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E-blocks™ Version 3 development board

Document code: HP488-30-3

1. About this document

This document concerns the E-blocks PICmicro Miordmller development board code HP488 version 3.

The order code for this product is HP488.

1. Trademarks and copyright

PIC and PICmicro are registered trademarks of Avazblicrochip Inc.
E-blocks is a trademark of Matrix Multimedia Lindte

2. Other sources of information
There are various other documents and sourcegdhanay find useful:

Getting started with E- -Blocks. pdf

This describes the E-blocks system and how it eanded to develop complete systems for learnirgreléics and
for PICmicro programming.

PPP Help file

This describes the PPP software and its functipn&@iPP software is used for transferring hex dodePICmicro
microcontroller.

C and assembly strategies
Not provided for this product.

3. Disclaimer

The information in this document is correct attinge of going to press. Matrix Multimedia resertes right to

change specifications from time to time. This preids for development purposes only and shouldoeatised for
any life-critical application.

4. Technical support

If you have any problems operating this produchtpkease refer to the troubleshooting section isfdbcument
first. You will find the latest software update#A®s and other information on our web site:
www.matrixmultimedia.com . If you still have problems please email us apport@matrixmultimedia.co.uk.
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2. General information

1. Descrjption

This flexible development board is an ideal platidor learning and project development.The boattiprbgram a
range of 8, 14, 18, 28 and 40 pin PICmicro® micrdgoaller devices from the 12, 16 and 18 series Rt@nrange.
The board is programmed using the USB port (frorcivit can also take power) and is supplied with a
comprehensive programming utility - PPP. The baaideal for using in conjunction with one of ouPBCmicro
CD ROM resources to help learn PICmicro programmuisigg flow charts, C or assembly code. The board ¢
program Low Voltage Programmable PICmicro MCUs daliver a limited amount of power using only theBJS
supply, but we recommend that an external poweplgyproduct code HPPSU2) is used to take maximum
advantage of the board's features. The board ipatinte with our range of E-blocks modules whiclmtzin
circuitry for a wide range of functions - from sifagwitches and LEDs, through to internet servams, Bluetooth
transceivers. The board is also compatible withrivibip's In Circuit Debugging 2 system.

2. Features

e Makes it easier to teach and learn PICmicro prograng

[0}
[0}
[0}

Designed for educational use
3 CD ROM based resources in assembly, C, and flow chart programming are available
Free download software, PPP, provides seamless send and verify functions

e Makes it easier to develop PICmicro projects

0 Supports low cost Flash-programmable PICmicro devices
o Fully featured displays - 16 individual LEDs, quad 7-segment display and LCD display
o USB programmer
0 Supports PICmicro microcontrollers with A/D converters
0 On-board sensors
o0 A comprehensive range of external analogue and digital sensors are available for project
work
o Fully protected expansion bus for project work
o Allinputs and outputs available on screw terminal connectors for easy connection
o E-Blocks compatible with 2 E-Blocks connectors fitted to ports C and D
Low cost

Used as a programmer and as a development board
Programs a wide range of PICmicro MCU devices
Full suite of programming software available

RC or Xtal operation

In-Circuit Debugging via MPLAB® ICD2

3. New features for Version 3
The following are the improvements made on verSion

Improved power circuit for either polarity powempgly

Compatible with a wider range of devices in Low tdge Program mode
Greater options for LCD connection to port B fomL¥oltage Programming
Support for a wider range of PICmicro devices

Fast programming — 8k in under 10 seconds
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4. Block schematic
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5. Supported devices
Currently PPP and the HP488 support the followiegicks:

PIC12F629, PIC12F675, PIC12F635, PIC12F683

PIC16F627A, PIC16F627, PIC16F628A, PIC16F628, PIC16F630, PIC16F648A, PIC16F676, PIC16F684, PIC16F688, PIC16F636,
PIC16F716, PIC16F72, PIC16F737, PIC16F73, PIC16F747, PIC16F74, PIC16F767, PIC16F76, PIC16F777, PIC16F77,
PIC16F818, PIC16F819, PIC16F83, PIC16F84A, PIC16F84, PIC16F870, PIC16F871, PIC16F872, PIC16F873A, PIC16F873,
PIC16F874A, PIC16F874, PIC16F876A, PIC16F876, PIC16F877A, PIC16F877, PIC16F87, PIC16F88

PIC18F242, PIC18F248, PIC18F252, PIC18F258, PIC18F442, PIC18F448, PIC18F452, PIC18F458, PIC18F1220, PIC18F1320,
PIC18F2220, PIC18F2320, PIC18F2331, PIC18F2410, PIC18F2420, PIC18F2431, PIC18F2439, PIC18F2455, PIC18F2510,
PIC18F2515, PIC18F2520, PIC18F2525, PIC18F2539, PIC18F2550, PIC18F2585, PIC18F2586, PIC18F2610, PIC18F2620,
PIC18F2680, PIC18F2681, PIC18F4220, PIC18F4320, PIC18F4331, PIC18F4410, PIC18F4420, PIC18F4431, PIC18F4439,
PIC18F4455, PIC18F4510, PIC18F4515, PIC18F4520, PIC18F4525, PIC18F4539, PIC18F4550, PIC18F4585, PIC18F4586,
PIC18F4610, PIC18F4620, PIC18F4680, PIC18F4681
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3. Board layout
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1. Power supply connector
2. 5V outputs for E-blocks connection 29. Digital sensor selector
3. USB connector 30. LCD display LVP mode selector
4. Single bit audio output 31. 7-segment display enable
5.  E-blocks connectors for ports C and D 32. Expansion bus
6. Reset switch 33. LCD enable
7.  Power selector link block—USB or Power
connector
8. USB interface chip
9. 2line 16 character alphanumeric display

10. Screw terminal connectors for port B

11. In Circuit Debug socket

12. ICD/USB programming selection

13. Screw terminal connectors for port A

14. RC speed potentiometer

15. Oscillator mode selection switches

16. Removable crystal

17. Sockets for programming 8, 14, 18, 28 and 40 pin
PICmicro devices

18. On-board light sensor

19. Quad 7-segment displays

20. Analogue input potentiometer

21. External analogue sensor input

22. External digital sensor input

23. Port A switches and LEDs

24. Port B switches and LEDs

25. Power indicator

26. Programming indicator

27. LVP pin selector

28. Port A analogue/ digital selector
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4, Testing this product

The following program will test the circuit. Thest file can be downloaded fromww.matrixmultimedia.com

1. instaling PPP

To install run PPPv3.exe, which is located at <BP®v3\PPPv3.exe and follow the instructions pralideD>
refers to your CD drive.,

By default PPPv3 is installed into:

C:\Program Files\Matrix Multimedia\Common\PPPv3\

There are four 'Features' that can be installed.
e PPP v3 core files - this is PPP v3 itself, and &hbe installed.

e Update ASM4PICs - This feature allows you to upde&&14PICs to use PPP v3.
e Update C4PICs - This feature allows you to up@xtPICs to use PPP v3.
e Update Flowcode - This feature allows you to upddowcode to use PPP v3.

The three updates will be automatically install&klect the X' ‘Do not install option' if you dotrio update a
feature.
If you need to update a product at a later datecgmure-run the install and update that feature.

There is more help and information available onGeprovided at <D>:\PPPv3\readme.txt
<D> refers to your CD drive.

When you connect the Multiprogrammer to your corapwiia the USB cable, the first time there will be
installation routine for this ‘new hardware’. THigg most users will be a ‘plug and play’ routin@eve your
computer will automatically recognize the hardware.

Running on Windows 2000 / ME / XP

These programs allow ‘plug and play’ for your neavdware. Therefore when you first connect the
Multiprogrammer to your computer you will receiv@ap-up screen that indicates that there is nedwene
connected to the computer. The program itself agthl with any installation of any drivers thatatjuires
internally. Therefore you can use your Multipragraer immediately.

Running on Windows 98 (you will need the Windows 98 CD at hand)

When you connect the Multiprogrammer to the compyoeir Windows 98 program will run a ‘New Hardware
Wizard’. This procedure is straightforward andyet@msunderstand. Follow the on-screen instructio@sce this
has been completed the Mulitprogrammer will be yetaduse.

There is more detailed information and help onGBeprovided at <D>:\eblocks\Installation Guide.doc

2. System Setup — testing with an extemal power supply

Set up development board with:

HP488 Options Setting

Power supply External, 14V
PICmicro device 16F88

S4 (Fast/Slow) Don't care
S2 (RC/Xtal) Xtal

Xtal frequency 19.6608MHz
Port C

Port D

Test program f test 1.hex

Copyright © Matrix Multimedia Limited 2005 page 7
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3. Testing the board — with an external power supply

1)

2)
3)
4
5)

Ensure power is supplied to the board
1. USB cable required
2. PSU cable required
Set Jumper J29 to ‘PSU
Ensure Jumper J20 set to USB
Send the test program to the board using PPP
Check the illumination of all Port A and B LEDs

4. Testing the board — with a USB power supply

The following instructions explain the steps td tsd use your board in low voltage programming enod
Microchip® have enabled this feature is some devitavever it has some adverse effects on the fumofi the

PIC chips.

Follow these instructions to program the boardamwlVoltage Programming (LVP) mode.

Hardware Set-up

Set up development board with:

HP488 Options Setting

Power supply External, 14V
PICmicro device 16F88
S4 (Fast/Slow) Fast
S2 (RC/Xtal) RC
Xtal frequency Don't care
Port C
Port D
Test program f test 2.hex
1) Ensure power is supplied to the board
1. USB cable required
2) Set Jumper J29 to ‘USB’
3) Ensure Jumper J20 set to USB
4) Send the test program to the board using PPP
5) Check the illumination of all Port A and B LEDs

Note

If the chip has been set to high voltage programrtiien the board will require a high voltage tenable the LVP.
This must be done before attempting to programMR & however when shipped the chip is already gonéd in

LVP.

5. Important information regarding LVP

When using LVP, bit 3 of Port B on the PIC16F88a$ functional as an I/O line as it is part of théP
programming architecture set by Microchip®.

6. Trouble shooting for Low Voltage Programming

Due to the internal architecture of the MicrochiPEmicros a high voltage is needed to re-enable Voliage
Programming (LVP) mode. The following instructidndicate how to tell if the chip is not in LVP n@@nd how
to re-enable this feature.
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Indicating if the PICmicro /s in LVP mode or not
If LVP is disabled the programming software PPR mgkt be able to ID the on board PICmicro. A sanipop-up
screen will appear: -

Matrix PICmicro Program il

Could not ID the onboard chip - assuming
it is the one specified in the configurakion
screen, i.e, PIC16FEY7a

Then the PPP will indicate that the chip has netnberased. There is no point in continue to tyrtmram the
PICmicro.

Re-Enabling the LVP function

This requires the use of an +13.5V external powppky (see Section 6 for details).

In order to re-enable the PICmicro must be eraJéds erase function returns the PICmicro to thediy settings
and thus LVP is enabled.

To Erase the PICmicro to enable LVP mode followtimgse instructions: -
1) Remove all power supplies to the board
2) Remove USB cable from socket
3) Remove external power supply from socket
4) Place jumper J29 to ‘PSU’ (left-hand side)
5) Insert USB cable into socket (J1)
6) Insert +13.5V power supply via socket
7) In PPP click File -> Erase PICmicro
8) Note this cannot be done directly from Flowcode

The PICmicro will now be enabled for LVP.
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5. Circuit description

The PICmicro development board is designed foniegrhow to program PICmicro applications in edigral and
industrial context. It also allows a wide rangd”é€micro microcontrollers to be programmed and'skamless’
nature of the programming software supplied withphoduct (‘PPP’) makes it suitable for the deveiept of a
range of PICmicro projects.

The board is optimised for use with a PIC16F88 fAaizona Microchip, which has a number of features:
e Crystal or RC operation
e 2 ports: Port A - 5 pins and Port B - 8 pins il&:programmable pins that can all be used as ignds
outputs.
e Flash programmable - up to 1,000,000 programmirmgesy
e On-board A/D, internal clock, internal USART antfi@st of other functions and features

The PIC16F88 has analogue capability and is a fugrgtional PICmicro. It has been selected forwih this
development board for a number of reasons:

e ltis alow cost device - suitable for project wamkschools

e ltis electrically re-programmable

e Features are up-ward compatible with larger chipach as the PIC16F877A

A full list of other PICmicros that the board campport is listed below.

The board has been designed to allow those will tit no experience of embedded microcontrollegpamming
to be able to produce highly functional designasrshort a time as possible. With this in mind waeehincluded
switches on port A and B input/output pins, a qédssegment display, a 2 line 16 character alphanigrdesplay, a
choice of crystal or RC oscillator, simple on-boardilogue sensor (light) and sensor simulator (piatmeter) and
the ability to interface the board to a host okemal sensors including motion, temperature, phhidity etc. Ports
A and B are also connected to screw terminals ersidhes of the board via 1500hm resistors whickeptdhe
device on the board itself.

The board can be used with ZIF sockets if requipdease bear in mind that you may need to insextosrmore
turned pin DIL sockets to raise the height of safifesockets to clear surrounding components.

Full tutorials in programming the PICmicro in Asdggncode, C, and flowcharts are available. These of
tutorials are available on CD ROM and require rieeosoftware - all compilers and development emwitents are
included on the CDs themselves.

1. Schematic description - - please refer to block schematic

The board is based on a flexible topology thatvedlthe inputs and outputs to be used in a numbenyg$é
depending on switch settings on the board. ThigHility means that students will, as they useitimlthl features,
need to be aware of how a single input-output (g@)can be used for a number of functions dictatethe
circuitry attached to it. This is explained in WB&cuits section of this document.

The architecture of the board is split into two mhuses - the port A bus and the port B bus. Eaetoln each bus
can be used as either an input or as an outpug.cdhnectors and displays on the board are albvifr@arallel on

the PIC pins for convenience but clearly connectiragge than one device to one pin will result infion students
will need to be made aware of this.

2. PortA bus

Under normal operation all of the jumper links e t114 link block are in the Digital position. $imheans that the
Port A I/O pins are routed to the push switcheslaBbs. The actual circuit is described in the Gitg section.
Note that operating the push switches whilst aagmdtis connected to port A via the external sceeminals is not
advisable, as it will result in unpredictable résulPort A screw terminal connectors are fed éopims on the
PICmicro via 150 ohm resistors which provide stinduit protection.
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With J14 links in the Digital position port A isuted to its push switches (SAO to SA7), LEDs, digiternier
sensor 1/0, and the quad 7-segment display. BM3,IRA1, RA2 and RAS3 are used for the common anades
each of the four 7-segment displays. RAO is usedioine generation via the jack plug, and bit Ré&Rsed for the
digital Vernier sensor input.

With J14 links in the Analogue position port A igiched to the analogue sensor section of the hoahis means
that RAO is connected to the on-board light serRéy] is connected to the potentiometer resistdotm an
adjustable voltage divider for sensor simulatiorg hit RA3 is connected to the external analoguei¢e sensor
connector.

With J14 links in the Analogue position you shob&laware that on-board switches and LEDs RAO-3nwill
operate.

If you want to use the external port A screw temhitonnectors for analogue inputs you should rentio@dinks off
J14 altogether. Note that links can be set indifiguso that RAO could be used in analogue modetlamdest in
digital mode.

3. Port B Bus

Port B I/O pins are routed to its push switchesQ&BSB7), the LEDs (LBO to LB7), the quad 7-segtuésplays,
the LCD display and the screw terminal connectdiste that the screw terminal connectors are fatiégins on
the PICmicro via 1500hm resistors, which providershircuit protection. However operating the pgslitches
whilst a voltage is connected to Port B is not adble as it will result in unpredictable results.

Port B is also used for programming the PICmicithe-PPP software used for programming the PICmidlto
automatically take over pins required for programgniverifying and resetting the PICmicro on therdoa

If you are using the board in LVP mode then B3Rdror B5 for some chips) may not be used as atin

4. Port C & D E-Block Bus Connection

Ports C and D of the PICmicro MCU are fed out dhtway D-type connectors at the back of the boah&s& can
be used to add one of a wide range of E-blocksdsa@arthe development board. E-blocks vary frompsenb.ED
and switch boards through to more complex subadgesriike Bluetooth boards, CAN bus, internet b@aiddDA
transceivers etc.

The addition of E-blocks boards allows you to cdasably expand the functionality of your systendéwelop a

very wide range of electronic systems.

5. Port E Bus Connection

Port E is available on larger PICmicro MCU devicais is not a full port (only three bits) and ttf®re most
users will not need to use this port. This pogniailable on the IDC header pins (J5 and J24¢ détails of the
actual pins on this header can be found in the ¢Bmparison chart” section of this document.

6. Clock circultry

During early stages of learning PICmicro prograngrstudents often want each clock cycle to be lgtgeecond)
so that they can see code executing very slowdglifhg LEDs don't simply become ’less bright' LEDS)he
PIC16F88 supports this feature by having an RC nobageration.

Use of RC mode also reduces component count andorasnall projects.

S2 selects between RC mode and Crystal mode.

S4 selects fast or slow operation when RC modeléxted.

RV1 adjusts the speed of the clock within a rangtated by S4.
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However more advanced students require a fastek sjpeed, for setting up parameter such as the inG&ule.
Therefore the board is supplied with a 19.6608MHatal. The crystal is supplied mounted in ultra forofile
sockets — allowing the crystal to be changed.

7. Power supply circuit

The board is normally operated from a regulatedsb@ply of 13.5V. This allows full operation inciad
programming.

The board can be operated in Low-voltage modeolilysthe USB cable provided. However care mustlien,
as there is only limited power that can be takemfla computers USB port. Also only certain chias be
reprogrammed in this Low-voltage mode, refer togpecific chip datasheet to determine if it has LWiRction.
The PIC16F88 provided with this board has beemupdt accept low-voltage programming (LVP), but som
features are not available in this mode, such & UBthis mode is disabled then the 13.5V regdddC power
supply must be used, and only using this high-galtarogramming can the low-voltage programming nizelee-
enabled. Please refer to the specific PIC datasbgarding LVP function.

Please note that not all chips have the Low-Volagegramming function and therefore these chips imeis
programmed using an external power supply as stdtede.

The jumper link system, J29, allows the user taddeon the source of the power supply. If usimggulated 13.5V
power supply the jumper should be positioned tdeftehand side of the jumper system labelled ‘PSlfusing
USB power place the jumper on the right hand sfdbé@jumper system. The jumper should alwaysriEntated
so that the 3 links in the jumper block are alwpgsition horizontally — thus connecting the cepires to either the
left hand or right hand pins. LED2 indicates thaiver is supplied to the board from either the mekpower
supply or the USB cable.

Please note that both USB and the PSU cables sheuleimoved for the Multiprogammer board BEFORE
changing the position of this jumper.

When using the 13.5V regulated power supply thedadl only supply up to 250mA. This is due tetthermal
dynamics of the on board regulator. Thereforeaferurrent is required the DC supply voltage naesteduced to
8 — 9V and LVP mode must be used.

Remember that other E-blocks will have to receiVeby placing a connecting wire from the “+V Outrew
terminal of the Multiprogrammer to the “+V” screeriinal of each E-Block that requires a voltage.

8. Displays
The LCD display is connected to Port B I/0. Thel @isplay is turned on by switch S5.

The quad 7-segment display is connected to bothA?and Port B. Port B is used to control eachhef® segments
(7 for the main character and 1 for the full stopPprt A bits 0 to 3 are used to select each ofithkaracters. The
quad 7-segment display is turned on by switch S3.

Note that turning on the display will affect theepation of Port B 1/0 and when using the quad 7#vsag displays
it is recommended that you do not use Port B fgraher purposes. Under certain circumstances yithmeotice
that segments of the quad 7-segment display méiy lge very dimly by Port A/B operation even whe8 S in the
off position. This is a feature of the low cosiver circuitry and is unavoidable.

The jumpers J19 and 20 can be used to selectatitezrpins for the LCD where Low Voltage Programgis
required. J19 selects D7 for the LCD from RB3 (d#jaor RB6. J20 selects the RS pin for the LCDnirBB5
(default) or RB7. Due to space constraints the ldXplay can not be used with devices that requBé ® be used
as the LVP pin.
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9. Microchip ® In--Circuit Debugger (ICD2)

The board is compatible with the Microchip® ICD2dincuit debugging tool. This allows the debuggafghe
actual hardware and the software program thatdagrammed onto the chip. The ICD2 allows the usestép
through the program whilst it is actually progranthos the chip — therefore allowing the hardwarbddested with
the software. The ICD2 can also program the tayehip as well. For more information regarding kD2
please visit the Microchip websiteww.microchip.com

The ICD2 for Microchip® plugs directly into the IC&bcket (J22) on the Development board. Jumpemid be
moved to the left hand side of the pins, into fllBC2’ position. This means that the ICD2 can namtcol the

programming and the in-circuit debugging of thedwaare. Note that the ICD2 has speed limitationsifuging an
ICD2 you should use a crystal of less than 5MHz.

If using an ICD2 then the power must be applietheolCD2 before power is applied to the developnixeatrd.

10.J18 Low Voltage programming pin selector — — Caution
J15, 16, 18 are to the left hand side of the LCEpldiy with the legends hidden by the LCD displagrio

A large number of PICmicro devices reserve pin RB3he Low Voltage Progamming selection pin. Sosgepins
RB4 or RB5. J15, 16, 18 enables you to select Yoltage Programming and make a choice of whetharwant
the associated pin to be an I/O line or the LVP pin

Note that only one of the three pins RB3 to 5 nlngsselected as the LVP pin — the left hand posifigou place
more than one link on the left hand pins then ydudamage the target device.

If you wish to disable these links to prevent aeaits then solder a wire across the appropriatesktéction pins.

Copyright © Matrix Multimedia Limited 2005 page 13



E-blocks™ Version 3 development board

Document code: HP488-30-3

6. PICmicro microcontroller pin out details

Broadly speaking the ranges of PICmicro deviceslasigned to be upwards compatible: the pin funstimn an
18-pin device are available on a 28-pin device@A@-pin device. This can be seen from the folhgpnéxcerpt
from the Microchip product selector card. Theduling diagram shows the pin out of the various PiEZmn

devices:
. Note that GPO maps to RB7
8-pin GP1 maps to RB6
PICmicro  GP2/AN2 maps to RAO/ANO
1o N
vdd || 1 8| | vss
GP5/OSCL/CLKIN | | 2 7| GPo/aNo 14-pin
GP4/0SC2/AN3/CLKOUT | | 3 6| | GPUAN1/Vref PIC@EHO
O
Vpp/GPI/NCIR || 4 5| | GP2/TOCKI/AN2/INT vad [ 1 14/ ] vss
_ RAS/T1CKI/OSCL/CLKIN| | 2 13| | RAO/CIN+/ICSPDAT
Pllgr_npilcnr o RA4/T1G/OSC2/CKLOUT | | 3 12| | RAL/CIN-ICSPCLK
[Q N, - RASMCLRNVpp | | 4 11| | RA2/COUT/TOCK/NT
RA2/AN2Nrefout | | 1 18| | RAL/ANL
Re5 [ |5 10/ | Reo
RA3/AN3/CMP1Nrefin | | 2 17! | RAO/ANO rea [16 9] Rt
RA4/TOCKI/CMP2 | | 3 16| | 0SC1/CLKIN/RAT rea [17 8 ] re2
Vpp/RAS/THV/MCLR[ 4 15] OSC2/CLKOUT/RAG
vss || 5 14/ ] vdd -
-pin
RBO/INT || 6 13| | re7/T10SI P|Cmpicro
RBL/RX/DT || 7 12| | re6/T10SO/TICKI o
re2rmxick [ 8 11[] res Ve | | 1 40| | RB7/IPGOIKB13
RB3/CCP1 | | 9 10/ | RB4/PGM RAO/ANO [ | 2 39| |Res/PGC/KBI2
RAL/AN1| | 3 38| | RBS/KBIL
RA2/AN2IVHIVret- | | 4 37| | RB4/KBIO
28-pin
PICmicro RA3/AN3NhVref+ | | 5 36| | RB3/PGM/CCP2/CANRX
Vpp/MCLR | | i 28| |RB7/PGO RagrTocK L] 6 35 | Re2NTZICANTX
pp
RAO/AND [ ) o7 ] RBE/PGC RAS5/AN4/SS/Lvdin [ 7 34 ] RB1/INT1
RAL/ANL [ 3 26 ] RBS REO/AN5/RD [ 8 33 ] RBO/INTO
RE1/ANG/WR vdd
RA2/AN2/VINVref- [ | 4 25| |RB4 % o 32 %
RE3/AN7/CS Vss
RA3/AN3Nrh/Vref+ | | 5 24| | RB3/PGMICCP2 wvdd[ ii z; 7
\"/
RA4/TOCKI [ 6 23 ] RB2/INT2 . [ & o ] RD7/PSP7/PD
vss RD6/PSP6/PC
RAS/AN4/SS/Avdd/Lvdin || 7 22| | RBUINTL
ves g 2111 reomT oscu/cLki| |13 28| | RD5/PSP5/PB
SS
OSCLCLKI [ 9 20 ] vdd OSC2/CLKO/RA6 [ 14 27 ] RD4/PSP4/ECCIPA
[ 10 19 ] Vs RCO/T10SO/T1CKI [ 15 26 ] RC7/RX/DT
OSC2/CLKO/RAG
25 | RCemXICK
RCOT10SO/TICKI | |11 18| | RCT/RX/DT RClm‘;)i//((::zzzl% 167; 5 4% RC5/SKO/Ds
RC1/T10S/CCP2I | |12 17| | RC6/TX/CK
rcarccer [113 16| RSISDOID+ RC3/SCK/SCL | | 18 23| | Rca/sDI/SDA/D-
reuskerscL. [114 15 ] RossKisDAD: RDO/PSPO/CLIN+ || 19 22| ] RD3/PSP3/C2IN-
RD1/PSPL/CLIN-| | 20 21| | RD2/PSP2/C2IN+
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7. Bus connections and jumpers

1. Expansion bus
The pin connections on the expansion bus exactigonthe pin numbering on the 40-pin DIL socketot®that the

pin numbering on the IDC socket is slightly diffetéo that on a DIL socket which results in thersimgly odd
arrangement of pins on the IDC pin chart.

Pin Comparison Chart
Bus Name 18 Pin 8 Pin 14 Pin 28 Pin 40 Pin
Vpp/MCLR 4 4 4 1 1
Vdd 14 1 1 20 11 & 32
Vss 5 8 11 8& 19 12 & 31
0OCSs1 16 2 2 9 13
0OCS2 15 3 3 10 14
RAO/ANO 17 2 2
RA1/AN1 18 3 3
RA2 1 4 4
RA3/AN3 2 5 5
3 6 6
RA5/AN4 4 7 7
RBO 6 21 33
RB1 7 22 34
RB2 8 5* 11* 23 35
RB3 9 24 36
RB4 10 25 37
RB5 11 26 38
RB6 12 6* 12* 27 39
RB7 13 * 13* 28 40
RCO 10 11 15
RC1 9 12 16
RC2 8 13 17
RC3 7 14 18
RC4 6 15 23
RC5 5 16 24
RC6 17 25
RC7 18 26
RDO 19
RD1 20
RD2 21
RD3 22
RD4 27
RD5 28
RD6 29
RD7 30
REO/AN5 8
RE1/ANG6 9
RE2/AN7 10

For the 18, 28, and 40 pin devices the buses oiceleare largely upwards compatible — pin connastin an 18-
pin device appear on a 28-pin device and a 40-@¥icd, and pins on a 28-pin device appear on arddgvice.
This allows the 18, 28, and 40 pin DIL socketséocbnnected in parallel with the PICmicro bus dtiecintact.

* This parallel connection is not possible withr@lal4 pin devices due to programming requiremeiisiw
means that there are anomalies with the pin coiumecfor the 8 and 14 pin devices as follows:
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Multiprogrammer

Connection  pin

14 pin port line

port line on 14 pin device

RB2 5 RA2
RB6 6 RA1
RB7 7 RAO

Multiprogrammer Connection pin on 8 pin port line

port line 8 pin device

RB2 1 GP2

RB6 12 GP1

RB7 13 GPO
2. Connections on J5

Bus Name 40 Pin IDC

connector

Vpp/MCLR 1 1

VCCchip 11 & 32 18 & 21

GND 12 & 31 20 & 23

0OCs1 13 25

0OCS2 14 27

RAO/ANO 2 3

RA1/AN1 3 5

RA2 4 7

RA3/AN3 5 9

RA4/AN4 6 11

RA5 7 13

RBO 33 16

RB1 34 14

RB2 35 12

RB3 36 10

RB4 37 8

RB5 38 6

RB6 39 4

RB7 40 2

RCO 15 29

RC1 16 31

RC2 17 33

RC3 18 35

RC4 23 36

RC5 24 34

RC6 25 32

RC7 26 30

RDO 19 37

RD1 20 39

RD2 21 40

RD3 22 38

RD4 27 28

RD5 28 26

RD6 29 24

RD7 30 22

REO/AN5S 8 15

RE1/AN6 9 17

RE2/AN7 10 19

Note J5 is a set to copy the 40-way DIL socket

3. Connections on J24

Bus Name IDC

connector
Vpp/MCLR 1
VCCchip 21 & 22
VCC 29

Document code: HP488-30-3
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VPPmain 19
VBUS 17
GND 23 & 24
0OCS1 26
0OCS2 28
RAO/ANO 4
RA1/AN1 6
RA2 8
RA3/AN3 10
RA4/AN4 12
RA5 14
RAG6 25
RA7 27
RCO 30
RC1 32
RC2 34
RC3 36
RDO 38
RD1 40
REO 16
RE1 18
RE2 20
PRBO 15
PRB1 13
PRB2 11
PRB3 9
PRB4 7
PRB5 5
PRB6 3
PRB7 1
PRAO 31
PRA1 33
BRB3 35
BRB6 37
BRB7 39

Document code: HP488-30-3
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8. Liquid Crystal Display

The LCD is a 16 character x 2 lines module. Int#yriais 40 characters x 2 lines. Line 1 ranges H'00’ to
H'27’ and Line 2 ranges from H'40’ to H'67'.

2|3|4|5/6|7|8|9|A|B|C|D|E|F|10(11|12|13|14|15]16/17 18|19|1A|1B|1C|1D|1E|1F|20|21|22|23|24|25|26|27

42|43|44|45|46|47|48 |49|4A 4B|AC|4D|4E|4F|50|51|52|53|54 55|56 |57 |58| 59|5A|5B|5C|5D|5E|5F 60| 61| 62| 63| 64|65 66| 67

Internal [40x2]

Display Window [16x2]

The LCD Module uses a Samsung KS0066U controllai¢chvis similar to the Hitachi HD44780 controller.

The PICmicro board uses port B [BO to B5] to progthe LCD, as shown in the circuit diagram beldiwhen the
PICmicro board is turned on, data can only be &eittafter 30ms, this is the time taken for theD @ initialize [as
it clears all the RAM and sets up the Entry Modifault connections are:

Port B
B5 BO B1 B2 B3 B4

LCD
Databus

D4 D5 D6 D7 RS
Enable

LCD Module

Note that you can use J19 and J21 to alter RS aadl& respectively.

To send a command to the LCD, data must be séwntirsteps, the MSB followed by the LSB [byte isadah BO
to B3]. As each byte is sent to the LCD, B5 musgbéigh then low, for the LCD to acknowledge tlyteb After
the second byte has been acknowledged the LCD tesethe command. The PICmicro board must waiafdeast
the length of the execution time for that commarefore the next command can be sent. A timing diagof this
process is shown below.

LCD Busy

Timing

Diagram B5 ] ] ] ]
BO-B3 |MSB| |LSB MSB| |LSB

The first command to be sent to the LCD must bexfion Set’ [to setup the LCD], this is usuallylfated by
‘Display Control’ and then ‘Clear Display’. Accdrd to ‘Entry Mode Set’ after each character istderthe LCD,
the position of the cursor changes [by defauli incremented].
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Instruction Code 5 E i
ipti xecution
VSE B4 B3|B2|B1/BO escription Time
Clear 0|0 0] 0|Clear all display data. Set DDRAM address to 0. Move cursor to
; 0 o : 1.53 ms
Display 0/ 0| 0| 1 |home position. Entry mode set to increment.
Return 0lol| ol o|Set DDRAM address to 0. Move cursor to home position.
0 1.53 ms
Home 0/0/1|X
Entry Mode 0] 0| 0| 0 Sets cursor move direction (I/D), specifies to shift the display (S). 39 us
Set 0 0 | 1 |/D|SH| These operations are performed during data read/write.
Display 0]/ 00| 0] DisDisplay ON/OFF bit. C is Cursor ON/OFF bit. 39 us
Control 0 1|/ p| c| B/ BisBlink Cursor ON/OFF bit.
Cursor/Display 0l0]| 0|1/ Setscursor-move or display-shift (S/C), shift direction (R/L).
Shift 0 S/CRIL| X | x| DDRAM contents remains unchanged. 39us
Function 0|0 1] 0| Configuration data for setting up LCD. [Send First]
Set 0 1101 x| x 39 us
Set CGRAM 0 | 1 |AS|A4 Sets the CGRAM address. CGRAM data is sent and received
Address 0 A3|A2| A1| A0| after this setting. 39 us
Set DDRAM 1 |AB|AS Ad4| Sets the DDRAM address. DDRAM data is sent and received
Address 0 "3/ A2 A1/ A0| after this setting. 39 us
Write Data | ,  27|P%PP% wites data to CGRAM or DDRAM. 43 us
to RAM D3|D2 D1/ DO
DDRAM is Display Data RAM Bit Name 0 1
DDRAM address is location of cursor I/ID | Decrement cursor position |Increment cursor position
CGRAM is Character Generator RAM SH |No display shift Display shift
Xis Dont Care D Display off Display on
C Cursor off Cursor on
B Cursor blink off Cursor blink on
S/C | Move cursor Shift display
R/L | Shift left Shift right
LCD Character Set
L v ig';%[“ 0000 | 0010 0011 | OW00| 0101 (0910 0191 [ 1010 1019 1100} 1101 1110
0000 IW‘ B ;ﬂ 1 P - F - '_'; E I'-‘I LI
000010 '3'|r_.EE: _.E:_... b r-. r I '1.. | I!'! ! ':':! < E E'
Hint 0000011 ':‘:';#_3_1::_5_13 EJr‘}-‘FE"EW
please look at our web ool @ E G DT A T E '1—:’;__5'5;.
site for examples of code i Y i &
that ShOWS hOW to 000101 |0 | 1'Il__:_ 5 E | IJ | = = '..:r '-J- j‘ 1 ‘E 1 E'-I
program the 7-segment e = - e
display. (TEST40.ASM o001 10| | hF__U__t'--’ :-':n—-a I:E: £
factory testroutne) |, Lo [* [F1E W 9w = ¥7 5 q/n
ol 0| CTETH R hse o 9% U r %
w1001 |:||::II"_-:;III-I-!i|dr-t!JI_‘I -
oo 1010 I:S:I | :+: l_:__ -:.-?-““2-":;1‘_.“.1 - x --j . ll.! .
oo 1011 '"':'_'___"T.E_ H }:ﬂ- L i"\- I d i ) TE
ool ® 12 (4 [LIF LI =202
wotior | @ == MM x A F L
ax1110 " | -] :} | I."l | - i'"l '-3' 5 t
s 111 'E_' | .? I [:i | |00 g
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9. Sensors

To use an analogue sensor, the Development bosstimanually be set to analogue mode and an analapable
PIC must be used. Whilst in analogue mode cepaihA pins [AO/RAO,A1l/RAL etc] are able to convan
analogue signal to an 8 or 10 bit digital signaing the on-board A to D converter inside the Pi€mdevice.
Please refer to Microchip data sheets for moreildeta

The analogue sensors are not normally connectiétBICmicro pins but are switched to them underctimtrol of
the jumpers on J14.

To use the external digital sensor please remawéirth J1.

A full list of the 40 sensors compatible with thisard can be found at www.matrixmultimedia.com.

1. LDR

A compact cadmium sulphide light dependent resisteoldered onto the development board. WheridkR&RAO
is in the ‘analogue’ position it is connected to &®the PICmicro microcontroller. The resistantéh device
reduces as light falling on to it increases.

Technical specification

Dark resistance 1M Ohm
Resistance @ 10 Lux 10-20k Ohm
100 Lux -4R Ohm
Peak spectral response 540 nm
5V
15k
A0

2. Potentiometer

Most passive sensors are based on a simple pét@ini@er circuit. In order to get your code updaminning as
simply as possible it is therefore useful to hawinaulation of the full operation range (0V to 5t¥at a sensor
might provide. This function is simulated by a plen4k7 preset potentiometer (RV3) with a serids rE8istor,
which produces a voltage in the range of OV to 5MRAL. Note that J14 / 1 will need to be in thalague
position to use this circuit.

5V

Al o— 5k
10k
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3. Core sensors

We recommend that customers who want to introduei students to sensors purchase a core setithat w
introduce students to different techniques andegias of gathering real world data in both anaéognd digital
form. In brief these are:

Sensor Output/action Coding strategy
Temperature probe Simple potential divider A/D conversion, calibration, value look up, display
Motion detector Gives out a digital pulse correlating to Active sensor, pulse time measurement, conversion
distance and display
Heart rate monitor Gives out an analogue voltage pulse Data slicing, and timing
Photogate and pulley wheel When IR light path is interrupted, digital Various
output changes
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