Demo 8 - Programmable Timer
|

Introduction:

This demo describes a complete project meant for industrial timing applications. This is a com-
plete one with all the required features to manage various time-based operations in the industrial
environments. This module is the Programmable Timer with the facility to activate its output
based on the Real Time Clock. The timer has the facility to activate its output for eight different

timings.

To implement this project, a LCD module of 2 line x 16 characters, or key matrix of 16 keys are
used for the user interaction. Areal time clock is also included to get timing information for the
project . A buzzer is connected with the micon to indicate the output condition. In real, this
buzzer can be replaced by a relay or any other suitable output element.

Hardware:
This project, Programmable Timer, is based on the Real Time Clock device, PCF8583 along with
user interaction elements; 2 line x 16 character LCD module, a keypad with 16 keys. A buzzer is

also included to indicate the output status.

The LCD module is interfaced with the micon using 4 bit data bus to save the port lines. Micon’s
port lines are simulated for the 1IC bus to interface the IIC bus based real time clock.

During the operation, the micon keeps comparing the current time with the set time. When the
time matches, the controller activates the output for the predefined time.

A buzzer is connected with the micon to indicate the output status.

FRONTLINE

www.MightyMicons.com




Demo 8 - Programmable Timer

Circuit:
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Connections:

1. Connect port lines P04 to P07 to D4 to D7 line of LCD.

2. Connect port lines P01, P02 and P03 to RS, R/W and E lines of LCD.

3. Connect portlines P10 to P13 to ColumnO to Column3 of 4X4 matrix keyboard.
4. Connect port lines P14 to P17 to Row0 to Row3 of 4X4 matrix keyboard.

5. Connect P45 to SCL and P37 to SDA lines of IIC bus for RTC.

6. Connect Port line P32 to either a point LED to get visual output or to buzzer to get sound
output.

Functional Description:

In this module, a complete project for the programmable timer is provided. The programmable
timer has one output indication and user can set upto 8 timings.Two line by 16 characters LCD
is used for displaying the RTC data, 4 X 4 matrix keyboard is used to enter the user setting, IIC
RTC is used to maintain the calender and one LED/Buzzer is used for the output.

Registers Used:

PDO - Port 0 Direction Register
PD1 - Port1 Direction Register
PD3 - Port 3 Direction Register
PD4 - Port 4 Direction Register
PURO - Pull-up control register 0
KIEN - Key input enable register
KUPIC - Key input Interrupt control register
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Port Direction Registers:

Symbol Address After resat

o PDOO DOE215 0o1e
T = A = PO DOE316 0016

PD3 DOET 15 0o1e
T o3 & 3 91 1 1 1 FD4 0OEA16 0016
GO T O T A B
E E E E E E E E Bit symbol Bit name Function R
i i i i i i i L4 POI_0D Port Pio direction bit ) R
A . T Part Pl dirsction bit 0 Input mods _ - [RwW
[ T R - — - {Functions as an input port) —
I I O FDOi_2 Fort Piz direction bit 1 : Oulput mode R
i1 1 1 feeeeeeeaa POLE Fort Pia direction bit (Functions as an output port) [ R
[N S RPN =TS TR PFort Pid direction bit RW
e et [ Fort Fis direction bit R
i Leemmmsssmesssemeeed POLG Part Pie: dirsction bit RW
Lmme e emme e emme mmmmn wmed PO T Fort Pi7 direction bit RWW

Motes:

1. The POO register must be written to by the next instruction after setting the PRCZ2 bitin the PRCR
redister to “1" (write enabled).

2. Mothing is assignad to the PO2 4 to PD3_6 bits in the PC3 register.
When writing to the PD3_4 to PD3_6 bits, write “0" {input mode). When read, its content is
indeterminate.

3. Mothing is assigned to the PD4_0to PD4 4 PD4 6 and PD4 7 bits in the PD4 register.
Whan writing to the PD4_0to PD4 4, PD4 Gand P04 7 bits, write “0" {input mode). When read,
its content is indetemminata.

PDO is setto H'FE to select the port lines P00 to P07 as output lines to control the LCD. PD1 is
loaded with H'OF to select port lines P14 to P17 as output lines to connect matrix keyboard. The
port line P45 is selected as output line by setting bit PD45 in PD4 register. The port line P32 is
selected as output line by setting bit PD32 in PD3 register.

PURQO - Pull-up Control Register:

BT b8 bBS b4 B3 B2 b1 K

Symbol Addrass After resat
PURO QOFCas 00X X00002

Bit symbxal Bit nama Function RW

| —upt N
P00 P00 to P03 pull-up 0 : Nt pulled up R

1 FU P4 to P07 pull-up! 1 : Pulled up! R
4 PLGZ2 P10 to P13 pull-up! RW
- —--{ PUD3 P14 1o P17 pull-up! AW

e e —— Nething is assigned.
(b5-bd) When write, set to 507, When read, its content is indetarminats.

= e mmamn e nd PLIOG P o P23 pull-up ! 0 : Mot pulled up RW
{ " =TT P37 pull-up1 1: Pulled up! RW
Motes:
1. The pin for which this bit is “17 {pulled up) and the direction bit is 507 {input mede) is pulled up.

o ——

e EEEmE EmEmE . mE— e ——

The bit PUO2 is set to 1 to enable internal pull ups for port lines P10 to P13.
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KIEN - Key Input Enable Register:

bf bé b5 4 bl b? bl b0
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Symbol Bddress Aftar reset

B s S N B KIEN 009815 o0tE
[ ] P |
H E H o H
! i ' Pl I Bit nams Function RW
Py P il wioEM | KID input enable bit 0 : Disabled -
Pl HE 1: Enabled
1 H 1 n 1
E E E i E (I KIOPL K10 input polarity select kit 0 : Falling =dge o
[ H 1: Rising edges
1 1 [ 1 [l
1 L] n 1 L] . . - -
[ [ KIMEM K11 input enakle bit 0 : Dizabled
o i 1 - Enabled Rw
1 : n =
oo : KIPL | KN input polarity select kit 0 : Falling edge
i i i R 1: Rising edges RW
1 1 n
b KIZEM K12 input enable bit 0 : Dizabled
E i E B 1: Enabled R
P KIZFL | K12 input polarily selsct bit T - Falling =dg=
i : e kbt 1 : Rising adges Rw
I 1
1 1
[ KIZEM K13 input enable bit 0 : Dizabled
[ by 1: Enabled Rw
i_ KIZPL K13 input polarity selact bit 0 : Falling =dges

I 1: Rising edges R

Maotas:

1. The IR bit inthe KUPIC register may ks setto 17 {interrupt requested) when the KIEN register iz rewritten.
Refer to the paragraph 19.2.5 "Changing Intermupt Factor in the Usage Motes Reference Book.

The register KIEN is loaded with H'55 to enable KI0 to KI3 key input interrupts and select falling

edge detection. The priority level 2 is selected for key input interrupt by moving H’'02 to KUPIC

register.

KUPIC - Key Input Interrupt Control Register:

ol R INT3IC 0054 WEXNEAOD:
TCIC 005B1 WXEXO00:
T CMPIC 00851 X000z
; i Bil symbal Bit nams Function R
[ ILVLD Interrupt prionty level ]
H sedect bil B2 b1 D ) _ R
! 000 Lewd O fintermupt disabled)
i 001: Lewdd
H i [EN] 010 Lewed 2 "
i - 011° Lewel 3 R
H 100 Lewel 4
: : 101: Level 5
...... ILvLz 110 Lewed &
111: Lewed 7 R
__________ IR Inkerupt recuest bil 00 Internipt not rEquested AW
1 Interupt requestad L
IR Y A N Nothing is assigned.
b7-bd) When wrile, sat to 07, When resd, ils content is ndeterminate. -
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Software Description:

After reset, the following initialization are taken place before entering into the main loop.

1. Initialize the port line P32 as output line.
2. Read the user setting stored in RTC RAM area and place the same in the local variables.
3. Initialize the port lines P14 to P17 as output lines and enable KIO0 to KI3 interrupts.

4. Initialize Port lines PO1 to P07 as output line and initialize the LCD in 4 bit mode.

Key input interrupt will be generated for any key press in the keyboard. In the key input (KIO to
KI3) interrupt service routine, the pressed key value is indentified.

In the main loop, the keyboard status is checked and the control goes to setting function if the
“SET” key is pressed. Otherwise the calender data are read from RTC and they are displayed in
the first line of LCD and the last read timing is compared with user set timing, then a buzzer will
be switched on if they are equal.
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The files used in this module are listed below:

Files Description

Main file for this module, will read
and display the RTC data from
RTC and compares the user set
Demo8.C timmings with the current time
and then activates the output if
they are equal and checks the
keyboard for user setting.

Basic routines to access the lIC
bus such as Giving start bit, Stop
bit, reading a byte serially,
sending a byte serially etc.

R8C1113_FE_SimlICRoutines.C

Declarations of functions in

RBC1113 FE_SimliCRoutines.H | 2o 1113 FE_simliCRoutines.c

LCD routines to initialize LCD,
R8C1113 FE_LCD_4Bit.C cursor on/off, display a message
etc.

Declarations of functions in

R8C1113 FE_LCD_4Bit.H R8C1113 FE_LCD 4Bit.C

Keybaord routines to initialize
Key input interrupts, I/O lines
used by keyboard and key input
interrupt senvice routine.

R8C1113 FE_Keyboard.C

Declarations of functions in

R8C1113 FE_Keyboard.H R8C1113_FE_Keyboard.C
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The functions in the file “Demo8.C” and short descriptions are listed below:

Functions Description

Reads RTC data and display it on LCD.
Compares the current time with the user set
timing and activates one output if they are equal.
Checks the keyboard for "SET" key press.
Input: None.

Output : None.

main

Initialize I/O lines, Keyboard, LCD and read user
time setting in RTC
Input: None.
Output : None.

InitializeProgrammbleTimer

Reads the user time setting stored in RTC and
place it in local variables.
Input: None.
Output : None.

ReadSetting

Reads the current time from RTC device.
ReadRTCData Input: None.
Output : None.

Displays RTC data read from RTC on LCD.
DisplayRTCData Input : None.
Output : None.

Compares current time read from RTC with the
user set data and activates the output if they are
CompareTiming equal.

Input: None.

Output : None.

Switches on the output LED connected at port

line P32 for a predefined time and displays on

SwitchOnOutput status of output at 2nd line of LCD.
Input: None.

Output : None.

Conwerts a digit Hex number into BCD.
ConvertBCD Input: 2 digit Hex data.
Output : 2 digit BCD data.

FRONTLING KN
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Functions Description

Displays the 2 digit Hex variable in BCD format
DisplayLCD2DigitBCD Input: 2 digit Hex data.
Output : None.

Gets the user time setting through keyboard.
GetSetting Input: None.
Output : None.

Stores the user setting to RTC RAM area.
StoreSetting Input: None.
Output : None.

Displays a 4 digit data (Hour:Minute) on LCD.
Input: Line number, Character Position and data
to be displayed in 4 digits.

Output : None.

DisplayLCD4Digit

Gets 4 digit data through keyboard from user.
Get4DigitData Input: None.
Output : Last pressed key code.

Reads a byte from RTC.
ReadByteRTC Input: Address of the location.
Output : Read data from RTC.

Writes a byte to RTC.
WriteByteRTC Input: Address and data.
Output : None.
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The functions in the file “R8C1113_FE_SimlICRoutines.C” and short descriptions are listed below:

Functions Description

PollAck

Sends the SlaveAck command and wait
until slave acknowledges. This routine
can be used to sense the completion of
a write cycle.

Input: None.

Output : None.

SendOneBytellC

Sends a byte (command or address) to
the slawve IIC device serially.
Input: Data to be send.
Output : None.

StartBit

Generates a start condition for IIC bus.
Input: None.
Output : None.

StopBit

Generates a stop condition for IIC bus.
Input: None.
Output : None.

SlaveAck

Gets acknowledge from the slawe.
Input: None.
Output : None.

ReadOneBytellC

Rends a byte from the slawe IIC device
serially.
Input: Data to be send.
Output : None.
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The functions in the file “R8C1113_FE_LCD_4Bit.C” and short descriptions are listed below:

Functions Description

DisplayLCD

Displays a message (16 Characters) on
LCD on the given line number.
Input: Line number and message string.
Output : None.

DisplayLCD2Digit

Displays the given 2 digit number on
LCD at given location.
Input: Line number, character position
and data.
Output : None.

CursorON

Makes the cursor visible on LCD.
Input: None.
Output : None.

CursorOFF

Hides the cursor.
Input: None.
Output : None.

InitializeLCD

Initializes the I/O lines used by LCD and
LCD in 4 bit mode. Clears the LCD.
Input: None.

Output : None.

WriteDataLCD

Write a data byte to LCD.
Input: Data Byte.
Output : None.

WriteCommandLCD

Write a command byte to LCD.
Input: Command Byte.
Output : None.
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The functions in the file “R8C1113_FE_Keyboard.c” and short descriptions are listed below:

Functions Description

ReadKeyboardStatus

Returns the keyboard
Input: None.
Output : Keyboard Status.

WaitForKeyPress

Waits for a key press and returns the
key code of the pressed key.
Input: None.

Output : Key Code.

ReadKeyCode

Reads and returns the last pressed key
code without waiting for a key press.
Input: None.

Output : Key Code.

InitializeKeyboard

Initializes the I/O lines used by keyboard
and enables Key input (KIO to KI3)
interrupts.

Input: None.

Output : None.

ProcessKey_Int

Interrupt senvice routine for key input
interrupt.
Input: None.
Output : None.
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Program Flow:

For Main Loop

=
Y

1. Initialize Port line
P32 as output line.

2. Initialize LCD in 4
bit mode.

3. Initialize key input
interrupt and 1/O
lines used for
keyboard.

Check for "SET" Yes

key press.

v

Get new setting from
user.

No

Read calender data
from RTC

Y

Display RTC data on
LCD

Y

Compare current time
read from RTC with
user set values and
activate the output if

they are equal.
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=
Y

1. Display the
message " **
SETTING ** "
on 1st line of LCD.

2. Display the
message "TIMING
1 -> 2222" on
1stline of LCD.

Y

1. Switch on the
cursor on LCD.

2. Initialize Loop Flag
to 1.

Demo 8 - Programmable Timer

For Setting Routine

Display setting count
and corresponding
old set hour and
minute in 4 digits.

v

Get the new 4 digit
data from user.

Is Last pressed
key = Next key?

Store the new setting and
increment setting count

FRONTLINE
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Is Last pressed
key = Back key?

Decrement setting count

Is Last pressed
key = Esc key?

Clear Loop Flag

Yes

If Loop Flag = 1?

C Return >

www.MightyMicons.com



Demo 8 - Programmable Timer
|

Execute Demo:

After reset, the program will display the date, month, year, hour, minute and seconds on first line
of LCD and the second line is kept blank as shown below:

“12JANOG6 12:23: 37

“

The program will check the current time with the user set time and activates the output if they
are equal. During output activation a message will be displayed in the second line of LCD as

shown below:
“12JANO6 12:23: 37
RELAY IS ON ->xx “

Where xx is the predefined on time of the output and gets decremented for every second. when
it reaches zero the output will be deactivated and the second line of LCD will be cleared.
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Use Topview Simulator to Verify the Design.
Open the project Demo8 in the R8C/Tiny System Simulator using Open Project option from
Project menu. The project window opens up along with the Demo8.c file. Use Build option from

Build menu to compile the project. An output window captures the compiler ouput.

Use Project -> Download Project from main menu to download the .mot file into the simulator’s
memory for simulation.

ANGO - RBC/Tiny System Simulator
File Project Memory Yiew Run Buid BreakPoint SingleStep Window Help

il Pl B | \J 2| =1 e | o e | 2|mIE
oje i p
= B Demes 1/ / ~
= C Source Files %z /% One Chennel Programmsble Timer with & different time setting. o
R "/
4 /% Z Line by 16 characters LCD for displaying timing and outpur o
5 /7 status. 4 by 4 warix keyboard for entering the time secting. */
£ ¢+ One IIC RTC is used for the waintaining the calander and o
7 /7 storing the time settiny. One point LED is to indicate the */
8 /% output status. o
Resetpro.c 9 /v w/
REC1113_FE_AZ0.C 10 /% The program continuously watches the time from RTC with the secting +/
BC1113_FE_Kevboard.c 11 /% &nd activate the output LED for 10 seconds if both timing are equal.?/
1113 FELCD dBt: 1z ’/’* After 10 seconds the output LED will be switched off. *i
13 B g
8C1113_FE_SimlICRoutines.c .. Loh connection:- o
15 /7 mmmmmmmmmmmmmeoe +
16 /% RS - POL */
17 /% RW - POZ by
18 /* E - P03 w B
18 /% D4 - PO4 =/
20 /*% D5 - POS */
21 /% D& - POG =/
2z /* DT - POT */
23 /¥ =/
24 /% Keyboard Connection:— Eeyhoard Layout:- o
e +/
26 /* Foul - P14 [Ese]  [3ec] [ 1 [ ] o
27 /7 Rowz - P15 [ &1 [ 21 [MNext] [Back] k7
28 /* Roud - P16 [41 [5]1 61 [ 7] o
29 /7 Rouwd - P17 [0l [1] [31 k7
30 /¢ Colunnl — P10 (KIO) o
31 /¥ Colmmz - P11 (KI1) ~/
3z /* Columm3 — P12 (KIZ) o
33 /7 Coluwmd - P13 (KI3) ~/
34 g w7
35 /% IIC Bus Connectioni- =/

CODE 0002561 (00401H) Eyte(s)
The valus of option fenction sslect register is FFH

<< Linking Completesd »»

Converting to S Record(MOT) Format

Load Module Converter (lmc30) for R8C/Tiny H16C-60 Series Version 4.01.01. 000
Copyright (C) 2005, Renssss Technology Corp

and Renesas Solutions Corp.. 411 Rights Reserved

<¢ Convertion Completed »:

<< Building Completed »>

< | >

Ready REF21134 o Breakpoint Set WC:40472015 On-Chip Low Speed/a

Do the settings to the LCD modules as shown. Connect LCD control and data lines to port
lines PO1 to PO7.
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LCD Configuration |

¥ Enable LCD Module
Selection
EID) Vs Interface Type [rata Bus 'width Back Light
1Line = 1EChaacters
2 16
ALines # TEChar, " Paraliel " 8Bits " 0ff
4Linez X 20Characters ~ & on
Port Line Selection Summary:
[ ; RS - PO_1
Control Lines: Part lines R-W - P02
FES 43210 EEHI *gg_i
PotQ € T DES —PU:S
e el ol el sl allal ol o DBEE - PO_G
DE7 - PO_7
Port 3 € gllel el e
Portd
Fixed Levels
Disconnect all
Port lines " OLevel 1 Level
Ok LCancel
Make the setting for keyboard module as shown below:
Keyboard Module Setting
 Keys - Momentary typ Keys - Toggle Type
Select Port Lines Activating Levels Select Port Lines
Fe s e e 7TES543210 TES5E43210
(s | I ) Fate FEEEETT T Porsead T s s
Eaitls [RIEIEIEE EEE b1 T [ 7 I (ztetise1 | 1 o o o o
Part3 [~ 12 Port3 [~ ] e Port3 I L
Potd T Potd [T Pota T
Click the checkbaox to Connect Click the checkbaox to activate the Cick the checkbar to Connect
a Momentary Switch Switch at "' level aToggle Switch
r hatrix KeyPad Summary:
Keypad Type Port Line Selection Rowl — F1 4
Paort lines b -
43 Row3 S RIlh
7E543210 EDY41_E_E
olumnl — P1_
SR ot Ut B Column? — P11
- Colunnid — P1_2
o 5 FOIE O 2 @ D Colunnd — P13
Part 3 SN
Lt Poitd €
Key Mame Disconnect all
Setting Port lines
Cancel
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Connect the port lines P45 and P37 to IIC lines SCL and SDA using IIC module setting and

enable RTC function as shown below:

1IC Bus Setting

[¥ Enable Bus

Part Line Selection

Dizconnect al
Part lines

w
=
I

RTLC Setting
[¥ Connect Device to Bus
A0

o 1

¥ Use System RTC Time

Part lines

TEBE 43210
el el ol el ol af ol o
Potl OO OO
Paort 3 € Deee
Poit 4 € ¢

EEPROM Setting

I™ Connect Device to Bus

Sumnmary:
SCL - P45
SDA - P37

Cancel

Connect one point LED to the port line P32 using LED module setting.

Then open the LCD, Keyboard and LED windows and arranage them as shown below.
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(@ SANGO - RBC/Tiny System Simulator
Fle Project Memory Miew Run Build BreakPoint SingleStep Window Help

R | ] EEEEEK

#0S30H, ISP
0CASA C7 02 04 00 MOV B #02H. FRCR
0CASE B7 04 00 HOV. B #0,FPHO

B LED and 7 Segment Displays |Z”E‘E‘ 0CAgl B? 0& 00 MOV B #0_FRCR
0CA64 EB 30 80 00 oC #00BOH.FLG
O 0CA6S EE 50 BO 02 LDC #04BOH, SF
P32 0CABC EB &0 00 04 oC #0400H.SB
- 0cazo EE 20 00 00 LDC #0000H, INTBH
0CAT4 EE 10 DC FE oc #FEDCH, INTEL
0caze FD F4 C9 00 JSR.A 0C9F4H
0CATC FD 88 CO 00 JSR. A 0C0esH
0caso F5 03 00 JSR.W 0CA84H
0CAB3 FE REIT
0Ccagd D3 10 OV W #1H_ RO
0CARG 6E FD JHE 0CAB4H
ocass F3 RTS
0CARS FF TUND
0CABA FF UND
0CABB FF TUND
0CABC FF UHD
0CABD FF TUND
0CABE FF UHD
0CASF FF HD
0CA90 FF UHD
0CA91 FF HD
0Ca9z FF UHD
0Ca93 FF HD
0CA94 FF UND
0CA9s FF TND
0CA%6 FF UND
0casr? FF THD
0CA9E FF TUND
0ca9s FF THD
0CA94 FF TUND
0CA3E FF UND
0CAIC FF TUND
0CA9D FF UHD
0CAIE FF TUND
0CA9F FF UHD
OCAAD FF TND =
Ready RSF21134 Mo Breakpoint Set (=] on-Chip Low Speedfa

Down load the program using Download Project command in Project menu.
Run the program using Go command in Run menu. The message,

The program continuously watches the time from RTC with the setting and activate the output
LED for 10 seconds if both timing are equal. After 10 seconds the output LED will be switched
off.
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