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2. ISE5.2I

ISE 5.2i Project Navigator
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3.1 Making New project
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3.2 Making Program file

Project Navigator Menu Project > New Source Click Source in Project

New source
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3.3 Language Template
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DCM - CLKO main.vhd
DCM BUFG clka clkb

architecture Behavioral of main is
component BUFG port (| : in std_logic; O : out std_logic );

end component;

component DCM
generic (
DLL_FREQUENCY_MODE : string := "LOW";
DUTY_CYCLE_CORRECTION : boolean := TRUE;
STARTUP_WAIT : boolean := FALSE

);

port ( CLKIN :in std_logic;
CLKFB ;in  std_logic;
DSSEN ;in  std_logic;
PSINCDEC :in std_logic;
PSEN ;in  std_logic;
PSCLK ;in  std_logic;
RST ;in  std_logic;
CLKO : out std_logic;
CLK90 : out std_logic;

CLK180 : out std_logic;
CLK270 : out std_logic;

CLK2X : out std_logic;
CLK2X180 : out std_logic;
CLKDV : out std_logic;
CLKFX : out std_logic;

CLKFX180 : out std_logic;

LOCKED : out std_logic;

PSDONE : out std_logic;

STATUS : out std_logic_vector(7 downto 0)
);

end component;
signal GND : std_logic;
signal CLKa_W, clkb_w: std_logic;

signal CLKa_1X, clkb_1x: std_logic;

begin



GND <="0%

U _DCMa: DCM -— DCM Instantiation for clka

port map (
CLKIN => CLKa,
CLKFB => CLKa_1x,
DSSEN => GND,
PSINCDEC => GND,
PSEN => GND,
PSCLK => GND,
RST => reset,
CLKO => CLKa W,
LOCKED => LOCK_outa

);

U_BUFGa: BUFG
port map ( I => CLKa_W,
O => CLKa_1X
);
U DCMb: DCM -- DCM Instantiation for clkb
port map (
CLKIN => CLKb,
CLKFB => CLKb_1x,
DSSEN => GND,
PSINCDEC => GND,
PSEN => GND,
PSCLK => GND,
RST => reset,
CLKO => CLKb_W,
LOCKED => LOCK outh
);

U_BUFGb: BUFG
port map ( I => CLKb_W,
O => CLKb_1X
);

end Behavioral;



3.4 Core Generator
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13>

< 12>

mydp16x32 DPRAM Parameters
, Generate Icon , 16bit x 32depth 1 input 1 output
" Core Generator DPRAM core
Coregenerator
Project Navigator , Core Generator DPRAM IP core

“Source In project”

DPRAM core
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TOP file  Main.vhd mydpl16x32
Templates component mydpl16x32 port map
Source Entity Port “mydpl6x32”

component mydpl16x32

port (
addra
addrb

: IN std_logic VECTOR(4 downto 0);
: IN std_logic VECTOR(4 downto 0);

clka: IN std_logic;

clkb: IN std_logic;

dina: IN std_logic VECTOR(15 downto 0);

doutb : OUT std_logic VECTOR(15 downto 0);

wea: IN std_logic);

end component;

begin

mem_blk : mydp16x32

port map (
addra => adda,
addrb => addb,
clka => CLKa_1X,
clkb => CLKb_1X,
dina => data_in,
doutb => data_out,
wea => wr_en);
Source

Synthesis

Implementation

Port Mapping

Main.vhd
Port mapping

source

Language



4. Synthesize

ISE 5.2i ISE Synthesis Tool XST(Xilinx Synthesis Technology)
XST HDL design  synthesize .NGC Netlist
Synthesize Processes for Current Source
Synthesize . Synthesize Default Option
. Synthesize Properties..

Processes for Current Source:
----- &  Desian Entry Utilities

Rerun
Rerun &ll
----- Y3 Impleme g

----- 3 Generat

[ Eeericm)

_ '12 Process Wiew I
< 15 > Processes for Current Source Properties

Process Properties

Pr X
aynthesis Options | HOL Options | Xilink Specific Options |
Property Name Yalue 1=
Optimization Goal -
Optimization Effart MNarmal
Synthesiz Constraints File
Use Synthesis Constraints File [
Keep Hierarchy [
Generate RTL Schematic es
Crozz Clock Analyzis r
Hierarchy =eparator _
Bus Delimiter o
Caze Lawer
WHDL Work Directory Lust ;I
=0l =[S [etault EE%
< 16 > Synthesis Option Properties

Synthesis Options

- Optimization Goal value ( Speed, Area)
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4.1 View RTL Schematic

HDL “View RTL Schematic”

Top Block-diagram

Sub-diagram

Frocesses for Current Source:!

|2

----- &F  Design Entry Utilities
----- &F  User Constraints
=i Synthesize
------- @ View Synthesis Report
....... = Wiew BTL Schematic
------- G fnalyze Hierarchy
------- T3¢ Check Syntax
= 3g# Implernent Design
= aa? Translate
“[2 g Translation Repart
Fit
~-¥3  Fitter Report
- Miew Fitted Design (ChipWiewer)
=%  LockPins
- Lock Fins Report

B Ele Edit Mew Window Halp
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o
- 4
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lock_outa ——
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clka
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reset
Iresdance Contents
# Prs
5 ety Wir_en
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< 17 > View RTL Schematic
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Implementation

CPLD FPGA Implementation . FPGA
. FPGA Implementation Translate Map, Place & Route

Implementation  Option Synthesis Implementation

Processes for Current Source:

----- &F  Design Entry Utilities
----- &F  User Constraints

----- U Synthesize

= G'W il

_____ Gf Map Rerun
= Gef Place &R Ferun Al
B¢ Plac  2lop
- o Asyr Dpen Without Updating

----- f Generate Post-Place & Route Static Timing
-1 Post-Place & Route Static Timing Report

Process Properies X

FPost-MMap Static Timing Report Properties
FPost-Place & Route Static Timing Report Properies | simulation Model Properties

Translate Properties | Map Properties | Place & Route Properties
Property Hame Yalue
Use LOC Constraints 7
Metlist Tranzlation Type Timestamp

Macro Search Path
Create I/0 Pads from Portz u
Allow Unexpanded Blocks u
U=zer Rulez File for Netlizter Launcher
Allow Unmatched LOC Canstraints u
Preserve Hierarchy on Sub Module

FO|

=

i

| = Default =

ms

< 20> Implementation Option



5.1 Translate

XST
.NGD

synthesis Netlist .NGC

Netlist Import

Optimisation

Translate to physical elements

Design Rule Check

Device Info (device, package, speed grade)

Utilisation Report

F'rEn:ESSES far Current Source:

Log

c;? Implement Design

------- 2 o MEREEINE
------- 3  Floorplan Design
~- X% Generate Post-Translate Simulation Model

< 20 > Implement Design
Error Warning Report
.bld .ngd Translation Report
< 21> Translation Report

5.2 Mapping

Logic Element CLB 10B Physical Element
Map Report

Frocesses for Current Source:

=

Gie# Implement Design

&

G Translate
[ g# Translation Report

-~ Floorplan Design
¥ Generate Post-Translate Simulation Model

FPost-Map Static Timing Report

Text-based Post-Map Static Timing Report
&nalyze Post-Map Static Timing Timing analyzer)
- Manually Place & Route (FPGA Editar)

X3 Generate Post-Map Simulation Model

< 22> Map Report

NGDbuild



Map Report Resource CLB 1/0
,  Error message Report
Report
Routing Delay
T FRelease 5.2.021 - Hap F.30a
i Lilinx Mapeing Repart File for Desian ‘main’
: Design Inforeation
8 Command Ling ¢ CoAZiHinwB2/binnt fman, exe =aulet =p wotvd0=-fa2bh=-6 -ca ared
T o -prb-kd4-c 00 -tx off -0 wain_map.ncd wain.ngd main.pcf
g  Target Device @ x2vdl
= Target Package : fg256
19 Target Speed @ -6
11 Mapper Yersion @ virtex?Z -- §Revision: 1.4 4
12 Wapped Date © Won Jun 09 17:14:32 2003
13
14 [esign Sumwary
15 o e
18 Humber of errors: 1}
17 Number of marnings: 1]

18 Logic Utilization:
19 Lagic Distribution:

2a Kmber of Slices containing only related logic: 0 out of 1] 0%
21 Mamber of Slices containing unrelated loaic: 0 out of ] 0
EE +Eee WOTES below for an explanation of the effects of unrelated logic
23
24 Number of bonded 108s: 48 out of 88 BdX
20 Mmber of Block RaMs: 1 out of 4  PhE
E Mumber of GCLEs Z out of & | 2%
; Humber of DCHs: £ oout of 4 G0x
2@ Taotal eaquivalent gate count for design: 70,542
30 Additional JTaG gate count for [0Bs: 2,304
;; Peak Memory Usage: 53 MB
323 NOTES:
< 23> Map Report
Place CLB, IOB Logic Block Xilinx Device , Route

Xilinx Device Logic Block

Interconnection Element



Processes for Current Source:

----- &F  Design Entry Utilities
----- &F  User Constraints
----- T3¢ Synthesize
|_:_|"‘-g;5’ Implement Desian

----- gﬁi’ Place & Route
= .g;;i’ Place & Route Report
~[2) g Asynchronous Delay Report

e Guide Results Report
EI ----- Ggﬁ’ Generate Post-Place & Route Static Timing

< 24> Pad Report
UCF Pin Assignment

Report file

Generate Post-Place & Route Static Timing

Timing information . Path delay

2 | -—————————-
2 Pin Number|Signal WName IPln Usage

g | e
4 | |

5 A | |

= | |

743 | |

2 A4 | |

= | data_out<l> | 0B

10 AR | |

11 A7 | addb=4= | 0B

12 A8 |data_out<il= | 10B

12 AQ |data_in<f> | 0B

14 410 |data_in<8= | 10B

15 A1 | |

16 AlZ |data_out<l 3= | 0B

17 A3 | |

12 A4 | |

19 A5 | |

Implementation

Path
Path delay



EIG? Implement Design
#--3g? Translate

= aw? Place & Route

------- [E1@? Place & Route Report

------- Bl g Asynchronous Delay Report

------- E1g# Pad Repaort

------- Guide Results Report

EIG/ Generate Post-Place & Route Static Timing

E Post-Place & Route Static Timing Report
- [B]g# Text-based Post-Place & Route Static Timing Report
- |:| &nalyze Post-Flace & Route Static Timing (Timing &nalyzer)

------- 05 Wiew/Edit Placed Design (FloorPlanner)

....... il Wiew /Fdit Bnited Nesion (FPGA Fditnrd

Timing Analyzer Timing

< 25 > Timing Analyzer

“Analyze against Timing Constraints” Timing Constraint

fitting



W cdline Teming Analyzer - mainned - [Timing Constraings Analysss Aepaf <] =101 I
[ Ble Edit Miew gnalyze Wndow Help L Ed |
Do S @ 2R BOEE®
mm
- Imdormation
B Dala Sheet repod:
Tirming Analyzer Sating
e . e . . . 1:-1
A1l walues displayed in nanoseconds (ns)
SetupfHold te clock clka
| Setup te | Hold to | |J
Source | clk {edge} | clk {edge) |Internal Clock{s}) |
s s S . e e s
addad i | B.OFR(RY| -2 79(R}|clka_1x I
addadi I F.600(H)] -3.365(R)|clka_1x I
addaczs I F.026{A}] -2.T4P{R)}|clka_1x I
addatas I J.0E3{RY] =2.799{R)|clka_1ix I
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6. User Constraints ( Pin Assighment )

Auto Assignment project In/Out pin
Device Pin
Pin Assignment . “Edit Constraints(Text), Assign
Package Pins, Create Constraints Editor

UCF , Implementation

6.1 UCF

Project Navigator -> Project —> New Source... ,
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WHOL Module
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YHOL Library -
YHOL Package |main
YHOL Test Bench
Test Bench Waveform :
BMM File Location:
FER File .
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State Diagram
v &dd to project
< S| =(El CHEIM) > F = CE2
< 27 > Implementation Constraints File
main.ucf Source in Project . UCF
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6.2 Assign Package Pins

Xilinx PACE
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6.3 Back-annotate Pins Location

Implementation P & R

Pin Assignment

Back-annotate Pin Locations ,

Processes for Current Source:

sources in Project: |
@ FPGAmanual ||| = &
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6.4 Edit Constraints ( Text)

Edit Constraints main.ucf Text editor . UCF

6.5 Create Timing Constraints

Constraints Editor Pin Assignment . Create
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7. Modelsim Simulation

Modelsim simulator 3 . Xilinx

Modelsim MXE  starter version

MXE_5.6e_Full_installer.exe . Modelsim License
Xilinx Home page License , Windows
-> -> Modelsim XE v5.6a —> Submit License Request
License . Source line
Modelsim MXE ( Modelsim Xilinx Edition ) , Modeltech

Modelsim PE/SE

7.1 Modelsim
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Xilinx

Modelsim
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7.2 Making Test Bench for Modelsim

Project Navigator Project —-> New source... , “VHDL Test
Bench
Xl
User Docurment
WHOL Module
Coregen IP
schematic Fila
YHOL Library -
WHOL Package |t|:|_main|
est Denc aveform :
BIM File Location:
MEM File .
Irmplernentation Constraints File |E.WWDrk‘#FF‘G.ﬁ._manual _|
Architecture Wizard
State Diagram
[+ &dd to project
< S =B = =] 4 LS
Window , button Click
entity TOP_entity
Xl
Sssociate with Source
|m§dﬁ1ﬁx32
< S =(E] = =] 4 LS

Test Bench , “tb_main.vhd



24

Sources in Project:

------ [ FPGA_manual
EI £ wedvll- 59255 AT YHOL
B- @ main {main, vhd}
------ - B th_main vhd
------ - [0) main,uct
-3 mydp16x32 (mydp 1632 ko)

B hiaclule Wiew | [ Srapshot View

[T ibrery iew
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------- 0
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Simulate Post-Map YHOL

d

S|mulate Pnst Transla te UHDL Mudel

simulate Post-Place & Roote YHOL M

Model

"ﬁ' Process Wiew I

Project Navigator
Modelsim simulator

Simulation

tb_main.vhd

1 LIBR&RY ieee: |
2 |SE ieee.std_logic_ 1164, ALL:

3 SE ieee.numeric_std,aLL

4

5 ENTITY testhench 15

8 END testhench:

:

8 ARCHITECTURE behavior OF testbench |5

g

10 COMPOMENT main

11 PORT( —
12 reset + N std_logic

13 wr_en o+ IN std_logic

14 clka o IN std_logic

18 clkb o IN std_loglc

18 adda ¢ IN std_logic_vector(d downto 0);

17 addb ¢ N std_logic_vector(d downto 0):

18 data_in [N std_logic_vector(15 downto
18 lock_outa + OUT std_logic

20 lock_outh + OUT std_logic

21 ?ata_out L OUT std_logic_vector(15 downt
i :

23 END COMPONENT:

24

25 SIGHAL reset o std_logics M
ot o

[ mainuct [ thmain +

Processes for Current Source



7.3 Making Test-Bench file

Test bench file

LIBRARY ieee;
USE ieee.std_logic _1164.ALL;
USE ieee.numeric_std.ALL;

USE ieee.std_logic_unsigned.all;

ENTITY testbench IS
END testbench;

ARCHITECTURE behavior OF testbench IS

COMPONENT main

PORT(
reset : IN std_logic;
wr_en : IN std_logic;
clka : IN std_logic;
clkb : IN std_logic;
adda : IN std_logic_vector(4 downto 0);
addb : IN std_logic_vector(4 downto 0);
data_in : IN std_logic_vector(15 downto 0);
lock _outa : OUT std_logic;
lock_outb : OUT std_logic;
data_out : OUT std_logic_vector(15 downto 0)
);

END COMPONENT;

SIGNAL reset : std f0gic :="'1";
SIGNAL wr_en :
SIGNAL clka : std_logic : ; — %%
SIGNAL clkb : std\ogic :

SIGNAL lock outa :
SIGNAL lock outb : std_logic;

SIGNAL adda : std_logic_vector(4 downto 0);
SIGNAL addb : std_logic_vector(4 downto 0);
SIGNAL data_in: std_logic_vector(15 downto 0);
SIGNAL data out : std _logic_vector(15 downto 0);



signal data_temp : std_logic_vector(4 downto 0);

BEGIN

uut: main PORT MAP(
reset =>reset,
wr_en =>wr_en,
clka => clka,
clkb => clkb,
lock_outa => lock_outa,
lock_outb => lock_outb,
adda => adda,
addb  => addb,
data_in => data_in,

data_out => data_out

reset <= '0' after 200 ns; ——H##t “1”
——## 100 ns rst 1->0
clka <= not clka after 10 ns; ——## 10 ns Event , Clock Period = 20 ns

clkb <= not clkb after 10 ns;

tbO : process
begin
wr_en <= '1'; wait for 150 ns;
wr_en <= '0'; wait for 150 ns;

end process;

tbl : PROCESS
BEGIN
if now = 0 ns then
data_temp <= (others => '0");
wait for 20 ns;
else
data_temp <= data_temp +2 ;
wait for 20 ns;
end if;
END PROCESS;
data_in <= "00000000000" & data_temp;



th2 : PROCESS
BEGIN

if now = 0 ns then
adda <= (others => '0");
wait for 20 ns;

else
adda <= adda +1 ;
wait for 20 ns;

end if;

END PROCESS;

th3 : PROCESS

BEGIN

if now = 0 ns then ——## 140 ns
addb <= (others => '0'); ——## 1
wait for 140 ns;

else
addb <= addb +1 ;
wait for 20 ns;

end if;

END PROCESS;

END;

, addb

counter



7.4 Modelsim Simulation

Test Bench file Project Navigator Processes “Simulate
Behavioral VHDL Model” . Simulation Delay
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Modelsim waveform
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8. Downloading

, Downloading file

Bit PROM MCS MCS
PROM  downloading
** PROM Implementation BIT XC2Vv40
Target . Configuration
XC2Vv40 XC18v00 XC17v00 PROM . XC2Vv40
Bit PROM Format LR

8.1. PROM (MCS)

Project Navigator Configure Device (iIMPACT )
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Frepare Configuration Files
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System ACE PROM Formatter | SyF-STAPL
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8.2. Configuration into the board

LAB main.mcs downloading cable
Downloading

PC Target board download cable , Target board
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2. Cable 2 Cable Cross check
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9. Testbench Examples

Casel :

ENTITY testbench IS
END
ARCHITECTURE behavior OF testbench IS
COMPONENT xxx
PORT(resetl : IN STD_LOGIC;
reset2 : IN STD_LOGIC;
w);
END COMPONENT;
Signal resetl, reset2 : STD_LOGIC :='0’;
BEGIN
resetl <=‘0’, ‘1’ AFTER 100 ns;
reset2 <=‘0’, ‘1’ AFTER 100 ns, ‘0" AFTER 3000 ns, ‘1" AFTER 3100 ns;
END;



Case2 :
Clock

ENTITY testbench IS
END
ARCHITECTURE behavior OF testbench IS
COMPONENT xxx
PORT(clockl : In STD_LOGIC;
clock2 : In STD_LOGIC;
clock3 : In STD_LOGIC;
clock4 : In STD_LOGIC;
)
END COMPONENT,;
CONSTANT half_period : TIME := 50 ns;
CONSTANT full_period : TIME := 100 ns;
SIGNAL clockl, clock2, clock3, clock4: STD_LOGIC :

BEGIN
clockl <= NOT clockl AFTER 50 ns;

clock2 <= NOT clock2 AFTER full_period/2;

clk_gen3:process

begin
wait for full_period/2; clock3 <= '"1";
wait for full_period/2; clock3 <= '0';

end process;

clk_gen4:process

begin
wait for half_period*2; clock4 <= '0';
wait for half_period*2; clock4 <='1";

end process;
END;



Case3 : Random

Case3-1: random

SIGNAL sig_c : STD_LOGIC_VECTOR(2 DOWNTO 0);
BEGIN

PROCESS

BEGIN
sig_c <= "000"; WAIT FOR 100 ns;
sig_c <="001"; WAIT FOR 100 ns;
sig_c <= "110"; WAIT FOR 100 ns;
sig_c <="111"; WAIT FOR 100 ns;

END PROCESS;
SIGNAL d_in : STD_LOGIC_VECTOR(3 DOWNTO 0);
BEGIN
d_in <= "0000", "0001" after 20 ns, "0010" after 40 ns,
"0011" after 60 ns , "0100" after 80 ns,
"0101" after 100 ns, "0110" after 120 ns,
"0111" after 140 ns;

SIGNAL sig_a, sig b : STD_LOGIC_VECTOR(7 DOWNTO 0);
BEGIN

sig_a <= "00010101";

sig_b <= "00001101";

Case3-2: random
SIGNAL sig_a : STD_LOGIC_VECTOR(3 DOWNTO 0) := “0000";
BEGIN
PROCESS
BEGIN
sig_ a <=sia_a + 1;
WAIT FOR 100 ns;
END PROCESS;
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