Thyc hanh Cau triic may tinh Trang 1

BAI 1: HUONG DAN SU DUNG QUARTUS II

1/- Tao project : i . o .
1. Sau khi cai dat xong phan mém Quartusll, bat dau chay chuong trinh bang cach

double-click vao biéu tuong & trén desktop.

Giao dién QuartuslI s& xuét hién :

*, Quartus Il

File Edit Wiew Project Assignments Processing Took ‘WWindow Help

D@ s smn|ecs  CFHs€2S 0> Tn]o0 |k |e 8|a0]

Project Navigator

Enlity
iy Compilation Hisrarchy,

diyHierarchy | B Files | g? Design Units

QUARTUS'II

1 Start Project

el

® View Quartus Il
Information

@ Documentation

g\éyslem Processing J, Estralnfo }\ Irfo i Waming i CriticalWaming _j Enor i Suppressed j, Flag [

2. Pau tién, can tao mot project méi : File > New Project Wizard. O ctra s6 dau
tién dién vao thong tin veé thu muyc chtra project, t€n project va té€n top-module (tén top-
module thuong trung tén project). Click Next 2 lan.

New Project Wizard: Directory, Name, Top-Level Entity [page 1 of 5]

‘what iz the warking directory for thiz project?
e —

( |eswat ) thu muc chdia project

‘what ig the name of thiz project’?

P —
(l\|conid) tén project ]

what iz the name of the top-level design entity far this project? Thiz name is case zensitive and mst
ch the entity name in the design file.

\|coiand)tén top-module ol

|Jze Existing Project Settings ... |

GV: TS. Huynh Hiru Thuén
ThS. Cao Tran Bao Thuong
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) 3. Cira s6 Family & Device Settings dung dé chon ho va tén linh kién FPGA dé
cau hinh. Chon hg linh kién Cyclonell, tén EP2C70F896C6 (board DE2-70). Chon
Finish.

New Project Wizand: Family & Device Settings [page 3 of 3]

Select the family and device you want ta target for compilation.
Device Fapmil Show in ‘Available device' list
Farrfl: |E_|,|clone ] ) hO FPGA ﬂ Fackage: Any -
[ J Pin count; Any 4
Teneel cvims Speed grade:  |&ny -
(7 Auba device selected by the Fither W Show advanced devices
* Specific device selected in vailable devices' list r
Avallable devices:
REWL:] | Care w... | LEs | Usger /... | Memar... | Embed... | PLL -
EPZCTOFETZCE 1.2¢ E341E 422 1152000 300 4
EPZCTOFEFZCT 1.2 EB41E 422 1152000 300 4
EPZCTOFEFZCA 1.2 EB41E 422 1152000 300 4
1.2 422 1152000 300 4
< _ 1.2 1152000300 4
=] - 1.2 B2 1152000 300 4
erpzc7oFasecEEN FP Gy E22 1152000 300 4
ERPZCTOFS9EIR 1.2 B2 1152000 300 4 w
< | Sl

4. Vao File> New - Block Diagram/Schematic File.

Chrl+Y

|
GV: TS. Huynh Hitu Thuan
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Chon cong AND bang cach gd vao “and2”. Bam OK. Gén vao trong thiét ké.

Symbol 3

Libraries:

B & c:laltera/80/quartus/libraries A
B8 megafunctions
FIED others
EE primitives

& buffer
W lngic
ionEl andl2

£ and3
andd
andb
andd
band12
hand?

™ Repeat-insert mode
-
-

tegawizard Plug-ln Manager... |

1] | Cancel |

i 6. Lam tuong tu bude 5 dé gan input (ngd vao) va output (ngd ra) cho ,thiét ké (¢
thé dung phim Ctrl dé copy). Pua chudt vao chan cua linh kién va thuc hién noi day.

day (1 dudng) — "] "1 <
|
.
@ &
Fil =]
42
(R ]
NS

7. Pat tén cho input va output (input : inl, in2; output : out) bang cach double-
click vao symbol.

Pin Properties

General l Farmat ]

To create multiple pinz, enter a name in AHDL bus notation (for example,
"name[3..0]"). or enter a comma-separated list of names.

Fin name[s@tén chan

8. Cudi cung ta duoc hinh cong AND véi input va output, chon File = Save, tén
file : congand.

ini 111115 S a L

i . M 11 Y e A1

in2 114 D o -
=t

GV: TS. Huynh Hitu Thuan
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9. Bién dich thiét ké chon Processing = Start Compilation

nd - congand - [Compilation Report - Flow Summary]

signments WEE=E M Tools  window  Help
3 s &

I Start Compilation Chr+L

I

Skart 4

10. Néu khong c6 161, s€ xuat hién cua so bao successful. Bam OK.

.
1 ) Full Compilation was successful (3 warnings)

* M6 phéng thiét ké
11. Vao File=> New = Vector Waveform File.

12. Click chuot phai vao ctra s6 “Name”. Chon Insert->Insert Node or Bus.

@ aster Time Bar: 15.45 nz 4| ¥| Painter: 1.45 ns
0 pz 1D.ID nz
% A Mame :;gl:
% & :
8 | e

Paste 3

3 Inserk Mode or Bus...

LIVIdEr

Insert
Zoom 3 N

GV: TS. Huynh Hitu Thuan
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13. Chon Node Finder. Cira s6 Node Finder chon “Pins: all” va bam List. Chon tat

ca cac chan. Bam OK 2 lan.

Node Finder

C%

3

Cancel |

14. V& dang song cho cac duong input bang hop cong cu bén trai

[+]
)

Iy
«

fullscreen

Xudng O

dém
gia tri tiy y

Narned: |" j Filter: |Pins: al j Customize...
Look ir: jJ ¥ Include subentities
Nodes Found: Selected Modes:

Mame | Assighments ‘ T Hame ‘ Assighments | T
= il Unassigned It I8 |congandfinl Unassigned  Ir
- in2 Unassigned I I |congandling Urassigned  Ir
L nut Unassigned C ¥ |congandlout

Unassigned 0O

chon tat ca

Joi S

Z00Im

P R A

-

B SmAmInes B D Ry @l

15. Zoom out, dung cac biéu tugng 1én 1 va xubng 0 dé v& cac duong tin hiéu ngd
vao. Luu lai véi tén file : congand.vwf.

Ili‘ 0 it
in2 ]
out !

GV: TS. Huynh Hitu Thuan
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|

16. Vao Processing = Start Simulation dé mo phong.

i Tools Window Help

j B Start Compilation Chrl+L

Start 4
Update Memary Initialization File
@ Compilation Report Chrl+R

Start Compilation and Simulation  Cerl4+ShiftH

ional Simulation Metlist

¥ Start Simulation Chri+
TOtstan Debug 4
8 S datinn Renart Chl+Shift+R

17. Két qua dang song thu duogc.
truc thdi gian
 (O0ps SD.ID ns ‘IBDiD ns 24DiD N3 ﬁfﬂiﬂ N3 :ﬁju\n ns 48EIiD (5] SBDiD N3 B4DiD nz ?2DiD nz SDDiD ns SSDiD ns SBDiD

Name 15 45 ns
/—-\ | = /
0 iy l l IR
\

o1 | e | : | —

€L 2 out
ngd ra lén 1 khi
Z2ngévaolal

cac ngd vao ra

* Cdu hinh cho FPGA trén DE2-70
18. Thyc hién map chan cho FPGA : vao Assignments = Assignment Editor

PRSI EN Processing  Tools  Windov

B2 pevice...
2 pins

1 24 Timing Analysis Settings. ..

122 Epa Todl Settings. .
# Settings... Ctrl+-Shift+E

Classic Timing Analvzer Wizard. ..

& fssignment Editar _YCtrHSHiFt+4
W& Fin Flanmer Chrl+Shift 4R

BEemove Assignments. ..

) 19. Map chan cho 2 ngd vao cua cong AND véi nit gat SW[0] va SW[1], ngd ra
noi voi led d6 LEDRJO].

Assignment MName Yalye Enabled
Partition Hierarchy /ﬁ:ntjart Tag| ‘fes
Location [ [prr_nezs \ Ves
Location PIMN_ABZE Yes
Location L PIN_aTs J Ves
< SNew = \\

e —

tén chan FPGA

GV: TS. Huynh Hitu Thuan
ThS. Cao Tran Bao Thuong
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20. Sau khi map chan xong, Save va Compile lai mot 1an nira. Dé cau hinh cho
FPGA: chon Tools = Programmer

i SignalTap II Logic Apalyzer

&= In-System Memory Conkent Editor
B Lagic Analvzer Interface Editor

9 In-System Sources and Probes Editor

jgnalProbe Pins. ..

\ Mega¥izard Plug-In Manager. ..

21. BAm S’tar‘g. Sau khi chay 100%, FPGA da dugc cAu hinh xong. Kiém tra lai
hoat dong cua thiét ke trén kit DE2-70.

Bai tip : Thay doi cic cong logic OR, XOR, NAND, NOR, XNOR va kiém tra bang
chan tri ciia ching trén DE2-70.

AND OR XOR

s D 5 >

+B Y=A®B

-~
o

A B| v

Y=AB Y=A+B
A By A 8|y

* Tham khao
www.altera.com
www.terasic.com

|
GV: TS. Huynh Hitu Thuan
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BAI 2 : THIET KE MACH CONG, TRU 4 BIT
HAu hét cac thiét ké giéu duoc thyc hién theo mo hinh phan cég . Mo hinh phér} cép
st dung céac sub-module két hgp véi nhau trong mot top-module dé tao thanh thiét ké
hoan chinh.

1. Chay chuong trinh bang cach double-click vao biéu tuong &trén desktop.

2. Tao mot project mdi co tén : cong4bit.

New Project Wizard: Directory, Name, Top-level Entity [page 1 of 5]

What ig the working directory for this project?

|c:\bai2 J

Wwhat i the name of thiz project?

|cong4bit J

What is the name of the top-level design entity for this project’? Thiz name iz caze sensitive and must
exactly match the entity name in the design file.

|cong4bit J

Use Existing Project Settings ... |

3. PAu tién can tao mach cong 1 bit gém Half Adder va Full Adder : File > New
-> Block Diagram/Schematic File.

4. Thyc hién thiét ké mach cong 1 bit HA nhu trong hinh :

A o o T T
B [m— 1 1 :
’ e
T —
I ?"UTPUT :> Conat
inztl

Luu lai voi tén : HA.bdf.

5. Tiép tuc, thue hién thiét ké mach cong 1 bit FA.

GV: TS. Huynh Hitu Thuan
ThS. Cao Tran Bao Thuong



Thuc hanh Cau triic my tinh Trang 9
| — .l'. T \——\\ x-:- 1
J __)}' ho HTFT §
D —
; i i

Luu lai voi tén file : FA.bdf.

— N

Al

6. Tao symbol (dong goi thiét ké) cho file FA.bdf va HA.bdf bang cach vao File
—> Create/Update = Create Symbol File for Current File.

Edit Wiew Projeck  Assignments Processing Tools  Window  Help

0O wew... Chrl+h
~

Fro [Z open... Chrl+0

'Er Close Chrl+F4

é @ Mew Project Wizard. ..
EEE Cpen Project. .. Chrl+1
Convert MaxX+PLUS IT Praject.. .
Save Project

Close Praject

Sawve As...

_@ File Properties. ..

Taz Create | Update
Flay

Export,..

E Convert Programming Filss.. .

sosanh4bit j

ganh1bit_bdf

7. Thuc hién thiét ké mach cong 4 bit béng cach ghép 4 module mach cong 1 bit
lai voi nhau. Vao File > New = Block Diagram/Schematic File.

8. Thém module mach cdng 1 bit vao : Insert > Symbol 2 FA (hoac HA).

GV: TS. Huynh Hitu Thuan
ThS. Cao Tran Bao Thuong
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Libraries:
= & Project
+EF HA
#E3 50PC_Builder
23 cialtera/80/quartus Aibranes
S
I arme:
[Fa J
9. Ghép 4 module cong 1 bit lai dé tao thanh mach cdng 4 bit.
o ||| « o ||| < TS I < T I PO O =<
b L = L 2 L H i
2lm < < 2l o< ¢ o< | o m< |
o (@) O H
5 = = =
o o o o
O w [G2N0)] O wm [G2N0)]

10. Thém vao cac input va output. Cac input la A, B dang bus (4 duong). Cac
output 1a S dang bus (5 dudng). Dat tén cho cac input A, B bang cach double-click vao
input, phan “Pin name” go vao : A[3..0] va B[3..0]. Tuong tu cho output S[4..0].

Pin Properties [zl
General l Fo[mat]

To create multiple ping, enter a name in AHDL buz notation [for example,
"name[3..0]"). or enter a comma-separated list of names.

Pin name(s):  [B[2..0]

Defautvalee: (PR - |

Ok | Cancel |

11. V& cac duong bus ( "1 ) va day ndi ( .—1) cho mach.

GV: TS. Huynh Hitu Thuan
ThS. Cao Tran Bao Thuong
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|

X X

B
A
inzt1
B
A

B
A
cin

A
cin

B
2

inst2

L%
inst

Cout
=1
Cout
=1
Cout

L UTRT _—— S[E.0]

X

12. Click chudt phai vao duong bus va day ndi, chon Properties dé dat tén cho
ching theo hinh.

Bus Properties

General | Font | Fomat |

Name: ( |a2.0] ) dat tén bus

I™ Hide name in block design file

)|

CBiE ]

33 .
B3]
)|
|
A
5
{B2)
0]
|
F
1
7 B[1]
1]
]
FA
bl
Bl0]
)]

[

GBI P S

13. Luu lai véi tén : cong4bit.bdf.

* Mo phong thiét ké
14. Bién dich thiét ké chon Processing = Start Compilation.

15. Tao ra Vector Waveform File nhu sau :

0 p= BEI.!:I ng 'IEEIiEI ng 24EliEI hs 32I:IiEI ng 4EIEIiEI Nz 4BEIiEI hs

Name Wal...
16, 'IEi.JE?E g
im0 & A00] ]
5 B & [0] 0]
&= 10 5 &[0] ]

|
GV: TS. Huynh Hitu Thuan
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|

16. Thay ddi hé co sd cia A, Bva S b?mg cach click chudt phai Vég A, B hoac S.
Chon Properties. Trong Radix chon Unsigned Decimal (thap phan khong dau).

. Node Properties §|

General l

Marme: |A

g [InPOT =l

Walue type: FLevel

Fiadi: [asci |

ASCI

Binary
Fractional

I Display ar{ Hexadecimal
Octal

rafaned D ecima
Unsigned Decimal Cancel

Bus width:

hé cao s6 thap phan
khong dau

17. V& dang song cho A va B bang cong cu thiét 1ap gié tri tiy y 22 .

Vil 0 pz BEI.!ZI s 1EEIiEI nz 24DiEI s 32EIiEI nz 4EIEIiEI s 48EIiEI I !
Mame 16.8¢ 1E.JBF"5 rig
0 ) Ut Y i 15 Y
5 B u: Y i 15 Y
v 10 5 s =
18. Vao Processing = Start Simulation dé mé phong.
19. Két qua dang song thu duoc.
0 pz 80.0 ns 160.0 ns 2400 s 3200 ns 400.0 ns 480.0 ne
Name W alue T 0 i i i i i
16.8¢ § nz
STREDR 0 X X 15 .
5 B U i ¥ 15 )
@10 S 1 17 ¥ ] ) § a0 ) 4
8+9=17 6+3=9 15+15=30

* Cdu hinh cho FPGA trén DE2-70
20. Thyc hién map chan cho FPGA : vao Assignments = Assignment Editor

|
GV: TS. Huynh Hitu Thuan

ThS. Cao Tran Bao Thuong
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e Processing  Tools  Windov

24’ Device...

@ Fins
192 Timing Analysis Settings. ..
122 EDA Tool Settings. ..

& Sethings... Chrl+Shift+E
Classic Timing Analvzer Wizard. ..

& nssignment Editar Tt SHFt+A
& P Planner Crrl+Shift+M

Remove Assignments., ..

21. Map chan cho 2 ngd vao A, B v6i 8 nut gat va ngd ra S vdi 5 led do.

_______ ISW[O] PIN_AA23 PIN_AJ6
iISW[1] PIN_AB26 PIN_AKS5
_______ ISW[2] PIN_AB25 PIN_AJS
_______ ISW[3] PIN_AC27 PIN_AJ4
iISW[4] PIN_AC26 PIN_AK3
_______ ISW[S] PIN_AC24 OLEDRI[5] PIN_AH4
_______ ISW[6] PIN_AC23 (OLEDRI6] | PIN_AJ3
iISW[7] PIN_AD25 OLEDR[7] PIN_AJ2

22. Sau khi map chan xong, Save va Compile lai mot l4n nita. Dé cau hinh cho
FPGA: chon Tools = Programmer.

23. Bdm S’tart’. Sau khi chay 100%, FPGA da duoc ciu hinh xong. Kiém tra lai
hoat dong cua thiét ke trén kit DE2-70.

Bai tap : Thiét ké mach cong/trir 4 bit va cau hinh trén DE2-70.

A0 ey O 32
. CoBR.a)
(B0 — Y
{garral o S0 111114 o |7 o |5 = |7 =l
] = e - = T - -
2 = = =
[ | q: [ ] | q: i | c‘t =1 | c‘]:
Hoae |“ Hoae |“ Smae | Hoae |™
oo oo oo oo
= = = =
(=] (=] (=] (=]
[y} LSy} LSy} LSy}
» = & 5| ospn = — -
b ; — )
* Tham khdo :

www.altera.com
www.terasic.com

GV: TS. Huynh Hitu Thuan
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BAI 3 : THIET KE MACH NHAN

Céch thuc hién phép nhan 3 bit cho 2 s6 A va B, két quala s :

Ay A1 Ao
X
B B1 Bp

A2Bp A1Bo AoBo
A2B1 A1B1 ApB)
ArB2 A1B> ApB2

S5 S4  S3 S22 S1 Sp

Thiét ké mach nhan Baugh Wooley 3 bit nhu sau :

1. Chay chuong trinh bang cach double-click vao biéu tuong ﬁtrén desktop.

2. Tao mdt project mdi co6 tén : nhan3bit.

New Project Wizard: Directory, Name, Top-Level Entity [page 1 of 5]

Wwihat is the working directary for thiz project’?

|u::\|:-ai3 J

WWhat iz the name of this project?

|nhan3bit J

Ywhat iz the name of the top-level design entity for thiz project? Thiz name iz caze sensitive and must
exactly match the entity name in the design file.

|nhan3bit J

IJze Existing Project Settings ... |

3. Pau tién can tao mach cong 1 bit gém Half Adder va Full Adder : File 2 New
- Block Diagram/Schematic File.

4. Thyc hién thiét ké mach cong 1 bit HA nhu trong hinh :

£
PUT ,
A [ —— \ F‘\ i
B I:>_u.!'.P!JT 7~ :
- e
Y R—
I :"UTPUT :> Conat
1147 N

Luu lai véi tén : HA.bdf
I ——

GV: TS. Huynh Hitu Thuan
ThS. Cao Tran Bao Thuong
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5. Tiép tuc, thuc hién thiét ké mach cong 1 bit FA.

KR

A — ‘}._“““ f’__‘\
——d ARV &
inst? }I_ﬂf’
i b
i Cin T
1 S UTPUT  — Cout
4 '

Luu lai voi tén file : FA.bdf

6. Tao symbol (dong goi thiét ké) cho file FA.bdf va HA.bdf bang cach vao File
—> Create/Update = Create Symbol File for Current File.

Edit Wiew Project  Assignments Processing  Tools  Window  Help

[ O wew. Chrk sosanhdbit -
pro B Qpen... Chrl+0
ganh1bit_bdf
'E, Close Chrl+F4

é @ Mew Project Wizard. ..
E‘; Cpen Project. .. Chrl+1
Convert MaR+PLUS IT Project. ..

Sawe Project

Closg Praject

Sawve As..,

2 File Properties, ..

Create | Update

Export,..

IE Convert Programming Files. ..

7. Thuc hién thiét ké mach nhan 3 bit bang cach ghép cac module mach cong 1 bit
cung vai cong AND lai vdi nhau. Vao File 2 New = Block Diagram/Schematic File.

8. Thém module mach cdng 1 bit vao : Insert = Symbol < FA (hoac HA).

|
GV: TS. Huynh Hitu Thuan

ThS. Cao Tran Bao Thuong
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Libraries:

= & Project

SR HA
#E3 50PC_Builder
23 cialtera/80/quartus Aibranes

PR
— g —
B Cout [—
1 Cin
i inst H

I arme:

[P J

9. Ghép 3 module FA va 3 module HA lai dé tao thanh mach nhan 3 bit.

A1B1  A2B0 AoBr A1Bo AoBo
ApB2

A2B2

D5 54 53 52 S1 S0
10. Thém vao cac input va output. Cac input la A, B dang bus (3 duodng). Cac
output 1a S dang bus (6 dudng). Dat tén cho cac input A, B bang cach double-click vao
input, phan “Pin name” go vao : A[2..0] va B[2..0]. Tuong tu cho output S[5..0].

11. V& cac duong bus ( 1 ) va day ndi ( .—1) cho mach.

GV: TS. Huynh Hitu Thuan
ThS. Cao Tran Bao Thuong
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|

12. Click chudt phai vao duong bus va day ndi, chon Properties dé dat tén cho

chung.

13. Luu lai véi tén : nhan3bit.bdf

* M6 phéng thiét ké

14. Két qua dang song thu dugc.

[ ps 80.0 s 1600 ng 2400 nz 3200 ns 4000 ng 4
Narme Walue i i i i i
B10.C

0 i Ut li i ] ) 2 ) 4 4
>4 B 1K 7 ) 3 ) 3 ) I Vv
=Y ; Ui K | i ) § 7 ) SRR

* Cdu hinh cho FPGA trén DE2-70

_______ ISWI[O] PIN_AA23 _OLEDR[O] | PIN_AJ6
iISW[1] PIN_AB26 OLEDR[1] | PIN_AK5
_______ ISW[2] PIN_AB25 JOLEDRI2] |~ PIN_AJS
_______ ISW[3] PIN_AC27 JOLEDR[3] | PIN_AJ4
iISW[4] PIN_AC26 OLEDR[4] | PIN_AK3
_______ ISW[S] PIN_AC24 JOLEDRI5] | PIN_AH4
_______ ISW[6] PIN_AC23 (OLEDRI6] | PIN_AJ3
iISW[7] PIN_AD25 OLEDR[7] PIN_AJ2

16. Sau khi FPGA d3 dugc cAu hinh xong. Kiém tra lai hoat dong cua thiét ké trén
kit DE2-70.

Bai tap : Thiét ké mach binh phurong 3 bit va cau hinh trén DE2-70.

* Tham khao :
www.altera.com
www.terasic.com

|
GV: TS. Huynh Hitu Thuan
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BAI 4 : THIET KE MACH SO SANH 4 BIT

Mach so sanh 2 sb 4 bit dugc thuc hién theo biéu thirc logic sau :
(A=B) < (A3=B3) (A2=B2) (A1=B1) (Ac=Bo)

(A>B) & (A3>B3) + (A3=B3) (A2>B2) + (A3=B3) (A2=B2) (A1>B1) +
(A3=B3) (A2=B2) (A1=B1) (A0>Bo)

1. Chay chuong trinh bang cach double-click vao biéu tuong ﬁtrén desktop.
2. Tao mdt project mdi co tén : sosanh4bit.

3. Piu tién can tao mach so sanh 1 bit : File > New > Block Diagram/Schematic

4. Thyc hién thiét ké mot mach so sanh 1 bit nhu trong hinh :

Cac input l1a : A, B, G; output 1a : AlonB, AbangB.
5. Luu lai v61 tén file : sosanh1bit.bdf

6. Tao symbol (dong goi thiét k&) cho file sosanh1bit.bdf bang cach vao File >
Create/Update = Create Symbol File for Current File.

GV: TS. Huynh Hitu Thuan
ThS. Cao Tran Bao Thuong
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Edit View Project  Assignments Processing  Tools  Window  Help

L Ol mew... Crl+M sosanhdbit j
pro B Open.. Ctrl+0

T ganh bit_bdf

Ei Close Chrl+F4

é @ Mew Project Wizard. ..
EE Open Project. .. Chrl+3
Convert Max+PLUS II Project. ..

Sawve Project

Closg Project

Sawe As...

é File Properties. ..

Update

Export,..

IE Convert Programming Files. ..

7. Thuc hién thiét ké mach so sanh 4 bit béng cach ghép 4 module mach so sanh 1
bit lai vdi nhau. Vao File > New - Block Diagram/Schematic File.

8. Thém module mach so sanh 1 bit vao : Insert 2 Symbol 2 sosanhl1bit.

Symbaol X

Libraries:

=5 Brefder
£ /akera/80 quartuslibraries!

G Mo [
B MbengB [l
"

Mame:

|sosanh1 bit J

™ Repeat-insert mode

[ Insert symbol az block
-

MegalwWizard Plug-In Manager... |

Ok | Cancel |

9. Ghép 4 module so sanh 1 bit lai dé tao thanh mach so sanh 4 bit.

GV: TS. Huynh Hitu Thuan
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- Tzozanii bit o0 zosani bit S| Peozanhik J:::: soEani bit
e e —  ——&  mB — ——a AIDnEI—_;iji G AlnE ——
oo B AbangB — ./ B  AbangB —. B AbangB —— .. |B AbangB [
SEESENE el ORI SEEEE e SEEEE o I
Lol D inst Lo instt Lo inst Lol instd

10. Thém vao cac input va output. Cac input la A, B dang bus (4 dudng). Cac
output la ABangB va AlonB. Dat tén cho cac input A, B bang cach double-click vao
input, phan “Pin name” gd vao : A[3..0] va B[3..0].

11. V& cac duong bus ( "1 ) va day ndi ( .—1) cho mach.

12. Click chudt phai vao duong bus va day ndi, chon Properties dé dat tén cho
chung.

13. Luu lai v6i tén : sosanh4bit.bdf

* M6 phéng thiét ké

14. Két qua dang song thu duoc.

Value 0 pz BD.P ns 'IEDiEI ns 24EIiEI ns 32DiEI ns 4EIDiD ns 4SEIiEI ns EEDiEI ns EdDiDn
Name 181 [181ns
14 TN LN
50 | @a 1| e LT/ AN CRVARIED ) 7 )
o5 B i ] 5 g b 3
o 10 ABangB A J_|
o 11 ALonk Al L U—f—
\_/ AbangB=AlonB=0
AbangB lén 1 AlonB lén 1 khia <B
khi A=B khiA =B

* Cdu hinh cho FPGA trén DE2-70

15. Map chan cho 2 ngd vao A, B voi 8 nit gat va 2 ngd ra AbangB, AlonB véi 2

led do.
_______ ISW[0] PIN_AA23 _OLEDR[0] | PIN_AJ% |
_______ ISW[1] PIN_AB26 _OLEDR[1] | PIN_AK5 |
iSW[2] PIN_AB25 OLEDR[2] | PIN_AJ5
_______ ISW[3] PIN_AC27 _OLEDR[3] | PIN_AJ4
ISW[4] PIN_AC26 OLEDR[4] | PIN_AK3 |

GV: TS. Huynh Hitu Thuan
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....... iISW[5] PIN_AC24 LOLEDR[5] | PIN_AH4
_______ ISWI6] PIN_AC23 _OLEDRI[6] | PIN_AJ3_
iISW[7] PIN_AD25 oLEDR([7] PIN_AJ2

16. Sau khi FPGA d3 dugc cAu hinh xong. Kiém tra lai hoat dong cua thiét ké trén

kit DE2-70.

Bai tap : Khao sat mach so sanh trong thu vién cta Quartusll (vao Megafunction =

arithmetic = lpm_compare)

Libraries:

- altfp_rult

¥y alfp_sart

-4 altmemmult
-2 altmult_accum
ey altmult_add
-2 altmult_complex
2 divide

¥y lpm_abs
-..3:{ Iprn_add_sub
-2 lpm_counter
-2 Ipm_divide
g lpr_mlt
2ot narallel add

£ ¥

hd

MHame:

|I|:um_u:om|:uare

* Tham khao :
www.altera.com
www.terasic.com

GV: TS. Huynh Hitu Thuan
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BAI 5 : THIET KE MACH PA HQP

Biéu thirc logic cho bo da hop 2-1 1 bit :

m= XS+ s

X 0
y !

m

Pau tién, ta s& thiét ké mot bo da hop 2-1 8 bit

1. Chay chuong trinh bang cich double-click vao biéu tuong ﬁtrén
desktop.

2. Tao mdt project mai co6 tén : machdahop

3. Pau tién can tao mach da hop 2-1 1 bit : File & New = Block Diagram/
Schematic File.

4. Thyc hién thiét ké mach da hop 2-1 1 bit nhu trong hinh :

1

EI L~ =
LA

-

—

inzt4

e

1115 ™

inzti

Luu lai véi tén : dahoplbit.bdf

5. Tao symbol (d6ng géi thiét ké) cho file dahop1bit.bdf bang cach vao File
- Create/Update = Create Symbol File for Current File.

GV: TS. Huynh Hitu Thuan
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'?7A44¢OVA44.Z4¢?%4¢?%4’
................................................ =

s
o 5 HEA
z i dahop bt Pz
Wi 3
P HEA
=4 LE
2l mﬁ%z
L 2
aat
% Pz
A HE
A HA
z e
= S
= -
el

»

e i,

6. Thyuc hién thiét ké mach da hop 2-1 8 bit bang cach ghép cac module
mach da hop 2-1 1 bit lai v6i nhau.

M.

__—JEHE__{::D i[r..0]

dahop bit
0] h[0]
x m
¥
¥
L]
1] h[1]
® m
w[1]
¥
L]

T[]

HE3] W3]
x m
E]
¥
L]
H[4] hi[4]
x m
]
¥
L]
] h[E]
x m
5]
¥
L]

chahiopd bit
L] h[7]
® m
T[]
.
X % Y, x
inst?

7. Két qua dang song thu duoc :
-
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Value 0 ps SD.p ng ‘IBDiD ng 24DiD ng BZDiD ng 4DDiD ng 4SDiD ng
Name 16.8¢ 18.855 ng
w0 5 TN |
w1 b Ui [ S EED SRVIEDS SREIEE SN 1D SR SR TED SErIED SNl IED SIS S
10 ¥ Ui 0 i 3 i B i E]
=1 M Ui IRDARLED (RERD IRERD SRLRE (RN | 5 ¥ g

* Cau hinh cho FPGA trén DE2-70

8. Map chan cho 2 ngd vao X, Y véi 16 nut gat, ngd vao S véi 1 nut gat, va ngo ra

M véi 8 led do.

iSwlo] | PIN_AA23 | [ ISW[16] PIN_L7
ISW[1] | PIN.AB26 | | ISW[17] PIN_L8
ISW[2] | PIN_AB25

ISW[3] | PIN_AC27

iSwW4l | PIN.AC26 | |

iSw[s] | PIN.AC24 | |

iSW[6] | PIN_AC23

isw[7] | PIN_AD25 | |

iSW[8] | PIN_AD24 OLEDR[0] | PIN_AJ6
iSW[9] | PIN_AE27 _OLEDR[1] | PIN_AKS
ISW[10] | PIN W5 _OLEDR[2] | PIN_AJ5
iSW[11] | PIN_V10 _OLEDR[3] | PIN_AJM4
iISW[12] PIN_U9 oLEDR[4] PIN_AK3
iSW[13] | PIN_T9 _OLEDR[5] | PIN_AH4
iSW[14] | PIN_L5 _OLEDR[6] | PIN_AJ3
iSW[15] PIN L4 oLEDR[7] PIN_AJ2

9. Sau khi FPGA di dugc ciu hinh xong. Kiém tra lai hoat dong cua thiét ké trén

kit DE2-70.

Bai tap : Thiét ké mach da hop 4-1 3 bit

mach da hgp 4-1
1bit

Sell SelD

Out

oOm >

Sel
Sel

Sel
Sel

=D

=S
=

m = A.Sell.Sel0 + B.Sell.Sel0 + C.Sell .Sel0 + D.Sell .Sel0

* Tham khdo :
www.altera.com
WWwWw.terasic.com

GV: TS. Huynh Hitu Thuan
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BAI 6 : THIET KE ALU

. N bits
Register A
N bits
————— Result[N-1..0]
|—— OVERFLOW
ZERD
CARRYOUT
A N bits
Register B
3 bits
0P_CODE

BO ALU c¢d ban
Dau tién, ta s& thiét ké mot bd ALU gdm 2 chirc ning : AND va cong.
1. Tao mot project mai c6 tén : alu8bit

2. Tao bd ALU 1 bit nhu hinh dué6i (gdm 1 cong AND, 1 bo cong FA, 1 bd
da hop 2-1 1 bit). Luu lai véi tén file : alulbit.bdf

Carryln i
A

\ 1]
_'_J
= Result
g
M 1-bit
Full 1
B Adder /
l CarryOut
1-bit ALU
aluibit |
— Y =
E Result —;
—1 B [}
=]
=]
s B
&
=T |

|
GV: TS. Huynh Hitu Thuan
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|

3. Thyc hién thiét ké bo ALU 8 bit bang cach ghép 8 bd ALU 1 bit lai véi

nhau.
. AF.O] G'Tﬂ Result[7..0] :
Eﬁ{?..D] et | ; :"UTF'UT [ Result[7.0]
SB[F.0] D_Mﬂﬁ_& aluibit
d AlD] o
i% ——euT - E Result
: ' B[] E Fesult = [D]l
- B [ 4]
=1
T
L 5 b
in=t
alulbit
1 Al1] N
= Result[1
B[1] E Fezult = []l
B [
=]
E
o § 5
inst1

Luu lai véi tén : alu8bit.bdf

4. Két qua mo phong :

0 pz SD.P ns 1EEIiEI ns 24I:IiEI ns 32I:IiD ns 4EIDiEI Nz 48EIiEI nz  BE0

Mame 16.975
0 5 [ / \

i1 A B TIOTTI0T L IRERR Y IR v
i 10 B B Toooag | AT Y ROERDT v
=19 Result B { K Ti007000 O RRRARD G RRAN) | 007010 ¥

11011101 and 11001000 = 11001000 00101101+01101101=10011010

5=0: AND $=1:cdng

* Cdu hinh cho FPGA trén DE2-70

5. Map chan cho 2 ngd vao A, B vdi 16 nit gat, ngd vao S voi 1 nat gat, va ngo ra
Result voi 8 led do.

|
GV: TS. Huynh Hitu Thuan
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iSw[o] | PIN_AA23 PIN L7
iSW[1] | PIN_AB26 PIN_L8
iSW[2] | PIN_AB25
iSW[3] | PIN_AC27
iSW[4] | PIN_AC26
iSW[5] | PIN_AC24
iSW[6] | PIN_AC23
iSW[7] | PIN_AD25
iSW[8] | PIN_AD24 PIN_AJ6
iSW[9] | PIN_AE27 PIN_AK5
iISW[10] PIN_W5 PIN_AJ5
iSW[11] | PIN_V10 PIN_AJ4
iISW[12] PIN_U9 PIN_AK3
iSW[13] PIN_T9 PIN_AH4
iSW[14] PIN_L5 PIN_AJ3
iSW[15] PIN_L4 oLEDR([7] PIN_AJ2

6. Sau khi FPGA di duoc cdu hinh xong. Kiém tra lai hoat dong cua thiét ké trén
kit DE2-70.

Bai tap : Thiét ké bo ALU 4 bit gdm 5 chirc nang : cong, trir, NAND, OR, XOR

* Tham khao
www.altera.com
www.terasic.com

|
GV: TS. Huynh Hitu Thuan
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BAI 7 : THANH GHI, BQO PEM
* Flip-flop T

1. Chay chuong trinh bang cach double-click vao biéu tugng Quartusll trén
Desktop.

2. Tao project co6 tén FlipFlopT.

Mew Project Wizard: Directory, Name, Top-Level Entity [page 1 of 5] [Z|

YWwhat iz the working directory for this project?

[CATFF J

YWwhat iz the name of this project’?

|FlipFlopT J

WWhat iz the name of the top-level design entity for thiz project? This name is caze zenztive and must
exactly match the entity name in the design file.

|FlipFlopT J

I1ze Exizting Project Settings ...

3. Vao File> New - Block Diagram/Schematic File.

4. Click chudt phai vao trong thiét ké, chon Insert = Symbol.

Zoom B |

Shio L4

Insert

GV: TS. Huynh Hitu Thuan
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|

5. GO tff vao 6 name = OK

Symbol
Libranes:
FHZ pin ”
HE storage i§
-EF dff
£1 dffe
B dffea
-EY difeas
-EY dlatch
B kK
Bt jkife
-EF latch
EE ailf
-FF aiffe )
LEE ffm M
£ »
MHame:
[t B
I Repeat-inzert mode
]_ LAl
Megawizard Plug-ln Manager.. J
Carcel |

6. Thém céc input, output va dat té€n tin hi¢u cho schematic nhu trong hinh.

7. Luu lai véi tén FlipFlopT

8. Bién dich thiét ké: Processing = Start Compilation

GV: TS. Huynh Hitu Thuan
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9. Néu khong c6 15i, s& xuét hién cira s6 bao successful. Bam OK.
10. Vao File > New = Vector Waveform File.
11. Click chudt phai vao ctra s6 “Name”. Chon Insert->Insert Node or Bus.

12. Chon Node Finder.

Insert Mode or Bus

M ame; l

Type: iINF'LIT

Yalue tppe: 1 -Level

Radix: |asc
Bus width: 11
Start index; 1'3

[ Display gray code count as binary count

13. Cira s6 Node Finder chon “Pins: all” va bam List. Chon tat
ca cac chan. BAm OK 2 lan.

Node Finder

MNamed |' ﬂ@ j Customize. . __k
Lok irc j__J ¥ Include subeniibes I Cancel |
Modes Found: Selected Nodes:
Name | Asegrments | T M ame | Assignmerts | T
meinl Unassighed |t 1= leoncandind Unassgned I
i Unassigned |t 18 [conganding Unassigned I
ot Unassignad € 4 |eongandout Unassigned 0

25

@ chon tat ca
JEs
<<

|
GV: TS. Huynh Hitu Thuan
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14. Vé dang song cho chan Clock: lua chon tin hi¢u Clock va str dung cong
cu tao song.

0 pz 1600 ng 3200 ne 480.0 ng G400 hz 300.0 nz
[% Iﬂl s Walue at S i i i i i
A5 ng
s @\ V.48 ns :
g ¢ Clock  AD .-
(1 CLRM A0
&7
Lb |2 FRH A0
U .= [T K T a0
iy
SIS o | ax
=l
L W
AL JE
}@ HL
il
LG
)@ ;
Cwerwrite Clock,

15. Qui dinh chu ky cho xung Clock = OK

Clock X

Time range
Start tirne: |I:I | ps ﬂ
End time:  |950 ns |

Base wavefarm on-

~
#]

* Time period:

Period: |80 ns |

Offset: 0.0 ns |

Druty cycle [Z]: |50 il

] | Cancel |

GV: TS. Huynh Hitu Thuan
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16. V& dang song cho cac tin hiéu khac theo hinh sau.

[ pz 'IEEIiEI Nz 32I:IiEI Nz 4BEIiEI nz E4I:IiEI nz BEIEIiEI Nz

Marme R;aLuEE = .45 nz
L s J
=0 Clock. &0 i
1 CLRM A1
52 FRN A1 |
3 T A0 |
@4 0 | Ax

17. Luu file dang song.
18. M6 phong (Processing = Start Simulation)

19. Quan sat dang soéng va nhan xét lién hé gitra Q va cac tin hi¢u khac

[y Master Time | 7.45 s J J Paint | 7669 i Irterv. 163,24 ne Sta En
lﬁl 0 ps 3200 ne G40.0 nz 960.0 n4
Walue at i i ]
E)E Hame 7 458 s 745 nz
g

@\ = Clock, A |

1 CLAN | AT |
i o2 PRM &1 B
pigt O T 40 |
| 4 Q A T OLL LT L e
_'.

20. Cho biét méi lién hé gitra Q va Clock khi cac tin hiéu khac ¢ mtc cao.

21. Map chén cho Clock v6i KEY (nut bam), CLRN, PRN, T v6i 3 switch (nat
gat) va ngd ra Q véi dén led. Bién dich va cau hinh xuéng board DE2-70.

Bai tap : Khao sat cac flip flop khac: flip flop D (tén trong thu vién 1a dff), chdt
(tén trong thu vién 1a latch).

* Thanh ghi/ Thanh ghi dich ‘
 Trong mét CPU, ngoai ALU con c6 cac thanh ghi (register), don vi diu
khién (control unit) va bo nhé cache.

GV: TS. Huynh Hiru Thuén
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1. Tao mot project mai c6 tén : thanhghidich8bit

2. Thanh ghi dich dugc ciu tao tir cac flip flop D (DFF), do d6 dé thiét ké
mot thanh ghi dich 8 bit ta s€ dung 8 flip flop D ghép lai. Luu lai véi tén file :
thanhghidich8bit.bdf

S[7.0] - :ﬁUTPUT — S[7.0]

5[]
S[1]

| Sl
T

i

insth &7 inst7 T

;inslﬁ

FeIR C o LET o *

3. Két qua mo6 phdong
400,0ns 480,0 ns 560,0 ns 640,0ns

0 ps 80.0ns 160.0 ns 240.0ns 3200ns
N Valu I i i i
ame 0 [0ps
i
w0 CLK B | | | | | | | | | | | | N
| IN B | 1 I
o2 5 B 000 000000 10000000 11000000 01100000 107700000 ¥ 010170000 § 10901100 :t:

4. Map chén cho CLK la nut bam (KEY), IN 1a nat gat (SWITCH), S 1a 8
den led. Bién dich va cau hinh xudng board DE2-70.

5. Thiét ké thanh ghi bang cach sira lai thiét ké
_ —es g 70 LTI T 6]

”~N

i CLRN
linst7 O3

CLRN
&

CLRN i
o linst

sl

IN[1]
IND)

N[7]

{CLK — INE%T} r mmam
$=n= 3%

CINET..0] [ 131

6. M6 phong, map chan va cau hinh xudng board DE2-70.

GV: TS. Huynh Hitu Thuan
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* By dém
1. Tao mot project mai c6 tén : dem4bit

2. B6 dém dugc ciu tao tir cac flip flop T (TFF), do d6 dé thiét ké mot
thanh ghi 4 bit ta s€ dung 4 flip flop T ghép lai. Luu lai v6i tén file : dem4bit.bdf

Q3.0
LUTPUT . Q_down[3..0]
B o
=) LTFF = LTFF )
a (] a
—8 —. —
{CLK *— .
@ | 5 o | 5 w | S
£ i% inst3 3 £ éé i insts 3 £ i%
- Q_upf3. 0] DUTPLT
”~ : [ Q_up[3.0]
=) = o o
= = = =
E E; E; E;
[«] [« ] [« ] a

3. M6 phong, map chan va cau hinh xuéng board DE2-70.

Value 0ps EIDP ns 1G'Diﬂ ns Z-Wiﬂ ns 32'Diﬂ ns -iﬂﬂiﬂ ns -i-EIDiD ns Eﬁﬂiﬂ ns G-‘lﬂiﬂ ns TZDiD ns Eﬂﬂiﬂ ns £
Name 0g [Ops
1]

CLK U J ] J | J | J | J | J | I | | | r
=1 G_up IR} LT 4 0 ] i b 2 b 3 ¥ 4 b 5 b 4 3 by 7 ) |
o6 Q_down U 0k 15 iy 14 b4 13 b b ) |

E

* Tham khao :
www.altera.com
www.terasic.com

|
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BAI 8 : BO NHO

Trong mot hé tl}éng may tinh, by nho 1a thémh phﬁn dong vai tro rat quan
trong va khong thé thiéu. Bo nh¢ dugc sir dung d€ chira mé 1énh (ving nho 1énh)
va dit liéu (vung nh¢ dit li¢u) nham phuc vu cho CPU trong qua trinh xtr 1y.

Co6 2 loai bo nhd chinh : ROM va RAM (déu duoc hd tro trong thu vién cua
Quartus II)

* RAM
1. Tao mot project mai c6 tén : ram8byte

2. Chon New —-> Block Diagram. Vao Tools = MegaWizard Plug-In
Manager. Click Next.

8, In-System Sources and Probes Editor
SignalProbe Pins. ..

@ Praogramrmet

\ MegaWizard Plug-In Manager. .,
o SO B

Tcl Scripts. ..

Cuskomize, ..

3. Trong Memory Compiler, chon RAM 1-PORT. Pit tén file : ram. Bam
Next.

=1 [¥] Installed Plug-Ins
Mrera SOPC Builder
+- {83 Arithmetic
+ 88 Communications
+ &8 DSP
488 Gates
+ &g /0
+- Interfaces
+- 88 JTAG-accessible Extensions
o | Memary Compiler

!s' S
LA e
Ak 1-PORT

R&m: 3-PORT

“which type of output file do you want to create?

" AHDL
" wHDL
* Verlog HDL

“what name do you want for the output file?
|d:\ram8byte\lam

[ Return ta this page for another create operation

Browse. .

Mate: To compile a project successfully in the Quartusz || zoftware,
your design files must be in the project directory, in the global user
libranes specified in the Options dialog box (Tools menu), or & user
library specified in the User Libraries page of the Settings dialog
box [Azzignments menu).

Do‘b(f) nhé c@a RAM la 8 byte nén dg rong bus dit li¢u 1a 8 bit, bus dia chi
la 3 bit. Lan lugt thiét 1ap cac tuy chon theo céc hinh sau.

GV: TS. Huynh Hitu Thuan
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How wide should the 'q' output bus be? 3 || bits

Hows many &-bit words of memory? g ~ || words

‘What should the memory block bype be?
= Auto (514

LiZs

Set the mazximum block depth to Auta || words

What clocking method would vou like to use?
% Single clock

Dual clock: use separate ‘input’ and ‘oukput’ clocks

‘which ports should be registered?

rarmBhyte
dsta[7 0] 0
wren "
address]2..0] sl =
2=
Create one clock enable signal For each
clock clock signal. Al registered ports are
contralled by the enable signal(s).
Block type: AUTO

File | Dezcription
[ ram.w " ariation file
[ ram.inc AHDL Include file
YWHOL component declaration file
C B4 ram.bsf ) Guartusz [ symbol file
miERY |hztantiation template file
[ ram_bh.w Yerilog HOL black-box file
O ram_waveforms. html Sample waveforms in summary
L TAM_WAYE" P Sample wavefarm file(z]

BAm Finish.

4. Ly bo nhd RAM vira tao ra va gan cac input va output vao. Luu lai voi
tén file : ram8byte.bdf

ram
dara i 11214 datal7 0] of7.0] Sl T e N 1
wren [ T WYren "
SddressEH] o 1Tk ardress(2. 0] EKE
=
@
Celasic oy S 112111 clack
inst Block type: AUTO

5. Mo phong

Valus at 1 pz BD.!ZI nz 'IEiDiD nz 24DiD nz 32DiIZI nz 4DDiD hz 4EIDiD hz EEDiD hz B4DiD nz ?‘2DiD ez BDDiD il
Mame Ups ps
i
=0 clock | UD | I I I | I I I | I I I I I I L
1 WrEn uo || |
2 dess| U0 0 1 J{ i 7 0 W1 i 1 7
=T data | U D SRR GREIRD SR 0
15 q uo o 1 ) 4 z } 3 ) 4 q ) 4 1 ) § z by 3 ) | L]
Qua trinh ghi di¥ ligdu {chan wren lén 1) Qua trinh doc di¥ liéu {chan wren xudng 0}
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