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INTRODUCTION

The objective of the MicroTRAK is to give students, engineers, technicians, hobbyists and other users
experience with micro-controllers by developing practical applications using C and Assembly language.
The MicroTRAK Lab Book consists of several labs that vary from simple to complicated.

When used in a school environment, it is recommended that the labs accompany a micro-controller course
during the semester. Depending on the duration of each lab during the week, each lab in the student manual
can be covered during one or two lab weeks. Based on the remaining time during the semester, the instructor
may have the students work on one or more advanced projects. Some advanced project ideas are listed in
Advanced Project Ideas section of this manual.

This User’s Guide is intended for the instructor to get familiar with and setup the MicroTRAK for the upcoming
labs. The MicroTRAK Lab Book should be given to each student group in the lab to perform various exercises
during the semester.

MicroTRAK can also be used as a Project Kit for rapid prototype development and proof-of-concept. Keypad,
LCD, microcontroller board and peripheral boards are already mounted on the carrier board, resulting in
a presentable, single-piece assembly for demonstration purposes. LCD and keypad also facilitate software
debugging.

MicroTRAK consists of:

MINI-MAX/AVR-C Micro-controller Board

Training Board ( TB-1), PROTO-1 Prototyping Board

Demo version of BASCOM-AVR BASIC Compiler

Full version of WinAVR C Compiler

AVR Studio with Assembler, Debugger and Simulator (free download from ATMEL web site)
MicrolDE Integrated Development Environment/Simulator/Debugger

Serial cable, Power Supply

Example Lab book and this User’s Guide

The following external items are required for each Training Kit station:

IBM Compatible Personal Computer (PC) with

Minimum 32MB memory and 50 MB of available hard disk space.
One available RS232 Serial Port.
Windows 95/98/ME/NT/2000/XP/Vista/Windows 7 (32-bit only).

(Optional ) Digital Voltmeter



INSTALLATION

Installing the Hardware

1. Place MicroTRAK on a clean, non-conductive bench top ( preferably on an anti-static mat )

Connect the provided power supply to the power plug on the MicroTRAK . Do not connect the power
supply to the outlet yet.

CAUTION: Do not use a power supply other than the one that is supplied with the MicroTRAK . Use of
another power supply voids the warranty and may permanently DAMAGE the board or the computer to
which the board is connected!

2. Make sure the PC is powered off.

3. Connect the 10-pin header of serial cable to X8 connector of MINI-MAX/AVR-C board as shown on
Figure 1. Mini-Max/AVR-C board uses UART1 as BOOT serial port.

4. Connect the other end of the serial cable to your PC's COM port.
5. Install JP1 jumper as shown on Figure 2. When this jumper is installed, the board runs in BOOT mode.

6. Connect the 6VDC power supply to a suitable wall outlet. Red LED on MINI-MAX/AVR-C board will turn
ON.

MINI-MAX/AVR-C - PROTO-1

LCD242

RS232 Serial Cable

KP1-4X4 Keypad AVR I/O Module MicroTRAK Carrier Board

To outlet

Figure 1
Install JP1 ‘...;\Q..e@

i
|

Figure 2



Installing the Software

Download and install WinAVR from http://winavr.sourceforge.net/

AYR 20081205 Setup

Welcome 1o the WinAVR 20081205
Setup Wizard

This wizard will guide vou through the installation of WinAYR
20051205,

It is recommended that vou close all okher applications
before starting Setup. This will make it possible to update
relevant system files without having to reboat your
computer,

Click Mext to continue.

Mext = I Cancel

inAYR 20081205 Setup o [l |
Choose Install Location
Choose the folder in which to install WinaVR 20081205, @

Setup will install WinAWR 20081205 in the Following Folder, To install in a different Folder, click
Browse and select another Folder, Click Mext to continue.

Destination Folder

Erowse. .. |

Space required: 119.2MB
Space available: 6.5GE

< Back I Mext = I Cancel



http://winavr.sourceforge.net/

inA¥R 20081205 Setup — =] =1

Choose Components
Choose which Features of WindWR 20081205 vou want toinstall. @

Check the components wou want to install and uncheck the components you don't want ko
install. Click Install ko start the installation,

Select components ko install:

add Directories to PATH (Recommended)
Install Programmers Motepad

Space required: 119, ZMB

< Back, I Install I Cancel

nAYR 20081205 Setup

Completing the WinAVR 20081205
Setup Wizard

WinAYR 200281205 has been installad on vour computer,

Click Finish to close this wizard,

= Back I Finish I ance!




Download and install AVR Studio 4.16 or later from http://www.atmel.com/avrstudio. Also download any
service pack for AVR Studio that may be available on ATMEL website. Service pack should be installed after

AVR Studio has been installed.

A¥RStudiod - InstallShield Wizard : x|

Welcome to the InstallShield Wizard for A¥RStudiod

diod on your computer. To co

Cancel

<Back |

InstallShield

AVRStudio4 - InstallShield Wizard

Select Features
ea tall.

< Back H Mest » Cancel

IrstaliSt

Micro-IDE is a part of BIPOM’s ARM Development System.

Download and install the development system from http://www.bipom.com/armdev_down.php



http://www.atmel.com/avrstudio
http://www.bipom.com/armdev_down.php

Unzip the armdev.zip file to any folder of your hard drive and run setup.exe.

Welcome (=53]

Welcome to the Micio-IDE Setup program.  This
program will ingtall Micro-IDE on your computer.

It iz strongly recommended that you exit all Windows programs
before running thiz Setup program.

Click Cancel to quit Setup and then cloze any programs pou
have running. Click Mest to continue with the Setup progranm.

WARMIMG: Thiz program iz pratected by coperight law and
intemational treaties.

IIhauthorized reproduction or distribution of thiz program, or any
portion of it, may result in severe civil and criminal penalties, and
will be prozecuted to the maximumn extent pozsible under law.

Cancel |

Software License Agreement @

Please read the following License Agreement. Press the PAGE DOWHN key to zee
the rest of the agreement.

|
EMD USER LICEMSE AGREEMEMT FROM BEiFOM Electronics

m

Please read the following End L ser Licenze Agreement [MELLA"Y] carefully. The ELILA i=
a legal agreement between pou the uzer and BiIPOM Electronics for the uze of MicroDE
[ the "Software” ] Thiz ELILA containg the conditions under which vou may uze the
zoftware az well az warranty and liability dizclaimers. By installing, copying or using the
Software, you agree to be bound by the termz of this ELILA. IF you do not agree ta the
terms of thiz ELILA, do not inzstall, copy, ar use the Saftware. This Software iz protected
by copuright laws and international copyright treaties, az wel az ather intellectual property
laws and treatiez. Thiz Software iz licenzed, not zold.

For mare information about Micro-lDE, see the About box under Help menu in this
pragram. To learmn mare about BiPOR Electronics and it products, wisit ik

Do you accept all the terms of the preceding License Agreement? |f pou chooze Mo, Setup
will close. Toinstall Micro-DE, you must accept thiz agreement.

¢ Back ez Mo

Please read the agreement and click Yes to continue.

Enter your name, company and ‘FREE’ as a serial number. Then click the Next button.



User Information

Please enter pour name and company name below. Leave zernial
number ag iz for free uzing Micro-IDE.

Mame:  |lack

Cornpary: IBiF'EIM

Serial |FHEE

¢ Back I Mest » I Cancel |

Select the disk location where the software has to be installed. The default location (c:\bipom\devtools) is
recommended. Click the Next button to start the installation.

Choose Destination Location

Setup will inztall Micro-IDE in the following folder.
To install to thiz folder, click Hext.

Toinztall to a different folder, click Browse and select another
falder.

You can chooze not to install Micro-IDE by clicking Cancel to exit
Setup.

C:hbipormidevtools Browsze... |
Cancel |

" Destination Folder

< Back

10



Micro-IDE

| IB

Setup Complete

Setup has finished instaling Micro-IDE on your computer.

Setup can launch the Read Me file and Micro-IDE. Choose the
options pou want below,

[ 1 would like ta launch Micro-DE :

Click Finizh to complete Setup.

< Back I Finizh I

Uncheck the “l would like to launch Micro-IDE” option and click the Finish button.

11
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Test example

To create your own test project please run AVR Studio, select Project menu and select New Project. This will

display the New Project dialog (see below). Select AVR GCC, enter the name of the new project and its
location and click Next button.

AYR Studio

! File Project Buld Edit “iew Tools Debug ‘Window Help
NS HF U kB E 9 ™ Gy e TR
i |Trace Disabled v| S S P oo Jll R \“Ez '\:2 fuTn

[Tl

r— Create new project

Froject tppe:

Project name:
& Atmel AR Assembler @
3 %3 BVR GOC
v Createinitial fle [ Create folder

Imitial file:

ITest .

&
q

Yer 414529 W Show dislog at startup

Locatioh:

”C:\Temp\ I Ij

<< Back | Mest »> | Finish | Cancel | Help |

Select a debug platform and device, then click Finish button.

! File Project Buid Edit Wiew Tools Debug  Window Help

NEAdd 0 ARSI BHidhe %%

i [ RE
: |Trace Disabled Y| S S E P oo Jll v R \“Ez '\:2 AUTO
— Select debug platform and device:
Debug platform: Device:
ATmegal68 -]
{[4vR Simulator ATmegalB6P
Inadlatar ATmegalb9
ICEZ00 ATmegalB9F
ICE40 [l
ICESD
JTAG ICE E
JTAGICE mkll ATmega32
ATmegad2l
ATmegad24P
ATmega32s hd|
™ Open platfomm options
Wer 4.14.589
<« Back | Tiest > | Firish | Cancel | Help

The new project with ‘Test’ name will be created under c:\Temp.

12



A blank C file ( Test.c ) will be created automatically as well.

AYR Studio - C:% Temp'Test.c

! File Project Build Edit Wew Tooks Debug ‘window Help
PN EHS U Y e
ocebued <] LT RO M e

=3 Test (default)
- ource Fles

Bi C:\Temp) Test.c

: External Dependencies
.45 Other Files

C:Temp' Test.c

Type the following C-code:

/* Standard includes. */
#include <avr/io.h>

#define F_CPU 14745600UL

void uartl_PutChar(char c)

{
loop_until_bit_is_set(UCSR1A, UDREL);
UDR1 =c;
}
int main (void)
{
int baudRate = 19200;
char *str = "Hello World !";
/lInitialize the UART1
UBRRI1L = (F_CPU / (16UL * baudRate)) - 1;
UCSR1B = _BV(TXEN1) | _BV(RXENL1);
while(*str) uartl_PutChar(*str++);

13



The complete C program should look like this:

AVYR Studio - [c: Temp' Test.c]

‘B File Project Build Edit View Tools Debug  Window Help

DSZHF L EIRRAFI " TR AFFRIET RY P AEL G ELEE0E @
: [Trace Disabled - b o T i R e S o & ow
| | #% Standard includes. =~ j
E@ Test (deFault) #include <avr/io.h» =
-3 Source Fies #defins F_CFU  14745600UL
423 Header Files
+ 23] External Dependencies void uartl_PutChar(char <)
45 Other Files X X X
loop until_bit_is =et{UCSRE14. UDEEL):
TDREL = c:
int main {wvoid)}
int baudRate = 19200:
char #*str = "Hello World 1"
SsInitializes the UART1
UBRRIL = (F_CPU -~ (16UL = baudRate)) — 1:
UCSR1E = _BV{(TXEN1} | _BV(REEN1):
while{*=tr) uartl_PutChar{*str++):
H
NI _>l_I
Bl i\ Temp' Test.c 4 I

Build the program by clicking the Build button. If the program builds successfully, you will see the following
messages on the Build Window.

[.text + .data + .bootloader)
Data: 0 bytes (0.0% Full)

[.data + .bss + .noinit)

Euild succeeded with 0 Warnings...

1 |

To download the compiled Test.hex firmware to the board, please click the Con icon button on the toolbar.

| AYR Studio - [CTemph Test.c]

File Project Build Edit  View Tools Debug  Window  Help

NS Hdd v 2B d) "2 M4 AN EE A

; |Tra|:e Disabled

) PR

G SFar}dard :i:I_n:l}J.dES. *®.

14



Select STK500 platform, select Auto, and then click the Connect button.

AYR Studio - [C\Temp Test.c]

File Project Build Edit “iew Tools Debug  Window  Help

R N e e R . V. V.Y Y.

; |Tra|:e Disabled *| Em T Rl N

Platform: Part:

| Connect... I
Ao =
i L'&F'IGISEEQFSEH Baud rate;

STKEOD

COME = 115200 ]
Baud rate changes are

Tip: To auto-connect to the programmer uzed lazt time, prezs the 'Programmer’  active immediately.

button on the toolbar.

Mate that a tool cannaot be uzed for programming as long az it iz connected in

a debugging sezsion. [n that caze, select "Stop Debugging' first.

Dizconnected Mode. .

Select ATmega2560 device and click the Read Signature button.
The signature should match ATmega2560.

AYR Studio - [c: Temp" Test.c]

: [B] File Project Build Edit Miew Tools Debug  window  Help
R == - EERF N

i |Trace Disabled '| K

e ] e e e G
| STES00 with bop module '0x00° in ISP mode with ATmegaZ560 = |EI|£|

GET |F'mglam| Fusez I LUCkBitSI .-’-\clvancedl Hef Settingsl Hf InfDI At I

 Device and Signature Eytes

I.&Tmega258[l j Eraze Device |
[01E 038 a1

Signature matches selected device

— Programming tode and T arget Settings

IISF' riade j Settings.. |

ISP Frequency:  460.8 kHz

15




Check fuses

A¥R Studio - [c:" Temp' Test.c]

File Project  Build Edit  Wiew Tools  Debug  Window  Help
DEHP 0 s 2nd 9 ™ 0 M4 %%
Trace Disablad -] % % ok T m# e S pim i

t ain I Program ~ Fuses |ankEits| Advancedl Hews Settingsl HWInh:uI Auta I

Fuze | Walue |
BODLEVEL Brown-out detection at WYCC=4.3V -
OCDEM |:|
JTAGEN
SPIEM E
WwWOTON |:|
EESAVE |:|
BOOTSZ Boot Flash size=4036 words start address=$1F000 -
BOOTRST
CkDIE |:|
ckouTt |:|
SUT_CKSEL Eut. Cryztal Oszc. 3.0- MHz; Start-up time: TBE, CK. + BB mz -
EXTEMDED OxFC
HIGH (w93
L0 (uFF
v Auto read
v Smart warmings
Iv “erify after programming Fragram Werify | Fead I

The fuses cannot be changed using the serial boot loader.

To do that it is necessary to use a real programmer such as AVR ISP or AVR Dragon.
Select Test.hex file and click the Program button

AVYR Studio - [ch Temp' Test.c]

E File Projeck  Build Edit  Wiew Tools Debug  ‘Window  Help
NS v S BaEd 0 ™ Bk e
RTK500 with top module '"0x00° in ISP mode with ATmegaz560

Main  Frogram |Fuses I LockEitsI .fi‘n.dvancedl Hif Settingsl Hinf Infol Auta I
— Device

Eraze Device

¥ Eraze device before flash programming ™ Werify device after programming

— Flazh
| Uze Curent Simulatar/Emulatorn FLESH Meman

& |nput HEX File |E:'\Temp\default\Teﬂ.hen |
[ Program | ] Werify Fiead |

16



Close AVR Studio dialog to release the PC COM port.

Turn off power to the MINI-MAX/AVR-C. Remove the JP1 jumper.

Remove JP1

To see the ‘Hello World!"" messages that the board sends to the serial port, Micro-DE terminal window is used.

This is because the AVR Studio does not have its own terminal window. Run Micro-IDE from
Start->Programs->Micro-IDE.

B Micro-IDE
File Edit Wiew Buld Project Debug Tools  Window  Help

[Dedd@| s 2c|a|can e as 2|
FREEE T EEE R A A= =
el Veicome [xfermia

“wielcome to Micro-lDE Program Development Environment.

YWhat do pou want to stark with:

Ok, I
" Create a new project

s _ ' Cancel |
I Open exizting project

W Show this dialog at startup,

Click the Cancel button.
We don’t need to create any project.

We need only a terminal window. Instead of Micro-IDE, you can also use any other terminal program that can
receive messages through a COM port (for example, HyperTerminal).

17



To specify the correct terminal settings please select Tools->Options menu:

Options @
Editor  Teminal | Loader |
Communication

Baud Rate Parity Com Port
19200 M : " COMI (' COMS
@ Nonei " comz2 " COMB
Data Bits " Odd " COM3 " Ccom7
—7 &3 " Even " COM4 " COM2

Echo Stop Bits
v Of  On 1 (2

Select the correct PC COM port you have connected the MINI-MAX/AVR-C.
The following settings match the example we run on the Mini-Max/AVR-C board:

Baud rate: 19200
Parity: None
Data Bits: 8
Stop bits: 1
Echo: Off

Click the OK button.

Open the terminal window using the Toggle Terminal icon button

IQ:';:.% D% & 20
|

Toggle Terminal

Clear Terminal

Disconnect Terminal

Connect Terminal

Connect Terminal connects the terminal window to the PC COM port. If a board sends data to the serial port,
the messages will appear in Terminal window.

Disconnect Terminal disconnects the terminal window from the PC COM port.
Toggle Terminal shows/hides the terminal window.

Clear Terminal clears all messages in the terminal window.

18



Click the Connect icon button to connect the terminal window to the board.

Sile Edit  View Build Project Debug  Tools  wWindow  Help

NwHE| i me|2c|8|/ e e aans 2 H
FREEEEEE J@@|@|F}@{$‘J&ﬁ|aﬁm || = |
Warkspace ——— af =] Tetmninal

Power the board. The “Hello World!” message appears in the terminal window.

B Micro-IDE
File Edit Wiew Build Project Debug Tools  Window Help

[Dewd ieeac|a|swne|a|nas 2w
ErREEEwEEE |EERE O]o D 0] %% &% | am

Workspare ——— af x|
‘ EH Project Files

Congratulations!!! You have created and executed your first program on the MINI-MAX/AVR-C. J

IEGEL

Hello World ! J

19



MicroTRAK/AVR-C Complete Carrier Board

Overview

MicroTRAK/AVR-C Complete includes MicroTRAK Carrier Board, MINI-MAX/AVR-C Microcontroller Board,
TB-1 Training Board, PROTO-1 Prototyping Board, AVR 1/O Module, LCD242 LCD, KP1-4X4 Keypad, Cables,
Adapter, Training Manuals, Labbook, Demo version of BASCOM-AVR BASIC Compiler, WinAVR C Compiler,
Micro-IDE, example projects, AVR Studio with Assembler, Debugger and Simulator (free download from
ATMEL), Serial downloader.

= .'....i..#.‘:‘a

0
¥BREADBOARDZ

MicroTRAK carrier board has the following configuration:

Sockets for a microcontroller board

Sockets for dual peripheral boards

Keypad interface

Industry-standard display interface for alphanumeric LCD and VFD displays.
Connectors and cables for connection to a standard breadboard

Expansion port for a microcontroller-specific pluggable module (for example, AVR I/O Module ) with port
connectors, port indicator LED's and port control DIP Switches.
Configuration of the high speed input via 3 jumpers.

Single operating unregulated voltage 6 ... 12VDC

On-board 5 Volt regulator

Dimensions are 8.8 X 6.7 inches (22.4 X 17.0 centimeters).

Mounting holes of 0.15 inches (3.8 millimeters) are on four corners.

0° - 70° C operating, -40° - +85° C storage temperature range.

20



MINI-MAX/AVR-C Micro-controller Board

Overview

MINI-MAX/AVR-C is a general purpose, low-cost and highly-expandable micro-controller system. It is
based on the ATMEL ATMEGAZ2560-16 single-chip Flash micro-controller. This micro-controller features

Up to 16 MIPS Throughput at 16 MHz

256 Kilobytes of In-System Re-programmable Downloadable Flash Memory
8 Kilobytes bytes of RAM

4 Kilobytes bytes of EEPROM

Two 8 bit Timer/Counters and four 16 bit Timer/Counters
Programmable Watchdog Timer

Four Programmable Enhanced UART Serial Interfaces

SPI Serial Interface

2-wire Serial Interface (I°C)

12 Pulse Width channels

16 channel 10-bit ADC with selectable 2.56V or 1.1V Reference Voltage
86 general purpose /O pins

Real time In-System debug support through JTAG Interface

MINI-MAX/AVR-C board complements these features by providing

In-circuit Programming and debugging of the micro-controller through either the JTAG or SPI interface
Two RS232 Serial Ports and two UART Ports with 5V signals for data communications
5-channel 10-bit ADC with selectable 2.56V or 1.1V internal Reference Voltage
Keypad connector
LCD connector ( with programmable contrast adjustment for LCD )
Expansion bus interface to low-cost peripheral boards such as
- Instrumentation amplifiers

Pressure inputs

Strain-gage inputs

12 and 16-bit Analog-to-Digital Converters

Digital Input/Output cards

LED and LCD displays.

The Flash micro-controller can be serially programmed while in the target application circuit. Customers
can program the micro-controller with the most recent firmware or custom firmware. This function of the
FLASH micro-controller simplifies new program development and debugging. Downloading of a program
to the micro-controller typically takes few seconds.
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Board Layout

Layout of MINI-MAX/AVR-C board is shown below:

Analog Input
Terminals

JTAG Expansion
Connector Connectors
® @
x10(® @,
v G2

-]
2
B
CcE
1
oL
[
Cé

R
B
3 ==

Hnmnnmm
C +
[
B[ }
!T. JP1

Tila

P

Ic2

+
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Power Supply
Connector
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LCD

Connector

VTR
Keypad
Connector
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UART-1
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UART-0
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Functional Block diagram

6...12v 5volt Keypad
Power > regul ator connector
connector
A 4
14.756 MHZ .| ATMEGA2560-16 R LCD
crystal "l micro-controller connector
—>
7}
Expansion
CONNECtOrs |¢—p
1.3 ADM202 RS232
Driver/Receiver [€|  connector
SPI
CONNECtor  (e—p
JTAG ADM202 R RS232
connector [ » Driver/Receiver [© 7|  connector
JTAG Port connector
JTAG port is available on a 10-pin male connector X1.
Table 1 shows the pin assignments for the JTAG port connector
JTAG Port Connector (X1)
Name Signal Pin
TCK MINI-MAX/AVR Test clock Input 1
GND GND 2
TDO MINI-MAX/AVR Test Data Output 3
VDD MINI-MAX/AVR Power Output 4
TMS Test Mode Select Input 5
/RST MINI-MAX/AVR Reset Input 6
VCC MINI-MAX/AVR Power Output 7
- Not Connected (NC) 8
TDI MINI-MAX/AVR Test Data Input 9
GND GND 10
Table 1
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SPI Port connector

SPI port is available on a 6-pin male connector X2.

Table 2 shows the pin assignments for the SPI port connector

SPI Port Connector (X2)

LCD Connector

Name Signal Pin
MISO SPI Data Input/Output 1
VCC +5V output 2
SCK SPI clock 3
MOSI SPI Data Input/Output 4
/IRST MINI-MAX/AVR Reset Input 5
GND GND 6
Table 2

Alphanumeric LCD displays can be connected directly to MINI-MAX/AVR-C.

For example, LCD242, Alphanumeric 24 Characters x 2 lines

http://www.bipom.com/documents/peripherals/lcd242.pdf.

LCD Connector (X3)

24

Signal Pin Pin Signal
LD3 (PL3) 14 13 LD2 (PL2)
LD1 (PL1) 12 11 LDO (PLO)
Not connected 10 9 Not connected
Not connected 8 7 Not connected
STROBE (PL6) 6 5 READ (PL5)
LD4 (PL4) 4 3 Vee (V-PWM)
VCC (+5V) output 2 1 GND
Table 3



http://www.bipom.com/documents/peripherals/lcd242.pdf

Keypad Connector

8 port pins of the MINI-MAX/AVR-C are connected to the Keypad Connector (X4). Matrix keypads (3 x 5 or
4 x 4) can be connected directly to the connector. 5 Volt and Ground power lines are also available on the
connector.

The keypad connector can also be used as a general-purpose 8-pin input/output port.

Table 4 shows the pin assignments for the Keypad connector.

Keypad Connector (X4)

Name Signal Pin
VCC +5V output 10
GND Ground 9
Key 7 PH7 In/Out 8
Key 6 PH6 In/Out 7
Key 5 PH5 In/Out 6
Key 4 PH4 In/Out 5
Key 3 PK3 In/Out 4
Key 2 PK2 In/Out 3
Key 1 PK1 In/Out 2
Key 0 PKO In/Out 1
Table 4

Asynchronous Serial Port 0

Asynchronous RS232 serial port 0 is available on a 10-pin male connector X5.
Table 5 shows the pin assignments for the RS232 serial port O connector

Serial Port Connector (X5)

Name Signal Pin
- Not Connected (NC) 1
PGM MINI-MAX/AVR Input 2
RXDO MINI-MAX/AVR Input 3
RTSO MINI-MAX/AVR Output 4
TXDO MINI-MAX/AVR Output 5
CTS0 MINI-MAX/AVR Input 6
- NC 7
- NC 8
GND GND 9
- NC 10
Table 5
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Asynchronous Serial Port 1

Asynchronous RS232 serial port 1 is available on a 10-pin male connector X8.

Table 6 shows the pin assignments for the RS232 serial port 1 connector

Serial Port Connector (X8)

Expansion connectors

50 control pins and 5 Volt power supply pins are available on 3 20-pin connectors (X6, X7, X9) for
interfacing to peripheral boards. A peripheral board can be connected to MINI-MAX/AVR-C board either as
a piggyback daughter-board using standoffs or can be placed away from the micro-controller board using

a 20-wire ribbon cable (Part #: EXPCABLE-6).

Signals TXD, RXD of the UART port 2 and SPI signals are available on the 20-pin connector X6.

Name Signal Pin
- Not Connected (NC) 1
- NC 2

RXD1 MINI-MAX/AVR Input 3

RTS1 MINI-MAX/AVR Output 4

TXD1 MINI-MAX/AVR Output 5

CTS1 MINI-MAX/AVR Input 6
- NC 7
- NC 8

GND GND 9
- NC 10

Table 6

Signals TXD, RXD of the UART port 3 are available on the 20-pin connector X7.
Tables 7, 8, 9 shows the pin assignments for the X6, X7, X9 connectors.

Connector X6
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Signal Pin Pin Signal
/RXD2 20 19 /TXD2
106 18 17 MISO
SCK 16 15 SS
1022 14 13 MOSI
101 12 11 100
103 10 9 102
105 8 7 104
I12C SCL 6 5 I12C SDA
VCC (+5V) 4 3 GND
VCC (+5V) 2 1 GND
Table 7




Connector X7

Signal Pin Pin Signal

/RXD3 20 19 /TXD3
1020 18 17 1021
108 16 15 109
1010 14 13 1011
1012 12 11 1013
1014 10 9 1015
1016 8 7 1017
1018 6 5 1019
VCC (+5V) 4 3 GND
VCC (+5V) 2 1 GND

Table 8

Connector X9

Signal Pin Pin Signal
D1 20 19 DO
D3 18 17 D2
D5 16 15 D4
D7 14 13 D6
A3 12 11 A2
Al 10 9 A4
IOR 8 7 A0

AEN 6 5 RESET
Iow 4 3 INTO
VCC (+5V) 2 1 GND
Table 9

Analog Input connector

Table 10 shows the pin assignments for the input connector

Analog Input Connector X10

Name Signal Pin
ANO Analog input 0 1

AN1 Analog input 1 2

AGND Analog Ground 3

AN2 Analog input 2 4

AGND Analog Ground 5

AN3 Analog input 3 6

VREF Output 7

AN4 Analog input 4 8

AGND Analog Ground 9

AVcc Output 10

Table 10

Power Supply
External power supply should be able to supply 6...16 Volts DC at 100 mA current

WARNING: Correct polarity should be observed when applying external DC supply to Expansion
connector.
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Peripherals

MINI-MAX/AVR-C can be connected to a wide variety of low-cost peripheral boards to enhance its
functionality. Some options are:

Prototyping board (PROTO-1)

Training Board (TB-1)

Digital Input/Output Expander Board (DIO-1)

12-bit Analog-To-Digital Converter Board (DAQ-2543, DAQ-2543-DA1)

Relay peripheral boards (RELAY-2, RELAY-4, RELAY-4REED)

Real Time Clock boards with a Multi Media Card socket (RTC board, MMC/RTC board)
A peripheral board with four 7-segment LED displays with decimal point (LED-1)
Additional MINI-MAX/AVR Boards

Temperature Sensor Interface Board

Pressure Sensor Interface Board

Peripheral boards can either be stacked on top of MINI-MAX/AVR-C using stand-offs or connected in a
chain configuration using flat ribbon cable. First diagram below shows how MINI-MAX/AVR-C can be
connected to a peripheral board in a stacked fashion. Second diagram shows the chain connection.

DAC-2 [ E[[[[[ﬁﬁﬁa Hﬂ

BOARD
WM LYR-C ’7 ﬂ 11 M[[[[[[[[DDDHA %I\STANDDFF
BOARD
L ]
STACK CONNECTION
MM-4AVE-C DAC-Z BOARD PRGE;I'DDA'I;:;ING
O ® O O O O
20-pin
Exparsion
connecar
O O & 9 O O

CHAIN CONNECTION

More details on BiPOM Peripheral boards are available from
http://www.bipom.com/periph_cat/us/44/0.html

28


http://www.bipom.com/periph_cat/us/44/0.html

Z/7T 188ys|

|PSABS 10U iai1e(

MINI-MAX/AVR-C Schematics

ON9
iequiny 1usawn>ooq
ana L
el . NST/4d8T ngT/498T
AU FELTL T %7 4z
F H :m«\thP F H
}IUN A0SS8D0.4d [BAlUsS) : 28 Yons oix [
1 €aN9 135/ EE ZHWSS £ T
TAN9 2rd
aNey (GTINIO)®rd
NT'e 40 GTINIIDGLd
=/ usmdl_l u—n.mu; 4 $00n ETINIIDVCd
£300 ZTLNIIdELd
2990 CTTLNIOd/ENIXIZL
290 7300 (@T.INIJd/EOXLTrd
(6LNIJd/€0XH>ard
e 43uy
A 20nY (EZLNIDd/GTIOWI A
HheT T (ZZLNIOd/6TIOYA
21d (TZINIOd/ETIONGAH
200y o7d (@ZINIOd/ZTIAUMMAd
a820%67d (6T.LNIOd/TTIONEN
(@820 7d (8T.INIOd/BTI0WZAd
(YGI0YETd (2T.INIJd/6206>THd
G1Zd €9T.INIOd/8I04)@Nd
(GdIDT1d
¢bdaDOd b LYZH
(8220%9Hd
0L /23062 4d €24203GHd
oNg e €00L/930U9 4c @505 Hd
R (SUL/GIAYG 4d (YbI0XEHd
HaMod OIIL/PIAYN Ad (Z)IX>ZHd
'e) ¢€I0YIEAd ¢ZOXL3THd
darod x l_l (Z2av)Z4d (ZOXHoHd
za net/ g% <TI0YTAd
(2l @209%8.4d (2INI/EdD1/0%T19523d
290 (SINI/EL)93d
T (8920)69d (GLNI/2£00)G3d
zd segew1 (1250L3%9d ¢4 INI/8£305%3d
a1t (Z250L5€9d CTNIV/YE20YETd
@zad (@NIY/@NIXZ3d
ay/>79d (80XL>T3d
[ 1 CM/YR9d ¢ALNId/80XH@e3d
T . El oy
S £ < (GTWd ®L2ad
390 _>— T <051l | HTYI9Id ¢TL1y90d
bt (ETWYbId (T2%60d
ZTHHId (FdIIad
(TTHEd (ELNI/TOXLE0d
@TWHZad (ZLNI/TaXHZ0d
o BHTId (TLNI/90SYTad
N ¢8YB3d (®LNI/12800d
=< ] LOHd  ¢2LNId/3TI0/58705.28d
8 7 Sawskd (91NI13d/6T20%98d
(s8> 5 & SHL <Gaweyd (GINI1Jd/9TI0>Gad
T = oaL aYHYd ¢+INI2d/¥Z20%8ad
z T ERIR eaweyd (ELNIDd/0SINYEad
Zawzud (ZLNIDd/150M>Zad
S9Lr CTawTed (TLNIOd/Y285T8d
o ™ @awBud (@LNI2d/S$08d
oan

NYST-@95CHITNLY 2l

29




Z/Z #9aug|

iPSAES 10U 8ie(]

10'T
N3

149gQuUNN 1Uawndo(

UNYTWW  3TLTL

Scooedolu

I

&‘Vm

LMBHTHNT

ny

H—H
Hi=—<om
Tusva08
Eﬁ) TL PR
= vau

nets/intg  LISH
9za &l

AAAAALAAAAA

Z NOISNYdX3
X

yyyvevwwoy
[
]

AAAAAAAAAA
YYYYwyYyvwyy

o
z
(5]
<

aNe

T NOISNYdX3
E2

200 —¢—=—H 15 e
=<
naT/1neT
A2z
eanl = = mo
AT
T !
[z o ™ NST/ANT'8
£ @ T
|_|Wr T = Q on
RS Y et LS|
Ll 5i]  aono -1 Dt E R
4 bt £
8 3 14
5 . [ 000 > pj= = for <707 ]
T neranre [0 > 7T £

abdA3A
X
01

an

[v]
3

0680866608

rs1o/ >>—(] Lnoz1  NIzH
foxt/ >—7(] LN0T1  NITH

rs a7 2> o1 NIZ7  LNOZH
[FaxL/ = NIT7  LNOTH

T
TR
AHT aNg 22
aNg 6z ST
AST/ANT'D ] 23
€22 = = %]
nt'e
29n +12

ZZ) ST
NdY3COCHaY  +I0
!

1n0zZ1  NIZH
10T NITH
NIZT  LNOZH
NIT1  1NOTH
anNe (4]
aNo
= +i
nST/ANT'R " e
919 o] 3
0
=557 9N +12

nidvizezway €30

nWm
20N

30



TB-1 TRAINING BOARD

Overview

Training Board TB-1 allows performing various experiments with most microcontrollers.

TB-1 features:

- 3 Traffic light LED'’s ( red, yellow, green)

- 2interrupt inputs

- 2 switch inputs (in parallel with interrupt inputs )
- 2timer/counter inputs

- 4 channels of 8-bit analog inputs

- Programmable buzzer

- Expansion bus to other boards

TB-1is already connected to the MINI-MAX/AVR-C board as part of the MicroTRAK.

Specifications
Dimensions are 2.35 X 2.40 inches ( 5.97 X 6.10 centimeters ).

Mounting holes of 0.125 inches ( 3 millimeters ) on four corners.

0° - 70° C operating, -40° - +85° C storage temperature range
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Board Layout

Layout of TB-1 board is shown below:

Buzzer Analog Inputs
\ Analog/Digital
> = =z 2 Converter
O Ol
of| o3 o2 !
Buttonl
' oo
= ®
© %% Expansion
Interrupt | ?
In uts ©e
p . ®®
= T
5 ®®
{ ®®
Button2
1C) 20 3O 40
- % % ™\ Electronic
) X i . | P | l + Fuse

‘ Timer/Counter
Innuts

Green LED

Red LED

Yellow LED
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Functional Blocks

Expansion
TB-1 is connected to MINI-MAX/AVR-C and other boards through the Expansion Connector ( J1).

Table 4 shows the pin assignments for the Expansion Connector.

Expansion (J1)

Signal | Pin Pin Signal
P3.0 20 19 P3.1
P3.2 18 17 P3.3
P3.4 16 15 P3.5
P3.6 14 13 P3.7
P1.0 12 11 P1.1
P1.2 10 9 P1.3
P1.4 8 7 P1.5
P1.6 6 5 P1.7
VCC 4 3 GND
VCC 2 1 GND

Table 4

LED'’s

TB-1 has 3 Light Emitting Diodes ( LED’s ) that are connected in a traffic light pattern. Red and green
LED’s are on each side and the yellow LED is in the middle.

LED’s are driven by a 7407 buffer ( IC2 ). Each LED has two pins; cathode ( hegative terminal ) and anode
( positive terminal ). The current through the LED’s are limited through current limiting resistors that tie the
anode pins to Vcc. To turn an LED on, the cathode is pulled to ground through the corresponding gate of
the 7407 buffer. To turn an LED off, the corresponding gate of the 7407 buffer is deactivated by setting the
input of the gate to a logic high level.

Buzzer

Because the buzzer requires higher current than the LED’s, buzzer is driven by three 7407 buffer gates
that are connected in parallel. Due of the inductive nature of the buzzer, a freewheeling diode ( D4 ) is
used to clamp reverse voltages that may be induced on the buzzer when the buzzer is being turned on or
off.

Buttons

There are 2 push buttons on the TB-1. Each button is connected through a protection resistor to an
interrupt input ( P3.2 and P3.3 ) on the micro-controller. Pressing a button forces a logic low level on the
corresponding micro-controller input.
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Interrupt Inputs

AT89C51ED?2 has port pins ( P3.2 and P3.3) that can be used either as general-purpose inputs/output or
as interrupt inputs. A high to low logic transition or a low logic level on those inputs can cause a hardware
interrupt to be generated.

Timer/Counter Inputs

AT89C51ED?2 has port pins ( P3.4 and P3.5) that can be used either as general-purpose inputs/output or
as timer/counter inputs. Logic level changes on these inputs can be counted by the timer hardware on the
micro-controller eliminating the need for software polling loops.

Analog/Digital Converter (ADC)

TB-1 has a type ADCO0834, 4-channel, 8-bit Analog/Digital converter. Analog inputs are available on X1
terminal block. Analog/Digital Converter is controlled by the micro-controller through 4 port lines. Chip
Select (CS) is an input to the ADC. Chip Select enables data conversion when it is logic low and disables
data conversion when it is logic high. Clock is an input to the ADC. Mode of operation ( single-ended
versus differential ) and channel number is entered through the DI pin one bit at a time ( on every
transition of the Clock input ). The 8-bit data that corresponds to the voltage on the selected channel is
output on DO one bit at a time ( on every transition of the Clock input ).
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TB-1 Schematics
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Advanced Project Ideas

Connecting a printer to the MicroTRAK: In this exercise, the student connects a parallel port printer to the
MINI-MAX/AVR-C board using available ports. Student then develops an AVR program to print characters
on the printer.

Using the MicroTRAK as a frequency counter: Student develops an AVR program to measure the
frequency and/or period of an incoming signal using AVR’s interrupt inputs. The results are then displayed
on the terminal window. Input signal is provided from a lab signal generator.

Using the MicroTRAK as a temperature controller: Student develops an AVR program to connect LM35 or
similar temperature sensor to the analog inputs. Depending on the temperature reading one of red, yellow
or green LED’s are illuminated. If the temperature goes above a preset threshold, the buzzer sounds.

Using the MicroTRAK EEPROM and the Analog-To-Digital Converter as a multi-channel data logger.
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