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All MikroElektronika's development systems represent irreplaceable tools for
programming and developing microcontroller-based devices. Carefully chosen
components and the use of machines of the last generation for mounting and
testing thereof are the best guarantee of high reliability of our devices. Due to
simple design, a large number of add-on modules and ready to use examples,
all our users, regardless of their experience, have the possibility to develop
their project in a fast and efficient way.
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The primary aim of our company is to design and produce high quality electronic products and to constantly

improve the performance thereof in order to better suit your needs.
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Introduction to Easy24-33 v6 Development System

The Easy24-33 v6™ development system provides a development environment for programming and experimenting with PIC24®
microcontrollers from Microchip®. The system includes an on-board programmer with mikrolCD support providing an interface between
the microcontroller and a PC. You are simply expected to write a program in one of the dsPIC compilers, generate a .hex file and
program your microcontroller using the on-board LvPICFlash™ programmer. Numerous modules, such as ZigBee®, alphanumeric
2x16 LCD, piezo buzzer, etc, are provided on the board and allow you to easily simulate the operation of the target device.

Full-featured development
system for PIC24
microcontroller based devices

USB 2.0 on-board programmer

Built-in  debugger for testing
programs in real time at
hardware level

ZigBee communication is
based on the IEEE 802.15.4
standard

On-board pads for placing
additional boards

The mikroProg Suite for PIC program provides a complete list of all
supported microcontrollers. The latest version of this program with updated
list of supported microcontrollers can be downloaded from our website at
www.mikroe.com

Package contains:

Development system: Easy24-33 v6

CD: product CD with relevant software
Cables: USB cable
Documentation: Manuals for Easy24-33 v6, mikroProg Suite for PIC

and mikrolCD, Quick gude for installing USB drivers,
Electrical schematic of the system

System specification:

Power supply: over an AC/DC connector (7-23V AC or 9-32V DC); or
over a USB programming cable (5V DC)

Power consumption:~40mAin idle state when all on-board modules are off

Dimension: 26,5 x 22cm (10,4 x 8,6inch)

Weight: 4629 (0.89Ibs)

MikroElektronika
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Key Features

1. Power supply voltage regulator

2. Built-in programmer’s USB connector

3. DIP switches turn on/off on-board modules

4. USB 2.0 programmer with mikrolCD support

5. Connector for Microchip’s debugger ICD2® or ICD3®

6. USB connector for USB communication

7. USB UART module

8. Connectors for linking microcontroller’s 1/0O pins with
pads provided on the development system

9. Serial EEPROM module

10. Serial RAM module

11. A/D converter test inputs

12. Touch sense keypad

13. Pads (proto board)

. 1/O port connectors

15.
16.
17.
18.
19.
20
21
22.
23.
24.
25.
26.
27.
28.
29.

Jumpers for pull-up/pull-down resistor selection
3.3V voltage regulator

Microcontroller sockets

Potentiometer for adjusting LCD contrast
Piezo buzzer

. 23 LEDs indicate pins’ logic state
. Push buttons for exciting microcontroller digital inputs

Jumper for protective resistor shortening
Jumper for selecting push buttons’ logic state
Reset button

CAN communication module

ZigBee communication module
Alphanumeric LCD connector

Connector for RS-232 communication
Connector for DS1820 temperature sensor
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1.0. Connecting the System to a PC
Step 1:

Follow the instructions provided in the relevant manuals and install the mikroProg Suite for PIC program and USB driver from the
product CD. USB drivers are essential for the proper operation of the on-board programmer.

In case you already have one of the Mikroelektronika’s dsPIC compilers installed on your PC, there is no need to reinstall USB drivers
as they are already installed along with the compiler.

Step 2:

Use the USB cable to connect the development system to a PC. One end of the USB cable, with a USB connector of B type, should
be connected to the development system, as shown in Figure 1-2, whereas the other end of the cable with a USB connector of A
type should be connected to a PC. When establishing a connection, make sure that jumper J17 is placed in the USB position as
shown in Figure 1-1.

| AC/DC connector | | USB connector |

POWER
SUPPLY switch .
NGRS W vse unk ’
‘ " | Figure 1-2: Connecting USB cable
J17 power ..ON
supply selector SWITCHING POWER SUPPLY

e
Figure 1-1: Power supply

Step 3:

Turn on your development system by setting the POWER SUPPLY switch to the ON position. Two LEDs marked as POWER and
USB LINK will be automatically turned on indicating that your development system is ready to use. Use the on-board programmer and
the mikroProg Suite for PIC program to dump a hex code into the microcontroller and employ the system to test and develop your
projects.

NOTE: If some additional modules are used, such as LCD, GLCD etc, it is necessary to place them properly on the development
system while it is turned off. Otherwise, either can be permanently damaged. Refer to figure below for the proper placing of
the additional modules.

MikroElektronika



Easy24-33 v6 Development System

2.0. Supported Microcontrollers

The Easy24-33 v6 development system provides seven separate sockets for PIC24 microcontrollers in DIP28, DIP20, DIP18 and
DIP14 packages. There are three sockets DIP28A, DIP28B and DIP28C for microcontrollers in DIP28 package, and two sockets
DIP20A and DIP20B for microcontrollers in DIP20 package.

Jumpers J13, J12, J4 and J3 are placed next to the oscillator.
They are used to select the function of the microcontroller pins.

Jumper Position Function

/10 RA3 is configured as an 1/O pin

J13 OSC Pin RAS3 is fed with a clock signal from external
oscillator X1 (OSC1)

/10 RA2 is configured as an 1/O pin

J12 oscC Pin RA2 is fed with a clock signal from external
oscillator X1 (OSC1)

/10 RB2 is configured as an 1/O pin

J4 oscC Pin RB2 is fed with a clock signal from external
oscillator X2 (OSC2)

/10 RB1 is configured as an 1/O pin

J3 oscC Pin RB1 is fed with a clock signal from external

oscillator X2 (OSC2)

Figure 2-1: Microcontroller sockets

PI1C24 microcontrollers can use either built-in or external oscillator as a clock signal source. There is a quartz crystal provided on
the board that is used as the external oscillator. Signals generated by this oscillator are used as clock signals for most supported
microcontrollers.

Figure 2-2: Plugging the microcontroller into appropriate socket

Prior to plugging in the microcontroller into the appropriate socket, make sure that the power supply is turned off. Figure 2-2 shows
how to plug in a microcontroller correctly. Figure 1 shows an unoccupied DIP28 socket. Place one end of the microcontroller into the
socket as shown in Figure 2. Then put the microcontroller slowly down until all the pins match the socket, as shown in Figure 3. Check
again that everything is placed correctly and press the microcontroller easily down until it is completely plugged into the socket, as
shown in Figure 4.

NOTE: Only one microcontroller may be plugged into the development board at one time.

nage | =
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3.0. On-board LvPICFlash Programmer

A programmer is a necessary tool when working with microcontrollers. It is used to load a hex code into the microcontroller and
provides an interface between the microcontroller and a PC. The Easy24-33 v6 has an on-board LvPICFlash programmer. All you
need is a .hex file to be loaded into the microcontroller using the mikroProg Suite for PIC program. Figure 3-3 shows connection
between the compiler, the mikroProg Suite for PIC program and the microcontroller.

&

; J! | I use un
Fi 3-1: USB tor’s front sid -
igure 3-1: connector’s front side I J W rreiico

us s N

=

ON-BOARD
PROGEAMMER

nikroProg Suite
File USE About History

@ mikroC compiler for dsPIC 30/33 and PIC 24

1110001001 | Bin.

File Edit “iew Project Debugger Run Tools Help 0110100011 MC Farmily

PICZ4F-KA

: B 0111(2FC23AA7
3 = 2 & ) H
[%] Led_Custam_Test.c / Hex.|DA67FO PICZ4F 1EKALDZ -1 |®
Z5 . Read Write }; # 3
i: char txt[10] EEr o l — é
28 void mwain Erase l Reset I p=
=2 £ mrm BOR - 21l digital HEX Filz Cptions g
22 ADPCFG = OxFFFF: \El — l g
; | Along the right side of the
bcied Lcd_Cust,Drn_Inlt_LV_Z‘}_SS(:l; ikroP) Sui ind h
2a Trd Custee OmE (1T Faurh s MIKroFrog uite window there are

¥ LoadjSave CODE
The mikroProg  Suite |  Loadjsavepata

for PIC program’s main

the following options:

@ Write a program in one of the dsPIC CONFIG - shows configuration

compiler and generate a .hex file; window includes options [ et I k/:tcsu NEG - shows data on fhe
@ Use the mikroProg Suite for PIC f°.' loading -hexfile into the &l selected microcontroller:

. microcontroller memory. e —— )
program to select the microcontroller you Options ] VOLTAGES - enables you to
want to program and load the .hex file; The Progress bar o monitor voltages.

enables you to monitor 0%
@ Click the Write button to dump the code programming progress. =
into the microcontroller.

HE:: File: [

Figure 3-3: Programming process
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4.0. mikrolCD (In-Circuit Debugger)

The mikrolCD (In-Circuit Debugger) is an integral part of the on-board programmer. It is used for testing and debugging programs in
real time. The process of testing and debugging is performed by monitoring the state of all registers within the microcontroller while
operating in real environment. The mikrolCD software is integrated in all PIC compilers designed by Mikroelektronika (mikroBASIC
PRO, mikroC PRO, mikroPASCAL PRO, etc.). As soon as the mikrolCD debugger starts up, a window called Watch Values, appears
on the screen, Figure 4-1. The mikrolCD debugger communicates to the microcontroller through the microcontroller’s pins used for

programming.
mikolCD debugger options:

Start Debugger [F9]
e Add  $8 Remove < Properties g Add Run/Pause Debugger [F6]
i ist: +
A complete list of registers within the S:EgTéa"able flom st v g::g :?:: Hager {g;r]l F2l
microcontroller being programmed Search for variable by assembly name: Step Over [F8]
& Step Out [CtrI+F8]
Toggle Breakpoint [F5]
Show/Hide Breakpoints [Shift+F4]
Name Value Address Clear Breakpoints [Ctrl+Shift+F5]
A list of selected registers the state ANSEL OXFF 0x0188 A
of which changes during the program ANSELH OX3F WG Each of these commands is activated via
execution PORTB 0X00 0x0006 keyboard shortcuts or by clicking the appro-
ANSEL OXFF R priate icon within the Watch Values window.
ANSELH 0X3F 0x0189
| PORTE [0l 0x0009
Double click on the Value field / U 2
enables you to change data format L

Figure 4-1: Watch Values window

The mikrolCD debugger also offers functions such as running a program step by step (single stepping), pausing the program execution
to examine the state of currently active registers using breakpoints, tracking the values of some variables etc. The following example
illustrates a step-by-step program execution using the Step Over command.

Step 1:
In this example the 41st
program line is highlighted in

blue, which means that it will [jme o while (1) ( During operation, the program line to be executed next is
be executed next. The current PORTE 5 {counter = 0O highlighted in blue, while the breakpoints are highlighte_d in
state of all registers within the PORTC 53 red_. The Run command exegutes the program in real time
microcontroller can be viewed PORTD 0b0100 010 until it encounters a breakpoint.
in the mikrolCD Watch Values
window.
Step 2: 45 5[] | o0 % oo oT | m [ Ty e
After the Step Over command o add W remove 4 AdAE &R
is executed, the microcontroller Sk il bombt -
will execute the 41st program """"mm ‘;“"” Sewch o ey s
. . H
line. The_ n_ext_ line _to be poRTC 3
executed is highlighted in blue. PORTD 060100 010 = T e
The state of registers being Sz L
changed by executing this B L
instruction may be viewed in L. o:0169 i
the Watch Values window.

|

:a:o.::urfef ) cu‘c,::::“ < COURtEr++) { Iw —

BORTE = 1 ce cauntar:

NOTE: For more information on the mikrolCD debugger refer to the mikrolCD Debugger manual.
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5.0. ICD Connector

The ICD connector enables communication between the microcontroller and an external ICD debugger/programmer (ICD2 or ICD3)
from Microchip. Jumpers J1 and J2 are used for selecting the pin to be fed with programming signals. For the programming signal
to be sent to the microcontroller, it is necessary to place both jumpers in the same position, as shown in Figure 5-2. Either RAO and
RA1 or RBO and RB1 or RB6 and RB7 microcontroller pins can be fed with this signal. The position of jumpers J1 and J2 depends on
the microcontroller provided on the board. When the PIC24F16KA102 microcontroller is programmed by means of the external ICD
programmer, jumpers J1 and J2 should be placed in the RBO and RB1 positions, respectively. In case some other microcontroller is
used, it is necessary to check which microcontroller pins can be fed with the programming signal.

I
I
J| use cow

2| ' | ] s §

and RB6 are

' i | & | s H
Figure 5-1: ICD connector Figure 5-2: Pins RBO and RB1 are Figure 5-3: Pins RAO and RA1 are Figure 5-4: Pins RB7
(default position) used for programming used for programming used for programming

External ICD programmer is connected to RB0 and RB1 pins

g vCe-3.3
-— RB7-MCU 1 CNA11 ICD
< :mmo.mcu 2o _lon
>4 RB1-MCU |22 pPeC (9]
= PGD
© 32 T35
— 52 o 133
RB6-MCU A
Lq." RAT-MCU I NCIR Jo3 2456
Q RBO-MCU R
R - — RI12
o vee

\ /

Figure 5-5: ICD connector and microcontroller connection schematic
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6.0. Power Supply

The Easy24-33 v6 development system may use one of two power supply sources:

1. +5V PC power supply through the USB programming cable; and
2. External power supply source connected to an AC/DC connector provided on the development board.

The MC34063A voltage regulator and Gretz rectifier are used to enable external power supply voltage to be either AC (in the range of
7V to 23V) or DC (in the range of 9V to 32V). Jumper J17 is used to select the power supply source. To make advantage of the USB
power supply, jumper J17 should be placed in the USB position. When using the external power supply, jumper J17 should be placed

in the EXT position. The development system is turned on/off by switching the position of the POWER SUPPLY switch.

Power supply

voltage regulator

SUPPLY switch

Jumper J17 as

POWER

{
[\ Cower

Dw“
ON o

a power supply
source selector

Ci
Ohtng ICATION

Figure 6-1: Power supply

[ |
. Usa Link
/ [ . PRG/CD
/ \Usg |
—— PRog /|,

[Rx
)

AC/DC connector
USB connector

Powering over an
AC/DC connector

4x1N4007

Side view Bottom view

Side view

J17
EXT [ZJg] usB

Powering over a
USB connector

B use |
EXT [B[Z] USB

832

AlIK

Side view )
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m

Side view

Z
| MBRS14073

Top view —— —
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220uH g
VCC-sW
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D6 | E2
——

ons

Side view

OVCC-5

LD53
POWER

0 VCC-USB J ]
I
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330uF

m
©
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2K2

0

Side view
Lanasl

| LIS

Side view

Side view

I_

Figure 6-2: Power supply source connection schematic
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7.0. A/D Converter Test Inputs

An A/D converter is used for converting an analog voltage into the appropriate digital value. The A/D converter is linear, which means
that converted number is linearly dependent on the input voltage value. The A/D converter built into the microcontroller converts an
analog voltage into a 10-bit number. Potentiometers P1 and P2 enable voltage to vary between 0 and 3.3V. The microcontroller with
a built-in A/D converter is supplied with this voltage via test inputs. Jumpers J14 and J15 are used for selecting either RBO - RB3 or
RAO - RAS3 pins to be supplied with A/D conversion voltage. Resistors R63 and R64 have a protective function and are used to limit
current flow through the potentiometer or the microcontroller pin.

Figure 7-1: A/D converter (jumpers in default Figure 7-2: Pins RAO and RBO used as
position) input pins for A/D conversion

AID conversion is performed via RB0 and RAO0 microcontroller pins

IAj,u
(@
Sjo

2|
|
[N}

g
@|
)

o

AN
o
~
R
X
O
~
L
<
N
S)
o

Top view
vc-ai/ J14
R63

x| z|x|m
>|>>| >

Figure 7-3: A/D converter test inputs and microcontroller connection schematic

NOTE: In order to enable the microcontroller to accurately perform A/D conversion, it is necessary to turn off LEDs and pull-up/
pull-down resistors on the port pins used by the A/D converter.

MikroElektronika
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8.0. Serial EEPROM Module

EEPROM (Electrically Erasable Programmable Read-Only Memory) is a built-in memory module used to store data that should be
saved when the power supply goes off. The 24AA01 circuit can store up to 1Kbit data and communicates with the microcontroller
through pins RB6 - RB9 using I°C communication. In order to enable connection between the EEPROM module and the microcontroller,
it is necessay to set switches 1 (RB8) and 3 (RB9) on the DIP switch SW2 to the ON position. Switches 2 (RB6) and 4 (RB7) on the
DIP switch SW2 may be optionally used.

Serial EEPROM is connected to the microcontroller via pins RB8 and RB9

VCC-3.3 VCC-3.3
o o

R41 R42
1K 1K
EEPROM-SCL

EEPROM-SDA

C24=
100nF

8.96G6Vv€C)

PIC24F16KA102

Figure 8-1: Serial EEPROM module and microcontroller connection schematic

9.0. USB Communication Module

The Easy24-33 v6 development system can communicate with external devices through the USB connector CN9. Only microcontrollers
with the built-in USB communication module are capable of using USB communication. Jumpers J8, J9, J10 and J11 are used to
determine the fuction of microcontroller pins RB6, RB10, RB11 and RB12. When these jumpers are in the USB position (Figure 9-1),
the microcontroller pins are used for USB communication. When they are in the 1/O position, the microcontroller pins are used as /O
pins.

Jumpers J8, J9, J10 and J11 are in USB position

CN9

vce ®
D- ecey
D+ et
GND wa®s
2

use B Bottom view

LD55
USB ON

R30
4K7

Figure 9-1: USB connector CN9 and microcontroller connection schematic
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10.0. Serial RAM Module

Owing to the built-in RAM module, the Easy24-33 v6 development system is provided with 64Kbit RAM module that can be connected
to the microcontroller via SPI interface. The function of the serial RAM module is to expand available RAM of the microcontroller. To
establish connection between the microcontroller and RAM module, it is necessary to enable SPI communication by means of the
DIP switch SW3. In the example in Figure 10-2, RAM module is connected to the RB8, RB14 and RB9 microcontroller pins. Other
microcontroller pins RB12, RB11, RB10 and RB13 may also be optionally used here. The function of the RAM-HOLD# (RB7) switch
on the DIP switch SW1 is to hold communication between the microcontroller and RAM module. The RAM-CS (RB15) switch on the
DIP switch SW1 is used to control the access to RAM.

64Kbit RAM module can be
added to the RAM module built
into the microcontroller

Serial RAM is connected to the microcontroller via RB15, RB7, RB8, RB14 and RB9 pins

23K640

8.9G¥%€C 1L

PIC24F16KA102

Figure 10-2: Serial RAM module and microcontroller connection schematic

MikroElektronika
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11.0. RS-232 Communication Module

The Easy24-33 v6 development system features the RS-232 module that serves as an interface between the microcontroller and
an external device using RS-232 communication to exchange data. The RS-232 module is connected to that device through a 9-pin
SUB-D connector. For communication with the microcontroller, this module uses TX pin for sending and RX pin for receiving data. For
the microcontroller to be capable of exchanging data with the RS-2323 module, it is necessary to be provided with a built-in USART
module. Connection between the RS-232 module and the microcontroller is established by setting the appropriate switches on the DIP
switch SW1 to the ON position. The RS-232 module’s TX pin can be connected to the microcontroller via either RB14, RB7 or RBO
microcontroller pin, whereas the RX pin can use either RB14, RB7 or RBO microcontroller pin for such connection. In the example in
Figure 11-2, the microcontroller is connected to the RS-232 module via RB15 and RB14 pins.

In order to enable USART module of the microcontroller to receive input signals which meet the RS-232 standard, it is necessary to
adjust voltage levels using an IC circuit such as MAX3232 (MAX232).

RS-232 connector

The function of switches 1-6 on the DIP switch SW1 is to determine which microcontroller pins are to be used as RX and TX lines.
Refer to figure 11-2.

Port RS-232 is connected to the microcontroller

R53]
100K

VCC-3.3

PIC24F16KA102

1 [
O §5$0600060%1 /
swso, RS-232
(1) (1)
o T o

Bottom view

Figure 11-2: RS-232 module and microcontroller connection schematic

NOTE: Make sure that your microcontroller is provided with the USART module as it is not necessarily integrated in all PIC24
microcontrollers.




16 Easy24-33 v6 Development System

12.0. CAN Communication Module

CAN (Controller Area Network) is a communication standard primarily intended for use in automotive industry. It enables the
microcontroller to communicate to a car device without using a host PC. In addition, such communication is widely used in industrial
automation. The Easy24-33 v6 uses the MCP2551 circuit for CAN communication. This circuit provides an interface between the
microcontroller and some peripheral device. To enable connection between the microcontroller and MCP2551, it is necessary to set
switches 7(RX) and 8(TX) on the DIP switch SW4 to the ON position. The RX line is connected to the microcontroller via the RB15 pin,
whereas the TX line is connected to the microcontroller via the RB14 pin.

Figure 12-2: CAN module connector

Figure 12-1: CAN module

CAN communication is enabled via DIP switch SW4

8.96¥v€C 1 H

o
)
<
X
©
v
<
N
S
o

Figure 12-3: Microcontroller and CAN module connection schematic
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13.0. ZigBee Communication Module

The operation of the ZigBee communication module is based on the IEEE 802.15.4 standard that defines wireless data transfer on
short distances with a low power consumption. The Easy24-33 v6 development system features the MRF24J40MA ZigBee module.
Some of its key features are: 250kbps data rate, 2.4GHz operating frequency, ~20mA power consumption, open area range up to
400m, etc. Communication between the microcontroller and ZigBee module is performed through SPI interface. In order to enable
the operation of the ZigBee module, it is necessary to set switches 3, 4, 5 and 6 on the DIP switch SW4 to the ON position. It is also
necessary to enable SPI communication through the DIP switch SW3. Which of the switches on the DIP switch SW3 is to be used
depends on the arrangement of the following microcontroller pins RB8, RB12, RB11, RB14, RB10, RB9 and RB13. In Figure 13-3,
pins RB8, RB14 and RB9 are used for serial communication.

ZigBee module and microcontroller
are connected through the DIP switch
SW4

Serial SPI communication between
ZigBee module and microcontroller is
enabled through the DIP switch SW3

Figure 13-2: DIP switch SW3

—OVCC-3.3

ZB-CS#
SPI-MISO

MRF24J40MA

45

PIC24F16KA102

zB.co# R
TR
4

VCC-3.3

ZBRST# R4
TR

\ / \

Figure 13-3: ZigBee module and microcontroller connection schematic
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14.0. USB UART Module

The USB UART module is an interface between an external USB device and the serial USB module integrated in the microcontroller. In
order to establish connection between the microcontroller and USB UART module, it is necessary to set switches 5 (RB15) and 7 (RB14)
on the DIP switch SW2 to the ON position. In addition, switches 6 (RB1) and 8 (RB0) on the DIP switch SW2 may be optionally used.

When connecting a UART device and the microcontroller, it is necessary to cross connect data send and data receive lines. In other
words, the UART’s RX pin should be connected to the microcontroller’s TX pin, while the UART’s TX pin should be connected to the
microcontroller’'s RX pin. It is not possible to directly connect UART’s and microcontroller’s TX lines since the microcontroller wouldn’t
be able to receive nor send data.

USB connector of B type

I
|
| USB UART

CN13

Ol

UsBB

o
PO
o tm

5

Bottom view

8.9G¥v€C 1 H

R59
4K7
RESET#

PIC24F16KA102

1CBUS4 3V30UTI
1CBUS2 USBDMI
VCC-5V  VCC-5V  VCC-3.3

ca0 LE14 c41

100nF 10uF 100nF

FT232RL

Figure 14-2: USB UART module and microcontroller connection schematic
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15.0. Piezo Buzzer

Due to a built-in piezo buzzer, the development system is capable of emitting audio signals. For the piezo buzzer to operate normally
it is necessary to generate a voltage signal of specified frequency. The voltage signal is generated in the microcontroller by the
appropriate code written to its memory. Remember, when writing the voltage signal generation code, the piezo buzzer’s resonant
frequency is 3.8kHz. In addition, other frequencies in the range between 20Hz and 20kHz can be used, but the best performance is
provided by frequencies ranging between 2kHz and 4kHz. The voltage signal can be generated via the RB8 or RB9 microcontroller
pin. Jumper J16 is used to connect the piezo buzzer to the microcontroller pin used for voltage signal generation. In the example
shown in Figure 15-2, the voltage signal is generated through the RB8 pin.

Transistor Q12 is used
to amplify voltage
signal generated by the
microcontroller

Piezo buzzer’s resonant
frequency 3.8kHz

EETRE cHmmRRmEm =
Figure 15-1: Piezo buzzer

Piezo buzzer is connected to the microcontroller via the RB8 pin

PIC24F16KA102

Figure 15-2: Piezo buzzer and microcontroller connection schematic
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16.0. DS1820 Temperature Sensor

1-wire® serial communication enables data to be transferred over one single communication line while the process itself is under control
of the master device. The advantage of such communication is that only one microcontroller pin is used. All slave devices have by
default a unique ID code, which enables the master device to easily identify all devices sharing the same communication interface.

The DS1820 is a temperature sensor that communicates with the microcontroller via the 1-wire communication. It is capable of
measuring temperatures within the range of -55 to 125°C and provides +0.5°C accuracy for temperatures within the range of -10 to
85°C. A power supply voltage of 3.3V is required for its operation. It takes maximum 750ms for the DS1820 to calculate temperature
with a 9-bit resolution. The Easy24-33 v6 development system provides a separate socket for the DS1820. It may use either RB8
or RB9 pin for communication with the microcontroller. Pins to be used for 1-wire communication are selected by jumper J7. In the
example in Figure 16-4, the RB9 pin is used for 1-wire communication with the microcontroller.

NOTE:

Make sure that half-circle on the
board matches the round side of
the DS1820

Figure 16-1: DS1820 Figure 16-2: J7 in RB9 Figure 16-3: J7 in RB8

connector (DS1820 is position (DS1820 is position (DS1820 is

not placed) connected to the RB9 connected to the RB8
pin) pin)

Jumper J7 is placed in the RB9 position

DS1820
N
(e)
S
125°C >
L
<
(V]
O
o
/
-55°C VCC!MCU Dlo
| |
VCC-MCU GND

Figure 16-4: DS1820 temperature sensor and microcontroller connection schematic
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17.0. LEDs

LED (Light-Emitting Diode) is a highly efficient electronic light source. When connecting LEDs, it is necessary to use a current limiting
resistor. A common LED voltage is approximately 2.5V, while the current varies from 1 to 20mA depending on the type of LED. The
Easy24-33 v6 uses LEDs with current I=1mA.

There are 23 LEDs on the Easy24-33 v6 development system which visually indicate the state of each microcontroller 1/O pin. An
active LED indicates that a logic one (1) is present on the pin. In order to enable the pin state to be shown, it is necessary to select
appropriate port (PORTA or PORTB) using the DIP switch SW4.

E0u ARE ACTIVATED BY LOGIC ONg (+5v)

83353555 immanne
14

Notch indicating the SMD
LED cathode

= &
1 5 5 5 ) 5
RB13 RB12 RB11

RB: =

RBLO

Microcontroller

SMD resistor 'Iimiting current
flow through an LED

-

Figure 1-1 :LEDs

PORTB LEDs are turned on

8.96v€C)

(&)
(@)
S
©
=
e
=
N
S
o

\ ) )

Figure 17-2: Microcontroller’'s PORTB and LEDs connection schematic
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18.0. Push Buttons

The logic state of all microcontroller input pins may be changed by means of push buttons. Jumper J6 is used to determine the logic
state to be applied to the desired microcontroller pin by pressing the appropriate push button. The function of the protective resistor is to
limit the maximum current, thus preventing the development system and peripheral modules from being damaged in case a short circuit
occurs. If needed, advanced users may shorten such resistor using jumper J5. Right next to the push buttons, there is a RESET button
which is not directly connected to the MCLR microcontroller pin. The reset signal is generated by the programmer.

]
VCC-5V
R7
10K
RESET [
RSTbut 3
povn o | RESETbutton |
100nF
_——
Jumper J5 used to
shorten protective resistor N veea RB14 Rﬂla
Jumper J6 used for : :
selecting logic state to
Top view Inside view be app”ed to the pin by
'.’ " pressing push button
$
. — Push buttons used to
[ ] excite microcontroller
Bottom view Side view inputs

Figure 18-1: Push buttons

By pressing any push button when jumper J6 is in the VCC-3.3, a logic one (3.3V) will be applied to the appropriate microcontroller pin, as
shown in Figure 18-2.

By pressing a push button, the appropriate pin will be driven high (1)

[

vl—»
V\VCC-3.3
5
D J6
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO

Figure 18-2: Microcontroller’s PORTB and push buttons connection schematic
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19.0. Touch Sense Keypad

The Easy24-33 v6 development system is provided with a set of touch sensitive buttons making the navigation touch sense keypad.
The touch sense buttons are arrow-like oriented left, right, up and down. There are also two additional push buttons marked as E and
C that can be assigned ENTER and CANCEL functions, respectively. Touch sense buttons are connected to push buttons having
the same names that are also connected to the microcontroller’s port PORTB. Their function is determined by the programmer while
writing program for the microcontroller.

The operation of the touch sense buttons is based on the sensor capacitance change. A touch sense button consists of a small copper
surface connected to the microcontroller pin. Around this button, there is a copper surface connected to the ground. These two isolated
surfaces form a capacitor. A finger press causes the capacitor capacitance to be changed, which further causes the voltage present
on the microcontroller pin to be changed as well. Touch sense buttons are connected to the microcontroller via its pins connected to
the built-in A/D converter. Some microcontrollers feature a special CTMU module (Charge Time Measurement Unit) used to measure
changes in capacitance. This module can also be used to measure exact time, relative capacitance changes as well as to generate
pulses independently from the oscillator.

Copper surface is connected to
the RB12 microcontroller pin

- - — RB12 I — lc
Have in mind when writing - I
program for the microcontroller &

that touch sense keypad is
connected to port PORTB

It is surrounded by another
copper surface connected to the
ground

Figure 19-1: Touch sense keypad

The operation of the touch sense buttons is based on the capacitance change
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RB2
RB3
RB14
RBO
RB1
RB12

Figure 19-2: Touch sense keypad and microcontroller connection schematic

NOTE: Make sure that pull-up/pull-down resistors on pins RB0, RB1, RB2, RB3, RB12 and RB14 are disabled prior to using the
touch sense keypad.
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20.0. 2x16 LCD

The Easy24-33 v6 development system provides an on-board connector for the alphanumeric 2x16 LCD. This connector is linked to
the microcontroller via ports PORTA and PORTB. Potentiometer P4 is used to adjust display contrast. Switch LCD-BCK on the DIP
switch SW3 is used to turn the display backlight on/off.

Communication between the LCD and the microcontroller is performed in a 4-bit mode. Alphanumeric digits are displayed in two lines
each containing up to 16 characters of 7x5 pixels.

Contrast adjustment
potentiometer

Figure20-1. Connector for alphanumeric LCD

LCD display backlight is on

VCC-5V

8.9SveZ |l H

N
o
<
4
((e]
&
L
=
N
o
o

Figure 20-3: Alphanumeric 2x16 LCD and microcontroller connection schematic
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21.0. Input/Output Ports

Six 10-pin connectors linked to the microcontroller’s 1/O ports are provided on the development system. Pins RAO, RA1, RBO, RB1,
RB6 and RB7 are used for programming and therefore are not directly connected to the appropriate 10-pin connector, but via the
programmer’s multiplexer. In addition to these 10-pin connectors, the development system includes screw connectors and pads suitable
for placing additional components. Jumpers next to the PORTA and PORTB ports’ 10-pin connectors enable connection between pull-
up/pull-down resistors and the microcontroller pins.

Screw connectors

Additional board connected
to pads

On-board pads for placing
additional components
(proto board)

prec

PORTA 2x5 male
connector

Figure 21-2: Screw connectors are connected
to I/0 pins

Additional board connected
to port PORTB

Jumper for pull-up/pull-
down resistor selection

Figure 21-1: 1/O ports

Port PORTB pins are connected to
pull-down resistors

OVCC-3.3

PIC24F16KA102

RB4 RB5

T9 T10 T11 T12 T13 T14 T15

Figure 21-3: Port PORTB connection schematic
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Pull-up/pull-down resistors enable you to set the logic level on all microcontroller’s input pins when they are in idle state. Such level

depends on the position of the pull-up/pull-down jumper. The microcontroller’s RB8 pin with the relevant jumpers CN110 and RB8 push
button with jumper J6 are used here for the purpose of explaining the performance of pull-up/pull-down resistors. The principle of their

operation is the same as for all other microcontroller pins.

up (Gl
pull
down

20 “30 ~40 50 "6 "7
of1(2(3(4(5(6(7,

RN3 8x10K vCcc-3.3
ool o
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14
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Figure 20-4: Jumpers CN110 in pull-down position and jumper J6 in VCC-3.3 position

OVCC-3.3

PIC24F16KA102

Figure 20-5: Jumpers CN110 in pull-up and jumper J6 in GND position

A
VC-3.3 VC-3.3 savl—5 .
up
pull L CN110 J6
down ov >
[

Figure 20-7: Jumpers CN10 and J6 in the same positions

In order to enable the PORTB port pins to be
connected to pull-down resistors, it is necessary
to place jumpers CN110 in the Down position
first. This enables any PORTB port pin to be
supplied with a logic zero (0V) in idle state over
jumpers CN110 and 8x10k resistor network.

As a result, every time you press the RB8 push
button, a logic one (3.3V) will appear on the RB8
pin, provided that jumper J6 is placed in the
VCC-3.3 position.

In order to enable port PORTB pins to be
connected to pull-up resistors and the port input
pins to be supplied with a logic zero (0), it is
necessary to place jumpers CN110 in the Up
position and jumper J6 in the GND position. This
enables any port PORTB input pin, when it is in
idle state, to be driven high (3.3V) over the 10k
resistor. As a result, every time you press the
RB8 push button, a logic zero (0V) will appear
on the RB8 pin.

I3

o [T
il [T T ey

In case that jumpers CN110 and J6 have the
same logic state, press on any button will not
cause input pins to change their logic state.
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