FULL ADDER

AlM:

To design, implement and analyze all the three models for full adder.

Design:
First, VHDL code for half adder was written and block was generated. Half

adder block as component and basic gates, code for full adder is written. The truth
tables are as follows:

HALF ADDER:

A | B | SUM | CARRY

010 0 0

0 |1 1 0

110 1 0

111 0 1

FULL ADDER:

A | B | CIN | SUM | COUT

010 0 0 0

010 1 1 0

01 0 1 0

01 1 0 1

110 0 1 0

110 1 0 1

11 0 0 1

111 1 1 1

SUM | 00 | 01 | 11 | 10 CARRY | 00 | 01 | 11 | 10
0 1 1 0 1

1 1 1 1 1 1 1

SUM = A XOR B XOR C; CARRY = AB + AC + BC;



--Structural model for Half Adder
library IEEE;
use IEEE.STD _LOGIC_1164.all;

entity HA is
port(A,B:in STD_LOGIC; Sum, Carry:out STD_LOGIC);
end HA;

architecture struct of HA is
component myXOR
port(inl,in2:in STD_LOGIC; outl:out STD_LOGIC);
end component;
begin
X1: myXOR port map(A,B,Sum);
Carry<=A and B;
end struct;

--Structural model for Full Adder
library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity FA is
port(x,y,cin:in std_logic; s, cout:out std_logic);
end FA;

architecture struct of FA is
signal s1,c1,c2 :std_logic;
component HA
port(A,B:in STD_LOGIC; sum, Carry:out STD_LOGIC);
end component;
begin
HAL: HA port map(x,y, s1,cl);
HA2: HA port map(sl,cin, s,c2);
cout<=cl or c2;
end struct;



RTL VIEW (Structural):
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The output shown above is directly taken from the SCF editor of MAX PLUSII

BASE LINE.



ANALYSIS:

Timing Analyzer result (Structural):

Fiegistered Performance  tpd ltsu ] tco ] th ] Cuigham Dela_l,ls]

Slack | Required P2F Time | Actual P2P Time | From | To
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FLOW SUMMARY (Structural):

Fitter Status : Successful - Thu Oct 19 08:44:16 2006
Quartus 11 Version - 6.0 Build 202 06/20/2006 SP 1 SJ Web Edition
Revision Name : Adder

Top-level Entity Name : FA

Family : Stratix

Device : EP1S10F484C5

Timing Models : Final

Total logic elements : 2 / 10,570 ( <1 % )

Total pins - 5/ 336 (1% )

Total virtual pins - O

Total memory bits : 0 / 920,448 ( 0 % )

DSP block 9-bit elements - 0 /7 48 ( 0 % )

Total PLLs : 0/ 6 (0 % )

Total DLLs : 0/ 2 (0 % )

--VHDL code for DATA FLOW model of Full Adder:
library IEEE;
use IEEE.STD LOGIC_1164.ALL;

entity FA_DF is
port(Fx, Fy, Fcin : in BIT; Fs, Fcout : out BIT);
end FA_DF;

architecture FA_dataflow of FA_DF is
begin
Fs <= Fx XOR Fy XOR Fcin;
Fcout <= (Fx AND Fy) OR (Fx AND Fcin) OR (Fy AND Fcin);
end FA_dataflow;



FLOW SUMMARY (Data Flow):

Fitter Status : Successful - Thu Oct 19 08:44:16 2006
Quartus 11 Version : 6.0 Build 202 06/20/2006 SP 1 SJ Web Edition
Revision Name : Adder

Top-level Entity Name : FA

Family : Stratix

Device : EP1S10F484C5

Timing Models : Final

Total logic elements : 2 / 10,570 ( < 1 % )

Total pins : 5/ 336 (1 %)

Total virtual pins - 0O

Total memory bits - 0 /7 920,448 ( 0 % )

DSP block 9-bit elements - 0 /7 48 ( 0 % )

Total PLLs - 0/ 6 ( 0 % )

Total DLLs : 0/ 2 (0 % )

SIMULATION WAVEFORM ( DATA FLOW):
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RTL VIEW (Data Flow):
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--VVHDL code for BEHAVIORAL model of Full Adder
library IEEE;
use IEEE.STD LOGIC_1164.ALL;

entity FA_Bhr is
port(Fx, Fy, Fcin : in BIT; Fs, Fcout : out BIT);
end FA_Bhr;

architecture FA_struct of FA_Bhr is
component HA
port (hx, hy :in BIT; hs, hcout: out BIT);
end component;
signal s1, c1, c2 : BIT;
begin
HAL: HA port map (Fx, Fy, s1, cl);
HA2: HA port map (s1, Fcin, Fs, c2);
Fcout <=cl1 OR c2;
end FA_struct;

SIMULATION WAVEFORM (Behavioral):
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RTL VIEW (Behavioral):
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TIMING ANALYSIS RESULT (Behavioral):

Fiegistered Performance  tpd l kzLl ] b ] th ] Custom Delaps ]

Slack | Requied P2P Time | Actual P2P Time | From [To |

1 MNAY MNone 8.593 nz Fx Fz

2 [N (Mone 8.539 nz Fx Frout

3 [N Mone 8512 nz Foin | Fz

4 |N (Mone 8.507 ns Foirn | Foout

5 [N/ Mone 8.402 nz Fy |Fs

B [N None 8.398 nz Fy Frout

Flow Status Successful - Thu Oct 19 13:30:13 2006
Quartus Il Version 6.0 Build 202 06/20/2006 SP 1 SJ Web Edition
Revision Name Adder

Top-level Entity Name FA Bhr

FamilyStratix

Met timing requirements  Yes

Total logic elements 2/10,570 (<1 %)

Total pins 5/336(1%)

Total virtual pins 0

Total memory bits 0/920,448 (0% )

DSP block 9-bitelements 0/48 (0%)

Total PLLs 0/6(0%)

Total DLLs 0/2(0%)

Device EP1S10F484C5

Timing Models Final

CONCLUSION:
1. Truth table for all the models of full adder are verified from output waveform.
2. RTL viewer and timing analysis of different models are obtained.




FULL SUBTRACTOR

AlM:
To develop a VHDL code for a full subtractor.

TRUTH TABLE

X Y Bin D Bout
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1

VHDL CODE(dataflow):

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;//standard library packages
ENTITY fullsubd IS
PORT(A,B,BORIN: IN BIT;
DIFF,BOR:OUT BIT);//input and output declaration
END fullsubd;
ARCHITECTURE dataflow OF fullsubd IS
BEGIN
DIFF<=A XOR B XOR BORIN;
BOR<=((NOT A) AND B) OR (BORIN AND (NOT (A XOR B)));//expressions for
outputs
END dataflow;

VHDL Code(behavioral):

LIBRARY IEEE;




USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_ARITH.ALL;//standard library packages
ENTITY fullsubb IS
PORT(A,B,BORIN: IN BIT;

DIFF,BOR: OUT BIT); )//input and output declaration
END fullsubb;
ARCHITECTURE BEHAVE OF fullsubb IS
BEGIN

PROCESS(A,B,BORIN)//sensitivity list

BEGIN
IF A="0" AND B='0' THEN BOR<=BORIN;DIFF<=BORIN;

ELSIF(A="0" AND B="1" AND BORIN='0")OR (B="1" AND
A="1" AND BORIN="1")

THEN DIFF<='1";BOR<="1";

ELSIF(A="1" AND B="1" AND BORIN="0")OR (A='1" AND
B="0" AND BORIN="1")

THEN DIFF<='0";BOR<="0";

ELSIF(A="1" AND B="0"' AND BORIN='0") THEN
BOR<='0";DIFF<="1";

ELSE BOR<="1";DIFF<="0";

END IF;

END PROCESS;//marks end of the process
END BEHAVE,

VHDL Code(Structural):

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;//standard library packages
ENTITY fullsubs IS
PORT(A,B,BORIN: IN BIT;
DIFF,BOR:OUT BIT); );//input and output declaration
END fullsubs;
ARCHITECTURE struc OF fullsubs IS
COMPONENT halfsubd //basic component declarations
PORT(A,B:IN BIT;
DIFF,BOR:OUT BIT);
END COMPONENT;
COMPONENT or2bit
PORT(A,B:IN BIT;C:OUT BIT);
END COMPONENT;
SIGNAL BOR1,BOR2,DIFF1:BIT;
BEGIN//mapping
HS1:halfsubd PORT MAP(A,B,DIFF1,BOR1);
HS2:halfsubd PORT MAP(DIFF1,BORIN,DIFF,BOR2);



Ol:or2bit PORT MAP(BOR1,BOR2,BOR);

END struc;

RTL Viewer (Dataflow):

RTL

Viewer(Behavioral):
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RTL Viewer(Structural):
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OUTPUT WAVEFORM(DATAFLOW):
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TIMING ANAL YSIS(Dataflow):

Fiegisterad Performance  tpd ltsu ] koo ] th ] Cuigtarm Dela_l,ls]

Slack | Required P2P Time | Actual P2P Time |From | To |
1 it [Mone 2593 ns BORIM |DIFF
2 Mis Mone 2.589 ne BORIM|(BOR
3 Mia Mone a512ns A DIFF
4 |MsA (Mone 8.507 nz & BOR
5 Mita Mone 8402 ne B DIFF
B |MNMA [Mone 2.398 nz B BOR

OUTPUT WAVEFORM(BEHAVIORAL):




Sirnulation W avefarms

Simulation mode: Timing

TIMING ANALYSIS(BEHAVIORAL):
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Fegistered Performance  tpd l ksl ] tco ] th ] Custom Delaps ]

Slack | Required P2P Time | Actual P2P Time |From | Ta |
1 N2 |Haone 8593 ns B DIFF
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OUTPUT WAVEFORM(Structural):
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TIMING ANALYSIS(Structural):




Fegistered Perfarmance  tpd ltsu ] (] ] th ] Custarm Dela_l,ls]

Slack | Required P2P Time | Actual P2P Time |From | Ta |
1 EN/ [Maone 8593 ns EORIN DIFF
2 [N None £.509 ns EORIN | EOR
3 [N [Nome 8512 ns A DIFF
4 MM (Mone 8.507 nz A BOR
5 [N/ [ None 8.402 ns B DIFF
B MM (Mone 8.398 nz E BOR

CONCLUSIONS:

We find that the full subtractor circuit gives us the difference and borrow of two
numbers and the result is same irrespective of the type of modeling.
We find from timing analysis the gate delays are also same in each type of modeling.



4-bit RIPPLE CARRY ADDER

AlM:

To develop a VHDL code for a four bit ripple carry adder.

ENTITY:

A3-A0

— ’ S3-S0

4-bit
B3-B0 Ripple
— Carry Cout
Adder >

Cin

BASIC COMPONENTS: 1-Bit Full Adder

A
1-bit S
B Full >
_ Adder Court
Cin
> >

Truth table for full adder

>
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EQUATIONS FOR SUM AND CARRY :
1-bit Full Adder

S=A xor B xor Cin

Cout=AB+Cin(A xor B)

4-BIT RIPPLE CARRY ADDER

INPUTS:

A=A3A2A1A0 B=B3B2B1B0 Cin=CO0
OUTPUTS:

S=S352S1S0 Cout=C4

EQUATIONS:

S0=A0 xor BO xor CO
C1=A0B0+CO(A0 xor B0)

S1=A1l xor B1 xor C1
C2=A1B1+C1(Al xor B1)

S2=A2 xor B2 xor C2
C3=A2B2+C2(A2 xor B2)

S3=A3 xor B3 xor C3
C4=A3B3+C3(A3 xor B3)

VHDL Program: Structural Model

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;//Packages Available
ENTITY bit4srca IS
PORT(A,B:IN BIT_VECTOR(3 DOWNTO 0);
SEL:IN BIT;//Declaration of input ports
COUT:OUT BIT;
X:OUT BIT_VECTOR(3 DOWNTO 0));//Declaration of output ports
END bit4srca;
ARCHITECTURE struc OF bit4srca IS
COMPONENT fald//basic component:1-bit full adder
PORT(X,Y,CIN:IN BIT;
COUT:OUT BIT);
END COMPONENT;
SIGNAL C:BIT_VECTOR(3 DOWNTO 1);//Signal declaration

BEGIN//beginning of architecture

FAO:fald PORT MAP(A(0),B(0),Cin,S(0)C(1));//mapping for 1-bit full adder
FAl:fald PORT MAP(A(1),B(1),C(1),S(1),C(2));

FA2:fald PORT MAP(A(2),B(2),C(2),S(2),C(3));

FA3:fald PORT MAP(A(3),B(3),C(3),S(3),Cout);//4-full adders

END struc;//



Behavioral Model

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;

USE IEEE.STD_LOGIC_ARITH.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL,;

/lentity declaration
ENTITY rcadb IS
PORT(A,B:INBIT_VECTOR(3 DOWNTO 0);
CIN:IN BIT ;COUT:OUT BIT;
S:OUT BIT_VECTOR(3 DOWNTO 0));
END rcadb;

ARCHITECTURE behav OF rca4b IS
SIGNAL C:BIT_VECTOR(3 DOWNTO 1);//signal declaration.
BEGIN
PROCESS(A,B,CIN)
BEGIN
IF A(0)="0" AND B(0)="0" THEN C(1)<="1%;
IF CIN="1" THEN S(0)<="1%;
ELSE S(0)<="0";
END IF;
ELSIF ((A(0)="0" AND B(0)="1" AND CIN="0")OR (B(0)="0"
AND A(0)="1" AND CIN="0")
THEN S(0)<="1"; C(1)<="0";
ELSIF(A(0)="0" AND B(0)="1" AND CIN="1")OR (A(0)="1"
AND B(0)="0" AND CIN="1")
THEN S(0)<='0";C(1)<="1";
ELSIF CIN="0" THEN C(1)<="1"; S(0)<="0";
ELSE C(1)<="1";S(0)<="1";
END IF;

Data Flow Model

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL,;

USE IEEE.STD_LOGIC_ARITH.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL,;

ENTITY rca4d IS
PORT(A,B:IN BIT_VECTOR(3 DOWNTO 0);
Cin:IN BIT;
Cout:OUT BIT;
S:OUT BIT_VECTOR(3 DOWNTO 0));
END rca4d;

ARCHITECTURE dataflow OF rca4d IS
SIGNAL C:BIT_VECTOR(3 DOWNTO 1);



BEGIN

S(0)<=A(0) XOR B(0) XOR Cin;

C(1)<=(A(0) AND B(0)) OR (A(0)AND Cin) OR (B(0) AND Cin);
S(1)<=A(1) XOR B(1) XOR C(1);

C(2)<=(A(1) AND B(1)) OR (A(1)AND C(1)) OR (B(1) AND C(1));
S(2)<=A(2) XOR B(2) XOR C(2);

C(3)<=(A(2) AND B(2)) OR (A(2)AND C(2)) OR (B(2) AND C(2));
S(3)<=A(3) XOR B(3) XOR C(3);

Cout<=(A(3) AND B(3)) OR (A(3)AND C(3)) OR (B(3) AND C(3));

END dataflow;
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RTL Viewer(Structural)
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RTL Viewer(Dataflow)
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Simulation result:
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Timing analysis:

EE rcads. vhd ] @ rcads vt I @ Simulation Report - Simulation .. ] & Timing Analyzer Tool
Registered Performance  tpd l tsu ] tco ] th ] Custom Delays ]
Slack | Required P2P Time | Actual P2P Time | Fram [To |
1 Mib |Mone 10.037 ng A0 15[3)
2_ MiA [Maone 10,005 ne Al0] | Cout
13 |M/b [Mone 9913n: Cin  |5[3]
(4 WA |MNone 9.881 ns Cin  |Cout
15 |MN/& [Mone 9741 nz B[Ol |53
5_ Mis [Mone 9,703 ng B[O] |Cout
(7 |MN/& [None 9636 nz LREE
8_ Mis [Mone 9604 ng Al1] | Cout
13 |MN/A [Mone 3562 nz A0 |5[2]
110 [M/& Mone 3.456 nz B[] |503]
L M4 [Maone 9438 nz Cin |5[2]
112 |N/b [Mone 9424 nz B[1] |Cout
(13 |Més |MNone 9.266 ny B[Ol |5[2]
(14 |N/& [None 9191 ns A0 1501]
115 |N/s Mone 3161 ng ]
(16 [MN/&  [Mone 9125 ne A2 153
(17 |MN/b Mone 9.093 ne A[2] | Cout
118 |N/&  Mone 3071 nz B[2] |53
113 [M/b Mone 9067 nz Cin 5[]
L M4 [Maone 9039 ns B[2] |Cout
(21 |M/b Mone 8981 nz B[] |52
|22 |M/s |Mone 8.895 ny B[Ol |501]
123 |N/& [None 8.850 nz B3 |53
i MiA - [Mane 2819 ns B[3] |Cout
25 [N/ |Mone 3789 nz A1 151
25 [N/& |Mone 8789 n: Al1] |5[1]
28 [N/ |Mone 8.657 n AlZl (5[2]
27 [N/ |MNone 8.626 nx ATl 53]
28 [N/ |Mone 8.611 nz B[] |S[1]
23 [N/ |Mone 8.5597 nz B2l |5[2]
£ Mia Mone 2.594 ng A3 | Cout
[N |None 8.400 ng Aldl 5[0
& M/a  Mone 8.277 ns Cin  |5[0]
33 [N/ |Mone 8102 nz BIO] 5[0




Simulation result:
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Timing analysis:

ﬁ Timing Analyzer Tool l EE rcadd vhd l 'I:a rcadd. wwf ] @ Simulation Report - Simulation W
Registered Performance  tpd l (1] l tco l th ] Custom Delaysl
Slack. | Required P2P Time | 4ctual P2P Time | From [To | A
1 Mid  [Mone 10,221 nz Al0] | Cout ]
12 [N |Mone 10120 ns Al0] |53
13 [Né& |Mone 9838 n: Cin | Cout
4 [N |Mone 9737 nz Cin |5[3]
15 [Né& |Mone 9633 ng Al0] |5[2]
6 [N |Mone 9682 nz B[0] |Cout
7[NS |Mone 9563 nz B[2] |Cout
18 [N |Mone 9481 ng B[O 1S03]
13 [Néa |Mone 9439 nz A1] | Cout
110 [Né& |Mone 9414 ng Al0] |5[1]
11 [Né& |Mone 9338 ng A1] |53
112 [N4& |Mone 9250 nsz Cin  |5[2]
113 [Né& |Mone 9.04E ns B[1] |Cout
114 [N4a |Mone 9027 nz Cin |5[1]
115 [Né& |Mone 8.994 ng B[O 1S[2]
116 [N4& |Mone 8991 ns Al2] | Cout
17 [Néa |None 8971 ng B[] 15[3]
118 [Né& |Mone 8.945 ng B[1] 15[3]
119 [Né& |Mone 8.861 ns B[Z] 5[2]
120 [Né& |Mone 8851 ng Al1] |5[2]
121 [N4a |Mone 8775 ng B[O 1S[1]
122 [N4& |Mone 8627 nz B[3] |Cout
123 [N4a |Mone 8626 ng Al1] |5[1]




124 [N/ |None 8.458 nz B[] |5[2]
125 |N/A |Mone 8.400 nz Al2] |5[3]
128 [N/ |Mone 8,396 n3 B[] |5[3]
127 [N |Mone 2. NE s A0 |5[0]
128 |N/A |Mone 8.290 nz Al2] |5[2]
i M/A  (Mone 8.241 nz A[3] | Cout
130 [NA |Mone 8237 nz B[1] 5[]
|31 N/ |[Mone 8236 nz Cin  |5[0]
132 [N/ |Mone 7.828 n: A3 53]
133 [N/ |Mone 7.E80 ng =] g (0)] 3
CONCLUSIONS:

We find that the when two 4-bit no.s are given as input the output is a 4-bit
sum vector followed by a carry out. We also find that the delay in the first
sum and carry out is 9 gates delay.



AlIM:

To implement and design a full subtractor in structural model.

BLOCK DIAGRAM:

a:1% input to the full subtractor
b:2" input to the full sutrator
c:borrow in

diff.:difference output
borr:borrow out

TRUTH TABLE:

3
a b BIN D BOUT
0 0 0 0 0
0 0 1 1 1
1 0 0 1 0
1 0 1 0 0
0 i 0 1 1
0 i 1 0 1
1 i 0 0 0
1 i 1 1 1
VHDL CODE:

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

entity fullsubtrstr is

port (A,B,C: in bit; diff,borr: out bit);
end fullsubtrstr;

architecture structural of fullsubtrstr is
component exor_2ip

port (a,b :in bit;c: out bit);




end component;

component and_2ipo

port (a,b :in bit;c: out bit);

end component;

component or_2ip

port (a,b : in bit; c :out bit);

end component;

component invlip

port (a:in bit;b:out bit);

end component;

signal indif,inbor,bor,x:bit;

begin

X0:exor_2ip port map(A,B,indif);
X1:exor_2ip port map(indif,c,diff);
AO0:and_2ipo port map(A,B,inbor);
10:inv1ip port map(C,x);
Al:and_2ipo port map(indif,x,bor);
Ol:or_2ip port map (inbor,bor,borr);
end structural;

and_Zipo:A0 or_Zip:01
g F = a
] " I ;: o f———— =homr
exor_Zip 0
= and_ZipoAl exor_2ip il
a
= E] E]
I c ol f—————T =dift
(] (]
inv 1ip:10
C - El (i)




ANALYZER:

Flow Status Successful - Mon Oct 16 22:14:34 2008
Huartus [ Yersion 5.0 Build 148 D4/26/2005 5. Web E dition
Revizion Mame fullzubtrstr
Top-level Entity M ame full zLabtrstr
F amily Cyclone
Device EP1CEQ 240C2
Timing Models Final
ket timing requirements  Yes
Toatal lagic elements 24898001 %)]
Total ping hA1ER[2 %]
Total virtual pinz 0
Total mermary bitz 0/92160[0%]
Total PLL: n/2[(0%)
TIMING ANALYZER:
ok [foaied [ag [ [1o [Eem [Tz, [Eok
1§ “Warst-caze tpd Y Maone 10,009 ne|C diff 0
2| Total number of falled paths 1]

SIMULATION WAVEFORMS:

buarr

diff




AlIM:

To design and implement a full subtractor in data flow model.

BLOCK DIAGRAM:
fullzubtrd f

A diff

borr

ENTITY:

a:1% input to the full subtractor
b:2" input to the full sutrator
c:borrow in

diff.:difference output
borr:borrow out

TRUTH TABLE:

3
a b BIN D BOUT
0 0 0 0 0
0 0 1 1 1
1 0 0 1 0
1 0 1 0 0
0 i 0 1 1
0 i 1 0 1
1 1 0 0 0
1 1 1 1 1
VHDL CODE:

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

entity fullsubtrdf is

port (A,B,C:in std_logic;diff,borr: out std_logic);
end fullsubtrdf;



architecture dataflow of fullsubtrdf is
signal inbor,bor,indif:std_logic;

begin

indif<=A xor B;
inbor<=A and B;
diff<=indif xor C;
bor<=indif and (not C);
borr<=bor or inbor;
end dataflow;

RTL VIEW:
AT inbor —
B = I
buar
indif
) o
diffei
C = - }}
ANALYSIS:
Flawy Status Succesziul - Mon Oct 16 21:53:14 2008

Guartuz || Yerzsion
Revizion Mame
Top-level Entity Mame
Family

Device

Timing Modelz

ket timing requirements
Tatal lagic elements
Total ping

Total virtual pins
Total memary bits
Total PLLz

5.0 Build 148 04/26/2005 5 web Edition
fullzubtrdf
fullzubtrdf
Cyclone
EP1CEO240CE
Firal

es

2488800 <1 %]
BA185(2%)

1]
0/32160(00%)
0/210%)

b

diff



TIMING ANALYSIS:

Required | Actual From |Tao F ailed
‘ Ve ‘5'5"3“ Time  |Time |7 |79 |Clock |Clock |Paths
1§ “Worst-caze tpd F Mone 10.009 n=|B diff 1]
2| Total number of failed paths 1]

SIMULATION WAVEFORMS:

0oz 10.0 he
Hame




AIM: To design a full subtractor and implement its behavioural model using VHDL.

BLOCK DIAGRAM:

fullsubtrbeh

A diff |—

-— B borr |—

i inst

a,b:inputs

c: borrow input.

diff: difference output.
borr: borrow output

VHDL CODE:

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;
entity fullsubtrbeh is

port (A,B,C : in std_logic;diff, borr: out std_logic);
end fullsubtrbeh;

architecture BEH of fullsubtrbeh is
begin

process(A,B,C)

variable indif,inbor,bor:std_logic;
begin

indif:=a xor b;

inbor:=a and b;

diff<=indif xor c;

bor:=indif and (not c);
borr<=inbor or bor;

end process;

end BEH;



RTL VIEW:

Al ——— nbar- ) b0
B I borr
bore0
_in}dif-n
) >—
dif el
‘L ,'I} dift
ANALYZER:
Flow Status Successful - Mon Oct 16 21:27:31 2006
Quartuz 1| Version 5.0 Build 142 04/26/2005 5J web Edition
Revizion Mame fullzubtrbeh
Top-level Entity Mame fullzubtrbeh
Family Cyclone
Device EF1CEQ240CH
Timing Modelz Final
Met timing requirements ez
Total logic elements 24898001 %)
Total ping RA1BR[Z2%]
Total wirtual ping 1]
Total memory bitz 049216000 %]
Total PLLz 0/2[0%)
TIMING ANALYSIS:
Types Slack |7t |2 {From [ Ta |F00 | ek |Pathe
1§ ‘Worst-caze tpd Mét |Mone 10.008 nz|B diff 1]
i Total number of failed paths 0




SIMULATION WAVEFORMS:

-'-1-|:|_!:| ns B0 !_l ns

CONCLUSION:

1. Truth table for all the models of 4 bit subtractor are verified from output
waveform.

2. RTL viewer and timing analysis of different models are obtained.




4-BIT ADDER CUM SUBTRACTOR
AIM:

To design a 4-bit adder cum subtractor

ENTITY:
B4 A4 B3 A3 B2 A2 Bl Al
-~y v -~y v ~y v ~Y_ V-
A\ 4
Fa [ A [ A [ FA ¢

C4 S4 S3 S2 S1



BASIC COMPONENT :

1)FULL ADDER
A
1-bit S
B Full >
_ Adder Cout
Cin
> —
2)XOR GATE:
A
C
F—
TRUTH TABLES:
1)FULL ADDER
Truth table for full adder
A B Cin S Cout
0 0 0 0 0
0 0 1 1 1
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

VHDL CODE (Structural):

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;//standard library packages
ENTITY addersub4s IS
PORT(A,B:IN BIT_VECTOR(3 DOWNTO 0);
SEL:IN BIT,;
COUT:OUT BIT;

X:OUT BIT_VECTOR(3 DOWNTO 0));//inputs and outputs declaration

END addersub4s;
ARCHITECTURE struc OF addersub4s IS




COMPONENT fald
PORT(X,Y,CIN:IN BIT;
S,COUT:OUT BIT);
END COMPONENT;
COMPONENT xor2 //basic components used for realization...
PORT(A,B:IN BIT;C:OUT BIT);
END COMPONENT;
COMPONENT and2bit
PORT(A,B:IN BIT;C:OUT BIT);
END COMPONENT;
COMPONENT invert
PORT(A:IN BIT;B:OUT BIT);
END COMPONENT;
SIGNAL E:BIT_VECTOR(3 DOWNTO 0);
SIGNAL C:BIT_VECTOR(3 DOWNTO 1);
SIGNAL carry,non_sel:BIT;
BEGIN//mapping with basic gates
X0:xor2 PORT MAP(B(0),SEL,E(0));
FAO:fald PORT MAP(A(0),E(0),SEL,X(0),C(1));
X1:xor2 PORT MAP(B(1),SEL,E(1));
FAl:fald PORT MAP(A(1),E(1),C(1),X(1),C(2));
X2:xor2 PORT MAP(B(2),SEL,E(2));
FA2:fald PORT MAP(A(2),E(2),C(2),X(2),C(3));
X3:xor2 PORT MAP(B(3),SEL,E(3));
FA3:fald PORT MAP(A(3),E(3),C(3),X(3),carry);
[0:invert PORT MAP(SEL,non_sel);
A0:and2bit PORT MAP(non_sel,carry,COUT);
END struc;

VHDL Code(Dataflow):

LIBRARY IEEE;
USE IEEE.STD_LOGIC 1164.ALL;
ENTITY addersub4d IS
PORT(A,B:IN BIT_VECTOR(3 DOWNTO 0);
SEL:IN BIT;
COUT:OUT BIT;
X:OUT BIT_VECTOR(3 DOWNTO 0));
END addersub4d;
ARCHITECTURE dataflow OF addersub4d IS
BEGIN
PROCESS(A,B,SEL)
VARIABLE S:BIT_VECTOR(3 DOWNTO 0);
VARIABLE C:BIT_VECTOR(4 DOWNTO 0);
BEGIN
C(0):=SEL;
FORIINOTO 3 LOOP
S(i):=A(i) XOR B(i) XOR C(i) XOR SEL;
C(i+1):=(B(i) XOR SEL) AND A(i);
END LOORP;
COUT<=C(4);
X<=S;
END PROCESS;
END dataflow;



RTL Viewer(Structural)

invert:10 and2bit:A0

SEL > A | A

fald:FAO A fald:FA2 (ald A3 B
j" oo Gn o z'" oo Gin -
y E — |y 9 q
y 1 ¥
B[3.0[C > A o X[3..0]
B

xor2:X1

d fb——-——>cout

Xxor2:X2

A J

B

xor2:X3

A J1

B

AERY m—
@ Timing &nalyzer Tool EWE adderzubds vhd ] '@ adderzubds sl ] @ Simulation Report - Simul...
Simulation W aveforms
Simulation mode: Functional
b azter Time Bar: 11.278 hs 1| +| Pointer: 0pz Interval: 1128 nz Start: End:
0 psz 10.0ns 20.0ns A0 ns A0.0ns A0.0ns E0.0 hs 0.0 ns 0.0 ns 90.0ns 1000
Walue at I I I I I I I I I
Mame | 4929 ne 11.275 ns
o

| Ea B 1011 1007 %1 1091 % 001 % 000 % 7000 % 0011 % 000 % f000 % 0070 % 1000
E All] B1 |
| e 1 | | — 1
E AlZ] BO
| Al B1 I [
| HE B 0100 oomo oo WOODI0 Y 1010 Y 1000 Y 0001 ¥ 0700 Y 1000
E B[O] BO
E B[] BO I |
E B[2] B1 |
E B[3] BO
2 cout BO
E SEL BO
| @ B1111 1011 W 111 % 017 % 1000 % 1070 % 1101 % 1100 ¥ 1001 % 0110 ¥ 0000
o B | ]
o b E — —
EImr B1 | |
2 b | B1 |




@ Timing Analyzer Tool

l aE addersubds vhd

] '@ addersubds. vk

] @ Simulation Report - Simulation ...

Reqistered Performance

llsu ]tco ]lh

] Custam Delays ]

Slack | Required P2P Time | Actual P2P Time |From [To | A
1IN/ [None 10193 ne A TTO0T
2 [mes |Mome 10192 hi Al %3]
3 [ni [None 10188 ns SEL |couT
4 [Wa [Mone 10167 ns SEL [33)
5 [Wa [Mone 9.864 ns Bl |couT
6 [Ma |More 9.363 ns I
7 [Mes |More 5.820 ns A0 R
8 [Me [More 9.816 ns SEL [¥[1)
9 [Mas [More 9,693 ns A1) |cauT
T 9.692 ns A1 =3
i 9.607 ns A0 [®2]
12 [Mas |Mone 9.602 ns SEL [32)
13 [Mes IMone 9.484 ns Bl [341)
14 [Mes [None 9.305 ns A1 30
15 [Mas [None 9.278 ns Bl [342)
16 [Mis [Nome 9213 ns Bl2) |couT
i 8212 ns BIZ] [343)
18 [Més [None 8107 ns Al [®12)
19 [Wés [Mone 5.049 ns =
20 [N |More 5.048 ns B0l |03
21 [N |Nore 8.367 ns B3] |CouUT
22 [N |Nore 8,366 ns BIZl |13
23 [N [More 8.782 ns A0 [RI0]
24 [N [More 8.677 ns BIO] [%1)
%5 |N/a |None 8629 s BI2I |12l he
RTL Viewer(Dataflow):
Cc~6 ce7
SELL > I__D—DCOUT
c-a ___6 s
—>X[3..0]
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) >— ) >—
| I
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) > 1D ) >—
L
':)Sf
AB.OI y




@ Tirning Analyzer Toal

ab% addersubdd. vhd

] '@ addersubidd.

] @ Simulation Report - Simul__.

@ Timing Analyzer Tool

| &% sddersubdd vhd

] '@ addersubdd. vk

Simnulation W aw
Simulation miode: Timing
Master Time Bar: 11.275 ns 4| +| Pointer: B34 ns Interval: 5213ns Start: End:
0 ps= 200Nz 40.0 nz B0.0 nz B0.0 nz 100.0 ne 1200 ns
Walue at L L L L i i
Name 4128 ns LTS
B E A B 1101 ¢ 11 0010 Yy 1017 w0701 3 0770 % 1117 % 1707 % 0070 % 0770 x 1710 % 0710 ¥ o010
Iy B1 |
| | A[1] BO | | [
| | A2 B1 | N L | N
- &3] B1 |
% B B 1101 1007 %[ T100 3 1710 % 0071 3 0007 3 0770 3 1111 [N} 0000 Y 1100 )( 1110
= Eo B1 |
= B BO | | —
| > | B[Z] B1 |
| | B[3] B1 | |
|  cour B1 | 1 I .
- SEL EO
E [ = B 010 011 :K1EI1D:'(1000):(1110:'{0110)]:{1100 Y710 § 1700 10101%0110}[1010)( o070k 000
= I ] BO T
EXRE ! B1 I | | | | I
EIEE B1 T I I | |
| | =[3] B0 | | [ | I L

l @‘ Simulation Repart - Simulation W,

Fegistered Performance  tpd

ltsu I tco I th

I Cusztom Delays ]

Slack | Required P2P Time | Actual P2P Time |From [To |
1 [N/ [Mone 9214 ng B[] [%[2)
2 |Més |Mone 9.007 ng B[0] |%[1]
3 M [Mone £.990 ns SEL |®[2]
4 |Més [Mone B.905 s A0 (%[1]
5 |Més |[Mone £.833ns A1 %2
E M [Mone B.823ns B[] |=[1]
7 |Mes [Mone B.658 ng A3 |CouT
8 M |[Mone 8.637 ns B2l |®[2]
9 |Més [Mone B633ne A2l w2
10 |Més |[Mone £.600 ng A2 R3]
11 M [Mone B.471 s B[3] |COUT
12 |Més [Mone B.439 nz B[3] %3]
13 |Més |[Mone £.438 ns e
14 M4 [Mone £.300 ns AN =[0]
15 |Més [Mone B.299 nz SEL |%[1]
16 |Més |[Mone 8.230ns A R0
17 |Més [Mone 8217 ns B[O |=[0]
18 |Més [Mone B.213n: B[2] %3]
13 M [Mone £.093 ns SEL |CauT
20 |Més |[Mone B.073ns SEL |3

CONCLUSIONS:

This circuit is used as both an adder and subtractor depending on the selection input. if
selection line is 1 then it is subtraction and if zero addition. subtraction is done by complimenting
the number and adding. So the basic components used are full adder, xor gate and and gate.



4-bit CARRYLOOK AHEAD ADDER

AlM:

To develop a VHDL code for a four bit carrylook ahead adder.

EQUATIONS FOR 4-BIT CARRY L OOK AHEAD ADDER:
INPUTS:
A=A3A2A1A0 B=B3B2B1B0 Cin=CO0

OUTPUTS:
S=S352S1S0 Cout=C4

VARIABLES:
P=P0O,P1,P2,P3 G=G0,G1,G2,G3

EQUATIONS:
S0=A0 xor BO xor CO
G0=A0+B0

PO=A0B0

C1= G0+P0OCO

S1=A1 xor B1 xor C1
G1=A1+B1

P1=A1B1
C2=G1+P1G0+P1P0OCO

S2=A2 xor B2 xor C2

G2=A2+B2

P2=A2B2
C3=G2+P2G1+P2P1G0+P2P1P0CO

S3=A3 xor B3 xor C3

G3=A3+B3

P3=A3B3
C4=G3+P3G2+P3P2G1+P3P2P1G0+P3P2P1P0CO



VHDL Code: Structural Model

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_ARITH.ALL;//Standard packages available

ENTITY clads IS

PORT(A,B: IN BIT_VECTOR(3 DOWNTO 0);
CIN:IN BIT;COUT: OUT BIT; //Input and outputdeclaration
S:OUT BIT_VECTOR(3 DOWNTO 0));

END cla4s;

ARCHITECTURE struc OF cla4s IS
SIGNAL C:BIT_VECTOR(3 DOWNTO 1);
SIGNAL G,P:BIT_VECTOR(3 DOWNTO 0);
SIGNAL E:BIT_VECTOR(9 DOWNTO 0);//Signal declarations
COMPONENT and2bit IS
PORT(A,B:IN BIT,;
C:0UT BIT);
END COMPONENT;
COMPONENT or2bit IS
PORT(A,B:IN BIT,;
C:0OUT BIT);
END COMPONENT,;
COMPONENT or3bit IS
PORT(A,B,C:IN BIT;
D:OUT BIT);
END COMPONENT,;
COMPONENT or4bit IS
PORT(A,B,C,D:IN BIT;
E:OUT BIT);
END COMPONENT,;
COMPONENT orb5bit IS
PORT(A,B,C,D,E:IN BIT,;
F:OUT BIT);
END COMPONENT;
COMPONENT and3bit IS
PORT(A,B,C:IN BIT;
D:OUT BIT);
END COMPONENT;
COMPONENT and4bit IS
PORT(A,B,C,D:IN BIT;
E:OUT BIT);
END COMPONENT;
COMPONENT and5bit IS
PORT(A,B,C,D,E:IN BIT;
F:OUT BIT);
END COMPONENT,;
COMPONENT xor3 1S
PORT(A,B,C:IN BIT;
D:OUT BIT);
END COMPONENT;//Components used..declaration



BEGIN
X0:xor3 PORT MAP(A(0),B(0),CIN,S(0));//port mapping with
A20:and2bit PORT MAP(A(0),B(0),G(0));//basic components

020:0r2bit PORT MAP(A(0),B(0),P(0));
A21:and2bit PORT MAP(P(0),CIN,E(0));
021:0r2bit PORT MAP(E(0),G(0),C(1));
X1:xor3 PORT MAP(A(1),B(1),C(1),S(1));
A22:and2bit PORT MAP(A(1),B(1),G(1));
022:0r2bit PORT MAP(A(1),B(1),P(1));
A23:and2bit PORT MAP(P(1),G(0),E(1));
A30:and3bit PORT MAP(CIN,P(0),P(1),E(2));
030:0r3bit PORT MAP(E(1),E(2),G(1),C(2));
X2:xor3 PORT MAP(A(2),B(2),C(2),5(2));
A24:and2bit PORT MAP(A(2),B(2),G(2));
023:0r2bit PORT MAP(A(2),B(2),P(2));
A25:and2bit PORT MAP(P(2),G(1),E(3));
A3l:and3bit PORT MAP(G(0),P(2),P(1),E(4));
A40:and4bit PORT MAP(P(2),P(1),P(0),CIN,E(5));
040:0r4bit PORT MAP(E(2),E(3),E(4),G(2),C(3));
X3:x0r3 PORT MAP(A(3),B(3),C(3),5(3));
A26:and2bit PORT MAP(A(3),B(3),G(3));
024:0r2bit PORT MAP(A(3),B(3),P(3));
A27:and2bit PORT MAP(P(3),G(2),E(6));
A32:and3bit PORT MAP(G(1),P(2),P(3),E(7));
Ad4l:and4bit PORT MAP(P(2),P(1),P(3),G(0),E(8));
A50:and5bit PORT MAP(P(3),P(2),P(1),P(0),CIN,E(9));
O50:0r5bit PORT MAP(G(3),E(6),E(7),E(8),E(9),COUT);
END struc;

VHDL CODE: Data Flow

LIBRARY IEEE;

USE IEEE.STD_LOGIC 1164.ALL;

ENTITY counter4d IS

PORT(CLK:IN BIT;
Q:INOUT BIT_VECTOR(3 DOWNTO 0));

END counter4d;

ARCHITECTURE struc OF counter4d IS

COMPONENT fftasyn

PORT(T,CLK,RESET:IN BIT;Q,QINV:OUT BIT);

END COMPONENT;

COMPONENT and2bit

PORT(A,B:IN BIT;C:OUT BIT);

END COMPONENT;

SIGNAL Q_INV:BIT_VECTOR(3 DOWNTO 0);

SIGNAL A:BIT_VECTOR(2 DOWNTO 0);

BEGIN
TO:fftasyn PORT MAP('1',CLK,'0",Q(0),Q_INV(0));
A0:and2bit PORT MAP('1',Q(0),A(0));
T1:fftasyn PORT MAP(A(0),CLK,'0",Q(1),Q_INV(1));
Al:and2bit PORT MAP(A(0),Q(1),A(1));




T2:fftasyn PORT MAP(A(1),CLK,'0",Q(2),Q_INV(2));

A2:and2bit PORT MAP(A(1),Q(2),A(2));

T3:fftasyn PORT MAP(A(2),CLK,'0",Q(3),Q_INV(3));
END struc;

RTL Viewer(STRUCTURAL):
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RTL Viewer(Dataflow):
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TIMING ANALYSIS(STRUCTURAL):
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5[]
5[]
5[]
501
503
53]
503]
cout
cout
53]
cout
cout
5[]
5[2]
5[2]
5[3]
S5[3]
5[2]
5[]
S[1]
cout
couTt
5[0]
5[0]

3% CLA.vhd
Reaqistered Perfarmance tsLl ] tco ] th
Slack | Required P2P Time | Actual P2P Time |From [To |
1 MNAA  Mane 12.340 ns B[0]
2 |MMA Mone 12.239 ns CIN
3 [N [Mone 12.064 ng B[O]
4 |MA  Mone 12.054 ns B[0]
5 |MMA Mone 11.969 ns CIN
B [N/ [Mone 11.956 ng CIM
7 M Mone 11.945 ns A[0]
8 [N/ Mone 11.669 ns A[0]
3 [N [Mone 11.689 ng A[0]
10 |MAA | Mone 11.581 ns B[O]
11 [N Mone 11.488 ns CIM
12 [N/ |MNone 11.18E n= Al0]
13 N [Mone 10.012 ns B[1]
14 [N Mone 9978 ns Al1]
15 [N/ |MNone 9891 nz B[2]
16 [N/ Mone 9.804 s B[2]
17 |MAA [ Mone 9743 ns B[1]
18 |M/A Mone 9739 ns A2
19 |M/&  Mone 9.709 nis A[1]
20 |MsA  Mone 9.652 ns Al2]
21 [N (Mone 9.206 ns B[1]
22 (MM |Naone 9172 nz A1]
23 |NA |None 9.006 ns B[2]
24 (MM |Naone 8.857 ns B3]
25 (MM |None 3856 nz Af3]
26 [N |None 8.853 ns AlZ]
27 (MM |Naone 8730 ns B[1]
28 (WA |None 2,700 nz A1]
23 N |None 8.581 ns B[3]
30 (MM |Naone 8574 ns Al3]
3N [None 8,385 ns CIM
32 N |None 8.220 ns B[O]
33 (MM |MNaone 7826 ns Al0]

5[]



OUTPUT WAVEFORM(DATAFLOW):

Simulation W avefarms

Simulation made: Timing

taster Time Ear: 10775 ns 1| ¥| Pointer: 237 nz Interyal: 8.4 nz Start: End:
1 ps 200 ns 40.0 nz B0.0 ng 80.0 ns 100.0 ns 1200 ns
N Walue at I I I I i i
Eli= 10.78 nz 1D.?35 ns
| EHa B 00711 0007 0071 ¥ 1000 Y A0 W 107 % 1101 ¥ 007 % 000 o000 % o000
E Al B1 |
E Al] B1 |
| | Al2] BO | |
| A BO | |
i B B 0100 F 0000 W 0700y ool ¥ 1101 % 1111 Y IO00 000y 1010 % J000 by [
| | BI0] B0 | |
| B[] B0 [ I
| | B[2] BT || |
E B[3] BO |
E Cin BO
= B0 |- I
o 5 Boogr f ool 0111 1111 1D11jk1110}{11ﬂﬂj:|:(11111ﬁ0110 )@Q}(‘IDDDX‘IDD‘I 1001
| sl B1 | 1 s
| 50 B D 1 1] |
| | 3(2] BEO | | L1 U |
| | 03] BO I | L L i
TIMING ANALYSIS:
Registered Performance  tpd | sy Jtco | th | Custom Delaps |
Slack | Required P2P Time | &ctual P2P Time | From [ To |

1 M/ Mone 9890 ng Cin 5[4

2 M/ (Mone 9841 nz Cin  |S[3]

3 MsA  Mone 9714 ns Al0] 5[]

4 MsA  Mone 9691 s Cit | Cout

5 |NM Nane 9,670 nz A0 513

B |NM Nane 9,644 nz BIO] |S[2]

7 N/ [Mone 9601 ns B[O] | 5[4]

g M/ (Mone 9520 na Al0] | Cout

9 M/ (Mone 9451 nz B[O] | Cout

10 |MMA |None 9314 ne A3 53]

11 [N (Nane 9,283 nz A1 |5[3]

12 [N/ |Mone 9177 nz Cin [S[1]

13 [N/ |Mone 9141 hs Al1] (5[]

14 WA |Mone 9133 ns Al1] | Cout

15 M2 |None M3 ne B[1] |5[3]

16 [N (Nane 9,008 nz A0 5[]

17 [N/ (Nane 8,937 nz BIO] [S[1]

18 [N/ |Mone 2871 ns B[1] |5[]

19 [W/A |Mone 8863 ne B[1] | Cout

200 |M2A |None 8636 ns B[3] | 5[3]

21 |NM (Nane 8618 ns A[1] 5[]




22 |MiAs [Mone 8534 nz B[2] |5[2]
23 [N |Naone 8483 ns B[2] |5[3]
24 [N |Naone 8432 nz A[3] | Cout
25 |M/&  Mone 8383 n: Al2] |5[2]
26 (WA |Maone 8349 nz B[1] |S[1]
27 [N [Naone 8.340 ns Al2] |5[3]
28 (WA |None 8334 nz B[Z] |Cout
23 [W/& |MNone 8.222 ns Cin 5[0
30 (WA |Maone 8183 ns Al2] | Cout
(WA [Naone 8163 ns B[O] |S[0]
32 (WA |Naone 8029 ns Al0] | 5[0]
33 (WA [None 7751 ns B3] |Cout
Conclusions:

We find that when 2 4-bit no.s are given as input the output is a 4-bit sum vector
and a carry out.The delay in the generation of carry is 5 gates delay and is faster
than ripple carry adder.



4-bit comparator

Aim: To design a 4-bit comparator(behavioral and

structural model)

ENTITY:

A

(0-3)

B

/N N\

DESCRIPTION:

Comparison between A and B:

F1=1if A>B
F2=1if A=B
F3=1if A<B

Ly
—

F1

4-Dit

comparator EEEE— F2

BASIC COMPONENT:

2-bit comparator:

AQ,
Al

BO,
Bl

—

2-bit

comparator —>

F2

——» F3

C1

C2

C3



VHDL Code: Behavioral model;

LIBRARY IEEE;//standard library
USE IEEE.STD_LOGIC_1164.ALL;//importing the library.

/lentity declaration.

ENTITY comp4b IS

PORT(A,B:IN BIT_VECTOR(3 DOWNTO 0);
F1,F2,F3:0UT BIT);//inputs and outputs.

END ENTITY:; //end of entity declaration.

ARCHITECTURE behav OF comp4b IS

BEGIN

PROCESS(A,B)//sensitivity list.

BEGIN

IF(A(3)="0" AND B(3)="1)THEN F3<="1";F2<='0";F1<='0";
ELSIF(A(3)="1" AND B(3)="0)THEN F1<="1";F2<='0";F3<="0";
ELSE

IF(A(2)="0' AND B(2)="1)THEN F3<="1";F2<='0";F1<='0";
ELSIF(A(2)="1' AND B(2)="0)THEN F1<="1";F2<='0";F3<='0";
ELSE

IF(A(1)="0"' AND B(1)="1)THEN F3<="1";F2<='0";F1<='0";
ELSIF(A(1)="1' AND B(1)='"0)THEN F1<="1";F2<='0";F3<='0";
ELSE

IF(A(0)="0' AND B(0)="1)THEN F3<="1";F2<='0";F1<='0";
ELSIF(A(0)="1" AND B(0)="0")THEN F1<="1";F2<='0";F3<="0";
ELSE

F2<="1"F1<='0"F3<="0"

END IF;

END IF;

END IF;

END IF;

END PROCESS;

END behav;//end of architecture.

RTL viewer for behavioral.....



process0~7
ST R =
1 process0~6 F1-0 i B - 1 D .
:;] — F1-3 Froa x e
process0~5 ﬁ‘q‘ s F1-6
= CETR TR TS
process0-4 4/@ | [ T : o 7 Fo~4 F2-5 ¢ 5
.jD F3-3 foed L
processOf-0
Timing analysis.....
I Timing Analyzer Tool EE compdb.vhd
Registered Perfomance  tpd ltsu ] too ] th ] Custom Delays]
Slack | Required P2P Time | Actual P2P Time | Fram | To |
1 Mad | Maone 10,448 ng Al IF2
2 Mg |Maone 10,144 ng B2 F2
3 Mit |Mone 9924 nz B[3] |F2
4 Mt |Mone 9810 ns A2 (F2
] Mg |Mane 9743 ns A3 (F3
5 Mt |Maone 9736 n: A3 A
7 Mg |Maone 9685 ns A0l (F2
g Mit |Mone 9469 nz a0 A
3 Mid |Mone 9448 nz B[1] |F2
10 MM |Maone 9437 nz B[2] |F3
11 MM |Maone 9433 ns Bl2] |F
12 MM |Mone 9424 nz A1l |F2
13 |MN/ |Mane 9320 e E[1] |F1
14 M/ [Mone 9313 ns Bral |F2
Output waveform.....

Simni orms

Simulation mode: Functional
Master Time Bar: 91 ns 4| | Painter: 6.24 ng Interal: -2.86 nz Start: End:
0 pz 20.0ns 40.0 ns BO.0 s 80.0ns 100.0 ns 120.0 ns 140.0 nz 160.0 ns 180.0 n A
Name Walue at i i i i L L L L L
91 ns 91ns
L]

SR LN L D i i ALY D LD AR GAID om0
I B L 1
= an] BO 1 | | T R
| | Al2] EB1 [

= AR BO 1 1 1
E B B 0100 @ 0oy 1000 oon 0101 o001 x 1000 1100 1000 0oog
EI: BO — T
| | B[1] =] |
= Bl B | 1 I
E3 B3] BO 1 [ |

@ B IS S I S B
EI AN [ — T |

< > < >



Simulation % aveforms
Simulation mode; Functional

Master Time Bar: 91 ns 4| +| Painter: 4966 nz Intereal: 40.56 nz Start: End:

Walue at 0 ps ZD.ID ns 4D.ID ns BD.ID ns BD.ID ns 1DDiD ns 120iD ns 14DiD ns 1BDiD ns 1BDiD ns ~
Narne 91 s 9.1Jns
= A BO 1 1
| Al B1 |
[ o A[3] BO 1 1 1
= B BOI00  fOT00] 00 7000 b 1000
=| e BD 1 1
= I BO 1
= Bl B1 | 1 ]
Ld B3| BO 1 J |
2| B1 I e B
| F2 BO ] [
Lo F3 BO J | J | J | J |
| W
< < >

VHDL structural model:

LIBRARY IEEE; ;//standard library
USE IEEE.STD_LOGIC_1164.ALL; //[importing the library.

/lentity declaration.

ENTITY comp4s IS

PORT(A,B:IN BIT_VECTOR(3 DOWNTO 0);
Z1,72,73:0UT BIT) ;

END ENTITY:; //end of entity declaration.

ARCHITECTURE struc OF comp4s IS

//component declaration of two bit comparator.
COMPONENT compb2

PORT(A1,A0,B1,BO:IN BIT;

C1,C2,C3:IN BIT;F1,F2,F3:0UT BIT);

END COMPONENT;//end of component declaration.

SIGNAL X:BIT_VECTOR(3 DOWNTO 1);//signal declaration.

BEGIN

C0:compb2 PORT MAP(A(3),A(2),B(3),B(2),'0','1",'0",X(1),X(2),X(3));
Cl:compb2 PORT MAP(A(1),A(0),B(1),B(0),X(1),X(2),X(3),21,22,Z3),
END struc;//end of architecture.

RTL viewer:



compb2:C1

30>
B[3.0J—>

Timing analysis:

compb2:CO
A0
Al
BO F1
Bl F2
c— |c1 F3
1— [c2
c— |c3

AD
AL
BO
Bl
C1
Cc2
C3

F1
F2

. [—>71
72
>3

Registered Performance U ] tco ] th ] Custom Delays ]
%lack | Required P2P Time | #ctual P2P Time | From [Ta |

1 N/A | None 9.756 nz BlO] =3
(2 |wa [Mone  aEE2ne B[] |Z3
3 N/A |None 9.651 nz a0 |23
4 IN/A |None 94595 nz A1) |23
5 [N [None 9470 nz A2 |22
6 [N/ |None 9321 nz B3] =2
7N/ |None 9295 nz BlO] |21
(8 |N/&  |None 9229 nz A2 |21
'3 |N/& |None 9194 nz B[1] =1
10 N/A - |None 9183 ns A0 |21
11 N/A - |None 9145 s A2 |23
12 IN/A |None 9.080 nz B[3] =1
13 |N/A |None 9.032 nz A1 |21
14 MM (MNaone 9.008 nz Bl21 |22

Registered Performance  tpd ] tsu ] tco ] th ] Custom Delays ]

Slack | Required P2P Time | Actual P2P Time | Fram | Ta |

12 [N Maone
13 [N Mone
14 [N Mone
15 [N/ [Mone
16 [N Maone
17 [N/ [Mone
18 [N Mone
19 [N/ |None
200 [N Mone
21 |NMA  Maone
22 |N/A [Mone
23 |NMA  Maone
24 [N/ [Mone

Output waveform:

9.080 ng
9.032 ng
9.00E ng
3.002 ng
8.840 ng
8.803 ns
8.765 ns
8.717 ng
8.661 ng
8.E0E ng
8.583 ns
8.062 ng
8.065 ns

B[3]
A[1]
B[]
B[1]
A[1]
A1)
B[2]
B[]
B[]
A[0]
BZ]
A[3]
A3

21
Z1
z2
22
z2
22
Z1
Z2
Z3
Z2
21
23




Simulation W avefarms

Simulation mode: Functional

b aster Time Bar: 11.275 nz 1| +| Painter: B9 n: Interyal: 28 Edn: Start: End:
Value at 0 ps= 10.0ns 20.0ns 30.0ns 40.0 ng 50.0ns 0.0 ns 70.0ns | ~
Name | 1756 ne 2

g A B 1101 1001 %] 17101 % 1100 % 0100 % 0000 % 0001 % ooi0 % 11m
I B1 | — I
=4 A1) BEO
E Al B1 |
- Al3] B1 |
E B B 1000 1700 %] 1000 % 000 ¥ 0100 % 1010 % 0007 % 7000 ¥ 0000
I ED 1 T T
| B[] BO 1
EJ:E B0 [ | 1
e B1 - [ 1
= z1 Bl | l_
@ R — — h

< » < »

Simulation W aveforms

Simulation mode: Functional
b aster Time Bar: 11275 n: | +| Painter: 13Enz Ikteryal: 233Nz Start: End:
0 pz 10.0ns 20.0ns 30.0ns 40.0nz 50.0 s B0.0ns 70.0ns | ~
Name Yalue at
11.28 ns 11-255 ne

E Al1] BO
| | 4[2] B1 |
E Al3] B1 |

[ B B 1000 1700 ] 1000 % 0001 % 0100 % 7010 % 0001 % 7000 ¥ 0000
E B[O BO
E B[1] BO
E B[2] BO
E B[3] B1 I_
E Z1 B1 |
E 2 BO
E Z3 BO 2

< > < >

-4-bit comparator is realized using 2-bit comparator in structural method and
fully synthesized in behavioral model.

-The model is verified for different combination of inputs as shown in the
output waveform.



2:4 DECODER

AIM: To develop a VHDL code for a 2:4 decoder.

ENTITY:
10 —P> ——— YO0
2:4 [ M

DECODER | » v2

11 ——» ————» Y3

TRUTH TABLE

11 10 OUTPUT
0 0 YO
0 1 Y1l
1 0 Y2
1 1 Y3




VHDL code

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL,;

ENTITY dec24d IS

PORT(A,B,EN_L:IN BIT;
Q0,Q1,Q2,Q3:0UT BIT);
END ENTITY;

ARCHITECTURE dataflow OF dec24d IS

BEGIN

Q0<=(NOT A)AND (NOT B) AND (NOT EN_L);
Q1<=( A)AND (NOT B) AND (NOT EN_L):
Q2<=(NOT A)AND (B) AND (NOT EN_L);
Q3<=(A)AND (B) AND (NOT EN_L);

END dataflow;
TIMING ANALYSIS:
l EE dec24d vhd ] @ Compilation Report - Fla... I '@ dec24d vt ] @ Simulation R eport - Simul... ] @ Timing Analyzer Tool
Fegistered Performance ted l tsu ] tco ] th ] Custom Delays ]
Slack | Required P2P Time | Actual P2P Time [From [ Ta |
1 Még | Mane 2.704 1z & Q2
12 [M/A |[Mone 8704 na & Qo
13 |MAA |Mone 8.703 na & [f]l
4 M/ |Mone 3699 ns & a3
5 M/ |Mone 8546 riz EM_L Q0
_l 1B M |Mone 8.544 ns EN_L |33
?_ s |Mone 8543 e ER_L |02
18 [MAA |[Mone 2.542 ns EN_L |3
19 [M/A [Mone 2522 ns B Qo
10 M/ |Mone 8521 na B 3
A 83516 ns B 02
12 |MA Mone 8518 ns B o

OUTPUT WAVEFORMS:



Sirnulabion "W aveforms

Simulation mode: Functional

taster Time Bar: 10,025 nz 4| v| Painter: 20.58 ns |Hteryal:
N Walle at P ps 40.0ns 80.0 ns
Ame 10.03ns | [10025 ne
o
ot 1 BT L B
E B BO ] |
-] EnL BD —
(=¥ a0 B0 |[] T e
k= - S| Inmmmm —
| | 0z B0 M
| 03 BO
RTL Viewer:
EN L[> 51
A 3
o B, —e)
Q2~1
[ >Q2
) [ >01
Q0~1
D —>Qo
CONCLUSIONS:

-2:4 decoder is realized in dataflow model of architecture and the output waveform

-timing analysis is also obtained.




4 BIT pPARITYCHECKER

AlIM:To0 design a 4 bit parity checker.

ENTITY:

Al
A2

A 4

A3

A

Ad

A 4

TRUTH TABLE FOR PARITY CHECKER:

4BIT PARITY
CHECKER

Al A2 A3 A4 C
0 0 0 0 1
0 0 0 1 0
0 0 1 0 0
0 0 1 1 1
0 1 0 0 0
0 1 0 1 1
0 1 1 0 1
0 1 1 1 0
1 0 0 0 0
1 0 0 1 1
1 0 1 0 1
1 0 1 1 0
1 1 0 0 1
1 1 0 1 0
1 1 1 0 0
1 1 1 1 1

VHDL CODE:

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL,;//Standard packages available

ENTITY paritycheck 1S

PORT(X:IN BIT_VECTOR(3 DOWNTO 0);
C:OUT BIT);//Input and output declaration

END paritycheck;




ARCHITECTURE behav OF paritycheck 1S//Behavioral modelling

BEGIN

PROCESS(X)//Sensitivity list

BEGIN//Begin process

IF(X="0000" OR X="0110" OR X="1100" OR X="1010" OR X="1001" OR X="0101"
OR X="0011" OR X="1111")

THEN C<='0"

ELSE C<="1";//Assignment of output values.

END IF;//Syntax for ending if loop

END PROCESS;

END behav;
TIMING ANALYZER.. _
Timing Analyzer Taol l 468 pehk.vhd ] & Compilation Report - Fl.. ] 1] pehk. v ] & Simulation Report...

Simulation W aveforms

Simulation mode: Timing

taster Time Bar: 11.525 nz 4| *| Painter: 971 ns Interval: -1.82 ng Start: End:
0 ps 10.0 ng 20.0ns 30.0ns 40.0 nz 50.0 e B0.0 nz 0.0 ng 80.0n: 900 n4
Name Walue at P i i I i i i h ]
1153 ns 11.52;5ns
| | C B0 1 I
= ® BO100 0000 % 0700 (IEE 111 oo mmaj@m@m‘p@ 0000 07100 0y 0007
= X BO [o100] 1 ] | I
X BO
E B1 |
! BO
@ Timing Analpzer Tool l EE pchk. vhd ] @ Compilation Report - Fla... ] '@ pihk. wif
Registered Performance  tpd ltsu ] too ] th ] Custom Dela}ls]
Slack | Required P2P Time | Actual P2P Time | From | Ta |
1 Mg | Mone 10,423 v #0] C
2 Mt |Haone 10.096 ne ®[3 C
3 |Nea [Mone |9.786 ns W[2] T
4 Méd |Mone 9480 nz ®[1] C




Equal7

X(3..0]—=>

4 hf -

EQUAL

Equal6

EQUAL

Equal5

EQUAL

Equal4

process0~6

4 nf--

EQUAL

Equal2

ang--

EQUAL

Equal0

EQUAL

Equall

4 h6 --

EQUAL

CONCLUSIONS:




We find that when there are odd number of ones in a given number the checker output is
one and when there are even number of ones the checker output is zero. This is just a
parity checking code that can be used to detect but not correct error.



3-BlT PARITYGENERATOR

AlIM: 1o design a 3 bit parity generator

ENTITY:

Al
A2
A3

A 4

A 4

3BIT PARITY
generator

TRUTH TABLE FOR PARITY GENERATOR:

Al A2 A3 P
0 0 0 1
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 0
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1




VHDL CODE:

LIBRARY IEEE;//standard library.

USE IEEE.STD_LOGIC_1164.ALL,;

ENTITY paritygen IS

PORT(X:IN BIT_VECTOR(2 DOWNTO 0);
P:OUT BIT);

END paritygen;

ARCHITECTURE behav OF paritygen IS

BEGIN

PROCESS(X)//sensitivity list

BEGIN

IF(X="000" OR X="011" OR X="110" OR X="101")

THEN P<='0";

ELSE P<="1},

END IF;

END PROCESS;

END behav;

Output Waveform

a'hl_‘&‘ paritygen. vhd | @ Compilation Report - Flow Sum... | 'lﬂ paritpgen.wwk | &% Simulation Report - Simul__

Simulation Wa

Simulation mode: Timing

¢
¢
¢
=g
taster Time Bar: 10.025 na 4| | Painter: 275 ns Interyval: 17.48 ns Start: End:
0 pz 10.0 nz 200 nz 30.0nz 40.0 nz |
Mame Walue at L L L 1
10,03 nz 'ID.UEJE ng
= P B1 i L Ul | L] L |
| E X B 000 T Y poo ¥ oo ol yJjory 100 0% 000 it
= o) B0 | Ll | —1; |
| | =[] =] ]
E #[2] BO ] —
Timing Analysis
Registered Perfarmance  tpd | ks ] lco ] th ] Custom Dela_l,ls]
Slack | Required P2P Time | Actual P2P Time | From | Ta |
1 Mib Maone 10,733 ns ®[0] |P
2 [N |Mone 10.053 na X1 |P
3 M/ |None 9.BE1 nz HE P




CONCLUSIONS:

We find that when there are odd number of ones in a given number the generator output
is one and when there are even number of ones the generator output is zero. This is a
parity generating code that can be used to ensure that all numbers have even parity.



4X1 MULTIPLEXER

AIM: To design 4X1 multiplexer.

ENTITY:
A P>
> 4:1
B MUX
C P>
D P>
SO s1

TRUTH TABLE

S1 SO o/pP
0 0 10
0 1 11
1 0 12
1 1 13




VHDL CODE: (behavioral code)

LIBRARY IEEE;//standard library.
USE IEEE.STD_LOGIC_1164.ALL;//importing standard library.
USE IEEE.STD_LOGIC_ARITH.ALL,;

/lentity declaration

ENTITY 4mux1 IS

PORT(A,B,C,D:IN STD_LOGIC;
S0,S1: IN STD_LOGIC;
Q:OUT STD_LOGIC);

END 4mux1,

/lend of entity declaration

ARCHITECTURE behave OF 4mux1 IS
BEGIN
PROCESS(A,B,C,D,S0,S1)//sensitivity list.
BEGIN
IF SO="0' AND S1='0' THEN Q<="'A’;
ELSIF SO="1' AND S1='0' THEN Q<='B';
ELSIF SO='0' AND S1="1' THEN Q<='C};
ELSE Q<=D’
END IF;
END PROCESS;
END behave;//end of architecture.

Output waveform......




Simulation YW awvef

Simulation mode: Timing

taster Time Bar: 9875 ns 4| +| Pointer: 257 ns Interval: .3 ns Start: End:
0 pz 20.0 nz 400 nz EO.0 ns 30.0 nz 100.0 ne 1200 n4
Walue at 1 1 I 1 i
Mame 988 ns 9875 ns
|
(1 A B1
[ B BO |
T [ B1
(1 il BO
(1 S0 B1 |
[ 51 BO | | | |
o z B0 | I
< >

Timing analysis:

EE muxd1d. vhd | @‘ Compilation Report - Flo... | '@ “wfavefarmnd sl | @‘ Simulation Feport - Sinul... | E Timing Analyzer Tool
Fiegistered Performance  ted ltsu ] tco ] th ] Custam Delays]

Slack | Required P2P Time | Actual P2P Time | From [ To |

1 MéA  Mone 8.858 ns 51 el
2 |M/s |None 3781 s 30 |2
(3 |Mis |None 3678 nz o z
14 MAA [Mone BE10n: B z
15 MAA [Mone 7818 ns A2
B |M/A |None 7.B07 na C z

RTL-view:




D Z~9
— Y\
SO
S1]J _'/
Cl Z~6
O )
-
: Z~10
Z~1
Al —-—b .
_
Bl Z~3
Y\
-
L4
Conclusions:

-4X1 multiplexer was realized using behavioral model as the architecture.

- The 4X1 multiplexer verified for various combination of inputs.



16X1 MULTIPLEXER USING 4X1 MULTIPLEXER

AlIM: 1o design 16X1 multiplexer using 4X1 multiplexer.

ENTITY:
I0 —¥
N 4X1
mux
12
13 »
7y y'y
14 —>
N 4X1
mux
16
17 —” >
7'y yy 4X1
18 ——> g
o 4X1
mux
110
111 »
yy y'y
S2 S3
112 ——
3 4X1
mux
114
115 »
A A
S0 S1

BASIC COMPONENT:

mux - »



4X1 multiplexer:

TRUTH TABLE:
1)BASIC COMPONENT:
S1 S0 o/pP
0 0 10
0 1 11
1 0 12
1 1 13
2)ENTITY:
S3 S2 S1 SO o/p
0 0 0 0 10
0 0 0 1 11
0 0 1 0 12
0 0 1 1 13
0 1 0 0 14
0 1 0 1 15
0 1 1 0 16
0 1 1 1 17
1 0 0 0 18
1 0 0 1 19
1 0 1 0 110
1 0 1 1 111
1 1 0 0 112
1 1 0 1 113
1 1 1 0 114
1 1 1 1 115
VHDL CODE:

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_ARITH.ALL;//Standard library packages
ENTITY MUX161s IS
PORT(A:IN STD_LOGIC_VECTOR(15 DOWNTO 0);
S: IN STD_LOGIC_VECTOR(3 DOWNTO 0);
Z:OUT STD_LOGIC);//input and output declaration
END MUX161s;

ARCHITECTURE struc OF MUX161s IS

SIGNAL 71,722,23,Z4:STD_LOGIC;

COMPONENT mux41b 1S//Basic component

PORT(A,B,C,D,S0,S1:IN STD_LOGIC;
Q:OUT STD_LOGIC);

END COMPONENT;

BEGIN




M1:mux41lb PORT MAP(A(0),A(1),A(2),A(3),S(0),S(1),21);

M2:mux41b PORT MAP(A(4),A(5),A(6),A(7),S(0),5(1),22);

M3:mux41lb PORT MAP(A(8),A(9),A(10),A(11),S(0),S(1),23);

M4:mux41b PORT MAP(A(12),A(13),A(14),A(15),5(0),5(1),z24);

M5:mux41b PORT MAP(Z1,22,23,24,5(2),S(3),Z);//mapping
END struc;

Simulatiaon ‘W aveforms

Simulation mode: Timing
Mazter Time Bar:| 18.375n: 4| ¢|Pointer: | 170pz  Interval: | -18.21 ns Stark; End:
1 pz 100 hs 200 ns 0.0 na 40.0 80.0 ne GO0 ns
N Walue at ] ] 1 ] ] ]
ame 18.38 ns 18-355 s
> 0] B 1 R
(1 I[1] BO
(1 I[2] BO
(1 I[3] BO
" +[0] E 1 i
2 s[1] B 1 R
v B 1 1 LT
nott:N1 andd3:A0
orr4:0
al3
s[0.1E a2 a4 alf a17
— o e Y
nott:N2 ] =
a2 a3
andd3:Al
andd3:Ad4 s
al4 alg |——
al3 al5
al4 a1l p——
als
andd3:A3
0.3 a3
al4 al
als




a8 mus_str.whd ] &4 Compilation Repart - Flo... ] & Simulation Repart - Simul... l & RTL Viewer ] B3 Timing Ar

Fegistered Performance  tpd ] tsul ] tco I th I Custom Delays]
Slack | Requied P2P Time | Actual P2P Time | From [ To |
1 M/2  [Mone 13.643 ns 0] -
2 M2 |Mone 12.665 nz (0] Y
3 Mig  |Mone 11.353 nz A
4 M2 |Mone 10.587 ns 2] |y
5 N/ |None 10.254 ns I |y
E M2 |Mone 9,829 ns 3] |y
CONCLUSIONS:

We find that we can realize 16:1 mux using four 4:1muxes.The higher
order selection lines are used to select one of the outputs from each of the
four basic muxes and the lower ones as selection inputs to the basic
multiplexers. Thus one of the 16 input lines is selected.



3:8 DECODER USING 2:4 DECODER

Aim: To realize 3:8 decoder using 2:4 decoder.

Entity:
> QO
A —» — Q1
3:8 Q2
B DECODER [—— Q3
— > Q5
L » Q6
L, Q7
TRUTH TABLE:
3:8 DECODER
A B C Q0 [Q1 [Q2 [Q3 o4 o5 o6 [0Q7
0 0 0 1 0 0 0 0 0 0 0
0 0 1 0 1 0 0 0 0 0 0
0 1 0 0 0 1 0 0 0 0 0
0 1 1 0 0 0 1 0 0 0 0
1 0 0 0 0 0 0 1 0 0 0
1 0 1 0 0 0 0 0 1 0 0
1 1 0 0 0 0 0 0 0 1 0
1 1 1 0 0 0 0 0 0 0 1
VHDL CODE:

LIBRARY IEEE;//standard library
USE IEEE.STD_LOGIC_1164.ALL;//importing the libraray
/lentity declaration...
ENTITY decoder38 IS
PORT(A,B,C:IN BIT;
Q0,01,Q2,Q3,04,05,Q6,Q7:0UT BIT);
END ENTITY;
/lend of entity declaration.




ARCHITECTURE struc OF decoder38 IS

/[component declaration..

COMPONENT decoder24 IS

PORT(S0,S1,EN_L:IN BIT;Q0,Q1,Q2,Q3:0UT BIT);
END COMPONENT;

COMPONENT INVERT
PORT(A:IN BIT;B:OUT BIT);
END COMPONENT;

/Isignal declaration..
SIGNAL CINV:BIT;

BEGIN

10:INVERT PORT MAP(C,CINV);

DO0:decoder24 PORT MAP(A,B,C,Q0,Q01,02,Q3);
D1:decoder24 PORT MAP(A,B,CINV,Q4,0Q5,Q6,Q7)
END struc;//

RTL View:

INVERT:I0 decoder24:D1
o —{— >4
CJ A B Egl_L o 05
< Q] ———— >Q6
@ —1L>Q7

decoder24:D0

wne [ >Q0
A o ¢ [ >Q1
B| o @ [ >Q2
o [ >Q3

Output Waveform:




EE decoder38.vhd

] @ Simulation Repor

l @ Compilation Report - Flow Surmn... ] @ W avetomn . vk

Timing Analysis:

Sirnulation W avefoms
Simulation mode: Functional
Master Time Bar: 11.275 ns 1| +| Painter: 8.9ns Interval: 238 ng Start; End:
[ pz 200 he 40.0 e GO0 he 230.0 e 100.0 hz 1200 ng 1
Name | 1 atue a TN2%ns ' ' ' ' '
28 ng ¢
| A B 1 . [ ¢ 1 i T
B B 1 | | ]
[ C E1 | ]
o Qo B0 | | [
o g 31 B0 |
o g (2 BN
o o3 ED ] ]
o g 24 B0 1
o 2 Q5 BO ]
Lo g Q6 B0 ]
4 a7 E1 |
<




Fiegistered Performance  tpd ltsu ] boo ] th ] Cuiztam Dela_l,ls]

Slack | Required P2P Time | Actual P2P Time | From | To |
1 MNAt MNone 9.067 nz &, 4
2 [M# |Mone 9.063 ns & av
3 [N |Mone 9.062 ns & G5
4 M4 | Naone 9.054 nz & Qz
5 Mt |Maone 8.879 nz C G5
E M4 | Maone 8.878 nz C az
i MNAt | Mone 8874 nz C 4
8 Mt | Mone 8.870 nz C a7
3 Mt | Mone 8.83 nz &, (W]
10 [MA%  |Mone 8833 ns & ao
11 [M# |Mone 8.831 ns & a1
12 [M#  |Mone 8.826 ns & a3
13 MM [Mone 8.802 nz B G5
14 |MNMA (Mone 8.800 nz B az
15 [N |Mone 8.793 nz B G4
16 M [Mone 8.792 nz B a7
17 M [Mone 8647 nz C a3
18 M [Mone 8.645 nz C a1
19 [M#  |Mone 8.644 nz C (B
20 [M# |Mone 8.640 ns C (B
21 MM [Mone 8.569 nz B [3
22 |MM [Mone 8.567 nz B a1
23 |MAA |Mone 2.566 nz B Qe
24 MM [ Mone 8.559 ng B (]|
Conclusion:

-we can realize higher order decoder using lower order decoder.
-The decoder truth table was verified by giving different inputs.



D FLIPFLOP

AIM: To develop a VHDL code for D flipflop.

ENTITY:
» D Q ———
» Clk Q —
A
RESET’
TRUTH TABLE
T Qin OUTPUT
0 0 0
0 1 0
1 0 1
1 1 1




VHDL CODE

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY ffD IS
PORT(D,CLK,RESET:IN BIT;
Q,QINV:OUT BIT);
END ffD;
ARCHITECTURE behav OF ffD IS
BEGIN
PROCESS
BEGIN
WAIT UNTIL CLK="1' AND CLK 'EVENT;

IF(RESET="1") THEN Q<='0";QINV<="1";
ELSIF D="1' THEN Q<="1";QINV<="0";
ELSE Q<='0:QINV<='1";
END IF;
END PROCESS;
END behav;

Output waveform:

a@ ffD.whd I @ Caormpilation Fepart - Flow Surm... ] '@ fiD. wewf

] @ Simulation Report - Simu....

[l Simulation W aveforms
1t | Simulation made: Timing
"
4
L
1 |Master Time Bar: 11.525 ns 4| +| Pointer: 210 ps Intersval: 11.32 ns End:
] 0 ps 10.0 hig 200 nz 30,0 ng 40,0 ng 50.0 ng E0.0
4 ame “Yalue at v v I I v 1
: 11.53 ns 11.52JE ns
| |
I [ g CLE. B1
1 u] B | |
= - BO
2 QINY B1
1 RES... BO

Timing analysis:




EE fD. whd ] @ Compilation Report - Fla... ] '@ FEDY . wiuf ] @ Simulation Repart - Simul... |
Regigtered F'erh:nrmance] tpd tsu ]tca ] th ] Cuztom Delaysl
Slack | Required teu |Actualtsy [From |[To | ToClock |
1 Mad |Mone 3849 n: | RESET L~reg0 CLE
2 Méd |Mone 3413nz D [1~reg0) CLE
EE ffD.«hd ] @ Compilation Report - Flo... l '@ FEDH v ] @ Simulation Report - Simul... ] E
Reqistered Perfnrmance] tpd l taul tco ] th ] Cuztam Dela_l,ls]
Slack |Required too | Actualteo | From [ To | From Clock |
1 Mot Mone EA1En:  |Q™regld OINY CLE
2 Mt |Mone ElEn: |Q™regld CLE.
EE fFD . whd ] @ Compilation Repart - Flo. . ] '@ FED. e ] @ Simulation Repart - Simul..
Fegiztered Performance] tpd ] (el ] tco th }Eustom DElEI_I.JS]
Minimum Slack | Requied th |Actualth [From |[Ta | ToClock |
1 [ Er M one 3361 ne (D L1~ reqQ| CLE,
2 R ErS Mone 3797 ns |RESET ™regl CLE
RTL-viewer:

RESETD—-—"\I\‘ Q-reg0
PRE
D 0 5 o Q

c~‘y
Q-0 ENA
CLK] CLR
QINV~reg0
0 PRE
o D Q >QINV
QINV~0 ENA
CIR

Conclusion:
-The truth table for delay flip-flop is verified.
-also the RTL and timing analysis were obtained.



T -FLIPFLOP

AIM: To develop a VHDL code for T flipflop.
ENTITY:

S cKk Q

RESET’

TRUTH TABLE

T Qin OUTPUT
0 0 0
0 1 1
1 0 1
1 1 0
VHDL CODE
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL,;
ENTITY ffT IS

PORT(T,CLK,RESET:IN BIT;
Q,QINV:OUT BIT);
END ffT;
ARCHITECTURE behav OF ffT IS
SIGNAL S:BIT;
BEGIN
PROCESS
BEGIN
WAIT UNTIL CLK='1' AND CLK 'EVENT;
IF(RESET="1)THEN S<='0";
ELSIF T="1' THEN S<=NOT S;




END IF;
END PROCESS;
Q<=S;
QINV<=NOT S;
END behav;

Output waveform:

B3 Timing Analyzer Tool | 3'33 ffT .whd | @' Compilation Report - Fl... | '@ T v | & Simulation Report... '

Wl Sirnulation ' aveforms
i | Simulation mode; Timing
L
+ |Master Time Bar: 11.525 hs 4| +| Painter: 547 px Interval: 10098 ne Start: End:
l Value at 0 ps 1D.ID nz ED.ID nz 30.!3 N 4EI.IEI ng SD.ID nz EEI.!J N ?EI.IEI nz SD.ID nz SD.!J nz ‘IEIDiD N |
! MName | 9153 DRI
| B
S B1 | I L
| | 0 BED
| | QMY B1
| | RES... ED
| | T BED
Timing analysis:
£} Timing Analyzer Tool | 65 1T vhd | € Compilation Report - Fla.. | 1) T vt

R eqistered F'erh:urmance] tpd = ]tcu:u ] th ] Custom Dela_l,ls]

Slack | Required tsu | Actualtsu |From | To [ To Clock |
1IN/ [None 3B48ns |RESET|S |CLK
2 MNis  [MNone 3653 ns [T 5 |CLK
() Timing Analyzer Tool | £o& AT vhd | & Compilation Report -Flo.. | T T vt | & sic

Regigtered Performance l tpd l =20 tco l th l Cuztom Delaps l

Slack |F|equired tco |ﬁ1‘-.|:tual tco |Fru:um |Tn |Frnm Clack. |
1 MNAA Mane E916ns |5 OIMY| CLE.
2 |M#A [Mone EJEn: |5 O |CLK
£} Timing Analyzer Tool | &% T vhd | € Compilation Repart - Fla_. | 1) #T vt | € simulati

Reqiztered Performancel tpd ] tsul ] tco th lEustom Delays]

Minimum Slack | Required th | Actualth | From | To | To Clock |
1 M, Mone 360 ns | T S |CLK
2 N/ Mone 3736 ng |RESET|S  |CLK




RTL view:

TT—>
] S
0 PRE
’D 1, S C>Q
S~0 - ——CO[>QINV
CLK]| - ENA
RESET] SEL
Conclusion:

-The truth table is verified for the toggle flip-flop.
-RTL-viewer and timing analysis is also obtained.



4-bit ASYNCHRONOUS UP-DOWN COUNTER

AIM: To develop a VHDL code for a four bit asynchronous up-down counter.

ENTITY:
Vce
» TO QO > 1 Q1 >
10
10
11
Q0* » 1 > Q1*
Sel
QB T3 | < @ T2 ¢
10
«— W 4 11 Q2*

BASIC COMPONENTS: (1) T-FLIPFLOP

(2) 2:1 MULTIPLEXER




TRUTH TABLE FOR BASIC COMPONENTS:

T-FLIPFLOP:
I/P PS NS
0 Qn Qn
1 Qn Qn*

2:1 MULTIPLEXER:
Input lines: 10, 11

Sel z
0 10
1 11
VVHDL Code:
library ieee;

use ieee.std_logic_1164.all;//standard library packages

entity bit4audcounter is

port(s,clk:in std_logic;qg:inout std_logic_vector(3 downto 0));//i/p and o/p declaration
end bit4audcounter;

architecture struc of bit4audcounter is

component mux21//declaration of basic components used
port(a,b,s:in std_logic;y:out std_logic);

end component;

component fft

port(t,clk,reset:in std_logic;q,q_inv:inout std_logic);
end component;

signal m:std_logic_vector(2 downto 0);

signal g_inv:std_logic_vector(3 downto 0);

begin //mapping

t0:fft port map('1',clk,'0',q(0),q_inv(0));

mO0:mux21 port map(q(0),q_inv(0),s,m(0));

t1:fft port map('1',m(0),'0',q(1),q_inv(1));
ml:mux21 port map(q(1),q_inv(1),s,m(1));

t2:fft port map('1',m(1),'0',q(2),q_inv(2));
m2:mux21 port map(q(2),q_inv(2),s,m(2));

t3:fft port map('1',m(2),'0',q(3),q_inv(3));

end struc;



RTL Viewer:

ffta:TO

mux21:M0

CLK>——— [ox
C— |RESET N
o

T >

i

9 [ q i mue1:M2
= Qny 3 o ——r [ox ffta:T3
o q A
s o [reser N

fta L muw21:mML

ffta:T2

1 [ox

| & 9
s o [Reser g
[T %OQB 0]
T

s>
OUTPUT WAVEFORM:
Simulation % aveforms
Simulation mode: Functional
tdaster Time Bar: 10778 ns 4| +| Pointer: 158,75 ns Interval: 147 38 ns Start: End:
0 ps 40,0 ns 80.0 ns 120.0 ns 160.0 ns 200.0 ns 240.0 e
Mame Walue at e I i i i i i
10,78 ns - d ng
| CLK Bo LI
| Ha B2z L
| oo BZ
<& | o] BEZ
@] o BZ
| oE BZ
2 BO |
Lod R T -R B A | S g R g SRR NS g SE B ) SR pR A g SR pR EE g SR RN EE))
| aflresut B1o | | | | | | 1 | | | | |
| | oEesat| BT LT L] L] i 4 i
| o@Eresut BT | ] [ T T O R
TIMING ANALYSIS:
Registered Performance ] tpd ] bzu l th ] Custam Delays ]
Slack | Required tco |.ﬂ-.|:tual boo | From | To | From Clock. |
1 Mg |Mane 11.980 me |ffea: T35 | Q3] CLE
2 Mg |Mane 11.003 me |ff&:T3IS| Q03] 5
3 Mt |Maone 10143 me |FRAT 2|5 | Q2] CLE
4 MAA [ Maone 91BE nz  [fiA:T2IS|Q[2]|S
5 MM (Mone 8.302ne  |fRATIS| Q1] CLE
E MA4 | Mone 7328 ne  [fRATAS| QS
7 M4 | Mone B.A14ns [fiA:TOIS| QO] CLE

Conclusions:

We find that the counter acts as an up counter when s=1 and down counter when s=0.
We also verify that output of one flipflop actys as the clock for the next..thus resulting in
uniform counting.



4-bit SYNCHRONOUS UP-DOWN COUNTER

AIM: To develop a VHDL code for a four bit synchronous up-down counter.

ENTITY:

Q1
Vce

O Q0 T Q1 | »

r
—
=
Y
—
:/

Qo* » I T L QL

Sl

Q2

Q3

F

Q3 T3 Q2 T2 [T

Q2

BASIC COMPONENTS: (1) T-FLIPFLOP
(2) 2:1 MULTIPLEXER
(3) AND



TRUTH TABLE FOR BASIC COMPONENTS:

T-FLIPFLOP:
I/P PS NS
0 Qn Qn
1 Qn Qn*

2:1 MULTIPLEXER:
Input lines: 10, 11

Sel Z
0 10
1 11

2 INPUT AND GATE

Input Lines
A B OUTPUT
0 0 0
0 1 0
1 0 0
1 1 1
VVHDL Code:
LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;//standard library packages
ENTITY counter4uds IS
PORT(CLK,S:IN BIT;
M:OUT BIT_VECTOR(3 DOWNTO 0));//i/p and o/p declaration
END counter4uds;
ARCHITECTURE struc OF counter4uds IS
COMPONENT ffta //declaration of basic components
PORT (T,CLK,RESET:IN BIT;Q,QINV:OUT BIT);
END COMPONENT;
COMPONENT mux21 1S
PORT(A,B,S:IN BIT;Q:0OUT BIT);
END COMPONENT;
COMPONENT and2bit
PORT(A,B:IN BIT;C:OUT BIT);
END COMPONENT;
SIGNAL Q_INV,Q:BIT_VECTOR(3 DOWNTO 0);
SIGNAL A:BIT_VECTOR(2 DOWNTO 0);




BEGIN//mapping
TO:ffta PORT MAP('1',CLK,'0',Q(0),Q_INV(0));
A0:and2bit PORT MAP('1',Q(0),A(0));
T1:ffta PORT MAP(A(0),CLK,'0,Q(1),Q_INV(1));
Al:and2bit PORT MAP(A(0),Q(1),A(1));
T2:ffta PORT MAP(A(1),CLK,'0,Q(2),Q_INV(2));
A2:and2bit PORT MAP(A(1),Q(2),A(2));
T3:ffta PORT MAP(A(2),CLK,'0,Q(3),Q_INV(3));
MO:mux21 PORT MAP(Q(0),Q_INV(0),S,M(0));
M1:mux21 PORT MAP(Q(1),Q_INV(1),S,M(1));
M2:mux21 PORT MAP(Q(2),Q_INV(2),5,M(2));
M3:mux21 PORT MAP(Q(3),Q_INV(3),S,M(3));

END struc;
RTL Viewer:
and2bitAD : fta:T3 )
a0 and2bitAl andobicA2 C mu1M3
—— oK
CLK> K ar | A 0 [ReseT § i
' B faTl , r b [ Q B
(] [REsET ' fiaT2 B —— [s
Hr [3.0]
oK
Hier - ——
mu21:MO [0 ! (- |Reser T
- I moeLit ;¢ —‘l mum:wJ
A
B0 A
T s : q Lk
—— |5
Output waveform:
wf ] @ Simulation Repo
kA sE O # 2 B 4|
ST T T T T T
L
+ [Master Time Bar: 10.775 nz 4| | Painker: 2EB9n: Interval: 8.09 ns Start: End:
] 0 ps 400 ns a0.0 ns 1200 ns 160.0 s 200.0 hs 2400 s 2800 ns 320
Mame Value at 0775 ] I i i i i i
! 10.78 ns " ns
| |
= BT S B0 [T
= EM R T ({000 0 G0 T 4 G 8 0O 00 L O () 0 D
| | M[0] B0 [ |
E=d I - A e A A A e E Ay A A e A e e
| | M[2] B1
EIE B1 | 1 | L
| | 5 B1 |




Timing Analysis:

Reqgiztered F'erf-:urmanu:e] tpd ] kzLl tede] lth ] Cushom Dela_l,lsl

Slack. |Hequired koo |.-’-'-.n:tual boo |Fr|:|m |T|:| |Fr|:|m Clock. |

1 fN/A  MNone 7E3 nz |f TS M[T] CLE
2 M |MNone 7461 ns  |Fit&: T35 | M[3]| CLE
3 M [Mone |7.265 ns | fita: TOIS | M[0]| CLE
4 M [None 7.260ns  |Fita:T215| M[2]| CLK

CONCLUSIONS:

We find that the synchronous up down counter is driven by a common clock and thus
there is uniform propagation delay. We also verify that this counter acts like an up
counter when s=0 and down counter when s=1
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