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MO PAU

1.1. Ly do chgn @@ tai

Thiét ké cac mach dién tir s6 theo cach truyén théng trd nén khé khan khi cong
nghé vi mach c6 muc tich hop rat 16n(VLSI), phtc tap, va toc do cao. Trong nim 1980,
Bo qudc phong My (DoD) di tai tro dy an chuong trinh VHSIC (Very high Speed
Integrated Circuit) dé tao ra ngdn ngit md ta phan cimg chuan héa. Nam 1983, DoD
thiét 14p cac yéu cau cho ngdn ngir md ta phan cimg VHSIC, goi 1a VHDL (Very High
speed integrated circuit hardware Description Language). Theo cic nguyén tic cia
IEEE, ctr 5 nam thi mot chuin phai duoc dé xuét lai va duoc tiép nhan. Theo d6, chuin

VHDL 1076-1993 ra do.

Ké tir nim 1980, cic nha cong nghé vi mach tich hop hang dau thé gioi da day
manh qua trinh nghién ctru vé cong nghé vi mach tich hgp mang cong lap trinh duoc
theo trudng FPGA (field programmable Gate Array) va nhanh chéng cho ra cac thé hé
FPGA véi s lugng cong va tdc do ngay cang cao. FPGA dugc thiét ké dau tién boi
Ross Freeman, nguoi sang 1ap cong ty Xilinx vao nam 1984. Cac FPGA hién nay, c6 sb
luong cong logic (logic gate) du 16n dé cé thé thiét ké thay thé ca mot hé thong bao
gdm 161 CPU, By diéu khién bo nhd (Memory Controller), cac ngoai vi nhu SPI, Timer,
12C, GPIO, PWM, Video/Audio Controller..., trong duong véi cac h¢ théng trén chip
SoC (System on Chip) hién dai. FPGA c6 thé dugc 1ap trinh bang cic ngdn ngit mo ta
phan cimg HDL (Hardware Description Language) nhu VHDL, hay Verilog. HDL dé
tao ra cac thiét ké mach sb tir sb lugng 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 st dung. FPGA ciing rat phu hop cho thiét
ké thir nghiém cac hé thong nhung phtc tap va thong minh duoc tng dung trong nhiéu
linh vuc nhu tu dong diéu khién, robot, dién tir dan dung, vién thong, cac thiét bi di
dong, cac phuong ti€n van tai, thuat vi xi 1y, cac thiét bi tham ma, xu 1y tin hiéu s0,
kién tric may tinh hiéu ning cao, v.v... C6 thé thiét ké 16i mém vi xir Iy 32-bit kién trac
RISC (Reduced Instruction Set Computer) don 16i hodc 161 (Microblaze, ARM,
Nios2,...), mang trén chip NoC (network on chip), hay system on chip (SoC).

Nhirng nim gan day, dao tao 1ap trinh thiét ké hé thng sé bang ngon ngit HDL
d3 duoc dua vao giang day trong nhiéu truong dai hoc k¥ thuat & nude ta. Cac ngdn
Tham khéo mién phi céc tai liéu khéc tai luanvantot.com
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ngit VHDL va Verilog va FPGA tré nén hitu ich rat 16n trong trong dao 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 hé vi diéu khién 156i mém 32-bit trén FPGA

va cai dat ing dung".

1.2. Tinh cép thiét caa dé tai

L6i mém vi xtr 1y, hay vi diéu khién 32-bit khac voi chip vi mach vi xu 1y hay vi
diéu khién 32-bit (15i cimg):

- L&i mém c6 nghia 1a khong ¢ dinh, ¢ thé bang 1ap trinh cu hinh lai cdu
trac hay stra d6i chtc ning cua vi xtr 1y (vi diéu khién) tiry bién phu thudc vao nhu cau
ung dung mong mudn, va co thé tao ra cac thiét ké linh hoat cho cac ung dung khac

nhau.

- L&i cung, chi c6 thé st dung san chip vi xtr 1y (vi diéu khién) do nha cong
nghé cung cip, ngudi dung chi con cach hiéu biét qua cic mo ta k¥ thuat ciia nha cong
nghé (dic tinh k¥ thuat, tdp 1énh) dé thiét ké cac hé thong 16n hon, va chi dap tmg cd

dinh cho mdgt img dung.

Do tinh tmg dung rong rii trong nhiéu linh vic, ma FPGA va cac ngon ngit HDL

tré nén cap thiét trong dau tu ing dung va dio tao.

2. MUC TIEU VA PHUONG PHAP NGHIEN CUU

2.1. Muc tiéu ciia dé tai

Tim hiéu mot trong ngdn ngdn ngir mo ta phan cing 1a VHDL

- Tim hiéu céng nghé FPGA

- Tim hiéu mot loai vi diéu khién 16i mém 32-bit kién trc tip 1énh giam thiéu
(RISC)

- Thiét ké duoc vi xir 1y 16i mém bang cong cu phan mém thiét ké dwa vao

HDL
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Xay dung mot tng dung phan mém thtr nghiém hoat dong cta vi diéu khién

161 mém.

2.2. N§i dung nghién ciru

Cong nghé FPGA
Ngon ngir 1ap trinh VHDL
Vi diéu khién Microblaze 32-bit kién trac tap 1énh rat gon RISC

Cong cu phan mém phét trién Xilinx ISE 14.1 dung cho thiét ké cac h¢ thong
sb trén Xilinx FPGA

Hoc vién: Nguyén Vin Ling 2 Chuyén nganh: Ky thudt Dién tir
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- Céc bude thiét ké vi diéu khién Microblaze 32-bit nho sir dung ISE 14.1

- Xay dyng phan mém tng dung trén ngdn ngit C va cai dat thir nghiém hé vi
diéu khién da c4u hinh trén FPGA

2.3. Phwong phap luan va phwong phap nghién ciru

2.3.1. Phwong phap luin

Dua vao cac phuong phép chuyén mon:

K¥ thuat dién tir va dién tir sd

K¥ thuat vi xtr ly

Ngon ngir 1ap trinh

Thiét ké cac hé théng sb bang ngdn ngit mo ta phan clng

2.3.2. Phuwong phap nghién ciru

- Khao sat va danh gia cac cong trinh nghién ctru, cac tai li¢u ky thuat lién quan
voi dé tai

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

- Lua chon ngon ngir lap trinh thiét ké hé thong sé (VHDL, Verilog) cho dé tai

- Trén co s& cac muc tiéu cua dé tai xay dung ké hoach thuc hién dé tai cua

luan van, danh gia két qua thuc hién

- Dua trén cac y€u cau va danh gia cia gido vién hudéng dan, thyc hién cac

chinh stra, va hoan chinh luan van.

3. BO CUC DU KIEN CUA LUAN VAN
Noi dung luan vin gdm cac chuong va phan chinh sau:
Chuong 1: Cong nghé¢ FPGA
Chuong 2: Thiét ké phan cimg bang VHDL

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

Két luan chung va huéng nghién ctu.
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CHUONG 1: CONG NGHE FPGA
1.1. PHAN LOAI CAC VI MACH TO HOQP

Hoc vién: Nguyén Vin Ling 3 Chuyén nganh: Ky thudt Dién tir
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1.1.1. Tong quan phat trién cac mach tich hop

Mot mach tich hop IC (thudong duoc goi 1a vi mach) 18 mdt mach dién tir dugc
san xudt bang su khuéch tan theo khuén miu cta cac thanh phan nhé 1én bé mit coa
mang tinh thé silicon. Cac vat liéu bd xung léng dong va dugc dinh khuon hinh thanh
cac lién két giira cac thiét bj ban din. Cac mach tich hop duoc lam trén mang silicon
tron mong (vai trim microns), mdi mang silicon chtra hang trim ménh IC nho (IC die).
Céc transistors va ddy ndi dugc lam tir nhiéu 16p (thuong co tir 10 dén 15 16p) chong
1én nhau. Mdi mét 16p tiép theo c6 mdt mau duoc xac dinh nho dung mot mat na tuog
tu nhu manh in chyp trong sudt. Sau 16p dau tién (tir dudi 1én) xac dinh céc transistors.
Céc 16p trén con lai xac dinh cac day ndi bang kim loai giira transistors, goi 1a 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 d6 tich hop nho SSI (Small-Scale
Integration) véi mot sb it bong ban din, dén cip do tich hop siéu 1on ULSI
(Ultra-Large-Scale Integration) v6i hang triéu dén vai ty bong ban din trén mot chip.
Mat do tich hop cic bong ban dan trén vi mach phu hop voi Pinh Luit 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 d6i, va do d6 muc dd tich hop nhan xu 1y trén chip da xtr Iy CMP (chip
multiprocessor) hay chip da nhan (chip multicore) cling tang 1én gp 1.3 1an hang nam
(hinh 1).

MNumber of Processing Cores

1,600 1435
1,400
1,200
1,000
800
600
400
200

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

Year

m Number of Processing Cores

Hinh 1.1: Phat trién s6 luong nhéan xir 1y trén chip
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Nguén: ITRS,”The international technology roadmap for semiconductors:
2007”.

S6 luong bong ban dan (transistor) trong mot chip vi mach xac dinh cap do tich

hop cua cac vi mach:

Hoc vién: Nguyén Vin Ling 4 Chuyén nganh: Ky thudt Dién tir
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SSI (small-scale integration): co6 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

Nim 2012 Intel cong bd chip da nhan 62-core XeonPhi qua trinh 22 nm véi 5 ty

transistors, nhung Nvidia da giit “ky luc thé gii” v6i chip xir Iy 46 hoa GPU (graphics

processing unit) chira 7.08 ty transistors.

Co hai cong nghé¢ ludng cuc ma cac vi mach st dung: TTL (Transistor-Transistor

Logic), CMOS (Complematary Metal-Oxide-Semiconductor).

Céc vi mach TTL dugc xay dung tir cac transistor ndi ludng cuc BIT (bipolar
junction transistors) va cac dién trd (resistors). Chung tiéu thu cong suit ngudn nudi cao
(+5v), tan nhiét 16n. mot mach cong trong chip TTL tiéu thy khoang 10mW, vi vay
khong thé cho cép do tich hop cao duoc. Tuy nhién cac BJT lai ¢6 wu diém 1a cho téc
do cao, hé s6 khuéch dai 16n, va trd khang ra thap, nén chiing rat phu hop cho ché tao

cac mach tuong tu, nhu cac bo khuéch dai cong suét 16n.

Cac vi mach CMOS sur dung ca hai loai transistor hiéu ung truong, FET (Field
Effect Transistor) n va p (nMOSFET, pMOSFET), trong d6 mdt loai transistor dugc
dung lam di¢n trd. Transistor FET c6 trd khang vao 16n, va tai mot thoi diém chi c6 mot
loai transistor ¢ trang thai ON. Vi vay ¢ trang thai tinh, CMOS tiéu thu dién nang rat
thap. Ching chi tiéu thu dién ning déng ké khi cac transistor chuyén trang thai gitra ON
va OFF. M6t mach cong trong chip CMOS tiéu thu thap chi 10nW. Vi vay, CMOS cho
cap do tich hop cao, va chung duoc tng dung phd bién dé ché tao cac chip vi xt 1y, vi
diéu khién, xtr 1y tin hiéu s6 (DSP), cic chip CPU cho cac thiét bi mobile,...Tré lan
tuyén trong khoang 25ns dén 50ns. Mirc tiéu thu dién nang cia CMOS phuy thudc nhiéu
vao tan s ctia nhip dong hd. Tan sb cang 16n thi dién ning tiéu thy cang cao. nén cho

phép xay dung cac mach cong tiéu thu dién nang thap. CMOS c¢6 kha ning mién nhiéu
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cao. Cong nghé CMOS duoc st dung dé ché tao cac chip vi xur 1y, vi diéu khién, xtr 1y

tin hiéu s, cac bo nhd SRAM, cac chip CPU cho cac thiét bi mobile,...

Cong nghé BiCMOS 1 su két hop hai loai cong nghé ludng cuc (bipolar) va
CMOS dé tan dung vu diém cua ca TTL va CMOS. Vi du, cac mach tich hop sir dung

Hoc vién: Nguyén Vin Ling ) Chuyén nganh: Ky thudt Dién tir
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cong nghé ciia BICMOS 1a cac bo tao dao dong tan sb radio, cac chip vi xur Iy Pentium,

Pentium Pro, SuperSPARC.

Véi cac cap do tich hop caa cac chip IC thi cong nghé dong vo ciing thay d6i. C6
nhiéu kiéu dong vo: cac chip SSI c6 kiéu dong vo gdm hai hang chan, DIP (Dual-in-line
package), c6 sb luong can cam (pin) khong nhiéu. Nhimng cac chip VLSI, ULSI thi kiéu
DIP khong phu hop.

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

Céac mach tich hop 13 cac san pham cong nghiép hang loat dugc ché tao theo chu
quan ciia cic nha san xuat. Mic du chung théa méan nhiéu ing dung khac nhau va rat da
ning, nhung d6i voi rat nhidu tng dung trong nhiéu linh vyc khac nhau thi chung
khong thé théa man dugce day du, hiéu nang khong cao. Do d6, tir nhitng nim dau 1980
cdc nha san xuit chip da thyc hién thiét ké ché tao cic mach tich hop c6 kha nang thiét
ké cho cac ung dung chuyén biét, khong phai cho muc dich sit dung chung, nhimg

mach nay duoc goi 1a ASIC (Application-Specific Integrated Circuit).

INTEGRATED CIRCUITS
|
User ProgramnTble
ASIC
|
s 4 L 4 4 1
JEULL.CUSTOM |  FPGA PLD
SIMI-CUSTOM
. y ¥ L4
L CPLD SPLD
TANDARD
GATE CELLS

Hinh 1.2: Phan loai cac mach tich hop

Tuy nhién, d6i véi nhiéu ngudi ding c4 nhan thi chi phi dé tra cho thiét ké ché
tao (tai nha may) cac ASIC la rat cao. Nén mot s6 nha cung cip di tao ra kha ning cho

nguoi st dung cad nhan, do 1a cung cap cac mach tich hop ma ngudi st dung co the tu

thiét ké va 1ap trinh cac vi mach dé tao ra cac thiét bi phu hop nhét cho nhu cau chuyén

dung ctia minh. Cac mach tich hgp d6 dugc goi la cac mach tich hop co thé lap trinh
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duoc cho ngudi st dung (user programmable). Nhur vy xét theo tinh c6 thé 1ap trinh
duoc cho nguoi sir dung, cac vi mach co thé dugc chia thanh hai loai chinh, d6 1a ASIC

va User Programmable (hinh 1.2).

Hoc vién: Nguyén Vin Ling 6 Chuyén nganh: Ky thudt Dién tir
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1.1.3. Céc thiét bj logic c6 thé 1ap trinh dwoc (PLD)

Céc thiét bi logic c6 thé 1ap trinh duge PLD (Programmable Logic Device) 1a cac
mach tich hop chuin sén c6 trong cac cAu hinh chuan tir cac catalog va dugc ban véi sd
lugng 16n cho nhiéu nguoi dung. Tuy nhién, cac PLD c6 thé duoc cu hinh hoic duogc
1ap trinh dé tao mot phan cho tmg dung chuyén biét, va nhu vay chung co thé duoc coi
1a thudc ho cac ASIC. Nhung PLD str dung cac cong nghé khac so véi ASIC dé lap

trinh.

O 00000000000 000000

machoce|l

programm bl |
intetconnect

A000000 0000 000001000
0000000000 0000000000

O000000000000000000

Hinh 1.3: Manh PLD.

Céac macrocells chtra logic mang c6 thé 1ap trinh dugce kém theo mot flip-flop
hodc mot mach chdt. Cac macrocells duge két ndi st dung khdi lién két co thé lap

trinh duoc 16n

PLD 1a mot dang dic biét cia mang cong, va nd c6 nhimg dic tinh quan trong nhu:
cac 6 logic va cac 10p mit na khong thé theo tmg dung chuyén biét, chuyén thiét ké
nhanh chong, mdt khdi 16m cua lién két co thé 1ap trinh dugc, ma tran céc 6 logic 16n
(logic megacell) thuong chira logic mang c6 thé lap trinh duoc kém theo mot 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) 1a vi mach dung cdu triic mang cac
phan tir logic ma ngudi ding c6 thé 1ap trinh dugc. Chit “Field” ¢ day chi kha ning tai
1ap trinh “bén ngoai” ctia nguoi st dung, khéng phu thude vao day truyén san xuat phirc
tap clia nha may ban dan). FPGA thiét ké dau tién boi Ross Freeman, ngudi sang 1ap
cong ty Xilinx nim 1984. Coéng nghé hién nay ciia FPGA tich hop s lugng 16n cac

Tham khdo mién phi cac tai liéu khéc tai luanvantot.com



https://luanvantot.com/
https://luanvantot.com/

Dich vu viét bao cdo thuc tip tron goéi website: luanvantot.com Zalo/tele
0934573149

phan ttr logic cho phép thiét ké cac hé thdng thiét bi trén chip phuc tap nhu: hé théng
trén chip (SoC), hé théng nhung (v6i vi xir Iy va hé diéu hanh nhiing), cac hé thong xtr

1y tin hiéu va diéu khién tng dung trong hang khong vii tru, qudc phong, vién thong,

Hoc vién: Nguyén Vin Liang 7 Chuyén nganh: Ky thudt Di¢n tir
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cong nghiép san xuat dd dién tir gia dung, cac hé théng mdy tinh téc do cao chuyén
dung (mit ma, nhan dang tiéng ndi,..)., dic biét 1am tién thiét ké mau cho ASIC (ASIC
prototyping).

Co6 hai phuong phép lap trinh FPGA: lap trinh dya trén SRAM (SRAM
programming) va 1ap trinh dya trén anti-fuse (Anti-fuse programming). Do do, c6 hai
loai FPGA trén thi truong hién nay: FPGA dua trén SRAM, va FPGA dua trén
anti-fuse. Trong loai FPGA véi 1ap trinh dya trén SRAM, Xilinx va Altera 1a hai nha
san xudt hang dau xét theo sd lwong ngudi dung. Canh tranh chinh 13 AT&T. Dbi véi
loai FPGA véi lap trinh dya trén anti-fuse, Actel, Quicklogic, Cypress, va Xilinx 1a

nhitng nha san xuat canh tranh.

Lap trinh dwa trén SRAM can it bit cia SRAM cho tirng phan tir 14p trinh. Su ghi
bit 0 1am tit chuyén mach (turns off a switch), trong khi su ghi bit 1 bat chuyén mach
(turns on a switch). Pdi v6i phuong phép tht hai, khi lap trinh, dong 1ap trinh tao ra két

noi cau chi anti-fuse (cau tri binh thuong cé két ndi san).

FPGA duya trén SRAM: do cic SRAM cua FPGA co thé duge ghi doc nhu
SRAM binh thudng ngay ca khi chiing & trong hé thong, nén cac FPGA c6 thé duoc lap
trinh lai nhiéu lan. Tuy nhién tré dinh tuyén 16n trong cac FPGA lai nay. Loai FPGA

nay thuong duogc sir dung cho lap trinh cu hinh cdc mAu thir ca cac thiét ké phan cing

trén ASIC.
FPGA dua vao anti-fuse: duy tri ¢b dinh ndi dung l4p trinh ngay ca khi mat
ngudn (non-volatile), va tré dinh tuyén nho. Tuy nhién chiing yéu ciu mot qua trinh san

xudt phtrc tap, va néu da lap trinh xong mot lan thi khong thé thay d6i duoc nira.

Kién trac chung ctia FPGA dya trén SRAM co ban gém c6 (hinh 1.4): CLB
(configurable logic block) - cac khdi logic co thé ciu hinh dugc, IOB (Input/output
block) - cac khdi vao ra co6 thé cdu hinh dugc, Programmable interconnect hay routing -
mang lién két co thé 1ap trinh duoc, cac khdi RAM (Block RAM). Ngoai ra c6 thé con
c¢6 cac mach diéu khién cac tin hiéu dong ho sé6 (DCM — Digital Clock Management)

phan phéi cho timg khdi logic va khdi vao ra, cac khdi mach logic bd xung nhu cac

ALU, memory, caic bd ghép kénh
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Hinh 1.4: Kién tric caa FPGA dua trén SRAM

CLBs (configurable Logic Blocks): cac khdi logic dugc sip xép theo ma tran doc
va ngang déu nhau, va chung c6 thé cau hinh dugc. Cac CLB la tai nguyén chinh cta
FPGA. Mbdi CLB c6 cic LUT (Look-up table). Vi du trong Xlinx FPGA cua ho
Spartan-3E, mdi CLB c¢6 8 LUT. M&i LUT co ban c6 4 input va 1 output. LUT c6 thé
duoc lap trinh tao ra cdc mach to hop logic, RAM phan tan, thanh ghi dich,v.v...Trong
hau hét cac FPGA, mdi mot CLB chira mot sé cac manh, ma mdi manh lai chtra mét sb
(thuong 1a 2 hoac 4) 6 logic (logic cell) véi mot s6 thanh phan nhé (Flip-Flop) hoic b
ghép kénh (Multiplexer) néu khong dung FF. Mdi 6 logic c6 thé duoc ciu hinh dé thyc
hién cac chirc ning logic co ban (nhu AND, OR, NOT) trén cic tin hiéu s6 nho st dung
bang LUT (look-up Table). Cac CLB lién két voi nhau qua mang lién két co thé lap

trinh dugc (Programmable Interconnect hay routing).

Progammable Interconnect (hay Routing): mang lién két hay dinh tuyén duoc
1ap trinh, 13 cac mang cac duong dy ndi doc theo sip xép cia cac CLB voi cac chuyén
mach c6 thé 1ap trinh tao tai cac nat giao tiép cac duong ngang va doc dé tao cac két nbi
cac khdi logic. Tuy thudc vao cong nghé FPGA cia nha san xuat, mang lién két lap
trinh nay co thé c6 cac cau trac khac nhau (chiing ta s& xét & sau ddy). Lap trinh dinh
tuyén két ndi trén FPGA 1a mot cong doan phire tap, nhung duoc cac cong cu thiét ké
clia cac nha san xudt FPGA thyc hién ty dong theo thiét ké cia ngudi dung. JOBs
(Input/Output Blocks): cac khdi vao/ra nam bao xung quanh ctia miéng FPGA va nbi
v6i cac chan tin hiéu vao/ra (I/O pin). Nhu vay timg chin I/O cua FPGA c6 thé duoc
1ap trinh dé dam bao céc giao tiép dién can thiét cho két néi FPGA véi hé théng ma nod

1a thanh phan.
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Block RAM: khdi RAM, 1a RAM c6 dung lugng vai kilobits (trong Xilinx FPGA,
block Ram 2-port), dugc nhiing & vi cac vi tri ¢d dinh trén FPGA @ luu trit dit lidu

(khong duoc sir dung dé thue hién cac chirc ning logic khéc).

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

MAC (Multiply-accumulate circuits): cac khdi logic nhan tich lily, dé thuc hién céc

phép nhan va cong hiéu qua.

DCM (Digital Clock Manager) (c6 trong Xilinx FPGA): quan 1y dong ho sé.
Trong Xilinx PGA thuc hién lip khoa tré (delay locked loop), tong hop tan sb sd
(digital frequency synthesizer), dich pha sé (digital phase shifter), hodc tai phd sb
(fdigital spread spectrum). Cac khéi DCM dugc dit xung quanh trén FPGA dé cho
EDK tool suite sir dung).

Céac khdi thuc hién céac chire nang dac biét: xu ly tin hiéu s6 va tuong tu, vi du
cac bo bién d6i tuong ty-s6 ADC (Analog-to-Digital Converter) va cac bo bién doi
sd-twong tw DAC (Digital-to-Analog Converter), cho phép FPGA van hanh nhu 13 mot
SoC. Mot FPGA chira tir 64 dén hang chuc ngan khdi logic va céc flip-flop.

LUT giéng nhu mdét RAM nho, cling dugoc goi la cac bd tao chuc nang, FG
(Function generator), dugc su dung dé thyuc hién cac chirc nang logic nho ct gilr trang thai
logic ra dung & trong mot ving nhd, ma trang thai logic ra tuong (mg véi timg t6 hop cia

cac bién vao. LUT thuong ¢ 4 dau vao co thé thyuc hién bt ky chirc nang logic 4-dau vao.

Cac nha san xuat c6 xu hudng thiét ké cac khoi logic cua FPGA thuc hi¢n cac
chirc nang 16n hon dé giam lién két cuc bg, dong nghia voi so lugng chan tin hi€u dau

vao cua khéi logic ting 1én, va né ciing cho phép lap trinh cac khéi logic linh hoat hon.

Vi dy, Xilinx c6 kién trac Virtex-5 FPGA dya trén cip LUT 6-dau vao véi tong
sO 64 bits ctia khong gian 1ap trinh va 6 dau vao doc 1ap, va logic lién quan dam bao wu
viét trong str dung cac tai nguyén so véi cac kién triic khac. N6 c6 thé thyuc hién bat ky
chtrc nang nao tur 6 dau vao doc 1ap va cac to hop s6 ctia mot hodc hai chirc nang nho.
LUT 6-dau vao ciing bao gdm ca cac bd cong (adder) véi logic carry, cac bd don kénh
(MUX), va flip-flop. N6 c6 thé duoc st 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- cép FF

Kién trac cta ho Altera Stratix FPGA dat duoc hiéu nang cao nho dua vao
module logic thich tng hiéu qua ving - ALM (Adaptive logic Module). ALM gdm c6
logic to hop, 2 thanh ghi, va 2 bo cong, nhu chi ra & hinh 1.6. logic t6 hgp c¢6 8 dau vao
mot bang LUT (Lookup Table).

E KN |
¥

2 > —p regout(0)
41

& 4—» Combinational
= 5—» Logi

Tg—> —> adder —>p, |,
§ ;_'. ~ —e—» regout(1)
g > it
= combout{1})
8-Input Fracturable LUT Jv—
Two Dedicated Adders

| Two Registers

» combout(0)

Hinh 1.6: Altera Stratix IV FPGA ALM

Bang LUT c6 thé duoc chia ra 2 ALUT (Adaptive LUT) v&i tong s6 64 bits clia
khong gian 1ap trinh va 8 dau vao chia sé. N6 ciing co6 thé thuc hién bat ky chic ning
nao ctia 6 dau vao va céc to hop s6 cuia mot hodc hai chirc nang nho.. Ho Stratix cua céc
FPGA ciing ¢ hiéu qua trong dinh tuyén thong qua mang lién két MultiTrack ™ . Cac
loai LUT cua Stratix ALM (hinh 1.7) cho phép dau nbi linh hoat dé tao cac cac khéi
logic churc nang 16n hon cho FPGA.

=555

Hinh 1.7: Cac loai LUT cua Stratix ALM

—
——

B
B
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Cac FPGA khac nhau c6 sé luong cac 6 logic, kich ¢& va sé luong cac block
RAM, ciac MAC khéc nhau. Cac FPGA sir dung trong cac hé thong lai (hybrid system)
thuong c6 khoang 100K-200K 6 logic, S00KB ctia RAM bén trong va 100 MACs. H¢

Hoc vién: Nguyén Vin Ling 11 Chuyén nganh: Ky thudt Dién tir
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thong lai c6 thé sir dung FPGA vé6i 1000 khdi I/O tuong tmg véi 1000 1/O pin dé dam

bao céc giao tiép voi hé thong chu, cling nhu véi bo nhd cuc bd ndi truc véi FPGA.

Céc FPGA thuong dugc lap trinh sau khi ¢4 han gan trén bang mach in, twong tu
nhu ciac CPLD 1én. Nhung dir liéu cau hinh trong FPGA bi mat khi ngimg cip ngudn
(mat dién) gidng nhu RAM trong may tinh vdy. Do d6, mudi 1an ngit ngudn va bat lai
thi ta phai nap lai tép cdu hinh vao FPGA. Muén luu giit lai cu hinh d3 1ap trinh cho
FPGA thi ta phai mic thém PROM hay EPROM ngoai. B nhd ngoai nay c6 nhiém vu
Iru tép ciu hinh ¢ dang nhi phan (bitstream hay bit file) va ty dong nap dit liéu cau hinh
lai cho FPGA mbdi khi bat ngudn, nhu vay du c6 ngit nguén FPGA van “khong bi mat”
dir liéu. Cac phién ban EEPROM c6 thé c6 thé lap trinh duoc trong hé thong (hay trong
mach), thuong thong qua giao tiép JTAG. Tép cau hinh chua céac thiét lap cho timg
CLB, PSM, MAC, I/O va cac thanh phan c6 thé cdu hinh khac cia FPGA. Cac FPGA
dugc sir dung trong cac hé théng may tinh lai c6 thé duogc 1ap trinh lai v6 sb 1an. Thoi
gian tai cau hinh méi thuong chi chua dén 1 gidy. Mot s6 FPGA hién nay c6 kha ning
trong khi dang hoat dong chuyén dén cAu hinh méi da duogc nap trudc vao thiét bi. Mot

s6 FPGA ciing cho phép cau hinh lai tmg phan cua 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 céc chtic ning logic bang céac
nhiéu mach cong (vi du tong céc tich); FPGA va CPLD déu cu tao tir cac khéi logic
(cac 6 logic) 1a sy két hop cia mot khdi logic va Flip-Flop. Nhung, FPGA ¢6 s luong
16n cac khéi logic (dén hang trim ngan) hon nhiéu so voi CPLD; FPGA giéng nhu
RAM, phéi nap lai dit liéu cau hinh mdi khi bat nguon. CPLD gidong nhu EEPROM chi

can nap mot 1an va khong bi mat chirc nang sau khi ngat nguon;

Do FPGA c¢6 s6 luong rat 16n cac khéi logic nén c6 nhiéu tai nguyén dé thuc
hién nhiéu chirc ning toan hoc chuyén dung va phtrc tap.Vi viy cac FPGA phu hop cho
cac thiét ké phic tap hon so voi CPLD. Nhin chung ciac CPLD 1a su lwa chon t6t cho
cac ung dung t6 hop, trong khi cac FPGA phu hop hon cho cac 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 cdu trac CPU thuc thi theo ma 1énh theo dang tuan tu.
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FPGA dung ngén ngir 1ap trinh phan ctmg (Verilog, VHDL) va lap trinh trén FPGA

goi 1a 14p trinh phan cung. Lap trinh vi diéu khién 1 1ap trinh phan mém phan cing ¢ san.

1.2.2. Pinh tuyén trong FPGA

Hoc vién: Nguyén Vin Ling 12 Chuyén nganh: Ky thudt Di¢n tir
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Dinh tuyén trong FPGA duoc thyc hién nhd 1ap trinh (hay cau hinh) cho cac khdi
két ndi (Connection Block) hay cac khdi chuyén mach (Switch Block). Cac khdi nay nim &

giao ciia cac duong diy ndi ngang va doc gitta ma tran cac khdi logic (BLK).

Cdc khoi két noi (Connection Block): cac khdi két nbi C ndi cac day dan cua
kénh dinh tuyén v6i cac chan tin hi¢u cua cac CLB. Co hai dac tinh anh hudéng chinh
dén kha ning dinh tuyén cta thiét ké: tinh linh hoat, Fc, 13 s6 ddy din ma timg tin hiéu
ciia CLB c6 thé két ndi; va cdu hinh, 1a mau cua cac chuyén mach tao 1ap két ndi (dac
biét néu gia tri Fe thap).

Topology 1 Topology 2

A x I A S
L TFERL] L L i : L
k| : |
L 5 oL L i E L
| i ! |
i s v T B

Hinh 1.8: Dinh tuyén qua cac hop két ndi

Vi duy, trong hinh 1.8, d6i véi hop C voi Fe=2, ciu hinh 1 (topology 1) khong thé
nbi chan A cia mot CLB voi chan B ciia CLB khac, trong khi d6 thi ¢ cdu hinh 2

(Topology 2) 14 c6 thé.

Cdc khoi chuyén mach (Switch Block): cac khdi chuyén mach S cho phép cac
day dan chuyén mach gitta cac day doc va ngang . Tinh linh hoat, Fs, xac dinh s6 luong
cac doan day nbéi ma mot doan day ndi di vao trong khéi S ¢ thé két ndi. Cau hinh cia
cac khéi chuyén mach S 13 rt quan trong boi vi ¢ thé chon hai cu hinh khac nhau co
cac kha nang dinh tuyén khéc nhau véi cung mot gia tri tinh linh hoat Fs. Vi dy, hinh
1.9 mb ta cdu hinh 1 (topology 1) c¢6 thé nbi chan tin hiéu A cia mot CLB véi chan tin

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

Topology 1
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Hinh 1.9: Dinh tuyén qua cac khéi chuyén mach

Mot ma tran chuyén mach c6 thé co dén 6 chuyén mach dinh tuyén, 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]

: e |
: <r ]
—— Swilch I Switch [—
—i—| Matrix o *‘ Matrix |——
: - Fd C4 Gd 02
e g G e L]
: 3 o (1
ck
1 ol r:m c3 -
x F Q1 F2 .2 GZFS i 3
| — switch ¥ ¢ Switch [——
A NOTE: — Matrix Matrix [ ——
—¢-L3— Each switch matix =~ ——] % [—
kit point consists of six
[ Touing swiches [T {1
Routing switch wiring segment

Hinh 1.10: Binh tuyén theo cac ma tran chuyén mach va
cac duong day dai don trong Xilinx FPGA
Céc duong ddy ndi trong Xilinx FPGA (hinh 1.11) gom:
Cdc dwong day do dai-don (Single-length lines): chung duoc dung cho cac két

ndi twong doi ngan giita cac CLB va chung trai rong chi qua mot CLB.

Cdc dwong ddy do dai-gdp d6i (Double-length lines): ching twong tu nhu céc
duong day dai-don, ngoai trir méi dudng diy & 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 phtt hop cho céc két nbi dai trai rong mot
s6 CLB trong FPGA.

Hinh 1.11 minh hoa vé dinh tuyén trong mot Xilinx FPGA. Cac lién két ctua kénh
dinh tuyén voi khdi logic (LB) dugc tao ra thong qua khdi két ndi, CB (Connection
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Block). Vi cong nghé SRAM duoc st dung dé thuc hién cac LUT, nén cac phia két nbi
1a rong. Khéi logic duoc vay quay boi cac khdi két ndi & ca bén phia két ndi. Cac CB
ndi ndi cac chan tin hiéu (pin) cta LB véi cac doan day. Cac chan tin hiéu ctia LB, ma

ching noi1 véi cac CB c6 theé sau d6 no1 voi bat ky so lugng cua cac doan

Hoc vién: Nguyén Vin Ling 14 Chuyén nganh: Ky thudt Dién tir
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day thong qua cac khdi chuyén mach, SB (Switch Block). Trong cu 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
nbi cac chan tin hiéu cua LB v6i bon khdi két ndi xung quanh LB; duong day dai (Long
Line): 1 cac day ndi thong nhat c6 hé sd tré phan dau ra cao; va cac duong day nhip

ddng hd (Clock lines): dan tin hiéu nhip ddng hd dén tit ca cac chip.
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Hinh 1.11: Kién trac dinh tuyén cua Xilinx FPGA

1.3. Phuong phap 14p trinh FPGA
Co6 hai phuong phép lap trinh FPGA: lap trinh dya trén SRAM (SRAM

programming) va lap trinh dya trén anti-fuse (Anti-fuse programming). Do do, 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 dya trén SRAM, Xilinx va Altera 1a hai nha
san xudt hang dau xét theo sd lwong ngudi dung. Canh tranh chinh 13 AT&T. Di véi
loai FPGA véi 1ap trinh dya trén anti-fuse, Actel, Quicklogic, Cypress, va Xilinx la

nhitng nha san xut canh tranh.

Tham khéo mién phi céc tai liéu khéc tai luanvantot.com



https://luanvantot.com/
https://luanvantot.com/

Dich vu viét bao cdo thuc tip tron goéi website: luanvantot.com Zalo/tele
0934573149

1.3.1. Lap trinh dua vao by nhé SRAM (Static Random Access Memory)

Lap trinh dya trén SRAM can it bit cia SRAM cho ting phan tir 1ap trinh. Su ghi bit
0 1am tat chuyén mach (turns off a switch), trong khi sy ghi bit 1 bat chuyén mach

Hoc vién: Nguyén Vin Ling 15 Chuyén nganh: Ky thudt Dién tir
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(turns on a switch). D6i v6i phuong phap thir hai, khi 1ap trinh, dong 14p trinh tao ra két

nodi cau chi anti-fuse (cau tri binh thuong co6 két noi san).

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

trén ASIC.

1.3.2. Lap trinh dua vao dét ciu chi (anti-fuse)

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

xudt phtrc tap, va néu da lap 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 luong va doanh thu.
Cac ASIC c¢6 hi¢u nang cao hon, dung lugng cao hon, nguén nuoi thép hon, tich hop

cac tin hi€u, va hiéu qua cao hon so voi cac FPGA. Cac thiét ké cua FPGA tiéu thu
nhiéu ngudn hon so véi cac ASIC
Néu san xudt cong nghiép véi sb lugng 16n, thi ASIC cho chi phi trén mot don vi

thap hon cac FPGA.

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

FPGA hiéu qua cho cac tng dung nhé bdi vi nd co chi phi thiét ké thip. Nhung

néu san xuat cong nghi¢p vaéi s6 lugng 16m, thi ASIC lai c¢6 gid ré hon nhicu.

Qua trinh thiét ké FPGA don gian va thoi gian ngan hon so véi qua trinh thiét ké
ASIC, boi vi khong can phai sap xép linh kién, khong cin cac mit ma hodc cac qua

trinh sau-cuoi (back-end processes).
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ASIC ¢6 thé c6 cac thiét ké xur Iy hdn hop cac tin hiéu, hodc chi 13 cac thiét ké

twong ty. Nhung khong thé thiét ké ASIC st dung céc chip FPGA.
ASIC c¢6 thé c6 cac thiét ké hoan toan cho cac Gmg dung riéng va phtc tap, vi du

vi xir 1y hay bd nhé, nhung FPGA thi khong thé.
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Boi vi FPGA ¢6 thé dugc 1ap trinh cau hinh lai vo s6 1an nén né phi hop cho céc thiét

ké mau cho ASIC. Nhu vay véi FPGA ta co thé ty thiét ké ca mau CPU theo mong mudn.

Céc thiét ké ASIC phai ton chi phi NRE (Non Recurring Engineering), d6 13 chi
phi cho mot 1an nghién ciru, thiét ké, va kiém thtr san phim méi, trong khi dé thi cac
thiét ké FPGA lai khong can. Qua trinh thiét ké ASIC kéo dai hon so voi FPGA (hinh
1.12).

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

Mot FPGA co thé duoc st dung cho céac ting dung khac nhau, nho 13p trinh lai
FPGA. Nhung v6i ASIC thi khong thé.

ASIC
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Specification Specification
L 2
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Behavioral l_’ Behavioral
Simulation Simulation
DFT :
Synth Synthesis
r —
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Place & Route Hand-0ff ===
to Foundry: Equivalency
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' Place & Route
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Verify in Circuit W
B — iming
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 chira hon 100000 khéi logic nho trong khi CPLD chi chira t6i da vai
nghin khdi.
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Vé kién trac, cac FPGA duoc xem nhu céc thiét bi c6 mat do cao (fine-grain

devices), trong khi CPLD 1a cac thiét bj mat do thua (coarse-grain devices).
Céc FPGA duoc su dung cho cac ting dung phuc tap, trong khi caic CPLD phu

hop cho cac trng dung don gian va it linh hoat so vo1 FPGA.
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Cac FPGA gdm c6 cac khdi logic nho, trong khi cac CPLD duogc 1am ra tir cac

khdi logic 16n.

FPGA 14 chip logic s6 dua vao RAM, trong khi CPLD 14 chip dya vao
EEPROM.

Céc FPGA dya vao cac bang Look-up (LUTs) bén trong, trong khi cdc CPLD lai

hinh thanh cac ham logic nho cac mach cong sea-of-gates.

Hau hét cac FPGA c6 cac mach logic muc cao, vi dy, cac bd cong, by nhan va
cac bd nhd nhung, va céac khoi logic thuc hién cac bd gidi ma hodc cac ham toan hoc,

trong khi d6 CLPD thi khong.

Cac tré (Delays) trong cac CLPD 1én hon so véi céc tré trong cac FPGA.

1.5. CONG NGHE FPGA CUA MOT SO NHA CONG NGHE

1.5.1. Xilinx FPGA

C6 mdt sb ho Spartan FPGA: Spartan-II, Spartan-IIE (twong ty nhu Virtex),
Spartan-3 (mat do cong cao, dat tdi 5 triéu cong hé thdng), Spartan-3E (twong tu nhu
Virtex-4, va t6i uu cho chi phi cua logic), Spartan-3A (t6i wu cho chi phi pin),
Spartan-3AN (cao cép véi flash), Spartan-3ADSP (cao cap cho xur 1y tin hiéu).

Distributed RAM Bits
DCMs
WO Standards

Max Single Ended /O

12K

24

124

30K

24

173

120K

24

391

208K

24

487

320K

4

24

565

Device XC3s50 XC35200 XC35400 XC351000 XC351500 XC352000 XC3S54000 XC3S5000
System Gates 50K 200K 400K 1000K 1500K 2000K 4000k S000K
Logic Cells 1,728 4,320 8,064 17,280 29,952 46,080 62,208 74,880
Dedicated Multipliers 4 12 16 24 32 40 96 104
Block RAM Blocks 4 12 16 24 32 40 96 104
Block RAM Bits T2K 216K 288K 432K 576K T20K 1,728K 1.872K

432K

4

24

712

520K

4

24

784

Bang 1.1: Ho Spartan-3 FPGA mat d6 cong cao ’
Ta xét kién tric cia ho Xilinx Spartan-3E FPGA c¢6 gia cac logic thap, nhung

mat d§ cong tuong doi cao va du cac dac tinh cho thiét ké phan ctrng nhiéu chirc nang

dwra trén KIT phat trién Spartan-3E va cac cong cu phan mém cua Xilinx.
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1.5.2. Altera FPGA

Mang cong 1ap trinh trudong (FPGA) 1a mot thiét bi ban dan c6 thé duoc 1ap trinh
sau khi san xuat. Thay vi bi gidi han & bat ky chirc nang phan cimg dinh sin nao, FPGA
cho phép ban lap trinh céc tinh ning va chitc ning ciia san pham, thich nghi véi cac tiéu

chuan méi va cau hinh lai phan cing cho cac ung dung cu thé ngay ca sau khi san pham

Hoc vién: Nguyén Vin Ling 18 Chuyén nganh: Ky thudt Dién tir
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duoc cai dat trén thuc dia. ". Ban c6 thé su dung mot FPGA dé thuc hién bat ky chtrc
ning logic ndo ma mot mach tich hop tmg dung cu thé (ASIC) c6 thé thyc hién, nhung

kha ning cp nhat chic ning sau khi van chuyén mang dén loi thé cho nhiéu tng dung.

Khong gidng nhu cic FPGA thé hé trude s dung 1/ Os voéi logic lap trinh va
lién két, caic FPGA ngiy nay bao gdm nhiéu hdn hop khac nhau ctia SRAM c6 thé cau
hinh, bd thu phat toc dd cao, I / O téc do cao, khdi logic va dinh tuyén. Cu thé, mot
FPGA chtta céc thanh phan logic 1ap trinh dugc goi 1a cac phan tir logic (LEs) va mot
hé théng phan cip cac két ndi c6 thé cau hinh lai cho phép cac LE duoc két ndi vat 1y.
Ban c¢6 thé cAu hinh LE dé thuc hién cac ham to hop phurc tap, hoac don thuén 1a cac
cong logic don gian nhu AND va XOR. Trong hau hét cac FPGA, cac khdi logic ciing
bao gém cac phan tir bd nhd, c6 thé 1a cac flipflops don gian hodc cac khdi bo nhd hoan

chinh hon.

Khi cac FPGA tiép tuc phat trién, cac thiét bi di tré' nén tich hop hon. Céc khdi
sO hitu tri tué (IP) cing duoc xay dung trong vai FPGA cung cap cac chirc 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 phét trién véi cac bo xir Iy nhing

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

1.6. KET LUAN CHUONG

Noi dung chuong 1 trinh bay tong quan vé cong nghé FPGA, mét cong nghé phu
hop cho thiét ké cac thiét bj s6 noi chung va cac hé thong nhung. Nhung dé thiét ké
dugc céc thiét bi sb va cac hé nhung can phai c6 cac hé phat trién ma cac nha san xuAt
chip FPGA thuong dua ra, vi du nhu Altera, Xilinx, v.v... Vi vay, & trén da trinh bay
cac dic diém cia bang phat trién Xilinx Spartan-3E Starter Kit, ma trén d6 c6 gan chip
FPGA véi 500K khdi logic hé théng du dé thiét ké ca mot chip vi xtr Iy mém 32-bit
kién trac RISC (tdp 1énh giam thiéu) hai nhan. Ngoén ngit mo ta phan cimg VHDL
chuyén dung cho thiét ké hé thdng sé va hé nhing trén FPGA ciing duoc trinh bay vé
co ban ciu tric chuong trinh véi mot s6 1énh dic thu dé léy thu vién dua vao chuong
trinh (m6 dun thu vién - library), mé ta cac cong vao ra cia mach sé (mé dun thyc thé -

entity), dién giai chirc ndng thuc hién cuia mach s6 (m6 dun kién tric — architecture).
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Ngoai ra dé 1ap trinh duoc bang ngén ngit VHDL can nghién ctru thém vé céc

kién thirc co ban vé ki€u dir liéu, mang, hang so0, cac Iénh, cac toan tir.

Hoc vién: Nguyén Vin Ling 19 Chuyén nganh: Ky thudt Dién tir
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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
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VHDL 14 ngbn ngit ciia cac vi mach tich hop téc do rat cao VHSIC (Very High
Speed Integrated Circuits) Hardware Description Language. Gilta nhitng nam 1980, Bo
Quéc phong My (U.S. Department of Defense) va IEEE da tai trg su phat trién cia
ngdn ngir mo ta phan cting nay véi muc dich 1am tai liéu mo ta hanh vi ciia ASIC va
phat trién cac vi mach tich hop tdc do rat cao. St dung VHDL mot hé théng s6 c6 thé

duge mo ta va kiém chimg trude khi thyc hién phan cimg. Mot chuong trinh cia VHDL

Hoc vién: Nguyén Vin Ling 20 Chuyén nganh: Ky thudt Dién tir
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bét chude hanh vi cia mot hé thdng s vat Iy. N6 ciing cho phép két hop cac dinh nghia
vé thoi gian (cac tré ciia mach cong) cling nhu dé mé ta mot hé théng nhu 1a lién két
clia cac thanh phan khac nhau. Tir 1987 VHDL tro thanh chuan 1076 cua IEEE va la
mot trong nhitng ngdn ngir chuan cua cong nghiép duoc sir dung dé mé phong va phan
tich cac mach logic 16n, phuc tap cho FPGA va ASIC. VHDL-2008 1a chuan gan day
nhit ctia IEEE. Mot ngon ngit khiac mo ta phan cung khic dugc st dung rong rai 1a
Verilog. Ca VHDL va Verilog 1a nhiing ngdn ngit manh cho phép moé ta va moé phong
cac hé thdng phirc tap. Ngoai ra con co ngdn ngtt dang thire Boole nang cao ABEL
(Advanced Boolean Equation Language) chuyén ding cho céc thiét bi logic c6 thé lap
trinh duoc PLD. ABEL khong manh bang hai ngdn ngir trén va ciing it ph6 bién hon
trong cong nghi¢p. Mac du cd ba ngdn nglt nay dugc coi la tuong tu nhu cac ngdn ngir
1ap trinh thuan tién. Ngon ngit mo ta phan cimg von 1a song song, nghia 13 cac 1énh
turong tng véi cac mach cong logic ludn thuc hién cac ham logic véi cac tin hiéu dau

vao dén song song.

2.1.2. Ung dung ciia VHDL

VHDL dugc phat trién dé giai quyét cac khé khan trong viéc phat trién, thay doi
va 1ap tai liéu cho cac hé théng s6. VHDL la mot ngdn ngir doc 1ap khong gin voi bat
ky mot phuong phap thiét ké, mot bd mo ta hay cong nghé phan cing nao. Nguoi thiét
ké co thé tu do lwya chon cong nghé¢, phuong phap thiét ké trong khi chi sit dung mét

ngodn ngit duy nhat.

VHDL dugc st dung dé tao md hinh mé ta béng van ban cac mach logic. Mo
hinh bang vin ban nhu vay 13 mot phan cua thiét ké logic va dugc xtr Iy nhd mot
chuong trinh tong hop. Ta ding chuong trinh mé phong dé kiém thir thiét ké logic nho
sir dung cac mo hinh mo phong dé thé hién cac mach logic giao tiép véi thiét ké. Tap

hop cdc md hinh md phong nay thuong dugc goi 1a 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 xir Iy vin ban, nhung cic tép tin duge sir dung nhiéu hon
nho testbench cho cac tac nhan hay dir li¢u so sanh. C6 mot s6 chuong trinh dich
VHDL tao ra cc tép nhi phan thuc hién dugc. Trong truong hop nay co thé sir dung

VHDL dé viét testbench dé so sanh tinh nang cua thiét ké, va st dung cac tép tin trén
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may tinh chu dé xac dinh cac tac nhan, dé tuong tac vdi nguoi st dung, va so sdnh cac

két qua vo1 mau mong doi.
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VHDL duoc sir dung chu yéu cho phat trién cac hé théng ASIC. Ddi véi ASIC,
cac cong cu dé tir dong chuyén ma VHDL thanh danh sach Netlist & murc cong da duoc
phat trién trudc. Sy chuyén ma VHDL thanh Netlist duoc goi 1a tong hop va 1a mot
phan tich hop cua ludng thiét ké, va day 1a su sip xép cua cong nghé ctua ASIC (ASIC
technology mapping).

Péi voi VHDL tdn tai mot sd van deé: trong budc dau tién, cac déng thirc Boole
dugc 1dy tir md ta cia VHDL, va khong quan trong, thiét ké dich 1a ASIC, FPGA, hay
PLD. Nhung bay gid, md Boole phai duoc sip xép vao cac khdi logic co thé 1ap trinh
duoc (CLB) ciia FPGA. Day goi 1a su sdp xép cua CLB (CLB mapping). Piéu nay thuc
hién kho hon so véi sy dat ma Boole vao trong cac ASIC. Mot van dé quan trong anh
huong dén hiéu nang cua thiét bi d6 1a su dinh tuyén cac lién két (interconnection) cua
cac CLB gip phai sy nghén ndt cb trai trong cac FPGA c6 mat d6 16n céc tai nguyén

dinh tuyén (CLB, I0B, block RAM, cac duong day ndi,...).

DPéi vé6i cac PLD, VHDL duoc st dung cac SPLD co6 cac ciu tric nho, nhung
kho khan st dung dé thiét cac PLD twong ddi phirc tap (CPLD).

Trong céc nghién ctru thiét ké 1énh cho cac hé théng cimg/mém, mot phan cia hé
thdng duoc quan tim 16n, d6 13 thuc hién phin mém trong phan cimg. Va VHDL la
muc tiéu nguyén ctru cho cac hé théng cimg/mém. Ban than VHDL ciing duoc sir dung

nhu 12 mét céng cu giao tiép C chuyén dung.

2.1.3. Dic diém ciia VHDL.

VHDL c¢6 céc cdu trac dé xir Iy song song trong cac thiét ké phan cimg, nhung
nhimg ciu trac nay (goi 13 cac qua trinh, processes) khac vé ct phap véi cac cau trac
dung ngdn ngir Ada (trong Ada goi 1a tasks). Ciing gidng nhu Ada, VHDL 14 ngon ngi

kiéu manh va n6 khong phan biét cac tir chit to va chit nho (non-case sensitivity).

Trong khoa hoc may tinh va 1ap trinh may tinh, mdt hé thé)ng thudc “kiéu manh”
khi né xac dinh mot hodc nhiéu han ché vé phép tinh 1y nhu thé nao cac gia tri thude
cac kiéu dir liéu khac nhau c6 thé duge tron 13n nhau. VHDL 14 “loai manh” vi nd dit ra

mot s6 han ché vé sy tron lan dugc phép xuat hién, ngan chan su bién dich hoac chay
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ma nguén st dung dir liéu, ma dir liéu d6 duoc xem xét 1a mot dang 16i. Vi du, phép

tinh cong khong thé str dung mot s6 nguyén véi cac gia tri chudi.

Dé truc tiép trinh bay cac phép tinh thuong co trong phan cing, c6 nhiéu dic
tinh cia VHDL nhu tdp hop mé rong cua cac phép tinh Boole gdm ca NAND va NOR.

VHDL ciing cho phép cac mang dugce chi sb theo chiéu ting hodc giam.

Hoc vién: Nguyén Vin Ling 22 Chuyén nganh: Ky thudt Dién tir
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Trong qua trinh thiét ké phan clmg, s& phai san sinh ra so d6 & muc chuyén giao
thanh ghi RTL (Register-Transfer Level) cia mach yéu cau. RTL 1a muc triu tugng
duoc st dung dé mo ta van hanh cua mach sb déng bd. Trong thiét ké RTL, hanh vi cta
mach dugc xac dinh trong cac khai niém luéng cac tin hiéu (hoac van chuyén dir liéu)
gilta cic thanh ghi ctia phan ctng, va cac phép tinh logic duoc thuc hién trén cac tin
hiéu. Sau khi so dd & mirc RTL duoc tao ra, nd ¢é thé dugce so sanh nho st dung phén
mém md phéng, ma phan mém nay dua ra cac tin hiéu song song cla cac dau vao va
dau ra ciia mach sau khi tao ra testbench thich hop. Pé tao ra mot testbench thich hop
cho mach cu thé hay ma VHDL, céc dau vao can phai dugc xéac dinh dung. Khi mo hinh
VHDL dugc chuyén thanh “cac cong va cac dudng day” dugc sip xép trén cac chip
CPLD hay FPGA, thi d6 1a phan ctng thuc té da duoc cau hinh. Piéu nay khac véi cac
ngdn ngir 1ap trinh khac ma & do sau khi bién dich, chuong trinh dugc thuc hi¢n trén hé

théng vi xtr Iy dé tao ra cac két qua.

VHDL phan biét voi cac ngén ngit khac boi su thuc hién cac phép gan véi hai

loai co ban: tudn tu va tuong tranh.

Cac cau Iénh tuin tu: dugc thuc hién lan luot tiép theo nhau, giéng nhu trong
cac ngdn ngit 14p trinh. Cac cu l1énh sau c6 thé khong bo qua cac anh hudng cua cac
cau lénh trude. Thir tu cua phép gan can phai duoc xem xét khi cac cau Iénh tuan ty

dugc st dung.

Cac cau lénh twong tranh: dugc tich cuc lién tuc. Thur tu cua cac cau Iénh
tuong tranh khong co lién quan. Ching phu hop dé mé hinh dic tinh song song cua

phan cting.

VHDL c6 ba ky thuat mo hinh hoa quan trong, do la: triu tugng (abstraction),
tinh module (modularity), va phan 16p (Hiearchy).

Triu twong: cho phép mo ta cac phan khac nhau ciia hé thong véi s6 luong chi
tiét khac nhau. Cac module chi can cho mé phong thi khéng can phai duge mé ta chi

tiét nhu cac module dé tong hop.
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Tinh module: cho phép ngudi thiét ké phan chia cac khéi chirc ning 16n va ghi
module cho tung phﬁn.Nhu vay, mot h¢ théng phuc tap co thé duoc chia thanh cac hé

théng nhoé hon va don gian.
Phin 16p: cho phép nguoi thiét ké xay dung mot thiét ké tir mot sé module, ma

moi module nay lai gom mogt s6 module con nhé hon. M6i mot 16p c6 thé chira cac

Hoc vién: Nguyén Vin Ling 23 Chuyén nganh: Ky thudt Dién tir
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module ¢ cac muc triu tugng khac nhau. Nhitng module nhé ctia cac mé hinh nay duoc

thé hién trong 16p tiép theo thap hon.

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

Triu tuong duoc xac dinh nhu 13 sy che ddu thong tin qué chi tiét. Thong tin
dugc cho 1a khong quan trong cho xem xét & mirc hién tai dugc loai ra khéi mo ta. Cac

téng triu tuong dugc thé hién bai loai thong tin chung cho cdc mé hinh ctia mét 16p.

Mot mo hinh dugc goi 1a & murc triu tugng nao do néu tung module c6 cung mot
cap do triu tuong. Néu khong phai nhu vay thi mo hinh sé& 13 hdn hop cua cac 16p triu
tugng khac nhau. Co bdn tang triu tugng cta thiét ké mach tich hop sé duge mo ta ¢
hinh 2.1.

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

Hinh 2.1: C4c tang triu tuong thiét ké mach tich ho p

Tang hanh vi (Behaviour): mo ta cac chic ning ciia mot hé thong (hé thong
lam gi, hay c6 hanh vi nhu thé nao) chir khéng phai 1a cac thanh phan va lién két giira
chung. Hé thdng 1a mot hop den. M6 ta hanh vi xac dinh quan hé giita cac tin hiéu vao
va cac tin hiéu ra. Khong c6 nhip dong hd hé thdng va cac chuyén tiép tin hiéu duoc
dong b v4i thoi gian chuyén mach.Cac mé ta & mirc ndy chi dung cho mé phong, chir
khong thé dung cho tong hop dugc. Pay co thé 1a mot biéu thirc Boole hodc 1a mot mod
ta triu twong phirc tap hon nhu su chuyén tai cua thanh ghi (Register Transfer) hoic
muc thuat toan (Algorithmic level). Vi du, 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

0 khoéa dién. O tang hanh vi, diéu ndy c6 thé duoc biéu dién nhu biéu

thirc: Warning = Ignition_on AND ( Door_open OR Seatbelt_off)
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Tang chuyén tii - thanh ghi, RTL (Register-Transfer Level): 13 tang triu
tuong tiép theo mo ta van hanh ctia mach. Trong d6, mach duogc chia ra logic t6 hop va
cac thanh phan nhd. Cac thanh phan nhé, FF (Flip-flop), cac chét (Latch) duoc diéu
khién boi nhip déng ho hé thdng. Trong céc thiét ké dong b, cac FF phai duoc dung,
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boi ching dugc didu khién boi suon xung nhip dong hd. Ngoai trir cac mach chdt, vi
cac mach chdt lai duoce diéu khién boi mire dién thé cua tin hiéu diéu khién. Trong thiét
ké & RTL, hanh vi ciia mach dugc xac dinh bdi cac diéu kién cua luéng cac tin hiéu
(hay chuyén tai dir liéu) gifra cac thanh ghi ctiia phan ctng, va cac van hanh logic duoc

thue hién trén cac tin hiéu. M6 ta & mirc RTL 13 m6 ta c6 thé tong hop duoc.

Tang logic: trong mirc logic, thiét ké duoc trinh bay nhu mot danh sach Netlist
cac céng (AND, OR, NOT,...), cac thanh ph'?m nhd, va c6 thé ca céac tré cia tung thanh
phan.

Tang sip diit (Layout): 13 tAng day cua phan tang triu twong. O ting ndy, cac 6
cta thiét ké cudi cung duoc xép dit trén chip va cac lién két giita ching duoc dinh

tuyén. Sau khi layout dugc so sdnh, mach san sang cho qua trinh san xuat.

2.1.3.2. Céc tang triu twong ciia thiét ké VHDL

Thiét ké phén cung ndéi chung bao gém 4 tﬁng triu twong: hanh vi, RTL,, Logic,
va Layout. Nhung véi thiét ké thiét phan cing bang VHDL 1a chi ap dung 3 tang triu
tuong trén, do 1a hanh vi, RTL, va Logic. Muc Layout khong phu hop cho VHDL béi vi

n6 duogc cac cong cu Layout thuc hién ty dong (hinh 2.2).

Human Abstraction Levels Automation Tools

textual input Behaviour

block linking Behavioural Synthesis
RTL i

O I <

system level

Logic Synthesis

- 4
schematic input Logic

Placement and Route

v

Layout Tools Layout

i

Hinh 2.2: Cac mirc triu twong thiét ké VHDL

Cac mo ta trong cac ting hanh vi va RTL duoc soan thao boi trinh soan thao vin

ban. Bo1 vi ching chu yéu 1a céc cau 1énh.
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O tang logic, thiét ké duoc trinh bdy nhu mot danh sach Netlist v6i cac cong
(AND, OR, NOT,...) va cac thanh phan nhé. So do duoc thay doi vi cac md ta cua

Netlist cia VHDL ¢6 xu hudng tré nén ngay cang phuce tap hon.

Hoc vién: Nguyén Vin Ling 25 Chuyén nganh: Ky thudt Dién tir
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Truong Dai hoc Sao Do Lugn van Thac st

C6 phan mém hd trg su chuyén tir mot ting triu twong phia trén xudng tang thap
hon. Cac cong cu phan mém téng hop hd tro tot cho tong hop logic, chung c6 thé tai tao
hanh vi trong tang logic.

2.1.3.3. Md ti ciia cac tang triu twong trong thiét ké VHDL

Véi thiét ké phan cimg gdm 4 tang triu tugng thi cic mé ta ¢ timg ting triu

tuong 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 mo ta ¢ cadc mic triu tugng

Tang hanh vi (Behaviour) mo ta hé théng (1a mot hop den) bang cac thuat toan
phirc tap (algorithmic level), cac hé thong bus (bus systems), va cac tac nhan (Stimuli).
Céc thuat toan va cac bus hé théng dugec mo ta ma khong can quan tim dén kha ning
téng hop cia mo ta. Cac tac nhan (Stimuli) dé mo phong cac mé hinh RTL duoc mo ta
trong tﬁng hanh vi. Vi dy, tac nhan la cac gia tri tin hi¢u cua cac céng vao cua mo hinh
dugc mo ta trong testbench, doi khi duoc goi la gia tri bench. Nguoi thiét ké phai tim
mot tip hop phu hop cic tic nhin vao khong miu thudn véi dinh nghia hé thong
(System specification). Cac dap trng ctia mo hinh phai dugc so sanh véi cac gia tri
mong doi, ma cic gia tri nay co thé duoc tao ra vai su hd tro cua do thi song cac tin

hi€u, trong d6 céac gia tri cua tin hi€u dugc moé phong.

Vi dy, dinh nghia m¢t m¢t ham don gian cua mot module dugc cho ¢ hinh 2.4.
Paura O phu thude vao 4 gia tri dau vao il, i2, i3, va i4. Cho réng gia tri mdi cia dau

ra phai 13 6n dinh it nhat trong 150 ns sau khi cac gié tri dau vao thay d6i. Nhu viy ham
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nay c6 thé duoc mo hinh nhu 13 mét dang thic toan, vi du, (il+i2+i3*i4), cong thém tré
150 ns tinh tir lic cac gia tri dau vao thay doi cho dén khi déu ra cé gia tri két qua méi
cia ham tinh toan. Tré 150 ns 1a truong hop x4u nhit can thiét dé tinh gia tri méi cho

dau ra.

Hoc vién: Nguyén Vin Ling 26 Chuyén nganh: Ky thudt Dién tir

Tham khéo mién phi céc tai liéu khéc tai luanvantot.com



https://luanvantot.com/
https://luanvantot.com/

Dich vu viét bao cdo thuc tip tron goéi website: luanvantot.com Zalo/tele
0934573149
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M6 hinh hanh vi 1a cach don gian dé mo ta hanh vi cia mot mach, tuong tu nhu
cac ngon nglt 1ap trinh binh thong thuong, nhu PASCAL hodc C. V&1 mo ta do, chi

hanh vi chtrc ning c6 thé duoc md phong nho céng cu mod phong ciia VHDL.

il Input _Output 0
— —_—

22— (

3—»p

44— »

Specification:

Input
Output —

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

A
A 4

Max 100 ns

Hinh 2.4: vi dy mo6 t4 hanh vi trong VHDL

b. Mb ta ¢ tAng RTL:

H¢ théng dugc mo ta trong cac khai niém cua cac thanh ghi, cidc thanh phén
logic t6 hop, cac thanh phan nhd, nhip dong hd (Clock). Cac thanh ghi (Registers) duoc
nbi véi tin hiéu nhip dong hd va dam bao cho hanh vi déng bo. Trong VHDL hanh vi
chtrc ning dugc mod hinh béi cac tién trinh, processes. C6 hai kiéu ciia process & cac
mo ta cta mic RTL: process t6 hop thuan tuy va process duogc dinh nhip dong ho. Tét
ca cac process dugc dinh nhip dong hd suy ra cac Flip-Flop (FF) va ¢ thé duoc mo ta
bang cac khai niém cta cG phap may trang thai (machine independent description). B6
xung vao cac tin hi¢u cua dau vao va dau ra cua dit liéu, cac tin hiéu diéu khién nhu:
nhip dong hd ctia module (CLOCK) va x6a (RESET) cho cac FF phai dugc xem xét
trong md hinh héa & mirc RTL. Khi 4p dung x6a khong dong b, dau vao xoa dugce coi
nhu mot dau vao dit liéu binh thuong. Ma VHDL & 16p RTL ciing chtra mét so loai
thong tin cu tric bo xung cho hanh vi chirc ning vi cc thianh phan nhé va khong nhd
tach biét nhau. Pinh thoi cua cac gid tri tin hi€u cling dugc ra (vi du déng bd vai tin

hiéu nhip ddng ho).

IN_A
~ il C =
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State
IN B logic logic OUT_A
CLOCK OUT B
RESET
Hoc vién: Nguyén Viin Ling Combinational
Registered
process Chuyénprocessngdnh: Ky thudt Dién ti
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Xung nhip dong hd 13 nhin phan biét cho mé ta & mirc RTL. Tt ca cic van hanh
cia mach déu lién quan dén tin hiéu nhip dong ho. Cac md phong & mirc RTL khong
cho thong tin vé& hanh vi dinh thoi that sy, c6 nghia 13 khong thé néi rang tat ca cac tin

hiéu phai thiét 1ap cac gi4 tri 6n dinh bén trong mot chu ky nhip dong ho hodc khong.

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

Tang logic, hay con goi 1a tong cong hay Netlist, vi ¢ tAng nay danh sach Netlist
cac cong dugc tao ra tir mo ta ¢ ting RTL nho sy gitip d& cia mot cong cu tong hop va
thu vién chira thong tin vé tit ca cac cong di co san va cac thong sb cta chiing, nhu hé
sd gop dau vao (Fan-in), hé s tach dau ra (Fan-out), cac tré, va thuyét minh cu thé vé
céc thanh phan va cac danh sach lién két ciia ching. So dd cau trac va thuyét minh cia

mach s0 dugc mo ta ¢ day.

Khi mé hinh duoc mé ta & ting cong, cac tré co thé duge ap dit vao cac cong dé
mo phong. Thong tin dinh thoi 14 mot phan cua thu vién téng hop. Diéu nay cho phép
danh gia so bd vé hanh vi dinh thoi (46 thi xung). Su khong chic chan nay sinh tir tré
lan truyén doc theo cac dudng day tin hiéu chua dugc quan tim. Nhimg tré nay co thé

1a phan dang ké cua toan bo tré trong cac thiét ké 16n.

d. Mb ta & ting Layout:

O tang sip xép (Layout), dua vao Netlist, Layout cia mach dugc tao ra. Cac

chiéu dai cua cac day noi c6 thé dugc doi thanh cac tré lan truyén ma ching c6 thé duoc

giai thich lai & mirc cong. Piéu nay cho phép théng qua cac md phong dinh thdi ma
khong can dén phan mém mé phong bd xung. Néu Layout da hoan thanh, thi cac d6 dai
ciia duong day tin hidu va cac tré lan truyén s& dugc biét. Thiét ké c6 thé duoc mod
phong & muc cong véi cac gia tri tré bd xung va tiép theo hanh vi dinh thoi cia toan bd

mach c6 thé dugc danh gia.
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2.2. QUA TRINH THIET KE PHAN CUNG BANG VHDL
2.2.1. Cac cong doan thiét ké bing VHDL

Céc ung dung cia VHDL 1a ché tao cac mach hodc cic hé thong trén cac chip vi
mach tich hop c6 thé 1ap trinh dugc (FPGA, PLD).

Hoc vién: Nguyén Vin Ling 28 Chuyén nganh: Ky thudt Dién tir
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VHDL entry o J—
(RTL level) —
lCompiLuion
-
Netlist
(Gate level)

Svnthesis < l Optimization

Optimized netlist

(Gate level) Simulation
.
Place & Route
Physical
device Simulation

Hinh 2.6: Qua trinh thiét ké VHDL

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

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

Duya vao cic md ta hanh vi ctia phan cing (tAng hanh vi), chiing ta bat dau thiét
ké bang viét ma VHDL. M VHDL nay s& dugc luu vao file c6 dudi 1 .vhd va c6 tén
cung véi tén ciia ENTITY. Ma VHDL sé& duoc md ta & ting chuyén thanh ghi (RTL).

Giai dogn 2: Tao danh sach mang (netlist)

Bude 1: Bién dich. Qué trinh bién dich s& chuyén md VHDL vao danh sach

mang (netlist) & muc logic (hay muc cong).

Budce 2: Toi 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 nhitng 15i xay ra trong qu4 trinh thiét ké VHDL.

Giai doan 3: Téi wu thiét ké (Optimized netlist)
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Giai doan 3 thuc hién tdi vu thiét ké. Trong giai doan nay can phai thyc hién mo
phéng (simulation) thong thuong st dung phuong phap mo phdng dinh thoi céc tin hi¢u
vao ra cta thiét ké. Két qua mo phong tt cho phép thuc hién sap xép (layout) vat 1y cho
chip PLD/FPGA: thuc hién sa“ip dat va dinh tuyén (Place & Route) hodc tao ra mat na
cho thiét bi vat 1y (physical device) trén ASIC.

Hoc vién: Nguyén Vin Ling 29 Chuyén nganh: Ky thudt Dién tir
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Giai doan 2 va 3 1a giai doan tong hop (Synthesis) & mirc logic. Thiét ké duogc
kiém tht (testbench) ca hai giai doan ndy nho cic cong cu md phong. Két qua mo
phong duoc thé hién & dang db thi xung véi cac thong sb thoi gian, cac gia tri kiém thur,

hoan chinh va toi wu thiét ké.

2.2.2. Thiét ké phan cirng trén Xilinx FPGA
Céc budc lap trinh FPGA bao gom:

Viét mot chuong trinh nhé bang ngdén ngit VHDL thyc hién mot mach logic to hop don

gian. Nbi cac dau vao va dau ra cta chuong trinh véi céc bo chuyén mach, cac nut
(buttons) va cac den LED trén bang Spartan-3E.

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

2.2.2.1. Tinh ning thiét ké

Tinh ning thiét ké thuc hién dugc tom tit trong bang 2.7. Bén LEDs trén bang

sang phu thudc vao cac t6 hgp khac nhau ciia cic nat chuyén mach (SWO0-3) va cac nut

bam (Push Buttons) trén bang (hinh 2.7).

Power
ITAG
OMNSOFF " . -
- eset
C :_EE Button
XN | =
i 4 é FPGA
SPARTAM-3E & 5 ..__._E
1 < ."":-....Il'!'!r ..r-"gl 5
. _ A — =
| ] . B
LEDs
Push
Buttons —

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

2.2.2.2 . Tai li¢u lién quan
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Trude khi bude vao thuc hanh 1ap trinh FPGA, can phai tai tai liéu hudng din sir
dung bang phét trién Spartan-3E FPGA Development board User Guide. Tai liéu nay
mo ta cac chan tin hiu (pins) cua chip FPGA va cac thiét 1ap can thiét dé ndi cac chan

tin hi¢u véi céc thiét bi vao/ra khéac nhau trén bang.

Nhiing trang bi sau day can phai cé dé lam viéc v6i cong viée lap trinh FPGA:

Hoc vién: Nguyén Vin Ling 30 Chuyén nganh: Ky thudt Dién tir
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Phan mém Xilinx ISE Project Navigator (cac phién ban 12.4 hodc cao hon). Phan mém

nay c6 thé tai mién phi tir website, http://www.xilinx.com/.

Meru —*

v e msnnenie | [N Design

= + — umma

Sources o | . : 5 Y

: sy | | Bplgpnye 111 Do g Windaw
Window i ST e ——— s T

e e e 3
' e Workspace
Processes TR ¥ o N Window
Window | Smema™
b= Project
Properties

Takbs

\ a g Py e r Window
Consale \
Window Pyt = g g mra

Hinh 2.8: Ctra s6 khoi dong ban dau cta Project
Navigator 12.4

B6 KIT Spartan-3E bao gdm: 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 turong Xilinx ISE Design Suite 14.1 trén man hinh Desktop, hoic
Khéi dong phan mém Project Navigator bang cach:
Start->All programs->Xilinx ISE Design Suite 14.1->ISE Design Tools->Project
Navigator
Xuét hién ctra s6 ISE Project Navigator

2.2.3.2. Trg giup (Help)

Nhu chi ra ¢ hinh 2.9, trg gitip ¢6 thé dugc truy nhap théng qua thuc don Help

trén Project Navigator.
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Tai phan mém, tai lidu va cac hoi thao (forums) c6 thé dugc truy nhap &

http://www.xilinx.com/support/.

Cac vi du thiét ké st dung bd KIT Spartan-3E c6 thé tai tir

http://www.xilinx.com/products/boards/s3estarter/reference designs.htm.

Hoc vién: Nguyén Vin Ling 31 Chuyén nganh: Ky thudt Dién tir
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=

Hinh 2.9: Thuc don Help

= & ]

Create Mew Project

Specify project lecaton and type.
Enter & name, locatiors, and comment for the project.
Plame: |ljt:.|1d_].

Loeabon: | Er\partan I iborial_t

Working Dwectory: | C:ertan X ptorial_t
Desoiabon:

0E

Select the type of top-level source Tor the project
Toprlewe source type:

e [=]

| mext || conc |

Hinh 2.10: New Project Wizard, Trang Create New Project

2.2.3.3. Tao mot Project moi
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Chon File->New Project. S& xuat hién cira s6 New Project Wizard.

G0 tutorial 1 trong truong Name:

Chon mdt vung thich hop Location: va Working Diecrectory: cho project moi

Xem xét Top-level source type: dugc chon nhu HDL.

Hoc vién: Nguyén Vin Ling 32 Chuyén nganh: Ky thudt Dién tir
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Céc thudc tinh phai duoc thiét 14p nhu chi ra ¢ hinh 2.10. Click Next dé chuyén

to1 trang Project Settings.

Chon va dién vao trong cac thudc tinh nhu sau:

Property Name: Value

Product Category: All

Family: Spartan3E

Device: XC3S500E

Package: FG320

Speed Grade: -4

Top-Level Source Type: HDL

Synthesis Tool: XST (VHDL/Verilog)

Simulator: ISIM (VHDL/Verilog)

Preferred Language: VHDL

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

VHDL Source Analysis Standard: VHDL-93

Enable Message Filtering: unchecked.

G Mewe Progect Wiczard

Project Settings

Spedly device & praject properbes,
Select the device and design flow for $he progect

Pn.:.p: rl.'..lI Flarns Wabus

Product Cateqary Al [~
Farmily Spartanik :-:_
Dence AC35500E -

Package FG320 ;I
Speed -4 5

Top-Lewvel Source Type HIDL
Syrithesis Tool 5T I,"i'HD‘L"‘-'-:rllug:l

Simaulstar ESiem (WHDL Yesilog)
Preferred Language WHDL

fffedfafaf |

Property Specification in Propect File | SEare all -..'alu.ts
Fanual Compile Crder
lm.- Arabysis Stamdand

Ensbie Meszage Filtering

| i
B

Hinh 2.11: New Project Wizard, trang Project Settings

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

Hoc vién: Nguyén Vin Ling 33 Chuyén nganh: Ky thudt Dién tir
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O e

Ah

Project Summary

Praject Mavigator vell creatbe 4 rew praject wmsh the falowng

Frojeoc:
Froject Hame: cutorial_1
Froject Path: CihaparcandE\sutocrial 1
Working Directory: C:\sparctan3EiZtocorial 1
Descripoion:
Top Lavel Saurce Typs: HOL

Devd o
Device Family: Spartean3IF
Devices xoIzE00s
Fackege: fg320
||| Speed: -

Synthesis Tool: X5T [VEDL/ Verilog)
Simuiator: ISim (VHDL/Verilog)
Prefearred Language: VHDL

Mannal Compile Order: false
VHDL Sgorce Anslysis Standard: VHDL-93

Hessage Filtering: disabled

Fropesty Specificacion in Project File: 3core all wvalues

_— - -

Hinh 2.12: New Project Wizard, trang Project

Click Finish dé roi khoi New Project Wizard tré vé cira s6 ISE Project

Navigator
2.2.3.4. B6 xung mi nguén VHDL méi

Trén cira s6 ISE Project Navigator (hinh 2.13):

5 ISE Project Navigator (M.B1d) - Chspartans Evtutorial_1) i
File Exlit U'icw Fropect '5_m.mcc Fru-_l:\::g: 'les Whimadioes Layout Help
| O 2 | e
[l [V @ e (i) Aeld Copy of Souma.
5] | Hierarchy: M WHDL Library...
aj | = &3 ’Em Manual Compile Order
o ey 1 tC C Ie File List...
=3 =]
- Disabie Hisrarchy Reparsing
- The: e E
p= fodepiio orce Hia'urchy FRegarse
e b E
3 Froject Cleanup Project Flle_s:..
— e Auchive..
Lize: Generate Tl Script...
Dessgn Goals & Strategees...
=t i Dessgn Surmmanyg’Reports
| : _ta mw X Design Propesties...
TL | Mo saingle desi
| = e Design Lilities
-
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Hinh 2.13: Project — New Source...

Project-> mot click New Source -> sé xuat hién cira s6 New Source Wizard

Trén cira s6 New Source Wizard (hinh 2.14): Select Source Type: chon kiéu

ngudn: VHDL Module.

Hoc vién: Nguyén Vin Ling 34 Chuyén nganh: Ky thudt Di¢n tir
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et

!_tﬂ Mew Source Wizard

Select Source Type

Select source type, fie name and its location.
-\. 1P {CORE Generator & Architecture Wizard)
Schematsc
&| User Document
v Verilog Module
Venlog Test Future
VHIDL Module R
VHIDL Library :
VHIL Package too_lewel

VHDL Test Bench i "
| Embedded Processor asarbor:

CepartanE Vutoral _1

| Add to progect

Hinh 2.14: New Source Project: Select Source Type:VHDL -
Dua vao tén file top_level, va dua vao vung cua file (location:

D:\Startan3E\tutorial 1).

* Add to project box phai dugc checked.
«  Click Next dé chuyén dén cira s New Source Wizard.

- Trén ctra s6 New Source Project: Define Module (hinh 2.15):

Xéc dinh cac cong (inputs va outputs ctia thiét ké) nhd dua vao thong tin cho

Port name nhu sau;

e
@ Mew Source Wizard
Define Module
Specfy ports for module_
Erality rssme= | top sl 1
frchitecture namne | Behasoral
Pert Blame Direction Bus SR LSB =
jswo B
T {in =
5902 [in =G
|swa i =
|PUSH_BUTTON in =@ 1
| LeDs A = [
| = _l
fin g
= :T:l

Tham khao

T

mién phi cic tai liéu khic tai luanvantot.com
| Marelnfo | [ e || comes



https://luanvantot.com/
https://luanvantot.com/

Dich vu viét bao cdo thuc tip tron goéi website: luanvantot.com Zalo/tele
0934573149

Hinh 2.15:

New Source Project: Define Module
Hoc vién: Nguyén Van Lang 35 Chuyén nganh: Ky thudt Dién tur
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SWO0-3 1a céc bit vao: IN, va s& két ndi v6i cac niit chuyén mach trén bang

Spartan-3E.

PUSH _BUTTON 14 dau vao: IN, gém 2 bit, va duoc két ndi véi hai nat

chuyén mach trén Spartan-3E. Vi ddy 14 dau vao nhiéu bit, nén Bus check
box dugc checked, MSB (bit 16n nhat) duot thiét 1ap bang 1°, va LSB (bit
nho nhat) duogc thiét laajo bang 0.

Cac dén LEDs la dau ra: OUT, gém 4 bit, va s& duoc két ndi v4i 4 LEDs trén
Spartan-3E. Vi ddy 1a dau ra nhiéu bit, nén Bus check box dugc checked,

MSB dugc thiét 1ap bang 3, va LSB dugc thiét 1ap bang 0.

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

'{;' Blew Source Wizard
Summary
Project Mavigator wil creabs & new skeleton source with the following spedfications.
Add 1o Progect: Yes
Source Derectory: C:\sparten 3B Ytutorial 1
Source Type: VHOL Module
Saurce Mame: tog_level. vhd
Entity name: top_lkevef
Architechure name: Behavoral
Part Definitons:
S0 Pin in
= Py m
Sw3 B n
SW3 Fin in
PUSH_BUTTOMN Bus: 1:0 in
LED= Bris: 30 out
Mare Info Firish | Camoel

Hinh 2.16: New Source Project, Summary
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Click Finish dé ra khoi New Source Wizard va tré vé Nhu chi ra & hinh

3.11, top_level s& xuit hién trong ctra s Sources. Click hai lan trén top_level trong ciia

sO Sources sé& hién thj file, top_level.vhd trong tab.

Hoc vién: Nguyén Vin Ling 36 Chuyén nganh: Ky thudt Dién tir
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P g BRI - g e ] L - g, sl e "
g R b vew Fuged  fooss P Toh  Smies  lopel ey

LA LIS Il L | - BRI XY
- BT T I
are b i i gl L}
G ey :
& B ancaa 1 - . A
O wchats g2a b T ——
Gt g b P |
& -
o 4 L
. o
l" -
top_level in =] .
Sources window Y i S~
it Source code for
LTI ey, o) _:" S T.ﬂp_lnretuhl:l
P 2 s T SR R | appears in this tab
= -4 ;‘:-_':": 1] TERF" =2 FE Ll WALk il &x S
Fg rerwvrr lngr £
¥] e s s g i P
W Corges W Dea r
= Lrevw [map ey ephorg %
- o W ey TR | Te— ._" w - O E Deningy lmiar' s
e nOEE
Srartan T “Lesmctong DN o Daanar e smn cop dewed v
ahLliEE Sendgl Bommak s Rmpeal Timsi
.L ey -'I-l-- 1 Ewag Sl S Sl '
e ilali  whil,

Hinh 2.17: file nguén mai top_level.vhd hién thi trong tab
2.2.3.5. Soan thio ma nguén VHDL

Trong muc 2.2.3 .4, file nguén VHDL méi top level.vhd da duoc tao ra. Do thuc
chét 1a mot file van ban ASCII c6 thé duge soan thao boi mot cong cu soan thao van
ban. Tuy nhién, thuan tién dé soan file ta st dung phﬁn mém Project Navigator. File

top level.vhd ¢6 ndi dung nhu cho ¢ hinh 2.18.

ig
20
21
id
F& |
2%
25
28
27
28
29
30
A1
32 encity top level 1a

k] Fort [ SWO : im STD LOGIC:
3% 5wl 1 im B5TID LOGICH
as SN2 & Ain 3
3a SW3 @ in I D H
a7 FUEH_BU'.[TDH t iIn S5TD LOGIC|IVECTIOR (1 downto O)r
b} | LEDs .t oot 5TD I I {3 downto O)):

29 = I:n:lp_ll:-vel;
50

41 architecture Behavioral of top lewel 18
42

entity

> = .Eculn 4 r e * A r . arrJ"i'rEEr-UEE
Tham khpo*mién phi cac tai lieu khac tai luanvantot.com
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Hinh 2.18: ndi dung file top_level.vhd dugc hién thi trong Project
Navigatorr, trudc khi soan thao

Hoc vién: Nguyén Vin Ling 37 Chuyén nganh: Ky thudt Dién tw
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Trong hinh 2.18, c¢6 thé nhan thiy ring cac ma VHDL déu c6 mau dé cho dé doc.
Céac dong binh luin (bit dau bang --) ¢6 mau xanh 14 cdy. Cac tir khoa c6 mau xanh da

troi, cac ki€u cua VHDL c6 mau doé.

Ma trong hinh 2.18 chtra ENTITY va ARCHITECTURE. ENTITY xéc dinh cac
dau vao va dau ra cia khdi phan cimg. Cac chuyén mach SW0, SW1, SW2, SW3 1a cac
bit cia dau vao cua kiéu STD LOGIC. PUSH_BUTTON la hai bit dai, va n6 thudc
kiéu STD LOGIC VECTOR. Céc LEDs ciia dau ra 1a 4 bit dai, va ciing thudc kiéu

STD LOGIC_VECTOR.

Phin ARCHITECTURE chita mi ma phén cung thuc hién. N6 co thé duoc coi
rang ban dau né 13 rdng. Néu ma di duoc tai vao FPGA, thi n6 s& khong 1am gi ca. Vi

vay ta can phai b xung ma gitta cac ciu 1énh BEGIN va END trong khoi

ARCHTECTURE.
Céc thay d6i mi dugc lam nhu sau:

1. Pua viao ma duéi diy giita cac cau lénh BEGIN va END trong khdi
ARCHITECTURE. Piéu nay thyc hién tinh ning d3 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 nguén

top_level.vhd s& xuat hién nhu chi ra ¢ hinh 2.18.

Tham khéo mién phi céc tai liéu khéc tai luanvantot.com
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Hoc vién: Nguyén Vin Ling 38 Chuyén nganh: Ky thudt Dién tir
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18
20 libTary
21 uae L
22
23 e r E eclaza
24 A . = = " alue
25 s LI
26
37 - - - e a
28 3 E e a "
2% :t
31
32 entity top level is
33 Foxrt (| SWO :
a4 Wl : im
4K EW2 @ im
LT N3 : in
- i FUSH BUTTON : in {1 downt a5z
LT LEDs : (3 downt D) b2
353 end top level:
&0
41 architecture Behavicral of top level is
42
43 bagin
44 LEDa(0) <= SWO or SW1l:
45 LEDs(l) <= SW1 or SWi:
48 LEDs{d) <= (SWD or SW1l) and (SW2 or 3W3);
&7 LED#(3) <= PUSH _BUTTCOH(0) r PUSH BUTTON (1)
48 end Behavioral;

Hinh 2.19: néi dung file top_level.vhd hién thi trong Project Navigator sau khi soan
2.2.3.6. Kiém tra ci phap
Budc tiép theo 1a kiém tra ca phap, dé kiém tra ma VHDL c6 dua vao dung hay khong.
C6 cac budc sau day tham chiéu dén man hinh ciia Project Navigator cho & hinh 2.20.
1. Click Implementation trén cira s6 Design & goc trén bén trai ctia cira s6 Design

2. Xem xét Design tab da dugc chon.

3. Click trén “+’ next to Synthesize-XST. Diéu nay s& mé rong ra cac khoan hién
thi khac nhau, gdm ca Check Syntax. Click Check Syntax dé chay kiém tra ci phap. Néu

¢t phap ma khong sai, s& c6 checked mau xanh 14 cay bén canh Check Syntax.
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Hoc vién: Nguyén Vin Ling 39 Chuyén nganh: Ky thudt Dién tir
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Green tick niext to
Check Syntax

View Technelogy Schematic

Generate Post-Synthesis 5.

F fa  Implement Design
F)  Generate Programming File =
o} @ Configure Target ﬂmm:e

™ Fes

5 1t Pt Nevgator (81 - Chapartandbuiosal Ttutorwl it -t eve )
|2 File Eit View Project Source Poceis  Tooh  Windew  Layoul  Help

D& ¥ A Bx|me| ol A B ™E
Desgn Lt ] T s

|-I'I'I|:I|'EI‘I1EI'IIEI|L'.II"-I _'ﬂ'-hl - gmu * il sreuston i 20 library 1EEE;

L A T R T | 21 usae IEEE.STD LOGIC 1
4| | Hiersechy - 33 FE- =
1 5 butonian 1 . 33 -- Uncommentc the £ol

L= -ﬂ wc 5003 T4 = arirhaowmelre FuRmcEd:
at | |m 3% --use INEE NUMERIC 5
| - A&
mE 27 = Dnoimment Tha ol

n! A 28 - @y Wilinwm primic
T r o, 39 —libracy UNIAIHF
ol B —=daae UNISIM, VCampedn
— ? * Al

K i b %337 envicy tap lewel im

i -' 33 Poze | 3W0 @ in
| FJ 0 Processes Running 34 BNl 1 in
| 1 35 M2 1 In
|| 2 | Precussas: top_level - Behavicemt , 38 8W3 & in
il = | Dty S it R poets . FUSH_EUTT
I} ’E-Il:--é Dlesigyn Uniikies 3B LEDs © ow
i User Consbreris B9 and cop level;
Synthesize - X5T = t“ b ynshasing < K57 i
. View RTL Schemstic 41 archicecture Behawvigo:
View Teckmplogy Schematic 42
__,...—-—-""'"* Check Synbax 43  begin
Check Syntax | L P} Generate Past-Syyehesis Siruls.. 44 LEDs (3} €= SWO Bx |
i Fd Tmplemend Design 45 LEDe (1} o= 5SMW1 Br .
¥}  Genecsti Prograrmming File 48 LEDs (2} ©= [(SHD oz
-5 Configure Terget Device 47 LED= (3} «= FUSH BIF
&=  Anakze Design Using ChipScope 48 end Behaviorals
_ .‘,W d . =
Design tah
Hinh 2.20: Project Navigator vdi mo rong
T4 | Processes: top_level - Behavioral =
- 1) L Design Summary/Reports
—==1 Diesign Utilities
I.:-r: = User Constraints
= | B B3  Synthesize- X5T
View RTL Schematic =

| il
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Hinh 2.21: Green tick next cho kiém tra ct phap

Hoc vién: Nguyén Vin Ling 40 Chuyén nganh: Ky thudt Dién tir
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Red cross next to Error created by inserting a space between
Check Syntax “SW™ and 0",

R s e Rk b

LR (e

ol
bod i i ]
g
1
'
Ll
i
;
I'-""Iu-\_

_-_ i ]
- [ PR
1] mem o ok e e Ui
B S ey L] r" Frm o (i, O & g sy (i o el
e =Hda
“THET R L1 . i £ -
| CETEE L i &l
& TTLikFim E " B4, Ol LSl i W
L TEL AR 1 i, M TREsriced iRl wF A
& e £ LTI T [ 1 = —ieem o g aa =
Effof
Messages

Hinh 2.22: Vi dy, trong d6 16i d3 xuét hién ddu chéo do & chd kiém tra 15

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;
SW3:in STD LOGIC;
PUSH BUTTON: in STD_LOGIC_VECTOR (1 downto 0);
LEDs: out STD_LOGIC _VECTOR (3 downto 0)); END top_level;

Ta muon ndi cac dau vao va cac dau ra cia ENTITY top_level voi cac chuyén

mach, cdc nat 4n buttons va cac LEDs trén bang Spartan-3E. Vi duy, ta mudn nhén céc

dau vao SWO0, SW1, SW2, va SW3 tir 4 nit chuyén mach. Nhimg dau vao nay nbi voi
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cac chan tin hiéu L13, L14, H18 va N17 cua chip FPGA. Tuong tu, ta mudn nhan céac
dau vao PUSH BUTTON(0) va PUSH_BUTTON(1) tir hai nat bim (Push Button) trén
bang Spartan-3E. Trong trudong hop ndy, ta sé sir dung cac Buttons bic va déng, ma
chung duoc két ndi véi cac chan (pins) V4 va H13 ctiia FPGA. Cubi cung, ta s& ndi cac

dau ra LEDs(0), LEDs(1), LEDs(2), va LEDs(3) v6i 4 dén LEDs trén bang Spartan-3E.

Hoc vién: Nguyén Vin Ling 41 Chuyén nganh: Ky thudt Dién tir
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Trong trudong hgp nay ta s€ sir dung 4 den LEDs bén phai tuong trng vi cac chan tin
hi¢u F12, E12, E11 va F11.

Péi véi timg cong vao va ra cuia ENTITY top_level, bang 2.7 liét ké tén cia thiét

bi trén bang Spartan-3E ma ta muon noi vdi cong.

Poat psume Spartan=3 E board device name Ere=criplion FPCA pin
SW SWi Shider switch L1
SW SW Slider switch L1+
| 5w S5 Shder switch |  HIg
=W 3 =% 3 Slider switch MNI1T
| PLUISH BLITTOMN(O) BTH_MNaorth Fush batton W
PUSH BUTTON(L) BTM East Push bastton HI13
LED={()} L 3 LED Flz
LED={1} LTx] LED El2
LED={2) L2 LED Ell
LEDs{3) L33 LEDY Fll

Bang 2.1: Cac cong input/output ctia ENTITY top_level
Céc budc sau day duge str dung dé ni cac dau vao va ddu ra v6i cac chuyén

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

1. Mot Clich vao ‘+’ User Constrains. S€ hién thi m¢ rong ra cac muc, ké ca

I/O Pin Planning (PlanAhead) — Pre-Synthesis (hinh 2.23).

= EBJ NoProcesses Runmng

L | Processes: top_kevel - Behawigral |

R

= T Design SummaryReports

: =1 i Diesign Litities
User Constraints L. g Llsai Constinings
e Create Timing Constraimts
| O Pin Planning (Plendhead) - Pre-Synthess
/"' I3 Pin Planming {Plandbesd] - Past-Symithesis
10 Pin Flgnning _—/_,,—""f Flocrplan Area/ 50 Logic (Plandhead)
[ Symtfiesizg - X5T
{PlanAhead) - ol Wiew BTL Schematic
Pre-Synthesis _ View Technology Schemats
E2E) Theck Syntax
P Generate Post-Sywthesis Simulaticn Medel
fd  Implement Design
Cd Genarate Programming Fide
o W Configuee Target Dence
1Bk fitalyze Design Lang Chiphoopse

¥

_EEIM B tesgn ) Fes | ) tbrates

|

Hinh 2.23: Mgt khoan ctia man hinh Project Navigator, vé1 User
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2. Hai Click I/O Pin Planning (PlanAhead) — Pre-Synthesis. Cura s6 cta hinh
4.18 s€ xuat hi¢n, yéu cau OK dé tao UCEF file. Click Yes.

Hoc vién: Nguyén Vin Ling 42 Chuyén nganh: Ky thudt Dién tw
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8 15 Project Mevigator HI!H
T 1
a This proceds requues thaet an implementation Conftient Fle (LCF] be added o
the grijest end psocisted wih Bhe selecked design rbdhale. Wiould you ke

Praject Mavigaton o autemulicaly cepste 8 LICF seed sl it 1o the project ot this
timel

I you sebect “Pa® you will need o crate or sdd an edsting UCHF 10 the projed
bifoe e running the pio o

Hinh 2.24: Hop héi thoai yéu cay tao UCF file

3. Click Yes ¢ hop hoi thoai (hinh 2.24), cira s6 PlanAhead xuét hién (hinh
2.25). Click vao 1/0 Ports tab, va sau d6 vao float frame icon. S€ hién thi I/O Ports
trong mot ctra sO riéng (hinh 2.26).

Save button I/0 Parts tab Float Frame lcon

Drreban |
ALH BUTTOND PLEA PUITIONE [ DF_S o F |

R T g = ) 1
T SWE_SAT Dt ' a

o BT el Al Comems . (T D0 Parte | 6

& by

‘9
I

= O &

| Mg Prohiei PFad D00 [ T BaW - T [P Dok el - Fie Troee Diy sl M Tiaos Dby ) h:\thl
oy

Rl PR LS LL LR spantan B Fpa e Do s RpaET an e -4

L Plaeikaand iparrry et ldryrpareae le aparen s Inoparees Jn-4 lik

| S TolCassatn % Baboraton Mamagss Egan

EE Lvegranr Fare

Hinh 2.25: ctra s6 PlanAhead hién thi 1an dau

Ll L

= 1 (e TR
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i 0 L it
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Hinh 2.26: Hién thi cira s6 I/O Ports riéng

Hoc vién: Nguyén Vin Ling 43 Chuyén nganh: Ky thudt Dién tir
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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 bi¢t nhu chi ra ¢ hinh 2.27

HOPut
5, XN
R ] oiine S5 Bod L0 wih - wel D SweRgl  Tew Tued  PlTvek
Aprie
W L =T LYTHDRS L3R 12200
0 LECs {0 j BT LNCHGETS LEN FE N ]
o LiTe|s) [T ] 40w LE0 13 2.0
{1 Lo Duipr: LV 3500 irooe
0l LE]N Diskndl Lviepiag Lin 12 i
. S BTN [ o] LACHEIE 1,500 13 5.0
[ P mUTonE] o LVCMO5TS 150 13 Lo
D P TN I et LvOmEs L¥n 12900
B g (4
> =wo =i LvDACsIs 1310 12200
Cr 5w, [E-T] LYCHGETS LEm L3 oW
B G Trgat LGS 1.5 13 50w
(R [E-T] LVDAD52] L0 120w

Hinh 2.27: Hién thi ctra s6 I/O Ports mo rong dén céc cong riéng

. 5. Dua vao cac cot Site, 1/0 Std, Drive Strength, Slew Type va Pull Type,
bang cac gia tri da cho ¢ be:mg 2.2. Cac cot Bank va Ceco s€ dugce dién ty dong khi cac
cot Site va 1/0 Std dugc dién gia tri vao.

Port Site 'O Std | Dirive Srength Slew Type Pull Twvpe
LEDs[0] Fl2 LVTTL | & SLOW

LEDs[1] E1Z LWTTL | & SLOW

LEDs{2] Ell LYTTL | & SLOW

LEDs[5] F11 LVTTL | 8 SLOW

PUSH BUTTON[O] | V4 LVTTL | | PULLDOW™MN

PUSH BUTTON[I] | H13 LY TTL PLIL LI M
SR L13 LYTTL PLILLLF
SW1 L4 LYTTL PLILLLUP
52 H 15 LNTTL PULLLIP
SW3 N17 LYTTL PULLLF

Bang 2.2: Céc gia tri dé dua vao cira s6 /O Ports

L
o, = S -
Tearw o= Mo FTPe M Be  LDEH Vi, Bl Deen Mgl SewTea Bl Tebe
ps My |
= L {4 Zudps e 170 B O
< LE] apt L H A 1 7 flow
o 1] i Ell O 154 F RO
<d |EmE Dul 5] v 19 El e ]
i Ly Dt 511 am. 10 [T
B, PUSH BUTTON Inpud | Yt ] ama prd- 1= | PULLGTHA "
i PUH UITTORMD] gt Lol e 1 = e PaBErm e
i MEH_BUTTOM1] T HI3 L 134 frd-Te | PLLLDTWH
e e T 4]
W Sl Gnput L3 i 1384 prp-ie | PLLLe
i s Ol Lia AR 1 prd dr_ MELF=
o f} Erpet il 1T 138G o Bl RLIF
e T O HLT e E o] rg-le | L IR

Hinh 2.28: Hién thi ctra s6 I/0 Ports v6i cac gia tri 3 duoc dién
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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 dd dugc dua vao. Ctra s6 PlanAhead cé

thé duoc dong lai ¢ trang nay.

2.2.3.8. Synthesize, Translate, Map, va Place & Route

Hoc vién: Nguyén Vin Ling 44 Chuyén nganh: Ky thudt Dién tir
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Truong Dai hoc Sao Do Lugn van Thac st

Giai doan tiép theo ta phai thuc hién 1a cac budc: tong hop (Synthesize), chuyén
d6i (Translate), Sap xép (Map), va dat vi tri & tuyén (Place & Route). Cac budc nay

dugc thuc hién nho Project Navigator, va dugc mo ta ngén gon nhu sau:

Synthesize: tao cac danh sach netlists cho timg file ngudn.
Translate: gdp nhiéu file vao mot netlist.

Map: thiét ké duoc sap xép vao cac manh va cac khoi I/O.

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

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

Translate, Map va Place & Route

P2 MoProccsecs Ruming £
TL | Processes: top_bevel - Behavicral »
=5 E [DemgnsummanyReport: ! .
— | & g Dessgn Wiilities
R Uiser Constraints
== " Create Tirni ing Constrainks
L 0 P P g {Flamhoad] - Preo-
IO Bin Planmng (Plandhead) - Post-Synth...
£ Floorplan Area/TO Logic (PlanAhead)
synthesize - X5T 1+ F) Symthesize - NST
Wiew ATL Schematic
=] Wi Technology Schematic
E2ED Check Syntax
Implement 2 Generate Post-Synthesis Simulation hModel
Design i B2 Implement Design
@ 03  Transiate
= B2 Mag
=08 o | Place & Route
23  Generate Programming File L
i Foonduruars Tacaet D — .
B Start | B3 Design | UL Fies 'f‘_ Fo——— 7]

Hinh 2.29: m{t khoan ctia man hinh Project Navigator, voi mo ra

2. Hai Click vao Implement Design. S& giy ra Synthesize-XST chay lan dau.
Sau do, Translate, Map va Place & Route s€ chay lan luot. Khi mdi mot budce thuc
hién xong, mdt d4u kiém mau xanh 14 cay sé xuat hién bén canh. Sau khi tat ca giai

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

P | P2 NoProcesses Running %
L | Processes: top. bevel - Behavioral -
L = Design Summary/Reports *
| @ Design Lilities
:}c | = User Constrasnts
== & Create Timing Constraints

L' Pin Panning (Plan&head) - Pre-Synth...
'O Pin Planning {Plan&head] - Post-Symth..,
Floorplan Area/ 10/ Logic (Flanihead)
| 2 0l Synthesize - K5T
Wiew RTL Schematic

¥ Tegh Sche
tai:-:hé:usk A c tal_ [uanvantot. ch
[ 4 Génerate PGs! S,-nm: i% 5

ik
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Hinh 2.30: mdt khoan cia 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 1én bang Spartan-3E starter

Hoc vién: Nguyén Vin Ling 45 Chuyén nganh: Ky thudt Dién tir
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Céc budc tiép theo 1a tao file chuong trinh, va tai né vao bang Spartan-3E nho st
dung iMPACT.

1. Mot Click vao ‘+> & Configure Target Device (hinh 2.31), s& mé rong dén
lgya chon Manage Configuration Project iMPACT).

lft Processes: top_level - Behavioral
- = Dhesign SummaryReports
- g Design Ltilites
Et User Constrainks
Create Timing Constraints
170 Pin Planning (PlanAhead) - Pre-Synthesis

0 Pin Planning (PlanAhead) - Post-Symthesis
Floorplan Area/10Logic (Planfhead)

EFde

Views BTL Schematic
7| View Technology Schematic

Generate

Em Check Syntax
Programming File E] Generate Post-Symthesis Simulation Model
= f}é Implement Desagn
Transiate

Configure Target 5 f Mep
= Place & Route
.

1 fi Generate Plnirummini File

Manage Configuration E:nemtec'[urgml PROMS ;J_f File —_
- anage nnhgurad:lnn ropact (i ACT)
Project IMPACT) E= Anakyze Design Using ChipScope

| = strt | =3 pesgn [L Pes [ Lorares 3

Device

/

&%

Hinh 2.31: M{t khoan ctiia man hinh Project Navigator, v&i mo ra

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

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

T
T L | Processes: top_ level - Behavioral i -+
L = Design SummaryReports JIlj =

- G Design Uilities |
= g User Constraints I =
=1 Create Timing Constraints : 4

L0 Pan Planning (Planfhead) - Pre-Synthess |
L0 Pin Planning (Plan&head) - Post-Synthesis |
Floorplan Area/ 10/ Logic [PlanAhead) |
= FIEA Synithesize - X5T
L Wiews RTL Schematic
Wigwr Technalogy Schematic
r m Check Syntax
B)  Generste Dozt Syvithesss Sirmtilstion Model
E]@ ]mplemt:m Design
5 kg Confugure 1arg=t Device
& Generate Target PROMSACE File
{573 Manage Configuration Project (iIMPACT)
L Analyze Design Using ChipScope |
'Esm s — "Heu||i’j Libraries =R

Hinh 2.32: M4t khoan cua man hinh Project Navigator,
sau khi Generate Programming File chay xong

3. Noi cap ngudn va cap USB véi bang Spartan-3E. Cim cap USB tir bang
Spartan-3E vao PC, va bat ngudn cho bang Spartan-3E.
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4. Clich hai 1an 1én Manager Configuration Project (iMPACT). Cira sd

iMPACT s& hién thj nhu hinh 2.33.

Hoc vién: Nguyén Vin Ling 46 Chuyén nganh: Ky thudt Dién tir
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Truwong Dai hoc Sao Do Ludn van Thac st

G G Vs Opestors  Cofpd Deig  Sesies e
D w |[s= srw

| T T T
ill_'l - 1
S |
e PRI R A e

By e e

e — =Bes

i o W SRTT "

Hinh 2.33: Ctra s6 ban dau cua iMPACT

5. Click hai 1an vao Boudary Scan nhu chi ra ¢ hinh 2.34. Thong bao “Right click

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

Mezsage appears
here

w
S Waghw cliok v Asdid Doty oo Gopnshoe (T400 0 fuere
b A —Omm
Bemmre Dpoatoe sen
o - Fomarnbir 5 o o
e - - aoen
[0 oot [ | e
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Hinh 2.34: Ctra s6 iMPACT, sau khi click hai 1an 1én

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

chon Initialise Chain, nhu hién thi & hinh 2.35.

Hoc vién: Nguyén Vin Ling 47 Chuyén nganh: Ky thudt Dién tir
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7. Sau mdt luc, mot hinh anh cu

a “chain” s€ xuat hién, theo vdi mdt thong bao

Identify Succeeded trong hop mau blue (hinh 2.36). Chip dau tién, xc3s500e, 1a chip

FPGA ma ta mudn lap trinh. Hai chip khac, xcf40s va xc2c64a trén bang sé 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).

b I5E PARLLT (WUAL) - [pundary Soas]

livrd G2 EQ
IMPACT Taram
i Bramdgiy San
[
1 Todaie FROH Fie (PR Fie Fonvod

+ i) v Tl Dutn

-

- N

PR T Froosaen

Ruadabia Dpershong s

=0 R4

M Tie Bda View ﬁlﬁ'.ilt:lll Enpeat I:lbug W-m HIII'

Pt ol 1 o The e ot bimmalase T4 (o i uimst

Addd Bl D i |
e Mow-Tdre Desce [ 2%
Coiyie Sagro Caraes

Cabri Sup

Cagesi Fibe Tpe

Hinh 2.35: Cira s6 iMPACT, hién thi chon Initialize Chain

L T3F RO WA Fis by .
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I PT
|! i 128 oL Pyl Sk Spvicy oo e PR
i ; Banrs dhiny it Lt
1 AamblL . rerbias e,
Y Crrate PROB Fuie (PR File Foormat i
b (M) ek Dt TH R4 T o
ot e =N i
rypand Frpia [T
T — e
L hain Aoogn Toarlgaewcn FirL Queny Dimng ﬂ
| — “OfFE g Do paw vl Lo torbevs ard insgn conl urrkon k|
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face ] g e

Hinh 2.36: cira s6 iMPACT, gan cac file cAu hinh
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8. Ctra s6 Assign New Configuration File s& xuat hién (hinh 2.37). chon file

“top_level.bit”, va click Open. Piéu nay lién két file top_level.bit v4i xc3s500e.

Hoc vién: Nguyén Vin Ling 48 Chuyén nganh: Ky thudt Dién twr
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Hinh 2.37: Ctra s6 iMPACT, gan file ciu hinh cho xc3e500e
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Hinh 2.38: Ctra s6 iMPACT, hop hoi thoai yéu cau c¢6 gin SPI
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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). Diéu niy chua can
cho thiét ké nay. Click No.

Hoc vién: Nguyén Vin Ling 49 Chuyén nganh: Ky thudt Dién tir
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10. Cir s6 Assign New Configuration File s& xuat hién trd lai (hinh 2.39). Trong
truong hop nay, Click Bypass. Diéu nay dam bao bo qua xcf0ds.
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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. Piéu nay dam bao bo qua xc2c64a.
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Hinh 2.40: Ctra s6 iMPACT, bo qua xc2c64a

Hoc vién: Nguyén Vin Ling 50 Chuyén nganh: Ky thudt Di¢n tir
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12.Ctra s6 Device Programming Properti
Properties s& xuat hién (hinh 2.41). Click OK.

es — Device 1 Programming

G 5L MPACT MELS - Sowncdiny S
T

T KD xUNDELR T Ay

AT Flowa
% o Boundary bt
Syriereii |
Crmrte PRI i BRI S Forreat
u] wenan fuais

=t B

Bt Tt

Diemir J { PR e s )
Pevaie 3 | CPLRE acholda |

| RIT M oz

. Bogrty Harvs
| Bepistic aowazeam

s

| e
| Fregrorn S8 (K5
ol G Devee T
a8 G Dieuile Cheisrn
R ———

|Pudee BRO

= ||

=

| 18] conacie | B [ |

Hinh 2.41: Ctra s6 iMPACT, hop

o Bt Cabbe (58§ Mg

wik-Fry

hoi thoai Device

13. Cira s6 iMPACT sé& xuét hién nhu & hinh 2.42. Click vao chip xc3e500e

(hinh 2.43) va chon Program.
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Hinh 2.42: ctra s6 iMPACT, hién thi device chain
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Hinh 2.43: Cira s6 iMPACT, cac lua chon khi click vao xe3s500e

Hoc vién: Nguyén Vin Ling 51 Chuyén nganh: Ky thudt Di¢n tir
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14.Chuong trinh bay gio s€ duoc tai vao bang Spartan-3E. Sau khi tai xong, mot
thong bao s& xuét hién “Program Succeeded” (hinh 2.44). Ta c6 thé thuc hién chay ting
thao tac clia chuong trinh bang cach click vao timg Available Operations are: Program,
Get Device ID, Get Device Signature/Usercode, Read Device Status, One Step SVF,
One Step XSVF cua ctra s6 iMPACT Procceses. Mdi Operation thanh cong s& c6 thong
bao thanh cong (Program Successfully, Readldcode Successfuly).

. 2 ~ =
B OO0 BADWCT LSS - Pousclary Sear] =

‘e ha B s Crewiom Oupd Debug Wesdes  Haip

1§ R UARLS T A
g =l

LR

e e |
Program Sucoeeded

i L=

B ﬂ Cremy | [ Warrgs

Canbgustion Flatlarn Caide IRE 0 MR [T

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

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

Bang Spartan-3E starter kit sau khi tai chuong trinh chi ra & hinh 2.45. Hién thi

trén LCD c6 thé khac nhu chi ra ¢ hinh nay trong qué trinh chay chuong trinh.

Bay gid chuong trinh ¢ thé duoc kiém tra trén bang Spartan-3E starter kit. Néu
chuong trinh hoat dong tbt thi contact xoay (¢ gitra cac nat BTN) khong c6 tac dung.
Vo1 cac nuat chuyén mach SWO0-3, vi tri bat 1én trén 1a vi tri bat (on). LED LDO phai
sang khi hoac 1a SWO0 hoac SW1 ¢ ON. LED LDI1 s€ phai sang khi hoac SW2 hodc
SW3 ¢ ON. Ca 3 LEDs: LDO. LD1 va LD2 s€ cung sang khi (SWO0 hodc SW1) va
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(SW2 hoic SW3) 1a ON. Cudi cung LED LD3 s& phai sang khi nat BTN _East hodc nut

BTN North dugc 4n xudng (cic nit nay tu nha)..

Hoc vién: Nguyén Vin Ling 52 Chuyén nganh: Ky thudt Di¢n tir
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Hinh 2.45: Bang Spartan-3E v6i chuong trinh dang chay

2.3. KET LUAN CHUONG
Chuong 2 trinh bay cac ndi dung:
Ngon ngit mo ta phan cimg VHDL: Lich sit VHDL; tmg dung VHDL; dic

diém cua VHDL.

Céac mure triu tugng trong thiét ké mach tich hop; cac tang triu twong cia thiét
ké VHDL; mo ta cac tang triu twong trong thiét ké VHDL.

Qua trinh thiét ké phan cimg bang VHDL

Céc cong doan thiét ké bang VHDL; thiét ké phan ctmg trén Xilinx FPGA;

cac tinh nang thiét ké; tai liéu lién quan; cOng cu phﬁn mém thiét ké Xilinx ISE va vi du
mot thiét ké don gian véi cac két ndi 4 nat chuyén mach (SWO0, SW1, SW2, SW3), nut
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nhén nha véi contact xoay (Button), va 8 dén led hién thi (led0, led1, led2, led3, led4,
leds, led6, led7) dé ching minh cac budc thiét ké phan cimg bang VHDL di dat duoc
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 tric cia Microblaze

Instruction-side D ta-side

hiis interface bus interfuce
Memory Management Unit (MMLI)
ik | — N
g e { UTLB 5 oma
£ {E P
A o | n
xeLm< 1| & z g _l:},- DXCL_M
—~Jl 8 } ALY s
IXCL_ S | @ Program A e I'BD— \_J:l DXCL S
Counter PSpeciaI ] ift
urpose
Registers || | Bamel Shift P
] i OPLE
[WPiB :> L 7 ~ Multiplier [N g
Divider
B " )
LIoP8 =3 FPU q
R L Instruction I ¥ .
IF el I S
[ILME V] Butter /] £ L Couie>
% | /
Instruction
Decode ¢ —~. MFSL0..15 or
| ] Register File —~" DWFSLO0.15
. 32 X 32b
— ~1 __ SFSL0.15 or
Optional MicroBlaze feature W ~y— DRFSL0.15

Hinh 3.1: Kién trac cia Microblaze

Céac bo vi xr 1y co6 san dung cho dong FPGA (Field Programmable Gate Arrays)
cta Xillinx st dung véi cic cong cu phan mém cé trong phan mém EDK (Embedded
Development kit) dugc phan thanh hai loai: Bo vi xir Iy mém Microblaze. Bo vi xtt 1y
cting da dwoc nhung sdn Power PC. Microblaze 1a bo vi xir Iy duoc ding hau hét trong

FPGA céac dong nhu Spartan-I1I, Spartan-III, Virtex cuia hang Xillinx. Microblaze 1a mot

vi diéu khién 4o, nd ton tai dudi dang phdn mém di duoc phat trién cua hing
Xillinx, nha thiét ké c6 thé thiét 1ap cac thong sé dé sir dung d6i v6i vi diéu khién nay
(UART, cic cong vao ra ngoai vi, ..) théng qua phan mém EDK. MicroBlaze 13 bo xtr Iy

mém
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nhung 32-bit cua Xillinx. Tap Iénh rut gon RISC (Reduced Instruction Set Computer),
vGi cac bus riéng biét dé truy xuét dir liéu va 1énh tir b nhd on-chip va bd nhé ngoai tai

cung mot thoi diém.

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

d6 co cac thanh phan sau:

Hoc vién: Nguyén Vin Ling 54 Chuyén nganh: Ky thudt Dién tir
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Bus IF: (Bus interface) dudng bus giao tiép
Instruction Buffer: bd dém Iénh
Instruction Decode: bd giai ma I¢énh
Program Counter: b dém chuong trinh
Add/Sub: khoi cong/trir

Shift/Logical: khéi ghi dich/16gic

Multiply: khdi nhan

Register File: tap thanh ghi dit liéu gdm 32 thanh ghi 32-bit

32-bit barrel shifter (lya chon)

MicroBlaze cung cap 3 giao tiép bo nho:

LMB: Local Memory Bus

PLB: Processor Local Bus

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

Microblaze sir dung LMB bus cho két ndi nhanh v6i on-chip memory (FPGA
BRAM), trong d6, chia ra ILMB: Instruction interface, Local Memory Bus: giao tiép
1énh theo chuin bus LMB, chi dung cho giao tiép BRAM, va DLMB: Data interface,
Local Memory Bus: giao tiép dit liéu theo chuin bus LMB, chi dung cho giao tiép
BRAM. Céc giao tiép v6i bo nhé cache ciing dugc chia ra bus két ndi voi cache 1énh va
cache két ndi dir liéu, trong d6 IXLC: Instruction side Xillinx Cache Link Interface
(cap lién két don FSL chu/t), va DXCL: Data side Xillinx Cache Link Interface (cip
lién két don FSL chu/té). Bus vao/ra dau tién ciia Microblaze 1a AXI interconnect, 1a
bus giao dich system-memory v6i kha ning chi/td (master/slave). Cac giao tiép dong
xir Iy dwoc hd trg boi cac két ndi AXI4-Stream connections. Céc giao tiép v6i ngoai vi

dugc thyc hién qua cac bus OPB theo chuan IBM CoreConnect, chuan nay cung cép ba
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loai bus gianh cho két ndi lién tuc da 15i, cac thu vién macro va logic ngudi dung: Bus
161 xtt 1y ndéi 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 c¢o6 chia ra: IOPB: Instruction interface, va DOPB: Data interface, On-chip
Peripheral Bus: giao tiép dit liéu theo chuan bus OPB. Toan bd cic ngoai vi qua giao

tiép OPB nhu sau:

Watchdog Timer/Timebase

General purpose Timer/Counters

Interrupt Controller

Hoc vién: Nguyén Vin Ling 55 Chuyén nganh: Ky thudt Dién tir
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SRAM Controlller

Flash Memory Controller

ZBT Memory Controlller

BRAM Controller

DDR Controller

SDRAM Controller

UART Lite

General purpose I/O

SPI

12C (evaluation version)

UART 16450/550 (evaluation version)

Ethernet 10/100 MAC (evaluation version)

Ngoai ra, nha thiét ké c6 thé xac dinh va bo xung cac ngoai vi cho cac chic nang

yéu cau, nhu mot giao tiép cho thiét ké bén trong FPGA.

3.1.2. Cac dinh dang dir liéu va tap lénh ctia Microblaze
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Tap 1énh rat gon RISC cua Microblaze st dung hai dinh dang 1énh 32-bit:

Dinh dang loai A: duoc cac 1énh register-register st dung. N6 gdm co trudng

opcode, mot thanh ghi toan hang dich va hai thanh ghi nguon.

Pinh dang loai B: dugc cac 1énh register-immediate st dung. N6 gém c6 trudng
opcode, mot thanh ghi dich va mot thanh ghi ngudn, va mot gia tri ngudn truc tiép

16-bit.

Microblaze st dung kién tric Load/Store ctia RISC, trong d6, c6 thé truy cap dén bo

nho theo ba kich thudc dir ligu: Byte (8 bits), Halfword (16 bits), va Word (32 bits)

Hat nhén cua kién trac RISC ciia Microblaze dwa vao tap thanh ghi 32-bit LUT
RAM v6i cac 1énh truy cap riéng bo nhé dit liéu va bo nhé 1énh. Microblaze hd tro két
ndi cac khéi RAM (BRAM) ca trong chip va ngoai chip.

Ciing nhu céac vi xir 1y kién tric RISC khéac, Microblaze co kién triic dudng ong
Iénh (pipeline architecture) voi ba giai doan thuc hién 1€nh: doc Iénh IF (Instruction
Fetch), gidi ma 1énh ID (Instruction Decode), va thuc hién Iénh IE (Instruction
Execution). Cac qua trinh day dir liéu (data forwarding), tr& chd trong dudng 6ng
(pipeline stall) va thyc hién cac r& nhanh (branches) duoc thuc hién tu dong trong phan

cung.
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L5i xtr Iy mém Microblaze dugc dua vao Kit phat trién hé nhing cta Xilinx
EDK (Embedded Development Kit) va dugc cung cép theo thoa thuin ban quyén cia
phi nha cung cap Xilinx Core. Ban quyén nay cho phép ngudi dung str dung Microblaze

trong cac thiét ké han ché trén Xilinx FPGA.

3.1.3. Hi¢u ning cia Microblaze

Hi¢u ndng cia Microblaze phu thudc vao cu hinh cta bo xtr Iy va kién tric cia
FPGA va cép do téc d6. CAu hinh cua Microblaze phu thudc vao cép doé tich hop cua
FPGA. Voi FPGA trén Xilinx Spartan-3E starter board gom khoang 500000 Logic
Elements, c6 thé cau hinh 2 nhan xir 1y 32-bit. V&i nhitng chip FPGA c6 tich hop nhiéu
LE hon, ta c6 dat dugc cdu hinh dén 8 nhan xu 1y. Trong nhiing loai Xilinx FPGA cho
thiét ké SoC hay NoC, ta c6 thé tao ra mang két ndi 9 don vi xur 1y 32-bit. Khi d6 co thé
dat dugc hiéu nang ctua cac hé¢ nhing FPGA hiéu nang cao. Pa c6 nhiing thiét ké siéu
may tinh véi cu trac cac nat xir Iy gdm co cac bo dong xtr 1y 1a cac khdi két hop FPGA

va vixu 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 nhing thanh
phan nhu sau [8]:

Xilinx XC3S500E Spartan-3E FPGA

232 user-1/0 pins

bong vo 320-pin FBGA

Trén 10,000 logic cells

Xilinx 4 Mbit Platform Flash configuration PROM

Tham khéio mién phi céc tai liéu khéc tai luanvantot.com



https://luanvantot.com/
https://luanvantot.com/

Dich vu viét bao cdo thuc tip tron goéi website: luanvantot.com Zalo/tele
0934573149

Xilinx 64-macrocell XC2C64A CoolRunner™ CPLD

DDR SDRAM 64 MByte (512 Mbit) x16 data interface, 100+ MHz

Parallel NOR Flash (Intel StrataFlash)16 MByte (128 Mbit)

Bo nhé cau hinh (FPGA configuration storage)

MicroBlaze code storage/shadowing

SPI serial Flash (STMicro)16 Mbits

FPGA configuration storage

MicroBlaze code shadowing

Hoc vién: Nguyén Vin Ling 57 Chuyén nganh: Ky thudt Dién tir

Tham khéio mién phi céc tai liéu khéc tai luanvantot.com



https://luanvantot.com/
https://luanvantot.com/

Dich vu viét bao cdo thuc tip tron goéi website: luanvantot.com Zalo/tele
0934573149

Truong Dai hoc Sao Do Lugn van Thac st

Hién thij 2-line, 16-character LCD

Cong ndi PS/2 mouse hoic keyboard

Cong hién thi VGA

10/100 Ethernet PHY (Ethernet MAC trong FPGA)

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

Cong gao tiép USB dé lap trinh FPGA/CPLD

50 MHz clock oscillator

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

Dau ndi mé rong Hirose FX2

Ba dau n6i mo rong Digilent 6-pin

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

2-input, SPI-based Analog-to-Digital Converter (ADC) v6i tién khuéch kha

trinh

Cong ChipScope™ SoftTouch cho g rdi
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Bd ma hoa vong véi push-button shaft

Tam discrete LEDs

Bén khéi chuyén mach manh (slide switches)

Bon push-button switches

SMA clock input

8-pin DIP socket cho auxiliary clock oscillator

3.2.2. Lwa chon cAu hinh hé nhing véi Microblaze

Trén bang Xilinx Spartan-3E 500E c6 thé cdu hinh hé nhung v&i mot nhan, hodc
hai nhan Microblaze véi bd nhd SRAM, DRAM, flash memory, voi1 timer, cac két ndi
v6i cac thiét bi: bon switch (SWO0, SW1, SW2, SW3), bén nit bam (button), tam led
(ledO - led7), hai cong COM RS232 (DTE, DCE), cong ethernet, LCD.

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

nhan xu 1y.
3.2.3. Cac budc thiét ké sir dung Cong cu phin mém Xilinx ISE14.1

Str dung phan mém XPS: chon biéu trong XPS trén Desktop chay chwong trinh

tao h¢ nhung Microblaze.
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1) Trén cira s6 Xilinx Platform Studio, chon Create New Project Using

Base System Builder

Getting Started

}!___ Create New Project Using Bace

Muxm: Base Sestem Buider vazard tocreate an SFS proect
Create Hew Blank ProfRct

Crmate 2 rew ¥ rojech without sing the Bese Systen Bubls

XILINX PLATFORM STUDIO

Documentation

o

SeeWhat'c New

Reiesse notes and informabian about new D6 fratures n The rekemse

Al documeriation relat=d b EDK

ﬁ-IJ!Em!ES_TM
sooul eating

Open a previosty ceated project

P

h:tgghml Project
Ooen arecantly used project

uging th died degign flow

Hinh 3.2: Cira s6 Xilinx Platform Studio 14.1

2) Chon thu muc, tao tén project Microblaze

Mew Project

Project File | G:Xiimx_Alters_designilimxDesign\DualCoreMicroblaze\system.xmp

| | Browse ...

Select an Interconnect Type

1 AXI System

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

@ PLB System
PLE is the legacy bus standard used by ¥ilinx that supports current FPGA families, induding Spartant and
Virtexs, PLE IP 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
decument on xilinx. com.

Select Exasting .bsb Settings File(saved from previous session)

| Browse ...

Set Project Peripheral Repository Search Path

L | [Loromse.. ]
[
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Hinh 3.3: Tao tén project
Microblaze 3) Chon tao project
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Welcome Doard System Processor Peripheral Cache Summary
[ |
Weloome to the Base System Builder
This tool leade you through the steps necessary for creating an embedded cystem,
select One of the Fallowing:
@ Iwould ke to create a new design
0 Iwould like to load an exsting . bsb settings file (saved from a previous session)
| | | prowse ...
"
i
i
i
il | Mare Info < Hack [- Mext = ul | Cancel

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

@ I would like to create a system for the following development board

Board Vendor |)<i|im(

Board MName |5par13n—3E Starter Board

Board Revision |D

EIE]E]

) 1 would like to create a system for a custom board

Board Information

f Architecture PE*EE Padcage Speed Grade
|spartan3e | = | [xc3s500e ~ | IFe3z20 | =] |-= [=]
' 7] use Stepping | [=]

Reset Polarity [&

Related Information
vendor's Website

Wendor'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 zerial ports, 4 DIP switches, 4 push buttons, 8
LED=, VGA port, character LCD display, PS/2 port, push button rotary encoder, SPI analog to digital converter, SPI digital to analog converter, 10/100
Ethernet port, 2MEB SPI flash, 16 ME of parallel NOR fiash and 64 ME DDR. SDRAM. Push butbon South{RESET) is used as system reset,

M[m [<E.ack ][Next>”c.anca|
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Hinh 3.5: Chon bang Xilinx Spartan-3E Starter
Board 5) Chon c4u hinh 2 nhén cho Microblaze
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System Configuration
|| Configure your system.

7 single-Processor System @ Dual-Processor System
Select thi= option to ceate a design with a single processor. This Wizard Select this option to create a design with two processors. This Wizard
will let you configure the processor, the peripheral set and some major will let you select the types of processors, peripherals unigue to each
configuration parameters for the peripherals, processor, and peripherals shared by the processors,

RS232

Processar 1
Shared Peripharals

Mailbox  Mutex
sor 1 Paripherals

r 2 Peripherals

Hinh 3.6: Chon c4u hinh 2 nhan cho Microblaze

6) Chon ddng hé va dung lugng bd nhé trong (BRAM) cho timg nhan

Welcome Board Syt iz _ == Peripheral Cache SO .
[ Processor Configuration
Configure the processor(g).
Reference Clack Frequency |50,00 (clk_50) [=] Mz

Processor 1 Configuration Processor 2 Configuration
Processor Type iMIcrnBlaze B Proceszor Type |MicroBlaze EI
System Clock Frequency |50.00 [=] MHz System Clock Fregquency | 50.00 | MHz
Local Memory !8 KB EI Local Memory |8 KB ITI
Debug Interface [On-Chip HW Debug Module =] Debug Tnterface [On-Chip AW Debug Module =]
[] Enable Floating Paint Linit [] Enable Floating Point Linit (]

Hinh 3.7: Chon dong hd va dung lugng nhé trong cho timg nhan

7) Chon cAu hinh céc thiét bi cho tung nhan

Welcome Board Syatem = Processor Perfipheral _che Summary
L I
Perpheral Configuration
To add a peripheral, drag it from the “Available Farpherals™ to the processor peripheral list. To change a core parameter, dick an the peripheral,
Avallable Peripherals Processar 1 (MicraBlazs) Peripherals [ _select All ]
Peripheral Narmes Care Parameter =
i I B euiene Buttons 4Bt
Lol FLASH 7 ; =
) Internal Peripherals P Eth:,::' e
i Imbbram_if_cntlr : Core: xps_ethernetlite
ma:bax < Remove LED=_8Bit
Lomutex Core i
i shared_bram_if_cntlr R;,_,,z"!:gf;“-‘-“"“‘
wps_bram_if_cntic = | i -
W | xps_timebase_wdt e bk Lps sisttine li]
l xps_timer Shared Feripherals Select all
Care Parameter
DOR_SDRAM
Core R W
Add = rmaillbes_0
—— Core: mailbox
l = Remove J rnutex O
S Core: mutes
I Frocessar 2 (MicroBlaze) Peripherals Select all
Core Parameter o
DIP_Switches_4Bit
[ i el s
| Add | | Rs232_DTE -
R5232 DTE xps_uartlite -
T FEBRNS: Baud Rate 9600 &
. Data Bits g =
Tham khs ien phi cac tai liéu khac tai fua tot.com
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i [ More Info ] | =Back ]I et = I[ Cancel ]



https://luanvantot.com/
https://luanvantot.com/

Dich vu viét bao cdo thuc tip tron goéi website: luanvantot.com Zalo/tele
0934573149

Hinh 3.8: Chon c4u hinh cac thiét bi cho tung

nhan 8) Chon dung lugng céc cache cho tirng nhan
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Cache Configuration
Select cache size and cache memory for processor(s).

Processor 1 (MicroBlaze) Cache

¥] Instruction Cache 7] Data Cache
Instruction Cache Size |2 KB [z] Dotacachesze 2k8 [+
Irstnuction 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 RAM for large sized caches.
[¥] Instruction Cache [¥] Data Cache
Instruction Cache Size |2K8 [#] Datacachesze 2xe =]
Instruction Cache Memary Data Cache Memory
@ DDR_SDRAM | @ DDR_SDRAM
Note: In multile processor systems, memory regions may be e from multiole or Users are responsible for managing memory and cadhe
coherency ssues.

== ] ]

Hinh 3.9: Chon dung lugng 2KB cache cho tirng nhan

9) Hién thi thiét 18p céc dia chi cua microblaze

Welcome Board System Processor Peripheral
[*

Cache Summllrv
i

Summary

Below is the summary of the system you are creating.

System Summary

Core Mame Instance Mame Base Address High Address

Processor 1 microblaze 0
HpE_gpio Buttons_4Bit OE1420000 DxE142FFFF

mprmc DOA_SDRAM 0x8C000000 OxBFFFFFFF
- xps_ethernethite  Ethernet_MAC OeaB1000000 0xE100FFFF
- xps_gpin LEDs 8B 081400000 DxE140FFFF
- xps_nartlite RS232 DCE O=B4000000 0xB400FFFF
- \rmb_bram_if_cotle dimb_crtle 0x00000000 00001 FFF
i < Imib_bram_if_cntle ileab_cnthe 000000000 OD000LFFF
= Processor 2 micoblaze 1
& DDR_SDRAM 08000000 0xBFFFFFFF
DIP Switches 4Bit 0x81400000 0xB140FFFF
xps_uartlite R5232 DTE 0284000000 0xB400FFFF
*ps_spi SPLFLASH 083400000 0xE340FFFF
Irmb_bram_if_cntlr dimb_cntlr 1 000000000 0D000LFFF
Fil= Location

= Overall
o GNEiline_Altera_design'XilinxDesign\DualCoreMicioblazeisystemxmp
o GKiline_Altera_design'XilinxDesign\DualCereMicroblaze\systenm.mhs
-~ GAFilinx_Altera_design' XilinxDesign'DualCoreMicioblazetd atatsystern.uck
Gilim_Altera_design' HilinxDesigniDualCereMicroblazet etc\fast_runtime.opt
Govilime_Altera_design' ilinxDesigniDualCoreMicroblazet etch download.cmd
Gruxiline_Altera_designiXilinkDesigniDualCereficroblaze etch bitgen.ut

Save Base System Builder {.bsh) Settings File

| Giiilin_Altera_designsilinxDesign \DualCoreMicrablaze system, bsb

More Info |_< Badke

il

Foen ] [ e
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Hinh 3.10: Dia chi cia Microblaze

10) Cac giao tiép bus ctia Microblaze

Hoc vién: Nguyén Vin Ling 62 Chuyén nganh: Ky thudt Dién tir
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Truong Dai hoc Sao Do Ludn van Thac si

i it
Bré ‘
Wavigator (1) Bus Interface Filters g5
TP Type IP Vercion + || | = By Comnection n
[ oo | re— = % Imb A0 2008 Bl cannectel ]
| a2 Jrimend0 2000 MBA I
E —_— | dlmb A0 200k R sl"‘“";“
U " 4 im0 2008 i
Aun DRCE [ T W plhode 1054 . f
s pib 1 T plbe 10 | B e Pt To Fomnt
| 2 o g | 1 microbicze 0 o microblze 8302 1 AR
: o
[ra: " - micmbioze_ 1 ¥ microblare B30 | WL
i ey {] B v brarri o braer block 1008 = L'ﬂm MBINTERRLIPT
Eﬂ ) & 1 i et ¢ Imb_bram,i.. 300 . %]' e
e ]; - ilmb_entir Hr Imb_bram_i.. 300k v
Generate Netigt " || b brom 1 7 bram block 1003 1 191 XL MEMORY.CHANNEL
f‘ i 1) alm_entle 1 Tr Ima_brarm_i.. 300 = ’*““}_“"'I“TW'
s R | 0 et 2 2 Iens_beam i, 1005 Ao
| ' - & DDR SDRAM 1r mpme 6053 s
Gereate itSiream i || 1 meim 0 T mdm Lk o
& & maiibay 0 W mailbox 1.00.4 BT °":°"
- i mutex 0 o mutex 1004 3 _i;.;gw;
: il Erhemet MAC T wps_etheme.. 4003 O
2 Butterss_4Ri1 o g 2004
v & LEDs 83 oropsgpo  L0a
Ao . - R§232.DCF W oo vertlite 1024
LI | [ | A e 100 b
d
diMaster #5laye dhaster/Slave # Target {Iniiator @Cannected JUncannected M Montor
ﬂ Vrproduction Blicense [paid) Blicense feval) B ocal Mpre production Bdets BDevelopment
e & Superseded  Discartined
Generate BLFles | Design Summary e Grohieal Desn View O s System Assenbly Vew ol
A N
. | Cormoie ~08x
Lanzh Smnulatar =
Fl '
| 3] coronie | By Wamings

Hinh 3.11: Céc giao tiép bus clia Microblaze

11) Tao dia chi cho hé thong Microblaze

=4 Ll T
e wad aenm
o Bsbiefss [ Pos | Adfescs | &l
 Tnstance Base Name Fase Address High Address Size BusInterface(s]  Bus Name Lok |
1= microblaze I's Address Map
| - imb_cnt C_BASEADDR  Ox0OOOOOD0  CwOODOLFFF B [=5LMB ik |
b et CBASEADDR  (x000D0000  OxOOOOLFFF K SLME ibmt &
| Eheme MAC CRASEADOR  nf1000000  (xEIOOFFFE 64K e mb_gis I
i . LEDc #Bit C_BASEADDR  (uBL400OD0  (WBISOFFFF 64K T mb_pla 5]
E Duttons 485t C_BASEADDR  OxB1420000 (B 142FFFF B4K SPER mb_pl (]
: = R5230 DCE COASEADOR k4000000  (wB40OFFFF 64K [T mb_gls A
ImplemEn Faw mem. 0 C_BASEADDR.  (uB4400OD0  OWBSSDFFFF 60K L mb_pin |
1o mutecd C_SPLBO.BASE. OxCZ2400000 NxC230FFFF 4K 5PLBO mb_pls [l
EH | | DDR_SORAM CMPMC BASE. 0xC4000000  ChCPFFFFFF GAMA SHBBSPLEL  mb_plmb plbl ||
L © - mailbo 0 CSPEBIBASE. OxCDEDODD0  OwCDEDFFFF 64K PLED mb_pia =

ezttt | o icioblae 1's Address Map

dime_cntlr 1 CRASEADDN 0400000000 uOOOIFFF K dima 1 |
% | iimb_cntic1 C_BASEADOR  (QxDOODDODD  OMOODOLFFF  BK iimb1 0
il - DIP_Switches 46 C_BASEADDR  ¢B1400000  OXSI4OFFFF 64K mb_p 1 (]
GererateBishesm | GALFLASH CRASEADOR  (RJ400000  (xBRSOFFFF 6K b gl 1 &l
- AS331_DTE C_EASEADDR  (MB4000000  (xBADOFFFF 64K mb_pls L |
| muted C_SPLR1BASE., OyC2400000  ONCR4OFFFF 64K mb_pi 1 I
@ DR SORAM CMPMIC BATE. 0xC4000000  (WC7FFFFFF 6IM bbb plb 1 [
st D | - mailbo,0 CSPLEL BASE. (CDEOODD0  (OWODEOFFFF  6AK mb_ples 1 0
Legend
diMaster El2ve dhMaster/Slave B-Target {Initiater @Cannected WUnconnected b Monitor
w rpraduction Elicense [paid]  Slicsnse (aval)  Teral Lprs Frodurtion WiBera Enavelopment
A Superseded Discentinued
"r.'; b Desin Summary are EraphiclDesign Vew 08  comiswibion [

GenerzteHOLRks  |COncol HOax
{0rc4000000-0xcTEEEEEE) DR SDARM mh_plh =
{Oxede0D00D-Gxede0f£EE) mazlbox O mh plb

! Generated Addresses Succsssfully =
Larch Smuatar =
1 I L]
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Hinh 3.12: Tao dia chi ctia hé théng Microblaze

12) So @ mach cua hé thong 2 nhan Microblaze

Hoc vién: Nguyén Vin Ling 63 Chuyén nganh: Ky thudt Dién tir
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Truong Dai hoc Sao Do Lugn van Thac st

(N e e

b
. ™
: Gaid se B0
Porle | Addrescer | | o fleg]
Connected Port  Direction Fange Clagz FrequencylHz)  Reset Polary Senstivity IP Type Differert * | =
f
"
{
W
H
H 1
W Imb_bram i
W bram_block
1 Imib_ram. |
W Imb_bram
'
Syatem Astembly v
w0 8%
z conole |1y warnrge [ ) Evons
—_ —eee——

Hinh 3.13: Céc cong cta hé thong Microblaze

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

Tt D A e R L I B i
L

8
L
L
L
|
|
|
|
|
|
|
|
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Hinh 3.14 So d6 mach cua hé thong Microblaze 2-core

14) So @6 mach nbi cac thiét bi ciia nhan 0 (Microblaze 0)

Hoc vién: Nguyén Vin Ling 64 Chuyén nganh: Ky thudt Dién tw
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Hinh 3.15: So d6 mach ctia core Microblaze 0

15) So d6 mach ciia core Microblaze 1

nnonnEnonn
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Hinh 3.16: So d6 mach cta core Microblaze 1

16) Cac giao tiép mo rong 1/0 cua hé thong Microblaze

Hoc vién: Nguyén Vin Ling 65 Chuyén nganh: Ky thudt Dién tir
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ga_0_Ethernet

0_Ethernet

SOMHz

Hinh 3.17: Cac giao tiép mo rong 1/0 ciia Microblaze

Trén cira s6 XPS, ta c6 thé liwa chon cac phan ctng khac nhau cua hé théng

Microblaze dé kiém tra thiét ké. Sau khi da kiém tra, in 4n thiét ké, Iuu 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, tily thudc vao cau hinh may tinh).

" — — C— e
& ilinx Platform Swdio ([EDK_PI15k) - GAXIlin Altera desigmXilindDesigm DualCoreMicm blaze\sy emomp - [Sraphical Desian Yiew]

sl
BrHE ik L S aw aE B0
Mavigator x

#0

-]

Genarste Netler

+

i

Generate Bitsream
Graphical Design Vien B & Systerm Asmembly liew

J/dava/sparcans,acds with local file
ata/sparcans.acd>

#| f] | @
Standard Fltere
[] Hidz Buz Incarfz
[¥] Bmand [0 Inter|
3| Show Ports
| Clock Ports
4| Reset Ports

Interrupt P ™
Views

Clocis Criw
| ARREts Cinly
| irterminta riy

! Irvbermer Ve

Processor Vew

=08 x
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Hinh 3.18: Tao thanh cong Netlist ciia project Microblaze

19) Chon Hardware -> Generate Bitstream tao file cdu hinh (system.bit) ctia hé

thong Microblaze (thoi gian tao Bitstream file khoang vai phiit)

Hoc vién: Nguyén Vin Ling 66 Chuyén nganh: Ky thudt Dién tir
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— — S — 2 T— =
Wiliny Platform Studis !,EK_F 1548 - ﬁ:‘dﬁlinr._AIIefa_d'eLign\Xiﬂnxﬂesign‘.DuEanMi:rohlaze\systen\nmp - [Graphical Design View] !

Brios if ERaw ad BE

@& @
Stenderd Filers

Hide Bus Interfz +
xpand I

o x =
J Clock Ports
¥| Reset Ports

Intemrupt Fo ™

(GEnerste Netlst

Generate BitStream =
Processar View

7 microblaz= 0
[#] microblazs L

Expert Design
EETTI7E
@ Graphical Design View 0o System Assembly Viesr
o b ettt
b “OF X
c.c.c.a;,EL:iﬁ yarning measages for more detaila.

yotem.bit",

Launch Smulator

S| Consale | XL Wamngs 0 Errora

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 22 AM MASM Listing 4 KB
|| system.bgn 771072018 11:29 AM  BGM File 8 KB
|| systemn.bit 7/10/2018 11:29 AM  BIT File 278 KB
| system.bld 7/1072018 1122 AM  BLD File 36 KB
|| system.brmm 7/10/2018 10:34 AM  BMM File 1 KB
| system.drc i 1:28 AM  DRC File 4 KE
|| system.ncd i 28 AM NCD File 2,925 KB
| system.ngc i 16 AM MNGC File 3,011 KB
|| systemn.ngc_xstxrpt Fl 16 AM  XRPT File 12 KB
| system.ngd 7 22 AM NGD File 11,720 KB
| systermn.pad 7 28 AM PAD File 18 KB
@ system 7/10/201811:28 AM  PAR File 66 KB

20) Nbi Xilinx Spartan-3E starter Board véi PC bang cap Xilinx USB, cap
chuyén d6i USB-RS232: Xilinx Board DCE <--> USB PC. Thiét lap toc do cho cong
nay (COMD9) tdc d6 9600bps giéng nhur di cAu hinh cho DCE cua bang (cho
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Microblaze 0)

Hoc vién: Nguyén Vin Ling 67 Chuyén nganh: Ky thudt Dién tir
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r
=4 Device Manager

File Action View Help
o= = EH HEl & @SS
i~ & holom-PC

.33 Batteries
% Computer

p g Disk drives
|- B Display adapters
- %55 Human Interface Devices
il | .. 1DE ATA/ATAPI controllers
1 %54 Imaging devices
;-5 Junge
[» 22 Keyboards
[ Qf! Mice and other pointing devices
;B Monitors
a - l;" Network adapters
...m¥ Atheros AR8152 PCI-E Fast Ethernet Controller
i l_-'l"' Broadcom Virtual Wireless Adapter
(- /%F DW1501 Wireless-N WLAN Half-Mini Card
_..¥F Kaspersky Security Data Escort Adapter
L..m3, Microsoft Virtual WiFi Miniport Adapter
1» -l Portable Devices
4 7% Ports (COM & LPT)
ll '? Prolific USB-to-Serial Comm Port (COM39)
i |3} Processors
4 -&¥ Programming cables
- &¥ Xilinx USB Cable
| -% Sound, video and game controllers
..M System devices
i Universal Serial Bus controllers

Hinh 3.20: Kiém tra cac két ndi thiét cua PC bang Device Manager

21) Trén XPS, chon Project -> Export Hardware Design to SDK ...: chuyén
cac file cau hinh cua project dén SDK dé nap 1én bang FPGA va xay dung (mg dung.

This dialog allows you to export hardware
platform information to be used in SDK.

[] Indude bitstream and BMM file

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

Directory location for hardware description files
NDHSACDO\DIEN DIENTLIWNGLYENVANLANG Microblaze\SDKISDK. Expart

[ExportDrﬂy_] \Emort&.l,aunch SDKJ ‘ Cancel I I Help

Hinh 3.21: Chon Export & Launch SDK
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Ta c6 thé lua chon Exoprt Only dé chuyén céac file cdu hinh cua thiét ké hé
Microblaze dén SDK luu, sau d6 c6 thé SDK va thuc hién nap file cdu hinh 1én bang
FPGA. Ciing c6 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

Hoc vién: Nguyén Vin Ling 68 Chuyén nganh: Ky thudt Dién tir

Tham khéio mién phi céc tai liéu khéc tai luanvantot.com



https://luanvantot.com/
https://luanvantot.com/

Dich vu viét bao cdo thuc tip tron goéi website: luanvantot.com Zalo/tele
0934573149

Truong Dai hoc Sao Do Lugn van Thac st

3.3.1. Phin mém Helloworld.c va cai dit thir nghiém

1) Chon Export & Lauch SDK

2) Chon vung lam viéc cho project

Xilinx_Altera_design\XilinxDesign\Microblaze on_sp3e dualCore noFPU FL
ASH ISE14.1\Workspace\
3) Chay SDK

fi - BualCo
Fi Souree seror Wavigs o2 i
Y= B #2E & @-a&-g-g- B - WOy BF - [Ty o [EE o]
5 Froject Explorer /23 = O g systemomi 55 =0 B oue 57 3 Ma = O = Welcame =0
= = = | An outfine iz not available, - g |
= = DualCoreMicroblaze hw_platform — e
4 W DuelCoreMicroblazs_hw_pletform =)
¥ mystem_bdemm Design Information @ -
= systemibit - ' Xilinx SDK |
systermami Targes FPGA Device: xc3s500e |
- Created With: EDK 141 :
Created On: Tue Jul 10 11:30:49 2018 H
Alinx SO 15 based on Esligss 3.6.2 and!
l HPS Design Report: file://Guline &hers design Flpesins T I
N K
Address Map for proceseor microhlaze 0 ew to SDK? I
dimb_cntir Ix10000000 Ox00001€££ You can getstarted by clicng File —= » [
iimb_cntlr 0x00000000 Ox00001£££ Orwatch & § minute screencas! demonst o !
LEDs 88t 031400000 OxS140E€£F |
Buttons 484 Ox31420000 OxT142FEFF
DDR_SOAAM Oxcd000000 Oxc?EfEEEF | = |
Ethernet_MAC 031000000 OxS100FFF£ Documentation |
mailbox 0 Oxcde0D000 OxcdedfE£Ff |
mutsx D OxcZ400000 Oxc2d0FE€E = Geting Startsd win iy SOK
A5232_DCE Ox34000000 Ox3400£€££ = EDKEConcepts, Tools and Technic
mdm 0 034400000 0x3440FF£F - = Migrating from olgerversions of S0
I . ik ] ¥ » Frequenily agked questions

Duerview | Source|

Known lssuss
1

He Connection Selected ot ab B = - e » Known lgaues in 20K
» Miling Answer Récord Seareh

Questions. Comments..

& Xiling Forum

m | L3 | F'“l_ o *

Mo Connection Selected

Hinh 3.22: Cac file cau hinh cua thiét ké tir XPS d dugc Export vao SDK

4) Thiét lap cong COM-USB

Dinh dang dit liéu, téc do bit phai pht hop voi cdu hinh phan cing di duoc
thiét lap trong XPS.

&
dip Terminal Sertings =

View Settings:

View Title: Terminall

Cannection Type:

Senal "]
Sektings:
Poct: conve =

T
Diaka Bits: [ﬁ
Stop Bits: [1—7]
Parity: F\Ime i

Flow Controk ’h

Timecut [seck &

[ CK ] I Cancel |
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Hinh 3.23: Thiét 1ap cong COM-USB

Hoc vién: Nguyén Vin Ling 69 Chuyén nganh: Ky thudt Dién tir
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|E_-, Problems ia Tasks |E Console flj Properties ! Terminal 1 23\\\‘__

=l
!Serial: (COM3, 9600, 8,1, Mone, Mone - CONMECTED)

-."'3 SLEE O-F-R

-~

Hinh 3.24: Cong COM-USB di két nbi sau khi thiét lap

5) Nap file c4u hinh "system.bit" ctia hé théng Microblaze 1én
FPGA Chon: Xilinx Tools -> Program FPGA"

-
Program FPGA

-

Program FPGA

| sz |
Specify the bitstream and the ELF files that reside in BRAM memory %
Hardware Configuration

Hardware Specification: G:\Xilinx_Altera_design\XilinxDesign'\DualCoreMicroblaze\Workspace\DualCoreMicroblaze_hw_platformsystem.xml

Bitstream:
BMM File:  G\Xilinx_Altera_design\XilinxDesign\DualCoreMicroblaze\Workspace\DualCoreMicroblaze_hw_platformsystem_bd.bmm | Browse.,
Software Configuration

GXiling_Altera_design'XilinxDesign\DualCoreMicroblaze'Workspace\ DualCoreMicroblaze_hw_platform’systemn. bit

Processor ELF File to Initialize in Elock RAM
micreblaze_ 0 bootloop -
microblaze 1 bootloop

@

i Program I [ Cancel

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

6) Tao phan mém helloworld.c

Chon file -> New -> Xilinx C Project

I B B B = B i - =
5 e Tt e = [-ﬂw.v-u: - g
sl Prgact - i e Proect £
PRI § Pl PRt et st R . ik of P P90t OO Wit f Crerte ¢ ravaced ke poplicsten gropet. Che from o of o siegls spplicston, 'y 4
- | [ ==
]
Pt sare el e | 4 Create wests Boued lagmert Puckage propt L
¥ Lt el it T bl ool b, i araim Tl Wil bt o 10 £ e Pt R
Propcaeme hellp sond e
o ot Befpull it
= i
Target st e et o1 o dege ol - il il '-h-_
Boomer i - |
Tt Seftwsiest o o iy fowd wppn P b
Pt Ve 5 Soltio: K Vi Reible Bl Suppt Paksges
et Froact Tmpiain . . F
Dorpore i Dmogpies
ey dgplcaen 1 Lty el ek [
el e Dt
]
Pinpteral Tt
| 1 Mot | ] P—
J | Men 3
) 0) « hoh | it
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Hinh 3.26: Tao tén project: hello world 0
7) Soan file helloworld.c

Hoc vién: Nguyén Vin Ling 70 Chuyén nganh: Ky thudt Dién tir
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Hie Edit Source Hefactor e Search Fun  Project ilme Tools Window  Help
‘ .5 BN &#E & gr-id~d~@ K~-Hr B-O0~Q~- ™ [Haly m [[Ece]
| 25 Preject Explores £ 'O g systemaml il'g. systemmas | |£) helloworidc 11 = @m™ = 0 welcome 5 e
| = = - - i o
‘ 4+ [ DualCareiizrabizzs hw_platfe L R -
- download.bit #include <acdis. ny o
=1 system_bd bmm Wipclude "plasfcem h" * pesracn @xlllnx SDK
system bit ‘::' }
@ svsremom| void primt |char “str)/ B pletform
P L o printiehs ki e
a bp";:::'::‘h:'u ~ o sl Xlling S0K 13 based on Edipas 3 §
- {
el Ir;"::d" 1nie plavrarm|); New to SDK?
@ Debug =
a 20 pring ("= S \a\E"} g Yol |-:uL!:1:in||-: by clicking FiY|
|€] hellowarld.c print (]| DAL CHI LINH HAI DUCHG | 1AmAE"} 2 Or waich a & minute screencast di o
ol pietion. config. pE4Ov(™ || CAO EGC DIEN-DIEN TU ¥HOA I 2016-2 R
[ platforn.c 4 prane ("] | HOC VIER NGUYEN VAN LANG 1IARAE"} 7 (o
1§ pletiommh : pEant (" \ahE"ts ||
I Iseripetd : oleanup_platform() i Documentation
4 [ hello_werld_hsp0 :
i BSP Documentabon i return 07 * Getling Started with Xiing &
L+ microblaze 0 & 2 * EDK Concepts, Tools ang.
L libgen. leg . v = [AGrEING rom aldsr eraid
2 ligen. o phons b [ ¢ * Ll ’ » Frequently asked question
[ Mekefile [ Problems | &1 Tasks| [ Comcte 1~ (2P | =0
y 21 | & () roperties | J¥ Terminall
B, system mas sy 3 Known |ssues

= A = R R
Command Lins! elrsnssk =mw ../, /DUAICOrSMISTonlaze Ny platTarmsaysTem. wml —pe
microblaze O hello world O.ell

- + Known lagues in S0k

e Mg I It ]

ELF film 1 bello world 0. elf

slfcheck passed, - Questions, Comments..

Finished Pullding: hells warld O.alf. slfshesk a
Lo =" - 5""“ S—gr T -

[l T ' "

o

L Writabile Smart Insert 3547

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 tng két qua
1én PC qua cép terminal COM-USB (Ltc nay Bang Xilinx 1a host, PC 1a Terminal).

[ File Edit Souree  Refactor Mavigate Search Run  Project Xilink Tooks  Window Help

1= ] B o2E & #-d-F-F- -9 H-0-0- &4~ . = [Eoe-

I Project Explorer ) . = 0| g5 systemami #oovsenmes | (& hellowarlde % ) =0|[@m™ = 0|0 Welcare 1 . =0
=l a6 = = . = i &l
[ DualCoreMi croblaze_fw_platfe AR e =
= download.bit pincinde dstdic. hs @ i
= systerm_bdbmm #include "platforn " % Xfllnx SDK
= systemn.bit = P
e spetemaml vold print {char ®atr): o platform
" H printchi
=5 hello_wordd 0 R _— P [EI Kilinx S0F s based on Eclipse 3.6
4 Binaries ifk-mein ) @ main
t
sl Inchud 1‘
EI DH:D:QE inic_placform(): New to SDK?
[ e G “You can get atarier by cicking Fi)
¢} hellowerid i - B o 7 5 minte s
] hellowerid.c etiiim DAT HOC SAC DO C INH ELT DUCKE Or wilch & § minute screencast d =
) platfarm_corfig.h print (*|| CAG BOC DIEN-DIEM TO RHOR I 2016-2018
) platform.c print (*]] HOC VIEN NGUVEN VAM LANG 3
\hl platfarmh PrInt (=== F
] Ieript 14 cleamug placformils Documentation
[ helio_world_bsp 0
i ESP Documentation return 097 . 1] 1 lin
[ ruicroblaze 0 b . il T ne |
| libgenlog - « Migrating rom gigee versiol
= libgen.optiens Chl| = | ' 4 2 « Frequently asked questinn
Lo Makefiie [£. Probiems | 2 Tasks | B Consote = Broperses [ Saminsit i3, (f et @l - B - % 70 o beacins
‘ol systemmas [Seriak (COMS, 9600, 8, 1, Nons, Name - COMNECTED)
e - & Known issuss in S0K
" DA HOG SAC DD GHI LINE HAI DUDNGE || =
|| cAD HOC DIEN-DIEN T0 FEOA I 2016-2018 || + siling Answar Secord Sear

" HOC VIEN NGUYEN VAR LANG I

Questions, Comments..

. LI « Hlling Fomums ol

i i Voml T ) G

Seriak (COMS, 560, & 1, Nong, None - CONNECTED]
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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

Hoc vién: Nguyén Vin Ling 71 Chuyén nganh: Ky thudt Dién tw
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Céc budc tao va chay tmg dung kiém tra bo nhé ciing tuong ty nhu cho tng

dung helloworld.

2} Project Explarer 52 = Ol systernmss | (8 helloworlde | systemmss | [6) memorytest B T O] @M T OO Welcome & =0
=B s print (" - 16-bit teat! "} print{atacua == XST SUCIE # w : AT A
38 DustCoreMicroblaze b _platfc a g i
e b status = Kil TestMemd | (nd¥) range->base, 4056, OxAS, XIL TEE bl B X T
15 hello_worid 0 _ — = *® ili
8 helloword_bsp.0 prins (" B-bit tess: "}: print(atatus =— KST_SUCCE . Xilinx SDK
15 memary_tests 0 o stdioh
ol ¥ B sparame
% Binaries o siyper
il J.I;(IudE SHE i) & etym A SO 13 Dased on Edipse 16
e £ o l_testm
@sre imt 1; a1 platiom New to SDK?
|& memary_config.ge o memol
[B memory_contigh init platform|); P 4 You can get started by dicking F57
il
|£] memargtet.c o Plintich |01 walth 2 § minute soreencas] de o
|§| platform_config.h priot {"-~5taIcing Memory Test Application-—\mh\z"); T s :m " B Waich Now
[£] platform.c Drinc ("NOTE: ThiZ applisatlon runs wWith D-Cache disabled.™) J"Ff':
[l platformh DIInT("As & Tesult. Tequests Will not DE generave o e
T8 Iseriptid Documentaticn
1 memory_tests bsp 0 for: [i = 0: i ¥ n memory ranges: i++) |
i BSP Documentahion teat memory range (Ememory rangeaji]): + Galtng Staredwih iy §
2 microbleze O 1 » EDK Conrepts Tools and |
| liagenlag o » Migrating fron alder varsiol
£ lagenaptions El I + Fieguenlly asked guastion:
& Meketie £ Proslens | Tacks | ] Coneole © [ Properties &) Terminal 1 A
A—— 2 DEE = R e, | Known Issues
C-Build [memory_tests 0]
21| e KnmwnigEuesin SDK
Command Line: 21fcheck —IW ../ .. /DualCoreMicroblaze D placform/syscem.aml -pe o Yiliia Arciwot Bebard Se
|imicroblaze 0 memory cest2 O.elf
ELF file { memOry testd U.eif Questions, Comments..
elfehack passed.
EFinisned building: memery testg D.elf,elfcheck ot Farims -

Search: Aun  Project  Kil I Wincow
| = BT
w5 2| & B & § @-&-g-@~
T e e .
5 Project Bxplorer B SHal 2, systern.mss [& hetlowarld.c b, Systemumss &
print(® - 1s-bic sest: "); print(atatus == XST SOCCE - £ § A
B DualCoreMicrobizze_hw platfc ; o AR e -
&5 hallo werld 0 atatua = Kil TescMemB( (w8*) range-¥bane, 4036, OxAS, XIL TES = |
by helln-wnrld_hsp o princ(® B-bit test: "); prirt (atatus == X5I_SUCCE #* @Xlllnx SDK
7 =k 3 sdich
2% memary_fests 0 F r
b 1 o aperame
£ Binanes W s
E E;I:Jc;a r— u setotuey line SOK 12 based on Edlinse 3§
: L o il tesm
& 51 1nt 1; 4 plaam TVEW fo0 SDK?
1 memary_config_g.c T y
: memo
& memory_config.h init placform(); - G m“:: You can gel staded by clicking Fi|
[ memorytest.c _:I p""dcm Cr walch & 5 minute scregncast di
i platform_cordigh print("--5Starcing Memory Test Applicatiom—\mhz"}: . fm:
[& platform.c princ ("NOTE: This application rune with D-Cache disakhled. | ._mel
|m platformh print (Mha gacheline re 3.%ill not be generate - & meind:
] leriptld 4 “ ’ + = + Documentaticn
1B memory_tess bsp 0 (21 Problens | g2 Tasks | Console | 1 Propesties | 8 Temninal 1 £ M3 n-@-x=0
i B0 Doc : L ETais E akind - A= & + Cefling Slared wilh 0lneS
= microblaze.0 Seniak (COMB, 0600,8, 1, None None - CONNECTED) « EDK Cancepls Tadls and’
|} libgenig i « Migrafing from i
= libgen.ogtions - —Sterting Memorcy Test Application-— « Erequents sskes question:
(& Mekefle NUTE: Ihis applicacion runa with D-Cache dissbled,A3 & result, cachelins request
g ystem.mss 5 will mot be generated Known Issues
TesTing memory region: DDR SDEIM
Henory Concroller: mpme » Hnownizsuesin 80K
Baxe Addr=s=: fxc$000000 o il Answer Record Sean
51zet GAUS0O00DO bytea [
32-bit test: PRASSED! 5
ol Questions, Comments..
B-pit. test: PASSED! 3
——Memory Tesc Applicetion Complets=—— o Hiling Foums =
‘ ] ' | i "

Serial; (COME, 2600, 3, 1, Neng, Mone - CONNECTED]
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Hinh 3.30: Chay memorytest trén FPGA thanh cong

3.3.3. Phin mém Kiém tra cac giao tiép ngoai vi va cai dit thir nghiém

Hoc vién: Nguyén Vin Ling 72 Chuyén nganh: Ky thudt Dién tw
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Tuong tu nhu cac img dung trén, thyc hién tao, bién dich, va chay chuong trinh

kiém tra cac giao ti€p ngoai vi.

1

O #E & @-e-@-@- A-E- $-0-%- @5~

Kiline Tools Window

Py

|5 heligworlde [ system.mss | |5 memnorytestc | i systemumss S =@ M7 = B[ welcome 52 :
e : —
Peripheral Drivers An cuthne s nat -
- Z e ilable. s =
| E ::::.::Jj.iwj Orivess present in the Board Support Package. HELa @XHIHX SDK
= - - o
128 memory_bests 0 Buttons 4Bt gpie  Decumentation Examples
[ memary_tects_bsp ODR_SDRAM mpme  Documentation
1= peripheral testz 0 Ethermet MAC emaclive Documentotion Examples: Klline SOK 15 baged on Edlinsa 3.6
F Hinaries LEDs_&Eit gpio Documentstion Examples
a bncludes FS232 DCE vartite  Documentation: Examples New to SDK?
& Debug dimb_cntle b2m Documentotion Examples
s Se ilmb_cntlr bram [gcumentation Examples You can gel startad by clicking Fil)
£l ="’f-’='"=."=-':='-h ol by D Umertatian Ea ’ Or watch a & minute screancast di o
;{ ?:;ci:f::,_h mdm 0 wartite  Documentation Examples
:-' rute_headerh mutex ) mutes  Documentetion Examples
[ testperiphic Documentation
s uartlite_ headerh Lhipmite
|4 semachie eample util | Librsries present in the Baard Suppert Packege, - = Geting Stared with Xilir £
|5 w=machit= eampleh || 4| i B i « EDK Cancepts, Togls and
[& emacte_polied_gsam) | Overview | Source * Bigrating from older varsig
o_tapp_exsmples | = = c — = Frequenlly ssked questan;
fbo; t::l-’ mln':plat 12! Problesns | &5 Tasks! B Consate 51 . = Properties| 59 Terminal1 )
srmutes_tapp_esample.¢ | ©-Build [peripheral_tests O] L CHLE S| = B -y - | Known Issues
i I‘Uﬂmﬂlz_ib Sl Command Line: =1fcheck -hw ../ . ;‘Dual.CDreM:\r:'rohLaz:_nv_plat:am.-‘:y::em_m). —pe i - O 2N -
- Pm'ph;ﬁ"tp;“ - microblaze 0 peripheral teats 0, elf
i _tests bap.{ s = = = FllngAnswer Record Sear
ELF fiie i peripheral teats O.elf
R S o Questicns, Comments..
Finished building: pecipheral tescs 0.e1f.elfcheck
(|| =il Porims =
| |18 0 V B |En| v

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

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

phut

I—.z_'. Problems | ] Tasks i = Console | E! Properties I@' Terminal 1 Sﬂh\\___
Serial: (COMS, 9600, 8, 1, None__l'\llone - COMMECTED]

Running GpioInputExample () for Buttons 4Bit...
GoioInputExample PASSED. Read data:0x0

Running GpioOutputExample () for LEDs_8Bit...
———-Entering main———

Running GpioInputExample () for Buttons 4Bit...
GopioInputExample PASSED. Read data:0x0

Running GpioOutputExample () for LED=s 8Bit...
———Entering main---—

Running GpioInputExample () for Buttons 4Bit...
GpioInputExample PASSED. Read data:0x0

Running GpioCutputExample ()} for LEDs SBit...
GonioCutputExample PASSED.

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

m

Running UartLiteSelfTestExample () for mdm O0...
TartLiteSelfTestExample PASSED

Running MailboxExample (} for MATLEOX O...
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Hinh 3.32: Chay thanh cong kiém tra cac ngoai vi

3.4. KET LUAN CHUONG

Hoc vién: Nguyén Vin Ling 73 Chuyén nganh: Ky thudt Dién tw
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No6i dung chuong trinh da trinh bay toan by qua trinh tao mot h¢ vi xtr Iy 2 nhan
Microblaze 32-bit, cai dit cdu hinh 1én FPGA, va xiy dung cic tng dung chay trén
Microblaze thanh cong. biéu nay chung to cAu hinh thiét ké ma hoc vién lya chon la
phu hgp. 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 khong 16n:
khong c6 FPU (don vi xir 1y sé diu phiay dong), dung luong bd nhdé DRAM nho
(64MB), cache chi 2KB, nhung c6 két ndi véi cac ngoai vi: leds, switches, buttons,

ethernet, COM DTE, DCE, du dé xay dung cac tmg dung lién quan dén céc thiét bi nay.
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KET LUAN VA KIEN NGHI
1. KET LUAN

boéng gop cua luan van la dua ra cac budce thiét ké mot hé nhiang voi vi diéu

khién trén FPGA nho st dung ngon ngit 1ap trinh mo ta phan cimg VHDL

Tao ra mot hé nhing trén FPGA véi CPU 1a vi diéu khién 16i mém. Tur 46, co

thé thiét ké nhiéu hé théng s6 khac nhau cho cic tng dung khac nhau mong

muon

Véi hiéu biét vé VHDL (verilog), FPGA, va phuong phép thiét ké, cé thé trién

khai cac nghién ctru khoa hoc nang cao str dung FPGA.

No6i dung luan van da thyc hién dugc cac muc ti€u cua dé tai theo dé cuong

nghién cuu.

2. KIEN NGHI

FPGA d3 va dang chimng t6 kha ning umg dung cho nghién ctru phat trién, cho
dao tao. Vi vay, tim hiéu FPGA, cac phuong phap thiét ké cac hé thong trén FPGA 1a
rat can thiét. Voi thoi gian co han, hoc vién chi néu dugc nhiing vin dé co ban trong
thiét ké vi xtr 1y Microblaze va cai dit cac ung dung nho. Cac phat trién cho cac  ng
dung xu ly tin hiéu, diéu khién trong cong nghiép, dién, tu dong hoda, cam bién moi

truong, v.v... htra hen cho cac nghién ctru sau nay co6 ng dung FPGA.
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