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Computer Architecture Experiment

Topic 0. Basic Knowledge
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Outline

e Xilinx Spartan-3E Start Kit Board

® Verilog HDL

e Xilinx ISE 10.1i

® Report format
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Key Features

« Xilinx XC3S500E Spartan-3E FPGA
« 2-line, 16-character LCD screen

- Eight discrete LEDs

- Four slide switches

« Four push-button switches

» 50 MHz clock oscillator

- USB Cable for programming
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Four slide switches

HIGH
LOW
SW3 SwW2 SWi SWwo
(N17) (H18) (L14) (L13)
NET "SW<0>" LOC = "L13" | TCSTANDARD = LVTTL
NET "SW<l=>" LOC = "Ll14" | TCSTANDARD = LVTTL
NET "SW<2>" LOC = "H18" | TOSTANDARD = LVTTL
NET "SW<3>" LOC = "N17" | IOSTANDARD = LVTTL
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PULLUP
FULLUPFP
FULLUPFP
PULLUP



Four push-button switches

Rotary Push Button Switch

ROT_A: (K18} Requires anintemnal pul-up

BTN_NORTH ROT_B: (G18) Requires an internal puli-up
(V4 ROT_CENTER: (V16) Requires an internal pull-down

ETN_WEST BTN_EAST
{D18) H13)
BTN_SOUTH
(K17)
NET "BTN_EAST" LOC = "H13" | ICSTANDARD = LVTTL
NET "BTMN _NORTH" LOC = "vV4" | ICSTANDARD = LVTTL
NET "BTN_SOUTH" LOC = "K17" | ICSTANDARD = LVTTL
NET "BTN_WEST" LOC = "D18™" | IOSTANDARD = LVTTL

PR
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Eight discrete LEDs

NET
NET
NET
NET
NET
NET
NET
NET

"LED<7>"
"LED<g&>"
"LED<5>"
"LED<4>"
"LED=<3>"
"LED<Z2>"
"LED<1>"
"LED=<J>"

32 hop
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Loc =

LOC

Lac =
Lac =
LOC =
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"Eg "
"D11"
"C11"
"F11"
"E11"
"E12"
"F12"

(F9)

(E9)

(D11)
(C11)
(F11)
(E11)
(E12)
(F12)
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| IOSTANDARD =
| IOSTANDARD =
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| IOSTANDARD =
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| IOSTANDARD =
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LVTTL
LVTTL

LVTTL
LVTTL
LVTTL
LVTTL
LVTTL
LVTTL

| SLEW =
| SLEW =
SLEW =
SLEW =
SLEW =
SLEW =
SLEW =

SLEW

SLOW |
SLOW |

SLOW
SLOW
SLOW
SLOW
SLOW
SLOW

DEIVE
DRIVE

DRIVE =
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DRIVE
DRIVE
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50MHz clock oscillator

Bank 0, Oscillator Voltage 8-Pin DIP Oscillator Socket
Controlled by Jumper JPS CLK_AUX: (B8)

latlwmw £ i i &
R bSR3 R BRI ATR - "
1) A5 —AN50MHz [ B 8 & iR .
2) HITSMAERE RS, WAL L XILINX
WAMIEN. . JeZ, FPGAtHTT LA Lo T ¢
RN E S e SEE S : 2|
25 SMAIE 3% SPAR}'AN 3E
3) 3BT 8-D TP o o 1 45 o \\ (0 Vi
On-Board 50 MHz Oscillator SMA Connector
CLK_S0MHz: (C9) CLK_SMA: (A10)
NET "CLK_5H0OMHZ" LOC = "CO" | TOSTANDARD = LVCMOS33 ;
NET "CLK_SMA" LoZC = "aA14g" | TOSTANDARD = LVCMOS33 ;
NET "CLEK_AUX" LoZ = "gg" | TOSTANDARD = LVCMOE33 ;
i3
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Character LCD Interface

4 MR LCD % 5 2k 5
StrataFlash #{ #& %k
SF D<11:8> & H .
L.CD/StrataFlash 17 fif
PR T L1 AL BLAE
Fi . 2417 4% 28 2k fe )
(SF CE0=1) , FPGAFH/E
43/ 5iBIEALCD., A
&, 24 LCD L %k fE B
(LCD RW=0) , FPGAFH{E
S/ HiBIE A AR

9)?

Spartan-3E FPGA
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(M1

0
~J

1

0

)
(P17)
(R186)
(R15)

0

15

(M18)
(L18)
(L17)

SF_D<11> 2908

ANN—
SF D<10> 3804

ANN—
SF D<9> 3804

ANN—
SF D<8> 3804

MN—=

Character LCD

X

LCD_E

LCD_RS

LCD_RW

SF_CE0 —1-

DE7

DB6 Y Fqur-bit data
DB5 interface

DE4

DB[3:0] Unused
E

RS

RAW

Intel StrataFlash

D[11:8]
CEO
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Character LCD Interface Signal

Signal Name FPGA Pin Function
SF_D<11> M15 Data bit DB Shared with StrataFlash pins
SF_D<10> P17 Data bit DB& SF_D<11:8>
S5F_D=9> Rl16 Data bit DB
SF_D<8> F15 Data bit DB4
LCD_E M18 Read /Write Enable Pulse

0: Disabled

1: Read/ Write operation enabled

LCD RS L18& Register Select

0: Instruction regiﬁter during write Dperatiunﬁ. Bus
Flash during read up&‘ratin}ns

1: Data for read or write Dperatiuns

LCD_RW L17 Read /Write Control

0: WRITE, LCD accepts data
1: READ, LCD presents data

s

MET *LCD_E*" oc = "M1g" IOSTAWNDARD = LWVCHMOS33 DRIVE = 4 SLEW = SLOW ;
NET *"LCD_RS*® gc = "Ll1&8" IOSTANDARD = LWVCMOS33 DRIVE = 4 SLEW = SLOW ;
MET *"LCD RW" oc = "L17*" IOSTAWNDARD = LWVCHMOS33 DRIVE = 4 SLEW = SLOW ;

# The LCD four-bhit data interface is shared with the StrataFlash.

MNET "SF_D=8>" gc = "RLS’ ISCSTANDARD = LWVCMOS33 DRIVE = 4 SLEW = SLOW ;
MET "8F_D=«=9z" gc = "Rl&° IOSTANDARD = LVCMOS33 ORIVE = 4 SLEW = SLOW ;
MET "SF_D«<1C=" LOC = "PL7’ IOSTANDARD = LVCMOS33 DRIVE = 4 SLEW = SLOW ;

5 IOSTANDARD = LVCMOS33 DRIVE = 4 SLEW = SLOW ;

}}ﬁ: NET *SF_D=<l1l>" LOC = "Ml
e
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LCD Controller

- Graphics controller (Sitronix ST7066U)
- Samsung S6A0069X or KSO066U
- Hitachi HD44780
- SMOS SED1278

- DD RAM (Display Data RAM)

Character Display Addresses
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Undisplayed
Addresses
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Custom Checkerboard Character

® CG RAM(Character Generator RAM)

Upper Nibble Lower Nibble
Write Data to CG RAM or DD RAM
A5 Ad A3 A2 | AM | AO | D7 |D6 | D5 (D4 ([ D3 | D2 | D1 | DO
Character Address Row Address Don't Care Character Bitmap
0 1 1 0 0 0 - - -
0 1 1 0 0 1 - - -
0 1 1 0 1 0 - - -
) 1 1 0 1 1 - - -
) 1 1 1 ) ) - - -
) 1 1 1 ) 1 - - -
) 1 1 1 1 ) - - -
) 1 1 1 1 1 - - -

A2 o
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LCD Character Display Command Set

E = Upper Nibble Lower Nibble
Function a EI - - N - . i - =
S|/1S9|8|a|8|8|8 |8 |8 |8
Clear Display 0 0 0 0 0 0 0 0 0 1
Return Cursor Home ] 0 0 0 0 0 ] 0 1
Entry Mode Set ] 0 0 0 0 a ] 1 I/D
Display On /Off ] ] 0 0 0 0 1 D C
Cursor and Display Shift 0 0 0 0 0 1 5/C | R/L - -
Function Set 0 0 0 0 1 I 1 0 -
Set CG RAM Address 0 0 u L As | Ad A3 A2 Al Al
Set DD RAM Address 0 0 1 Ab | AR | Ad A3 A2 Al Al
Read Busy Flag and Address 0 1 BE | A6 | Ab | Ad A3 A2 Al AD
Write Data to CG RAM or DD RAM 1 0 Dy | De | D5 | D4 | D3 D2 D1 | Do
Read Data from CG RAM or DD RAM 1 1 D7y | De | D5 | D4 | D3 D2 D1 | Do

e ) ah
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LCD Interface Operation Timing
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LED_RS 0 =Caommand, 1 = Data
SF_D[11:8] Walid Data
LeD_RwW

LCD_E _/

230 ns
40 ng 10 ng
Upper Lower
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LCO_RS e A K b oo----C o A =, H,
SF_D[11:8] o o bt bt -Tooooo i " ot o
weo_prwW —— ~___ .~~~ =~ - -—- T w m
-"I i

LCD_E |
]
1

BiEELE L

L
L
L

1us

=

PR

ZheJdiang University




Operation

« Initializing the Display
- Power-On Initialization
- Display Configuration

- Writing Data to the Display

- Disabling the Unused LCD
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Verilog HDL

Logic Value

- Bit-widths

- Continuous Assignment Statement
« Procedural Assignment Statement
« Operators

- If & Case Statements

- Loop Statements
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Logic Value

*

A2

ook
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0 <--> logic-0

1 <-->logic-1

z <--> high-impedance

z <--> don’t-care (in casex and casez statements)
X <--> don’t-care

X <--> unknown




Bit-widths

- Data Type

- Net data type
- Register data type

« Constants

- Simple decimal
-~ Base format

- Parameter

")f

Zth QUI




Continuous Assignment Statement

® A continuous assighment statement represents logic
that is derived from the expression on the right-side-
hand of the assignment statement driving the net that

appears on the left-side-hand of the assighment .

® The target of a continuous assignment is always a net

driven by combinational logic.

® Assigna=b &¢;
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Procedural Assignment Statement

- Blocking Procedural Assignment

« Non-blocking Procedural Assignment

- <=

- Assignment Restrictions

- A target cannot be assigned using a blocking assignment
and a non-blocking assignment
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Operators

- Logical Operators: &&-. ||~ !

- Arithmetic Operators: +. -+ *. /. %. mod
- Relational Operators: >, <, >=, <=

- Equality Operators: ==, l=, ===, l==

« Shift Operators: >>(L). >>>(A). <<(L). <<<(A)
- Bit Operators: &. ~&. A, ~A[ |\ "]

« Conditional Operators: ?:
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Operator Precedence

Op Meaning

H . NOT

1

g * /. % MUL, DIV, MOD

h - - PLUS, MINUS

e

<<, >> Logical Left/Right Shift

[ <=<, =>>> Arithmetic Left/Right Shift
<,=<=,>,>=  Relative Comparison

==, |= Equality Comparison

L&, -z AND, NAND
: A A XOR, XNOR
: o~ OR, NOR
L Conditional

e ) ah
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Statements (if & case)

if (ProgramCounter [3])
- If statement DoCommand = 0;
else if (ProgramCounter [2:3] == 2'bl0)
DoCommand = 1;
else if (ProgramCounter {1:3] == 3'b100)
- casez. casex DoCommand = 2;
elge if (ProgramCounter [0:3] == 4'b1000)
DeCommand = 3;
else
DoCommand = 0;

« Case statement

casez (ProgramCounter)
4'b???1 : DoCommand = 0;
4'p??10 : DoCommand = 1;
4'p?100 : DoCommand = 2;
4'b1000 : DoCommand = 3;
default : DoCommand = 0;
endcase

if (Select [1])
BitPosition = 1;
else if (Select [2])

cagsex (Select) BitPosition = 2;
5'bxxxxl : BitPosition=1 else if (Select [31)
5'bxxxlx : BitPosition = 2 BitPosition = 3;
5'bxxlxx : BitPosition = 3; else if (Select [4])
5'bxlxxx : BitPosition = 4 BitPosition = 4;

5

. _ e 4 else if (Select {5
5'blxxxx : BitPosition = 5; EitPos;tioiC= 5{.”
default : BitPosition = (; alse ,

endcase BitPosition = 0;

e ak
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Loop Statement

- While loop

- Forloop

- Forever loop

- Repeat loop
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Module

» module module_name(portl, port2, ...)

> input, output, inout

> parameter

4 wire, reg

> Initial statement

) Always statement

) Module instantiation

) Gate instantiation

> function, task

> UDP instantiation

) Continuous assignment

A end;module
A2 Y
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Xilinx ISE 10.1 i

& Fle Edit View Project Source Process Window Help

DPEHA L XREX| 2N PLPHAARIA RE DT AW MK [=]

= s o EElI=E=2 ER
FEE MEULALTL V QO EE[Z2 2 (4R R IR
EEEENN [ 1/ spartan-3E Starter Boara R
Sources for: | Implementation hd 2 // Liquid Crystal Display Test lcdtest.v
-~ B LCDTest 3
é..ﬂxc355uue—4fg32|j 4 module lcdtest (input CCLE, BTN2, input [3:0] 5W, output LCDRS, LCDEW, LCDE,
9--§nalcdtest (Ledtest, +) 5 ogutput [3:0] LCDDAT, output [T7:0] LED);
MU - display (ledtest. w 3 . [5:0] ledd
wWire H cdd;
I'|'I2 elock (clock. v) & wire rsled, rwled, elcd:
Ml - pbdebounce (phdebw 9  wire debpbQ;
ElcdtestsSesb.ucf ledte 10
11 reg [255:0]strdata = "012345678%:abcdefHello world!OO000™;
< | | 3 12 reg [3:0] temp=0:
E'I:Sou.t’c @Fileslﬁ Snaps] IELibraJ 13

14 assign LCDDAT[3]1=lcdd[3]:
15 assign LCDDAT[Z]=lcdd[2]:
16 assign LCDDAT[1]l=lcdd[1]:
17 assign LCDDAT[0]=lcdd[0]:

Frocesses for: ledtest

Add Existing Source 18
Create Few Source 19 assign LCDRS=rslcd;
¥iew Design Summary 20 assign LCDRW=rwlecd:
Design Utilities 21 assign LCDE=elecd;
User Constraints 22

PA@Sythesize - ST 23 assign LED[O] = SW[O]:

24 assign LED[1] = SW[1]:
25 assign LED[2] = 5W[2]:
26 assign LED[3] = SW[3]:

; t]hlmplement Desizn
--t]@(}enerate Frogramming File

"t]@l:onfigure Target Device 27 assign LED[4] = temp[0];
q ’—| > 28 assign LED[S5] = temp[l]: &
< | 3
Frocesses
M i Design Sunmary ledtest v

Started @ "Launching Design Summary™. -

Started @ "Launching ISE Text Editor to edit lcdtest.wv™. E|

cript

<
[E| Conzale

|
oErrors ._ﬁ'l\'arnings | ﬂTcl Shell | ﬁFind in Files
>
m;"* _ [CAPS [NUM | SCRL [ Ln 14 Col 26 | Verilog

ZhelJdiang Unlvoril!y
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Example

® Design a Counter:

« The first line of LCD displays “0123456789abcdef”.

- The second line of LCD displays “Hello World!000x”, x is the value of the

counter.

« Push “BTN_SOUTH"” button, the value of the counter is increased by 1

fromOtof.

« The four slide-buttons is associated with the 0-3 LEDs, the value of the

counter displays on 4-7 LEDs.

« Modulized display part




Step 1: New Project

2= New Project Wizard - Create New Projec

Enter a name and location for the project

Project name: Froject location

|LEDTe5t| ||D:\u5er\LEDTezt

Select the type of top—lewel source for the project

Top-lewel source type:

| MIL

PR
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Hext

Cancel




Step 2: Device Properties

1

rfﬁ New Project V1< PM

Select the dewice and design flow for the project

Property Hame Yalue

Froduct Category All -

Family SpartaniE :

Device XC35500E ?

Fackage Fiz320 T
\ Speed -4 E
j Tap—Lewel Source Type HOL E

Y ¥ST (VHDL/Verilog) E|

Simulator ISE Simulator (VHDL/Verilog) E

Freferred Language Yerilog E

Enable Enhanced Design Summarsy

Enable Meszage Filtering |:|

Dizplay Incremental Messages |:|

<, Back Hext > Cancel

|
. %
PR
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Step 3: Create Project Completion

Eile Edit View Project Source Process Window Help

DPEHF L YREX bR LPLPXXPRAIRN TE DT A2 00 @ [~]
HFZE| @ ETHEINQ

[Sowrces ]

Sources for: |Implementation -
18| LCDTest :
o frg xe3sS00e-4£2320

3 Soure |® File: w Snapsl E Libra

No flow available.

E—t Froceszes

Started : "Launching Design Summary™. s

Started : "Launching Design Summarvy™. H

= (|

ETcl Shell | mFind in Files

|
Errors 1 Warnings
Qprrors | g\ arnine

zhoélqnq University




Step 4: New Verilog Module File & UCF

ﬂ Mew Source Wizard - Select Source Type il - SN

[P BN File

'q IF (COBE Generator & Architecture Wizard)
[BIMEM File

@Schematic

Elmplementatinn Constraints File

1 Q&;State Diagram

; Tezt Bench Waweform

@User Document

1.I’er:il-:-g Module
@verilng Test Fizture D:huzeriICOTest E]

[hg] VHDL Module

[ VDL Library
EW‘IIIL Faclkage
EVJ{DL Test Bench

File name:

Laocation:

£dd to project

| More Info | % Back Hext > Cancel

e ) ah
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Step 5: Write Vrilog HDL Code & UCF Code

« See

- LCDTest.v

- clock.v

- pbdebounce.v
- led.v

— lcdtests3esb.ucf

nnnnnnnnnnnnnnnnnn




Step 6: Edit Constraints

Sowrces x|
Sourcesz fo Impleme w | Humber o LUT| -
S| LCDTest
=) 7§ xe3s500e—4 £330
E--ﬂnﬂlcdtest [ledtest. w)
--Hl:l - display (lcdtest. w
HE - clack [(clacle =]
Ml — pbdebounce (phdebor
E ledtest=3esh. ucf (ledte:

Frocesses for: lecdtests5esh. ucf
D Add Existing Source
- [ Create New Source
Eﬁ' User Constraints
E Edit Constraints [(Text)

ek
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Step 7: Generate Programming File

- Synthesize

Frocesses for: ledtest

D Add Existing Source

D Create Hew Source

- Implement Design L View Design Sumary
W% Design Mtilities

‘ﬁ Uzer Constraints

- P Synthesize - HST
--EJ_EImplement Deszign
--EJ@Generate Frogramming File
FH-f) Configure Target Dewvice

- Generate Programming File

1 | | b

@t Frocesses |

9)?
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Step 8: Program

] i 15 LT ey o
% File Edit View Project Source Process Operations Options Output Debug Window Help

DPHP L {BEX DN LPLPXELPAIA BB DT AN K& +]
EFEIRCUAAN 9 QO > [Z2ZL(ARRROM SRIELIG: (2 30w

EE A o e g to sl opeations

::]Bou.ndary Sean

Gal5laveSerial

SalSelectMAP

S Desktop Configuration ol Eac UM! Eumg

::]]]irect SFI Configuration

[] SysteniCE *c385008 xciles xc2c64a

@ PEOM File Formatter lcdtest bit bypass bypass
TOO

Brg Sor

@mh sn||E Li'|Confi gur

Available Operations are:

F Confi tion O
E‘_t roeesses irEration TRE i Design Summary | lcdtest.v | pbdebou.nce.v | clock.v | I@Bom‘mdary Scan

f/f #*% BATCH CMD : setMode -bs n
Jf ®=%=% BATCH CMD : setMode -bs=
ff #*%* BATCH CMD : setMode -bs

1l

ﬂTcl Shell | ﬁFind in File=

|
oErrors | J\h'ﬁ'arnings

Configuration | Platform Cable USB | & MHz | usb-hs

i bk
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Behavior Simulation Example

» “timescale 1ns/1ns
» module Top;

> reg A, B, Ci;

> wire Co, Sum;

p full_adder F1(A, B, Ci, Sum, Co);

) Initial begin : ONLY_ONCE

b reg [3:0] i;

b for(i=0;i<8;i=i+1)

2 begin

> {A, B, Ci} =1i;

> #5 Sdisplay (“A, B, Ci = %b%b%b”, A, B, Ci,” : : :
Co, Sum=%b%b”, Co, Sum);

b end

3 end
» endmodule

,}ﬁ/zJ}f
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Result

*

)3
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- A4

A, B, Ci=000:::
A, B,Ci=001:::
A, B, Ci=010:::
A,B,Ci=011:::
A, B, Ci=100:::
A,B,Ci=101:::
A, B,Ci=110:::

A, B, Ci=111:::

Y

A

Y

Co, Sum =00
Co, Sum =01
Co, Sum =01
Co, Sum =10
Co, Sum =01
Co, Sum =10
Co, Sum =10

Co, Sum=11

Ci

10ns

Sns 20ns

25ns  30ns




Report Format
o —. LWHMMER

o . LN AFMFEE
o =, LHEENEIEILF
o 4. LA

o L. WRELA/
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