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What i1s AHDL

B Altera Hardware Description Language
— develop by Altera
— Integrate into the Altera software Max+Plus Il
— description the hardware in language instead of graphic
e easy to modify
e easy to maintane
— very good for
e complex combinational logic
— BCD to 7 Segment converter
— address decoding
 state machine
 more than you want........
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continue...

B As easy as Graphic Entry

B As powerful as HDL (Hardware Description
Language)
— VHDL, Verilog HDL etc.
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How to use the ADHL

B use any text editor to create the file
— Altera Software Max+Plus Il provide text editor

MACI+plus 1l Manager - Untitledl
Mex+pluz 1l File Aszign Options Help

D= E=) [ ]E=]=] B EEEE R E R EEE

E:'a Untitled4 - Text Editor

Click
the

button Type in your AHDL design file

[Line 1 [Col 1 [INS] 4] |
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continue.....

B Create your AHDL file

MAX+plus 11 - Untitledl M=] E3

Mé<+pluz Il File Edit Templatezs Aszign  LUhblitiezs  Opbione: Window  Help

NEFEREE BREREEERREEE R EER [

B daisy tdf - Text Editor

SUBDESIGH daisy

{
flocal_request INPUT ;
flocal grant : DUTPUT;
frequest_in IHPUT; from lower priority %
frequest_out : DUTPUT; % to higher priority %
fgrant_in = INPUT; % from higher priority %

fgrant_out OUTPUT ; to lower priority %

3
BEGIH

DEFAULTS
Flocal_grant = UCC; active-low output
frequest_out = UCC; signals should default
fgrant_out UCC; to VUCC
EMD DEFAULTS;
[LGne 1  [Col 1 [INS <] |
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continue.....

B save your ADHL file as name.TDF

B daizy tdf - Text Editor
SUBDESIGH daisuy
(

ocal request - THPUT;

ile BHlasas: |dai3y-tdf
Flocal qgrant

Must be

- Fguest in : INPUT; Directory is: d:\maxwZ2work
the Same frequest_out : ouTpy Hiles: = tdf Directories:
Fgrant_in : INPUT = dn
fgrant_out : OUTPUT;
)
BEGIH
DEFAULTS
flocal_grant = UCC; ]
frequest out = UCC; Drives:
Fgrant_out = UCC; Mj
2B i S RO Automatic Extension: _tdF ;I
[Line 1 [Col 1 [INS 4] |
Ok I Cancel |
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continue...

Mo+pluz [l Eile Edit Templates Azzign  Utliies  Options  Window  Help

NEFEE]

BEE PREREEEEEREEERREE

[ daisy.tdf - Text Editor
SUBDESIGN daisy
{
flocal_reques = THPUT ;
/localgrant : DUTPUT;

. equest_in : INPUT; % from lower priority %
CIle frequest_out : OUTPUT; % to higher priority 3%
on this Mastrplus 11 File Erc:::mfaces Asign th-ionzlu‘-:_k:il:d;w Help Setuan-hiahau-audand e
icon N == E N E E S CH R SR E E E A = A E EE

B> daisy_tdf - Text Editor

ﬁ Compiler

Compiler
Metlist
Extractor

Database Logic
Builder Swvnthesizer Partitioner Fitter
!

Timing
SNF

Assembler
Extractor
R CRA

= 10] ]

S0

stop_|
Meszagesz - Compiler

Info: Selecting a device from "MAXF7000' family for AUTO dewice "daisy'

Info: Chip "daisy" successfully fit into AUTO devil::EI

Froject compilation was successful
0 errors
4 Message p || 0 of 2 ™ Locate in Floorpl 0 warnings
4 facaiz 2l 0of0 Eogsaaaier AiEE

IF /fgrant_in == GHD THEH
IF flocal_request == GHD THEH
Flocal_grant = GHD;
Line 1 [Col 1 NS« |
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Error Location during Compilation

B Easy to locate the error

i MAS +pluz 1 - d:\maxw2work\daisy

M&H+pluz [ File  Aszign  Ophiohs Window  Hel
DIEIEI%I c'f'nl" /local_grant [:[: % active-low output i

Compiler

Metlist
Extractor

:
Click the

=
frequest out = UC % signals should dEFault
/qrant_out = UEE % to UCC %
EHD DEFAULTS;
IF /request _in == GHD # flocal request == GHO THEH
/request_out Fﬂlf;
EHD IF;
IF /qrant_in == GHD THEH
IF flocal_request == GND THEHN =

flocal_grant = GHD;

ELSIF /request_in == GHD THEH
/grant_out = GHD;

END IF;

errOI‘/ | Line

18 [Col 23 [INS | +]| |

message [ Message »] 1 of 1

4 Locate P!I]uﬂ

[T Locate in Floorplan Editor

Help on Message I

| Larnate A I
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location




AHDL Template

|f-then-else
case-end case

R loop-end loop
~ ooy - 7?2...777

MAX +plus |l
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i i MAX+plus Il - d:\maxw2work\daisy - [Untitledb - Text Editor]

ﬂﬂﬁ}ﬁmlusll Fle Edt Templates Assign Ublties Options Window Help

NEEE BEEEEPER

Modify the code

IF _expression THEN
__statement,
__sfatenment,

ELSIF / expression THEN

statement;

statement;

ELS
__statement;
__statement,




General AHDL Format
SUBDESIGN decodel ___———  Key Word

(Input_pin_name : INPUT; _
input_bus_name[15..0] : INPUT: —— Defien 1/0 port
output_pin_name : OUTPUT;
output_bus_name : OUTPUT;

)

BEGIN

ouptut_pin_name = input_pin_name; _ — Logic
output_bus name = input_bus_name;

END:;

AHDL format
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Your First AHDL design -- Address Decoder

SUBDESIGN decodel
(a[3..0] : input;

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII i 1 . .

lllllllllllllll = A chip_enable : output;
P : E

S 312 ..... glﬁgﬁT T chip_enatle )

i A L

e begin
B b@ """"""""" chip_enable = (a[3..0] == H"7");
""""""" end:

Chip_enable =a0 & al & a2 & !a3
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Why | use AHDL instead of Graphic

B Easy to Modify
B Document during the coding

B | want to decode H”A” not H"7”
Chip_enable =1a0 & al & 'a2 & a3

SUBDESIGN decodel

S = SR (a[3..0] : input;

Lo S B TV um s chip_enable : output;
e e Do I )

e S begin

chip_enable = (a[3..0] == H"A"™);

Need more effort to modify / end;

Self Explain the Function

Copyright © 1997 Altera Corporation Only thlng tO Change A :
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More

SUBDESIGN decodel
(a[3..0] : input;
chip_enable : output;

)

begin

chip_enable = (a]3..0] == B"1x0x");
end,

Some bit can be ignore for comparsion

Copyright © 1997 Altera Corporation

2005-7-29 P.13




Something you need to know

B Addition : +

B Subtraction : -

B Numeric Equality : ==

B Not equalto: !=

B Greater than : >

B Greater than or equal to : >=
B [Lessthan: <

B | ess than or equal to : <=

M Logical OR : #

M Logical AND : &
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Use Constant Function

B Use Constant if the same number, text string, or arithematic
expression is repeated several times in a file

B Advantage

— Only one statement needs to be changed
/ CONSTANT IO_ADDRESS = H"

Modify One Place will modify all

Define CONSTANT SUBDESIGN decodel
before SUBDESIGN (a[3..0] : input;
keyword chip_enable : output;
)
begin
chip_enable = (a[3..0] £/= |0 _ADDRESYS);
If (a[3..0] == 10_ADDRESS) then

Copyright © 1997 Altera Corporation
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More about Constant

B Constant example
Constant IO_ADDRESS = H"3707 Define a constant value
Constant FOO = 1+2*3 - LOG2(256);
Constant FOO PLUS one = FOO + 1;

Define an arithematic equation

Depends on pre-define constant
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Implement Combinational Logic

AHDL ?

SUBSDESIGN decodel
(a0, al, b : input;
outl, out2 : output;
)
begin
outl = a0 & lal;
out2 = outl # b;
end;

outl = a0 & lal
out2=a0 & 'lal#b
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Define NODEs

AHDL ?

SUBDESIGN decodel

(a0, al, b, d: input;
out2, out3 : output;

)

variable

temp : node;

begin

temp = a0 & 'al;

out2=a0 & 'al #b out2 = temp # b;

out3=a0 & 'al & d out3 = temp & d;
end:;

Copyright © 1997 Altera Corporation
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Bus Operation

— SUBDESIGN decodel
- | (a[3..0], b[3..0] : input;
out[3..0] : output;

T )

' begin

outO = a0 & bO;
outl = al & bl;
out2 = a2 & b2;
out3 = a3 & b3;
end;

Same function
but easier

SUBDESIGN decod
(a[3..0], b[3..0] : i
out[3..0]: output;

)
begin
outl[] = a[] & b];
end;

Copyright © 1997 Altera Corporation
2005-7-29 P.19




More on Bus Operation

Bus Operation
a[9..0], b[9..0]

— a[] = b[];

— a[7..4]1=b[9..6]; a/=h9, a6=b8, ad5=b7, ad=h6
— a[9..8] = VCC; a[9..8] connect to VCC

— a[9..8] = 1; a[9..8] = B”01”

— a[9..8] = 2; a[9..8] = B”10”

— a[9..8] = 3; a[9..8] = B”11”

— a[3..0] = GND a[3..0] connect to GND

— a[3..0] = 0; a[3..0] = B”0000”

— temp = bO& bl,

a[2..1] =temp a2 = temp, al =temp
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Advance Bus Operation

B Bus
— b[3..0]
* b3, b2, bl, b0 (having 4 members)
« MSB is b3, LSB is b0

B ARRAY BUS
— a[3..0][2..0]

e a3 2,a3 1,a3 0,a2 2,a2 1,a2 0,al 2,al 1,al O,
a0 _2,a0 1, a0_0 (having 12 members)

« MSBisa3 2,LSBisa0 0

a[3..2][1..0] = b[];
N—
a3 1=h3 a3 0=h2 This one change first

a2 1=bl a2 0="h0

Copyright © 1997 Altera Corporation
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Truth Table

SUBDESIGH 7Ysegment

(
)

= IHPUT;
OUTPUT ;

g

ifs..ej

BEGIH

Segment 7

i[3..0]
0

TRABLE

1

a8 rrrrr@rrrrrr @8 -

re@rrr@rrrcrrrrerreQ e -

A~ I I I ol o ol ol o

A= ol o o - o - o ol

Al ol o ol o ol o

rrerrrrrrr @m0 -0 0

r@rr@rrrrrrrS8 -2 e

EHD TRAELE ;

EHND

o
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>
-
(qu]
D

'
(qo]
&
@)
+—
>
(7p)
(qe]
D
=
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1L
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IF-THEN-ELSE

SUBDESIGN priority
( low, medium, high : input;
highest_level[3..0] : output;

)

begin

If (high ==B"1") then
highest_level[] = B”1000”;
elsif (medium == B’1”) then
highest_level[] = B”0100”;
elsif (low == B”1”) then
highest_level[] = B”0010”;
else

highest_level[] = B”0001”;
end If;

end;
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Go To > Fan-0ut

_LC3_B1=LCELL{ _EQO03);
_EQ003 = lhigh & llow & Imedium;

OUT: highest_lewell




CASE Statement

SUBDESIGN decoder e o BT
(low, medium, high : input; - Iwc%}c
highest_level[3..0] : output; i g o e
) R TN ﬁﬂg"?m """" o
variable r}c
code[2..0] : node; e L

begin -

code2=high;

codel=medium;

codeO=low;

case code[] is

when 4 => highest_level[] = B”10007;
when 2 => highest_level[] = B”01007;
when 1 => highest_level[] = B”00107;
when others => highest_level[] = B”0001”;
end case;

end;
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Equations [£]

Go To >

Fan-Out [

_LZ4_B1=LCELL _ECO04);

_EQofd=_LC1_B1 & _LC2_B1 & _LC3_B1;
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For Loop

CONSTANT num_of bit = 8;

SUBDESIGN numbit

(a[num_of bit..0] : input;
b[num_of bit..0] : output;

)

begin
b[8] = 4]
b[7] =a
b[6] = a
b[5] = a
b[4] = a
b[3] =a
b[2] = a
b[1l] =a
b[0] =a
end;

p.27
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easier with same function

T

CONSTANT num_of bit =8§;

SUBDESIGN numbit

(a[num_of bit..0] : input;
b[num_of bit..0] : output;

)

begin

for 1in 0to num_of bit generate

b[num _of bit- 1] = a[i];

end generate;

end;

CONSTANT num_of bit = 8;
SUBDESIGN numbit
(a[num_of bit..0] : input;
b[num_of bit..0] : otuput;

)

begin

b[num_of bit..0] =a[0..num_of bit];
end;




AHDL with Graphic

B Use the File menu to gy
- Froject 3
create Symbol for the I = Bl2) (&
AH DL deSIQn {low, ﬁDEn... Chl+0

hig  Delete File. .

® The symbol can be used Lm R, o
fOr grapth eﬂtry EEE:IE %:::ES". Chl+5
codes  Info. Chol+|

Create Default Symbol

codek Edit Syrbal

: ............................................................. EHSE I:rEatE DEfauItInl:_IudE FIIE
: decoder h g -
E—— WIEN Chil+F d
: when : 188" ;
— MEDIUM HIGHEST_LEVYELLI. . O] Frint Setup...
: when pie;
— 1 1 HIGH .
: when Hierarchy F Braee1m;
o .

end € pup pasepius I Alh+F4

end;
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Register Logic

A
-------------------------- CTRRN | i
...... | Toee—p o o
& T |

CLRH

1.8

Method 1

SUBDESIGN flip_flop
(d, clk : input;
g : output;)
begin
q = dff(d,clk, ,);
end;

Copyright © 1997 Altera Corporation
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il = MA+plus Il Yerzion 8.0 Help

File Edit Bookmark. Options Help

Harh Frint Gloz=zan

____________________________

RETUOENS ()

Method 2

SUBDESIGN flip_flop
(d, clk : input;
g : output;)
variable
temp : dff;
begin
temp.d =d;
temp.clk = clk;
q = temp.q;
end;

| want a D-Flipflop




More Detall

temp ;. dff
temp.d = d;
temp.clk = clkK;

Copyright © 1997 Altera Corporation
2005-7-29  P.30




More on Register

B How to do the Bus with Register

B How to do the other type of Register
— DFFE (D-FF with enable)
— TFF/TFFE
— JKFF/JKFFE
— SRFF/SRFFE

Copyright © 1997 Altera Corporation
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Register Buses

SUBDESIGN bus_reg

( clk, d[7..0] : input;
q[7..0] : output;

)

variable
ff[7..0] : dff;

begin

ff[].clk = clk;

ffll.d = d[I;
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qfl = ff[l.q; q[0] = ff[0].q;
end; q[1] = ff[1].q;
\ q[2] = ff[2].q;

q[3] = ff[3].q;

q[4] = ff[4].q;
q[5] = ff[5].q;
q[6] = ff[6].q;
q[7] = ff[7].q;

ff[0].d = d[0];
ff[1].d = d[1];
ff[2].d = d[2];
ff[3].d = d[3];
ff[4].d = d[4];
ff[5].d = d[5];
ff[6].d = d[6];
ff[7].d = d[7];

ff[0].clk = clk:
ff[1].clk = clk:
ff[2].clk = clk:
ff[3].clk = clk:
ff[4].clk = clk:
ff[5].clk = clk:
f[6].clk = clk:
ff[7].clk = clk:




D-Flip-Flop with Enable/Preset/Clear

=

DFFE Primitive (D-Type Flipflop with Clock Enable)

FM&a=s+PLUS |

Copyrignt © 199/ Altera corporaton

2005-7-29

AHDL Function Prototype: FONCTION DFFE (D, CLE, CLEHN, PEH, ENA)

SUBDESIGN flip_flop_enable

EETUOEHS (1)
( clock, data, enable, preset, clear : input; /
qout : output;

)

variable

temp : dffe;
begin
temp.d = data;
temp.clk = clock;
temp.clrn = clear;
temp.prn = preset;
temp.ena = enable;
qout = temp.q;
end;

PRN

CLK

ENA

CLRN

P.33



Other Type of Flip-Flop

R LS PR e e e e onanoan I L LS P ) I

L= | I——
SJHIFFE Primitive (UK -Type Flipflop vwith Clock Enable)

=+ FLL= |

F &=+ PLL= 1]

AHDL Function Prototype: FOHCTION JHEFFE (. J. K. CLE.  CITEREH, EPEH. EXN& )

________________________________________

EETUORN= (1) :

lnas= | Eack | il L L | wios=ary |

TFFE Primitive (T -Tyvpe Flipflop vwith Clock Enable)

F1a=+FPLL=S 1]

AHDL Function Prototype: FUHCTION TFEFFEFE (T _CLE, CIT.EH, PEH., EHA )

____________________________________

FETURH= {13 :

Index | Back | E e | wiossary |

SRFFE FPrimitive (SR-Type Flipflop vwith Clock Enable)

Copyrig
2005-7-29

AHDL Function Prototype: FUNCTION SEFFE (S EHOCLE, CILLEH, PERH, ERHA )

________________________________________

EETUORHNS= {1 :

ht © 1997 Altera Corporation
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How to use Help Menu

Q : I don’t know how to use Altera DFF/JKFFE...... ,
what can | do ?

A : Altera Help Menu is a good place to find information
Q : How do | use the Help Menu ?
A:ltiseasy............ and Fun

Copyright © 1997 Altera Corporation
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H O W to u S elp T?pi[:s: HA§+plus ]| 'ﬁl"ersi:n 8.0 Help

2 MAS+plus 1l Yersion 8.0 Help

CEVEITEN IR BTl File Edit Bookmark Optionz Help
sl 2D FEl o lndex Back Eririt Gloszany

SIEEE] DFF Primitive (D-Type Flipflop)

Contents

M aE+FLUS T

AHDL Function Prototype: FOUNCTION DFF (D, CLE CILEH. FRH]

____________________________

REETURHNS (013 :

YHDL Component Declaration: COMPOHENT DFF
PORT (d o IN STD TOETC

—=ll. : IH STD TLionsTIiC;

=lrn: IN STD LioEIC:

prn : IH STD LTSI

I : OUT STD _LOSITC_VECTOR 3
END COMPOHENT ;

Pt [ e i

L

Inputs | Clutput
g CLFM Lk | ]

H
L
Megal
L
H
o™
=1o

ITTTIrIrr (A
ITITTITrr I
Irm qLaxHX
HwHIr«xx (O

* Clo = level of O befare Clock pulse
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Tri-state Buffer

PR ey ey
—~ TRIPrimitive
o
""" . MAK+PLUS I
"""""" ; lmTTH?mw:h AHDL Function Prototype: FOHCTION TRI (in. o=)
e S RETURNS (out).
Method 1 Method 2
SUBDESIGN tri_state SUBDESIGN tri_state
(a, enable : input; (a, enable : input;
b : output;) b : output;)
begin variable
b = tri(a, enable); temp : tri;
end; begin

temp.in = a;
temp.oe = enable;
b = temp.out;
end;
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More Detall

temp : tri

temp.in = a
temp.oe = enable
q = temp.out

Copyright © 1997 Altera Corporation

2005-7-29 P.38




OPNDRN - Open Drain Buffer

——. OPNDRN Primitive
............................. " GRNDRR. g e
e [ IMT : & gJﬁLfT it — b FLLIS ||
L e AHDL Function Prototype: FUNCTION OPHDEN (in)
RETURNS (out):
Method 1 Method 2

SUBDESIGN tri_state

SUBDESIGN opn_drn (enable : input;

(enable : input; b : output;)
b : output;) variable
begin temp : opndrn;
b = opndrn(enable); begin
end; temp.in= enable;
b = temp.out;
end;

Copyright © 1997 Altera Corporation
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More Detall

temp : opndrn
temp.in = enable
b = temp.out

yalal]|

Copyright © 1997 Altera Corporation
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Using AHDL as EASY as Schematic
but
Using AHDL 1s more POWERFUL

Copyright © 1997 Altera Corporation
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Exercise

AHDL

SUBDESIGN tri_io

( clk, enable : input;
— 10 : bidir;)

variable

templ : dff;

temp2 : tri;

begin

templ.d =io;

templ.clk = clk;

temp2.in = temp1l.q;

temp2.0e = enable;

clk, enable : input; i0 = temp2.out,
10 : bidir; end;

input

Copyright © 1997 Altera Corporation

2005-7-29 P.42




Design 8 bits Counter Is Easy

SUBDESIGN 8bits

(clk : input;
q[7..0] : output;
)
variable .
- - ULl
temp[7..0] : dff Nae Evalue. & |
begin |
temp(].clk = clk: gt |

d= q+1; '
emplldstemella <L g ot (o) 1 2 3 4560718

end:
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State Machine

State Machine Diagram

A
jump 0=0

jump=1 Jump=1

Copyright © 1997 Altera Corporation
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SUBDESIGN simple

( clk, reset, jump : input;
q : output;

)

variable
ss : MACHINE WITH STATES (S0,S1);
begin

ss.clk = clk; —_—

sS.reset = reset; Note : All State Machine Variable must

case ss IS be associated with a CLOCK
when s0 =>
q =gnd;
if (jJump) then
ss =s1;
end if;
when s1 =>
g = vcgC;
if jump) then
ss = s0;
end if;
end case;
end;




Marne: _Walue: .L ’IIIIIII.IIIIns EIIIIII.IIIIns
= reset T 1] T |
= jump a |
= clk 0 | | 71 | / | |
= 0 ,/ /
@V ss =0 / }{ 51 / ){ =0
SS = Sl; SS = SO;
end if; end if;
TAQ
Copyright © 1997 Altera Corporation A ] m
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More about State Machine

SUBDESIGN stepper TABLE
( reset, ccw, cw, clk : input; ss, CCw, Cw => Ss;
phase[3..0] : output;) sO, 1, X => 83;
variable sO, X, 1 => sl;
ss : MACHINE OF BITS (temp[3..0]) sl, 1, x => s0;
WITH STATES (s0 =B”0001”, sl, X, 1 => s2;
s1 =B”0010", s2, 1, X => sl;
s2 = B”0100”, s2, X, 1 => s3;
s3 =B71000™); s3, 1, X => 82
begin s3, X, 1 => s0;
ss.clk = clk; END TABLE;
If (reset) then end;
SS = S2;
end if;

phase[] = temp(];

Note : No need to declare what is TEMP
It is automatic declare as DFF
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User can control the State Bit
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Exercise

SUBDESIGN stepper TABLE
( reset, ccw, cw, clk : input; ss, CCw, Cw => Ss;
phase[3..0] : output;) sO, 1, X => 83;
variable sO, X, 1 => sl;
ss : MACHINE OF BITS (temp[3..0]) sl, 1, x => s0;
WITH STATES (s0 =B”0001”, s1, X, 1 => s2;
s1 =B”0010", s2, 1, X => sl;
s2 = B”0100”, s2, X, 1 => 53
s3 =B71000™); s3, 1, X => 82
begin s3, X, 1 => s0;
ss.clk = clk; END TABLE;
If (reset) then end;
SS = S2;
end if;

phase[] = temp(];

Can you Modify this Truth Table to CASE statement
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State Machine without Recover State

SUBDESIGN recover

( clk, go : input;
ok : output;)
variable

sequence : MACHINE OF BITS (g[2..0])
with STATES ( idle, one, two, three, four, illegall, illegal2, illegal3);

begin

sequence.clk = clk;

case sequence is

when idle => if (go) then
sequence = one;
end if;

when one => sequence = two;

when two => sequence = three;

when three => sequence = four;

end case;

ok = (sequence == four);

end,;
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Better have Recover within State Machine

SUBDESIGN recover Three bits have Eight State

( clk, go : input;
ok : output;)
variable
sequence : MACHINE OF BITS (g[2..0])
with STATES ( idle, one, two, three, four, illegall, illegal2, illegal3);
begin
sequence.clk = clk;
case sequence is

Only Five State is interesting,
but better have this RECOVER options

when idle => if (go) then @ Name: nvamE: | 1[|D,|Dn5
sequence = one; ] i
end if; = [j0 1

when one => sequence = two;

when two => sequence = three; o= ck ! J ‘ ‘ ‘ {

when three => sequence = four; L ok [

when OTHERS => sequence = idle; =

end case; 8 A sequence | thres :)( i: }( hifg }( thres }( four }( dle }( ng X

ok = (sequence == four); @\
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Conclusion

B When the gate count and design getting for complex
— AHDL
— VHDL/Verilog

B \When the design target for high speed and optimize
— mixture of AHDL/Graphic/VHDL or Verilog

B Engineers Is more talent than software

Riglht Tools
help you achieve the
Sueceessiul Procduct
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