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History of VHDL

— 1980+F [t¥J : VHSIC (Very High Speed Integrated Circuit) [UEFH[!
gate levelfiy ) = ffir s -

— 1982 : VHSIC’EFE‘ﬁf;;ﬁ E[ (VHSIC Hardware Description
Language ) - ‘E?“VHDL

— 1987F : VHDLAY PR IEEEfSYE(IEEE 1076) -

— 1988% : = IR [tgjﬂgﬂ?éj*Ehl’*tjp‘JASICJ%?HSEI ") VHDL?EB’E{I’EEH’E‘[
i;iﬁﬁ F U= B VHD L sy 05 pil api it — FEfgs o

— 1994 : |IEEE3E#*-Ff~ VHDL Standard 1164
— 1996 : 5 E‘F\[ F‘%’“ﬁ‘,ﬁ‘ﬁ‘yﬁ@%@;@@ﬁé%{fﬁ » 3% #<|EEE 1164.3

— 7 ¢ VHDL=IRERS L T I, (EDA) = AR,

— % T ApEVHDL o l%ﬁruf”*iﬂj i /TIE;}“H (SiliconIP) -
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Introduction to VHDL

e Structure Model VHDL code
— Entity
— Architecture
—Component
— Configuration



Top-down IC Design Flow

[ System Level ] CPU/

| SW | —
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VHDL Design Flow

Ideal / SPEC
VHDL Coding Behavior Simulation .
Logic Synthesis | Gate level Simulation

v

Progra

CPLD / FPGA

mming

y

and Verification

Place and Route

A

DRC ERC LVS

A

A

y

A

y

IC Pro

totype

Physica

| Layout

A

Post Layout

y

Fabrication

A

y

Tes

ting

Simulation




Timing Delay

e |deal delay time
=0
— for functional level
e Real delay time

delay factors

— technology

( TTL, CMOS,
GaAs )

— RC delay
— fan-out
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Simulating Strategy

e Time driven e Even driven
— Monitor value at — Record when
every time period value change
— High precision (event )
— Less simulation
_ SPICE, etc time and memory
— Behavior
simulator :

VHDL, Verilog



Concurrent and Sequential

e Concurrent e Statement
— Each statement A = B;
execute at the B = C;
same time e assume -
( logic circuits ) A=1,B=2,C=3
e Sequential = concurrent result
— Statements A=B=C=3
execute in series =>sequential result
( programming A=B=2
languages as C, B=C=313

FORTAN )



Synchronous and

Asynchronous
- [ EOR g e
CLOCK -
- Synchronous A
signal change
value when clock | 1 f 1 f 1 f
assert. S I T R Y S
Q S




Logic Values and Multi-driven

e O value of IEEE

std 1164 -1993 :

type STD LOGIC 1s (

/ / /

/

/ / /

/

o/

/
-|I|—ENHO><C
L I~ - I I I D . |

Uninitialized
Forcing Unknown
Forcing Low
Forcing High
High Impedance
Weak Unknown
Weak Low

Weak High
Don’t Care

e Multi-driven
problem
— wire and
— wire or ?

0

4%
4%
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HDL Design Modeling

e Structure
description of COMPONENT and WIRE

e Data-Flow

concurrent signal assignment (select,
conditional )

e Behavior

Sequential signal assignment (high level
language)

e Mix of above three
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Traditional Design

H15(SPEC) :

control

Ef{cbntrolzlﬁﬁ, Z = input

F\I H]| z = inv(input) input

) >—-

IF (control = <1 ) THEN
Z <= 1nput;
ELSE
z <= NOT ( input );
ENDIF;
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Entity

- ﬁﬂﬁ_ 1/0 port pul
I

- %ﬁizﬁ:

e Example: D Flip-
Flop |

CLR

DFF

—{> CK  Qbf—

ENTITY entity_name IS
PORT ( ...);

END entity _name ;

ENTITY dff 1S
PORT(D :IN STD LOGIC;

CK -IN STD_LOGIC;
CLR:-IN STD_LOGIC;
Q :-OUT STD LOGIC;
Qb -OUT STD _LOGIC);

END dff;

-- This 1s a comment
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Architecture

* Sl FELT';'ET
= - {l# Entity 7' 1 % {!Architecture
® nﬂﬁz -

ARCHITECTURE a _name OF e_name IS

-- signals,variables declaration
BEGIN

-- statements
END a name ;
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Architecture - Example : dff

ARCHITECTURE behavior OF dff 1S
BEGIN
PROCESS
BEGING
IF(CLR = “1”) THEN
Q <= "07;
ELSE CK”EVENT AND CK=“1” THEN
Q <= D;
ENDIF;
WAIT ON CLR, CK;
END PROCESS;
END behavior;
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Component

- Jr[ E(pmf'aﬁ(logic e Example: nand2
15 & Fp St |
ate)py Y 7a== 1/0 2 oy

port
* K
COMPONENT comp_name || COMPONENT nand2
PORT (... ): PORT(a,b :IN STD_LOGIC;

Yy :OUT STD_LOGIC);

END COMPONENT : END COMPONENT ;
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Configuration

o YU [#- [HArchitecture
o Eﬂj;ﬁ

CONFIGURATION ¢c_name OF e name IS
-- configurations
END c_name ;
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Example

RSFF

— Set Q——

— Reset Qb——

Symbol

Set U1l

U2

Reset

Schematic

Qb

- R-S Latch

ENTITY rsff IS
PORT(set,reset:IN BIT;
q,qb:BUFFER BIT);
END rsfT;
ARCHITECTURE netlist OF rsff IS
COMPONENT nand2
PORT(a,b:IN BIT;
c:0OUT BIT);
END COMPONENT;
BEGIN
Ul:nand2 PORT MAP(set,qgb,q);
U2:nand2 PORT MAP(reset,q,qb);
END netlist;
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Port Mapping

e Mapping with order (pre-example)
e Mapping with name association
Example:

Ul:nand2 PORT MAP(a=>set ,b=>gb, c=>q);
U2:nand2 PORT MAP(c=>qb, a=>reset, b=>Q);
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VHDL Operator

e Comparison Operator
e Logic Declaration

e Arithmetic Operator
e Bitwise Operator
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Logic Declaration

AND
OR
NOT
NOR
NAND
XOR

XNOR
SRR T 1 IR |7 = 8RR BRS¢ BIT, BOOLEAN AHISTD_LOGIC



Logic Operators

Logic operators(jE" | = 72 R Efiz * BIT,
BOOLEAN AISTD_ LOGIC):
not and or Xxor nand Xnor

library ieee; architecture a of log_ex is
use ieee.std _logic_1164.all; begin
Y(0) <= A(0) AND B(0) ;
ENTITY log_ex IS Y(1) <=A(1) OR B(1);
PORT( A,B :in std_logic_vector(0 to 3); Y(2) <= A(2) NOR B(2) ;
Y :out std logic_vector(0 to 3); Y(3) <= A(3) XOR B(3) ;
Z .out std_logic); Z <= (not A(0)) nand B(0);

end log_ex; end A;
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Relational operators

Relational operators:
= [= <

<= > >=

Operands must be of the same type

library ieee;
use ieee.std logic_1164.all;

ENTITY rel_ex IS

PORT( A,B,C,D,E,F:in

std_logic_vector(2 downto 0);
Y: out std_logic);

end rel_ex;

architecture behavior of rel_ex is
begin
process(A,B,C,D,E,F)
begin
If((A=B) or ((C>D) and not(E<=F))) then
y<=14
else
y<='0%,
end if;
end process;

) 3
end behavior;



Arithmetic Operator

P e I Synthetizerf,ﬁ < ¥

u_l_n : _,‘IDEE

U

[ Synthetizer¥ £

R ek

“ABS” @ TRET S
AR R T i
“IfEE

kR - e

“MOD” : TMBUEY

“REM” : S]ERE
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Bitwise Operator

Fill

SLA —F ¢ — < SRL value
L

SRA AL EE- ROL

SLL - - Fi:l ROR

Asll 2 = “01010100”
Asrl 3 3 “00010010”
Asla3 & “10101111”
Asra?2 = “11100101”
Arol 3 % “10101100"
Aror5 % “10101100”

N

v




Arithmetic Operators

Arith. operators:

(%) -GF) * () 10F) (=)

library IEEE;
use IEEE.Std logic_1164.all;
use IEEE.Std _logic_unsigned.all;

entity arith_ex is
port(A,B :in integer range 7 downto O;

C,D : out integer range 64 downto O;
E,F,G : out integer range 7 downto 0);

end arith_ex;

architecture a of arith_ex is
begin

C<=A*B;

D <= 4**2;

E <=4 mod 2;

F <= 6/2;

G <=11 REM 3;
end a;
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Data Flow Modeling

e Concurrent statements

e Sighal Assignment
— Simple
— Conditional
— Select
e Simulation Deltas
e Generic

e Block
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Cconcurrent Statement

e +ARCHITECTUREJ|IF+E J@;ﬁ;gﬂﬁﬂ‘ i
e Example :

ARCHITECTUE statements OF example IS
BEGIN

y <= a AND b; --signal assignment

PROCESS(a, b, c); --process

BEGIN

—-—-iInside process i1s sequential

END

Ul : rsftf PORT MAP(..); --component
END statements;
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Sighal Assignment

e leta=>b e Logic Relation
a <= b; c <= a AND b;
e Delay

e Primitive Logic
a <= b AFTER 10ns; Operators

AND OR NAND NOR
NOT XOR
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Conditional Signal

. E—‘F‘,Eﬁ ;
Signal assignment WHEN condition ELSE
the other value/signal [WHEN...ELSE...]
e Example :

sel <= 0 WHEN a = “0” AND b = “0” ELSE
1 WHEN a = “1” AND b = “0” ELSE
2 WHEN a = “0” AND b = “1” ELSE
3 WHEN a = “1” AND b = “1” ELSE
4;
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Select Signal Assignment

. E—‘F‘,Eﬁ ;
WITH expression SELECT
signal assignment WHEN expression value,
the other assignment  WHEN other expression value ;
e Example:

WITH sel SELECT
g <= i0 WHEN O,
il WHEN 1,
i2 WHEN 2,
i4 WHEN 3,
“X” WHEN OTHERS;

31



Mux function table

A B Q
0 0 10
0 1 11
1 0 12
1 1 13

4-1 MUX

USE i1eee.std logic_1164.all

ENTITY mux4 1S
PORT (10,11,12,13,a,b ZIN STD_LOGIC);
q :-:OUT STD_LOGIC);

END mux4
ARCHOITECTUR OF mux4 1S
SIGNAL sel :INTEGER;
BEGIN
WITH sel SELECT
q <= 10 WHEN O,
11 WHEN 1,
12 WHEN 2,
14 WHEN 3,
“X?” WHEN OTHERS;
sel <= 0 WHEN a = “0” AND b = “0” ELSE
1 WHEN a = “1” AND b = “0” ELSE
2 WHEN a = “0” AND b = “1” ELSE
3 WHEN a = “1” AND b = “1” ELSE
4;

END;




Example - Decoder

2 10 4 decoder
table
addr word
00 1110
01 1101
10 1011
11 0111

LIBRARY IEEE;
USE IEEE.std logic 1164 .all;

ENTITY decoder 1S
PORT(addr :IN STD LOGIC VECTOR(1 DOWNTO 0O);

word :OUT STD LOGIC VECTOR(3 DOWNTO 0));
END decoder;

ARCHITECTURE df OF decoder 1S
BEGIN

word <= "1110" WHEN addr = "00' ELSE

""1101" WHEN addr = "01" ELSE
"1011" WHEN addr = "10" ELSE
= "11" ELSE

""0111" WHEN addr
1111 ;
END df;
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Driver Problem

e Bad Example :

ARCHITECTURE bad OF mux 1S
BEGIN

g <= 10 WHEN a =“0” AND b

g <= 11 WHEN a =“0" AND b

g <= 12 WHEN a =“1" AND b

g <= 13 WHEN a =“1" AND b
END bad;

“0” ELSE “07;
“1” ELSE “07;
“0” ELSE “07;
“1” ELSE “07;

e Better Example :

ARCHITECTURE better OF mux IS

BEGIN
q <= 10 WHEN a =0 AND b
11 WHEN a =“0” AND b
12 WHEN a =“1” AND b
13 WHEN a =“1” AND b
“X”; —-- unknown

END bad;

“0” ELSE
“1” ELSE
“0” ELSE
“1” ELSE
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Generic

Generic iIs design
parameter such as

— time delay
— bus width

Pass information to
an instance of entity

e Example
ENTITY and2 IS
GENERIC(rise,fall :TINE;
load - INTEGER) ;

PORT(a,b :IN BIT;
C -OUT BIT);
END and2;

ARCHITECTURE load _dependent OF and2 1S
SIGNAL internal :BIT;
BEGIN
internal <= a AND b;
c <= internal AFTER (rise+(load*2ns))
WHEN internal = “1~
ELSE internal AFTER (fall+(load*3ns));
END load dependent;
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Generic

USE WORK.std logic 1164 ._.all
ENTITY test IS
GENERIC(rise, fall :TIME; load :INTEGER);
PORT(ina, inb, inc, ind : IN STD_LOGIC;
outl, out2 - OUT STD _LOGIC);
END test;

ARCHITECTURE test _arch OF test IS
COMPONENT and2

GENERIC(rise,fall :TINE; load :INTEGER);

PORT(a,b :-IN BIT;
C :OUT BIT);

BEGIN
Ul -and2 GENERIC MAP(10ns, 20ns, 3)
PORT MAP (ina, inb, outl);
U2 :-and2 GENERIC MAP(9ns, 11ns, 5)

PORT MAP (inc, ind, out2);
END test arch;
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Seqguential Processing

e Process Statements

e Seguential Statements
— IF-THEN-ELSE
— CASE
—LOOP
—ASSERT
—WAIT

37



sequential

Process Statements

concurrent (parallel)

l

PROCESS A(...)
BEGIN

END PROCESS;

PROCESS B(...)

BEGIN

END PROCESS;

l

PROCESS C(...)
BEGIN

END PROCESS;
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Process Statements

v

-

e

ZN

[ process label : ] PROCESS( sensitivity list )
{ process_declaration }

BEGIN
{ sequential_statements }

END PROCESS [ process_label |;

Example : comb : PROCESS (a, b, c)
VARIABLE temp : STD LOGIC;
BEGIN
temp : =NOT (a AND b) ;
IF (c = “1”) THEN
y <= <07;
ENDIF;
END PROCESS comb;
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Process Statements %

- TR
—process_label : jiAHPY £, @P FI“EJF[J

oy
— O

—senS|t|V|ty_I|st [FB?E*VL‘ ‘ﬁ@p%éﬁ%}é@ 5
U~ [V (R o T g
R rﬁwmo

—process declaratlon FL' F[m@[ f[ (0]
NIRRT -

—sequential_statement ; "I YR -
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Sequential Statement

e IF-THEN-ELSE
e CASE

e LOOP

e ASSERT
 WAIT
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IF-THEN-ELSE

?—ﬁiﬁﬁ:

IF condition THEN
sequential_statements
{ ELSIF condition THEN
sequential_conditions }
[ ELSE
sequential_statements ]
END IF;

e Example (1) 2-1 Mux

PROCESS (sel, 10,i1)

BEGIN
IF (sel="0") THEN
y <= 10;
ELSE
y <= 11;
END IF;

END PROCESS;

42



IF-THEN-ELSE

e Example (2)

PROCESS (a, b)

BEGIN

IF (a = “0”) THEN
y <= “07:

ELSE
y <= “b”:

END 1F;

END PROCESS;

e Example (3) non-full branch

PROCESS (10, 11, a, b)
BEGIN
IF (a = “0” AND b = “1”) THEN
y <= 10;
ELSE IF (a=”1" AND b=70”) THEN
y <=11;
END 1IF;
END PROCESSS;

43



CASE Statement

- F

CASE expression IS
WHEN choice

{ sequential _statements }
WHEN choice

{sequential_statements}
WHEN OTHERS

{sequential_statements}

END CASE ;

e Example 4-1 Mux

CASE sel IS

WHEN ““00”

Z <= 10;

WHEN *“01”

Z <= 11;

WHEN ““10”

Z <= 12 ;

WHEN “117

Z <= 13;

’

WHEN OTHER

L <= “X7;
END CASE ;
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LOOP Statements

e WHILE LOOP e |teration scheme :
e FOR LOOP WHEN (condition)
LOOP
. FOR 1 IN range LOOP
- FP
[loop label : | [iteration _scheme] LOOP

sequential_statements
END LOOP [loop label] ;
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LOOP Statements

e Example (1)

FOR 1 IN 10 DOWNTO 1 LOOP
I_squared(n) : =1 * 1;
END LOOP ;

e Example (2)

WHILE ( day = weekday ) LOOP
day := get next day(day);
END LOOP;
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LOOP Statements
e Example (3)

PROCESS ( clk )
TYPE day_of _week 1S ( sun, mon, tue, wed, thur, fri, sat);

BEGIN
FOR 1 IN day of week LOOP
IF 1 = sat THEN
son <= mow_lawn;
ELSIF 1 = sun THEN
church <= family;
ELSE
dad <= go_to work;
ENDIF;
END LOOP;
END PROCESS;
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NEXT and EXIT

- NEXT FEVHAS
thjc nnnue,

i

S S

_7§§LFT

”m

57z

=

:‘J‘

e Example

FOR 1 IN O TO 255 LOOP
IF (done (1) = TRUE) THEN
NEXT ;
ELSE
done (1) : = TRUE;
END IF;
q <= a(i) AND b(1);
END LOOP ;
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NEXT and EXIT

= EXIT #1}fji C &7
Iq}fbreak ”&Egi_
LR RV e Example

[P FOR i IN O TO 255 LOOP
IF (int_a <= 0) THEN
-- less than or — equal to
EXIT;
ELSE
int a:int a - 1;
q(1) <= 3.1416/REAL(Int _a*i);
END IF;
END LOOP ;

y<=q 49




NEXT and EXIT

* A" label BFEET [FlAETg
PROCESS (a,b)
BEGIN
first loop:FOR 1 IN O TO 100 LOOP
second loop:FOR jJ IN 1 TO 10 LOOP
EXIT second loop: --exit the second loop only
EXIT first _loop; --exit the first loop only
END LOOP ;
y<=a ;
END LOOP ;
y<=b:
END PROCESS 50



WAIT Statement

ﬁj ; ﬁ_}\[' l o IHER, FK/EQH}\ I[—fl':@
@ﬁ Sl
SRR HPuC F[TinaL (IatCh flip-flop)

WA
WA
WA

T ON signa
T UNTIL an ex

s changes
oression Is true

T FOR a specific amount of time
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WAIT Statement

e Example (1) Positive edge-trigger D

PROCCESS

flip-flop | geci

WAIT UNTIL clock =<1> AND clock’EVENT
q <= d;
END PROCCESS

e Example (2) Asynchronous reset D flip-

flop

PROCCESS
BEGIN

END PROCCESS

IF (reset = “1”) THEN
q <= 0;

ELSE IF clock”’EVENT AND clock=“1" THEN
q <= d;

END IF;

WAIT ON reset, clock;
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WAIT Statement

e Example (3) Synchronous reset D
flip-flop

PROCCESS
BEGIN
WAIT UNTIL clock=“1" AND clock”EVENT
IF (reset = “1”) THEN
q_<= 0;
ELSE
q <= d;
END IF;
END PROCCESS

Sensitivity list ?

53



WAIT Statement

e Multiple WAIT conditions

WAIT ON nmi, interrupt UNTIL ((nhmi = TRUE) or

(interrupt = TRUE)) FOR 5 usec;

SR nmi g5 interrupt Elfjfﬁga%ﬁ%’w’“‘,
S EH Y = Pyl TRUE
A H3 5 usec || xAgah =
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WAIT Statement

e Dead-lock
—wailting signal each other

PROCESS
a

PROCESS
b
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WAIT Statement

e Sensitivity list versus WAIT
Statement

HiPROCESSH| 15 |
B \—F’j:FJ?Jsengitivity list#E) 58 I%EF;{:FI
4l P lﬁ’?‘f ORISR Flfj‘[‘?:] 7

F|WAIT S H [y,
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Demonstrative Example

57

Function

A®B

+B

AB

A+B

0

fl

f2

3
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