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Basic Logic Gates
and Basic Digital Design
e NOT, AND, and OR Gates
e NAND and NOR Gates
e5Sa2NAlIYyQa ¢KS2NBY
e Exclusive-OR (XOR) Gate
 Multiple-input Gates
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De Morgan’s Theorem-1

~(X & Y)=~X|~Y

A NOT all variables
e Change &to | and | to &
e NOT the result
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De Morgan’s Theorem-2

~(X|Y)=~X&~Y

A NOT all variables
e Change &to | and | to &
e NOT the result



De Morgan’s Theorem

NOT all variables

Change & to | and | to &

NOT the result

“X | Y =~ (X & YY) =~(X & Y)
“IX&Y)=~(~X | YY) =~X| ™Y
"X &Y =~(~X | ~Y)=~(X]Y)
~“(X]Y)=""("X&™Y)="X&"Y



Basic Logic Gates
and Basic Digital Design
NOT, AND, and OR Gates
NAND and NOR Gates
DeMorgan’s Theorem
ExclusiveOR (XOR) Gate
Multiple-input Gates



Exclusive-OR Gate
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XOR

e XNY (Verilog)
e X$Y (ABEL)
e X@Y
gX A Y (textbook)

o xXor ( Z,X,Y) (Verilog)



Exclusive-NOR Gate
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XNOR

o X~"NY (Verilog)
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Multiple-input NAND Gate
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Hardware description language (HDL)

Bir donanim tanimlama dili (HDL), sayisal sistemlerin donanimini metin biciminde tanimlayan bilgisayar tabanli
bir dildir.

C gibi siradan bir bilgisayar programlama dilini andirir, ancak 6zellikle donanim yapilarini ve mantik devrelerinin
davranisini tanimlamaya yoneliktir.

Mantik diyagramlarini, dogruluk tablolarini, Boolean ifadelerini ve dijital sistemin davranisinin karmasik
soyutlamalarini temsil etmek icin kullanilabilir.

Bir HDL'yi gorintiilemenin bir yolu, bir devrenin girisleri olan sinyaller ile devrenin ciktilari olan sinyaller
arasindaki iliskiyi tanimladigini gézlemlemektir.

Ornegin, bir AND kapisinin bir HDL tanimlamasi, kapinin cikisinin mantik degerinin girdilerinin mantiksal
degerleri tarafindan nasil belirlendigini aciklar.



HDL Example  (Combinational Logic Modeled with Primitives)

/[ Verilog model of circuit of Figure 3.35. IEEE 1364—-1995 Syntax
module Simple_Circuit (A, B, C, D, E);

output D, E;

input A, B, C;

wire w1;

and G1 (w1, A, B); // Optional gate instance name
not G2 (E, C);

or G3 (D, w1, E);

endmodule




HDL Example  describes a circuit that is specified with the following two Boolean
expressions:

E=A+BC+ B'D

F =BC + BC'D'
The equations specify how the logic values E and F are determined by the values of
A, B, C and D.

HDL Example ( Combinational Logic Modeled with Boolean Equations)

/f Verilog model: Circuit with Boolean expressions

module Circuit_Boolean_CA (E, F, A, B, C, DJ;
output E, F,
input A, B, C, D;

assignE=A| (B && C) || ((B) && D);
assign F = ((IB) && C) || (B && (IC) && (!D)});
endmodule




HDL Example  (User-Defined Primitive)

/1 Verilog model: User-defined Primitive
primitive UDP_02467 (D, A, B, C);

output D;
input A, B, C;
/Mruth table for D51 (A, B, C)5 X(0, 2,4,6, 7);
table
i A B C D [l Column header comment
0 0 0 1;
0 0 1 0
0 1 0 1;
0 1 1 0;
1 0 0 1;
1 0 1 0
1 1 0 1
1 1 1 1
endtable
endprimitive

Il Instantiate primitive
M Verilog model: Circuit instantiation of Circuit_UDP_024&7

module Circuit_with_UDP_024&67 (e, f, a, b, c, d);

output e f

input abucd

UDP_02467 (e,a,b,c)

and (f, e, d); {l Option gate instance name omitted

endmodule




VHDL (VHSIGHardwareDescriptionLanguage)

VHDL bir donanim tanimlama dilidir.
Donanim, bilgisayar ve uzantisi olan islevsel tim teknolojik sistemlere, modullere denir.
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VHDL (VHSIGHardwareDescriptionLanguage)

_——

¢ |SP(Carnegie Mellon University) - 1976

Oncii diller

¢ KAR |.(.Kaisers|autern University) - 1977

_——

A

Veri IOg H D L(Gateway Design Automation — 1985)

@ VH DL(Very High Speed Integrated Circuit Hardware Description Language —

Yaygin diller

Amerikan Savunma Bakanligi -1987)

A

AHDL (Altera HDL)

e RHDL (Ruby HDL)
 Confluence

e CUPL (Logical Devices Inc.)

Diger
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VHDL & Verilog HDL

VHDL VerilogHDL

Daha kati kuralli olan bir dil. Akademik seviye Ogrenmesi ve kod yazmasi daha hizli ve kolay
Karmasik devrelerde daha az kapi kullanan derleyici Karmasik devrelerde daha fazla kapi kullanan
yapisl derleyici

Yaygin olarak Avrupa ve Japonya Yaygin olarak Amerika

ADA programlama dilini baz alan Pascal sinifinda bir ~ C’ye yakin syntax yapisi

dil

ATl — Nokia NVIDIA - AMD
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VHDL Kod Yapisi

TEMEL VHDL
KODU

LIBRARY

ENTITY

ARCHITECTURE

PROCESS
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VHDL Kod Yapisi

A
B::D—°X

entity and_gate s

port (
A inbit |
B: inbit
X: outhit );
end entity and_gate ;
architecture mimari of and_gate
begin

X <=A and B;
end architecture mimari ;
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Bilgisayar Aritmetiginde Cikartma Islemi

Birikeg Yazaci

(AC)

/

-
Veri Yolu

NEEEEE

Toplayic
DR ——— & -
Mantik Devresi
INPR ———»
F
LD

Deneatim
Kapilan

F
INRWbLﬁ[

Birike¢ (Akimdulator) Yapisi

Saat

e Standart bir bilgisayar islemcisinde,
— Birikeg Yazaci (Akiimilator-AC)
— Toplayici ve Mantik devresi
— Denetim kapilarindan

e islenecek veri, kaydedicilerden veri yolu ile
buraya aktarilarak islem sireci gerceklestirilir.
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Bilgisayar Aritmetiginde Cikartma Islemi

1024 bit uzunlugunda iki veri igin 32 defa tekrar eder

16 Bit

16 Bit

AH

AL

b A
pr— pr—

BH

BL

AC -— BH

v

AC<AC

¥

M<—AC

v

AC-—BL

v

AC—AC

v

AC<AC+1

v

AC—AC+AL

v

RegAdr<—AC

v

AC—M

v

AC-—AC+E

v

AC—AC+AH

v

RegAdr<—AC

Yuksek degerlikli B verisini Birikecg'e aktar
Birikec'i tersle

Birikec'i bellege aktar

Duisik degerlikli B verisini Birikeg'e aktar
Birikec'i tersle

Birikec'i 1 arttir

Birikecg ile Dusuk Degerlikli A verisi topla
Birikec'i bellekte belirtilen adrese yaz
Bellegi Birikecg'e yukle

Birikec ile elde degerini topla Birikec'e yaz
Birikecg ile yuksek degerlikli A verisini topla

Birikec'i belirtilen bellek adresine yaz

32 bitlik iki veriye ¢ikarma islemi uygulama
algoritmasi

32 bit bir islemciye sahip olan standart bir
bilgisayar, yazilimsal olarak bircok adimda
cikarma islemini gerceklestirir.

islemcinin veri kapasitesi ile ayni veri boyutu
buyukligline sahip iki degerin dahi citkarma islemi
bircok adimda gerceklestirilebilmektedir.
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Yuksek Kapasiteli Cikartma Devresi Tasarimi
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entity obfsub is port(

A BIT :in std logic;
B BIT :in std _logic;
D BIT :in std_logic;
DOUT :out std logic;
SUB_BIT :out std logic) ;

End obfsub;

Architecture struct of obfsub is
begin

process (A BIT, B BIT, D _BIT)

begin
SUB_BIT <= A BIT xor B_BIT xor
D BIT;
DOUT <= ((not A BIT) and B BIT) orx
((not (A _BIT xorxr B _BIT)) and
D BIT):;

End process;
End struct:;
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Yuksek Kapasiteli Cikartma Devresi Tasarimi

ﬂ wave - default
Messages

4 Jobfsuba_hit
4 Jobfsub/b_bit
4 Jobfsubfd hit
4 Jobfsubjdout

/" Jobfsubjsubbit

Tr
a/e

Bir Bit Tam Cikarici devresinin ModelSim benzetim sonuclari
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Yuksek Kapasiteli Cikartma Devresi Tasarimi

B A B A B Ao
< FS. lg¢&——---c=-== < FS. [<«— FS. j¢—
Dn l Dn-1 D2 l D l DO
S. S So

N bit Cikarici Devresi Blok Semasi
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Yuksek Kapasiteli Cikartma Devresi Tasarimi

04
05
06
07
o8

09

10
AT
12
13
14
15
16
17
18

19
20

21
22

entity nbfsub is

generic (

SZ:natural:=63;

A:std logic_vector (63 downto

0) :="10000000000000000000000000000000O0
O000000000000000O0O0O0CO0OO0O0OO0OOOO0OO";
B:std logic_vector (63 downto

0) :="0100000000000000000000000000000OO0O0
O0000000000000000O0O0O0O0O0O0O0O0O0O0O0O0CO0CO") ;

poxrt (

E :in std_logic;
RESULT :out std logic;
DOUT :out std logic) ;

end nbfsub:;

architecture struct of nbfsub is
signal SUB_T:std logic_vector (S2Z
downto 0) ;

signal SUB:std_ logic_vector (SZ downto
0) :

signal T :std _logic_vector (SzZ+1
downto 0) ;

22
23
24
25
26
2:7
28
29
30
31
32
33
34
35
36
35
38
39
40
41
42
43
44
45

component obfsub

port (

A BIT,B BIT,D BIT: in std logic;
out std logic) ;

SUB_BIT, DOUT:
end component;

begin
T(0) <=

FS: for i1 in 0 to SZ generate

'OI’.

obfsub_ i: obfsub
port map (A(i), B((i),
SUB T(i), T(i+l)):
end generate FS;

process (E)
begin

if E='1" then

end if;
end process;
end struct;

DOUT <= T (SZ);
SUB <= SUB_T;
RESULT<="'1"';

TA1i),

“n” bit Tam Cikarici devresi VHDL kod yapisi

42



Yiksek Kapasiteli Cikartma Devresi Tasarimi

Mwaue - default
Messages

jrbfsubja
/nbfsub/b
Jrbfsub je
jnbfsub fresult
jnbfsub fdout
jnbfsub fsub

==
0 ps

N bit tam Cikarici devresi ModelSim benzetim sonuclari
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Yuksek Kapasiteli Toplama Devresi Tasarimi

Bir Bit toplayici VHDL kodlarinin RTL gortinusi

COoUT~3
B_BIT|
C_BIT| 3
COUT~0 _ COUT~4
A_BIT| —, T
- COUT
COUT~1
: . SUM_BIT~1
) - SUNM_BIT
Ifr""'_'j” -

Bir Bit Toplayici ModelSIM benzetim sonuglari

fobfadd/fa_bit
fobfadd/b_bit

Jfobfaddfc_bit
Jfobfadd/fcout
fobfaddfsum_hit
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Yuksek Kapasiteli Toplama Devresi Tasarimi

B wawve - detault

(1023}
{1022)
{(1021)
{(1020)
{1019)
{1018)
{(1017)
{1015)
{(1015)
{(1014)
{1013
(1012
{1011)
{1010)
{1009)
{(1008)
{1007)
{(1005)

£ -

Me=s=ages

fmbfadd__1024f=
/fmbfadd_ 1024 fresult
fmbfadd_ 1024 /cout
/mbfadd__10Z24fsum

Pl

Cursor 1

1
1
Q

1
1
0
Q
Q
0
Q
Q
0
Q
Q
0
Q
Q
0
Q
Q
0

200 p=
0.00 ns

113000, ..

1024 bit toplayicinin ModelSIM benzetim sonuclari
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Yiksek Kapasiteli Toplama - Cikarma Devresi Tasarimi

Toplayici & Cikarici Devrtesi

F: ™
o

Y

Cs

o

'

S

ot

M=0 Toplayici
M=1 Cikarici
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Yiksek Kapasiteli Toplama - Cikarma Devresi Tasarimi

A BT P g e || L LN e EF || SRR || [w om sl Bide | 2
§ || contams [ 7 | Heex i om % || Levout [Simatace b
Mwaue—deﬁljt 4| &N =

L A AR R A AT A A

(3

L
e

Jmbfadd_1024/e
Jnbfadd_1024/m
Jnbfadd_1024fresult
/mbfadd_1024fcout
Jnbfadd_ 1024/=um

{1023}
{1022}
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{1020}
{1019}
{1018}
{1017}
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{1015}
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(1012)
{1011}
{1010}
{1009}

o

Messages

[= RSN i WY

o 00000000000 EQQKR

Cursor 1

300 ps

0.00 ns

i N

i [T

|

EI wawve

1024 bit Toplayici & Cikarici Devresi ModelSIM benzetim sonuclari

- I
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Sorunlar & Oneriler

 FPGA devrelerinin giris ve cikis pin sayisl
— Oneri:
e Veri aktarimiicin ari bir modul tasarimi
. Coklu FPGA kullanimi

O, (®)

- s wrczs ACM—-0128 rc2i
> > (=8
O b' smnnn f””“"l"“"m"“"”"““““ i

ummnmmm:

) [y

I

3 5 —
S (=
N . "

: =
= 23 =4
.: - "_ 3 - é
; =]t =
= = - =
= = i =
: ES T3 -
3 =

'HHHHHHHHHHHHHHHMNM"H

\ 1 HiWIN LT T m 4
a TR AARRRRONAY “A\

48



Sonuc

Gerceklestirilen bu calismada, FPGA donanim yapisinin esnek ve kolay
programlama kabiliyetinden faydalanilarak yiksek kapasiteli ¢cikarici devresi
benzetim seviyesinde tasarlanmistir.

VHDL ve FPGA kullanarak Yiiksek Kapasiteli Aritmetik Unite tasarlanabilir.

Yiksek Kapasiteli Aritmetik Unite, Buyuk sayilar ile calisan bazi sifreleme
algoritmalari icin donanim altyapisi olusturmak icin kullanilabilir.

GuUnumuzde piyasadaki en glicli PC’den daha glcli hesaplama kapasitesi sunar.

Donanim Tasarim Dili kullanilarak cok daha yuksek kapasiteli aritmetik islemler
icin aritmetik Unite tasarlanabilir.
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