8: Binary Data Encode
	Slayt 9: ASCII Encoding
	Slayt 10: Numbers Encoding
	Slayt 11: Boolean Algebra
	Slayt 12: NOT/OR/AND Logic Gates Time Diagram
	Slayt 13: Boolean Algebra Example
	Slayt 14: Boolean Algebra Example
	Slayt 15: Truth Tables
	Slayt 16: How is Data Stored on a Computer?
	Slayt 17: How is Data Stored on a Computer?
	Slayt 18: How is Data Stored on a Computer?
	Slayt 19: How is Data Stored on a Computer?
	Slayt 20: How is Data Stored on a Computer?
	Slayt 21: How is Data Stored on a Computer?
	Slayt 22: The computers works with binary system.
	Slayt 23: The computers works with binary system.
	Slayt 24: The computers works with binary system.
	Slayt 25: The computers works with binary system.
	Slayt 26: What types of data are expressed / stored in the computer?
	Slayt 27: Unsigned ( Unsigned ) Integers ( Integers )
	Slayt 28: Unsigned Integers
	Slayt 29: Unsigned Binary Base Arithmetic
	Slayt 30: Signed Integers ( Integrs )
	Slayt 31: Signed Integers ( Integrs )
	Slayt 32: Signed Integers ( Integrs )
	Slayt 33: Two’s complement
	Slayt 34: Two’s complement
	Slayt 35: Two’s Complement
	Slayt 36: Two’s Complement
	Slayt 37: Two’s complement
	Slayt 38: Convert binary complement to base 10
	Slayt 39: Convert binary complement to base 10
	Slayt 40: Decimal to Binary Complement Conversion
	Slayt 41: Decimal to Binary Complement Conversion
	Slayt 42: Decimal to Binary Complement Conversion
	Slayt 43: Addition
	Slayt 44: Subtraction
	Slayt 45: Sign Extension
	Slayt 46: Overflow
	Slayt 47: Logic Operations 
	Slayt 48: Logic Operation Examples
	Slayt 49: Hexadecimal Notation 
	Slayt 50: Converting from Binary to Hexadecimal
	Slayt 51: Decimal Numbers : Fixed -Point Representation
	Slayt 52: Texts : ASCII Characters
	Slayt 53: Other Data Types
	Slayt 54: Design of Processor Blocks with 
	Slayt 55: Decoder and MUX 
	Slayt 56: Multiplex e r (Mux)
	Slayt 57: Mux Internal Structure
	Slayt 58: MUX Merge
	Slayt 59: N-bit MUX Example
	Slayt 60: Gate Delays
	Slayt 61: From Logic Gates to Control Units
	Slayt 62: From Logic Gates to Control Units
	Slayt 63: Multiplexer - MUX
	Slayt 64: Selector (Multiplexer - MUX)
	Slayt 65: Full Adder
	Slayt 66: 4-bit Adder
	Slayt 67: Other Circuits
	Slayt 68: Vivado Design Tool
	Slayt 69: Verilog – Combinational Circuits
	Slayt 70: Verilog – Combinational Circuits
	Slayt 71: Chip Design Training
	Slayt 72: Chip Design Training
	Slayt 73: Chip Design Training
	Slayt 74: Chip Design Training
	Slayt 75: Chip Design Training
	Slayt 76: Chip Design Training
	Slayt 77: Chip Design Training
	Slayt 78: Chip Design Training
	Slayt 79: Chip Design Training
	Slayt 80: Chip Design Training
	Slayt 81: Chip Design Training
	Slayt 82: Chip Design Training
	Slayt 83: Chip Design Training
	Slayt 84: Chip Design Training
	Slayt 85: Chip Design Training
	Slayt 86: Chip Design Training
	Slayt 87: Chip Design Training
	Slayt 88: Chip Design Training
	Slayt 89: Verilog – Combinational Circuits
	Slayt 90: Verilog – Combinational Circuits
	Slayt 91: Verilog – Combinational Circuits
	Slayt 92: Verilog – Combinational Circuits
	Slayt 93: Verilog – Combinational Circuits
	Slayt 94: Verilog – Combinational Circuits
	Slayt 95: Verilog – Combinational Circuits
	Slayt 96: Verilog – Combinational Circuits
	Slayt 97: Verilog – Combinational Circuits
	Slayt 98: Verilog – Combinational Circuits
	Slayt 99: Verilog – Combinational Circuits
	Slayt 100: Verilog – Combinational Circuits
	Slayt 101: Verilog – Combinational Circuits
	Slayt 102: Verilog – Combinational Circuits
	Slayt 103: Verilog – Combinational Circuits
	Slayt 104: Verilog – Combinational Circuits
	Slayt 105: Verilog – Combinational Circuits
	Slayt 106: Verilog – Combinational Circuits
	Slayt 107: Verilog – Combinational Circuits
	Slayt 108: Verilog – Combinational Circuits
	Slayt 109: Verilog – Combinational Circuits
	Slayt 110: Verilog – Combinational Circuits
	Slayt 111: Verilog – Combinational Circuits
	Slayt 112: Verilog – Combinational Circuits
	Slayt 113: Verilog – Combinational Circuits
	Slayt 114: Verilog – Combinational Circuits
	Slayt 115: Verilog – Combinational Circuits
	Slayt 116: Verilog – Combinational Circuits
	Slayt 117: Verilog – Combinational Circuits
	Slayt 118: Verilog – Combinational Circuits
	Slayt 119: Verilog – Combinational Circuits
	Slayt 120: Verilog – Combinational Circuits
	Slayt 121: Verilog – Combinational Circuits
	Slayt 122: Verilog – Combinational Circuits
	Slayt 123: Verilog – Combinational Circuits
	Slayt 124: Verilog – Combinational Circuits

