MGL-based IP Core: Alphanumeric Display Driver

Features

¢ Alphanumeric Display Macro
¢ Easy to Implement on AT94K FPGA
* Display on Alphanumeric Display of the ATSTK94 Starter Kit

Introduction

This alphanumeric display macro is implemented by a 4-input Look-UP Table (LUT)
with 15 outputs/segments. Each output/segment of the alphanumeric display is a
small light-emitting diode (LED) or liquid-crystal display (LCD). A hexadecimal number
is indicated by lighting a particular combination of the LED’s elements.

Description

This application note creates a design that takes the 4-bit input binary number and
displays it by lighting the corresponding segments on the alphanumeric display.
Download 3021.zip to obtain the code for this application note.

The alphanumeric display is shown in Figure 1. The number 0 is displayed by lighting
the segments a, b, ¢, d, e, and f, while the segment g, h, j, k, I, m, n, p, and dp are unlit.
The four inputs are represented as binary variables A, B, C, and D), see Figure 2.
Thus if A=B = C = D = 0, which means the input number is (0000)binary or 0 in deci-
mal, thenthe outputsa=b=c=d=e=f=1andg=h=j=k=l=m=n=p=dp=0,
where 1 means lit and 0 means unlit.

Note: 1. Since A, B, C and D can only represent numbers from 0 to F in hexadecimal, dp is
not used in this particular example.
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Figure 1. Alphanumeric Display
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Figure 2. Alphanumeric Display — I/Os
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As another example, if (ABCD) = (0010), the resulting display will be 2. From the above
design specifications, it is easy to construct the truth table of the alphanumeric display.
Note that the largest binary input number is 1111 = F in hexadecimal, see Table 1 on
page 3.
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Table 1. Alphanumeric Truth Table

dp | p n m | k i h g f e d c b a
0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
2 0 0 1 0 0 0 1 0 0 0 1 1 0 1 1
3 0 0 1 0 0 1 0 1 0 0 0 1 0 0 1
4 0 0 1 0 1 0 0 0 1 1 0 0 0 0 0
5 0 0 1 0 0 0 1 0 0 1 0 1 1 0 1
6 0 0 1 0 0 0 1 0 0 1 1 1 1 0 1
7 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1
8 0 0 1 0 0 0 1 0 0 1 1 1 1 1 1
9 0 1 0 0 0 0 1 0 0 0 0 0 1 1 1
a 0 0 1 0 0 0 1 0 0 0 1 1 1 1 1
b 0 0 1 0 0 0 1 0 0 1 1 1 1 0 0
c 0 0 1 0 0 0 1 0 0 0 1 1 0 0 0
d 0 0 1 0 0 0 1 0 0 0 1 1 1 1 0
e 0 0 1 0 0 0 1 0 0 1 1 1 0 1 1
f 0 0 1 0 0 0 0 0 0 1 1 0 0 0 1

Then the minterm list for a, b, ¢, ..., dp will be written from the above true table for each
segment.
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Adding a Macro to Prior to implementing the design you need to set up the design and add the macro to the
the Macro Library macro library.
All the MGL IP cores have a *.mgl extension. MGL IP Cores only support VHDL/Verilog
designs.

1. Open IDS (Figaro) and click on the Design Setup button, or select Design
Setup... from the File menu, see Figure 3.
Figure 3. IDS Design Setup Button
-

File Edit “iew Library Flow Tools  Options  Window  Help
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The Design Directory Setup dialog box with the last settings appears, see Figure
4.

Figure 4. Design Directory Setup Dialog Box
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2. Click on the New Design... button. The New Design dialog box appears, see
Figure 5.

Figure 5. New Design Dialog Box
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Change the following settings:

Type fifteenseg.edf as Design Name.

Select the Design Directory and Drive where you want to save the design.
Select EDIF Netlist (*edf) from the Files of Type list.

Select your device from the Configuration list.

Select the design tool from the Tools Flow list. The Tools Flow Description
provides the related Import/Export file types.

Note:  This version of the software only supports *.VHDL Export Net files.

Press OK. The Design Directory Setup dialog box with the current settings

appears, see Figure 6.

Figure 6. Design Directory Setup Dialog Box
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Press OK.

6. Press the HDLPlanner button, see Figure 7, or select HDLPlanner from the
Tools menu.

Figure 7. HDLPlanner Button
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HDLPIlanner is invoked, see Figure 8 on page 6.

Figure 8. HDLPlanner Window
o =10/
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Text: Category: Component: .
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-
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LIERARY ieee
U2E ieee.std logic_lléd.all;

—-= Do not delete following library and use clauses.
library work;
use work.components.all;

ENTITY entityMName IS
PORT ¢
1
END entityName;

ARCHITECTURE behaviour of entityName IS

-= Add SIGHNAL definitions here —

BEGIN
[File: untitled [Ln1 GCeoli | EDITING

7. Select Layout... from the View menu. The NMGL editor is invoked, see Figure 9.

Figure 9. Layout View

Iy =10] x|
File  Edit Wiew Tools Insert Help
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Iz Al
i 08/21/397

£ @ifilatch mgl 1.2

i

£ Copyright 1937 Atmel Corporation

i

£ J.8. Latch generator

i

i DEPENDENTS: HNone

i

i MODIFICATIONS:

£ 0Z2/05/93 - JM - changed functiong equations for LUTs

i

i

#INCLUDE "global h"

#END

constant DATA INPUT :  string := "DATA":

constant DATA OUTPUT :  string := "Q";

constant ENAELE_INPUT :  string := "ENAELE";

constant TRI_ENABLE INPUT :  string := "OE"; ;I
File: dASystemDesignerimallateh.mgl Lni1  Cold EDITIMNG
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8. Open the MGL IP Core file fifteenseg.mgl, see Figure 10.

Figure 10. FIFTEEN.MGL IP Core File

Iy =1o] x|
File Edit “iew Toolz Inzert Help
~ . - ==
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#INCLUDE Nglobal vll; A
#END
£ Peripherals FP3SLIC
i Segment Driver Macro®***ssssssssssrsss
i
£ GLOBAL CONSTANT=
constant A tstring -= "A"; A FINPUT BIT O
constant E istring = "B"; AFINPUT BIT 1
constant © istring = "C"; A F/INPUT BIT Z
constant el istring = "D"; A /INPUT BIT 2
constant SEGAL istring = "SEGA"; AFOUTPUT SEGMENT A
constant SEGE istring = "SEGEB"; A F0UTPUT SEGMENT E
constant SEGC istring = "SEGC"; AF0UTPUT SEGMENT C
]
|File: d\eopiesia021alfiiteenseg. mgl [Ln372Col2 | EDITING

9. Click the execute MGL code button, see Figure 11, or press F5 to Compile the
file or select Compile from the Tools menu. The MGL code is now compiled.

A dialog box indicating a successful compilation appears, see Figure 12.

Figure 11. Execute MGL Button
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Figure 12. Successful Compilation Dialog Box

x|

Program compiled successfully and generated a return value.

i Import Generated Macro into IDS Tool I Cancel |
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10. Press the Import Generated Macro into IDS Tool button. Figaro opens the

macro, see Figure 13.

Figure 13. Fifteenseg Macro
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Figaro: info - Mets routed 0 (0%), partially 0 (0%), unrouted 0 (095), no route required 19 (09%)

Compile: info - Resetting display thresheld for Routing Resources and Mets to 3% and Unrouted Metsto 10%, for current device.

Compile: info -5 zoom levels use 0.2 MBytes for device section bitraps (of allowed 3.0 MEBytes).

11. Click on the Check-In button to check in the macro. The Check-in User Macro

dialog box appears, see Figure 14.

Figure 14. Check-in User Macro Dialog Box
o =10/
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12. Select the user library where you want to save the design and click OK. The
Macro Generator Statistics window appears, see Figure 15.

Figure 15. Macro Generator Statistic Window

Bl - seunar

Macro Performance (nsing -1 speed grade)

Speed : 543 .5 MHz
Critical Path Delay : 18ns
Power Consumption : 0.025 mamHz

Macro Dimensions

Logic Size (x*y) : 115 logic cells

13. Press OK. The macro!") has been successfully checked in.

Note: 1. The macro name can be changed at the bottom of the page. Refer to mgl_lang.hlp
for more information.

begin
return(aSev( "fifteenseg", 15));

end;

AIMEL 9
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Design
Implementation

Code

#INCLUDE “global.h”;

#END

ATMEL

Now you can select the macro from your macro library within your design. Make sure to
define the interconnects and assign the 1/0O pins before running the macro.

The alphanumeric display macro can be modified to display uppercase or expand the
letters to “Z”. After making any changes, save and recompile the macro and the design.
See the alphanumeric display macro below for the complete source code:

//**************************Peripherals FPSLIC****kkkkkkkkhkhkkkkhhxkk*

[/ ERFERF KKKk Kk Kk Kk kK kk kX kX %] Segment Driver Macro* ** %k %k x%kkx**kk**

VAR AR AR EEE SRS EEE RSttt AR sttt

] FREE KKK KKK KKK KKKk ok kkkkkk * * *GLOBAL CONSTANTS* ¥ ¥ ¥ * *k *k k &k & & % K Kk kkkkkkkk*

constantA:string :=

constantB:string :=

constantC:string :=

constantD:string :=

constantSEGA:

constantSEGB:

constantSEGC:

constantSEGD:

constantSEGE:

constantSEGF :

constantSEGG:

constantSEGH:

constantSEGJ

constantSEGK:

constantSEGL:

constantSEGM:

constantSEGN:

string

string

string

string

string

string

string

string

:string

string

string

string

string

"A";//INPUT BIT O

"B";//INPUT BIT 1

"Cc";//INPUT BIT 2

"D";//INPUT BIT 3

1= "SEGA"; //OUTPUT SEGMENT
:= "SEGB"; //OUTPUT SEGMENT
:= "SEGC"; //OUTPUT SEGMENT
:= "SEGD"; //OUTPUT SEGMENT
:= "SEGE"; //OUTPUT SEGMENT
:= "SEGF"; //OUTPUT SEGMENT
:= "SEGG"; //OUTPUT SEGMENT
:= "SEGH"; //OUTPUT SEGMENT
:= "SEGJ"; //OUTPUT SEGMENT
:= "SEGK"; //OUTPUT SEGMENT
:= "SEGL"; //OUTPUT SEGMENT
1= "SEGM"; //OUTPUT SEGMENT
:= "SEGN"; //OUTPUT SEGMENT N
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constantSEGP:string := "SEGP"; //OUTPUT SEGMENT P

constantSEGDP:string := "SEGDP"; //OUTPUT SEGMENT DP

function sevCell (firstCell, secondCell, thirdCell, fourthCell, fivthCell,
sixthCell, seventhCell, eighthCell, ninethCell, tenthCell, eleventhCell,
twleveCell, thirteenthCell, fourteenthCell, fifthteenthCell:boolean

) :macro
sevCell:macro;
fgen :macro;

interfaceName:string;

begin
if (firstCell) then
interfaceName:= "FIRST";
elseif (secondCell) then
interfaceName:= "SECOND";
elseif (thirdCell) then
interfaceName:= "THIRD";
elseif (fourthCell) then
interfaceName:= "FOUR";
elseif (fivthCell) then
interfaceName:= "FIVE";
elseif (sixthCell) then
interfaceName:= "SIX";
elseif (seventhCell) then
interfaceName:= "SEVEN";
elseif (eighthCell) then
interfaceName:= "EIGHT";
elseif (ninethCell) then
interfaceName:= "NINE";
elseif (tenthCell) then
interfaceName:= "TEN";
elseif (eleventhCell) then
interfaceName:= "ELEVEN";
elseif (twleveCell) then
interfaceName:= "TWELEVE";
elseif (thirteenthCell) then
interfaceName:= "THIRTEEN";

elseif (fourteenthCell) then

interfaceName:= "FOURTEEN";
else

interfaceName:= "FIFTHTEENTH";
end if;

interface interfaceName of sevCell is

AIMEL 1
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inputports ("A") ;
inputports ("B") ;
inputports ("C") ;
inputports ("D") ;
outputports ("SEGA") ;
outputports ("SEGB") ;
outputports ("SEGC") ;
outputports ("SEGD") ;
outputports ("SEGE") ;
outputports ("SEGF") ;
outputports ("SEGG") ;
outputports ("SEGH") ;
outputports ("SEGJ") ;
outputports ("SEGK") ;
outputports ("SEGL") ;
outputports ("SEGM") ;
outputports ("SEGN") ;
outputports ("SEGP") ;
outputports ("SEGDP") ;

end interface;
contents of sevCell is
fgen := getmacro("FGEN1") ;

instance "SEVINST" of fgen is

location (0, 0);

if (firstCell) then

functiong (" (!A&!B&!C&!D) + (!A&!B&C&!D) + (! A& ! B&C&D) + (! A&B& ! C&D) + ( ! A&B&C& ! D) + (!
A&B&C&D) + (A& !B&!C&!'D) + (A& ! B& ! C&D) + (A& ! B&C& ! D) + (A&B&C& ! D) + (A&B&C&D) ") ;

connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGA) ;

elseif (secondCell) then

functiong (" (!A&!B&!C&!D)+ (!A&!B&!C&D) + (! A& !B&C&!D) + (A& !B& ! C&!D) + (A& ! B& ! C&D) +
(A& !B&C&!D) + (A&B& ! C&D) + (A&B&C&!D) ") ;

connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGB) ;

elseif (thirdCell) then

functiong (" (!A&!B&!C&!D) + (!A&!B&!C&D) + (! A&B&!C&D) + (! A&B&C& ! D) + (A& !B& ! C& ! D) + (
A& !'B&!C&D) + (A& !B&C& ! D) + (A& ! B&C&D) + (A&B& ! C&D) ") ;

connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGC) ;

elseif (fourthCell) then

12 8-bit Latch Register Macro m————
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functiong (" (!A&!B&!C&!D)+ (!A&!B&C&!D) + (A& ! B&C&D) + (! A&B& ! C&D) + (! A&B&C& ! D) + (A
&!B&!C&!D) + (A& ! B&C& ! D) + (A& ! B&C&D) + (A&B& ! C& ! D) + (A&B& ! C&D) + (A&B&C&!D) ") ;

connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGD) ;

elseif (fivthCell) then

functiong (" (!A&!B&!C&!D)+ (!A&!B&C&!D) + (! A&B&C&!D) + (A& !B& ! C&!D) + (A& ! B&C& ! D) + (
A& !B&C&D) + (A&B& ! C& ! D) + (A&B& ! C&D) + (A&B&C& ! D) + (A&B&C&D) ") ;

connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGE) ;

elseif (sixthCell) then

functiong (" (A& !B&!C&!D) + (!A&B&!C&!D) + (! A&B& ! C&D) + (! A&B&C& ! D) + (A& ! B& ! C& ! D) + (
A& !B&C&D) + (A&B&C& ! D) + (A&B&C&D) ") ;
connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGF) ;

elseif (seventhCell) then
functiong (" (!A&B&!C&!D) ") ;
connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGG) ;

elseif (eighthCell) then
functiong (" (A& !B&C&D) + (| A&B&C&D) ") ;
connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGH) ;

elseif (ninethCell) then

functiong (" (!A&!B&C&!D) + (! A&B& ! C&D) + ( ! A&B&C& ! D) + (A& ! B& ! C& ! D) + (A& ! B& ! C&D) + (A&
!B&C&!D) + (A& ! B&C&D) + (A&B& ! C& ! D) + (A&B& ! C&D) + (A&B&C&!D) ") ;

connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGJ) ;

elseif (tenthCell) then
functiong (" (A& !B&C&D) ") ;
connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGK) ;

elseif (eleventhCell) then
functiong (" (!A&B&!C&!D) ") ;
connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGL) ;

elseif (twleveCell) then
functiong (" (!A&B&C&D) ") ;
connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGM) ;

AIMEL 13
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elseif (thirteenthCell) then

functiong (" (!A&!B&C&!D) + (A& ! B&C&D) + (! A&B& ! C& ! D) + (! A&B& ! C&D) + ( | A&B&C& ! D) + (A&
IB&!C&!D) + (A& !B&C& ! D) + (A& ! B&C&D) + (A&B& ! C& ! D) + (A&B& ! C&D) + (A&B&C& ! D) + (A&B&C&D)
")

connections ("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGN) ;

elseif (fourteenthCell) then
functiong (" (A&!B&!C&D) ") ;
connections("A"->A, "B"->B, "C"->C, "D"->D);
connections ("G"-> SEGP) ;

else
functiong (" (A& !B&!C&!D) ") ;
connections("A"->A, "B"->B, "C"->C, "D"->D);

connections ("G"-> SEGDP) ;

end if;
end instance;
end contents;
return (sevCell) ;

end;

function aSev(name:string,
width:integer

) :macro

Sev :macro;

aCell:macro;

begin
if (width > 15) then
error( "Sevseg has only 8 segment" );
elseif (width < 15 ) then

error( "Sevseg has only 8 segment" );

end if;

interface name of Sev is
inputports (A, B, C, D);
for i in 0 to width-1 loop
if (i=0) then
outputports (SEGA) ;

end if;
if (i=1) then
outputports (SEGB) ;

end if;

if (i=2) then

8-bit Latch Register Macro m————
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outputports (SEGC) ;
end if;

if (i=3) then

outputports (SEGD) ;
end if;

if (i=4) then

outputports (SEGE) ;
end if;

if (i=5) then

outputports (SEGF) ;
end if;

if (i=6) then

outputports (SEGG) ;
end if;

if (i=7) then

outputports (SEGH) ;
end if;

if (i=8) then

outputports (SEGJ) ;
end if;

if (i=9) then

outputports (SEGK) ;
end if;

if (i=10) then

outputports (SEGL) ;
end if;

if (i=11) then

outputports (SEGM) ;
end if;

if (i=12) then

outputports (SEGN) ;
end if;

if (i=13) then

outputports (SEGP) ;
end if;

if (i=14) then

outputports (SEGDP) ;

end if;

AIMEL
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end loop;
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end interface;

contents of

for i in 0

Sev is

to width-1 loop

aCell:= sevCell( i = 0, i=1, i=2,
i=7,1=8,1=9,1=10,1i=11,1i=12,1=13,i=width-1) ;

instance

"CELL"{i} of aCell is

location (0, i);

connections (SEGA->SEGA) ;

i=3,

i=4,

connections (A->A, B->B, C->C, D->D);

if (i=0) then
placeports (SEGA->"Y") ;
end if;

if (i =1) then
placeports (SEGB->"Y") ;
connections (SEGB->SEGB) ;
end if;

if (1 = 2) then
placeports (SEGC->"Y") ;
connections (SEGC->SEGC) ;
end if;

if (i = 3) then
placeports (SEGD->"Y") ;
connections (SEGD->SEGD) ;
end if;

if (i = 4) then
placeports (SEGE->"Y") ;
connections (SEGE->SEGE) ;
end if;

if (i = 5) then
placeports (SEGF->"Y") ;
connections (SEGF->SEGF) ;
end if;

if (i=6) then
placeports (SEGG->"Y") ;
connections (SEGG->SEGG) ;
end if;

if (i=7) then
placeports (SEGH->"Y") ;
connections (SEGH->SEGH) ;
end if;

if (i=8) then
placeports (SEGI->"Y") ;
connections (SEGJ->SEGJ) ;
end if;

if (i=9) then
placeports (SEGK->"Y") ;

connections (SEGK->SEGK) ;

i=5,

i=6,

8-bit Latch Register Macro m————
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end if;

if (i=10) then
placeports (SEGL->"Y") ;
connections (SEGL->SEGL) ;
end if;

if (i=11) then
placeports (SEGM->"Y") ;
connections (SEGM->SEGM) ;
end if;

if (i=12) then
placeports (SEGN->"Y") ;
connections (SEGN->SEGN) ;
end if;

if (i=13) then
placeports (SEGP->"Y") ;
connections (SEGP->SEGP) ;
end if;

if (i=14) then
placeports (SEGDP->"Y") ;
connections (SEGDP->SEGDP) ;

end if;

end instance;

end

loop;

end contents;

return(Sev) ;

end;

VAR AEEEEEE RS E AR RSttt E iRttt LRt

*hkKkkKh KKk K

//PROGRAM BLOCK

VAR AR EEEEE SRR R RSttt ettt

*hkKkk Kk kKKK

begin

return(aSev( "fifteenseg", 15));

end;
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