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Quizzes (at the beginning of lecture) 10%
Exam 1 : 20%

Exam 2 : 20%
Lab : 54 %

= VHDL code for RC5
= Simulation for RC5 (Meaningful simulation snapshots)
= Possibly downloading designs onto FPGA and verify them

Office hours

—

Tues, Wed, Thur 11:00 AM to -12:00 PM.




Introduction

WHAT

= VHSIC Hardware Description Language

= V=Very High Speed Integrated Circuit

= HDL=Describes behavior, data flow, structure

WHY

= Shrinking design cycle

Simulation and formal verification

Synthesis

Reliable design process (eliminate design errors)
Documentation and requirements specification

HOW
= Focus on Synthesizable VHDL Models
= Verify behavior and timing using various CAD tools
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VHDL Modeling Capability

_ oemoomieny =

Transistor Gate ASIC Board System

w  Develop Gate, Block and ASIC level VHDL models



Top-down VHDL-based design
methodology

VHDL Description

: 1

Functional Simulation

: 1

Synthesis
Timing verification

: 1

Floorplan, placement and routing




Describing a Digital Design in VHDI

=External Interface (Entity declaration)
=Describes ports of a module
=Input-output
=\Width
=Type
=|nternal Implementation (Architecture)
=Describes
= Structure
= Functionality



Entity Declaration
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entity name port name port direction

entity or_and js

port (a, b, c:i biu\
0: out bit); port type

end entity or_and,
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Architecture Body 3
(X
. o
entity name
/ A ——j ) D
architecture Do_it of or_and is B— R
signal D: bit; D—» O
begin C ]
D <= A or B;
O <=D and C;
end Do _1t;
architecture Do it of or_and is Concurrent Statements
signal D: bit; m Can be synthesized and simulated
begin : : :
O <=D and C: m Order of statements is not important
D <= A or B;

end Do it;



OR-AND Gate VHDL Model

library IEEE;
use IEEE.std logic_1164.all;

entity or_and is
port ( a, b, c: in bit;
0: out bit );
end entity or_and;

architecture Do it of or_and is
signal D: bit;
begin
D <= A or B;
O <=D and C;
end Do _1t;
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Circular left shift by One

library IEEE;

Input
use IEEE.std logic_1164.all; P
entity Circular_shift_left_1is Output
port (

In28 : in std_logic_vector(27 downto 0);
Out28 : out std_logic_vector(27 downto 0));
end Circular_shift_left_1;

architecture Do it of Circular_shift_left 1 is
begin
Out28(27 downto 1) <= In28(26 downto 0);
Out28(0) <= In28(27);
end Do it;




NANDXOR Model 1

Entity NANDXOR is
port (

A,B, C :in bit; D: out bit);
end NANDXOR;

architecture RTL of NANDXOR is 'g _»}T
signal T : bit; - _T} 5
begin )

pO : T <= A nand B after 2 ns;
pl: process (T, C)
begin
D <=T xor C after 3 ns;
end process pl;
end RTL;



Simulation of NANDXOR

10 20 30 40

--NANDXOR

| I | ] 1 L1 | T I | ] 1 L1 | T I |

IT1T1Trrri LI rrTrrrrrrrrrrnril L1 71 FT1TTrrrrri
--force file A
force A0 O;
force A 1 20: B
force B 0 O; T
force B 1 30; c
force C 00
force C 1 10; D |_
force C 0 40:;




NANDXOR Model 2

Entity NANDXOR is
port (
A,B, C: in bit; D: out bit);
end NANDXOR;

architecture DELTA of NANDXOR is
signal T : bit;
begin

pO : T <= A nand B;

pl : process (T, C)

begin

D<= T xor C;

end process pl,;

end DELTA;
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Simulation
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VHDL Data Objects

=l Constant
m Cannot be updated
m Can be declared inside or outside a process

= Variable
® Can be initialized
m Updated as soon as a variable assignment stmt is executed

m “:=" |s used for variable assignment
m Used for local storage in processes, procedures and functions
=l Signal

m Models a physical wire

m |f not initialized, default value is the left-most value of its type
m Ports are signals

m “<="|s used for signal assignment



VHDL Basic Data Types

mSome Predefined VHDL Data Types
mBit: ‘0 or ‘1’
mBoolean: FALSE or TRUE
minteger: range -(23!-1) to +(2*31-1)

mEnumerated Data Types
mExample 1: type color is (red, green, yellow);

signal A: color;
A <= green;

Some Attributes
m color’left is red
™ color’right is yellow

= Example 2: type state type is (sO, s1, s2, s3);

signal state: state _type := sl




VHDL Record Data Types

constant length: integer := 8;
subtype byte vector is bit_vector (length-1 downto 0);
type byte _and_ix is record
byte: byte vector;
IX: integer range O to length;
end record,

signal x, y, z: byte_and_x;

Write (read) to a record by field name
X.byte <=“110011007;
XX <= 2;

Write (read) to a record by record name
y <=X,




VHDL Array Data Type

mUnconstrained Arrays
type std_logic_vector is array (natural range<>) of std_logic,
type bit_vector is array (integer range <>) of bit; 55

variable sample_vector: bit_vector (2 downto -3);

mConstrained Arrays

subtype skey56set is std_logic_vector(55 downto 0);

type key 56 tblis array (O to 5) of skey56set;

mArray Attributes

aa|lbhlwWw|IDN|IFP|O

sample _vector’leftis 2 sample_vector’right is -3

sample_vector’high is 2 sample_vector’low is -3
sample_vector’length is 5 sample_vector'range is (2 downto -
sample _vector'reverse range is (-3 to 2)

w

)



VHDL Package

library IEEE;
use IEEE.std logic_1164.all;

package DEAL128PACK is
subtype Nkeyi is std_logic_vector(47 downto 0);
type fixed_key tblis array(0 to 15) of NKeyi;
end DEAL128PACK;
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Array Attributes

library IEEE; use IEEE.std_logic_1164.all;
entity P_box is port (
In32 : in std_logic_vector(31 downto 0);
Out32 : out std_logic_vector(31 downto 0));
end P_box;

architecture Do _it of P_box is

type In32array_type is array (0 to 31) of integer;

constant In32table : In32array_type := In32array_type (
15, 6,19,20, 28, 11, 27, 16, 0,14, 22, 25 4,17, 30, 9,
1,7,23,13, 31, 26, 2, 8,18,12, 29, 5, 21,10, 3,24);

begin
Works for any

rocess (In32
P ( ) sized table

begin
for i in In32table'Range loop
Out32(i) <= In32(In32table(i));
end loop;
end process
end Do _it;



Permutation Box

Output




Data Dependent Rotation

LIBRARY IEEE;
USE IEEE.STD_LOGIC _1164.ALL;
ENTITY leftrotate IS
PORT (a: in STD_LOGIC_VECTOR(31 DOWNTO 0);
b: in STD_LOGIC_VECTOR(31 DOWNTO 0);
0: out STD_LOGIC _VECTOR(31 DOWNTO 0));
END leftrotate;

ARCHITECTURE rtl OF leftrotate IS

SIGNAL ab_xor: STD_LOGIC _VECTOR(31 DOWNTO 0);
BEGIN

ab_xor <= a XOR b;




O=(A XOR B) <<<B

WITH b(4 DOWNTO 0) SELECT

O<= ab_xor(30 DOWNTO 0) & ab_xor(31) WHEN "00001",
ab_xor(29 DOWNTO 0) & ab_xor(31 DOWNTO 30) WHEN "00010",
ab_xor(28 DOWNTO 0) & ab_xor(31 DOWNTO 29) WHEN "00011",
ab_xor(27 DOWNTO 0) & ab_xor(31 DOWNTO 28) WHEN "00100",
ab_xor(26 DOWNTO 0) & ab_xor(31 DOWNTO 27) WHEN "00101",
ab_xor(25 DOWNTO 0) & ab_xor(31 DOWNTO 26) WHEN "00110",
ab_xor(24 DOWNTO 0) & ab_xor(31 DOWNTO 25) WHEN "00111",
ab_xor(23 DOWNTO 0) & ab_xor(31 DOWNTO 24) WHEN "01000",
ab_xor(22 DOWNTO 0) & ab_xor(31 DOWNTO 23) WHEN "01001",
ab_xor(21 DOWNTO 0) & ab_xor(31 DOWNTO 22) WHEN "01010",
ab_xor(20 DOWNTO 0) & ab_xor(31 DOWNTO 21) WHEN "01011",
ab_xor(19 DOWNTO 0) & ab_xor(31 DOWNTO 20) WHEN "01100",
ab_xor(18 DOWNTO 0) & ab_xor(31 DOWNTO 19) WHEN "01101",
ab_xor(17 DOWNTO 0) & ab_xor(31 DOWNTO 18) WHEN "01110",
ab_xor(16 DOWNTO 0) & ab_xor(31 DOWNTO 17) WHEN "01111",
ab_xor(15 DOWNTO 0) & ab_xor(31 DOWNTO 16) WHEN "10000",




O =(A XOR B) <<<B

END rtl;

ab_xor(14 DOWNTO 0) & ab_xor(31 DOWNTO 15) WHEN "10001",
ab_xor(13 DOWNTO 0) & ab_xor(31 DOWNTO 14) WHEN "10010",
ab_xor(12 DOWNTO 0) & ab_xor(31 DOWNTO 13) WHEN "10011",
ab_xor(11 DOWNTO 0) & ab_xor(31 DOWNTO 12) WHEN "10100",

ab_xor(10 DOWNTO 0) & ab_xor(31 DOWNTO 11) WHEN "10101",
ab_xor(9 DOWNTO 0) & ab_xor(31 DOWNTO 10) WHEN "10110",
ab_xor(8 DOWNTO 0) & ab_xor(31 DOWNTO 9) WHEN "10111",
ab_xor(7 DOWNTO 0) & ab_xor(31 DOWNTO 8) WHEN "11000",
ab_xor(6 DOWNTO 0) & ab_xor(31 DOWNTO 7) WHEN "11001",
ab_xor(5 DOWNTO 0) & ab_xor(31 DOWNTO 6) WHEN "11010",
ab_xor(4 DOWNTO 0) & ab_xor(31 DOWNTO 5) WHEN "11011",
ab_xor(3 DOWNTO 0) & ab_xor(31 DOWNTO 4) WHEN "11100",
ab_xor(2 DOWNTO 0) & ab_xor(31 DOWNTO 3) WHEN "11101",
ab_xor(1 DOWNTO 0) & ab_xor(31 DOWNTO 2) WHEN "11110",
ab_xor(0) & ab_xor(31 DOWNTO 1) WHEN "11111",

ab_xor WHEN OTHERS;




Two Approaches

WITH b(4 DOWNTO 0) SELECT
ab_rot<=ab_xor(30 DOWNTO 0) & ab_xor(31) WHEN “00001”,
ab_xor(29 DOWNTO 0) & ab_xor(31 DOWNTO 30) WHEN “00010”,

ab_xor(0) & ab_xor(31 DOWNTO 1) WHEN “11111”,
ab_xor WHEN OTHERS;

PROCESS(b, ab_xor)
BEGIN

CASE b(4 DOWNTO 0) IS

WHEN “00001"=> ab_rot<= ab xor(30 DOWNTO 0) & ab_xor(31) ;
WHEN “00010"=> ab_rot<=ab_xor(29 DOWNTO 0) & ab_xor(31
DOWNTO 30);

WHEN OTHERS=> ab_rot<=ab_xor;
END CASE;
END PROCESS;




Exercise 1

e Simulate Left Rotate VHDL Model
Functional Simulation using modelsim

e Synthesize the Design
Perform Timing Simulation

e Draw and Discuss the Synthesized Circuit
e Understand use of “select” VHDL statement



Functional Simulation

e Create project folder
C:\ee4313\projl

e Save your VHDL code In project folder
leftrotate.vhd

e Start ModelSIim




Functional Simulation

¢ |In ModelSim console window, type
following commands in sequence

cd {c:/ee4313/projl}
vlib work

vcom leftrotate.vhd
vsim leftrotate

VIEW wave

add wave ab o

-- create work library

-- “compile” your design (the vhdl model)

-- simulate your design

-- start waveform viewer

-- add input/output signals in the waveform viewer




Functional Simulation

=+ wave - default

File Edit “iew

Aleftratatesb
Jleftratateso

4

Insert Format Tools  Window

0000 251
18200000

A00 hz

100 ne

No [delay

-l

0 ns to 420 ns

i




FPGA Synthesis and
Implementation

e Start Xilinx Project Navigator




FPGA Synthesis

e File->New Project...

&2 Xilinx - Project Navigator - No Project

Fie: Edit Miew Project Source: Process  \Window . Help

O = | NN A=l e =l i Ha 3
T r | ] ] .
Sources in Projg
[Mo Froject Opd ~Enter a Mame and Location for the Project
Project Mame: Project Location;
f E:MCoursezsS\EE4313 !
. B podule e — Select the type of Top-Level module for the Project
Top-Level Maodule Type:
HDL =
Proceszses for 5 l ‘_‘
[Mio Froceszes 4
B Process Vie 7 Back I Mest > I Cancel Help

x| [Ernpty Lody

__r_I < | 111}

JJ 4] «] [ Console £ FrdinFles A Warnings A Errors £

Hierarchy is up to date, |




FPGA Synthesis

e Next>

__ Xilinx - Project Navigator - No Project

File Edit “iew Froject Source Process Window Help

Sources in Projg

Proceszzes for 5

[Hao Proceszes 4

‘D@g e =N NE e el =it

|| ¥ [

[ R )

[Mo Project Ops — Select the Device and Design Flow for the Project
Property Hame Walue
Device Family
Device oy 000
Package bgSED
Speed Grade -4
hdadule Wi
M Top-Level Module Type HOL

Synthesis Tool

HST (wHDL A erilag)

Simulator

hModel=im

Generated Simulation Language

WHDL

B Process Uie

< Back

I Mest » I Cancel

Help

=l [Ermnpty Lody
—LI < | 111}

“ el e Console A FindinFiles A Wiarnings A Erors £

Hierarchy is up to date.




FPGA Synthesis

o Next>

»« Xilinx - Project Navigator - No Project

File

Edlit

R=1

Project

Soureg

Process

LFit T (MY

Help

_JDB"‘H % F [ 3

Sources in Proje

[Mo Project Ope

Look in: | I EE4313
IE=wark

e leftrotate. vhd

B2 hodule e

Processes for 5

[Mo Froceszes 4

File name: |Ieftru:utate.\-'hd

Open I
Files of type: ISDurCES [".t:-:t;".vhd;”.vhdl;”.v;”.abl;”.:-:u:n;”.Su:;I Cancel /I
<]

< Back

B2 Process ie I

Mest » I Cancel I Help

x| [Ermnpty Lody
2 el | T

I Hlil SR Zonsole . FndinFiles A Warmings A Errors f

Hierarchy is up 1o date. |




FPGA Synthesis

File Edit “ig ject  Sourc Frocess

e Next>Simulation Model Properties

E2 Xilinx - Prn_lect Naﬂgator - E:\Courses\EE43 13\leftrotate.npl

N ([=1E3

S E |

D& =l a&&tl“

Process Properties

Sources in Project;

Tranzlate Properties I I ap Properties

Incremental Degign Properties

_I E :f::-lotnantg bS] Fost-tap Static Timing Report Properties
- E
i IEI Ieftratate-rt Fozt-Flace & Route Static Timing Report Properties

Simulation Model Properties

Flace & Boute Properties

Property Hame

Simulation Model Target

B Process Wiew I

| B2 fodule e E Post Translate Simulation Model Mame
Pos=t Map Simulation Model Mame
Fost Place & Route Simulstion Madel Mame
; _Change Device Speed To -4
Pr_DCESSE$ 2 S Correlate Simulation Data to Input Design I
o iR Cree.ate Me Retain Hierarchy =
oo DesionEnl 5o orate Muttiple Hierarchical Metiist Files r
oo fgh  User Consl  |jse automatic Do File for ModelSim Simulstion rd
@3 Synthesizdl 150Gt Global Tristste Net as & Port r
w8 Implement) o) Tristste Port Name R,
(£ Generate B
Ok, I Cancel I Drefault I Help I I
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-+ £ |

“ [FTAT " Console £ Fndin Files

}\ Warnings }\ Errors f

For Help, press F1




FPGA Synthesis

MEE
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Timing Simulation

e Make sure timing simulation models are
successfully generated
leftrotate_sim.vhd and leftrotate sim.sdf
sdf stands for “standard delay format”

e Start ModelSIim




o000
o000
o0
O
Timing Simulation
¢ In ModelSim console window, type In

following commands in sequence

cd {c:/ee4313/projl}

vlib work -- create a work library

Vmap simprim c:/modeltech_5.6d/xilinx/simprim

vcom leftrotate_sim.vhd  --

vsim -sdftyp /=E:/Courses/EE4313/leftrotate sim.sdf work.leftrotate

view wave -- start waveform viewer

add wave abo -- add input/out signals in the waveform viewer

-- assign input signals (use hexadecimal, time unit ns)

force a 16#915F 0, 16#BE41 100, 16#6355 200, 16#10A9 300

force b 16#4619 0, 16#B251 100, 16#A501 200, 16#CE91 300

force 400 -- simulate 400ns




Timing Simulation

=+ wave - default

File Edit “iew Ingert Format Tools  Window

glitches

27 ns delay

A00 ri=
127 hs
1 |:||:| s
L | | A | | 3 M

0ns o420 ns

N
[]
y




Exercise 2

e Modify the previous model to implement
O=(A XOR B) >>>B (right rotate)
Simulate the Model
Synthesize the Design
Draw and Explain the Synthesized Design




