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MO PAU

1.1. Ly do chon dé tai

Thiét ké cac mach dién tir sé theo cach truyén thong tré nén khé khin khi cong
nghé vi mach c6 mirc tich hop rat 16n(VLSI), phirc tap, va toc d6 cao. Trong nim 1980,
B qubc phong My (DoD) di tai trg du an chuong trinh VHSIC (Very high Speed
Integrated Circuit) dé tao ra ngdn ngit mo ta phan cing chuan héa. Nam 1983, DoD
thiét 1ap cac yéu cAu cho ngon ngit mo ta phan cing VHSIC, goi 1a VHDL (Very High
speed integrated circuit hardware Description Language). Theo cic nguyén tic cia
IEEE, ¢t 5 ndm thi mot chuin phai dugc dé xuét lai va dugc tiép nhan. Theo do, chuin
VHDL 1076-1993 ra doi.

Ké tir nim 1980, cac nha céng nghé vi mach tich hop hang dau thé gii da day
manh qué trinh nghién ciru vé cong nghé vi mach tich hop méang cong 1ap trinh duoc
theo truong FPGA (field programmable Gate Array) va nhanh chong cho ra cic thé hé
FPGA véi s6 lugng cong va téc do ngay cang cao. FPGA dugc thiét ké dau tién boi
Ross Freeman, ngudi sang 1ap cong ty Xilinx vao nam 1984. Cac FPGA hién nay, c6 sd
luong cong logic (logic gate) du 1on dé c6 thé thiét ké thay thé ca mot hé thdng bao
gém 161 CPU, B diéu khién bo nhé (Memory Controller), cac ngoai vi nhu SPI, Timer,
12C, GPIO, PWM, Video/Audio Controller..., twong duong véi cac hé thong trén chip
SoC (System on Chip) hién dai. FPGA c6 thé dugc 1ap trinh bang cic ngon ngit mo ta
phan cing HDL (Hardware Description Language) nhu VHDL, hay Verilog. HDL dé
tao ra cac thiét ké mach sb tir sb luong 16n céng logic, va co thé cau trac lai mach thiét
ké khi dang str dung. Nhu vay cong doan thiét ké cia FPGA don gian, chi phi giam
thiéu, rat ngan thoi gian dua san pham vao sir dung. FPGA ciing rat phu hop cho thiét
ké thir nghiém céc hé théng nhiing phirc tap va thong minh duoc Gmg dung trong nhiéu
linh vuc nhu ty dong diéu khién, robot, dién tir dan dung, vién thong, céc thiét bi di
dong, cac phuong tién van tai, thuat vi xu 1y, céac thiét bi tham ma, xur 1y tin hi¢u s0,
kién tric may tinh hiéu ning cao, v.v... C6 thé thiét ké 16i mém vi xtr Iy 32-bit kién trac
RISC (Reduced Instruction Set Computer) don 16i hoac 16i (Microblaze, ARM,
Nios2,...), mang trén chip NoC (network on chip), hay system on chip (SoC).

Nhitng nim gan day, dao tao 1ap trinh thiét ké hé thong sé bang ngén ngir HDL

da duoc dua vao giang day trong nhiéu trudng dai hoc ky thuat & nude ta. Cac ngdn
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ngit VHDL va Verilog va FPGA trd nén hitu ich rat 16n trong trong ddo tao va nghién
ctru khoa hoc bac nghién ctru sinh, sau dai hoc, dai hoc va ca dao tao nghé.

Do d6, hoc vién chon dé tai "Thiét ké h¢ vi diéu khién 16i mém 32-bit trén FPGA
va cai dat ing dung".

1.2. Tinh cap thiét ciia dé tai

L6i mém vi xir 1y, hay vi diéu khién 32-bit khac véi chip vi mach vi xur 1y hay vi
diéu khién 32-bit (15 ctng):

- L5i mém c6 nghia 1a khong ¢ dinh, c6 thé bang 1ap trinh cau hinh lai ciu trac
hay stra ddi chirc ning cua vi xir Iy (vi diéu khién) tiy bién phu thudc vao nhu cau tng
dung mong muén, va co thé tao ra cac thiét ké linh hoat cho cac tng dung khac nhau.

- Ldi cung, chi c6 thé st dung san chip vi xir 1y (vi diéu khién) do nha cong
nghé cung cap, ngudi dung chi con cach hiéu biét qua cac mo ta ky thuat ciia nha cong
nghé (dic tinh k¥ thuat, tip 1énh) dé thiét ké cac hé théng 16n hon, va chi dap ung cb
dinh cho mdt ing dung.

Do tinh tng dung rdng rdi trong nhiéu linh vuc, ma FPGA va cac ngon ngit HDL

tr& nén cap thiét trong dau tu tng dung va dao tao.

2. MUC TIEU VA PHUONG PHAP NGHIEN CUU

2.1. Muc tiéu cia dé tai

- Tim hiéu mot trong ngdén ngdn ngir mo ta phan cing la VHDL

- Tim hiéu c6ng nghé FPGA

- Tim hiéu mét loai vi diéu khién 16i mém 32-bit kién trac tap 1énh giam thiéu
(RISC)

- Thiét ké duoc vi xtr Iy 16i mém bang cong cu phan mém thiét ké dya vao
HDL

- Xay dyng mot tmg dung phan mém thir nghiém hoat dong ctia vi diéu khién
16i mém.

2.2. N¢i dung nghién ciru

- Cong nghé FPGA

- Ngon ngtr 1ap trinh VHDL

- Vi diéu khién Microblaze 32-bit kién truc tap 1énh rit gon RISC

- Cong cu phan mém phat trién Xilinx ISE 14.1 dung cho thiét ké cac hé théng
sd trén Xilinx FPGA
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- Céc bude thiét ké vi diéu khién Microblaze 32-bit nhd st dung ISE 14.1

- Xay dung phan mém ung dung trén ngdn ngit C va cai dat thr nghiém hé vi
diéu khién da cAu hinh trén FPGA

2.3. Phuwong phap luan va phwong phap nghién ciru

2.3.1. Phwong phap luin

Duya vao cac phuong phap chuyén mon:

K§ thuat dién ttr va dién tir s6

K¥ thuat vi xur Iy

Ngoén ngtr 1ap trinh

Thiét ké cac hé thong sd bang ngdn ngit mo ta phan cling

2.3.2. Phuwong phap nghién ciru

- Khao sat va danh gia cac cong trinh nghién ctru, céc tai liéu k¥ thuat lién quan
voi dé tai

- Lua chon cong nghé FPGA cua nha cong nghé (Xilinx, Altera) cho dé tai

- Luya chon ngdn ngir 1ap trinh thiét ké hé thong s6 (VHDL, Verilog) cho dé tai

- Trén co s& cic muc tiéu cua dé tai xay dung ké hoach thuc hién dé tai cua
luan van, danh gia két qua thyuc hién

- Dua trén cic yéu ciu va danh gia cua gido vién hudng dan, thuc hién cic
chinh stra, va hoan chinh luan van.
3.BO CUC DU KIEN CUA LUAN VAN

Noi dung luan vin gom cac chuong va phan chinh sau:

Chuong 1: Cong ngh¢ FPGA

Chuong 2: Thiét ké phan cing bang VHDL

Chuong 3: Thiét ké hé vi diéu khién 16i mém Microblaze 32-bit va dat ung dung
thtr nghiém

Két luan chung va hudng nghién ctru.

CHUONG 1: CONG NGHE FPGA
1.1. PHAN LOAI CAC VI MACH TO HQP
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1.1.1. Tong quan phit trién cac mach tich hop

Mot mach tich hop IC (thuong duge goi la vi mach) 1a mot mach dién t&r dugc
san xuit bang su khuéch tan theo khudén mau cua cac thanh phan nhé 1én bé mit cua
mang tinh thé silicon. Céac vat lidu bo xung ling dong va duoc dinh khuon hinh thanh
cac lién két giira cac thiét bi ban din. Cac mach tich hop dugc 1am trén mang silicon
tron mong (vai trdm microns), mdi mang silicon chira hang trim manh IC nho (IC die).
Céc transistors va day ndi dugc lam tir nhiéu 16p (thudng c6 tir 10 dén 15 16p) chong
1én nhau. Mdi mot 16p tiép theo c6 mdt mau dugc xac dinh nho ding mot mit na tuog
tu nhu manh in chup trong subt. Sau 16p dau tién (tir dudi 1én) xac dinh cac transistors.
Céc 16p trén con lai xac dinh cac day ndi bang kim loai gitta transistors, goi la cac lién
két (interconnect) dé tao nén mach tich hop trén timg manh nho (die).

Ké tir mach tich hop dau tién do Jack Kilby (Texas Instrumens) phat minh ngay
06/12/1959, sy phat trién cia cong nghé tir cAp do tich hop nho SSI (Small-Scale
Integration) vi mot sb it bong ban dan, dén cap do tich hop siéu 16n ULSI (Ultra-
Large-Scale Integration) voi hang triéu dén vai ty bong ban dan trén mot chip. Mat do
tich hop cac bong ban dan trén vi mach phu hop véi Pinh Luat Moore véi mot chu ky
khoang 18 thang mat do tich hop cac bong ban dan trong dién tich 2.54 cm? trén chip
ting gip ddi, va do d6 mirc do tich hop nhan xir Iy trén chip da xtr Iy CMP (chip
multiprocessor) hay chip da nhan (chip multicore) ciing tang 1én gap 1.3 1an hang nim
(hinh 1).

Number of Processing Cores
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2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Year

|l Number of Processing Cores |

Hinh 1.1: Phat trién s6 luong nhéan xtr 1y trén chip
Nguon: ITRS,”The international technology roadmap for semiconductors:

2007”.
Sb lwong bong ban dan (transistor) trong mot chip vi mach xac dinh cip d6 tich

hop cua cac vi mach:

Hoc vién: Nguyén Van Lang 4 Chuyén nganh: Ky thudt Pi¢n tiv



Trwong Dai hoc Sao Do Ludn van Thac si

SSI (small-scale integration): ¢6 tdi 100 transistors trong chip

MSI (medium-scale integration): tir 100 dén 3,000 transistors trong chip

LSI (large-scale integration): tir 3,000 dén 100,000 transistors trong chip

VLSI (very large-scale integration): tir 100,000 dén 1,000,000 transistors
trong chip.

ULSI (ultra large-scale integration): tir vai triéu dén vai ty transistors trong chip

Niam 2012 Intel céng b chip da nhan 62-core XeonPhi qua trinh 22 nm véi 5 ty
transistors, nhung Nvidia da giit “ky luc thé gi6i” véi chip xir Iy dd hoa GPU (graphics
processing unit) chira 7.08 ty transistors.

CO hai cbng nghé ludng cuc ma cac vi mach st dung: TTL (Transistor-
Transistor Logic), CMOS (Complematary Metal-Oxide-Semiconductor).

Céac vi mach TTL dugc xay dung tlr cac transistor néi ludng cuc BJT (bipolar
junction transistors) va cac dién tro (resistors). Ching tiéu thy cong suat ngudn nudi cao
(+5v), tan nhiét 16n. mot mach cong trong chip TTL tiéu thy khoang 10mW, vi vay
khong thé cho cap do tich hop cao dugc. Tuy nhién cac BIT lai ¢6 wu diém 1a cho toc
do cao, hé sd khuéch dai 1on, va tré khang ra thép, nén ching rat phu hop cho ché tao
cac mach tuong tu, nhu cac bo khuéch dai cong suat 1ém.

Cac vi mach CMOS str dung ca hai loai transistor hi¢u Gng truong, FET (Field
Effect Transistor) n va p (nMOSFET, pMOSFET), trong d6 mot loai transistor duogc
dung lam di¢n trd. Transistor FET c6 tré khang vao 16n, va tai mot thoi diém chi c6 mot
loai transistor ¢ trang thai ON. Vi vay ¢ trang thai tinh, CMOS ti€u thu dién nang rat
thap. Chiing chi tiéu thu dién ning dang ké khi cac transistor chuyén trang thai gitra ON
va OFF. M6t mach cong trong chip CMOS tiéu thu thip chi 10nW. Vi vay, CMOS cho
cap do tich hop cao, va chung duoc tmg dung phd bién dé ché tao cac chip vi xir 1y, vi
diéu khién, xtr 1y tin hiéu s& (DSP), cac chip CPU cho cac thiét bi mobile,...Tré lan
tuyén trong khoang 25ns dén 50ns. Mrc tiéu thy dién nang cua CMOS phu thudc nhiéu
vao tan sb cua nhip déng hd. Tan sd cang 16n thi dién ning tiéu thu cang cao. nén cho
phép xay dung cic mach cong tiéu thu dién nang thap. CMOS c6 kha ning mién nhiéu
cao. Cong nghé CMOS dugc st dung dé ché tao cac chip vi xur 1y, vi diéu khién, xu 1y
tin hiéu sd, cic bo nhéd SRAM, céc chip CPU cho cac thiét bi mobile, ...

Cong nghé BiCMOS 1a su két hop hai loai cong nghé ludng cuc (bipolar) va
CMOS dé tan dung uu diém cua ca TTL va CMOS. Vi du, cac mach tich hop st dung
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cong nghé ciia BICMOS 1a cac bo tao dao dong tan sb radio, cc chip vi xir Iy Pentium,
Pentium Pro, SuperSPARC.

Véi cac cap d6 tich hop cua cac chip IC thi cong nghé déng vo ciing thay d6i. C6
nhiéu kiéu déng vo: cac chip SSI c6 kiéu dong vo gdm hai hang chan, DIP (Dual-in-line
package), c6 sb lugng can cim (pin) khong nhiéu. Nhitng cac chip VLSI, ULSI thi kiéu
DIP khong phu hop.

1.1.2. Cac mach tich hgp trng dung chuyén biét (ASIC)

Céc mach tich hop 1a cac san phdm cong nghiép hang loat dugc ché tao theo chu
quan cta cac nha san xuat. Mic du ching thoa man nhiéu img dung khac nhau va rat da
nang, nhung ddi véi rat nhiéu tng dung trong nhiéu linh vyc khac nhau thi chung
khong thé théa man duoc day du, hiéu nang khong cao. Do do, tir nhitng nim dau 1980
cic nha san xuit chip da thuc hién thiét ké ché tao cac mach tich hop c6 kha ndng thiét
ké cho cac mg dung chuyén biét, khong phai cho muc dich sitr dung chung, nhiing

mach nay dugc goi la ASIC (Application-Specific Integrated Circuit).

INTEGRATED CIRCUITS
1

v v
ASIC User Programmable
| I
y 4
SIMI-CUSTOM FULL-CUSTOM FPGA PLD
| —
GATE STANDARD CELLS CPLD SPLD

Hinh 1.2: Phan loai cac mach tich hop

Tuy nhién, d6i v6i nhiéu nguoi ding ca nhén thi chi phi dé tra cho thiét ké ché
tao (tai nha may) cac ASIC 1a rat cao. Nén mot s6 nha cung cip da tao ra kha ning cho

nguoi st dung ca nhan, do 1a cung cap cac mach tich hop ma nguoi st dung co thé tu

thiét ké va 1ap trinh cac vi mach dé tao ra cac thiét bi phu hop nhét cho nhu ciu chuyén
dung cua minh. Céc mach tich hop d6 dugc goi la cac mach tich hop co thé 1ap trinh
dugc cho ngudi stir dung (user programmable). Nhu vdy xét theo tinh ¢ thé lap trinh
dugc cho nguoi st dung, cac vi mach co thé duoc chia thanh hai loai chinh, d6 1a ASIC

va User Programmable (hinh 1.2).
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1.1.3. Cac thiét bi logic cé thé 1ap trinh dwgc (PLD)

Cac thiét bi logic co thé 1ap trinh dugc PLD (Programmable Logic Device) 1a
cac mach tich hop chuén sin cé trong cac cdu hinh chuén tir cac catalog va duoc ban
v6i s6 lugng 16n cho nhiéu ngudi dung. Tuy nhién, cac PLD c6 thé dugc ciu hinh hodc
duoc 1ap trinh dé tao mot phan cho tng dung chuyén biét, va nhu vay ching co thé
dugc coi 1a thudc ho cac ASIC. Nhung PLD st dung cac cong ngh¢ khac so véi ASIC
dé 1ap trinh.

[m]
O
]
=

10000000

macroce|l

programm abl |
intetconnect

A000000 0000000003000
10000000000 0000000000

000000000 000000000

Hinh 1.3: Manh PLD.

Céac macrocells chtra logic mang c6 thé 1ap trinh dugc kém theo mot flip-flop
hoidc mot mach chét. Cac macrocells dugc két ndi str dung khéi lién két co thé 1ap trinh
duoc 16n

PLD la mét dang dac biét cia mang céng, va n6 ¢6 nhirng dac tinh quan trong nhu:
cac 0 logic va cac 16p mit na khong thé theo tng dung chuyén biét, chuyén thiét ké
nhanh chong, mot khdi 16n cua lién két c6 thé lap trinh duogc, ma tran cac 6 logic 16n
(logic megacell) thuong chtra logic mang c6 thé lap trinh duoc kém theo mét flip-flop
hodc mach chét. C6 hai loai PLD: SPLD (Simple PLD), CPLD (Compled PLD).

1.2. FPGA

1.2.1. Kién tric FPGA

FPGA (Field-Programmable Gate Array) 13 vi mach ding cdu trac mang cac
phan tir logic ma ngudi dung c6 thé lap trinh duoc. Chit “Field” & ddy chi kha nang tai
1ap trinh “bén ngoai” ctia nguodi st dung, khéng phu thude vao ddy truyén san xuat phirc
tap ctia nha may ban dan). FPGA thiét ké d4u tién boi Ross Freeman, ngudi sang lap
cong ty Xilinx nim 1984. Céng nghé hién nay cua FPGA tich hop sé luong Ion céc
phan ti logic cho phép thiét ké cac hé thng thiét bi trén chip phuac tap nhu: hé thdng
trén chip (SoC), hé théng nhing (véi vi xir Iy va hé diéu hanh nhdng), céc hé théng xir

ly tin hiéu va diéu khién ung dung trong hang khéng vii try, qudc phong, vién thdng,
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cdng nghiép san xuat d6 dién tir gia dung, cac hé théng may tinh téc d6 cao chuyén
dung (mat ma, nhan dang tiéng néi,..)., dac biét lam tién thiét ké mau cho ASIC (ASIC
prototyping).

CO hai phuong phap lap trinh FPGA: lap trinh dua trén SRAM (SRAM
programming) va lap trinh dua trén anti-fuse (Anti-fuse programming). Do d6, c6 hai
loai FPGA trén thi truong hién nay: FPGA dua trén SRAM, va FPGA dya trén anti-
fuse. Trong loai FPGA véi 1ap trinh dua trén SRAM, Xilinx va Altera 1a hai nha san
xuét hang dau xét theo sb luong ngudi dung. Canh tranh chinh 13 AT&T. Déi voi loai
FPGA véi lap trinh dua trén anti-fuse, Actel, Quicklogic, Cypress, va Xilinx la nhiing
nha san xuét canh tranh.

Lap trinh dya trén SRAM can it bit cia SRAM cho ting phan tir lap trinh. Sy ghi
bit 0 1am tat chuyén mach (turns off a switch), trong khi su ghi bit 1 bat chuyén mach
(turns on a switch). Pi voi phuong phap thtr hai, khi 1ap trinh, dong 1ap trinh tao ra két
nbi cau chi anti-fuse (cau tri binh thudng c6 két ndi san).

FPGA dua trén SRAM: do ciac SRAM cua FPGA c6 thé duge ghi doc nhu
SRAM binh thudng ngay ca khi chiing & trong hé thong, nén cac FPGA c6 thé dugc lap
trinh lai nhiéu lan. Tuy nhién tré dinh tuyén 16n trong cac FPGA lai nay. Loai FPGA
nay thuong duogc sir dung cho 1ap trinh cdu hinh cac miu thtr cia cac thiét ké phan cing
trén ASIC.

FPGA dya vao anti-fuse: duy tri ¢d dinh ndi dung lap trinh ngay ca khi mat
ngudn (non-volatile), va tré dinh tuyén nho. Tuy nhién chiing yéu cau mot qua trinh san
xuat phirc tap, va néu da 1ap trinh xong mot 1an thi khong thé thay d6i duoc nira.

Kién tric chung ctia FPGA dya trén SRAM co ban gdom c6 (hinh 1.4): CLB
(configurable logic block) - cac khéi logic c6 thé ciu hinh dugc, IOB (Input/output
block) - cac khdi vao ra ¢ thé cau hinh duoc, Programmable interconnect hay routing -
mang lién két co thé 1ap trinh dugc, cac khéi RAM (Block RAM). Ngoai ra cé thé con
¢ cac mach diéu khién céc tin hiéu ddng hd sé (DCM — Digital Clock Management)

phéan phoi cho tung khoi logic va khoi vao ra, cdc khoi mach logic b6 xung nhu céac

ALU, memory, , cac b0y ghép kénh
(MUX), cac HEOHE0ER thanh ghi dich, cac
mach glal ma ‘ - ‘ . .. .;——- = Programmable
Zaia Beewl=t L g Interconnects
4 ay N el ]
e b bd bd ki e )
Blocks 8 = | i £ B, E] L
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Hinh 1.4: Kién tric cua FPGA dua trén SRAM

CLBs (configurable Logic Blocks): cac khéi logic duoc sap xép theo ma tran doc
va ngang déu nhau, va chung co thé ciu hinh dugc. Cac CLB 1a tai nguyén chinh cua
FPGA. Mbi CLB c6 cac LUT (Look-up table). Vi du trong Xlinx FPGA cua ho
Spartan-3E, méi CLB ¢6 8 LUT. M&i LUT co ban ¢6 4 input va 1 output. LUT c¢6 thé
dugc 14p trinh tao ra cac mach t0 hop logic, RAM phéan tan, thanh ghi dich,v.v...Trong
hau hét cac FPGA, mdi mot CLB chtra méot s6 cac manh, ma mdi manh lai chira mét sb
(thudng 13 2 hoic 4) 6 logic (logic cell) véi mot sé thanh phan nhé (Flip-Flop) hodc bo
ghép kénh (Multiplexer) néu khong dung FF. Mbi 6 logic ¢ thé dugc cau hinh dé thuc
hién céc chirc ning logic co ban (nhu AND, OR, NOT) trén cac tin hiéu s6 nho sir dung
bang LUT (look-up Table). Cac CLB lién két véi nhau qua mang lién két c6 thé lap
trinh duoc (Programmable Interconnect hay routing).

Progammable Interconnect (hay Routing): mang lién két hay dinh tuyén duoc
1ap trinh, 13 cac mang cac duong ddy ndi doc theo sap xép cia cac CLB véi cac chuyén
mach c6 thé 1ap trinh tao tai cac nit giao tiép cac duong ngang va doc dé tao cac két ndi
cac khdi logic. Tuy thudc vao cong nghé FPGA ciia nha san xuat, mang lién két 1ap
trinh nay co thé c¢6 cac cau triic khac nhau (ching ta s& xét & sau day). Lap trinh dinh
tuyén két ndi trén FPGA 1a mot cong doan phiic tap, nhung dugc cic cong cu thiét ké
clia cac nha san xuat FPGA thyc hién ty dong theo thiét ké ctia ngudi dung. I0Bs
(Input/Output Blocks): cac khéi vao/ra nim bao xung quanh ctua miéng FPGA va nbi
v6i cac chan tin hidu vao/ra (I/O pin). Nhu vay timg chan I/O ctia FPGA cé thé dugc
1ap trinh dé dam bao cac giao tiép dién can thiét cho két néi FPGA véi hé thong ma nd

1a thanh phan.
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Block RAM: khéi RAM, 1a RAM c6 dung luong vai kilobits (trong Xilinx FPGA,
block Ram 2-port), dugc nhiing & vi cac vi tri ¢b dinh trén FPGA dé luu trit dit liéu
(khong duoc sir dung dé thue hién cac chirc ning logic khéc).

Ngoai cic thanh phan trén, FPGA con cac logic nho khéac, nhu:

MAC (Multiply-accumulate circuits): cac khdi logic nhan tich liy, dé thuc hién cac
phép nhan va cong hiéu qua.

DCM (Digital Clock Manager) (cé trong Xilinx FPGA): quan ly dong hd sd.
Trong Xilinx PGA thyc hién lip khéa tré (delay locked loop), tong hop tin sb sd
(digital frequency synthesizer), dich pha sb (digital phase shifter), hoic tai phd sd
(fdigital spread spectrum). Cac khdéi DCM dugc dat xung quanh trén FPGA dé cho
EDK tool suite str dung).

Céac khoi thuc hién cac chirc nang dac bi¢t: xu 1y tin hiéu s6 va tuong tu, vi du
cac bo bién do6i tuong tu-sé ADC (Analog-to-Digital Converter) va cac bo bién doi sé-
tuong tu DAC (Digital-to-Analog Converter), cho phép FPGA van hanh nhu la mét
SoC. Mot FPGA chtra tir 64 dén hang chyc ngan khdi logic va céc flip-flop.

LUT giéng nhu mot RAM nho, cling dugc goi la cac by tao chic nang, FG
(Function generator), duoc st dung dé thyc hién céc chuc nang logic nho cat gilt trang thai
logic ra ding ¢ trong mdt ving nhd, ma trang thai logic ra trong tmg véi timg t6 hop cua
céc bién vao. LUT thuong c6 4 dau vao co thé thuc hién bat ky chire ning logic 4-dau vao.

Céac nha san xudt c¢6 xu hudng thiét ké cac khdi logic cia FPGA thuc hién cac
chtrc nang 16n hon dé giam lién két cuc bo, déng nghia vai sé lugng chan tin hiéu dau
vao ciia khdi logic ting 1én, va né ciing cho phép lap trinh cac khéi logic linh hoat hon.

Vi duy, Xilinx ¢6 kién trac Virtex-5 FPGA dya trén cap LUT 6-dau vao véi téng
sO 64 bits ctia khong gian 1ap trinh va 6 dau vao doc 1ap, va logic lién quan dam bao wu
viét trong sir dung cdc tai nguyén so véi cac kién tric khac. N6 c6 thé thuc hién bat ky
chtrc nang nao tir 6 dau vao doc 1ap va cac to hop sé cia mot hodc hai chirc ning nho.
LUT 6-dau vao ciing bao gdm cé cac bd cong (adder) véi logic carry, cac bd don kénh
(MUX), va flip-flop. N6 ¢6 thé duge sir dung bd xung nhu 14 RAM 64-bit hay thanh ghi
dich 32 bit (hinh 1.5).
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Hinh 1.5: Xilinx Virtex-5 FPGA LUT- cap FF

Kién trac cua ho Altera Stratix FPGA dat duoc hiéu nang cao nho dua vao
module logic thich tmg hiéu qua ving - ALM (Adaptive logic Module). ALM gdm c6
logic t6 hop, 2 thanh ghi, va 2 bd cong, nhu chi ra & hinh 1.6. logic t6 hop c6 8 dau vao
mot bang LUT (Lookup Table).

— L.

23— — s
31— _..Md'ﬂ'_..

& 4—» Combinational
=g—»> logic

Fg—» —» Adder —* ;

—a—p regout(0)
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I —a—p regout(1)
T—» Reg
B—»
» combout(1)
8-Input Fracturable LUT Jv—
Two Dedicated Adders

Two Registers

Hinh 1.6: Altera Stratix IV FPGA ALM

Bang LUT c¢6 thé duogc chia ra 2 ALUT (Adaptive LUT) véi tong sd 64 bits cta
khong gian lap trinh va 8 dau vao chia sé. N6 ciing c¢6 thé thyc hién bat ky chirc ning
nao ctia 6 dau vao va cac td hop sb ctia mot hoic hai chire nang nho.. Ho Stratix ctia cac
FPGA ciing c6 hiéu qua trong dinh tuyén thong qua mang lién két MultiTrack™ . Cac
loai LUT cua Stratix ALM (hinh 1.7) cho phép d4u ndi linh hoat dé tao cac cac khéi
logic churc nang 16n hon cho FPGA.

-k E B0 F

Hinh 1.7: Cac loai LUT cua Stratix ALM

Ll

BN

Cac FPGA khac nhau c6 sb lugng cac 6 logic, kich c& va s6 lugng cac block
RAM, cdc MAC khac nhau. Cac FPGA st dung trong cac hé thong lai (hybrid system)
thuong c6 khoang 100K-200K 6 logic, S00KB cua RAM bén trong va 100 MACs. Hé
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thong lai c6 thé sir dung FPGA véi 1000 khéi I/O twong Gmg v6i 1000 /O pin dé dam
bao cac giao tiép v4i hé théng chi, cling nhu véi bd nhd cuc bod ndi truc véi FPGA.

Cac FPGA thudng duogc 1ap trinh sau khi dd han gén trén bang mach in, twong tu
nhu cac CPLD 16n. Nhung dir lidu cdu hinh trong FPGA bi mat khi ngimg cép ngudn
(mat dién) gidng nhu RAM trong mdy tinh viy. Do d6, mudi 1an ngét ngudn va bét lai
thi ta phai nap lai tép cau hinh vao FPGA. Muén luu giit lai cdu hinh da 1ap trinh cho
FPGA thi ta phai mic thém PROM hay EPROM ngoai. Bo nhd ngoai nay c¢6 nhiém vu
lwu tép ciu hinh ¢ dang nhij phan (bitstream hay bit file) va ty dong nap dit liéu cau hinh
lai cho FPGA mdi khi bat ngudn, nhu vay du c6 ngit ngudn FPGA van “khong bi mat”
dir liéu. Cac phién ban EEPROM c6 thé c¢6 thé lap trinh duoc trong hé théng (hay trong
mach), thuong thong qua giao tiép JTAG. Tép cdu hinh chtra cac thiét lap cho ting
CLB, PSM, MAC, I/O va cac thanh phan c6 thé cau hinh khac cia FPGA. Cac FPGA
duoc st dung trong cic hé thong may tinh lai c6 thé duogc 1ap trinh lai v6 s 1an. Thoi
gian tai cau hinh méi thuong chi chua dén 1 gidy. Mot sé6 FPGA hién nay c6 kha ning
trong khi dang hoat dong chuyén dén cau hinh moi da duoc nap trudc vao thiét bi. Mot
s6 FPGA ciing cho phép cau hinh lai timg phan cta thiét bi.

FPGA va CPLD c6 nhiing diém khac biét d6 1a: FPGA bén trong dua trén cac
bang look-up (LUTS), trong khi cac CPLD hinh thanh cac chtrc ning logic bing cac
nhiéu mach cong (vi du tong céc tich); FPGA va CPLD déu ciu tao tir cac khéi logic
(cac 6 logic) 1a su két hop cua mot khéi logic va Flip-Flop. Nhung, FPGA c6 sd luong
16n cac khoi logic (dén hang trim ngan) hon nhiéu so véi CPLD; FPGA gidng nhu
RAM, phai nap lai dit liéu ciu hinh mdi khi bat nguén. CPLD gidéng nhu EEPROM chi
can nap mot 1an va khong bi mét chirc nang sau khi ngit ngudn;

Do FPGA c6 s luong rat 16n cac khdi logic nén c6 nhiéu tai nguyén dé thuc
hién nhiéu chirc ning toan hoc chuyén dung va phirc tap.Vi vy cac FPGA phu hop cho
cac thiét ké phuc tap hon so véi CPLD. Nhin chung cac CPLD la sy lga chon tdt cho
cac tmg dung t6 hop, trong khi cac FPGA phu hop hon cho cic may trang thai 16n (nhu
cac vi xu ly).

FPGA c6 cac phan tir logic chay theo dang song song. Con vi diéu khién dua
trén cAu trac CPU thuyc thi theo ma 1énh theo dang tuan tu.

FPGA diing ngon ngir 1ap trinh phan ctimg (Verilog, VHDL) va lap trinh trén FPGA
goi 1a 1ap trinh phan ctng. Lap trinh vi diéu khién 1 14p trinh phin mém phan cimg c6 sén.

1.2.2. Pinh tuyén trong FPGA
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Dinh tuyén trong FPGA dugc thuc hién nho 14p trinh (hay cdu hinh) cho cic
khéi két ndi (Connection Block) hay cac khéi chuyén mach (Switch Block). Cac khéi
nay ndm & giao cia cac duong day ndi ngang va doc giita ma tran cac khdi logic (BLK).

Cdc khoi két néi (Connection Block): céac khdi két ndi C nbi cac diy dan cua
kénh dinh tuyén v6i cac chan tin hiéu cua cac CLB. Co6 hai dac tinh anh huéng chinh
dén kha ning dinh tuyén cta thiét ké: tinh linh hoat, Fc, 13 s6 day ddn ma ting tin hiéu
ciia CLB c6 thé két ndi; va ciu hinh, 1a miu cua cac chuyén mach tao 1ap két ndi (dac
biét néu gia tri Fc thap).

Topolagy 1 Tepology 2

Hinh 1.8: Pinh tuyén qua cac hop két nbi

Vi du, trong hinh 1.8, d6i v6i hop C véi Fe=2, cdu hinh 1 (topology 1) khong thé
nbi chan A cta mot CLB voi chan B ciia CLB khéc, trong khi d6 thi ¢ ciu hinh 2
(Topology 2) 1a ¢6 thé.

Cdc khoi chuyén mach (Switch Block): cac khdi chuyén mach S cho phép céc
day dan chuyén mach giita cic day doc va ngang . Tinh linh hoat, Fs, xac dinh s6 lugng
cac doan diy ndi ma mot doan day ndi di vao trong khéi S c6 thé két ndi. Cau hinh cia
cac khdi chuyén mach S 1a rat quan trong bai vi ¢6 thé chon hai cdu hinh khac nhau c6
cac kha nang dinh tuyén khac nhau vdi cung mot gia tri tinh linh hoat Fs. Vi dy, hinh
1.9 mod ta cau hinh 1 (topology 1) c6 thé ndi chan tin hiéu A cia mot CLB véi chan tin

hiéu B cia mot CLB khéc, trong khi d6 cau hinh 2 (Topology 2) thi khong thé.

Topology 1 Topology 2
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Hinh 1.9: Dinh tuyén qua cac khbi chuyén mach

Mot ma tran chuyén mach c6 thé co dén 6 chuyén mach dinh myén, nho do,
chung cho phép linh hoat két ndi dinh tuyén theo cac duong day dai don (Single-Length
Line) (hinh 1.10) cho tré tin hiéu nho.

HHHI L]

: o) l
I ] ]
—— Swilch * - Switch [—
——] Matrix [} f_ Matrix |——
Fi C4 G4 O2
G1 (e} ] -
c1
oo CLB = &
L] (o=
F1 3 N "
“ F o1 F2 C2 G2
| — switch 2f 4 Switch [——
A NOTE: — Matrix ¥ Matrix [ ——
—¢-L3— Each switch matix =~ ——] £ —
Rl point consists of six
[ fouling swiches [HTTT] [T
Routing switch wiring segment

Hinh 1.10: Dinh tuyén theo cac ma tran chuyén mach va

cac duong day dai don trong Xilinx FPGA

Céac duong day ndi trong Xilinx FPGA (hinh 1.11) gom:

Cdc dwong ddy dé dai-don (Single-length lines): ching dugc dung cho cac két
nbi twong d6i ngan giita cac CLB va chung trai rong chi qua mot CLB.

Cdc dwong ddy d¢ dai-gdp doi (Double-length lines): chung twong ty nhu cic
duong day dai-don, ngoai trir mdi duong day & day trai rong qua hai CLB. Chung cho
cac tré dinh tuyén nho d6i véi két ndi dai vira phai.

Cdc dwong day dai (Long lines): chiing phti hop cho céac két néi dai trai rong mot
s6 CLB trong FPGA.

Hinh 1.11 minh hoa vé dinh tuyén trong mét Xilinx FPGA. Cac lién két cia
kénh dinh tuyén véi khdi logic (LB) dugc tao ra thong qua khdi két ndi, CB
(Connection Block). Vi cong nghé SRAM dugc st dung dé thuc hién cac LUT, nén céc
phia két ndi 1a rong. Khdi logic duge vay quay boi cac khoéi két ndi & ca bon phia két
nbi. Cac CB ndi ndi cac chan tin hiéu (pin) cua LB vdi cac doan diy. Cac chan tin hiéu

cua LB, ma chung noi voi cac CB c6 thé sau d6 ndi véi bat ky s6 luong cua cac doan
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day thong qua cac khdi chuyén mach, SB (Switch Block). Trong cdu hinh nay c6 bén
loai doan day: cac doan day c6 muc dich chung (General purpose Interconnect): cac day
lai ndy di qua cac chuyén mach trong SB; lién két truc tiép (Direct Interconnect): két
ndi cac chan tin hiéu cia LB véi bon khoi két ndi xung quanh LB; duong day dai (Long
Line): 1a cac day ndi thong nhit c6 hé sb tré phan dau ra cao; va cac dudng diy nhip

ddng ho (Clock lines): dan tin hiéu nhip déng hd dén tat ca cac chip.

I (|
I I
b1l 11
L il g SR
- [N 1l
Jos[ Il Jos[ 1] Jos[
General Purpose - 1 o
interconnect 1 A L1 =
. e ol T N T -
switch F-| switch |
matrix T matrix [ TT7
e .« 0 01— B o' m e 2 1R . =
= T T
- I - IIJl—
Direct Jos 11 Jos ] ce
interconnect —— | | - T 11—
- - TRRE
_ 1 4L T 1 R -
switch 3] switch |
matrix [TT1 matrix [TT°71
e R e ne o 1 S = R p O i ==
1T —— N
b N 1 -
— I T
AL Jcue Nl Jas[ 1 Teis
—_— 1 r — -
: - Il (11 =
= i = = I TR
—h g T A Tks
ST A ]
Y A TE | i IT | i
RUUting switch Lnng Lines

Hinh 1.11: Kién tric dinh tuyén cta Xilinx FPGA

1.3. Phwong phap lap trinh FPGA

Co6 hai phuong phép lap trinh FPGA: 13p trinh dva trén SRAM (SRAM
programming) va lap trinh dya trén anti-fuse (Anti-fuse programming). Do d6, c6 hai
loai FPGA trén thi truong hién nay: FPGA dua trén SRAM, va FPGA dya trén anti-
fuse. Trong loai FPGA véi lap trinh dya trén SRAM, Xilinx va Altera 1a hai nha san
xuét hang dau xét theo sb lwong ngudi dung. Canh tranh chinh 13 AT&T. Déi voi loai
FPGA véi lap trinh dya trén anti-fuse, Actel, Quicklogic, Cypress, va Xilinx 1a nhiing
nha san xuét canh tranh.

1.3.1. Lap trinh dya vao bé nh¢ SRAM (Static Random Access Memory)

Lap trinh dya trén SRAM can it bit cia SRAM cho ting phan tir lap trinh. Sy ghi
bit 0 1am tit chuyén mach (turns off a switch), trong khi su ghi bit 1 bat chuyén mach
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(turns on a switch). Di voi phuong phap thir hai, khi 14p trinh, dong 1ap trinh tao ra két
ndi cau chi anti-fuse (cu tri binh thudng c6 két ndi san).

FPGA dua trén SRAM: do cic SRAM cia FPGA c6 thé duoc ghi doc nhu
SRAM binh thudng ngay ca khi chiing & trong hé thong, nén cac FPGA c6 thé dugc lap
trinh lai nhiéu 1an. Tuy nhién tré dinh tuyén 16n trong cac FPGA lai nay. Loai FPGA
nay thudng duge sir dung cho 1ap trinh cdu hinh cdc miu thir ciia cac thiét ké phan ctng
trén ASIC.

1.3.2. Lap trinh dya vao @bt ciu chi (anti-fuse)

FPGA dya vao anti-fuse: duy tri ¢d dinh ndi dung lap trinh ngay ca khi mat
ngudn (non-volatile), va tré dinh tuyén nhé. Tuy nhién chiing yéu cau mot qua trinh san

xudt phirc tap, va néu di 1ap trinh xong mot 1an thi khong thé thay d6i duoc nira.

1.4. SO SANH FPGA VOI CAC LOAI VI MACH TiCH HQP KHAC

1.4.1. FPGA va ASIC.

Cong nghiép FPGA chiém 15% ctia cong nghiép ASIC vé khdi lugng va doanh thu.

Céac ASIC c6 hiéu ning cao hon, dung luong cao hon, ngudn nudi thap hon, tich
hop cac tin hiéu, va hiéu qua cao hon so véi cac FPGA. Cac thiét ké cia FPGA tiéu thu
nhiéu ngudn hon so véi cac ASIC

Néu san xuat cong nghi¢p voi s6 luong 16n, thi ASIC cho chi phi trén mdt don vi
thip hon cac FPGA.

Néu ta biét rﬁng c6 nhiéu thiét bi va cac may tinh c4 nhan chay & tbe do vai
Gigaherz, thi cac FPGA lai chay véi toc do thap & (vai trim Megaherz). Trong khi do
cac ASIC c6 thé téc d6 cao hon FPGA nhiéu.

FPGA hiéu quéa cho cac g dung nho boi vi n6 ¢6 chi phi thiét ké thap. Nhung
néu san xuét cong nghi¢p véi $6 luong 16n, thi ASIC lai c6 gia ré hon nhiéu.

Qua trinh thiét ké FPGA don gian va thoi gian ngan hon so v6i qué trinh thiét ké
ASIC, bdi vi khong can phai sép Xép linh kién, khong cAn cac mit ma hodc céc qua
trinh sau-cudi (back-end processes).

ASIC c6 thé c6 cac thiét ké xir Iy hdn hop cac tin hiéu, hodc chi 14 cac thiét ké
turong tu. Nhung khong thé thiét ké ASIC sir dung cac chip FPGA.

ASIC ¢6 thé ¢ cac thiét ké hoan toan cho cac ung dung riéng va phirc tap, vi du

vi xtr Iy hay bd nhd, nhung FPGA thi khong thé.
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Bdi vi FPGA c6 thé duoc 1ap trinh cdu hinh lai v6 sb 14n nén n6 phu hop cho céc thiét
ké méu cho ASIC. Nhu vay voi FPGA ta co thé tu thiét ké ca mau CPU theo mong mudn.

Céc thiét ké ASIC phai tén chi phi NRE (Non Recurring Engineering), d6 1a chi
phi cho mét 1an nghién ctru, thiét ké, va kiém thtr san phAm méi, trong khi d6 thi cac
thiét ké FPGA lai khong can. Qué trinh thiét ké ASIC kéo dai hon so véi FPGA (hinh
1.12).

Céc cong cu dugc st dung cho thiét ké FPGA thuong ré hon so vdi cac cong cu
thiét ké cta ASIC.

Mbt FPGA c¢6 thé duoc st dung cho cac ung dung khac nhau, nho lap trinh lai
FPGA. Nhung v6i ASIC thi khong thé.

ASIC
Fuctional Fuctional
Specification Specification
| 2
HOL
Behavioral l_ > Behavioral
Simulation Simulation
Synthesis Synthesis e
Insertion .
Static Timing
Analysis
Place & Route Hand-0ff —
to Foundry: Equivalency
Wait 1-3 Months Checking
Place & Route
Download and e
Verify in Circuit W
e ming
Analysis
. Equivalency
Checking
Verification of
' » 2nd & 3rd
Order Effects
Verify in Circuit

Hinh 1.12: Qua trinh thiét ké trén FPGA va ASIC

1.4.2. FPGA va PLD.

FPGA chtra hon 100000 khdi logic nho trong khi CPLD chi chua tbi da vai
nghin khéi.

Vé kién trac, cac FPGA dugc xem nhu cac thiét bi c6 mat do cao (fine-grain
devices), trong khi CPLD 14 céc thiét bi mat d6 thua (coarse-grain devices).

Céac FPGA duoc st dung cho cac ung dung phuc tap, trong khi cdc CPLD phu
hop cho cac tng dung don gian va it linh hoat so voi FPGA.
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Cac FPGA gdm c6 cac khdi logic nhd, trong khi cac CPLD dugc lam ra tir cac
khdi logic 16n.

FPGA 1a chip logic s6 dua vao RAM, trong khi CPLD la chip dwa vao
EEPROM.

Céac FPGA dya vao céac bang Look-up (LUTs) bén trong, trong khi cac CPLD lai
hinh thanh cac ham logic nhd cac mach cong sea-of-gates.

Hau hét cac FPGA ¢6 cic mach logic muc cao, vi dy, cadc bd cong, bd nhan va
cac bd nhé nhing, va cac khdi logic thuc hién cac bd gidi ma hodc cac ham toan hoc,
trong khi d6 CLPD thi khong.

Cac tré (Delays) trong cac CLPD 16m hon so véi céc tré trong cac FPGA.

1.5. CONG NGHE FPGA CUA MOQT SO NHA CONG NGHE

1.5.1. Xilinx FPGA

C6 mot sb ho Spartan FPGA: Spartan-l1I, Spartan-IIE (tuong tu nhu Virtex),
Spartan-3 (mat do cong cao, dat téi 5 triéu cong hé thong), Spartan-3E (twong ty nhu
Virtex-4, va tbi uu cho chi phi cua logic), Spartan-3A (téi wu cho chi phi pin), Spartan-
3AN (cao cap véi flash), Spartan-3ADSP (cao cap cho xir Iy tin hiéu).

Device
System Gates
Logic Cells
Dedicated Multipliers
Block RAM Blocks
Block RAM Bits
Distributed RAM Bits
DCMs
VO Standards
Max Single Ended IO

XC3850
50K

1,728

XC3S200
200K
4,320
12
12
216K
30K
4
24

173

XC35400 XC351000 XC3S1500 XC3S2000 XC354000 XC3S5000

400K

8,064

1000K

17,280

24

24

432K

120K

4

24

391

1500K
29,952
32
32
576K
208K
4
24

487

2000K
46,080
40
40
T20K
320K
4
24

565

A0D00K
62,208
96
96
1,728K
432K
4
24

iz

5000K
74,880
104
104
1,872K
520K
4
24

o4

Bang 1.1: Ho Spartan-3 FPGA mat d6 cong cao ng

mat d6 cong twong ddi cao va du cac dac tinh cho thiét ké phan cang nhiéu chirc ning
dwa trén KIT phat trién Spartan-3E va cac cong cu phan mém cua Xilinx.

1.5.2. Altera FPGA

Mang cong 1ap trinh truong (FPGA) 1a mot thiét bi ban dan co thé duoc 1ap trinh
sau khi san xuat. Thay vi bi gi6i han & bat ky chirc nang phan ctng dinh sin nao, FPGA
cho phép ban lap trinh cac tinh nang va chirc ning ctia san pham, thich nghi véi cac tiéu

chuan mai va cau hinh lai phan cing cho cac ing dung cu thé ngay ca sau khi san pham
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duoc cai dat trén thue dia. ". Ban c6 thé st dung mot FPGA dé thuc hién bat ky chuc
ning logic nao ma mot mach tich hop tng dung cu thé (ASIC) c6 thé thuc hién, nhung
kha ning cap nhat chtrc ning sau khi van chuyén mang dén loi thé cho nhiéu Gmg dung.

Khong giong nhu cac FPGA thé hé trude s dung I / Os véi logic lap trinh va
lién két, cac FPGA ngay nay bao gdm nhiéu hdn hop khac nhau cia SRAM c6 thé cau
hinh, bo thu phat tbc do cao, I/ O tdc dd cao, khdi logic va dinh tuyén. Cu thé, mot
FPGA chtra cac thanh phan logic 1ap trinh dugc goi 1a cac phan tir logic (LEs) va mot
hé thong phan cép cac két ndi co thé cau hinh lai cho phép cac LE dugc két ndi vat
ly. Ban co thé cAu hinh LE dé thuc hién cac ham td hop phuc tap, hoac don thuan 1a cac
cong logic don gian nhu AND va XOR. Trong hau hét cac FPGA, cac khdi logic ciing
bao gdm céc phan tir bd nhé, c6 thé 1a cac flipflops don gian hodc cac khdi bd nhd hoan
chinh hon.

Khi cac FPGA tiép tuc phat trién, cac thiét bi da trd nén tich hop hon. Cac khdi
so hitu tri tué (IP) cing dugc xay dung trong vai FPGA cung cip cac chiic ning phong
phu trong khi giam ning luong va chi phi va giai phong tai nguyén logic dé phan biét
san pham. Cac gia dinh FPGA méi hon dang dugc phat trién véi cac bd xur 1y nhing

ctmg, bién cac thiét bi thanh cac hé thong trén mot chip.

1.6. KET LUAN CHUONG

Noi dung chuwong 1 trinh bay tong quan vé cong nghé FPGA, mot cong nghé phu
hop cho thiét ké cac thiét bi so néi chung va cac hé thong nhing. Nhung dé thiét ké
duoc cac thiét bi sd va cac hé nhung can phai co cac hé phat trién ma cac nha san xut
chip FPGA thuong dua ra, vi du nhu Altera, Xilinx, v.v... Vi vdy, ¢ trén da trinh bay
cac dic diém cua bang phat trién Xilinx Spartan-3E Starter Kit, ma trén d6 c6 gan chip
FPGA véi 500K khéi logic hé thong dii dé thiét ké ca mot chip vi xu Iy mém 32-bit
kién trac RISC (tap lénh giam thiéu) hai nhan. Ngon ngit md ta phan cing VHDL
chuyén dung cho thiét ké hé thong sé va hé nhung trén FPGA ciing duoc trinh bay vé
co ban cu trac chuong trinh véi mot s6 1énh dic thu dé léy thu vién dua vao chuong
trinh (md dun thu vién - library), mo ta cic céng vio ra ciia mach s (mé dun thyc thé -
entity), dién giai chtrc ning thyc hién ciia mach sé (mé dun kién trac — architecture).

Ngoai ra dé 1ap trinh duoc bang ngon ngit VHDL can nghién ctru thém vé cac

kién thurc co ban vé kiéu dir 1i€u, mang, hang so, cac 1énh, cac toan tu.
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CHUONG 2: THIET KE PHAN CUNG BANG VHDL

2.1. NGON NGU MO TA PHAN CUNG VHDL

2.1.1. Lich sir cia VHDL

VHDL 14 ngdn ngir ctia cac vi mach tich hop téc d6 rat cao VHSIC (Very High
Speed Integrated Circuits) Hardware Description Language. Gitra nhirng nam 1980, B4
Quéc phong My (U.S. Department of Defense) va IEEE d3 tai trg su phat trién cia
ngdn ngit mo ta phan cing ndy voi muc dich lam tai liéu mo ta hanh vi ciia ASIC va
phat trién cac vi mach tich hop tdc do rat cao. St dung VHDL mot h¢ théng s6 ¢6 thé

duge mo ta va kiém chimg trudc khi thuc hién phan cing. Mot chuong trinh cia VHDL
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bét chude hanh vi cia mot hé thdng sb vat 1y. N6 ciing cho phép két hop cac dinh nghia
vé thoi gian (cac tré cia mach cong) cling nhu dé mo ta mot hé théng nhu 13 lién két
ctia cac thanh phan khac nhau. Tir 1987 VHDL trd thanh chuan 1076 cua IEEE va la
mot trong nhitng ngdn ngit chuan ciia cong nghiép duoc st dung dé moé phong va phan
tich cac mach logic 16n, phtrc tap cho FPGA va ASIC. VHDL-2008 1a chuin gin day
nhat cia IEEE. Mot ngon ngit khac mo ta phan cimg khac dugc st dung rong rii 1a
Verilog. Ca4 VHDL va Verilog l1a nhiing ngén nglt manh cho phép mé ta va moé phdng
cac hé thong phuc tap. Ngoai ra con c6 ngdn ngit dang thire Boole ning cao ABEL
(Advanced Boolean Equation Language) chuyén dung cho cac thiét bi logic c6 thé lap
trinh duoc PLD. ABEL khong manh bang hai ngdn ngit trén va ciing it phd bién hon
trong cong nghiép. Mac du ca ba ngdon ngit nay dugc coi la tuong ty nhu cac ngoén ngir
lap trinh thuan tién. Ngon ngit md ta phan ciing von 1a song song, nghia 13 cac 1énh
trong ng véi cac mach cong logic ludn thyc hién cac ham logic voi cac tin hiéu dau
vao dén song song.

2.1.2. Ung dung ciia VHDL

VHDL duoc phat trién dé giai quyét cac kho khin trong viéc phat trién, thay doi
va 1ap tai liéu cho cac hé thong s6. VHDL 1a mot ngon ngir doc 1ap khong gan voi bat
ky mot phuong phap thiét ké, mot bd mo ta hay cong nghé phan cing nao. Ngudi thiét
ké co thé ty do Iya chon cong nghé, phuong phéap thiét ké trong khi chi sir dung mot
ngdn ngit duy nhét.

VHDL duogc st dung dé tao mé hinh mé ta béng van ban cac mach logic. Mo
hinh bang van ban nhu vay 1a mot phan cua thiét ké logic va duoc xir Iy nhd mot
chuong trinh téng hop. Ta dung chwong trinh mé phong dé kiém thir thiét ké logic nho
sir dung cac md hinh mo phong dé thé hién cac mach logic giao tiép véi thiét ké. Tap
hop cac moé hinh mé phong nay thuong dugc goi la testbench.

VHDL c6 cac kha nang dua vao va dua ra tép tin, va co thé duoc sir dung nhu 1a
mot ngdn ngir dung chung cho xtr Iy van ban, nhung cac tép tin dugc sir dung nhiéu hon
nho testbench cho cac tdc nhan hay dir li¢u so sanh. C6 mot s6 chuong trinh dich
VHDL tao ra cac tép nhi phan thyc hién dugc. Trong truong hop nay cé thé sir dung
VHDL dé viét testbench dé so sanh tinh ning cua thiét ké, va sir dung cac tép tin trén
may tinh chu dé xac dinh cac tic nhan, dé twong tac v4i nguoi sir dung, va so sanh céac

két qua vd1 mau mong doi.
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VHDL duoc str dung chit yéu cho phat trién cac hé thong ASIC. Bdi véi ASIC,
cac cong cu dé ty dong chuyén ma VHDL thanh danh sach Netlist & mirc céng di duoc
phat trién trudc. Su chuyén md VHDL thanh Netlist dugce goi 1a téng hop va 1a mot
phan tich hop cua ludng thiét ké, va ddy 1a sy sap xép cua cong nghé ciia ASIC (ASIC
technology mapping).

Pbi véi VHDL t6n tai mot sé van dé: trong budc dau tién, cac ding thirc Boole
duogc 1ay tir mé ta cia VHDL, va khong quan trong, thiét ké dich 1a ASIC, FPGA, hay
PLD. Nhung bay gid, mi Boole phai dugc sip xép vao cac khdi logic c6 thé 1ap trinh
dugc (CLB) cia FPGA. Pay goi 1a su sip xép cua CLB (CLB mapping). Diéu nay
thuc hién kho hon so voi1 sy dat ma Boole vao trong cac ASIC. Mot van dé quan trong
anh hudéng dén hiéu nang cua thiét bj do 1a su dinh myén cac lién két (interconnection)
ciia cac CLB gdp phai sy nghén nit cb trai trong cac FPGA c6 mat do 1on cac tai
nguyén dinh tuyén (CLB, IOB, block RAM, cic dudng diy ndi,...).

Pbi voi cac PLD, VHDL duoc sir dung cac SPLD ¢6 cac cdu triic nhd, nhung
kho khan sir dung dé thiét cac PLD twong ddi phuc tap (CPLD).

Trong cac nghién ctru thiét ké 1énh cho cac hé théng cfrng/mém, mot phén cua hé
thong duoc quan tdm 16n, d6 14 thuc hién phan mém trong phan cimg. Va VHDL la
muc tiéu nguyén ctru cho cac hé thong cimg/mém. Ban than VHDL ciing dugc sir dung
nhu 1a mot cong cu giao tiép C chuyén dung.

2.1.3. Pic diém ciia VHDL.

VHDL c¢6 céc cdu trac dé xir Iy song song trong cac thiét ké phan cing, nhung
nhitng cau tric ndy (goi 1 cac qua trinh, processes) khac vé cti phap véi cac cau tric
dung ngon ngit Ada (trong Ada goi 1a tasks). Ciing giéng nhu Ada, VHDL 13 ngon ngit
kiéu manh va n6 khong phan biét cac tir chif to va chit nho (non-case sensitivity).

Trong khoa hoc may tinh va 1ap trinh may tinh, mgt hé thé)ng thudc “kiéu manh”
khi n6 xac dinh mot hodc nhiéu han ché vé phép tinh léy nhu thé nao cac gia tri thudc
cac kiéu dit liéu khac nhau c6 thé duge tron 1an nhau. VHDL 12 “loai manh” vi n6 dit
ra mot s6 han ché vé su tron 1an duoc phép xuét hién, ngan chan sy bién dich hoac chay
ma nguén st dung dit liéu, ma dir liéu d6 dugc xem xét 1a mot dang 16i. Vi du, phép
tinh cong khong thé sir dung mét sd nguyén véi cac gia tri chudi.

Pé tryc tiép trinh bay cac phép tinh thuong c6 trong phan cimg, c¢6 nhiéu dic
tinh cia VHDL nhu tip hop mé rong cua cac phép tinh Boole gdm ca NAND va NOR.

VHDL ciing cho phép cac mang dugc chi s6 theo chiéu ting hodc giam.
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Trong qua trinh thiét ké phan cimg, s& phai san sinh ra so d6 ¢ mutrc chuyén giao
thanh ghi RTL (Register-Transfer Level) ctia mach yéu cau. RTL 1a muc triu tuong
dugc st dung dé mo ta van hanh cua mach s dff)ng bo. Trong thiét ké RTL, hanh vi cua
mach dugc xac dinh trong cac khai ni¢ém luéng cac tin hiéu (hoac van chuyén dir 1iéu)
gifta cac thanh ghi ciia phan ctng, va cac phép tinh logic duoc thuc hién trén cac tin
hiéu. Sau khi so dd & mirc RTL dugc tao ra, nd ¢6 thé duoc so sanh nho sir dung phén
mém mé phong, ma phin mém nay dua ra cac tin hiéu song song cua cac dau vao va
dau ra ctua mach sau khi tao ra testbench thich hop. Dé tao ra mot testbench thich hop
cho mach cu thé hay ma VHDL, cac dau vao can phai duogc xéac dinh dung. Khi mo hinh
VHDL dugc chuyén thanh “cic cong va cac duong diy” duge sip xép trén cac chip
CPLD hay FPGA, thi d6 1a phan ctng thuc té dd dugc cau hinh. Diéu nay khac véi cac
ngon ngtr 1ap trinh khac ma & do sau khi bién dich, chuong trinh dugc thuc hién trén hé
thong vi xir Iy dé tao ra cac két qua.

VHDL phan biét v6i cac ngdn ngilr khac bdi sy thue hién cac phép gan véi hai
loai co ban: tuan tu va tuong tranh.

Cac cau Iénh tuin tu: duogc thuc hi¢n lan luot tiép theo nhau, giéng nhu trong
cac ngdn ngit 1ap trinh. Cac cau lénh sau c6 thé khong bo qua cac anh hudng cia cac
cau lénh trude. Thir ty cua phép gan can phai dugc xem xét khi cac cau 1é€nh tuan tu
duoc st dung.

Cac cau Iénh twong tranh: dugc tich cuc lién tuc. Thir tu ctia cac cau Iénh
tuong tranh khong c6 lién quan. Chung phu hop dé mé hinh dic tinh song song cia
phan cimg.

VHDL c6 ba k§ thuat mé hinh héa quan trong, dé la: triu tugng (abstraction),
tinh module (modularity), va phan 16p (Hiearchy).

Triu twong: cho phép md ta cac phan khac nhau cta hé théng voi sé lugng chi
tiét khac nhau. Cac module chi can cho mo phéong thi khéng can phai dugc mé ta chi
tiét nhu cac module dé tong hop.

Tinh module: cho phép ngudi thiét ké phan chia cac khéi chirc nang 16n va ghi
module cho timg phan.Nhu vay, mot hé thdng phirc tap c6 thé duoc chia thanh cac hé
théng nhoé hon va don gian.

Phén 16p: cho phép nguoi thiét ké xay dung mot thiét ké tir mot s6 module, ma

moi module nay lai gdm mdt sO6 module con nhdé hon. M1 mdt 16p co thé chlra cac
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module & cac muc triu tugng khac nhau. Nhitng module nho ctia cac mé hinh nay duogc
thé hién trong 16p tiép theo thap hon.

2.1.3.1. Céc mirc triu twong trong thiét ké mach tich hop

Triu tuong dugc xac dinh nhu 13 sy che ddu thong tin qua chi tiét. Thong tin
dugc cho la khong quan trong cho xem xét & murc hién tai duoc loai ra khéi mé ta. Céc
téng triu tugng dugc thé hién bai loai thong tin chung cho cac moé hinh ctia mot 16p.

Mot mo hinh dugc goi la & murc triu tugng nao do néu tirng module ¢6 cung mot
cap do triu twong. Néu khong phai nhu vay thi mé hinh s& 1a hdn hop cua cac 16p triu
tugng khac nhau. Co bon ting triu twong cua thiét ké mach tich hop sé duoc mo ta &

hinh 2.1.

— .. Behaviour
RTL B
1> DD Logic
7 >
Layout

Hinh 2.1: Cac tang triu twong thiét ké mach tich ho'p

Tang hanh vi (Behaviour): mo ta cac chirc ning ctia mot hé thong (hé thong
1am gi, hay c6 hanh vi nhu thé ndo) chir khong phai 14 cac thanh phan va lién két giira
chung. Hé thong 1a mot hop den. M6 ta hanh vi xac dinh quan hé giira cac tin hiéu vao
va cac tin hiéu ra. Khong c6 nhip dong ho hé théng va cac chuyén tiép tin hiéu duoc
dong bd voi thoi gian chuyén mach.Cac mé ta & mirc ndy chi dung cho mé phong, chir
khong thé dung cho tong hop dugc. Pay c6 thé 1a mot biéu thirc Boole hodc 1a mot mo
ta triu twong phtrc tap hon nhu su chuyén tai cua thanh ghi (Register Transfer) hoic
muc thuat toan (Algorithmic level). Vi dy, mdt mach don gidn canh bao cac hanh khach
xe ca khi ctra xe m¢ hodc day dai an toan chua dugc cai khi chia khoa dién dugc tra vao
6 khoa dién. O tang hanh vi, diéu nay ¢ thé dugc biéu dién nhu biéu thic:

Warning = Ignition_on AND ( Door_open OR Seatbelt_off)

Tang chuyén tai - thanh ghi, RTL (Register-Transfer Level): 1a tang triu
tuong tiép theo mo td van hanh cua mach. Trong d6, mach duogc chia ra logic td hop va
cac thanh phan nhé. Céac thanh phan nhé, FF (Elip-flop), cac chét (Latch) duoc diéu
khién boi nhip dong hd hé théng. Trong cac thiét ké dong bo, cac FF phai dugc dung,
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boi chung duoc diéu khién boi sudn xung nhip dong hd. Ngoai trir cac mach chdt, vi
cac mach chét lai duoc didu khién bai mirc dién thé cia tin hiéu diéu khién. Trong thiét
ké & RTL, hanh vi ctia mach duogc xac dinh boi cac diéu kién cua luéng cac tin hiéu
(hay chuyén tai dir liéu) giira cac thanh ghi cua phan ctng, va cac van hanh logic dugc
thuc hién trén cac tin hiéu. M6 ta & mic RTL 13 md ta co thé téng hop duoc.

Tang logic: trong mic logic, thiét ké duoc trinh by nhu mot danh sach Netlist
cac cong (AND, OR, NOT,...), cac thanh phan nhd, va c6 thé ca cac tré cua tirng thanh
phan.

Tang sip dit (Layout): 13 ting day cta phan tang triu twong. O ting nay, cac 6
cua thiét ké cudi cung dugc xép dat trén chip va cac lién két gilta ching duoc dinh
tuyén. Sau khi layout dugc so sanh, mach sin sang cho qua trinh san xuét.

2.1.3.2. Cac ting triu twong ciia thiét ké VHDL

Thiét ké phﬁn cung ndi chung bao gém 4 téng triu tuong: hanh vi, RTL,, Logic,
va Layout. Nhung véi thiét ké thiét phan cimg bang VHDL 14 chi ap dung 3 tang triu
tuong trén, do 1a hanh vi, RTL, va Logic. Mtrc Layout khong phu hgp cho VHDL boi vi

no6 dugc cac cong cu Layout thuc hién tu dong (hinh 2.2).

Human Abstraction Levels Automation Tools
Y textual input Behaviour
H block linking Behavioural Synthesis
RTL M
D systemlevel
L Logic Synthesis
L H k J
schematic input ogic
Placement and Route
L J
Layout Tools Layout I

Hinh 2.2: Cac mirc triu twrong thiét ké VHDL

Céac mo ta trong cac tng hanh vi va RTL duoc soan thao boi trinh soan thao vin
ban. Béi vi chiing chu yéu 1a cac cau 1énh.

O tang logic, thiét ké dugc trinh bay nhu mot danh sach Netlist v6i cac cong
(AND, OR, NOT....) va cac thanh phan nhé. So dd duoc thay ddi vi cic mé ta cia

Netlist cia VHDL c¢6 xu hudng tré nén ngay cang phuc tap hon.
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C6 phan mém hd trg su chuyén tir mot ting triu twong phia trén xudng tang thip
hon. Cac cong cu phan mém tong hop hd tro tét cho tong hop logic, ching co thé téi tao
hanh vi trong tang logic.

2.1.3.3. M ta ciia cac ting triu twong trong thiét ké VHDL

Vi thiét ké phan cimg gdm 4 ting triu twong thi cic md ta & ting tAng triu
tugng co su khac nhau (hinh 2.3).

a. Mo ta & tang hanh vi:

S?lstem specification, models Behaviour ‘r?ﬂlgc?erliltimmigflﬁ‘:lz systems
of standard assemblies Stimuli 9 4 ’
Machine independent
ASIC/FPGA synthesis RTL description
synthesizable models Registers, logic, clock
Gate level Logic I Netlists, gate structure
PLD development
Technology dependent
Full custom design Layout I {e.g. CM(?g 0,35p|.|.m)

Hinh 2.3: Cac md ta ¢ cac muec triu tugng

Tang hanh vi (Behaviour) mé ta hé théng (1a mot hop den) bang cac thuat toan
phtc tap (algorithmic level), cac hé thong bus (bus systems), va cac tic nhan (Stimuli).
Céc thuat toan va cac bus hé thong dugc mo ta ma khong can quan tim dén kha ning
tong hop ciia mo ta. Cac tac nhan (Stimuli) d¢ m6 phong cac mé hinh RTL duge mo ta
trong tAng hanh vi. Vi du, tc nhan 1 cac gia tri tin hiéu cua cac cong vao cia mo hinh
dugc mo ta trong testbench, d6i khi dugc goi 13 gia tri bench. Nguoi thiét ké phai tim
mot tdp hop phu hop cac tac nhan vao khong miu thudn véi dinh nghia hé thong
(System specification). Cac dép ung cua mo hinh phai dugc so sanh voi cac gia tri
mong doi, ma cac gia tri nay co thé duoc tao ra véi sy hd trg cua do thi song cac tin
hiéu, trong do6 céac gia tri cua tin hiéu dugc moé phong.

Vi dy, dinh nghia mdt mdt ham don gian cua mét module duogc cho ¢ hinh 2.4.
Pau ra O phu thudc vao 4 gia tri dau vao il, i2, i3, va i4. Cho réng gia tri moi cua dau
ra phai 1 6n dinh it nhat trong 150 ns sau khi cac gia tri dau vao thay doi. Nhu vy ham
nay co thé dugc mé hinh nhu 12 mot dang thirc toan, vi du, (il+i2+i3*i4), cong thém tré
150 ns tinh tir e cac gia tri ddu vao thay do6i cho dén khi dau ra co gia tri két qua méi
ctia ham tinh toan. Tré 150 ns 13 trudng hop x4u nhét can thiét dé tinh gia trj méi cho

dau ra.
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M6 hinh hanh vi 1a cach don gian dé mé ta hanh vi cia mot mach, tuong ty nhu
cac ngdn ngir 1dp trinh binh thong thuong, nhu PASCAL hoac C. V&1 mo ta do, chi

hanh vi chtc ning c6 thé dugc mé phong nho céng cu mod phong ciia VHDL.

i Input
i Output
27" out=f(in) —>0
i3——»
i4——p

Specification:
Input

Output —

O <= transport il+i2+i3*i4 after 150 ns

P [
<% >

Max 100 ns
Hinh 2.4: vi dy mo6 ta hanh vi trong VHDL

b. Mé ta ¢ tang RTL:

Hé thong dugc md ta trong cac khai niém cia cic thanh ghi, cdc thanh phan
logic to hop, cac thanh phan nhd, nhip déng ho (Clock). Cac thanh ghi (Registers) dugc
nbi v6i tin hiéu nhip ddng hd va dam bao cho hanh vi dong bd. Trong VHDL hanh vi
chtic ning duwoc mo hinh bdi céc tién trinh, processes. C6 hai kiéu ctia process & cac
mo ta ciia mirc RTL: process t6 hop thuan tuy va process duoc dinh nhip déng hd. Tat
ca cac process dugc dinh nhip déng ho suy ra cac Flip-Flop (FF) va c6 thé dugc mo ta
bang cac khai niém cta ct phap mdy trang thai (machine independent description). B
xung vao cac tin hi¢u cua dau vao va dau ra cua dir liéu, cac tin hiéu diéu khién nhu:
nhip dong hé ciia module (CLOCK) va x6a (RESET) cho cac FF phai duoc xem xét
trong mo hinh héa & mirc RTL. Khi 4p dung x6a khoéng dong bo, ddu vao xéa duogc coi
nhu mot dau vao dir liéu binh thuong. Ma VHDL & 16p RTL ciing chira mot s6 loai
thong tin cdu triic b xung cho hanh vi chirc ning vi cic thanh phan nhd va khong nhé

tach biét nhau. Pinh thoi cta cac gia tri tin hiéu ciing duoc ra (vi du dong bd véi tin

hiéu nhip ddng ho).
IN_A s B
' . | OUT_A
State logic — =
INB _| logic FF ouT_ B
CLOCK - L Y,
RESE'[ | Combinational
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Xung nhip ddng ho 14 nhin phan biét cho mé ta & mirc RTL. T4t ca cac van hanh
ctia mach déu lién quan dén tin hidu nhip déng ho. Cac md phong & mic RTL khong
cho théng tin vé hanh vi dinh thoi that sy, c6 nghia 1a khong thé néi rang tit ca céc tin
hiéu phai thiét 1ap cac gia tri on dinh bén trong mot chu ky nhip déng hd hodc khong.

c. Mo ta & ting Logic (tAng cong):

Tang logic, hay con goi 13 tong cong hay Netlist, vi & ting nay danh sach Netlist
cac cong duoc tao ra tir mo ta ¢ ting RTL nho su giup d& cia mot cong cu tong hop va
thu vién chira thong tin vé tit ca cic cong da co san va cac thong s cua chung, nhu hé
$6 gop dau vao (Fan-in), hé s6 tach dau ra (Fan-out), céc tré, va thuyét minh cu thé vé
cac thanh phan va cac danh sach lién két cia chung. So do cau trac va thuyét minh cia
mach sé dugc mé ta & day.

Khi mé hinh duoc mé ta & ting cong, céc tré c¢o thé dugc ap dat vao cac cong dé
mo phong. Thong tin dinh thdi 14 moét phan cua thu vién tong hop. Diéu ndy cho phép
danh gia so bo vé hanh vi dinh thoi (d6 thi xung). Su khong chic chin nay sinh tir tré
lan truyén doc theo cac dudng day tin hiéu chua duoc quan tim. Nhitng tré nay c6 thé
1a phan dang ké cua toan b tré trong céc thiét ké 16n.

d. Mb ta & ting Layout:

O tang sip xép (Layout), dya vao Netlist, Layout ctia mach duogc tao ra. Cac
chiéu dai cua cac day ndi co thé duoc doi thanh cac tré lan truyén ma chung co thé duoc
giai thich lai & mtc cong. Piéu nay cho phép thong qua cic mé phong dinh thoi ma
khong can dén phan mém mo phong bo xung. Néu Layout da hoan thanh, thi cac do dai
ciia duong day tin hiéu va cac tré lan truyén s& duoc biét. Thiét ké c6 thé dugc mod
phong & mirc cong véi cac gi tri tré bd xung va tiép theo hanh vi dinh thoi cia toan bo

mach c6 thé dugc danh gia.

2.2. QUA TRINH THIET KE PHAN CUNG BANG VHDL

2.2.1. Céc cong doan thiét ké bang VHDL

Cac tng dung cua VHDL la ché tao cic mach hodc cac hé théng trén cac chip vi
mach tich hop c6 thé 1ap trinh dugc (FPGA, PLD).
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VHDL entry -
(RTL level) <
l[‘nmpj lation
-
Metlist
(Gate level)

Svnthesis < lﬂpti i zation

Oiptimized netlist
{Gate level) Simulation

b
Place & Route

Physical =
device

Simulation

Hinh 2.6: Qua trinh thiét ké VHDL

Ché tao ra phan cimg bang HDL duoc chia thanh ba giai doan nhu sau (hinh 2.6):

Giai doan 1: xdy dwng thiét ké bang VHDL (VHDL entry)

Duya vao cac mé ta hanh vi ciia phan cing (tang hanh vi), chung ta bat dau thiét
ké bang viét md VHDL. Ma VHDL nay sé& duoc luu vao file ¢6 dudi 1a .vhd va c6 tén
cung véi tén ciia ENTITY. Ma VHDL s& dugc mo ta o tang chuyén thanh ghi (RTL).

Giai doan 2: Tao danh sach mang (netlist)

Bude 1: Bién dich. Qua trinh bién dich s& chuyén ma VHDL vao danh sach
mang (netlist) & mirc logic (hay mic cong).

Budce 2: Tdi wu. Qua trinh tdi wu duoc thuc hién trén netlist & mirc céng vé tde
d6 va pham vi. Trong giai doan nay, thiét ké c6 thé duoc mo phong dé kiém tra va phat
hién nhiing 15i xay ra trong qua trinh thiét ké VHDL.

Giai doan 3: Téi wu thiét ké (Optimized netlist)

Giai doan 3 thyc hién toi vu thiét ké. Trong giai doan nay can phai thyc hién mo
phong (simulation) thong thuong sur dung phuong phap mo phong dinh thoi céc tin hi¢u
vao ra cua thiét ké. Két qua mo phong t6t cho phép thuc hién sip xép (layout) vat 1y cho
chip PLD/FPGA: thuc hién sép dat va dinh tuyén (Place & Route) hodc tao ra mat na
cho thiét bj vét 1y (physical device) trén ASIC.
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Giai doan 2 va 3 1a giai doan tong hop (Synthesis) & mirc logic. Thiét ké duoc
kiém thir (testbench) ca hai giai doan nay nhd cac cong cu md phong. Két qua md
phong dugc thé hién ¢ dang do thi xung véi cac thong s thoi gian, cac gid tri kiém thir,
hoan chinh va t6i vu thiét ké.

2.2.2. Thiét ké phan cirng trén Xilinx FPGA

Céc budc 1ap trinh FPGA bao gom:

Viét mét chuong trinh nhé bang ngdn ngit VHDL thyc hién mot mach logic t6 hop don gian.

N&i cac dau vao va dau ra cua chwong trinh véi cac bd chuyén mach, cac nat
(buttons) va cac den LED trén bang Spartan-3E.

Tai chuong trinh vao bang Sparrtan-3E nhe sir dung phan mém Project Navigator.

2.2.2.1. Tinh ning thiét ké

Tinh ning thiét ké thuc hién dugc tém tit trong bang 2.7. Bén LEDs trén bang
sang phu thudc vao céc té hop khéc nhau cua cac nit chuyén mach (SWO0-3) va cac nut
bim (Push Buttons) trén bang (hinh 2.7).

Power
ITAG
ON/OFF
: - Reset
TEXAS . -~ Button
®  INSTRUMENTS ) 5" :3:
EXUNXT | =
4 ""_.‘. :" : f
DIGILENY o T — FPGA
.\sm:mw}c o e
- =
A3 y n Z;
7R =
use Ly - -
LcD
LEDs
Push
Buttons SWO0-3

Hinh 2.7: Bang phat trién Spartan-3E 500K/1600K

2.2.2.2. Tai liéu lién quan

Trudce khi budc vao thuc hanh 1ap trinh FPGA, can phai tai tai liéu huéng dan s
dung bang phat trién Spartan-3E FPGA Development board User Guide. Tai liéu nay
md ta cac chan tin hiéu (pins) cua chip FPGA va céc thiét 1ap can thiét dé ni cac chan
tin hiéu véi cac thiét bi vao/ra khac nhau trén bang.

Nhitng trang bi sau ddy can phai c6 dé 1am viéc véi cong viéc 1ap trinh FPGA:
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Phan mém Xilinx ISE Project Navigator (cac phién ban 12.4 hoic cao hon). Phin mém

nay co thé tai mién phi tir website, http://mww.xilinx.com/.

WS e D Poewt e Deien Dwn edee ame »
Menu —> S AR (@I S==3 S0 s f :
Wkt T Dhn D Dok Wl m Design
,,,,,,,,,,,, ST R TITRITS Summary
SOUfCES S P Gedpe [T 3
Window - Window
Workspace
Processes = dagacy N Wincew
Window | =
% Project
Tabs Properties
L4
\ 2 C Window
] -0Aas
Consol
onsole )
Window TN A L)

Hinh 2.8: Cira s6 khoi dong ban dau cua Project

Bo KIT Spartan-3E bao gém: bang phat trién Spartan-3E (hinh 2.7), cap ngudn,
cap JTAG va cap USB dé ndi véi PC.

2.2.3. Cong cu phian mém thiét ké Xilinx ISE

2.2.3.1. Khéi dong (Startup)

Click vao biéu tugng Xilinx ISE Design Suite 14.1 trén man hinh Desktop, hoic
Khai dong phan mém Project Navigator bang cach:
Start->All programs->Xilinx ISE Design Suite 14.1->ISE Design Tools->Project
Navigator
Xuat hién cira s6 ISE Project Navigator

2.2.3.2. Trg giup (Help)

Nhu chi ra ¢ hinh 2.9, tro gilp c6 thé dugc truy nhap thong qua thuc don Help
trén Project Navigator.

Tai phan mém, tai liéu va cac hoi thao (forums) c6 thé duoc truy nhap &
http://www.xilinx.com/support/.

Céc vi du thiét ké stir dung bo KIT Spartan-3E c6 thé tai tur

http://www.xilinx.com/products/boards/s3estarter/reference_designs.htm.
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2.2

Hoc vién:

Help Topics

Sodtware Manuals
Search Sofveane Manuals,,,

Wl J Support and Services

ISE Design Suite InfoCenter ek

Ky Mew Features in Project Mavigater Design Resources

HOSREE D Wilins Application Nates
Yanke: Open 2 Web Case

Manage License.. Al User Cammunity Forum
Obtan & License Key.. ¥ilins Horne Page

Check lar Updates..,

i s T IP Center

Download Center
About..

Hinh 2.9: Thuc don Help

New Project Wizard

Create Mew Project

Spencify prodect lecaton and tvpe.
Enter a name; locabons, and comment for the project.
Plame: tutonal 1

Licabon |1 \gpir ban 3E \urborial_1

EIE]

Desoripbon:

Selert the type of top-evel source for the project
Toprkeel souroe Type:
HOL

[=]

[ memt ]| concd |

Hinh 2.10: New Project Wizard, Trang Create New Project

.3.3. Tao mgt Project méi

Chon File->New Project. S& xuat hién ctra s6 New Project Wizard.

G0 tutorial 1 trong truong Name:

Chon mét vung thich hop Location: va Working Diecrectory: cho project méi
Xem xét Top-level source type: dugc chon nhu HDL.
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Céc thuoc tinh phai duoc thiét 1ap nhu chi ra & hinh 2.10. Click Next dé chuyén

tai trang Project Settings.

e Chon va dién vao trong cac thudc tinh nhu sau:
e Property Name: Value

e Product Category: All

e Family: Spartan3E

e Device: XC3S500E

e Package: FG320

e Speed Grade: -4

e Top-Level Source Type: HDL

e Synthesis Tool: XST (VHDL/Verilog)

e Simulator: ISIM (VHDL/Verilog)

e Preferred Language: VHDL

e Property Specification in Project File: Store All VValues
e Manual Compile Order: unchecked

e VHDL Source Analysis Standard: VHDL-93

e Enable Message Filtering: unchecked.

@ New Progect Wizard
Project Settings
Spedfy device and project proper bes,
Sefect the device and design flow for the project
Property Name ‘-'éh;e
—
Product Cateqory Al 8
Farnily Spartan3E v
Dence AC3SSO0E )
Package FG320 -
Speed 4 v]
Top-Level Source Type L
Synthesis Tool AST (VHDUL Verilog) _vi]
Simulator ISim (VHDU Verileg) f.]
Preferred Language WHDL g]
Property Specification in Project File Store all values -
Manual Compile Crder
| VHDL Source Analysis Standard s
Ensble Message Filtering
More Info | [ Next ||  Cance

Hoc vién: Nguyén Van Lang

Hinh 2.11: New Project Wizard, trang Project Settings

e Click next dé chuyén dén trang Project Summary (hinh 2.11).
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& ewpricaw

Project Summary

Praject Mavigator vell create & rew project wsh the Folowing specfications.

iFro:uct:
Froject Hame: cutorial_1
Froject Pathi: CihZaparcandE\sutorial 1l
Working Directory: C:\spaxtan3€\tucorxal_:
Descripolon:
Top Level Source Type: HDL
| Davice:

Device Family: Spartan3E

Devices
Fackege:
Speed:

xcisE00e
fg320 L5
=

Synthesis Tool: X5T [VEDL/Verilog)

Simuiaror: ISim (VHDL/Verilog)

Praferred Language: WHDL

Bropercy Spacificacion in Frojece File: Score all wvalues
Manmpal Compdile Ordas: Ealas

WVHDL Scurce RAoelysis Standard: VHDL-53

Hezsage Filteraing: dasabled

[ More oo ] [

Hinh 2.12: New Project Wizard, trang Project

e Click Finish dé roi khoi New Project Wizard tro vé ctra s6 ISE Project

Navigator
2.2.3.4. B0 xung ma ngudn VHDL méi
Trén cira s6 ISE Project Navigator (hinh 2.13):

&5 ISE Project Navigator (M.81d) - Chspartan3Bitutorial_I\tutorial_Lxise
File Edit Veew Raaeins Source Process Tools Window Layout Heip
02 u o R - o o~ S
[ | vew: @ $9F v (53] Add Copy of Source...
5] | Hierarchy News VHDL Libeary. .
qu|=a %3‘3:5 Manual Compile Order
na‘; Import Custom Compele File List...
z=1 Disable Hierarchy Reparsing
- Ihe vie Force Hierarchy Reparse
= ] L T SN bt A0SR
the oo £ =
) Project Cleanugp Project Files....
P Desiont  Archive..
Use: Generate Tcl Script...
Design Goals & Strategees...
| N TR sr T LT s Dﬁm S..mma' mg rns
| > ¥ reo Process 5o g = 2 B
— 1 Design Properties...
L | No mngle desigrrer = S
2| = @  Design Usiities
=

Hinh 2.13: Project — New Source...

e Project->mét click New Source -> s& xuit hién ctra s6 New Source Wizard

e Trén cira s6 New Source Wizard (hinh 2.14): Select Source Type: chon kiéu
ngudn: VHDL Module.

Hoc vién: Nguyén Van Lang
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==

g} New Source Wizard

Select Source Type

Select source type, fie name and its location.

{ IP (CORE Generator & Architecture Wizard)
o] Schematic

| User Document

v} Verilog Module

Venlog Test Foture

%) VHDL Module

VHDL Library

=1 VHDL Package top_jevel
fay VHDL Test Bench

"} Embedded Processor

Fle name:

Location:

Cispartan3E\wtonal _1

V| Add to project

inh 2.14: New Souyce Project: Select Soyrce, T'ype:VHDL
e Dua %o tén ]f14ie top_ ever, va Jué Vao V%ng Clsla ile (Io%gtlon:

D:\Startan3E\tutorial _1).
e Add to project box phai dugc checked.
e Click Next dé chuyén dén cira s6 New Source Wizard.
e Trén cira s6 New Source Project: Define Module (hinh 2.15):
Xac dinh cac cong (inputs va outputs cua thiét ké) nho dua vao thong tin cho

Port name nhu sau:

ool
g Mew Source Wizard
Define Module
Speafy ports for moduls
Entity name | top_fewel
Architechurs rvme | Behaaoral
Peat Mame Dwection Biwas MSE LSE -
SN n :-':|
FUL in | =]
S in | =]
W3 {in =]
PLISH_BUTTCN in (== 1 ]
LEDs out =& |3 ]
= =
1=
n B
in I:! rl ¥
| Moremf | [ wext || coem |
Hinh 2.15:

New Source Project: Define Module
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e SWO0-3 la cac bit vao: IN, va s& két ndi vé6i cac nat chuyén mach trén bang
Spartan-3E.

e PUSH BUTTON la dau vao: IN, gdm 2 bit, va duoc két ndi véi hai nat chuyén
mach trén Spartan-3E. Vi day 1a dau vao nhiéu bit, nén Bus check box dugc
checked, MSB (bit 16n nhat) duot thiét 1ap bang ‘17, va LSB (bit nho nhat) dugc
thiét laajo bang ‘0’

e Cac dén LEDs la dau ra: OUT, gom 4 bit, va s& duoc két néi véi 4 LEDs trén
Spartan-3E. Vi ddy 1a dau ra nhiéu bit, nén Bus check box duoc checked,
MSB duoc thiét 1ap bang 3, va LSB dugc thiét 1ap bang 0.

e Click Next dé chuyén dén trang Summary (hinh 2.16).

Q New Source Wizard
Summary
Project Navigator wil create & new skeleton source with the following spedfications.
i
Add to Project: Yes |
Source Drectory: C:\spartan3E\futorial_1
Source Type: VHDL Module
Source Name: top_level. vhd
Entity name: top_leves
Architecture name: Behayiora
Part Definitions:
sSwWa P in
Swii Pn n
SwW2 Pn n
SW3 PN in
PUSH _BUTTON DBus: 1:0 in
LEDs Bus: 30 out
More info ! Finish | Cancel

Hinh 2.16: New Source Project, Summary

e Click Finish dé ra khoi New Source Wizard va tré vé Nhu chi ra ¢ hinh
3.11, top_level s& xuat hién trong ctra s6 Sources. Click hai lan trén top_level trong cua

s6 Sources s& hién thi file, top_level.vhd trong tab.
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"I 5 Pt Mavegatar L - O gt dP bl T ool s - Bog, Wvmlabnd: o
B Pl EM View Pagedt Sume Poacen b Wedee  Lepod  Help #
YA ; Xl 288 237 HEA=S 22 ris
O wD&X 3| 'l
|| e & B dvkartoter 0 BE mene szl 2 e
05 ey : oy A
i M noovett " 4 Trenie Date IR
0 wimediy * Iaeign Faze
N O top et - Beburveart oy L Y vdsiz Mema: o
& | ; aglAu:.J
o Al w Teel warsieng
” | f Laazciptice:
N e
top_level in < I
Sources window ¥ —3
I P
e Source code for
L Precenies wp el - Sehaaond f :: ALt top_leve"Vhd
L Dwisge Saveuins Repets e < . .
3 Degr it LI SRR .....| appears in this tab
{ 24 2
- Ik
R
it ar rimiviy
29 A, 0
{0 dewt | 92 e v [N o ot vl gis e ]
| Comrm nDax
| Stectad * "lauachicg 15T Tese Zansar to edis top level.vha™,
LALOIRING DARLJE Femmady/Iagiat Viewss,,
! n 5 '
| R Comoe ° L PR LT T S D L
witall Wt

Hinh 2.17: file nguon méi top_level.vhd hién thi trong tab

2.2.3.5. Soan thao ma ngudén VHDL

Trong muc 2.2.3.4, file nguon VHDL méi top_level.vhd da duoc tao ra. Do thuc

chat 1a mot file van ban ASCII c6 thé duoc soan thao béi mot cong cu soan thao vin

ban. Tuy nhién, thuan tién dé soan file ta sir dung phan mém Project Navigator. File

top_level.vhd c6 noi dung nhu cho & hinh 2.18.

13
20
21
iE
23
24
25
26
28
29
30
3L
a2
33
34
3s
3a
aT
38
33
50
41
42
43
e
£5
46

library

umE TEEF. 5STH DOeTC 311

eAciTY Top_lewvel ia
Fozt ( 5WO : inm
EWl 1 ino

SN2 & in

W3 = 1in
FUSH_BUTTON @ 1T

LEDa ¢ 3TL

=rd I:clp_'.l.evzl;

o

begin

end Behavioral:

architectcure Behavioral of I:-ClD_lE'-."El 1=

entity

ECIOR (1 downto O0):
{3 downto 0)):

architecture

Hinh 2.18: noi dung file top_level.vhd duoc hién thi trong Project
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Trong hinh 2.18, c6 thé nhén thiy ring cac ma VHDL déu c6 mau dé cho d& doc.
Céc dong binh luan (bit dau bing --) c6 mau xanh 14 cay. Céc tir khda c6 mau xanh da
troi, cac kiéu cia VHDL ¢6 mau do.

Ma trong hinh 2.18 chira ENTITY va ARCHITECTURE. ENTITY xac dinh cac
dau vao va dau ra cua khdi phan ctimg. Cac chuyén mach SWO0, SW1, SW2, SW3 1a cac
bit ctia dau vao cua kiéu STD LOGIC. PUSH BUTTON 1a hai bit dai, va n6 thudc
kiéu STD LOGIC VECTOR. Cac LEDs cua dau ra 13 4 bit dai, va cling thudc kiéu
STD_LOGIC_VECTOR.

Phan ARCHITECTURE chira mi ma phan cimg thuc hién. N6 c6 thé dugc coi
rang ban dau n6 13 réng. Néu ma da duoc tai vaio FPGA, thi n6 s& khong lam gi ca. Vi
vdy ta cAn phai b6 xung mi giita cic cAu lénh BEGIN va END trong khdi
ARCHTECTURE.

Céc thay d6i ma dugc lam nhu sau:

1. Pua vao mi dudi day giita cac cau lénh BEGIN va END trong khoi
ARCHITECTURE. biéu nay thyc hién tinh ning da liét ké trong bang 2.7.
LEDs(0)<=SWO0 or SW1,
LEDs(1)<=SW2 or SW3;
LEDs(2)<=(SWO0 or SW1) and (SW2 or SW3);
LEDs(3)<=PUSH_BUTTON(0) or PUSH_BUTTON(1);

2. Luu file nho File->Save trén thuc don chinh. Sau khi soan thao, file ngudn

top_level.vhd s& xuat hién nhu chi ra ¢ hinh 2.18.
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ig T e P
20 library IEEEF

21 = E T I e

22

23 =clara | 3

24 1 Unsignsd walues

25

26

27 {aclars ars = :
28 =

29

30

31

32 entity :u;_iev:l 1=

33 Port | SW0 ¢ in STD LOSIC:

34 SWi & in E

35 EW2 : inm STD LOGIC

38 SHA t in STD L

37 FjSH_EjTTCﬂ £ in T LOGT TECTOR (1 downeo Q)3
38 LED= t auEe STT VECTOR (3 downco 0O)):

39 [ Felal ta;_lev:l;

20

47 architectur= Bahaviaoral af t:p_l=v=l L=

422

43 bagin

T LED={0) <= SW0 ar SWi:

45 LED= {1} <= SWL ar SWZ;

485 LED={2) <= (SH0 aor EBEW1l) and ([SW2Z2 ar SW3):

g7 LED=|3) <= PUSH BOTTOW(0) or PUSH BOTTOH (L) :

28 and B=havioral;

Hinh 2.19: ndi dung file top level.vhd hién thi trong Project Navigator sau khi soan

2.2.3.6. Kiém tra cU phap

Budc tiép theo 13 kiém tra cu phép, dé kiém tra md VHDL c6 dua vao ding hay

khong. C6 cac budc sau ddy tham chiéu dén man hinh ctia Project Navigator cho & hinh 2.20.

1. Click Implementation trén ctra s6 Design & goc trén bén tréi cua ctra s6 Design

2. Xem xét Design tab da duoc chon.

3. Click trén “+* next to Synthesize-XST. Piéu nay s& mo rong ra cac khoan hién

thi khac nhau, gom ca Check Syntax. Click Check Syntax dé chay kiém tra ci phép.

Néu cu phap ma khong sai, s& co checked mau xanh la ciy bén canh Check Syntax.

Hoc vién: Nguyén Van Lang
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Hinh 2.21: Green tick next cho kiém tra cti phap

Hoc vién: Nguyén Van Lang

40

Chuyén nganh: Ky thudt Dién ti

Emmwwm - Chspartan3Buuearal Titutoral Tuise - ftop levelvhd]
File Etm V’m Project Sw«c Process  Took  Window uyout Hdp
DAEd| [ sonxwel fr 28 Q@ %F
Design Ca=F-2 x < e T
Implementation ——tew @ (i rclenernston © Gl Smumton 5o | 20 libresy IEEE;
= s 21 use IZZE_STD LOGIC 3
&l Hiesraechy 22 — -—
He B tutoriat 1 - 23 —- Uncomment the fol
B e Gea S e ee eamic
da 28 --use IZEZE.NUMERIC &
E] - 26
~ ...t 2 27 —- Uscempent the fol
A 28 ~-- any Xilinx primic
L =% 29 —libracy UNI3INM;
- ; 30 --uee UNISIM.VCampown
- e
) - 32 enzTity top_level i=
e IRALSAAMAALSAMAA AL = 23 Poze (| SWO : in
2 %o Processes Running 24 SWl : in
- 35 S%2° 7 in
| TE | Processes: top_level - Behavwionl 36 SW3 : in
b £ Desagn Summacy/Reperts a7 PUSH_BUTT
19‘5 ® g Design Utikties 3e LEDs : ow
* User Constrants 39 end top_level:
Synthesize - XST ot Py P Syrahesize - XST 40
53 View RTL Schematic 41 architecture Behavio
]  View Technology Schematic 42
Check Syntax 43 pegin
Check Syntax _,_‘;,..—._.-——-'g" Generate Post-Syrehesis Simula... 44 1EZDs () <= SWO ox !
= 83  Implement Design 45 LEDe (1) <= SM1 or ,
T2 Generate Prograsmming File i LEDs (2} <= (SWO o
w5  Configure Target Device 37 LED=(3) <= FUSH_BU
€= Analyze Design Using ChipScope 42 end Behaviorals
, ) 7‘°w> ~
St | @3 Desn [ Fes | D) Lo | | e B
Design tab
Hinh 2.20: Project Navigator vi mé rong
»
Ey 1 Processes: top_level - Behavioral Z
= o Design Summary/Reports
—| @ Design Utilities
E}t ® User Constraints
= | & T2  Synthesize - XST _
= View RTL Schematic =
Green tick next to View Technology Schematic
Check Syntax = i
4 2  Generate Post-Synthesis Si...
# 82  Implement Design
)  Generate Programming File -
@ % Configure Target Dewce
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Red cross next to Error created by inserting a space between
Check Syntax “SW" and "0",

el <= W
[4 02y o= (W ¥ 1) ara (IR gx W3

oy 551 Seherrute

- Vo GO soral)
HJ o Sechnology “herete a
[)o Cherk Syt 1 €0  Syihwsbe - AST
81 CenwetoPret Syntoem Sexalesce Moded  » '
o Swt W2 tesgn 01 M §) e “ W I (9 5 Dwsgn Sy oo of dat)

Carncee wi s x|

000

Error
Messages

Hinh 2.22: Vi du, trong d6 13i da xuat hién dau chéo do & chd kiém tra 16i

2.2.3.7. Gan chan tin hi¢u
Xét lai ma VHDL cho thuc thé top_level:
ENTITY top_level IS
PORT (SWO0:in STD_LOGIC;
SW1: in STD_LOGIC;
SW2: in STD_LOGIC;
SWa3: in STD_LOGIC;
PUSH_BUTTON: in STD_LOGIC_VECTOR (1 downto 0);
LEDs: out STD_LOGIC_VECTOR (3 downto 0)); END top_level;
Ta mudn ndi cac dau vao va cac dau ra cia ENTITY top level vdi cac chuyén
mach, c4c nat 4n buttons va cac LEDs trén bang Spartan-3E. Vi du, ta mudn nhén céac
dau vao SW0, SW1, SW2, va SW3 tir 4 nut chuyén mach. Nhitng dau vao nay ndi véi
cac chan tin hi¢u L13, L14, H18 va N17 cua chip FPGA. Tuong tu, ta mudn nhan cac
dau vao PUSH BUTTON(0) va PUSH_BUTTON(1) tir hai nit bAm (Push Button) trén
bang Spartan-3E. Trong truong hop ndy, ta s& sir dung cac Buttons bic va dong, ma
chung dugc két ndi véi cac chan (pins) V4 va H13 cua FPGA. Cudi cung, ta s& ndi cac

dau ra LEDs(0), LEDs(1), LEDs(2), va LEDs(3) véi 4 dén LEDs trén bang Spartan-3E.
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Trong trudong hop nay ta sé st dung 4 dén LEDs bén phai tuong ing véi cac chan tin

hiéu F12, E12, E11 va F11.

Dbi véi timg cong vao va ra cia ENTITY top level, bang 2.7 liét ké tén cua thiét

bi trén bang Spartan-3E ma ta mudn noi voi cong.

POt psune Spartan=3 E board device name Ehe=criphio FPGA pin
SWih SWi Slider switch L1
SW SW Slider switch L1
SN2 SWWa Slider switeh |  HI18
S 3 SWW 3 Slider switch N1T
| PLUISH BLIT TOMN(O) BTM Maorth Push bartton W
PLUSH_BUTTOMNL) BTH _East FPush bastton H13
LED={}) [ LED» Flz
LED={1} LTxl LED El2
| LEDs{2} LIx2 LED Ell
LED={3) L1323 LED Fill

Bang 2.1: Cac cong input/output ctia ENTITY top_level

Céc budc sau day dugc su dung dé ndi cac dau vao va dau ra voi cac chuyén

mach, buttons va LEDs trén bang Spartan-3E:

1. Mat Clich vao “+* User Constrains. S& hién thi ma rong ra cac muc, ké ca
I/0 Pin Planning (PlanAhead) — Pre-Synthesis (hinh 2.23).

User Constraints

1/O Pin Planning
(PlanAhead) ~
Pre-Synthesis

=

£) NoProcesses Runming
| Processes: top_kevel - Behavicral
) M Design Summary/Reports
Design Utdties
User Constraints
Create Timing Constraints
VO Pin Planning (PlanAhead) « Pre-Synthesis
VO Pin Planming (Plandhead) - Post-Synthesis
4 Flocrplan Area/T0/Logic (Plandhead)
Synthesize - XST
View RTL Schematic
View Technclogy Schematsc

C)@ Check Syntax

T2  Generate Post-Synthesis Simulation Model
+ €2  Implement Design
€2  Generate Programming File
| @ W Configure Target Device
@4 Anslyze Design Using ChipScope
Strt | A3 Oesgn W) Fles | ) Lbvares

¥V

Hinh 2.23: M6t khoan ctia man hinh Project Navigator, véi User

2. Hai Click 1/0 Pin Planning (PlanAhead) — Pre-Synthesis. Cua s6 cua hinh
4.18 sé xuat hién, yéu cau OK dé tao UCF file. Click Yes.

Hoc vién: Nguyén Van Lang
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r T — o]
8\ IS£ Project Navigator e
This process requires that an Implementation Constramt Fle (UCF) be added to
the project end associsted with the selected design modkde. Would you like
Project Nawgator to automatically coeate 2 UCF and add it to the project ot this
time?

¥ you select "No™ you will need to create or add an easting UCF 10 the project
before running this process

Yes || . No

b — =

Hinh 2.24: Hop hoi thoai yéu cay tao UCF file

3. Click Yes & hop hoi thoai (hinh 2.24), ctra s6 PlanAhead vxuét hién (hinh
2.25). Click vaq I1/0O Ports tab, va sau do vao float frame icon. S€ hién thi 1/O Ports
trong mot cra so6 riéng (hinh 2.26).

Save button I/O Ports tab Float Frame lcon

rk’] srorigd - K11 Desgn - 1T apessnllitasony X
F 32 Vew Took Wisdow Selecz  Lapout
BoaxHFen B0

RIL Dusigs - g el

B ¥ o

o YU B Prpacyl Conema . | T UDPets | i e Regans
Froge e -0
¢ %5 A
Peage P - o »
1 "N vew bt Pt DO v Vico Sew Te Py Chd Yollage MolieeDhbnl  MoxTaccDirde) XA M

| 8 T Cansale ) Duborabion Mestages Fapocn

I Inngraser Maw

Hinh 2.25: cia s6 PlanAhead hién thi 1an dau

LOPy
= ok ¥
%, o
e = DT S Baw  WDGE wa wef D Swregth  Gew T BT
Ml porin
it ) 1P = F- 11 LYoo 2500 2 R0
i i BEH_BITTON (] Ly 5 2 SO
Brmla paam |+

Hinh 2.26: Hién thi ctra s6 1/0 Ports riéng
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4. Click vao “+’ tiép dén LEDs(4), PUSH_BUTTON(2) va Scalar ports ¢ hinh
2.26. S€ hién thi tat ca cac inputs/outputs riéng biét nhu chi ra ¢ hinh 2.27

ROPuta
Q= ,’:‘ Y l.;‘:’
Kawe o gDy Sie B L0 W wel DoveSwegh  Sew Ty MlTye
N
O OQuion YOS im0 20w
< LEsp) (R LT LVODAYS L9 12 0%
<J Ucsi9 Ot AVOHCE3S 2.0 0w
O Leoely) Qupws Lorss .90 20w
Q5509 Ot YO8 L0 1290w
B AUB RUTTON ot AVOMDESS .50 1240w
0 Pus sorrondr] beut LVO0ETS 25 LT
D s amongy bout LYO0RS .50 a0
v poity (¢
> ko oyt LVOR0E3S M Qacw
D Swi Lot LYONORSS %0 2o
D o2 gt LWO06S .50 1130w
> gt LYOZ33 .50 20w

Hinh 2.27: Hién thi ctra s6 1/0O Ports md rong dén cac cong riéng

‘ 5. Dua vao cac cgt Site, 1/0 Std, Drive Strength, Slew Type va Pull Type,
bang cac gia tri da cho ¢ bél‘ng 2.2. Cac cot Bank va Ccco s€ dugce dien tu dong khi cac
cot Site va 1/0 Std duoc dien gid tri vao.

Port Site PO Std | Drive -:‘_:‘;ircngrl-f Slew ;I;_grj'uﬁ | Pull '_l'-'\-T-ut
LEDs[0] Fl2 LYTIL | & SLOW
LEDs[1] E1Z LYTTL | & SLOW
LEDs[2] ELL LVWTTL | % SLOW
LEDs[5] Fil LYTTL | &8 SLOW
PUSH BUTTON[O] [V4 [ TVTTL | PULLDOWN
_PUSH_BUTTON[I] | HI3 [LVTTL PULLDOWN
SWIk L13 LAWTTL PLULLLUP
SW 1 L1 LYTTL PLULLLUP
SW2 HI1® LWTTL PULLLUP
SW3 M17 LYTTL PULLLUP

Bang 2.2: Cac gi tri dé dua vao cira s6 1/0 Ports

1 Pos
o e 5 -
Tomre o> Moy fPen  Six  Bem  LOSH Voo, el Oheidength  ZewToe Rl T
X e —— e |
=g 4200 (4 Output aum* 13 2" 20w
« = Ot L2t o 130 * 8.0
4 ) Oukput eu aume 139 2* 200
<4 =) Outzut tn gLvms ime a0
o UDal7] Output Fu oL 1% " 20w
B M psTTOoN el gm* j 3= 2 20w PLLDTAN®
B PUEH RUTTON et v e 130 3 K0W PADOWN®
& pu_rTon(l] Text "Ly iyme 13 2 0% PLLLDOWN®
Sk poers (4
¥ 500 gt s} ime 13 2200 LS
U H ot L im* 3 280w e
2t ot ik b 1385 o 0w LSS
@ fe3 rent wr im* 130 o0 LT

Hinh 2.28: Hién thi ctra s6 1/O Ports véi cac gia tri da duoc dién

6. Click Save trén ctra s6 PlanAhead (vi tri cia nat Save chi ra & hinh 2.25), tén
file 1a top_level.ucf dé luu cac chan tin hiéu da duoc dua vao. Ctra s6 PlanAhead c6
thé duoc dong lai & trang nay.

2.2.3.8. Synthesize, Translate, Map, va Place & Route
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Giai doan tiép theo ta phai thuc hién 13 cac bude: tong hop (Synthesize), chuyén
d6i (Translate), Sap xép (Map), va dit vi tri & tuyén (Place & Route). Cac budc niy
dugc thuc hién nho Project Navigator, va dugc mo ta nga“in gon nhu sau:

e Synthesize: tao cac danh sach netlists cho tirng file ngudn.

e Translate: gop nhiéu file vao mét netlist.

e Map: thiét ké duoc sap xép vao cac manh va céac khéi 1/0.

e Place & Route: thié ké dugc dat vao chip va két ndi cac thanh phan.

1. Nhu chi ra ¢ hinh 2.29, click vao ‘+’ dén Implement Design. S& mé rong dén

Translate, Map va Place & Route

P €2 NoProcesses Rumning >
Z’t Processes: top_level - Behavioral a
| % [Dessgn Summary/Reports
o Design Utilities
< User Constraints
3% Create Tirning Constraints

S| VO Pin Planming lPIa'u-head - Post- Smth..

= 3 Floorplan Area/IO/Logic (PlanAhead) 3
Synthesize - XST e — = ¢ ] Synthesize - XST 5
Fg View RTL Schematic

View Technology Schematic

2@ Check Syntax
Implement | ('] Generate Post-Synthesis Simulation Model
Design #= €2 Implement Design

Ol & ] Transtate

i+ €2 Map

= €2  Place & Route

e2 Generate Programming File

L Sls Confiourn Tarant D . — ,

B Start | B3 Desgn Ay Fies | ) Lbranes )

=

Hinh 2.29: mdt khoan ctia man hinh Project Navigator, véi mé ra

2. Hai Click vao Implement Design. S& gy ra Synthesize-XST chay lan dau.
Sau d6, Translate, Map va Place & Route s& chay lan luot. Khi mdi mét budc thuc
hién xong, mot dau kiém mau xanh 14 cdy s& xuat hién bén canh. Sau khi tit ca giai

doan hoan thanh, man hinh Project Navigator s& xuat hién nhu cho ¢ hinh 2.30.

9"

P | € NoProcesses Running

-1 | Processes: top_level - Behavioral ~f 7
L p A Design Summary/Reports +

- & Design Utilities

7 User Constraints

== 8  Create Timing Constramts

VO Pin Planning (PlanAhead) - Pre-Synth...
VO Pin Planning (PlanAhead) - Post-Synth..,
.— Floorplan Area/10/Logic (PlanAhead)

= TP Synthesize - XST
View RTL Schematic

= iew Technology Schematic
()O Che(k Syntax
e Generate Post-Synthesis Simulation Model
I - .

= 028D Tlanslgle

o PAED Map

20 Place & Route

& Generate Programming File

L Coofioues Tazoet Demacs . J
|¥ Start =3 Desgn Ny Fies @ Ubraries =)

Hinh 2.30: mdt khoan ctiia man hinh Project Navigator, véi mo ra
Implement Design, sau d6 Translate, Map va Place & Router da chay

2.2.3.9. Tai thiét ké 18n bang Spartan-3E starter
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Céc bude tiép theo 12 tao file chuong trinh, va tai né vao bang Spartan-3E nhd st
dung iMPACT.

1. Mét Click vao “+* & Configure Target Device (hinh 2.31), s& mé rong dén
lva chon Manage Configuration Project (iMPACT).

lf"t Processes: top_level - Behavioral "
~ p 4 Design Summary/Reports -
s Design Utilities &3
b User Constraints 4
S Create Timing Constraints s
1 VO Pin Planning (PlanAhead) - Pre-Synthesis
(3 VO Pin Planning (PlanAhead) - Post-Synthesis
e Fioorplan Area/10/Logic (PlanAhead)
= €D Synthesize - XST
View RTL Schematic
G View Technology Schematic
ererate 3@ Check Syntax
Programming File €2  Generate Post-Synthesis Simulation Model
= ()a implement Design
! # EIE) Translate
Configure Target \ 2 0HED Mop
Device | = P YE) Place & Route
\ | \‘ €2 Generate Programming File
- =% - B qe
Manage Configuration F-.k Generate Target PP.O?.‘[::(_{ File o
: > Manage Configuration Project (iIMPACT)
Project (IMPACT) en Analyze Design Using ChipScope
ﬂ SW!T'-‘T: Design |41 *!TE Lbranes ="]

Hinh 2.31: Mét khoan ctia man hinh Project Navigator, véi mo ra

2. Hai Click vao Generate Programming File. Khi chay xong file nay, mot dau kiém

mau xanh 14 cay xuat hién bén canh Generate Programming File nhu chi ra & hinh 2.32.

Pro<esses: top_level - Behavioral
= Design Summary/Reports

Y] Design Utilities
= User Constraints
€

¢ e

&

18 RA

Create Timing Constraints

o=
"4 VO Pin Planming (PlanfAhead) - Pre-Synthesis |
2

Y

V'O Pin Planning (PlanAhead) - Post-Synthesis |
Floorplan Ares/I0/Logic (PlanAhead)
Synthesize - XST

Views RTL Schematic

g View Technology Schematic

T2 Check Syntax

P2  Generaste Post-Synthesis Simulation Model

| 82D implement Design
= TG

W Generate Programming File
Configure Target Device
“.? Genesate Target PROM/ACE File
G  Manage Configuration Project (MPACT)
L Analyze Design Using ChipScope |
B Strt | B2 Desmgn | L) Fles | {5 Lbrares B

Hinh 2.32: Mot khoan ctia man hinh Project Navigator,

sau khi Generate Programming File chay xong

3. Noi cap ngudn va céap USB véi bang Spartan-3E. Cam cap USB tir bang
Spartan-3E vao PC, va bat ngudn cho bang Spartan-3E.

4. Clich hai lan lén Manager Configuration Project (iIMPACT). Cua s
iIMPACT s& hién thi nhu hinh 2.33.
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Hinh 2.33: Cira sb ban dau cua iMPACT

5. Click hai lan vao Boudary Scan nhu chi ra & hinh 2.34. Thong bao “Right click

Message appears

here

L)
— ” Maghw choke v Al Dot o Srwmnsire TG ¢ fuere

i e N ey ——

Hinh 2.34: Cira s6 iMPACT, sau khi click hai 1an 1én

to Add Device or Initialize JTAG Chain” s& phai xuat hién phia bén phai man hinh.

6. Click chudt phai 1én “Right click to Add Device or Initialize JTAG Chain”, va

chon Initialise Chain, nhu hién thi ¢ hinh 2.35.
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7. Sau mét lGc, mot hinh anh cua “chain” s& xuét hién, theo voi mét thong béo
Identify Succeeded trong hop mau blue (hinh 2.36). Chip dau tién, xc3s500e, la chip
FPGA ma ta mudn lap trinh. Hai chip khac, xcf40s va xc2c64a trén bang s& bo qua.

Hop hoi thoai yéu cau “Do you to continue and select configuration file (s)?” s& Xuat

hién nhu chi ra ¢ hinh 2.36).

@ 155 MPLCT DAALA) - Bownger Scas]

e The Tt Vew Opewiors Outpat  Oebog  Wisdow  Melg

130 OSEQC = A
| reAT R wOsx

(] Treate PROM File (PROM Fie Foavat
5 (8] Wl b Dute

Bt bk 1 A8 Tenioe o bewtafiee ITAG Chuse
Add Zdro Device. CaseDd |
| MONCT Frocecues “Of X |
Add Non-Xdnw Desics Cirte X

Avataba Operatrces s

Colyle Auro Canewt
Cabie Setup.

Cutpet Fie Type

Hinh 2.35: Cira s6 iMPACT, hién thi chon Initialize Chain
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o Mo hiogn Coefgawson Fies Guery Daing
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| 2valabe Opeatiorns 2ie Don't thew tha mamage sgan, s the iettng o prefusace

he

‘o

Mk’!l’ﬂ"_s Succeeded

Hinh 2.36: ctra s6 IMPACT, gan cac file cau hinh

8. Ctra s6 Assign New Configuration File s& xuat hién (hinh 2.37). chon file

“top_level.bit”, va click Open. Diéu nay lién két file top_level.bit véi xc3s500e.
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Hinh 2.37: Cira s6 IMPACT, gan file cau hinh cho xc3e500e
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Ludn van Thac si

Hinh 2.38: Ctra s6 IMPACT, hop hoi thoai yéu cau ¢ gin SPI
hay BPI PROM hay khong.

9. Mot thong bao “ This device support attached flash PROMs. Do you want to

attach an SPI or BPI PROM this device?” s& xuat hién (hinh 2.38). Piéu nay chua can

cho thiét ké nay. Click No.
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10. Cir s6 Assign New Configuration File s& xuat hién tré lai (hinh 2.39). Trong
truong hop nay, Click Bypass. Diéu nay dam bao bo qua xcf04s.
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Hinh 2.39: Ctra s6 IMPACT, bo qua xcf40s.

11. Ctra s6 Assign New Configuration File s& xuat hién lan nita (hinh 2.40). Lai
Click Bypass. Biéu nay dam bao bo qua xc2c64a.
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Hinh 2.40: Cira s6 IMPACT, bo qua xc2c64a
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12. Cua s6 Device Programming Properties

Properties s& xuat hién (hinh 2.41). Click OK.

— Device 1 Programming
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Hinh 2.41: Cira s6 iIMPACT, hop hoi thoai Device

13. Cira s6 IMPACT s& xuat hién nhu ¢ hinh 2.42. Click vao chip xc3e500e

(hinh 2.43) va chon Program.
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Hinh 2.42: cira s6 iIMPACT, hién thi device chain
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Hinh 2.43: Cua s6 iIMPACT, cac lua chon khi click vao xc3s500e
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14. Chuong trinh bay gio s€ duogc tai vao bang Spartan-3E. Sau khi tai xong,
mét thong bao s& xuét hién “Program Succeeded” (hinh 2.44). Ta cd thé thyuc hién chay
tirng thao tac cua chwong trinh bang céach click vao ting Available Operations are:
Program, Get Device ID, Get Device Signature/Usercode, Read Device Status, One
Step SVF, One Step XSVF cua cira s6 iIMPACT Procceses. Mai Operation thanh cong

sé c6 thong bao thanh cdng (Program Successfully, Readldcode Successfuly).

# D50 MPACT MUBLZ] - Boundary Soen) L
‘e he &t W Cpemtiorn Ourpat  Ibug  Window Hep
*HoA XRUDIZ IR =" »v

PEALY Fopn “Osx

§

H

$33d047

Program Succeeded

Hinh 2.44: Ctra s6 IMPACT, sau khi tai thanh cong chuong trinh vao bang Spartan-3E

2.2.3.10. Chay chwong trinh trén bang Spartan-3E.

Béng Spartan-3E starter kit sau khi tai chwong trinh chi ra ¢ hinh 2.45. Hién thi
trén LCD c6 thé khac nhu chi ra & hinh nay trong qua trinh chay chuong trinh.

Bay gio chuong trinh ¢ thé dugc kiém tra trén bang Spartan-3E starter kit. Néu
chuong trinh hoat dong t6t thi contact xoay (¢ gitta cac nut BTN) khéng co tac dung.
Vo1 cac nut chuyén mach SWO0-3, vi tri bat 1én trén 1a vi tri bat (on). LED LDO phai
sang khi hodc 1a SW0 hoac SW1 & ON. LED LDI s& phai sang khi hodac SW2 hodc
SW3 ¢ ON. Ca 3 LEDs: LDO. LD1 va LD2 s& cung sang khi (SWO0 hodac SW1) va
(SW2 hodc SW3) 1a ON. Cudi cing LED LD3 s& phai sang khi niat BTN _East hozc niit
BTN North dugc 4n xudng (cic nit nay tu nha)..
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BTN_North BTN_East SW3,5W2,5W1,5W0 LD3,LD2,LD1,LDO

Hinh 2.45: Bang Spartan-3E v&i chuong trinh dang chay

2.3. KET LUAN CHUONG

Chuong 2 trinh bay c4c ndi dung:

e Ngbn ngit md ta phan cimg VHDL: Lich st VHDL; mg dung VHDL; dic
diém cia VHDL.

e Céc muc triu tugng trong thiét ké mach tich hop; c4c tang triu tuong cua thiét
ké VHDL; mé ta céc tang triu tuong trong thiét ké VHDL.

e Qué trinh thiét ké phan cing bang VHDL

e Cac cdng doan thiét ké bang VHDL; thiét ké phan cimg trén Xilinx FPGA;
cac tinh ning thiét ké; tai liéu lién quan; céng cu phan mém thiét ké Xilinx ISE va vi du
mot thiét ké don gian voi cac két ndi 4 nat chuyén mach (SWO0, SW1, SW2, SW3), n(t
nhén nha véi contact xoay (Button), va 8 dén led hién thi (led0, ledl, led2, led3, led4,
leds, led6, led7) dé chting minh cac budc thiét ké phan cing bang VHDL da dat dugc

yéu cau bang hoat dong cua bang Xilinx Spartan-3E starter board.
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CHUONG 3: THIET KE HE VI PIEU KHIEN LOI MEM
MICROBLAZE 32-BIT VA CAI PAT UNG DUNG THU NGHIEM

3.1. VI PIEU KHIEN MICROBLAZE 32-BIT

3.1.1. Kién triic ciia Microblaze

Instruction-side Data-side
hies interface bus inrerface

Memory Management Unit (MMLU)
(: ms le—— UTLBE L3 ona
Ly L‘i\ s
4 — A . -
IXCL_M < ] 9 ] 2 > DXCL_M
] & Ny ALU g
—F =3 L' | o
IXCLS [ | & Program A g | DXcLs
é Counter Special [N Shift
Purpose
Registers [~ | Bamel Shit | yra——
. nd Multiplier | OPLE
iPLB :} L g ol o0 A
' Divider —
(6P > NN ==l / DOPB >
l //J Bus I : W FPU | Bus
[ Instruction I IF EIWé\
e V]| Buffer q 2N o N
AL |
Instruction
Decode 1 —"~, MFSL0..15 or
T, Register File i [ ek Kl
1 32 X 32b
= ~1— SFSL0.15 or
Optional MicroBlaze feature W ~y— DRFS5L0.15

Hinh 3.1: Kién trtic cia Microblaze

Cac bo vi xir Iy ¢6 san dung cho dong FPGA (Field Programmable Gate Arrays)
ctia Xillinx sir dung v&i cac cong cu phan mém c6 trong phan mém EDK (Embedded
Development kit) dugc phan thanh hai loai: Bo vi xtr Iy mém Microblaze. Bo vi xtt 1y
cting di duoc nhung sin Power PC. Microblaze 14 bd vi xir Iy duoc ding hau hét trong
FPGA céc dong nhu Spartan-11, Spartan-II1, Virtex cuia hang Xillinx. Microblaze 1a mot
vi diéu khién 4o, n6 ton tai dudi dang phén mém di duoc phat trién cta hang Xillinx,
nha thiét ké co thé thiét 1ap cac thong sé dé sir dung ddi véi vi diéu khién nay (UART,
cac cong vao ra ngoai vi, ..) thong qua phan mém EDK. MicroBlaze 13 bo xtr Iy mém
nhung 32-bit cua Xillinx. Tap Iénh rat gon RISC (Reduced Instruction Set Computer),
vGi cac bus riéng biét dé truy xuét dit liéu va lénh tr bd nhG on-chip va bd nhé ngoai tai
cing mot thoi diém.

Kién tric ctia MicroBlaze c6 cc dic diém sau: Tir 1énh 32 bit v6i 3 toan hang va
2 ché @6 dinh dja chi. Pudng bus 32 bit dia chi. Mot khdi ghi dich. Hai cip d6 ngit.
Khéi ALU (Arithmetic Logic Unit): gdm céc bd cong/trir, ghi dich/logic, nhan. Trong

d6 co6 cac thanh phan sau:
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« Bus IF: (Bus interface) dudng bus giao tiép

« Instruction Buffer: bd dém lIénh

o Instruction Decode: bd giai ma 1énh

« Program Counter: by dém chuong trinh

« Add/Sub: khéi cong/trir

« Shift/Logical: khdi ghi dich/Idgic

« Multiply: khéi nhan

« Register File: tip thanh ghi dit liéu gdm 32 thanh ghi 32-bit

o 32-bit barrel shifter (Iya chon)

MicroBlaze cung cap 3 giao tiép bd nhé:

e LMB: Local Memory Bus

e PLB: Processor Local Bus

e OPB (On-Chip Peripheral Bus) va XCL (Xillinx Cache Link)

Microblaze st dung LMB bus cho két ndi nhanh véi on-chip memory (FPGA
BRAM), trong d6, chia ra ILMB: Instruction interface, Local Memory Bus: giao tiép
1énh theo chuan bus LMB, chi dung cho giao tiép BRAM, va DLMB: Data interface,
Local Memory Bus: giao tiép dit liéu theo chudn bus LMB, chi dung cho giao tiép
BRAM. Céc giao tiép voi bo nhé cache cling duogc chia ra bus két ndi vai cache 1énh va
cache két ndi dir liéu, trong d6 IXLC: Instruction side Xillinx Cache Link Interface
(cap lién két don FSL chi/td), va DXCL: Data side Xillinx Cache Link Interface (cip
lién két don FSL chi/té). Bus vao/ra dau tién cua Microblaze 1a AXI interconnect, 1a
bus giao dich system-memory véi kha ning chu/té (master/slave). Cac giao tiép dong
xur Iy dugc hd tro bai cac két ndi AXI4-Stream connections. Céc giao tiép voi ngoai vi
dugc thuc hién qua cac bus OPB theo chuan IBM CoreConnect, chuan ndy cung cap ba
loai bus gianh cho két ndi lién tuc da 15, cic thu vién macro va logic nguoi dung: Bus
16i xtr ly ndi PLB (Processor Local Bus), Bus ngoai vi on-chip OPB (On-chip
Peripheral Bus), Bus thanh ghi diéu khién thiét bi DCR (Device Control Register). Vi
OPB cd chia ra: 10PB: Instruction interface, va DOPB: Data interface, On-chip
Peripheral Bus: giao tiép dir liéu theo chuan bus OPB. Toan bd cac ngoai vi qua giao
tiép OPB nhu sau:

e Watchdog Timer/Timebase

e General purpose Timer/Counters

e Interrupt Controller
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e SRAM Controlller

e Flash Memory Controller

e ZBT Memory Controlller

e BRAM Controller

e DDR Controller

e SDRAM Controller

e UART Lite

e General purpose 1/0

e SPI

e 12C (evaluation version)

e UART 16450/550 (evaluation version)

e Ethernet 10/100 MAC (evaluation version)

Ngoai ra, nha thiét ké c6 thé xac dinh va bo xung cac ngoai vi cho cac chiic ning
yéu cau, nhu mét giao tiép cho thiét ké bén trong FPGA.

3.1.2. Cac dinh dang dir li¢u va tap lénh cua Microblaze

Tap 1énh rat gon RISC ctia Microblaze sir dung hai dinh dang 1énh 32-bit:

Dinh dang loai A: dugc cac 1énh register-register st dung. N6 gdm cé trudng
opcode, mot thanh ghi toan hang dich va hai thanh ghi nguon.

Dinh dang loai B: dugc cac 1énh register-immediate sir dung. N6 gdm c6 trudng
opcode, mot thanh ghi dich va mot thanh ghi ngudn, va mot gia tri ngudn truc tiép 16-
bit.

Microblaze sir dung kién triic Load/Store ctia RISC, trong do, c6 thé truy cap dén
bo nhd theo ba kich thude dir li¢u: Byte (8 bits), Halfword (16 bits), va Word (32 bits)

Hat nhan cua kién trac RISC ciia Microblaze dwa vao tap thanh ghi 32-bit LUT
RAM véi cac 1€nh truy cap riéng b nh¢ dir li€u va bd nhéd 1€nh. Microblaze hd tro két
nbi cac khdi RAM (BRAM) ca trong chip va ngoai chip.

Ciing nhu cac vi xir 1y kién triic RISC khac, Microblaze c6 kién trac duong ong
1énh (pipeline architecture) voi ba giai doan thuc hién Iénh: doc 1énh IF (Instruction
Fetch), giai ma I¢nh ID (Instruction Decode), va thyc hién 1énh IE (Instruction
Execution). Cac qua trinh day dir liéu (data forwarding), tré cho trong dudng ong
(pipeline stall) va thuc hién céac r€ nhénh (branches) duogc thuc hién ty dong trong phén

cung.
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L5i xtr Iy mém Microblaze duoc dua vao Kit phat trién hé nhing cua Xilinx
EDK (Embedded Development Kit) va dugc cung cip theo thoa thuan ban quyén cia
phi nha cung cip Xilinx Core. Ban quyén ndy cho phép ngudi dung sir dung Microblaze
trong céc thiét ké han ché trén Xilinx FPGA.

3.1.3. Hiéu ning ciia Microblaze

Hi¢u nang cuia Microblaze phu thudc vao cau hinh cua bd xu 1y va kién trc cua
FPGA va cép do tdc d6. Chu hinh cua Microblaze phu thudc vao cép do tich hop cua
FPGA. Véi FPGA trén Xilinx Spartan-3E starter board gom khoang 500000 Logic
Elements, c6 thé cdu hinh 2 nhan xt Iy 32-bit. Vi nhitng chip FPGA c6 tich hop nhiéu
LE hon, ta c6 dat duoc cau hinh dén 8 nhan xir Iy. Trong nhing loai Xilinx FPGA cho
thiét ké SoC hay NoC, ta c6 thé tao ra mang két ndi 9 don vi xtr Iy 32-bit. Khi d6 c6 thé
dat dugc hiéu nang cua cac h¢ nhung FPGA hiéu nang cao. Pa c¢6 nhiing thiét ké siéu
may tinh v6i ciu trac cac nit xir Iy gdm c6 cac b dong xir 1y 13 cac khoi két hop FPGA

vavixu ly [7].

3.2. THIET KE HE NHUNG PON GIAN VOI MICROBLAZE
3.2.1. Bang phat trién trén FPGA Xilinx Starter-3E 500E
Bang phat trién Xilinx Spartan-3E 500E starter cho & hinh 2.45 ¢6 nhimng thanh
phan nhu sau [8]:
e Xilinx XC3S500E Spartan-3E FPGA
e 232 user-1/0O pins
e Dong vo 320-pin FBGA
e Trén 10,000 logic cells
e Xilinx 4 Mbit Platform Flash configuration PROM
e Xilinx 64-macrocell XC2C64A CoolRunner™ CPLD
e DDR SDRAM 64 MByte (512 Mbit) x16 data interface, 100+ MHz
o Parallel NOR Flash (Intel StrataFlash)16 MByte (128 Mbit)
e B0 nhé cau hinh (FPGA configuration storage)
e MicroBlaze code storage/shadowing
e SPI serial Flash (STMicro)16 Mbits
e FPGA configuration storage

e MicroBlaze code shadowing
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e Hién thi 2-line, 16-character LCD

e Cong ndi PS/2 mouse hoic keyboard

e (Cong hién thi VGA

e 10/100 Ethernet PHY (Ethernet MAC trong FPGA)

e Hai cong 9-pin RS-232 (DTE- va DCE)

e Cong gao tiép USB dé lap trinh FPGA/CPLD

e 50 MHz clock oscillator

e Bao vé SHA-1 1-wire serial EEPROM cho sao chép bitstream

e Dau ndi mo rong Hirose FX2

e Ba dau nbi mé rong Digilent 6-pin

e 4-output, SPI-based Digital-to-Analog Converter (DAC)

e 2-input, SPl-based Analog-to-Digital Converter (ADC) véi tién khuéch kha

trinh

e Cong ChipScope™ SoftTouch cho g& rdi

e B0 ma hoa vong véi push-button shaft

e Tam discrete LEDs

e Bdn khéi chuyén mach manh (slide switches)

e Bbn push-button switches

e SMA clock input

e 8-pin DIP socket cho auxiliary clock oscillator

3.2.2. Lua chon cdu hinh hé nhiing véi Microblaze

Trén bang Xilinx Spartan-3E 500E c6 thé cdu hinh hé nhung véi mét nhan, hodc
hai nhan Microblaze voi bd nhé SRAM, DRAM, flash memory, véi timer, cac két nbi
v6i cac thiét bi: bén switch (SW0, SW1, SW2, SW3), bdn nit bam (button), tam led
(ledO - led7), hai cong COM RS232 (DTE, DCE), cong ethernet, LCD.

Lua chon thiét ké hai nhan xtr Iy Microblaze 32-bit. Vi cac cong ndi véi cac thiét
bi khong chia sé cho hai nhan xir Iy, nghia 1a mot céng vao/ra chi duge két ndi véi mot
nhan xtr 1y.

3.2.3. Cac bwéc thiét ké sit dung Cong cu phan mém Xilinx ISE14.1

Str dung phan mém XPS: chon biéu twong XPS trén Desktop chay chuong trinh

tao hé¢ nhiing Microblaze.

Hoc vién: Nguyén Van Lang 58 Chuyén nganh: Ky thudt Pién tir



Truong Dai hoc Sao Do Ludn van Thac si

1) Trén cira sé Xilinx Platform Studio, chon Create New Project Using Base
System Builder

PEés iRtz bau an Dl

XILINX PLATFORM STUDIO

Getting Started Documentation

wd

p =% %crealehe-. Froject Using Base Syctem Buiider ‘3' | SeeWhats New
=1 Use the Base System Buider vazord to create on KPS project / Reiease nates and infaemabon about new D6 fratures n the release

e =

Craate & revt PS5 project without using the Base System Bulder Aldocumeniation related to EDK

| =
|
Open a previousty ceated project Information sbout ceating an exanpie design using the enbedded desin flow
P Y

m Qo= Recenl Project
Open arecantly used project

Hinh 3.2: Cira sb Xilinx Platform Studio 14.1

2) Chon thu muc, tao tén project Microblaze

7

Project il |G: Win_Altera_design iinxDesign DuslCoreMicrobleze system.xmp 1
Select an Interconnect Type

(1 AXI System

[ AXI is an interface standard recently adopted by Xilinx as the standard interface used for all current and
future versions of Xilinx IP and tocl flows, Details on AXI can be found in the AXI Reference Guide on
xilinx. com.

®

PLE System

PLE is the legacy bus standard used by Xilinx that supports current FPGA families, including Spartans and
Virtexs. PLE IF will not support newer FPGA families, so is not recommend for new designs that may
migrate to future FPGA families. Details on PLB can be found in the PLEBv46 Interface Simplifications
document on xilinx.com.

Select Existing .bsb Settings File{saved from previous session)

| | Browse ...

Set Project Peripheral Repository Search Path

Browse ...

Help E OK l l Cancel ]

Hinh 3.3: Tao tén project Microblaze
3) Chon tao project
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Welcome Board System Frocessor Peripheral Cache Summary
]

Welcome te the Base System Builder
This tool leads you through the steps necessary for creating an embedded system.

Select One of the Following:
& Iwould liks te create a new design

% T would like o load an existing bk settings fle {saved fom a previous cession)

i [oemiom ] e || ]| s
Hinh 3.4: Chon I world like to create a new design -> next

4) Chon bang phat trién Xilinx spartan-3E Stater board

Welcome Board System Processor Peripheral Cache Summary

Board Selection
Select a target development board.

Board
@ Iwould like to create a system for the following development board

Board Vendor | Xilinx

Board Mame Spartan-3E Starter Board

EEE]

Board Revision |D
71 1 would like to create a system for a custom board

Board Information

f Architecture Device - Package Speed Grade

|spartanze [+] [xc3ss00e - | [Feaz0 [~][=
[ Use Stepping |
Reset Polarity |Active High

Related Information
Vendor's Website

Vendor's Contact Information

Third Party Board Definition Files Download Website

| || Spartan-3E Starter Kit Board utilizes Xilinx Spartan-3E XC35500E-4FG320 device. The board indudes 2 R5232 serial ports, 4 DIP switches, 4 push buttons, &
| LEDs, VGA port, character LCD display, PS/2 port, push button rotary encoder, SPI analog to digital converter, SFI digital to analog converter, 10/100
Ethernet port, 2MEB SPI flash, 16 ME of parallel MOR. flash and 64 ME DDR. SDRAM. Push button South{RESET) is used as system reset.

t [m] [ < Back ][ Mext = ]I Cancel
Hinh 3.5: Chon bang Xilinx Spartan-3E Starter Board
5) Chon céu hinh 2 nhan cho Microblaze
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Welcome

Peripheral

Summary
]

System Configuration
Configure your system.

") Single-Processor System

Select this option to create a design with a single processor, This Wizard
will let you configure the processor, the peripheral set and some major
corfiguration parameters for the peripherals.,

Processor 1

FProcessor 1 Peripherals

GPIC

RS232

@ Dual-Processor System

Select this option to create a design with two processors. This Wizard
will let you select the types of processors, peripherals unique to each
processor, and peripherals shared by the processors.

1 Peripherals

Progcessor 1

Shared Peripharals

Mailbox  Mutex

2 Peripherals

Hinh 3.6: Chon c4u hinh 2 nhan cho Microblaze
6) Chon dong ho va dung lugng bd nhé trong (BRAM) cho timg nhan

\Welcome

Summary

Peripheral

Processor Configuration
Configure the processor{gs).

Reference Clock Frequency |50.00 (dk_50)

Processor 1 Configuration

Processor Type iMIcrnBIaze B
System Clock Frequency. |50.00 -] Mz
Local Memaory |akm v_!

Debug Interface [On-Chip HW Debug Module

[] Enable Floating Point Linit

[=] Mz

[=]
[=] Mz
=

|

Pracessor 2 Configuration

Processor Type |MicroBlaze

System Clock Frequency |50.00

Local Memory

Debug Interface

[on-Chip AW Debug Module

[] Enable Floating Point Linit

Hinh 3.7: Chon ddng ho va dung luong nhé trong cho timg nhan

7) Chon cau hinh cac thiét bi cho timg nhan

Welcame Board Syatem

Peripharal Configuration
To add a peripheral, drag it from the "avalable Perpherals”™ to the proces:

Available Paripherals

Peripheral Names
£ 10 Deviees

2} Internal Peripherals
o Imb_bram_if_cntic
mailbax

Add = |
< Remove
e e
o shared_bram_if_ontlr
pE_brarn_if_cntir
xps_tirmebase_ wdt
xps_tirmer

| <Remeve |

Add =

« Remove

[ morenfs |

Processon Pefipheral Cache SUMMaFy
1
sor peripheral ist. To change a core parameter, cick on the peripheral. ‘
Processar 1 {MicroBlazs) Paripherals | selectan |
Core Farameter =
Buttans 4B
H

Core: xpa_gpio
Etharnet MAT

Core xps_ethernetlite
LED=_8Bit

Core: xps_gpio
RS232 DCE

RS232_DCE |

wps_uartlite
Shared Peripherals

Core Parameter

DOR_SORAM
Core
mailb a0
Core: mailbox
mutex 0
Ceore: mutes

mproc

Processar 2 (MicraBlaze) Peripherals

Care FParameter

DIP_Switches_4Bit

ore: xps_gpio

RS232 DTE
R5232_DTE
Baud Rate
Data Bits

Parity

|xps_uartlite

11

| = Back

Hinh 3.8: Chon cau hinh cac thiét bi cho timg nhan

8) Chon dung lugng cac cache cho ting nhan
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B

Cache Configuration

Select cache size and cache memory for processor(s).

Processor 1 (MicroBlaze) Cache

In MicroBlaze, caches are optional and configurable. Caches are implemented using FPGA LUTs for small caches or Block RAMs for large sized caches. |
Instruction Cache [¥] Data Cache
Instruction Cache Size |2 KB [#]  Data Cache size 28 [+l
Instruction Cache Memory Data Cache Memory
@ DDR_SDRAM @ DDR_SDRAM

Processor 2 (MicroBlaze) Cache
In MicroBlaze, caches are optional and configurable, Caches are implemented using FPGA LUTs for small caches or Block RAMe for large sized caches,

Instruction Cache |¥] Data Cache
Instruction Cache Size 2 KB lz[ Data Cache Size |2KB B
Instruction Cache Memory Data Cache Memory

@ DDR_SDRAM @ DDR_SDRAM

Note: In multiple processor sysfems, memory regions may he accessible ffom multiple processors. Users are responsible for managing memory and cache
coherency issues.

m[m [ < Back ][ Next > ][ Cancel
Hinh 3.9: Chon dung lugng 2KB cache cho tirng nhan

9) Hién thi thiét lap cac dia chi cia microblaze

Welcome Board System Processor Cache Summary

Summary

Below is the summary of the system you are creating.

System Summary

Core Mame Instance Mame Base Address High Address e
|| = Processorl microblaze 0
| xps_gpio Buttons_4Bit O=B1420000 0xBL42FFFF
ompmo DOR_SDRAM 08 C000000 0x8FFFFFFF
- xps_ethernetlite Ethernet_MaAC CB1 000000 O:E100FFFF
o xps_gpia LED=_8Bit 081400000 Ox8140FFFF
Lo xpe_uartlite RS232_DCE CB4000000 O:B400FFFF =
o Amib_bram_if_crtle dirmb_cntle 000000000 000001 FFF
£ Lo dmb_bram_if_entle ilmb_cntir O00000000 000001 FFF
= Processor 2 microblaze 1
e PG DDR_SDRAM 08000000 0xBFFFFFFF
- xps_gpio DIP_Switches_4Bit 0x81400000 0:8140FFFF
xps_uartlite R5222_DTE 084000000 0x8400FFFF
xps_spi SPLFLASH 082400000 OxB340FFFF i
Irnb_bram_if_cntlr dimb_entlr 1 000000000 0x:0000LFFF -
File Location
=k Oherall

e Gl _Altera_design XilinxDesign\DualCoreMicioblazeisystem. xmp

s GKilinx_Altera_design' XilinxDesign'\DualCoreMicroblaze\system.mhs

s GivRiline_Altera_design'XilinxDesign'\DualCoreMicroblazeidatatsystemoucf
Giline_Altera_design\KilinxDesigniDualCTereMicroblaze etc\fast_runtime.opt
Gariline_Altera_design'ilinxDesigniDualCereMicroblazeietch download.cmd
GiEiline_Altera_design\ZilinxDesign'DualCereMicroblazel etcibitgen.ut

Save Base System Builder (.bsh) Settings File
| Giilinx_Altera_designifilinxDesign\DuslCoreMicroblaze \system, bsb

More Info J l = Bade | | Finich ] | Cancel

Hinh 3.10: Dia chi cua Microblaze

10) Céc giao tiép bus ctia Microblaze
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BROE &R rr B 4d an/ B0
Mo X LLLLPP o Pustnhrfoces | s | adbreses | LY Bus nterface Filers s
—M g E lg Ié E Mame Bus Mame TP Tjpe IP Yersion By Lannaction !
dime o Imoui0 1008 i = i Connexted T
: dlmb 7 ImbidD 2006 L1 = WUncomedad
il Jr ImbdD 100k B B el
iimb. 4 ¢ imb10 100G -l h""ﬁ
it Jrpbods 105a ISR S
s mh i 1 45 plb e 1052 : B W )‘..I|II'IX Point To Pont
. > ; &l microiaze 0 9r micoblze  830a { {91 XL A
. T B bl i i BIALESCAN
- lmh_bram G bram block 1002 = # MSEHE%%PT
EQ | &l e, el 7 Imb_bram_i.. 3006 | ;m__m &5
= - ilmb_cndir <o Imb e i 1005 g 71 L METRACEZ
Generate Hetist = Imb bram 1 r bram block 1002 L5 [] KIL_MEMORY_CHANMEL
i} almé, et 1 Tt Imb_bram .. 3005 A e
= i ilm_entir Fr Imb bram i.. 1005 i i e
! &+ DDR SDRAM v mamc 6053 & o ’:ﬂ
[ # mdm0 i mdm 06 .iM“ o l"”s
= maifba 0 gp maibor 1003 - kg
1 muten 0 < mutee 1.00.a L5 g]ug;?
71 Ethemet MAC Fr wpsetheme.. 4002 Ll
) & Buttong 4Rt o opsgpin 100a
ERtort Bt i LEDs BBt ' s gpio 2003
L ||s R0 T ettt 102
EmTE m | e / i |
Legend
diMaster #5layz dMaster Slave e Target {Inibator Ccnneritlfd Uncannzcted [ Menitor
Preduction Bllicanse (paid)  Blicense (aval) Loeal Zipre production BéBete BEDeuslop ment
A Supsrssded  Discantinued
S dinh Al | Desin Summary ] Grasiica Design View Oe e <]l
= Consale ~“OF ¥
Launzh Smulstor =
Ls —— v
Corecie | J| Wamings o Errors

Hinh 3.11: Cac giao tiép bus ciia Microblaze

11) Tao dia chi cho h¢ théng Microblaze

E B Gas e BE
Havigeior X I'-" Bsiierfoss | Puls | Addesses |
——|Instance Base hName BaseAddress  High Address  Size Buslnterface(s]  Bus Name Lock
=} microblaze I's Addresz Map
o i dimb_cnti C_BASEADDR  Ox000D0000  OwOOOOLFFF  BK iimiy |
E i ilmbente C_BASEADDR  (x00000000  CxDODOLFFF B ibnb Il
= Ethernet MAC C_BASEADDR  mxB1000000  (wBIDOFFFF 6K mh_pl I
AnDRs - LEDs EBit C_BASEADDR  OxB1400001 DB I30FFFF B4E mb._pil H
- Dutbons 48t CBASEADDR  (xB1420000  (wBid2FFFF 648 mib_plb H
= i RS DCE C_BASEADDR  (RA000000  (wB4DOFFFF BK mhb_pl [}
f o mdm g C_BASEADDR  OxB4400000 OXE40FFFF BAK mb_pis 5
i muted) C_SPLB) BASE. OxC2400000 0xC240FFFF BG4k mb_pik [l
!I-% DR SDRAM C_MPMC_BASE.. (MCADODO0D  CwCTFFEFFE  BAM mb_plasmb plb 1 | |
B i mailbex D C_SPEBIBASE. OxCDEDODDO  CxCDEDFFFF 646 mb_plkr B
Gererztetist | o ricioblare 1's Address Map
dimb_cntr 1 CBASEADDR  Ox00000000  (n:0QODOLFFF [LS dimb 1 )
‘__‘ < ilmb_enir 1 C_BASEADDR  Ox00000000 00001 FFF By fimb:L (i}
j - DIP_Switches 4Bt C_BASEADDR  (xB1400000  CxBI140FFFF 64K mb_pib_1 ]
Gererafe BiSheam SP_FLASH C_EASEADDR  (wA3400000  (wB34OFFFF B4K mh_plls 1 Fl
- R5131_OTE C_BASEADDR  (OnB4000000 (B4 00FFH BAK mb._pib 1 H
- it 0 C_SPLBI BASE. muC2400000  OxC240FFFF  G4K0 mb_plb_{ |
@ DDA SORAM C_MPMC BASE.. OxC4000000  OxCOFFFFFF 64M mb_plrna plb 1 |
S - mailboi 0 CUSPLEL BASE. (MCDEQODD0  (WDEOFFFF  6OK mb_pi L o
Legend
diMaster @Slove diMastzr/Slave B Target {Initistor @ Connected Ulneonnectsd b Monitor
| frproduction ElLizense (paid]  Blisense (aval) " acal Zipre broduction MiBeta Hnavelopment
| A Supersaded  Discentinued
‘{‘,__.. E ‘Design Sumnary K Graphical Design View 0 e System Assembly Yiew m
Generste HOLRks  |lLonsol HOdN
| {Onc40800C0-0xcTEEEEEE) DOR SDARM mb_plb -
{Oxede0DO00-CxcdaDEEEE) mazlbox O mb plk
! Beneraced Addresses Sucessafully =
Laurich Simudater B
[ F—— 3
| Bl consde |ty Warien | Q) Enor
é = |

Hinh 3.12: Tao dia chi ctia hé thong Microblaze
12) So dd mach cua hé théng 2 nhan Microblaze
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Briéom R ¢ "Egd o B0
{ | Buclnierfaces | Purlk | fddvesses

| Marme Connected Port  Direction Range Clasz Frequency(Hzj  Reset Palarty Sengtivity

Legend
diMaster #Slave BMeste
(paid]

& B
=

ave B Target {Initistor @ Connected Olncarnectzd b Maritor

Bucense [eval])  hiocal Aipra producion HiBeta HDevelipment

Trproduction Sicer
L Supersedad D

Generate HOL Fls System Assembly view

Launch Smulstor

s 8 Graphice| Design view g

o pib

mh_plb

= console | f) Wiamings a Ertors

_ S 7
v Platorm St (FDK_D 151G it gDy gl oreniccblazstern s Esten Bty i R =~ -

IP Type

2 Ikl
T Imb_dt

O3 %

Hinh 3.13: Cac cong cua hé théng Microblaze

13) So dd mach cta hé théng Microblaze 2-core

Hinh 3.14 So d6 mach cta hé thong Microblaze 2-core

14) So d6 mach ndi cac thiét bi ctia nhan 0 (Microblaze 0)
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Hinh 3.15: So d¢6 mach cua core Microblaze_0

15) So @6 mach ciia core Microblaze 1

Hinh 3.16: So d6 mach cua core Microblaze 1

16) Céc giao tiép md rong I/O cua hé théng Microblaze
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Hinh 3.17: Céc giao tiép mé rong I/O cta Microblaze
Trén cira sd XPS, ta c6 thé lua chon céc phﬁn cung khac nhau ctua hé théng
Microblaze dé kiém tra thiét ké. Sau khi da kiém tra, in 4n thiét ké, luu thiét ké bang:
file -> save project.
18) Chon Hardware -> Generate Netlist dé tao danh sach cua thiét ké Netlist

(thoi gian tao Netlist khoang vai phut, tiiy thudc vao cu hinh mdy tinh).

& Hilin Platform Studio (EDK_PASk) - GaXiline Atera designiXilindecignDualCoeMicoblazetsystzmemp - [Sraphical Design View]

4| Reset Ports
Inberrupt Po'™
Viens I

[ Oloc=Oniv

GEnarate Netist | Araete Cnly
T ! Intermunta Only

r" [ nkterimer em

Generate BICETeam

Export Design

Processor Vew

Design Summary {out of date) & Graphicel Design Vien (=K. System Assembiy View
P St il et .
e 05 x
Generate HDL Fles X
ata/sparcan3.acd> with local Lile
Launch Smusor

E consok |2 Wamngs | D Errors

Hinh 3.18: Tao thanh cong Netlist ctia project Microblaze
19) Chon Hardware -> Generate Bitstream tao file ciu hinh (system.bit) ctia hé

thong Microblaze (thdi gian tao Bitstream file khoang vai pht)
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Hifirw Platfoom Studia EEEK_F.IS!“; - GAKiline_Altera_desip:

5 &3; = % s

@ EE B

Navigatar

(Genarste Netlst

.

Generate BitSiream

©

Expert Design

@

Design Surmmery {out of det=) & Graphical Design View ]

=

Ct.'ﬂ'a::'_'-D'_.:irj T warning messages for more details.

Laundh Smulator

"aystem.bit".
om generation ia complote,

T = - o
M\ DualCoreMicroblazetsystarmwmp - [Graphical Detign View] L2

Stendard Fiters

|7 Hide Bus Interfz » |
| ¥ Expand 10 Interl 7|
| E!u‘-u—"ﬁurh« |
¥ Clock Ports
7 Peset Ports
Interrupt Fo ™ |

Viewis
[
|

Tatermnte Ooly
IntertAeE Ve

Clacs Oy

Reseis Moy

System Asserbly Visn

wOFx

Consale |1 Wamnngs 1@ Errors

—_—

Hinh 3.19: Tao thanh cong file cau hinh hé théng Microblaze "system.bit"

Thiét ké duoc tao ra trong thu muc:

Xilinx_Altera_design\XilinxDesign\DualCoreMicroblaze\implementation\:

=| netlist 7/10/2018 11:22 AM
| system.bgn 7/10/2018 11:29 AM
| system.bit 7/10/2018 11:29 AM
| system.bld 7/10/201811:22 AM
| system.bmm 7/10/2018 10:34 AM
| system.drc 7/10/2018 11:28 AM
| systerm.ncd 7/10/2018 11:28 AM
| system.ngc 7/10/201811:16 AM
| systern.ngc_xstxrpt 7/10/2018 11:16 AM
| system.ngd 7/10/2018 11:22 AM
| system.pad 7/10/2018 11:28 AM
system 7/10/2018 11:28 AM

20) Néi Xilinx Spartan-3E starter Board vé

MASM Listing 4 KB
BGM File 8KB
BIT File 278 KB
BLD File 36 KB
BMM File 1 KB
DRC File 4KB
MCD File 2925 KB
MGC File 3,011 KB
XRPT File 12 KB
MNGD File 11,720 KB
PAD File 18 KB
PAR File 66 KB

i PC bang cap Xilinx USB, cap

chuyén d6i USB-RS232: Xilinx Board DCE <--> USB PC. Thiét lap téc d6 cho cong

nay (COM9) téc dd 9600bps gidng nhu di cau
Microblaze _0)

Hoc vién: Nguyén Van Lang 67
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=4 Device Manager

File Action View Help
= =0 Hm & &S
4 2% holam-PC

[+ 5@ Batteries

.M Computer

<= Disk drives

- -B4 Display adapters

U% Human Interface Devices
I » - IDE ATA/ATAPI controllers
1+ - %54 Imaging devices

=

i -BF Jungo

-Z2 Keyboards

b JB Mice and other pointing devices

b | Monitors

; Metwork adapters

Atheros ARB152 PCI-E Fast Ethernet Controller
LY Broadcom Virtual Wireless Adapter
DW1501 Wireless-M WLAN Half-Mini Card
Kaspersky Security Data Escort Adapter
W3 Microsoft Virtual WiFi Minipert Adapter
K Portable Devices

J5¥ Ports (COM & LPT)

I L ";' Prolific USB-to-Serial Comm Port (COMS)
;D Processors

Alé'." Prograrmming cables

. L.F Xilink USE Cable

[» -% Sound, video and game controllers

- -{ M8 System devices

=

-

-~ i@ Universal Serial Bus controllers

Hinh 3.20: Kiém tra cac két n6i thiét ciia PC bang Device Manager

21) Trén XPS, chon Project -> Export Hardware Design to SDK ...: chuyén céc
file cAu hinh cia project dén SDK dé nap 1én bang FPGA va xay dung Gmg dung.

@ Thiz dialog allows you to export hardware
/ platform information to be used in SDK.

[¥] Include bitstream and BMM file

(%P5 will regenerate bitstream if necessary,
and it may take some time to finish.)

Directory location for hardware description files

NDHSADDO\DIEN_ DIENTU\NGLYENVANLANG Wicroblaze\SDKISDK_Export

[ Expaort Only l |Export&Laund1 SDK] | Cancel I ‘ Help | |

Hinh 3.21: Chon Export & Launch SDK

Ta c6 thé lya chon Exoprt Only dé chuyén cac file cdu hinh cua thiét ké hé
Microblaze dén SDK luu, sau d6 c6 thé SDK va thuc hién nap file cAu hinh 1én bang
FPGA. Cling co thé chon Export & lauch SDK, khi d6 sau khi export ta thuc hién chay
ngay SDK.

3.3. XAY DUNG VA CAI PAT PHAN MEM UNG DUNG
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3.3.1. Phin mém Helloworld.c va cai dit thir nghiém

1) Chon Export & Lauch SDK

2) Chon vung lam vi¢c cho project

Xilinx_Altera_design\XilinxDesign\Microblaze_on_sp3e_dualCore_noFPU_FL
ASH_ISE14.1\Workspace\

3) Chay SDK

- Bualio

-0 G-

2P

O i systemoent 227
I Sl
4 (W DuelCoreMicroblaze_ hw_platform

E system_bdbmm

o Project Explarer 2 EE our 2 (B Ma = O = welcome &
A&n outfine iz nct svailzble.

DualCoreMicroblaze _hw_platform i: i oA

&> Xilinx SDK

Desigan Information |

| systemibit - i
S Targes FRGA Devics: »c3=500=
- Created With: EDK 141 i
Created On: Tue Jul 10 11:30:49 2018 1l 4
{#hny SOK 1= based on Eclipse 3.6.2 and !
| #PS Design Reports  filey/ Gy Xilimy Alters design Il il

Address Map for processor microblare 0

dimb_entir Jx00000000 Ax00001€££
fimb_cntlr 0x00000000 Oxd0001€££

|INew to SDK?

||You can get startzd by clicking File -= »
|[@rwaten & S minute screencast demonstt

|
|
)
LEDs 8Bit 0x31400000 Ox3140££EE |
Buttons 48t 0x314 20000 Ox9142££££
DOR_SORAM Oxc4 000000 Oxc? £EEEEE I y |
Ethernet MAC 031000000 Ox3100€£££ Documentation
msilbox 0 1xcde0D000 dxcdedf£££ l
mukex 0 0xc2400000 Oxc2 d0££ £ = GEliNg Sansd witn s S0K
R5232_DCE 0x3400D000 Ox3400££££ - Tools andg Technic
md_-n_l:\ 034400000 Ox3440FfEF £ = Migrating from olderversions of S0
I . ik | « Freguenily asked questians

Ouerview | Source|

___|Known Issues
==

%) Tasks | B Consote | [ Properties [\ Terminalt 51
M Cannectian Selected B B = | 20— Engwm issues in S

= Zilins Anzwer Record Search
| Questions. Comments..

S » Xilifis F o

m [ v -y b

Mo Connection S=lected i

Hinh 3.22: Cac file cdu hinh cua thiét ké tir XPS di duoc Export vao SDK

4) Thiét 1ap cong COM-USB
Dinh dang dit liéu, téc d6 bit phai phu hop v6i cdu hinh phan ctng dd dugc thiét
lap trong XPS.

45 Terminal Settings = |

View Settings:

Wiew Tile: Terminall

Connection Types

[serial -
Settings:

Poc: come -
Baud flate: 3500 -
Diata Bies: a8 -
Step Bits: 1 =
Parity: None -

Flow Control: | Mone ']

Timecut [sec): &

oK Il

~ 4

Hinh 3.23: Thiét 1ap cong COM-USB

Cancel |
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[21 Problems | ¥ Tasks | El Console | 2 Properties @Terminall &3 =B
Serial: (COM3, 9600, &, 1, Mone, Mone - COMMECTED) I | _:[ = | - -

Hinh 3.24: Cong COM-USB da két ndi sau khi thiét 1ap

5) Nap file cau hinh "system.bit" ctia hé thong Microblaze 1én FPGA
Chon: Xilinx Tools -> Program FPGA"

-

Program FPGA

|
Program FPGA
Specify the bitstream and the ELF files that reside in BRAM memory

Hardware Configuration

"
= ]

Hardware Specification: G\ Xilinx_Altera_design'XilinxDesignDualCoreMicroblazetWorkspace\DualCoreMicroblaze_hw_platform\system.xml
Bitstrearm: G\ Xilinx_Altera_design'XilinxDesigniDualCoreMicroblaze'Workspace\DualCoreMicroblaze_hw_platformsystemn.bit

BMM File:  G\Xilinx_Altera_design\XilinxDesigr\ DualCoreMicroblaze\Workspace\DualCoreMicroblaze_hw_platforrmisystern_bd.brm

Software Configuration

Processor ELF File to Initialize in Block RAM
microblaze_0 bootloop -
microblaze_1 bootloop -
'@ [ Program ] [ Cancel

Hinh 3.25: Chon Program dé nap c4u hinh 1én FPGA

6) Tao phan mém helloworld.c

Chon file -> New -> Xilinx C Project

W o P ! ) i Pregeen ] |
Herw Mabews C Panyct =1 vy Ml C Prgjanct & |
|| Crass s mumpged e epghomsin prisect. Choese oo oo of ot e RghiRt, | Conrtr s manged g pppimsten prop. T frpm g of they irgle spplicton
[S—} i -

l} ] |
1 Pt name P e § 4 & Creste o s Boued Suppent Package picgnd j

" r o T, =

T st el i g gt i by Pt T origd sl g g o conf e T T

Fraprc s helip w0 bap

¥ e Belpull el
Tege e [ ’ . T i A |
Hizuars Mtk i ' a4 |
P et = u
Target Sefhiaiet:
okhaae Marorer @ gt Fit Bivilable i St Pichingis |

Caiact Pt Terpintn

] i | Dmptes {
Ly dghtioen L vty il el [
| |
bl s St |
[ ] |
Parpans Tt {

|
|
= |
1 Ko Lince 4 -

< stk Laaped

|

Hinh 3.26: Tao tén project: hello world 0
7) Soan file helloworld.c
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Source 3 Fun  Project o P
- 24 M ; - ) = =5 =]
i B & @ g-&-f-- A~ $-0-G- ™7 [OE M [ Cheee |
b ow e s o -
| | B Project Explorer 5 * O g systemaml [ systemuamiss | [5] helloweridee 5 =m0 wekeme 32 =
| e i T i A B = = . T
| 4 [ DualCorebicrabiaze_bhw_platfc 1w e
= downlgad.bit #inclode <stdio.hy -
2} spstem, b b #inclode "plasfomm b A @xlllﬂx SDK
=i = ctdioh
_' — word priot|char *stc); & platform,
it hi
4 T hello_world D ; - M"b:[‘l Wilink SDK is based on Edipse 16
AP Biraries int main} L
il nchuses % New o SDK?
= Debug inic_placform():
[=
s A Y W You can gat St by clicking Fi
|5 hellowerld.c prink (* | DAL | [ Anhz® = Or waich a § minuta soreancast dej

- W piatform_canfigh

print(7|] CAQ ECC I 1%mhem} 2

[€ patform.c print (7| HOC VIEN NGUYEN VAN LANG | fanierp s | ]

[ platiom.h praint (" Az |

) Iseripeldd sleanup_platfomm() : Documentation

4 [t hello_world_bsp 0
i BSP Documentation raturn ¢ + Gefling Stared wiih diling £
= microblaze 0 . A Con Taols an:
L liagen.ieg = = [AIOrEting from glder versia)
=1 liogen.ophons 3 n L 1 il ! + Frequentl; asked question:
[ Makefile E = = s ©
Law % Problems | £ Tasks| B Consate 1 [ Progerties | J® Terminal 1 i
iy systemmas: T : i : T = == Known |ssues
~Build [hella world 0] b 4 Y Il = B e 6

Command LInsT SlIoheck —nW ../ o0) uua:cc::m:::nuze_nw_ﬁ LatTormyavsTEmIMmI —pe « Kniwn 159468 In 20K
microblaze 0 hello world O.e=lf i N Pt B
ELF file i bello wozld O.=lf ’
e A Questions. Comments..
Finished building: hello world O.eslf.slfcheck E

i3y e « MlingFarums

« [ma] )

il

B | Writable | Sirart Tnaeet 1547

Hinh 3.27: Soan file helloworld.c

8) Chon hello_ world 0 -> Build Project: bién dich, tao file nhi phan

9) Chay ung dung helloword:

Chon hello_world_0 -> Run As -> Launch on Hardware

Chuong trinh dugc nap 1én bang Spartan-3e Starter, va chay, cho dap tmg két
qua lIén PC qua cép terminal COM-USB (Luc nay Bang Xilinx 1a host, PC 1a Terminal).

File Edit Soorce Refactor Mawigate Search Run  Project ZiTnnls Window  Help
| & D#E 6 @B @G- A-9 B0 Q- &S I

I Project Explorer 2 T O g systemaml |, systemamss [ (5 helloworldic ) =0|[@M™ = 0|0 Welcome & )
s . = v E
3 DualCoreMicrobilaze bw_platfc R e -
= download.bit #anclode <stdic.h .
S system b pancinde “plreforn.n - — € Xilinx SDK
= o stdio.
¥ SFREm vold print{char *scr); & platform
L St z ' printichi
1= hello woedd 0 - - 7 Al .' il 0K 15 Based on Eciipse 3.4
&7 Binaries gt mainf) @ main():
: ¢
il Inchudd 7
= I;:D:: i1t _plasfom() New to SDK?
= e princ( You can gel stane by cicking Fil
1] helioworid.c print (™| r walch & 5 minute scraencast de
_n, platform_corfig.h print (*| ko How
i) phafarm.c print ("] 3
[} platform.h DIinG ("= =17
] Iscript.Id eleanup placform(}: Documentation
[ helio_world_bsp 0
i ESPCecumentation raturn 0; « Galfing Slafed with ¥ing 5|
[ microblaze 0 o1 . Caf TOnle gne
| libgenog i + Migr i GdEr yerai o
j libgen.opticns Ty L | 7 ¥ =i 2 + Frequently asked question|
[ Miakefile ® | Problems | £ Tasks | Console | I Properties [ Temminall 27 50 8T Iz | @~@-—% =08
i, system.mss H L l icd e B | Known Issues

[Geriek: (COMS, 9600, 8, 1, None, Mane - CONNECTED]

P = [ Enown issugs in SOK
1" DA HOC SA0 DO CHI LINH HATL DUDNE || = -
|| ean A0C DIFW-DIEW TU FHOA I 2016-2018 || + diling Answar Becerd Sean
I HUC VIEN HSUYEN VAN LAMG "

| Questlons, Comments..

+ Al Enrum |
! $ = II | 'ILI . : L]

Seriak (COMD, 9600, 8 1. None, None - CONNECTED]

Hinh 3.28: Két qua chay helloworld trén FPGA (tra vé PC)

3.3.2. Phin mém kiém tra b nhé va cai dit thir nghiém
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Céc bude tao va chay tng dung kiém tra bd nhé ciing trong tu nhu cho tng

dung helloworld.

| File Edi Source Refactor Maigare

O 28 & g-@-d-0- R-8- $-0-%- B~ G g [Eoe

Search Aom Project  Xilio Toi Windaw  Help

- T - - . p— W = (1 - p— |
Project Explarer 52 T O g sstenmss (& hellowardde | systernumss | [ memenget o S0([@M™ = 00 Weleome 27 =1aj|
= - print (" T 16-bit test: "|; print{scacua = XST_SUCCE ¥ i KA
(5 DusslCareMicroblace b platfc Bae =
ot status = il TestMems | (wd¥}range-rbase, 40%5, Oxk5, XIL_TEE P
[ = hello_wedd 0 = - * <1
| prine (" B-bit test: "j: printfacatua = XST SUCCE xllln}( SDK
|| @ hello_worid_bsp 0 = U ik
125 memary_tests 0 3 5 o
o ¥ U sparame
| . Binaries U siLypes
will Includes YEE sa = m'mj_h il SCK 13 Dased on Edipae A6
s Debug ' i
< M ol testm
(& sre int 1; o plattom New to SDK?
|2 mmernory_config g o memory
El memony_canfig.h init_platform); B You can get started by dlicking F57
[} mermongtest.c o :rintich O wailch 2 § minute soreencas! 0 -
2 Anc §"--5T ng Memo! B X n--4nyrn F ’ 1
|0y platform_corfig.h princi 5 g Memory Test Applicatial 1% o : e menk » Waich Now
E] platform.c 18 application rund with D-Cache disabled.”) :
[ plstform b primc("Aa a result, Gachellne requestse Will not be generace LA
T8 feeript 4 1 Documentation
1 memory_tests bap 0 for |i = 0; i < n_memory ranges: it+) |
i BSP Documentation teat_memory Tange (Amemor¥ rangeajil): + Gofling Stare @ with Xiling S
2t micioblaze 0 d + EDK Concepts Tools and |
| lingen.lag - » Wigrating from olderversion
[ hagen.optizns i il ¥ « [ » + Freguently asked guesion:
& Makedie { Prodlems | % Tacks| B Canesle 2 Properties| 2 Terminai 1| =] e
1 Systemnumss Jr——— Known lssues
‘C-Build [memaory._tests 0] it
. * KIDWE 15 ENGE I SOK
Command Line: @lfcheck —Bw ../../DualCoreMicroblaze hw placform/syscem.sml -pe » Xilinx Anawer R ecord Sear
:u.cr:b:laze_o nemary_':eacs_o.e:l.t
ELF file ! memory_tests _0.elf Questions, Comments..
elfcheck passed. a i
I| Finisned building: MEmOTY testd_D.elf.elrfcheck [ By Fyrums -
‘ n ¢ - '
o
L

Hinh 3.29: Tao trng dung memorytest

|[ i, systenmss | [ helloworid b, gyt [E ?
El = print(® N 16-bac cest: ¥): printistatus = 5T SUCCE + A 7 Y Y o
& DualCorelicroblaze i platfc L] -
| é hedl world © atatuas = il _TescMemd | [w8*) range-¥baos, 4096, OxA5, RIL TES = |
s hdlu_wnrld_h;pll princ ("~ E-b1C TEst: "); PTART (atatus == XSI_SUCCE ® = @Xllin){ SDK
v Ape—n 4 sdich
| W ﬂman_cs 1 o perame
| s o aliypes||
E: ]I;g:dge ik Y statush Kiling SOK 12 pazed on Eclipse 3 6
i L 0 i testm
[ sc int 1: u ot New to SDK?
1§ memory canfig_g.c |_ g P
memo
15 memory_configh init_placiorm(): |E i mml:: You can gel staded by dicking Fi|
& memonytest.c _:I p“mch_ Cr wafch a 5 minute screencast e o
E piatform_corfigh print ("--Starting Memory Test Applicati -\n\r®}; . rm_ mel:
[t platform.c princ (K iz applicarcic D-Cache disabled.”} !
|8 platformh print("As a rex cachelire 5. %ill not be generate = o mand
W lcript1d i i ' t[m +  Documentaticn
i memony_tests_bap 0 W, = - B : e ==
= S 21 Problems | Tacks | B Console | ] Progerties & Temminal1 1 i 4 kg - %K O
i BSP Dorumeniat la = = roperties b LA Ll » Cefling Slaried wih Wiines|
& microblaze 0 Senal: (COME, U600, 8, 1, Mone, Nene - CONNECTED) « EOK Cancepls Taals and |
| libgenog = Migrafing from glder versin
= libgen.ogtions —Sterting Memnry Teat Application-— » Ereuents esked guestion
L Mak=fil= WOTE: This applicacion runa with D-Cache disabled.2s 3 result, cacheline request
i systemumnss 5 will not be generaced Known lssues
Testing memory reglicon: DDR_SDRRM
¢ ompme = Hnown issuzs in S0
# 0 oo w Hilins Answer R 1
000000 bytea =
32-bit test: PASSED! +
T Questions, Comments..
8-bit test: PRSSED! I
——Memcry Tesc Applicetion Complete-— # HilinkFoums &
‘ m " w || i "
1 Serial: (LMY, 9600, 8, 1, Neng, Nene - COMMECTED)

Hinh 3.30: Chay memorytest trén FPGA thanh cong

3.3.3. Phan mém kiém tra cac giao tiép ngoai vi va cai dit thir nghiém
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Tuong tu nhu cac ing dung trén, thyc hién tao, bién dich, va chay chuong trinh

ki€m tra cac giao ti€p ngoai Vi.

Project  Kiling Tools

= i B R E f@-&-F-@~ A8~ H-D-0L~- @4~

Window

[ Project Bxplorer 5 . ™ B[ [& helloworld.c emmss [[6 memonteste [ gstemans £20. 2 A | M [ Welcome &2
B~ = - ; e
i3 DualCereMicroblaze_hw_platfc | Periphers! Drivars An outhne s not -
1% helio_world 0 e — availabie. i
present in the Baard Support Package.
M helin_wadd_bes 0 . Xilinx SDK
T memory_bests Buttens 4Eit gpic I&f.um.ﬁmm Examples
i memery_tests_bsp 1 DOR SDRAM mpme  Tocumentation
1L peripheral_teste 0 Ethenet MAC emaclite Documertation Examples Wiliny SOK ie based on Eclipsa 3§
4 Binaries LEDs 8Eit gpio Documnertstion Examples
i Includes AS232_DCE wartite  Documentstion Examples New to SDK?
i Debug dirb_cntlr bram  Documerdstion Examples
= 51 itmb_cnth Brsm Documentation Example You can get startad by elicking Fil
5 emaciite headenh % 5 Or watch a 5 minute screancast dy
S mailbax 0 mbax  [gcumentation Esamples ¥ F
A gpio_header. 3
E 0 wartite
[ rrbict Feemchec mdm_0 wartite [Documertation: Examples
i mute_henderh mutes 0 mutes  Documentstion Examples .
[d testperiphe r— | Documentation
s uartlite_headerh Lbrades
(& semacite eample_util. | Libraries present in the Board Support Packsge, - » Geting Started with Xiliny &
|5 w=meclits eampleh Cll| . ! b = EDK Concents, Tools and |
(& wemacite_polied_eam | Overview| Source * Higrating from clder versis
L agFic_tapp_exemples | = — T = e = y
= 1 ] ! P | =]
[ wmban_tapp_esample.c | = Problems | £ Tasks | B Consote E Properties | g Terminal 1 !
[ armutex_topp_example, |©-Build [peripherat tests 0] i | Known Issues
[ yuartite_seiftest_samp
T » KNown iss in SDK
3'“""“ microblaze @ per
i peripheral_tests bsp 0 = = ZllinxAnzwer Record Sear
ELF file 3 9&{1.9?!@:61_‘:2958_(‘- Elr "
slfcheck pasaed. Cluestions, Commants..
Finished building: periphersl tescs 0.=1f. elfchecic
= 2 IE|  dilinx Forums L
|| re——— 2 e = :

Hinh 3.31: Tao va bién dich trinh kiém tra ngoai vi

Trong qué trinh kiém tra cac ngoai vi: leds, ethernet, buttons, uart, ... kéo dai vai

phat

[Z Problems (z. Tasks rE Console(lfl Properties (@' Terminal1 &2 S =i | - > ¥ =B
Serial: (COMZS, 3600, 8, 1, Mone, Mone - CONMECTED)

Running GpiolInputExample () for Buttons_4Bit...
GpioInputExample PASSED. Read data:0=x0

RBunning GpioOutputExample () for LEDs_S8EBit...
———Entering main--—-

RBunning GpioInputExample () for Buttons_4Bit...
GpioInputExample PASSED. Read data:O0=x0

RBunning GpioOutputExample () for LED=s_S8Eit...
———-Entering main———

Running GpioInputExample () for Buttons_4Bit...
GpioInputExample PASSED. Read data:0x0

Running GpioCutputExample () for LEDs_S8Bit...
GpioCutputExample PASSED.

Running EmacLitePolledExample () for Ethernet MaC...
Warning: This example will take minutes to complete without I-cache enabled

EmacLite Polled Example PASSED

Bunning UartLiteSelfTestExample () for mdm 0...
TartLiteSelfTestExample PASSED

Running MailboxExample () for MATLEOX O...

Hinh 3.32: Chay thanh cong kiém tra cc ngoai Vi

3.4. KET LUAN CHUONG
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No6i dung chuong trinh da trinh bay toan bd qué trinh tao mot hé vi xtr Iy 2 nhan
Microblaze 32-bit, cai dit cau hinh 1én FPGA, va xay dung cac Gng dung chay trén
Microblaze thanh céng. Diéu nay ching to cau hinh thiét ké ma hoc vién lya chon 1a
phu hop. Do chip FPGA cua bang Xilinx Spartan-3e starter board c6 chip FPGA mat do
khong cao (500000 LEs), nén cdu hinh thiét ké cho Microblaze 2 nhan khéng 16n:
khong c6 FPU (don vi xir 1y s6 ddu phay dong), dung luong bd nhd DRAM nho
(64MB), cache chi 2KB, nhung c6 két ndi voi céc ngoai vi: leds, switches, buttons,

ethernet, COM DTE, DCE, du dé xdy dung cac tmg dung lién quan dén cac thiét bi nay.

Hoc vién: Nguyén Van Lang 74 Chuyén nganh: Ky thudt Pién tir



Trwong Dai hoc Sao Do Ludn van Thac si

KET LUAN VA KIEN NGHI
1. KET LUAN
— Poéng gop cua luan vin 1a dua ra cac bude thiét ké mot hé nhing voi vi diéu
khién trén FPGA nho sir dung ngon ngit 1ap trinh mo ta phan cimg VHDL
— Tao ra mot hé nhing trén FPGA véi1 CPU 1a vi diéu khién 16i mém. Tur do, cb
thé thiét ké nhiéu hé thdng s khac nhau cho cac ung dung khac nhau mong
mudn
— Véi hiéu biét vé VHDL (verilog), FPGA, va phuong phap thiét ké, c6 thé trién
khai cac nghién ctru khoa hoc nang cao str dung FPGA.
— NOoi dung luan van da thuc hién dugc cac muc ti€u ctua dé tai theo dé cuong
nghién curu.
2. KIEN NGHI
FPGA di va dang chung to kha ning ung dung cho nghién clru phét trién, cho
dao tao. Vi vay, tim hiéu FPGA, cac phuong phap thiét ké cac hé théng trén FPGA la
rat can thiét. Voi thoi gian ¢6 han, hoc vién chi néu dugc nhirng van dé co ban trong
thiét ké vi xir Iy Microblaze va cai dit cac tng dung nhé. Cac phat trién cho cac @ ng
dung xur ly tin hiéu, diéu khién trong cong nghié¢p, dién, tu dong hoda, cam bién moi

truong, v.v... htra hen cho céc nghién ctru sau nay c6 ing dung FPGA.
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