
Aus- und Weiterbildung GmbH 
ELABOTrainingsSystemeELABOTrainingsSysteme

®

www.elabo-ts.com

Microcomputer Training System
μ-Trainer



M I C R O C O M P U T E R  T R A I N I N G  S Y S T E M  W I T H
M I C R O C O N T R O L L E R  T E C H N O L O G Y



H  I N D U S T R I A L  I N T E R FA C E
ELABOTrainingsSystemeELABOTrainingsSysteme

®

INFORMATION AND CONSULTATION

TEACHWARE

 MICROCOMPUTER TRAINING SYSTEM

HARDWARE / SOFTWARE

PROJECTS

4.2
33 354

Beachten Sie die richtige Lage des Zielcon-
trollers beim Einsetzen in den Testsockel !

ACHTUNG!TECHNOCard 
®

Mikrocontroller PIC16F887

40-poliges Gehäuse Interne Struktur des PIC16F887

Schnittstelle zum Anschluss eines In-Circuit-Debuggers von Microchip

Ausgang der externen Referenzspannungsquelle
UREF=1,024V für den ADU

Mikrocontroller PIC16F887

8 LED gepuffert zur Anzeige
des Logikpegels für Port C

Ein- bzw. Ausgänge der Ports A, 
C und E mit je einer 2mm-Buchse

Manueller Reset

Schwenkhebelfassung zur 
Aufnahme von 40-poligen 
PIC16F8xx (PDIP)

BUS-Anschluss Port C zum 
Verbinden des gesamten 
Ports mit BUS-Verbindern

Programming Mode LED, blaue LED
leuchtet bei Programmierzugriff

Programmspeicher
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PDIP

PIC16F887 -I/P
20MHz, industrieller Temperaturbereich, 
Gehäuse PDIP, Produktionsdatum 2009 
KW12, bleifrei

Ein- bzw. Ausgänge des Port B
mit je einer 2mm-Buchse

BUS-Anschluss Port D
zum Verbinden 

des gesamten Ports 
mit BUS-Verbindern

Jeweils 8 LED gepuffert zur Anzeige
der Logikpegel für Port B und Port D

Ein- bzw. Ausgänge des Port D
mit je einer 2mm-Buchse

Spreizniet-Verriegelung 
des Programmer-Moduls

Separate Pull-Up-Widerstände
zum individuellen Anschluss

Spreizniet-Verriegelung des 
Programmer-Moduls

40-poliges Gehäuse

Schnittstelle zum Anschluss eines In-Circuit-Debuggers von Microchip

Ausgang der externen Referenzspannungsquelle
UREF=1,024V für den ADU

Mikrocontroller PIC16F887

8 LED gepuffert zur Anzeige
des Logikpegels für Port C

Ein- bzw. Ausgänge der Ports AA,
C und E mit je einer 2mm-Buchhse

Schwenkhebelfassung zur 
Aufnahme von 40-poligen
PIC16F8xx (PDIP)

BUS-Anschluss Port C zum
Verbinden des gesamten
Ports mit BUS-Verbindern

Programming Mode LED, blaue L
leuchtet bei Programmierzu

PDIP

PIC16F887 -I/P
20MHz, industrieller Temperaturbere
Gehäuse PDIP, Produktionsdatum 20
KW12, bleifrei

Ein- bzw. Ausgänge de
mit je einer 2mm-

Spreizniet-Verriegelung 
des Programmer-Moduls
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M I C R O C O M P U T E R  T R A I N I N G  S YS T E M

Configuring function groups with hard- and software

Microcomputer training system with industrial interface

Fundamentals of  digital technology

Use of  graphical programming methods

Structure and function of  microcontrollers, processors … 

Data formats and their conversion

Components of  integrated development environments

Programming in Assembler, C, …

Firmware generation

Measuring of  analog values such as voltage, temperature, pressure …

AD and DA converters

Components with I2C bus like displays, brightness and temperature sensors 

DC and stepping motor control

The training system for microcomputer technology is designed mainly for use in vocational education.

M I C R O C O N T R O L L E R  T E C H N O L O G Y
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Fundamentals of  digital technology

  Methods of  digital circuit analysis

  Methods of  digital circuit synthesis

  Practical use of  logic integrated circuits

  Designing a circuit with ICs

  Data from integrated circuits

  Measurement devices and methods

  Complex logic circuits and converters

Fundamentals of  microcomputer technology

  Microcomputer and microcontroller

  Embedded systems

  Instruction set of  the CPU

  Memory components

  Timer and interrupts

  Bus and ports

Using industrial development environments

  Installation
  Configuration
  Use for programming
  Structured programming
  Program graph
  Debugging and simulation of  programs

Microcontroller integration in appliances

  Data formats
  Interfaces
  Bus systems
  Device types
  Clock generation
  Parallel and serial data transfer

Integration of  external peripheral devices

  Analog sensors
  Intelligent sensors
  Displays
  Small motors

Serial asynchronous communication

  Principle of  the serial asynchronous transmission
  EIA232 interface
  USB interface
  Terminal communication
  Testing interfaces
  Data communication between controller and PC
  Controller boot loader
  Programming a controller with boot loader

Control of industrial manufacturing systems

  The transition from the appliance to a system
  Industrial levels and safety measures
  Control circuits
  Electromechanical and pneumatic components
  Safety of  systems through hard- and software
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H A R D W A R E

μ-Trainer II system

Connection for analog pressure sensor max. 4 bar

Socket for connection 
of  external measuring 
instruments e.g. oscil-
loscope

Wide range voltage supply 
110 V ... 240 V AC, 50 ... 60 Hz

Extension module

8 switches with 
2mm or bus connection

Adjustable DC voltage 
0 V ... TTL level

TTL clock generator 100 Hz ... 10 kHz

Connection of  the I2C bus 
with the microcontroller

Speaker
Input of  the heating control

Indication of  active TTL level 5 V or 3.3 V
(dep. of  program mer module)

Control inputs for stepper motor

Power-ON indication

8 push buttons with  
2mm or bus connection

Interrupt pulse output

nnection of  the 
with the microcontr
Con

ith

M I C R O C O N T R O L L E R  T E C H N O L O G Y
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Output of  the analog 
temperature sensor

I2C temperature sensor with
switching output and limit indication

Real time clock

I2C ambient light sensor

Extension module

Back light  
for LC display

4-digit 7-segment display

Socket for industrial interface

Ethernet connection

Internal connection to 
industrial interface

Incremental encoder output

DC motor

Programmer module, 
e.g. PIC16F887 (plug-in field

for programmer module)

Control inputs for DC motor

Incremental encoder output

Stepper motor with function display

LC display
3 lines with 12 characters 

on each line

put of  the analog 
perature sensor
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H A R D W A R E / S O F T W A R E

μ-Trainer Application Board II

33 400   μ-Trainer Application Board II

  8  ON/OFF switches
  8  push buttons
  1  interrupt output
  4  7-segment displays
  1  heating module
  1  I2C temperature sensor
  1  I2C real time clock
  1  I2C ambient light sensor
  1  I2C LC display with back light
  1  analog pressure sensor up to 4 bars
  1  analog temperature sensor up to 100°C
  1  bipolar stepper motor, 0.9° incremental motion
  1  DC motor with motor driver and speed sensor
  1  speaker
  1  adjustable DC voltage level: 0 … TTL level
  1  clock generator 100 Hz … 10 kHz, TTL level
  1   BNC socket for adapting measuring instrument   

inputs to 2mm connections
  1  plug-in field for programming modules
  2  plug-in fields for expansion modules
  1    industrial interface connection with 8 digital inputs,  

 8  digital outputs, 
2  analog inputs, 
2  analog outputs

The “μ-Trainer Application Board II” is the basic module of  the microcomputer training system “μ-Trainer”. It has the following features and 
functions:

Technical Data

33 400   μ-Trainer Application Board II

  Computer interface via Ethernet
   2mm connectors or bus connectors  

(8-pin, 1:1, ribbon cable)
  Power supply 110 … 240 V AC, 50 … 60 Hz
  Internal operating voltages 3.3 V; 5.0 V; +/-12.0 V
  Logic level 3.3 V or 5.0 V
  Central on/off switch
  Dimensions 532 x 297 x 85 mm
  Desk housing device

The “μ-Trainer Application Board II” is delivered with: 

Application Board, CD-ROM with driver software, power cord, 
Ethernet connecting cable 2 m, 1 bus cable 10 cm, 1 bus 
cable 20 cm, 1 bus cable 30 cm, 1 bus cable  
50 cm, 1 adapter bus cable 20 cm, operating instructions.

M I C R O C O N T R O L L E R  T E C H N O L O G Y
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PIC16F8xx Programmer Module

33 402   PIC16F8xx Programmer Module

   ZIF socket, 40-pin, for inserting the controller PIC16F887 
(optional: PIC16F884, PIC16F877, PIC16F874)

   Clock generation, external with quarz 16 MHz  
(oscillator type HS)

  Clock generation, internal up to 8 MHz
   Ports A, B, C, D and Port E have 2mm connectors
   Ports B, C and D have bus connectors in addition
   LED per port pin at the Ports B, C and D indicating the  
logical level 

  Integrated ADC (Port A, B and E) 14 channels, 10 Bit 
  Internal and external reference voltage
  Reference voltage source UREF = 1024 mV
  Programmer circuit, in series, ISP
  In Circuit Debugging Interface over ISP interface
  Programming voltage +12 V
  Internal operating voltage: +5 V / +5 V logical level

Delivery scope:

PIC16F8xx Programmer Module, CD-ROM with 
programming software** and industrial software developing 
environment (project management, source code editor, As-
sembler, C-Compiler, Simulator), operating instructions.

Technical Data

33 402   PIC16F8xx Programmer Module2   PIC16F8xx Programmer Module

The PIC16F8xx Programmer Module 
is an integrated test and programming 
module for the training system “μ-Trainer”. 
It serves for programming of  PIC16F8xx 
microcontrollers with 40-pin PDIP housing 
and for using the microcontroller in the 
training system.

*System requirements:

Windows XP SP2,

Frame Network 4.x,

Windows Vista SP1,

Windows 7 (32 Bit/64 Bit)

* Windows is a registered trademark of  the Microsoft Corporation.

** software also in Russian language availible
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H A R D W A R E / S O F T W A R E

PIC16F84A Programmer Module

The PIC16F84A Programmer Module 
is an integrated test and programming 
module for the training system “μ-Trainer”.
It serves for programming of  PIC16F8x 
microcontrollers with 18-pin PDIP housing 
(PIC16F84, PIC16F84A, PIC16F87 and 
PIC16F88).

The microcontrollers  are programmed and 
used in the training system.

33 401   PIC16F84A Programmer Module

Technical Data

33 401   PIC16F84A Programmer Module

   ZIF socket, 18-pin, for inserting the controller PIC16F84A 
(optional: PIC16F84, PIC16F87, PIC16F88)

  Clock generation with quartz 4 MHz
    Port A (0 … 4) and port B (0 … 7) 
have 2mm connectors, port B has a bus connector

    in addition.
  LED per port pin indicating the logical level
  Programmer circuit, in series, ISP
  Internal operating voltage: +5 V
  +5 V logical level
  Dimensions 125 x 120 x 32 mm

Delivery scope:

PIC16F84A Programmer Module, CD-ROM with 
programming software** and industrial software developing 
environment (project management, source code editor,
Assembler, C-Compiler, Simulator), operating instructions.

*System requirements:

Windows XP SP2,

Frame Network 4.x,

Windows Vista SP1,

Windows 7 (32 Bit/64 Bit)

* Windows is a registered trademark of  the Microsoft Corporation.

** software also in Russian language availible

M I C R O C O N T R O L L E R  T E C H N O L O G Y
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ATmega Programmer Module

The ATmega Programmer Module 
is an integrated test and programming 
module for the training system “μ-Trainer”. 
It serves for programming of  ATmega con-
trollers with 40-pin PDIP housing (ATme-
ga16, ATmega32 or ATmega8535).
The microcontrollers  are programmed and 
used in the training system.

33 403   ATmega Programmer Module

 
     ZIF socket, 40-pin, for inserting the controller ATmega16 (optional: ATmega32 or  
ATmega8535) 

   Clock generation internal 1 MHz, 2 MHz, 4 MHz and 8 MHz or external with quartz  
16 MHz

   Ports A, B, C and Port D (0 … 7) have 2mm connectors, ports B and C have bus  
connectors in addition

   LED per port pin at the Ports B, C and D indicating the logical level
    Integrated ADC (Port A) 8 channels, 10 Bit, internal and external reference  

voltage
  External reference voltage input for the ADC up to UREF = 5 V 
  On-Chip-Debugging Interface JTAG and Debug Wire for future applications 
  Programmer circuit, in series, ISP 
  Internal operating voltage: +5 V 
  +5 V logical level
  Dimensions 125 x 120 x 35 mm

Delivery scope: 

ATmega Programmer Module, CD-ROM with programmer software and industrial 
software developing environment (project management, source code editor, 
Assembler, Simulator), C-Compiler, operating instructions.

* System requirements:

Windows XP SP2,

Frame Network 4.x,

Windows Vista SP1,

Windows 7 (32 Bit/64 Bit)

* Windows is a registered trademark of  the Microsoft Corporation.

Technical Data

33 403   ATmega Programmer Module
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M I C R O C O M P U T E R / D I G I TA L  T E C H N O L O G Y

Universal Logic Module

33 406   Universal Logic Module

The Universal Logic Module (33 406) is a complete extension  
module to Microcomputer Training System “μ-Trainer” for free exper-
imenting and  examination of  logical integrated circuits.

   4 ZIF sockets, all pins can be optionally connected via 2mm sockets,   
         - 2 x ZIF sockets 14 pin 

- 1 x ZIF socket 16 pin 
- 1 x ZIF socket 20 pin

   8 x LED with separate inputs for display of  logic levels, buffered
  4 x Pull-Up resistors 10 kΩ
  Logic level: +5 V TTL
  Operating voltage, short-circuit protected, Imax ≤1,3 A
  Overload display by bright blue LED
  Dimensions 125 x 120 x 30 mm

Technical Data 33 406 Universal Logic Module

33 406 U i l L i M d l

2mm sockets,

uffered

ule

Component set „Logic Integrated Circuits“

33 390   Basic Set Logic ICs

  2 pcs. 4xNAND gate, each with 2 inputs
  2 pcs. 2xNAND gate, each with 4 inputs
  2 pcs. 2xAND gate, each with 4 inputs
  2 pcs. 4xNOR gate, each with 2 inputs
  2 pcs. 4xOR gate, each with 2 inputs
  2 pcs. 4xXOR gate, each with 2 inputs
  2 pcs. 6xinverter
  2 pcs. 2xD-flipflop
  2 pcs. 2xJK-flipflop
  2 pcs. 2xJK-flipflop with preset and delete
  2 pcs. synchronous 4-bit counter BCD
  2 pcs. up-down counter, binary
  1 pc. GAL programmed as a 7-segment decoder
  1 pc. GAL programmed as a divider

Technical Data 33 390 Basic Set Logic ICs

Component set in robust assortment box made of  unbreakable plastic with 18 compartments and 26 circuits.

33 390 B i S t L i IC

M I C R O C O N T R O L L E R  T E C H N O L O G Y
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Fundamentals of  and Experiments in Digital Technology

The manuals:

Introduction in  

digital technology

Basic logic circuits

Logic ICs in practice

Boolean switching algebra

De Morgan’s Laws

Circuit synthesis

Disjunctive normal form

Conjunctive normal form

Karnaugh map

Codes and code converters

Adder and subtractor

Comparators

Flipflops

Monostable multivibrators

Astable multivibrators

Counters

Shift registers

Multiplexer and demultiplexer

Analog-to-digital converter

Digital-to-analog converter

  Description of  theory and guided practical experiments
  Edition for trainees or students with tasks
  Edition for the teacher with solutions and method leads
  Unrestricted copying license for educational institutions
  Manual incl. CD-ROM

E33 100CD   Fundamentals of  and Experiments in Digital Technology – Tasks 
E33 101CD   Fundamentals of  and Experiments in Digital Technology – Solutions 

B A Y

0 0 1

0 1 0

1 0 0

1 1 0
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H A R D W A R E / S O F T W A R E

Industrial Interface

Technical Data

33 305   Industrial Interface Board

  Absolute optical decoupling of  all in- and outputs

  Level conversion of  the digital signals from TTL to +24 V

  Level conversion of  the analog signals from +/-1 V (amplitude) to +/-10 V

  8 digital outputs, for loads up to 0.5 A per output

  Permissible total load of  the digital outputs ≤ 2 A

  8 digital inputs

  2 analog outputs

  2 analog inputs

  External operating voltage: +24 V

  4mm safety socket and industrial Phoenix screw terminal connection per in- and output

  Dimensions 266 x 297 x 85 mm

  Desk housing device

  Delivered with operating instructions, connection cable to “μ-Trainer Application Board”

The Industrial Interface Board 
adapts and couples industrial peripheral devices to the “μ-Trainer 
Application Board”. It converts device levels to industrial levels and 
provides device safety and nonexistence of  electronic potential by 
complete optical decoupling of  all signals.

33 305   Industrial Interface Board

M I C R O C O N T R O L L E R  T E C H N O L O G Y
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ribbon cable included in 
delivery scope
r

AC3   230 / 400 V AC   230 V

DC   24 V

DC 24 V

an
al

og
 0

...
10

 V

an
al

og
 0

...
10

 V

Industrial Application
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M I C R O C O M P U T E R / D I G I TA L  T E C H N O L O G Y

The 10 Bit ADC Module 
is an integrated extension module for the 
Microcomputer Training System “μ-Trainer” 
containing a 2-channel analog-to-digital 
converter with a 10-bit resolution.

10 Bit ADC Module

33 404   10 Bit ADC Module

Technical Data

33 404   10 Bit ADC Module

  2-channel analog-to-digital converter

  Reference voltage 1 V or 3 V

  Maximum conversion speed up to 250 ksample . s-1

   Recommended maximum conversion speed of  the module 25 ksample . s-1 
while using 2mm cables for connecting the SPI interface

  Analog inputs with 2mm sockets

  Output with 2mm sockets and additional bus connector

  SPI controller interface

  +3.3 V or +5 V logic level depending on the settings of  the Programmer Module

  Dimensions 78 x 97 x 30 mm

  Delivered with operating instructions

M I C R O C O N T R O L L E R  T E C H N O L O G Y



8 Bit ADC Module
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33 407   8 Bit ADC Module

33 407 8 Bit ADC Module

  1-channel analog-to-digital converter

   Reference voltages: 2.56 V, VCC internal or external, upto max. 5 V 
NOTE: The reference voltage input level is 0.5 x VREF !

  Differential input at 2mm sockets

  8 outputs at 2mm sockets and bus connector

  4 control inputs and outputs at 2mm sockets

   Logic level: +3.3 V or +5 V depending on the settings of  the Programmer Module

  Dimensions 78 x 95 x 32 mm 

  Delivered with programming examples on CD-ROM and operating instructions

Technical Data

The 8 Bit ADC Module
is a complete extension module for the 
Microcomputer Training System “μ-Trainer”. 

The 8 Bit analog-to-digital converter can 
be used either with static control signals or 
via microcontroller to examine the function-
al principle of  an analog-to-digital converter. 

33 407   8 Bit ADC Module

ELABOTrainingsSystemeELABOTrainingsSysteme

®

E X T E N S I O N  M O D U L E



18

MICROCOMPUTER/DIGITAL TECHNOLOGY

8 Bit DAC Module

33 408   8 Bit DAC Module

33 408 8 Bit DAC Module

  1-channel digital-to-analog converter 

  Reference voltages: 2.56 V, 1.024 V or external up to max. 4.2 V 

  8 inputs at 2mm sockets and bus connector 

  1 output at a 2mm socket, unipolar 

  1 output at a 2mm socket, bipolar 

  2 control inputs at 2mm sockets 

   Logic level: +3.3 V or +5 V depending on the settings of  the Programmer Module

  Dimensions 78 x 95 x 32 mm 

  Delivered with programming examples on CD-ROM and operating instructions

Technical Data

The 8 Bit DAC Module
is a complete extension module for the 
Microcomputer Training System “μ-Trainer”. 

The 8 bit digital-to-analog converter can 
be used either with static control signals or 
via microcontroller to examine the function-
al principle of  a digital-to-analog converter. 

M I C R O C O N T R O L L E R  T E C H N O L O G Y
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33 410   Prototype Module

33 410 Prototype Module

  2 breadboard patch panels, 10x17 pins 

  4 control inputs at 2mm sockets and pin 

  4 operating voltage outputs at pins: 3.3 V, 5.0 V, +12 V and –12 V 

  Operating voltages 3.3 V and 5.0 V, short-circuit protected, Inom ≤ 1.3 A 

   Operating voltages +12 V and –12 V, short-circuit protected, 
Inom ≤ 0.3 A (permanent load) 

  Indication of  ready state by LED 

  Dimensions 78 x 95 x 32 mm 

  Delivered with operating instructions

Technical Data

The Prototype Module is a complete extension module for the Microcomputer Training System “μ-Trainer”. The Prototype Module allows the 
additional assembly and free construction of  digital circuits with a breadboard system.

33 391   Breadboard Wiring Set 
A useful complementary equipment to the Prototype Module 

33 410   Prototype ModuleWiring Set 
e Module

E X T E N S I O N  M O D U L E
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M I C R O C O M P U T E R / D I G I TA L  T E C H N O L O G Y

Serial Interface Module

33 480   Serial Interface Module

33 480 Serial Interface Module

  EIA232 interface, 9-pole, DCE socket 

  9 control inputs and outputs on the controller side, at 2mm sockets 

   Logic level: +3.3 V or +5 V depending on the settings of  the Programmer Module

  Dimensions 78 x 95 x 32 mm

   Delivered with programming examples, computer applications and tools on CD-
ROM and operating instructions

Technical Data

The Serial Interface Module
is a complete extension module for the 
Microcomputer Training System “μ-Trainer”. 

The serial interface can be used either 
with static control signals or via microcon-
troller to examine the functional principle 
of  the communication between controller 
and PC via the EIA232 interface.

33 48

M I C R O C O N T R O L L E R  T E C H N O L O G Y
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Serial asynchronous communication between controller and PC

Principle of  the serial asynchronous 

 transmission

EIA232 interface

Terminal communication

Testing interfaces

Data communication between controller and PC

Controller boot loader

Programming PIC16F887 or  

ATmega16 controllers with boot loader 

 via EIA232

L E A R N I N G  O B J E C T I V E S

E X T E N S I O N  M O D U L E
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USB Interface Module

33 481   USB Interface Module

33 481   USB Interface Module

  USB standard 1.0 / 2.0 

  USB connection type B 

  4 inputs and outputs on the controller side, at 2mm sockets 

  Parallel input and output via 8-bit bus connection 

  Optional display of  data traffic via 2 LEDs 

  Logic level: +3.3 V or +5 V depending on the settings of  the Programmer Module 

  System requirements: Win XP, Vista, Windows7 (32 bit / 64 bit) 

  Dimensions 78 x 95 x 32 mm

   Delivered with programming examples, computer applications, drivers and tools on CD-ROM and operating instructions

Technical Data

The USB Interface Module is a complete 
extension module for the Microcomputer 
Training System “μ-Trainer”.

The USB interface can be used either inde-
pendently or via microcontroller to examine 
the functional principle of  USB communication.

The USB interface is freely configurable and 
allows communication as a real USB 1.0 or 
USB 2.0  interface or as a serial port
emulator via software driver.

 USB Interface Module

M I C R O C O N T R O L L E R  T E C H N O L O G Y

M I C R O C O M P U T E R / D I G I TA L  T E C H N O L O G Y
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USB communication between controller and PC

Principle of  the serial asynchronous transmission

USB interface

Adaptation and configuration

Emulation of  an EIA232 interface

Terminal communication

Testing USB interfaces

Data communication between controller and PC

Controller boot loader

Programming PIC16F887 or 

 ATmega16 controllers with boot loader via USB

L E A R N I N G  O B J E C T I V E S
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T E A C H W A R E

Programming with microcontrollers

Hardware for programming with microcontrollers:

  33 400  μ-Trainer Application Board II
  90 049  Set of  measurement cables 2mm

Choose your programmer module:

  33 401  PIC16F84A Programmer Module
  33 402  PIC16F8xx Programmer Module
  33 403  ATmega Programmer Module 

  Microcomputers, introduction

   Introduction to the industrial develop-
ing environment

   Working with the development tools 
Editor, Assembler, C-Compiler, Simu-
lator and Programmer

   Structure and function of  microcon-
trollers (internal structure) 

  The programming interface 

   The periphery of  a microcontroller 
(ports, clock, timing, ADC, reset)

 
   How does a microcontroller work 
(register, ALU, I/O ports)

   Memory structure and instruction set 
of  the microcontroller

   Programming of  a microcontroller in 
Assembler

   Parallel I/O ports

   BCD coding

   Displaying values to LED lines and 
7-segment display

   Timer and interrupt

   Control of  stepping and DC motors

L E A R N I N G  O B J E C T I V E S

Part 1 Part 2

  Serial data transmission

  I2C bus

  ADC and measuring of  analog values

  Transferring values to an I2C display

  Voltage measurement

  Temperature measurement

  Pressure measurement

   Measuring of  temperature and bright-
ness with intelligent sensors

  Date and time recording with RTC

  On-chip debugging

M I C R O C O N T R O L L E R  T E C H N O L O G Y
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The manuals

Tasks for trainees or students

   Description of  theory and guided practical  
experiments

   Edition for trainees/students with tasks

   Unrestricted copying license for educational  
institutions

   Grayscale print

  Manual incl. CD-ROM

Solutions for teachers

   Description of  theory and guided practical  
experiments

    Edition for the teacher with solutions  
and method leads

  Color print

  Manual incl. CD-ROM

Printed and digital!

All the source code listings from the examples and for the 

exercises are to be found on the teach ware CD-ROM!

Order nos. of the manuals

                                      Manual PIC16F84A PIC16F887 ATmega16

“Programming with microcontrollers” Part 1 Tasks  E33 320CD  E33 350CD E33 340CD
“Programming with microcontrollers” Part 1 Solutions  E33 321CD  E33 351CD E33 341CD
   
“Programming with microcontrollers” Part  2 Tasks  E33 334CD  E33 352CD E33 342CD
“Programming with microcontrollers” Part  2 Solutions  E33 335CD  E33 353CD E33 343CD
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E33 355

TECHNO
Special Function Registers of the PIC16F887

BANK 0 
 

Address Name  Bit 7 Bit 6 Bit 5 Bit  Bit 3 Bit 2 Bit 1 Bit 0 Value on Power On Reset 
or BOR 

00h INDF  Addressing this location uses contents of FSR to address data memory (not a physical register)  

01h TMR0  Timer0 Module Register  

02h PCL  Program Counter’s (PC) Least Significant Byte  

03h STATUS  IRP  RP1  RP0  TO  PD  Z  DC  C  

04h FSR  Indirect Data Memory Address Pointer  

05h PORTA(3) RA7  RA6  RA5  RA4  RA3  RA2  RA1 RA0  

06h PORTB(3) RB7  RB6  RB5  RB4  RB3  RB2  RB1 RB0  

07h PORTC RC7  RC6  RC5  RC4  RC3  RC2  RC1 RC0  

08h PORTD RD7  RD6  RD5  RD4  RD3  RD2  RD1 RD0  

09h PORTE(3) —  —  —  —  RE3  RE2  RE1 RE0  

0Ah PCLATH  —  —  —  Write Buffer for upper 5 bits of Program Counter  

0Bh INTCON  GIE  PEIE  T0IE  INTE  RBIE  T0IF  INTF RBIF(1)  

0Ch PIR1  —  ADIF  RCIF  TXIF  SSPIF  CCP1IF  TMR2IF TMR1IF  

0Dh PIR2  OSFIF  C2IF  C1IF  EEIF  BCLIF  ULPWUIF  — CCP2IF  

0Eh TMR1L  Holding Register for the Least Significant Byte of the 16-bit TMR1 Register  

0Fh TMR1H  Holding Register for the Most Significant Byte of the 16-bit TMR1 Register  

10h T1CON  T1GINV  TMR1GE  T1CKPS1  T1CKPS0  T1OSCEN T1SYNC  TMR1CS TMR1ON  

11h TMR2  Timer2 Module Register  

12h T2CON  —  TOUTPS3  TOUTPS2  TOUTPS1  TOUTPS0 TMR2ON  T2CKPS1 T2CKPS0  

13h SSPBUF  Synchronous Serial Port Receive Buffer/Transmit Register  

14h SSPCON(2)  WCOL  SSPOV  SSPEN  CKP  SSPM3 SSPM2  SSPM1 SSPM0  

15h CCPR1L  Capture/Compare/PWM Register 1 Low Byte (LSB)  

16h CCPR1H  Capture/Compare/PWM Register 1 High Byte (MSB)  

17h CCP1CON  P1M1  P1M0  DC1B1  DC1B0  CCP1M3 CCP1M2  CCP1M1 CCP1M0  

18h RCSTA  SPEN  RX9  SREN  CREN  ADDEN FERR  OERR RX9D  

19h TXREG  EUSART Transmit Data Register  

1Ah RCREG  EUSART Receive Data Register  

1Bh CCPR2L  Capture/Compare/PWM Register 2 Low Byte (LSB)  

1Ch CCPR2H  Capture/Compare/PWM Register 2 High Byte (MSB)  

1Dh CCP2CON  —  —  DC2B1  DC2B0  CCP2M3 CCP2M2  CCP2M1 CCP2M0  

1Eh ADRESH  A/D Result Register High Byte 

1Fh ADCON0  ADCS1  ADCS0  CHS3  CHS2  CHS1 CHS0  GO/DONE ADON  

 
Legend: 

– = Unimplemented locations read as ‘0’, 
u = unchanged, 
x = unknown, 
q = value depends on condition, 
 

 core special function register 
  
 special function register for interrupt control 
  
 Unimplemented locations 

BANK 1 
 

Address Name  Bit 7  Bit 6  Bit 5  Bit 4  Bit 3  Bit 2  Bit 1  Bit 0  Value on Power On Reset 
or BOR 

80h  INDF  Addressing this location uses contents of FSR to address data memory (not a physical register)  

81h  OPTION_REG RBPU  INTEDG  T0CS  T0SE  PSA  PS2  PS1 PS0  
82h  PCL  Program Counter’s (PC) Least Significant Byte  

83h  STATUS  IRP  RP1  RP0  TO  PD  Z  DC C  

84h  FSR  Indirect Data Memory Address Pointer  

85h  TRISA  TRISA7  TRISA6  TRISA5  TRISA4  TRISA3 TRISA2  TRISA1 TRISA0  

86h  TRISB  TRISB7  TRISB6  TRISB5  TRISB4  TRISB3 TRISB2  TRISB1 TRISB0  

87h  TRISC  TRISC7  TRISC6  TRISC5  TRISC4  TRISC3 TRISC2  TRISC1 TRISC0  

88h  TRISD TRISD7  TRISD6  TRISD5  TRISD4  TRISD3 TRISD2  TRISD1 TRISD0  

89h  TRISE  —  —  —  —  TRISE3 TRISE2 TRISE1 TRISE0 

8Ah  PCLATH  —  —  —  Write Buffer for the upper 5 bits of the Program Counter  

8Bh  INTCON  GIE  PEIE  T0IE  INTE  RBIE  T0IF  INTF  RBIF(1)  

8Ch  PIE1  —  ADIE  RCIE  TXIE  SSPIE  CCP1IE  TMR2IE  TMR1IE  

8Dh  PIE2  OSFIE  C2IE  C1IE  EEIE  BCLIE  ULPWUIE  —  CCP2IE  

8Eh  PCON  —  —  ULPWUE  SBOREN  —  —  POR  BOR  

8Fh  OSCCON  —  IRCF2  IRCF1  IRCF0  OSTS  HTS  LTS  SCS  

90h  OSCTUNE  —  —  —  TUN4  TUN3  TUN2  TUN1  TUN0  

91h  SSPCON2  GCEN  ACKSTAT  ACKDT  ACKEN  RCEN  PEN  RSEN  SEN  

92h  PR2  Timer2 Period Register  

93h  SSPADD(2)  Synchronous Serial Port Address Register  

93h  SSPMSK(2)  MSK7  MSK6  MSK5  MSK4  MSK3  MSK2  MSK1  MSK0  

94h  SSPSTAT  SMP  CKE  D/A  P  S  R/W  UA  BF  

95h  WPUB  WPUB7  WPUB6  WPUB5  WPUB4  WPUB3  WPUB2  WPUB1  WPUB0  

96h  IOCB  IOCB7  IOCB6  IOCB5  IOCB4  IOCB3  IOCB2  IOCB1  IOCB0  

97h  VRCON  VREN  VROE  VRR  VRSS  VR3  VR2  VR1  VR0  

98h  TXSTA  CSRC  TX9  TXEN  SYNC  SENDB  BRGH  TRMT  TX9D  

99h  SPBRG  BRG7  BRG6  BRG5  BRG4  BRG3  BRG2  BRG1  BRG0  

9Ah  SPBRGH  BRG15  BRG14  BRG13  BRG12  BRG11  BRG10  BRG9  BRG8  

9Bh  PWM1CON  PRSEN  PDC6  PDC5  PDC4  PDC3  PDC2  PDC1  PDC0  

9Ch  ECCPAS  ECCPASE ECCPAS2  ECCPAS1  ECCPAS0  PSSAC1  PSSAC0  PSSBD1  PSSBD0  

9Dh  PSTRCON  —  —  —  STRSYNC  STRD  STRC  STRB  STRA  

9Eh  ADRESL  A/D Result Register Low Byte  

9Fh  ADCON1  ADFM  —  VCFG1  VCFG0  —  —  —  —  

 
Note: 
(1) MCLR and WDT Reset do not affect the previous value data latch. The RBIF bit will be cleared upon Reset but will set again if the 

mismatch exists. 
 
(2) When SSPCON register bits SSPM<3:0> = 1001, any reads or writes to the SSPADD SFR address are accessed through the SSPMSK 

register. 
 
(3) Port pins with analog functions controlled by the ANSEL and ANSELH registers will read ‘0’ immediately after a Reset even though the 

data latches are either undefined (POR) or unchanged (other Resets). 
 

Aus- und Weiterbildung GmbH 
ELABOTrainingsSystemeELABOTrainingsSysteme

®

Im Hüttental 11 
85125 Kinding - Germany
Tel.:  + 49 (0) 84 67 / 84 04 - 0 
Fax: + 49 (0) 84 67 / 84 04 44
E-mail: sales@elabo-ts.com
www.elabo-ts.com4.2

E33 345

Make sure that the target controller is 
correctly orientated before inserting it 
into the ZIF socket!

CAUTION!TECHNOCard 
®

The Microcontroller ATmega16

SystemeS tsSystemesSysteme

®

Manual Reset

Split rivet – locking mechanism 
for the programming module

Split rivet – locking mechanism 
for the programming module

8 LED‘s buffered for displaying the 
logic level at Ports B and D

Inputs and outputs of Ports B and D, 
each with 2mm sockets

Port B BUS connection for connecting all 
the port pins with a BUS connector 

ZIF socket for inserting 
40-pole ATmega16 / 32 
(PDIP) 

Mikrocontroller ATmega16 

Input of external reference  
voltage source for the ADC

Programming mode LED,  
blue LED lights  

for programming access

Inputs and outputs of Port A, 
each with 2mm sockets

8 LED‘s buffered for displaying 
the logic level at Port C

Inputs and outputs of Port C, 
each with 2mm sockets

Port C BUS connection for connecting 
all the port pins with a BUS connector 

and for connection of a JTAG Debugger.  
(“Debug Wire” connector additionally required.)

Interface connector  
for on-chip Debugger  
via “Debug Wire” 

Program Memory Area

Data Memory Area40-pole package  PDIP 44-pole package
 TQFP and MLF

ATmega16A-PU

ATmega16A-AU
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T E A C H W A R E

TECHNOCards® the compact knowledge store

The TECHNOCards are a very 
useful complement to the 
training system. They are a 
kind of  compact, clearly laid-
out knowledge store for refer-
ence during practical experi-
menting.

   Display sheets in format 
303 mm x 426 mm

   Double-sided color print

  rigide, durable quality

Use for

TECHNOCard® PIC16F84A PIC16F887  ATmega16 Logic Module

Digital technology with the μ-Trainer Application Board (E33 103)    

Use of  the Application Board II (E34 423)    

The integrated development environment MPLAB® from Microchip (E33 324)    

Microcontroller PIC16F84A (E33 322) 

Microcontroller PIC16F887 (E33 354)    

Special function registers of  the PIC16F887 (E33 355)  

The Controller ATmega16 (E33 345)   

The AVR instruction set (E33 346)   

 The integrated development environment AVR Studio® from Atmel (E33 347)   

Voltage measurement and display (E33 327) 

Industrial control with microcontrollers (E33 330)   

M I C R O C O N T R O L L E R  T E C H N O L O G Y
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Useful helpers for fault finding

*Atmel, AVR and AVR Studio are registered trademarks of  Atmel Corporation or 

its subsidiaries in the United States and other countries.

*MPLAB is a registered trademark of  Microchip Corporation.

The “On-Chip Debug System” is a powerful development tool for On-
chip Debugging of  all ATmega controllers with IEEE 1149.1 compli-
ant JTAG interface or debugWIRE Interface.

33 311   On-Chip Debug System for ATmega Controllers

   Complete AVR Studio® operated

   Full emulation of  all analog and digital functions

   Supports multiple devices in a JTAG scan chain

   USB or RS-232 interface to PC

   Full support of  Assembler and high level languages

   On-Chip-Debug interface JTAG and Debug Wire

   Program and data breakpoints

   All operations and breakpoints are real time inclusive of   
external RESET

The In-Circuit-Debugger System is a development tool for On-chip 
Debugging of  all Microchip Controllers over ISP interface.

33 313    In-Circuit-Debugger System for PIC16Fxxx Controllers

    Software control and display completely integrated in software 
development environment

    Emulation of  analog and digital functions of  the controllers

   USB or RS-232 interface to PC

    Support of  Assembler and high level languages

   In Circuit Debug interface ISP

  Breakpoints for program memory
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P R O J E C T S

Project: Voltage measurement and display (only PIC16F84A)

 

Bit                         0                     1

I/D Decrement   Increment 
S Display remains static  Display is shifted
D Display off   Display on 
C Cursor off   Cursor on
B Character at cursor does not flash Character at cursor flashes 
S/C Cursor moves   Display is shifted
R/L Shift to the left   Shift to the right 
DL 4 bits (only for parallel connection) 8 bits (I2C display DL=1)
G Voltage generator: VLCD = VO Voltage generator: VLCD = VO – 0,8VDD 
N, if  M=0 1 line x 24 characters  2 lines x 24 characters
N, if  M=1 Reserved   3 lines (4 lines) x 12 characters

I2C-LC-Display Typ EAT 123-I2C

Significance of the Bits

ADC_RW 

Counter -1 
>0 ? 

No 

Yes 

Clear local variables 
LowByte and HighByte 

Set Din = 1 for 
converting channel 1 

Clock line, CLK to 1 

Load counter with 3 

/CS to 0 

Clock line, CLK to 0 
Wait 50μs 

Counter -1 
>0 ? 

No 

Yes 

Load counter with 10 

Clock line, CLK to 0 
Wait 50μs 

Clock line, CLK to 1 
Wait 50μs 

Clock line, CLK to 1 
Wait 50μs 

Rotate LowByte and 
HighByte 1 digit, left 

Bit 0 of LowByte = Dout 

Counter -1 
>0 ?

No 

Yes 

Load counter with 3 

Clock line, CLK to 0 
Wait 50μs 

Clock line, CLK to 1 
Wait 50μs 

/CS to 1 

Din 
==0 ?

ADC0_HVAL=HighByte 
ADC0_LVAL=LowByte 

No 

Yes 

Clear local variables 
LowByte and HighByte 

Set Din = 0 for 
converting channel 0 

ADC1_HVAL=HighByte 
ADC1_LVAL=LowByte 

RETURN 

For data exchange with the main program, two 16-bit data registers are initialised from 
four 8-bit registers, for receiving the value converted by the AD7911. The declaration in 
the data memory must be made so that the High-byte is located in the lower address and 
the Low-byte at the next higher address. 
This simplifies the readability, thus:

 ADC0_HVAL, ADC0_LVAL ; 16-bit register for measured value from channel 0

 ADC1_HVAL, ADC1_LVAL ; 16-bit register for measured value from channel 1

Processor-independent Program Flowchart for 

2-channel Analog-digital Conversion
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Direction of data flow on the SDA line 

Data bytes / Command           DB7           DB6            DB5 DB4 DB3 DB2 DB1 DB0                                                  Instructiontime 
 

NOP  0 0 0 0 0 0 0 0 No operation        0 
Clear Display 0 0 0 0 0 0 0 1 Clears the display and sets the DDRAM address counter to address 0   1,1ms
Return Home 0 0 0 0 0 0 1 0 Sets the DDRAM address counter to address 0. Resets  a shift of  the display. 
            The contents remain unchanged.      
Entry Mode Set 0 0 0 0 0 1 I/D S Determines the movement direction of  the cursor and / or a shift of  the display.   
            These operations are executed when reading or writing data.   
Display Control 0 0 0 0 1 D C B Display on/off (D), Cursor on/off (C), 
            Character flashing at the cursor position on/off (B)    

 

Cursor display/shift 0 0 0 1 S/C R/L 0 0 Moves the cursor or shifts the display without changing the DDRAM contents,   
            to the right or left       
Function set  0 0 1 DL N M G 0 Configured the display. This value must be set once after a Reset. 
            In the μ-Trainer, this value is 0x3e (0011 1110)    
Set CGRAM Address 0 1 CGRAM address     Sets the CGRAM address (character memory)     20μs
Set DDRAM Address 1 DDRAM address      Sets the DDRAM address (display memory)     20μs 
Read Busy Flag BF Contents of  address counter     Contents of  data byte after the control byte for reading the Busy flag.  
and Address Counter          If  the Busy flag is set, the display controller is busy with executing a command.  

20μs

Write data  0 0 0 0 0 0 0 0 There follows an optional number of  data bytes for writing.    0 
Write 1 data  1 0 0 0 0 0 0 0 There follows only 1 data byte for writing,   
byte           this is followed by a Stop or Restart control byte.     

0

Read Data  0/1 1 1 0 0 0 0 0 Depending on C0, one or more data bytes 
            are read from the CGRAM or DDRAM.     

 

Write Data  0/1 1 0 0 0 0 0 0 Depending on C0, one or more data bytes   
            are written to the CGRAM or DDRAM.     
Read Busy Flag  1 0 1 0 0 0 0 0 One data byte is read with the Busy flag 
and AddressCounter             and the on-going value of the address counter.     

20μs 

 C0  RS   R/W  

   Control bytes   DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0                   Instructiontime

20μs

20μs

20μs

20μs

20μs

20μs

20μs

Project task

Analysis and structure draft

 - required periphery

 - connections

 - block diagram

 - circuit diagram

Step-by-step implementation of the program sections

 - Connection of AD converter

 - Voltage calculation 

 - Cyclical output of the measured values

 - Integration of the I2C bus

 - Display on LCD

 - Analysis and presentation

Instructions for realization / summary

TechnoCard

E33 327   TechnoCard Voltage measurement and display

Hardware required for the project:

  33 400  μ-Trainer Application Board II
  90 049  Set of  measurement cables 2mm
  33 401  PIC16F84A Programmer Module
  33 404  10 Bit ADC Module 

L E A R N I N G  O B J E C T I V E S

I2C-LC-Display Typ EAT 123-I2C

For data exchange with the main program, two 16-bit data registers are initialised from 
four 8-bit registers, for receiving the value converted by the AD7911. The declaration in 
the data memory must be made so that the High-byte is located in the lower address and 
the Low-byte at the next higher address. 
This simplifies the readability, thus:

ADC0_HVAL, ADC0_LVAL ; 16-bit register for measured value from channel 0

 ADC1_HVAL, ADC1_LVAL ; 16-bit register for measured value from channel 1

Processor-independent Program Flowchart for 

2-channel Analog-digital Conversionion

TechnoCard

fCLK 
10 kHz … 5 MHz Frequency of  the serial clock signal 

tCONVERT 14 × tCLK 
Conversion time for the AD7911 

tQUIET 
> 30 ns 

Minimum delay time until the next conversion cycle, after the 3-state status on the data lines 

t1 

> 15 ns 
Minimum delay time until the next conversion cycle, after CS has been set to logic 1

t2 

> 10 ns 
Minimum delay time after CS has been reset to logic 0 for the start of  conversion, until the start of  the first clock cycle  

t3 

< 30 ns 
Minimum delay time after CS has been reset to logic 0 for the start of  conversion, 

  
until the 3-state status on the data lines is reset

t4  

< 45 ns 
Time delay of  DOUT after the start of  a new clock cycle (falling edge) 

t5  

> 0,4 tCLK 
Minimum pulse width of  the clock signal Low section 

t6  

> 0,4 tCLK 
Minimum pulse width of  the clock signal High section 

t7  

> 10 ns 
Time that the value is valid after the start of  a new clock cycle (falling edge)

t8  

> 5 ns 
Minimum DIN setup time until the start of  a new clock cycle (falling edge)  

t9  

> 6 ns 
Minimum hold time of  the DIN after the start of  a new clock cycle (falling edge)

t10  
10 … 30 ns 

Delay time of  the fall back in the 3-state status on DOUT after the start of  the 16th. clock cycle (falling edge)

Aus- und Weiterbildung GmbH 

ELABOTrainingsSysteme

ELABOTrainingsSysteme
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Im Hüttental 11 

85125 Kinding - Germany
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4.1

E33 327

Please observe all the applicable sa-

fety regulations, laboratory rules and 

required protective measures when 

installing and testing the equipment!

Use only one input par channel in the 

same time.

CAUTION!

TECHNOCard 
®

Voltage measurement and display

   Warning!

   Always connect the equipment Ground of  an external unit to the 

μ-Trainersystem before connecting any external signals.

   Signal voltages of  more than 5V in amplitude can cause damage to the 

10-bit ADC module!

   Always check external signals before they are connected to the analog 

inputs.

Internal structure of the 10-bit ADC module

Timing on the SPI interface

  Parameter      
 Limits        

     D
escription

Split rivet – locking mechanism for the module

Analog input,

channel 0, 

reference voltage 3,0 V

Analog input, 

channel 0, 

reference voltage 1,0 V

Equipment Ground (earth)

Analog input, 

channel 1, 

reference voltage 1,0 V

Analog input, 

channel 1, 

reference voltage 3,0 V

Data input 

Socket for Bus connector, 

connections 1 … 4 

Split rivet – locking mechanism for the module

Signal input, Chip Select 
Signal input of  serial clock signal 

Data output

M I C R O C O N T R O L L E R  T E C H N O L O G Y
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Manual

PowerPoint presentation for the 

project 

   Templates for the students for  
presenting their work results 

   Unlimited copying license for 
educational institutions 

   23 transparencies 

   On CD-ROM

E33 331   Presentation aids for the project “Voltage Measurement and Display”

Printed and digital!

E33 325CD   Tasks for trainees or students

   Instructions for project work with theoretical explana- 
tions and prepared documentation

    Unrestricted copying license for educational institutions

   Edition for trainees/students with tasks

   Grayscale print 

   Manual incl. CD-ROM

E33 326CD   Solutions for teachers

   Instructions for project work with theoretical explanations 
and prepared documentation

   Edition for the teacher with solutions and method leads

   Color print

   Manual incl. CD-ROM

Pri
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P R O J E C T S

Project: Industrial control with microcontrollers

L E A R N I N G  O B J E C T I V E S

Project task

  -  Introduction to automated  

production systems

  -  Control systems 

        with controllers

  - Catching sensor signals 

   with polling and interrupt

 - PWM generation with timer

 -  Speed control (open and 

closed loop)

Analysis and structure draft

 - required periphery

 - connections

 - block / circuit diagram

Solution

 - Display on LCD

 -  Function keys  and display 

of  function

 - Soft start and braking 

 - Control of  direction

 - Positioning

 - Safety of  machinery

 - Risk analysis

 -  Emergency stop integration

Summary

 - Analysis and presentation

Hardware required for the project:

  33 400  μ-Trainer Application Board II
  33 305  Industrial Interface Board
  90 049  Set of  meas. cables 2mm

Choose your programmer module:

  33 401   PIC16F84A Programmer 
Module

  33 402   PIC16F8xx Programmer 
Module

  33 403  ATmega Programmer Module

    Project environment on request! 

E33 330   TechnoCard
Industrial control with microcontrollers

Transfersystem mit Gleichstromantrieb
Geschwindigkeitseinstellung: 
interne Sollwertvorgabe (Poti)  

Umschaltung interne/externe   
Sollwertvorgabe

Umschaltung Antrieb
Linkslauf/Stopp/Rechtslauf

Spannungsversorgung +24V

 
PE-Anschluss

     
Gerätemasse   

  
Antrieb Linkslauf    
   
 
Antrieb Rechtslauf

 
Antrieb Eilgang

Gerätemasse

Sollwertvorgabe Bandgeschwin-
digkeit extern 0...10V

Gerätemasse nicht belegt

Sensor 1 für Werkstückträgerpalette Sensor 3 für Werkstückträgerpalette

Sensor 2 Wegmessung (optional)

Taster Störung / Überlast zurücksetzen

Sensor 3 (Modul Erkennen) Werkstückträgerpalette

Antriebsgurt Sensor 1 (Modul Erkennen)

Abtriebsrolle zum Anschluss von 
Kurven, Transfersystemen ohne 

Antrieb und Kreuzungen mit 
Aufkleber für die inkrementale 

Wegmessung

24VDC-Getriebemotor 
mit Antriebsrollen

Montage der M12-Stecker an die Sensoren

Reedkontakt D-A73 Optischer Sensor ML5-8-400/32/115

WARNUNG
Sensorik niemals ohne Last- 
widerstand (Bürde) anschlie-
ßen!

Niederohmiger
   Masseanschluss führt zur 
   Zerstörung der Sensoren!

Minimale Bürde an 24 V: 
   - ML5-8-400/32/115 
   - D-A73 

Sensorterminator stellt
notwendige Verbindungen
zu + 24V DC und Geräte-

masse inkl. der notwendigen 
Bürde zum Betrieb 
der Sensoren her

Sensor 1 an M12-Buchse 8

Sensor 3 an M12-Buchse 6

L+
braun

L+
braun

SPS Eingang
schwarz

Imax = 40mA
Minimale Bürde
Rmin

Imax = 300mA
Minimale Bürde
Rmin

SPS Eingang
schwarz

M12-Stecker M12-Stecker

Aus- und Weiterbildung GmbH 
ELABOTrainingsSystemeELABOTrainingsSysteme

®

Im Hüttental 11 
85125 Kinding - Germany
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E33 330

Please observe all the applicable sa-
fety regulations, laboratory rules and 
required protective measures when 
installing and testing the equipment!

CAUTION!
TECHNOCard 

®

Industrial control with microcontrollers

BUS connector 
for connecting 
the μ-Trainer 
Application Board

Equipment Ground, industrial-side connection

Operating voltage +24V, IMAX = 2A

8 digital outputs, 
24V-logic, 

maximum load 0,5A 
for each output,

  short-circuit 
protected, reverse 
voltage protection

8 digital inputs, 
24V-logic, 

overvoltage 
protected DC 60V

2 analog outputs UMAX = ±10V, maximum load
20mA for each output, short-circuit protected, 

reverse voltage protection up to 24V DC

2 analog inputs UMAX = ±10V, over-
voltage protected DC 24V

Supply sockets L+/M 24 V DC 

Selector switches with 
settings for Hand (manual) 
operation, Zero position 
and Automatic operation.

Selector switches with settings 
for Hand (manual) operation, 

Zero position and 
Automatic operation

Indicating lamps with 
24V to 28V lamps, 
1W and housings

red / green

Supply sockets 
L+/M 24 V DC 

Push-buttons,
activated by pressing

Input/output sockets, push-buttons 
for the normally-open contacts 13/14 and

  normally-closed contacts 21/22

Latched mushroom-head 
emergency push-button with 
forced isolation of the  
normally-closed contact

TechnoCards

M I C R O C O N T R O L L E R  T E C H N O L O G Y
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Manual

Tasks for trainees or students

   Instructions for project work with theoretical explana- 
tions and prepared documentation

    Unrestricted copying license for educational institutions

   Edition for trainees/students with tasks

   Grayscale print 

   Manual incl. CD-ROM

Solutions for teachers

   Instructions for project work with theoretical explanations 
and prepared documentation

   Edition for the teacher with solutions and method leads

   Color print

   Manual incl. CD-ROM

Printed and digital!

Presentation aids for the project “Industrial control with microcontrollers”

PowerPoint presentation for 

the project 

   Templates for the students for  
presenting their work results 

   Unlimited copying license for 
educational institutions 

   26 transparencies 

   On CD-ROM

Order nos. of the teach ware

                                      
Manuals PIC16F84A PIC16F887 ATmega16

“Industrial control with microcontrollers” Tasks E33 328CD E33 356CD E33 348CD
“Industrial control with microcontrollers” Solutions E33 329CD E33 357CD E33 349CD
   
Presentation aids 
“Industrial control with microcontrollers”  E33 332 E33 358 E33 344
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I N F O R M AT I O N  A N D  C O N S U LTAT I O N
M I C R O C O N T R O L L E R  T E C H N O L O G Y

CONSULTANCY

  Design of  customer oriented solutions 

  Presentation, product demonstration 

 and on-site consultation

  Assistance in the choice of  products complying 

 with syllabuses

  Customized products according to requirements

  Development of  room concepts

  Design of  ergonomic workplaces

  Turnkey projects

CONTACT

ELABOTrainingsSysteme GmbH

Service-Center
Im Hüttental 11
85125 Kinding / Germany

Tel.: + 49 (0) 84 67 / 84 04 - 0
Fax: + 49 (0) 84 67 / 84 04 44

sales@elabo-ts.com

www.elabo-ts.com
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®

WE ASSIST YOU

 On-site installation and commissioning

  Technical support

  Warranty and maintenance

   Briefing and training

  Qualification, advanced training, workshops

  Comprehensive product documentation

  Detailed courseware for trainers and students

EXPERIENCE

  Design and manufacturing of  

 technical training systems

  Comprehensive range of  innovative products, 

 systems and solutions – MADE IN GERMANY

  Quality service from first consultation to delivery

 and beyond

  Trainer seminars onsite or inhouse

  References worldwide

 - Industrial training institutions

 - Vocational schools / technical schools

 - Chambers of  crafts

 - Technical colleges

 - Universities / Universities of  Applied Sciences



33 400 μ-Trainer Application Board II 8 

33 401 *) PIC16F84A Programmer Module 10

33 402 *) PIC16F8xx Programmer Module 9 

33 403 *) ATmega Programmer Module 11

33 404 *) 10 Bit ADC Module 16 

33 305 Industrial Interface Board 14

33 406 *) Universal Logic Module 12 

33 407 *) 8 Bit ADC Module 17

33 408 *) 8 Bit DAC Module 18 

33 410 *) Prototype Module 19

33 480 *) Serial Interface Module 20 

33 481 *) USB Interface Module 22

33 390 Basic Set Logic ICs 12  

33 391 Breadboard Wiring Set 19

90 049 Set of  measurement cables 2mm 24 

 

 Debugging systems 

33 311 On Chip Debug System for ATmega Controller 27

33 313 In-Circuit-Debugger System for PIC16Fxxx Controller 27 

 

 TECHNOCards 

E33 103 TECHNOCard “Digital technology with the μ-Trainer Application Board” 26

E33 423 TECHNOCard “Use of  the Application Board II” 26 

E33 322 TECHNOCard “Microcontroller PIC16F84A” 26

E33 324 TECHNOCard “The integrated development environment MPLAB® from Microchip” 26 
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Name, Position

Company / Institution / Government agency

Street, Post Box

ZIP Code, City, Country

Telephone                                                   Fax                          

E-Mail

Telephone                                                   Fax                         

E-Mail

Company / Institution / Government agency

Street, Post Box

ZIP Code, City, Country

YO U R  I N Q U I R Y

We would like to be contacted:

by telephone  by e-mail

Please send us an offer:     

ELABOTrainingsSysteme
Aus- und Weiterbildung GmbH

Im Hüttental 11
85125 Kinding / Germany

Tel.: +49 (0) 84 67 / 84 04 - 0

Fax: +49 (0) 84 67 / 84 04 44

ELABOTrainingsSystemeELABOTrainingsSysteme

®
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 Order no. Description / Title Page               Qty 

*) Note:  If  you would like to order controller or extension modules for the previous μ-Trainer Application Board (33 300), please use 
             33 3xx in the order no.



E33 327 TECHNOCard “Voltage measurement and display” 26

E33 354 TECHNOCard “Microcontroller PIC16F887” 26 

E33 355 TECHNOCard “Special Function Registers of  the PIC16F887” 26

E33 345 TECHNOCard “The Microcontroller ATmega16” 26 

E33 346 TECHNOCard “AVR® Instruction Set” 26

E33 347 TECHNOCard “The integrated development environment AVR Studio® from Atmel®” 26 

 

 Manuals 

E33 320CD Programming with the MC PIC16F84A Part 1, Tasks for trainees or students 25

E33 321CD Programming with the MC PIC16F84A Part 1, Solutions for teachers 25 

E33 334CD Programming with the MC PIC16F84A Part 2, Tasks for trainees or students 25

E33 335CD Programming with the MC PIC16F84A Part 2, Solutions for teachers 25 

E33 325CD Project “Voltage measurement and display”, Tasks for trainees or students 29

E33 326CD Project “Voltage measurement and display”, Solutions for teachers 29 

E33 331 Presentation aids for the project “Voltage measurement and display” 29

E33 340CD Programming with the MC ATmega16 Part 1, Tasks for trainees or students 25 

E33 341CD Programming with the MC ATmega16 Part 1, Solutions for teachers 25

E33 342CD Programming with the MC ATmega16 Part 2, Tasks for trainees or students 25 

E33 343CD Programming with the MC ATmega16 Part 2, Solutions for teachers 25

E33 350CD Programming with the MC PIC16F887 Part 1, Tasks for trainees or students 25 

E33 351CD Programming with the MC PIC16F887 Part 1, Solutions for teachers 25

E33 352CD Programming with the MC PIC16F887 Part 2, Tasks for trainees or students 25 

E33 353CD Programming with the MC PIC16F887 Part 2, Solutions for teachers 25 

 

 Additional equipment for project „Industrial control with microcontrollers“ 

63 526 Power Supply 24 V DC 30  

80 590 Transfer system 24 V DC 30 

80 618 Workpiece Carriage 30

80 619 4-Bit Ident System 30 

80 589 Sensor Terminator 30

40 000 Switch Board II 30 

40 050 Safety Universal Relay Board 30

40 053 Safety Relay I 30 

90 050 Set of  safety cables 4mm for project “Industrial control with microcontroller” 30

E33 330 TECHNOCard “Industrial control with microcontrollers” 30 

E33 328CD Project “Industrial control with microcontroller PIC16F84A“, Tasks for trainees 31

E33 329CD Project “Industrial control with microcontroller PIC16F84A”, Solutions for teachers 31 

E33 332 Presentation aids for the project “Industrial control with microcontroller PIC16F84A” 31

E33 348CD Project “Industrial control with microcontroller ATmega16”, Tasks for trainees 31 

E33 349CD Project “Industrial control with microcontroller Atmega16”, Solutions for teachers 31

E33 344 Presentation aids for the project “Industrial control with microcontroller ATmega16” 31 

E33 356CD Project “Industrial control with microcontroller PIC16F887”, Tasks for trainees 31

E33 357CD Project “Industrial control with microcontroller PIC16F887”, Solutions for teachers 31 

E33 358 Presentation aids for the project “Industrial control with microcontroller PIC16F887” 31

  

YO U R  I N Q U I R Y
M I C R O C O N T R O L L E R  T E C H N O L O G Y

35

ELABOTrainingsSystemeELABOTrainingsSysteme

®

C
op

y 
an

d 
fa

x 
   

   
   

   
   

S
ub

je
ct

 to
 te

ch
ni

ca
l m

od
ifi

ca
tio

ns
 a

nd
 fu

rt
he

r d
ev

el
op

m
en

ts
   

   
   

   
   

07
 / 

20
12

 Order no. Description / Title Page                Qty 



Made

in

Germany

Im Hüttental 11 | 85125 Kinding | Germany
Phone +49 8467 8404-0  |  Fax +49 8467 8404-44
sales@ets-didactic.de  |  ets-didactic.de


