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ЛМС

Столбец
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D Q
8,4,2,1

D Q

D Q

Вход
данных

Адрес
ОЗУ/ПЗУ
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512 x 4

1024 x 2
2048 x 1

WE

Выход
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9,10,11
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2,4,8,16

16

D Q

2,4,8,16

Выделенные
сигналы Сброс
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Перенос Каскадирование

К ГМС

К ЛМС

Выход переноса Выход
каскадирования

Сброс

PRN
D Q

ENA
CLRN

Labctrl2
Labctrl1

Data4
Data3
Data2
Data1

Labctrl3

Labctrl4

A
L1

�0
39

+

Таблица
перекоG
дировки

Цепь
переноса

Цепь
каскадиG
рования

Схема
сброса/

установки

��������
� ����&���
��6��������	�
���
��������



������


��������������

D Q

CLRN
ENA

VCC

VCC
Сброс

ГМС

Выделенные
сигналы

Синхронизация
Управляющие

сигналы

Разрешение
выхода

Открытый
коллектор

Скорость
ЭВВ

VCC

D Q

CLRN
ENA

VCC

Сброс

VCC

D Q

CLRN
ENA

VCC

Сброс

CE [7...0]

CLK [1...0]

CLK [3...2]

ENA [3...0]

CLRN [1...0]
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Выделенные
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Межсое-
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ЛЭ ВБР
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tCO
tCOMB

tSU
tH

tPRE
tCLR

tC
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tCASC

tLABCASC tLABCARRY

Выход
переноса

Выход
каскадирования

Вход
данных

Управление

Вход
переноса

Вход
каскадирования

Выход
данных
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tOD1
tOD2
tOD3
tXZ

tZX1
tZX2
tZX3

tIOCO
tIOCOMB

tIOSU
tIOH

tIOCLR

tINREG

tIOD

tIDC

tIOFD

tINCOMB

DATA IN

1 к ГМС

CLOCK ENABLE
CLEAR
CLOCK

OUTPUT ENABLE
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tEABOATA1
tEABOATA2
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tEABCLK
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tEABBYPASS
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tEABH

tEABCH
tEABCL
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tWDH
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tWAH
tWO
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a0 a1 a2
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tEABWCOCOMB

tEABWAH

tEABD0

Асинхронное чтение

Асинхронная запись
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Управление
тактовой
частотой

Таблицы
переко-
дировки

МЯ

Память

ЭВВ ГМС

Таблицы
переко-
дировки

МЯ

Память

ЭВВ

ЭВВ

Таблицы
переко-
дировки

МЯ

Память

ЭВВ

Таблицы
переко-
дировки

МЯ

Память

ЭВВ

Таблицы
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дировки

МЯ

Память

ЭВВ

Таблицы
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дировки
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Память

ЭВВ

Таблицы
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дировки

МЯ

Память
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ЭВВ ЭВВ
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ЛЭ4
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ЛЭ9
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Столбец ГМС10 ЛЭЛМС

К смежному
ЛБ или ЭВВ

Строка ГМС

Межсоединение
мегаблока

( МСМ )
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Вход
переноса

Вход
каскадирования

К ГМС,
МСМ, ЛМС

К ГМС,
МСМ, ЛМС

Выход
переноса

Выход
каскадировании

Сброс

ТП Цепь
переноса

Цепи
каскади-
рования

Асинхронный
сброс/

установка

PRN
D Q

ENA
CLRN

Labctrl2
Labctrl1

Data4
Data3
Data2
Data1

Labclk1

Labclk2

Labclkena1

Labclkena2

Логика
синхронного

сброса и
установки

Синхро-
низация

Синхронная
установка

Синхронный
сброс
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Строка ГМС

MegaLABЭВВ

ЭВВ

MegaLABЭВВ

Столбец ГМС

MegaLABЭВВ

ЭВВ

MegaLAB

ЭВВ

MegaLAB

MegaLAB

ЭВВ

MegaLAB

ЭВВ

MegaLAB

MegaLAB
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MegaLAB
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MegaLAB

MegaLAB
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ЭВВ

ЭВВ

ЭВВ

A
L1

�0
51

+

���������� ����&���
����(�����
��������	�
���
�,���G��



���
��


��������������

М
а

тр
и

ц
а

р
а

сп
р

е
д

е
л

е
н

и
я

те
р

м
о

в

32
сигналов

ПМС

Параллельный
расширитель

D Q

CLRN
ENA

Выход
МЯ

2 2 2

Сброс

Сброс

Разрешение
синхро-
низации

Синхро-
низация

Прогр. регистр
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WRADDRESS

DATA

WREN

INCLOCK

INCLOCKEN

INACLR

RDADDRESS

Q

RDEN

OUTCLOCK

OUTCLOCKEN

OUTACLR
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к ЛЭ

К глобальным
цепям тактовой

частоты

Регистр с 
последовательной

загрузкой и 
параллельной

выдачей 
данных

Приемный канал 1

Приемный
 канал 

Приемный
 канал 

Приемный
 канал 

Приемный канал 2

Приемный канал 8
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J

J
1HSDI_CLK2 HSDI

PLL2
×W
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Данные
к ЛЭРегистр с 

параллельной
загрузкой и 

последовательной
выдачей 
данных

Передающий канал 1

Передающий канал 2

Передающий канал 8

Глобальный
сигнал

синхронизации

Передающий
канал

Передающий
канал

Передающий
канал
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Регистр с 
параллельной

загрузкой и 
последовательной

выдачей 
данных

Регистр с 
последовательной

загрузкой и 
параллельной

выдачей 
данных

J
1

J
1

Регистр с 
последовательной

загрузкой и 
параллельной

выдачей 
данных

Регистр с 
параллельной

загрузкой и 
последовательной

выдачей 
данных

CAU

×W

×W

PLL1

PLL2

4

4

4

4

4

4

4

4

от ЛЭ

к ЛЭ

Такт

Такт

Передающий канал 1
Передающий 

канал 

Передающий 
канал 

Передающий 
канал 

Передающий 
канал 

Передающий канал 8

Передающий канал 5

Передающий канал 4

Приемный канал 8

Приемный канал 5

Приемный канал 4

Приемный канал 1

Приемный
 канал

Приемный
 канал

Приемный
 канал

Приемный
 канал

HSDI_CLK1

HSDI_CLK2
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Локальные
межсоединения

Быстрые вертикальные
локальные

соединения

Вертикальные
межсоединения

и быстрые
вертикальные

межсоединения

Быстрые
горизонтальные

локальные
соединения

Горизонтальные
межсоединения

и быстрые
горизонтальные
межсоединения

A
L1

�0
59

+

��������
� ��)�/��&�
�0'�&��������	�
���
�jE=;L=>




��������������

ASYNCLOAD
or LABPRE

SYNCCLR
or LABCLK2

LABCLK1 LABCLR

SYNCLOAD
or LABCLKENA2

LABCLKENA1

Локальные
межсоединения

Выделенные тактовые частоты

Быстрые глобальные сигналы

Горизонтальные глобальные
сигналы

Локальные
межсоединения

Локальные
межсоединения

Локальные
межсоединения

4

6

2
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Таблица
переG

кодировки

Цепи
переноса

Цепи сбросаG
установки

(асинхронные)

Цепи сбросаG
загрузки

(синхронные)

Цепи 
тактирования

CLRN
ENA

GD
PRN

data1

data3
data2

data4  (1)

labdr

labdk1
labdk2

labdkena1
labdkena2

labpre
ChipGWide

Reset

LAB CarryGIn
CarryGIn1
CarryGIn0

CarryGOut0
CarryGOut1
 LAB CarryGOut  (2)

LABGwide
Synchronous

Load
LABGwide

Synchronous
Clear

Цепи ТП

к межсоG
единениям

к межсоG
единениям
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Полный
сумматор

Программируемый
инвертор

Программируемый
инвертор

Программируемый
инвертор

Программируемый
инвертор

LAB CarryGOut

LAB CarryGIn

LAB Wide Clock
Enable Signals  (1)

 CarryGOut0

 CarryGIn0
 CarryGIn1

 CarryGOut1

D

CLRN
ENA

Q

Combinational
Sum Output

Combinational
Sum Output

Registered
Sum Output

RapidLAB
Interconnect  (2)

Выход ЛЭ

Выход ЛЭ
AN

BM+1

BM

AN+1
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Ступень 1

Ступень 2

Ступень 3

Ступень 4

Ступень 5

Выход

A[15...0]B[8]

Разряды B[0]…B[7]

A[15...0]B[9]

A[15...0]B[10]

A[15...0]B[11]

A[15...0]B[12]

A[15...0]B[13]

A[15...0]B[14]

A[15...0]B[15]

A
L1

�0
63

+

���������� 8��
�����(�������	��$�������)�
'��



������


��������������

Л
Э

 1

Л
Э

 3

Л
Э

 5

Л
Э

 7

Л
Э

 9

Л
Э

 2

Л
Э

 4

Л
Э

 6

Л
Э

 8

Л
Э

10

Л
Б

Л
М

С

Го
р

и
зо

н
та

л
ьн

ы
е

 л
и

н
и

и
 R

a
p

id
LA

B

AL1�064+

�
�

��
��

��
�

�
4
�
�
�
#�

�
�


'
%
�
�

��
'
�
�
�
�
��

�

�

��
�
�
�
&
�
�^

<K
@D

�
,

X



������


��������������

ЛЭ 1

ЛЭ 2

ЛЭ 3

ЛЭ 4

ЛЭ 5

ЛЭ 6

ЛЭ 7

ЛЭ 8

ЛЭ 9

ЛЭ10 ЛЭ10 ЛЭ10

ЛЭ 9 ЛЭ 9

ЛЭ 8 ЛЭ 8

ЛЭ 7ЛЭ 7

ЛЭ 6 ЛЭ 6

ЛЭ 5 ЛЭ 5

ЛЭ 4 ЛЭ 4

ЛЭ 3 ЛЭ 3

ЛЭ 2 ЛЭ 2

ЛЭ 1 ЛЭ 1

Вертикальные
 межсоединения

Лeap Line

Вертикальные
 межсоединения

Леap Line

Быстрые
горизонтальные
межсоединения

Соединения
RapidLAB
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ЛЭ 1

ЛЭ 2

ЛЭ 3

ЛЭ 4

ЛЭ 5

ЛЭ 6

ЛЭ 7

ЛЭ 8

ЛЭ 9

ЛЭ10
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dataA[]

qA[] qB[]

addressA[]
wrenA

clockA
clockenA

aclrA

dataB[]
addressB[]

wrenB
clockB

clockenB

aclrB

Порт А Порт B

data[]

q[]
wraddress[]
wren

inclock
inclocken
inaclr

rdaddress[]
rden

outclock
outclocken

outaclr

data[]

q[]
address[]
wren

inclock
inclocken
inaclr

outclock
outclocken

outaclr

Двухпортовая память

Однопортовая память

Двунаправленная двуxпортовая память
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dataB[]
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Ввод проекта
MAX+PLUS II Graphic Editor
MAX+PLUS II Symbol Editor
MAX+PLUS II Text Editor
MAX+PLUS II Waveform Editor
MAX+PLUS II Floorplan Editor
AHDL
VHDL
Verilog HDL

Верификация проекта
MAX+PLUS II Simulator
MAX+PLUS II Waveform Editor
MAX+PLUS II Timing Analyzer

Программирование ПЛИС
MAX+PLUS II Programmer
Data I/O

Компиляция
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MAX+PLUS II
Text Editor

Compiler Netlist
Extractor

Logic
Synthesizer

Filter

Assembler

Functional, Timing
or Linked SNF

Extractor

EDIF, VHDL &
Verilog Netlist

Writers

Database
Builder

Design
Doctor

Partitioner

MAX+PLUS II
Graphic Editor

MAX+PLUS II
Symbol Editor

MAX+PLUS II
Waveform Editor

MAX+PLUS II
Floorplan Editor

Ввод проекта

MAX+PLUS II
Simulator

MAX+PLUS II
Waveform Editor

MAX+PLUS II
Timing Analyzer

Верификация

MAX+PLUS II
Programmer

MAX+PLUS II
Message Processor

&
Hierarchy Display Программирование

Ввод проекта

MAX+PLUS II Compiler
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��������INPUTS A1 A2;

START 0;

STOP 25;                 

PATTERN                  

%Секция модели 1 с входами А1 и А2%

0 0 0

0 0 1;
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START 26;

STOP 50;

PATTERN                  

%Секция модели 2 с входами А1 и А2%

0 1 0

1 0 0;

INPUTS A1 B1;

START 51;

STOP 100;

PATTERN                   

%Секция модели 3 с входами А1 и В1%

1 1 0

0 1 1;
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��������OUTPUTS A1 A2;

START 0;

STOP 25;                 

PATTERN                  

%Секция модели 1 с выходами А1 и А2%

0 0 0

0 0 1;

START 26;

STOP 50;

PATTERN                  

%Секция модели 2 с выходами А1 и А2%

0 1 0

1 0 0;

OUTPUTS A1 B1;
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START 51;

STOP 100;

PATTERN                   

%Секция модели 3 с выходами А1 и В1%

1 1 0

0 1 1;
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SUBDESIGN SUM8_

%8 разрядный сумматор без знака%

(

clk:INPUT;

a[7..0]:INPUT = GND;

b[7..0]:INPUT = GND;

sum[7..0]:OUTPUT;

cr:OUTPUT;

)

VARIABLE 

c[7..1]:NODE;
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sum[7..0]:DFF;

cr:DFF;

BEGIN

sum[7..0].clk=clk;

sum[7..0].prn=VCC;

sum[7..0].clrn=VCC;

cr.clk=clk;

cr.prn=VCC;

cr.clrn=VCC;

If (a[0]&b[0])==VCC then

sum[0]=GND;

c[1]=VCC; 

ElsIf (a[0]#b[0])==GND then

sum[0]=GND;

c[1]=GND;

Else sum[0]=VCC;

c[1]=GND;

End If;

%%

FOR i IN 1 TO 6 GENERATE

If (a[i]&b[i]&c[i])==VCC then

sum[i]=VCC;

c[i+1]=VCC; 

ElsIf (a[i]#b[i]#c[i])==GND then

sum[i]=GND;

c[i+1]=GND;

ElsIf

(((a[i]&b[i])#(a[i]&c[i])#(b[i]&c[i]))&!(a[i]&b[i]&c[

i]))==VCC then

sum[i]=GND;

c[i+1]=VCC;

Else sum[i]=VCC;

c[i+1]=GND;
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End If;

END GENERATE;

%%

If (a[7]&b[7]&c[7])==VCC then

sum[7]=VCC;

cr=VCC; 

ElsIf (a[7]#b[7]#c[7])==GND then

sum[7]=GND;

cr=GND;

ElsIf

(((a[7]&b[7])#(a[7]&c[7])#(b[7]&c[7]))&!(a[7]&b[7]&c[

7]))==VCC then

sum[7]=GND;

cr=VCC;

Else sum[7]=VCC;

cr=GND;

End If;

END;

����������	�
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START 0;

STOP 500;

INTERVAL 25;

RADIX BIN;

INPUTS clk;

PATTERN

0 1;

START 0;

STOP 500;

INTERVAL 50;

RADIX BIN;

INPUTS a7 a6 a5 a4 a3 a2 a1 a0 b7 b6 b5 b4 b3 b2

b1 b0;
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OUTPUTS sum[7..0] cr;

PATTERN 

%a7 a6 a5 a4 a3 a2 a1 a0 b7 b6 b5 b4 b3 b2 b1 b0%

1 1 1 0 0 0 0 1 0 0 0 0 0 1 1 1

1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1

0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0

1 1 1 1 1 1 0 0 1 0 1 1 0 0 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0;
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SUBDESIGN decode1

(

address[15..0] : INPUT;

chip_enable : OUTPUT;

)

BEGIN

chip_enable = (address[15..0] == H"0370");

END;
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CONSTANT IO_ADDRESS = H"0370";

SUBDESIGN decode2

(
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a[15..0] : INPUT;

ce : OUTPUT;

)

BEGIN

ce = (a[15..0] == IO_ADDRESS);

END;
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SUBDESIGN boole1

(

a0, a1, b : INPUT;

out1, out2 : OUTPUT;

)

BEGIN

out1 = a1 & !a0;

out2 = out1 # b;

END;
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SUBDESIGN boole2

(

a0, a1, b : INPUT;

out : OUTPUT; 

)

VARIABLE

a_equals_2 : NODE;

BEGIN

a_equals_2 = a1 & !a0;

out = a_equals_2 # b;

END;

x �	'���a�&#���	�����#��u�|V��+uL)��������
�	&
�&
��	����
"�����&�

!
I����� �p�}� ~�P6�4	��#'��&
���� ��#�&� ����(
��� J�������'� 
�	�
	�� �	�!

��	�&)��	#�����#��	��#'����	��&���	��#'��%�&�

I����%6

�������������%�����+����

M
���
���I���&�#8"
�'�&�	���� ��LZ��J#������&�*���1)�

		�
�
�&
��!
	���
��	�&������	�'���#�&����"
	�&����&�

�#�"��%� ��	�&��%��
��� ����
$�#��6�W���#�&�%��

&�����%�(
���
���I������'��
�

&���
���#�&����&�!


I���8)� 
�(���(
����)�� �������#�)�zRR)�OQ�)�p��#��P6�W��
I ���	#�!
"
����
"�����(
�����

����6�

`	#��(
���
���
� �#��
)� #���

���(����
�
����&	�(�� �
�
���
�	�
&��
 &���&
 

�����	���������6�Y
�
���
)�(
�����
��66p����I����

�����
��	
�'
�
��
���6

��������
��������������������



����6 �

2
���
����
� �#�����(
���X
• 2
���
�

&��&
���� &�%� (
�������� �#I�������'� � ��
��&���"�	#�

���6�W��
�&� �������I���
���
���
I ���������
&���(
�����	�� ���!
��	��	�	���&��	�&�8K���������&��
���(
����)�
��������EL�	�� �����!
	��	�|�)�Ep�	�|q���EP�	�|�X
E�L66P����|��66��

• 2
���
�

&��&
����(
������ �������#��&	�������(
������
�	�� ���!
8�	������#�6�W��
�&� �������I���
���
��Ep)�EL���EP��
�	�� ���8�	�
&	��&��	�����0X
E�L66P����0

• 2
���
�

&��&
����(
�������
"���8�zRR �#��OQ��&	�������(
����
�
�	�� ���8�	����J�������
"���86�W��
�&� �������I���
���
��Ep)�EL
��EP��
�	�� ���8�	��&	��&��	�����zRRX
E�L66P����zRR

• 2
���
�

&��&
����(
�������p��#
 A�������(
������
�	�� �����	���
zRR)�
�&	�� 
�(��������w�����
"���8�OQ�6�W��
�&� �������I���
�!
��
����#'���EP��
�	�� �����	����zRR)���
"�����p�

	A�
���	�� ���
� !
	�
&#�����csPPps6
E�L66P����p

����6��,��%���*����
%����/�%�+���

y	#�&�
��#�(��
� �#
���&���
���I ��
�I��
���&��
&�	���	������#�!
(�"�	��%�&%� �&6�H#��
�
#��
$����	#�&����#�(�����	��#'��8�	�����

��!

��?C��#��R�>S6

W����

��
��?C��$���&
8�	��� ����#����	��#'�����#�&�%�&�

I����)����
!
�������	�&
8�	��
�I���� #��

���%���
"�����J��%�&�

I����6�W����

��!

��R�>S� 
��	��	��	���
#'��
�
��&)�����
������8�	�� #���
I �(��&��!
��I��(����
"�����������
�(��&�

I����6�7��

��
��$���&
�����
"����
&�

I���������������&���

���
�I���&�	���&��	�&���	��	��	���6

������������	
����
���������

W��
"�	�&���
���

�

		���
����
�#�e�/U�/�j6�EG)�&�����
������	
���� �!

�&K��� �
��
����
)� ����
��� �
���

����� �
�&��'� 	
��(�� �
��
������(�

���&��(��&%� 
�&���
"����6�7��(���
�
���� &�%

�
� ������ )����
��&
8!
K���&%� �	��
�&�	A����
��
������)��
��	�
�����zRR6

��������
��������������������



����7 �

SUBDESIGN priority

(

low, middle, high : INPUT;

highest_level[1..0] : OUTPUT;

)

BEGIN

IF high THEN

highest_level[] = 3;

ELSIF middle THEN

highest_level[] = 2;

ELSIF low THEN

highest_level[] = 1;

ELSE

highest_level[] = 0;

END IF;

END;
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SUBDESIGN decoder

(

code[1..0] : INPUT;

out[3..0] : OUTPUT;

)

BEGIN
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CASE code[] IS

WHEN 0 => out[] = B"0001"; 

WHEN 1 => out[] = B"0010"; 

WHEN 2 => out[] = B"0100"; 

WHEN 3 => out[] = B"1000";

END CASE;

END;

x �	'�(
���
�&%� 
�-UE���p66L����I����
����
�'���
"�����P)�p)�L)�N6�W��
&�!
	���	������
�
#'��(���� 
�
���&���
���	��	���&��	�&�8K
��&��&'����

��

)
����#'�����
�� �
�&� 
������������&
�����6�Y
�
���
)��	#���
�&%� ��-UE�����


&���p)��
�&�%� ��UV���	�
�
&#�&
��	����
"�����WsPPpPs6

��������������
�	
���
�����������	�����

7��

��
�� ?C���R�>S���%�I�6�4��( 
��	��#'��&
����#8��(�������%
�
�&� ������ ����������I��
���#'�
�
�X

7 �
�����I �� J����� &�������

��

��� 	�K�	�&�8����	��#'��� &
I!
��%�

�#�"��X
• W����

��
��?C���I����	��#'��&
�'�#8������#�&��&�

I����6�T
I ��

&�

I����)� �
��	�&
����� &� �
� #�I����)� 	#� �8K��� �
� ?C� �#�
S�>S?C)���I���������'�	&��
�����	� 
�(����&�

I�������&����

��!

�6� W� ���

��
��R�>S� � ��!� ��	�&������ &�

I����� 	

&��&
��	�� 	
�
�&�
��������
"�����6

��������
��������������������

89�:�31 ;�<3

IF a[] == 0 THEN
y = c & d;

ELSIF a[] == 1 THEN
y = e & f;

ELSIF a[] == 2 THEN
y = g & h;

ELSIF a[] == 3 THEN
y = i;

ELSE 
y = GND;

END IF;

CASE a[] IS
WHEN 0 =>
y = c & d;
WHEN 1 =>
y = e & f;
WHEN 2 =>
y = g & h;
WHEN 3 =>
y = i;
WHEN OTHERS =>
y = GND;

END CASE;
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IF a THEN IF a THEN

c = d; c = d;

END IF;

ELSIF b THEN IF !a & b THEN

c = e; c = e;

END IF;

ELSE IF !a & !b THEN

c = f; c = f;

END IF; END IF;
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SUBDESIGN 7segment
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(

i[3..0] : INPUT;

a, b, c, d, e, f, g : OUTPUT;

)

BEGIN

TABLE

i[3..0] => a, b, c, d, e, f, g;

H"0" => 1, 1, 1, 1, 1, 1, 0;

H"1" => 0, 1, 1, 0, 0, 0, 0;

H"2" => 1, 1, 0, 1, 1, 0, 1;

H"3" => 1, 1, 1, 1, 0, 0, 1;

H"4" => 0, 1, 1, 0, 0, 1, 1;

H"5" => 1, 0, 1, 1, 0, 1, 1;

H"6" => 1, 0, 1, 1, 1, 1, 1;

H"7" => 1, 1, 1, 0, 0, 0, 0;

H"8" => 1, 1, 1, 1, 1, 1, 1;

H"9" => 1, 1, 1, 1, 0, 1, 1;

H"A" => 1, 1, 1, 0, 1, 1, 1;

H"B" => 0, 0, 1, 1, 1, 1, 1;

H"C" => 1, 0, 0, 1, 1, 1, 0;

H"D" => 0, 1, 1, 1, 1, 0, 1;

H"E" => 1, 0, 0, 1, 1, 1, 1;

H"F" => 1, 0, 0, 0, 1, 1, 1;

END TABLE;

END;
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SUBDESIGN decode3 

(

addr[15..0], m/io : INPUT;

rom, ram, print, sp[2..1] : OUTPUT;
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)

BEGIN

TABLE

m/io, addr[15..0] => rom, ram, print, sp[];

1, B"00XXXXXXXXXXXXXX" => 1, 0, 0, B"00";

1, B"100XXXXXXXXXXXXX" => 0, 1, 0, B"00";

0, B"0000001010101110" => 0, 0, 1, B"00";

0, B"0000001011011110" => 0, 0, 0, B"01";

0, B"0000001101110000" => 0, 0, 0, B"10";

END TABLE;

END;

W�  
����� �
���
�� 	�K�	�&�8�� ��	�"�� &����I��%� &

�
���&� &%� 

*
 
�	
1)���J�������#��������

���"���	&� ��'��%�&	��&��
�#�$�6�W��	��
J��(����I����������'�	��&�#�������	�K�	�&�����)����&#��8K����
�&�!
%� �

�
� �6�Y
�
���
)� &�%� ���� 	�(�
#� �U,� *2xy1��� ��� &�	����� #�
&	�%�p�N���&

�
���&�
 
�	
��EE��pZ66P�)�����
����
"��
8�	��	�PP6�2�J��!
���&
����I�����#'�����
�
�'���K�8� #��&	�%�&

�
���&�"
	�'��� 
)��6�6�PP)

�&��	�
#'��%�

�
� 
%��� 
���	�
&��'��6�t
�����
�������&�#���	 �#
�'
�
����)��
���8K������'A���	�
��	�&���
�	�
	�&6

2
�&� ������ ��I�� �
���
� E�-UE��6�EG� ���
��&
��� �	��#'��&
���
	�
� 

������


���
���
����������$����e,uE�-UE��&��
 
"��

�

�����
 �A��

��

)�
�
#�(�"�
���
���
��E�-UE�p6�EG6

INCLUDE "lpm_decode.inc";

SUBDESIGN decode4

(

address[15..0] : INPUT;

chip_enable : OUTPUT;

)

BEGIN

chip_enable = lpm_decode(.data[]=address[]) 

WITH (LPM_WIDTH=16, LPM_DECODES=2^10)

RETURNS (.eq[H"0370"]);

END;
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SUBDESIGN default1

(

i[3..0] : INPUT;

ascii_code[7..0] : OUTPUT;

)

BEGIN

DEFAULTS

ascii_code[] = B"00111111";% ASCII question 

mark"?" % END DEFAULTS;

TABLE

i[3..0] => ascii_code[];

B"1000" => B"01100001"; % "a" %

B"0100" => B"01100010"; % "b" % 

B"0010" => B"01100011"; % "c" % 

B"0001" => B"01100100"; % "d" %

END TABLE;

END;
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SUBDESIGN default2

(

a, b, c : INPUT;

select_a, select_b, select_c : INPUT; 

wire_or, wire_and : OUTPUT;

)

BEGIN

DEFAULTS

wire_or = GND;

wire_and = VCC;

END DEFAULTS;

IF select_a THEN

wire_or = a;

wire_and = a;

END IF;

IF select_b THEN

wire_or = b;

wire_and = b;

END IF;

IF select_c THEN

wire_or = c;

wire_and = c;

END IF;

END;
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SUBDESIGN daisy

(

/local_request : INPUT;

/local_grant : OUTPUT;

/request_in : INPUT; % from lower priority % 

/request_out : OUTPUT; % to higher priority % 

/grant_in : INPUT; % from higher priority % 

/grant_out : OUTPUT; % to lower priority %

)

BEGIN

DEFAULTS

/local_grant = VCC; % active�low output % 

/request_out = VCC; % signals should default % 

/grant_out = VCC; % to VCC %

END DEFAULTS;

IF /request_in == GND # /local_request == GND THEN 

/request_out = GND;

END IF;

IF /grant_in == GND THEN

IF /local_request == GND THEN 

/local_grant = GND;

ELSIF /request_in == GND THEN 

/grant_out = GND;
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END IF;

END IF;

END;
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SUBDESIGN bus_reg2

(

clk : INPUT;

oe : INPUT;

io : BIDIR;

)

BEGIN

io = TRI(DFF(io, clk,, ), oe);

END;
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FUNCTION bus_reg2 (clk, oe) RETURNS (io);

SUBDESIGN bidir1

(

clk, oe : INPUT;

io[3..0] : BIDIR;

)

BEGIN

io0 = bus_reg2(clk, oe);

io1 = bus_reg2(clk, oe);

io2 = bus_reg2(clk, oe);

io3 = bus_reg2(clk, oe);

END;
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SUBDESIGN bur_reg

(

clk, load, d[7..0] : INPUT;

q[7..0] : OUTPUT;

)

VARIABLE

ff[7..0] : DFFE;

BEGIN

ff[].clk = clk;

ff[].ena = load;

ff[].d = d[];

q[] = ff[].q;

END;
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SUBDESIGN reg_out

(

clk, load, d[7..0] : INPUT;

q[7..0] : OUTPUT;

)

VARIABLE

q[7..0] : DFFE;

BEGIN

q[].clk = clk;

q[].ena = load;

q[] = d[];

END;
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SUBDESIGN ahdlcnt

(

clk, load, ena, clr, d[15..0] : INPUT;

q[15..0] : OUTPUT; 

)

VARIABLE

count[15..0] : DFF;

BEGIN

count[].clk = clk;

count[].clrn = !clr;

IF load THEN

count[].d = d[];

ELSIF ena THEN

count[].d = count[].q + 1;

ELSE

count[].d = count[].q;

END IF;

q[] = count[];

END;
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SUBDESIGN simple

(

clk : INPUT;

reset : INPUT;

d : INPUT;

q : OUTPUT;

)

VARIABLE

ss : MACHINE WITH STATES (s0, s1);

BEGIN

ss.clk = clk;
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ss.reset = reset;

CASE ss IS

WHEN s0 =>

q = GND;

IF d THEN

ss = s1;

END IF;

WHEN s1 =>

q = VCC;

IF !d THEN

ss = s0;

END IF;

END CASE;

END;
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SUBDESIGN stepper

(

clk, reset : INPUT;

ccw, cw : INPUT;

phase[3..0] : OUTPUT;

)

VARIABLE

ss : MACHINE OF BITS (phase[3..0])

WITH STATES (

s0 = B"0001", s1 = B"0010", s2 = B"0100", s3 = B"1000");

BEGIN

ss.clk = clk;

ss.reset = reset;

TABLE
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ss, ccw, cw => ss;

s0, 1, x => s3;

s0, x, 1 => s1;

s1, 1, x => s0;

s1, x, 1 => s2;

s2, 1, x => s1;

s2, x, 1 => s3;

s3, 1, x => s2;

s3, x, 1 => s0;

END TABLE;

END;
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SUBDESIGN moore1

(

clk : INPUT;

reset : INPUT;

y : INPUT;

z : OUTPUT;

)

VARIABLE % current current %

% state output % 

ss :MACHINE OF BITS (z)

WITH STATES (s0 = 0,

s1 = 1,

s2 = 1, 

s3 = 0);
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BEGIN

ss.clk = clk;

ss.reset = reset;

TABLE

% current current next %

% state input state %

ss, y => ss;

s0, 0 => s0;

s0, 1 => s2;

s1, 0 => s0;

s1, 1 => s2;

s2, 0 => s2;

s2, 1 => s3;

s3, 0 => s3;

s3, 1 => s1;

END TABLE;

END;
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(
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clk : INPUT;

reset : INPUT;

y : INPUT;

z : OUTPUT;

)

VARIABLE

ss : MACHINE WITH STATES (s0, s1, s2, s3); 

zd : NODE;

BEGIN

ss.clk = clk;

ss.reset = reset;

z = DFF(zd, clk, VCC, VCC);

TABLE

%current current next next %

%state input state output %

ss, y => ss, zd;

s0, 0 => s0, 0;

s0, 1 => s2, 1;

s1, 0 => s0, 0;

s1, 1 => s2, 1;

s2, 0 => s2, 1;

s2, 1 => s3, 0;

s3, 0 => s3, 0;

s3, 1 => s1, 1;

END TABLE;

END;
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SUBDESIGN mealy

(

clk : INPUT;

reset : INPUT;

y : INPUT;

z : OUTPUT;

)

VARIABLE

ss : MACHINE WITH STATES (s0, s1, s2, s3); BEGIN

ss.clk = clk;

ss.reset = reset;

TABLE

% current current current next %

% state input outputstate %

ss, y => z, ss;

s0, 0 => 0, s0;

s0, 1 => 1, s1;

s1, 0 => 1, s1;

s1, 1 => 0, s2;

s2, 0 => 0, s2;

s2, 1 => 1, s3;

s3, 0 => 0, s3;

s3, 1 => 1, s0;

END TABLE;

END;
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SUBDESIGN recover

(

clk : INPUT;

go : INPUT;

ok : OUTPUT;

)

VARIABLE

sequence : MACHINE

OF BITS (q[2..0]) WITH STATES (idle, one, two,

three, four, illegal1, illegal2, illegal3);

BEGIN

sequence.clk = clk;

CASE sequence IS

WHEN idle =>

IF go THEN

sequence = one;

END IF;

WHEN one =>

sequence = two;

WHEN two =>
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sequence = three;

WHEN three =>

sequence = four;

WHEN OTHERS =>

sequence = idle;

END CASE;

ok = (sequence == four);

END;
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INCLUDE "4count";

INCLUDE "16dmux";

SUBDESIGN macro1

(

clk        : INPUT;

out[15..0] : OUTPUT;

)

VARIABLE

counter : 4count;

decoder : 16dmux;

BEGIN

counter.clk = clk;

counter.dnup = GND;

decoder.(d,c,b,a) = counter.(qd,qc,qb,qa);

out[15..0] = decoder.q[15..0];

END;
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INCLUDE "4count";

INCLUDE "16dmux";

SUBDESIGN macro2

(

clk         : INPUT;

out[15..0]  : OUTPUT;

)

VARIABLE

q[3..0]     : NODE;

BEGIN

(q[3..0], ) = 4count (clk, , , , , GND, , , , );

out[15..0]  = 16dmux (.(d, c, b, a)=q[3..0]);

% equivalent in�line ref. with positional port association %

% out[15..0]  = 16dmux (q[3..0]);                        %

END;
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FUNCTION 4count (clk, clrn, setn, ldn, cin, dnup, d, c, b, a)

RETURNS (qd, qc, qb, qa, cout);

FUNCTION 16dmux (d, c, b, a)

RETURNS (q[15..0]);
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TITLE "Keyboard Encoder";

INCLUDE "74151";

INCLUDE "74154";

INCLUDE "4count";

FUNCTION debounce (clk, key_pressed)

RETURNS (pulse);

SUBDESIGN keyboard

(

clk : INPUT; % 50�KHz clock %

col[3..0] : INPUT; % keyboard columns %

row[3..0], d[3..0] : OUTPUT; % keyboard rows, key code %
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strobe : OUTPUT; % key code is valid %

)

VARIABLE

key_pressed : NODE; % VCC when key d[3..0] is pressed % 

mux : 74151;

decoder : 74154;

counter : 4count;

opencol[3..0] : TRI;

BEGIN

% Drive keyboard rows with a decoder and

open�collector outputs %

row[] = opencol[].out;

opencol[].in = GND;

opencol[].oe = decoder.(o0n,o1n,o2n,o3n);

decoder.(b,a) = counter.(qd,qc);

% Sense keyboard columns with a multiplexer %

mux.d[3..0] = col[3..0];

mux.(b,a) = counter.(qb,qa);

key_pressed = !mux.y;

% Scan keyboard until a key is pressed. %

% Drive key’s code onto d[] outputs %

counter.clk = clk;

counter.cin = !key_pressed;

d[] = counter.(qd,qc,qb,qa);

% Generate strobe when key has settled %

strobe = debounce(clk, key_pressed);

END;
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SUBDESIGN ss_def

(

clk, reset, count : INPUT;

ss_out : MACHINE OUTPUT;

)

VARIABLE

ss : MACHINE WITH STATES (s1, s2, s3, s4, s5);

BEGIN

ss_out = ss;

CASE ss IS

WHEN s1=>

IF count THEN ss = s2; ELSE ss = s1; END IF;

WHEN s2=>

IF count THEN ss = s3; ELSE ss = s2; END IF;

WHEN s3=>

IF count THEN ss = s4; ELSE ss = s3; END IF;

WHEN s4=>
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IF count THEN ss = s5; ELSE ss = s4; END IF;

WHEN s5=>

IF count THEN ss = s1; ELSE ss = s5; END IF;

END CASE;

ss.(clk, reset) = (clk, reset);

END;
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SUBDESIGN ss_use

(

ss_in : MACHINE INPUT;

out : OUTPUT;

)

BEGIN

out = (ss_in == s2) OR (ss_in == s4);

END;
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FUNCTION ss_def (clk, reset, count)RETURNS (MACHINE ss_out);

FUNCTION ss_use (MACHINE ss_in) RETURNS (out);

DESIGN IS «top1» DEVICE IS «AUTO»;

SUBDESIGN top1 

(

sys_clk, /reset, hold : INPUT;

sync_out : OUTPUT;

)

VARIABLE

ss_ref: MACHINE; % Machine Alias Declaration %

BEGIN

ss_ref = ss_def(sys_clk, !/reset, !hold);
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sync_out = ss_use(ss_ref);

END;
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FUNCTION ss_def (clk, reset, count) RETURNS (MACHINE ss_out);

FUNCTION ss_use (MACHINE ss_in) RETURNS (out);

DESIGN IS "top2" DEVICE IS "AUTO";

SUBDESIGN top2

(

sys_clk, /reset, hold : INPUT;

sync_out : OUTPUT;

)

VARIABLE

sm_macro : ss_def;

sync : ss_use;

BEGIN

sm_macro.(clk, reset, count) = (sys_clk, !/reset,!hold); 

sync.ss_in = sm_macro.ss_out;

sync_out = sync.out;

END;
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TDF with NODE TDF with SOFT Variables:

Primitives:

SUBDESIGN nodevar SUBDESIGN softbuf

( (

: :

) )
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VARIABLE VARIABLE

odd_parity : NODE; odd_parity : NODE;

BEGIN BEGIN

odd_parity = d0 $ d1 $ odd_parity = SOFT(d0 $

d2 d1 $ d2)

$ d3 $ d4 $ d5 $ SOFT(d3 $ d4 $ d5)

$ d6 $ d7 $ d8; $ SOFT(d6 $ d7 $ d8);

END; END;
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DESIGN IS top

BEGIN

DEVICE IS AUTO

BEGIN

foo @ 1, bar @ 2 : INPUT;

END;

END;

SUBDESIGN top

(

foo, bar, clk1, clk2 : INPUT = VCC;

% VCC � это значение порта по умолчанию %

a0, a1, a2, a3, a4 : OUTPUT;

b[7..0] : BIDIR;

)
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VARIABLE

reg : DFF;

BEGIN

reg.clk = clk

reg.d = d

out = reg.q

END;
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PROCESS (a, b)

VARIABLE cond : BOOLEAN;

BEGIN

cond := a > b;

IF cond THEN

output <= ‘1’;

ELSE

output <= ‘0’;

END IF;

END PROCESS;
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Architecture STRUCTURA of Q1 is

Component SM port (A, B: in real; C: out real);

End component;

Component M port (E: in real; D: out real);

End component;

Signal S: real;

Begin

K1: SM port map (X1, X2, S);

K3: M port map (S, Y1);

K2: SM port map (S, X3, Y2);

End  STRUCTURA;
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Architecture POVEDENIE of Q1 is

Signal S: real;

Begin

Y1<=S;

Y2<=S+X3 after 10 ns;

S<=X3+X2 after 10 ns;

End POVEDENIE;

��������
��������������������



���%/ �

�� �������
��������
��8���	H����

y$���$$%	�

1���#��'�+��	�,)�9����

		'��
�'��
�',
��
�,���0

�#
�����
�	��)���'-��
1�����)�	.,'�*��
��#,'�,,��-],���O2�=-],����
�0
,��
�O��',,��4#
�#.�4
��g����r���4#
�#�.�4
�eg���er2

�� �����	H��#������	H�������������K

L����^�O���
V�����Dg*�DrG����IJCT�Ig*�IrG��!��IJC"
:�5�
$���
���'
%�� ��
6,���� �g�� �$�� �h�� #� 	���#,�	�#��� 	� �
-$�1,)

�	�����	��2

�� ����.������9�
�������
�������,��������

e

�
������	
����

.��,���
��IL�D9JMF��-],��
�O��	��$(��,���	0
$�#��)���,

��
�JO�����
�9�������6���#
,�*�6�����$(����
���-��.�#.�0
4
.��g����r*�

#��.��g�*�#�.�4��eg�S��g����er�S��h�2�e��	�
$(��.�	$�6
�.
�
�-�
���eg�S��h����er�S��g�2

Architecture BEHAVIOR of  F is

Begin

Process

Begin

Wait on (A1' A2)

If  (A1='1') and (A2='1')

Then B1<='1'; B2<='0';

End if;

End process;

End;
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Architecture BEHAVIOR_F of F is

Begin

Process (A1,A2);

Begin

—&�операция

case  (A1& A2) is

—первые три строки таблицы

when "00"/ "01"/ "10"=> B1<='0'; B2<='1'

—последняя строка таблицы

when "11" => B1<='1'; B2<='0'

end case

end process

end BEHAVIOR_F;
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Architecture F_A of F is

Begin

—каждому вентилю сопоставлен оператор назначения

сигнала

B1<= A1 and A2;

B2<= not (A1 and A2);

End;
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Architecture F_B of F is

Signal X: bit

Begin

B2<= not (X);

X <= A1 and A2;

B1 <= X;

End;
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Architecture F_B_TIME of F is

Signal X: bit

Begin

—задержка на В1 � 10 нс.

—задержка на В2 � 5 нс.

B1<=X;

B2<= not (X) after 5 ns;

X<= A1 and A2 after 10 ns;

End;
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Library WORK;

use WORK.all

—подключение рабочей библиотеки WORK, содержащей

описание объекта соответствующего компоненте INE2

Architecture СХЕМ_F_C of F is 

—ниже интерфейсы компоненты INE2

Component INE2

Port (X1, X2: in bit; Y: out bit);

End component;

—ниже описание связей экземпляров компонент

Signal X: bit;

Begin

E1: INE2 port map (A1, A2, X);

E2: INE2 port map (X, X, B1);

B2<= X;

End;
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Entity LA3 is

Port (X, Y: in bit; Z: out bit);

End LA3;

Architecture DF_LA3 of LA3 is

Begin

Z<= not (X and Y) after 10ns;

End;
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Library WORK

—подключается рабочая библиотека проекта

configuration V1 of F is

—конфигурация по имени V1 объекта F

use WORK. all;

—используются все (all) компоненты библиотеки WORK

for СХЕМ_F_C

—для архитектуры СХЕМ_F_C

—компоненты Е1, Е2 соответствуют объекту LA3 

с архитектурой DF_LA3 из библиотеки WORK

for E1,E2: INE2

use entity LA3 (DF_LA3);

end for;

end for;

end V1;
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Entity FV is

Port (AV1, AV2: in bit_vector (1 to 20);

BV1, BV2: out bit_vector (1 to 20));

End FV1;
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Architecture BECHAV_FV of FV is

Begin

BV2<= not (AV1 and AV2);

BV1<= AV1 and AV2;

End BECHAV_FV;
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Architecture STRUCT_FV of FV is

Component F port (X1, X2: in bit; Y1, Y2: out bit);

End component;

Begin

— первая компонента конкретизирована обычным 

способом с использованием позиционного 

соответствия сигналов портам

K1: F port map (AV1 (1), AV2 (1), BV1 (1), BV2 (1));

—вторая компонента конкретизирована с 

использованием ключевого способа указания 

соответствия сигналов ее портам

K2: F port map (AV1 ( 2)=>X1, BV1 ( 2)=>Y1, AV2

(2)=>X2, BV2 (2) =>Y2 );

— компоненты K3 � K20 конкретизированы с 

использованием оператора генерации, позволяющего

компактно описывать регулярные фрагменты схем

for I in 3 to 20 generate

K( I ): F port map ( AV1 ( 1 ), AV2 (1), BV1 (1), 

BV2 (1) );

End generate;

End STRUCT_FV;
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Entity 12 is

—параметр настройки Т по умолчанию равен 10 нс

Generic (T: time = 10 ns);

Port ( X1, X2: in bit; Y: out bit );

End 12;

Architecture A1_inert of 12 is

Begin

Y<= X1 and X2 after T;

End A1_inert;

Architecture A1_transport of 12 is 

Begin

Y<= transport X1and X2 after 10 ns;

End;
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Architecture MIX_8_a of F is

Component 12

Generic (T: time);

Port (X1, X2: in bit; Y: out bit );

End component;

Begin
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E1: 12 generic map (5 ns );

Port map ( A1, A2, B1);

E2: B2<= not ( A1 and A2 ) after 20 ns;

End;
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Architecture INERT of 12 is

Begin

Process ( X1, X2 );

Variable Z: bit;

Begin

—выход идеального вентиля

Z=X1 and X2;

if Z='1' and Z'DELAYED='0' then

—срез

Y<='0' after 3 ns

End  if;

End process;

End;
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Architecture C1 of 12 is

Signal Z: bit ='0';

Begin

Process ( X1, X2 );

Z<= X1 and X2;

Assert not (Z='0' and  not Z'STABLE and Z'DELAYED

(10 ns)= '0')

Report «риск сбоя в 1 в вентиле 12»

Severity worning;

Y<= transport Z after 10 ns;

End C1;

d�$,,� ��$��,� �
,4	�
#$,��,� �� �
,4��
,4,$,���.� 
�
�-��
.� 	�5�
$�#
'�+�����$�6��(����+�	#�����2�?�'�'���
,4��
,4,$,���.*���$(��#
�,$(�'�0
+,��##�4��(�4���$���,$(��,�
�
�-����4$��	�5�
$�#���4
�5�.�����#�4
���.2

��������
��������������������



���(/ �

���/��"#$�����'���#�����������������

=��	
��,��
�,�
�9�����
4
,�	���$%6,#�'�	$�#�'�V��a� �����	��$(0
��,�	�*� 6��-�� 	�-�

�(� 6
	��� �	��$(��,'�,� /$,',���� ���	�
��1��� 4$�
5$�-
$(��5�� �	��$(��#
���� #� 4
�5�.� �
�,��
.2�?
�,�� '�+��� 

		'
�
�0
#
�(��
���-<�%��-$
	�(�.

�,���*��	��$(��,'�%�4$����5�*�6��-��.

���(
�
��,� #,<�*� �
�� ���	
���� ����#*� ���	�
����� 5$�-
$(��,���4�
�5

''�2
=-],���*���
,4,$,���,�#��
,4,$
.��
�,�
*�'�+����	��$(��#
�(�#�$%-�'
4
�5�'� �
�,��,� �
� 9���� �� '�+��� ����'��$�
�#
�(� #� -�-$���,��� 4$�
4
$(�,)7,5����#��
��5���	��$(��#
���2

?
�,��'�+,��	�	����(����4#�.��	��#��.�6
	�,)G����	
�����
�,�
���4�0
��$���,$(��5���,$
��
�,�
2�=��	
��,��
�,�
�'�+,��	�4,
+
�(�	$,4�%<�,
/$,',���G
• =-]�#$,��������#�����4����#2
• =-]�#$,�������	�
��2
• P$�-
$(��,����	
����	�5�
$�#2
• =-]�#$,�����
�1,4�
���&���1�)2
• :�,1�&��
1���
�
�-���#2

��������
��������������������

.��'�� +�������#@���� .��
�����

���!�����" IMM�LDE
CFWL*�,	$��	�5�
$������
		�#,���

���,
#
$,�\

������������� IJC
R�#,
��
�,�	�����
+4�)�

�*���54
��

���#,�����',��,�	�"

�����bn���"� IMM�LDE CFWL*�,	$���,�-�$���	�-���)��
����,
#
$�\

����n�^����" B� ��n�� ?
,4�4�<,,���
6,��,���#�'�',���EMZ0C

�������� I��n���� CFWL*�,	$��	�5�
$�
���#,�

��n���K������ C�m�
e
,'�*���54
�	�5�
$���	$,4��)�

��-�$

���#,�

�������� IMM�LDE� CFWL*�,	$���
��	.�4�����-���,�#��

��n���K��n!�� B� ��n�
��
6,��,�	�5�
$
��,
,4���	$,4��'
	�-���,'�#��,'

��n���K������ C�m� e
,'����	$,4�,5��	�-�����#��


������
�	�2�?
,4��
,4,$,���,�
�
�-����	�5�
$�#



���(� �

• =-]�#$,����&
)$�#2
• =-]�#$,������'���,���#2
• =-]�#$,�����	,#4���'�#2
• =�,

��
��#�$%6,���2

?�����*����#$�%<�,	��#��
,4,$
.����	
�����
�,�
*�'�5���	�
�(�#�4�0
'�'��#�4
�5�.��
�,��
.�	���'�<(%���,

��

�#�$%6,���2�

j	$�� �
�,�� 	�4,
+��� ���	
���� ��4�
�5

''� �&���1�)� �$�� �
�1,0
4�
"��$����
,4,$�,���4����$��-�$,,��
4,
+�#
,'�.����	�
�������	�
�0
��*�6(��#,$�6��
��,��
4
�
"*����#�4���$�,��,������	
��%��,�-.�4�'�
�,$���
�,�
2�\,$���
�,�
������
�,���
,4,$�,�	��	��	��$(��#
��,'���'0
-��
1����$%6,#�.�	$�#�>V��a� ��b��^@"�4�$+����',�(����+,��'�*��
�
	���#,�	�#�%<,,� ���	
��,� �
�,�
*� ��� '�+,�� 

	��$
5
�(	�� #� $%-�'
',	�,��
�,��
�������,��-��
���

	��$
5
�(	���,',4$,������	$,����	
0
�����
�,�
"2�

=���7,��,�',+4�����	
��,'����,$�'��
�,�
���6
	����
��'��
,������0
7,��,� ',+4�� ���	
��,'� �� 
,
$��
1�,)� /$,',��
� ��,'� �,� ',�,,*� '�+,�
-��(���$(����4����,$���
�,�
�4$���
+4�5�����	
�����
�,�
"2�e����#
,'�
�
�����	
��,��
�,�
��-,	�,6�#
,����&�
'
1�%*��,�-.�4�'�%�4$���	��$(0
��#
����/$,',���#*���
,4,$,���.�#��
,4,$
.�/��5���
�,�
��	��	����


',0
�
�#�4$��5$�-
$(��)��
�1,4�
���$���'����
,4,$,���5�����
��$����4��0
�
"*� &
���6,	��,� ��#,4,��,� �
��.� �-],���#*� �
�� �
�1,4�
�� �� &���1��*
4�$+�����
,4,$��(	��#��
,4,$
.��,$
��
�,�
2�

?
�#,4,���,�#�7,����	
�����-],��
�O�-
��
�#
$�	(��
�	�
�4

���.
	
,4	�#
.�����
�9���G�	�5�
$���
,4	�
#$�$�	(�#�
$&
#��,��g�*��h�*�$�5�6,0
	��,���,

1���>R@*�>RiR@*�>8j@��
�+,���
,4,$�$�	(�#� /��'�
$&
#��,2
e��'��5�.�	$�6
�.��
�.�4��	�����	�#
�(���#,4,��,��-],���#�#�4
�5�.�
$0
&
#��
.2�8
�
�',
*�#�
,
$(��.�	.,'
.�	�5�
$*��
�',���
6,��)��g�����h�*�'�0
+,���
���'
�(���
6,��,�#�	���5���'�,4
�	
��l����
�#�.�4,�-�&,
��.�/$,0
',���#"� �� �,��
,4,$,���,� ��
6,��,� �f�*� �
�
�',
*� ��

+
�� �,��#,	���,
�
6
$(��,�	�	�����,��
�55,
�#2

?,
,.�4���4
�5�'�
$&
#��
'��	�<,	�#$�,�	��#�9����	���'�<(%��
0
�,��#2����
�,�
*��
�������-],��
��
�,��
*�

�$�6
%���-]�#$,��,����,
&,)0
	
����-]�#$,��,��,$
��-],��
2

8�+,��
�#�4��	���
�',
��
�,�
�XQ�4$�����	
�����-],���#�#�6,��
,.0
��
6��'�
$&
#��,��
,4	�
#$,����	�5�
$�#���f�*��h�*��g�*��l�"*���;���
6,��,��,
��
,4,$,��*�l�;�#�	���)��'�,4
�	2�e�/��'��
�,�,��
�#�4��	������[ME0
CD[C�4$���
,4	�
#$,����	�5�
$�#�#�6,��
,.��
6��'�
$&
#��,*�����
,4,0

��������
��������������������



���(� �

$�%�	��&���1���EMC���DE���
4���'�2�e�\\i0$�5��,�#�	���)��'�,4
�	
�
�#.�4,�#�	�
���'
,�	���
���g�*�6����6���#
,�	��#��
-$�1,�&���1���DE�2

8�+,�	$,4�,���-]�#$,��,��
�,�
�XQG

Package P4 is

—перечислимый тип

type KONTAKT is ('X', '0', '1', 'Z' );

function «NOT» (X: in KONTAKT) return KONTAKT;

function «AND» (X1, X2: in KONTAKT) return KONTAKT;

end P4;
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Package body P4 is

Function «NOT» (A: in KONTAKT) return KONTAKT is

Begin

If A='X' then return 'X'

Else if A='1' then return '0'

Else if A='0' then return '1'

Else return 'Z'

End if;

End «NOT»;

Function «AND» ( A1, A2: in KONTAKT ) return 

KONTAKT is

Begin

If (A1='0' ) or (A2='X' ) then return to '0'

Else if (A1= 'X' ) or (A2='0' ) or (A2= 'X') and

(A1='0' ) then return  'X'

Else return to'1'

End if;

End «AND»;

End P4;
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—подключается (use) пакет Р4, все его функции (ALL)

use P4.ALL;
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entity F_P4 is

port (A1, A2: in KONTAKT; B1, B2: out KONTAKT)

end F_P4;

Описание архитектуры F_P4_a 

Architecture F_P4_a of  F is

Begin

B2<= not (A1 and A2);

B1<= A1 and A2;

End F_P4_a;
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Signal Y: WIRED_OR bit;

K1: process

Begin

Y<= X1 and X2

End process K1;

K2: process

Y<= X3 and X4;

End process K2;
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Type A3 is ('0', '1', 'Z');

Signal D: CHIN A3;
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C1: process

Begin

If E1='0' then D<='Z'

Else D<= X1 and X2

End if;

End process C1;

C2: process

If E2='0' then D<='Z'

Else D<= X3 and X4

End process C2;
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Function WIRED_OR (INPUTS: bit_vector) return bit is

Begin

For I in INPUTS'RANGE loop

If INPUTS( I ) = '1' then

Return '1' ;

End if;

End loop;

Return '0';

End;
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Type A3 is ('0', '1', 'Z');

Type VA3 is array ( integer range <> of A3 );

Function SHIN (signal X: VA3 ) return A3 is

Variable VIXOD: A3:= 'Z';

Begin

For I in X'RANGE loop

I f X( I) /= 'Z' then

VIXOD:= X ( I);

Exit;

End if;

End loop;

Return VIXOD; 

End SHIN;
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signal BUS8: std_logic_vector(7 downto 0);

...

process (BUS8(0))

begin

if BUS8(0) = '1' and BUS8(0)'EVENT then

...

...

— BUS8(0) используется как тактовый сигнал.

��������
��������������������



���(- �

������#����� $������ �������8�� 
�8��#��� Y���1��� FJBJENKL�NL
�
,4	�
#$�,���,
,4��)�&
�����'��$(	
*�
�&���1���OD��JENKL�NL��	0
��$(��,�	�� 4$�� ���	
���� �
4�,5�� &
���
� �
���#�5�� �'��$(	
2� Y���1��
FJBJENKL�NL� �� OD��JENKL�NL� �-]�#$�%�	�� #� �
�,�,
BC�K�MNJAKgg�Q��	�
�4

��JLLL�B���gg�Q0gttu"��$��EWoLFJAKIJC*���0

,4,$,���'�#�	�
�4

�,�JLLL�B���gh��2u0gtt�2�:���
�	�	���
,4,$,�����
�0
��#�5��	�5�
$
��',,��#�4G

clock_edge ::=

RISING_EDGE(clk_signal_name)

| FALLING_EDGE(clk_signal_name)

clock_level and event_expr

event_expr and clock_level

clock_level ::=

clk_signal_name = '0' | clk_signal_name = '1'

event_expr ::=

clk_signal_name'EVENT

| not clk_signal_name'STABLE
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(positive <clock_edge>):

RISING_EDGE(clk_signal_name)

clk_signal_name'EVENT and clk_signal_name = '1'

clk_signal_name = '1' and clk_signal_name'EVENT

not clk_signal_name'STABLE and clk_signal_name = '1'

clk_signal_name = '1' and not clk_signal_name'STABLE
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RISING_EDGE(clk_signal_name)

clk_signal_name = '1'

clk_signal_name'EVENT and clk_signal_name = '1'

clk_signal_name = '1' and clk_signal_name'EVENT
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not clk_signal_name'STABLE and clk_signal_name = '1'

clk_signal_name = '1' and not clk_signal_name'STABLE
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FALLING_EDGE(clk_signal_name)

clk_signal_name'EVENT and clk_signal_name = '0'

clk_signal_name = '0' and clk_signal_name'EVENT

not clk_signal_name'STABLE and clk_signal_name = '0'

clk_signal_name = '0' and not clk_signal_name'STABLE
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FALLING_EDGE(clk_signal_name)

clk_signal_name = '0'

clk_signal_name'EVENT and clk_signal_name = '0'

clk_signal_name = '0' and clk_signal_name'EVENT

not clk_signal_name'STABLE and clk_signal_name = '0'

clk_signal_name = '0' and not clk_signal_name'STABLE
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process (<clock_signal>)

<declarations>

begin

if <clock_edge> then

<sequential_statements>

end if;

end process;
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DFF: process(CLOCK)

<declarations>

begin

if CLOCK’EVENT and CLOCK = '1' then

Q <= D; — тактирование передним фронтом

end if;

end process;
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process

<declarations>

begin

wait until <clock_edge>; 

— должен быть первым оператором в процес�

се

<sequential_statements>

end process;

��������
��������������������



���-� �

?�	��$(�����,

��
�ZDJC�WECJ���#$�,�	���,
#�'���,

��
�'��
�1,		
*

	��.
����,�	-
�	��$���	�
��#�
��,�'�5���-��(����	
���	�,5����'�<(%2

:�5�
$�*��
��
6,���,�	���'�<(%��	$�#��5����,

��

��$����,

��


#�-�

*��,�'�5���-��(��	��$(��#
���4$�����	
����	��.
����.���	$,4�0
#
�,$(��	���.��	�
�)	�#2

?
�#,4,'��
�',
��0�
�55,

G

DFF: process

begin

wait until CLOCK = '0';

Q <= D; — синхронизация задним фронтом

end process;
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process

variable VAR: UNSIGNED(3 downto 0);

begin

wait until CLOCK = '1';

VAR := VAR + 1;

COUNT <= VAR;

end process;
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process (<clock_signal>, <asynchronous_signals>)

<declarations>

begin

if <condition1> then

<sequential_statements>

elsif <condition2> then

<sequential_statements>
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elsif <condition3> then

...

elsif <clock_edge> then

<sequential_statements>

end if;

end process;
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AS_DFF: process (CLOCK, RESET, SET, 

SET_OR_RESET, A)

begin

if RESET = '1' then

Q <= '0';

elsif SET = '1' then

Q <= '1';

elsif SET_OR_RESET = '1' then

Q <= A;

elsif CLOCK'EVENT and CLOCK = '1' then
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Q <= D;

end if;

end process;
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LEV_SENS:process (ENABLE, D)

begin

if ENABLE = '1' then

Q <= D; 

end if;

end process;
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entity_declaration ::=

entity identifier is

entity_header

entity_declarative_part

[ begin

entity_statement_part ]

end [ entity ] [ entity_simple_name ] ;
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library IEEE;

use IEEE.std_Logic_1164.all;

entity E is

generic(DEPTH : Integer := 8);

port (CLOCK : in std_logic;

RESET : in std_logic;

A :in std_logic_vector(7 downto 0);
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B :inout std_logic_vector(7 downto 0);

C :out std_logic_vector(7 downto 0));

end E;
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entity_header ::=

[ formal_generic_clause ]

[ formal_port_clause ]

generic_clause ::= generic(generic_list);

port_clause ::= port(port_list);
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generic_list ::= generic_interface_list
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port_list ::= port_interface_list
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entity_declarative_part ::=

{ entity_declarative_item }

entity_declarative_item ::

subprogram_declaration

| subprogram_body

| type_declaration
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| subtype_declaration

| constant_declaration

| signal_declaration

| shared_variable_declaration

| file_declaration

| alias_declaration

| attribute_declaration

| attribute_specification

| disconnection_specification

| use_clause

| group_template_declaration

| group_declaration
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entity_statement_part ::=

{ entity_statement }

entity_statement ::=

concurrent_assertion_statement

| passive_concurrent_procedure_call

| passive_process_statement
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architecture_body ::=

architecture identifier of entity_name is

architecture_declarative_part

begin
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[ architecture_statement_part ]

end [ architecture ] [ architecture_simple_name ] ;

?�44,
+�#
,'�,�	
,4	�#
'��	���,�
����	�
��1��
• ���_�����!��Kb��^
• '��+,	�#,���,�

.��,���
���o!n���n��D��_�����!���"
8,���44,
+�#
,'�,�	
,4	�#
'��	���,�
����	�
��1��
• 5$�-
$(��,�#�
�'�4,)	�#���	�5�
$�#�',+4��	���,��
�,'�'��

.�0

�,���
��'���,$
'�
• �

,�,
#�
�#
���,� 	$�#�� ���_�����!��� ��	$,� �

,�,
#�
�#
���5�

	$�#
����

�����F�P��8�Q��,��
��
	�
�����	���:')< #&)#1'&�4&)$"'"# %&�N"'#*

architecture_declarative_part ::=

{ block_declarative_item }

block_declarative_item ::=

subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| signal_declaration

| shared_variable_declaration

| file_declaration

| alias_declaration

| component_declaration

| attribute_declaration

| attribute_specification

| configuration_specification

| disconnection_specification

| use_clause

| group_template_declaration

| group_declaration
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architecture_statement_part ::=

{ concurrent_statement }
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configuration_declaration ::=

configuration identifier of entity_name is

configuration_declarative_part

block_configuration

end [configuration] [ configuration_simple_name];

configuration_declarative_part ::=

{ configuration_declarative_item }

configuration_declarative_item ::=

use_clause

| attribute_specification

| group_declaration

?�44,
+�#
,'�,�	
,4	�#
'��	���,�
����	�
��1��
• ���`� !������K���n�������
8,���44,
+�#
,'�,�	
,4	�#
'��	���,�
����	�
��1��
• ���`� !������K���n�������K����
• ���`� !������K���n�������K���m
• �

,�,
#�
�#
���,� 	$�#�� ���`� !������� ��	$,� �

,�,
#�
�#
���5�

	$�#
����

��������
��������������������



���/� �

=-]�#$,��,����&�5�

1�����44,
+�#
,�	��4$��

	7�
,����#��'�+��0
	�,)����	
����

.��,���
��#�'��5��
�#�,#�.��,


.�6,	��.��
�,��
.2

�����F�����T���
C�	
�
���,��
��U$�)V�)�!( 51'"# �!*

block_configuration ::=

for block_specification

{ use_clause }

{ configuration_item }

end for ;

block_specification ::=

architecture_name

| block_statement_label

| generate_statement_label [ (index_specification) ]

index_specification ::=

discrete_range

| static_expresion

configuration_item ::=

block_configuration

| component_configuration
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component_configuration ::=

for component_specification

[ binding_indication ; ]

[ block_configuration ]

end for ;
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subprogram_declaration ::=

subprogram_specification ;

subprogram_specification ::=

procedure designator [ (formal_parameter_list) ]

| [ pure | impure ] function designator [ (for

mal_parameter_list) ]

return type_mark

designator ::= identifier | operator_symbol

operator_symbol ::= string_literal
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formal_parameter_list ::= parameter_interface_list
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subprogram_body ::=

subprogram_specification is

subprogram_declarative_part

begin
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[ subprogram_statement_part ]

end [ subprogram_kind ] [ designator ] ;

subprogram_declarative_part ::=

{ subprogram_declarative_item }

subprogram_declarative_item ::=

subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| variable_declaration

| file_declaration

| alias_declaration

| attribute_declaration

| attribute_specification

| use_clause

| group_template_declaration

| group_declaration

subprogram_statement_part ::=

{ sequential_statement }

subprogram_kind ::= procedure | function
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package_declaration ::=

package identifier is

package_declarative_part

end [ package ] [ package_simple_name ] ;

package_declarative_part ::=

{ package_declarative_item }

package_declarative_item ::=

subprogram_declaration

| type_declaration

| subtype_declaration

| constant_declaration

| signal_declaration

| shared_variable_declaration

| file_declaration

| alias_declaration

| component_declaration

| attribute_declaration

| attribute_specification

| disconnection_specification

| use_clause

| group_template_declaration

| group_declaration
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package_body ::=

package body package_simple_name is

package_body_declarative_part

end [ package body ] [ package_simple_name ] ;

package_body_declarative_part ::=

{ package_body_declarative_item }

package_body_declarative_item ::=

subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| shared_variable_declaration

| file_declaration

| alias_declaration

| use_clause

| group_template_declaration

| group_declaration
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scalar_type_definition ::=

enumeration_type_definition

| integer_type_definition

| physical_type_definition

| floating_type_definition

range_constraint ::= range range

range ::=

range_attribute_name

| simple_expression direction simple_expression

direction ::= to | downto
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enumeration_type_definition ::=

(enumeration_literal {, enumeration_literal })

enumeration_literal ::= identifier | 

character_literal
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integer_type_definition ::= range_constraint
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physical_type_definition ::=

range_constraint

units

primary_unit_declaration

{ secondary_unit_declaration }

end units [ physical_type_simple_name ]

primary_unit_declaration ::= identifier

secondary_unit_declaration ::= identifier = physi

cal_literal ;

physical_literal ::= [ abstract_literal ] unit_name
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floating_type_definition ::= range_constraint
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composite_type_definition ::=

array_type_definition

| record_type_definition
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array_type_definition ::=

unconstrained_array_definition

| constrained_array_definition
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unconstrained_array_definition ::=

array (index_subtype_definition {, 

index_subtype_definition })

of element_subtype_indication

constrained_array_definition ::=

array index_constraint of element_subtype_indica

tion

index_subtype_definition ::= type_mark range <>

index_constraint ::= (discrete_range {, 

discrete_range })

discrete_range ::= discrete_subtype_indication | 

range

range ::= range_attribute_name |

simple_expression direction simple_expression
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record_type_definition ::=

record
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element_declaration

{ element_declaration }

end record [ record_type_simple_name ]

element_declaration ::= identifier_list : ele

ment_subtype_definition ;

identifier_list ::= identifier {, identifier }

element_subtype_definition ::= subtype_indication
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access_type_definition ::= access subtype_indica

tion
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incomplete_type_declaration ::= type identifier ;
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file_type_definition ::= file of type_mark
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declaration ::=

type_declaration

| subtype_declaration

| object_declaration

| interface_declaration

| alias_declaration

| attribute_declaration

| component_declaration

| group_template_declaration

| group_declaration

| entity_declaration

| configuration_declaration

| subprogram_declaration

| package_declaration
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type_declaration ::=

full_type_declaration

| incomplete_type_declaration

full_type_declaration ::=

type identifier is type_definition ;

type_definition ::=

scalar_type_definition

| composite_type_definition
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| access_type_definition

| file_type_definition
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subtype_declaration ::=

subtype identifier is subtype_indication ;

subtype_indication ::=

[ resolution_function_name ] type_mark [ constraint ]

type_mark ::=

type_name

| subtype_name

constraint ::=

range_constraint

| index_constraint
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object_declaration ::=

constant_declaration

| signal_declaration
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| variable_declaration

| file_declaration
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constant_declaration ::=

constant identifier_list : subtype_indication := 

expression ;
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signal_declaration ::=

signal identifier_list : subtype_indication [sig

nal_kind][:= expression];

signal_kind ::= register | bus
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variable_declaration ::=
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[shared] variable identifier_list : 

subtype_indication [:= expression] ;
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file_declaration ::=

file identifier_list : subtype_indication 

[ file_open_information ] ;

file_open_information ::=

[ open file_open_kind_expression ] 

is file_logical_name

file_logical_name ::= string_expression
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interface_declaration ::=

interface_constant_declaration

| interface_signal_declaration

| interface_variable_declaration

| interface_file_declaration

interface_constant_declaration ::=

[constant] identifier_list : [in] 

subtype_indication [:= static_expression]

interface_signal_declaration ::=

[signal] identifier_list : [mode] 

subtype_indication [bus]
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[:= static_expression]

interface_variable_declaration ::=

[variable] identifier_list : [mode] 

subtype_indication

[:= static_expression]

interface_file_declaration ::=

file identifier_list : subtype_indication

mode ::= in | out | inout | buffer | linkage
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interface_list ::=

interface_element {; interface_element}

interface_element ::= interface_declaration
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association_list ::=

association_element {, association_element}

association_element ::=

[formal_part =>] actual_part

formal_part ::=

formal_designator
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| function_name(formal_designator)

| type_mark(formal_designator)

formal_designator ::=

generic_name

| port_name

| parameter_name

actual_part ::=

actual_designator

| function_name(actual_designator)

| type_mark(actual_designator)

actual_designator ::=

expression

| signal_name

| variable_name

| file_name

| open
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alias_declaration ::=

alias alias_designator [: subtype_indication] is 

name [signature];

alias_designator ::= identifier | character_lite�

ral | operator_symbol
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attribute_declaration ::=

attribute identifier : type_mark ;
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component_declaration ::=

component identifier [is]

[local_generic_clause]

[local_port_clause]

end component [component_simple_name];
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group_template_declaration ::=

group identifier is (entity_class_entry_list) ;

entity_class_entry_list ::=

entity_class_entry {, entity_class_entry }

entity_class_entry ::= enitity_class [<>]
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group_declarataion ::=

group identifier : group_template_name(group_con

situent_list);

group_constituent_list ::= group_constituent {, 

group_constituent }

group_constituent ::= name | character_literal
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attribute_specification ::=

attribute attribute_designator of entity_specifica

tion is expression;

entity_specification ::=

entity_name_list : entity_class

entity_class ::=

entity| architecture| configuration

| procedure| function| package

| type| subtype| constant

| signal| variable| component

| label| literal| units

| group| file

entity_name_list ::=

entity_designator {, entity_designator}

| others

| all

entity_designator ::= entity_tag [signature]

entity_tag ::= simple_name | character_literal | 

operator_symbol
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configuration_specification ::=

for component_specification binding_indication;

component_specification ::=

instantiation_list : component_name

instantiation_list ::=

instantiation_label {, instantiation_label}

| others

| all

R5��
�
�,'�,��
��	���,�,����	�
��1��
• ���`� !������K�����`�������
• ��m������K�����`�������
• �������������Kn���

�����F�A���d�-
�
�
�����?����U !4 !5� !4 )"# �!*

binding_indication ::=

[ use entity_aspect ]

[ port_map_aspect ]
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name ::=

simple_name

| operator_symbol

| selected_name

| indexed_name

| slice_name

| attribute_name

prefix ::=

name

| function_call
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simple_name ::= identifier:
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selected_name ::= prefix.suffix

suffix ::=
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simple_name

| character_literal

| operator_symbol

| all
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indexed_name ::= prefix (expression {, expression })
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slice_name ::= prefix (discrete_range)
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attribute_name ::=

prefix [signature]’attribute_designator [ (expres

sion) ]

attribute_designator ::= attribute_simple_name
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expression ::=

relation { and relation }

| relation { or relation }

| relation { xor relation }

| relation [ nand relation ]

| relation [ nor relation ]

| relation { xnor relation }

relation ::=

shift_expression [ relational_operator 

shift_expression ]

shift_expression ::=

simple_expression [ shift_operator simple_expres

sion ]

simple_expression ::=

[ sign ] term { adding_operator term }

term ::=

factor { multiplying_operator factor }

factor ::=

primary [ ** primary ]

| abs primary

| not primary

primary ::=

name

| literal

| aggregate
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| function_call

| qualified_expression

| type_conversion

| allocator

| (expression):
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logical_operator ::= and | or | nand | nor | xor | 

xnor

relational_operator ::= = | /= | < | <= | > | >=

shift_operator ::= sll | srl | sla | sra | rol | ror

adding_operator ::= + | � | &

sign ::= + | �multiplying_

operator ::= * | / | mod | rem

miscellaneous_operator ::= ** | abs | not
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literal ::=
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numeric_literal

| enumeration_literal

| string_literal

| bit_string_literal

| null

numeric_literal ::=

abstract_literal

| physical_literal
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aggregate ::=

(element_association {, element_association})

element_association ::=

[ choices => ] expression

choices ::= choice { | choice }

choice ::=

simple_expression

| discrete_range

| element_simple_name

| others
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subtype Src_Typ is Integer range 7 downto 4;

subtype Dest_Typ is Integer range 3 downto 0;

— Constant definition with aggregates

constant Data_c : Std_Logic_Vector(7 downto 0) := 

(Src_Typ => '1', Dest_Typ => '0');
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function_call ::=

function_name [ (actual_parameter_part) ]

actual_parameter_part ::= parameter_associa�

tion_list
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qualified_expression ::=

type_mark'(expression)

| type_mark'aggregate
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type_conversion ::= type_mark(expression)
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allocator ::=

new subtype_indication

| new qualified_expression
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sequence_of_statements ::=

{ sequential_statement }

sequential_statement ::=

wait_statement

| assertion_statement

| report_statement

| signal_assignment_statement

| variable_assignment

| procedure_call_statement

| if_statement

| case_statement

| loop_statement

| next_statement

| exit_statement

| return_statement

| null_statement
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wait_statement ::=

[label:] wait [sensitivity_clause]

[condition_clause] [timeout_clause];

sensitivity_clause ::= on sensitivity_list

sensitivity_list ::= signal_name {, signal_name}
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condition_clause ::= until condition

condition ::= boolean_expression

timeout_clause ::= for time_expression
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assertion_statement ::= [ label: ] assertion ;

assertion ::=

assert condition

[ report expression ]

[ severity expression ]
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report_statement ::=

[label:] report expression

[severity expression] ;
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signal_assignment_statement ::=

[ label: ] target <= [ delay_mechanism ] waveform ;

delay_mechanism ::= transport

| [ reject time_expression ] inertial

target ::= name

| aggregate

waveform ::= waveform_element {, waveform_element}

| unaffected
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waveform_element ::=

value_expression [after time_expression]

| null [after time_expression]
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variable_assignment_statement ::=

[ label: ] target := expression ;
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procedure_call_statement ::= [ label: ] proce�

dure_call ;

procedure_call ::= procedure_name [ (actual_parame�

ter_part) ]
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if_statement ::=

[ if_label: ]

if condition then

sequence_of_statements

{ elsif condition then

sequence_of_statements }

[ else

sequence_of_statements ]

end if [ if_label ] ;
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case_statement ::=

[ case_label: ]

case expression is

case_statement_alternative

{ case_statement_alternative }

end case [ case_label ] ;

case_statement_alternative ::=

when choices =>

sequence_of_statements
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loop_statement ::=

[ loop_label: ]

[ iteration_scheme ] loop

sequence_of_statements

end loop [ loop_label ] ;

iteration_scheme ::=

while condition

| for loop_parameter_specification

parameter_specification ::=

identifier in discrete_range

discrete_range ::= discrete_subtype_indication | 

range
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next_statement ::=

[ label: ] next [ loop_label ] [ when condition ] ;
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exit_statement ::=

[ label: ] exit [ loop_label ] [ when condition ] ;
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return_statement ::=

[ label: ] return [ expression ] ;
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null_statement ::=

[ label: ] null ;
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concurrent_statement ::=

block_statement

| process_statement

| concurrent_procedure_call_statement

| concurrent_assertion_statement

| concurrent_signal_assignment_statement

| component_instantiation_statement

| generate_statement
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block_statement ::=

block_label:

block [ (guard_expression) ] [ is ]

block_header

block_declarative_part

begin

block_statement_part

end block [ block_label ] ;

block_header ::=

[ generic_clause

[ generic_map_clause ;] ]

[ port_clause

[ port_map_clause ;] ]

block_declarative_part ::=

{ block_declarative_item }
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block_statement_part ::=

{ concurrent_statement }
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process_statement ::=

[ process_label: ]

[ postponed ] process [ (sensitivity_list) ] [ is ]

process_declarative_part

begin

process_statement_part

end process [ process_label] ;

process_declarative_part ::=

{ process_declarative_item }

process_declarative_item ::=

subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| variable_declaration

| file_declaration

| alias_declaration

| attribute_declaration

| attribute_specification

| use_clause

| group_template_declaration

| group_declaration

process_statement_part ::=

{ sequential_statement }
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concurrent_procedure_call_statement ::=

[ label: ] [ postponed ] procedure_call ;
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concurrent_assertion_statement ::=

[ label: ] [ postponed ] assertion ;
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concurrent_signal_assignment_statement ::=

[ label: ] [ postponed ] conditional_signal_assignment

| [ label: ] [ postponed ] selected_signal_assignment

options ::= [ guarded ] [delay_mechanism]
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architecture A of E is

begin

B(7) <= A(6);

B(3 downto 0) <= A(7 downto 4);

C <= not A;

end A;
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conditional_signal_assignment ::=

target <= options conditional_waveforms ;

conditional_waveforms ::=

{ waveform when condition else }

waveform [ when condition ]
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architecture A of E is

begin

C <= B when A(0) = '1' else

not B when A(1) = '1' else

«00000000» when A(2) = '1' and RESET = '1' else

(others => ('1'));

end A;
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selected_signal_assignment ::=

with expression select

target <= options selected_waveforms ;

select_waveforms ::=

{ waveform when choices, }

waveform when choices
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architecture A of E is

begin

with A select
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C <= B when "00000000",

not B when "10101010",

(others => ('1')) when "11110001",

not A when others;

end A;
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component_instantiation_statement ::=

instantiation_label:

instantiated_unit

[ generic_map_aspect ]

[ port_map_aspect ] ;

instantiated_unit ::=

[component] component_name

| entity entity_name [(architecture_name)]

| configuration configuration_name
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generate_statement ::=

generate_label:

generation_scheme generate
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[ { block_declarative_item }

begin ]

{ concurrent_statement }

end generate [ generate_label] ;

generation_scheme ::=

for generate_parameter_specification

| if condition

label ::= identifier
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use_clause ::=

use selected_name {, selected_name} ;
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design_file ::= design_unit { design_unit }

design_unit ::= context_clause library_unit

library_unit ::=

primary_unit

| secondary_unit

primary_unit ::=

entity_declaration

| configuration_declaration

| package_declaration

secondary_unit ::=

architecture_body

| package_body
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library_clause ::= library logical_name_list ;

logical_name_list ::= logical_name {, logical_name}

logical_name ::= identifier
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context_clause ::= { context_item }

context_item ::=

library_clause

| use_clause
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abstract_literal ::= decimal_literal | based_literal

access_type_definition ::= access subtype_indication

actual_designator ::=

expression
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| signal_name

| variable_name

| file_name

| open

actual_parameter_part ::= parameter_association_list

actual_part ::=

actual_designator

| function_name(actual_designator)

| type_mark(actual_designator)

adding_operator ::= + | � | &

aggregate ::=

(element_association {, element_association})

alias_declaration ::=

alias alias_designator [: subtype_indication] is 

name [signature];

alias_designator ::= identifier | character_liter

al | operator_symbol

allocator ::=

new subtype_indication

| new qualified_expression

architecture_body ::=

architecture identifier of entity_name is

architecture_declarative_part

begin

architecture_statement_part ]

end [ architecture ] [ architecture_simple_name ] ;

architecture_declarative_part ::=

{ block_declarative_item }

architecture_statement_part ::=

{ concurrent_statement }

array_type_definition ::=

unconstrained_array_definition

| constrained_array_definition

assertion ::=

assert condition

[ report expression ]

[ severity expression ]

assertion_statement ::= [ label: ] assertion ;
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association_element ::=

[formal_part =>] actual_part

association_list ::=

association_element {, association_element}

attribute_declaration ::=

attribute identifier : type_mark ;

attribute_designator ::= attribute_simple_name

attribute_name ::=

prefix [signature]'attribute_designator [ (expres

sion) ]

attribute_specification ::=

attribute attribute_designator of entity_specifica

tion is expression;

base ::= integer

base_specifier ::= B | O | X

base_unit_declaration ::= identifier ;

based_integer ::=

extended_digit { [ underline ] extended_digit }

based_literal ::=

base # based_integer [. based_integer ] # [ expo

nent ]

basic_character ::=

basic_graphic_character | format_effector

basic_graphic_character ::=

upper_case_letter | digit | special_character| 

space_character

basic_identifier ::=

letter { [ underline ] letter_or_digit }

binding_indication ::=

[ use entity_aspect ]

[ generic_map_aspect ]

[ port_map_aspect ]

bit_string_literal :: base_specifier « [ bit_value ] «

bit_value ::= extended_digit { [ underline ] 

extended_digit }

block_configuration ::=

for block_specification

{ use_clause }
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{ configuration_item }

end for ;

block_declarative_item ::=

subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| signal_declaration

| shared_variable_declaration

| file_declaration

| alias_declaration

| component_declaration

| attribute_declaration

| attribute_specification

| configuration_specification

| disconnection_specification

| use_clause

| group_template_declaration

| group_declaration

block_declarative_part ::=

{ block_declarative_item }

block_header ::=

[ generic_clause

[ generic_map_clause ;] ]

[ port_clause

[ port_map_clause ;] ]

block_specification ::=

architecture_name

| block_statement_label

| generate_statement_label [ (index_specification) ]

block_statement ::=

block_label:

block [ (guard_expression) ] [ is ]

block_header

block_declarative_part

begin

block_statement_part
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end block [ block_label ] ;

block_statement_part ::=

{ concurrent_statement }

case_statement ::=

[ case_label: ]

case expression is

case_statement_alternative

{ case_statement_alternative }

end case [ case_label ] ;

case_statement_alternative ::=

when choices =>

sequence_of_statements

character_literal ::= ' graphic_character '

choice ::=

simple_expression

| discrete_range

| element_simple_name

| others

choices ::= choice { | choice }

component_configuration ::=

for component_specification

[ binding_indication ; ]

[ block_configuration ]

end for ;

component_declaration ::=

component identifier [is]

[ local_generic_clause]

[ local_port_clause]

end component [ component_simple_name];

component_instantiation_statement ::=

instantiation_label:

instantiated_unit

[ generic_map_aspect ]

[ port_map_aspect ] ;

component_specification ::=

instantiation_list : component_name

composite_type_definition ::=

array_type_definition
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| record_type_definition

concurrent_assertion_statement ::=

[ label: ] [ postponed ] assertion ;

concurrent_procedure_call_statement ::=

[ label: ] [ postponed ] procedure_call ;

concurrent_signal_assignment_statement ::=

[ label: ] [ postponed ] conditional_signal_assignment

| [ label: ] [ postponed ] selected_signal_assignment

concurrent_statement ::=

block_statement

| process_statement

| concurrent_procedure_call_statement

| concurrent_assertion_statement

| concurrent_signal_assignment_statement

| component_instantiation_statement

| generate_statement

condition ::= boolean_expression

condition_clause ::= until condition

conditional_signal_assignment ::=

target <= options conditional_waveforms ;

conditional_waveforms ::=

{ waveform when condition else }

waveform [ when condition ]

configuration_declaration ::=

configuration identifier of entity_name is

configuration_declarative_part

block_configuration

end [configuration] [ configuration_simple_name];

configuration_declarative_item ::=

use_clause

| attribute_specification

| group_declaration

configuration_declarative_part ::=

{ configuration_declarative_item }

configuration_item ::=

block_configuration

| component_configuration

configuration_specification ::=
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for component_specification binding_indication;

constant_declaration ::=

constant identifier_list : subtype_indication 

[:= expression] ;

constrained_array_definition ::=

array index_constraint of element_subtype_indication

constraint ::=

range_constraint

| index_constraint

context_clause ::= { context_item }

context_item ::=

library_clause

| use_clause

decimal_literal ::= integer [. integer ] [ exponent ]

declaration ::=

type_declaration

| subtype_declaration

| object_declaration

| interface_declaration

| alias_declaration

| attribute_declaration

| component_declaration

| group_template_declaration

| group_declaration

| entity_declaration

| configuration_declaration

| subprogram_declaration

| package_declaration

delay_mechanism ::=

transport

| [ reject time_expression ] inertial

design_file ::= design_unit { design_unit }

design_unit ::= context_clause library_unit

designator ::= identifier | operator_symbol

direction ::= to | downto

disconnection_specification ::=

disconnect guarded_signal_specification after 

time_expression ;
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discrete_range ::= discrete_subtype_indication | range

element_association ::=

[ choices => ] expression

element_declaration ::= identifier_list : 

element_subtype_definition ;

element_subtype_definition ::= subtype_indication

entity_aspect ::=

entity entity_name [(architecture_identifier)]

| configuration configuration_name

| open

entity_class ::=

entity| architecture| configuration

| procedure| function| package

| type| subtype| constant

| signal| variable| component

| label| literal| units

| group| file

entity_class_entry ::= enitity_class [<>]

entity_class_entry_list ::=

entity_class_entry {, entity_class_entry }

entity_declaration ::=

entity identifier is

entity_header

entity_declarative_part

[ begin

entity_statement_part ]

end [ entity ] [ entity_simple_name ] ;

entity_declarative_item ::

subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| signal_declaration

| shared_variable_declaration

| file_declaration

| alias_declaration

| attribute_declaration
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| attribute_specification

| disconnection_specification

| use_clause

| group_template_declaration

| group_declaration

entity_declarative_part ::=

{ entity_declarative_item }

entity_designator ::= entity_tag [signature]

entity_header ::=

[ formal_generic_clause ]

[ formal_port_clause ]

entity_name_list ::=

entity_designator {, entity_designator}

| others

| all

entity_specification ::=

entity_name_list : entity_class

entity_statement ::=

concurrent_assertion_statement

| passive_concurrent_procedure_call

| passive_process_statement

entity_statement_part ::=

{ entity_statement }

entity_tag ::= simple_name | character_literal |

operator_symbol

enumeration_literal ::= identifier | character_literal

enumeration_type_definition ::=

(enumeration_literal {, enumeraton_literal })

exit_statement ::=

[ label: ] exit [ loop_label ] [ when condition ] ;

exponent ::= E [ + ] integer | E � integer

expression ::=

relation { and relation }

| relation { or relation }

| relation { xor relation }

| relation [ nand relation ]

| relation [ nor relation ]

| relation { xnor relation }
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extended_digit ::= digit | letter

extended_identifier ::=

| graphic_character { graphic_character } \

factor ::=

primary [ ** primary ]

| abs primary

| not primary

file_declaration ::=

file identifier_list : subtype_indication 

[ file_open_information ] ;

file_logical_name ::= string_expression

file_open_information ::=

[ open file_open_kind_expression ] is file_logical_name

file_type_definition ::= file of type_mark

floating_type_definition ::= range_constraint

formal_designator ::=

generic_name

| port_name

| parameter_name

formal_parameter_list ::= parameter_interface_list

formal_part ::=

formal_designator

| function_name(formal_designator)

| type_mark(formal_designator)

full_type_declaration ::=

type identifier is type_definition ;

function_call ::=

function_name [ (actual_parameter_part) ]

generate_statement ::=

generate_label:

generation_scheme generate

[ { block_declarative_item }

begin ]

{ concurrent_statement }

end generate [ generate_label] ;

generation_scheme ::=

for generate_parameter_specification

| if condition
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generic_clause ::=

generic(generic_list);

generic_list ::= generic_interface_list

generic_map_aspect ::=

generic map (generic_association_list)

graphic_character ::=

basic_graphic_character | lower_case_letter |

other_special_character

group_constituent ::= name | character_literal

group_constituent_list ::= group_constituent 

{, group_constituent }

group_declarataion ::=

group identifier : group_template_name

(group_consituent_list);

group_template_declaration ::=

group identifier is (entity_class_entry_list) ;

guarded_signal_specification ::=

guarded_signal_list : type_mark

identifier ::=

basic_identifier | extended_identifier

identifier_list ::= identifier {, identifier }

if_statement ::=

[ if_label: ]

if condition then

sequence_of_statements

{ elsif condition then

sequence_of_statements }

[ else

sequence_of_statements ]

end if [ if_label ] ;

incomplete_type_declaration ::= type identifier ;

index_constraint ::= (discrete_range 

{, discrete_range })

index_specification ::=

discrete_range

| static_expression

index_subtype_definition ::= type_mark range <>

indexed_name ::= prefix (expression {, expression })
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instantiated_unit ::=

[component] component_name

| entity entity_name [(architecture_name)]

| configuration configuration_name

instantiation_list ::=

instantiation_label {, instantiation_label}

| others

| all

integer ::= digit { [ underline ] digit }

integer_type_definition ::= range_constraint

interface_constant_declaration ::=

[constant] identifier_list : [in] 

subtype_indication [:= static_expression]

interface_declaration ::=

interface_constant_declaration

| interface_signal_declaration

| interface_variable_declaration

| interface_file_declaration

interface_element ::= interface_declaration

interface_file_declaration ::=

file identifier_list : subtype_indication

interface_list ::=

interface_element {; interface_element}

interface_signal_declaration ::=

[signal] identifier_list : [mode] 

subtype_indication [bus]

[:= static_expression]

interface_variable_declaration ::=

[variable] identifier_list : [mode] subtype_indication

[:= static_expression]

iteration_scheme ::=

while condition

| for loop_parameter_specification

label ::= identifier

letter ::= upper_case_letter | lower_case_letter

letter_or_digit ::= letter | digit

library_clause ::= library logical_name_list ;

library_unit ::=
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primary_unit

| secondary_unit

literal ::=

numeric_literal

| enumeration_literal

| string_literal

| bit_string_literal

| null

logical_name ::= identifier

logical_name_list ::= logical_name {, logical_name }

logical_operator ::= and | or | nand | nor | xor | xnor

loop_statement ::=

[ loop_label: ]

[ iteration_scheme ] loop

sequence_of_statements

end loop [ loop_label ] ;

miscellaneous_operator ::= ** | abs | not

mode ::= in | out | inout | buffer | linkage

multiplying_operator ::= * | / | mod | rem

name ::=

simple_name

| operator_symbol

| selected_name

| indexed_name

| slice_name

| attribute_name

next_statement ::=

[ label: ] next [ loop_label ] [ when condition ] ;

null_statement ::=

[ label: ] null ;

numeric_literal ::=

abstract_literal

| physical_literal

object_declaration ::=

constant_declaration

| signal_declaration

| variable_declaration

| file_declaration
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operator_symbol ::= string_literal

options ::= [ guarded ] [delay_mechanism]

package_body ::=

package body package_simple_name is

package_body_declarative_part

end [ package body ] [ package_simple_name ] ;

package_body_declarative_item ::=

subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| shared_variable_declaration

| file_declaration

| alias_declaration

| use_clause

| group_template_declaration

| group_declaration

package_body_declarative_part ::=

{ package_body_declarative_item }

package_declaration ::=

package identifier is

package_declarative_part

end [ package ] [ package_simple_name ] ;

package_declarative_item ::=

subprogram_declaration

| type_declaration

| subtype_declaration

| constant_declaration

| signal_declaration

| shared_variable_declaration

| file_declaration

| alias_declaration

| component_declaration

| attribute_declaration

| attribute_specification

| disconnection_specification

| use_clause
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| group_template_declaration

| group_declaration

package_declarative_part ::=

{ package_declarative_item }

parameter_specification ::=

identifier in discrete_range

physical_literal ::= [ abstract_literal ] unit_name

physical_type_definition ::=

range_constraint

units

primary_unit_declaration

{ secondary_unit_declaration }

end units [ physical_type_simple_name ]

port_clause ::=

port(port_list);

port_list ::= port_interface_list

port_map_aspect ::=

port map (port_association_list)

prefix ::=

name

| function_call

primary ::=

name

| literal

| aggregate

| function_call

| qualified_expression

| type_conversion

| allocator

| (expression)

primary_unit ::=

entity_declaration

| configuration_declaration

| package_declaration

primary_unit_declaration ::= identifier

procedure_call ::= procedure_name 

[ (actual_parameter_part) ]

procedure_call_statement ::= [ label: ] 
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procedure_call ;

process_declarative_item ::=

subprogram_declaration

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| variable_declaration

| file_declaration

| alias_declaration

| attribute_declaration

| attribute_specification

| use_clause

| group_template_declaration

| group_declaration

process_declarative_part ::=

{ process_declarative_item }

process_statement ::=

[ process_label: ]

[ postponed ] process [ (sensitivity_list) ] [ is ]

process_declarative_part

begin

process_statement_part

end process [ process_label] ;

process_statement_part ::=

{ sequential_statement }

qualified_expression ::=

type_mark’(expression)

| type_mark’aggregate

range ::=

range_attribute_name

| simple_expression direction simple_expression

range_constraint ::= range range

record_type_definition ::=

record

element_declaration

{ element_declaration }

end record [ record_type_simple_name ]
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relation ::=

shift_expression [ relational_operator

shift_expression ]

relational_operator ::= = | /= | < | <= | > | >=

report_statement ::=

[label:] report expression

[severity expression] ;

return_statement ::=

[ label: ] return [ expression ] ;

scalar_type_definition ::=

enumeration_type_definition

| integer_type_definition

| physical_type_definition

| floating_type_definition

secondary_unit ::=

architecture_body

| package_body

secondary_unit_declaration ::= identifier = 

physical_literal ;

selected_name ::= prefix.suffix

selected_signal_assignment ::=

with expression select

target <= options selected_waveforms ;

selected_waveforms ::=

{ waveform when choices, }

waveform when choices

sensitivity_clause ::= on sensitivity_list

sensitivity_list ::= signal_name {, signal_name}

sequence_of_statements ::=

{ sequential_statement }

sequential_statement ::=

wait_statement

| assertion_statement

| report_statement

| signal_assignment_statement

| variable_assignment

| procedure_call_statement

| if_statement
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| case_statement

| loop_statement

| next_statement

| exit_statement

| return_statement

| null_statement

shift_expression ::=

simple_expression [ shift_operator simple_expres�

sion ]

shift_operator ::= sll | srl | sla | sra | rol | ror

sign ::= + | �signal_

assignment_statement ::=

[ label: ] target <= [ delay_mechanism ] waveform ;

signal_declaration ::=

signal identifier_list : subtype_indication 

[signal_kind] [:= expression] ;

signal_kind ::= register | bus

signal_list ::=

signal_name {, signal_name }

| others

| all

signature ::= [ [ type_mark {, type_mark } ] 

[ return type_mark ]

simple_expression ::=

[ sign ] term { adding_operator term }

simple_name ::= identifier

slice_name ::= prefix (discrete_range)

string_literal ::= « { graphic_character } «

subprogram_body ::=

subprogram_specification is

subprogram_declarative_part

begin

subprogram_statement_part ]

end [ subprogram_kind ] [ designator ] ;

subprogram_declaration ::=

subprogram_specification ;

subprogram_declarative_item ::=

subprogram_declaration

��������
��������������������



���!� �

| subprogram_body

| type_declaration

| subtype_declaration

| constant_declaration

| variable_declaration

| file_declaration

| alias_declaration

| attribute_declaration

| attribute_specification

| use_clause

| group_template_declaration

| group_declaration

subprogram_declarative_part ::=

{ subprogram_declarative_item }

subprogram_kind ::= procedure | function

subprogram_specification ::=

procedure designator [ (formal_parameter_list) ]

| [ pure | impure ] function designator 

[ (formal_paramter_list) ]

return type_mark

subprogram_statement_part ::=

{ sequential_statement }

subtype_declaration ::=

subtype identifier is subtype_indication ;

subtype_indication ::=

[ resolution_function_name ] type_mark [ constraint ]

suffix ::=

simple_name

| character_literal

| operator_symbol

| all

target ::=

name

| aggregate

term ::=

factor { multiplying_operator factor }

timeout_clause ::= for time_expression

type_conversion ::= type_mark(expression)
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type_declaration ::=

full_type_declaration

| incomplete_type_declaration

type_definition ::=

scalar_type_definition

| composite_type_definition

| access_type_definition

| file_type_definition

type_mark ::=

type_name

| subtype_name

unconstrained_array_definition ::=

array (index_subtype_definition {, index_subtype_

definition })

of element_subtype_indication

use_clause ::=

use selected_name {, selected_name} ;

variable_assignment_statement ::=

[ label: ] target := expression ;

variable_declaration ::=

[shared] variable identifier_list : 

subtype_indication [:= expression] ;

wait_statement ::=

[label:] wait [sensitivity_clause] [condition_clause]

[timeout_clause] ;

waveform ::=

waveform_element {, waveform_element}

| unaffected

waveform_element ::=

value_expression [after time_expression]

| null [after time_expression]
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module E_ff(q, data, enable, reset, clock);

output q;

input data, enable, reset, clock;

reg q;

always @(posedge clock)

if (reset == 0)

q = 1’b0;

else if (enable==1)

q = data;

endmodule
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module stimulus;

reg data, enable, clock, reset;

wire q;

initial begin

clock = 1’b0;

forever #5 clock = ~clock;

end

E_ff eff0(q, data, enable, reset, clock);

initial begin
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reset = 1'b0;

#10 reset = 1'b1;

data = 1'b1;

#20 enable = 1;

#10 data = 1'b0;

#10 data = 1'b1;

#10 enable = 0;

#10 data = 1'b0;

#10 data = 1'b1;

#10 enable = 1;

#10 reset = 1'b0;

#30 $finish;

end

initial

$monitor($time, "q = %d", q);

endmodule
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module triDriver(bus, drive, value);

inout [3:0] bus;

input       drive;

input [3:0] value;

assign #2 bus = (drive == 1) ? value : 4’bz;

endmodule // triDriver
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module myTest;

wire [3:0] bus;

reg drive0, drive1, drive2;

integer    i;

triDriver mod1 (bus, drive0, i[3:0]);

triDriver mod2 (bus, drive1, 4'hf);

triDriver mod3 (bus, drive2, 4'h0);

initial begin

for (i = 0; i < 12; i = i + 1) begin

#5 {drive2, drive1, drive0} = i;

#5 $display ($time,"%b %b %d", i[2:0], bus, bus);

end

$finish;

end 

endmodule 
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module arithTest;

reg [3:0] a, b;

initial begin

a = 4'b1100; // 12

b = 4'b0011; // 3

$displayb(a * b); // умножение � 4'b1000

// 4 МСБ

$display(a / b); // деление 4

$display(a + b); // сложение 15

$display(a � b); // вычитание 9

$display((a + 1'b1) % b); // остаток 1

end

endmodule // arithTest
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module logicalTest;

reg [3:0] a, b, c;

initial begin

a = 2; b = 0; c = 4'hx;

$display(a && b); // И 0

$display(a || b); // ИЛИ 1

$display(!a);    // НЕ 0

$display(a || c); // 1, unknown || 1 (=1)

$display(!c);    // unknown

end

endmodule // logicalTest
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module relatTest;

reg [3:0] a, b ,c, d;

initial begin

a=2;

b=5;

c=2;

d=4’hx;

$display(a < b);  // true, 1

$display(a > b); false, 0

$display(a >= c); // true, 1

$display(d <= a); unknown

end

endmodule // relatTest
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module equTest;

reg [3:0] a, b ,c, d, e, f;

initial begin

a = 4; b = 7;    // these default to

decimal bases

c = 4'b010;

d = 4'bx10;

e = 4'bx101;

f = 4'bxx01;

$displayb(c);      // outputs 0010

$displayb(d);      // outputs xx10

$display(a == b);  // logical equality, evaluates to 0

$display(c != d);  // logical inequality, evaluates to x

$display(c != f);  // logical inequality, evaluates to 1

$display(d === e); // case equality, evaluates to 0

$display(c !== d); // case inequality, evaluates to 1

end

endmodule // equTest
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module bitTest;

reg [3:0] a, b ,c;
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initial begin

a = 4'b1100; b = 4'b0011; c = 4'b0101;

$displayb(~a); // bitwise negation, evaluates to 4'b0011

$displayb(a & c); // bitwise and, evaluates to 4'b0100

$displayb(a | b); // bitwise or, evaluates to 4'b1111

$displayb(b ^ c); // bitwise xor, evaluates to 4'b0110

$displayb(a ~^ c); // bitwise xnor, evaluates to 4'b0110

end

endmodule // bitTest
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module reductTest;

reg [3:0] a, b ,c;

initial begin

a = 4'b1111;

b = 4'b0101;

c = 4'b0011;

$displayb(& a);//, (то же 1&1&1&1), равен 1 1

$displayb(| b); // (same as 0|1|0|1), evaluates to 1

$displayb(^ b); // искл.ИЛИ (same as 0^1^0^1), eval�

uates to 0

end

endmodule // reductTest
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module shiftTest;

reg [3:0] a;

initial begin

a = 4'b1010;

$displayb(a << 1);   // shift left by 1, evaluates to

4'b0100

$displayb(a >> 2);   // shift right by 2, evaluates to

4'b0010

end

endmodule // shiftTest
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module concatTest;

reg a;

reg [1:0] b;

reg [5:0] c;

initial begin

a = 1'b1;

b = 2'b00;

c = 6'b101001;
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$displayb({a, b});  // produces a 3�bit number 3'b100

$displayb({c[5:3], a}); // produces 4�bit number 4'b1011

end

endmodule // concatTest
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module replicTest;

reg a;

reg [1:0] b;

reg [5:0] c;

initial begin

a = 1'b1;

b = 2'b00;

$displayb({4{a}}); // результат � 1111

c = {4{a}};

$displayb(c);     // результат � 001111

end

endmodule // replicTest
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$display("Hello Dr Blair");

—� output: Hello Dr Blair

$display($time) // current simulation time.

—� output: 460

counter = 4'b10;

$display("The count is %b", counter);

—� output:  The count is 0010
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module myTest;

integer a,b;

initial begin

a = 2;

b = 4;

forever begin

#5 a = a + b;

#5 b = a � 1;

end // forever begin

end // initial begin

initial #40 $finish;

initial begin

$monitor($time, «a = %d, b = %d», a, b);

end // initial begin

endmodule // myTest
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0 a =  2, b =  4

5 a =  6, b =  4

10 a =  6, b =  5

15 a = 11, b =  5

20 a = 11, b = 10

25 a = 21, b = 10

30 a = 21, b = 20

35 a = 41, b = 20
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initial begin

clock = 1’b0;

#200 $stop   

#500 $finish

End
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module multiplexor4_1(out, in1, in2, in3, in4,

cntrl1, cntrl2);

output out;

input in1, in2, in3, in4, cntrl1, cntrl2;

wire notcntlr1, notcntrl2, w, x, y, z;

not (notcntrl1, cntrl1);

not (notcntrl2, cntrl2);

and (w, in1, notcntrl1, notcntrl2);

and (x, in2, notcntrl1, cntrl2);
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and (y, in3, cntrl1, notcntrl2);

and (z, in4, cntrl1, cntrl2);

or (out, w, x, y, z);

endmodule
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module multiplexor4_1(out, in1, in2, in3, in4,

cntrl1, cntrl2);
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output out;

input in1, in2, in3, in4, cntrl1, cntrl2;
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wire notcntrl1, notcntrl2, w, x, y, z;
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not (notcntrl1, cntrl1);

not (notcntrl2, cntrl2);
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and (w, in1, notcntrl1, notcntrl2);

and (x, in2, notcntrl1, cntrl2);

and (y, in3, cntrl1, notcntrl2);

and (z, in4, cntrl1, cntrl2);

or (out, w, x, y, z);
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endmodule 
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module multiplexor4_1 (out, in1, in2, in3, 

in4, cntrl1, cntrl2);

output out;

input in1, in2, in3, in4, cntrl1, cntrl2;

assign out = (in1 & ~cntrl1 & ~cntrl2) |

(in2 & ~cntrl1 &  cntrl2) |

(in3 &  cntrl1 & ~cntrl2) |

(in4 &  cntrl1 &  cntrl2);

endmodule
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module multiplexor4_1 (out, in1, in2, in3,

in4, cntrl1, cntrl2);
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output out;

input in1, in2, in3, in4, cntrl1, cntrl2;
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assign out = (in1 & ~cntrl1 & ~cntrl2) |

(in2 & ~cntrl1 &  cntrl2) |

(in3 &  cntrl1 & ~cntrl2) |

(in4 &  cntrl1 &  cntrl2);

endmodule
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module multiplexor4_1 (out, in1, in2, in3,

in4, cntrl1, cntrl2);

output out;

input  in1, in2, in3, in4, cntrl1, cntrl2;

reg      out;

always @(in1 or in2 or in3 or in4 or

cntrl1 or cntrl2)

case ({cntrl1, cntrl2})

2'b00 : out = in1;

2'b01 : out = in2;

2'b10 : out = in3;

2'b11 : out = in4;
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default : $display(«Please check control bits»);

endcase

endmodule
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module multiplexor4_1 (out, in1, in2, in3,

in4, cntrl1, cntrl2);

output out;

input in1, in2, in3, in4, cntrl1, cntrl2;

reg out;
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always @(in1 or in2 or in3 or in4 or cntrl1 or cntrl2)
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case ({cntrl2, cntrl1})

2'b00 : out = in1;

2'b01 : out = in2;

2'b10 : out = in3;

2'b11 : out = in4;
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default : $display(«Please check control bits»);

endcase

endmodule
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module  multiplexor4_1 (out, in1, in2, in3,

in4, cntrl1, cntrl2);

output out;

input in1, in2, in3, in4, cntrl1, cntrl2;

assign out = cntrl1 ? (cntrl2 ? in4 : in3) : 

(cntrl2 ? in2 : in1);

endmodule
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module muxstimulus;
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reg IN1, IN2, IN3, IN4, CNTRL1, CNTRL2;

wire OUT;

multiplexor4_1 mux1_4(OUT, IN1, IN2, IN3, IN4,

CNTRL1, CNTRL2);

initial begin

IN1 = 1; IN2 = 0; IN3 = 1; IN4 = 0;

$display(«Initial arbitrary values»);

#0 $display(«input1 = %b, input2 = %b, input3 = %b,

input4 = %b\n», IN1, IN2, IN3, IN4);

{CNTRL1, CNTRL2} = 2'b00;

#1 $display(«cntrl1=%b, cntrl2=%b, output is %b»,

CNTRL1, CNTRL2, OUT);

{CNTRL1, CNTRL2} = 2'b01;

#1 $display(«cntrl1=%b, cntrl2=%b output is %b»,

CNTRL1, CNTRL2, OUT);

{CNTRL1, CNTRL2} = 2'b10;

#1 $display(«cntrl1=%b, cntrl2=%b output is %b»,

CNTRL1, CNTRL2, OUT);

{CNTRL1, CNTRL2} = 2'b11;

#1 $display(«cntrl1=%b, cntrl2=%b output is %b»,

CNTRL1, CNTRL2, OUT);

end

endmodule
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module muxstimulus;
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reg IN1, IN2, IN3, IN4, CNTRL1, CNTRL2;

wire OUT;
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multiplexor4_1 mux1_4(OUT, IN1, IN2, IN3,

IN4, CNTRL1, CNTRL2);
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initial begin

IN1 = 1; IN2 = 0; IN3 = 1; IN4 = 0;

$display("Initial arbitrary values");

#0 $display("input1 = %b, input2 = %b, input3 = %b,

input4 = %b\n", IN1, IN2, IN3, IN4);
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$display( expr1, expr2, ...., exprN); 
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{CNTRL1, CNTRL2} = 2'b00;

#1 $display("cntrl1=%b, cntrl2=%b, output is %b",

CNTRL1, CNTRL2, OUT);
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CNTRL1 = 0; 

CNTRL2 = 0; 
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{CNTRL1, CNTRL2} = 2'b01;

#1 $display("cntrl1=%b, cntrl2=%b output is %b", 

CNTRL1, CNTRL2, OUT);

{CNTRL1, CNTRL2} = 2'b10;

#1 $display("cntrl1=%b, cntrl2=%b output is %b", 

CNTRL1, CNTRL2, OUT);

{CNTRL1, CNTRL2} = 2'b11;

#1 $display("cntrl1=%b, cntrl2=%b output is %b", 

CNTRL1, CNTRL2, OUT);

end

endmodule
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module dff(q, data, clock);

output q;

input  data, clock;

reg q;

always @(posedge clock)

q = data;

endmodule // dff
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module mux2_1(out, in1, in2, cntrl);

output out;

input  in1, in2, cntrl;

assign out = cntrl ? ~in1 : ~in2;

endmodule // mux2_1
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module e_ff(q, data, enable, reset, clock);

output q;

input data, enable, reset, clock;

wire norout, muxout;

mux2_1 mod1 (muxout, data, q, enable);
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nor (norout, reset, muxout);

dff dff0 (q, norout, clock);

endmodule

H���
�!� �6�� ���� ���!����� ��� ����6����� �� !�7��B�� ����7����!�!�
���=����
���!��<������!��M���!������!�7���\

name_of_module instance_name (port_list); 
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module e_ffStimulus;

reg data, enable, reset, clock;

wire q;

e_ff mod1 (q, data, enable, reset, clock);

initial begin

clock = 1'b0;

forever  clock = #5 ~clock;

end

initial begin

enable = 1'b0;     // переменная разрешения

reset = 1'b1;      // активный уровень сброса � 1

#20 reset = 1'b0;  // сброс

data = 1'b1;   установка в  HIGH

#10 enable = 1'b1;  // and then enable data latching

#10 data = 1'b1;   // изменение данных

#20 data = 1'b0;   // изменение данных

#30 data = 1'b1;   // изменение данных

#10 data = 1'b0;   // изменение данных

#10 data = 1'b1;   // изменение данных

#20 enable = 1'b0; // запрет защелкивания
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#10 data = 1'b0;   // изменение данных 

#10 reset = 1'b1;  // сброс снова

#20 $finish;       // все

end             // такт остановлен 

initial begin

$display($time, "reset, enable, data, q");

$display($time, "%d %d %d %d",

reset, enable, data, q);

forever #10 $display($time, "%d %d %d %d",

reset, enable, data, q);

end

endmodule // e_ffStimulus
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module d_ff( q, d, reset, clock);

...

endmodule

module e_ff(q, d , enable, reset, clock);

output q;

input d, enable, reset, clock;

wire inD;

...
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d_ff dff0(q, inD, reset, clock);

...

endmodule
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initial

clock = 1'b0;  

initial

begin  

alpha = 0;

#10 alpha = 1;  // генерация сигнала

#20 alpha = 0;

#5  alpha = 1;

#7  alpha = 0;

#10 alpha = 1;

#20 alpha = 0;

end;
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module pulse;

reg clock;

initial clock = 1'b0; // запуск такта

always #10 clock = ~clock; // такт

initial #5000 $finish // конец моделирования

endmodule
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// 4�bit binary counter

module counter4_bit(q, d, increment, load_data,

global_reset, clock);

output [3:0]     q;

input [3:0] d;

input load_data, global_reset, clock, increment;

wire t1, t2, t3; // internal wires

wire see12, reset; // internal wires

et_ff etff0(q[0], d[0], increment, load_data, reset,

clock);

et_ff etff1(q[1], d[1], t1, load_data, reset, clock);
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et_ff etff2(q[2], d[2], t2, load_data, reset, clock);

et_ff etff3(q[3], d[3], t3, load_data, reset, clock);

and a1(t1, increment, q[0]); 

and a2(t2, t1, q[1]); 

and a3(t3, t2, q[2]); 

recog12 r1(see12, q); // счет

or or1(reset, see12, global_reset); // сброс

endmodule // counter4_bit

module et_ff(q, data, toggle, load_data, reset, clock);

output q;

input  data, toggle, load_data, reset, clock;

wire m1, m2;

mux mux0(m1, ~q, q, toggle);

mux mux1(m2, data, m1, load_data);

dff dff0(q, m2, reset, clock);

endmodule // et_ff

module mux(out, in1, in2, cntrl);

output out;

input  in1, in2, cntrl;

assign out = cntrl ? in1 : in2;

endmodule // mux

module dff(q, data, reset, clock);

output q;

input data, reset, clock;

reg q;

always @(posedge clock) // at every clock

edge, if reset is 1, q is

if (reset == 1)
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q = 0; 

else q = data;

endmodule

module recog12(flag, in);

input [3:0] in;

output flag;

assign flag = (in == 4'b1100) ? 1 : 0;

endmodule // recog12

module stumulus;

wire [3:0] q;

reg [3:0]  d;

reg  load_data, global_reset, clk, increment;

counter4_bit mod1 (q, d, increment, load_data, glob�

al_reset, clk);

initial begin

global_reset = 0;

clk = 0;

increment = 0;

load_data = 0;

d = 4'b0100;

#10 global_reset = 1;

#20 global_reset = 0;

#20 load_data = 1;

#20 load_data = 0;

#20 increment = 1;

#200 global_reset = 1;

#20 global_reset = 0;

#50 load_data = 1;

#20 load_data = 0;

#10 increment = 0;
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#20 $finish;

end // initial begin

always #5 clk = ~clk;

always #10 $display ($time,"%b %b %b %d �> %b %d",

increment, load_data, global_reset, d, q, q);

endmodule // stumulus
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module counter4_bit(q, d, increment, load_data, glob�

al_reset, clock);

output [3:0] q;

input [3:0] d;

input  load_data, global_reset, clock, increment;

wire t1, t2, t3; // internal wires

wire see12, reset; // internal wires
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et_ff etff0(q[0], d[0], increment, load_data, reset,

clock);

et_ff etff1(q[1], d[1], t1, load_data, reset, clock);

et_ff etff2(q[2], d[2], t2, load_data, reset, clock);

et_ff etff3(q[3], d[3], t3, load_data, reset, clock);
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and a1(t1, increment, q[0]);

and a2(t2, t1, q[1]);

and a3(t3, t2, q[2]);
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recog12 r1(see12, q);

or or1(reset, see12, global_reset);
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// 4�bit binary up�counter � of period 13

module counter4_bit(q, d, increment, load_data, glob�

al_reset, clock);

output [3:0] q;

input [3:0] d;

input  load_data, global_reset, clock, increment;

reg [3:0] q;

always @(posedge clock)

if (global_reset)

q = 4'b0000;

else if (load_data)

q = d;

else if (increment) begin

if (q == 12)

q = 0;

else
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q = q + 1;

end

endmodule // counter4_bit
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// 4�bit binary down�counter � of period 13

module counter4_bit(q, d, decrement,

load_data, global_reset, clock);

always @(posedge clock)

if (global_reset)

q = 12;

else if (load_data)

q = d;

else if (decrement)

begin

if (q == 0)

q = 12;

else

q = q � 1;

end

endmodule
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// 4�bit binary up�down�counter � of period 16

module counter4_bit(q, d, updown, count, load_data,

global_reset, clock);

always @(posedge clock)

if (reset)
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q = 0;

else if (load_data)

q = d;

else if (count)

begin

if (updown)

q = q + 1;

else

q = q � 1;

end

endmodule
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initial begin

a = 0;      // выполняется в момент t = 0

#10 b = 2;  // выполняется в момент t = 10

#15 c = a;  // выполняется в момент t = 25

#b c = 4;   // выполняется в момент t = 27

b = 5;     // выполняется в момент t = 27

end
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initial begin

clock = 1'b0;

forever #5 clock = ~clock;

end
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event_control_statement::== 

@ event_identifier 

| @ (event_expression) 

event_expression::== 

| exp 

| event_id 

| posedge exp 

| negedge exp 

| event_exp or event_exp. 

5���	���
�"��!����
���������	I�7�
���<�	�����������=
�
��������C8
7�!���!��������I�7��I�	�3�����4

@ (clock) a = b; // при каждом такте выполняется a = b

@ (negedge clock) a = b;  // когда clock �> 0, то a = b

a = @(posedge clock) b; 
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event data_in; 

always @(negedge clock)

if (data[8]==1) �> data_in; 
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always @(data_in) mem[0:1] = buf;
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always @ (i_change or he_changes or she_changes)

somebody_changed = 1;
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and #(5) a1(out, in1, in2);
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module multiplexor4_1 (out, in1, in2, in3 ,in4,

cntrl1, cntrl2);

output out;

input in1, in2, in3, in4, cntrl1, cntrl2;

assign out = (~cntrl2 & ~cntrl1 & in1) | 

( cntrl2 & ~cntrl1 & in2) | 

(~cntrl2 &  cntrl1 & in3) |

( cntrl2 &  cntrl1 & in4) ;

endmodule
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module  multiplexor4_1 (out, in1, in2, in3,in4, 

cntrl1, cntrl2);

output out;

input in1, in2, in3, in4, cntrl1, cntrl2;

reg out; 

always @(in1 or in2 or in3 or in4 or cntrl1

or cntrl2)

if (cntrl1==1)

if (cntrl2==1)

out = in4;

else out = in3;

else

if (cntrl2==1)

out = in2;

else out = in1;

endmodule
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module multiplexor4_1 (out, in1, in2, in3, in4,

cntrl1, cntrl2);

output out;

input in1, in2, in3, in4, cntrl1, cntrl2;

reg out; // note must be a register

always @(in1 | in2 | in3 | in4 | cntrl1 |

cntrl2)

case ({cntrl2, cntrl1}) // concatenation

2’b00 : out = in1;

2’b01 : out = in2;

2’b10 : out = in3;

2’b11 : out = in4;

default : $display("Please check control

bits");

endcase

endmodule
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assign out = control ? in2 : in1;
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/* How many cups of volume 33 ml does it

take to fill a jug of volume 1 litre  */

'define JUGVOL 1000

'define CUPVOL 33

module cup_and_jugs;

integer cup, jug;

initial begin

cup = 0; jug = 0;

while (jug < `JUGVOL) begin

jug = jug + `CUPVOL;

cup = cup + 1;

end // while (jug < JUG_VOL)

$display("It takes %d cups", cup);
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end // initial begin

endmodule // cup_and_jugs

Notice the use of the "define" statement. 
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integer list [31:0];

integer index;

initial begin

for(index = 0; index < 32; index = index + 1)

list[index] = index + index;

end
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module comply;

int count;

initial begin

count = 128;

repeat (count) begin

$display("%d seconds to comply", count);

count = count � 1;

end

end

endmodule
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reg clock;

initial begin

clock = 1'b0;

forever #5 clock = ~clock; 

end

initial #2000 $finish;

���'��i�C)�������� !"

���'�������������Q�C)��,[X�.�."�5�s� �1

��B<�����	����\���R�+�
K��
��	\�hT����U%+:��i�s��T�R�+N#hT����+%.�/Ol�
A����P�		��!�7����������������������������!��
	�����!�C��	
=�����8

	���
=������=
�
�����3������ �"���<
����7��=��">�!���������
������	
�
�3����������7�����"�������4�^�C�������7������!����
���
��� �"���4

integer handleA, handleB;

// an integer has 32 bits so is perfect

// for this usage

initial begin

handleA = $fopen("myfile.out");

// handleA = 0000_0000_0000_0000_0000_0000_0000_0010

handleB = $fopen("anotherfile.out");

// handleB = 0000_0000_0000_0000_0000_0000_0000_0100
end
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integer channelsA;

initial begin

channelsA = handleA | 1;

$fdisplay(channelsA, "Hello"); 

end
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module testmemory;

reg [7:0] memory [9:0];

integer   index;

initial begin

$readmemb("mem.dat", memory);

for(index = 0; index < 10; index = index + 1)

$display("memory[%d] = %b", index[4:0], 

memory[index]);

end

endmodule // testmemory
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initial

begin

clk = 1’b0;

globalReset = 1’b1;

in = 1’b1;

end
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initial

begin

...

end

always

begin

...

end
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#160 globalReset = 0;

#160 in = 0;

#160 in = 1;

#320 in = 0;
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always

begin

#10 clk = ~clk;

end
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repeat(10)

begin

#40 in = 0;

#20 in = 1;

end
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repeat(14)

begin

#20 in = {$random} / 16  % 2;

end

���&��F��
������������������ !"

E���� ����6�
=� ��		!�
������� ������ ��B<����� !�!��
�� ����
�� 	

��������
�������������������� !"�#$%

	�
����
���� K��	��������
������������������

h���

���������
F�3��) �����:��

(�
)�

���������

D�� !�
�<�	���
N,��&U.�&�;O

o
m
L
}
�

r!��C����
7������
	�!!�
�����	
=
�	
�
��

j�
j�
j�
j�
j

F�3�<�	���
N@���;%�O

~�
��
uu

#^_/�
#Y/�
#YFY/

0�
j�
j

H
��>����
Na��%&��+%�O

i
h
is
hs

���=>��<�!�
!��=>��<�!
���=>�������������
!��=>������������

j�
j�
j�
j

p��������
��	
�
N|�-%��&(O

s
~
s
~

�����	
��
�������	
��
������<���������	
���
������<�����������	
��

j�
j�
j�
j

5������7���
Nc�&'�*�O

t�
��
u�
��

�t��t�

�������7�����
��P����
�������7����#Y/
�������7����#YFY/
�������7����#�	��B<�B6���YFY/
�������7����#�	��B<�B6���YFY8^_/

0�
j�
j�
j�
j

5����7����
Na�:-;&��+O

�
t�
u

tu����t���t

�����7������#Y/
�����7������#Y8^_/
�����7������#YFY/
�����7������#YFY8^_/
�����7������#�	��B<�B6���YFY/
�����7������#�	��B<�B6���YFY8^_/

0�
0�
0�
0�
0�
0

K7��3
NZ?�efO

ii
hh

�����"�	7��3
����"�	7��3

j�
j

s
s



��&�� �

�����!�������7�!�	��	����3�������
�����,h�	)����'1�

������?�������������������

^�C����		!�
�����
	��������
�
������
������������4

������b)j+�����
)����,f�P`!�601

^�C�������7������B<�����	����������������������� ���
��!�����7��4
_	
�	
��������I����=����	���=����
=�7����!������
���"��!�7���"�����
��
��
4�4

%�'%(*��������%+:��������%**��+��������%&&��Q-&���������Q���+��������Q-T��������Q-T�Ty
Q-T�T0��������;%*���������;%*�W��������;%*�z��������;.�*��������:�%**��+��������:�T%-�&

��������
�������������������� !"�#$%

�������� ?��������

L�}�~�t�N-+%�(O
o�m��

L�}�NQ�+%�(O
hh�ii

h�hs�i�is
ss�~s�sss�~ss

��t�
���t
u�tu
��
uu

v\�N;�+:�&��+%�O

��	>�"

���>�"

k�	�����"v\
r	�����"
N9�+:�&��+%�O

�B������
������
x������P��
Na�R��;%&��+O

�B�������7������
�����
���P��
N9�+;%&�+%&��+O

(�
)�

���������
�����:��F�3��)

h���

���������

	�
����
��� N����<����O



��&�� �

:�TR�%.��������:�*%Q����������:������������*����������+:���������+:%&&��Q-&����������+:;%*�
�+:T-+;&��+���������+:.�:-�����������+:R��.�&�S����������+:*R�;�T(���������+:&%Q��
�+:&%*V���������S�+&��������T����������T��;���������T���S����������T��V��������T-+;&��+��������U��Uzy
U��Uz0���������T���������+�&�%����������+�-&���������+R-&���������+&���������������+���������%���
.%;��.�:-����������.�:-�.��������.�:-����������+%+:��������+���:����������+.�*��������+��
+�&��������+�&�Ty��������+�&�T0�������������������-&R-&��������%�%.�&����������R.�*��������R�*�:��
R��.�&�S���������R-��y��������R-��0��������R-��:�'+��������R-��-R���������;.�*����������%�
��%�&�.������������������������%*�����������R�%&���������&�%+�T0��������*;%�%��:��������*��+�:
*.%����������*R�;�T(��������*R�;R�%.��������*&��+�&U�������*&��+�y��������*&��+�0��������*-R8
R�(y�����*-RR�(0�������&%Q���������&%*V��������&�.��������&�%+�������&�%+�Ty�������&�%+�T0��������&��
&��y��������&��0��������&��%+:��������&������������&�������������-+*��+�:�������S�;&���:��������'%�&
'%+:��������'�%Vy��������'�%V0��������'U�����������'����������'���������W+����������W��

���E��B�����������3��)�����

�Q�&*&���%�� � � � � � � ��;�-+&:��S��*� � � � � � � ��:�*R�%(�� � � � � � ��T;��*��� � � � � � ��T:�*R�%(
�T.�+�&�����������T�R�+���������T*&��Q����������T'��&����������T�+�*U�����������&R%&&��+
�U�*&��(����������+;*%S�����������+R-&����������&�����������V�(�����������*&������������
�.�+�&�����������.�+�&���TT��������.�+�&���+���������+�V�(

���J��h����:���C�,<�/�/PX�01

*-RR�(y��������*-RR�(0��������&����������&��%+:��������&������������&�������������&��y��������&��0
'%+:��������'�����������'��

��������
�������������������� !"�#$%



����� �

���� �	
���
�������

���������	
����
��


��
����������������������
��	�
������	��� 

��������	���!���
�����"������#������$������$%&�����'����
���
��
#�(

����������	
����)�*
���+�	+�,����+�-��,����������
�����#�
��.��
���(

�����#�	��,��
����/

0��������������
1��
���

���#�����
�����
�	�

�)����
����
2�����#
�

�����
1����	������	�� �

+������
��34562���������
������������	���
�(

����"$�78�9�79:��(;<�7�=�7���>��?'/�5	���.���
��������������	
����
��


��
�

��	���!���
����������������
�����
��
�.�)�*
�����	�	��,�2����
�
�@��

��	��� �,����.��	�.�2�����	�.����,�1��	�.����
���	�,�	����
��
�!���-��(

,��������
��/�A���	���
�����
���#����!���
����
�����+���,�����.�����B.

�
�����	�����,����)�����	������	����@� �	�	��,����-��,��������
�����(

�

���!���
�����������/�C����-��,����	����� �����	�
�������������	���!�

�
�����D�����	�
��#�� ��#���	��)�*�#�	��+�

+������
��+��	������	�� 

�	���.���,� �-��,����� ��
���"><�7�=�7�9E���9�9�78?����F'/�G�-��,�

������,�

�����
�,	��

		,��
��.�������
����
�,�
���	���.���
��������������	
���


��


��
������	���
�����
�������

���#��!���
�����	��1��	��/

3
���
���������	�����
���!�#�	�� �	�
����
��3456�	��	���.���
��(

�,�����������	
����
��


��
��"����;F?98�>�>(%E>�H���>��?�I��J'�

���(

#
���#���
���	�������	�
�����
�����
��
���K

D�	���
������*���)���
�.�
����
�*��
)����
����
L

D�
�
���
)����
����
���6M3N�3456L

D��
�!

,,�
��
����3456L

D���
�*��
)����	� �	�	��,�/

O�
�
�P/ ����������������������

����������
����
���


��
�� !"���������"����

���
����������������

#$%&���#'()*+,



����- �

3
��*���)���
�.�� ���
�*��
)����
����
���������	
�����
����
��	�(

@�	������	���
�
�!�	�
���,��
����� "QR�(��S��'� ���������#�	�� ����
	��

"T�8ES���E�'/�3�	�������
����	
�����
����
��������#�	���� "*���)���
�.(

���'�,�����
��
����"��
�*��
)��'������������)����.�	�����.��

���.��(

	���*���)����
��
����
�!�
��,
/�3�	����
���������*���)���
�.��!��,�(

����
��
�������	
����	������
���	����	��	���)��� ��
�������.��,��
��(

��� "U$R&(��S��'� �� 	�
����
�� � ���
	��� ">9�:79:�E�'/�3�	��� �	�@�	�������

	�����
�,�1�����������.�	�
����
����"�
�,��������*���)���
�.���'�,�(

����
��
�����	�
� 	��
/�G�
����.�
���,������#
�,�	��	���)��� �"�
���

(

����2���*�
,
���&�VI'������
�,���� ���
�*��
)����
����
/

N
		,��
�,��
�,�����������������	
����
��


��
����	���!���
����

"������������������'��������	
����

���#��+�)�*
���+��	�
� 	��/�A
�(

�������	
���2��	�������	������
���
��	�2�����
�����
��
����
��
���(��(

��� ����
������ 	�	��,�� �
�����
��
���� ���� 	�,� 	���� 3456� �� ,�!��

���.������@������

���#��+��
��	
+/�W
�� ��������	
�� �����#����
��
(

���� ���
��	�,�!�� ��� ��+����!��� 	����� ���	
���� �	�
� 	��� "R�78?����F

V?H�<�?H�?9�X�H�?��;9F��>'/�C
#��,�

		,��
�����	��	��������	
�������
(

��	�,�+� ��� ��+����!��� �	�
� 	��� 	� ��	�����
���.��	���+� �	�
� 	��

";�Y:�?9�E����S�7�>'/�G�
�!�����#�� �����

��
���
��������
,�����
@��(

�
������	�
� 	��2��
���
��,�+��
����,2����
�!!�
�D������	�
� 	��2��
�(

��
��,�+�*
����,��
�����!���,���.	
/

��.� /��00��������0�
���

A��� ���	
���� �
�!!�
��+� 	+�,� �� ����� �	���.����	�� ���

��
�

Z$VR��� VI� �,�	��� 	� �
�)�		�,2� �	���.���@�,� 
�
��������
����!�� ���

�
���!��*
������	��+
��,���.	
�"	,/�!�
���['/�C�1���
���������
�,�
�

	���
�������	
�� �	

�
���
�������*
����K

"7�\]�S�?9�E?H�7�\^]_]'�D�
�
�����	

�
���
���������
����,��*
����

"7�\]�S�?9�E?H�7�\^]`]'�D�
�
�����	

�
���
��������
���,��*
����

��>�?�a�H��"7��7\'�D�������*���)��������
����,��*
����

=E���?�a�H��"7��7\'�D�������*���)�������
���,��*
����

G� -��+� �
�,�

+� ����	�
�
���	�� �
�,������� 
�
����
� ��
����!�

*
���
�"��>�?���H���]�S�?9�E99��T:9�'/�5	���.���
����
�
�������	�������
���(

,�����
�.�����+�	��#
�+2���!�
�	�	��,
��
�����
��
������������
1��
��

1 ���������	�"�



����2 �

������*���)������	������/�b��
����	���.���
����*���)� �������������(

��1
�.�������� 2� 	���
���+�	���
�+���,��������
��������!�� 	�	������2

��	���.���*���)�����
�����������.�����
�+�����
���� �"���c`d���c_d����

���c_d���c`d'2�
������
�+����������
��������!��	�	���������c_d�����c`d/

0���	�
�����	����	�
��#����
1��,���	��#
���	���.���
����,��!���
#��+

�������
���+2��
�
�,�
�>9Ha����72�����
� ��,����e����,�1��+���
#��� 

"]f]2�]g]2�]`]2�]_]2�]h]2�]Z]2�]�]2�]�]2�](]'/�A
����

		,��
�,��	�������������
�!(

!�
��/

��.��� /��00���3������������������������������
45)6)7,�89,'�:*);<*+;=

C�1���
������	���
�,�
����	
�����(�
�!!�

�����)��� �
	��+
����(

!��	�
�	
�"Q&;&R'������
���	�
������"iQ&;&R'/�C
�>�
����� �
�������

	+�,���������
#�����

		,
�
��
�,�!���
�!!�

/

3
�,�
����	
�����
�����K

library IEEE;

use IEEE.std_logic_1164.all;

entity dff is

port (data, clk : in std_logic;

q : out std_logic);

end dff;

architecture behav of dff is

begin

process (clk) begin

if (clk'event and clk = '1') then

q <= data;

end if;

end process;

end behav;
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module dff (data, clk, q);

input data, clk;

output q;

reg q;

always @(posedge clk)

q = data;

endmodule

��.�.� /��00���3�����������������������������3�
��
������@

����
	��
���45)6)7,�89,'�:*);<*+;�A)BC�D6E7FC(+7+G6�5'6'B=

b����
#������	�
� 	��
��
���������
�>�
����./

3
�,�
����	
�����
�����K

library IEEE;

use IEEE.std_logic_1164.all;

entity dff_async_rst is

port (data, clk, reset : in std_logic;

q : out std_logic);

end dff_async_rst;

architecture behav of dff_async_rst is

begin

process (clk, reset) begin

if (reset = '0') then

q <= '0';

elsif (clk'event and clk = '1') then

q <= data;

end if;
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end process;

end behav;

3
�,�
����	
�����
��������K

module dff_async_rst (data, clk, reset, q);

input data, clk, reset;

output q;

reg q;

always @(posedge clk or negedge reset)

if (~reset)

q = 1'b0;

else

q = data;

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

entity dff_async_pre is

port (data, clk, preset : in std_logic;

q : out std_logic);

end dff_async_pre;
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architecture behav of dff_async_pre is

begin

process (clk, preset) begin

if (preset = '0') then

q <= '1';

elsif (clk'event and clk = '1') then

q <= data;

end if;

end process;

end behav;
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module dff_async_pre (data, clk, preset, q);

input data, clk, preset;

output q;

reg q;

always @(posedge clk or negedge preset)

if (~preset)

q = 1'b1;

else

q = data;

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

entity dff_async is

port (data, clk, reset, preset : in std_logic;

q : out std_logic);

end dff_async;

architecture behav of dff_async is

begin

process (clk, reset, preset) begin

if (reset = '0') then

q <= '0';

elsif (preset = '1') then

q <= '1';

elsif (clk'event and clk = '1') then

q <= data;

end if;

end process;

end behav;
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module dff_async (reset, preset, data, q, clk);

input clk;

input reset, preset, data;

output q;

reg q;

always @(posedge clk or negedge reset or posedge

preset)

if (~reset)

q = 1'b0;

else if (preset)

q = 1'b1;

else q = data;

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

entity dff_sync_rst is

port (data, clk, reset : in std_logic;

q : out std_logic);

end dff_sync_rst;

architecture behav of dff_sync_rst is

begin

process (clk) begin

if (clk'event and clk = '1') then

if (reset = '0') then

q <= '0';

else q <= data;

end if;

end if;

end process;

end behav;
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module dff_sync_rst (data, clk, reset, q);

input data, clk, reset;

output q;

reg q;

always @(posedge clk)
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if (~reset)

q = 1'b0;

else q = data;

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

entity dff_sync_pre is

port (data, clk, preset : in std_logic;

q : out std_logic);

end dff_sync_pre;

architecture behav of dff_sync_pre is

begin

process (clk) begin

if (clk'event and clk = '1') then

if (preset = '0') then

q <= '1';

else q <= data;

end if;

end if;

end process;

end behav;
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module dff_sync_pre (data, clk, preset, q);

input data, clk, preset;

output q;

reg q;

always @(posedge clk)

if (~preset)

q = 1'b1;

else q = data;

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

entity dff_ck_en is

port (data, clk, reset, en : in std_logic;

q : out std_logic);

end dff_ck_en;

architecture behav of dff_ck_en is

begin

process (clk, reset) begin

if (reset = '0') then
q <= '0';
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elsif (clk'event and clk = '1') then
if (en = '1') then
q <= data;
end if;
end if;
end process;
end behav;
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module dff_ck_en (data, clk, reset, en, q);
input data, clk, reset, en;
output q;
reg q;
always @(posedge clk or negedge reset)
if (~reset)
q = 1'b0;
else if (en)
q = data;
endmodule

A
����

		,��
�,��
@������
��	������(�
�!!�
���"�(�E978�>'/

��.�-� Q�
� ���
���"��M�������������4%@&JBFC�A)BC�%JBJ�

J79�87JP*'=

b����
#������
�	+�,���
���������
�>�
����-/

3
�,�
����	
�����
�����K

library IEEE;

use IEEE.std_logic_1164.all;
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entity d_latch is

port(enable, data: in std_logic;

y : out std_logic);

end d_latch;

architecture behave of d_latch is

begin

process (enable, data)

begin

if (enable = '1') then

y <= data;

end if;

end process;

end behave;
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module d_latch (enable, data, y);

input enable, data;

output y;

reg y;

always @(enable or data)

if (enable)

y = data;

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;
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entity d_latch_e is

port (enable, gate, data : in std_logic;

q : out std_logic);

end d_latch_e;

architecture behave of d_latch_e is

begin

process (enable, gate, data) begin

if (enable = '1') then

q <= data and gate;

end if;

end process;

end behave;
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module d_latch_e(enable, gate, data, q);

input enable, gate, data;

output q;

reg q;

always @ (enable or data or gate)

if (enable)

q = (data & gate);

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

entity d_latch_en is

1 ���������	�"�

d q

data
gate

A
L6

�1
36

+

���������� 6+�,�������	
�����
@�����	��+���,�

�
�B����



���H? �

port (enable, gate, d: in std_logic;

q : out std_logic);

end d_latch_en;

architecture behave of d_latch_en is

begin

process (enable, gate, d) begin

if ((enable and gate) = '1') then

q <=d;

end if;

end process;

end behave;
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module d_latch_en(enable, gate, d, q);

input enable, gate, d;

output q;

reg q;

always @ (enable or d or gate)

if (enable & gate)

q =d;

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;
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entity d_latch_rst is

port (enable, data, reset: in std_logic;

q : out std_logic);

end d_latch_rst;

architecture behav of d_latch_rst is

begin

process (enable, data, reset) begin

if (reset = '0') then

q <= '0';

elsif (enable = '1') then

q <= data;

end if;

end process;

end behav;
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module d_latch_rst (reset, enable, data, q);

input reset, enable, data;

output q;

reg q;

always @ (reset or enable or data)

if (~reset)

q = 1'b0;

else if (enable)

q = data;

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

entity my_if is

port (c, d, e, f: in std_logic;

s : in std_logic_vector(1 downto 0);

pout : out std_logic);

end my_if;

architecture my_arc of my_if is

begin

myif_pro: process (s, c, d, e, f) begin

if s = "00" then

pout <= c;

elsif s = "01" then

pout <= d;

elsif s = "10" then

pout <= e;

else pout <= f;

end if;

end process myif_pro;

end my_arc;
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module IF_MUX (c, d, e, f, s, pout);

input c, d, e, f;

input [1:0]s;

output pout;

reg pout;

always @(c or d or e or f or s) begin
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if (s == 2'b00)

pout = c;

else if (s ==2'b01)

pout = d;

else if (s ==2'b10)

pout = e;

else pout = f;

end

endmodule
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—4:1 Multiplexor

library IEEE;

use IEEE.std_logic_1164.all;

entity mux is

port (c, d, e, f : in std_logic;

s : in std_logic_vector(1 downto 0);
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muxout : out std_logic);

end mux;

architecture my_mux of mux is

begin

mux1: process (s, c, d, e, f) begin

case s is

when “00” => muxout <= c;

when “01” => muxout <= d;

when “10” => muxout <= e;

when others => muxout <= f;

end case;

end process mux1;

end my_mux;
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//4:1 Multiplexor

module MUX (C, D, E, F, S, MUX_OUT);

input C, D, E, F;

input [1:0] S;

output MUX_OUT;

reg MUX_OUT;

always @(C or D or E or F or S)

begin

case (S)

2’b00 : MUX_OUT = C;

2’b01 : MUX_OUT = D;

2’b10 : MUX_OUT = E;

default : MUX_OUT = F;

endcase

end

endmodule
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— 12:1 mux

library ieee;
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use ieee.std_logic_1164.all;

— Entity declaration:

entity mux12_1 is

port

(

mux_sel: in std_logic_vector (3 downto 0);— mux

select

A: in std_logic;

B: in std_logic;

C: in std_logic;

D: in std_logic;

E: in std_logic;

F: in std_logic;

G: in std_logic;

H: in std_logic;

I: in std_logic;

J: in std_logic;

K: in std_logic;

M: in std_logic;

mux_out: out std_logic — mux output

);

end mux12_1;

— Architectural body:

architecture synth of mux12_1 is

begin

proc1: process (mux_sel, A, B, C, D, E, F, G, H,

I, J, K, M)

begin

case mux_sel is

when "0000" => mux_out<= A;

when "0001" => mux_out <= B;

when "0010" => mux_out <= C;

when "0011" => mux_out <= D;

when "0100" => mux_out <= E;

when "0101" => mux_out <= F;

when "0110" => mux_out <= G;

when "0111" => mux_out <= H;
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when "1000" => mux_out <= I;

when "1001" => mux_out <= J;

when "1010" => mux_out <= K;

when "1011" => mux_out <= M;

when others => mux_out<= '0';

end case;

end process proc1;

end synth;
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// 12:1 mux

module mux12_1(mux_out,

mux_sel,M,L,K,J,H,G,F,E,D,C,B,A);

output mux_out;

input [3:0] mux_sel;

input M;

input L;

input K;

input J;

input H;

input G;

input F;

input E;

input D;

input C;

input B;

input A;

reg mux_out;

// create a 12:1 mux using a case statement

always @ ({mux_sel[3:0]} or M or L or K or J or H

or G or F or

E or D or C or B or A)

begin: mux_blk

case ({mux_sel[3:0]}) // synthesis full_case 

parallel_case

4'b0000 : mux_out = A;

4'b0001 : mux_out = B;
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4'b0010 : mux_out = C;

4'b0011 : mux_out = D;

4'b0100 : mux_out = E;

4'b0101 : mux_out = F;

4'b0110 : mux_out = G;

4'b0111 : mux_out = H;

4'b1000 : mux_out = J;

4'b1001 : mux_out = K;

4'b1010 : mux_out = L;

4'b1011 : mux_out = M;

4'b1100 : mux_out = 1'b0;

4'b1101 : mux_out = 1'b0;

4'b1110 : mux_out = 1'b0;

4'b1111 : mux_out = 1'b0;

endcase

end

endmodule
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//8 bit 4:1 multiplexor with don’t care X, 3:1

equivalent mux

module mux4 (a, b, c, sel, q);

input [7:0] a, b, c;

input [1:0] sel;

output [7:0] q;

reg [7:0] q;

always @ (sel or a or b or c)

casex (sel)

2'b00:q =a;

2'b01:q =b;

2'b1x:q =c;

default:q =c;

endcase

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

entity decode is

port ( Ain : in std_logic_vector (2 downto 0);

En : in std_logic;

Yout : out std_logic_vector (7 downto 0));

end decode;

architecture decode_arch of decode is

begin

process (Ain)

begin

if (En='0') then

Yout <= (others => '0');

else

case Ain is

when "000" => Yout <= "00000001";

when "001" => Yout <= "00000010";

when "010" => Yout <= "00000100";

when "011" => Yout <= "00001000";

when "100" => Yout <= "00010000";

when "101" => Yout <= "00100000";

when "110" => Yout <= "01000000";

when "111" => Yout <= "10000000";

when others => Yout <= "00000000";

end case;

end if;

end process;

end decode_arch;
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module decode (Ain, En, Yout);

input En;

input [2:0] Ain;
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output [7:0] Yout;

reg [7:0] Yout;

always @ (En or Ain)

begin

if (!En)

Yout = 8'b0;

else

case (Ain)

3'b000 : Yout = 8'b00000001;

3'b001 : Yout = 8'b00000010;

3'b010 : Yout = 8'b00000100;

3'b011 : Yout = 8'b00001000;

3'b100 : Yout = 8'b00010000;

3'b101 : Yout = 8'b00100000;

3'b110 : Yout = 8'b01000000;

3'b111 : Yout = 8'b10000000;

default : Yout = 8'b00000000;

endcase

end

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;
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use IEEE.std_logic_unsigned.all;

use IEEE.std_logic_arith.all;

entity counter8 is

port (clk, en, rst : in std_logic;

count : out std_logic_vector (7 downto 0));

end counter8;

architecture behav of counter8 is

signal cnt: std_logic_vector (7 downto 0);

begin

process (clk, en, cnt, rst)

begin

if (rst = '0') then

cnt <= (others => '0');

elsif (clk'event and clk = '1') then

if (en = '1') then

cnt <= cnt + '1';

end if;

end process;

count <= cnt;

end behav;
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module count_en (en, clock, reset, out);

parameter Width = 8;

input clock, reset, en;

output [Width�1:0] out;

reg [Width�1:0] out;

always @(posedge clock or negedge reset)

if(!reset)

out = 8'b0;

else if(en)

out = out +1;

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_unsigned.all;

use IEEE.std_logic_arith.all;

entity counter is

port (clk, reset, load: in std_logic;

data: in std_logic_vector (7 downto 0);

count: out std_logic_vector (7 downto 0));

end counter;

architecture behave of counter is

signal count_i : std_logic_vector (7 downto 0);

begin

process (clk, reset)

begin

if (reset = '0') then

count_i <= (others => '0');

elsif (clk'event and clk = '1') then

if load = '1' then

count_i <= data;

else

count_i <= count_i + '1';

end if;

end if;

end process;

count <= count_i;

end behave;
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module count_load (out, data, load, clk, reset);

parameter Width = 8;

input load, clk, reset;

input [Width�1:0] data;

output [Width�1:0] out;

reg [Width�1:0] out;
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always @(posedge clk or negedge reset)

if(!reset)

out = 8'b0;

else if(load)

out = data;

else

out = out +1;

endmodule

3
�,�
� ��	�
������ 	#��#��
� 	� �
���

����.�� � �
!
���� 2� �+��
,�



�
�B��������	�
������	#��
�"q(T�9�f<�X�:?9���J�98���EH2�X�:?9�&?ET��2

R��t�?E��X�:?9�E?H�$>F?78��?�:>�Q�>�9'��
���������1�/

3
�,�
����	
�����
��������K

module count_load (out, cout, data, load, clk, en,

reset);

parameter Width = 8;

input load, clk, en, reset;

input [Width�1:0] data;

output cout; // carry out

output [Width�1:0] out;

reg [Width�1:0] out;

always @(posedge clk or negedge reset)

if(!reset)

out = 8'b0;

else if(load)

out = data;

else if(en)

out = out +1;

// cout=1 when all out bits equal 1

assign cout = &out;

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_unsigned.all;

use IEEE.std_logic_arith.all;

entity counter is

generic (width : integer := n);

port (data : in std_logic_vector (width�1 downto 0);

load, en, clk, rst : in std_logic;

q :out std_logic_vector (width�1 downto 0));

end counter;

architecture behave of counter is

signal count : std_logic_vector (width�1 downto 0);

begin

process(clk, rst)

begin

if rst = '1' then

count <= (others => '0');

elsif (clk'event and clk = '1') then

if load = '1' then

count <= data;

elsif en = '1' then

count <= count + 1;

end if;

end if;

end process;

q <= count;

end behave;
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library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;

use IEEE.std_logic_unsigned.all;

entity arithmetic is

port (A, B: in std_logic_vector(3 downto 0);

Q1: out std_logic_vector(4 downto 0);

Q2, Q3: out std_logic_vector(3 downto 0);

Q4: out std_logic_vector(7 downto 0));

end arithmetic;

architecture behav of arithmetic is

begin

process (A, B)

begin

Q1 <= ('0' & A) + ('0' & B); —addition

Q2<=A �B;—subtraction

Q3<=A /B;—division

Q4<=A *B;—multiplication

end process;

end behav;
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Q <= C/16 + C*4;
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Q <= shr (C, "100") + shl (C, "10");

�����
�����K

Q <= "0000"&C (8downto 4)+C (6downto 0) & "00";

v���)���w>8�w���w>8�w��
+����	�����
�����V&&&/>9Ha����7aE��98/E��/

3
�,�
�

�*,���#�	��+����

)� ����������K

module arithmetic (A, B, Q1, Q2, Q3, Q4);

input [3:0] A, B;
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output [4:0] Q1;

output [3:0] Q2, Q3;

output [7:0] Q4;

reg [4:0] Q1;

reg [3:0] Q2, Q3;

reg [7:0] Q4;

always @(A or B)

begin

Q1 =A +B;//addition

Q2 =A �B;//subtraction

Q3 =A /2;//division

Q4 =A *B;//multiplication

end

endmodule
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Q = {4b’0000 C[8:4]} + {C[6:0] 2b’00};
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library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;

entity relational is

port (A,B :in std_logic_vector(3 downto 0);

Q1, Q2, Q3, Q4 : out std_logic);

end relational;

architecture behav of relational is

begin

process (A, B)

begin

—Q1<=A >B;—greater than

—Q2<=A <B;—less than

— Q3 <= A >= B; — greater than equal to

if (A <= B) then –� less than equal to
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Q4 <= '1';

else

Q4 <= '0';

end if;

end process;

end behav;
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module relational (A, B, Q1, Q2, Q3, Q4);

input [3:0] A, B;

output Q1, Q2, Q3, Q4;

reg Q1, Q2, Q3, Q4;

always @(A or B)

begin

//Q1 =A >B;//greater than

//Q2 =A <B;//less than

//Q3 =A >=B;//greater than equal to

if (A <= B) //less than equal to

Q4 =1;

else

Q4 =0;

end

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

entity equality is

port (

A: in STD_LOGIC_VECTOR (3 downto 0);

B: in STD_LOGIC_VECTOR (3 downto 0);

Q1: out STD_LOGIC;

Q2: out STD_LOGIC

);
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end equality;

architecture equality_arch of equality is

begin

process (A, B)

begin

Q1<=A =B; — equality

if (A /= B) then — inequality

Q2 <= '1';

else

Q2 <= '0';

end if;

end process;

end equality_arch;
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library IEEE;

use IEEE.std_logic_1164.all;

entity equality is

port (

A: in STD_LOGIC_VECTOR (3 downto 0);

B: in STD_LOGIC_VECTOR (3 downto 0);

Q1: out STD_LOGIC;

Q2: out STD_LOGIC

);

end equality;

architecture equality_arch of equality is

begin

Q1 <= '1' when A =Belse '0'; — equality

Q2 <= '1' when A /=Belse '0'; — inequality

end equality_arch;
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module equality (A, B, Q1, Q2);

input [3:0] A;

input [3:0] B;

output Q1;
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output Q2;

reg Q1, Q2;

always @(A or B)

begin

Q1 =A ==B;//equality

if (A != B) //inequality

Q2 =1;

else

Q2 =0;

end

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;

use IEEE.std_logic_unsigned.all;

entity shift is

port (data : in std_logic_vector(3 downto 0);

q1, q2 : out std_logic_vector(3 downto 0));

end shift;

architecture rtl of shift is

begin

process (data)

begin

q1 <= shl (data, "10"); — logical shift left

q2 <= shr (data, "10"); — logical shift right

end process;

end rtl;
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library IEEE;

use IEEE.std_logic_1164.all;

entity shift is
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port (data : in std_logic_vector(3 downto 0);

q1, q2 : out std_logic_vector(3 downto 0));

end shift;

architecture rtl of shift is

begin

process (data)

begin

q1 <= data(1 downto 0) & "10"; — logical shift left

q2 <= "10" & data(3 downto 2); — logical shift right

end process;

end rtl;
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module shift (data, q1, q2);

input [3:0] data;

output [3:0] q1, q2;

parameter B = 2;

reg [3:0] q1, q2;

always @ (data)

begin

q1 = data << B; // logical shift left

q2 = data >> B; // logical shift right

end

endmodule
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— Автомат Мили с 5 состояниями

library ieee;

use ieee.std_logic_1164.all;

entity mealy is

port (clock, reset: in std_logic;

data_out: out std_logic;

data_in: in std_logic_vector (1 downto 0));

end mealy;

architecture behave of mealy is

type state_values is (st0, st1, st2, st3, st4);

signal pres_state, next_state: state_values;

begin
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— FSM register
statereg: process (clock, reset)
begin
if (reset = '0') then
pres_state <= st0;
elsif (clock'event and clock ='1') then
pres_state <= next_state;
end if;
end process statereg;
— FSM combinational block
fsm: process (pres_state, data_in)
begin
case pres_state is
when st0 =>
case data_in is
when "00" => next_state <= st0;
when "01" => next_state <= st4;
when "10" => next_state <= st1;
when "11" => next_state <= st2;
when others => next_state <= (others <= 'x');
end case;
when st1 =>
case data_in is
when "00" => next_state <= st0;
when "10" => next_state <= st2;
when others => next_state <= st1;
end case;
when st2 =>
case data_in is
when "00" => next_state <= st1;
when "01" => next_state <= st1;
when "10" => next_state <= st3;
when "11" => next_state <= st3;
when others => next_state <= (others <= 'x');
end case;
when st3 =>
case data_in is
when "01" => next_state <= st4;
when "11" => next_state <= st4;
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when others => next_state <= st3;
end case;
when st4 =>
case data_in is
when "11" => next_state <= st4;
when others => next_state <= st0;
end case;
when others => next_state <= st0;
end case;
end process fsm;
— Mealy output definition using pres_state 
w/ data_in
outputs: process (pres_state, data_in)
begin
case pres_state is
when st0 =>
case data_in is
when "00" => data_out <= '0';
when others => data_out <= '1';
end case;
when st1 => data_out <= '0';
when st2 =>
case data_in is
when "00" => data_out <= '0';
when "01" => data_out <= '0';
when others => data_out <= '1';
end case;
when st3 => data_out <= '1';
when st4 =>
case data_in is
when "10" => data_out <= '1';
when "11" => data_out <= '1';
when others => data_out <= '0';
end case;
when others => data_out <= '0';
end case;
end process outputs;
end behave;
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// Example of a 5�state Mealy FSM

module mealy (data_in, data_out, reset, clock);

output data_out;

input [1:0] data_in;

input reset, clock;

reg data_out;

reg [2:0] pres_state, next_state;

parameter st0=3'd0, st1=3'd1, st2=3'd2, st3=3'd3,

st4=3'd4;

// FSM register

always @(posedge clock or negedge reset)

begin: statereg

if(!reset)// asynchronous reset

pres_state = st0;

else

pres_state = next_state;

end // statereg

// FSM combinational block

always @(pres_state or data_in)

begin: fsm

case (pres_state)

st0: case(data_in)

2'b00: next_state=st0;

2'b01: next_state=st4;

2'b10: next_state=st1;

2'b11: next_state=st2;

endcase

st1: case(data_in)

2'b00: next_state=st0;

2'b10: next_state=st2;

default: next_state=st1;

endcase

st2: case(data_in)

2'b0x: next_state=st1;

2'b1x: next_state=st3;

endcase
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st3: case(data_in)

2'bx1: next_state=st4;

default: next_state=st3;

endcase

st4: case(data_in)

2'b11: next_state=st4;

default: next_state=st0;

endcase

default: next_state=st0;

endcase

end // fsm

// Mealy output definition using pres_state 

w/ data_in

always @(data_in or pres_state)

begin: outputs

case(pres_state)

st0: case(data_in)

2'b00: data_out=1'b0;

default: data_out=1'b1;

endcase

st1: data_out=1'b0;

st2: case(data_in)

2'b0x: data_out=1'b0;

default: data_out=1'b1;

endcase

st3: data_out=1'b1;

st4: case(data_in)

2'b1x: data_out=1'b1;

default: data_out=1'b0;

endcase

default: data_out=1'b0;

endcase

end // outputs

endmodule
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— Example of a 5�state Moore FSM

library ieee;

use ieee.std_logic_1164.all;

entity moore is

port (clock, reset: in std_logic;

data_out: out std_logic;

data_in: in std_logic_vector (1 downto 0));

end moore;

architecture behave of moore is

type state_values is (st0, st1, st2, st3, st4);

signal pres_state, next_state: state_values;

begin

— FSM register

statereg: process (clock, reset)

begin

if (reset = ‘0’) then

pres_state <= st0;

elsif (clock ='1' and clock'event) then

pres_state <= next_state;

end if;

end process statereg;

— FSM combinational block

fsm: process (pres_state, data_in)

begin

case pres_state is

when st0 =>

case data_in is

when "00" => next_state <= st0;

when "01" => next_state <= st4;

when "10" => next_state <= st1;

when "11" => next_state <= st2;

when others => next_state <= (others <= 'x');

end case;

when st1 =>

case data_in is

when "00" => next_state <= st0;

when "10" => next_state <= st2;
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when others => next_state <= st1;

end case;

when st2 =>

case data_in is

when "00" => next_state <= st1;

when "01" => next_state <= st1;

when "10" => next_state <= st3;

when "11" => next_state <= st3;

when others => next_state <= (others <= 'x');

end case;

when st3 =>

case data_in is

when "01" => next_state <= st4;

when "11" => next_state <= st4;

when others => next_state <= st3;

end case;

when st4 =>

case data_in is

when "11" => next_state <= st4;

when others => next_state <= st0;

end case;

when others => next_state <= st0;

end case;

end process fsm;

— Moore output definition using pres_state only

outputs: process (pres_state)

begin

case pres_state is

when st0 => data_out <= '1';

when st1 => data_out <= '0';

when st2 => data_out <= '1';

when st3 => data_out <= '0';

when st4 => data_out <= '1';

when others => data_out <= '0';

end case;

end process outputs;

end behave;
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// Example of a 5�state Moore FSM

module moore (data_in, data_out, reset, clock);

output data_out;

input [1:0] data_in;

input reset, clock;

reg data_out;

reg [2:0] pres_state, next_state;

parameter st0=3'd0, st1=3'd1, st2=3'd2, st3=3'd3,

st4=3'd4;

//FSM register

always @(posedge clock or negedge reset)

begin: statereg

if(!reset)

pres_state = st0;

else

pres_state = next_state;

end // statereg

// FSM combinational block

always @(pres_state or data_in)

begin: fsm

case (pres_state)

st0: case(data_in)

2'b00: next_state=st0;

2'b01: next_state=st4;

2'b10: next_state=st1;

2'b11: next_state=st2;

endcase

st1: case(data_in)

2'b00: next_state=st0;

2'b10: next_state=st2;

default: next_state=st1;

endcase

st2: case(data_in)

2'b0x: next_state=st1;

2'b1x: next_state=st3;
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endcase
st3: case(data_in)
2'bx1: next_state=st4;
default: next_state=st3;
endcase
st4: case(data_in)
2'b11: next_state=st4;
default: next_state=st0;
endcase
default: next_state=st0;
endcase
end // fsm
// Moore output definition using pres_state only
always @(pres_state)
begin: outputs
case(pres_state)
st0: data_out=1'b1;
st1: data_out=1'b0;
st2: data_out=1'b1;
st3: data_out=1'b0;
st4: data_out=1'b1;
default: data_out=1'b0;
endcase
end // outputs
endmodule // Moore
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library IEEE;

use IEEE.std_logic_1164.all;

entity tristate is

port (e,a :in std_logic;

y : out std_logic);

end tristate;

architecture tri of tristate is

begin

process (e, a)

begin

if e = '1' then

y <=a;

else

y <= 'Z';

end if;

end process;

end tri;
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library IEEE;

use IEEE.std_logic_1164.all;

entity tristate is

port (e,a :in std_logic;

y :out std_logic);

end tristate;

architecture tri of tristate is

begin

Y <=awhen (e = '1') else 'Z';

end tri;
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module TRISTATE (e, a, y);

input a, e;

output y;
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reg y;

always @(eor a) begin

if (e)

y = a;

else

y = 1'bz;

end

endmodule

���

module TRISTATE (e, a, y);

input a, e;

output y;

assign y = e ?a :1'bZ;

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

entity tristate is

port (e,a :in std_logic;

y :out std_logic);

end tristate;

architecture tri of tristate is

component TRIBUFF

port (D, E: in std_logic;

PAD: out std_logic);

end component;

begin

U1: TRIBUFF port map (D => a,

E =>e,

PAD => y);

end tri;
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module TRISTATE (e, a, y);

input a, e;

output y;

TRIBUFF U1 (.D(a),.E(e),.PAD(y));

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

entity bidir is

port (y : inout std_logic;

e, a: in std_logic;

b :out std_logic);

end bidir;

architecture bi of bidir is

begin

process (e, a)

begin

case e is

when '1'=>y <=a;

when '0' => y <= 'Z';

when others => y <= 'X';

end case;
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end process;

b <=y;

end bi;
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module bidir (e, y, a, b);

input a, e;

inout y;

output b;

reg y_int;

wire y, b;

always @(a or e)

begin

if (e == 1'b1)

y_int <= a;

else

y_int <= 1'bz;

end

assign y = y_int;

assign b = y;

endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

entity bidir is

port (y : inout std_logic;

e, a: in std_logic;

b :out std_logic);

end bidir;

architecture bi of bidir is

component BIBUF

port (D, E: in std_logic;

Y :out std_logic;
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PAD: inout std_logic);

end component;

begin

U1: BIBUF port map (D => a,

E => e,

Y => b,

PAD => y);

end bi;
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module bidir (e, y, a, b);

input a, e;

inout y;

output b;

BIBUF U1 (.PAD(y),.D(a),.E(e),.Y(b) );

Endmodule
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library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;
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use IEEE.std_logic_unsigned.all;

entity adder is

generic (WIDTH : integer := 8);

port (A, B: in UNSIGNED(WIDTH�1 downto 0);

CIN: in std_logic;

COUT: out std_logic;

Y: out UNSIGNED(WIDTH�1 downto 0));

end adder;

architecture rtl of adder is

begin

process (A,B,CIN)

variable TEMP_A,TEMP_B,TEMP_Y:UNSIGNED(A'length

downto 0);

begin

TEMP_A := '0' & A;

TEMP_B := '0' & B;

TEMP_Y := TEMP_A + TEMP_B + CIN;

Y <= TEMP_Y (A'length�1 downto 0);

COUT <= TEMP_Y (A'length);

end process;

end rtl;
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U1: adder generic map(16) port map (A_A, B_A,

CIN_A, COUT_A, Y_A);
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module adder (cout, sum, a, b, cin);

parameter Size = 8;

output cout;

output [Size�1:0] sum;

input cin;

input [Size�1:0] a, b;

assign {cout, sum}= a + b + cin;

endmodule
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adder #(16) adder16(cout_A, sun_A, a_A, b_A, cin_A)
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if ((( Crtical='0' and Obi='1' and Sar='1')

or CpuG='0') and CpuR='0') then

Des <= Adr;

elsif (((Crtical='0' and Obi='1' and Sar='1')

or CpuG='0') and CpuR='1') then

Des <= Bdr;

elsif (Sar='0' and..........
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if (Critical='0') then

if (((Obi='1' and Sar='1')

or CpuG='0') and CpuR='0') then

Des <= Adr;

elsif (((Obi='1' and Sar='1')

or CpuG='0' and CpuR='1') then

Des <= Bdr;

end if;

end if;
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if (clk'event and clk ='1') then

if (non_critical and critical) then

out1 <= in1

else

out1 <= in2

end if;

end if;
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signal out_temp : std_logic

if (non_critical)

out_temp <= in1;

else out_temp <= in2;

if (clk'event and clk ='1') then

if (critical) then

out1 <= out_temp;

else out1 <= in2;

end if;

end if;

end if;
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if (...(siz == 1)...)

count = count + 1;

else if (...((siz ==2)...)

count = count + 2;

else if (...(siz == 3)...)

count = count + 3;

else if (...(siz == 0)...)

count = count + 4;
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if (...(siz == 0)...)

count = count + 4;

else if (...)

count = count + siz
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if (select)

sum<=A +B;

else

sum<=C +D;
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if (sel)

temp1 <= A;

temp2 <= B;

else

temp1 <= C;

temp2 <= D;

sum <= temp1 + temp2;
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vsum := sum;

for i in 0 to 3 loop

if (req(i)='1') then

vsum <= vsum + offset(i);

end if;

end loop;
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vsum := sum;

for i in 0 to 3 loop

if (req(i)='1') then

offset_1 <= offset(i);

end if;

end loop;

vsum <= vsum + offset_1;
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offsel[3]
offsel[2]
offsel[1]
offsel[0]

offsel_1

vsum
req[3:0]
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one :process (clk, a, b, c, en) begin

if (clk'event and clk ='1') then

if (en = '1') then

q2 <= a and b and c;

end if;

q1 <= a and b and c;

end if;

end process one;
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part_one: process (clk, a, b, c, en) begin

if (clk'event and clk ='1') then

if (en = '1') then

q2 <= a and b and c;

end if;

end if;

1 ���������	�"�

en

a
b
c

clk

q1
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end process part_one;

part_two: process (clk, a, b, c) begin

if (clk'event and clk ='1') then

q1 <= a and b and c;

end if;

end process part_two;
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architecture load of four_load is

signal Tri_en std_logic;

begin

loadpro: process (Clk)
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24 нагрузки
Tri_en

Tri_end

Clk

Data_in(23:0) Out(23:0)

A
L6

�1
55

+

���������� 6+�,�������	
����)���2�������
� ���-**�)�����

�����������

	�!�
�
�

�
�B�����

����o[



����� �

begin

if (clk'event and clk ='1') then

Tri_end <= Tri_en;

end if;

end process loadpro;

endpro : process (Tri_end, Data_in)

begin

if (Tri_end = '1') then

out <= Data_in;

else

out <= (others => 'Z');

end if;

end process endpro;

end load;
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12 нагрузок

12 нагрузок

Tri_en

Tri_en2

Tri_end

Clk

Tri_en

Clk

Out(23:0)

Data_in(23:0)
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architecture loada of two_load is

signal Tri_en1, Tri_en2 : std_logic;

begin

loadpro: process (Clk)

begin

if (clk'event and clk ='1') then

Tri_en1 <= Tri_en;

Tri_en2 <= Tri_en;

end if;

end process loadpro;

process (Tri_en1, Data_in)

begin

if (Tri_en1 = '1') then

out(23:12) <= Data_in(23:12);

else

out(23:12) <= (others => 'Z');

end if;

end process;

process (Tri_en2, Data_in)

begin

if (Tri_en2 = '1') then

out(11:0) <= Data_in(11:0);

else

out(11:0) <= (others => 'Z');

end if;

end process;
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process (clk, a, b) begin

if (clk'event and clk = '1') then

a1 <= a;

b1 <= b;

end if;

end process;

process (a1, b1)

begin c <=a1 + b1;

end process;

process (clk, a, b) begin

if (clk'event and clk = '1') then

c <=a + b;

end if;

end process;
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library IEEE;

use IEEE.std_logic_1164.all;

entity tribus is

port (A, B, C, D : in std_logic_vector

(7 downto 0);

E0, E1, E2, E3 : in std_logic;

Q :out std_logic_vector(7 downto 0));

end tribus;

architecture rtl of tribus is

begin

Q <=A when(E0 = '1') else "ZZZZZZZZ";

Q <=B when(E1 = '1') else "ZZZZZZZZ";
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3QSTATE

3QSTATE

3QSTATE

3QSTATE

E0

E1

E2

E3

A[7:0]

B[7:0]
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D[7:0]
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Q <=C when(E2 = '1') else "ZZZZZZZZ";

Q <=D when(E3 = '1') else "ZZZZZZZZ";

end rtl;
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library IEEE;

use IEEE.std_logic_1164.all;

entity muxbus is

port (A, B, C, D : in std_logic_vector

(7 downto 0);

E0, E1, E2, E3 : in std_logic;

Q :out std_logic_vector(7 downto 0));

end muxbus;

architecture rtl of muxbus is

signal E_int : std_logic_vector(1 downto 0);

begin

process (E0, E1, E2, E3)

variable E : std_logic_vector(3 downto 0);

begin

E :=E0 &E1 &E2 &E3;

case E is

when "0001" => E_int <= "00";

when "0010" => E_int <= "01";

when "0100" => E_int <= "10";

when "1000" => E_int <= "11";

when others => E_int <= "—";

end case;

end process;

process (E_int, A, B, C, D)

begin

case E_int is

when "00" => Q <= D;

when "01" => Q <= C;

when "10" => Q <= B;

when "11" => Q <= A;

when others =>Q <=(others => '�');

end case;
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end process;

end rtl;
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module tribus (A, B, C, D, E0, E1, E2, E3, Q);

input [7:0]A, B, C, D;

output [7:0]Q;

input E0, E1, E2, E3;

assign Q[7:0] = E0 ? A[7:0] : 8'bzzzzzzzz;

assign Q[7:0] = E1 ? B[7:0] : 8'bzzzzzzzz;

assign Q[7:0] = E2 ? C[7:0] : 8'bzzzzzzzz;

assign Q[7:0] = E3 ? D[7:0] : 8'bzzzzzzzz;

endmodule
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module muxbus (A, B, C, D, E0, E1, E2, E3, Q);

input [7:0]A, B, C, D;

output [7:0]Q;

input E0, E1, E2, E3;

wire [3:0] select4;

reg [1:0] select2;

reg [7:0]Q;

assign select4 = {E0, E1, E2, E3};

always @ (select4)

begin

case(select4)

4'b0001 : select2 = 2'b00;

4'b0010 : select2 = 2'b01;

4'b0100 : select2 = 2'b10;

4'b1000 : select2 = 2'b11;

default : select2 = 2'bxx;

endcase

end

always @ (select2 or A or B or C or D)

begin

case(select2)
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2'b00 :Q =D;

2'b01 :Q =C;

2'b10 :Q =B;

2'b11 :Q =A;

endcase

end

endmodule
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//###################################################

//#— Behavioral description of a single�port SRAM with:#

//#— Active High write enable (WE) #

//#— Rising clock edge (Clock) #

//###################################################

library ieee;

use ieee.std_logic_1164.all;

use IEEE.std_logic_arith.all;

use IEEE.std_logic_unsigned.all;

entity reg_sram is

generic (width : integer:=8;

depth : integer:=8;

addr : integer:=3);

port (Data : in std_logic_vector (width�1 downto 0);

Q : out std_logic_vector (width�1 downto 0);

Clock : in std_logic;

WE : in std_logic;

Address : in std_logic_vector (addr�1 downto 0));

end reg_sram;

architecture behav of reg_sram is

type MEM is array (0 to depth�1) of std_logic_

vector(width�1

1 ���������	�"�
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downto 0);

signal ramTmp : MEM;

begin

process (Clock)

begin

if (clock'event and clock='1') then

if (WE = '1') then

ramTmp (conv_integer (Address)) <= Data;

end if;

end if;

end process;

Q <= ramTmp(conv_integer(Address));

end behav;
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`timescale 1 ns/100 ps

//###################################################

//# Behavioral single�port SRAM description : #

//# Active High write enable (WE) #

//# Rising clock edge (Clock) #

//###################################################

module reg_sram (Data, Q, Clock, WE, Address);

parameter width = 8;

parameter depth = 8;

parameter addr = 3;

input Clock, WE;

input [addr�1:0] Address;

input [width�1:0] Data;

output [width�1:0] Q;

wire [width�1:0] Q;

reg [width�1:0] mem_data [depth�1:0];

always @(posedge Clock)

if(WE)

mem_data[Address] = #1 Data;

assign Q = mem_data[Address];

endmodule
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//###################################################

//# Behavioral description of dual�port SRAM with :#

//# Active High write enable (WE) #

//# Active High read enable (RE) #

//# Rising clock edge (Clock) #

//###################################################

library ieee;

use ieee.std_logic_1164.all;

use IEEE.std_logic_arith.all;

use IEEE.std_logic_unsigned.all;

entity reg_dpram is

generic (width : integer:=8;

depth : integer:=8;

addr : integer:=3);

port (Data : in std_logic_vector (width�1 downto 0);

Q : out std_logic_vector (width�1 downto 0);

Clock : in std_logic;

WE : in std_logic;

RE : in std_logic;

WAddress: in std_logic_vector (addr�1 downto 0);

RAddress: in std_logic_vector (addr�1 downto 0));

end reg_dpram;

architecture behav of reg_dpram is

type MEM is array (0 to depth�1) of std_logic_

vector(width�1

downto 0);

signal ramTmp : MEM;

begin

— Write Functional Section

process (Clock)

begin

if (clock'event and clock='1') then

if (WE = '1') then
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ramTmp (conv_integer (WAddress)) <= Data;

end if;

end if;

end process;

— Read Functional Section

process (Clock)

begin

if (clock'event and clock='1') then

if (RE = '1') then

Q <= ramTmp(conv_integer (RAddress));

end if;

end if;

end process;

end behav;
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`timescale 1 ns/100 ps

//###################################################

//# Behavioral dual�port SRAM description : #

//# Active High write enable (WE) #

//# Active High read enable (RE) #

//# Rising clock edge (Clock) #

//###################################################

module reg_dpram (Data, Q, Clock, WE, RE,

WAddress, RAddress);

parameter width = 8;

parameter depth = 8;

parameter addr = 3;

input Clock, WE, RE;

input [addr�1:0] WAddress, RAddress;

input [width�1:0] Data;

output [width�1:0] Q;

reg [width�1:0] Q;

reg [width�1:0] mem_data [depth�1:0];

//###################################################

//# Write Functional Section #
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//###################################################

always @(posedge Clock)

begin

if(WE)

mem_data[WAddress] = #1 Data;

end

//###################################################

//# Read Functional Section #

//###################################################

always @(posedge Clock)

begin

if(RE)

Q = #1 mem_data[RAddress];

end

endmodule
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Функция M_GENERATE:
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Входы:

M � вход многочлена;

GENA � рзрешение генерации (default=GND);

CLK � тактовый вход;

LOAD � вход предустановки (default=GND);

OUT � выход М�последовательности

Параметры:

M_WIDTH � длина полинома;

M_BEGIN
� начальное состояние
(default=”100000..00”);

Версия 1.0

Функция M_GENERATE

Генерирует М�последовательность, заданную

характеристическим многочленом М 

Выходы:

CE

> CLK

D Q

Q CE

> CLK

D Q

Q CE

> CLK

D Q

QCE

> CLK

D Q

Q

&

&

&

&

OUT

M(0)

M(1)

M(2)

M(M_WIDTHj1)

CLOCK

GENA
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INCLUDE "lpm_xor.inc";

INCLUDE "lpm_constant.inc";

PARAMETERS

(

M_WIDTH,

M_BEGIN = 0

);

SUBDESIGN m_generate

(

M[M_WIDTH�1..0] : INPUT = GND;

CLK : INPUT;

GENA : INPUT = GND;

LOAD : INPUT = GND;

OUT : OUTPUT;

)

VARIABLE

dffs[M_WIDTH�2..0] : DFFE;

— триггеры регистра сдвига

shift_node[M_WIDTH�2..0]: NODE;

xor_node[M_WIDTH�2..0] : NODE;

shiftin, shiftout : NODE;

— вход и выход регистра сдвига

IF (USED(M_BEGIN)) GENERATE

ac : lpm_constant 

WITH (LPM_WIDTH = M_WIDTH,

LPM_CVALUE = M_BEGIN);

END GENERATE;

BEGIN

ASSERT (M_WIDTH>0)

REPORT "Значение параметра M_WIDTH должно

быть больше нуля"
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SEVERITY ERROR;

%������������ общие выводы триггеров������������%

dffs[].ena = GENA;

dffs[].clk = CLK;

%������������� асинхронные операции ������������%

IF (USED(M_BEGIN)) GENERATE

dffs[].clrn = !load # ac.result[M_WIDTH�2..0];

установка начального состояния

dffs[].prn = !load # !ac.result[M_WIDTH�2..0];

триггеров, заданное M_BEGIN 

ELSE GENERATE

dffs[M_WIDTH�3..0].clrn = !load;

установка начального состояния 

dffs[M_WIDTH�2].prn = !load;

триггеров "10000..00

END GENERATE;

%���������������� обратные связи ���������������%

xor_node[] = dffs[] & M[M_WIDTH�2..0];

shiftin = lpm_xor(xor_node[])

WITH (LPM_SIZE = M_WIDTH�1, LPM_WIDTH=1);

%���������–������ операции сдвига ��������������%

shift_node[] = (shiftin, dffs[M_WIDTH�2..1]);

shiftout = dffs[0];

%���������������синхронные операции ������������%

dffs[].d = !load & shift_node[];

%����������������подключим выход ���������������%

OUT = shiftout;

END;
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FUNCTION m_generate (m[(m_width) � (1)..0], clk,
gena, load)

WITH (M_WIDTH, M_BEGIN)
RETURNS (out);
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OUT OUT

m_generate

M M

CLK CLK

LOAD LOAD

GENA GENA

M_WIDTH =
M_BEGIN =
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OUT OUTPUT out

M_BEGIN =
M_WIDTH = 11

M_BEGIN =
M_WIDTH = 5

6

m_generate
M(4..0)

M(4..0)3

2

9

4

M

clockclock CLK

loadload LOAD

enableenable

INPUT

INPUT

VCC

VCC GENA

INPUT
VCC

INPUT
VCC

OUT OUTPUT out 210

m_generate
M2(10..0)

M2(10..0)12 M

clock

8

7

CLK

load LOAD

enable

INPUT
VCC

GENA
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library ieee;

use ieee.std_logic_1164.all;

entity Serial is

port (

clk  : in STD_LOGIC;

load : in STD_LOGIC;

reset: in STD_LOGIC;

d : in STD_LOGIC_vector (3 downto 0);

oclk : out STD_LOGIC;

o : out STD_LOGIC;

e : out STD_LOGIC

);

end;

architecture behavioral of Serial is

type t1 is range 0 to 4;

signal s : STD_LOGIC_vector (2 downto 0);

signal i : t1;

begin

process (clk)
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begin

if reset = '1' then 

i <= 0;

else

if (clk’event and clk='1') then

if (i = 0 and load = '1') then

s(2 downto 0) <= d(3 downto 1);

o <= d(0);

i <= 4;

end if;

if (i > 1) then 

o <= s(0);

s(1 downto 0) <= s(2 downto 1);

i <= i � 1;

end if;

if (i = 1) then 

e <= '1'; 

i <= 0; 

else 

e <= '0'; 

end if;

end if;

end if;

if i>0 then 

oclk <= not clk; 

else 

oclk <= '0'; 

end if;

end process;

end behavioral;
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library ieee;

use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

entity test_serial is end test_serial;

architecture testbench of test_serial is

component serial

port (

clk : in std_logic;

load : in std_logic;

reset : in std_logic;

d : in std_logic_vector(3 downto 0);

oclk : out std_logic;

o : out std_logic;

e : out std_logic

);

end component;

signal  clk : std_logic;

signal   load : std_logic := ‘0’;

signal   reset : std_logic;

signal   d : std_logic_vector(3 downto 0);

signal   oclk : std_logic;

signal   o : std_logic;

signal   e : std_logic;

begin

process begin

for i in 0 to 50 loop

clk <= '0'; wait for 5 ns;

clk <= '1'; wait for 5 ns;

end loop;

end process;

process begin

reset <= '1'; wait for 10 ns;

reset <= '0' ;         
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load <= '1';             

d <= "1010"; wait for 10 ns;

load <= '0';

d <= "0000"; wait for 500 ns;

end process;

dut :  serial  port map (

clk => clk,

load => load,

reset => reset,

d => d,

oclk => oclk,

o => o,

e => e

);

end testbench;
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library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_arith.all;

entity f is

port (

din: in std_logic_vector(7 downto 0);

sout: out std_logic_vector(15 downto 0);

r: in std_logic;

c: in std_logic

);

end f;

architecture behavior of f is

constant h00 : std_logic_vector(7 downto 0) :=

"00000000";

constant h01 : std_logic_vector(7 downto 0) :=

"00000001";

constant h02 : std_logic_vector(7 downto 0) :=

"00000100";

constant h03 : std_logic_vector(7 downto 0) :=

"00001111";

constant h04 : std_logic_vector(7 downto 0) :=

"00100100";

constant h05 : std_logic_vector(7 downto 0) :=

"01000010";

constant h06 : std_logic_vector(7 downto 0) :=

"01100100";

constant h07 : std_logic_vector(7 downto 0) :=
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"01111100";

constant h08 : std_logic_vector(7 downto 0) :=

"01111111";

constant h09 : std_logic_vector(7 downto 0) :=

"01101010";

constant h10 : std_logic_vector(7 downto 0) :=

"01000010";

constant h11 : std_logic_vector(7 downto 0) :=

"00010011";

constant h12 : std_logic_vector(7 downto 0) :=

"11101100";

constant h13 : std_logic_vector(7 downto 0) :=

"11010110";

constant h14 : std_logic_vector(7 downto 0) :=

"11010101";

constant h15 : std_logic_vector(7 downto 0) :=

"11100011";

constant h16 : std_logic_vector(7 downto 0) :=

"11110111";

constant h17 : std_logic_vector(7 downto 0) :=

"00001010";

constant h18 : std_logic_vector(7 downto 0) :=

"00010100";

constant h19 : std_logic_vector(7 downto 0) :=

"00010011";

constant h20 : std_logic_vector(7 downto 0) :=

"00001100";

constant h21 : std_logic_vector(7 downto 0) :=

"00000010";

constant h22 : std_logic_vector(7 downto 0) :=

"11111000";

constant h23 : std_logic_vector(7 downto 0) :=

"11110101";

signal x00, x01, x02, x03, x04, x05, x06, x07, 

x08, x09, x10, x11, x12, x13, x14, x15, 

x16, x17, x18, x19, x20, x21, 

x22, x23 : std_logic_vector(7 downto 0);
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signal m00, m01, m02, m03, m04, m05, m06, m07, 

m08, m09, m10, m11, m12, m13, m14, m15, 

m16, m17, m18, m19, m20, m21, 

m22, m23 : std_logic_vector(15 downto 0);

begin

m00 <= (signed(x00)*signed(h00));

m01 <= (signed(x01)*signed(h01));

m02 <= (signed(x02)*signed(h02));

m03 <= (signed(x03)*signed(h03));

m04 <= (signed(x04)*signed(h04));

m05 <= (signed(x05)*signed(h05));

m06 <= (signed(x06)*signed(h06));

m07 <= (signed(x07)*signed(h07));

m08 <= (signed(x08)*signed(h08));

m09 <= (signed(x09)*signed(h09));

m10 <= (signed(x10)*signed(h10));

m11 <= (signed(x11)*signed(h11));

m12 <= (signed(x12)*signed(h12));

m13 <= (signed(x13)*signed(h13));

m14 <= (signed(x14)*signed(h14));

m15 <= (signed(x15)*signed(h15));

m16 <= (signed(x16)*signed(h16));

m17 <= (signed(x17)*signed(h17));

m18 <= (signed(x18)*signed(h18));

m19 <= (signed(x19)*signed(h19));

m20 <= (signed(x20)*signed(h20));

m21 <= (signed(x21)*signed(h21));

m22 <= (signed(x22)*signed(h22));

m23 <= (signed(x23)*signed(h23));

sout <=(signed(m00)+signed(m01)+signed(m02)

+signed(m03)+signed(m04)+signed(m05)

+signed(m06)+signed(m07)+signed(m08)

+signed(m09)+signed(m10)+signed(m11)

+signed(m12)+signed(m13)+signed(m14)

+signed(m15)+signed(m16)+signed(m17)

+signed(m18)+signed(m19)+signed(m20)
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+signed(m21)+signed(m22)+signed(m23));

process (c,r)

begin

if r='1' then 

x00 <= (others => '0');

x01 <= (others => '0');

x02 <= (others => '0');

x03 <= (others => '0');

x04 <= (others => '0');

x05 <= (others => '0');

x06 <= (others => '0');

x07 <= (others => '0');

x08 <= (others => '0');

x09 <= (others => '0');

x10 <= (others => '0');

x11 <= (others => '0');

x12 <= (others => '0');

x13 <= (others => '0');

x14 <= (others => '0');

x15 <= (others => '0');

x16 <= (others => '0');

x17 <= (others => '0');

x18 <= (others => '0');

x19 <= (others => '0');

x20 <= (others => '0');

x21 <= (others => '0');

x22 <= (others => '0');

x23 <= (others => '0');

elsif (c'event and c='1') then

x00(7 downto 0) <= din(7 downto 0);

x01(7 downto 0) <= x00(7 downto 0);

x02(7 downto 0) <= x01(7 downto 0);

x03(7 downto 0) <= x02(7 downto 0);

x04(7 downto 0) <= x03(7 downto 0);

x05(7 downto 0) <= x04(7 downto 0);

x06(7 downto 0) <= x05(7 downto 0);

x07(7 downto 0) <= x06(7 downto 0);
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x08(7 downto 0) <= x07(7 downto 0);

x09(7 downto 0) <= x08(7 downto 0);

x10(7 downto 0) <= x09(7 downto 0);

x11(7 downto 0) <= x10(7 downto 0);

x12(7 downto 0) <= x11(7 downto 0);

x13(7 downto 0) <= x12(7 downto 0);

x14(7 downto 0) <= x13(7 downto 0);

x15(7 downto 0) <= x14(7 downto 0);

x16(7 downto 0) <= x15(7 downto 0);

x17(7 downto 0) <= x16(7 downto 0);

x18(7 downto 0) <= x17(7 downto 0);

x19(7 downto 0) <= x18(7 downto 0);

x20(7 downto 0) <= x19(7 downto 0);

x21(7 downto 0) <= x20(7 downto 0);

x22(7 downto 0) <= x21(7 downto 0);

x23(7 downto 0) <= x22(7 downto 0);

end if;

end process;

end behavior;
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— Test bench shell

library ieee;

use ieee.std_logic_1164.all;

entity test_f is end test_f;

architecture testbench of test_f is

component f

port (
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din : in std_logic_vector(7 downto 0);

sout : out std_logic_vector(15 downto 0);

r : in std_logic;

c : in std_logic

);

end component;

signal   din : std_logic_vector(7 downto 0);

signal   sout : std_logic_vector(15 downto 0);

signal   r : std_logic;

signal   c : std_logic;

begin

process begin

for i in 0 to 50 loop

c <= '0'; wait for 5 ns;

c <= '1'; wait for 5 ns;

end loop;

end process;

process begin

r <= '1'; wait for 10 ns;

r <= '0' ;                      

din <= "00000001"; wait for 10 ns;

din <= "00000000"; wait for 500 ns;

end process;

dut :  f  port map (

din => din,

sout => sout,

r => r,

c => c

);

end testbench;
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FUNCTION mult_nrn (xx[7..0], yy[7..0], a[6..0],

b[6..0], clk) RETURNS (p[14..0]);

FUNCTION sum8 (a[7..0], b[7..0], clk, cin) RETURNS

(sum[7..0], crr);

FUNCTION norm8 (a[16..1]) RETURNS (s[12..1]);

FUNCTION sum4 (a[3..0], b[3..0], clk, cin) RETURNS

(sum[3..0]);

FUNCTION norm_sum (a[12..1], b[12..1], clk)

RETURNS (as[12..1], bs[12..1]);

FUNCTION dop_kod (xx[7..0], clk) RETURNS

(yy[7..0]);

FUNCTION perep (clk, xxa[11..6], xxb[4..1])

RETURNS (yy[11..1]);

FUNCTION sigm (net[12..1]) RETURNS (out[16..1]);

SUBDESIGN neiron_

%Последние разряды в процедурах умножения во вход�

ных переменных и в ответе являются знаковыми%
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%Реализуется трехвходовый однослойный нейрон%

(

clk:INPUT;

n[3..0]:INPUT;%Число входов нейрона 2…10%

w[16..1]:INPUT;%Веса%

ww[16..1]:INPUT;

www[16..1]:INPUT;

x_[16..1]:INPUT;%Входы%

xx[16..1]:INPUT;

xxx[16..1]:INPUT;

z[12..1]:OUTPUT;%Выход%

zz[16..1]:OUTPUT;

%Тестовые выходы%

o[12..1]:OUTPUT;%Умножение%

oo[12..1]:OUTPUT;

ooo[12..1]:OUTPUT;

jas[12..1]:OUTPUT;%Выравнивание перед сложением%

jbs[12..1]:OUTPUT;

jjas[12..1]:OUTPUT;

jjbs[12..1]:OUTPUT;

f[12..1]:OUTPUT;%Проверка суммы%

f_[11..5]:OUTPUT; %Проверка суммы (без переноса)%

ka[12..5]:OUTPUT;%Переменные для проверки работы

с доп. кодом и вычитания с ним%

kb[11..5]:OUTPUT;

kabs[12..5]:OUTPUT;

)

VARIABLE

rx[3..1]:norm8;%Переменные нормализации входов%
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rw[3..1]:norm8;%Переменные нормализации весов%

rs[3..1]:norm8;%Переменные нормализации промежу�

точных результатов%

s:mult_nrn;%Переменные умножения%

ss:mult_nrn;

sss:mult_nrn;

e[3..1]:sum4;%Переменные сложения показателей при

умножении%

ee[3..1]:sum4;

q[2..1]:sum8;%Переменные сложения%

qq:sum8;

m[12..1]:NODE;%Вспомогательные переменные сумми�

рования%

mm[12..1]:NODE;

t[2..1]:norm_sum;%Переменные приведения к одному

показателю перед сложением%

d[4..1]:dop_kod;%Переменные переведения слагаемо�

го в дополнительный код%

p[2..1]:perep;%Переменная, переносящая переполне�

ние разрядной сетки в показатель%

sg:sigm;%Переменная сигмоиды%

BEGIN

%Нормализация входов%

rx[1].a[16..1]=x_[16..1];

rx[2].a[16..1]=xx[16..1];

rx[3].a[16..1]=xxx[16..1];

%Нормализация весов%

rw[1].a[16..1]=w[16..1];

rw[2].a[16..1]=ww[16..1];
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rw[3].a[16..1]=www[16..1];

%——————————%

%Умножение входов на веса%

%Примечание: числа были приведены к виду

12.11.10.9.8.7.6.5.4.3.2.1%

%знак числа|значение числа|показатель степени

двойки � сдвиг%

%Числа перемножаются, показатели складываются%

s.xx[7..0]=rx[1].s[12..5];

s.yy[7..0]=rw[1].s[12..5];

s.a[6..0]=GND;

s.b[6..0]=GND;

s.clk=clk;

e[1].a[3..0]=rx[1].s[4..1];

e[1].b[3..0]=rw[1].s[4..1];

e[1].clk=clk;

e[1].cin=GND;

%Проводим нормализацию промежуточных результатов%

rs[1].a[16]=s.p[14]; %Знак%

rs[1].a[15]=GND;

rs[1].a[14..1]=s.p[13..0];

%Добавление показателя после нормализации%

ee[1].a[3..0]=e[1].sum[3..0];

ee[1].b[3..0]=rs[1].s[4..1];

ee[1].clk=clk;

ee[1].cin=GND;

%——————————%

ss.xx[7..0]=rx[2].s[12..5];

ss.yy[7..0]=rw[2].s[12..5];

ss.a[6..0]=GND;

ss.b[6..0]=GND;

ss.clk=clk;

e[2].a[3..0]=rx[2].s[4..1];

e[2].b[3..0]=rw[2].s[4..1];

e[2].clk=clk;

e[2].cin=GND;  
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%Проводим нормализацию промежуточных результатов%
rs[2].a[16]=ss.p[14]; %Знак%
rs[2].a[15]=GND;
rs[2].a[14..1]=ss.p[13..0];

%Добавление показателя после нормализации%
ee[2].a[3..0]=e[2].sum[3..0];
ee[2].b[3..0]=rs[2].s[4..1];
ee[2].clk=clk;
ee[2].cin=GND;

%——————————%

sss.xx[7..0]=rx[3].s[12..5];
sss.yy[7..0]=rw[3].s[12..5];
sss.a[6..0]=GND;
sss.b[6..0]=GND;
sss.clk=clk;

e[3].a[3..0]=rx[3].s[4..1];
e[3].b[3..0]=rw[3].s[4..1];
e[3].clk=clk;
e[3].cin=GND;

%Проводим нормализацию промежуточных результатов%
rs[3].a[16]=sss.p[14]; %Знак%
rs[3].a[15]=GND;
rs[3].a[14..1]=sss.p[13..0];

%Добавление показателя после нормализации%
ee[3].a[3..0]=e[3].sum[3..0];
ee[3].b[3..0]=rs[3].s[4..1];
ee[3].clk=clk;
ee[3].cin=GND;

%——————————%
%тест%
%демонстрируют правильность выполнения умножения

входов на веса и нормализации%
o[12..5]=rs[1].s[12..5]; o[4..1]=ee[1].sum[3..0]; 
oo[12..5]=rs[2].s[12..5];

oo[4..1]=ee[2].sum[3..0];
ooo[12..5]=rs[3].s[12..5];

ooo[4..1]=ee[3].sum[3..0];

%——————————%
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%Общий сумматор%

%во всех 3 случаях 14 разряд — знаковый%

%Для корректного сложения необходимо равенство по�

казательных частей. Приводим показательные части двух

слагаемых к показательной части старшего из них %

%Производим выравнивание по показательным частям%

t[1].a[12..5]=rs[1].s[12..5];

t[1].a[4..1]=ee[1].sum[3..0];

t[1].b[12..5]=rs[2].s[12..5];

t[1].b[4..1]=ee[2].sum[3..0];

t[1].clk=clk;

%——————————%

%тест%

%демонстрируют правильность выполнения выравнива�

ния значений перед сложением%

jas[12..1]=t[1].as[12..1];

jbs[12..1]=t[1].bs[12..1];

%——————————%

%Произведем проверку знака (0 соответствует 

(�) и доп. коду) и запрос к дополнительному коду%

%Перевод необходим лишь при различных знаках%

If ((t[1].as[12]==GND)&(t[1].bs[12]==VCC))==VCC 

then 

d[1].clk=clk;

d[1].xx[7]=GND;

d[1].xx[6..0]=t[1].as[11..5];

%——————————%

%тест%

ka[12..5]=t[1].bs[12..5];

kb[11..5]=d[1].yy[6..0];

%——————————%

%Суммируем%   
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q[1].clk=clk;

q[1].cin=GND;

q[1].a[7..0]=t[1].bs[12..5];

q[1].b[7]=GND; q[1].b[6..0]=d[1].yy[6..0];

%——————————%

%тест%

kabs[12..5]=q[1].sum[7..0];

%——————————%

%Проверка на получение отрицательного ре�

зультата в доп. коде%

%If (q[1].sum[7]==GND) then???% %То перевод

из доп. кода и постановка знака � (0)%

If (q[1].sum[7]==VCC) then

d[2].clk=clk;

d[2].xx[7]=GND;

d[2].xx[6..0]=q[1].sum[6..0];

m[12]=GND; m[11..5]=d[2].yy[6..0];

Else

m[12]=VCC;m[11..5]=q[1].sum[6..0];

End If;

m[4..1]=t[1].as[4..1];%Показательная часть при

вычитании не изменяется. Может быть t[1].bs[4..1]%

%Перевод необходим лишь при различных знаках%

ElsIf((t[1].as[12]==VCC)&(t[1].bs[12]==GND))==VCC 

then

d[1].clk=clk;

d[1].xx[7]=GND;

d[1].xx[6..0]=t[1].bs[11..5];

%——————————%

%тест%

ka[12..5]=t[1].as[12..5];

kb[11..5]=d[1].yy[6..0];

%——————————%
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%Суммируем%   

q[1].clk=clk;

q[1].cin=GND;

q[1].a[7..0]=t[1].as[12..5];

q[1].b[7]=GND; q[1].b[6..0]=d[1].yy[6..0];

%——————————%

%тест%

kabs[12..5]=q[1].sum[7..0];

%——————————%

%Проверка на получение отрицательного ре�

зультата в доп. коде%

%If (q[1].sum[7]==GND) then???% %То перевод

из доп. кода и постановка знака � (0)%

If (q[1].sum[7]==VCC) then

d[2].clk=clk;

d[2].xx[7]=GND;

d[2].xx[6..0]=q[1].sum[6..0];

m[12]=GND; m[11..5]=d[2].yy[6..0];

Else

m[12]=VCC;m[11..5]=q[1].sum[6..0];

End If;

m[4..1]=t[1].as[4..1];%Показательная часть при

вычитании не изменяется. М.б. t[1].bs[4..1]%

Else %В случае двух положительных или двух

отрицательных слагаемых%

%Суммируем%   

q[1].clk=clk;

q[1].cin=GND;

q[1].a[6..0]=t[1].bs[11..5];%Восьмой бит �

знаковый%

q[1].b[6..0]=t[1].as[11..5];

%——————————%
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%тест%

%демонстрируют правильность выполнения сложения

(без переносов)%

f_[11..5]=q[1].sum[6..0];

%——————————%

%Проверка на переполнение разрядной сетки

уместна лишь при сложении чисел одного знака%

If (q[1].sum[7]==VCC) then

p[1].clk=clk;

p[1].xxa[11..6]=q[1].sum[6..1];

p[1].xxb[4..1]=t[1].bs[4..1];%можно и

t[1].as[4..1]%

m[12]=t[1].bs[12];%можно и t[1].as[12] �

их знак одинаков%

m[11..1]=p[1].yy[11..1];

Else

m[12]=t[1].bs[12];%можно и t[1].as[12] �

их знак одинаков% 

m[11..5]=q[1].sum[6..0];

m[4..1]=t[1].bs[4..1];%можно и

t[1].as[4..1]%

End If;

End If;

%——————————%

%тест%

%демонстрируют правильность выполнения сложения%

f[12..1]=m[12..1];

%——————————%

%Производим выравнивание по показательным ча�

стям%

t[2].a[12..5]=m[12..5]; t[2].a[4..1]=m[4..1];

t[2].b[12..5]=rs[3].s[12..5];

t[2].b[4..1]=ee[3].sum[3..0];

t[2].clk=clk;
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%——————————%

%тест%

%демонстрируют правильность выполнения выравни�

вания значений перед сложением%

jjas[12..1]=t[2].as[12..1];

jjbs[12..1]=t[2].bs[12..1];

%——————————%

%Произведем проверку знака (0 соответствует

(�) и доп. коду) и запрос к дополнительному коду%

%Перевод необходим лишь при различных знаках%

If ((t[2].as[12]==GND)&(t[2].bs[12]==VCC))==VCC
then 

d[3].clk=clk;

d[3].xx[7]=GND;

d[3].xx[6..0]=t[2].as[11..5];

%Суммируем%   

q[2].clk=clk;

q[2].cin=GND;

q[2].a[7..0]=t[2].bs[12..5];

q[2].b[7]=GND; q[2].b[6..0]=d[3].yy[6..0];

%Проверка на получение отрицательного ре�

зультата в доп. коде%

%If (q[2].sum[7]==GND) then???% %То перевод

из доп. кода и постановка знака � (0)%

If (q[2].sum[7]==VCC) then

d[4].clk=clk;

d[4].xx[7]=GND;

d[4].xx[6..0]=q[2].sum[6..0];

mm[12]=GND; mm[11..5]=d[4].yy[6..0];

Else

mm[12]=VCC; mm[11..5]=q[2].sum[6..0];

End If;

mm[4..1]=t[2].as[4..1];%Показательная часть

при вычитании не изменяется. Может быть

t[2].bs[4..1]%
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%Перевод необходим лишь при различных знаках%

ElsIf

((t[2].as[12]==VCC)&(t[2].bs[12]==GND))==VCC then

d[3].clk=clk;

d[3].xx[7]=GND;

d[3].xx[6..0]=t[2].bs[11..5];

%Суммируем%   

q[2].clk=clk;

q[2].cin=GND;

q[2].a[7..0]=t[2].as[12..5];

q[2].b[7]=GND; q[2].b[6..0]=d[3].yy[6..0];

%Проверка на получение отрицательного ре�

зультата в доп. коде%

%If (q[2].sum[7]==GND) then???% %То перевод

из доп. кода и постановка знака � (0)%

If (q[2].sum[7]==VCC) then

d[4].clk=clk;

d[4].xx[7]=GND;

d[4].xx[6..0]=q[2].sum[6..0];

mm[12]=GND; mm[11..5]=d[4].yy[6..0];

Else

mm[12]=VCC; mm[11..5]=q[2].sum[6..0];

End If;

mm[4..1]=t[2].as[4..1];%Показательная часть

при вычитании не изменяется. Может быть

t[2].bs[4..1]%

Else %В случае двух положительных или двух

отрицательных слагаемых%

%Суммируем%   

q[2].clk=clk;

q[2].cin=GND;

q[2].a[6..0]=t[2].bs[11..5];%Восьмой бит �

знаковый%

q[2].b[6..0]=t[2].as[11..5];
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%Проверка на переполнение разрядной сетки

уместна лишь при сложении чисел одного знака%

If (q[2].sum[7]==VCC) then

p[2].clk=clk;

p[2].xxa[11..6]=q[2].sum[6..1];

p[2].xxb[4..1]=t[2].bs[4..1];%можно и

t[1].as[4..1]%

mm[12]=t[2].bs[12];%можно и t[1].as[12] —

их знак одинаков%

mm[11..1]=p[2].yy[11..1];

Else

mm[12]=t[2].bs[12];%можно и t[1].as[12] —

их знак одинаков% 

mm[11..5]=q[2].sum[6..0];

mm[4..1]=t[2].bs[4..1];%можно и

t[1].as[4..1]%

End If;

End If;

sg.net[12..1]=mm[12..1];

zz[16..1]=sg.out[16..1];

z[12..1]=mm[12..1];

END
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Óâåëè÷åíèå ëîãè÷åñêîé åìêîñòè ÏËÈÑ è ïîÿâëåíèå íîâîé èäåîëîãèè
ïðîåêòèðîâàíèÿ ñèñòåì-íà-êðèñòàëëå (System on Chip) ïðèâåëè ê òîìó, ÷òî
âåäóùèå ïðîèçâîäèòåëè ÏËÈÑ âìåñòå ñ âûïóñêîì íà ðûíîê ñîáñòâåííî
êðèñòàëëîâ ñ ýêâèâàëåíòíîé åìêîñòüþ áîëåå 500 000 âåíòèëåé ñóùåñòâåí-
íî îáíîâèëè ïðîãðàììíîå îáåñïå÷åíèå, ïðåäîñòàâèâ ðàçðàáîò÷èêó âîç-
ìîæíîñòü èñïîëüçîâàòü âñå ïðåèìóùåñòâà íîâûõ ÁÈÑ. Â ñåðåäèíå 1999
ãîäà íà ðûíîê âûøåë ÑÀÏÐ 4-ãî ïîêîëåíèÿ ôèðìû «Altera» — ñèñòåìà
Quartus. 

Îòëè÷èòåëüíûå ñâîéñòâà äàííîãî ïàêåòà:
— Èíòåãðàöèÿ ñ ïðîãðàììíûì îáåñïå÷åíèåì òðåòüèõ ôèðì (Advanced

Tools Integration). Â ðàìêàõ ïðîãðàììû NATIVE LINK îáåñïå÷åíà ñîâìåñ-
òèìîñòü ñ ÑÀÏÐ âåäóùèõ ïðîèçâîäèòåëåé ÏÎ. Ïîääåðæèâàþòñÿ ñòàíäàð-
òû EDIF, SDF, Vital 95, VHDL 1987 è 1993, Verilog HDL.

— Âîçìîæíîñòü êîëëåêòèâíîé ðàáîòû íàä ïðîåêòîì (Workgroup Com-
puting).

— Âîçìîæíîñòü àíàëèçà ñèãíàëîâ «âíóòðè» ÏËÈÑ ñ èñïîëüçîâàíèåì
ôóíêöèè Signal Tap.

— Èòåðàöèîííàÿ êîìïèëÿöèÿ ïðîåêòà, ïîçâîëÿþùàÿ íå èçìåíÿòü óæå
îòëàæåííûå ó÷àñòêè ïðîåêòà (nSTEP Compiler).

— Óëó÷øåííûå ñðåäñòâà ñèíòåçà â àðõèòåêòóðå APEX (CoreSyn).
— Ìíîãîïëàòôîðìåííîñòü (Win NT, Sun, HP).
— Ïîëíàÿ èíòåãðàöèÿ ñèñòåìû.
— Ðàçíîîáðàçèå ñðåäñòâ îïèñàíèÿ ïðîåêòà.
— Ïîääåðæêà ÿçûêîâ îïèñàíèÿ àïïàðàòóðû.
— Internet-ïîääåðæêà.
— Ïîääåðæêà ìåãàôóíêöèé MegaCore.

Ïðèëîæåíèå 1. Ñèñòåìà ïðîåêòèðîâàíèÿ
Quartus
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Â äîïîëíåíèå ê óæå ïðèâû÷íûì ðåäàêòîðàì, èñïîëüçóåìûì â ïàêåòå
MAX+PLUS II, ââåäåí ðåäàêòîð áëîêîâ (Block Editor), ïîçâîëÿþùèé óïðî-
ñòèòü ãðàôè÷åñêîå îïèñàíèå ïðîåêòà, èñïîëüçóÿ ìåõàíèçì ïàðàìåòðèçèðó-
åìûõ áëîêîâ. Ïîóðîâíåâûé ïëàíèðîâùèê (FloorPlan Editor) èìååò âîçìîæ-
íîñòü ðàñïðåäåëÿòü ðåñóðñû êàê âíóòðè ËÁ, òàê è ïî ìåãàáëîêàì. Íîâûì
ñðåäñòâîì, îáëåã÷àþùèì ðàáîòó íàä èåðàðõè÷åñêèì ïðîåêòîì, ÿâëÿåòñÿ
íàâèãàòîð ïðîåêòà (Project Navigator), ïîçâîëÿþùèé ëåãêî îðèåíòèðîâàòü-
ñÿ âî âñåõ ôàéëàõ ïðîåêòà. Óëó÷øåíû âîçìîæíîñòè ñèíòåçà ñ çàäàííûìè
âðåìåííûìè ïàðàìåòðàìè (Time Driven Compilation).

Âîçðàñòàþùåå âíèìàíèå óäåëÿåòñÿ ôóíêöèîíàëüíîìó è ïîâåäåí÷åñêî-
ìó ìîäåëèðîâàíèþ ñ èñïîëüçîâàíèåì ÿçûêîâ îïèñàíèÿ àïïàðàòóðû, â òîì
÷èñëå òåñòèðîâàíèå ïðîåêòîâ èç íåñêîëüêèõ ÏËÈÑ. Íàëè÷èå âñòðîåííîãî
ëîãè÷åñêîãî àíàëèçàòîðà Signal TAP ïîçâîëÿåò ïðîâîäèòü êîíòðîëü ñèãíà-
ëîâ âíóòðè ÏËÈÑ. Ìåõàíèçì ïîäñêàçîê ñîðèåíòèðîâàí íà èñïîëüçîâàíèå
Internet-òåõíîëîãèé.

Äëÿ íîðìàëüíîé ðàáîòû Quartus íà áàçå PC ñîâìåñòèìîãî êîìïüþòåðà
òðåáóåòñÿ ñëåäóþùàÿ àïïàðàòíàÿ ïîääåðæêà:

— ïðîöåññîð ñ òàêòîâîé ÷àñòîòîé íå ìåíåå 400 ÌÃö;
— îò 256 Ìáàéò äî 1 Ãáàéò îïåðàòèâíîé ïàìÿòè;
— 4 Ãáàéò ñâîáîäíîãî ïðîñòðàíñòâà íà æåñòêîì äèñêå;
— Windows NT 4.0 è áîëåå ïîçäíèå âåðñèè;
— ïðèâîä CD-ROM;
— æåëàòåëüíî ìîíèòîð ñ äèàãîíàëüþ íå ìåíåå 17 äþéìîâ;
— óñòàíîâëåííûé Microsoft Internet Explorer 4.0 è áîëåå ïîçäíèå âåðñèè.
K ñîæàëåíèþ, îáúåì êíèãè íå ïîçâîëÿåò ïîëíîñòüþ è ïîäðîáíî èçëî-

æèòü îñîáåííîñòè ðàáîòû ñ ïàêåòîì, íî â ïëàíàõ àâòîðà íàïèñàíèå îòäåëü-
íîé  êíèãè ïî íîâûì ÑÀÏÐ ðàçðàáîòêè ÏËÈÑ.

Ïðèëîæåíèÿ
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Ïðèëîæåíèå 2. Èíòåðôåéñû ïåðåäà÷è 
äàííûõ è ñîïðÿæåíèå 
óñòðîéñòâ

Ïðèëîæåíèÿ

Â ýòîì ïðèëîæåíèè ðàññìîòðèì âîïðîñû âûáîðà è èñïîëüçîâàíèÿ
ñòàíäàðòíûõ ïðîòîêîëîâ è èíòåðôåéñîâ ïåðåäà÷è äàííûõ, èñïîëüçóåìûõ â
ñîâðåìåííîé àïïàðàòóðå îáðàáîòêè ñèãíàëîâ. 

Ñ çàäà÷åé ðàçðàáîòêè óñòðîéñòâ îáìåíà äàííûìè â òîé èëè èíîé ìåðå
ñòàëêèâàëñÿ ïðàêòè÷åñêè êàæäûé ðàçðàáîò÷èê. Â ñëó÷àå âûáîðà ïðîòîêîëà
äëÿ íîâîãî èçäåëèÿ âñåãäà âñòàåò âîïðîñ î êîìïðîìèññå ìåæäó ñëîæíîñòüþ
àïïàðàòíûõ ñðåäñòâ èíòåðôåéñà («àìóíèöèè») è ïðîòîêîëîì ïåðåäà÷è äàííûõ
(«êîíñòèòóöèè»). Kðîìå òîãî, ïðèñìàòðèâàÿñü ê íîâîìîäíîìó èíòåðôåéñó, íå
ñëåäóåò çàáûâàòü, ÷òî î÷åíü ÷àñòî â íàøèõ ñêðîìíûõ çàäà÷àõ äîñòàòî÷íî âîç-
ìîæíîñòåé ñòàðûõ äîáðûõ RS-232 èëè RS-485, ðåàëèçàöèÿ êîòîðûõ ê òîìó æå
èñêëþ÷èòåëüíî äåøåâà è ìíîãîêðàòíî îòðàáîòàíà. 

Ïîñëåäíèå íåñêîëüêî ëåò, ïîìèìî ïðî÷èõ ïðåëåñòåé, ïðèíåñëè ðàçðàáîò-
÷èêó è öåëûé ðÿä íîâûõ èíòåðôåéñîâ, ïîçâîëÿþùèõ áåç ïîìåõ ïåðåäàâàòü
áîëüøèå îáúåìû èíôîðìàöèè íà çíà÷èòåëüíîå ðàññòîÿíèå. Ñîâðåìåííûå
ÏËÈÑ èìåþò âñòðîåííóþ àïïàðàòíóþ ðåàëèçàöèþ òàêèõ èíòåðôåéñîâ, êàê
GTL, LVDS, ïðàêòè÷åñêè âñÿ ñîâðåìåííàÿ ýëåìåíòíàÿ áàçà óñòðîéñòâ îáðà-
áîòêè ñèãíàëîâ ðàññ÷èòàíà íà íàïðÿæåíèå ïèòàíèÿ íå âûøå 3.3 Â, ÷òî âû-
çûâàåò íåîáõîäèìîñòü ðàçðàáîòêè ñïîñîáîâ ñîïðÿæåíèÿ óêàçàííûõ èíòåð-
ôåéñîâ ñ òðàäèöèîííûìè. Â òî æå âðåìÿ íà ðóññêîì ÿçûêå ïðàêòè÷åñêè îò-
ñóòñòâóåò ëèòåðàòóðà ïî ýòîìó âîïðîñó. Ðÿä êîìïàíèé âûïóñòèë ðóêîâîäñò-
âà ïî ïðèìåíåíèþ ÈÑ äëÿ ðåàëèçàöèè òåõíè÷åñêèõ ñðåäñòâ èíòåðôåéñà, íî,
ê ñîæàëåíèþ, îíè íå âñåãäà äîñòóïíû ðîññèéñêîìó ÷èòàòåëþ.

Íà Ðèñ. Ï2.1 ïðåäñòàâëåíû îáëàñòè èñïîëüçîâàíèÿ ðàçëè÷íûõ èíòåð-
ôåéñîâ ïåðåäà÷è äàííûõ â êîîðäèíàòàõ ðàññòîÿíèå — ñêîðîñòü ïåðåäà÷è.
Kàê ìîæíî çàìåòèòü, åñëè òðåáóåòñÿ ïåðåäà÷à èíôîðìàöèè íà ðàññòîÿíèå
áîëüøå íåñêîëüêèõ äåñÿòêîâ ñàíòèìåòðîâ, ñòàíäàðòíûå ëîãè÷åñêèå óðîâ-
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íè ïåðåñòàþò óäîâëåòâîðÿòü. Íà ïîìîùü ïðèõîäÿò ñïåöèàëèçèðîâàííûå
ïðîòîêîëû. Kàêîé æå èç íèõ âûáðàòü äëÿ ðàçðàáàòûâàåìîé ñèñòåìû? Kàêàÿ
ýëåìåíòíàÿ áàçà ïîçâîëèò ðåàëèçîâàòü åãî àïïàðàòíî? Kàêèå îñîáåííîñòè
ïðèìåíåíèÿ äàííîãî èíòåðôåéñà? Îòâåò íà ýòè âîïðîñû ïðåäñòîèò äàòü â
ýòîì ðàçäåëå êíèãè.

Ïðè âûáîðå ïðîòîêîëà ïåðåäà÷è äàííûõ ñëåäóåò îáðàùàòü âíèìàíèå íà
íåñêîëüêî îñíîâíûõ ïàðàìåòðîâ. Ýòî ñêîðîñòü ïåðåäà÷è äàííûõ, ðàññòîÿ-
íèå ìåæäó èñòî÷íèêîì è ïðèåìíèêîì äàííûõ, çàðàíåå çàäàííûå óðîâíè
ñèãíàëîâ, ñîâìåñòèìîñòü, âèä èíòåðôåéñà (ïàðàëëåëüíûé èëè ïîñëåäîâà-
òåëüíûé). Â Òàáë. Ï2.1 ïðèâåäåíû êðàòêàÿ õàðàêòåðèñòèêà èíòåðôåéñîâ è
äàííûå îá îñíîâíûõ ïðîèçâîäèòåëÿõ ÈÑ, ïîääåðæèâàþùèõ äàííûé èí-
òåðôåéñ. Ðàçóìååòñÿ, ïîñëåäíèé ñòîëáåö îòðàæàåò ëèøü ìàëóþ äîëþ ñó-
ùåñòâóþùèõ ðåøåíèé; â òåõ ñëó÷àÿõ, êîãäà ïðîèçâîäèòåëåé ñëèøêîì ìíî-
ãî, â òàáëèöå ñêðîìíî óêàçàíî ñåìåéñòâî ÈÑ.

Ïî ñïîñîáó îðãàíèçàöèè ïåðåäà÷è äàííûõ ðàçëè÷àþò îäíîïðîâîäíûå
(single-ended) è äèôôåðåíöèàëüíûå (differential) èíòåðôåéñû. Íà Ðèñ. Ï2.2
ïðèâåäåíà îáîáùåííàÿ ñõåìà îäíîïðîâîäíîãî èíòåðôåéñà.

Ïðèëîæåíèÿ

A
LT

'P
2�

18
0+

CML

IEEE 1394

TIA/EIA�644
LVDS

TIA/EIA � 232
(RS � 232)

TIA/EIA � 423
(RS � 423)

GTLP

GTL/BTL

1 10 100 1000

2500

655

400

35

10

1

0.1

0.01

Стандартная
логика

Скорость
передачи
данных
[Мбит/с]

Длина кабеля [м]

TIA/EIA � 422 (RS � 422)

TIA/EIA � 485 (RS � 485)

Ðèñ. Ï2.1. Îáëàñòè ïðèìåíåíèÿ èíòåðôåéñîâ ïåðåäà÷è äàííûõ
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Òàáëèöà Ï2.1. Èíòåðôåéñû ïåðåäà÷è äàííûõ

Ïðèëîæåíèÿ

Òèï èíòåðôåéñà

Ñêîðîñòü
ïåðåäà÷è

äàííûõ ïî îäíîé
ëèíèè

Ðàññòîÿíèå
ìåæäó

èñòî÷íèêîì è
ïðèåìíèêîì

äàííûõ

Ñòàíäàðò

Ïðîèçâîäèòåëè
ýëåìåíòíîé áàçû,
ïîääåðæèâàþùèå

èíòåðôåéñ èëè
ñåìåéñòâî ÈÑ

Ïîñëå-
äîâàòåëüíûé

25/50 Ìáèò/ñ 1.5 ì IEEE1394 – 1995 Texas Instruments,
Intel, è äð.

100-400 Ìáèò/ñ 4.5 ì IEEE1394 –
1995/p1394.a

Texas Instruments,
Intel, è äð.

12 Ìáèò/ñ 5 ì USB 2.0 Texas Instruments,
Intel, è äð.

35 Ìáèò/ñ 10 ì (1200 ì)
TIA/EIA 485

(RS-485)
(ISO8482)

Texas Instruments,
Analog Devices,

Ìaxim, Sipex, è äð.

200 Ìáèò/ñ 0.5 ì LVDM (â
ðàçðàáîòêå) LVDM

10 Ìáèò/ñ 10 ì (1200 ì)
TIA/EIA 422

(RS-422) 
(ITU-T V.11)

Texas Instruments,
Analog Devices,

Ìaxim, Sipex, è äð.

200/100 Ìáèò/ñ 0.5 ì/10 ì
TIA/EIA 644

(LVDS) (â
ðàçðàáîòêå)

LVDS

512 êáèò / ñ 20 ì TIA/EIA 232 (RS-
232) (ITU-T V.28)

Texas Instruments,
Analog Devices,

Ìaxim, Sipex, è äð.

Ïàðàëëåëüíî-
ïîñëå-

äîâàòåëüíûé,
ïîñëåäîâàòåëüíî-

ïàðàëëåëüíûé

455 Ìáèò/ñ Äî 10 ì TIA/EIA 644
(LVDS)

Texas Instruments, è
äð.

1,25 Ãáèò/ñ Äî 10 ì IEEE P802.3z Texas Instruments, è
äð.

2,5 Ãáèò/ñ Äî 10 ì IEEE P802.3z Texas Instruments, è
äð.

Ïàðàëëåëüíûé

35 Ìáèò/ñ 10 ì (1200 ì) TIA/EIA 485 (RS-
485) (ISO8482)

Texas Instruments,
Analog Devices,

Ìaxim, Sipex, è äð.

40/20 Ìáèò/ñ 12/25 ì SCSI Ìíîãèå
ïðîèçâîäèòåëè

40 Ìáèò/ñ 12 ì LVD- SCSI Ìíîãèå
ïðîèçâîäèòåëè

33/66 Ìáèò/ñ

200/100 Ìáèò/ñ

0.2 ì

0.5/10 ì

Compact PCI

LVDM (â
ðàçðàáîòêå)

TI, PLX,  ðàçðàáîò-
÷èêè ïðîøèâîê äëÿ

ÏËÈÑ

LVDM
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Ïðè îäíîïðîâîäíîé ïåðåäà÷å äàííûõ èñïîëüçóåòñÿ îäíà ñèãíàëüíàÿ ëè-
íèÿ, è åå ëîãè÷åñêèé óðîâåíü îïðåäåëÿåòñÿ îòíîñèòåëüíî çåìëè. Äëÿ ïðî-
ñòûõ ìåäëåííûõ èíòåðôåéñîâ äîïóñêàåòñÿ èñïîëüçîâàíèå îáùåé çåìëè. Â
áîëåå ñîâåðøåííûõ èíòåðôåéñàõ êàæäûé ñèãíàëüíûé ïðîâîä èìååò ñâîþ
çåìëþ, è, êàê ïðàâèëî, îíè îáúåäèíÿþòñÿ â âèòóþ ïàðó. Ïðåèìóùåñòâîì
îäíîïðîâîäíûõ ñèñòåì ÿâëÿåòñÿ ïðîñòîòà è äåøåâèçíà ðåàëèçàöèè. Ïî-
ñêîëüêó êàæäàÿ ëèíèÿ ïåðåäà÷è äàííûõ òðåáóåò òîëüêî îäíîãî ñèãíàëüíîãî
ïðîâîäà, îíè óäîáíû äëÿ ïåðåäà÷è ïàðàëëåëüíûõ äàííûõ íà íåáîëüøîå
ðàññòîÿíèå. Ïðèìåðîì ìîæåò ñëóæèòü ïðèâû÷íûé ïàðàëëåëüíûé èíòåð-
ôåéñ ïðèíòåðà. Äðóãîé ïðèìåð — ïîñëåäîâàòåëüíûé èíòåðôåéñ RS-232.
Kàê âèäèì, îäíîïðîâîäíûå èíòåðôåéñû ÷àñòî ïðèìåíÿþòñÿ â òåõ ñëó÷àÿõ,
êîãäà ðåøàþùèì ôàêòîðîì ÿâëÿåòñÿ ñòîèìîñòü ðåàëèçàöèè. Îñíîâíûì íå-

Ïðèëîæåíèÿ

SSTLEIA/JESD8-8,
EIA/JESD8-90.1 ìÒàêòîâàÿ ÷àñòîòà

äî 200 ÌÃö

GTLPJESD8-30.5 ìÒàêòîâàÿ ÷àñòîòà
äî 100 ÌÃö

GTL/GTL+JESD8-30.5 ìÒàêòîâàÿ ÷àñòîòà
äî 60 ÌÃö

BTL/FB+IEEE Std 1194.1 –
19910.5 ìÒàêòîâàÿ ÷àñòîòà

äî 60 ÌÃö

ABTE
VME64 Standart
ANSI/VITA1 –

1991
0.5 ìÒàêòîâàÿ ÷àñòîòà

äî 40 ÌÃö

LVTH, ALVTLVTTL (JED8-A),
IEEE 1014 – 19870.5 ìÒàêòîâàÿ ÷àñòîòà

äî 33 ÌÃö

AC, AHC, ABT,
HC, HCT è äð.

CMOS, JESD20,
TTL, IEEE 1014 –

1987
0.5 ìÒàêòîâàÿ ÷àñòîòà

äî 20 ÌÃö

AC1284,
LVC161284
LV161284

IEEE Std 1284 –
199410 ìÒàêòîâàÿ ÷àñòîòà

äî 4 ÌÃö 

TI, PLX,
ðàçðàáîò÷èêè
ïðîøèâîê äëÿ

ÏËÈÑ

PCI0.2 ì33/66 Ìáèò/ñ

Ïàðàëëåëüíûé

Ïðîèçâîäèòåëè
ýëåìåíòíîé áàçû,
ïîääåðæèâàþùèå

èíòåðôåéñ èëè
ñåìåéñòâî ÈÑ

Ñòàíäàðò

Ðàññòîÿíèå
ìåæäó

èñòî÷íèêîì è
ïðèåìíèêîì

äàííûõ

Ñêîðîñòü
ïåðåäà÷è

äàííûõ ïî îäíîé
ëèíèè

Òèï èíòåðôåéñà

Òàáëèöà Ï2.1 (îêîí÷àíèå)
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äîñòàòêîì îäíîïðîâîäíûõ ñèñòåì ÿâëÿåòñÿ èõ íèçêàÿ ïîìåõîóñòîé÷èâîñòü.
Èç-çà íàâîäîê íà îáùèé ïðîâîä âîçìîæåí ñäâèã óðîâíåé ñèãíàëîâ, ïðèâî-
äÿùèé ê îøèáêàì. Ïðè ïåðåäà÷å íà ðàññòîÿíèå ïîðÿäêà íåñêîëüêèõ ìåòðîâ
íà÷èíàþò îêàçûâàòü âëèÿíèå èíäóêòèâíîñòü è åìêîñòü ïðîâîäîâ. 

Ïðåîäîëåòü óêàçàííûå íåäîñòàòêè ñìîãëè äèôôåðåíöèàëüíûå ñèñòå-
ìû. Íà Ðèñ. Ï2.3 ïðèâåäåíà ïðèíöèïèàëüíàÿ ñõåìà ðåàëèçàöèè äèôôåðåí-
öèàëüíîé ïåðåäà÷è äàííûõ.

Äëÿ áàëàíñíîé äèôôåðåíöèàëüíîé ïåðåäà÷è äàííûõ èñïîëüçóåòñÿ ïàðà
ïðîâîäîâ. Íà ïðèåìíîì êîíöå ëèíèè âû÷èñëÿåòñÿ ðàçíîñòü ìåæäó ñèãíà-
ëàìè. Çàìåòèì, ÷òî òàêîé ñïîñîá ïåðåäà÷è äàííûõ ïðèãîäåí íå òîëüêî äëÿ
öèôðîâûõ, íî è äëÿ àíàëîãîâûõ ëèíèé ïåðåäà÷è. ßñíî, ÷òî ïðè äèôôåðåí-
öèàëüíîé ïåðåäà÷å óäàåòñÿ â çíà÷èòåëüíîé ìåðå ïîäàâèòü ñèíôàçíóþ ïî-
ìåõó. Îòñþäà ñëåäóåò îñíîâíîå äîñòîèíñòâî äèôôåðåíöèàëüíûõ ïðîòîêî-
ëîâ ïåðåäà÷è — âûñîêàÿ ïîìåõîóñòîé÷èâîñòü. Íåäàðîì îäèí èç ñàìûõ
ðàñïðîñòðàíåííûõ ïðîòîêîëîâ â ïðîìûøëåííûõ êîìïüþòåðàõ  RS-485 ïî-
ñòðîåí ïî äèôôåðåíöèàëüíîé ñõåìå. Íåäîñòàòêîì äèôôåðåíöèàëüíûõ
ñõåì ÿâëÿåòñÿ èõ îòíîñèòåëüíî âûñîêàÿ ñòîèìîñòü, à òàêæå ñëîæíîñòè ïðè
âûïîëíåíèè ïàðíûõ ñîãëàñîâàííûõ êàñêàäîâ ïåðåäàò÷èêîâ è ïðèåìíèêîâ.

Ðàññìîòðèì ôèçè÷åñêèå ïàðàìåòðû èíòåðôåéñîâ. Â ëèòåðàòóðå ïðèíÿ-
òî ñëåäóþùåå îáîçíà÷åíèå óðîâíåé:

Ïðèëîæåíèÿ

Ðèñ. Ï2.2. Îäíîïðîâîäíûé èíòåðôåéñ

A
LT

'P
2�

18
1+

Вход

Передатчик
Линия

передачи

Приемник

Выход

Общая «земля»

VCM

V0 VIN
VGND

A
LT

'P
2�

18
2+

Вход

Дифференциальный
передатчик

Дифференциальный
приемник

Выход

VCM

VCM

VDiff

VGND

Линия
передачи

Ðèñ. Ï2.3. Äèôôåðåíöèàëüíûé èíòåðôåéñ.
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VIH — âõîäíîå íàïðÿæåíèå ÂÛÑÎKÎÃÎ óðîâíÿ (ëîãè÷åñêîé åäèíèöû);
VIL — âõîäíîå íàïðÿæåíèå ÍÈÇKÎÃÎ óðîâíÿ (ëîãè÷åñêîãî íóëÿ);
VOH — âûõîäíîå íàïðÿæåíèå ÂÛÑÎKÎÃÎ óðîâíÿ (ëîãè÷åñêîé åäèíèöû);
VOL — âûõîäíîå íàïðÿæåíèå ÍÈÇKÎÃÎ óðîâíÿ (ëîãè÷åñêîãî íóëÿ).
Íà Ðèñ. Ï2.4 ïðèâåäåíû ëîãè÷åñêèå óðîâíè äëÿ îäíîïðîâîäíûõ èíòåð-

ôåéñîâ, à íà Ðèñ. Ï2.5 — äëÿ äèôôåðåíöèàëüíûõ.
Äàëåå ìû ðàññìîòðèì íåñêîëüêî ñîâðåìåííûõ èíòåðôåéñîâ.
Èíòåðôåéñ TIA/EIA-644 (LVDS — Low Voltage Differential Signaling)

èñïîëüçóåòñÿ â ñêîðîñòíûõ ñèñòåìàõ ïåðåäà÷è äàííûõ. Èíòåðôåéñ LVDS
èñïîëüçóåò äèôôåðåíöèàëüíóþ ïåðåäà÷ó äàííûõ ñ äîâîëüíî íèçêèìè
óðîâíÿìè ñèãíàëîâ. Ðàçíîñòü ñèãíàëîâ ñîñòàâëÿåò 300 ìÂ, ëèíèè íàãðóæà-
þòñÿ ñîïðîòèâëåíèåì 100 Îì. Âûõîäíîé òîê ïåðåäàò÷èêà ñîñòàâëÿåò îò
2.47 äî 4.54 ìÀ. Èíòåðôåéñ TIA/EIA-644 îáëàäàåò ëó÷øèìè õàðàêòåðèñòè-
êàìè ïîòðåáëåíèÿ ïî ñðàâíåíèþ ñ TIA/EIA-422 è ìîæåò ñëóæèòü åãî çàìå-
íîé â íîâûõ ðàçðàáîòêàõ. Ìàêñèìàëüíàÿ ñêîðîñòü ïåðåäà÷è äàííûõ ñî-
ñòàâëÿåò 655 Ìáèò/ñ. Äîñòîèíñòâî äàííîãî èíòåðôåéñà — ïðååìñòâåí-
íîñòü ÈÑ ïðèåìîïåðåäàò÷èêîâ ïî ðàçâîäêå ñ äðàéâåðàìè õîðîøî èçâåñò-

Ïðèëîæåíèÿ

A
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0
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0.5
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GND
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2.1

1.62
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1.55

1.1

GTL
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0.75
0.8

0.85

0
GND

  0.55
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0.95
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0
GND
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0 GND

5
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0

3

2.5V CMOS
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1.25

0.2
0
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GND

0.2xVCC
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0 GND

2.4

0.6
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Vt
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VOH

VCC VCC

VCC

VOH

VIH

Vt

0.8 VIL

0.4 VOL

VOH
VCC
VOH

VIH

Vt

VOL

VIL

VOL

VOH

VOL

VIL

Vt

VIH

VOH

VOL
VIL

Vt

VIH

VOH

Vt,Vref

VOL

VIH

VOL

Vref

VIL
VIL

VIH
VOH

VOH

VIH

Vt

VIL

VOL

Ðèñ. Ï2.4. Óðîâíè ñèãíàëîâ â îäíîïðîâîäíûõ èíòåðôåéñàõ
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íûõ è ïðèìåíÿåìûõ èíòåðôåéñîâ RS-422 è RS-485. Äàííûé ïîäõîä ïîçâî-
ëÿåò èñïîëüçîâàòü íîâûå èíòåðôåéñû â óæå ðàçðàáîòàííûõ ïëàòàõ [5], ÷òî
îáëåã÷àåò ïåðåõîä íà íîâóþ ýëåìåíòíóþ áàçó.

Èíòåðôåéñ LVDS ïîääåðæèâàþò ìíîãèå ñîâðåìåííûå ÏËÈÑ, òàêèå
êàê APEX ôèðìû «Altera», Virtex  ôèðìû «Xilinx» è ðÿä äðóãèõ. Òèïè÷-
íûìè ïðåäñòàâèòåëÿìè äðàéâåðîâ ýòîãî èíòåðôåéñà ÿâëÿþòñÿ ÈÑ
SN65LVDS31/32, SN65LVDS179 ôèðìû «Texas Instruments». Ïî ýëåêòðè-
÷åñêèì ñâîéñòâàì ê èíòåðôåéñó LVDS ïðèìûêàåò èíòåðôåéñ LVDM.
Ýòîò ïðîòîêîë ïîääåðæèâàþò ÈÑ SN65LVDM176, SN65LVDM050.

Ïðè ïðîåêòèðîâàíèè îäíîïðîâîäíûõ èíòåðôåéñîâ îäíîé èç öåíòðàëü-
íûõ ïðîáëåì ÿâëÿåòñÿ ñîïðÿæåíèå ðàçëè÷íûõ óñòðîéñòâ ñ îáúåäèíèòåëü-
íîé èëè êðîññ-ïëàòîé (backplane systems), îñîáåííî åñëè òðåáóåòñÿ «ãîðÿ-
÷àÿ çàìåíà» óçëîâ. Kàê ïðàâèëî, íà îáúåäèíèòåëüíîé ïëàòå ïðèíÿòû åäè-
íûå óðîâíè ñèãíàëîâ, è çàäà÷à ðàçðàáîò÷èêîâ ïåðèôåðèéíûõ ïëàò ñîñòîèò
â ïðàâèëüíîì âûáîðå ñðåäñòâ ñîïðÿæåíèÿ. Ñëåäóåò çàìåòèòü, ÷òî çà äîë-
ãóþ èñòîðèþ ÒÒË-óðîâíè ñòàëè ñòàíäàðòîì äå-ôàêòî äëÿ îáúåäèíèòåëü-
íûõ ïëàò è âíóòðèôèðìåííûõ (èëè âíóòðèâåäîìñòâåííûõ) èíòåðôåéñîâ.
Ïîýòîìó ïðè ðàçâèòèè ñóùåñòâóþùèõ ñèñòåì  è ïðèìåíåíèè íîâîé ýëå-
ìåíòíîé áàçû âîçíèêàåò íåîáõîäèìîñòü â ñîïðÿæåíèè íîâûõ ïëàò ñ îáùåé
øèíîé. Äëÿ ýòèõ öåëåé ñóùåñòâóåò öåëûé íàáîð ðåøåíèé.
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Kàê èçâåñòíî, êëàññè÷åñêèå ÒÒË- è KÌÎÏ-ñåìåéñòâà ÈÑ îáåñïå÷èâà-
þò òîê íàãðóçêè äî 24 ìÀ ïðè ìèíèìàëüíîì èìïåäàíñå ëèíèè  50 Îì. Ñ
ïîÿâëåíèåì ÁèKÌÎÏ-òåõíîëîãèè ñòàëî âîçìîæíûì äîñòèãíóòü âûõîäíî-
ãî òîêà — 32/64 ìÀ è ðàáîòû íà ëèíèþ ñ èìïåäàíñîì 25 Îì. Äëÿ ýòèõ öå-
ëåé ïðèñïîñîáëåíî ñåìåéñòâî ÈÑ SN74ABT25xxx. Äàííûå ìèêðîñõåìû
ìîãóò áûòü òàêæå èñïîëüçîâàíû â ñèñòåìàõ òàê íàçûâàåìîé «ãîðÿ÷åé çàìå-
íû» ìîäóëåé, ñúåìíûå ìîäóëè ìîãóò ïîäêëþ÷àòüñÿ èëè îòêëþ÷àòüñÿ ïî
õîäó ðàáîòû ïðèáîðà. 

Ïðè ïðîåêòèðîâàíèè ïîäêëþ÷àåìûõ ìîäóëåé íåîáõîäèìî âûïîëíèòü
íåñêîëüêî òðåáîâàíèé, êîòîðûå, âî-ïåðâûõ, ïðåäóïðåäÿò ïîëîìêó ìîäóëÿ
ïðè ïîäêëþ÷åíèè ê ðàáîòàþùåé ñèñòåìå è, âî-âòîðûõ, íå ïðèâåäóò ê ñáî-
ÿì â ðàáîòå ñèñòåìû. Èíòåðôåéñ ìåæäó ïîäêëþ÷àåìûì è îñíîâíûì ìîäó-
ëÿìè ñîñòîèò èç øèí ïèòàíèÿ, çåìëè è ñèãíàëüíûõ øèí. Ìîäåëü ìèêðî-
ñõåìû, ïîäêëþ÷àåìîé ê ñèñòåìå, ïîêàçàíà íà Ðèñ. Ï2.6.

Çàùèòà âõîäîâ è âûõîäîâ ìèêðîñõåì îñóùåñòâëÿåòñÿ ñ èñïîëüçîâàíè-
åì äèîäíûõ êëþ÷åé. Äèîä D1 çàùèùàåò ìèêðîñõåìó îò ýëåêòðîñòàòè÷åñ-
êèõ ðàçðÿäîâ, îãðàíè÷èâàÿ íàïðÿæåíèå íà âõîäå ìèêðîñõåìû. Ýòîãî äèîäà

íåò â  ìèêðîñõåìàõ ñåìåéñòâ ÒÒË,
ÝÑË è ÁèKÌÎÏ. Äèîä D2 —  ïàðà-
çèòíûé äèîä, ïîÿâëåíèå êîòîðîãî
ïðåäîïðåäåëåíî ñòðóêòóðîé âõîäà
ìèêðîñõåì. Â öèôðîâûõ ìèêðîñõå-
ìàõ äîïîëíèòåëüíî ê ýòîìó äèîäó
ñòàâÿò åùå îäèí ñ ìåíüøèì ñîïðî-
òèâëåíèåì äëÿ òîãî, ÷òîáû îãðàíè÷è-
âàòü ïèêè íàïðÿæåíèÿ, ìåíüøèå
óðîâíÿ ëîãè÷åñêîãî íóëÿ. Ýòîò äèîä
òàêæå çàùèùàåò âõîä ìèêðîñõåìû îò
ýëåêòðîñòàòè÷åñêîãî ðàçðÿäà.  Î÷åíü
÷àñòî äëÿ çàùèòû âõîäîâ öèôðîâûõ
ñõåì ïðèìåíÿþò äèîäíóþ ñáîðêó
BAV99. Íåäàâíî â ñåòè îáíàðóæèëñÿ
ñàéò, öåëèêîì ïîñâÿùåííûé ýòîìó
îáúåêòó (www.bav99.al.ru).

Äëÿ çàùèòû âûõîäîâ èñïîëüçóþò-
ñÿ äèîäû D3 è D4. Äèîä D3 èñïîëüçó-
åòñÿ â ìèêðîñõåìàõ KÌÎÏ äëÿ çà-
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ùèòû îò ýëåêòðîñòàòè÷åñêèõ ðàçðÿ-
äîâ. Äèîä D4 çàùèùàåò îò íàïðÿæå-
íèÿ íà âûõîäå, êîòîðîå ìåíüøå óðîâ-
íÿ ëîãè÷åñêîãî íóëÿ.

Ïðè ðàçðàáîòêå ïîäêëþ÷àåìûõ
ìîäóëåé ëó÷øå èñïîëüçîâàòü ìèêðî-
ñõåìû ÁèKÌÎÏ, ïîñêîëüêó îíè  âû-
ãîäíî îòëè÷àþòñÿ îò ïðî÷èõ òåì, ÷òî
èìåþò ñõåìó (Ðèñ. Ï2.7), êîòîðàÿ
äåðæèò âûõîä ìèêðîñõåìû â ñîñòîÿ-
íèè âûñîêîãî èìïåäàíñà â ìîìåíò
âêëþ÷åíèÿ ìèêðîñõåìû. Ýòà öåïü
ñëåäèò çà íàïðÿæåíèåì ïèòàíèÿ è ñîñòîèò èç äâóõ äèîäîâ D1 è D2 è òðàí-
çèñòîðà VT1, íà áàçó êîòîðîãî ïîäàåòñÿ íàïðÿæåíèå. Ïðè íàïðÿæåíèè ïè-
òàíèÿ, êîòîðîå ìåíüøå óñòàíîâëåííîãî (íàïðèìåð äëÿ ñåðèè ABT/BCT
VCOFF ~ 2.5 Â, äëÿ LVT VCOFF ~ 1.8 Â), âûõîä ýòîé öåïè ïåðåõîäèò â ñîñòî-
ÿíèå ëîãè÷åñêîé åäèíèöû. Ïðè ýòîì îí îòêëþ÷àåò ñèãíàë íà âûõîäå ìèêðî-
ñõåìû, íåçàâèñèìî îò ñèãíàëà, êîòîðûé ïðèñóòñòâóåò íà âõîäå. Ýòî ñâîéñòâî
ìèêðîñõåì ÁèKÌÎÏ ãàðàíòèðóåò, ÷òî ïîâåäåíèå ñõåìû ïðåäñêàçóåìî äàæå
ïðè î÷åíü íèçêîì íàïðÿæåíèè ïèòàíèÿ. 

Ïðè ãîðÿ÷åì ïîäêëþ÷åíèè ìîäóëÿ ïîâåäåíèå ñèñòåìû áóäåò ïðåäñêàçó-
åìî, åñëè ñîáëþäàþòñÿ ïî êðàéíåé ìåðå äâà óñëîâèÿ:

— íà ðàçúåìå åñòü îäèí èëè íåñêîëüêî êîíòàêòîâ çåìëè, óäëèíåííûõ
îòíîñèòåëüíî äðóãèõ êîíòàêòîâ;

— èíòåðôåéñ ñîñòîèò òîëüêî èç áèïîëÿðíûõ èëè ÁèKÌÎÏ-ìèêðîñõåì
ñ òðèñòàáèëüíûìè âûõîäàìè èëè ñ âûõîäàìè ñ îòêðûòûì êîëëåêòîðîì. 

Ïðîáëåìà êîíôëèêòîâ íà øèíå ñòîèò îñîáåííî îñòðî, êîãäà âñòðå÷àþò-
ñÿ âûõîäíûå ñèãíàëû ðàçíûõ óðîâíåé — ÍÈÇKÎÃÎ è ÂÛÑÎKÎÃÎ. Íà
Ðèñ. Ï2.8 ïîêàçàí ýòîò ïðîöåññ. Òîê, êîòîðûé âîçíèêàåò â ðåçóëüòàòå êîí-
ôëèêòà, äîñòèãàåò 120 ìÀ, è â ýòîé áîðüáå âûæèâàåò òà ìèêðîñõåìà, êîòî-
ðàÿ èìååò íà âûõîäå ÍÈÇKÈÉ óðîâåíü. Ìèêðîñõåìà ñ ÂÛÑÎKÈÌ óðîâ-
íåì íà âûõîäå ðàáîòàåò â ðåæèìå êîðîòêîãî çàìûêàíèÿ è ñãîðàåò. 

Äëÿ òîãî, ÷òîáû èçáåæàòü òàêîãî  êîíôëèêòà, íóæíà äîïîëíèòåëüíàÿ
ñõåìà, êîòîðàÿ âî âðåìÿ âêëþ÷åíèÿ ïèòàíèÿ äåðæàëà áû âûõîäû â ñîñòîÿ-
íèè âûñîêîãî èìïåäàíñà. 

Îñíîâíûì ýëåìåíòîì ýòîé ñõåìû ìîæåò áûòü ÈÑ TLC7705. Òàêèå ìè-
êðîñõåìû èñïîëüçóþòñÿ äëÿ ãåíåðàöèè ñèãíàëà RESET ïðè âêëþ÷åíèè
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ïðèáîðà. Â íàøåì ñëó÷àå âûâîäû ýòîé ìèêðîñõåìû ïîäêëþ÷àþòñÿ ê âõî-
äàì ðàçðåøåíèÿ øèííûõ ôîðìèðîâàòåëåé. Âî âðåìÿ èíèöèàëèçàöèè èëè
âêëþ÷åíèÿ ìîäóëÿ ñèãíàë RESET ïåðåâîäèò âûõîäû ìèêðîñõåì â òðåòüå
ñîñòîÿíèå. Ïðè ñîçäàíèè òàêèõ ñõåì óäîáíî èñïîëüçîâàòü ìèêðîñõåìû, êî-
òîðûå èìåþò äâà âõîäà ENABLE (íàïðèìåð SN74ABT541). Ýòî ðåøåíèå
ïîêàçàíî íà Ðèñ. Ï2.9.

Ñóùåñòâóþò øèííûå ôîðìèðîâàòåëè, êîòîðûå óæå ñîäåðæàò â ñåáå
âñå íåîáõîäèìûå äëÿ çàùèòû îò øèííûõ êîíôëèêòîâ êîìïîíåíòû —
êîììóòàòîðû è ðåçèñòîðû. Ýòè ìèêðîñõåìû âûïóñêàþòñÿ â äâóõ ñåðèÿõ:
ETL (Enhanced Transceiver Logic, ñåðèÿ SN74ABTE) è BTL (Backplane
Transceiver Logic, ñåðèÿ SN74FB).

Ìèêðîñõåìû ñåðèè ETL èìåþò äîïîëíèòåëüíûé âûâîä äëÿ ïîäêëþ÷å-
íèÿ íàïðÿæåíèÿ çàðÿäêè âûõîäíîé åìêîñòè ìèêðîñõåìû, îáû÷íî íàçûâàå-
ìûé VCCBIAS. Îí ïèòàåò ñõåìó, çàðÿæàþùóþ êîíäåíñàòîð âî âðåìÿ âêëþ-
÷åíèÿ ìîäóëÿ. 

Íà Ðèñ. Ï2.10 ïîêàçàíà ñõåìà èíòåðôåéñà ñ èñïîëüçîâàíèåì ìèêðîñõå-
ìû ETL. Â ìîìåíò âêëþ÷åíèÿ ìîäóëÿ ïîñëå ïîäñîåäèíåíèÿ êîíòàêòîâ
VCC1 è GND íà ìèêðîñõåìå U3 ïîÿâëÿåòñÿ íàïðÿæåíèå VCCBIAS. Îäíîâðå-
ìåííî âêëþ÷àþòñÿ ìèêðîñõåìû U2 è U1 è ñèãíàëîì OE îòêëþ÷àþò âûõî-
äû øèííîãî ôîðìèðîâàòåëÿ îò øèíû. 
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Áðîñêè íàïðÿæåíèÿ â öåïÿõ ïèòà-
íèÿ ñèñòåìû ïðè ïîäêëþ÷åíèè ìîäóëÿ
ïîÿâëÿþòñÿ òî÷íî òàê æå, êàê áðîñêè â
ñèãíàëüíûõ öåïÿõ. Ïðè ýòîì âåëè÷èíà
çàðÿæàåìîé åìêîñòè êîëåáëåòñÿ îò äå-
ñÿòêîâ äî ñîòåí ìêÔ è çàâèñèò îò åìêî-
ñòè áëîêèðóþùèõ êîíäåíñàòîðîâ íà
ïîäêëþ÷àåìîé ïëàòå. Îäèí èç ïóòåé ê
îãðàíè÷åíèþ ñêà÷êà íàïðÿæåíèÿ —
âêëþ÷åíèå â öåïü ïèòàíèÿ êîììóòàòî-
ðà, êîòîðûé ìåäëåííî âêëþ÷àåòñÿ. Íà
Ðèñ. Ï2.11 ïðåäëîæåíà ñõåìà, â êîòîðîé ðîëü êîììóòàòîðà èãðàåò p-ÌÎÏ-
òðàíçèñòîð VT. RC-öåïî÷êà îáåñïå÷èâàåò ìåäëåííîå èçìåíåíèå ñèãíàëà íà
áàçå òðàíçèñòîðà. Äèîä D áûñòðî ðàçðÿæàåò êîíäåíñàòîð ïîñëå òîãî, êàê
ìîäóëü áûë âûêëþ÷åí. 

Ïðåäïîëàãàåòñÿ, ÷òî òðàíçèñòîð èìååò ìàëîå ñîïðîòèâëåíèå âî âêëþ-
÷åííîì ñîñòîÿíèè. Ïðè ðàáîòå ðàññåèâàåìàÿ ìîùíîñòü íà òðàíçèñòîðå íå-
âåëèêà èç-çà íåáîëüøîãî ïàäåíèÿ íàïðÿæåíèÿ. Ïðè íåîáõîäèìîñòè ìîæíî
ïàðàëëåëüíî âêëþ÷àòü íåñêîëüêî òðàíçèñòîðîâ. 
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Â ïîäêëþ÷àåìûõ ìîäóëÿõ óäîáíî èñïîëüçîâàòü ñîáñòâåííûå èñòî÷íèêè
ïèòàíèÿ. Íà Ðèñ. Ï2.12 ïðèâåäåíà ñõåìà èñòî÷íèêà ïèòàíèÿ, êîòîðûé ïî-
ëó÷àåò èç ñèñòåìû îò 10 äî 40 Â è ïðåîáðàçóåò èõ èìïóëüñíûì ñïîñîáîì
â 5 Â. Ñõåìà íå äàåò áðîñêà íàïðÿæåíèÿ ïðè âêëþ÷åíèè. 

Kàê èçâåñòíî, çíà÷èòåëüíàÿ ìàññà ÈÑ âûïóñêàåòñÿ ïî KÌÎÏ-òåõíîëî-
ãèè, îáåñïå÷èâàþùåé âñå áîëåå âûñîêîå áûñòðîäåéñòâèå, ìåíüøåå ýíåðãî-
ïîòðåáëåíèå è áîëüøóþ èíòåãðàöèþ. Âðåìÿ çàäåðæêè ðàñïðîñòðàíåíèÿ
ñèãíàëà íà âåíòèëü ó KÌÎÏ ÈÑ ñòàëî ñîïîñòàâèìî ñ ëó÷øèìè ÈÑ ÝÑË.
Ñ óìåíüøåíèåì ïðîåêòíûõ íîðì, åñòåñòâåííî, ñíèæàåòñÿ è íàïðÿæåíèå
ïèòàíèÿ ÈÑ, ðîñò áûñòðîäåéñòâèÿ ïðèâîäèò ê íåîáõîäèìîñòè ðàçðàáîòêè
«ëàçååê», íåäàðîì çà ïîñëåäíèå íåñêîëüêî ëåò ïîÿâèëîñü íåñêîëüêî äåñÿò-
êîâ íîâûõ ïðîòîêîëîâ ïåðåäà÷è äàííûõ.

Îäíèì èç íîâûõ èíòåðôåéñîâ ÿâëÿåòñÿ èíòåðôåéñ BTL (Backplane
Transfer Logic). Ôàêòè÷åñêè BTL ÿâëÿåòñÿ ôèçè÷åñêîé ðåàëèçàöèåé ïðîòîêî-
ëà Futurebus. Ðàññìàòðèâàÿ â ïðîøëîì ðàçäåëå ïðîáëåìó ñîïðÿæåíèÿ ñ îáùåé
øèíîé, ìû óïîìÿíóëè î òîì, ÷òî íàèëó÷øèì ðåøåíèåì äëÿ äðàéâåðîâ ÿâëÿ-
þòñÿ áèïîëÿðíûå èëè ÁèKÌÎÏ-ñõåìû. Îäíàêî â ñëó÷àå, êîãäà â ñèñòåìå èñ-
ïîëüçóþòñÿ íàïðÿæåíèÿ ïèòàíèÿ 5 è 3.3 Â, áûâàåò ñëîæíî îáåñïå÷èòü êîð-
ðåêòíîå ñîïðÿæåíèå ëîãè÷åñêèõ óðîâíåé  èç-çà çíà÷èòåëüíîãî ðàçìàõà íàïðÿ-
æåíèé, îñîáåííî ïðè äîñòàòî÷íî áîëüøèõ òîêàõ íàãðóçêè. Øèíà ñ ïîíèæåí-
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íûì ðàçìàõîì íàïðÿæåíèÿ (voltage
swing) ïîçâîëÿåò ðåøèòü òàêèå ïðî-
áëåìû. Â ÷àñòíîñòè, èíòåðôåéñ BTL
ðåàëèçóåò øèíó ñ îòêðûòûì êîëëåêòî-
ðîì. Ïîääåðæêó ýòîãî èíòåðôåéñà âû-
ïîëíÿåò ñåìåéñòâî ÈÑ SN74FBxxx.
Èíòåðôåéñ BTL ïîçâîëÿåò ðàáîòàòü ñ
ðàçìàõîì íàïðÿæåíèÿ 1.1 Â. Óðîâåíü
ëîãè÷åñêîãî íóëÿ ðàâåí 1 Â, ëîãè÷åñ-
êàÿ åäèíèöà — 2.1 Â. Âåëè÷èíà íàãðó-
çî÷íîãî ðåçèñòîðà ðàâíà õàðàêòåðèñ-
òè÷åñêîìó ñîïðîòèâëåíèþ ëèíèè, ÷òî îáåñïå÷èâàåò êîððåêòíîå ñîïðÿæåíèå.
Äëÿ àâòîìàòè÷åñêîãî îïðåäåëåíèÿ ëîãè÷åñêèõ óðîâíåé èñïîëüçóåòñÿ äèôôå-
ðåíöèàëüíûé âõîäíîé êàñêàä, îïîðíîå íàïðÿæåíèå êîòîðîãî (1.55 Â) ðàâíî
ñåðåäèíå ðàçìàõà íàïðÿæåíèé ìåæäó ÂÛÑÎKÈÌ è ÍÈÇKÈÌ óðîâíÿìè.
Îñíîâíîå íàçíà÷åíèå èíòåðôåéñà — òåëåêîììóíèêàöèîííîå îáîðóäîâàíèå,
ãäå âàæíûì ÿâëÿåòñÿ âîçìîæíîñòü «ãîðÿ÷åé çàìåíû» ìîäóëåé. K äðóãèì îñî-
áåííîñòÿì èíòåðôåéñà ñëåäóåò îòíåñòè íèçêèé óðîâåíü ïîìåõ ïðè ïåðåêëþ-
÷åíèè, ìàêñèìàëüíàÿ äëèòåëüíîñòü ôðîíòà — 2 íñ.

K èíòåðôåéñó BTL ïî èäåîëîãèè ïðèìûêàåò èíòåðôåéñ GTL (Gunning
Transceiver Logic). Åãî ïîääåðæèâàþò ÈÑ ñåìåéñòâà SN74GTLxxx. Ïðèí-
öèïèàëüíàÿ ñõåìà èíòåðôåéñà GTL ïðèâåäåíà íà Ðèñ. Ï2.13.

Âñëåäñòâèå îòñóòñòâèÿ äèîäîâ  íà îòêðûòîì âûõîäå óðîâåíü ëîãè÷åñêîãî
íóëÿ ðàâåí 0.4 Â, óðîâåíü ëîãè÷åñêîé åäèíèöû ðàâåí 1.2 Â, òàêèì îáðàçîì,
ðàçìàõ íàïðÿæåíèÿ ñîñòàâëÿåò âñåãî ëèøü 0.8 Â. Íàãðóçî÷íàÿ ñïîñîáíîñòü
âûõîäà ñîñòàâëÿåò 40 ìÀ, ïîýòîìó ñîïðîòèâëåíèå íàãðóçî÷íîãî ðåçèñòîðà ìî-
æåò áûòü 0.8 Â/40 ìÀ = 20 Îì. Ïîñêîëüêó ýòî ñîïðîòèâëåíèå ñêëàäûâàåòñÿ
èç äâóõ ñîåäèíåííûõ â ïàðàëëåëü ðåçèñòîðîâ íà ïëàòå-èñòî÷íèêå è ïëàòå-
ïðèåìíèêå, ìàêñèìàëüíàÿ ðàññåèâàåìàÿ ìîùíîñòü ñîñòàâëÿåò 16 ìÂò íà
âûõîä, ÷òî ïîçâîëÿåò èíòåãðèðîâàòü äðàéâåð GTL â ÁÈÑ. Â ÷àñòíîñòè,
ÏËÈÑ ñîâðåìåííûõ ñåìåéñòâ [2, 3] ïîääåðæèâàþò èíòåðôåéñ GTL áåç
âíåøíèõ äîïîëíèòåëüíûõ ÈÑ. 

Äàëüíåéøèì ðàçâèòèåì GTL ÿâëÿåòñÿ èíòåðôåéñ GTL+ (Gunning
Transceiver Logic Plus), ïîääåðæèâàåìûé ñåìåéñòâîì SN74GTLPxxx. Èí-
òåðôåéñ GTL+ èìååò äâà ïðèíöèïèàëüíûõ îòëè÷èÿ: îí îïòèìèçèðîâàí
ïîä ðàñïðåäåëåííóþ íàãðóçêó è ïîääåðæèâàåò «ãîðÿ÷åå» ïîäêëþ÷åíèå
ìîäóëåé. Kðîìå òîãî, äëÿ äàííîãî èíòåðôåéñà õàðàêòåðåí óðîâåíü ëîãè-
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VREF = 0.8 B

Ðèñ. Ï2.13. Ïðèíöèïèàëüíàÿ ñõåìà
èíòåðôåéñà GTL
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÷åñêîãî íóëÿ 0.55 Â, ëîãè÷åñêîé åäè-
íèöû — 1.5 Â. Çàâèñèìîñòü íàãðó-
çî÷íîãî ðåçèñòîðà îò äëèíû ïðîâîä-
íèêà äëÿ èíòåðôåéñà GTL+ ïðèâåäå-
íà íà Ðèñ. Ï2.14.

Â íàñòîÿùåå âðåìÿ ïîïóëÿðíîñòü
èíòåðôåéñîâ GTL è GTL+ ðàñòåò. Èõ
èçíà÷àëüíîå ïðåäíàçíà÷åíèå — èí-
òåðôåéñ äëÿ íåáîëüøèõ ïëàò, â ÷àñò-
íîñòè, ìåæäó ïðîöåññîðîì è ìîäóëÿ-
ìè ïàìÿòè. Èíòåðôåéñ GTL+ èñïîëü-
çóåòñÿ â ïðîöåññîðå Intel Pentium Pro
â êà÷åñòâå áóôåðà àäðåñíîé øèíû.
Áûñòðîäåéñòâèå ýòèõ èíòåðôåéñîâ
ïîðÿäêà 80 ÌÃö.

Âî ìíîãèõ ñëó÷àÿõ òàêîãî áûñòðî-
äåéñòâèÿ íåäîñòàòî÷íî. Â ÷àñòíîñòè,
òàêòîâàÿ ÷àñòîòà ïîäñèñòåì îáìåíà
ìåæäó ïàìÿòüþ è ïðîöåññîðîì â ñî-
âðåìåííûõ âû÷èñëèòåëÿõ äîñòèãàåò
200 ÌÃö. Äëÿ ðàáîòû íà òàêèõ ÷àñòî-
òàõ èñïîëüçóåòñÿ èíòåðôåéñ SSTL
(Stub Series-Terminated Logic). Ñóùå-
ñòâóþò äâà ñòàíäàðòà, îïðåäåëÿþùèå
ðàçíîâèäíîñòè èíòåðôåéñà SSTL.
Ýòî ñòàíäàðòû SSTL_3, EIA/JESD8-8,
SSTL_2, EIA/JESD8-8. Ñòàíäàðòàìè
îïðåäåëÿþòñÿ ñõåìîòåõíèêà è íîìè-

íàëû íàãðóçî÷íûõ ðåçèñòîðîâ (òåðìèíàòîðîâ). Âîçìîæíû âàðèàíòû ñ ñî-
ãëàñóþùèìè ðåçèñòîðàìè 50 èëè 25 Îì.

Íà Ðèñ. Ï2.15 ïðèâåäåí òèïè÷íûé ïðèìåð áóôåðíîãî êàñêàäà SSTL.
Kàê ìîæíî çàìåòèòü, âûõîäíîé êàñêàä ïèòàåòñÿ îò îòäåëüíîãî èñòî÷íèêà
VDDQ, íàïðÿæåíèå êîòîðîãî íå äîëæíî ïðåâûøàòü íàïðÿæåíèÿ ïèòàíèÿ
VDD. Ýòî ïîçâîëÿåò ïîäíÿòü íàïðÿæåíèå VDD äî 3.6 Â ñ öåëüþ óâåëè÷åíèÿ
áûñòðîäåéñòâèÿ. Íàãðóçî÷íàÿ ñïîñîáíîñòü — 20 ìÀ.

Îäíèì èç ñóùåñòâåííûõ íîâøåñòâ, ïîÿâèâøèõñÿ â öèôðîâîé òåõíèêå, ÿâ-
ëÿþòñÿ ÈÑ, âûïîëíåííûå ïî êîìáèíèðîâàííîé òåõíîëîãèè, ñî÷åòàþùèå äî-
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Длина линии связи [см]

Нагрузочный  резистор [Ом]

Z0 = 65 Ом

Z0 = 50 Ом

3.5 5.52.5 4.5 6.5

RT(min)

RT (Min)

45

40
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25
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15

Линия средней длины

Длинная линия

Ðèñ. Ï2.15. Áóôåðíûé êàñêàä SSTL
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ñòîèíñòâà êàê áèïîëÿðíûõ, òàê è KÌÎÏ ÈÑ. Ëîãè÷åñêèå ÈÑ, âûïîëíåííûå
ïî òåõíîëîãèè ÁèKÌÎÏ, îáëàäàþò ñëåäóþùèìè âàæíûìè îñîáåííîñòÿìè:

• ðàáîòà â ñèñòåìàõ ñî ñìåøàííûì íàïðÿæåíèåì ïèòàíèÿ;
• óñòàíîâêà ïî âêëþ÷åíèþ ïèòàíèÿ â íóæíîå ñîñòîÿíèå (ñáðîñ èëè

òðåòüå ñîñòîÿíèå, power-up 3-state, power-up reset);
• îòêëþ÷åíèå âõîäà (input disable);
• óäåðæàíèå øèíû (bus hold).
Ðàññìîòðèì ðåàëèçàöèþ ýòèõ ôóíêöèé.
Kîðîòêèå èìïóëüñíûå ïîìåõè, èëè «ãëèò÷è» (glitches), ìîãóò ïîÿâëÿòü-

ñÿ â öèôðîâûõ ñõåìàõ èç-çà «ãîðÿ÷åé» çàìåíû ïëàòû â öèôðîâûõ ñèñòå-
ìàõ, à òàêæå â ïðîöåññå âêëþ÷åíèÿ èëè âûêëþ÷åíèÿ ïèòàíèÿ. Ýòè ïîìåõè
ìîãóò ïðèâåñòè ê ñáîÿì â ðàáîòå ñèñòåìû. Äëÿ óìåíüøåíèÿ ýòîãî ýôôåêòà
èñïîëüçóþò ïåðåâîä âûõîäîâ ÈÑ â òðåòüå ñîñòîÿíèå ïî âêëþ÷åíèþ èëè
âûêëþ÷åíèþ ïèòàíèÿ. Íà Ðèñ. Ï2.16 ïðåäñòàâëåíà ñõåìà, ðåàëèçóþùàÿ
ýòó ôóíêöèþ.
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VCC [B]

VCC

VPUP

VPUP [B] IOUTPUT [A]

IOL

IOLS

VPUP
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0

1

2
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–2

2.5 B

2 B

GND

*

* Один диод в сериях LVT(16) и ALVT

OE

а) б)

Входная схема
Выходной

буфер

Ðèñ. 2.16. Ïåðåâîä âûâîäîâ ÈÑ â òðåòüå ñîñòîÿíèå: à — òîê ïðè âêëþ÷åíèè â òðåòüå
ñîñòîÿíèå äëÿ ÀÂÒ â çàâèñèìîñòè îò íàïðÿæåíèÿ ïèòàíèÿ (VCC) è íàïðÿ-
æåíèÿ âêëþ÷åíèÿ (VPUP); á — ñõåìà ïåðåâîäà â Z-ñîñòîÿíèå ïî âêëþ÷å-
íèþ ïèòàíèÿ
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Äàííàÿ ñõåìà ïåðåâîäèò âûõîäû â òðåòüå ñîñòîÿíèå ïðè äîñòèæåíèè
óðîâíÿ íàïðÿæåíèÿ ïèòàíèÿ 1.2 Â äëÿ ñåìåéñòâ LVT, LVT16 è ALVT è 2.1 Â
äëÿ ñåìåéñòâ ABT è MULTIBYTE .

Óäåðæàíèå øèíû. Kàê èçâåñòíî, âõîäû KÌÎÏ ÈÑ íå äîëæíû îñòà-
âàòüñÿ «âèñÿ÷èìè». Âèñÿ÷èå, èëè ïëàâàþùèå, âõîäû (floating inputs) ìî-
ãóò ïðèâåñòè ê âîçðàñòàíèþ òîêà, ïðîòåêàþùåãî ÷åðåç âõîäíûå êàñêàäû,
÷òî ïðèâîäèò ê âîçðàñòàíèþ ïîòðåáëÿåìîé ìîùíîñòè, ïîÿâëåíèþ âûñîêî-
÷àñòîòíûõ êîëåáàíèé è âûõîäó ìèêðîñõåìû èç ñòðîÿ. Kàê ïðàâèëî, íåèñ-
ïîëüçóåìûå âõîäû ñîåäèíÿþò ëèáî ñ çåìëåé, ëèáî ñ íàïðÿæåíèåì ïèòàíèÿ
÷åðåç ïîäñòðàèâàþùèé ðåçèñòîð (pull-up resistor èëè  pull-down resistor).
Ýòîò ñïîñîá õîðîø ïî÷òè âñåãäà, çà èñêëþ÷åíèåì ñëó÷àåâ, êîãäà èç-çà ýêî-
íîìèè ìåñòà íåâîçìîæíî óñòàíîâèòü ëèøíèé êîìïîíåíò. Kðîìå òîãî,
îáèëèå ïîäñòðàèâàþùèõ ðåçèñòîðîâ ïðèâîäèò ê ïîâûøåíèþ îáùåãî ïî-
òðåáëåíèÿ ñèñòåìû.

Ñåìåéñòâî ABT16 è íèçêîâîëüò-
íûå ÁèKÌÎÏ ÈÑ èñïîëüçóþò âñòðî-
åííóþ ñõåìó óäåðæàíèÿ øèíû (bus
hold circuits) (Ðèñ. Ï2.17 è Ï2.18), êî-
òîðàÿ íå òðåáóåò âíåøíèõ ðåçèñòîðîâ
è ïîçâîëÿåò ñýêîíîìèòü ìåñòî íà ïëà-
òå. Ñõåìà óäåðæàíèÿ øèíû õðàíèò
ïðåäûäóùåå ñîñòîÿíèå âõîäà, åñëè â
ìîìåíò âêëþ÷åíèÿ îí îêàçûâàåòñÿ â
ïëàâàþùåì ñîñòîÿíèè.  

Ñõåìà çàïðåùåíèÿ âõîäà (input
disable circuit) èñïîëüçóåòñÿ â ñåìåéñòâàõ ABT è MULTIBYTE  äëÿ îáåñïå-
÷åíèÿ ðåøåíèÿ ïðîáëåìû ïëàâàþùèõ âõîäîâ â îòëè÷èå îò ñõåìû óäåðæà-
íèÿ øèíû. Â ýòîì ñëó÷àå âõîäíûå öåïè âåäóò ñåáÿ êàê âûõîä, íàõîäÿùèé-
ñÿ â òðåòüåì ñîñòîÿíèè. Ïîäñòðàèâàþùèé ðåçèñòîð íå òðåáóåòñÿ. Äàííàÿ
ñõåìà ðåàëèçîâàíà â áóôåðàõ è ïðèåìîïåðåäàò÷èêàõ ñ ëèíèè è îòñóòñòâóåò
ó ðåãèñòðîâ è òðèããåðîâ.

Ñâîéñòâî ñáðîñà ïî âêëþ÷åíèþ ïèòàíèÿ (power-up reset) èñïîëüçóåòñÿ â
ðåãèñòðàõ è òðèããåðàõ. Kàê èçâåñòíî, äëÿ ïðåäâàðèòåëüíîãî ñáðîñà êëàññè-
÷åñêèõ öèôðîâûõ ÈÑ,  êàê ïðàâèëî, ïðèìåíÿþòñÿ èíòåãðèðóþùèå èëè äèô-
ôåðåíöèðóþùèå RÑ-öåïî÷êè, êîòîðûå, êîíå÷íî æå, çàíèìàþò ìåñòî íà ïëà-
òå, íî íå âñåãäà îáåñïå÷èâàþò ñòàáèëüíîñòü ôóíêöèîíèðîâàíèÿ. Ãàðàíòèðî-
âàíî íàïðÿæåíèå ÍÈÇKÎÃÎ óðîâíÿ ïîñëå ñáðîñà VRST = 0.55 Â.

Ïðèëîæåíèÿ

Ðèñ. Ï2.17. Âñòðîåííàÿ ñõåìà 
óäåðæàíèÿ øèíû

A
LT

'P
2�

19
6+

Входной контакт

Схема удержания входа



Âûòåêàþùèé òîê IOFF ïðè ñíÿòîì íàïðÿæåíèè ïèòàíèÿ îãðàíè÷åí
100 ìA. Äàííàÿ îñîáåííîñòü ïîçâîëÿåò ðåàëèçîâàòü ñõåìû, èìåþùèå âîç-
ìîæíîñòü ïåðåõîäà â ñïÿùèé ðåæèì. 

Äëÿ ñîâìåñòèìîñòè ñ òðàäèöèîííûìè ñåðèÿìè ÈÑ íîâûå ñåìåéñòâà
èìåþò âõîäû è âûõîäû, ïîääåðæèâàþùèå 5-âîëüòîâûå ëîãè÷åñêèå óðîâíè.
Äàëåå ìû ðàññìîòðèì ýòó îñîáåííîñòü íåñêîëüêî ïîäðîáíåå. Çàìåòèì, ÷òî
÷èñòî áèïîëÿðíûå ñõåìû íå áîÿòñÿ ïîâûøåíèÿ óðîâíåé äî 5 Â, äëÿ
KÌÎÏ-ñõåì èñïîëüçóþòñÿ äèîäû äëÿ çàùèòû.

Íà Ðèñ. Ï2.19 ïðåäñòàâëåíû âûõîäíûå êàñêàäû ìèêðîñõåì ñåìåéñòâ
LVT è ALVT. Äèîäû Øîòòêè çàùè-
ùàþò âåðõíèé ïî ñõåìå PMOS-òðàí-
çèñòîð, åñëè âûõîäíîå íàïðÿæåíèå
ïðåâûøàåò íàïðÿæåíèå ïèòàíèÿ
áîëüøå ÷åì íà 0.5 Â. Âûõîäíîé òîê
IEX îãðàíè÷åí äî 125 ìA. Â òðåòüåì
ñîñòîÿíèè îáðàòíîñìåùåííûé äèîä
Øîòòêè ïðåäîòâðàùàåò ïðîòåêàíèå
òîêà íà 3.3-âîëüòîâîå ïèòàíèå ñ âû-
õîäà, íà êîòîðîì íàõîäèòñÿ 5-âîëü-
òîâûé ñèãíàë.

Îäíàêî, íåñìîòðÿ íà ðàçâèòèå
ÁèKÌÎÏ-òåõíîëîãèè, îñíîâíàÿ ëè-
íèÿ ðàçâèòèÿ ïðîõîäèò ïî ïóòè ñî-
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Вход

OE

VCC

Выход

Выходные каскады LVT(16) и ALVT
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Диод Шотки блокирует
протекание тока к VCC

Схема удержания шины
для семейства LVT(16)/ALVT

Вход
RS

К схеме удержания шины

Входной каскад LVT(16) и ALVT

Ðèñ. Ï2.18. Âñòðîåííûå ñõåìû óäåðæàíèÿ ñõåìû

Ðèñ. Ï2.19. Âûõîäíûå êàñêàäû ìè-
êðîñõåì ñåìåéñòâ LVT
è ALVT
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âåðøåíñòâîâàíèÿ KÌÎÏ-ñèñòåì. Ïîæàëóé, ñàìûì ïîïóëÿðíûì ñåìåéñò-
âîì ëîãè÷åñêèõ ñõåì ìîæíî íàçâàòü ñåìåéñòâà 74HC/HCT/HCU (îòå÷åñò-
âåííûå àíàëîãè — ñåðèè KÐ1564). Íàçâàíèå ñåìåéñòâà ïðîèñõîäèò îò
High-speed CMOS (HCMOS) — áûñòðîäåéñòâóþùèå KÌÎÏ-ñõåìû. Îòëè-
÷èòåëüíûå îñîáåííîñòè ýòèõ ÈÑ — äîñòàòî÷íî øèðîêèé äèàïàçîí íàïðÿ-
æåíèé ïèòàíèÿ, ìàëàÿ ïîòðåáëÿåìàÿ ìîùíîñòü, âûñîêàÿ ïîìåõîóñòîé÷è-
âîñòü ê âõîäíûì øóìàì, äîñòàòî÷íûå áûñòðîäåéñòâèå è íàãðóçî÷íàÿ  ñïî-
ñîáíîñòü, ðàáîòà â øèðîêîì äèàïàçîíå òåìïåðàòóð — ïî ýòèì ïàðàìåòðàì
ìèêðîñõåìû ñåìåéñòâ 74HC/HCT/HCU  ñîïîñòàâèìû ñ ñîâðåìåííûìè
ÒÒË-ñõåìàìè ñåìåéñòâ Low-power Schottky TTL (LS TTL), ïðè ãîðàçäî
ìåíüøåì ïîòðåáëåíèè. 

Â îòëè÷èå îò ïîñëåäíèõ ëîãè÷åñêèå ÈÑ ñåìåéñòâ 74HC/HCT/HCU ñî-
äåðæàò â ñâîåì ñîñòàâå êàê îñíîâíûå ôóíêöèîíàëüíûå óçëû ÒÒË-ñåðèé
(êîìáèíàöèîííûå è ïîñëåäîâàòåëüíîñòíûå ñõåìû, àðèôìåòè÷åñêèå óñò-
ðîéñòâà, áóôåðû è ò.ï.), òàê è íàèáîëåå èíòåðåñíûå óñòðîéñòâà, õàðàêòåð-
íûå äëÿ ñåìåéñòâà HE4000B: àíàëîãîâûå êëþ÷è, ìóëüòèâèáðàòîðû ñ áîëü-
øîé ïîñòîÿííîé âðåìåíè, ñõåìû ôàçîâîé àâòîïîäñòðîéêè ÷àñòîòû. Â
Òàáë. Ï2.2 ïðèâåäåíî ñðàâíåíèå ñåìåéñòâà 74HC/HCT/HCU ñ äðóãèìè ñå-
ìåéñòâàìè ëîãè÷åñêèõ ÈÑ. Âðåìÿ çàäåðæêè ðàñïðîñòðàíåíèÿ íà âåíòèëü
ñîïîñòàâèìî ñ çàäåðæêîé ÒÒËØ-ñåìåéñòâ.

Â Òàáë. Ï2.3 ïðèâåäåíî ñðàâíåíèå õàðàêòåðèñòèê ñåìåéñòâ 74HC è
74HCT ñ ìèêðîñõåìàìè LSTTL. Kàê ìîæíî âèäåòü, â ñîâðåìåííûõ ðàçðà-
áîòêàõ ìèêðîñõåìû ñåìåéñòâ 74HC è 74HCT ÿâëÿþòñÿ ðåàëüíîé àëüòåðíà-
òèâîé äëÿ ñåìåéñòâ, âûïîëíåííûõ ïî LSTTL-òåõíîëîãèè. 

Â îòëè÷èå îò ïåðâûõ KÌÎÏ ÈÑ ñåðèé CD4000, 4000À, 4000Å, âûïîë-
íåííûõ ïî 6-ìèêðîííîé òåõíîëîãèè, ìèêðîñõåìû ñåðèé 74ÍÑ èìåþò
òåõíîëîãè÷åñêèå íîðìû 3 ìêì. Ìèêðîñõåìû 74ÍÑ èìåþò ïîëèêðåìíèå-
âûé çàòâîð, ðàñïîëîæåííûé íàä òîíêîé ïëåíêîé èçîëÿòîðà íà îñíîâå îê-
ñèäà. Èñòîê è ñòîê âûïîëíÿþòñÿ â ïðîöåññå äèôôóçèè ñ èñïîëüçîâàíèåì
èîííîé èìïëàíòàöèè, ïðè÷åì ïîëèêðåìíèåâûé çàòâîð èñïîëüçóåòñÿ êàê
ìàñêà â ïðîöåññå èìïëàíòàöèè. Çíà÷èòåëüíîå óìåíüøåíèå ïàðàçèòíûõ
åìêîñòåé çàòâîð—èñòîê è çàòâîð—ñòîê äîñòèãíóòî áëàãîäàðÿ óìåíüøå-
íèþ ðàçìåðîâ ýëåìåíòîâ òîïîëîãèè êðèñòàëëà. 

Áûñòðîäåéñòâèå ÈÑ ñåðèè 74ÍÑ çàâèñèò îò ìíîãèõ ôàêòîðîâ. Íå ðåêî-
ìåíäóåòñÿ ðåæèì ðàáîòû íà åìêîñòíóþ íàãðóçêó áîëåå 50 ïÔ. Â ýòîì ñëó-
÷àå âîçìîæíî ñíèæåíèå áûñòðîäåéñòâèÿ. 

Kàê èçâåñòíî, äèíàìèêà è áûñòðîäåéñòâèå KÌÎÏ ÈÑ îïðåäåëÿþòñÿ
ñòîêîâîé õàðàêòåðèñòèêîé òðàíçèñòîðà. Ïîýòîìó âî âðåìÿ ðàáîòû ïðè ïî-

Ïðèëîæåíèÿ
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íèæåííûõ íàïðÿæåíèÿõ ïèòàíèÿ íàáëþäàåòñÿ óâåëè÷åíèå âðåìåíè çàäåðæ-
êè ðàñïðîñòðàíåíèÿ ñèãíàëà íà âåíòèëü. Íà Ðèñ. Ï2.20 ïðèâåäåíà çàâèñè-
ìîñòü ñðåäíåé çàäåðæêè ðàñïðîñòðàíåíèÿ ñèãíàëà îò íàïðÿæåíèÿ ïèòàíèÿ.

Òåìïåðàòóðíàÿ çàâèñèìîñòü çàäåðæêè ðàñïðîñòðàíåíèÿ îïðåäåëÿåòñÿ
òîëüêî ïîäâèæíîñòüþ íîñèòåëåé, â îòëè÷èå îò ÒÒË-ñõåì, äëÿ êîòîðûõ îò
òåìïåðàòóðû çàâèñÿò êîýôôèöèåíòû ïåðåäà÷è òîêà òðàíçèñòîðîâ, ïðÿìîå
ïàäåíèå íàïðÿæåíèÿ è âíóòðåííèå ñîïðîòèâëåíèÿ.

Â îáùåì ñëó÷àå çàäåðæêà KÌÎÏ ÈÑ óâåëè÷èâàåòñÿ íà 0.3% íà êàæäûé
°C ïðè òåìïåðàòóðå 25°C. Ïðè òåìïåðàòóðå îò 25°C äî 125°C ñïðàâåäëèâà
çàâèñèìîñòü:

Òàáëèöà Ï2.2. Ñðàâíåíèå ñåìåéñòâà 74/ÍÑ/ÍÑÒ/ÍÑU/ ñ äðóãèìè
ñåìåéñòâàìè ëîãè÷åñêèõ  ÈÑ

Ïðèëîæåíèÿ

Òåõíîëîãèÿ ÊÌÎÏ ÒÒË ÒÒËØ Óëó÷øåííàÿ ÒÒËØ

Ñåìåéñòâî 74HC
HECD

4000
74 74LS 74S 74ALS 74AS 74F

Ïîòðåá-
ëÿåìàÿ

ìîùíîñòü
[ìÂò]

Âåíòèëü

Ñòàòèêà 0.0000025 0.001 10 2 19 1.2 8.5 5.5

Äèíàìè-
êà (100

êÃö)
0.075 0.1 10 2 19 1.2 8.5 5.5

Ïîòðåá-
ëÿåìàÿ

ìîùíîñòü
[ìÂò]

Ñ÷åò÷èê

Ñòàòèêà 0.000005 0.001 300 100 500 60 — 190

Äèíàìè-
êà (100

êÃö)
0.125 0.120 300 100 500 60 — 190

Çàäåðæêà
ðàñïðîñ-
òðàíåíèÿ

[íñ]

typ 8 4094 10 9.5 3 4 1.5 3

max 14 80190 20 15 5 7 2.5 4

Ýíåðãèÿ
ïåðåêëþ-

÷åíèÿ
[ïÄæ]

(íà
÷àñòîòå

100 êÃö)
0.52 9494 100 19 57 4.8 13 16.5

Ìàêñèìàëüíàÿ
òàêòîâàÿ ÷àñòîòà

[ÌÃö]
55 12 4 25 33 100 60 160 125

Ìàêñèìàëüíûé
âûõîäíîé òîê [ìA] 4 0.80.51 16 8 20 8 20 20

Êîýôôèöèåíò ðàç-
âåòâëåíèÿ ïî âû-
õîäó (âåíòèëü LS)

10 21 40 20 50 20 50 50
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Ïðèëîæåíèÿ

Ïàðàìåòð 74HCxxx,  74HCTxxx 74LSxxx

Ìàêñèìàëüíàÿ ðàññåèâàåìàÿ ìîùíîñòü â ñòà-
òè÷åñêîì ðåæèìå âî âñåì äèàïàçîíå ðàáî÷èõ
òåìïåðàòóð ïðè ìàêñèìàëüíîì íàïðÿæåíèè
ïèòàíèÿ [ìÂò]

Äëÿ âåíòèëÿ 0.027 6
Äëÿ òðèããåðà 0.11 22

Äëÿ ÷åòûðåõðàçðÿäíîãî ñ÷åò÷èêà 0.44 175
Äëÿ áóôåðà ëèíèè 0.055 60

Ìàêñèìàëüíàÿ ïîòðåáëÿåìàÿ ìîùíîñòü â
äèíàìè÷åñêîì ðåæèìå (CL = 50 ïÔ) [ìÂò]

Íà ÷àñòîòå 1 ÌÃö 0.1 1 10 0.1 10
Äëÿ âåíòèëÿ 0.25 2.25 22 6 22

Äëÿ òðèããåðà 0.35 2.5 24 22 27
Äëÿ ÷åòûðåõðàçðÿäíîãî ñ÷åò÷èêà 0.70 3 27 175 200

Äëÿ áóôåðà ëèíèè 0.30 2.5 24 60 90

Íàïðÿæåíèå ïèòàíèÿ [Â] 2…6 (HC) 
4.5...5.5 (HCT) 4.75...5.25

Äèàïàçîí ðàáî÷èõ òåìïåðàòóð [°C] –40...+85 
–40...+125 0...+70

Ïîìåõîóñòîé÷èâîñòü (VNMH/VNML; ïðè  òîêå
íàãðóçêè äëÿ KÌÎÏ ÈÑ IOHCMOS = 2 ìÀ;
äëÿ ÒÒË ÈÑ IOLSTTL = 4 ìÀ)

1.4/1.4 (HC) 2.9/0.7 (HCT) 0.7/0.4

Ñòàáèëüíîñòü âõîäíîãî íàïðÿæåíèÿ
ïåðåêëþ÷åíèÿ ±60 ìÂ ±200 ìÂ

Ìàêñèìàëüíûé âûõîäíîé òîê
Âåíòèëü –8 –0.4

Øèííûé ôîðìèðîâàòåëü –12 –2.6

Çàäåðæêà ðàñïðîñòðàíåíèÿ CL = 15 ïÔ [íñ]

Äëÿ âåíòèëÿ tPHL/tPLH 8/8 8/11
Äëÿ òðèããåðà tPHL/tPLH 14/14 15/22

Ìàêñèìàëüíàÿ òàêòîâàÿ ÷àñòîòà òðèããåðà
(òèïîâîå çíà÷åíèå) 50 33

Ìàêñèìàëüíûé âõîäíîé òîê [ìêÀ]
IIL –1 –400...–800
IIH 1 40

Òîê óòå÷êè â òðåòüåì ñîñòîÿíèè [ìêÀ] 5 20
Íàäåæíîñòü (ïðîöåíò îòêàçîâ íà 1000 ÷àñîâ
íàðàáîòêè) 0.0005 0.008
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tP = tÐ’(1.003)Tamb – 25, (8)

ãäå:
tp’ — çàäåðæêà ðàñïðîñòðàíåíèÿ

ïðè 25°C,
Tamb — òåìïåðàòóðà ïåðåõîäà °C.
Ïðè íèçêèõ òåìïåðàòóðàõ (îò –40

äî +25°C):

tP = tÐ‘(0.997)25 – Tamb, (9)

ÈÑ ñåìåéñòâà 74HC ðàáîòàþò ïðè
íàïðÿæåíèè ïèòàíèÿ îò 2 äî 6 Â. Òà-
êîé äèàïàçîí íàïðÿæåíèé ïèòàíèÿ
ïîçâîëÿåò ïðèìåíÿòü ñåðèþ 74ÍÑ â
ïðèëîæåíèÿõ, ñîïðÿãàþùèõ 5-âîëüòî-
âûå è 3-âîëüòîâûå ñèñòåìû. Ñëåäóåò,
îäíàêî, ïîìíèòü, ÷òî êîãäà ÈÑ 74ÍÑ
ïðèìåíÿþòñÿ â ëèíåéíîì ðåæèìå (íà-
ïðèìåð ïðè ïîñòðîåíèè ãåíåðàòî-ðîâ,
îäíîâèáðàòîðîâ è ò.ï.), ñëåäóåò èñïîëüçîâàòü íå ìåíåå ÷åì 3-âîëüòîâîå ïèòà-
íèå äëÿ ïðåäîòâðàùåíèÿ ñàìîïðîèçâîëüíîãî ïåðåõîäà â ðåæèì íàñûùåíèÿ.

Ìèêðîñõåìû 74HCT ñîâìåñòèìû ïî âûâîäàì ñ LSTTL-ñõåìàìè, îäíà-
êî îíè, ïîìèìî ïîíèæåííîãî ïîòðåáëåíèÿ, èìåþò è áîëåå øèðîêèé äèàïà-
çîí íàïðÿæåíèé ïèòàíèÿ (±10%). Ñëåäóåò ïîìíèòü, ÷òî äëÿ ýòèõ ÈÑ ìàê-
ñèìàëüíûé òîê ìåæäó âûõîäîì è çåìëåé èëè ïèòàíèåì íå áîëåå 50 ìÀ, äëÿ
ìèêðîñõåì øèííûõ ôîðìèðîâàòåëåé è íåêîòîðûõ ðåãèñòðîâ äî 70 ìÀ.
Ìàêñèìàëüíî äîïóñòèìîå íàïðÿæåíèå ïèòàíèÿ íå âûøå 7 Â.

Áëàãîäàðÿ âîçìîæíîñòè ðàáîòû ïðè ïîíèæåííîì íàïðÿæåíèè ïèòàíèÿ
äîñòàòî÷íî ïðîñòî ðåàëèçóåòñÿ ðåçåðâíîå ïèòàíèå òàêèõ ñèñòåì îò ëèòèå-
âûõ áàòàðåé. Íà Ðèñ. Ï2.21 ïðèâåäåíà ñõåìà âêëþ÷åíèÿ áàòàðåè â ñèñòåìó
ñ ÈÑ 74ÍÑ.

Ìèíèìàëüíîå íàïðÿæåíèå áàòàðåè — 2 Â ïëþñ îäíî íàïðÿæåíèå íà
ïðÿìîñìåùåííîì äèîäå. Ìèêðîñõåìû ñäâèãà óðîâíÿ 74ÍÑ4049, 4050
ïðåäíàçíà÷åíû äëÿ ïðåäîòâðàùåíèÿ ñêâîçíûõ òîêîâ ÷åðåç âõîäíûå  êàñêà-
äû ìèêðîñõåì â ñëó÷àå, åñëè íàïðÿæåíèÿ âõîäíûõ óðîâíåé ñèãíàëîâ ïðå-
âûøàþò íàïðÿæåíèå ïèòàíèÿ îò áàòàðåè. Çàùèòà âõîäíûõ è âûõîäíûõ êà-
ñêàäîâ ðåàëèçîâàíà ñ èñïîëüçîâàíèåì íåñêîëüêèõ ñõåìíûõ ðåøåíèé. 

Ïðèëîæåíèÿ

Ðèñ. Ï2.20. Çàâèñèìîñòü ñðåäíåé çà-
äåðæêè ðàñïðîñòðàíåíèÿ 
ñèãíàëà îò íàïðÿæåíèÿ 
ïèòàíèÿ

A
LT

'P
2�

19
9+

VCC [B]

tPD

74 HC

74 HCT

2 40 6

3

2

1

0
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Kàê èçâåñòíî, KÌÎÏ-ñõåìû èç-çà
âûñîêîãî âõîäíîãî ñîïðîòèâëåíèÿ
÷óâñòâèòåëüíû ê ýëåêòðîñòàòè÷åñêî-
ìó íàïðÿæåíèþ. Äëÿ ïðåäîòâðàùå-
íèÿ ñòàòè÷åñêîãî ïðîáîÿ â ñîñòàâ ýëå-
ìåíòà âõîäÿò îãðàíè÷èòåëüíûå ðåçèñ-
òîðû, êàê ïîêàçàíî íà Ðèñ. Ï2.22.

Â êà÷åñòâå ýëåìåíòîâ çàùèòû
èñïîëüçîâàíû ïîëèñèëèêîíîâûé ðå-
çèñòîð 100 Îì è äèîäíûå øóíòû,
îáåñïå÷èâàþùèå çàùèòó îò âõîä-
íûõ òîêîâ. Â íåêîòîðûõ ñõåìàõ, òà-
êèõ êàê àâòîãåíåðàòîðû, äèîäû ïðî-
âîäÿò òîê â íîðìàëüíîì ðåæèìå ðà-
áîòû, è â ýòîì ñëó÷àå íåîáõîäèìî
èñïîëüçîâàòü âíåøíèå òîêîîãðàíè-
÷èâàþùèå ðåçèñòîðû. Ìàêñèìàëü-
íûé ïîëîæèòåëüíûé âõîäíîé òîê
ñîñòàâëÿåò 20 ìÀ íà âõîä. Äëÿ óñò-
ðîéñòâ ñî ñòàíäàðòíîé íàãðóçî÷íîé
ñïîñîáíîñòüþ îáùèé âõîäíîé òîê
íà óñòðîéñòâî íå äîëæåí ïðåâû-
øàòü 50 ìÀ, äëÿ øèííûõ ôîðìèðî-
âàòåëåé — 70 ìÀ.

Â ñåìåéñòâå èìåþòñÿ äâà äîñòà-
òî÷íî èíòåðåñíûõ ïðèáîðà — ñäâèãà-
òåëè ëîãè÷åñêèõ óðîâíåé (high-to-low
level shifters) 74HC4049 è 74HC4050,
êîòîðûå èìåþò òîëüêî çàùèòó îò ýëå-
êòðîñòàòè÷åñêîãî ðàçðÿäà. Ñõåìà

âõîäíûõ êàñêàäîâ ýòèõ ÈÑ ïðèâåäåíà íà Ðèñ. Ï2.23. Òàêîå ïîñòðîåíèå ñõå-
ìû ïîçâîëÿåò ðàáîòàòü ñ èñòî÷íèêàìè ëîãè÷åñêèõ ñèãíàëîâ ñ óðîâíÿìè
âûøå íàïðÿæåíèÿ ïèòàíèÿ.

Ñõåìû âõîäíûõ êàñêàäîâ ñåðèé 74ÍÑ è 74ÍÑÒ ïðèâåäåíû íà Ðèñ. Ï2.24
è Ðèñ. Ï2.25. Ñåðèÿ 74ÍÑÒ èìååò äîïîëíèòåëüíûå ýëåìåíòû ñäâèãà óðîâíÿ
äëÿ ñîâìåñòèìîñòè ñ ÒÒË-ñõåìàìè.

Ïðèëîæåíèÿ

Ðèñ. Ï2.21. Ñõåìà âêëþ÷åíèÿ áàòàðåè 
â ñèñòåìó ñ ÈÑ 74ÍÑ

VCC

74HC/HCUВходы

Преобра�
зователи

уровня
(74HC4049/74HC4050)

Ðèñ. Ï2.22. Îãðàíè÷èòåëüíûå ðåçèñ-
òîðû, çàùèùàþùèå ÈÑ îò 
ýëåêòðîñòàòè÷åñêîãî 
íàïðÿæåíèÿ

A
LT

'P
2�

20
1+

VCC

100 120
Вход Выход

Ðèñ. Ï2.23. Ñõåìà âõîäíûõ êàñêàäîâ 
ÈÑ 74ÍÑ4049 è 74ÍÑ4050

A
LT

'P
2�

20
2+

100

D1

Вход
К логической

цепи

GND
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Ñëåäóåò îáðàòèòü âíèìàíèå íà ïðè-
âÿçêó óðîâíåé âõîäîâ. Kàê èçâåñòíî,
äëÿ ïðåäîòâðàùåíèÿ ïåðåõîäà ðàáîòû
âõîäíûõ êàñêàäîâ â ëèíåéíûé ðåæèì
íåèñïîëüçóåìûå âõîäû ÒÒËØ ÈÑ ïîä-
òÿãèâàþò ê èñòî÷íèêó ïèòàíèÿ ÷åðåç
ðåçèñòîð ñîïðîòèâëåíèåì 1…2 êÎì.
Èõ âõîäû íåëüçÿ ïîäêëþ÷àòü ê çåìëå
èëè ïèòàíèþ íàïðÿìóþ.

Äëÿ ìèêðîñõåì ñåðèé 74ÍÑ è 74ÍÑÒ âîçìîæíî ïðÿìîå ïîäêëþ÷åíèå
ê èñòî÷íèêó ïèòàíèÿ èëè ê çåìëå, ëèáî ÷åðåç ðåçèñòîð ñîïðîòèâëåíèåì îò
1 êÎì äî 1 ÌÎì.

Ñëåäóåò ïîìíèòü, ÷òî äâóíàïðàâëåííûå âûâîäû íåëüçÿ ïîäêëþ÷àòü ê
çåìëå èëè ïèòàíèþ íàïðÿìóþ, òîëüêî åñëè îíè èñïîëüçóþòñÿ êàê âõîäû,

èõ ìîæíî ïîäêëþ÷àòü ê çåìëå ÷åðåç
ðåçèñòîð ñîïðîòèâëåíèåì 10 êÎì.

Íà Ðèñ. Ï2.26 ïðèâåäåíà òèïîâàÿ
ñõåìà âûõîäíîãî êàñêàäà ÈÑ ñåðèè
74ÍÑ. Çàùèòíûå äèîäû îãðàíè÷èâà-
þò âûõîäíîå íàïðÿæåíèå â ïðåäåëàõ
0.5 Â – VÎ äî VÑÑ + 0.5 Â.

Íà Ðèñ. Ï2.27 ïðèâåäåíà ñõåìà
âûõîäíîãî êàñêàäà, ðåàëèçóþùåãî
òðåòüå ñîñòîÿíèå. Òðàíçèñòîðû P3 è

Ïðèëîæåíèÿ

Ðèñ. Ï2.24. Âõîäíûå êàñêàäû 74ÍÑ

D1

P1

N1

D2

VCC

Вход Выход
100 170

GND

Ðèñ. Ï2.25. Âõîäíûå êàñêàäû 74ÍÑÒ

A
LT

'P
2�

20
4+

D1

P1

P2

P3

N1
N3

D2
D3

VCC

Вход Выход
100 170

GND

Ðèñ. Ï2.26. Âûõîäíûå êàñêàäû 
ÈÑ 74ÍÑ

A
LT

'P
2�

20
5+

D2

D1

P1

VCC

N1
GND

ВыходВход



— 560 —

N3 ðàáîòàþò êàê ñäâèãàòåëè óðîâíÿ, óïðàâëÿåìûå ñèãíàëîì ÅÎ, ïåðåâîäÿ
âûõîäíûå òðàíçèñòîðû P5 è N5 â çàêðûòîå ñîñòîÿíèå.

Òðåòèé òèï âûõîäíûõ êàñêàäîâ — âûõîä ñ îòêðûòûì ñòîêîì (open-
drain).  Äàííûé òèï âûõîäíîãî êàñêàäà ÿâëÿåòñÿ ýêâèâàëåíòîì îòêðûòîãî
êîëëåêòîðà äëÿ ÒÒË-ñõåì.

Íà Ðèñ. Ï2.28 ïðèâåäåíà ñõåìà
êàñêàäà ñ îòêðûòûì ñòîêîì. Áåçóñ-
ëîâíî, ñëåäóåò ïîìíèòü î íåîáõîäè-
ìîñòè âêëþ÷åíèÿ áëîêèðóþùèõ åì-
êîñòåé ïî ïèòàíèþ. Â ðóêîâîäÿùèõ
äîêóìåíòàõ ôèðì-ïðîèçâîäèòåëåé
ðåêîìåíäóåòñÿ èñïîëüçîâàòü êåðàìè-
÷åñêèé êîíäåíñàòîð åìêîñòüþ 22 íÔ
íà êàæäûå äâà—ïÿòü êîðïóñîâ ÈÑ
74ÍÑ ïëþñ òàíòàëîâûé ýëåêòðîëèòè-

÷åñêèé êîíäåíñàòîð åìêîñòüþ 1 ìêÔ íà 10 êîðïóñîâ.
Ðàññìîòðèì íåêîòîðûå íîâûå ñåìåéñòâà öèôðîâûõ èíòåãðàëüíûõ ñõåì,

îñíîâûâàÿñü íà ñòàíäàðòàõ JEDEC, è îáðàòèì âíèìàíèå íà íåêîòîðûå îñî-
áåííîñòè èõ ïðèìåíåíèÿ.

Ñòàíäàðò Interface Standard for Nominal 3 Â/3.3 Â Supply Digital  Integrated
Circuits (JESD8-B) îïðåäåëÿåò îñíîâíûå òðåáîâàíèÿ ê èíòåðôåéñó ñ  ÈÑ ñ
íàïðÿæåíèåì ïèòàíèÿ 3.3 Â. Â ñîîòâåòñòâèè ñ ýòèì ñòàíäàðòîì óñòàíîâëå-
íû ñëåäóþùèå ïðåäåëüíûå çíà÷åíèÿ ýëåêòðè÷åñêèõ óñëîâèé ýêñïëóàòàöèè
(absolute ìaximum ratings), ïðèâåäåííûå â Òàáë. Ï2.4.

Ïðèëîæåíèÿ

Ðèñ. Ï2.27. Ñõåìà âûõîäíîãî êàñêàäà, ðåãóëèðóþùåãî òðåòüå ñîñòîÿíèå

A
LT

'P
2�

20
6+

P1

D1

VCC

N1

P2

D2

N2

P3

N3

N5

N4

P4
P5

GND

EO

ВыходВход

Ðèñ. Ï2.28. Îòêðûòûé âûõîä

A
LT

'P
2�

20
7+

D2

GND

Выход

Вход
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Ïîä ïðåäåëüíî äîïóñòèìûìè çíà÷åíèÿìè ïîíèìàþòñÿ òàêèå çíà÷åíèÿ
ýëåêòðè÷åñêèõ âåëè÷èí (absolute ìàximum ratings), ïðåâûøåíèå êîòîðûõ
ìîæåò ïðèâåñòè ê âûõîäó óñòðîéñòâà èç ñòðîÿ. Ñëåäóåò îäíîçíà÷íî ïîíè-
ìàòü, ÷òî ïðèâåäåííûå çíà÷åíèÿ ïàðàìåòðîâ ÿâëÿþòñÿ èìåííî ïðåäåëüíî
äîïóñòèìûìè â òå÷åíèå êîðîòêîãî ïðîìåæóòêà âðåìåíè, ðàáîòà óñòðîéñò-
âà ïðè òàêèõ çíà÷åíèÿõ ïàðàìåòðîâ íå ÿâëÿåòñÿ íîðìîé è íåäîïóñòèìà â
ðåæèìå íîðìàëüíîé ýêñïëóàòàöèè. Ñëåäóåò ïîìíèòü, ÷òî çíà÷åíèÿ âõîä-
íûõ è âûõîäíûõ òîêîâ äàíû äëÿ åäèíñòâåííîãî âõîäà èëè âûõîäà.

Èíîå äåëî ðåêîìåíäóåìûå óñëîâèÿ ýêñïëóàòàöèè (recommended operat-
ing conditions). Ýòè çíà÷åíèÿ ïàðàìåòðîâ ÿâëÿþòñÿ ïðåäïî÷òèòåëüíûìè
ïðè øòàòíîé ýêñïëóàòàöèè èçäåëèÿ, è íå ñòîèò èõ íàðóøàòü áåç êðàéíåé
íåîáõîäèìîñòè. Â Òàáë. Ï2.5 ïðèâîäÿòñÿ ðåêîìåíäóåìûå óñëîâèÿ ýêñïëó-
àòàöèè äëÿ 3.3-âîëüòîâûõ ëîãè÷åñêèõ ÈÑ.

K 3.3-âîëüòîâûì ñõåìàì îòíîñèòñÿ ðÿä ñåìåéñòâ ÈÑ, âûïîëíåííûõ êàê
ïî ÒÒË-, òàê è ïî KÌÎÏ-òåõíîëîãèè. Â ýòîé ñâÿçè âîçíèêàþò âîïðîñû,
ñâÿçàííûå ñ ñîâìåñòèìîñòüþ óñòðîéñòâ ïî óðîâíÿì, ïîòðåáëÿåìîé ìîù-
íîñòè è ò.ï. Ïîñòàðàåìñÿ ïðèâåñòè îñíîâíûå ïîíÿòèÿ ïî ñîâìåñòèìîñòè
ðàçëè÷íûõ ñåìåéñòâ ÈÑ.

Ïðèëîæåíèÿ

Òàáëèöà Ï2.4. Ïðåäåëüíûå çíà÷åíèÿ ýëåêòðè÷åñêèõ óñëîâèé ýêñïëóàòàöèè
Ïàðàìåòð Îáîçíà÷åíèå Çíà÷åíèå

Íàïðÿæåíèå ïèòàíèÿ (supply voltage) VDD –0.5 Â...4.6 Â

Âõîäíîå ïîñòîÿííîå íàïðÿæåíèå 
(DC input voltage) VI

–0.5 Â...VDD + 0.5 Â
(4.6 Â màx)

Âûõîäíîå ïîñòîÿííîå íàïðÿæåíèå 
(DC output voltage) VO

–0.5 Â...VDD + 0.5 Â
(4.6 Â màx)

Âõîäíîé òîê 
(DC input current)

II ïðè VI < 0 Â 
èëè VI > VDD

± 20 ìÀ

Âûõîäíîé òîê 
(DC output current)

IO ïðè VO < 0 Â 
èëè VO > VDD

± 20 ìÀ

Òàáëèöà Ï2.5. Ðåêîìåíäóåìûå óñëîâèÿ ýêñïëóàòàöèè äëÿ 3.3-âîëüòîâûõ 
ëîãè÷åñêèõ ÈÑ

Äèàïàçîí íàïðÿæåíèé
ïèòàíèÿ Íîðìàëüíûé äèàïàçîí Ðàñøèðåííûé äèàïàçîí

Íîìèíàë 3.3 Â 3.0 Â
Äîïóñòèìûå ïðåäåëû

èçìåíåíèÿ 3.0...3.6 Â 2.7...3.6 Â
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Âõîäíûå ïàðàìåòðû ìèêðîñõåì ñåìåéñòâ LVTTL è LVCMOS ïðèâåäå-
íû â Òàáë. Ï2.6. Â Òàáë. Ï2.7 ïðèâåäåíû îñíîâíûå âûõîäíûå ïàðàìåòðû
ìèêðîñõåì LVTTL. Âûõîäíûå ïàðàìåòðû KÌÎÏ ñåìåéñòâ LVCMOS ïðèâå-
äåíû â Òàáë. Ï2.8.

Kàê èçâåñòíî, äëÿ óâåëè÷åíèÿ áûñòðîäåéñòâèÿ è ñòåïåíè èíòåãðàöèè
ïîñòîÿííî ñíèæàþòñÿ ïðîåêòíûå íîðìû, ïðèìåíÿåìûå ïðè èçãîòîâëåíèè
ÁÈÑ. Åñëè åùå ïàðó ëåò íàçàä íàèáîëåå ïîïóëÿðíûìè è ìàññîâûìè áûëè
0.5- è 0.35-ìèêðîííûå òåõíîëîãèè, òî ñåé÷àñ àêòóàëüíû 0.25 è ìåíåå. ßñ-
íî, ÷òî óìåíüøåíèå ãåîìåòðè÷åñêèõ ðàçìåðîâ ëîãè÷åñêèõ ýëåìåíòîâ ïðè-
âîäèò ê óìåíüøåíèþ äîïóñòèìîãî íàïðÿæåíèÿ ïèòàíèÿ. Îäíàêî áîëü-
øèíñòâî ñóùåñòâóþùèõ ñòàíäàðòíûõ èíòåðôåéñîâ è ïðîòîêîëîâ îáìåíà
äî ñèõ ïîð îïåðèðóþò ñòàðûìè äîáðûìè ÒÒË-óðîâíÿìè. Â ýòîé ñâÿçè àê-

Ïðèëîæåíèÿ

Îáîçíà÷åíèå Ïàðàìåòð Óñëîâèÿ
èçìåðåíèé maxmin

Çíà÷åíèå

VIH
Âõîäíîå íàïðÿæåíèå ÂÛÑÎKÎÃÎ
óðîâíÿ (high-level input voltage)

VOUT >= VOH èëè
VOUT >= VOL

2 Â VDD + 0.3
Â

VIL
Âõîäíîå íàïðÿæåíèå ÍÈÇKÎÃÎ
óðîâíÿ (low-level input voltage) –0.3 Â 0.8 Â

IIN Âõîäíîé òîê (input current) VIN = 0 Â èëè 
VIN = VDD

— ±5 ìêÀ

Òàáëèöà Ï2.7. Îñíîâíûå âûõîäíûå ïàðàìåòðû ìèêðîñõåì LVTTL

Îáîçíà÷åíèå Ïàðàìåòð Óñëîâèÿ
èçìåðåíèé maxmin

Çíà÷åíèå

VOH 
Âûõîäíîå íàïðÿæåíèå ÂÛÑÎKÎÃÎ
óðîâíÿ (high-level output voltage) 

VDD = min,
IOH = –2 ìÀ 2.4 Â —

VOL
Âûõîäíîå íàïðÿæåíèå ÍÈÇKÎÃÎ
óðîâíÿ (low-level output voltage)

VDD = min,
IOL = 2 ìÀ — 0.4 Â

Òàáëèöà Ï2.8. Âûõîäíûå ïàðàìåòðû KÌÎÏ ñåìåéñòâ LVCMOS

Îáîçíà÷åíèå Ïàðàìåòð Óñëîâèÿ
èçìåðåíèé maxmin

Çíà÷åíèå

VOH 
Âûõîäíîå íàïðÿæåíèå ÂÛÑÎKÎÃÎ
óðîâíÿ (high-level output voltage)

VDD = min, 
IOH = –100 ìêÀ VDD – 0.2 Â —

VOL
Âûõîäíîå íàïðÿæåíèå ÍÈÇKÎÃÎ
óðîâíÿ (low-level output voltage)

VDD = min, 
IOL = 100 ìêÀ — 0.2 Â

Òàáëèöà Ï2.6. Âõîäíûå ïàðàìåòðû ìèêðîñõåì ñåìåéñòâ LVTTL è LVCMOS
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òóàëüíûì ñòàíîâèòñÿ âîïðîñ î ñîïðÿæåíèè íèçêîâîëüòíûõ è êëàññè÷åñ-
êèõ ëîãè÷åñêèõ ÈÑ. 

Îïðåäåëèìñÿ, ÷òî æå îçíà÷àåò ñîâìåñòèìîñòü ÈÑ ðàçëè÷íûõ ñåìåéñòâ.
Ïðèâåäåííûå â Òàáë. Ï2.8 ïàðàìåòðû îïðåäåëÿþò ñîâìåñòèìîñòü ÈÑ êàê
ñîâìåñòèìûå ñ LVTTL (LVTTL-compatible). Kàê ìîæíî çàìåòèòü, âûõîäíûå
íàïðÿæåíèÿ ÍÈÇKÎÃÎ è ÂÛÑÎKÎÃÎ óðîâíÿ ñîâåðøåííî îäíîçíà÷íî îï-
ðåäåëÿþòñÿ êëàññè÷åñêèìè 5-âîëüòîâûìè ñõåìàìè è ìîãóò áûòü èñïîëüçî-
âàíû äëÿ ïîäà÷è íà âõîä 5-âîëüòîâûõ ÒÒË ñîâìåñòèìûõ ÈÑ. Îäíàêî ïðè îá-
ðàòíîì ïåðåõîäå îò 5-âîëüòîâûõ ñèñòåì ê 3-âîëüòîâûì ñëåäóåò ïîìíèòü îá
îïàñíîñòè ïîâðåæäåíèÿ âõîäíûõ êàñêàäîâ, íå ðàññ÷èòàííûõ íà íàïðÿæåíèå
ïèòàíèÿ 5 Â. Â ýòîì ñëó÷àå ïîëåçíû ñåðèè 74ÍÑ è 74ÀÍÑ. Â ýòîé ñâÿçè ñëå-
äóåò ÷åòêî ïîìíèòü, ÷òî ïðè ñîâìåñòíîé ðàáîòå 5-âîëüòîâûõ è 3-âîëüòîâûõ
êîìïîíåíòîâ âûõîäíîå íàïðÿæåíèå VOH 5-âîëüòîâûõ ÈÑ íå äîëæíî ïðåâû-
øàòü ìàêñèìàëüíîãî âõîäíîãî íàïðÿæåíèÿ 3-âîëüòîâûõ ÈÑ VIH. 

Ãîâîðÿ î ñîâìåñòèìîñòè ñ íèçêîâîëüòíûìè KÌÎÏ ÈÑ (LVCMOS com-
patibility), íåîáõîäèìî ïîìíèòü, ÷òî â ýòîì ñëó÷àå âûõîäíûå ïàðàìåòðû îï-
ðåäåëåíû â Òàáë. Ï2.8. Ïðè ýòîì ïðè ïåðåêëþ÷åíèè èç îäíîãî ëîãè÷åñêîãî
óðîâíÿ â äðóãîé âûõîäíîé ñèãíàë ïðàêòè÷åñêè ïðîõîäèò âåñü äèàïàçîí ïè-
òàíèÿ, çàíèìàÿ îäíî èç êðàéíèõ çíà÷åíèé (íîëü èëè íàïðÿæåíèå ïèòàíèÿ).
Ýòî ñâîéñòâî â àíãëîÿçû÷íîé ëèòåðàòóðå ïîëó÷èëî íàèìåíîâàíèå rail-to-rail.
Òàêîå ïîñòðîåíèå ïîçâîëÿåò ïðèéòè ê ïðàêòè÷åñêè íóëåâîìó ïîòðåáëåíèþ â
ñòàòèêå (ïðè îòñóòñòâèè ïåðåêëþ÷åíèé).

Äëÿ òîãî, ÷òîáû îáåñïå÷èòü ñîâìåñòèìîñòü ñ íèçêîâîëüòíûìè KÌÎÏ -
óñòðîéñòâàìè ïî âõîäó, íåîáõîäèìî ñîáëþäàòü ñëåäóþùèå óñëîâèÿ:

1. Ìèíèìàëüíîå çíà÷åíèå âõîäíîãî íàïðÿæåíèÿ ÂÛÑÎKÎÃÎ óðîâíÿ
VIH äîëæíî áûòü íå ìåíåå 2 Â, íî íå âûøå íàïðÿæåíèÿ ïèòàíèÿ VDD. Äëÿ
KÌÎÏ-óñòðîéñòâ âîîáùå ïðèíÿòî, ÷òî óðîâåíü ëîãè÷åñêîé åäèíèöû íå
ìåíåå 0.7 íàïðÿæåíèÿ ïèòàíèÿ.

2. Ìàêñèìàëüíîå çíà÷åíèå âõîäíîãî íàïðÿæåíèÿ ÍÈÇKÎÃÎ óðîâíÿ VIL
ðàâíî 0.8 Â. 

Òàêèì îáðàçîì, êîãäà ðàçðàáîò÷èê â òåõíè÷åñêîé äîêóìåíòàöèè ÷èòàåò
«Components are «LVTTL-compatible» èëè «LVCMOS-compatible», ýòî îç-
íà÷àåò, ÷òî âûõîäíûå õàðàêòåðèñòèêè òàêîãî ïðèáîðà ñîîòâåòñòâóþò ïðè-
âåäåííûì â Òàáë. Ï2.9 è Ï2.10 ñîîòâåòñòâåííî. Íî, êàê èçâåñòíî, íåëüçÿ
îáúÿòü íåîáúÿòíîå, ïîýòîìó ïðîèçâîäèòåëè ÷àñòî óêàçûâàþò íà îòêëîíå-
íèÿ îò ñòàíäàðòà, êàê ïðàâèëî, â ñòîðîíó ïðåâûøåíèÿ ñòàíäàðòíûõ çíà÷å-
íèé (exceed the requirements). K òàêèì ïðåâûøåíèÿì îòíîñÿòñÿ ïîâûøåí-

Ïðèëîæåíèÿ
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íàÿ íàãðóçî÷íàÿ ñïîñîáíîñòü, ñïîñîáíîñòü ôóíêöèîíèðîâàòü ïðè âûñîêîì
íàïðÿæåíèè íà âõîäå è ò.ï.

Ãîâîðÿ î íîâûõ ñåìåéñòâàõ ëîãè÷åñêèõ ÈÑ, íåëüçÿ íå îñòàíîâèòüñÿ íà
âîïðîñå íîâûõ èíòåðôåéñíûõ ñåðèé è ñòàíäàðòîâ. Òàê, â 1993 ãîäó áûë
îäîáðåí ñòàíäàðò JESD8-4, îïðåäåëÿþùèé ïàðàìåòðû èíòåðôåéñà CTT
(Center Tap Terminated). Ýòîò ñòàíäàðò îïðåäåëÿåò ñïåöèôèêàöèþ âõîäíûõ
è âûõîäíûõ õàðàêòåðèñòèê äëÿ èíòåðôåéñíûõ ÈÑ è ïðåäñòàâëÿåò ñîáîé
íàäìíîæåñòâî LVTTL è LVCMOS. Òàêèì îáðàçîì, ïðèåìíèêè ÑÒÒ ñîâìå-
ñòèìû ñî ñòàíäàðòíûìè 3-âîëüòîâûìè ÈÑ. Â Òàáë. Ï2.9 ïðèâîäÿòñÿ îñ-
íîâíûå ïàðàìåòðû ÑÑÒ. Íà Ðèñ. Ï2.29 ïðèâåäåíà òèïè÷íàÿ ñõåìà èñïîëü-
çîâàíèÿ ÑÒÒ-èíòåðôåéñà. Íà Ðèñ. Ï2.30 ïðèâåäåíà ñõåìà ðåàëèçàöèè
ÑÒÒ-èíòåðôåéñà.

Ñîâåðøåíñòâîâàíèå òåõíîëîãèè ïðèâîäèò ê óìåíüøåíèþ ïðîåêòíûõ
íîðì, à ñëåäîâàòåëüíî, è ðàáî÷èõ íàïðÿæåíèé ÈÑ. Óæå ñåé÷àñ íîâûå ñå-
ìåéñòâà ÏËÈÑ, òàêèå êàê APEX ôèðìû «Altera» è VIRTEX ôèðìû
«Xilinx» [2, 3], ðàáîòàþò îò èñòî÷íèêîâ ïèòàíèÿ 2.5 Â è 1.8 Â. Â ýòîé ñâÿ-
çè ñòàíîâÿòñÿ àêòóàëüíûìè âîïðîñû ñîïðÿæåíèÿ ñ òàêèìè óñòðîéñòâàìè.

Ïðèëîæåíèÿ

Òàáëèöà Ï2.9. Îñíîâíûå ïàðàìåòðû ÑÑÒ
Îáîçíà-
÷åíèå Ïàðàìåòð Óñëîâèÿ

èçìåðåíèÿ maxtypmin
Çíà÷åíèå Åäèíèöà

èçìåðåíèÿ

VTT/VREF

Íàïðÿæåíèå
íàãðóçêè/îïîðíîå
íàïðÿæåíèå

— 1.35 1.5 1.65 Â

VIH

Âõîäíîå íàïðÿæåíèå
ÂÛÑÎKÎÃÎ óðîâíÿ (high-
level input voltage)

— VREF + 0.2 — — Â

VIL

Âõîäíîå íàïðÿæåíèå
ÍÈÇKÎÃÎ óðîâíÿ (low-
level input voltage)

— — — VREF – 0.2 Â

VOH

Âûõîäíîå íàïðÿæåíèå
ÂÛÑÎKÎÃÎ óðîâíÿ (high-
level output voltage)

50-îìíàÿ
íàãðóçêà VREF+  0.4 — VREF + 0.6 Â

VOL

Âûõîäíîå íàïðÿæåíèå
ÍÈÇKÎÃÎ óðîâíÿ (low-
level output voltage)

50-îìíàÿ
íàãðóçêà VREF – 0.6 — VREF – 0.4 Â

IO Âûõîäíîé òîê óòå÷êè
VSS<VIN<

VDD, Z-ñîñ-
òîÿíèå

— — ±10 ìêÀ

IL Âõîäíîé òîê óòå÷êè VSS < VIN<
VDD

— — ±10 ìêÀ
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Ñòàíäàðò JEDEC JESD8-5 îïðåäåëÿåò ëîãè÷åñêèå óðîâíè è ïàðàìåòðû
ÈÑ, ðàáîòàþùèõ â äèàïàçîíå ïèòàíèÿ 2.5 Â. Ïðåäåëüíî äîïóñòèìûå ïàðà-
ìåòðû, îïðåäåëÿåìûå ýòèì ñòàíäàðòîì, ïðèâîäÿòñÿ â Òàáë. Ï2.10. Ïàðà-
ìåòðû 2.5-âîëüòîâûõ ÈÑ ïðèâîäÿòñÿ â Òàáë. Ï2.11.

Ïîñëåäíèå ðàçðàáîòêè ÈÑ âûïîëíÿþòñÿ ïî 0.18-ìèêðîííîé òåõíîëî-
ãèè, ïðè èñïîëüçîâàíèè êîòîðîé íàïðÿæåíèå ïèòàíèÿ ñîñòàâëÿåò âñåãî
ëèøü 1.8 Â. Ñòàíäàðò JESD8-7 îïðåäåëÿåò êàê ïðåäåëüíî äîïóñòèìûå, òàê
è ðàáî÷èå ïàðàìåòðû 1.8-âîëüòîâûõ ÈÑ. Â Òàáë. Ï2.12 ïðèâåäåíû ïðå-
äåëüíî äîïóñòèìûå ïàðàìåòðû äëÿ 1.8-âîëüòîâûõ ÈÑ. Ðàáî÷èå õàðàêòåðè-
ñòèêè 1.8-âîëüòîâûõ ÈÑ ïðèâåäåíû â Òàáë. Ï2.13.

Ïðèëîæåíèÿ

Òàáëèöà Ï2.10. Ïðåäåëüíî äîïóñòèìûå ïàðàìåòðû
Ïàðàìåòð Îáîçíà÷åíèå Çíà÷åíèå

Íàïðÿæåíèå ïèòàíèÿ 
(supply voltage) VDD –0.5 Â...3.6 Â

Âõîäíîå ïîñòîÿííîå
íàïðÿæåíèå (DC input voltage) VIN –0.5 Â…3.6 Â

Âûõîäíîå ïîñòîÿííîå
íàïðÿæåíèå (DC output voltage) VOUT –0.5 Â...VDD + 0.5 Â

Âõîäíîé òîê 
(DC input current)

II ïðè VI < 0 Â
èëè VI > VDD

±20 ìÀ

Âûõîäíîé òîê 
(DC output current)

IO ïðè VO < 0 Â
èëè VO > VDD

±20 ìÀ

Òàáëèöà Ï2.11. Ïàðàìåòðû 2.5-âîëüòîâûõ ÈÑ
Îáîçíà-
÷åíèå Ïàðàìåòð Óñëîâèÿ èçìåðåíèÿ maxmin

Çíà÷åíèå Åäèíèöà
èçìåðåíèÿ

VDD Íàïðÿæåíèå ïèòàíèÿ — 2.3 2.7 Â

VIH

Âõîäíîå íàïðÿæåíèå
ÂÛÑÎKÎÃÎ óðîâíÿ
(high-level input voltage)

VOUT > VOH 1.7 VDD + 0.3 Â

VIL

Âõîäíîå íàïðÿæåíèå
ÍÈÇKÎÃÎ óðîâíÿ
(low-level input voltage)

VOUT < VOL –0.3 0.4 Â

VOH

Âûõîäíîå íàïðÿæåíèå
ÂÛÑÎKÎÃÎ óðîâíÿ
(high-level output voltage)

VDD = MIN, 
VI = VIH
èëè VIL

IOH =
–100 ìêÀ 1.7 VDD + 0.3 Â

VOL

Âûõîäíîå íàïðÿæåíèå
ÍÈÇKÎÃÎ óðîâíÿ (low-
level output voltage)

VDD = MIN, 
VI = VIH
èëè VIL

IOH =
–100 ìêÀ –0.3 0.4 Â

II Âõîäíîé òîê VDD = MIN, VI = VIH èëè VIL — ±5 ìêÀ

Ïðèìå÷àíèå: MIN — ìèíèìàëüíîå çíà÷åíèå.
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Ïðèëîæåíèÿ

Ðèñ. Ï2.29. Ñõåìà èñïîëüçîâàíèÿ ÑÒÒ-èíòåðôåéñà
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Ðèñ. Ï2.30. Ñõåìà èñïîëüçîâàíèÿ ÑÒÒ-èíòåðôåéñà

A
LT

'P
2

20
9

HZ

D08
30/30

2

2

2 2

2

2

2

2

10/10

500

500

D0

40 40
(1.2u)
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Ïðèëîæåíèÿ

Òàáëèöà Ï2.12. Ïðåäåëüíî äîïóñòèìûå ïàðàìåòðû äëÿ 1.8-âîëüòîâûõ ÈÑ

Ïàðàìåòð Îáîçíà÷åíèå Çíà÷åíèå

Íàïðÿæåíèå ïèòàíèÿ 
(supply voltage) VDD –0.5 Â...2.5 Â

Âõîäíîå ïîñòîÿííîå
íàïðÿæåíèå (DC input voltage) VIN –0.5 Â...VDD + 0.5 Â

Âûõîäíîå ïîñòîÿííîå
íàïðÿæåíèå (DC output voltage) VOUT –0.5 Â...VDD + 0.5 Â

Âõîäíîé òîê 
(DC input current)

II ïðè VI < 0 Â 
èëè VI > VDD

±20 ìÀ

Âûõîäíîé òîê 
(DC output current)

IO ïðè VO < 0 Â 
èëè VO > VDD

±20 ìÀ

Òàáëèöà Ï2.13. Ðàáî÷èå õàðàêòåðèñòèêè 1.8-âîëüòîâûõ ÈÑ

Îáîçíà÷åíèå Ïàðàìåòð Óñëîâèÿ
èçìåðåíèÿ maxmin

Çíà÷åíèå Åäèíèöà
èçìåðåíèÿ

VDD Íàïðÿæåíèå ïèòàíèÿ 1.2 1.95 Â

VIH

Âõîäíîå íàïðÿæåíèå
ÂÛÑÎKÎÃÎ óðîâíÿ
(high-level input voltage)

VOUT > VOH 0.7 VDD VDD + 0.3 Â

VIL

Âõîäíîå íàïðÿæåíèå
ÍÈÇKÎÃÎ óðîâíÿ (low-
level input voltage)

VOUT < VOL –0.3 0.3 VDD Â

VOH

Âûõîäíîå íàïðÿæåíèå
ÂÛÑÎKÎÃÎ óðîâíÿ
(high-level output voltage)

IOH = 
–100 ìêÀ VDD – 0.2 — Â

VOL

Âûõîäíîå íàïðÿæåíèå
ÍÈÇKÎÃÎ óðîâíÿ (low-
level output voltage)

IOL = –100
ìêÀ — 0.2 Â



— 568 —

Ïðèëîæåíèå 3. Ïðàêòè÷åñêèå 
ðåêîìåíäàöèè ïî 
ðàçðàáîòêå ïå÷àòíûõ ïëàò

Ïðèëîæåíèÿ

Ñîâðåìåííûå ýëåêòðîííûå óçëû çíà÷èòåëüíî îòëè÷àþòñÿ îò óñòðîéñòâ
ðàçðàáîòêè êîíöà 80-õ — íà÷àëà 90-õ ãîäîâ. Âî-ïåðâûõ, íîâûå òåõíîëîãèè
ïîâåðõíîñòíîãî ìîíòàæà ïðèâåëè ê óìåíüøåíèþ ãàáàðèòîâ êîìïîíåíòîâ â
3…6 ðàç. Âî-âòîðûõ, ïîÿâèëèñü íîâûå êîðïóñà èíòåãðàëüíûõ ñõåì ñ ìà-
ëûì øàãîì ìåæäó âûâîäàìè (0.5…0.65 ìì), êîðïóñà ñ øàðèêîâûìè âûâî-
äàìè (BGA), íîâûå ìàëîãàáàðèòíûå äèñêðåòíûå êîìïîíåíòû è ñîåäèíèòå-
ëè. Â-òðåòüèõ, ïîâûñèëàñü òî÷íîñòü èçãîòîâëåíèÿ ïå÷àòíûõ ïëàò, ïîâûñè-
ëèñü âîçìîæíîñòè äëÿ ðàçâîäêè ñëîæíûõ óñòðîéñòâ â ìàëûõ ãàáàðèòàõ.
Ïîÿâëåíèå íîâîé ýëåìåíòíîé áàçû ïîçâîëÿåò ãîâîðèòü î âîçìîæíîñòè âî-
ïëîùåíèÿ ñëîæíûõ ñèñòåì íà îäíîé ïëàòå è äàæå íà îäíîì êðèñòàëëå. Ýòî
îçíà÷àåò, ÷òî íà îäíîé è òîé æå òèïè÷íîé ïëàòå óñòðîéñòâà îáðàáîòêè ñèã-
íàëîâ â ìàëûõ ãàáàðèòàõ ðàçìåùàþòñÿ âûñîêî÷óâñòâèòåëüíûé àíàëîãîâûé
òðàêò, àíàëîãî-öèôðîâîé ïðåîáðàçîâàòåëü, âûñîêîñêîðîñòíàÿ ñõåìà öèô-
ðîâîé îáðàáîòêè íà ïðîöåññîðå è (èëè) ïðîãðàììèðóåìûõ ëîãè÷åñêèõ èí-
òåãðàëüíûõ ñõåìàõ, áóôåðíûå ýëåìåíòû è äðàéâåðû ëèíèé ñâÿçè, ýëåìåí-
òû ñòàáèëèçàòîðîâ íàïðÿæåíèÿ ïèòàíèÿ è ïðåîáðàçîâàòåëåé óðîâíÿ è äðó-
ãèå óçëû. Åñòåñòâåííî, ÷òî ýòî íàêëàäûâàåò ñâîé îòïå÷àòîê íà ìåòîäîëî-
ãèþ ðàçðàáîòêè ïëàòû. 

Ïðè ïðîåêòèðîâàíèè ïëàò ñ èñïîëüçîâàíèåì ñðåäñòâ ÑÀÏÐ íåîáõîäèìî
âñåãäà ïîìíèòü, ÷òî ñêîëü ñîâåðøåííûìè íè áûëè àëãîðèòìû àâòîìàòè÷å-
ñêîé òðàññèðîâêè, îíè íèêîãäà íå çàìåíÿò ðàáîòó êîíñòðóêòîðà. Â ëó÷øåì
ñëó÷àå â àâòîìàòè÷åñêîì ðåæèìå âîçìîæíà òðàññèðîâêà ìàëî÷óâñòâèòåëü-
íûõ, ìåäëåííûõ (äî 3…5 ÌÃö) öèôðîâûõ öåïåé.

Îñîáîå âíèìàíèå ñëåäóåò óäåëÿòü ïðîáëåìå çàçåìëåíèÿ. Çåìëÿíàÿ øè-
íà îïðåäåëÿåòñÿ êàê ýêâèïîòåíöèàëüíàÿ ïîâåðõíîñòü, ïîòåíöèàë êîòîðîé
ñëóæèò äëÿ ñõåìû óðîâíåì îòñ÷åòà íàïðÿæåíèé. 
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Ïðè ïðîåêòèðîâàíèè çåìëÿíûõ öåïåé ïðåñëåäóþòñÿ äâå öåëè. Âî-ïåðâûõ,
ñëåäóåò ïîìíèòü, ÷òî çàçåìëåíèå ìèíèìèçèðóåò íàïðÿæåíèå øóìîâ, âîçíèêà-
þùåå ïðè ïðîõîæäåíèè òîêîâ îò íåñêîëüêèõ ñõåì ÷åðåç îáùåå ñîïðîòèâëå-
íèå çåìëè. Âî-âòîðûõ, íåîáõîäèìî èñêëþ÷èòü îáðàçîâàíèå êîíòóðîâ çàçåì-
ëåíèÿ, ÷óâñòâèòåëüíûõ ê ýëåêòðîìàãíèòíûì ïîëÿì è ðàçíîñòÿì ïîòåíöèàëîâ.

Òàêèì îáðàçîì, çàçåìëåíèå ïðåäñòàâëÿåò ñîáîé îáëàäàþùóþ íèçêèì
èìïåäàíñîì öåïü âîçâðàòà òîêà. Îòñþäà ÿñíî, ÷òî ïðîòåêàíèå ëþáîãî òîêà
â ñèñòåìå çàçåìëåíèÿ ïðèâîäèò ê ïîÿâëåíèþ ðàçíîñòè ïîòåíöèàëîâ. ßñíî,
÷òî ýòà ðàçíîñòü ïîòåíöèàëîâ äîëæíà áûòü ìèíèìàëüíîé. Îòñþäà ñëåäóåò,
÷òî ïðè ïðîåêòèðîâàíèè òîïîëîãèè çåìëè ñëåäóåò îáåñïå÷èòü èìïåäàíñ
çàçåìëåíèÿ íà êàê ìîæíî áîëåå íèçêîì óðîâíå è êîíòðîëèðîâàòü òîêè, ïðî-
òåêàþùèå ìåæäó èñòî÷íèêàìè è íàãðóçêàìè.

Ïîýòîìó íåîáõîäèìî èñïîëüçîâàòü íåñêîëüêî öåïåé çàçåìëåíèÿ, ñîåäè-
íåííûõ â îäíîé òî÷êå. Ïðè÷åì òðàäèöèîííîãî äåëåíèÿ íà àíàëîãîâîå è öè-
ôðîâîå çàçåìëåíèå ìîæåò îêàçàòüñÿ íåäîñòàòî÷íî. Íà Ðèñ. Ï3.1 ïðåäñòàâëå-
íà ñõåìà çàçåìëåíèÿ äâóõ àíàëîãîâûõ çåìåëü, ïðè÷åì îäíà ñëóæèò çåìëåé
äëÿ ñëàáîãî âõîäíîãî ñèãíàëà, à äðóãàÿ — äëÿ ìîùíîãî âûõîäíîãî. Ñëåäóåò
èçáåãàòü çàçåìëåíèÿ òàê íàçûâàåìîé ãèðëÿíäîé, íàäî èñïîëüçîâàòü îäíî-
òî÷å÷íûå ñõåìû çàçåìëåíèÿ, êîãäà ðàçëè÷íûå çåìëè ñîåäèíÿþòñÿ â òî÷êå
ââîäà ó ðàçúåìà ïèòàíèÿ.

Â ïåðâóþ î÷åðåäü ñëåäóåò ïîìíèòü, ÷òî åñëè ðàçðàáàòûâàåòñÿ ïëàòà,
ñîäåðæàùàÿ êàê àíàëîãîâûå, òàê è öèôðîâûå óçëû è ðàáîòàþùàÿ íà äîñòà-
òî÷íî âûñîêîé òàêòîâîé ÷àñòîòå (>1 ÌÃö), òî íå ñëåäóåò ýêîíîìèòü è ðàç-
ðàáàòûâàòü äâóõñëîéíóþ ïëàòó. Â ýòîì ñëó÷àå íåîáõîäèìî èñïîëüçîâàòü
ìíîãîñëîéíóþ ïëàòó, â êîòîðîé âíóòðåííèå ñëîè ïðåäñòàâëÿþò ñîáîé
ñïëîøíûå ïëîñêîñòè çåìëè è ïèòàíèÿ. 

Ïðèëîæåíèÿ

Ðèñ. Ï3.1. Ñõåìà çàçåìëåíèÿ äëÿ äâóõ àíàëîãîâûõ çåìåëü
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Íåëèøíå íàïîìíèòü î âñåì èç-
âåñòíîì ñêèí-ýôôåêòå è çàâèñè-
ìîñòè èìïåäàíñà îò ÷àñòîòû, ïî-
ýòîìó îáëàñòü ìåòàëëèçàöèè îä-
íîãî è òîãî æå ðàçìåðà áóäåò
èìåòü ðàçëè÷íûé èìïåäàíñ íà
íèçêèõ è âûñîêèõ ÷àñòîòàõ. Ðåêî-
ìåíäóåòñÿ âñå ñâîáîäíîå ïðîñò-
ðàíñòâî ïëàòû çàïîëíèòü ñïëîø-
íîé îáëàñòüþ ìåòàëëèçàöèè, ñî-
åäèíåííîé ñ îáùåé øèíîé, ÷òîáû
èçáåæàòü íàâîäîê.

Âûáèðàÿ øàã ñåòêè òðàññèðîâ-
êè, íàäî ó÷èòûâàòü íå òîëüêî ðàç-

ðåøàþùóþ ñïîñîáíîñòü ôîòîïëîòòåðà è äðóãîãî òåõíîëîãè÷åñêîãî îáîðó-
äîâàíèÿ, íî è ïîìíèòü î âîçìîæíûõ òîêàõ óòå÷êè ÷åðåç ïëàòó. Îñîáåííî
ýòî êðèòè÷íî ê âõîäíûì âûñîêîîìíûì öåïÿì óñèëèòåëåé, â ýòîì ñëó÷àå
íåïëîõîé ìåðîé ÿâëÿåòñÿ çàùèòíîå êîëüöî (Ðèñ. Ï3.2).

Åñëè ïåðåäàåòñÿ ñêîðîñòíîé ñèãíàë íà äîñòàòî÷íî áîëüøîå ðàññòîÿ-
íèå, òî ñäåëàòü ýòî ìîæíî òîëüêî ïî ñîãëàñîâàííîé ëèíèè íà íèçêîîì-
íóþ íàãðóçêó.

Íåñêîëüêî ñëîâ ñëåäóåò ñêàçàòü î ôèëüòðóþùèõ åìêîñòÿõ. Î÷åíü ÷à-
ñòî íà÷èíàþùèé êîíñòðóêòîð áåçäóìíî óñòàíàâëèâàåò èõ ãäå ïðèäåòñÿ,
ðóêîâîäñòâóÿñü òîëüêî íîðìîé óñòàíîâêè áëîêèðóþùèõ åìêîñòåé íà
÷èñëî òåõ èëè èíûõ ìèêðîñõåì. Ñëåäóåò ïîìíèòü, ÷òî äëÿ òîãî, ÷òîáû
ôèëüòðóþùèå åìêîñòè ýôôåêòèâíî ðàáîòàëè, äëèíà öåïè îò âûâîäà ìè-
êðîñõåìû äî åìêîñòè áûëà ìèíèìàëüíîé. Èñïîëüçîâàíèå ïëàíàðíûõ
êîìïîíåíòîâ ïðàêòè÷åñêè ïîëíîñòüþ ïîçâîëÿåò ðåøèòü ýòó ïðîáëåìó
(Ðèñ. Ï3.3).

Íå ñëåäóåò ðàçíîñèòü â ïðîñòðàíñòâå ñèãíàëüíóþ è âîçâðàòíûå öåïè
îäíîãî ñèãíàëà (Ðèñ. Ï3.4). Ýòî çàìå÷àíèå êàñàåòñÿ òàêæå äèôôåðåíöè-
àëüíûõ âõîäíûõ öåïåé, êîòîðûå äîëæíû èìåòü îäèíàêîâóþ äëèíó.

Ñëåäóåò ñòðåìèòüñÿ âûïîëíèòü ðàçâîäêó ÷óâñòâèòåëüíûõ àíàëîãîâûõ
öåïåé â îäíîì ñëîå (ñî ñòîðîíû óñòàíîâêè êîìïîíåíòîâ) è èçáåãàòü ïåðå-
ñå÷åíèé ïðîâîäíèêîâ, òàê êàê íàðóøåíèå öåëîñòíîñòè çàçåìëÿþùåãî ñëîÿ
âûçûâàåò óâåëè÷åíèå åãî èíäóêòèâíîñòè è, ñëåäîâàòåëüíî, âîçðàñòàåò ñòå-
ïåíü âçàèìíîãî âëèÿíèÿ âîçâðàòíûõ òîêîâ (Ðèñ. Ï3.5).
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Ïðè ïðîåêòèðîâàíèè ïëàòû, ñîäåðæàùåé ñêîðîñòíûå öèôðîâûå ìèêðî-
ñõåìû (ÏËÈÑ, ñèãíàëüíûå ïðîöåññîðû è ò.ï.), ñëåäóåò ïîäóìàòü î òåïëî-
îòâîäå. Ïîëåçíû áûâàþò äîïîëíèòåëüíûå ñëîè äëÿ îòâîäà èçëèøíåãî òåï-
ëà îò ìèêðîñõåì.

Ïîëåçíî ïîñëå çàâåðøåíèÿ ðàçðàáîòêè òîïîëîãèè ïëàòû ìàêñèìàëüíî
ðàñøèðèòü âñå ñèëîâûå öåïè, çåìëè, îòâåòñòâåííûå ñèãíàëüíûå öåïè. Ïðè
ðàçðàáîòêå îòâåòñòâåííûõ óñòðîéñòâ íå ñëåäóåò çàáûâàòü î âîçìîæíîñòÿõ
ñîâðåìåííûõ ñðåäñòâ ïî àíàëèçó öåëîñòíîñòè ñèãíàëîâ, òåïëîâûõ ðåæè-
ìîâ, ïðî÷íîñòè è ò.ä.

Ïðèëîæåíèÿ
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