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Dé an tét nghiép LOI MO PAU

LOI NOI PAU

Ngay nay v&i su phat trién hét sicc manh mé& cong nghé, thuat toan ngay cang
dugc d6i méi va tdi uu hod nham nang cao tinh hiéu qua cua né. Tuy nhién, cong
nghé phat trién cang cao thi doi héi phan cimg phai du nhanh dé xir Iy. Cac mach
loc twong tu trude day khong con du kha ning dé dap Gmg yéu cau do niva. Vi vy,
FPGA da ra doi nhu mot giai phap cung cap mdi truong lam viée hiéu qua cho cac
tmg dung thuc té. Tinh linh dong cao trong qua trinh thiét ké cho phép FPGA giai
quyét nhiing bai toan phirc tap ma trudc kia chi thuc hién nhd phan mém may tinh.
Ngoai ra, nho mat do cong logic cao, FPGA duoc tmg dung cho nhiing bai toan doi
hoi khéi luong tinh toan 16n va ding trong cac hé thong lam viéc theo thoi gian
thuc. Nhitng tmg dung trong thyc té cia FPGA rat rong rdi, bao gobm: cac hé thong
hang khdng, vil tru, quoc phong,...Dic biét, vi kha ning tai 1ap trinh, nguoi sir

dung c6 thé thay d6i lai thiét ké ciia minh chi trong vai gio.

Nho nhiing dac diém manh mé va tmg dung thuc tién cia FPGA em da chon
dé tai “Nghién ciru cong nghé FPGA va phat trién cac tng dung trén KIT Spartan
3E”.

Dé thuc hién duoc do an nay em xin gui 10i cam on chan thanh nhat dén tat ca cac
thay co trong khoa Dién — Dién tir noi riéng da day do, va gitp d& em sudt thoi gian
em hoc tai truong.

Em xin chan thanh cam on thay gido huéng dan, Thac sy - Giang vién Poan
Hiru Chirc, khoa Dién — Dién tir, truong Pai hoc Dan Lap Hai Phong da nhiét tinh
huéng dan, chi bao va cung cap cho em nhiéu kién thirc ciing nhu tai lidu trong suét
qua trinh 1am d6 an. Nho sy gitip d& cia thady em méi ¢6 thé hoan thanh dugc dd an
nay.

Hai phong, ngay 29 thang 6 nam 2013

Tac gia

Hoang Van Thoi
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Dé an tot nghiép NHUNG TU VIET TAT

NHUNG TU VIET TAT

Ky Hiéu Dién Giai
ASIC ApplicationSpecific Integrated Circuit
ALU Arithmetic Logic Unit
CPLD Complex Programmable Logic Device
CPU Central Processing Unit
CLB Configurable Logic Blocks
DSP Digital Signal Processing
FPGA FieldProgrammable Gate Array
HDL Hardware Description Language
IC Integrated Circuit

IEEE | Institute of Electrical and Electronics Engineers

PAL Programmable Array Logic
PLA Programmable Logic Array
RAM Random Access Memory
ROM Read Only Memory

SoC System on chip
SPLD Simple Programable Logic Device

VHDL VHSIC Hardware Description Language

VHSIC Very High Speed Itergrated Circuit
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Do an tot nghiép CHUONG 1
CHUONG 1 TONG QUAN VE FPGA VA NGON NGU VHDL

1.1 TONG QUAN VE FPGA

1.1.1 FPGA la gi?

FPGA (Field-Programmable Gate Arry) la vi mach ding c4u tric mang phan
tir logic ma ngudi dung c6 thé lap trinh duoc. Vi mach FPGA duoc ciu thanh tir
cac bo phan :

e Céc khbi logic co ban 1ap trinh dugc(logic block)
e Hé théng mach lién két lap trinh duoc
e Khdi vao/ra (10 Pads)
e Phan tr thiét ké san khac nhu DSP sline, Ram, ROM, nhan vi xt
Iy...
So sanh FPGA véi ASIC va cac vi mach ban dan khac:

ASIC ( Application-Specific Integrated Circuit) 12 mot vi mach IC duoc thiét
ké danh cho mot eng dung cu thé .FPGA ciing duoc xem nhu mot loai vi mach
ban dan chuyén dung ASIC, nhung néu so sanh FPGA vai nhitng ASIC dic ché
hoan toan hay ASIC thiét ké trén thu vién logic thi FPGA khong dat dugc muc
d6 toi wu nhu nhing loai ndy , va han ché trong kha nang thuc hién nhitng tac
vu dic biét phuc tap , tuy vay FPGA wu viét hon & chd c6 thé tai cau tric lai khi
st dung, cong doan thiét ké don gian do vay chi phi giam, r(t ngan thoi gian
dua san pham vao st dung.

Con néu so sanh vai cac dang vi mach ban dan lap trinh duoc cu trdc mang
phan tir logic nhu PLA, PAL, CPLD thi FPGA wu viét hon céc diém:
v' Téc vu tai lap cia FPGA thuc hién don gian hon.
v Kha nang lap trinh linh dong hon
v Kién tric cua FPGA cho phép né c6 kha nang chira khdi luong 16n cong
logic (logic gate), so vé&i cac vi mach ban dan lap trinh dugc co truéc nd .

v Thiét ké hay lap trinh cho FPGA duoc thyc hién cha yéu bang ngbn ngir
mo ta phan cang HDL nhu VHDL, Verilog, AHDL, cac hing san suat
FPGA 16n nhu Xilinx, Altera thuong cung cap cac goi phan mém va thiét
bi phu trg cho qué trinh thiét ké , ciing nhu c¢6 mot hanh thir ba cung cap
cac goi phan mém nay nhu Synosys, Synplify... Cac goéi phan mém nay
cd kha ning thyc hién tit ca cac budc cua toan bo quy trinh thiét ké 1C
chuan véi dau vao la thiét ké trén HDL ( con goi 1a ma RTL)
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Dé an tét nghiép CHUONG 1

1.1.2 Lich sir ra doi cia FPGA

FPGA duoc thiét ké dau tién boi Ross Freeman, ngudi sang 1ap cong ty Xilinx
vao nam 1984, kién trac méi cuia FPGA cho phép tich hop sb luong tuong ddi
16n cac phén tr ban dan vao mdt vi mach. So véi kién trac trude dé 1a CPLD,
FPGA c6 kha ning chtra toi tir 100.000 dén hang vai ty cong logic, trong khi
CPLD chi chira tir 10.000 dén 100.000 cong logic; con sb nay dbi v6i PAL,
PLA con thip hon nita chi dat vai nghin dén 10.000.

CPLD dugc céu trac tir sé lwong nhat dinh cac khdi SPLD (Simple
programable logic device) thuat ngit chung chi PAL, PLA. SPLD thuong 1a mét
mang logic AND/OR Iap trinh dugc c6 kich thudc xac dinh va chra mdt )
lugng han ché cac phan tir nhd dong bo (clocked register). Cau tric nay han ché
kha nang thuc hién nhitng ham phirc tap va thong thudng hiéu suat lam viéc cua

vi mach phu thudc vao cau tric cu thé ctia vi mach hon 1a vao yéu cau bai toan.

Kién tric ciia FPGA 1a kién trac mang cac khéi logic, mdi khdi nay nho
hon nhiéu néu dem so sanh v6i mot khdi SPLD, vu diém nay giup FPGA c6 thé
chtra nhiéu hon céac phan tir logic va phat huy t6i da kha ning 1ap trinh cta cac
phﬁn tr logic va h¢ théng mach két ni, dé dat dugc muc dich nay thi kién tric
ctia FPGA phtc tap hon nhiéu so véi CPLD.

Mbt diém khac biét nita vé6i CPLD la trong nhiing FPGA hién dai duogc
tich hop nhiéu bo logic s6 hoc di duoc tdi wu hoa, hd trg RAM, ROM, tbe do
cao, hay cac bd nhan, cong dung cho nhitng tng dung xur 1y tin hiéu s6.Ngoai
kha nang cAu truc lai vi mach & mérc toan cuc, mot sd6 FPGA hién dai con hd tro
ciu tric lai & muc cuc bo, tic 1a kha nang ciu tric lai mot bd phan riéng 1¢é

trong khi van dam bao hoat dong binh thudong cho cac bg phéan khac.

Khai niém co ban va ciu tric cia FPGA, Vi mach FPGA duogc cAu thanh
ttr cac bo phan
a.Khai niém co ban va ciu triic ciia FPGA

FPGA (Field Programable Gate Arrays - Ma tran cong lap trinh duogc theo
hang) 1a mot thiét bi ban din bao gdm cac khdi logic 1ap trinh duoc goi 1a
"Logic Block", va cac két ndi kha trinh. Céac khéi logic c6 thé duoc lap trinh dé
thuc hién cac chirc nang cta céc khdi logic co ban nhu AND, XOR, hoac cac

chirc ning két hop phic tap hon nhu decoder hodc cac phép tinh toan hoc.

Hoang Van Thoi PT1301_DHDLHP Page 14



Dé an tét nghiép CHUONG 1

Trong hau hét cac kién trac FPGA, cac khdi logic cling bao gdm ca cc phan tir
nhd. D6 ¢6 thé 1a cac Flip-Flop hodc nhitng bd nhd hoan chinh hon.

Logic Block Interconnection Resources
- /O Cell
-—

LaLa
LaLa
i

BESEE

Hinh 1.1 CAu truc téng quan cia FPGA
b.Vi mach FPGA dwoc ciu thanh tir cac bd phan:

e Cac khbi logic co ban lap trinh duoc (logic block):Phan tir chinh cia FPGA
1a cac khdi logic (logic block). Khéi logic dugc cAu thanh tir LUT va mot
phan tr nhé dong bo flip-flop. LUT (Look up table) 13 khdi logic c6 thé
thuc hién bat ki ham logic nao tir 4 dau vao, két qua ciia ham nay tuy vao

muc dich ma gii ra ngoai khéi logic truc tiép hay thong qua phan tir nh

flip-flop.
=y 4 I 4n
G FFY
mmp| 4 [ —Dv\:\

FFX
F_ b

Hinh 1.2 Khéi logic lap trinh dwoc cia FPGA

Trong tai liéu huéng dan cta cac dong FPGA cua Xilinx con sir dung khéi
niém SLICE, 1 Slice gdm 4 khdi logic tao thanh, s6 lugng cac Slices thay
d6i tir vai nghin dén vai chuc nghin tiy theo loai FPGA.

e H¢ théng mach lién két 1ap trinh dugc :Mang lién két trong FPGA duoc cau
thanh tir cac duong két ndi theo hai phuwong ngang va dimg, tiiy theo ting
loai FPGA ma céc duong két ndi duoc chia thanh cic nhém khac nhau, vi
du trong XC4000 cua Xilinx c6 3 loai két ndi: ngén, dai va rat dai. Cac
duong két ndi duoc ndi v6i nhau thong qua cac khbi chuyén mach lap trinh
dugc (programable switch), trong mot khdi chuyén mach chira mét sb
luong nut chuyén 1ap trinh dugc, dam bao cho cac dang lién két phtc tap
khac nhau.
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Dé an tét nghiép CHUONG 1

e Khbi vao/ra (I0 Pads) :Khéi vao/ra nhiéu hay it 13 tuy thudc vao timg loai
FPGA. Chung c6 thé dugc két ndi véi cac thiét bi bén ngoai nhu LED,
USB, RS232, RAM....tuy theo muc dich st dung

e Céac phan tir tich hop sdn:Ngoai cac khdi logic, tiy theo cac loai FPGA
khac nhau ma c6 cac phan tir tich hop thém khac nhau, vi du dé thiét ké
nhiing mg dung SoC, trong dong Virtex 4, 5 ctua Xilinx ¢6 chtra nhan xtr 1y
PowerPC, hay cho nhiing ng dung xtr 1y tin hiéu sé trong FPGA duoc tich
hop cac DSP Slice 1a bo nhan, cong tdc do cao, thuc hién ham A*B+C, vi
du dong Virtex ciia Xilinx chira tir vai chuc dén hang traim DSP slices voi
A, B, C 18-bit.

1.2 NGON NGU VHDL
1.2.1 Giéi thiéu vé VHDL

VHDL 1a ngdn ngit mé ta phan cirng cho cac mach tich hop tdc do rat cao,
la mot loai ngdbn ngir md ta phan cing duoc phat trién dung cho truong trinh
VHSIC( Very High Speed Itergrated Circuit) ciia bd qudc phong My. Muc tiéu
cua viéc phat triéen VHDL 1a c6 duoc mot ngdbn ngit md phong phan cing tiéu
chuan va thong nhat cho phép thir nghiém céc hé thdng s6 nhanh hon ciing nhu
cho phép d& dang dua cac hé théng d6 vao ung dung trong thuc té. Ngon ngi
VHDL dugc ba cong ty Intermetics, IBM va Texas Instruments bt dau nghién
ctru phét trién vao thang 7 nam 1983. Phién ban dau tién duoc cong bd vao
thang 8-1985. Sau d6 VHDL dugc dé xuat dé to chuc IEEE xem xét thanh mot
tiéu chuan chung. Nam1987 dua ra tiéu chuan vé VHDL (tiéu chuanlEEE-
1076-1987).

VHDL duoc phat trién dé giaiquyét cac kho khin trong viéc phat trién, thay
d6i va lap tai liu cho cac hé thong s6. VHDL 1a mot ngdn ngir doc lap khong
gan vai bat ky mot phuong phép thiét ké, mot bo mé ta hay cong nghé phan
ctrng ndo. Nguoi thiét ké cd thé ty do lya chon cong nghé, phuong phép thiét ké
trong khi chi sir dung mot ngdn ngi duy nhét.

1.2.2 Cac wu diém VHDL
Chuong trinh trong VHDL c¢6 thé dugc viét theo nhiéu cau tric khéc
nhau: Ngau nhién, tuan tu, ndi chan, dinh thai chi rd, ngén ngtr sinh dang séng.

- VHDL la mét ngbn ngir phan cap, hé thong sé co thé dugc md phong

nhu mot két ndi cac khdi ma céc khdi nay dugc thuc hién bai cac khdi con

khéac nho hon.
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Dé an tét nghiép CHUONG 1

- Cung cap mot cach mém déo cac phuong thire thiét ké trén xudng, duéi
1&n, hoic td hop ca hai.

- Cung cip ca hai mode dong bo va khong dong ba.

- Linh hoat trong ki thuat md phong sé nhu st dung biéu do trang thai,
thuat toan, cac ham Boolean.

- C6 tinh dai ching: VHDL dugc phat trién duéi su bao tro caa chinh
phi M¥ va hién nay la mét tiéu chuan caa IEEE. VHDL dugc su hd tro cua
nhiéu nha san xuat

thiét bi ciing nhu nhiéu nha cung cap cong cu thiét ké md phong hé thong.

- VHDL cung cip 3 kiéu mau viét khac nhau: structural, dataflow va
behavioral.

- Khong gigi han vé do 16n cua thiét ké khi sir dung ngon ngit.

- VHDL hoan toan doc 1ap véi cdng nghé ché tao phan ctng. Mot mo
ta hé thdng dung VHDL thiét ké & muac cong c6 thé dugc chuyén thanh céac
ban t6ng hop mach khac nhau tuy thudc céng nghé ché tao phan ctiing méi
ra doi n6 c6 thé duoc ap dung ngay cho cac hé théng da thiét ké .

- Kha niang dinh nghia kiéu dir 1iéu méi cung cadp mét cdng cu hitu hiéu
cho thiét ké va md phong cdng nghé mai véi mot muc rat cao

1.2.3 Cau trdc mdt mod hinh hé thong sir dung ngon VHDL

VHDL la ngdn ngit mé ta phan cang do vay ma né c6 thé duoc su dung dé
lam mé hinh cua mot hé thdng sé. Hé théng sé cd thé don gian 1a céc cong
logic hay phuc tap nhu mot hé thong hoan chinh. Cac khéi xay dung nén
ngdn ngit VHDL goi 1a cac khdi thiét ké. C6 3 khdi thiét ké chinh:

Khai bao Entity (Thyc thé)
Khai bao Architecture (Kién trac)
Khai béo Configuration (Cau hinh)

Poi khi ta sit dung cac go6i (Packages) va mé hinh kiém tra hoat dong

ctia hé thong (Testbench).

a.Entity(Thuwethé)

Khai bao thuc thé trong VHDL 14 phan dinh nghia cé4c chi tiéu phia

ngodi cia mot phan tir hay mot hé théng. Khai bao Entity 14 chi ra tén cua
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Dé an tét nghiép CHUONG 1

Entity va liét ké cac cong vaolra. Cac cong la cac (day) tin hiéu ma qua do
entity giao tiép v&i méi truong bén ngoai. Vi du, mot mach ban téng duoc chi
ra ¢ hinh dudi day :

A —¥a y1— SUM
B — fary CARRY

Hinh 1.3 Machbanténg
Khai bao Entity nhu sau:
entity HALF-ADDER is
port (A, B :inBIT;
SUM, CARRY : out BIT);
end HATF-ADDER;
Bo ban cong nay gdm c6 hai dau vao 1a A va B; va hai dau ra 1a SUM va

CARRY, BIT la mét kiéu cau triic ngdn ngir duoc dinh nghia truéc cia FPGA

b.Architecture(Kiéntruc)

Phan tha 2 trong ma nguon VHDL 14 khai béo Architecture. Mdi mot khai
bao Entity déu phai di kém voi it nhat mot Architecture twong Gng. Khai
b4o Architecture trong chwong trinh phai két hop tén cua Architecture va mot
Entity trong chuong trinh d6. Phan than Architecture cé thé bao gdm cac khai
bao vé cac tin hiéu bén trong, cac phan tir bén trong hé thdng, hay cac ham
va thi tuc md ta hoat dong cua hé théng. Tén cua Architecture 13 nhan
dugc dit tuy theo nguoi viét chwong trinh. Cau tric bén trong cua
Architecture c6 thé duoc viét theo mot trong s céac kiéu mau sau:

-Tap hop két ndi bén trong cua céc thiét bj.
-Tap céc cau Iénh ngau nhién

-Tap céc cau lénh tuan tu.

-Két hop cua ba dang trén.

Céc kiéu mé hinh nay s& duoc mo ta cu thé nhu sau:
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"1 Kiéu kién tric
Kiéu nay dugc xay dung dua trén mot tap cac thanh phan duoc két néi. Vi
du nhu bo ban tong duoc chi ra sau day:
architecture HA-STRUCTURE of HALF-ADDER is
component XOR2
port (X,Y :in BIT; N: out BIT);
End component;
Component AND2
Port (L, M : in BIT; N : out BIT);
End component;
Begin
X1: XOR2 port map(A,B,SUM);
Al : AND2 port map (A,B,CARRY);
End HA-STRUCTURE;
[ Kiéu ludng dit liéu
Trong kiéu nay, ludng dir liéu qua Entity trudc tién duoc biéu didn bang

cac phép gan dong thoi. Kiéu ludng dir liéu ctia bo ban cong duoc chi ra trong
vi du sau:

Architecture DATAFLOW of HALF-ADDER is
Begin

SUM <= A xor B after 8ns;

CARRY <= A and B after 4ns;
End DATAFLOW;

Trong vi du nay kiéu ludng di liéu stir dung hai phép gan tin hiéu dong thoi
(hoic gan ndi tiép). Trong phép gan cho tin hiéu thi ky hiéu gan l1a “<=". Gia
tri ctia biéu biéu thic bén phai duoc gan cho tin hiéu bén phia tay trai. Mot
phép gén dong thoi dugc thuc hién chi khi ¢ bat ky tin hiéu trong biéu thuc
phia phai c6 su thay doi, tic 1a gié tri tin hiéu thay dbi. Thdng tin tré ciing c6
thé duoc thém vao phép géan bing cach st dung ménh dé “after” .

] Kiéu behavior
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Kiéu behavior chi ra céch thuc hoat dong cia mét entity nhu 1a mot tap
hop 1énh duoc thuc hién theo kiéu néi tiép bang cach sir dung process. Ching
khong chi ra rd rang cau trdc cua entity ma chi ra chirc nang cua né. Vi du sau
xem xét kiéu behavior cua bo béan tong.

Architecture BEHAVIOR of HALF-ADDER is
Begin
Process (A,B)
Variable XY : BIT;
Begin
X:=A;
Y:=B;
SUM<=X xor Y;
CARRY <= Xand Y;
End process;
End BEHAVIOR,;

Mot process ciing c6 mot phan dé khai bao (truéc tir khda “begin”) va mot
phan dé trinh bay (giira tir khda “begin” va “process”). Céac lénh bén trong
phan trinh bay nay duoc thuc hién theo kiéu ndi tiép. Danh sach cac tin hiéu
duoc chi ra trong dau ngoic sau tir khda “process” tao thanh mot danh séach
“nhay”. Tuc 13, khi c6 su thay doi cua bat ky gia tri nao trong danh sach nay
thi méi thuc hién cac 1énh trong process. Tuy nhién, tt ca cic process trong
maot chuong trinh thi déu thue hién dong thoi.

Khai bao bién (bat dau biang tir khoa “variable™), trong vi du nay cé hai bién X
va Y. Céc bién duoc gan vai ky hiéu 1a “:=" va gia tri cuia vé phai gan cho gié
tri bién bén trai.
"1 Kiéu hdn tap.
Kiéu hdn tap 1a kiéu két hop ca ba kiéu trén. Tuc 13, bén trong mot architecture,

chdng ta c6 thé sir dung ca ba cach trinh bay trén.

c.Configuration(Cauhinh)

Khai bao Configuration ding dé lwa chon mat trong cac than Architecture
c6 sin ma mot Entity cd hoic dé gan céac khéi vao Entity.
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Néu cho dang ciu tric, Configuration c6 thé dugc xem nhu liét k& céc
thanh phan cho khdi mé hinh. Cho mdi khédi thi Configuration chi rd
Architecture nao cho Entity tir nhiéu Architecture. Khi Configuration cho tong
hop Entity- Architecture thi duoc bién dich vao thu vién va mot thuc thé
md phéng duoc tao ra. Vi du khai bdo Configuration trong bo ban tong nhu sau:

Library CMOS-LIB, MY-LIB;
Configuration CONFIG of HALF-ADDER is
For HA-STRUCTURE
For X1:XOR2
Use entity CMOS-LIB.XOR-GATE (DATAFLOW);

End for;
For Al : AND2

Use configuration MY-LIB.AND-CONFIG;
End for;

End for; End CONFIG;

d.Package(Goi)

Muc dich co ban cta Package la géi gon cac phan nho cé thé duoc st
dung trong nhiéu thiét ké. Package 12 mot bién phap thuong dung dé luu dir
thdng tin ¢6 thé dugc st dung trong nhiéu Entity. Méi quan hé trong Package
cho phép dir liéu c6 thé duoc tham chiéu boi nhitng Entity khac. Vi thé dit ligu
c6 thé duoc chia sé.

Mot Package gdm hai phan: Phan khai bao va phan than (Body). Phan khai
b4o dinh nghia giao dién cho Package, bing mét cach twong ty nhu dinh
nghia ctia Entity. Than caa Package chi rd sy bién d6i quan hé trong Package
gidng nhu trong Architecture.

VHDL 14 khéng giéng nhu céach thyc thi chuong trinh mot cach tuan tu
nhu chuong trinh cua PC, cac Iénh cua VHDL dugc thuc hién mot cach dong
thoi. Vi li do nay, nguoi ta thuong goi la “md@ VHDL” chu khéng goi la
“chuong trinh VHDL”. Trong VHDL, chi cac 1énh nam trong PROCESS,
FUNCTION hoic PROCEDURE mgi dugc thuc thi mot cach tuan ty. Nhu da
dé cap ¢ trén, mot trong nhitng wu diém cia VHDL 1a né cho phép téng hop
mot mach hay mot hé thong trong mot thiét bi kha trinh (nhu PLD hoic
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FPGA) hoac trong mét chip ASIC. Céc budc thuc hién mét project duoc chi ra
trong hinh dudi day.

Nhip rd VHDL
(xrairc RTL)

A A

Bién dich

Netlist
{rooxc cong)

Toiwu

!

[mFY]

&
A

v
Tdi wu netlist
{raxc cong) IvId phong

) l
Place & Routc

Thiét bi
wvat Iy

IS phong

Hinh 1.4 Cac bwéc thue hién mot project

Thiét ké dugc bat dau bang viée viét mad VHDL va luu vao file c6 dudi
“vhd” cd cung tén véi tén cia ENTITY. Budc dau tién trong quéa trinh tong
hop la bién dich. Bién dich 1a qué trinh chuyén tir ngon ngir VHDL béc cao
(md ta mach & miac RTL — muc chuyén thanh ghi) sang dang danh sach két
nbi (netlisty & mac gate. Buéc thi hai 1a tdi wu, duoc thuc hién trén danh
sach két ndi muc gate dé dat duoc su tdi vu vé tbe d6 hoic tdi uu vé dién tich
sap dit. O giai doan nay, thiét ké cd thé dugc mé phong. Cudi clng mot
phan mém Place-va-route s& tao ra su sip dit (layout) vat Iy cho mot
thiét bi PLD/FPGA hoic sé& tao ra mat na (mask) cho chip ASIC.

e.M6 hinh kiém tra hoat déng(Testbench)

Mot trong cac nhiém vu rat quan trong Ia kiém tra ban md ta thiét ké.
Kiém tra mot mé hinh VHDL duoc thuc hién bang cach quan séat hoat dong
ctia n6 trong khi mé phong va céc gia tri thu dugc cd thé dem so sanh véi yéu
cau thiét ké.Méi truong kiém tra c6 thé hiéu nhu mot mach kiém tra a0. Moi
truong kiém tra sinh ra cac tdc dong I1én ban thiét ké va cho phép quan sét
hoidc so sanh két qua hoat dong cua ban mé ta thiét ké. Thong thuong thi
cac ban md ta déu cung cap chuong trinh thir. Nhung ta ciing c6 thé tu xay
dung chwong trinh thir (testbench). Mach thir thuc chat 13 sy két hop cua tong
hop nhiéu thanh phan. N6 gdom ba thanh phan. M6 hinh VHDL di qua kiém
tra, ngudn dit liéu va bo quan sat. Hoat dong cia md hinh VHDL duoc kich
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thich boi cac ngudn dir liéu va kiém tra tinh ding dén théng qua bo quan sat.

Testhench Entity

Generics

R

Dur

Diata
Soutce

[ atituli
Genetrator

v vy

SRR

Hinh 1.5 So @6 téng quat ciia mdt chwong trinh thir(Testbench)
Trong d6: DUT: (device under test) mé hinh VHDL can kiém tra
Observer: khdi quan sat két qua

Data source: nguon dit liéu (khdi tao ra cac tin hiéu kich thich)

1.2.4 C4c @6i twgng va cac kiéu dir ligu trong VHDL
a.Poi twong trong VHDL

Trong ngdn ngit VHDL gom c6 3 ddi tuong la: tin hiéu - signal, bién -
variable, hang - constant, mdi dbi twong dugc khai bao dya vao tir khoa tuong
ung va ching c6 muc dich st dung nhu sau:

+ Tin hiéu — Signal: 1a d6i twong dé biéu dién duong két ndi céc gira cac
cong vao/ra cua thuc thé, gitra cac cong vao/ra cua cac khdi thanh phan phan
ctrng xuat hién trong thuc thé... Chung 1a phuong tién truyén dir liéu dong gitra
cac thanh phan caa thuc thé.

Tin hiéu c6 tinh toan cuyc rét cao, ching cd thé duoc khai bao trong package
(tin hiéu toan cuc, duoc str dung bai mot sé thyuc thé), khai bao trong thuc thé -
Entity (tin hiéu noi bo dung trong thuc thé, ¢ thé dugc tham chiéu bai bat ky
kién tric ndo cua thuc thé do), khai bao trong kién tric — Architecture (tin hiéu
noi b dung trong kién trac, c6 thé duoc st dung trong bat ct cau trac 1énh nao
trong kién trtc). Céc tin hiéu c6 thé duoc sir dung nhung khéng duoc khai bao
trong tién trinh — process, trong chuong trinh con. Vi tién trinh va chuong trinh
con 1 thanh phan co sé cia mé hinh va chang duoc coi nhu cac hop den. Ca
phép khai bao tin hi¢u nhu sau:

Signal tén_tin_hiéu {,tén_tin_hiéu}:kiéu_di_liéu [:=gia_tri_khai_tao];
Vi du: Signal a,b,c: Bit:="1";
Signal y, reg: std logic vector(3 downto 0):=70000;
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+ Bién — Variable: 1a dbi twong cuc bo dugc sir dung dé chira cac két qua
trung gian. Bién chi duoc khai béo va str dung trong process va trong chuong
trinh con. CU phap khai bao cua bién ciing trong tu nhu khai bao tin hiéu:

Variable t&n_bién {,tén_bién}: kiéu_di_liéu [:=gia_tri_khoi_tao];

Vi du: variable x: Bit:="1";

variable Q: std_logic_vector(3 downto 0);

Néu khong duoc khai tao gia tri ban dau bién s& nhan gia tri khai tao ban dau
la gié tri thip nhat trong céc gié tri thuoc mién xac dinh cua kiéu dir liéu. Tin
hiéu ciing c6 thé chira dit liéu nhung chung lai khong duoc st dung vi nhitng ly
do sau:

Viéc sir dung bién hiéu qua hon vi gia tri cua bién duoc gan ngay lap tac
trong process khi tin hién chi duoc 1ap ké hoach dé thuc hién va chi duoc cap
nhat toan bo sau khi két thic process. Bién chiém it bo nhd hon trong khi tin
hiéu can nhiéu thong tin dé co thé 1ap ké hoach thuc hién ciing nhu dé chira cac
thuoc tinh cua tin hiéu. St dung tin hiéu yu cau c6 Iénh wait dé thuc hién déng
bo phép gan tin hiéu véi phép lap thuc hién theo cach st dung quen thudc.

+ Hang —constant: 1a dbi twong hang dwoc gan cho céc gia tri cu thé cia mot
kiéu khi duoc tao ra va khong doi trong toan bo qua trinh thuc hién. Hang ciing
c6 tinh toan cyc gidng nhu tin hiéu va co6 thé duoc khai béo trong package,
entity, architecture, proceduce, process... Ct phap khai bao hang:

constant tén_hang {,tén_hang} : kiéu_dir_liéu := gia_tri_khoi_tao;

Vi du: constant GND: std logic:="0’;

constant PI: real:=3.1414;

Tom lai: Cac ddi twong trong VHDL ¢6 myc dich sir dung, pham vi st dung
khac nhau, nhung chiing c6 ct phéap khai bao chung nhu sau:

Dbi_tuong tén_ddi_twong: kiéu_dix_liéu {:=gia_tri_khoi_tao}

Céac d6i tuong khi khai béo phai dugc xac dinh kiéu dit liéu twong ung.
VDHL dinh nghia nhiéu kiéu dit liéu khac nhau dé phi hop véi viéc m ta, thiét
ké, md phong cac hé thdng sé khac nhau trong thyc té.
b.Kiéu dir liéu trong VHDL

» Trong VHDL c0 4 dang dir li¢u:

Vo6 huéng: géom cac dir liéu c6 gia tri don nhu bit, boolean, integer, real,
physical, character, std_logic va std_ulogic, enumerated (kiéu liét ké)... Kiéu
ghép: cac dit lieu dudi dang mot nhdm cac thanh phan nhu mang, bang ghi
(record). Bit_logic_vector, std logic_vector va String déu la nhiing dang dir
liéu ghép di duoc dinh nghia san. 2-D Arrays: cac dit lieu c6 dang mang 2
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chiéu, duoc tao nén tir 1 mang cua mot mang 1 chiéu ( hay mot ban ghi). VHDL
Subtypes: dang dit liéu con do nguoi dung tu dinh nghia dua trén nhitng dang
c6 san.

Cac kiéu dir liéu dd duoc dinh nghia trong goi Standard chtra trong thu vién
chuan Standard Library cua VHDL Ia: bit, boolean, integer, real, physical,
character, std logic and std_ulogic, Bit_logic_vector, std logic_vector va
String va mot s6 kiéu dir liéu con. Ca phap chung dinh nghia kiéu dit liéu nhu
sau:

Type Tén_kiéu is giéi_han_gia_tri_cua_kiéu

v' Kiéu v6 huéng

- Kiéu Bit: Kiéu liét ké vai 2 gia tri <0’ va “1°. Kiéu Bit da duoc dinh nghia
nhu sau:

Type Bit is (‘0°, 1°);

- Kiéu Boolean: Kiéu liét ké véi 2 gia tri false va true. Kiéu Boolean da dugc
dinh nghia nhu sau: Type Boolean is (false, true);

- Kiéu Integer: Kiéu sé nguyén véi nhiing gié tri duong hoic am, do Ién mac
dinh 1a 32 bit v4i gigi han gia tri: tur -2147483647 dén +2147483647. Khi sit
dung c6 thé giéi han mién xac dinh theo giéi han giam dan ding tir khoa
downto hoic tang dan dung tir khoa to:

signal A: integer range 0 to 7; -- A sé nguyén 3 bit
variable B: integer range 15 downto 0; -- B s6 nguyén 4 bit
signal B: integer range 15 downto -15; -- B sé nguyén 5 bit
Céc céch biéu dién sé nguyén dang thap phan:

+ digit[underline]digit, vi du: 0, 1, 123 456 789, -123 5678...
+ digit(E)digit, vi du: 987E6 (=987.106-)...
Cac cach biéu dién dudi dang co sb xac dinh:

+ base#based_integer#[exponent], vi du: 2#1100_0100#, 16#C4#, 4#301#EL1,
(=196)

- Kiéu Real: Kiéu sé thuc c6 gigi han tir -1.0E+38 dén 1.0E+38, khac véi
kiéu integer kiéu sé thuc khi sir dung thudng dugce dinh nghia thanh kiéu dir
liéu riéng va c6 gidi han mién xac dinh:
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signal a: Real:=-123E-4;

type CAPACITY is range -25.0 to 25.0 ;

signal Sig_1: CAPACITY:=3.0;

type PROBABILITY is range 1.0 downto 0.0;

constant P: PROBABILITY:=0.5;

Céc céach biéu dién s thuc:

+ Biéu dién duéi dang thap phan: integer[.integer][exponent],
vidu: 0.0, 0.5, 1.1234 5678, 12.4E-9...

+ Biéu dién dudi dang co sb xac dinh:
base#based_integer[.based_integer J#[exponent]

Vidu: 2#1.111 1111 111#E+11, 16#F.FF#E2 (=4095.0)

- Kiéu Character: Kiéu kiéu ky tu, liét ké voi mién xac dinh 1a tap hop cac ky
tuy ASCII. Biéu dién cua gi tri Character: ‘A’, ‘a’, **’, < ¢, NUL, ESC...

- Kiéu Vat ly — Physical: duoc str dung dé biéu dién cac dai luong vat Iy nhu
khoang cach, dién trg, dong dién, thoi gian... Kiéu vat ly cung cap don vi co
ban va cac don vi ké tiép duoc dinh nghia theo don vi co ban, don vi nhé nhat
c6 thé biéu dién duoc 1a don vi co ban. Trong thuc viéc chuan Time (kiéu di
liéu thoi gian) 1a kiéu vat ly duy nhét di duoc dinh nghia.

type Time is range <xac_dinh gidi han>

Vi du str dung:constant Tpd: time:= 3ns ;...Z <= A after Tpd ; units

fs; -- Bon vi co ban

ps = 1000 fs; ns = 1000 ps; us = 1000 ns;ms = 1000 us;sec = 1000 ms;

min = 60 sec; hr = 60 min;

End Units;

- Kiéu std_logic va std_ulogic: kiéu dir liéu logic nhiéu mirc di dugc dinh
nghia trong gbi std logic 1164, so véi kiéu Bit thi ching c6 thé mé ta chinh
x&c va chi tiét hon cho cac phan cang s, chlng con xac dinh duoc cuong do
khac nhau cua cac tin hiéu.
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type std ulogic is ( ‘U’,-- UninitializeX’, -- Forcing Unknown‘0’, -- Forcing
Zero‘l’, -- Forcing One‘Z’, -- High Impedance‘W’, -- Weak Unknown‘L’, --
Weak Zero‘H’, -- Weak One‘-‘ -- Don’t Care) ;

type std logic is ( ‘U’, -- UninitializeX’, -- Forcing Unknown‘0’, --
Forcing Zero‘l’, -- Forcing One‘Z’, -- High Impedance‘W’, -- Weak
Unknown‘L’, -- Weak Zero‘H’, -- Weak One‘-‘ -- Don’t Care) ;

Hai kiéu di liéu std_logic va std_ulogic twong tu nhau, chiing chi khac nhau
& chd 1a kiéu std_ulogic khdng c6 ham phan dai (unresolved) — ham quyét dinh
gia tri tin hiéu, do do6 s& c6 13i khi cac tin hiéu kiéu std_ulogic duoc ndi chung
vao 1 diém. Thu vién cling cung cap ham phat hién I8i nay cua cac tin hiéu kiéu
std_ulogic.

signal A,B,C,Res_Out: std_logic ;signal Out _1: std ulogic ;Out 1 <= A
;Out 1 <= B ;0ut_1 <= C ;CBARes Out <= A;Res Out <= B;Res Out <=
C:Res_OutCBAOut_1XCo6 15iThuc hién duogc

(Ky hiéu “<=" dung ¢ trén la 1énh gan tin hiéu, I1énh gan tin hiéu thuc hién
duoc véi 2 dit liéu cung kiéu, ciing do 16n, gia tri cua tin hiéu bén phai s& duoc
gan cho tin hiéu bén trai).

- Kiéu dir liéu liét ké tu dinh nghia: Kiéu dix liéu liét ké, do nguoi sir dung tu
dinh nghia, cho phép mé ta rat sang sua, va linh hoat cho cac mé hinh phan
ctng s6 voi mue d6 triru twong cao. Kiéu dix liéu nay dung nhiéu md ta @b hinh
trang thai, cac hé thong phuec tap. ..

Vi du:

type My_State is( RST, LOAD, FETCH, STOR, SHIFT) ;

signal STATE, NEXT_STATE: My_State ;

v Kiéu dir liéu ghép

Tuong tu c&c ngdn ngit lap trinh, VHDL ciing c6 cac kiéu dir liéu ghép 1a
nhém céc phan tir dir liéu theo dang mang (array) hoic bang ghi (record).

+ Mang — Array:

Mang 1a nhdm nhiéu phan tir ¢ cung kiéu dit liéu véi nhau thanh d6i teong
duy nhat. M3i phan tir cia mang c6 thé duoc truy cap bang mot hodc nhiéu chi
s6 cia mang. Cu phap dinh nghia kiéu dir liéu mang nhu sau:

Type t&n_mang is array (khoang _cua _chi sd) of kiéu_cua_phan_tu;
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Vi du mét sb cach khai béo va sir dung dit liéu mang:
type WORD is array (3 downto 0) of std_logic ;

signal B_bus: WORD ;

type DATA is array (3 downto 0) of integer range 0to 9 ;
signal C_bus: DATA ;

Cac kiéu dir liéu mang da duoc dinh nghia trong thu vién chuan cua VHDL
la: Bit_logic_vector (mang dit liéu kiéu Bit), std_logic_vector (mang dit liéu
kiéu std_logic) va String (mang dir liéu kiéu Chacracter). Mot s vi du st dung

c4c kiéu dit liéu nay nhu sau:
signal My_BusA, My_BusB: bit_vector (3 downto 0);
signal My_BusC: bit_vector (0 to 3) ;
signal Data_Word: std_logic_vector (11 downto 0);
variable Warning?2: string(1 to 30):= “Unstable, Aborting Now”;
constant Warning3: string(1 to 20):= “Entering FSM State2”;
Mot s6 phép toan thao tac véi phan tir mang:

- Phép géan cho mang: 2 mang phai cuing kiéu, cung do Ién, phép gan sé thuc
hién gan theo tirng phan tur theo thu ty tir trai sang phai:

Data Word <="101001101111";
Data Word <= X”A6F”;

Data_Word <= 0"5157”;

Data Word <=B”1010_ 0110 _1111”;

Céch biéu dién s6 liéu bit_vector va std_logic vector: B|O[X “gia_tri” (dung
ddu nhay kép). Trong d6 B: Binary -Kiéu nhi phan, O: Octal - kiéu bét phan, X:
hexadecimal.

X”1AF’=B”0001 1010 _1111”=B”000 110 101 1117=070657"

- Phép gop (): cho phép nhom ca dit lidu vo hudng va dit liéu mang dé thuan
tién cho cac phép gan cho mang:

signal H_ BYTE, L_BYTE: std_logic_vector (0to 7);

signal Q_Out: std_logic_vector (31 downto 0);
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signal A, B, C, D : std_logic;

signal WORD: std_logic_vector (3 downto 0);
(A,B,C,D)<=WORD;

Cha y: Phép gop ¢ vé bén tréai chi dung véi kiéu dit liéu vo hudng.
WORD <= (2=>°1",3=>D, others=> ‘0" ) ;

Q Out <= (others => ‘0’) ;

WORD <= (A, B,C,D);

H Byte <= (7/6/0=>"1",2t0 5 => ‘0" );

L Byte<=(3=>"1", 1 t02=>0", 4 t0 7 => ‘1°);

Chu y: “others” ¢6 thé duoc sir dung khi gan mac dinh, né c6 y nghia 1a cac
tat ca cac phan tir con lai duoc gan bang mét gia tri nao do) .

+ Bang ghi — Record:

Bang ghi 1a nhém nhiéu phan tir c6 kiéu dit liéu khac nhau thanh déi tuong
duy nht.

MJi phan tir cua ban ghi dwoc truy nhap téi theo tén truong. Cac phan tir cua
ban ghi c¢6 thé nhan moi kiéu ciia ngdn ngir VHDL ké ca mang va bang ghi.

3012My_BusAMy BusBMy BusB<=My_BusA
;30123012My_BusAMy_BusBMy BusC <= My_BusA ;0;2

Vi du dinh nghia kiéu dir liéu bang ghi nhu sau:
type OPCODE is record

PARITY : bit;

ADDRESS: std_logic_vector (0to 3);
DATA_BYTE: std_logic_vector ( 7 downto 0 );
NUM_VALUE: integer range 0 to 6;
STOP_BITS: bit_vector (1 downto 0);

end record ;

signal TX_PACKET, RX_PACKET : OPCODE;

PARITYADDRESSDATA BYTENUM_VALUESTOP_BITS;Cach  truy
nhap va gan dit liéu cho cac trudng cua ban ghi: Cac phan tir cia ban ghi duoc
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truy nhap theo tén ban ghi va tén truong, 2 thanh phan nay duoc ngin cach bai
dau *.’

TX PACKET <=( ‘1°,00117,711101010,5,°10™ ) ;

TX PACKET.ADDRESS <= (“0011");

TX_PACKET <= RX_PACKET;

TX_PACKET.ADDRESS <= RX_PACKET.ADDRESS;

v Kiéu dir liéu mang 2 chiéu (2-D Array)

Mang 2 chiéu la kiéu di liéu mang cua cac phan tr mang mot chiéu hay bang
ghi. M6t s vi du dinh nghia va khai bao kiéu dir liéu mang 2 chiéu nhu sau:

type Mem_Array is array (0 to 3) of std_logic_vector (7 downto 0);
type Data_Array is array (0to 2 ) of OPCODE ;

signal My_Mem:Mem_Array ;

signal My_Data:Data_Array ;

Vi du tng dung ding mang 2 chiéu khai tao mot viing nhé ROM
constant My ROM: REM_ Array:= (0 => (others=>‘1"),
1=>%10100010",

2=>%“00001111>,

3=>“111100007);

v Kiéu dix liéu con

La mot tap hop con cua cac kiéu dit liéu di duoc dinh nghia khac. Phép khai

bao kiéu dix liéu con c6 thé nim & moi vi tri cho phép khai bao kiéu dix liéu. CU
phap khai bao chung:

Subtype Tén_kiéu_dit_liéu_con is xac_dinh_kiéu_di_liéu_con;
Vi du: subtype My _Int is integer range 0 to 255 ;

subtype My_Small_Int is My_Int range 5to 30 ;

subtype word is bit_vector(31 downto 0)
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CHUONG 2 GIOI THIEU VE SPARTAN-3E KIT BOARD VA MOI
TRUONG LAP TRINH ISE 8.21

2.1 SPARTAN -3E KIT BOARD

2.1.1 C4c thanh phén caa kit Spartan-3E

>

VV V VYV VYV VY VYV VYV VYV VY

vV V V V

A\

Xilinx XC3S500E Spartan-3E FPGA : con chip chinh cua KIT
Xilinx 4 Mbit Platform Flash configuration PROM

Xilinx 64-macrocell XC2C64A CoolRunner CPLD

64 MByte (512 Mbit) of DDR SDRAM, x16 data interface, 100+ MHz
16 MByte (128 Mbit) of parallel NOR Flash (Intel StrataFlash)
16 Mbits of SPI serial Flash (STMicro)

2-line, 16-character LCD screen

PS/2 mouse or keyboard port

VGA display port

10/100 Ethernet PHY (requires Ethernet MAC in FPGA)

Two 9-pin RS-232 ports (DTE- and DCE-style)

On-board USB-based FPGA/CPLD download/debug interface
50 MHz clock oscillator

SHA-1 1-wire serial EEPROM for bitstream copy protection
Hirose FX2 expansion connector

Three Digilent 6-pin expansion connectors

Four-output, SPI-based Digital-to-Analog Converter (DAC)
Two-input, SPl-based Analog-to-Digital Converter (ADC)
programmable-gain

pre-amplifier

ChipScope™ SoftTouch debugging port

Rotary-encoder with push-button shaft

Eight discrete LEDs

Four slide switches

2.1.2Cé4c thong sb ky thuat va mat sé hinh anh

with

Spartan-3E 1a ho FPGA méi nhét cta Xilinx v6i nhiéu vu diém ndi bat. Pau

tién phai ké dén 1a kha nang tich hop cta spartan-3E tir 100,000 gates dén 1,6
triéu gates. Ngoai ra, con mot s6 dic diém chinh cua Spartan-3E Ia:

D@ str dung , gia thanh thap, tiéu thy dién it.
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Mat d6 tich hop nhiéu phan tir logic(Pay 13 wu diém so v6i ho Spartan 3).

Téc d6 xung nhip hé théng tir 5-300 Mhz.
Nam muc tiéu thu dién nang (3.3V;2.5V;1.8V;1.5V;1.2V)
Tich hop t&i 376 chan 1/0 hay 156 cép tin hiéu khac nhau.

Truyén dir li€u véi toe d kha cao.

LY s
. ;....'b ‘-;7

A .
URLE]]

TExA

InxTRUMENTS

= ~
DIGILENT i ’

orees i
: i s;'!"b‘k"u‘l’\“:!‘i b. a

PRI EREREERRE L

Hinh 2.1 Spartan-3E Starter Kit Board
2.1.3 CAu tric Spartan-3E
Céc thanh phan:
Input/Output Blook (Tos): cac khdi vao ra
Configurable Logic Blocks (CLBs): dugc cau tao tir look-Up Table(LUTS).

Block RAM: HJ tro 16 Kb RAM trén mdi Block RAM, sb luong cac Block
RAM tuy thudc vao mdi chip, véi XC3S500E c6 20 Block 18 bit.

Digital Clock Manager(DCM) Blocks: khéi diéu khién xung clk.

Interconnect: cac két noi.
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N
~

Immm

- \oBs -
‘ |
CLBs
& =~ - & [
S i — S |
3 it N
~ S 2
10Bs ™,
AY
Block RAM Multiplier

Hinh 2.2C4u tric cac thanh phan caa Spartan 3E

Spartan-3E Starter kit board 1a mot cong cu hitu hiéu cho bat ky ai dang c6 y
dinh thiét ké cac san pham dya trén cong nghé FPGA. Pay 1a mot giai phap co
ban cho nham t6i uu thoi gian va chi phi ban dau. N6 cho phép ché tao ngay véi
gia thanh san pham thap. Bo kit nay 1a mot thiét bi cau tric logic c6 thé ngudi
sir dung lap trinh tryc tiép ma khong sir dung bat ky mot cong cu ché tao mach

tich hop nao.

2.1.4 M4 sé Chip va y nghia cia no
Mask Revision Code
M3 san xuat

Céng nghé xu ly

Chung loai thiét bj
Goi FG320AGQ0525 <-— M4 ngay thang

A440574 - M3| nhom san xuat

Cép d6 cua toe d6

Nhiét d¢ lam viéc

Chan P1
Hinh 2.3 Chip Spartan-3E Xilink véi cac thong s6
Trén bé mat chip duoc in cdc ma sb, dya vao cac ma sd ndy, ngudi thiét ké
mach c6 thé biét dugc kha nang 1am viéc caa bo mach va lya chon dé mua thiét
bi pht hop véi nhu cau sir dung.
Cac bo Kit phat trién Spartan-3E dugc san xuét ¢ hai dang goi ca tiéu chuan
va Pb-free cho tat ca cac thiét bi san xuat. Cac goi Pb-free cd chira thém ky tu
‘G’ trong ma goi

Standard Packaging
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Vidu: XC3S250E 4 FT 256 C

Chiing loai thiét bi Nhiét dd lam viéc: _
I = Industrial (TS =-40 C d8n 100 C)
Cép d6 tée d6 C = Commercial (0°C dén 85°C)
Dang géi Sé chan

Pb-Free Packaging

Vidu: XC3S250E -4 FT G 256 C

Chuing loai thiét bi Nhiét a6 [am viéc: _
{ = industrial (TJ =-40 C den 100 C)
Céap d6 téc do C = Commercial (0°C dén 85°C)
S Sb chan
g9 Pb-free

2.2 SO LUQC VE ISE 8.2

2.2.1Tao m{t Project

Vao Start > All Programs > Xilinx ISE 9.2i > Project Navigator dé khoi
dong chuong trinh. Vao File > New Project cira s6 huéng din hién ra nhu
hinh 2.4 ¢ bén dudi:

=
O G L s 03 03 x| w ee | [ 5 50 0 o0 e |l 5 M= = Wy e |
@ E[E [ (2] | fR G n -

roiect Location  [penerated

======

Hinh 2.4 Tao project méi

Project Name: Dat tén project. Project location : Noi chtra project. Click
Next, ctra s6 m&i hién ra nhu hinh 2.5 & bén dudi:
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S Xilinx - ISE - D:\phanmemhocA\FPGAMD EMUX\DEMUX .ise - [Design Summary]
=

o [ ]E=]
O EHI L RAEX oo A2 0K E @i B Dh:ok? i
P9 EE & S _ch G enp = oy
File
i bencrated
DEMU Property Name slus e
= €A #e3s500=-41g320 [Fieelet Eotoemy ol )
[l DEMU - (PEmile Spartan3t 3 O Wiarnings =
< I Devioes >4C3S 500E ~
=12 Sowces [ gy Snapsh Package FG320 ~ on 24 Sep
] Speed 4 5 00312 2012
Top-Level Source Typ= [HoL
Synthesis Tool | %ST WHDLAerilog) ~
Simulator | ISE Simulator [WHD LAferilog) ~
Ernable Enhanced Design Surmmar n jation Note(s]
Enable Mes: | 1=
Display Incremental Mescages ] ~
' T | ]
| >
rrrrr || £, W arnings || =D Tl Consale ” la& Find in Files |
Caps

Hinh 2.5 Lura chon thiét bi cho chwong trinh
O Family : chon Spartan3E .
O Device : chon XC3S500E.
O Package : chon FG320.
Tiép tuc click Next , Next ctira méi hién ra, chon thanh : New Source.

Ctra s6 mai hién ra, chon VHDL Module dé viét code vhdl, néu viét bang
verilog

thi chon : Verilog Module. cira s6 huéng dan hién ra nhu hinh 2.6 & bén
dudi:

Exilinx - ISE - D:\phanmemhoc\FPGA\DEMUX\DEMUX. ise - [Design Summary]

= =1E
FDPHG i BDRX L AiS o Hm R = el = Y
5 Q iE & @ B Eg B B ey gy
Sources (5 New Proje ard =
Sources| Synthe: » | Humfil o 9 . z = oqramming File W
Hierarchy Lenerated
DEMLI % IP (Coregen & Architecture Wizard) e
= €7 xoIsE00e-4ig320 || | [Z] EC"'S“S*“’:
tate Diagram
[t DEMLA - Test Bench WaveForm 0 v/ arnings o
& ) [=] User Document
=13 Sources | g Snapshq \erilog Module File nams: on 24 Sep
|l |[s]verilog Test Fisture - 00312 2012
Processes Fra] VHDL Madule |machaiaimaz4] |
Processes: (™ WHOL Library Location:
[0 cdExistingSq| | [2]¥HDL Package D-tph hoc\FRGA\machgaima2d
phanmemboc machgaima:
O Cresto Mewad | [ VHDL Test Bench | | L
B View Design 5
BF  Design Utlities -
A User Constrain| 2ol N otors)
P2 M\ Sunthesize - % 1=
_ I Add ta prajsct ~
2L Frocesses |
back [ Fos ] [ ool )
Fore Thro l Eack ] | Ne-xl | l Lancel ]
| =
B Console | @ Eners | g\ wamings | @ TelConscte | g Findin Fies |
CAPS

Hinh 2.6 Thém Module vao chwong trinh

Chon tén file vhdl ¢ & File name. (¢ ddy ta dang tao bd dém nén chon tén
lacounter).
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Tiép tuc click Next . Cira s méi hién ra , ta s& chon giao dién cho vao ra cho

khoi counter:

Cot Port Name dé chon tén cong

Cot Direction dé chon chan 14 16i vao, 161 ra hay ca hai vao/ra

Cot Bus : néu dung bus thi tréo vao 6 nay. O day, bo dém cua ta c6 ngd ra la

mot port 4 bit nén ta chéo 6 nay.

Tiép tuc an Next -> Next -> Finish , cudi cung ta dugc két qua nhu hinh 2.7 nhu

sau:

E= Xilinx -

ISE - D:\phanmemhocAFPGALdtigiaima_Z24\dtgiaima_24.ise - [digiaima_24.wvhd*]

BB

%= File Edit %iew Project Source Process windows  Help =& =i
OFEHG Lo BEX oo 2o (A8 MO k?
] o
~: @ EEH | ETLEL I O D
= = bl 23 use IEEE.STD_LOGIC _TMNSIGHED . ALL: -~
Sources| Synthe: » | Mumbed LUTs za4
[epp—— z5 ———— Uncommument the following likrary declaraticon it
= chai 24 z6 ———— any ¥ilinx primitives in this code.
e e 27 ——library TMIISTHM:
= A ne3s500=-4f5320 _ 28 ——use UNISIM.VCowponents.all:
[*aleFs dtgizirna_24 - Behavioral z9 Entity dtgisdimsa 24 is
< > =0
=03 Sources e Snapshot| [ Libraries 31 End droisdims =d:
32 Aarchitecturse BFeh&sawviorsal of dtgisima Z24 1=
33 begin
el 3
Frocesses: )
35 end Behavicoral:
1  &ddE=isting Source e
[  Create Mew Scurce g
~ LT S P S b’ =3
< > & 5
Ff Processes .
3= Design Summans | ditgiaima_24 vhd*
Started : “"Launching Design Summary™ .
= < B
5 Consale | &P Erors £, W arnings {20 7ol Consale g Find in Files
Ln 30 Col 1 CAaPS | MNUM | SCRL | VHDL

Hinh 2.7 Khung chwong trinh

Sau d6 ta viét code vao ta s& dugc nhu hinh 2.8 duéi day :

E= Xilinx - ISE - D:A\phanmemhociFPGAldigiaima_2-4\digiaima_24.ise - [digiaima_24.vhd] (=1
25 File Edit Wiew Project Source Process windowe  Help ==
D EHS | D i B REX| oo | AP 2EE (& 8 MBS k?
= R
o0 los | ~i @ EE H E | ISR O
> zs Entity dtgimima 24 is -~
Sources| Synthe: s Numbe;l LUT= -~ == Forc i I = inm STD LOGIC WECTOR (1 downto 0O) 2
Hisrarchy 1 o ouc STDiLOGIcivECTOR (3 downtco O3 2
"éidl - S Iz End dtgi=mim=a 2497
=l etglaima, — 53 mrchitecture Behawvior=al of dtgi=sims 24 is
= £78 »o3s5006-4fg320 Sy e —
oin
[Pual e drgisima_24 - Behavioral 35 FPROCESS (I
< > Fo EEGII
=g Sources Snapshal Libraries 27 casE I 1=
| Snae ™ 38  WHEN 00" —=> @ <= ®0001%;:
e e p=) WHEIM 017 => O <= ™0010"";
e — o 20 WHEIM 10 => O <= ™0100"";
- 31 WHEIM " 11" => & <= ™1000"";
= #dd Existing Source 2z WHEN ©OTHERS => NULL:
= Create Mew Source a3 END CASE:
= e Design Summarn: 33 END FROCESS:
- i [P S P st as end Behawvior=al: -~
< > 5 =
Ff Processes
5= Design Suramans | digiaima_z4. vhd
Started : “"Launching Design Summ=ary™ .
3 &3 >
= Consol= | @3 Encrs £, W arnings &R Tcl Consol= Ia& Find in Files
Ln 30 ol 45 | CAPS | UM | SORL | WHDL

Hinh 2.8 viét chwong trinh

Chu y viéc gan chan : Chon User Constraints Edit
chugt phai vao vao chon open without updating sau d6 gan chan nhu hinh 2.9

dudi:
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[ES Xilinx - ISE - C:\Xilinx\24daica\24daica.ise - [dtgiaima_24.ucf]

L File Edit View Project Source Process Window Help

DR HS LidRRX @o

P PR

HE R (Aima DL ibm &

=0

. P == -
FE UL ALLIQOPIEE —2 S 4B BB IN

1 NET "I<0>" LOC = "L13" | IOSTANDARD = LVITL | PULLUP:

Sources| Syrthe: ] Number LUTs |+ 2 NET "I<1»" LOC = "L14" | IOSTANDARD = LVITL | PULLUE;

Hiorarchy 3 MNET "Q<3»" LOC = "E11" | IOSTANDARD =LVITL |SLEW = SLOW | DRIVE = &;
o 4 NET "Q<2>" LOC = "FLi1" | IOSTANDARD =LVITL |SLEW = SLOW | DRIVE = &;
-] s5daics 5 MET "Q<1»" LOC = "E12" | TOSTANDARD =LVTTL |SLEW = SLOW | DRIVE = 8;

= E;EiDDe-ﬂgBZD & MNET "Q<0»" LOC = "F12" | IOSTANDARD =LVITL |SLEW = SLOW | DRIVE = &;

+1%+ 24daica - Behavioral (24d 7

< | >
Ei§ Sources ‘w Snapshm” E hbmnes|

»
Processes: e
[ Create New Source
E  View Design Summany
g Diesign Lkilties
= ﬁ User Constraints
Create Timing Constra
Assign Package Fins
Create Area Constrair
S E)  Syrthesize-X5| 1h BN
Rerun

@@ Wiew Synthe

@ ViewRTLS 3f; Reunal
@ View Techn| a Stop
€ Crece 5o

=
= c) GEn‘EEne Py E't Properties...

+

Hinh 2.9 Gin chan

v' Kiém tra ma ngudn

Tai ctra s6 process: Symthesis XST—> Check Syntax duoc két qua nhu hinh

2.10 dudi

== Xilinx - ISE - D+

rnacl
File Edit View Project Source Process Window Help

AL EMA B[R =B D LN &

iise - [machgiair whd*] (=N o=
[=le-afey
EHDEEal L

= =2 S22 4% %% 0 H DD

HAM

ws Thoi

use IEEE.STD LOGIC_ 1164.ALL:
use IEEE.STD LOGIC_ARITH.ALL:
use IEEE.STD LOGIC UNSIGNED.ALL;

architecture Behavioral of machgiaimaZ24 is

- Design Summary

ARBEX oo AFHE BT
1
Sources for] Synthesis/{ v | Mumber of] LUTs = 2 —- Company:hpu
Hierarchy Resources  Preserve 3 —— Engineer:
E]machgzma24 5 library IEEE;
El £ xc3s500e-5 =
[reftamac... 7
8
=12 Sources | ‘Snaps | T Libras 9 entity machgiaima2d is
s 10 Port ( I : in
11 Q : out
== 12  end machgiaima24:
E= 13
[  Add Existng Source g
[ Creste New Source 15 PROCESS (1)
E  \iew Design Summary 18 BEGIN
=-3F  Design Utities L 17 CASE I IS
¥F  User Constraints 3 18 WHEN "00" => Q
- 13  WHEN "01" —> Q
[E]  View Synthesis Report zg :_ﬁég :ig: g g
L]  View RTL Schematc ) 22 WHEN OTHERS —>
View Technology Schematic m 33  EWD cansz:
22D Check Syntax 24 END PROCESS:
¥) Generate Post-Synthesis Simulatior ~ 25 end Benavioral;
< | r P
Pr
=, Processes | ] machgiaima24 vhd*

2 (1 downto 0);
(3 downteo 0)):

il

<= "0Oo01";
<= ™0010":
<= "0100™:
<= mip00";
HWULL:

Process "Check Synta=" completed successfully

< | |
2] Conscle | @Erors | gy Wamings | EITc! Consoie

Entity <machgiaima24> (Architecture <Behavioral>) compiled.

|38 Find in Files

Ln3 Col 25 | CAPS | NUM | SCRL | VHDL

Hinh 2.10 kiém tra ma ngudn

v Két ndi voi FPGA

Chon Implement Design duoc két qua nhu hinh 2.11 sau :
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== Kilinx - 1SE - D:\ph h

ez

o P S
Eile Edit View Project Scurce Process Window Help
PHHEM RBIE =8 00 LK b HDPEAS &

o

XBREX wo|RE

BN I o= o o
Bl oe<0opoa | =i m| A LD BRI - =a|

EE|Z2 2 4B %D W DD

1 -~
Souroes for] Synthesis| w | Mumber of] LUT= - 2 —— Company:hpu b
Hierarchy Pr——— j —— Engineer: NAM ws Thoi
Efmachgisima24 5 library IEEE:
B £ xc3s500e-5 & use IEEE.STD_LOGIC_1164.ALL:
[halftemac 7 use IEEE.STD_LOGIC_ARITH.ALL;
8 use IEEE.STD LOGIC UNSIGNED.ALL:
9  entcity machgiaima2d is
10 Porc ( I : in {1 downto 0);:
11 Q : out (3 downto 0)): £
12  end machgiaima24:
P § 13 architecture Behavioral of machgiaima2d is
(918 Sources | Snapshot | [ Libraries | Iz Design o b
15 PROCESS (I)
16 BEGIN
Brocesses: 1 17 CASE I IS
[E] View RTL Schematc 18 WHEN "00" =» Q <= "0001";
[# view Technology Schematic 19 WHEN "01" => Q <= "0010":
T2 Check Syntax 20 WHEN "10" —> Q <— "01007; —
()@Gene{ale Post-Synthesis Simulatior| | 21 WHEN "11" => Q <= "1000";
|;| 22 WHEN OTHERS => NULL;
2  Generate Programming Fie ~ Sl CASE;
== 24 END PROCESS;: -
el ] v D
< ] »
4] Procssses | [%] machgizimaZdvhd | i Desion Summary | [Z)machgmms24ngr | [ machgimimaz4.ngo

Design Objects of Properties
iaima24 No object is selected
Instances Fins ~ | Signals - | | Name Value
Mdeced_Q I(1:00 = I(1:00 (|
Q(3:0) - Q(3:0) -
[£] Consale | ) Errors | 1\ Wamings | {& T<! Console | |8 Find in Fies | & View by Category | 55 View by MName |

[-32,504] [CAPS [NUM |SCRL [VHDL

=l ol |

Hinh 2.11 Kiém tra viéc gan chan
v Nap vao FPGA nhu hinh 2.12 bén duéi:

5 Hilinx - ISE - D:\phanmemhochise\I555555EEEEEE\machgiail

File Edit View Project Source Process Window Help

AL HHEM RIE =B DD &K

T e s =5 Ee ==
EES
o 28 D2 HI =

AREXx oo FEFE ST
Rl e <tpma REBEBo|AADTEBPEID| M =G|

EE|Z2Z2| 4% B0 QD

5 1library IEEE; -
Sources for] Syntmﬁis/El Mumber of] LUTs EI L3 use IEEE.STD LOGIC 1164.ALL:
Hierarchy Resources  Pr 7 use IEEE.STD LOGIC_ARITH.ALL:
@] machgisimaz4 & wuse IEEE.STD LOGIC UNSIGNED.RLL;
- Q entity machgiaimazZ4 is m
=1 £ %c3s500e-5 10 Port { I : in {1 downto 0):
,;,“,;mac... 11 Q : out B L © (3 downto 0)):
12 end machgiaimaZ24;
13 architecture Behavioral of machgiaimaZ4 is
14 begin
15 PROCESS (I)
16 BEGIN
E'QSOUIDES|anapsth||EUm|I[=Daign 1; ;‘:EE fogf = @ <= "0001": E
19 WHEN "0l1" => Q <= "0010";
r g 20 WHEN "10" => {Q <= "0100";
poesees 21 WHENM "11" =» Q <= "1000";
[¢1&) Pest-Synthesi 22 WHEN OTHERS => WULL;
2@ Implement Design 23 END CASE:
=- P2 Generate Programming Fie 24 END PROCESS;
E@P[Qg[amng File Generation Repo—, 25 end Behawvioral;
B Generate PROM, ACE, or JTAG FIE| 28
5 Cor{programming File Generation Report| L
<[ T | P — -
b | [l machgisima24.vhd £ Design Summary | [z5] machgiama24.ngr | [£] machgiama24.nge
Design Objects of Properties
¢ ima2d No object is sel d
Instances Pins = | Signals = | | Name Value
Mdecod Q 1(1:0) [ 1(1:0) =
Q(3:0) - Q(3:0) N
|Z] Conscle |@Elm|s |_L\.W'arrungs |ﬂTdCDnlee |lﬁﬁndinﬁes |ﬁ\ﬁewby<:ategcry IE“"""‘""N“ |

[288,560] | CAPS | MUM | SCRL | VHDL

e e T il —= |

Hinh 2.12 Thuc hién két néi va nap chwong trinh vao kit
Tai Generate Programming File=> Configure Deveice
Xuat hién cua sé ISE iMPACT gan vao khéi hinh ROM dau tién va quan sat két

qua dau ra trén Kit Spartan 3E
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CHUONG 3 THIET KEMACH LOGIC VA MOT SO UNG DUNG KET NOI
CUA FPGA TREN KIT SPARTAN 3E
3.1 Thiét ké mach logic

a.Thiét ké mach giai ma 2 dwong sang 4 dwong véi ngd ra tich cuc cao

Bang trang thai so do khoi
Ngd vao | Ngd ra DECODE
CI0—»
11 112 |Q3/Q2|0Q1|Q0 —»{ |0 a1l
0 0 |0 |0 (0 |1 1 Q21—
C5—»
0 1 (0 (0 |1 |0
2104
1 0 |0 |1 (0 |O
1 1 (1 (0 |0 |O
Chuong trinh code:
library IEEE;

use IEEE.STD_LOGIC_1164.ALL,

use IEEE.STD_LOGIC_ARITH.ALL,

use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity machgiaima24 is

Port (I:in STD_LOGIC_VECTOR (1 downto 0);
Q :out STD_LOGIC_VECTOR (3 downto 0));
end machgiaima24;

architecture Behavioral of machgiaima24 is
begin

PROCESS (I)

BEGIN

CASE I IS

WHEN "00" => Q <="0001";

WHEN "01" => Q <="0010";
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WHEN Illoll :> Q <: llOlOOll;

WHEN "11" => Q <= "1000";
WHEN OTHERS =>NULL;
END CASE;

END PROCESS;

end Behavioral;

b. Thiét ké mach ma héa 4 dwong sang 2 dwong véi ngd vao tich cuc cao

Bang trang thai: So d6 khéi:
Ngd vao Ngd ra ENCODE
13121110 Q1|Q0 il oy
—¥ |
0O |00 |1 |0 |O —%l[2 ol
— 12
0O |[0|1]|0]0 |1
4102
0O |[1]/0]|0|1 |0
1 /0|00 |1 |1

Chuong trinh code:

library IEEE;

use IEEE.STD_LOGIC 1164.ALL;

use IEEE.STD _LOGIC_ARITH.ALL,

use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity machmahoa4z? is

Port (1:in STD_LOGIC_VECTOR (3 downto 0);
Q:out STD_LOGIC_VECTOR (1 downto 0));
end machmahoa4z2;

architecture Behavioral of machmahoa42 is
begin

PROCESS (I)

BEGIN
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CASE I IS

WHEN "0001" => Q <="00";
WHEN "0010" => Q <="01",
WHEN "0100" => Q <="10";
WHEN "1000" => Q <="11";
WHEN OTHERS => NULL;
END CASE;

END PROCESS,;

end Behavioral,

c.Thiét ké mach giai ma da hop 1 ngd vao 4 ngd ra 2 lwa chon

Bang nguyén ly So @6 khoi
Ngdvao | Ngbra
1Ts1[s0|Y3[Y2[Y1[Y0 DEMUX4
110 |0 |0 [0 [0 |1 U
1 Ul g
I1{0O |1 (0 |O | 0 I
i
111 (o |0 |1 [0 |0 I
[T (1 1 |0 |o |0 £ 4

Chuong trinh code:

library IEEE;

use IEEE.STD_LOGIC _1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL,;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity madahop is

Port (1:in STD_LOGIC;

S:in STD_LOGIC _VECTOR (1 downto 0);
Q:out STD_LOGIC_VECTOR (3 downto 0));
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end madahop;

architecture Behavioral of madahop is

begin

PROCESS (1,9)

BEGIN

CASES IS

WHEN "00" => Q(0) <= I;
WHEN "01" => Q(1) <= I;
WHEN "10" => Q(2) <= I;
WHEN "11" => Q(3) <= I;
WHEN OTHERS => NULL;
END CASE;

END PROCESS,;

end Behavioral;

d.Thiét ké mach giai ma led 7 doan loai anode chung

So d6 khdi :

SEGMENT

DECODE
O LT

+ 44

a

PITTRIY

8

Bang trang thai:
S6 | Ngd vao Ngd ra S6
Tp [13[12]12]10 [ g[f[E[d]c[B|A|Hex
o (00|00 |2(0]|0|0|0]O0 40
1 OO0 |1 |1(1|1]1/0]0 79
2 (0012 (0 |0(2|0|02]0 24
3 (002 (1 (0f(2j1/0|0(0 30

Hoang Van Thoi PT1301_DHDLHP

Page 42



Dé an tét nghiép

CHUONG 3

4 lof1]olofofof[1|1]o]0|1 |19
5 [of[1]o|1]o]lo[1]|o0lo[1]0 12
6 [0[1]1]0|o0]l0o]of0|0[1]0]02
7 |of1 11 |1]21]2]2|0]0|0 |78
8 [1]/o]o|o|ojojofojofo]O |00

1/o/of1|oflo[1]o0]0|0]0 |10
Tat[1 [o |1 o [a[2|2|1|a]2|1]|7F
Tat[1 [o |1 |1 [2[2|2|1|a]a|1]|7F
Tat|1 |1 |0 |0 [1|1|2(1|1({1 |1 |7F
Tat|[1 |1 o |1 [2]1|a[a|2|2|1]7F
Tat|1 |1 [1 o [2]2|afa2|a|1]|7F
Tat|1 |1 [1 |1 [2]2|afa|2|a|1]7F

Chuong trinh code:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,

use IEEE.STD_LOGIC_ARITH.ALL,

use IEEE.STD_LOGIC_UNSIGNED.ALL,;
entity giaimaled7doan is

Port (1:inSTD_LOGIC_VECTOR (3 downto 0);
Y : outSTD_LOGIC_VECTOR (6 downto 0));
end giaimaled7doan;

architecture Behavioral of giaimaled7doan is
begin

PROCESS (1)

BEGIN

CASE I IS

when “0000” =>Y <= “1000000";
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when “0001” =>Y <=*“1111001";

when “0010” => Y <= “01001007;
when “0011” => Y <= “01100007;
when “0100” => Y <= “0011001";
when “0101” => Y <= “00100107;
when “0110” => Y <= “00000107;
when “0111” =>Y <=“11110007;
when “1000” => 'Y <= “00000007;
when “1001” => Y <= “00100007;
when others =>Y <=“1111111";
END CASE;

END PROCESS,;

end Behavioral;

e.Thiét ké mach so sanh 2 s6 1 bit

s0 sianh [ D_. .

A A=B

0 A
(]
L

I
I
=
|
v

Y

MNad vio Mgd ra =0 sdnh
Al B|A=B| A=B | A<B
0] 0 0 1 0
0 1 0 0 1
1|0 1 0 0
1 1 0 1 0
Chuong trinh:
library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL,;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity sosanh is
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port (1: in STD_LOGIC_VECTOR (1 downto 0);

Q:out STD _LOGIC VECTOR (2 downto 0));
end sosanh;

architecture Behavioral of sosanh is
begin

process(l)

begin

case | is

when"00"=> Q <="010";
when"01"=>Q <="001";

when "10"=>Q <="100";
when"11"=>Q <="010";

when others => null;

end case;

end process;

end Behavioral;

f. Thiét ké Flip Flop D

Bang chan ly So db khoi

Ngo vao Ngo ra

g g _1p al—
E[CIk|[D| Q | QD CLK
0| X | X|Qo|Qdo _ e ob—
1| 0 |0]|Qo|Qdo
1 v 0[0 1
1§y [1]1] 0

Chuong trinh:
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library IEEE;

use IEEE.STD_LOGIC_1164.ALL,
use IEEE.STD_LOGIC_ARITH.ALL,
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity D is
Port (D :in STD_LOGIC;
E:in STD_LOGIC;
CLK:in STD_LOGIC;
Q:out STD _LOGIC;
QD :out STD LOGIC);
end D;
architecture Behavioral of D is
SIGNAL QT: STD_LOGIC;
begin
PROCESS(D,E,CLK)
BEGIN
IF E='1'THEN
IF CLK="0" AND CLK'EVENT THEN QT <=D;
END IF;
END IF;
Q<=QT;
QD <= NOT QT,;
END PROCESS;

end Behavioral;

3.2MOT SO UNG DUNG KET NOI CUA FPGA TREN KIT SPARTAN 3E

a. LCD két néi véi Spartan_3E
chuong t rinh:
entity Icd3 is
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port( clk :instd_logic;
rst :instd_logic;
SF D :outstd logic_vector(11 downto 8);
LCD_E : outstd_logic;
LCD_RS : out std_logic;
LCD_RW : out std_logic;
SF_CEO : out std_logic);
end Icd3;
architecture rtl of Icd3 is
type istate_tis (istep_one, istep_two, istep_three, istep_four, istep_five,
istep_six, istep_seven, istep_eight, istep_nine,
function_set, entry_mode, control_display, clear_display,
init_done);
type dstate tis (didle, set_start address, write_data_D, write_data T,
write_data_1, write_data_3, --return_home,
address_digit, write_digit);
signal istate, next_istate : istate t;--state and next state of the init. sm
signal dstate, next_dstate : dstate_t;--state and next state of the display sm
signal idone, next_idone :std_logic;--initialization done
signal count, next_count : integer range 0 to 750000;
signal nibble - std_logic_vector(3 downto 0);
signal enable, next_enable : std_logic;--register enable signal put out to
LCD_E
signal regsel, next_regsel : std_logic;--register select signal put out to
LCD_RS

signal byte - std_logic_vector(7 downto 0); --data to pass to SF_D
signal timer_15ms . std_logic;

signal timer_4100us - std_logic;

signal timer_100us - std_logic;

signal timer_40us - std_logic;

signal timer_1640us - std_logic;

signal txdone, next_txdone : std_logic;
signal txcount, next_txcount : integer range 0 to 2068;

signal selnibble - std_logic;

signal next_selnibble - std_logic;

signal digit, next_digit : std_logic_vector(3 downto 0);
signal cnt, next_cnt > integer range 0 to 50000000;
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begin
SF_CEO <="1"; --disable intel strataflash memory.
LCD_RW <="0"; --write LCD (LCD accepts data).
SF_D <=nibble;
LCD _E <=enable;
LCD_RS <=regsel;
case istate is
when istep_two | istep_four | istep_six =>
byte <= X"30";
when istep_eight =>
byte <= X"20";
when function_set =>
byte <= X"28";
when entry_mode =>
byte <= X"06";
when control_display =>
byte <= X"0C";
when clear_display =>
byte <= X"01";
when others =>
byte <= (others =>'0");
end case;
if istate = init_done then
case dstate is
when set_start_address =>
byte <= X"80"; -- first char of first line
when write_data_D =>
byte <= X"44";
when write_data_T =>
byte <= X"54";
when write_data_1 =>
byte <= X"31";
when write_data_3 =>
byte <= X"33";
when address_digit =>
byte <= X"CF"; -- last char of the second line
when write_digit =>
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byte <="0011" & digit;
when others =>
byte <= (others =>'0");
end case;
end if;
end process data_selector;
digit_incr: process (dstate, txdone, digit, cnt)
begin
next_digit <= digit; -- hold the value
next_cnt <=cnt;
if (cnt = 50000000) then
if (dstate = address_digit and txdone ='1") then
if digit = X"9" then
next_digit <= (others =>'0");
else
next_digit <= digit + 1;
end if;
next_cnt <= 0;
end if;
else

next_cnt<=cnt + 1;
end if;
end process digit_incr;
nibble_select: process (selnibble, byte)
begin
case selnibble is
when '0"' => -- pass lower nibble
nibble <= byte(3 downto 0);
when '1' => -- pass upper nibble
nibble <= byte(7 downto 4);
when others => -- nothing to do
end case;
end process nibble_select;
init_sm: process (istate, idone, timer_15ms, timer_4100us, timer_100us,
timer_40us, timer_1640us, txdone )
begin
next_istate <= istate;
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next_idone  <=idone;
case istate is
when istep_one => -- wait here for 15 ms
if (timer_15ms ='1") then
next_istate <= istep_two;
end if;
when istep_two => -- write nibble (0x3)
if (txdone ="1") then
next_istate <= istep_three;
end if;
when istep_three => -- wait here for 4100 us
if (timer_4100us ='1") then
next_istate <= istep four;
end if;
when istep_four => -- write nibble (0x3)
if (txdone ="1") then
next_istate <=istep_five;
end if;
when istep_five => -- wait here for 100 us
if (timer_100us = '1") then
next_istate <=istep_six;
end if;
when istep_six => -- write nibble (0x3)
if (txdone ='1") then
next_istate <= istep_seven;
end if;
when istep_seven => -- wait here for 40 us
if (timer_40us ='1") then
next_istate <= istep_eight;
end if;
when istep_eight => -- write nibble (0x2)
if (txdone ='1") then
next_istate <= istep_nine;
end if;
when istep_nine => -- wait here for 40 us
if (timer_40us ='1") then
next_istate <= function_set;
Hoang Van Thoi PT1301_PHDLHP Page 50




Dé an tét nghiép

CHUONG 3

end if;

when function_set => -- istep 10:

if (txdone ="1") then

next_istate <= entry_mode;

end if;

when entry_mode => -- istep 11

if (txdone ="1") then

next_istate <= control_display;

end if;

when control_display => -- istep 12
if (txdone ="1") then

next_istate <= clear_display;

end if;

when clear_display => -- istep 13
if (txdone ="1") then

next_istate <= init_done; -- init. done
end if;

when init_done => -- istep 14

if (timer_1640us = '1") then
next_idone <='1

end if;

when others => -- nothing to do
end case;

end process init_sm;

time_m: process(istate, count, idone)
begin

next_count <= count;

timer_15ms <='0"; -- combinational output
timer_4100us <="0"; -- combinational output
timer_100us <='0"; -- combinational output
timer_40us <='0"; -- combinational output

timer_1640us <="0"; -- combinational output

case istate is

when istep_one =>
next_count <= count + 1;
if (count = 750000) then
next_count <=0;
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timer_15ms <="'1";
end if;
when istep_three =>
next_count <= count + 1;
if (count = 205000) then
next _count <=0;
timer_4100us <="1";
end if;
when istep_five =>
next_count <= count + 1;
if (count = 5000) then
next_count <=0;
timer_100us <="'1";
end if;
when istep_seven | istep_nine =>
next_count <= count + 1;
if (count = 2000) then
next _count <=0;
timer_40us <="'1';
end if;
when init_done =>
if (idone ='0") then
next_count <= count + 1;
end if;
if (count = 82000) then
next_count <=0;
timer_1640us <="1";
end if;
when others => -- nothing to do
end case;
end process time_m;

tx_m: process(istate, txcount, byte, selnibble, enable, txdone,
idone, dstate)

begin

next_selnibble <= selnibble;

next_txdone <= txdone;

next_txcount <= txcount;
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next_enable <=enable;
case istate is
when istep_one | istep_three | istep_seven | istep_nine =>
next_selnibble <="1"; -- pass hign nibble
when istep_two | istep_four | istep_six | istep_eight =>
next_txcount <= txcount + 1;
if (txcount = 1) then
next_enable <="1";
end if;
if (txcount = 10) then
next_enable <='0";
next_txdone <="1",
end if;
if (txcount = 11) then
next _txcount <=0;
next_txdone <='0,
when function_set | entry_mode | control_display |
clear_display | init_done =>
if (istate /= init_done or
(istate = init_done and
(dstate = set_start_address or
dstate = write_data D or

dstate = write_data_T or
dstate = write_data_1 or
dstate = write_data_3 or
dstate = address_digit or
dstate = write_digit

))) then

next_txcount <= txcount + 1;
if (txcount = 1) then
next_enable <="1";
end if;
if (txcount = 10) then
next_enable <='0";
end if;
if (txcount = 11) then
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-- next we could pass zeros on the SF_D bus
end if;
if (txcount =58) then --10+1+50-2=58
next_selnibble <="0"; -- pass lower nibble
end if;
if (txcount = 60) then
next_enable <="1";
end if;
if (txcount = 69) then
next_enable <='0";
end if;
if(txcount = 70) then -- done with the lower nibble data
if (txcount = 2067) then
next_txdone <="1",
end if;
if (txcount = 2068) then -- 69 + 1 + 2000 - 2 =
next_txcount <=0;
next_txdone <='0"
next_selnibble <="1"; -- pass upper nibble
end if;
end if;
when others => --nothing to do
end case;
end process tx_m;
display_sm: process(dstate, txdone, idone, regsel, txcount)
begin
next_dstate <= dstate;
next_regsel <= regsel;
if txcount = 11 then
next_regsel <="'0";
end if;
if txcount = 58 then
next_regsel <= idone; --high for active write dstates, low for istates
end if;
if txcount = 70 then
next_regsel <="0";
end if;
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case dstate is
when didle =>
next_regsel <="0"; -- must be low for active istates
if (idone ='1") then
next_dstate <=set start address;
next_regsel <='0'; -- must be low for address commands
end if;
when set_start_address => -- start the text at the first
-- location of the first line
-- of the LCD (0x80)
next_regsel <="'0";
if (txdone ="1") then
next_dstate <= write_data_D;
next_regsel <="1"; --must be high for write commands
end if;
when write_data_D => -- D = 0x44
if (txdone ="1") then
next_dstate <= write_data T;
next_regsel <="1";
end if;
when write_data_ T => -- T = 0x54
if (txdone ='1") then
next_dstate <= write_data_1;
next_regsel <="'1";
end if;
when write_data_1 =>-- 1 = 0x31
if (txdone ='1") then
next_dstate <= write_data_3;
next_regsel <="'1";
end if;
when write_data_3 => -- 3 = 0x33
if (txdone ='1") then
next_dstate <= address_digit;
next_regsel <="'0";
end if;
when address_digit => -- 0x80
next_regsel <="0";
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if (txdone ="1") then
next_dstate <= write_digit;
next_regsel <="1";
end if;
when write_digit => -- the digit running from 0 to 9
-- 0x30, 0x31, 0x32, 0x33, 0x34,
-- 0x35, 0x36, 0x37, 0x38, 0x39
if (txdone ="1") then
next_dstate <= address_digit; --return_home;
next_regsel <="'0";
end if;
when others => -- nothing to do;
end case;
end process display_sm;
registers: process(rst, clk)
begin
if rst ="1"then
istate <= istep_one;
dstate <= didle;
idone <='0"
count <= 0;

txcount <= 0;
selnibble <="1"; -- upper nibble
enable <='0";
txdone <='0"

regsel <='0
digit <= (others =>'0";
cnt <=0;

elsif clk ='1" and clk'event then
istate <= next_istate;

dstate <= next_dstate;

idone <= next_idone;

count <=next_count;
txcount <= next_txcount;
selnibble <= next_selnibble;
enable <= next enable;
txdone <=next_txdone;

Hoang Van Thoi PT1301_DHDLHP Page 56




Dé an tét nghiép CHUONG 3
regsel <= next_regsel;
digit <= next_digit;
cnt <= next_cnt;
end if;
end process registers;
end rtl;

b. VGA két ndi véi Spartan_ 3E

Chuong trinh :

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,

use IEEE.STD_LOGIC_ARITH.ALL,

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity vga is

Port (mclk : in STD_LOGIC,;

red : out STD_LOGIC_VECTOR(2 downto 0);
grn:out STD_LOGIC_VECTOR(2 downto 0);

blu: out STD_LOGIC_VECTOR(1 downto 0);

hs:out STD_LOGIC;

vs:out STD_LOGIC);

end vga;

architecture Behavioral of vga is

signal clk: STD_LOGIC;

signal horz_scan: STD_LOGIC_VECTOR (9 downto 0);
signal vert_scan: STD_LOGIC_VECTOR (9 downto 0);
signal vinc_flag: STD_LOGIC,;

signal start_red: STD_LOGIC_VECTOR (5 downto 0);
signal delta_red: STD_LOGIC_VECTOR (2 downto 0);
signal delta_green: STD _LOGIC_VECTOR (2 downto 0);
signal green_y: STD_LOGIC_VECTOR (9 downto 0) := "0100000000";
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signal green_dy: STD_LOGIC;

signal blue_x: STD_LOGIC_VECTOR (9 downto 0) :="0100000000";
signal blue_y: STD_LOGIC_VECTOR (9 downto 0) :="0100000000";
signal blue_dx: STD_LOGIC;

signal blue_dy: STD_LOGIC;
begin

-- Clock divide by 1/2
process(mclk)

begin

if mclk = '1" and mclk'Event then
clk <= not clk;

end if;

end process;

-- horizonal clock

process(clk)

begin

if clk ='1" and clk'Event then

if horz_scan ="1100100000" then
horz_scan <= "0000000000";

else

horz_scan <= horz_scan + 1;

end if;

if horz_scan(3 downto 0) ="0000" then
iIf horz_scan(9 downto 0) < 70 then
delta_red <= start_red(3 downto 1);
else

delta_red <= delta_red + 1,

end if;
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end if;

end if;

end process;

-- vertial clock (increments when the horizontal clock is on the front porch
process(vinc_flag)

begin

if vinc_flag ="1" and vinc_flag'Event then
if vert_scan = "1000001001" then
vert_scan <= "0000000000";
delta_green <="000";

start_red <= start_red + 1;

if green_dy ="1" then

green_y <=green_y + 1,

if green_y = 320 then

green_dy <="'0";

end if;

else

if green_y = 42 then

green_dy <="'1

end if;

green_y <=green_y - 1;

end if;

if blue_dx ="1"then

blue x <=blue x + 1;

if blue_x >= 700 then

blue_dx <="0";

end if;

else
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blue_x <=blue_x - 1;

if blue_x <= 145 then

blue_dx <="1";

end if;

end if;

if blue_dy ="1" then

blue_y <=blue_y + 1,

if blue_y =470 then

blue_dy <="0";

end if;

else

if blue_y =42 then

blue_dy <="1";

end if;

blue_y <=blue_y - 1;

end if;

else

vert_scan <= vert_scan + 1;

delta_green <= delta_green + 1;

end if;

end if;

end process;

-- horizontal sync for 96 horizontal clocks (96 pixels)
hs <="1"when horz_scan < 96 else '0";

-- vertial sync for 2 scan lines

vs <="1"when vert_scan(9 downto 1) = “000000000" else '0";
red <= delta_red when vert_scan > 42 and

vert_scan < 520 and
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horz_scan >= 144 and

horz_scan < 784

else "000";

grn <= delta_green when vert_scan >= green_y and
vert_scan < green_y+200 and

horz_scan >= 144 and

horz_scan < 784

else "000";

blu <= vert_scan(1 downto 0) when vert_scan >= blue_y and
vert_scan < blue_y+50 and

horz_scan >= blue_x and

horz_scan < blue_x+50

else "00";

vinc_flag <="'1" when horz_scan = "1100011000" else '0;
end Behavioral;

c.Mouse két ndi véi Spartan -3E

Chuong trinh :

library IEEE;

use IEEE.STD_LOGIC 1164.ALL;

use IEEE.STD _LOGIC_ARITH.ALL,

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity key is

port( data: in std_logic;

pclk: in std_logic;

11 : out std_logic;

12 : out std_logic;

I3 : out std_logic;

14 : out std_logic;
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I5 : out std_logic;

16 : out std_logic;
17 : out std_logic;
I8 : out std_logic);
end key;

architecture Behavioral of key is type state is
(statel,state2,state3,state4,state5,state6,state7,state8,state9,state10,state11);

signal ps,ns : state;

signal store : std_logic_vector(7 downto 0):="00000000";
signal start,parity,stop : std_logic;

begin

process(pclk,data)

begin

if pclk'event and pclk ='1' then ps <=ns;

end if;

if pclk'event and pclk ='0" then if ps = statel then stop <= data;
ns <= state2;

elsif ps = state2 then store(0) <= data;

ns <= state3;

elsif ps = state3 then store(1) <= data;

ns <= state4;

elsif ps = state4 then store(2) <= data;

ns <= stateb;

elsif ps = state5 then store(3) <= data;

ns <= stateo6;

elsif ps = state6 then store(4) <= data;

ns <= state’;

elsif ps = state7 then store(5) <= data;
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ns <= state8;

elsif ps = state8 then store(6) <= data;
ns <= state9;

elsif ps = state9 then store(7) <= data;
ns <= statel0;

elsif ps = state10 then parity <= data;
ns <= statell;

elsif ps = statel1 then stop <= data;
ns <= statel,

end if;

end if;

end process;

process(store) begin 11 <= store(0);
12 <= store(1);

I3 <= store(2);

14 <= store(3);

I5 <= store(4);

16 <= store(5);

|7 <= store(6);

18 <= store(7);

end process;

end Behavioral;

Hoang Van Thoi PT1301_DHDLHP

Page 63



Dé an tét nghiép KET LUAN

KET LUAN:
Sau mdt qua trinh nghién ctru hoc hoi , duoc sy gitp d& tn tinh ca thiy co
trong khoa Pién Tir -Vién Thong néi chung , thady Poan Hitu Chtc néi riéng
trong viéc thuc hién do 4n ciia em va sau day la két qua em da dat duogc trong

qué trinh lam d6 an :

v' Hiéu rd vé tong quan FPGA va ngdn ngit VHDL,Kit Spartan _3E, sir dung
thanh thao phan mém ISE 8.2.

v' Thiét ké mot sbmach logic trén kit Spartan_3E:Thiét ké mach giai ma 2
duong sang 4 dudng véi ngd ra tich cyc cao; thiét ké mach ma hoa 4 dudng
sang 2 duong véi ngd vao tich cuc cao; thiét ké mach giai ma da hop 1 ngd
vao 4 ngd ra 2 lya chon; thiét ké mach giai ma led 7 doan loai anode chung;
thiét ké mach so sanh 2 sé 1 bit; thiét ké Flip Flop D.

v’ Mot sé tng dung két ndi caa FPGA trén kit Spartan_3E: LCD két néi véi
Spartan_3E; VGA két ndi véi Spartan_3E, két ndi véi mouse.

Mic du em d3 nd luc va c¢b ging dé hoan thién do &n mot cach tét nhat,
nhung em van khong thé tranh khoi nhiing sai sot trong viéc xay dung hé thong
va trinh bay d6 &n,... Em rit mong duoc cac thay cd hét sic thdng cam cho
nhirng sai s6t do cua em.

Cubi ciing, Em xin chan thanh cam on céc thay c6 trong trudng Pai hoc Dan
lap Hai Phong da day bao em trong suét qué trinh hoc tap tai truong, dac biét 1a
thay Poan Hitu Chirc va céc thanh vién trong tap thé 16p DT1301 d3 gitp em
hoan thanh tot d6 an nay.

Em xin chan thanh cam on !
Hai Phong, ngay 29 thang 6 nam 2013

Tac gia:

Hoang Van Thoti
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