KomobuHaumnoHHasa noruka Ha NJim1C.
[locnepnoBaTenbLHOCTHAA NIOrMKa Ha
[MTJTAC: cxeMbl C TAKTOBbIM
CUrHarioM u
COCTOSIHUEM.



OTKpbITUE NpoeKkTa B Quartus

B Quartus oTkpouTe B MeHt0 “File” — “Open

”

P

3| Edit View Project Assignments Processing

[ New... Ctri+N
| 5 Open... Ctrl+O
Close Ctrl+F4

New Project Wizard...
—

‘x|
ME Open Project... Ctrl+J I

Save Project

Close Project

New folder

(e Name

_> top.qpf

NATIONAL RESEARCH
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Tools Window

. » ce2020labs > day_1 > omdazz > lab_

1_and_or xor > run

Type
QPF File

> ce2020labs > day_1 » omdazz » lab_1_and_or_xor > run

Name

I:] fix-udev.sh
top.qpf

L] top.qsf

D top.sdc

D x_configure.bash
D x_setup.bash

D x_simulate.bash
D x_synthesize.bash
. xx_gtkwave.tcl
- xx_modelsim.tcl

-~

3anyctute hann top.qpf U3 gupektTopumn

Type

SH File
QPF File
QSF File
SDC File
BASH File
BASH File
BASH File
BASH File
TCL File
TCL File



PaboTta ¢ npoeKkTom Quartus

Uepapxusa
npoekKTa

OkHO
3apgaud

@ MIET

File Edit View Project Assignments Processing Tools Window Help

#% Cyclone IV E: EPACE10E22C8
> top B

OFHE+D0RIDC o s EEN TP EEDS AN
Project Navigator ’A\Hieﬂr\:hy ~la@e® ?'PCﬂ'ﬂlﬂg Te®
etynstance. | H ® T TR S @ x| =

s
Tasks Compilation
Task

¥ P Compile Design
» P Analysis & Synthesis
» P> Fitter (Place & Route)
» P oA bler (

include."config.vh

module - top

i :*input- -[3:0] -key_sw,
..output.[3:0] .1ed,

.. .output.[7:0] .abcdefgh,
. .output-[3:0] .digit,
..output....... buzzer,
..output....... hsync,
..output. . ... .. vsync,

-.output-[2:0] -rgbh

» P Timing Analysis
» P> EDA Netlist Writer
B edit Settings

1NN N N NN N N N 2 2

D Navica (O
1

-l

..assign.abcdefgh. .=.

...assign.digit.... 2115
...assign.buzzer. 1°b0;
..assign.hsync. . p 5 13 1
...assign.vsync. . 1°h1;
..assign.rgb.......=.3"h0;

--wire.a.=.~.key_sw.[0];

~ & installed IP
~ Project Directory
No Selection Available

¥ Library

-

Basic Functions

» DSP

-

Interface Protocols

-

Memory Interfaces and Controllers

¥ Processors and Peripherals

-

University Program

. Search for Partner IP

+ Add...

[ 'Eind... “FindNe;tl

Type ID Message

ot
Lu <<Filter>>
®

-

[Messages

System | Processing
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[ eHepaunsa NPoOLWNBKU ANA
MJINC

1. 3anycTute KOMNUNALUUIO NpoeKTa Yepes KHoMKy “Start Compilation”

File Edit View Project Assignments Processing Tools Window Help

OfF H N afRe B & | top x| S GG P %o @ﬁl»f‘
Project Navigator 4% Hierarchy »Q[l@® | € topy X @ Compilation Report - top | Start Compilation - Ctrl+L
Entity:Instance 1 @ &8 (-}' EE M DQ ‘B 0 w @ :gg;] ;
#% Cyclone IV E: EPACE10E22C8 23 .- ..assign.buzzer....=.1"b0;
— 24 ....assign-hsync.....=.1"b1;
abc 2
*toprh 25 ....assign.vsync.....=.1"bl;
26 ....ass'ign.rgb.......=.3'bO;
27
28 ....wire.a.=.~.key_sw.[0];
29 ....wire.b.=.~.key_sw.[1];
30 pzieish
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[ eHepaunsa NPoOLWNBKU ANA

NC

2. | lposepre Hann4ne owmnoboK N ncnpaBbTe NX

= - T g Total logic elements N/A until Partition Merge » Memory Interfaces and Controllers
L © Flow Suppressed Messages Total registers N/A until Partition Merge » Processors and Peripherals
X ¥ P Compile Design
Total pins N/A until Partition Merge > University Program
X > P Analysis & Synthesis Total virtual pins N/A until Partition Merge @ scarch for Partner IP
» P Fitter (Place & Route) Total memory bits N/A until Partition Merge
» P Assembler (Generate programming { Embedded Multiplier 9-bit elements  N/A until Partition Merge
Total PLLs N/A until Partition Merge
» P Timing Analysis
» P EDA Netlist Writer
B Edit settings
g
& brnarmm Navica IOnan Braammman b 3
P P > + Add...
®— O — : =
al| QA& (Al [T <<Filters> 88rind.. | BBFind Next
l; C— = S P E 3 = >
= | Type ID Message = = o =
» © Running Quartus Prime Analysis & Synthesis
(i Ccommand: quartus_map --read_settings_files=on --write_settings_files=off top -c top
@ 20032 Parallel compilation is enabled and will use up to 4 processors
€ 10170 verilog HDL syntax error at top.v(40) near text: "assign”; expecting ";". Check for and fix any syntax errors that appear immediately before or at the specified
€ 10112 Ignored design unit "top” at top.v(3) due to previous errors
@ 12021 Found O design units, including O entities, in source file /users/frar/desktop/ce20201abs/day_1/omdazz/1ab_1_and_or_xor /top.v
» Quartus Prime Analysis & Synthesis was unsuccessful. 2 errors, 0 warnings
(%) 293001 Quartus Prime Full Compilation was unsuccessful. 4 errors, 0 warnings
b ‘ =
w4 »
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[ eHepaunsa NPoOLWNBKU ANA
NC

2. | lposepre Hann4ne owmnoboK N ncnpaBbTe NX

= R E T Total logic elements N/A until Partition Merge » Memory Interfaces and Controllers

Task
A8 © Flow Suppressed Messages

| Total registers N/A until Partition Merge » Processors and Peripherals
X ¥ P Compile Design

> University Program

B Rk A Haxmute Ha “Show Error © scach forPartnr
£ Messages” YTOObI OTOOPa3nTb

» P EDA Netlist Writer

TONbKO coodLeHns 06 oLnbdKax.

B Edit settings

-

A ornarmm Denie

Aﬂlil;h

ID Message &
~  Running Quartus Prime Analysis & synthesis
Ccommand: quartus_map --read_settings_files=on --write_settings_files=off top -c top
20032 parallel compilation is enabled and will use up to 4 processors
10170 verilog HDL syntax error at top.v(40) near text: "assign”; expecting ";". Check for and fix any syntax errors that appear immediately before or at the specified
10112 Ignored design unit "top" at top.v(3) due to previous errors
12021 Found O design units, including O entities, in source file /users/frar/desktop/ce20201abs/day_1/omdazz/1ab_1_and_or_xor /top.v
Quartus Prime Analysis & Synthesis was unsuccessful. 2 errors, 0 warnings
293001 Quartus Prime Full Compilation was unsuccessful. 4 errors, 0 warnings

an Draarmmmert

+ Add...

-
|
n
o

88cind.. | | B8Find Next
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<
o
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00000009

-
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=
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3anucs npowunBku B NMJIIANC

3. Haxmute Ha KHoMKy “Programmer”

Eile Edit View Project Assignments Processing Tools Window Help

O <002 C o &S Tr ¥ ES SV

'Project Navigator ; 4% Hierarchy v iQ le® ¢ topv X ‘ D) Compilation Report - top X ‘ Programmer'
| Entity:Instance Table of Contents L3
| #% Cyclone IV E: EP4CE10E22C8 ' E2 Flow Summary \ 3~:«:‘Fil:er>>

top ©B ER Flow Settings Flow Status
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3anucb npowunsku B NMNJINC

4. B OTKpbIBLLEMCS OKHE HaXXMUTe Ha “Start”

»ngnmmc = u}

File Edit View Processing Jools Window Help

i Hardware Setup... | | USB-Blaster [USB-0] Mode:  JTAG v Progress:

Enable real-time ISP to allow background programming when available

% File Device Checksum Usercode Program/ Verify Blank- Examine  Security Erase eac ISP SFi{PF
o St Configure Check Bit xcks CLAMP
#L Stop top.sof EP4CE10E22 00093330  0009333D v

& Auto Detect

X Delate

# MdF“o LA AR LA R L)
™
¥“* Change Fil= E— »

& Save File L)

EPACE10E22
™ Add Device TDO

£

"‘LUp

"% Down
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YnpaxHeHue C nNorm4ecCKMmn
afileMeHTaMu

Altera Cyclone IV EP4ACE6 FPGA
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YnpaXHeHue C NNIorm4ecKumMmm
rﬁ“e%;MeHTaM M module top
(

(

input [3:0] key_sw, input [3:0] key_sw,
output [3:0] led, output [3:0] led,

. .

I/ Exercise 2: Change the code below.

/[ Exercise 1: Change the code below. // Assign to led [3] the result of XOR operation
/[ Assign to led [2] the result of AND operation /[ without using "A" operation.
// Use only operations "&", "|", "~" and parenthesis

assign led [2] = 1'bO;
assign led [3] = 1'b0;
endmodule
endmodule

NATIONAL RESEARCH
UNIVERSITY OF ELECTRONIC
TECHNOLOGY 10



OcHoBHbIle onepauunm Verilog

HDL

CunmBorn Has3Ha4deHune
{} KoHkaTeHauusa (concatenation)
+-7/ ApndmeTtunyeckue (arithmetic)
% Moaynb (modulus)
> >= < <= OTtHoweHuns (relational)
! INornyeckoe otpuuaHue (logical NOT)
&& INNornyeckoe U (logical AND)
| INNornyeckoe UJ1A (logical OR)

11



OcHoBHbIle onepauunm Verilog
HDL

CunmBon HasHadyeHue

== INlornyeckoe paBeHcTBO (logical equality)

1= INNornyeckoe HepaBeHcTBO (logical inequality)

=== NpoeHTn4HOoCTb (case equality)

=== He ngeHTn4YHoCTL (case inecuality)

!

[TobutoBas nHeepcus (bit-wise NOT)

& [TobutoBoe U (bit-wise AND)

| [ToobutoBoe UJIN (bit-wise OR)




OcHoBHbIle onepauum Verilog

HDL

CumBorn Has3Ha4deHune
<< Casur Bneso (left shift)
>> Casur BripaBo (right shift)
<<< Linknnyecknun casur Bneso (arithm. left shift)
>>> Linknunyecknun casur snpaso (arithm. right shift)
?: TepHapHbIn onepaTtop (ternary)

13



1.
2.

YnpaxHeHue C nNorm4ecCKMmn
afileMeHTaMu

[TpucBouTe led[2] pedynbTtaT onepaunm U
(AND).

[lpuceounTe Ied[3l]/lpe3yanaT onepauumn
nckroyvatotero NI (XOR) b6e3
MCMNosib30BaHMA ee onepartopa.



YnpaxHeHue C nNorm4ecCKMmn
anemMeHTamMu_____
5<% x

; lnI C krr"
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YnpaxHeHue ¢ BbIBOAOM OYKBbI Ha
cCeMUCermMeHTHbIn MHAUKaTOop

Altera Cyclone IV EP4ACE6 FPGA

16
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CemucermMeTHbI MHAUKATOP

7-CerMEeHTHbIN MHAMUKATOP

b
1

d e f g
1 1 1 0

C
1

4-bit wunHa

17
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CemucermMeTHbI UHOUKATOP

@ MIET

SEG7 RS53 —

220R

—

SEG6 R56 —

220R

SEG5 RM ——

220R

SEG4 RS0 ——=

220R

SEG3 R51 /——

220R

SEG2 R55 ‘—':

220R

SEG1 _RS7T /——

220R

SEG) RS2 ==

220R

DIG4 R46 ——

10K

DIG3 R47 —

10K

DIG2 R48 ——

10K

J

DIGI _R49 C 3

10K
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33V

8550

33V
Q2

8550

8550

8550

DP

=0

e s =

e — 0"4

12lo
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CemucerMetTHbI UHOUKATO

SORP3 —~ ] 8 220R
72 y IR By I
71 s 1 Fpo=g) B
70 B p— 5
101 1 &
[ R ool i)
997 SR ——x11.6
98 7 59| [Emmrefl] B
RP5 220R
e TR e
15 3 Je’l"6
§ TR ==
120 ) [
RP6 H.7K
[+ K S ) )
[T S T B [
§5 2 | il 7
86 11— 1%
RP7 4'7](? ’312‘ :rs':ra = e DPI :h—rrq = el gl DP2
t )i A \ * Q3 abcd ef gdp abecd e¢f gdp
. - - . - . . -
S8550 S8550 S8550 S8550 SE550 S8550 DI D2 D3 D4 DI D2 D3 D4
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YnpaXXHeHue ¢ BbIBOAOM OYKBbI Ha
CeMUCerMeHTHbIN uHaAnKaTop

module top module top
( (
input [3:0] key_sw, );
output [3:0] led,
output [7:0] abcdefgh, // Exercise 2: Display letters of a 4-character word
output [3:0] digit, // using this code to display letter of ChlP as an exa
mple
); reg [7:0] letter;
always @*
I/ Exercise 1: Display the first letters case (key_sw)
/[ of your first name and last name instead. 4'b0111: letter = C;
assign abcdefgh =
assign digit = endcase
endmodule

assign abcdefgh = letter;

NATIONAL RESEARCH
UNIVERSITY OF ELECTRONIC
TECHNOLOGY endmodule 20



Verilog HDL. Case

//MHOroBXOA40BbLIE MYSLTUMNIIEKCOPLI U AeLundpaTopbl MOXXHO OMNUCLIBATbL Yepes3 case
reg [3:0] c;

wire [1:0] option;

wire [7:0] a, b, c, d;

reg [7:0]e;

always @(a or b or c or d or option) begin

case (option)

0:e=a;
1: e = b;
2:e=c¢C;
3:e=d;
endcase
end

NATIONAL RESEARCH
UNIVERSITY OF ELECTRONIC
TECHNOLOGY
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1.

YnpaXXHeHue ¢ BbIBOAOM OYKBbI Ha
CeMUCerMeHTHbIN uHaAnKaTop

BbiBeguTe nepsbie OyKBbI CBOENO UMEHU U
bamMnnmm Ha CEMUCErMEHTHbIN
MHOMKATOP.

BbiBeauTe cnoBo CHIP Ha
CEMUCETMEHTHbLIN MHOMKATOP.

22



YnpaXXHeHue ¢ BbIBOAOM OYKBbI Ha
CeMUCerMeHTHbIN uHaAnKaTop

NATIONAL RESEARCH
M I E I UNIVERSITY OF ELECTRONIC
TECHNOLOGY
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[locnegoBaTenbHOCTHAA
JIOrmMKa

KombuHaumnoHHa
o

Bbixo

bl
JNTOIr'nKa

%



[TpoOrnema BbIYUCIIEHUN B KOMOMHALMOHHOW
Fioruike.

BbluncneHmnst HaumHatoTcs nNpu P "
N3MEHEHUNN BXOO0B ITOrMKMN.
Kak NoOHATb Korga pesynbrart Ha — »| delay «——
BbIX04e KOMOMHALMOHHOW NOrnKu
byoeT rotoB Ans ganbHEULLNX A
BbIYNCITEHUN?

Y

Time




Contamination and propagation delays.

Contamination delay A _{>7 v

Bxoabl USMEHUINNUCb, HO Ha BbIXoOe
pes3ynkraTt Nnoka 4To
HecTabUIbHbIN.

Propagation delay i W
Y Y

CTabunbHbIW pes3ynbTaT Ha BbIXo4e
KOMOUHAUMOHHOW CXEMbI.

Time




Mcnonb3oBaHUe TakKTOBOIro cuMrHana.

[lepen 3aBepLUEHNUEM BbIYUCTIEHUN
BbIXOOHble gaHHble MOryT coaepkaTb

clydanHble 3Ha4YeHuq.

Kak norvke y3HaTb Korga pesynsraThbl
rOTOBbI U MOTYT UCMOJNb30BaTbCA Ha
cnegywLwem atane BblYUcneHnmn?

BbluncneHmsa MoyXHO

CUHXPOHU3MPOBATb C MOMOLLbIO
creumnanbHOro curHana — curHana

TaKTUPOBaAHUA.

el " M-

i A MY \

CLK CLK
/] Q1 ( Q \ 02,‘ ] ;
L J LT
(a) R1 R2
< L )
CLK )~ \ r—
| I
Q1 | (W I
I I
D2 | OO |



[locnegoBaTenbHOCTHAA

i TakTupoBaHu

AAAAAAAAAAAAAAAA
IIIIIIIIIIIIIIIIIIIIII
OOOOOOOOOO

KombuHaumnoHHa
o
noruvka

TakTnpoBaHu

Bbixo

bl

4
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D-Tpurrep

Q ol L LI L
- D 77X datal Xdata2t

Q g 700 datal  fdata2X”/




D-Tpurrep. CurHan copoca

RST
CLK [ ‘ ‘ . . 1
D Q RST: / \ :
CLK 6 D M data XdataZW

W .




D-Tpurrep. CurHan paspeLueHuvs

RST CLK r -

. q RST 3
- R A N S S
CLK Q D M{ data1 XdataW

o 7777/(carea




D-Tpurrep. Verilog HDL

RST

Ol

CLK

M I E I UNIVERSITY OF ELECTRONIC
TECHNOLOGY

module my reg

(
input CLK,
input RST,
input EN,
input D,
output Q

);

reg OUT;
always @(posedge CLK) begin

if(RST) OUT <= 1'b0; else OUT <= D;

end
assign Q = OUT;

endmodule

32



D-Tpurrep. HoBbIN CUHTaAKCUC

RST

CLK

Ol

NATIONAL RESEARCH
UNIVERSITY OF ELECTRONIC
TECHNOLOGY

module my reg

(

input CLK,

input RST,

input EN,

input D,
_ output Q WUcnonb3oBaHue
! / KIHO4YeBOro
reg OUT crioBa reg

always @(posedge CLK) begin
if(RST) OUT <= 1'b0; else OUT <= D;

end
assign Q = CN Wcnonb3oBaHue

KOHCTPYKUUN

endmodule If-else

33



YnpaxHeHune co CHeTYUKOM

Altera Cyclone IV EP4ACE6 FPGA

NATIONAL RESEARCH
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YnpaxHeHune co CYHeTYUNKOM

module top module top
( (
); );
reg [31:0] cnt; wire key = key_sw [0];
always @ (posedge clk or posedge reset)
if (reset) reg key _r;
cnt <=32'b0; always @ (posedge clk or posedge reset)
else if (reset)
cnt<=cnt + 32'b1; key r<=1'bO0;
else
assign led =~ cnt [27:24]; key r <= key;
endmodule wire key_pressed =~ key & key_r;

NATIONAL RESEARCH endmodule
UNIVERSITY OF ELECTRONIC
TECHNOLOGY



1.

YnpaxHeHune co CHeTYUKOM

CB0OOOAHO 3anycTuTe cyeT4vuK. Kak
N3MEHNTb CKOPOCTb MUTaHUS
cBeToanoaoB?

ameHunTte gnsamH. Hanpumep, nobaBbre
yrnpaBfieHMe HanpaBneHNeEM cHeTa
KHOMKaMM.
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YnpaxHeHune co CHeTYUKOM

NATIONAL RESEARCH
M UNIVERSITY OF ELECTRONIC
TECHNOLOGY

Y
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YnpaxHeHune co CABUIOBbLIM
PEerncTpom

Altera Cyclone IV EP4ACE6 FPGA

Y")"I"!"?'Y"! mnm
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YnpaxHeHune co CABUIOBbLIM

PEerucTpom

module top

(
-

reg [31:0] cnt;
always @ (posedge clk or posedge reset)
if (reset)
cnt <= 32'b0;
else
cnt <= cnt + 32'b1;
wire enable = (cnt [22:0] == 23'b0);

endmodule

NATIONAL RESEARCH
UNIVERSITY OF ELECTRONIC
TECHNOLOGY

module top

(
-

wire button_on =~ key_sw [0];
reg [3:0] shift_reg;
always @ (posedge clk or posedge reset)
if (reset)
shift_reg <= 4'b0;
else if (enable)
shift_reg <= { button_on, shift_reg [3:1] };

assign led = ~ shift_reg;

endmodule
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YnpaxHeHune co CABUIOBbLIM

PErmcTpom
1. “3acTtaBbre” cBeToamnoabl U3BMEHUTL
HanpaepneHne MmepuaHus.
2. 3auuknuTe MepLaHne CBETOAMNOOOB.

3. W3meHuTe coctodgHmne cemmcermMeHTHoOro
MHAnKaTopa, “3actaBuB” ero noovepeaHo
3aXkuratb CBETOAMNOObI MO KPYTY.

AAAAAAAAAAAAAAAA
EEEEEEEEEEEEEEEEEEEEEE
OOOOOOOOOO 40



YnpaxHeHune co CABUIOBbLIM
PEerncTpom

NATIONAL RESEARCH
UNIVERSITY OF ELECTRONIC
TECHNOLOGY
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CaBuroBbIN pervi

S 8-Bit Serial-In, Serial-Out
(Serial in) Shift Register
/I\
CLK
0 o
. ..S'I ' S O S @ S O S O S O S O S O S OSSO
(Serial in) S N > N L —F S N (Serial out)
R O R O R O R O R O R O R O R O
CLK
1 -2 3 & 56 7 8-5 103 21314 1536 17
N J | | |
\Y} | | [ | |
} } - } }
| N
: I«—? Clock Periods—| |
SO :4—7 Clock Periods—
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|

5O
(Serial out)
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YnpaXHeHue: BbIBO4 ClioBa Ha
CeMUCEerMeHTbIn MHANKaTOoP

Altera Cyclone IV EP4ACE6 FPGA

W

1"2" = & & e

;_:i() JM@@ au@-ﬂ 1
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CemucermMeTHbI MHAUKATOP

7-CerMEeHTHbIN MHAMUKATOP

b
1

d e f g
1 1 1 0

C
1

4-bit wunHa
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YnpaXHeHue: BbIBO4 ClioBa Ha
CeMUCEerMeHTbIn MHANKaTOoP

module top

module top

(

);
reg [7:0] letter;
always @*

case (shift_reg)
4'p1000: letter = C;

default: letter = E;
endcase

assign abcdefgh = letter;
endmodule

NATIONAL RESEARCH
UNIVERSITY OF ELECTRONIC
TECHNOLOGY

(

.

reg [31:0] cnt;

always @ (posedge clk or posedge reset)

if (reset)
cnt <= 32'b0;
else
cnt <= cnt + 32'b1;

wire enable = (cnt [22:0] == 23'b0);

endmodule
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YnpaxHeHune co CABUIOBbLIM
PEerncTpom
1.

YBenu4ybTe 4acToTy curana enable, YTOObI TEKCT Ha
CEMMNCErMEHTHOM MHAOMKATOPE ObIST NIENKO YUTAEM U
He mepLiar.

2. BbiBeguTe Ha ceMncermMeHTHOM MHAuKaTope noboe
[pyroe crioBo.

3. 3aKOMMEHTUPYUTE CTPOUKY CO CroBoM default B
KOHCTPYKLNU case-endcase U NONpobynTe 3aHOBO
CUHTE31poBaTh AN3anH; NOoCTapanTeCb OOBLACHUTL
nossusLLeeca coobweHuna CAl1Pa.

NATIONAL RESEARCH
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YnpaxxHeHue: BbIBOA CriOBa Ha
ceMUcerMeHTbI UHOUKaTop

i
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Cnacumbo 3a BHUMaHue.
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