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ENTITY HA IS
PORT (a,b:IN BIT;
sum, cout: BIT);

END HA;

ARCHITECTURE behave OF HA IS
BEGIN

sum <= a XOR b;

cout <= a AND b;

END behave;
(H.A)) D201 >SNN DY MDD DHyNi NN IVVIDI PV NN NP2 IR N Py S)

NOIYNN YD P2 NN AN NNON NYSANN MUL2_2 NN winmnd VHDL nova mcniiand .4 (') 12)
BIT VECTOR MYXNNI 0NN DX2INDN NNY DINIINN NN ,MNIIANT IN P ¥ (COMPONENTS)
(H.A.) DIDN Y3NN DDA DY 21PN NIINN MNIPY 19D Y8 WIdNN .STD LOGIC VECTOR MYNNNI N
D0M0 PO IMN INDNND TPnY
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31.

6 NHNY

Ex6 7N79070 NIyNn DN NINDND VHDL Nawa 70N DI15
library IEEE;
use IEEE.std logic 1164.all;
use leee.std logic arith.all;

use leee.std logic unsigned.all;

entity Ex6 is

port (
clk: in STD LOGIC;
nrst: in STD LOGIC;
yl, y2: out STD LOGIC VECTOR (1 downto 0)
) i
end Ex6;

architecture arch of Ex6 is
signal sigl, sig2 : STD LOGIC VECTOR (1 DOWNTO O) ;
begin
process (clk, nrst)
BEGIN
if nrst= '0' then
sigl <= (OTHERS => '0'") ;
sig2 <= (OTHERS => '0') ;
elsif clk'event and clk ='1l' then
if sigl<3 then
sigl <= sigl+1l ;
else
sigl <= (OTHERS => '0') ;
if sig2<3 then
sig2 <= sig2+1 ;
else
sig2 <= (OTHERS => '0') ;

end if;
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32.

33. end if;
34. end process;
35. yl <= sigl ;
36. y2 <= sig2 ;
37. end arch ;

end if;

.35,20, 10 mMway mMNNIN INYPIADN LN ("1 6)
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

library IEEE;
use IEEE.std
entity FSM is

-11 -

8 NHNY

.DNNMDN HPNIV0 NN NINNNT VHDL Novwa 101N DINY

logic 11l64.all;

port (clk, Rst: in std logic;

gB:
Y

in std logic;

out integer range 0 to 3);

end entity FSM;

architecture

type StType is (STO, ST1l, ST2, ST3);

bv of FSM is

signal CurrentST, NextST: StType;

begin

pl: process (gB, CurrentST)

begin

case CurrentST is
when STO0 => Y <= 0;

when

when

when

when

NextST <= STI1;
STl => Y <= 1;
if (gB = '1l') then
NextST <= ST2;

else
NextST <= ST3;
end 1if;
ST2 => Y <= 2;
if (gB = 'l') then
NextST <= ST3;
else
NextST <= STO;
end if;
ST3 => Y <= 3;
if (gB = '1l'") then
NextST <= STO;
else

NextST: ST2;
end if;
others => Y <= 0;
NextSt <= STO;

end case;

end process;
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39.
40.
41.
42.
43.
44,
45.
46.
47 .

p2: process (clk, Rst)
begin
if (Rst = '1'") then
CurrentST <= STO;
elsif rising edge(clk) then
CurrentST <= NextST;
end 1if;
end process p2;

end architecture bv;
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S ICL8038

Precision Waveform Generator/
November 1996 Voltage Controlled Oscillator

Features Description

- Low Frequency Drift with Temperature . .. 250ppm/°C  The ICL8038 waveform generator is a monolithic integrated
circuit capable of producing high accuracy sine, square, tri-
angular, sawtooth and pulse waveforms with a minimum of
+ High Linearity ......... 0.1% (Triangle Wave Output) external components. The frequency (or repetition rate) can

be selected externally from 0.001Hz to more than 300kHz

» Low Distortion ............. 1% (Sine Wave Output)

* Wide Frequency Range........... 0.001Hz to 300kHz using either resistors or capacitors, and frequency modula-
. Variable Duty Cycle ... ................. 2%1098% tion and sweeping can be accomplished with an external
voltage. The ICL8038 is fabricated with advanced monolithic

+ HighLevel Outputs .................... TTL10 28V technology, using Schottky barrier diodes and thin film resis-
- Simultaneous Sine, Square, and Triangle Wave tors, and the output is stable over a wide range of tempera-
Outputs ture and supply variations. These devices may be interfaced

with phase locked loop circuitry to reduce temperature drift
- Easy to Use - Just a Handful of External Components {5 |gss than 250ppm/°C.

Required

Ordering Information

PART NUMBER STABILITY TEMP. RANGE (°C) PACKAGE PKG. NO.
ICL8038CCPD 250ppm/°C (Typ) 0to 70 14 Ld PDIP E14.3
ICL8038CCJD 250ppm/°C (Typ) 01070 14 Ld CERDIP  |F14.3
ICL8038BCJD 180ppm/°C (Typ) 0to 70 14 Ld CERDIP  |F14.3
ICL8038ACJID 120ppm/°C (Typ) 01070 14 Ld CERDIP  |F14.3
ICL8038BMJD (Note) 350ppm/°C (Max) -55 0 125 14 Ld CERDIP  |F14.3
ICL8038AMJD (Note) 250ppm/°C (Max) -55 to 125 14 Ld CERDIP  |F14.3

NOTE: Add /883B to part number if 883 processing is required.

Pinout Functional Diagram
ICL8038
(PDIP, CERDIP) 6"*
TOP VIEW CURRENT
ety COMPARATOR
#1 A A
SINE WAVE et l' 10 |_ -
ApJusT L El L 12' I |_
SINE COMPARATOR
wave out L2 E Ao e #
TRIANGLE SINE WAVE
OUTE 12 ADJUST (
DUTY CYCLE E E V- OR GND
FREQUENCY
ADJUST E 0] TIMING CURRENT
CAPACITOR SOURCE FLIP-FLOP
SQUARE #2
L E 9 | wave out = o V- OR GND
11
FM SWEEP
LS E 8 INPUT
BUFFER f«d | BUFFER -1» cousvlgsrsn —l
9 J u I' 3 'VV 2 U U
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The levels of the current sources can, however, be selected
over a wide range with two external resistors. Therefore, with
the two currents set at values different from | and 2I, an
asymmetrical sawtooth appears at Terminal 3 and pulses
with a duty cycle from less than 1% to greater than 99% are
available at Terminal 9.

The sine wave is created by feeding the triangle wave into a
nonlinear network (sine converter). This network provides a
decreasing shunt impedance as the potential of the triangle
moves toward the two extremes.

Waveform Timing

The symmetry of all waveforms can be adjusted with the
external timing resistors. Two possible ways to accomplish
this are shown in Figure 3. Best results are obtained by
keeping the timing resistors Ry and Rg separate (A). Ra
controls the rising portion of the triangle and sine wave and
the 1 state of the square wave.

The magnitude of the triangle waveform is set at 1/3
VsuppLy; therefore the rising portion of the triangle is,

_CxV _ CX1BxVgyppry xRy RyxC

Y [ 022xV 0.66

SUPPLY

The falling portion of the triangle and sine wave and the 0
state of the square wave is:

Lo CXV _ CX18VgyppLy _ RaPRgC
2~ 71 ~ \ \ ~ 066(2R, —Rg)
2(022)-SUPPLY _ ., 'SUPPLY A~ PRg
Rg Ra

Thus a 50% duty cycle is achieved when Rp = Rpg.

If the duty cycle is to be varied over a small range about 50%
only, the connection shown in Figure 3B is slightly more con-
venient. A 1kQ potentiometer may not allow the duty cycle to
be adjusted through 50% on all devices. If a 50% duty cycle
is required, a 2kQ or 5kQ potentiometer should be used.

With two separate timing resistors, the frequency is given by:
1 1

Ch*e RO R )
066| '2R,-Rg

or,if RA=Rg =R

f- % (for Figure 3A)

Neither time nor frequency are dependent on supply voltage,
even though none of the voltages are regulated inside the
integrated circuit. This is due to the fact that both currents
and thresholds are direct, linear functions of the supply volt-

age and thus their effects cancel.

A\ | T\ | T

\ -

A L\ |-

\_-

FIGURE 2A. SQUARE WAVE DUTY CYCLE - 50%

FIGURE 2B. SQUARE WAVE DUTY CYCLE - 80%

FIGURE 2. PHASE RELATIONSHIP OF WAVEFORMS

V+
< <f 4:
A > NB >
Jrﬂ 2R < RL
74 5 6 of——o JLIL

8 ICL8038 3 _°W
11 12 2f—>° ’V\I

>3
:,82K

o V- OR GND

FIGURE 3A.

‘ V+
AAA
4 3
1 3 > R
b3 S s
Ra g SR 9
e 2 ¢ sf—— II1
8 ICL8038 3 _°W

FIGURE 3B.

FIGURE 3. POSSIBLE CONNECTIONS FOR THE EXTERNAL TIMING RESISTORS
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VHDL D920 9IN*H Hava PIRNDI)

179 NN’ID

(2 1my 13)

n9Va DIy D20

ENTITY entity_name IS

PORT (
input_name
input_vector_name :
bidir_name

output_name

END__entity_name;

GENERIC (parameter_name : string := default_value;

parameter_name : integer := default_value);

: IN STD_LOGIC;

IN BIT_VECTOR (high downto low);

: INOUT STD_LOGIC;

: OUT STD_LOGIC )s

Sy *9Ya Mran
029N MY
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NOVA DMy DDA

ARCHITECTURE a OF __entity_name IS
TPIDNINN YARWN DY NINNN
BEGIN
-- Process Statement
-- Concurrent Procedure Call
-- Concurrent Signal Assignment
-- Conditional Signal Assignment
-- Selected Signal Assignment
-- Component Instantiation Statement
-- Generate Statement

END a;

Sy *9Ya Mran
29N M)

__process_label:

PROCESS (__signal_name, __signal_name)
VARIABLE __variable_name : STD_LOGIC;
VARIABLE __variable_name : STD_LOGIC;

BEGIN
-- Signal Assignment Statement
-- Variable Assignment Statement
-- Procedure Call Statement
-- If Statement
-- Case Statement

-- Loop Statement

END PROCESS __process_label;

5y 1955 nyan
NV 195N
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PPN MY - LOGICAL OPERATORS

Operator Operand Type Result Type
by o9 PN
not, or, and, nor, nand, boolean, bit_vector, same type
XOr, Xnor std_logic _vector
N MY - Relational Operators
Operator Operation Operand Type Result Type
oy b9 PN
= Equality any type Boolean
vy
/= Inequality any type Boolean
vy
<  YOP - less than any scalar type Boolean
<= less than or equal to any scalar type Boolean
MY IN P
> greater than any scalar type Boolean
n M
>= greater than or equal to any scalar type Boolean
YN T
MMOPVNPNPIN MY - Arithmetic Operators
Operator Operation Operand Type Result Type
oy b9 00
ok Exponential numeric**integer numeric
PN
abs absolute value numeric numeric
VOMN T
* Multiplication numeric * numeric numeric
295
/ Division numeric / numeric integer
PN
mod Modulus integer mod integer integer
Down PoNn
rem remainder integer rem integer numeric
INY
+ unary plus + numeric numeric
NN
- unary minus - numeric numeric
MNON

4 Tmya Tuvnn
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MISCELLANEOUS OPERATORS

Operator Operation Operand Type Result Type
oy Yo 2101
& Concatenation array or element & array
NvwY array or element
22999 113992 1”120 WINrY
COMPONENT __component_name 5y N998N

GENERIC (__parameter_name : string := __default_value;
__parameter_name : integer := __default_value );
PORT (
input_name, input_name : IN STD_LOGIC;
bidir_name, bidir_name : INOUT STD_LOGIC;
output_name, output_name : QOUT STD_LOGIC);

END COMPONENT;

wvincvavy nrnan
AND H2)IMa

__instance_name: __component_name
GENERIC MAP ( parameter_name => parameter_value,
parameter_name => parameter_value )
PORT MAP

( component_port => connect_port,

component_port => connect_port );

Hr2na vinvvy
’299°0 NIoNa

__generate_label:

FOR __index_variable IN __range GENERATE
__statement;
__Statement;

END GENERATE __generate_label;

ny”ian NV
GENERATE

FOR nxYYa

__generate_label:

IF __expression GENERATE
__statement;
__statement;

END GENERATE __generate_label;

nmnm NV

IF GENERATE

5 Ty Jvnn
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LOOPS MN2Y»

_ loop_label: FOR nN5Y
FOR __index_variable IN __range LOOP

__statement;
__Statement;

END LOOP __loop_label;

__loop_label: WHILE n&5Y
WHILE __boolean_expression LOOP

__statement;

__statement;

END LOOP __loop_label;
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PROCESS~Y YiNn — 59990 9193 N1

__signal <= __expression WHEN __boolean_expression ELSE
__expression WHEN __boolean_expression ELSE

__expression ;

NV "WHEN" DP9 MysnNad AND vy vinon : 1 Dnng
Y<="l"when(a="'1") and (b="1")else '0';
Jownn "WHEN" DTipo Mysnxa AND vy vindn : 2 DT
Y <="0' when (a="'0") and (b ='0") else
'0' when (a="'0") and (b ="1") else
'0' when (a="1") and (b ="0") else

V1| ;

n»MIann

When ... Else

WITH __ expression SELECT
__signal <= __expression WHEN __constant_value,
__expression WHEN __constant_value,
__expression WHEN __constant_value,
__expression WHEN __constant_value,

__expression WHEN others;

WITH .. SELECT 1200 DTip9 MYSNHNI AND WY vind a9y
Signal ab : bit_vector (1 downto 0);
Begin
ab<=a & b;

with ab select
y <='0" when "00" ,
'0' when "01",
'0' when "10",

'1' when others ;

PN

With ... Select

7 Tyl Jvnn
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PROCESS 7INa — M0 9°5na NN

IF __boolean_expression THEN

__signal <= __ expression;

ELSIF _ boolean_expression THEN

__signal <= __expression;

ELSE

__signal <= __expression;

END IF;

n»”Iann

If ... Then ... Else

CASE __expression IS

WHEN __ constant_value =>

__statement;

__statement;

WHEN __ constant_value =>

WHEN OTHERS =>

END CASE;

__Statement;

__Statement;

__Statement;

__statement;

Process(s)
Begin

Case s is

When "00" => y <="0001";
When "01" =
When "10"
When "11" => y <="1000"

End case;

End process;

: CASE 1)NN2 Myon winimd nnung

|
\Y%

y <="0010" ;
=> y<="0100";

CASE 99 n
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PROCESS 7In2 — M0 72502 1N

NI DNOND DDAV NN YNIN NN

S : BIT_VECTOR (1 DOWNTO 0) Y : BIT_VECTOR (3 DOWNTO 0)
D S(1) S(0) Y(3) Y(2) Y(1) Y(0)
D 0 0 0 0 0 D
D 0 1 0 0 D 0
D 1 0 0 D 0 0
D 1 1 D 0 0 0
re-=-—-—-—-—-—-—-—-—------=-=—-=- = |
: FIVE _K [ NINNY NINT
! |
library ieee; e Y[3....0] p— nysann Nadvy

79,2991 nHIYe
NINNA YINIY
CASE

I
use ieee.std_logic_1164.all; e S[l....4 0] :
entity DEMUX is | :
port (d : in bit;
s :in bit_vector (1 downto 0);
y :out bit_vector (3 downto 0);
end;
architecture behave of DEMUX is
begin

process (s,d)

begin
case s is
when "00"=> y<='0&'0'&'0'&d;
when "01"=> y<=0&'0'&d&'0;
when "10"=> y<='0&d&'0'& 0
when "I1"=> y<=d & '0'&'0'& 0
end case;

end process;

end behave;
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179wn AN ,711003

NORYO NOD)

PROCESS 7In2 — M0 72502 1N

wait; IV YR TYRD NPNY ;

wait on DONYN DY,
wait until ) NN ;
wait for 97 MTN> 190N ;

"MaYnN H1Mpa
WAIT

Entity

Begin

Library ieee;

Use ieee.std_logic_1164.all;

DFF1 is
Port (e, d : in std_logic;
Q :inout std_logic;

Nq : out std_logic );

End DFF1;

Architecture behave of DFF1 is

Process (e)

Begin
Wait until e'event ande ="1";
Q<=d;
Nq <=not d;

End process;

End behave;

0102 (ENTITY) mwen 79y SYMBOL 500 198> 19NN

- —— - —

VINNIY NINT
DFF
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Mav MNINT

Process (enable)

Begin
If pre="1" then q<="1l";
Elsif clr="1" then q<='0";

End process;

Elsif  enable 'event and enable ='1' then q<=d;

ININ DNND DDAV MININNDT MWD NN YN IDNTA TONN

PRE CLR ENABLE D Q
1 0 F F 1
0 1 F F 0
0 0 MYy PN F DTIP 280 DY)
0 0 oY 0 0
0 0 oY 1 1

VINNIY NNt
MmN 0y DFF
DY

architecture EXAMPLE1 of ARRAY is

type INTEGER_VECTOR is array (1 to 8) of integer;
-1 --

-2
type MATRIX_B is array (1 to 4,1 to 8) of integer;

signal MATRIX_3x8 : MATRIX_A;
signal MATRIX_4x8 : MATRIX_B;
begin
MATRIX_3x8 (3) (5) <=10;-- 730 7N TwWwN
MATRIX_4x8 (4,5) <= 17; -- Y1007 TN

end EXAMPLEI;

type MATRIX_A is array (1 to 3) of INTEGER_VECTOR;

799 MNP
0299y Naym
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Mav MNINT

library ieee;
use ieee.std_logic_1164.all;
entity state_machine is
port (clk : in bit;
count_out : out bit_vector (1 downto 0));
end state_machine;
architecture behave of state_machine is
type state_type is (sO , sl , s2 , s3); -- names of states
signal state : state_type;

begin
counting : process (clk)
begin
if clk'event and clk ='1' then -- positive edge event
case state is
when sO => state <=s1;
when sl => state <=s2;
when s2 => state <= s3;
when s3 => state <= s0;
end case;
end if;
end process counting;
with state select

count_out <= "00" when s0,
"01" when s1,
"10" when s2,
"11" when s3;
end behave;

NN DN
N30 DN
Dra8n
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Mav MNINT

entity ADDER_FUNC is
generic (max : integer := 15);
port (
A ,B : ininteger range 0 to max;
SUM : out integer range 0 to MAX + MAX);
end;
architecture behave of ADDER_FUNC is
function ADD (x , y : integer) return integer is
variable s : integer;
begin
SI=X+Y;
return s;
end function ADD;
begin
sum <= ADD (a , b); -- M»X¥PNAY NP

end behave;

mMINNY NN
NUNPNWYNI
NIYPNA

12 N3N
D990

library ieee;

use ieee.std_logic_1164.all;

entity adder_proc is

port ( A, B :in integer;
SUM : out integer);

end;

architecture behave of adder_proc is
procedure ADD (signal x , y : in integer;
signal s : out integer) is
begin
S<=X+Y;

end procedure ADD;
begin

ADD (a,b,sum);

end behave;

NS NPNT
nUNNYND
199781992

12 n9annn
029901
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Mav MNINT

PACKAGE __package name IS

-- Type Declaration

-- Subtype Declaration (FUNCTIONS , PROCEDURES)
-- Constant Declaration

-- Signal Declaration

-- Component Declaration
END __package name;

package body package_name is
declarations
deferred constant declaration

subprogram bodies (NNTIIINN NPXPNON MW NNON)

end package body package_name;

nyIN
PACKAGE

Mode hl talt/ Na'nd
in k) N7
out N7 )
inout o) |2
buffer B 2

IPnSNna
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