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Bai 1
GIOI THI EU

1.1 Muc dich

Bai thyc hanhdau tiénduoc thiét ké nhim trang b cho sinh vién niing kién thic cn
thiét dé lam viéc véi Board FPGA Xilinx Spartan3. Do dhgian thrc tip khdng nhdu,
tai liéu nay ch cung ép nhirng théng tin o ban Vé 1ap trinh FPGA Bng ngdn ng
VHDL duéi sy hd trg caa ptin mém ISE Design Suite, phiémb 12.1.Pay la goi
phin mém chuyén dng aia hang Xilinx.Bé cé th nam vitng, ddy du tinh ning aia
ISE Design Suite thi th gian nghién ¢u ngoai gb thuc tp 1a én thiét.

Dé c6 the 1am viéc i Board Xilinx Spartan 3, gim mém cn c6 1a ISE Xilinx Design
Suite, Xilinx PlanAhead va Adept. Tromtp, Adept 1a pAn mém duoc cung ép boi
Digilent @& nap chrong trinh vao FPGA. & ca cac plAin mém nay ding nhr gidy

phép & dung (license) cé thtai truc tiép tir trang cli caa nha én xuit.

Hilinx
F'Ian{l'lhea d
1650

1.2 Quy trinh th wc tap

Trong bai 1, quy trinh lam §& oo ban € duoc trinh bay chi ét. T bai thr 2 tro di,
cac hréc nay $ khdngduoc nhic lai. Vi du s dung dé minh hpa cac xéc thec tap 1a
bat tit d&n LED king céng ic SW.

*Cha y: “Bé&o céo Thrc tip” duoc viét bao gm cac y chinh sau:
e Quy trinh thrc tap
« Két qua tirng pHin

« Nhan xét & Két luan
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1.2.1 Thiét ké

Digilent Low-Cost (23
Parallel Port to JTAG | lncluded

Cable
}
Parallel Cable IV Low-Cost JTAG @
MutliPro Desktop Too Download Cable
JTAG Connector Connector
[ [
Plat 7
2 A1 Expansion @
X| Lle SPARTAN-3 S Header
XCFO25 2Mbit | em— = @
Configuration VT A2 Expansion
PROM 3 ' o Header
(3) Platform Flash B1 Expansion (9)
Option Jumpers A Header
256Ky 16 % & Configuration (18)
10ns SRAM | DONELED
256Kx 16 @ PROGRAM (T}
10ns SRAM SIXILINX || PushBution
@ E-color XC35200 Conﬂguraﬂm
VGAPort [T | Spartan3 [, | pode Select
7 FPGA Jumpers
(&) rs-2:2Port | _ | Rs-232] |
Serial Port Driver Auxitiary  (15)
Oscillator Socket
PS12 Port -— - 50 MHz
Oscillator
G0 4 Character
L s aiilo — | 4push ErLrttnns?’
1
'C‘)E Slide Switches |=——
8 LEDs @
vccoT T T
Power On (29 sw @] 2sv@| 12v @
LED Regulator Regulator Regulator

E—— R

SWDC, 2A Supply
100-240V AC Input | AC Wall Adapter

50-60 Hz @ Inciuded




THUC T4P THIET KE VI MACH PHAN |
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Truéc tién, Board S34m duoc cim ngubn va Kt ndi véi may tinh thdng quadng
USB. Néu may tinh khéng riim ra thét bi, ngroi dung én phai tai Driver vé va cai

dat.

Khoi dong chrong trinh chinhProject Navigator Chrong trinh Am trongProgram
List haic trén man hinhwbi dang Shortcut.

J Xilinx ISE Design Suite12.1
| Accessories
. Chip5cope Pro
. Documentation
. EDK
. I5E Design Tools

=4 Project Navigator g|

, Documentation
; Tools
Plan&head

m

« Tao mdt thiét ké méi bang cach chn: File 2 New Project...

Bl ol Al

hevpea |

View Project Sot

Open Project...
Open Example...
Project Browser..,
Copy Project...
Close Project
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Chuong trinh § hién ra a@ra $ hd tro, dat tén va chn vi tri lvu cho chrong trinh. Chu
y rang loai ngén ngr cip cao la HDL.

@ Mew Project Wizard

Create New Project

Specify project location and type,
Enter a name, locations, and comment for the project
Mame: |Lab1 {::
Location: __D:‘l,TEjst__S",_S‘n,lTe_.I:! 1

Working Directory: | D:¥Test_53'Lab1

DD

Description: |

Select the type of topdevel source for the project

Topdevel source type:

HOL <) [=]

Mare Info | Mext H Cancel |
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Sau khi nin Next, cra $ tiép theo cho phéprh chon cac thdng&va the tinh dia
chuong trinhdang thrc hién:

« Ho thiét bi: Spartan 3

e Thiét bi: XC3S200

 GOoi: FT256 (FPGA c6 256 chéan)
e Tbc do: -4 (6¢ do thdng throng)

« CoOng @ mo plng: ISim (ModelSim XE khong caduroc hd trg boi Xilinx)
* NgOn ngr : VHDL

@ Mew Project Wizard

Project Settings

Specify device and project properties,

Select the device and design flow for the project
Property Mame Value
Product Category _Gengra_l Purpo_se E
Farnily Spartan3 |z|
Device XC35200 2
Package FT256 ||
Speed -4 E}

| Top-Level Source Type HDL

Synthesis Tool X5T (VHDL/ Verilog) |z|
Simulator I5im (VHDL/ Verilog) IE}
Preferred Language YHOL |z|
Property Specification in Project File | Store allvalugs E}
Manual Compile Order |
YHDL Source Anabhysis Standard YHDL-93 E}
Enable Meszaqge Filtering [

Mare Info [ Mext J | Cancel

Nhan Nextdé sang ¢a $ tom ft; tiép tuc nhin Finish dé két thic.
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Ctra $ lam viéc chinhISE Project Navigator duoc khsi dong.

e Chon Project 2 New Source...

Process  Tools W

Source

O2Hg | B MNew Source..,

|Dl.=.'s$g'1 :E Add Source..,
[ | View: @ @ Iri Add Copy of Source...

Mew YHDL Library...
Manual Compile Crder
Import Custom Compile File List...

« Chon VHDL Module trong ¢ra $ tiép theo vadit tén chop tin.

Select Source Type

Select source type, file name and its location.

W IP (CORE Generator & Architecture Wizard)
¢ Schematic

=] User Document

Verilog Module

4] Verilog Test Fixture

% VHDL Medule
I VHDL Library
[¢] VHDL Package Lab1
M| VHDL Test Bench

E Embedded Processor

File name:

Location:

|D:Test_53\.ab1 | [5se)

[¥] Add to project
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« Pinh ngha théng é can thiét cho thét ké.

Vi du: Bau vao 8 cdngic, SWduoc xem nhr dudng bus co 8 bit.
Pau ra 8dén LED, trong tir nhr trén.

Define Module

Specfy ports for module.
Entity name | Lab1

Architecture name | Behavioral

Port Mame Direction

LED out

in

in

in

in

in
L

in

in

in

Nhan Nextdé sang @a $ tom #t, tiép tuc nhn Finish dé hoan t.
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e Giao dén chrong trinh chinh

E) File Edit View Project Source Process Tools Window Layout Help BEE
= . i@ oo e el G
DPEP L 4DEx|ve [ ALEH,RE BRSO 2[LRPELIO
Design o  eD08x &
] | View: @ {8 Implementation () [ Smulaton 5=
(5] | Hierarchy ==
G| 8 Labt o 11:06:27 03/02/2011
= 5 g8 xc3s200-471256
. [Hef Labl - Behavioral (Labl v... Eab1- — Behavissdl
£ -
A
B “
= A
| 5%
o if using
| ed values
| €2 No Processes Running
7, | Processes: Labl - Behavioral
£ rv declaration if instantiating
2| - E  Design Summary/Reports i e,
— @ Design Utilities i
E 8 USE’CDT‘St'Ei"tS 30 -—-use mponents.all;
— | @82 Synthesize - XST =
7@ T2 Implement Design T
§ T3 Generate Pregramming File 33 Port ( SW : in STD_] (7 downto 0);
@8 Configure Target Device 34 LED : out ST 2 (7 downto 0));
% Analyze Design Using ChipScope T e,
36
37 architecture Behavioral of Labl iz
38
39 begin
20
41
42 end Behavioral;
23
22
Pl il | 3
I St | =2 pesign [ Fles [ Lbrans| | B Lab.vhd B[Z Design Summary
Consale 08 x

Started : "Launching ISE Text Editor to edit Labl.vhd". 1
Launching Design Summary/Report Viewer... El

< i

o, gl
[El console |@ Errors [\ Warnings [[aa Findin Files Results

LnlColl VHDL

Trong bai vi d dau tién, thét ké don gian ch |a bt tit dén LED king SW. Clrong
trinh nhr sau:
library IEEE;
uselEEE.STD_LOGIC 1164.ALL;
entityLablis
Port ( SW :in STD_LOGIC_VECTOR (downto0);
LED :outSTD_LOGIC_VECTOR (fowntoQ));
endLabl;
architectureBehavioralof Lablis
begin
LED <= SW;

endBehavioral;
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« Sau khi vét xong chrong trinh, lrac ké tiép 1aTéng hop thiét ké.

Truéc khi tong hop, c6 te kich cht phai vao Synthesize-XSP Process

Properties...dé thaydéi dic tinh theo y mén. Béi vai nhitng thiét ké don gian,

khéng @n thaydoi Process Properties.

En? Process Properties - Synthesiz Options

Category

& Synthesis Options
+~ HDL Options
- Kilinx Specific Options

Switch Mame Property Mame Value

-opt_mode Optirization Goal S-peed E
-opt_level Optirnization Effort Marmal E
-iuc Use Synthesis Constraints File |-z| . -
-uc ' Synthesis Constraints File &
-keep_hierarchy Keep Hierarchy No E
-glob_opt ' Global Optimization Goal AllClockMets E
-rthvigw Generate RTL Schematic lYe.s o E |
-write_timing_cnnstraints' Write Timing Constraints |:I . i
~verilog2001 Verilog 2001 Fd

Property display level: Sﬁndard |E| [¥] Display switch names Default

[ ok || gancet || ooy Help

Pé tong hop thiét ké, kich trai chat lién tiép 2 cai vao don@ynthesize-XSTEé chay
congdoan tong hop. Néu thiét ké cé IBi, canh bao di hién ra va thét ké can phai sta

lai chodung.

SR AECRal

2 Mo Processes Running

Processes: Labl - Behavioral

= Design Summary/Reports
Design Utilities
User Constraints
PA) Synthesize - XST
?3  Implement Design
?2  Generate Programming File
@ Configure Target Device
22 Analyze Design Using ChipScope

-10 -




THUC T4P THIET KE VI MACH PHAN |

Sau khi 6ng hyp thanh céng, doc tiép theo 1aMd phéng. Qué trinh mé ptng € cho
thiy két qua ¢ dang song tin K§u; dea vao dng séngié kiém tra bi, siraddi hoic cii
tién thiét ké.

Fite Edit View Project GSource Process Tools Win

L2 HD | i b B2 B X | € o | ced
Design +08 % | 5
View: @) @Inﬂemenmﬁcn @ B8 simulation 5= 3
Hierarchy == :
'H Labl = =

=

#  xc3s200-451250

{Z| Add Source...
@ Add Copy of Source...

2 [ | Ee |69 fin &

« Nhan chon VHDL Test Bench dit tén cho4p tin md plong
b — X

: -
k=5 MNew Source Wizard

— e ] -

Select Source Type

Select source type, file name and its location.

[t BMM File

&% ChipScope Definition and Connection File
Implernentaticn Constraints File

| ]

%y IP (CORE Generator & Architecture Wizard) !
MEM File
E Schematic '
=] User Docurment !:‘|E name:
Verilog Madule |Lab1_test
W] Verilog Test Fixture Lh = g

ocation:

[ VHDL Library |D:\Test_s3\Lab1 =
[7] VHDL Package
F® VHDL Test Bench

¥ Embedded Processor

- e e e

Add to project

[Next ”Camael

-11 -



THUC T4P THIET KE VI MACH PHAN |

Néu chrong trinh cé nHiu tp tin ngwn, cin chon t@p tin chinh én mé pldng. Trong
vi du nay, ch c6 1 fip tin laLablcan mé plong.

; ol ) S
- -
@ MNew Source Wizard -
- "~

Associate Source

Select a source with which to assodate the new source.
Labl

o) o

Nhin Next

- T
. = - ﬁ
- -
@ Mew Source Wizard =
i 2 |

Summary

Project Navigator will create a new skeleton source with the following specifications.

Add to Project; Yes

Source Directory: D:\Test_S3Yab1
Source Type: VHOL Test Bench
Source Mame: Lab1_test.vhd

Association: Lab1

L) e

Nhin Finish

-12 -
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Quay hi chuong trinh chinh, abn natSimulation

i=#| ISE Project Mavigator (M.53d) - D:\Test $3\LablLabl.
Fite Edit View Project Source Process To

D2HI| L[ DB X0
Diesign +08 %
View: ) Implementation @ FE Simulation 5 -
Behavioral A_- gl
Hierarchy ﬁ -
- 18] Labl

B B xc3s200-4ft256
i [ Labl tes...

H|E & | |§e |6 fn &=

Chon tap tin mo pldng

&= ISE Project Navigater (M.53d) - D:\Test_53%Labl\labl.
File Edit View Project Source Process To

D2ES | | DEX|w o]

Design + 08 xi e
El Yiew: ) i:l‘:i!} Implementation @ Simulation 5
g@ Behavioral wl T
EE Hierarchy =

= | 8] Lanl

wit | B £ %c3s200-4ft256

E =F [ Labl test - behavior.. a

&= % uut - Labl - Beh... -
A

-13 -
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» Viét chaong trinh mé phng.
Vi du:
i=5] ISE Project Navigator (M.53d) - DATest 531
Filte Edit WView Project Source Process Tools Window Layout Help

DA L sobx|wa| |2z, RN 20 selr el Q

Design +0& x_| j 59 constant period :time := 10 ns;
B iwew:l-;} @_Imﬁ!emenmﬁon @ = 60
G@;Behavioral 61 BEGIN = : : m w = o
E 62 —— Instantiate the Unit Under Te=t {(UUT)
[z5 | Hierarchy 5 &3 wut: Labl PORT MAE |
== E’] Labl = 64 5W => S5W,
s | B £ xc3s200-4256 &5 IED => LED
= = [ Labl_test - behavior.. i 66 )i
% uut - Labl - Beh... L 67 —— Stimulus proceas
A 68
% 69 stim proc! process
@ 70 begin
: A T —— hpold resgt state for 100 . ns.
*4 72 wait for 100 nas;
73 SW(0) <= '1';
74 wait for period;
75 SW({l) <= '1';
76 SW(0} <= '0°';
77 wait for period:
78 SW(2) <= '1';:
79 SW(l) <= '0°':
B0 SW(0) <= '0°';:
81 wait for period:
a2 SW(3) <= '1';
@ | P2 MNoProcesses Running a3 SW{l} <= '0';
'?{: Processes: Labl_test - behavior 84 Sw_m} o I'le
20| &% 15im Simulator 22 g;ltz}fzi ?if‘:ad'
Er;: : Eleha\;mraICheE:kSyntax a7 SW(3) <= '0';
il imulate Behavioral Model as SW(2} <= '0';
™ 89 wait for period:
B 30 SW(5) <= '1';
91 wait for period;
82 SW(e) <= '1';
23 SW{5) <= '0';
g4 SWA4) <= "0';
95 wait for period:
%6 SWATY == “1':
97 SW(E) <= '0°';:
oe SW{3) <= '0';
g9 wait. for period;
100 end process;
101 EHD:

Chuong trinh md phng miu duoc tr ddng o ra nhrng throng c¢6 nhéu thanh phn
hon cn thiét. Trong vi di nay, ptn chinh @a @p tin md pldng ch nhu hinh trén.

-14 -
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Ctra $ phia dr6i c6 biéu trong ISim Simulator

» Kich hat cheong trinhSimulate Behavioral Model

# | P2 MNoProcesses Running

'?3: | Processes: Labl_test - behavior

| ‘ﬁ I5im Sirnulator
Behavioral Check Syntax

=
= i ]
_I‘Errg: =:>@ Simulate Behavioral Model

Chuong trinh mo phng Isimduoc khoi dong

Exl 1Sim (M.53d) - [Defaultwetg] [E=REEd X
; File Edit View Simulation Window Layout Help
B4 B D X®| 0 |
Source Fi.. ++ [0 & X || Objects +0 8 X
= Simulation Objects for lab1_test

Lo vhd 1 EREGIEE) @

Labl test.vhd

|| Object Narme Value B #

std_logic_1164.vhd IEE=S
- B sw[:0] 10000001 Arl ¢
B ted[:0] 160000001 Arl
L& period 10000 ps PH

®

< ) | i
v |2 source |7| |« [ » . =l Default. wcfg 8 | o

Consale

15im M.53d (signature Oxb869331d)
WARNING: A WEBPACK license was found.
WARNING: Please use Xiinx License Configuration Manager to check out a full ISim license,

WARNING: ISim will run in Lite mode. Please refer to the ISim documentation for more information on the differences between the Lite and the Full version,
This is a Lite version of [Sim.

Time resolution is 1 ps
Simulator is doing drcuit initialization process.

Finished drcuit initislization process,
ISim>

Ctra $ chinh c6 Bn phin, ptin $5 3 hén thi dang s6ng. Trédo, cé cac conguwechinh
nhu 12 Phong to, Thu nby Xem toan b va Xem vinguoc danh diu.
A pE M| @ » »2 | 100 ] b=

Bén anh 1a cac niM6 phvng lzi, Chay mé plang, Chuy dén thoi gian @a cton, Chay
terng heoc va Dang .

-15 -
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Sau khi md pbng, sraddéi dé két qua nhr y@u du dit ra. Bréc tiép theo 1adit cac clé
d6 thoi gian va gan chan cho FPGA.

e Tat cheong trinh mé pbng ISim.

« Quay hi chuong trinh chinh, obn lai ché d6 Implementation

4| ISE Project Navigator (M.53d) - DA\Tests.
File Edit Wiew Project Scurce Process To
D@l sREX|0 o :
Design i _HEI ) X| "]
Wiew: @ ﬁ!}lmplemeniﬁﬁun () Simulaﬁnn -

Hierarchy

£ E3 xc35200-4ft256
Labl - Behavioral (Labl .,

Ei
&l
G| € Labl
st

« Kich haat cdng @ Create Timing Constraintsrong ptan User Constraints
Néu tap tin (*.ucf) chraduoc tao ra, clrong trinh § tur dong to va théng bao.
« Nhin Yesdé chap nhin tao tp tin (*.ucf) mji

Processes: Labl - Behavioral

: Design Summary,/Reports
[ g Design Utilities

H |28 | 29 &5
:

= User Constraints

L Create Timing Constraints
~-[@] 1O PinPlanning (PlanAhead...
~-[@] 1O PinPlanning (PlanAhead...
“-[g] Floorplan Area/10/Logic (Pla...

I'II- Py Lwnthecize - WET

=
Bints]
File Edit View Project Source Process Tools Window Layout Help

DAHF L sDbEx|vwa| »£A2pErRA R0 LR P L@

ITlmlng Constraints +08 xi
Source Constraint File Ucf Constraints
|Lab1.ucf EI Timing Constraints Source

(") Show constraints from specified file only

@ Show constraints from all files
Save New Constraints To File
fastans B

Constraint Type

- Timing Constraints
[ Group Constraints
- Miscellaneous

-16 -
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Dit cac cé do lien quandén xx Ii xung nhip, thoi gian té, ...

fD Y= BRI A = Clock Period x|
Timing Constraints |
' Initisl active edge used for
Constraint Files OFFSET vale s setto HIGH  K—  PERIOD —3
top.ucf \ﬁ |
() Show constraints from specified file only __}t k— NPUTATTER
(#) Show constraints From af files
Constraint Tvpe * TIMESPEC name: | T5_cpuck
= Tmlcml ants * Clock net name:  cpuClk v
mss Clock signal definition
% Exceptions © Specfy time
Opersting Conditions = : |
+ Group Constraints Time: | 100 Units; {MHz v/
& Miscellaneous Initial dock edge: (&) Rising (HIGH) () Faling (LOW)
Rising duty cyde: |50 Units: % v

Trong phin vi dx nay khéng & dung xung CLK néndp tin (*.ucf) khéng én sra doi.

PHin tiép theo la gan chan cho FPGA.
« Khai dong cong a I/0 Pin Planning (PlanAhead) — Post-Synthesis

3 Mo Processes Running

Processes: Labl - Behavioral

Design Summary/Reports
[ Dresign Utilities

- User Constraints

45 Create Timing Constraints

@] 1’0 Pin Planning (PlanAhead) - Pre-Synthesis

H|F|HH|v
=

- P2  Generate Programming File
E}-@ Configure Target Device
- &= Analyze Design Using ChipScope

-17 -
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Chuong trinh PlanAhead

@] Lab1 - Netlist Design - [Di\Test §3\{abiplanAResd run 1\lablppr - BlEnahesd 12T K
File Edit View Tools Window Select Layout Help

B el e
BooaXHFes BEOEGm

Netlist Design — xc3s200256-4

Netist /08 x

FLabl

-G Nets (24)

- 5 Pimitives (16

3 Metlist | Physical Constraints| {2 Timing Constraints | & Clock Regions
Properties

2O x
i d L

E vel| [ ‘@
| i Package x 4 b B |8 Device x 408
1/0 Ports B 0O0a =
4, | Name Dir NegDiffPair  Site  Bank 1/OStd  DriveStrength  SlewType  Pull Type
All ports (16
@D E) Output LVCMOS25 12 SLOW
B SW (3 Input LVCMOS25 12 sLOW
| Scalar ports {0
[ 1/0 Ports | 5 Package Pins
Td Console 104 x
2|  1NFO: [ED-UCFReader 1] Finished Parsing UCF File : .\Labl.ucf -
cay| | INFO: [ED-LIB 0] Reading timing library C:/Xilin/12.1/ISE_DS/Flanihead/parts/xilink/spartan3/sparcand/spartan3d-4.1ib .
=
% INFO: [HD-LIB 1] Done reading timing library C:/Xilinx/12.1/ISE DS/Planihead/parts/xilinx/spartan3/spartand/spartani-1.lib
& constrs_1
= | 5
12 Tel Console | | Reports
ISE Integration Flow

Chuong trinh cho phép gan chan linhahachi cin kéo va th chan én gan vao wtri
dugc minh ha.

Bang chandinh $in cia céng ic SW

Switch SW7 | SWe | SW5

SW4 | SW3 | Sw2
FPGA Pin | K13

K4 | 113 | n4 | H13 | Hi4

W1 9wu|
G12 | F12 |

Bang chandinh $in ciadén LED
LED LD7
FPGA Pin P11

LD LD5 L4
P12 N12 P13

LD3 | LD2 | LDI LDL‘I|
N14 L12 P14 K12 |

-18 -
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« Hoic la nHip tén chan vao Bitetrong ara $ /O Port Properties nhin Apply
Vi du: SW[0]duoc quydinh la chan F12.

) o ] SEees S oisce W0 at F12
() 202 o8 e S o | - 981 SR <ite Type: 10, L21N_2
[} LED _4_OBUF (0507 il = ¥ R Banlc 2

)] 4'.'.' A _JUF {IF
e

2] Nethst :&.Md Cortrsints A.Tm'-u Corstraints | B Clock Riegors |

| D> 1/0Ports | > Package P

1,;'D-n:r'Fmp:rﬂ-¢.: B W TS
e = ‘:.‘Jil |
L ]
Featnz 5] :
Lraczon; Sutpes |_|
Sl ure | f el
| memarsl | Cenfoure |
B Sy | i tens I {1 pockege
1Pt
|| B, | mane D MegDiffPar  Sits Bk [OSH  DriveSkengh  SewType  Pull Type
- 3 LED]E] Cutput ENEMOS 25 12 SLOW
[| s O LED{7 'Dulml LVEMOS 25 12 s
{ .:::_ =B 5 LYCMOS25 12 SLOW
|. z -mﬁ—m—--m—m-—
| =1 £ swil L¥CMOS 25 12 SLOW
(el O 5w[d] Irput LVCMOS25 12 SLOW

<7 LED[0] & IY0 Port Properties... Ctrl+E
X Delete., Delete
e LEDLO] | Unplace Ctrl+L

Direction: Qutput

F g

Site: K12 | 7] Fixed
5 =L - i P
| General | Configure |

| IO Ports '
i fer Configure /'O Ports..,
A | Name Dir Neg Diff Pair  Site : e
X | =@ Al ports (16)  DVFE Pai
e | E-ig) LED (8) Output Rkl e
I TS I | At ploce O Pors.
:E—% U by #  Place I/ Ports in an /O Bank
= Output L1z i
!:1.“_5 d . @ LED[F] Output N14 {# Place YO Ports in Area
B . 1/01 Pnf[-_\s [ k) Package Pins. | #  Place YO Ports Sequentially

-19 -
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Sau khi hoanit viéc gan chanulu di liéu rdi quay hi chuong trinh chinh.

@] Labl - Netlist Design - [DA\Test_S3\Labl\planAhead_run_1\Lablppr] - Plané
File Edit View Tools Window Select Layout Help

BompeaxXd®Feh BEQEG M

C6 thé xem hi tap tin (*.ucf) king cach chn Edit Constraints (Text)
54| ISE Project Navigator (M.53d) - DATest $3\Lab1\Lablaise - [Lablucll L 7

File Edit View Project Source Process Tools Window Layout Help

NDAEF L s bhx|we 22 2R 2802, PPl
[Design 08 x & A
D View: @ @Impiemenmﬁon ') Simulaﬁgn = 2 # Planlhead Generated physical constraints
ds] | Hierarchy = 2 NET "LED[0]" LOC = K1Z2;
g | & Labl “ 5 NET "LED[1]" LOC = Pl4;
— | B £F xc3s200-4ft256 = & NET "LED[2]" LOC = L1Z;
ot = [t Labl - Behavioral (Labl.v... 7 NET "LED[3]" LOC = Ni4;
P " [f] Lablouck o 8 NET {17 LOC = P13;
% - § NET LOC = N12:
A 10 NET LOC = P12;
% 11 NET LOC = P11:
) 12 HNET LOC = F12:
- A 13 wET LOC = G12;
o= x4 14 NET LOC = H14;
15 NET LOC = H13;:
16 MNET LOC = J14:
17 MNET LOC = J13:
18 NET LOC = K14;
18 NET LOC = K13;
m &
# | P2 No Processes Running
%rt Processes: Labl.ucf
r?it = ? User Constraints !
il W % Edit Constraints {Text]
%rt
M
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Coéngdoan tiép theo laThuc hién thiét ké.
Ddi véi nhitng thiét ké phirc tap, kich phi trén dongmplement Desigrrdi chon

Design Goals & Strategies. hayProcess Properties. dé chon cac ck do phu hop.

# | ) Mo Processes Running
?{: Processes: Labl - Behavioral
TE]: e I Design Surmmary/Reports
E} Design Utilities
E-T; = User Constraints
e R Create Timing Constraints
- YO Pin Planning (Plan&head] - Pre...
/0 Pin Planning (Plan&head) - Pos...
: £ Floorplan Area/10/Logic (Plan&hea...
w8
=
B '?t Run
# 2 Map ReRun
E F 3  Place & Route . Rerun All
P2  Generate Programming File =
@ T Configure Target Device . Stop

— % Analyze Design Using Chip5e View Text Report

Force Process Up-to-Date

= Implement Top Module
|E Start | B2 Design [ﬁ‘j Files I]D L Design Goals & Strategies...

| Console ®.¥ Process Properties...

Trong bai nay, khéngaa can thép 2 pHin trén.
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« Kich hat cheong trinhimplement Design

?J Mo Processes Running

Processzes: Labl - Behavioral

Design Summary/Reports

- Design Utilities

=- User Constraints

Create Timing Censtraints

I/0 Pin Planning (Plan&head) - Pre...

: 1 L'OPin Planning (Plan&head) - Pos...
L @) Floorplan Area/I0/Logic (Plandhea...

H | EH v
v

5 0@
ENY!

Configure Target Device
-~ @8 Analyze Design Using ChipScope

Tao tap tin mp vao FPGA.

» Kich chut phai trén dongGenerate Programming File? Process Properties
Vi chuong trinh § duoc nap baing chuin JTAG-USB nén pdi chon
Startup Options FPGA Start-Up Clock> JTAG Clock

B Process Properties - Startup Options e S
i Switch Mame Property Name Value
Lraehiial Otine g StartUpClk:  FPGA Start-Up Clock AGIC‘Ick I~
- Configuration Opticns . - ! :
Startup Options -g DonePipe:  EnableInternal Done Pipe [F
‘. Readback Options -g DOME_cycle:  Done (Output Events) :tlefault &)
-g GTS_cyclee | Enable Qutputs (Qutput Events) Ebefau}t (5}

-g GWE_cycles  Release Wnte Enable (Qutput Events) '_D;fa L._|-H: (3]

-g LCK_cycle: lWait for DLL Lock (Qutput Events) E:Default (N;Waitj
-g Match_cycle: .Wait for DCI Match (Qutput Events) !;E\uto

-g DriveDone: Drive Done Pin High [E]

EEIEE]E]

Property display level: Standard E [¥] Display switch names

[oc [ concel J[ moow [[ rep |
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Kich haat chuong trinhGenerate Programming File

2 Mo Processes Running

Processes: Labl - Behavioral

o Design Summary/Reports

Design Utilities

User Constraints
Create Timing Constraints
I/0 Pin Planning (Plan&head) - Pre...
I/0 Pin Planning (Plan&head] - Pos...

H|&F|EE| v

Floorplan Area/I0/Logic (PlanAhea...
G- PAED Synthesize - X5T
= PAED Implement Design

w- PAED Translate
- ) Map
- P20 Place & Route
- PAE) Generate Programming File
EE}--@ Configure Target Device
-2 Analyze Design Using ChipScope

Sau khi hoanit, c6 tr¢ kiém tra & luoc thiét ké qua tng tom fit & thé phia drgi cua
ctra $ chrong trinh chinh.

"+ | B Design Overview | e - =
ol FENE l@ Summary Lab1 Project Status o
@ [E 10B Properties Project File: Lab1.xise Parser Errors: Mo Errors
[£] Module Level Utilization Module Name: Lab1 Implementation State: Programming File Generated
@ [E Timing Constraints -
a Ej Pinout Report Target Device: xc3s200-4ft256 = Errors: Mo Errors
Clock Report Product Version: ISE 12.1 = Warnings: Mo Warnings
pi
f R @ Static Tl.mmg Design Goak: Balanced = Routing Results: Al Signals Completely Routed
= Errors and Warnings
ﬁ N Ej Parser Messages Design Strategy: Xilinx Default (unlocked = Timing Constraints:
o4 [2 Synthesis Messages Envi System Settings « Final Timing Score: 0 {Timing Report)
= - [2] Translation Messages
B Map Messages
[E Place and Route Messages Denioe Uizt Simmmary: M
- [2] Timing Messages — —
Ej Bitgen Messages Logic Utilization Used Available utilization Mote(s)
£ i [2 Alllmplementation Messages Number of Slices containing only related logic 0 ] 0%
@ D:Etal‘Ed REpDrts. MNumber of Slices containing unrelated logic 4] ] 0%
- [ Synthesis Report
B Translation Report Number of bonded I0Bs 16 173 9% E
- [2] Map Report Average Fanout of Non-Clock Nets 1,00
- [2) Place and Route Report
- [2] Post-PAR Static Timing Report
i [] Power Report I z
] : Performance Summary L
- [2) Bitgen Report : l o
[ Secondary Reports Final Timing Score: 0 (Setup: 0, Hold: 0) Pinout Data: Pinout Repart
I5IM Simulator Log Routing Results: Al Signals Completely Routed Clock Data: Clock Repart
- [2] WebTalk Report = =
" WebTalk Lag File amang Constraants:
Design Properties Detailed Report B
‘- [7] Enable Message Filtering - = -
Optional Design Summary Contents Report Name Status Generated Errors Warnings Infos
+ [ Show Clock Report Synthesis Report Current 0 0 0
- [] Show Failing Constraints z
=] 3 ransiation Report
-+ [F] Showe Warnirigs Translation Report Current 0 0 o
i [7] Show Errors Map Report Current 0 ] 2Infos (2 new
| 2Infos (2 new)
Place and Route Report Current 0 0 11nfo {1 new
Power Report
Post-PAR Static Timing Report Current o o 5 Infos {5 new
Bitgen Repart Current a 0 1Info {1 new
u f oAt enr = I =
|58 1SE Design Suite Infocenter || | = |£ssgn Summary (Programming File Generated) [£J ‘ E Lab1.vhd x| ] ] Labl.ucf = |
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1.2.2 Map chwong trinh

Néu sr dung cap éa Xilinx, prin mém iMPACT  dugc sr dung dé nap FPGA. Tuy
nhién, cap JTAG-USBi kém thét bi 14 caa hang Digilent; doay, prain mém rap
FPGA la Adept. Pin mém nay va driver cho cap USB céthii truc tiép tir trang clii

cua hang Digilent.

» Khoi dong chrong trinh Digilent Adept

i oigitent acert T e
maﬂlﬁlﬂﬁ[ Connect: |JTAG—USBCabIE v]
Product: Jtag-USE Cable

Config | Settings |
FPGA ; EI
scasaon | | | [rowse..]
PROM —
wCFO25 l vl Browse, ., Progr

-
=
=

=]
=
£

L]
~
A

Initiglize Chain ]

Board information loaded. -

Found device ID: f5045093

Found device ID: 01414093

Initialization Complete, -
Device 1: XC35200 |2
Dewvice 2: XCF025

Thong tin \& thiét bi duoc hién thi trén a@ra $ cheong trinh Adept.
e Thiét bi 1: FPGA XC3S200
« Thiét bi 2: PROM XCF02S
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PHAN |

Chuong trinh ap cho FPGA & mat di khi ngit dién. Bé chrong trinh ¢6 th haat dong
khi cip ngwbn, én map chrong trinh vao PROM, FPGAs4ay dit liéu tr PROM ndi

lan khoi dong.

*Cha y: SO 1an nap cho FPGA 1a khong @i han nheng $ lan nap cho PROM 4 ¢6
gidi han. Trong khi thrc tip, KHONG rap chrong trinh cho PROM.

« Dé map chrong trinh cho FPGA, &n nGtBrowse

Chon tp tin én nap (*.bit) trong ara $ tiép theo

File name: |abl.bit

i, Open
« DATA(D:) » TestS3 » Labl » - ]?H Search Lab1 P
Organize » hew folder = 0O @
& Favoiies al Mame . Date modified Type
B Desktop _ngo 3/3/2011 8:38 AM File folder
& Downloads _¥msgs 3/3/2011 8:39 AM File folder
= Recent Places ipcore_dir 3/2/2011 11:05 AN File folder
J iseconfig 37272011 11:07 AM File folder
w4 Libraries = isim 3/2/2011315PM  Filefolder
E] Documents i . planAhead_run_1 3372011 8:07 AM File folder
da? Music wlr_auto_0_xdb 3/3/2011 8:38 AM File folder
| Pictures B st 3/2/20113:38PM  Filefolder
B Videos ||| labl.bit 3/3/2011 8:39 AM BIT File
: 4 Computer
&L, Local Disk (C:) '
= DATA (D:)
o) CD Drive (E) T - , ;

~ | FPGA Config Files (".bit; *svf) |

[oe 1 |

Cancel ]
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 Nhan natProgramdé nap chrong trinh. Kt qua duoc béo trén dong théng béao.

4, Digilent Adept =

MDHIGINM Connect: |JTAG-ISE Cable v|
Product: Jtag-USE Cable

Config | Settings |

L ] ) ) | ||
PROM —
| = il

Initialize Chain

Programming Successful, -
Set Config file for ¥C35200: "Du\Test_S3YabiYab1.bit”

Preparing to program XC35200...

Programming. ..

Verifying programming of device... Al
Programming Successful,

I

« Quan séat & qua thuc hién trén board S3.
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Bai 2
LEDs & SWITCHs
2.1 Gioi thiéu
Trong bai nay, sinh viérédam viéc voi 2 thanh phn oo ban oia Xilinx S3 FPGA
Starter Board la LED va Switch.

Nhitng thao tac l1am ¢t voi ISE Design Suite&skhdngduoc nhic lai.

2.2 Thec hanh
2.2.1 Half Adder
« So d6 nguyén ly va bng sr that

)

—

e Chuong trinh

library IEEE;
use IEEE.STD_LOGIC 1164.ALL;

entity H_Adder is
Port (A :in STD_LOGIC,;
B:in STD_LOGIC;
S:out STD_LOGIC;
C:out STD _LOGIC);
end H_Adder;

architecture Behavioral of H_Adder is
begin

S <= A XOR B;

C <= A AND B;
end Behavioral;
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« Viét chuong trinh md phng (VHDL Testbench) theo hréng din tai Bai 1.
e Chuong trinh @i y nhu sau:

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
ENTITY HA test IS
END HA test;
ARCHITECTURE behavior OF HA_test IS
COMPONENT H_Adder
PORT( A IN std_logic;
B :IN std_logic;
S : OUT std_logic;
C: OUT std logic );
END COMPONENT;
signal A : std_logic :='0";
signal B : std_logic :="'0";
signal S : std_logic;
signal C : std_logic;
constant period : time := 10 ns;
BEGIN
uut: H_Adder PORT MAP (
A=>A,
B => B,
S=>8§,
C=>C )

stim_proc: process
begin
wait for 100 ns;
A<="0,
B <="0}
wait for 100 ns;
A <=1}
B <="0}
wait for 100 ns;
A <=0}
B <="1}
wait for 100 ns;
A<="1}
B <=1}
wait;
end process;
END;
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« Gian dd xung trong 1Sim

« Thuc hién gan chan cho céac tinthidau vao la SW vaiu ra la LED.

2.2.2 Full Adder
« So dd nguyén Ii va bng sr that

Inputs | Outputs
A|lB G Cout| S

A4—) olo o o |o
B¢ D—S 110/ 0] o |1
Cin 0/1 0 o |1
1[1l o] 1 [o

0o 1] o |1

Cout 1101 1 [0

ol1]1] 1 [o

TEIERERE

« Viét chuong trinh thét ké Full Adder.
« Viét chuong trinh thrc hién mé plong

« Gan chan cho céc tindui, quan satd qua trén board S3.
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2.2.3 Multiplexer

&
=D e
¥

a) 'Bang sy that b) Mach logic c) Bieu tuong

Dua theo 8 d6 mach trén, thét ké 1 b multiplexer cédo rong 4 bit.

§y—

a2 0 — M &
b2 — N 2
o A
L
B
80 ——o m
bo |, 0

e Chuong trinh @i y

library ieee;
use ieee.std_logic_1164.all;
Entity Lab21 is
Port( SW :in STD_LOGIC_VECTOR(7 downto 0);
BT :in STD_LOGIC;

LED :out STD LOGIC VECTOR(4 downto 0));
End Lab21;
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Architecture Behavioral of Lab21 is
signal Sel STD_LOGIC;
signal A, B, M:

Begin
A <= SW (3 downto 0);
B <= SW(7 downto 4);
Sel <= BT;

M(0) <= (NOT(Sel) AND A(0)) OR (Sel AND B(0));
M(1) <= (NOT(Sel) AND A(1)) OR (Sel AND B(1));
M(2) <= (NOT(Sel) AND A(2)) OR (Sel AND B(2));
M(3) <= (NOT(Sel) AND A(3)) OR (Sel AND B(3));

LED(3 downto 0) <=M;
LED(4) <= BT;
End Behavioral;

 Thuc hiégn mé pling king 1Sim
e Gan chan SW, LED, BTutchon theo lng sau:

PHAN |

STD_LOGIC_VECTOR(3 downto 0);

Switch SW7 | SW6 | SW5 | SW4 | SW3 | SW2 | SW1 | SWO |
FPGA Pin | K13 | K14 | N3 Jl4 | H13 | Hl4 | G12 | F12 |
LED LD7 | LD6é | LD5 | LD4 | LD3 | LD2 | LD1 | LDO |
FPGA Pin P11 P12 N12 P13 N14 L12 P14 K12 |
Push Button | BTN3 (User Reset) BTMN2 BTN1 BT™O
FPGA Pin L14 L13 M4 M13
« Nap chrong trinh va quan satkqua trén board S3
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Bai 3

7 SEGMENTs DISPLAY
3.1 Giéi thiéu
Trong bai nay, sinh viérédam viéc v6i bén dén LED 7doan c6 $in trén board S3.
Chuangduoc két ni vsi FPGA thdng qua 6t bo phan kénh, doay mdi lan chi co thé
Xuat dir liéu ra ndt dén LED théng qua tin &ii chpn dén.
Nhitng dén 7doan nay hat dong ti mic thip, ngha ladén sang khi rdn bit ‘0’ va
tat khi nhan bit ‘1.

3.2 Thuc tap
e Sodd bd tridén

AN3 (E13) ANZ (F14) ANT (G14) ANO (D14)
10 /! ¢! |
(E14)
rra | J | |
0 B—={F13)|f I:Gu: f b i b f b
s = (N16) | . | . | ==
0 D— o 1 _ N _ A 8
0 E—=
1 F—=|(R18) c | (N15) e c e c =3 c
0 6 —= |
v NG N g =N g =N G
(P15)
(P18)

e Bang gan chan cin den va thanh

FPGA Connections to Seven-Segment Display (Active Low)

Segment FPGA Pin
A El4
B G13
C N15
D P15
E R16
F F13
G N16
Dp Pla

Digit Enable (Anode Control) Signals (Active Low)
Anode Control AN3 AN2 ANI1 ANO
FPGA Pin E13 Fl14 Gl4 D14
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3.2.1Piéu khién mét dén LED 7 doan
Hién thi 1an leot chix (d L U .) dya vao gia trnhap tir 2 céng ic SW.

S1 SO Ki
0 0 d
0 1 L
1 0 U
1 1

e Chuong trinh @i y

LIBRARY ieee;
USE ieee.std_logic_1164.all;

entity dLU is
Port (SW:in STD_LOGIC_VECTOR (1 downto 0);
AN :out STD_LOGIC_VECTOR (3 downto 0);
HEX : out STD_LOGIC_VECTOR (7 dowrd);
LED : out STD_LOGIC_VECTOR (1 dowr));
end dLU;

architecture Behavioral of dLU is
signal S: STD_LOGIC_VECTOR (1 downto 0);

begin
AN <="1110";
LED <= SW;
S(1 downto 0) <= SW(1 downto 0);

HEX(0) <="1";

HEX(1) <= S(0);

HEX(2) <= S(0);

HEX(3) <= S(0) AND S(1);
HEX(4) <= S(0) AND S(1);
HEX(5) <= S(0) XNOR S(1);
HEX(6) <= S(0) OR S(1);
HEX(7) <= S(0) NAND S(1);

end Behavioral;

« Gan chan, #p chrong trinh, quan saték qua.
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3.2.2Piéu khién bén dén LED 7 doan

 Chuong trinh hén chir CAFE dong thyi

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity Lab2 is
Port (  ICLK:in STD_LOGIC;
AN3 :inout STD_LOGIC;
AN2 :inout STD_LOGIC;
AN1 :inout STD_LOGIC;
ANO : inout STD_LOGIC;
HEX : out STD_LOGIC_VECTOR (7 dowr@);
end Lab2;

architecture Behavioral of Lab2 is
signal Counter: STD_LOGIC_VECTOR ( 15 downto 0);

begin
process (iICLK, Counter)
begin

if ICLK'event and iCLK ='1' then
Counter <= Counter + "1";
if (Counter ="0000000000000000") then
HEX <="11000110"; --C
ANO <="1"
AN1 <="1"
AN2 <="1"
AN3 <="0"
elsif (Counter ="0011111111111111") then
ANO <="1"
AN1 <="1"
AN2 <="0"
AN3 <="1"
HEX <="10001000"; --A
elsif (Counter ="0111111111111111") then
ANO <="1"
AN1 <="0"
AN2 <="1";
AN3 <="1"
HEX <="10001110"; --F
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elsif (Counter ="1100000000000000") then

ANO <="0%
AN1 <="1"
AN2 <="1"
AN3 <="1"%
HEX <="10000110"; --E

end if;
end if;
end process;
end Behavioral;

«  Giandd xung hat dong 4dén LED 7doan

AN3 \ /
AN2 —\_/
AN1 \I
AND \ /

wecoereon X\ pisps ) pispz ) pisp1 f oispo

«  Chan ép xung chinh

Clock Oscillator Sources

PHAN |

Oscillator Source FPGA Pin
50 MHz (IC4) T9
Socket (IC8) 09

«  Gan chan va quan séitlqua.

3.2.3 Hién thi lan lwot tirng dén LED

e  Viét cheong trinh cly chir CAFE Kn lrot tirng dén

«  Gan chan va quan séitlqua.
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Bai 4
COUNTERS
4.1 Gii thi éu
Trong bai thrc tip nay, dra trén nitng vi di c6 gin, sinh vién thit ké cac B dém theo

yéu du va tr chon.

4.2 Thec hanh
42.1Bdémlén0-9

«  Chuong trinh & dung CLK [a nat Am, mbi [an nhan nat § dém.

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity Counter9 is
Port (CLK :in STD_LOGIC,;
RST :in STD_LOGIC;
COUT : out STD_LOGIC_VECTOR (6 dowifith
AN :out STD_LOGIC_VECTOR (3 downtd);0
end Counter9;

architecture Behavioral of Counter9 is
signal number : STD_LOGIC_VECTOR (3 downto 0);

begin
process (CLK, RST)
begin
if (RST ='1") then
number <= "0000";
elsif (CLK'event and CLK ='0") then
if (number <"1001") then
number <= number + "0001";
else number <= "0000";
end if;
end if;
end process;
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process (CLK, number)
begin
case number is
when "0000" => COUT <= "1000000";
when "0001" => COUT <="1111001";
when "0010" => COUT <= "0100100";
when "0011" => COUT <="0110000";
when "0100" => COUT <="0011001";
when "0101" => COUT <= "0010010";
when "0110" => COUT <= "0000010";
when "0111" => COUT <="1111000";
when "1000" => COUT <= "0000000";
when "1001" => COUT <= "0010000";
when others => null;
end case;
end process;
AN <="1110" --1LED

end Behavioral;

M6 phong chrong trinh s dung ISim.

Gan chan, quan séat va so saishmo phong.

4.2.2 By dém 1én xuéng 0 — 9

« Viét chrong trinhdém c6 kh nang dém lén hdc xubng.

MO phong trong ISim

Gan chéan, quan sat va so sathmé phong.

4.2.3 B dém 1én xubng 0 — F

-0
-1
-2

1
i
©

PHAN |

« Viét chuong trinhdém c6 ki ning dém 1én xwng e thap luc phan.

M6 phong trong ISim

Gan chéan, quan sat va so sathnad phong.
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Bai 5
CLOCKSs & TIMERS

5.1 Giéi thigu
Téng hyp tir nhitng bai thre tp trede, trong bai nay sinh viér siét cheong trinh co
kha niang sr dung b daodong co6 én dé thiét ké nhirng mach dinh giv.

5.2 Thuc tap
5.2.1Pdng ho don gian

« Chuong trinhdéng 5 émtr 0 — F

library IEEE;
use IEEE.STD_LOGIC 1164.ALL,;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity Clock is
Port (CLK : in STD_LOGIC,;
RST :in STD_LOGIC;
HEX : out STD_LOGIC_VECTOR (6 dowrii}y
AN : out STD_LOGIC_VECTOR (3 downtp;0
end Clock;

architecture Behavioral of Clock is
signal count : STD_LOGIC_VECTOR (25 downto 0);
signal number: STD_LOGIC_VECTOR (3 downto 0);

begin
process (CLK)
begin
if (CLK'event and CLK ="'1") then

if (RST ='1") then
number <= "0000";
count <= "00000000000000000000000000";
else
count <= count + '1";
end if;
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if (count="1111111112121111111111111111") then
number <= number + '1";
end if;
end if;
end process;
process (number)
begin
case number is
when "0000" => HEX <= "1000000";
when "0001" => HEX <="1111001";
when "0010" => HEX <= "0100100";
when "0011" => HEX <="0110000";
when "0100" => HEX <="0011001";
when "0101" => HEX <= "0010010";
when "0110" => HEX <= "0000010";
when "0111" => HEX <="1111000";
when "1000" => HEX <= "0000000";
when "1001" => HEX <= "0010000";
when "1010" => HEX <= "0001000";
when "1011" => HEX <= "0000011";
when "1100" => HEX <= "1000110";
when "1101" => HEX <="0100001";
when "1110" => HEX <="0000110";
when "1111" => HEX <="0001110";
when others => null;
end case;
end process;

AN <="1110"

end Behavioral;

e  Viét cheong trinh mé phng 1Sim

e Gan chan, quan saétkqua
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5.2.2Pong ho dém Ién xudng tir 0 — 9
« Viét chrong trinh thét ké ddng b dém [én xubng tir 0 — 9
* MO phong trong 1Sim

« Gan chan, quan saétqua.

5.2.3Pong hd dém Ién xudng 00 — FF

* Chuong trinh @iy

library IEEE;
use IEEE.STD_LOGIC 1164.ALL,;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity Lab3 is
Port (CLK :in STD_LOGIC,;
RST :in STD_LOGIC;
DIR :in STD_LOGIC;
HEX : out STD_LOGIC_VECTOR (6 downtg 0)
AN :out STD_LOGIC_VECTOR (3 downto 0))
end Lab3;

architecture Behavioral of Lab3 is
signaltmp :STD_LOGIC_VECTOR (17 downto 0);
signal count : STD_LOGIC_VECTOR (22 downto 0);
signal hex1 : STD_LOGIC_VECTOR (3 downto 0);
signal hex2 : STD_LOGIC_VECTOR (3 downto 0);
signal numberl, number2 : STD_LOGIC_VECTOR (6 dtm\d);

begin
process (CLK)
begin
if(CLK'event and CLK ="'1") then
if (RST ="'1") then
tmp <="000000000000000000";
count <= "00000000000000000000000";
hex1 <="0000";
hex2 <="1010";
else
count <=count + '1";
tmp <=tmp + 1"
end if;
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if (count="111111111111111111211111") then
if (DIR ='1") then
hexl <= hex1 + '1";
else
hexl <= hex1 - '1"
end if;
end if;
if (hex1 ="1111") and (count="11111111111111111111")) then
if (DIR ='1") then
hex2 <= hex2 + '1";
else
hex2 <= hex2 - '1"
end if;
end if;
if (tmp = "100000000000000000") then
AN <="0111";
HEX <= number2;
else if (tmp ="111111111111111111") then

AN <="1011";
HEX <= numberl;
end if;
end if;
end if;

end process;

process (hex1)
begin
case hexlis

when "0000" => numberl <= "1000000";
when "0001" => numberl <="1111001";
when "0010" => numberl <="0100100";
when "0011" => numberl <="0110000";
when "0100" => numberl <= "0011001";
when "0101" => numberl <="0010010";
when "0110" => numberl <= "0000010";
when "0111" => numberl <="1111000";
when "1000" => numberl <= "0000000";
when "1001" => numberl <= "0010000";
when "1010" => numberl <= "0001000";
when "1011" => numberl <= "0000011";
when "1100" => numberl <= "1000110";
when "1101" => numberl <="0100001";
when "1110" => numberl <="0000110";
when "1111" => numberl <="0001110";
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when others => null;
end case;
end process;

process (hex2)
begin
case hex2 is
when "0000" => number2 <= "1000000";
when "0001" => number2 <="1111001";
when "0010" => number2 <="0100100";
when "0011" => number2 <="0110000";
when "0100" => number2 <="0011001";
when "0101" => number2 <="0010010";
when "0110" => number2 <= "0000010";
when "0111" => number2 <="1111000";
when "1000" => number2 <= "0000000";
when "1001" => number2 <= "0010000";
when "1010" => number2 <="0001000";
when "1011" => number2 <= "0000011";
when "1100" => number2 <= "1000110";
when "1101" => number2 <= "0100001";
when "1110" => number2 <= "0000110";
when "1111" => number2 <="0001110";
when others => null;
end case;
end process;
end Behavioral;

* MO phong trong 1Sim

« Gan chan, quan séaétkqua.
5.2.4Pong ho dém 1én xudng 00 — 99

* Viét chuong trinh

* MO phong trong 1Sim
« Gén chan, quan saétqua
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Bai 6
TU CHON

6.1 Giéi thigu
Trong bai nay, sinh viérégu viét mot cheong trinh tr chon. Thiét ké duoc khuyén

khich #in dung tai nguyén céam aia board Xilinx S3.

6.2 Vi cu
Chuong trinh vi @ sir dung @dng VGA

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity VGA is

port(CLK :in std_logic;
RED : out std_logic;
GREEN : out std_logic;
BLUE : out std_logic;
HS :out std_logic;
VS :outstd_logic);

end VGA;

architecture Behavioral of VGA is

signal CLK25 . std_logic;
signal horizontal_counter : std_logic_vector (9 dtm0);
signal vertical_counter : std logic_vector (9 adavO);

begin

process (CLK)

begin

if (CLK'event and CLK="1") then
if (CLK25 ='0") then
CLK25 <="1"

else
CLK25 <="0";
end if;

end if;

end process;
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process (CLK25)

begin
if (CLK25'event and CLK25 ="1") then
if (horizontal_counter >="0010010000") - 144
and (horizontal_counter < "1100010000" ) -784
and (vertical_counter >="0000100000" ) -- 32
and (vertical_counter <"0111111101") -- 509
then
RED <= horizontal_counter(9) XOR verticabunter(8);
GREEN <= horizontal_counter(7) XOR verticaunter(6);
BLUE <= horizontal_counter(5) XOR verticeounter(4);
else
RED <=0
GREEN <=0
BLUE <=0}
end if;

horizontal counter <= horizontal _counter + "0000001";

if (horizontal_counter > "0000000000" )

and (horizontal_counter < "0001100001") --96+1
then

HS <=0
else

HS <="1
end if;
if (vertical_counter > "0000000000" )

and (vertical_counter < "0000000011") --2+1
then

VS <=0},
else

VS <=1}
end if;

if (horizontal _counter = "1100100000") then --800
vertical_counter <= vertical _counter + "0000001";
horizontal_counter <= "0000000000";

end if;

if (vertical_counter = "1000001001") then 521
vertical_counter <= "0000000000";

end if;

end if;

end process;

end Behavioral;
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Bai 7
CPU MEM - PICOBLAZE SOFT CPU

7.1Giéi thigu

CPU nmém (soft CPU) la rét 16i vi xt Iy c6 thé duoc thuc hién hoan toan ing ky
thuat tong hop logic. N6 c6 th duogc thuc hién bai cac linh kén logic Bp trinhdugc
nhu FPGA, CPLD. Théng tlong, ngroi ta ch sir dung mt FPGA cho nit 16i CPU
mém; tuy nhién, @n c6 kh ning ng hyp nhidu 18i CPU ném trén ndt FPGA phu
thuoc do 16n caa linh kién. Viéc nay ko nén du trdcda 16i v6i kha nang in dung tai

nguyén 6t hon.

Hién nay co 4t nhiéu 18i CPU ném véi cAc tinh #ing vadic treng khac nhaubién
hinh Wi FPGA aia Xilinx c6 MicroBlaze va PicoBlaze svl6i PicoBlaze 1a ma ndin

maé. Déi voi Altera la 18i Nios va Niosll; hang Lattice c6 ItaeMico32...

MicroBlaze c6 &u truc ip 1énh din gibng ciu trdc DLX rén RISC i mot vai thay
ddi. MicroBlaze 1a 16i CPU 32bit, hEndian én. Sr dung MicroBlaze én c6 g6i pln
mém EDK hdaic IDS Wi gidy phép & dung tr Xilinx.

Trong khido, PicoBlaze la chii bo ba 16i CPU ndm mién phi. N6 é@ing dra trén gn
tang ciu trdc 8bit RISC va cé thhaat dong wi ho Virtex4 ti 100MIPS. PicoBlaze
bandau duoc liy tén KCPSM do Ken Chapmaai Kilinx thi ét ké.

7.2Thwc hanh

Dé c6 th 1am viéc v6i PicoBlaze, ngoi ding én c6 pln mém hd tro pBlazelDE.exe
tap tin KCPSM3.vhatho 16i phién Bn PicoBlaze3,4p tin KCPSM3.exgé chuyén doi
tap tin viét bing hop ngt, tip tin ROM_form.vhd/aROM_form.coeT4t ca cin ram
trong clng tir myuc 1am vic véi tap tin chrong trinhdang vét. Cac théng tin chi ét

vé PicoBlaze va mé ping ModelSim c6 thtim thiy trong “PicoBlaze 8bit Embedded
Microcontroller User Guidéva “KCPSM3 Manuél

Trong bai thec hanh nay, pBlazelDE phiérrp3.6bdugc sr dung.
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3 . -
£ pBlaze IDE {version 3.6 B) | = | B

ile | Edit View Settings Simulate Help

QNM wNNBHX B ad|

L—:" Open... Ctrl+0

Recent Files |O0Q000D00O

Pé viét chuong trinh ndi: File = New
Chon 161 CPU: Settings-> PicoBlaze3

%1 pBlaze IDE (version 3.6 B ' o 50

——

File Edit View [Sethrrgs] Simulate Help
UpHE=__=x@aa
_,..i‘ ) / Picoblaze I Ctri+1 Q l:ﬁ @ '{3 @ @ @

Picoblaze I Ctrl+2

Picoblaze 3 Ctri+3

l Picoblaze CR Ctrl+4

bé sir dung chrong trinhda viét san: File 2 Import )
Co tre sir dung Notepadde viét chuong trinh tang hop ngr voi tap Iénh va thong &
ciaa 16i KCPSM3, clrong trinh {ru dudi dang vidu.psm

Vi du chrong trinh s dung PicoBlazeié¢ doc dau vao 8bit, iru vao thanh ghidi dit
trang thai bi ra trongtng; lap lai chuong trinh lién tc:

: switches DSIN $00
: LEDS DSOUT $01
INPUT s0, 00
OUTPUT s0O, 01
JUMP 000

M6 phong chrong trinh:Simulate - Simulate
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- - e e = '
:'a:f‘l pBlaze IDE D\Tung\pBlazeitutonial.psm I.':' (=] ﬂ
File Edit WView Srettrngs Simu[ate Hetp

DR ||>z; aaa
r7 75138 7 |000000
| svitches _ . B -

& LA s L R
4w
A i
x
]
=

Cac nut congwe

@0000000>

Khi md phong ¢in bo dau chim phiy “;” trudc hai dongliinh ngha trén cung.
%‘ pBlaze IDE D:\Tung‘\pﬂi.aze\tutorial.psm . EM

File Edit View Settings Simulate Help

A EHEC .|ﬁ°—| Il.—lf”]:‘(
LLLP |@Q|.@@JJJ@@@

Status ol | T switches DSIN 500 ]| B e

S —l| #EU B L
] zero s01 LEDS DSOUT %01 e I;I??!?%‘?Eillﬂ_l =
|:| Carry =

i - £000 s04000 ¢ I 30, 00 _LEDS :
|_| Enable i s001 £2C001 # ouUT 30, 01 s01 'QQ'Q'Q' S6A
Interrupt £002 £34000 + JUMP aog e s 3k L
] steady

Sau khi md pbng thanh cdng,an chd thich nting dongdic biét bang cachdit diu
chim phiy “;” truéc ching.

Sir dung céng a gbé knh: Start 2 Run - cmd

Vao thr muc chrong trinh lam vc va ntip lénh KCPSM3 vidu.psm

Chuong trinhKCPSM3.exes tao ra #ip tin vidu.vhdvéi day du théng $ can thiét. Sau
khi c6 #ip tin chrong trinh, é@n c6 #p tin lién Kt 18i CPU Wi chuong trinhda c6. Bp
tin lién két top.vhdco cng:

library IEEE;

use IEEE.STD LOGIC 1164.ALL,

use IEEE.STD_LOGIC_ARITH.ALL,

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity picotest is

Port ( switches : in std_logic_vectod@Gvnto 0);
LEDS : out std_logic_vector(Axddo 0);
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clk : in std_logic);
end picotest;
architecture Behavioral of picotest is
component kcpsm3
Port (  address : out std_logic_vectaig@/nto 0);
instruction : in std_logic_vector(d@wnto 0);
port_id : out std_logic_vectod@wnto 0);
write_strobe : out std_logic;
out_port : out std_logic_vectod@wnto 0);
read_strobe : out std_logic;
in_port : in std_logic_vector(@vento 0);
interrupt : in std_logic;
interrupt_ack : out std_logic;
reset : in std_logic;
clk : in std_logic);
end component;
-- declaration of program memory
component vidu
Port (  address : in std_logic_vectorg9vdto 0);
instruction : out std_logic_vector({@d@wnto 0);
clk : in std_logic);
end component;

-- Signals used to connect PicoBlaze core to pragreemory and 1/O logic
signal address - std_logic_vector(9 downto 0)
signal instruction : std_logic_vector(17 downjp O
signal port_id . std_logic_vector(7 downto 0)
signal out_port  : std_logic_vector(7 downto 0)
signal in_port : std_logic_vector(7 downto 0)
signal write_strobe : std_logic;
signal read_strobe : std_logic;
signal interrupt_ack : std_logic;
signal reset . std_logic :='0";
signal interrupt  : std_logic :='0";

-- Start of circuit description
begin

-- Instantiating the PicoBlaze core
processor: kcpsma3
port map(  address => address,
instruction => instruction,
port_id => port_id,
write_strobe => write_strobe,
out_port => out_port,
read_strobe => read_strobe,
in_port =>in_port,
interrupt => interrupt,
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interrupt_ack => interrupt_ack,
reset => reset,
clk => clk);
-- Instantiating the program memory
program: vidu
port map(  address => address,
instruction => instruction,
clk => clk);
-- Connect I/O of PicoBlaze
in_port <= switches;
LEDS <= out_port;
end Behavioral;

Str dung Xilinx ISE tao chrong trinh ndi st dung ba &p tin top.vhd, kemsm3.vha

vidu.vhdTién hanh gan chamgd tp tin map FPGA nlr nhitng bai trge. Kiém tra Kt
qua trén bo mch.
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Bai 1
MICROWIND 2

1.1Giéi thiéu
Trén th gisi hién nay, c6 4t nhiéu cong @ hd tro thiét ké vi mach. Tuy nhién ching

déu rat dat va ch phi lyp cho nuc dich cdng nghiip, vi di nhe Cadence, Synopsys...

Microwind 1a pHin mém thiét ké vi mach mén phi trong B diéu hanh Windows, song
gan day phién Bn méi caa Microwindda bit d¢au thu phi & dung. Trong tai Bu nay,
phién &n Microwind 2dugc st dung nhr 1a céng a ho tro thuc t@p.

Trong phin treée aia tai liéu, sinh viénda bét cach 1am vic voi FPGA. Trong phn
nay, sinh vién &duoc lam quen &i ki thuit thiét ké vi mach. Kién thic dugc cung
cap chi mang tinh gii thiéu, viéc thiét ké vi mach trong thrc t rat phic tap, doi hoi
ngudi thiét ké phai cé kién thrc vé nhiéu linh wrc dic biét 1a vat ly.

1.2Cobng nghe CMOS

Kién thirc co ban da trinh bay trong giéo trinh “Céng NgNi Mach Dién Tu”, trong
phin nay @a tai liéu thec tp chi nhic lai mét s y chinh. Sinh viénan xem hi ly
thuyét trudc khi thee tp.

Truéc kia, vi mach throng sr dung NMOS transistor ning ¢in day ngroi ta sr dung
ki thuat CMOS dé thuc hién nhing thiét ké. CMOS 1a vét tit caa Complementary
MOS; n6 c6 2 thanh gh 1a NMOS va PMOS. Bl trgng, hinh chu trén va mt cit
ngang &n luot cia NMOS va PMOS:

Poly gate
Poly gate
‘ ; I) Gate oxide
T (Gate oxide
o— o
S p+ n-well pt
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Poly

Polygate

\\\\ p-substrate

p-substrate

NMOS PMOS

Do dic trung cdng ngh va quydinh tir thoi ki dau cia $in xuit vi mach nén W > L

trongdo L 1a chéu dai kénh @n, W 1a chéu rong giéng pha 4p.
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M 6t s6 khai niém:

«  Kich thuéc dic trang (Feature size) f 1a kichutic nh nhat caa duong
polysilicon, hay la khéng cach dgta arc mang va gc aong.

e Lamdak =1/2

«  Kich thueéc transistor: xadinh bing Rong / Dai

Kich theéc nho nhat 1a 41/ 2 (kich throc don vi)
Vi du: trong cong nghf = 90nm, Rng W = 180nm va Dai L = 90nm

«  Kiém tra It thiét ké DRC: thiét ké phai dam bao khaing cach gia caoduong

tuan theo quyinh aia céng ngh sin xuit.

Metal1 Metal2 Diffusion  Polysilicon
4504 404 4% 4k N DN
- - o ot et 1_-2;.\
spacing width N J425 n-well
NEH! . ~
NS 5
1 b | by |
N N
AN I BN 6 3
™
1% 24
L T 6 i
5 ™
E R X XX
-
Metall-  Metal1- Metall- 3, = :: i
Diffusion Polysilicon Metal2 AN
Contact  Contact Vias

« Kiém tra Bi LVS: so sanh & qua v& mach Vi so dd nguyén ly.

1.3Thuc tap
Kheoi déong chrong trinhMicrowind 2. Cong ngh duoc st dung la 120nm, thc hién
t6i da 6 bp kim loai va sr dung dién ap thap.

Phia trén ga $ thiét ké 1a thanh congwcchinh; bén anh chrong trinh chinh laea $

vé6i cong @ dé v& mach va Ry linh kién c6 $in —Palette
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% Microwind 2 - example i E=

E

Edit
Edi

& 78

Simula

ate Compile lysis lelp
B O e e, I ATERE <3

PRR

F e
tt AN

Options Lo
Metalé B =
Metal 5
Metal 4
Metal 3
Metal 2
Metal 1
Polysiicon 2 [l] |
Contact .

P+ Diffusion [l

N Wel

!F‘.edraw example (0 boxes) 33 CMOS0.12um - 6 Metal (1.20V,2.50V) !

# . _
o '®  Thiét ke transistor nMOS

« Chon duong & 13 Polysilicon-—22=t _NRVE mot hinh chir nhat tao 16p

polysilicon, chéu rong Hi thiéu 2 (truong hyp nay 1a 120nm).

% Microwind 2 - example u

File View Edit Simulate Compile Analysis Help

5H L7 @G| w8 R ATER <

Wetal &
Metal 5
Metal 4
Metal 3
Metal 2
Metal 1
Polysiicon 2 [l |

olysiicon [
p+ Diffusion [l |~
| N+ Diffusion | N sl
N Well

Store a poly box with size 2 x 30 lambada (0.120 x1.800 um) CMOS 0.12um - 6 Metal (1,202
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«  Chuyén sang chn lop N+ diffusion.=2ifuson M |

V& mot hinh vuéng th hién viing phadp n+
. Microwind 2 - example _ = W = - “ﬁw:u@-:%

File View Edit Simulate Compile Analysis Help

BT a S e Rl AT EE (2

Ry
RERRY
R
itV
Options Lo
Metals  HE |*
Metals B |*®
metal4 B |
metals [
metaiz W |
Metal 1 B -
Potysiicon 2 [l |
Contact
polysiicon [l |
P+ Diffusion [l | *

No box or text selected CMOS 0.12um - 6 Metal (1.20V,:

Ving gira l6p polysilicon va phaap n+ to thanh kénh &h aia nMOS.

« M® phong qué trinh Bng cach chn thé hién 2D hdic 3D 28 <

Véi 2D s cung @p hinh nit cit ngang nMOS, trond6 ving arc cdng poly € c6
maudé, viing arc mang/ngan c6 mau xanh la cay trén vungnnwafer mau xam. @

cong dugc cach ly i |6p oxit mong i la oxit cdng.

Tinh cHit vat ly caa 2 ving mang va nda 1a nhr nhau. \& mat ly thuyét, cuc ngubn

la noi cung ép hat tai. Trong tizong hop cia NMOS, fat tai chinh I& electron. Doy,
cuc ngubn la vang cdtién ap thp nhit. Cyc cdng polysilicon Am trén kénh &h, né
chiaddi viing phadp thanh viing mang va vung rigu Gre odng diéu khién dong
dién chay qua 2 vungbién &p caalit trén arc adng thu hit electronat ra viing kénh

electron va cho phép dodign chay qua.bién ap thp $ cim ving kénh.
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« Kich chon biéu twong thé hién dic tinh MOS &
B timos Wi 1200 Longt - E e R e M =

ldvs. Vd ] ldvs. Vg] loglid)vs. Vg | Threshold voltage ] Capacitance |

PHI 020 =
GAMMA  |0.40 =
kaPPa  [0.08 -

Tempc [2700 5

ElE| vafomot:120 Forvaromote:[120 stepva: foz0 el & Add measure |

o 0K ‘ _[é Draw‘ _DL}E Fit ‘ [MOS size ~| [lowleakage | € Nmos| «C Pmos

Kich theéc caa MOS céanh hréng it 16n dén gia ti caadic tinh dongtién. Quan sat
trong dra $ dic tinh, cac théc tinh dia MOSduoc thé hién o thé. Tham $ cua
MOS trongtng SPICE nic 3, ¢6 tlé chon quan sét e 1 va BSIM4.

Ngoai viéc thé hién nMOS transistor,im $ cho phép thagdi nhiéu tham 8 va
chuyén sang xendic tinh ¢ia pMOS transistor.

e MO6 phong
Trudc khi mo plbng, phii dat thuoc tinh cho cac achdién. Trong vi @ nay, cach

don gian nhit [a dat 18n arc cdng va ngén mot xung nhip, két qua thé hién trén arc
mang.

s s anunve |
Vdd /7 \

o . Hién thi mit
MNguon cao the

Thé dat Dao dong sin
Bé dao dong Xung
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«  Chp ngwn daodong 1&n viing mang. Kich oh biéu trong - 14 Clock (Bo
daodong), déi tén thanh “drain” 8i nhin Assign Chu ki nic dinh & 0,5nstugc dat
|én arc mang.

—
Add a Clock

Label name : |dFEliﬂ

DC Supply  Clock lF'uIse] Sinus ] ‘u'ariable] Grnund] Piece-Wise
Parameters

High Level (VY [1.20

Low level (VY |0.00

Time low (i) Rise time (ir) Time high (th) Fall time (if)
0.225 |EI.EIEE 0.225 0.025 ns

T slower | T Faster | B vLastCInck|

o Assign ¥ cancel ‘ | o Visible in simu

Dit tin hiéu daodong thr 2 1én arc cdng. Thao tac niatrén. Lin nay chu ki la 1ns.

Label name : |EIEITE

DC Supply  Clock ] F'ulse] Sinus] 1u'ariablel Grnund] Piece-Wise

Parameters

High Level (V): |1_2|;| “Wlt:tr TR igh 7=
t!
—

Low level (VY |0.00 —

Time low (i) Rise time (ir) Time high (th) Fall time (if)
0.475 0.025 0.475 0.025 ns

JU slower | MY Faster | | ~LastCIn|:k|

e Kiém tra bi ra:

Kich chon biéu trong ™ 1 Visible (Hién thi), rdi kich 1én viing ngén; Chon Assign
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Khi di

C6 th nhan thy ring
l4i thé cao.bi

\
A

uon co

Khi @rc adng no, t

ang.

cing nhr m

7z

hiéu tai ng

in

s

mang.

bi cung |

ap chr khéng p
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7

napc

¢

tf caa Vdd tir di thé ngudng.

agia

S\

1,2V;day |

thre tap

7

7

ao cao

1.4B

Sau thrc tap, bao caduoc viét nhe phan |; bao m nhirng mi dung chinh sau:

Quy trinh thrc tap

Két qua thuc tp tirng pHin

Nhan xét va Kt luan
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Bai 2
CMOS Inverter

2.1 Giéi thigu
Trong bai thrc tip nay, éngdao sr dung cong ngh CMOSdugc sr dung dé minh
hoa K thuat thiét ké hoan toan olndong. Tat ca cac thanh pin cia linh kién dugc Vé
thua cong.

Cong dao CMOS cli chia 2 transistor Ia ko n va lai p.

%ﬁ dﬁ S Fjél

Imverter Symbol
aMOS sMOS e

2.2 Thec hanh
Str dung 15p polysiliconvé hop chir nhat c6 B rong nkd nhat 1a 2. V& tiép 2 hinhdé

tao hinh nlx sau:
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« Chon lop V& 1aN+ diffusion v& mot hinh Fop & phia drgi; 16p N+ duoc thé
hién bing hinh mau xanh la cay. Vungd 16p polysilicon 1a k&énh h cia nMOS.

E

G

E R

P :
oo R
oo R R
R R

P R . :
E

CECICSENTAPREAEN )

«  Chuyén sangdp P+ diffusion v& hinh top ¢ phia trén. 5p p+ c6 mau nau.
Chuyén sangdp vé N well V& giéng pha 4p N bao quanh ving p+.

- W e W e -
- W W -
- - N IR -
- B -
- B -
N B -
I A N Y Y U -
- w T -

- --| R R R

- - | B N

- --| RN

R R R
B R
R R A
NN EE
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Nhitng ving phadp phai duoc két ndi bang 16p kim loai. Khu v kim lcai dugc cach
ly khoi viing pha dp boi 16p oxit SiQ. Biém tiép xtcduoc sr dung dé khoan b két
ndi kim loai véi viing phadp. Biém tiép xuc co thk duoc tr v& haic liy sin trong

bang cong aq.

| Ry Palette 24
|soves

Tiépxic e
ki logi / poly2 / _ ‘ Kim loai 2

Kimloai N+ | Kimloai 12
Kim loai 1/P+
« Kich chpn diém tiép xacKim logi/n+. Kich chiét I18n viing phaap n+dé gan.
« Diém tiép xtcKim logi/n+ ndm trén goc ta giéng n+, nod & dugc ap tte Vdd.

« Kich chpn tiép xtcKim logi/p+ va gin nd l1én ving phap p+

Pit thue tinhdé mé prong
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e Chon Vdd va kich Ién vung phap p

« Vlng géng n ding én dugc ap tk Vdd

* Chon Vss va kich I1én vung phaptn

« L&i vao dn &p xung: kich atn Clock vadit Ién @ng polysilicon.

» Kich chpn Visible vadat Ién day kim lai

* Cha y: Ludn ludn tru treéc khi md plong. Clon File > Save as.. > g tén éi
nhin OK dé luu lai.

« Khéi @ong chrong trinh mo pbng =

\Software\StudyiMicroWind\Export MicrowindimyINV.MS|

« Chon th Voltage & Currentsié quan sat&thoéng $ dién ap va dongién.

« Chon the Voltage vs. Voltagéé quan sattic tinh hat dong aia dng dao.

« Kiém tra Lugt thiét ké DRC e
L&i thiét ké duoc thé hién trong dra $ thiét ké, bén anh |a théng tin badl. Chi khi

thiét ké khong clira 16i mai dua diéu kién gii di ché tao.
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Bai 3
CAC CONG CUA CO BAN

3.1 Giéi thigu
Trong bai tege da trinh bay cach thi ké mot cdng dao theo plrong phép hoan toan
cha dong. Bé tiét kiem thoi gian thiét ké, ngroi ta xay drng thr vién linh kién va tép
can phrong phéap thit ké ban chi dong.

Mot vi mach phirc tap c6 thé duoc thiét ké bing ngdn ng moé & hé thdng nhr Verilog,
hoic bién dch tr mot so do nguy@n Iy mach. Trong bai thc tp nay, not cong NAND

duoc tao ra fr cach bién gth mdt so dd mach sr dung ptin mém DSCH.

Cong NAND 2 bi vao bao §m 2 nMOS nic ndi tiép v6i 2 pMOS niic song song.

Bang sr that va & do nhur sau:

T,

A B
dl g :
NAND 2 inputs
A Crutput
A B ouT
Qutput A 0 0 1
o 0 1 1
B
] 1 0 1
NAND B 1 1 0
3.2 Thuc tap

» Khai dong chrong trinh DSCH.

« Bén anh dra $ chinh l1a lang linh kién cho én

« Chon biéu trong NAND 2 bi vao, kéo th vao ara $ thiét ké.

« Chon Button (NGt), kéo th2 Nt gin cong NAND thé hién trang thai bi vao
« Chondén LED,dé tai |6i ra.
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. Néidayhking b phiatrén thanh congic

i, '

Symbol lib... | &8

Basic ] Advanced |

= % T
m- & B

Nut

=t

!

DanlLED |

Cong NAND ™__| |

ooy
=aITap-
Y@y

in1

out1

in2

M6 phong mach king nit ¥ phia trén thanh congicnhan ndt 1 hdc 2 dé thaydoi
trang thai bi vao va quan s&tén LEDdé nhan biét trang théi bi ra.

out1
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Budc tiép theo cln File > Make Verilog File & OK

4 Verilog, Hierarchy and MNetlist =RRE X
Werilog l Hierar-:h_l,l] Metizt ] Critic:al path] Information

S/ DSCH 2.7f

/f 3/6/2011 10:52:39 PM Module name [8 char. max]

S/ example thﬂND

module example | inl,in2,outl) [v Add gate delay info

input inl,in?;
output outl;

nand #(13) and(outl,inZ,inl): [ Addlabels az comments
endmodule

v Append simulation infomations

S/ Simulation parameters in Verilog Format
|| l[2lways= The Yerlog file has 18 lines

#1000 inl=~inil;

i The dezign includes 4 symbalz
#2000 in2=~in2;

The circuit haz 4 nodes

S/ Bimulation parameters B 27 e e
SP inl CLE 10 10

Ff in2 CLE 20 20 \f”DK

Khéi dong chrong trinhMicrowind , chon Compile - Compile Verilog File (.txt)
Chon tap tin vira ao ra¢ trén—-> Compile - Back to editor

o

By
- A

tz‘éﬁé{////////// s
L e
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M6 phong dng NAND
« Chon Clock, ép cho bi vao inl va in2
« Chon Visible va kich 1éndi ra outl.
e MO phong =

Do dc xung bi ra khi 18n cao nhanhom vi mic pMOS song song.

3.3 Cac éng ara oo ban
3.3.1 Gng truyén (Transmission gate)
Dya trén nfing thao tAda 1amo phan truée, khao sat éng truyén

T [ 1: 08 N peEReY T
CLKN o I

]

P

[T

HHEEERREERE
L] I IR

i ouT Eﬁiv

)=
CLKP

3.3.2 Gng OR 3 ki vao
Dya trén nfing thao tdda lamo phan treée, khio sat éng OR 3 i vao.

[

lkp

A q
] COFE. 3 Inputs
Bq A B c or3
i 0 0 0 0
c _d 0 0 1 1
0 1 0 1
] o 0 1 1 1
R J 1 0 0 1
—{ 1 0 1 1
7} 1 1 0 1
1 1 1 1
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3.3.3 Khao sat dng XOR

XOR 2 inputs
A B OouT
0 0 0
0 1 1
1 0 1
1 1 0

3.4 Cong két hop

B6 bién dch cé én trong Microwind cho phémo ra nhéu cdng phic tap bing cach

XOR gete

két hop phép toan OR va AND.

Chon Compile - Compile one Line

—Enter equation

PHAN I

A
Output

XOR

AXORB

carry=(A&B)(C&IAIB])

-‘u Compile |

x Cancel |

@ Help |

Khao séat ndt sd cong theo Bng cho &n sau

COMPILER. SYNTAX

CELL FORMULA
Inverter out=/in
NAND gate n=/{a.b)

AND gate s=(a.b)

3 Input OR s=atb+c

3 Input NAND out=/{a.b.c)
AND-OR Gate cgate=a.(b+c)
CAREY Cell cout=(a.b)+(cin

in.(a+h))
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Bai 4
CONG SO HQC

4.1 Bp chng ban phan
Trong phin | cia tai liéu, cac éng $ hoc duoc viét boi ngdn ngr VHDL va lap trinh
cho FPGA. Trong bai nay, chidgoc khio satd gocdo thiét ké ASIC.

« Bang sr that va v do

HALF ADDER

A E SUM CARRY
0 0 0 0

0 1 1 0

1 0 1 0

1 1 0 1

=
i

Carry

4.1.1 Thiét ké bang phwong phap hoan toan cli dong
* Khei dong chrong trinh DSCH
« M6 phong b cong ban phn
» Khoi dong chrong trinh Microwind
« Thiét ké cong AND 2 bi vao
« Thiét ké cong XOR 2 bi vao
« Diday kim lai dé lién két 2 ddng tréndé tao bd cong ban phn.
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4.1.2 Bién dch tir Verilog

4.2 Bp chng toan phan

Kheoi dong chrong trinh Notepad
Viét doan chrong trinh mé 4 bd cong ban phn bang ngén ng Verilog

module halfadd (a, b, sum, carry);
input a, b;

output sum, carry;

XOR xorl(sum, a, b);
AND andl(carry, a, b);

endmodule

Luu t@p tin drai dang “*.txt”, vi du halfadd.txt

Trong Microwind, clon Compile = Compile Verilog File...

Gidng nhr trén, 1§ cong toan phn dugc thec hién tir nhitng dng ara @ ban.

FULL ADDER
E

£
é

SUM

- E-E-R-Ik"
Y -]
H O RO R oo
- - -
T L - -

Khoi dong DSCH, ¥ so d6 mach adng toan phn.

M6 phong

Bién dch ra @p tin Verilog

Khoi dong Microwind, bién éth tr tap tin Verilog ra ln vé thiét ké
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Bai 5
TU CHON

Sir dung DSCH2 & Microwind?2 thit ké mot mach < tu chon.
=t Dsch2 - example | (=l —EEHI

File Edit Insert View Simulate Help

EEH®» P SIaRodpE A |4 T TECEE = Symibol fib... | 2%

Basic | Advanced |

2 EoaE Y e E > a

Pw/elcame to DSCH 2.7F version Nov 25, 2003 CMOS 0.12um from' |

% Microwind 2 - example | =tEcn X

i File VWiew Edit Simulate Compile Analysis Help
= D’ F @ &3’ {E'\ E}\ fall) :I_".P— | ,i'-i. .:i!!g ﬁ A 1 E ’E 4 : » * Palette £
5 lambda . 3 3 £ E : : 2 ; 3 i E : % i ; 3 g : n ] E @

L | [ = =L sy
1tV

' Options

Metals BE |+

Metal 5

Metal 4

[
Metala [l | &

&

]

Metal 2

Wetal 1

Polysiicon 2 [li] |
Contact

P+ Diffusion [l |
| 1= Diffusion i |
N Wel

[Welcome to Microwind 2.6k - Sept 30, 2003 Mo Error CMO5012pm-6 M
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THUC T4P THIET KE VI MACH PHAN |

PHU LUC A

BANG GAN CHAN FPGA XC3S200 — FT256

BOARD XILINX S3

A.1 Switch, Buttons & LED

Switch SW7 | SWe | SW5h SW SW3 SwW2 SW1 SWO |
FPGA Pin K13 K14 3 J14 H13 Hi4 G12 F12 |
Push Button | BTN3 (User Reset) BTMN2 BT™1 BT™O
FPGA Pin L14 L13 M14 M13
LED LD7 LDa LD& LD LD3 LD2 LD1 LD0 |
FPGA Pin 1 P12 MN12 13 M14 L12 14 K12 |

A.2 Seven Segments LEDs

FPGA Connections to Seven-Segment Display (Active Low)

Segment FPGA Pin
A El4
B Gl13
C N15
D P15
E R16
F F13
G N16
Dr P16

Digit Enable (Anode Control) Signals (Active Low)

Anode Control AN3 AN2Z AN1 ANOD

FPGA Pin

E13 F14 Gl4 D14




A—s
B
s
[

E—=

THUC T4P THIET KE VI MACH PHAN |
AN3 (E13) ANZ (F14) AN (G14) AND (D14)
|° |’ i B
(E14)
a a a

F13) | F (G13) b f b f b

_ | (N18) . ) I — e

¢« N g | AR 8

(R16) c | (N15) ¢ e ¢ e c

- 0 - 0O 0O - O O

3
l

F—

& —=

(P15)

(P18)

AN3

AN2

AN

ANO

/

(AB.C.D,E.F.G,DP} x DISP3 § DISP2 X DISP1 )} DISPO X

Display Characters and Resulting LED Segment Control Values

Character a b (! d e f g
0 0 0 0 0 0 0 1
1 1 0 0 1 1 1 1
2 0 0 1 0 0 1 0
3 0 0 0 0 1 1 0
- 1 0 0 1 1 0 0
5 0 1 0 0 1 0 0
6 0 1 0 0 0 0 0
7 0 0 0 1 1 1 1
8 0 0 0 0 0 0 0
9 0 0 0 0 1 0 0
A 0 0 0 1 0 0 0
b 1 1 0 0 0 0 0
C 0 1 1 0 0 0 1
d 1 0 0 0 0 1 0
E 0 1 1 0 0 0 0
F 0 1 1 1 0 0 0
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A.3 Clock Sources

A.4 VGA

Clock Oscillator Sources

Oscillator Source FPGA Pin
50 MHz (IC4) T9
Socket (IC8) D9

VGA Port Connections to the Spartan-3 FPGA

Signal FPGA Pin
Red (R) R12
Green (G) T12
Blue (B) R11
Horizontal Sync (HS) RO
Vertical Sync (VS) T10

3-Bit Display Color Codes

640x480 Mode VGA Timing

Red (R) | Green (G) | Blue (B) | Resulting Color

0 0 0 Black

0 a 1 Blue

0 1 0 Green

0 1 1 Cyan

1 0 0 Red

1 0 1 Magenta

1 1 0 Yellow

Vertical Sync Horizontal Sync
Symbol Parameter : : z
Time Clocks Lines Time Clocks
Tg Sync pulse time 16.7 ms 416,800 521 32ps 800
Trisp Display time 15.36 ms 384,000 480 25.6 pus 640
Tpw Pulse width 64 ps 1,600 2 3.84 us 96
Tep Front porch 320 ps 8,000 10 640 ns 16
Tgp Back porch 928 ps 23,200 29 1.92 ps 48
| Ts [
| |
| | | -
I 1 I/ Irp
| | Toisp P
| | | |
| | I—l r
[ [ |
|
L | | Tgp

PHAN |
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A.5 RS232 & PS2

PHAN |

UG130_c6_01_042404

PS/2 DIN Connector

P5/2 Connections to the Spartan-3 FPGA

PS/2 DIN Pin Signal FPGA Pin
1 DATA (P52D) M15
2 Reserved —
3 GND GND
4 Voltage Supply =
5 CLK (P52C) Mié
6 Reserved —

A.6 SRAM

Accessory Port Connections to the Spartan-3 FPGA

Signal FPGA Pin
RXD T13
XD R13

RXD-A N10

TXD-A T14

External SRAM Control Signal Connections to Spartan-3 FPGA

Signal FPGA Pin A1 Expansion Connector Pin
OE# K4 16
WE# G3 18
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External SRAM Address Bus Connections to Spartan-3 FPGA

Address Bit FPGA Pin A1 Expansion Connector Pin
Al7 L3 35
Ala K5 33
AlS K3 34
Ald I3 31
Al3 J4 32
Al2 H4 29
All H3 30
AlD G5 27
A9 E4 28
A8 E3 25
A7 F4 26
Ab F3 23
AR G4 24
Ad L4 14
A3 M3 12
A2 M4 10
Al N3 8
Al L5 6

SRAM IC10 Connections

PHAN |

SRAM IC11 Connections

Signal FPGA Pin | A1 Expansion Connector Pin Signal FPGA Pin
1015 R1 — o
T = 101 M1
1013 L2 1013 K2
1012 12 1012 3
1011 H1 1011 E5
1010 F2 1010 Gl
109 P8 109 E2
08 D3 108 D2
107 B1 19 107 D1
106 C1 17 106 E1l
105 2 15 105 G2
104 R5 13 104 Nn
103 T5 11 103 K1
102 Re 9 102 M2
101 T8 7 101 N2
100 N7 5 100 P2
CE1 (chip enable IC10) r7 CE2 (chip enable IC11) N5
UBI (upper byte enable IC10) T4 UB2 (upper byte enable IC11) R4
LB1 (lower byte enable IC10) I'a LB2 (lower byte enable IC11) P5




