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Introduction

1.1 Introduction

Those who are building microcontroller based project for little long must have got bored with the good
old character LCDs. Whether you are bored or your application require to present more data to the
user in a better way, you need Graphic LCD. Character LCD Interfacing is quite easy so every one
uses it, but when | comes to Graphic LCD you need a well written and powerful graphic library. Its not
enough that you read the LCD datasheet and connect it your MCU and start sending data. Because
the LCD just appears to be block of memory whose contents are directly visible on screen. The
datasheet can only guide you how to access this memory. You just can't do much by writing to the
memory. The graphic library is a piece of software that has complex algorithms to render graphic
primitives like line, rectangles, circles, images and more. It also helps load fonts and render text and
numbers on screen. So it provide high level access to the LCD screen and applications can be written
much more easily.

While | was researching for graphic library for the GLCDs, | found some but | was not fully satisfied by
any of them. So | began to write a clean, powerful, portable and easy to use library that can handle
sever different graphic LCDs and can be ported to many MCUs. In this article | will use a Graphic LCD
which is based on common KS0108 type controller with AVR ATmega32 MCU. In future | will port the
tutorial and library for PIC and ARM CPUs.

1.2 Introducing the JHD12864E Graphical LCD Module.

Their are several type of graphical LCD module in the market. In this tutorial | will introduce you to a
common graphical lcd module that is easily available in most part of the globe.

JHD12864E Graphical LCD
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The specification of this LCD are as follows.
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128 horizontal pixel and 64 vertical pixel resolution.
Controlled based on KS0108B

Parallel 8bit interface

On board graphic memory.

Available in Green backlight with dark green pixels.
Also available in Blue backlight with light blue pixels.
LED backlight.

20 PIN linear connection.
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PIN Description

PIN Name Function Cmgl‘e]cl;l(l))l;gv ith
1 Vss Ground
2 Vee +5v Supply in
3 VO Contrast Adjust
4 RS Instruction/Data Register Select [PD3
5 R/W READ/WRITE SELECTION PD6
6 E ENABLE SIGNAL PB4
7 DBO0 DATA IN/OUT PCO
8 DBI DATA IN/OUT PC1
9 DB2 DATA IN/OUT PC2
10 DB3 DATA IN/OUT PC3
11 DB4 DATA IN/OUT PC4
12 DBS5 DATA IN/OUT PC5
13 DB6 DATA IN/OUT PC6
14 DB7 DATA IN/OUT PC7
15 CS1 Chip Select 1 PBO
16 CS2 Chip Select 2 PBI
17 RST RESET SIGNAL RESET
18 VEE NEGATIVE 10V OUT
19 LED+ LED BACKLIGHT
20 LED- LED BACKLIGHT
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1.3 Graphic LCD Testing Circuit with AVR ATmega32

| suggest you to make a small circuit with ATmega32, its life support environment and Graphic LCD to
experiment with these LCD. | have clocked the Test circuit with 16MHz crystal for maximum speed.
Make the circuit as follows.

7Y www.eXtremeElectroni¢s.colin
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.
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Schematic for AVR ATmega32 and Graphic LCD Connection.

The RV1 (which is a variable resistor of 10K) is used to adjust the contrast of the display. If no display
is visible on screen use this to adjust the contrast until you see everything clearly. The AVR's Fuse
bits must be set as follows to disable JTAG and enable external crystal.This step is very important
and things won't work if you forget this.

HIGH Fuse = 0xC9
LOW Fuse = OxFF

®,
0.0

®,
0.0
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1.4 Graphic LCD Test Circuit Fabrication Tips.

| have used my Low Cost 40 PIN AVR Development Board for quick testing. | is a bare bone AVR
board with AVR and its life support. The nice thing is that it has prototyping area surrounding the
AVR. | used this area to mount the 20 PIN FRC Box header for connecting the GLCD.

.....

.

Copyright @ 2008-201C
eXtreme Electronics, India
www.eXtremeElectronics.co.in

40 PIN AVR Devboard with Graphic LCD Connector.

In the above image you can see the 20 PIN FRC Box header is soldered. The red wires connect the
PINS of header to the MCUs I/O lines. They also supply power to the module and its led backlight.
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Graphic LCD Connector
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Take a 20 PIN FRC Cable. It has female connectors at both ends. Cut it to half and solder the wires to
20 PINs on the LCD Module. The image below illustrate the point. Now you can easily connect and
disconnect the graphic lcd module from board.

Copyright © 2008-2010
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Graphfc LC with Wire Soldering.
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Graphic LCD Connected.
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AVR Graphic LCD setup is ready!
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Download & Installation

This tutorial deals with downloading and installing ProGFX graphic engine. ProGFX is a free and easy to use
embedded graphic library that can control several display modules and can run on AVR, PIC and ARM MCUs.

In this tutorial we will make a ProGFX graphical application with Atmel AVR ATmega32 MCU using AVR
Studio and WinAVR (C Compiler). So lets begin.

2.1 Downloading ProGFX

Latest version of ProGFX can be downloaded from
http://www.ProGFX.org

2.2 Installing ProGFX

You need WiInZIP to extract the files to your hard disk. Please extract it to root of any drive like “C:”.
Following Folders will be created.

X C:\ProGFX\include
<> C:\ProGFX\lib

_E' okl

@Eack - W I_-ﬁ; ;’:I Search '. Folders
Address |ﬁ CH\ProGRY

Publish this folder to
the Web

fetd Share this folder

lib

"
/’ include
|
g_"'j Make a new folder

age Local Disk (C:)
=Y My Documents
| 2 objects

1
=

[2 My Computer

Folders reated after extractmg theProGFX package

Note that core of the engine is contained in two folders named “include” and “lib” but there may be some
others folders too, like “Help” depending on your version of ProGFX engine.
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2.3 Creating a Graphical Project using AVR Studio.

The basic tools required for developing with AVRs are

% AVR Studio
% avr-gcc (Precompiled Binary version for Windows is called WinAVR)

eXtreme Burner AVR

These tools must be installed and set up correctly.

Start AVR Studio and you will be presented with the following screen.

) ‘f .tl
1] Cir—i
‘ ﬁ ew Froject Open
rj Recent projects b odified

'@ C:vvinazh's. . \VEYHeloGraphicssHeloGraphics. ape 13-4ug-20101710:16
'@ C:vvinazhiMo Projectz"WBAGLCD TesthGLCD Test... 19-A0g-201017:08:23
‘@ CAAvinazhihy Projects' AWRAGLED Test2GLED Test...  15-Aug-201012:35:65
'@ CAAvinashh. ATiS enzinghTilkS enzing, aps 09-Aug-2010 09:50:00
'@ CAAvinaszhh.. \AYRYE oard2YA T megad2WDemotDem...  10-4ug-2001012:02:67
‘@ C:Advinashh.. AAYRMWE oard2NATmegal BADemchDem..  23Jun-201013:40:21
'@ C:vvinazh'. . \sBoardMIMPv2ALCD T esthLCD T est. apz 01 -Aug-201013:31:41
ﬁ C:vvinazhMy ProjectzhdWEBALCD 2045\ C0 204, aps 07 -4ug-201011:53:23
'@ C:vvinazhiMo Projectzh W BASDMMCT esthSDMMCT . 23 Jun-201011:34:05
'@ C:vvinazhiMo Projectz’ W BAWF an'Fan.aps O4-Jul-2000 120926

Yer 4.17.666 [#]:Show dialog at startup

LCancel ] I Help

AVR Studio Welcome Screen

Select "New Project”

And on the next screen ...
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Create new project
Project type: Froject name:
& Atmel AYR Aszembler *Helln:nl_":raphic:s
Create initial file-' Create folder
Iriitial file:
HellolGraphics .
Location:
MdvinazhhiMo ProjectsvaWE B
“er 4.17. 666
<< Back ] l_ﬂe:-ct B J l Finizh ] I LCancel I I Help

Configure the Project
Select the options as shown above.
s Project Type is AVR GCC
s Project Name is "HelloGraphics"

Select any appropriate location for the project in your hard disk.

Now select Debug Platform as AVR Simulator and Device as ATmega32 and click Finish.

Copyright © 2008-2010 eXtreme Electronics. www.eXtremeElectronics.co.in
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ecame 0 AYR Studio 4

er 4.17.6E6

Select debug platform and dewvice
Drebug platform:

AWR Dragon

AWR OME!

AVE Simulator

AVR Simulator 2
ICE200

ICE40

ICERD

JTAG ICE

JTAGICE mkll
Proteus WS Viewer

Device:

ATmegalBHYA [~
ATmeaalBHYE
ATmegal Gl
ATmeaalsl?2
ATmeaalcl4
ATmeqaza60
ATmega2561
ATmegad?
ATmeqad2d

ATmegai24P

ATmegal2aPd ]

Finizh ] [ LCancel ] [ Help

Now your project is ready. From the "Project” menu select "Configuration Options” you will be presented

with the following screen.

Device Selection

Copyright © 2008-2010 eXtreme Electronics.
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HelloGraphics Project Options

. Active Corfiguration | defaut !v|
sle) it |08
Tanr [] Use Extemal Makefis | '
i se External Makefile |
- o
Include —————
Directories Output File MName: | HelloGraphics.eff
E Outputt File Directory: d_EifElUﬂ‘t |
Libraries ; Dl |atmegald2 |v| Insigned Chars (Hunsigned-char)
= 1 | Unsigned Bitfields (funsigned-bitfield
S :IEﬂ'#}Dﬂ'[FD |t nsigne ields {(funsigne ields}
,' ‘ i = = Fack Structure Members (fpack-struct)
Optimization: | [ .
Missiny Setas Short Enume (Hshort-enums})
.*J-.?
E 2] [+] Create Hex File [¥] Generate Map File [+] Generate List File
Custom Optiar |
Lok ][ Cancal ][ Heb |

Configure the Project

Select Frequency as 16000000 (16MHz) and Optimization as "-O2". Then select
"Include Directories” from the left hand pane. After that select add include directory.

The button is shown in the image below.

“

H'elloGr'ép’hi'c's'ﬁfb]'éﬁt't)ij’l‘icihis
4G | ek Fl emrcn Pt I RnD|
s

General

Indude
Directories

.

Libraries
Memory Settings

=

Custom D_p_!ﬁor@_ =
ok ][ cencel | [ Hep ]k

Add new include directory
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Now select the "include" folder inside the ProGFX Folder.

Browse for Folder 1

() Microchip Solutions OLD =
|5 MinGW.rename
A Motorola L6
=) Multimedia Files
|5 MyVideos

|5 Mokia

4 Nokia 5800

4 Nokia 6233

|5 Perl
) PHP

|5) Presentations

[5) PraGRY
e
3 lib

|c5) Program Files

Dot

() RECYCLER

D regback (v

E-[®

-E-E-E- BB

E-[®

l oK I [ Cancel ]

Add new include directory

Now similarly we need to add the library to our project. So go to "Libraries" section.

HelloGraphics Project Uptions

TR | tetveCarhaton [ETER ]
Sl
ne [ Use Extemal Makefile | 1
Geribed se Bxtemal Makefile |
_——
Indude ————— -
Directories Output File Name:  |HelloGraphics eff
*E Output File Dirsctory:|defautty _
Libraries Pewice" |atmeqad? |v| Ungigned Chare ({unsigned-char)
' S— (1000000 1 " IUnsigned Bitfields (funsigned-bitfields)
: z
' ’ _02 .i' - ] Pack Structure Members (fpack-struct)
Optimization: | [l
Moy St [¥] Short Enums (fshort-snums)
o
] Create Hex File [¥] Generate Map File [#] Generate List File
Custom Optiof® |
Lok J[ Cancel |[ Heo |

Go To Library Section
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In library section select "Add new library path”. It is shown in the image below.

Hell'oG'r'aphits Project Uptions

}J- Ly
'1"_‘;."
General
Indude
Directories :
= Awvailable Link Objects: Link with These Objects:
e [ibe.a ' .
libm .3
libobjc.a
I Libraries libprirtf_flt a
: libprirtf _min.a =
libscanf_fit 3
}' libscarf_min.a Add Object ...
Memory Setlings
- ¢
| Custom Dptior =
= e S
F o] Lo ] ey
Add new library

Then select the "lib" folder inside the ProGF X installation.

Browse for Folder W

) MEC1s M

|5 Micrachip Solutions
|5 Micrachip Solutions OLD
|5 MinGW.rename
A Motorola L6
|5 Multimedia Files
|5 MyVideos
|5 Mokia
A MNokia 5300
Ar MNokia 6233
|5 Perl
3 PHP
|5) Presentations
(=5 ProGFY
|5 indude
=tio
|53 Program Files

H-0g ot M

P p———

l oK I [ Cancel ]

Add new library
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Now the "Available Link Objects" section will show "libgfx.a". Select "libgfx.a" and click "Add
Library" button. Finally click OK.

o
s | C\ProGRXib, -
L
General
=
Include
Directories !
— Available Link Objects: Link with These Cbjects;
libz.a Add Library
libm.a i
libobjc.a e
Libraries libprirtf_fit.a 2 i
libprirtf_min.a
' libscanf_fit.a
libscanf_min.a { -
¢ m) CETE | Add Ot
Memory Settings '
=
Custom Optior® |
L ok J[ cance |[ Heb |

Adding libgfx.a

Finally Your Project is ready!
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T AVE StUdio - C-UhvinashUiy Projects AVR'HelloGraphiceiHelloGraphics.c

Fie projct Quid Edt Vew Tods Qebig Wndow Heb

DSHP U A DBEICBR RATBREE FEY B b aEF
L W AT IS E S x e

—_—
MECAvinash My Projects\ AV HelloGraphics\HelloGraphics.c = O [X

finclude <gfx. hi
Finclude <font ki
finclude <fontssarialll. h:

::'md main( )

A4lnitialize ProGEX Engines
GFEInit():

s#Gmlmct a font
GFESetFont (Ariall?):

‘AMrate & 2imple string al coenter

GFECenterText{ "Hello Graphil!®, GFE_COLOR_BLACE) ;

<+Update the display
GFXUpdate( )

| B €\ Avinachi My Projects | AVR \HelioGraphics \HelloGraphics.c d b
I

J&.‘nﬂ .n‘-'.e- LA a-'r'-:! ¥i Fas :a:'-:uz:.-x 1ts and Traceoondts
ATmega32 ' B 017 col:
AVR Studio Ready For Graphical Application

Double Click On the "HelloGraphics.c" from the project file area on the LEFT hand side of AVR
Studio. You will be presented with a blank file. Just copy/paste the code given below.
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2.4 “Hello GraphiX” project

/********************************************************************

Hello World Project Using ProGFX Engine. The application just prints
the text "Hello GraphicX!'" at the center of 128x64 Graphical LCD
Module.

For More Information See
http://www.ProGFX.org

ProGFX makes it easy to interface graphical LCD modules with
embedded microcontrollers. Currently Atmel AVR MCUs are supported.
Latter PIC and ARM MCUs will also be supported.

Development Environment : AVR Studio v4.17
Compiler : WinAVR 20090313

Written By
Avinash Gupta
me@avinashgupta.com

********************************************************************/

#include <gfx.h>
#include <font.h>
#include <fonts/ariall2.h>

void main ()

{
//Initialize ProGFX Engine
GFXInit (),

//Select a font
GFXSetFont (Ariall2);

//Write a simple string at center
GFXCenterText ("Hello GraphiX!",GFX COLOR BLACK) ;

//Update the display
GFXUpdate () ;

Copyright © 2008-2010 eXtreme Electronics. www.eXtremeElectronics.co.in
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2.5 Compilation and Running

After entering code save the file. Then from the "Build" menu select "Rebuild All". If you did every
steps carefully then the project will compile without any problem and you will be get a HEX file. The
hex file is found inside the "default” folder inside your project folder. In this case the file should be
"HelloGraphics.hex". You can program this hex file to the MCU using any standard ISP
Programmer.

After running the demo you will get an output similar similar to the images shown below.

Atmel AVR Based Graphical LCD Demo

2.6 Troubleshooting.

If you get NO output on the LCD Panel then :-

5

%

Adjust the RV1 variable resister until you get proper display.

Confirm that HIGH fuse is programmed to C9 (HEX) and LOW fuse is programmed to FF
Check all connections.

Check that 16MHz crystal is connected to AVR MCU

Build Circuit exactly as shown in Chapter 1

5

%

2

%

2

%

®,
o

About: ProGFX is a free project started by eXtreme Electronics India to promote use of graphical
modules in new embedded projects. The development of ProGFX project requires money and LOTs
of time. So please buy Graphical LCD Modules from our online store to help us in return. Currently
these modules are only supplied within India.

http://shop.eXtremeElectronics.co.in
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