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Chapter 1 Introduction

1 Introduction

There are three methods to design a keyboard function using the MB95200 series MCU:
external interrupt, AD and matrix.

This document describes how to use the matrix method to develop a keyboard function and
illustrates the method with an example.
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2 Hardware Design

This chapter introduces how to use the matrix method to create a keyboard function with
hardware circuit.

There are two methods to eliminate jittering, software method and hardware method. To use
the hardware method, a capacitor should be added to the circuit.
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Figure 2-1: Circuit for Keyboard Design Using Matrix

As indicated in the figure above, P04 ~ P07 are used as output pins and P00 ~ P03 as input
pins to scan the keyboard status.
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3 Keyboard Development

This chapter introduces how to develop the keyboard using matrix.

3.1 Function of Matrix Circuit

The Keyboard is an important tool for the input system. This reference design is used to
show how to save I/O pins when adopting keyboard with many keystrokes.

A real-time monitoring method for polling the keyboard status is also used. The period of
polling is a fixed value. It means any movement slower than this value will be caught by the
monitoring software. It will ensure the high responding action of the keyboard.

3.2 Jittering Elimination

Jittering elimination is a problem for keyboard design. There are two methods to resolve this
problem. One is to add a capacitor to the hardware circuit. The other is to design a delay by
using the 8/16-bit composite timer.

3.3 Jittering Elimination Example

The timing chart below is an example of jittering elimination. This example is a 4x4 keyboard
designed by matrix. X0, X1, X2 and X3 takes turns to scan the keyboard for about 50 ms
each. So it takes about 200 ms to scan the whole keyboard.

i=25 i=45

B
P

P04
i=20 i=50 (DRead P00 value and save into value
v L @Read P00 value again and save into value2 then compare for filtering the noise

P05 —

PO7

A 4

Figure 3-1: Timing Chart for Jittering Elimination
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4 Resource Usage

This chapter introduces evaluation steps of normal run status.

To monitor the keyboard status, 1/0 pins are necessary. This chapter will introduce the
usage of 1/0O port. Please refer to Chapter 9 of the MB95200 Series Hardware Manual for
detailed register setting.

4.1 Register Introduction

4.1.1 Port Data Register (PDR)

This register contains bit information of corresponding input or output pins. The values are
output, if the Port Direction Register is set to output mode.

Please note that the resource output control bit overwrites the PDR bit value.

PDRx_yz Pin
Function
0 Pin state low (VSS)
1 Pin state high (VDD)

4.1.2 Data Direction Register (DDR)

This register contains the bit information of the corresponding pins if they act as input or
output.

DDRx_yz Peripheral Function Output Pin Function
0 Disable Port Input
1 Disable Port Output
invalid Enable Peripheral Function Output

4.1.3 Pull-up Control Register (PUL)
This register connects an internal pull-up resistor to a port pin.

PULX_yz Pull-up Resistor
0 Disable
1 Enable

Please see datasheet for the resistor value.

4.1.4 Input Level Selection Register (ILSR)
With this register one of the following input levels can be chosen.

ILSR Input Level VIL \%
|
0x04 CMOS 0.3VvCC 0.7
VCC
0x00 Hysteresis 0.3VvcCC 0.7
VCC

Please note that this function is available only in PDRO_P04.
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4.2 General Introduction

I/0O pins which are necessary in this system can be classified into two groups: output pins
and input pins. The output pins are used to output high voltage while the input pins are used
to scan the keyboard status.

4.2.1 How to Set Input Pin

If a pin functions as an input port, the corresponding bit in the Data Direction Register should
be set to “0”.

To set an externally connected source to high-Z state, please use an external pull-up or pull-
down resistor or set the corresponding bit in the Pull-up Register

There are three types of input modes: digital input, ADC input and peripheral function input:
» Digital input means the port is used as general 1/0.
= ADC input means the port is used for analog input only.

» Peripheral function input means the port is used by a peripheral function as input,
such as external interrupt input.

4.2.2 How to Set Output Pin
There are two kinds of output modes: digital output and peripheral function output.

» Digital output means the port is used as general I/0.

= Peripheral function output means the port is used for peripheral resource output such
as output of 8/16-bit compound timer.

4.2.3 Pull-up Register
The PO and PG ports, when in input-mode, can enable an internal pull-up resistor (about 50

K Q, please see datasheet for the exact value) by programming the pull-up register (2.2.3).

The initial value of “0” disconnects the internal pull-up resistor. Writing “1” to the
corresponding bit in the PULX register enables the resistor.

If the port is used for output, the value of the register-bit has no meaning and the pull-up
resistor is disabled (Exception: For 12C pins SDA and SCL, the setting remains. Also for
UART output SOT the internal pull-up can be used if not provided by line driver).

The pull-up resistor is disabled when the microcontroller is in stop or timer mode.
The resistor is also disabled if the pin is used for ADC input.

If an external pin is used by the external bus interface, the internal pull-up register cannot be
used.
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5 Software Design

This chapter describes how to develop a keyboard by matrix.

5.1 Software Design

To realize this function, first initialize the I/O register, and setup the AD input forbid, then
enable the timer interrupts to eliminate jittering. The output 1/O pin outputs high voltage and
MCU waits for the input signal. Refer for to the hardware circuit, if some keys pressed, the
MCU will scan this information and transact the corresponding key function.

The flow chart is illustrated as below:

............................ i

¥
Clear fimer reload/
overflow flag
| Initialize Main Clock | : |ToocR1IF
¥ ¥
O init and set POO~FO3 as input | PDRO =0xFF 1
in, PO4~PO7 t pin. :
pin as output pin Timer time 20ms P05 outputs low voltage
I L P04 outputs low voltage tPRR000E)
Initialize Timer0 |
(PORO=0xEF) l‘l"rns-r time Sms
T oo
_____________________________________ ‘_ Read PDRO value and BoR s
store in valued l‘l’mer time 20ms
lTimer time 20ms Read PDRO value and

store in value2

Read PDRO value and

store in value2

Compare valug1
and value 2

valuel waluel valued waluel

liiad . b . =value2 =value2 =value2 =value2

=value? =value2 =yvalue2 =value2 =R D =008 4
=0xEE =0xED =0xEB =0=ET L Y Y *
1 T 1 1 P50 P51 P52 P53

Pag Pat pas Pa3 pressed pressed pressed pressed
pressed pressed pressed preesed \ M

\—\‘\. M Sms P05 outputs high voltage

(PDRO=0XFF)

P04 outputs high voltage
{(PDRO=0xFF)
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Figure 5-1: Flow Chart of Keyboard Development by Matrix
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6 Sample Code

This chapter illustrates keyboard development using Matrix.

Based on MB2146-410-01, the following code is intended to illustrate how to create a
keyboard function with I/O port. Port 0 is used for detecting key status. The default level of

input is high.

/* THIS SAMPLE CODE IS PROVIDED AS IS AND IS SUBJECT TO ALTERATIONS.
/* FUJITSU SEMICONDUCTOR ACCEPTS NO RESPONSIBILITY OR LIABILITY

/* FOR ANY ERRORS OR ELIGIBILITY FOR ANY PURPOSES.

/* (C) Fujitsu Semiconductor (Shanghai) Co., LTD.

/* ____________________________________________________________________
/* Give a example for basic I/O0 matrix */
#include "../MB95200_IO/mb95200.h"
void timer_init (void)
{
TO1DR = 0x13; // 5000us
TOODR = 0x88;
TMCRO = 0x10; // 16-bit
TOOCRO = 0x81; // interval timer with continuous mode
TOOCR1 = 0xAQ; // disable output, start timer
}
/*P04 SCAN*/
void IO_restart (void) // PDRO restart

{ PDRO = OxFF;

ioid P04_low(void) // Pin P04 begin to scan
{ PDRO_P04 = O0;

void Po;t_Valuel(void) // Read and store PDRO in value 1
{ port_valuel = PDRO;

void Ro;_one_process(void) // key judge

{
port_value2 = PDR0O; // Read and store PDRO in value 2

if (port_value2 == port_valuel)
{
switch (port_value2)
{
case O0xEE: SW1();

break;
case O0xED: SW2();
break;
case OxXEB: SW3();
break;
case OxXE7: SwW4();
break;
}
}
}
/* P05 scan*/
void P05_low(void) // Pin P05 begin to scan

{
PDRO_P05=0;

*/
*/
*/
*/
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void Row_two_process (void)

{

port_value?2 PDRO;

{

{ case 0OxDE:
case 0xDD:
case 0xDB:
case 0xD7:

}

}
}
/* P06 scan*/
void P06_low(void)
{
PDRO_P06=0;
}
void Row_three_process (void)

{

port_value?2 PDRO ;
if (port_value2

{
{

case 0xBE:
case 0xBD:
case 0xBB:

case 0xB7:

}
}
/* P07 scan*/
void P07_low(void)
{
PDRO_P07=0;
}
void Row_four_process (void)

{

PDRO ;

port_value?2
if (port_value?2

// key judge

if (port_value2 == port_valuel)

switch (port_value2)

SW5 () ;

break;
SW6 () ;

break;
SW7 () ;

break;
SW8 () ;

break;

// Pin P06 begin to scan

// key judge

== port_valuel)

switch (port_value2)

SWI () ;

break;
SW10 () ;

break;
Sw1l () ;

break;
SW12 () ;

break;

// Pin P07 begin to scan

// key judge

==port_valuel)

{
switch (port_value2)
{
case 0x7E: SW13();
break;
case 0x7D: Swl4 () ;
break;
case 0x7B: SW15();
break;
case 0x77: SW1l6 () ;
break;
}
}
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void SWl (void) // Key Process

{
)

Qoid'SWl6(void)

{

)

;_inéerrupt void Timer_Interrupt
{ TOOCR1_TIF=0;

timer_counter++;
if (timer_counter==0)

{ IO_restart () ;
if(timer_counter::4)
{ P04_low() ;
if(timer_counter::S)
{ Port_Valuel () ;
if(timer_counter ==9)
{ Row_one_process () ;
if(timer_counterzle)
{ IO_restart();
if(timer_counter::14)
{ PO5_low() ;
if(timer_counter==15)
{ Port_Valuel() ;
if(timer_counter::19)
{ Row_two_process () ;
if(timer_counter::20)
{ IO_restart () ;
if(timer_counter::24)
{ PO6_low () ;
if(timer_counter::ZS)
{ Port_Valuel () ;
}

(void) //key scan process

//

//

/7

//

//

//

//

//

//

//

PDRO restart

P04 begin to scan

Read and store PDRO

Read and store PDRO and judge keypressed

PDRO restart

P05 begin to scan

Read and store PDRO

Read and store PDRO and judge keypressed

PDRO restart

P06 begin to scan

Read and store PDRO
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if (timer_counter==29) // Read and store PDRO and judge keypressed
{
Row_three_process () ;
}
if (timer_counter==30) // PDRO restart
{
IO_restart () ;
}
if (timer_counter==34) // P07 begin to scan
{
PO07_low () ;
}
if (timer_counter==35) // Read and store PDRO
{
Port_Valuel () ;
}
if (timer_counter==39) // Read and store PDRO and judge keypressed
{
Row_four_process() ;
}
if (timer_counter==40) // PDRO restart
{
IO_restart();
}
if (timer_counter>=41) // Timer_counter restart
{
timer_counter=0;
}
}
void clock_Select (void)
{
SYCC = 0x00;
WATR = 0x00;
STBC = 0x01;
SYCC2= 0xF4;
}
void main (void)
{
InitIrgLevels () ;
__ETI();
timer_counter =0;
DDR0O = 0xFO; //P00~P03= in P04~P07=out
ATIDRL = OXFF; //Port input enable
clock_Select () ; //Main clock select
timer_init () ; //Timer initialize
while (1) ;
}
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7 Performance Evaluation

To eliminate jittering, there are hardware method and software method. Though the code of
hardware method is very simple, only using the timer calculagraph, its effect is not good,
because the system may not be able to scan the edge. By comparison the software method
is better.
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8 Additional Information

For more information about how to use MB9595200H/210H EV-board, BGM Adaptor and
SOFTUNE, please refer to SKT MB2146-410A-01-E User Manual, or visit websites:
English version address:

http://www.fujitsu.com/cn/fsp/services/mcu/mb95/application notes.html

Chinese version address:

http://www.fujitsu.com/cn/fss/services/mcu/mb95/application notes.html
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9 Appendix
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