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Important Notes

e Draw schematic first and then construct

Verilog codes.

e Verilog RTL coding philosophy is not the same as
C programming
— Every Verilog RTL construct has its own logic mapping (for
synthesis)

— You should have the logics (draw schematic) first and then
the RTL codes

— You have to write synthesizable RTL codes

Hsi-Pin Ma



Laboratory for
' Reliable
W Computing

NTHU EE

Notes from Lab1l

e Always ‘SAVE’ before next step
e Select the right file for the next step

— For simulation

— For implementation

e Do not use wired filename

— Number, with space, Chinese
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Xilinx XC6SLX16 CS324 Demo Board

Program Success LED (D18)
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FPGA Displays
LCD f 4x4 Keypad
Display i
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Push Buttons
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I/O Devices

e Clock generation: 40MHz oscillator

e Input devices @ @ g |

— 8 DIP switches
— 8 push buttons
— 1 4x4 keypad o
e Output devices ) e /
— 16 user LEDs i f? j i

— 4 14-segment display
— 1128x64 LCD display

— Audio interface
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Input/Output Connections

e LEDs are pre-wired such that
— A HIGH signal from the FPGA to turn it on

e Push buttons and DP switches are pre-wired such
that

— The corresponding input is tied to LOW when a push
button is pressed or a DIP switch is turned on.
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Test Your FPGA Board (1/3)

e Connect the demo board to PC and also the
power supply
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Test Your FPGA Board (2/3)

e Don’t move or remove the jumpers

Hsi-Pin Ma
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Test Your FPGA Board (3/3)
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14-segment
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FPGA Emulation Using Xilinx ISE
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Project Setings
Specify device and project properties.

- Select the device and design flow for the prosgct

Propertv Name Value ~
Product Categorv All vl
Familv ‘Spartant == v
Device XCHSLX16 <gumm v
Package CSG324 <{== v
Soeed -3 v
Too-Level Source Tvpe 'HDL 1
Svnthesis Tool XST (VHDL/Verilog)
Simulator ISim (VHDL/Verilog)
Preferred Laneuage Verilog
Propertv Specification in Proiect File Store all values
Manual Compile Order O]
VHDL Source Analvsis Standard VHDL-93 v

| v

[<Back ) [(New> ] [ Cancel ]
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Gty Back to Implementation

= [SE Project Navigator (M.81d) - C:\LL VIUX

)

SMUX_xise - [Design

.

1m!

© File Edit Yiew Project Source Process Tools Window Layout Help

NPHP . X00Xwal |t s,BRARARED0:LR:PEL:Q

Design «0# x| | = Design Overview ~
(1) | View:@) $} Implementation D) & Simulation | | | BIE Pre
B omx © Module Level Utiless | . | |M¢
(%} Timing Constraints =
2 | = a xchslx16-3csg304 & B Pinout Report ~
- MUY GMTIT e
&l = ® Clock Report [
= \ | @ Static Timing De
0 | = Errors and Warnings -
P) De
8 Parser Messages
0 ® Synthesis Messages =
® Translation Messages "
» | €2 No Processes Running ® Map Messages —
o ® Place and Route M-+ |
*% | Processes: SMUX 2 N
P 3 User Constraints Design Properties . 2| =
o Create Timine - [C] Enable Message Filtes-- Sl
- reatlen umrrlfn gon in : Opgmsah] Desi%gc Eummar‘] o] |
@ 1/O Pin Planning (PlanAhead) - Post-Synth O Shgx gailingRég:?trm [No:
@ Floorplan Area/IO/Logic (PlanAhead) [] Show Warnings — | |Nu:
» 0O Synthesnze XST - [ Show Errors |L' Nu;
& Sun ‘Q Design 'y Files Q) Libraries | N 'E Design Sammary
[Console i
J)INFO:HDLCompiler:1677 - Analy21ng Verilog file \"C:/LDL/SMUX/SMUX. v\" into 1lil

(AITAEN s Dy AatantMamt+ £085 _ Daveoins Aacirn hiavar~ho

vl atad onvwsraco 111 1
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I/O Pins Assignment: PlanAhead (1/3)
® planAhead.exe Il B @ 168MBFree M1 5[/ @ $ o538 ) fox OBMT = o L f}w

[’7] SMUX - RTL Design - [C:\LDL\SMUX\planAhead_run_1\SMUX.ppr] - PlanAhead 12.4 (=
File Edit View Tools Window Select Layout Help

TR, 1o0=  Maximize

0

¢ calar ports (4
<
52 RTL Neatlist  ® Physscal C. "
Properties -0 & X emm ¢ > @
% @ Device *
-0 X

Package Pins
“A| Name Prohibst  Port  1/0Std Dir Veco | Bank  BUFIOZ2 Region = Type Diff Pasr ~ Clock | Voltage  Config  System Monstor ~ Gigabnt /0~ MCB

=& All Pins PN
- + a 1/0 Bank 0
5 ®m J/O Bank 1
= ¢ a» 1/O Bank 2
#l| ® = J/O Bank 3 2.5 v
& Damblana Dina
< >
Tel Console -0 g X
- INFO: [HD-UCFReader 1] Finished Parsing UCF File @ \SMUX_ucf ~
a INFO: [HD-LIB 0] Reading timing lidrary C:/linx/12.4/1SE_DS/PlanAtesd/. /pacrts/xilinx/spactanb/spactant.lib
o INFO: [HD-LIB 1] Done reading timing library C:/Xilinx/12.4/1SE_DS/PlanAhesd/. /parts/xilink/spartanb/spartan.lib .
v

= Tcl Console © Elaboration Messages Reports
ISE Integration Flow
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't forget to SAVE

!

Don

MUX - K : \LD

I/O Pin Assignment: PlanAhead (2/3)

Eile Edit View Tools Window Select Iavont Help
(B x@fex 1903

RTL Design SMUX ucf (target) * | xc6slx16csg324-3

1/0 Ports

Q X i B >0 )

Name Dir Neg Diff Pair ([ Site Bank 10 Sud

3LVCMOS25
3 LVCMOS25
3 LVCMOS25
3LVCMOS25

= All ports (4)
= = Scalar ports (4)
I ®2ra
&b Input
@ out Cutput

& sa] Input

The PIN name is on your board beside your I/O

Pull Type = Off -Chip Termination IN_TERM QUT_TI

Drive Strength ~ Slew Type

NONE

NONE
NONE
NONE

@ RTL Netlist | B Physical Constraints|| O /O Ports|| # Clock Regions |

INFO: [HD-UCFReader 1| Finished Pacsing UCF File @ \SMUX_uct

starigroup

<

INFO: [HD-LIB 0] Reading timing library C:/Xilinx/12.4/1SE_DS/PlanAbesd/ . /parts/xilinx/spartanb/spartant.lib |
INFO: [HD-LIB 1] Done reading timing library C:/Xilinx/12.4/1SE_DS/PlanAhesd/./parts/xilinx/spartanb/spartant.lib .

f

B Tcl Console | ® Elaboration Messages IE Repons‘

1/0 Portz a

Hsi-Pin Ma
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" "1/O Pin Assignment: Another Method (.ucf file) (3/3)

B ©® 269MBFree W i 7! @ @ o054

= ISE Project Navigator (M.81d) - C:\LDL\SMUX\SMUX.xise - [SMUX_.uc
Eile Edit View Project Source Process Tools Window Layout Help
DAHP L XODX va| »A2LPRR,R(AREDLRPEL)Q
\Design “08&8x © 1
[ View: (®) #% Implementation () 5 Simulation b= 2
& | Hierarchy 5 3 'a” LOC = N2>
&I/ @ SMUX = ( outs Loc = HS;
ael© a XC651X16-3CSg324 1" LOC = P1;

= [Wdb S v 3
& SMUX.uct 7
a
= %
. %
%
P 82 No Processes Running
4| Processes: SMUX.ucf
i @ ¥ User Constraints
0 You can use the file tp assign your I/O pins also

< | 8 )

& Strt | ™ Design | L) Files | & Libraries k-3 ign Summary (outof date) [ SMUX ucf

IComoln

Preparing to edit SMUX.ucf...

Started :

Hsi-Pin Ma

"Launching ISE Text Editor to edit SMUX.ucf".
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W:~.  Synthesize and Implementation

pn.ex || m @ 261MBFree §) i |7 @
58 % Project Navigator (M.81d) - C:ALDL\SMUX\SMUX.xise - [SMUX.uct

[ Eile Edit View Project Source Process Tools Window Layout Help

DAHP | [ XDO0Xwa| s, B3R AR|A:RE00:LR:P L)

' Design «08& x|
View: (@) 3 Implementation () 58 Simulation »
Hierarchy

® SMUX
= @ xchslx16-3csg324
= [Wdh SMUX (SMUX.v)
) SMU X.ucf

NTHU EE
3

NET "a" LOC = N2;
NET "b" LOC = P2;
NET "out" LOC = HS;
NET "sel" LOC = P1;

= B

(&9

5

5
oy b W e

€ Running: Map

Processes: SMUX 2
£ Design Summary/Reports
= ¥ Design Utilities
+ ¥ User Constraints 1. Double click "Synthesize” for logic synthesis.
*FD Synthesize - X T
*X é “IV{'I“IIV_G:’ {j_‘l ment Dk -.u il
82© Generate Programming File
= % Configure Ta%;et Devigce L‘i Double click "Implement Design” for implementation.
% Generate Target PROM/ACE

% Manage Configuration Project (MPACT) j 7| =

Analura — :

15 Start | ™8 Design [4) Files | &) Libraries £ Design Summary (running) *J[F) SMUX.u
[Console

| Started : "Map".

Hsi-Pin Ma 18
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wers Download Bit File for Emulation
:> SE Project Navieator (M.81d) - C:\LDL\SMUX UK xise - “.-. MB Free W) ©

Eile Edit View Project Source Process Tools Window Layout Help

DAHP L[ ¥DDOXva| s, BRARAREO0LRPEL)Q
| Design «0& x| <
 View: () £ Implementation () 5 Simulation L=
& | Hierarchy

gl - ® SMUX

= @ xcbslx16-3csg324

= [ SMUX (SMUX.v)
fd SMUX.ucf

NET "a" LOC = N2;
NET "b" LOC = P2;
NET "out"™ LOC = HS;
NET "sel"™ LOC = P1;

5

5
oyt b W e

€ Running: Generate Bitstream

Processes: SMUX 2

£ Design Summary/Reports
= ¥ Design Utilities
¥ User Constraints
+ 8@ Synthesize - XST
# 8@ Implement Design
82 Generate Programming File

H B HE VY |« &5
FE I

= % Configure Target Device W ) . .
% Generate Target PROM/ACE File —| Double click "Manage Configuration Project
<= Manaoe 'i':..‘ Ol ’{;h;f . 7|7 fl P1C w.-r i ::l;'l VIPA _| ' ( (iMP ACT)" .

nal

15 Start | @3 Design |43 Files | € Libraries "= Design Summary Guaming) | D) SN

Iconsole
| Started : "Generate Proarammina File".
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& ISEF iMPACT (N

-

.81d) - [Boundary Scan

% File Edit View Operations Qutput Debug Window Help

DA E DX

oo

iMPACT Flows

“~08x

[8) SystemACE

<2 Boundary Scan —~__

® Create PROM File (PR \
« (8 WebTalk Data

1. Double click "Boundary Scan”.

2. Click right mouse button.

m
,,,,,,,,,,,,,,,,, Right click to Add Device or Initialize JTAG chain
|IMPACT Processes w08 x
Available Operations are: Add Xilinx Device... Ctrl+D
! Add Non-Xilinx Device... Ctrl+K
Cable Auto Connect
Cable Setup...
Qutput File Type N
® _BowdwySem B
|Console
Hsi-Pin Ma 20
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(@Assign New Configuration File

Configuration File |

%——-——3

% ISE iMPACT (M.81d) - [Boundary Scas

@ Eile Edit View Operations Qutput Debug
N3\ ouexs =7 s8

[iMPACT Flows ~«0s "} Right click device 1o select o
+ 22 Boundary Scan | o

=) SystemACE :
® Create PROM File PR+ | ™'—F

» (&) WebTalk Data

00 bypass

xcbslx16 ,

§9 My Computer |
_J Administrator

D CALDL\SMUX

& _ngo

& _xmsgs
& 1pcore_dir
& 1seconfig
& 1sim

@ planAhead_run_1
@ planAhead_run_2
@ xInx_auto_0_xdb
& xst

File pame:  smux.bit

Files of type: All Design Files (*.bit *.rbt *.nkyyf*.1sc *.bed)

/

|iIMPACT Processes “08x
Available Operations are:

\?) Do you want to continue aind assign configuration files(s)?
(] Don't show this message again, save the setting in preference.

Boundary Scan

Hsi-Pin Ma
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@ ISE iMPJ |*!

® File Edit {

DA E:D 3

iMPACT Flows

+ 22 Boundary
&) SystemAC

&) Create PR
+ (8 WebTalk ]

IMPACT Processes w08 x

Property Name | Value

Verify

Available Operations are:

=» Get Device ID

=» Get Device Checksum

= Get Device Signature/Usercode
= Get Device Customer Code

=» Read Device Status

=» Load Configuration Revision

‘(I 13 ‘)I.@

o) (Gt ) Cauwiy ) ()
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¥

Identify

e < IMPACT (M.81d) - [Boundz can

(:’ A3 4,:, A ._-_‘ ’; ﬂ

% Eile Edit View Operations Qutput Debug Window Help
NAEXDOXxunxXxi # 20,8

|iMPACT Flows “08x
# 22 Boundary Scan ko

(&) SystemACE
® Create PROM File PR+ | ™

+ [ WebTalk Data

xcbslx16
smux bit

TDQ

|iIMPACT Processas w08 x

Available Operations are:
=» Program

=» Get Device ID

= Get Device Signature/Usercode
= Read Device Status
=» One Step SVF

= One Step XSVF

< | B " ‘.9 Boundary Scan

[dentify Succeeded

<]

Hsi-Pin Ma
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L TICE iMPACT (\

Program the Device (1/2)

*)

51
« O -

Boundary

can

@ File Edit View Operations Qutput Debug Window Help
DPEX0O0Xxumx: # 20,

'IMPACT Flows “08x 1 click ri
. ght mouse button.
#32 BoundaryScan @ || 5T I
®SystemACE || {8
® Create PROM File (PR | ™
« (%) WebTalk Data
0—— One Step SVF
One Step XSVF
Add SPI/BPI Flash...
MPACT Processss =D 8x Assign New Configuration File...
Available Operations are: Set Programming Properties...
Set Erase Properties...
Launch File Assignment Wizard
Set Target Device
2 e BTy Stk e
l’llgfgﬁ ma 24



I @ 147 MB Fre a7 LG 06:04 .

MPACT (M.81d) - [Boundary Scan]

% File Edit View Operations Qutput Debug Window Help
DABXODXueXi # =T ,R

iMPACT Flows “08x
+ 22 Boundary Scan k0
&) SystemACE
& Create PROM File (PR+s+ | ™
+ [® WebTalk Data
xcbslx16
00 smux bit
| 7. Programming Succeeded.
iIMPACT Processes w08 x
: | (The LED (D18) on the board will light up.)
Program Succeeded
| Boundary Scan 8|
lConsolo
| Elansed time = 1 sec.

Hsi-Pin Ma 25
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I“m@ Some Notes (1/2)

e In any stage, you can ‘Rerun All’ to let your
modification take effect
nex: m @ 140MBFree W1 < (7'

=4 ISE Project Navigator (M.81d) - C:\LDL\SMUX\SMUX xise - [SMUX.u

Eile Edit View Project Source Process Tools Window Layout Help
DAHP | [ $D0OX wa| =L, B3R, RA:2E0lsRiPELQ

Design «O0&x 4
View: (@) % Implementation () 58 Simulation »=
Hierarchy
& SMUX 2
= @ xchslx16-3csg324
= [Vdh SMUX (SMUX.v)
) SMUX.ucf

NET "a" LOC = N2;
NET "b" LOC = P2;
NET "out" LOC = HS;
NET "sel"™ LOC = P1;

5

3oy W0 W N

€2 No Processes Running

Processes: SMUX 2

£ Design Summary/Reports
= ¥ Design Utilities
@ ¥ User Constraints
+ 8@ Synthesize - XST
# 8@ Implement Design

2@ Generate Programming File
= % Configure Target Device

% Generate Taret PROM/ACE File o

HEHEEVY« BB
FIRCIECIPN

= llls_-,-. _ — -
& St | =g Deslgn E; Files m % Design Summary (Programming File Generated) [

|Console
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Some Notes (2/2)

e Sometimes, the database of the design will be
corrupted, and any changes will not take effect or your
board behaves weird.

— Open a new project with fresh source files.

e Look into the ‘Errors’ or “Warnings’ windows to debug
your design.

e If you finish your lab at dorm and want to bring it to
the lab for demo

— DO NOT copy the entire directory to the lab and use the same
directory for demo

e Just copy the .v and .ucf files to the lab is sufficient.

* Use ‘New Project’ in the lab and open the existing source files to

re-implement vour design for demo
Hsi-Pin Ma
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Verilog RTL Code Examples
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//**************************************************************************

// Filename  : SMUX.v

// Author : Hsi-Pin Ma

/[ Function  : multiplexer

// Last Modified : Date: 2007-02-16 21:16:17 +0800 (Fri, 16 Feb 2007)
// Revision  : Revision: 1

// Copyright (c), Laboratory for Reliable Computing (LaRC), EE, NTHU
/I All rights reserved

//**************************************************************************

module SMUX(

out, // multiplexer output

a, // multiplexer input a

b, // multiplexer input b

sel // selection control signal
);
output out; // multiplexer output
input a,b; // two inputs to be selected
input sel; // selection control signal

/[ multiplexer funtion
assignout=(sel)?a:b;

endmodule
29
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‘timescale 1ns / 1ps
//**************************************************************************

/[ Filename  : SMUX.v

/[ Author : Hsi-Pin Ma

/I Function  : multiplexer

/I Last Modified : Date: 2007-02-16 21:16:17 +0800 (Fri, 16 Feb 2007)
/l Revision  : Revision: 1

/I Copyright (c), Laboratory for Reliable Computing (LaRC), EE, NTHU
/[ All rights reserved

//**************************************************************************

module SMUX(

out, // multiplexer output

a, // multiplexer input a

b, // multiplexer input b

sel // selection control signal
);
output out; // multiplexer output
input a,b; // two inputs to be selected
input sel; // selection control signal

reg out; // multiplexer output
/[ multiplexer funtion
always @*

out=(sel)?a:b;

endmodule

30



NTHU EE

Laboratory for
Reliable
' Computing

D-type Flip Flop

module dff(
q, // output
d, // input
clk, // global clock
rst_n // active low reset

);

output q; // output

input d; // input

input clk; // global clock
input rst_n; // active low reset

reg q; // output (in always block)

always @(posedge clk or negedge rst_n)
if (~rst_n)
q<=0;
else
q<=d;

endmodule

Hsi-Pin Ma

rst_ n

clk —
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e wire <range> ? <name> <,<name>>";

* reg <range> ? <name> <,<name>>"*;

e Example
— reg a;
- wire  a;

— reg [52] b/C;
— wire [3:0] b,

Hsi-Pin Ma



14-Segment Display (1/4)

e The cathodes of similar segments on all four
displays are connected to the same FPGA pin

D3iT6) DZéVG) D‘i(US) D(i(VB)

o

/|

O
LI R .
&
0
=

ql
]

\
7R/

C—ep JO
DP

x_

—

0

—

J

—

—J

\
/

V1

_i_

oA

—

0

)

—

\
|/

—

—

V1
_§_

—//3 0

-

FPGA pin U

FPGA pin T3
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14-Segment Display (2/4)

e 15 pins to control each 14-segment display
— Including the point

e 4 pins to choose which 14-seg to display

e Device is low activated

p3(t6) D D2(v6) D(D1(U8) W DO(VE) >

N R i G R R S—

NN
I/NII/NZN

—J — —

C—c— o 30 /0
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14-Segment Display (3/4)

e Input: 0101 0000 0011 1111 111

Output: ABCD EFGH IJKL MNO
What is the response?
CAD | o | —

Hsi-Pin Ma

— — f—

V1

[/] [X]

/0

pr— — pr—

V1

(]

A
/TN

/O
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14-Segment Display (4/4)

e Input: 0101 0000 0011 1111 111
ABCD EFGH IJKL MNO

Output:

Hsi-Pin Ma

0

1

0

1

/I
1NN

I/
I/

I\V/I
1N

I\VI
I/
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