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What is VHDL ({4 & VHDL)

B Very high speed integrated Hardware Description
Language (VHDL) & 5d e i b8 =
— Is an industry standard hardware description language
— description the hardware in language instead of graphic
 easy to modify  J& P M ARERMRIIATE S HE S
* easy to maintain U K JERIRMEAY; 218 0% 2 4E
— very good for  AEHIES
« complex combinational logic & %4 124
— BCD to 7 Segment converter BCD--t B4 # 2%
— address decoding HihikfiFEhg
« state machine #fENL&3IRA

e more than you want........ BE ZARARTY ...
7k
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What VHDL Standard means?? vo.srms

B The VHDL is used to describe VHDLH T#iik

— Inputs port YN
— Outputs port e

— behavior and functions of the circuits  HLE& [FR S FITL e
Output port

functions ~
nputsport—v___ e L —

B The language is defined by two successive standards

— |EEE Std 1076-1987 (called VHDL 1987)
— |EEE Std 1076-1993 (called VHDL 1993)
ZE S BRI R AR EIE S e X
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Altera VHDL

B Altera Max+Plus Il support both VHDL 1987 and
1993 (ALTERA MAX+PLUSII 2 #E APk

B Max+Plus Il only support SUBSET of the two IEEE
standard(MAX+PLUSII {3 FF AN EEEFRHER] 1-4)

B Detall of the support can be referred to Altera
Max+Plus Il VHDL handbook on page 89 Section 3

(L FEI40 51 2 % Max+Plus | VHDL T-1189 11 3E%)
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How to use the VHDL #ia[{# FHVHDL

B use any text editor to create the file JHAT i SCA g 45 28 13 37 A
— Altera Software Max+Plus Il provides text editor ALTERAMAFAA C A %t 28

MAX +plus 1l Manager - d:-\maxZ?work\a

Ma+plus Il Eile Assign Optionz: Help

=] ] (w2 [olRB]ele] L) (225 (E dla)

New

click at —File Type
this icon ¢ Graphic Editor file gdf =
i © Symbol E ditor file
» @ T ext Editor file
' " Waveform Editor file _scf -

Cancel
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& H O VHDL A4

B create your VHDL file

A Untitled? - Text Editor

entity test is
port { a : in std loqic;

b - out std logic);
architecutre a of test is
beqgin
b <= not a;
end a;
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AR AR Ay name . VHD

The name must be the same
SCAE 24 AT [

@ - E Project k

entity test
port { a : in std_logic;

b : out std_logic});
architecutre a of test is
begin
b <= not a;
end a;

File Hame: |test.vhdl

Directory is: d:-\maxZ?work

Files: =_tdf Directories:
T=egment.tdf - d:
8bits.tdf — =
advan._tdf
daizy_tdf
decodel _tdf
decoder_tdf
default?_tdf
div?_tdf
flip_Hop_tdf Drives:
Ipm_mult1 _tdf
Ipmram_tdf - = d: jJ

maxZ2work

Automatic Extension: -tdf ;I

Copyright © 1997 Altera Corporation oK
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JEFEVHD LR R 2 )

B Select the Standard Version of VHDL coding
— 1987 or 1993

B pophus 1L bn2nak v haddo VDL et Rederseting 3|

Méx+pluz Il File  Processing QIUEIEESS Azagn Option:  Window | vHDL Version
@ = EI %I | & EDIF Metlist Beader Settings. .. |7f=' VHDL 1987 CWHDL 1993
EDIF Metlist wiriter \\
- . . — Project Libraries
EDIF Metlist whiter Settings... | \\ |
Library Mame:
erilog MHetlist Writer ) S~
Werilog Metlist Writer Settings... Directory Hame: | \I'\\
. Directories: Drives:
Compiler gy =" — = i
Netlist FHOL M _.tI..-.t R _.:|:|_.r Sethings... ISI: = o\ — j SeleCt Wh |Ch
Exdract WHOL Metlist winiter == maxZwork )
FACIOT D1 Wetlist Wiiter Settings.. G vhd version you
Want

#MF Metlist Beader Settings...

N || Existing Libraries: S 5 A /
0 Sinnpsys Eompier N — I JZH_E.;‘F:F{/ \JEH El/]
— S W — | ﬁ}iZIK

J——— = Delete

Start

oK | LCancel |
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b}

I PEVR B VHDL LA

B Compile your VHDL file

MA+plus 1 - c:imax2workAvhdlbadder
Mok<+pluz Il File Proceszing  Interfaces  Assign  Options wfindow  Help

NEEE R EEE G R EEE S EEE EE

5 Compiler =] E3

Compiler Database Logic Timing
Metlist Builder synthesizer Partitioner Fitter SMF Assembler
Extractor Extractor

(R R (a7

= :
S0 100
stop_|

L4 Message: - Compiler
Yarning: Timing characteristics of device EPF

MAX+plus Il - Compiler B

FProject compilation was successful
0 ermorz
[~

1 warnings

| 4 Message II 0of1 I Locate in Flo Help on Message I

| 4  imuals %I 0of0 | Psnais A

| ‘ﬁ’
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MAX+PLUSIIF
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may help for
VHDL Design
within
Max+Plus Il
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Nk
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Turn on some Max+Plus Il Option s

B There are some built-in Option to assist the engineer
during the VHDL design stage—£t Py #5356 15 7] 3 B 1% 11
— Syntax Color Option from the Option menukEesi i i fygi ek £

g MAXsplus 1 - d-\maxZ2workha

Ma=+pluz 1l File Edit Templates G=sign Ublihes R0 "AAindow Help

[ ] ﬁlﬂl%”é’éllﬁ”finhq o g
— Text Size 2
Tab Stops=...

E test.wvhd - Text Editor ALto-lndent

entity test is =
. Swntax Coloring
Turn on port { a——fmr—sto—Toaic:
hi . b : out std _logic) User Libraries. ..
this option architecutre a of test is Color Palette. ..
ﬁlﬁ%lﬂzlﬁ begin Suthorization Code. ..
N
b <= not a; Freferences. .
end a;
- \ﬂ ais \\ T{—,’_\—: Lr
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User can modify the Color Optionmssesse

B use the Color Palette under Option Menu to customize

the color of 7EiEF=EH T H

A AR B E B

— comments, illegal characters, megafunctions, macrofuncitons....
AR ARE AT, 2 IR, ZDhfe ... ...

i MAC+plus 11 - d-vmaxZworkha

MMas+plusz 1

File Edit Templates Assign  Ltlities EE]=l{{=]yt

sl E == R EEE

Select port ( a =
b - i
Element chitecutr:

LI 3
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I Color Palette

entity test

Screen Elements:

Font
Te=t Size

T L e

Active Module
Application Workspace
Area Marquis
Comments

Drawing Sheet Border
Grid & Guide Lines I
Groups

Inactive Module

MegasM acrofunctions

Meszzages [Error]

e
—

Message [Info) =

Preview | Beset |

Cancel |

window Help

—Colorzs Set With Control Panel —

|:| Window Background

Select Color
- Application Workspace

it




Error Location during Compilationgsmzesss

Error locationtt 15 v &'

B Easy to locate the error 1R % 5 e dt i B A &
E tezt.vhd - Text Editor

Compiler Database Il  entity test is
Netlist Builder port { a : in bit; Assembler
Extractor b - out bit);
end test;
architecture a #f test is
— begin =
b <= not a
[ Fnd a:
‘ Meszages - Compiler

Click On/ Info: Information on Architecture TES1-A was not swrea

| [~
the error : _
message 4 Message p |1 0f 2 " Locate in Floorplan Editor Help on Message

\ 4 Locate |0 of1 | Lonate Al
RVIO e bR
[

T

LocateMhe errorfff & 55 iR B
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VHDL Template #i/ig

then.
e glse Ll ViDL Tenpiae K}
I forgOt ....... ?S-[/BT case-enc Case |D||j'“’| EIJ% Overall Structure N

' I I |
\ / -
- _ Oop en d Oop Full Design: Counter — |
Full Design: FlipHop
?? - r)r)t) Full Design: Tn-5tate Buffer
m Architecture Body |
Cage Statement
| C¢mponent Declaration
mponent Instantiation Statement
oncurrent Procedure Call
Concurrent Signal Assignment Statement

Conditional Signal Azzignment
Eur!stant Decla_ratiun
IF EHpFEESiDI‘I THEH Entity Declaration
= For Statement |
__statement; Generate Statement [For Generate)
statement; Generate Statement [If Generate]
—_— : If Statemert
ELSIF __ _exXpression THEH Library 2fause
__statement;

Pacjdge Declaration
__statement;

Template Section:

=1

pcedure Call Statement
Proceszs [Combinatorial Logic)
Process (Sequential Logic) v

ELSE
__statement; OK Cancel |
__statement;

EHD IF;

Modify the code as user want
Copyright © 1997 Altera Corporation :,I:ﬁﬂa )‘j %&ﬁﬂ@ﬂ&ﬁﬁ% @
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General VHDL Format % VHDL#% T\

I/0 port define

& B

Must be the same %

as the save TEST.VHD
File D15 H]
VHD A 24 A [H]

Logic' Behaviour
define sectioni¥ 4
R E B

Copyright © 1997 Altera Corporation

Section (I/O 1 —~ PORT

ENTITY test IS

ND test:

BEGIN
output_pin_nam
END test_body;

www.FPGA.com.cnh & www.PLD.com.cn it

Input_pin_name : IN bit;
output_pin_name : OUT bit); =

Key Word <8

VHDL Format
VHDL#& 3

~_ARCHITECTURE test_body OF test IS Logici®
/ /

e <= Input_pin_name;

This two must be the same I, 3 W25 AH A




Your First VHDL design -- 2 input AND gate Bor®H—MEH—28A% 5]

Entity simand is
Port (a, b : in bit;
C : out bit);
end simand;
architecture simand_body of simand is
begin
c<=aandb;
end simand_body;

Row o Narme: Vil | 1000
= N~ T T -

e Vo | Wi o | i o [
ool o |oo|l o |[oo] o O O O L
oo ] oo ] oo ] ] ] ]
T ; T T T T T T T
H = I
< Go Tul E quations [2)
_LZ1_B1 =LCELL; _EQOOT);
_EQ00t =a & kg
L’
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More detail 4117 A%

a: b m blt i a """""""" | HpUT“;ME% IIIII

: ] :_UE'C_ T — i
L N e A
C<=aanit




Why | use VHDL instead of Graphic & 4tH4 HVHDLEAL K

B Easy to Modify &2 1504
B It is more powerful than Graphic Zhfg b & JE 5 ok

B VHDL is a portable language because #xvHDL J{g#;
A=A
— is device independent ANK #1155
— the same code can be applied to Device manufactured by
Company A or Company B AH RIS o] LU T FF A |l 11 i £
RO E IS RVAR/Ai Re R
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A 5VHDLXT H,

B Graphic vs VHDL
— Graphic is what you draw is what you get
- BB TEA A A
* “tell me what hardware you want and | will give it to you”
o “HUFRIREAT AFERAEMT, B IRy
— VHDL is what you write is what functional you get
— VHDL : {URFR M IIHES HiK

« “tell me how your circuit should behave and the VHDL
compiler will give you the hardware that does the job”

o HURRARAAECE LT A, VHDLSw s 2 i b 254

* but the designer can not control how the circuit implement

o (H BT ANRESSS i P ) A
Copyright © 1997 Altera Corporation @ ] m
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Learning VHDL must learn
% >JVHDLFTE 418

nat is Combinatorial Logic {14 &4 #1244
nat is Sequential Logic {4 &) 12 4

nat is Concurrent Statement 14 /& IF T3 A
nat is Process Statement {14 & FE A

=S ===

Copyright © 1997 Altera Corporation %A? ] m
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Combinatorial Logic 44324

B Combinatorial Logic if 2058 1) TAEIRES
— Outputs at a specified time are a function only of the inputs at
that time  $i5 7€ I 21 )40 H SO0 BRI R AN B — > T R
e e.g. decoders, multiplexes and adders i, £igse, ks

LPh_DIRECTION=
LPM_PIPELIME= :
LPW_REFRESENTATION=
LPhA_ I OTH= :
OMNE_INPUT_IS_COMSTANT=

LFM _ADD _SUB

- Output change
- - instantly wh
........ N et instantly when
....................................... g resurt[] : Input Change
T el FEE . i NAZ A I
: [] B 2244,
L,
Copyright © 1997 Altera Corporation @ | m
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Sequential Logic i fFi& 4

B Sequential Logic if JiFZ 41 T/RRAS

— OQOutputs at a specified time are a function of the inputs at that time and at
all preceding times $5 & I ZI| [ 40 Hi A2 i A AE IS 2 T 1 D ie

— All sequential circuits must include one or more registers)i/z i — Lk
WAy WORESHL, THEEs, B Aras, &l
* e.g. State Machine, Counters, Shlft Register and Controllers

LPh_DIRECTION=
LPh_PIFELINE=
LPM_REPRESEMTATION=

LPRa_miIOTH= onoetoann:
U IPM_ADD SUB ?'“F"'H'E'U'T“!'s"":'u'”sw' tﬁﬂ’é‘ﬁﬁﬂi Outputs depends
e ‘Lon inputs and
e e e [~ previous output
1 e e s sy oy L) AR
JE : : | DL PRy L 1 e
"""" CIkIIEUT S
Register is used to hold the previous value
Copyright © 1997 Altera Corporation %?‘ﬁ%%ﬁﬁ ﬂ%{%j:% Uﬁﬁﬁ/ﬂ Ij‘]%?“ @ le
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LAE KK A FNIE T A1 Ao

B Now everyone should know what is
— Combinational Logic 414184
— Sequential Logic i1 %5

Q : Then how about Concurrent or Process Statement ?

What is it ?
@l A s AT RIS AN L R R ?

Copyright © 1997 Altera Corporation
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\

Concurrent Statement FfF4THid

B All the Concurrent Statement is executed in parallel J{47HiAHS L 1] LA TAE )

B Concurrent Statement does not care the position within the coding 57 7P i 105
PLE IR
B Concurrent Statement is : OUTPUT depends on INPUT only % HiAV 5 N4 %

Output depends on Input only# H AN Bk T4 A\

without any conditional 7% 15 1F{r] 4 14: Fl i

Entity testl Is Entity testl Is

Port (a, b : in bif, """ Port (a, b : in bit;
¢, d : out bit); ¢, d : out bit);
end testl; end testl;
architecture testl_body of testl is architecture test1_body of testl is
begin begin This two excute
3 ZZ Zz?dbb | e Ordb;b(/in parallel
- : c<=aand b; s A S
HATHI
.. . : 2
Copyright © 1997 Altera Corporation Does nOt Car?jthe pos\llt_lrorl\{\:lcl'thlr] the COdIng @ ] m
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S —"
THE SAME

c <=aandDb; d<=aorb;
d<=aorb; c <=aandDb;

AT I+

] Mame: _Maloe:r | “IIIIIII.IElns
5= T o] | N .
= 3 I .
C=AandB _F=: 0 .
D=AORB i@ 0 n . .

Copyright © 1997 Altera Corporation %A? ] m
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Process Statement

B All the Process Statement is executed in parallelseqguential

B P R AR AL AT AT Y

B Within the Process Statement, the coding Is execute in
sequential

W e RN, AR AT
B Process Statement is : OUTPUT depends on INPUT with
Sensitivity List to control the event happen

W R B RS EE SRAT ORI N, BB SRS T AR A

L

Copyright © 1997 Altera Corporation %A; ] m
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ntity testl Is
Port ( clk, d1, d2 : in bit;
gl, g2 : out bit);
end test1;
architecture testl body of testl is
begin
Process (clk, d1)
begin
if (clk’event and clk = “1”) then

gl <=di;
The coding is execute

end if;
In sequential within

end process;
Process (clk, d2) the process7r i 21

begin AR 22 WP PR A T 1)
If (clk’event and clk= ‘1) then

g2 <=d2;

end if;

end process;
end testl body;

Copyright © 1997 Altera Corporation

www.FPGA.com.cnh & www.PLD.com.cn it

ntity testl IS
Port ( clk, d1, d2 : in bit;
gl, g2 : out bit);

The output depends
on input with

end test1: conditional constraint
architecture testl_body of testl is i i1 Lo A7 P 4%
begin (GRENETTIN

Process (clk, d2)

begin

If (clk’event and clk = “1”) then

g2 <=d2;

end if;

This two processes

end process,; execute in parallel

Process (clk, d1) XA L IAT
begin AT
If (clk’event and clk= “1") then
ql <=d1;
end if;
end process;
end testl body;
A TR
aAva Age




The two process statement execute in parallel
XA I AR IR A TIAT

MMame: alue: J]
| B

e— . 1
=
= |k
—g ]2
=g 1

]

o o o =

Copyright © 1997 Altera Corporation A
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B Now, | know whatis /e, A1400E T H4 &

— combinational logic P4

— sequential logic R e =
— concurrent statement  FAT A
— process statement LR IR
Q : What Is the usage of this in VHDL ?§: &f1#EVHDLH E 4
2

A . Engineer can use the mixture of z. Trifinyig &1 ks py 7

combinational logic, sequential logic, concurrent statement and
process statement

to do the design AT

www.FPGA.com.cnh & www.PLD.com.cn it
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How to ... ? e

B Now | know what is Combinational Logic but-

Q : How to implement of Combinational Logic in VHDL? 7
VHDL R SEHLZH 1532 45

B Combinational Logic can be implemented by ] 523,18 15k

— Concurrent Signal Assigment Statements3f4715 5 7 Bd ik

— Process Statement that describe purely combinational behaviour i.e. behaviour
that does not depends on any CLOCK EDGE

— R AR IAHEIT N, S5 FEMCLOCK EDGETLRIAT A

Copyright © 1997 Altera Corporation %A; ] m
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Concurrent Statements
for
Combinational Logic

NE I ) IFAT A

Copyright © 1997 Altera Corporation
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Concurrent Statements F4THLA

B There are several different kinds of Concurrent
Statements J LRI AN R 28 B AT i id
— (1) Simple Signal Assigments faj #4557 I
— (2) Conditional Signal Assigments <415 5 4 Bc
— (3) Selected Signal Assignments &£ 5 Hid

Copyright © 1997 Altera Corporation
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(1) Simple Signal Assigment & 845 5 4> At

B These kind of statements are executed in Parallel
B X PR 2 T T AT

0]

Entity testl is —, HAT e
port(a,b,e:inbit, ... ﬂ ...... — "'IHEET": —\\ ELITlf'LfT [ @

¢, d : out bit); I S R S
endtestl; i
architecture testl body of testl is
begin WROT AUTRUT — g
c<=aandb; — '
e ¢ Do T o0

end testl body;

L’
Copyright © 1997 Altera Corporation AN [] m
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What kind of logic support 1iZ %5z &R

B AND 5

B NAND 53E

B OR i g il

B NOR =ik . ? n 5

B NOT 3JE g TR 5 g

® more ....... FEZ D D_ ;)D_
S

Copyright © 1997 Altera Corporation %A? ] m
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| want 5 Input AND Gatei 1155\ 51

Q :AND is only a two input, If | want more input, what can |

do ?

A : Itis easy, we are due w
e SITHEREARA, WREEELH | e

ETANASE/ AN e
Moy Mg
% Wre MTRAIEI S auny

Entity testl is
port (a, b, c, d,e:inbit;
f : out bit);

end testl;

architecture testl body of testl is
begin
f<=aandbandcanddande;
end testl body;

{EnTu|

Equations [2)

oo 2

f=LCELL] _EQO0T § GND;
Copyright © 1997 Altera Corporation EOIM =albicldie;

www.FPGA.com.cnh & www.PLD.com.cn it




LAB 1
5yl

Design a 7 Input OR gate
VT 7% A i B

Copyright © 1997 Altera Corporation
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Sampling Codingfig 4l

Entity testl is
port(a, b,c,d, e f g :inbit
h . out bit);
end testl;
architecture testl body of testl is
begin
h<=aorborcordor eorforg;
end testl body;

Copyright © 1997 Altera Corporation
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(2) Conditional Signal Assigments =

B The output get the value when the condition is true s E1J ]

A i

— e.g. 2to 1 multiplexer 1 2i%1% B IR

Entity testl is
port (inl, in2, sel : in bit;

d : out bit);
end testl;
architecture testl body of testl is
begin
d <=inl1 when sel = ‘0’
else in2;

end testl body;

Copyright © 1997 Altera Corporation
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If | want more -- 4 to 1 MUX s, am1epsrrs

B Once again, you are due with Language not Graphic,

SO It IS €aSY i i tysem, IRz F s

Narne Value: | 15-?“5 33-?“9
5] e
Entity testl is el B0 0 R
port (inl, in2, in3, in4 : in bit; .
sel1, sel2 : in bit o= 0| el
d : out bit); =i [ J_U_ ﬂ
end testl; i) 1
architecture testl body of testl is
begin = I [
d <=inl when sell =“0’ and sel2 = 0’ else
in2 when sell = “0” and sel2 = “1” else ! D mm ‘ ‘
in3 when sell = “1” and sel2 = ‘0’ else
in4:
end testl body;

Copyright © 1997 Altera Corporation
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(3) Select Signal Assignmentsit#(5 5 fic

B The output get value when matching with the selected item

B 5 AE PR UL BC I A

Entity testl is

port (a, b: in bit; Hame: valle: | 1L, 1113

sel :in bit; ] ] '

c : out bit); = ¢l |:| ‘
end testl; —
architecture testl body of testl is = b 1
begin
with sel select = 1

c <=awhen ‘17,
b when “0”; = C 1 |_

end testl body;

L’
Copyright © 1997 Altera Corporation AN [] m
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If | want more choice --- 4[] 5 % I 34 £2 i}

B |tis easy HIRAY)
Entity testl is
port (inl, in2, in3, in4 : in bit;
sel :ininteger;
outl : out bit);
end testl;
architecture testl body of testl is
begin
with sel select
outl <=inl1 when 0O,
In2 when 1,
in3 when 2,
in4 when 3;
end testl body;

Copyright © 1997 Altera Corporation
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Name.

_vale: |
= =

[ JA UMD
] ]

i sel[l. ]
= nd
IB=in3
= in?
=l
b= U]

Do

I

TUgiiudiyuyl|

I
0
1
I
0




Convert the design from Graphic to VHDL

M

Copyright © 1997 Altera Corporation
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Cop

Design Constraint ¥t FRE ]

B Use the WHEN-ELSE statement to finish your design
B JWHEN-ELSE iEA) 58 AR 0¥t

E .......... |-||gh ..... | .......... Iﬁguc.r..gﬂt'bo .'1"Iig|"l
.......................................... T

:Il ...... memum ..... | .......... IgEUCT..gﬂt'SO .fme::iium
.......................................... Lol

::;1 ............ R 'EETHESC e
.......................................... Ll

higgk

medium

Ny

High

medium

Ny

high

Mmedium

o

highEE’t_lE".-‘EﬂS SRy

highiest_lewvel2=
highiest_leveli—




Sampling Coding ftAg 4]

Entity testl is

S T .w--i"'ﬁ%"? Figh port (high, medium, low : in bit;
B LT highest_level3, highest_level2 : out bit;
fré:ﬁﬁﬁfﬁffrﬁiﬁeﬁdi@hﬁﬁffﬁfifﬁffﬁfﬁﬁﬁﬁ'ﬁéﬁ?ﬁf;% — highest_levell, highest_levelO : out bit);
e W..gm%“@ o end testl;
"""""""""""""""""" Byt architecture testl_body of testl is
high g begin
medun 1) g = et el highest_level3 <= “1” when high=*1" and medium=0’ and low="0" else
oy |—3,—_JJ -------------------------------------------- ‘O"
high i : ’
meciun - aimirt = ke e NIGhest_level2 <=1 when high="0" and medium=*1" and low="0" else
Ny r:ﬂ—_/'l """"""""""""""""" T ‘O,_
high g : i ’ i ]
:}nedium . 3 };W“T”“ﬁ"ﬁigheéf_'ie&e[»l ----- éhlghest_levell <= é when high=0" and medium=*0" and low="1" else
oy |_:E|_ -------------------------------------------- 1 1;
e Eu N R highest level0 <= ‘0’ when high="1" and medium="0" and low="0" else
e Wele = OUTEIT [ highest_levell g - g .
o e T S ‘0" when high="0" and medium="1" and low="0" else
‘0’ when high=*0" and medium=*0" and low="*1" else
‘11;
end testl body;
LY.
Copyright © 1997 Altera Corporation @ ] m
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Simulation #{$liz

‘.—A /.—A

Mame: _Walue: I “IEIIII.IEIns
g5 hiigh T 1 1
= rmedium I
= |y I
=g highest level3 1
=g highest_levelZ I
=g highest [evell I
=g highest leveld I
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Process Statement
for
Combinational Logic

A5 I R R
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Process Statement &2 HiR

B There are some rules for the Process Statement
usage i Bt FE R IR 1 —LL k) )
— any kind of Process Statement must have SENITIVITY LIST
— LR T 2 U R AR
 sensitivity list contains the signals that cause the process
statement to execute if their values change

o MUKERTNGE S, HHAEDMRAT R A AT
— the statement within the Process Statement will be execute
STEP-BY-STEP I FERIRH EA) & — R —5HAT

Q : What does it all means ? |1]: XEMETA?
A : Follow me....... 2 AT

Copyright © 1997 Altera Corporation %A? ] m
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Template for Process Statementmsssmsis

General format for a Process Statemtent

Using the “SENSITIVITY LIST” SRR (1 o 2t
Process ( )

name : PROCESS (sensitivity_list) begin

begm ] énd process
sequential statement #1 Sensitivity Listi /&%
sequential statement #2

Sequential statement # N Sequential Statement/lii 7> ik
END PROCESS name; The sequential statement execute one by one and

follow the order, ie. finish the #1 then #2 then #3

‘AT 4 — A M R AT, B 41, #2 #3. ..

name is optional 44 - J& AJ % )
Copyright © 1997 Altera Corporation @ | m
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Example will be more clear FS241 55 42
[yadlllE, I_I‘.fI:HLIt'. J: ”"""I"”'”
Entity testl is T T
port (a, b, sell, sel2 : in bit; 9= sel ! ‘ _
result : out bit);
end testl; = sl 1 ‘
architecture testl body of testl is
e - S s R e R e
process (sell, sel2,a, b) =3 1 ‘ ‘ ‘ ‘ ‘ [
begin

if (sell = ‘1) then = fesf 1 \ T rj

result <= a;
elsif (sel2 = “1”) then

result <=b;
else \
result <= “0’; Result change if sell, sel2, a or b change the value

end if; 1 5sel1,sel2,a,b{E A8 W) 6 2R A
end process;
end testl body;

Copyright © 1997 Altera Corporation
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Concurrent Statement {474 i Process Statementil 2 44
Entity testl is Entity testl is
port (a, b, sell, sel2 :in bit; port (a, b, sell, sel2 : in bit;
result : out bit); result : out bit);
end testl; end testl;
architecture testl_body of testl is architecture testl_body of test1 is
begin begin
result <= awhensell = ‘1’ else process (sell, sel2,a, b)
b when sel2 = ‘1’ else begin
07 if (sell = “1) then
end testl body; result <= a:
elsif (sel2 = “1”) then
result <= b;
else
result <= “07;
end if;

Same function but different |

i i o end process;
way to do the codingZifs /775 end test1_body:
Copyright©19%l@{@ré§a%ﬂ?a lﬁj @ i m
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Q : What is the different between Concurrent and
Process Statement [o]: 3:AT ML FEFTE T A AR 2
A : For this simple example, both Concurrent and

Process can do the same job. But some function
must use Process Statement to do

PSS |5 ot VS s Y)Y Ll Rl B (S (S S SR <R W) 1
D D RERE IR 58 1.
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How to ... ? uifaf...

B Now | know what is Sequential Logic but
Q : How to implement of Sequential Logic in VHDL?
] AEVHDL A AR a] S 712 45 2
B Seguential Logic can be implemented by
— Process Statement describe the logic with some CLOCK signal

A DU AT I B - AR Rl ok e B

Copyright © 1997 Altera Corporation
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Process Statement
for
Sequential Logic

i Py 32 B A ) e R i
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How to do the Latch W4T 8i4F

Entity test1 is e 3 L
port (clk, d, reset : in bit; o= 1 J
g : out bit); .
end test1; = clk [
architecture testl_body of testl is \ . D
begin =1 | |
E;(;(i:ﬁss (clk, d, reset) .- | /
If (reset = “1’) then
q<="0%
elsif (clk = “1’) then =
g<=d;
end if; Reset take Clk take
end process; over the the control
end testl_body; control first Second i Pl E BT 6

Copyright © 1997 Altera Corporation
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Lo B |
B == ] —.--'_-5_'---_—.
= ial=1=
socaij[]

F - X1 DD

o 31 ([ ]
|| I | - || | |
g 1 10 1 1 1
& T T T T T T
)

< Eo To Equations [Z]

LC1_B1 =LCELLf _EC0nTy:
_EQ00l =lclk & g & lreset# clk & d & lreset;

Thisisa LATCH

Copyright © 1997 Altera Corporation
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If | modify the code to... R 1& Sk, ..

. . [RI=11]1=H '_I'u'IJII.IE. lll ........
Entity testl Is i I
port (clk, d, reset : in bit; [ gl ! J L
q : out bit); " 0 l* I
end test1; = I

architecture testl_body of testl is =@ | [
begin
process (clk) il |
begin
if (reset E ‘1’) then Note : the result is totally different
q<="0% Ve ok L 2 .
elsif (clk = “17) then R SR TE A
q<=d;
end if; What is it ?
end process; ﬁ{+Z9

end testl body;

L’
Copyright © 1997 Altera Corporation AN [] m
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1 a0
so oo ]
so.ca| ]

o003 ]
o311 ]

ey

3
O
!

&
7

1
O
0
7

S|
Ol
7

1
O
0
7

Equations [1]

X A g AN L BT A
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Why‘l have a Fllp Flop not a Latch

B Latch with a Sensitivity list £l 17 2% 85U E KR
process (clk, d, reset)

B Flip-Flop with a Sensitivity listfif & &% )8R 5 Xk
process(clk)

Q : What Is the Sensitivity list use for ?

) AT e dd FH IR RS RE R 2

A : The OUTPUT change when the Sensitivity list
change

B A RBUR S AR DA I A H A AR

Copyright © 1997 Altera Corporation %A? ] m
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More Detail 58 22 4115

B process (clk, d, reset)

— this say that the OUTPUT change when either clk, d or reset
change, if clk, d or reset not change, then maintain the output

— what kind of device will provide this function ?
—  HCLK,D,RESETHE—> A I it th 5L Wl e AN lede, st AN AR
— A AarER) RS S PLX R D RE?

N/ E1s)
LATCHE/F 4%
Inputs | Cutput

EMA D | )

L . | o™

H L | L

H H | H

* Lo = level of 0 before Clock pulse

o

Copyright © 1997 Altera Corporation @ ] m
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B process (clk)

— this say that OUTPUT change when CLK change, if clk does not
change, maintain the output

— what kind of device will provide this function ?
—  HCLKH AR Ay H P48, CLKANAZ I iyt ANAR
— [EXMINRER AT AR ) de

Flip-Flopfith /& 2%

Inputs | Catput
FPRM CLREM Lk O | 1
L H # e | H
H L b b | L
L L # b | Hegal
H H I L | L
H H ) H | H
H H L b | o™
H H H e | Clo
Copyright © 1997 Alt * Clo = level of (2 before Clock pulse
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B Now you can see VHDL is very powerful, but if you
don’t know what you are doing, you may not get what
you want

B ULAE, fR S ATTEVHDLI BEAR ok AH & WER AR A RE R
WAt 2 3k 2 A5 A B R AR 2R P
— e.g. you want a latch but actually you get a Flip-Flop
— et AR AR AN A, AL T PR AR 2 Ml 2%

Copyright © 1997 Altera Corporation %A? ] m
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The other way of codingHAthZwmfE 7%

= =

LIBRARY IEEE; REEE
USE IEEE.std logic_1164.all;
ENTITY tdff IS
PORT(clk, d: in std_logic;

q : out std_logic);

Ome
Oo=
DD e
[0
DD e

|

END tdff: .
ARCHITECTURE behaviour OF tdff IS [ s |
BEGIN 1AL DFFE G VEC O
PROCESS

BEGIN

walit until clk = '1"

q<=d,

END PROCESS:
END behaviour:

Copyright © 1997 Altera Corporation %A? ] m
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Compare IF-THEN-ELSE vs WATI UNTIL HEIF-THEN-ELSEFWATI UNTIL
e

Entity testl is
port (clk, d : in bit;
g : out bit);
end test1;
architecture testl body of testl is
begin
process (clk)
begin
If (clk =*1’) then
q<=d;
end if;
end process;
end testl body;

NEEIEE

Copyright © 1997 Altera Corporation
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Entity testl is
port (clk, d : in bit;
g : out bit);
end test1;
architecture testl body of testl is
begin
process (clk,d)
begin
If (clk =‘1" and clk’event) then
q<=d;
end if;
end process;
end testl body;

A A
|3

i

LIBRARY IEEE;
USE IEEE.std_logic_1164.all;
ENTITY tdff IS
PORT(clk, d: in std_logic;
g : out std_logic);
END tdff;
architecture behaviour OF tdff IS
BEGIN
PROCESS
BEGIN
wait until clk ='1";
q<=d;
END PROCESS;
END behaviour:;

11112 -D=F
i




Review

B Concurrent Statement for F47HiiA
— combinational logic (without Flip-flop circuit)ZH &% %5 (AFfil /% 28)
 eg. decoder, multiplixer, multiplier, adderinfi#il &%, % s, Nk s
B Process Statement for 2 A
— combinational logic (without Flip-Flop circuit)4H 2 %
— Sequential logic (with Flip-Flop circuit) /i 5% 4
« e.g. State machine, counters, controllerfiPIR &ML, T E g, 351 2%

L’
Copyright © 1997 Altera Corporation AN [] m
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ENTITY testl IS
PORT( clk, a,b,c : in bit;
d . out bit);

END test1;

architecture testl body of testl is

begin
d <= ((a and b) xor c); Q @

end testl body; §®§\>

Copyright © 1997 Altera Corporation
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ENTITY testl 15 L. Is this OK 7777
PORT( clk, a,b,c : in bit;
d, e : out bit);

END test1;

gin
d <= ((a and b) xor c¢);

e <= ((a or b) nand c);
end process;
end testl body;

Copyright © 1997 Altera Corporation %A? ] m
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ENTETY testl IS

POF 1, “.ab,c:in bit; Is this OK 7777
d . (0t bit);

END test1;

architecture testl bouy . “1s

begin

process(a,b,c)

begin

d <= ((a and b) xor c¢);
end process;
end testl body;

L’
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ENTITY “estl IS Is this OK 7?77
PORT(cv .,=c.:in bit;
d,e 2t J".-\:
END testl,;
architecture testl body oi .. = .
begin
process(a,b,c)
begin
d <= ((a and b) xor ¢);
e <= ((a or b) nand c);
end process;
end testl_body;

L’
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ENTITY testl IS
PORT( clk, a,b,c : in bit; Is this OK ??77?

d, e : out bit); *

END test1;

architecture testl body of testl is

begin

If (clk'event and clk="1") then

d <= ((a or b) and c);

end testl body;

Copyright © 1997 Altera Corporation %A? ] m
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ENTITY testl IS -
N Is this OK ?77?
PORT( clk, a,b,c : in bit;
d : ouzpit);
END test /’/

architecture tes{J ) )bl )’f testl is
gfc?clzgss(clk) /T/e//h//// /
begin / }

if (clk'event and clk="1") then / / /)
d <= ((a or b) and ¢); // )4
end If; Y
end process; /; /
end testl body;

Copyright © 1997 Altera Corporation %A? ] m
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ENTITY testl IS Is this OK ?2???
PORT( clk, a,b,c : in bit;
d,e : out bit);
END testl;
architecture testl body of testl is

begin @’ement with mixing Sequential and Concurrent Circujg

?ﬂr@eﬁk,§ﬁ
begin
if (clk'event and clk="1") then
d <= ((a xor b) and c);
end if;
e <= ((a or b) nand c¢);
end process;
end testl body;

L’
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ENTITY testl IS -
7999
PORT( clk, a,b,c : in bit; Is this OK 277"

d,e,f: out bit);
END testl;
architecture testl body of testl is

begin
progess(clk,a,b,c) Q )‘\Q
egin ) S

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

T g

if (clk event and clk="1") then \
\o

e <= ((a or b) nand c¢);
end if;

1O
if (a = '1) then ‘\k\’\\z

f <= (aor b); g

end if;

end process; 7o
cognghitestdr Aveelysrporation @ NMERA
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Seat down an think of your design
AA R S AH —AH AR 18] 147 1

Design Flow v} 1%
- N

www.FPGA.com.cn & www.PLD.com.cn £
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Compare of AHDL vs VHDL Lb#;

AHDL VHDL
Variable
If (clk’event and clk=“1")then
temp : dff ey )
end if;
temp.clk = clk;
temp.d = data

out = temp.out

Both give me the DFF, and timing, functional [F]#45 Hi DFF
are all the same, there is no difference between!!1 5§ H I~} 5k,

N I A VAN —
DIRedl—#E, B A A 7
Copyright © 1997 Altera Corporation @ i m
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Closer look of the AHDL EITAHDL

—

Variable

temp : dff | want a DFF and named it as “temp”i% it —~DFF,44 Aitemp
temp.clk = clk; The DFF’s clock input pin is connected to “clk”H: i 442 2 clk
temp.d = data The DFF’s data input pin is connected to “data” H: %4 ¥ £ data
out = temp.out The DFF’s out output pin is connected to “out”

Hofn H i 2l out

You want a DFEF and tell the Max+Plus Il how to connect all the input and output pin,

so Max+Plus Il will follow your instruction and give you a DFF and connect all the pin

in order to give you what you want. You will get a DFF today, tomorrow or 1000 years later,
because you tell me you want a DFF

AL DFF,iF & JFMAX+PLUSH AT S Aot 5 BV ArT 3 13, e F IR i 2 A 1 — A4
DFFJFIES BT 5 1.
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Closer look at the VHDL Ei1xVHDL

if (clk’event and clk=*1")then < When there is a “clk” transaction and stable at “1” then perform
out <=d: the following function, how to connect the pin, | don’t know!!!

end if: AFAECLKAL R HASAS 0 LIS PAT T e &, 22 T an S 5 0, FRAN S i !
| want the “out” equal to the “d”, but how to connect the pin,

So now, base on what the function you want, the VHDL compiler find out that a DFF will meet

your requirement, so it give you a DFF. Since the DFF is given to you by VHDL compiler, so you
may get a DFF today, but get a latch tomorrow, or get a JKFF 1000 years later -- because you just

tell me what is the function you want and how to implement it is really up to

the VHDL compiler, as far as VHDL give you the function you want is OK!!

DRITHT, AR 2SR ) D RE R Al VHD L 1525 5K 453 B DFF A] i 2 7% F) K AE /R — > DFF. i

T DFF & VHDLgw a0 1, K AR A R 53 21— ANDFF, B R — NLATCH, — T4 G H —
JKFF

L’
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Conclusion of learning £ K%

B | earned what is Combinational Logic/Circuits

W] AR AR AR

B | earned what is Sequential Logic/Circuits

W) A R IR AR T

B Understand the different between Concurrent
Statement and Process Statement

W R TR AT A A R AR 2 TA] ) 22 )

Copyright © 1997 Altera Corporation %A? ] m
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B Understand the usage of the Hf# T LL K Jy ik

— Concurrent StatementI 47 A
« for Combinational Logic F T-41-& 12 5 1t

— simple signal assignment statement&j 515 5 3 B f b
— conditional signal assignment statement4c44-15 5 47 Be b
— selected signal assignement statementi#:(5 5 7 B fili ik

— Process Statementizf FEd ik
« for Combinational LogicH T 41 & 18 4R )
- for Sequential Logic/H Tl 512 % f¥]

— If-then-else structure for Latchf T-LATCH¥IF-THEN_ELSEZ%:#4)
— If-then-else structure for Flip-Flopx} T-Flip-FlopfJIF-THEN_ELSE%#)

— wait until structure for Flip-Flops}-Flip-Flopt)

Copyright © 1997 Altera Corporation
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m All you learn

IS the basic concept of the VHDL

language UL I 27 (1 4R & VHDL 1) S AWt 2

B This is the Beginner VHDL Training Class

B X ZEVHDLI AR 20

B The detalil of the Circuit design will be covered at the
Intermediate VHDL Training Class

B T2
B Advance VI

17515 % Intermediate VHDL £ 1)1 22
DL language will be covered at the

Expert VHD

_ Training Class

B 520 VHDLIE 516 A & - VHDLEF YI 22

Copyright © 1997 Altera Corporation
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The most important thing of VHDL Language
b
“ Tell me how your circuit should behave and the VHDL
compiler will give you the hardware circuit that does
the job”
“EURFRAR B HL AT S AT A VHD LS 1R 4% 2 45 i AL
ﬁ;k :/Jﬁ)%/ﬁ: EQE%”
B e.g. Latch and Flip-Flop is a good example
B | tILATCHAIFLIP-FLOP

Copyright © 1997 Altera Corporation %A? ] m
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| have some bug free Graphic designs .

Q : | have some bug free Graphic designs, how can | re-
use it with my new VHDL design file ?

A : You can convert your Graphic design to VHDL
coding design manually, but
* |t takes time
 human conversion error

OR

A : You can convert your new VHDL coding design to
Graphic and integrate with your old Graphic design
* itis fast and easy
 Max+Plus Il handle the conversion, so no error guarantee

Copyright © 1997 Altera Corporation %A? ] m
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Good but How ?7??

It is easy, just follow me

Mas+plus |1 Edit Templates Assign Utilities Of

L i ————
LIBRARY ieee; IR Untitleds - Graphic Editor
USE ieee.std _logic_1164.all;
USE ieee.std_logic_arith.all;

ENTITY adder IS

PORT (opl, op2 : IN UNSIGNED(7 downto 0);
result : OUT INTEGER);

END adder; F ADDER

OFP1[7..0Q] RESULTLE®.. o)™

OFPZL7..0]

ARCHITECTURE maxpld OF adder IS

BEGIN /
result <= CONV_INTEGER(opl + op2);

END maxpld; .

Use it as normal Graphic Symbol /e

Copyright © 1997 Altera Corporation %A? ] m
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See you at the Intermediate
VHDL training class

) 4
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