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CHAPTER 1: OUTLINE

CHAPTER 1 QOUTLINE

The E0C63256 is a microcomputer which has a high-performance 4-bit CPU E0C63000 as the core
CPU, ROM (6,144 words x 13 bits), RAM (256 words X 4 bits), clock timer, watchdog timer, programmable
timer, an LCD driver that can drive a maximum 20 segments x 4 commons and A /D converter built-in. It
features a wide operating voltage (2.7 to 5.5 V) and operating frequency (0.5 to 4.5 MHz), and is most
suitable for applications such as control units for the household electric appliances which need A/D
conversion and liquid crystal display.

1.1 Features

Oscillation circuit.........ccoeceeiiiineenne 0.5 to 4.5 MHz
Crystal, ceramic, CR oscillation circuit or external clock input (*1)
Instruction set ...........ccccociiiiiiiiiis Basic instruction: 47 types (411 instructions with all)
Addressing mode: 8 types
Instruction execution time................... During operation at 2 MHz: 1 psec 2 psec 3 psec
During operation at 4.194304 MHz: 0.48 psec 0.95 psec 1.43 psec
ROM capacity ......cccevveeeeivieeeeiee e Code ROM: 6,144 words x 13 bits
RAM capacity ........cccoeviveriiiiniiiiniienns Data memory: 256 words X 4 bits
Display memory: 20 words x 4 bits
Input port.......ccooiiiiii i, 4 bits (Pull-up resistors may be supplemented 1)
Output port .......eeveeeeeiiiiiieee e, 4 bits (It is possible to switch the 2 bits to clock output #2)
O POIt . 8 bits (It is possible to switch the 4 bits to A/D converter input *2)
LCD dfiVer....cceeeeeeee e 20 segments x 4, 3 or 2 commons (¥2) 1/3 or 1/2 bias drive (*1)
Time base counter .........cccceevevvvinnneen. Clock timer (when 4.194304 MHz oscillation clock is used)
Programmable timer ..............cccoceenn. Built-in 8 bits x 4 ch, with event counter and clock output function
Usable for 8 bits x 4 ch, 8 bits x 2 ch & 16 bits x 1 ch or 16 bits x 2 ch
Watchdog timer........ccccovcveeeiiiicnnnen. Built-in
Buzzer output........ Buzzer frequency: 2 kHz or 4 kHz (*2)
A/D converter.........cccccoveeiiieinenne Resolution: 8 bits, analog input: 4 ch
External interrupt Input port interrupt: 1 system
Internal interrupt Clock timer interrupt: 1 system
Programmable timer interrupt: 4 systems
A/D converter interrupt: 1 system
Power supply voltage ..........ccccuveneeeee. 27Vtob5V
Operating temperature range ............. -20°C to 85°C
Current consumption (Typ.) ....ccccevueee. During SLEEP 0.3 pA
During HALT (+3)
4.194304 MHz: 3.0V 620 pA
(Crystal oscillation) 50V 660 pA
4 MHz: 3.0V 670 nA
(Ceramic oscillation) 50V 710 pA
2 MHz: 3.0V 740 pA
(CR oscillation) 50V 780 pA
During operation (*3)
4.194304 MHz: 3.0V 1.5 mA
(Crystal oscillation) 50V 1.5 mA
4 MHz: 3.0V 1.5mA
(Ceramic oscillation) 50V 1.5 mA
2 MHz: 3.0V 1.2 mA
(CR oscillation) 50V 1.2mA
Package .......coccerieiiineeeee e QFP13-64pin (plastic) or chip

#]: Can be selected with mask option.
*2: Can be selected with software.
*3: A/D converter operating current is not included.
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CHAPTER 1: OUTLINE

1.2 Block Diagram

ROM System Reset BEGET
«—L 1RESET
6,144 words x 13 bits Control JRES
n_Uu !

Core CPU E0C63000

J 7 f

0SCc3 %_. 0SC S — Interrupt
0SC4[+——  Prescaler C Generator
RAM — -
_ Clock Timer
256 words x 4 bits (—=——"—Watchdog Timer
COMO0-3 LCD Driver — I o
SEG0-19 20 SEG x4 COM [ [ | Programmable

Timer/Counter

]
] B
VbD
Vci-3 Power KO0—KO03
VD1 Controller Input Port :E% TEST
Vss «
AVDD
BZ Buzzer — 1 ————] A/D Converter AVREF
Output b > m— AVss
R00, RO1 [ J«—— D P20-P23
« | :

=

2

|

RO2(PTOUT) Output Port 1/0 Port P40-P43
RO3(FOUT) <« = U (ADO-AD3)

Fig. 1.2.1 Block diagram
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CHAPTER 1: OUTLINE

1.3 Pin Layout Diagram

QFP13-64pin

No. Name No. Name No. Name No. Name
48 33 1 SEGI3 | 17 | RESET | 33 N.C. 49 | CoM2
N > | SEGI4 | 18| TEST |34| Bz |50 | coms

3 SEGI5 | 19 Vss 35 ROO 51 SEGO

49— —32 4 SEG16 | 20 0SC3 36 RO1 52 SEG1
— — 5 SEG17 | 21 0SCc4 37 RO2 53 SEG2
— = 6 | SEGIS | 22 VDI 38 RO3 54 | SEG3
— — 7 SEG19 | 23 VDD 39 P20 55 SEG4
— E0C63256 = 8 N.C. 24 AVDD 40 P21 56 SEG5
= = 9 N.C. 25 | AVREF | 41 P22 57 SEG6
— — 10 N.C. 26 | Avss | 42 P23 58 | SEG7
—] INDEX = 11 N.C. 27 N.C. 43 K00 59 SEGS
64— — 47 12 N.C. 28 N.C. 44 KO1 60 SEG9
13 N.C. 29 P40 45 K02 61 | SEGI10
UUUUUUHHUHHUHUUU 14 A 30 P41 46 K03 62 | SEGII
] 16 15 \/e) 31 P42 47 | COMO | 63 | SEGI2

16 ves 32 P43 48 | coMml 64 N.C.

N.C. : No Connection

Fig. 1.3.1 Pin layout diagram

1.4 Pin Description

Table 1.4.1 Pin description

Pin name Pin No. In/Out Function
VbpD 23 - Power (+) supply pin
Vss 19 - Power (-) supply pin
AVDD 24 - Power (+) supply pin for analog circuit system
AVss 26 - Power (-) supply pin for analog circuit system
AVREF 25 1 Reference voltage input pin for analog circuit system
Vb1 22 - Oscillation/internal logic system regulated voltage output pin
Vci, Vez, Ves 14,15, 16 - LCD system power supply pin 1/3 or 1/2 bias (selected by mask option)
0SC3 20 1 Crystal/ceramic/CR oscillation/external clock input pin (selected by mask option)
0Sc4 21 (6] Crystal/ceramic/CR oscillation output pin (selected by mask option)
K00-K03 43-46 1 Input port
P20-P23 3942 /0 | /O port
P40-P43 29-32 /O | I/O port (switching to A/D converter input is possible by software)
ROO 35 (6] Output port
RO1 36 (6] Output port
RO2 37 (6] Output port (switching to PTOUT signal output is possible by software)
RO3 38 (6] Output port (switching to FOUT signal output is possible by software)
COM0-COM3 47-50 (6] LCD common output pin (1/4, 1/3, 1/2 duty can be selected by software)
SEGO0-SEG19 51-63, 1-7 (6] LCD segment output pin
BZ 34 (6] Buzzer output pin
RESET 17 I Initial reset input pin
TEST 18 1 Testing input pin
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CHAPTER 1: OUTLINE

1.5 Mask Option

Mask options shown below are provided for the EOC63256. Several hardware specifications are prepared
in each mask option, and one of them can be selected according to the application. The function option
generator FOG63256 and the segment option generator SOG63256, that have been prepared as the
development software tool of E0C63256, are used for this selection. Mask pattern of the IC is finally
generated based on the data created by the FOG63256 and the SOG63256. Refer to the "E0C63256 Devel-
opment Tool Manual" for the FOG63256 and the SOG63256.

<Functions selectable with E0C63256 mask options>

(1) External reset by simultaneous LOW input to the input port (K00-K03)
This function resets the IC when several keys are pressed simultaneously. The mask option is used to
select whether this function is used or not. Further when the function is used, a combination of the
input ports (K00-K03), which are connected to the keys to be pressed simultaneously, can be selected.
Refer to Section 2.2.2, "Simultaneous low input to terminals K00-K03", for details.

(2) Time authorize circuit for the simultaneous LOW input reset function
When using the external reset function (shown in 1 above), using the time authorize circuit or not can
be selected by the mask option. The reset function works only when the input time of simultaneous
LOW is more than the rule time if the time authorize circuit is being used.
Refer to Section 2.2.2, "Simultaneous low input to terminals K00-K03", for details.

(3) Input port pull-up resistor
The mask option is used to select whether the pull-up resistor is supplemented to the input ports or
not. It is possible to select for each bit of the input ports.
Refer to Section 4.3.3, "Mask option", for details.

(4) Output specification of the output port
Either complementary output or N-channel open drain output can be selected as the output specifica-
tion for the output ports. It is possible to select for each bit of the output ports.
Refer to Section 4.4.2, "Mask option", for details.

(5) Output specification / pull-up resistor of the 1/0 ports
Either complementary output or N-channel open drain output can be selected as the output specifica-
tion when the I/O port is in the output mode. Further, whether or not the pull-up resistors working in
the input mode are supplemented can be selected. It is possible to select for each bit of the I/O ports.
Refer to Section 4.5.2, "Mask option", for details.

(6) Power supply for LCD driving/LCD drive bias
Either the internal power supply or an external power supply can be selected as the LCD system
power supply. Further the LCD drive method can be selected from a 1/3 bias drive or a 1/2 bias
drive.
Refer to Section 2.1.2, "Voltage <Vc1, Vc2, Vc3> for LCD driving", for details.

(7) LCD segment specification
The display memory can be allocated to the optional SEG terminal. It is also possible to set the
optional SEG terminal for DC output.
Refer to Section 4.6.4, "Mask option", for details.

(8) Polarity of the buzzer output signal
It is possible to select the polarity of the buzzer signal output from the BZ terminal. Select either
positive polarity or negative polarity according to the external drive transistor to be used.
Refer to Section 4.9.2, "Mask option", for details.
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CHAPTER 1: OUTLINE

(9) Oscillation circuit
The specification of the oscillation circuit can be selected from either crystal/ceramic oscillation , CR
oscillation or external clock input.
Refer to Section 4.2.2, "Kind of oscillation circuit", for details.

(10)RESET terminal pull-up resistor
This mask option can select whether the pull-up resistor for the RESET terminal is used or not.
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

CHAPTER 2 POWER SuprprLy AND INITIAL RESET

2.1 Power Supply

The E0C63256 operating power voltage is as follows:
27Vto55V

The E0C63256 operates by applying a single power supply within the above range between VDD and Vss.
The E0C63256 itself generates the voltage necessary for all the internal circuits by the built-in power
supply circuits shown in Table 2.1.1.

Table 2.1.1 Power supply circuits

Circuit Power supply circuit Input voltage | Output voltage
Oscillation and internal circuits Oscillation sysrem voltage regulator VbpD Vb1
LCD driver LCD system voltage circuit Vcs Vci, Vez

Besides the power supply terminals mentioned above, two power supply terminals, AVDD and AVss for
the built-in A/D converter, are also provided.

Note: e Do not drive external loads with the output voltage from the internal power supply circuits.
e Short-circuit between Vc1 and Vc2 when 1/2-bias LCD drive is selected.

* Short-circuit between AVss and Vss.

VDD ,J\ >
P>
A/D
< converter —C AD0-3
4
Internal
> circuits
External + Vo y—— t Vb1 S
ower — I O scillation system scillation
gupply - voltage regulator circuit —O 0SC3, 4
Ves Vci, Ve, Ves
- Vc2 LCD system e LD driver COMO0-3
o Vel voltage circuit SEGO-19
Power supply
Vss > control

Fig. 2.1.1 Configuration of power supply

2.1.1 Voltage <Vp1> for oscillation circuit and internal circuits

VD1 is a voltage for the oscillation circuit and the internal logic circuits, and is generated by the oscillation
system voltage regulator for stabilizing the oscillation.
VD1 that is output from the oscillation system voltage regulator is 2.4 V (Typ.).

2.1.2 Voltage <Vc1, Vc2, Ve3> for LCD driving

Vc1-Vc3 are the LCD drive voltage. For driving LCD, either 1/3 bias or 1/2 bias can be selected by mask
option, and each LCD drive voltage is set as shown below according to the selection.

When 1/3 bias is selected: Vc1=Vc3x1/3, Vc2=Vc3x2/3

When 1/2 bias is selected: VC1=Vc2=Vc3x1/2

6 EPSON E0C63256 TECHNICAL MANUAL



CHAPTER 2: POWER SUPPLY AND INITIAL RESET

The power source of VC1-VC3 can also be selected from either the internal LCD system voltage circuit or
an external power supply. This mask option allows selection of the following three conditions.

(1) Internal power supply (external Vcs is used)
When this option is selected, V3 should be supplied from outside the IC. Vc1 and V2 are generated
by dividing the Vc3 with resistors inside the IC. It enlarges the selection range of the LCD panel
because VC3 can be controlled using the external power supply. It also enables adjustment contrast of
the LCD panel by varying the Vca.
However, be sure to supply a voltage in the range of 2.7 V< Vc3 <5.5V to the V3 terminal. Do not
supply a voltage out of the range.

Ves

2

2 Vos |To LCD driver 1

H? Vcs |To LCD driver

1
> —
> Ves

Vss

% Ves

Vss Vss Vss

1/3 bias driving 1/2 bias driving
Fig. 2.1.2.1 Option I (Internal power supply/external Vc3 used)

(2) Internal power supply (external Vcs is not used, Vc3 = Vbb)
When this option is selected Vc1-V 3 are all generated inside the IC. It reduces the number of external
parts. In this case, open the V3 terminal because the terminal is connected to the VDD inside the IC.

%% Vc3 |To LCD driver

—»i Vcs

!

Vss

Vss

1/3 bias driving 1/2 bias driving
Fig. 2.1.2.2 Option 2 (Internal power supply/Vc3 = VbD)

(3) External power supply
When this option is selected, supply all the Vc1-V¢3 voltage from outside the IC. This option should
be selected when the system requires better display quality. The voltage to be supplied must meet the
following conditions: 2.7 V<Vc3< 5.5V and Vss < Vc1 < Vez < Ves.

Ves

1

% Vs |To LCD driver - Vea |To LCD driver

1 Ves

1
Ves 2

3

1/3 bias driving 1/2 bias driving
Fig. 2.1.2.3 Option 3 (External power supply)

When using the internal LCD voltage circuit, write "1" to the power control register LPWR to generate the
LCD drive voltage. When the register is set to "0", Vc1 and V2 become the Vss level, and all the SEG and
COM terminals go to the Vss level.

Note: It is necessary to write "1" to the LPWR register even if external power supply is selected.
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2 Initial Reset

To initialize the EOC63256 circuits, initial reset must be executed. There are two ways of doing this.

(1) External initial reset by the RESET terminal
(2) External initial reset by simultaneous low input to terminals KOO—K03 (mask option setting)

Be sure to initialize the IC securely using one of the above reset functions when the power is turned on.
Proper operation is not guaranteed if starting the IC with the power-on only.

Figure 2.2.1 shows the configuration of the initial reset circuit.

0OSC3 illati *2
Oscillation | fosc Prescaler/Divider 1 kHz *1
0SC4 circuit X M4 bz *t SLEEP (during SLEEP: High)
Mask option - Prescaler setting circuit
§ § § po: RRSMO0-3 register
i 5 1 Hz *1
K00 l v )
K01 Time authorize| Mask option v
K02 circuit o Noise Initial
K03 Q/O rejector reset
Maskopton A
VWA VoD Q
RESET *(U S

#] The frequencies shown in the figure will differ according to the oscillation clock frequency and prescaler settings.
#2 Oscillation clock frequency

Fig. 2.2.1 Configuration of initial reset circuit

2.2.1 Reset terminal (RESET)

Initial reset can be executed externally by setting the reset terminal to a low level (Vss). After that the
initial reset is released by setting the reset terminal to a high level (VDD) and the CPU starts operation.
A pull-up resistor is available for the reset terminal. It can be added by mask option.

(1) Latch for reset signal

The reset input signal is maintained by the RS latch and becomes the internal initial reset signal. The
The RS latch is designed to release the latched signal at the rising edge of the fosc divided clock
signal. The frequency of the latch release signal is fosc/1048576.

Example of latch cancellation clock
fosc = 4.194304 MHz: 4 Hz
fosc =2 MHz: 19 Hz

Therefore this example, a maximum of 125 msec and 264 msec are needed respectively until the
internal initial reset is released after the reset terminal goes to high level.

(2) Power-on reset

To initially reset the IC securely at power-on, the reset terminal should be set the to low level as
shown in Figure 2.2.1.1.

VDD

— 100 psec or more

RESET

0.1eVDD or less (low level)
Power on

Fig. 2.2.1.1 Initial reset at power on
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

The reset terminal should be set to 0.1 VDD or less (low level) until the supply voltage becomes 2.7 V
or more. After that, a level of 0.5¢VDD or less should be maintained more than 100 psec.

After the reset terminal goes high, the internal initial reset will be released by the above mentioned
latch.

(3) Reset during operating
To initially reset the IC securely during operating, be sure to maintain the reset terminal to low for at
least 0.1 msec.
After the reset terminal goes high, the internal initial reset will be released by the above mentioned
latch.

2.2.2 Simultaneous low input to terminals K00-K03

Another way of executing initial reset externally is to input a low signal simultaneously to the input ports
(K00-KO03) selected with the mask option. This initial reset signal passes through the noise rejector. The
noise rejector removes reset pulses shorter than 256 #n/fosc as noise (n is a prescaler parameter for
dividing the oscillation clock and indicates the value of the PRSM register [FF02H] + 1). Therefore when
the IC is operating, the specified input port terminals should be set to low to at least triple the reject pulse
width.

The noise rejector does not operate at power-on since the oscillation has also stopped. Therefore, maintain
the input port terminals at low until the above mentioned amount of time passes after oscillation starts.
Table 2.2.2.1 shows the combinations of input ports (K00-K03) that can be selected with the mask option.

Table 2.2.2.1 Combinations of input ports

1 |Not used

2 | K00#K01xK02+K03
3 |K00+K01+K02

4 |K00%KO01

When, for instance, mask option 2 (K00+K01+K02+K03) is selected, initial reset is executed when the
signals input to the four ports KO0-KO03 are all low at the same time. When 3 or 4 is selected, the initial
reset is done when a key entry including a combination of selected input ports is made.

If using this function, make sure that the specified ports do not go low at the same time during ordinary
operation.

Further, the time authorize circuit can be selected with the mask option. The time authorize circuit checks
the input time of the simultaneous low input and performs initial reset if that time is the defined time or
more.

The authorization time becomes [524288 en/fosc] to [1048576en/fosc] by setting the prescaler (n: PRSM
setting value + 1).

Example of authorization time

In case of fosC = 4.194304 MHz and PRSM = 7: Min. 5242888/4194304 = 1 sec
Max. 104857698 /4194304 = 2 sec

In case of fosC = 2 MHz and PRSM = 3: Min. 5242884 /2000000 = 1.0 sec
Max. 1048576°4 /2000000 = 2.1 sec

In the SLEEP status, the noise rejector and the time authorize circuit are bypassed since the oscillation
circuit is off.
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2.3 Internal register at initial resetting

Initial reset initializes the CPU as shown in Table 2.2.3.1.
The registers and flags which are not initialized by initial reset should be initialized in the program if
necessary. In particular, the stack pointers SP1 and SP2 must be set as a pair because all the interrupts
including NMI are masked after initial reset until both the SP1 and SP2 stack pointers are set with

software.

When data is written to the EXT register, the E flag is set and the following instruction will be executed in
the extended addressing mode. If an instruction which does not permit extended operation is used as the
following instruction, the operation is not guaranteed. Therefore, do not write data to the EXT register for

initialization only.

Refer to the "EOC63000 Core CPU Manual" for extended addressing and usable instructions.

Table 2.2.3.1 Initial values

CPU core

Name

Symbol | Number of bits

Setting value

Data register A
Data register B
Extension register EXT
Index register X
Index register Y
Program counter
Stack pointer SP1
Stack pointer SP2
Zero flag

Carry flag
Interrupt flag
Extension flag
Queue register

o m~ 0N

Undefined
Undefined
Undefined
Undefined
Undefined
0110H

Undefined
Undefined
Undefined
Undefined

0

0
Undefined

Peripheral circuits

Name

Number of bits

Setting value

RAM

Display memory

Other pheripheral circuits

4
4

Undefined
Undefined

*

* See Section 4.1, "Memory Map".
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2.4 Terminal settings at initial resetting

The output port (R) terminals and I/O port (P) terminals are shared with special output terminals and
input terminals of the A/D converter. These functions are selected by the software. At initial reset, these
terminals are set to the general purpose output port terminals and I/O port terminals. Set them according
to the system in the initial routine. In addition, take care of the initial status of output terminals when
designing a system.

Table 2.2.4.1 shows the list of the shared terminal settings.

Table 2.2.4.1 List of shared terminal settings

Terminal Terminal status Special output When A/D
name at initial reset PTOUT | FOUT |converter is used

ROO ROO (High output)
RO1 RO1 (High output)
RO2 RO2 (High output) PTOUT
RO3 RO3 (High output) FOUT

R20-R23 |P20-P23 (Input & Pull-up *)
P40 |P40 (Input & Pull-up *) ADO (I)
P41 P41 (Input & Pull-up *) ADI (I)
P42 P42 (Input & Pull-up *) AD2 (I)
P43 P43 (Input & Pull-up *) AD3 (D)

* When "with pull-up" is selected by mask option (high impedance when "gate direct” is selected)

For setting procedure of the functions, see explanations for each of the peripheral circuits.

2.3 Test Terminal (TEST)

This is the terminal used for the factory inspection of the IC. During normal operation, connect the TEST
terminal to VDD.

E0C63256 TECHNICAL MANUAL EPSON 1



CHAPTER 3: CPU, ROM, RAM

CHAPTER 3 CPU, ROM, RAM

3.1 CPU

The E0C63256 has a 4-bit core CPU E0C63000 built-in as its CPU part.
Refer to the "E0C63000 Core CPU Manual" for the EOC63000.

3.2 Code ROM

The built-in code ROM is a mask ROM for loading programs, and has a capacity of 6,144 steps x 13 bits.
The core CPU can linearly access the program space up to step FFFFH from step 0000H, however, the
program area of the EOC63256 is step 0000H to step 17FFH. The program start address after initial reset is
assigned to step 0110H. The non-maskable interrupt (NMI) vector and hardware interrupt vectors are
allocated to step 0100H and steps 0102H-010EH, respectively.

0000H 4 4 \ 0000H
Program area
E0C63256
ROM
program area 0100H NMI vector
0102H
17FFH Y Hardware
1800H interrupt vectors
010EH
——— | |E0C63000 core CPU
/X/ \‘\
program space "0110H| Program start address
FFFFH Unused area v Program area
13 bits

Fig. 3.2.1 Configuration of code ROM
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CHAPTER 3: CPU, ROM, RAM

3.3 RAM

The RAM is a data memory for storing various kinds of data, and has a capacity of 256 words x 4 bits.
The RAM area is assigned to addresses 0000H to 00FFH on the data memory map.

4-bit/16-bit data access is possible for the entire area.

When programming, keep the following points in mind.

(1) All of the RAM area is used as a stack area for subroutine call and register evacuation, so pay atten-
tion not to overlap the data area and stack area.

(2) The E0C63000 core CPU handles the stack using the stack pointer for 4-bit data (SP2) and the stack
pointer for 16-bit data (SP1).
The stack pointers SP1 and SP2 change cyclically within their respective range: the range of SP1 is
0000H to 03FFH and the range of SP2 is 0000H to 00FFH. Therefore, pay attention to the SP1 value
because it may be set to 0100H or more exceeding the RAM area in the E0C63256. Memory accesses
except for stack operations by SP1 are 4-bit data access.
After initial reset, all the interrupts including NMI are masked until both the stack pointers SP1 and
SP2 are set by software. Further, if either SP1 or SP2 is re-set when both are set already, the interrupts
including NMI are masked again until the other is re-set. Therefore, the settings of SP1 and SP2 must
be done as a pair.

(3) Subroutine calls use 4 words (for PC evacuation) in the stack area for 16-bit data (SP1). Interrupts use
4 words (for PC evacuation) in the stack area for 16-bit data (SP1) and 1 word (for F register evacua-
tion) in the stack area for 4-bit data.

0000H 4
4/16 bits access area
* SP1 stack area
* SP2 stack area
¢ Data area
00FFH v

4 bits
Fig. 3.3.1 Configuration of data RAM
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

CHAPTER 4 PERIPHERAL CIRCUITS AND OQPERATION

The peripheral circuits of EOC63256 (timer, I/O, etc.) are interfaced with the CPU in the memory
mapped I/O method. Thus, all the peripheral circuits can be controlled by accessing the I/O memory on
the memory map using the memory operation instructions.

The following sections explain the detailed operation of each peripheral circuit.

4.1 Memory Map

The E0C63256 data memory consists of 256-word RAM, 20-word display memory and 52-word periph-
eral I/O memory area.

Figure 4.1.1 shows the overall memory map of the E0C63256, and Tables 4.1.1(a)—(d) the peripheral
circuits' (I/O space) memory maps.

0000H
RAM area
O00FFH
FOOOH'Dis lay memory area
Fo14H [—P2) y
Unused area
Unused area
FOOOH
'*"FFOOH Peripheral /0
FFOOH e RRBOH
I/O memory area FFCOH ,
FFEFH FEFFH Peripheral I/O area

Fig. 4.1.1 Memory map

Note: Memory is not implemented in unused areas within the memory map. Further, some non-imple-
mentation areas and unused (access prohibition) areas exist in the peripheral I/O area. If the
program that accesses these areas is generated, its operation cannot be guaranteed. Refer to the
I/O memory maps shown in Tables 4.1.1 (a)—(d) for the peripheral I/O area.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (a) 1I/O memory map (FFO2H-FF52H)

Register
Address - Comment
D3 D2 D1 DO__ [ Name | Init *1 1 0
PRSM3 1 P \! ti
PRSM3 | PRSM2 | PRSM1 | PRSMO rescaler sefting fosc
FFO2H PRSM2 1 Prescaler output  fPrS = 2«PRSM + 1)
RW PRSM1 1 PRSM setting condition: ( +D
PRSMO| 1 240 Hz < fosc/(2048 + (PRSM + 1)) < 530 Hz
FOUT 0 Enable | Disable | FOUT output enable
FOUT 0 FOFQ1 | FOFQO 043 a2 Unused [FOFQI, 0] 0 1 2 3
FFO6H FOUT Frequency fosc  fprs fPRS fPRS
FOFQ1 0 1
RW R RW frequency 64 512
FOFQO 0 selection fosc=4.19 MHz— 262kHz 4kHz 512 Hz
%3 — %2 S
0 0 | WDEN |WDRST g o E“‘“ez
FFO7H - , fuse
R W W WDEN 1 Enable | Disable | Watchdog timer enable
WDRST*3| Reset | Reset | Invalid | Watchdog timer reset (writing)
SIK03 | SIK02 | SIKO1 | SIK0O SIk03 0 Enable D!sable
FE20H SIK02 0 Enable | Disable KOO-KO3 in ¢ selecti st
= interrupt selection register
W SIK01 | 0 | Enable | Disable P ¢
SIK00 0 Enable | Disable ||
— 2 i 7
K03 K02 Ko1 Koo KO3 ) H!gh Low
FF21H K02} =2 Hioh | Lo ]y K03 input port dat
q Ko1 —+2| High | Low —RUS nput port data
K00 —-*2 | High Low |
KCPO3 | KCP02 | KCPOT | KCPOO Egggz 1 j{ ?
FF22H - KCPO1 1 1 s K00-KO03 input comparison register
KCPOO | 1 ol
Rosiz | rooriz | rotriz | Rooriz RO3HIZ 0 H!gh-Z Output | RO3/FOUT output hlgh 1@pedance control
FF30H RO2HIZ 0 High-Z | Output | RO2/PTOUT output high impedance control
RW RO1HIZ 0 High-Z | Output [ RO1 output high impedance control
ROOHIZ 0 High-Z | Output | ROO output high impedance control
RO3 RO2 RO1 RO0 R0O3 1 Hfgh Low | RO3 output port data (FOUTE=0) F?x at "1" when FOUT is .used
FE31H R02 1 High Low [RO2 output port data (PTOUT=0) Fix at "1" when PTOUT is used
W RO1 1 High Low |ROI output port data
R0O 1 High Low | ROO output port data
10023 | 10c22 | 10021 | 10c20 | 9923 | O | Qutput ) input
10C22 0 Output | Input .
FF48H P20-P23 I/O control register
W 10C21 0 Output | Input
10C20 0 Output | Input |
PUL23 | PUL22 | PUL21 | PUL20 PuL23 ! On off
FF49H PULZZ Y1 On O o o3 put trol regist
- PUL21 1 on off —-P23 pull-up control register
PUL20 1 On off |J
— 2 i 7
P23 p22 P21 P20 P28 ) H!gh Low
p22 -+*2 | High Low
FF4AH . P20-P23 I/O port data
AW P21 -*2| High Low
P20 —-*2 | High Low |
10c43 | 10c42 | 10ca1 | 10c40 10C43 0 Output | Input | P43 1/0O control (PAD3=0), general-purpose reg?ster (PAD3=1)
FE50H 10C42 0 Output | Input | P42 I/O control (PAD2=0), general-purpose register (PAD2=1)
W 10C41 0 Output | Input | P41 I/O control (PAD1=0), general-purpose register (PAD1=1)
10C40 0 Output | Input | P40 I/O control (PAD0=0), general-purpose register (PADO=1)
3 pull- - - i -
puLas | putaz | puLat | puLdo PUL43 1 On Off | P43 pull-up control (PAD3=0), general-purpose reg¥ster (PAD3=1)
FE51H PUL42 1 On Off | P42 pull-up control (PAD2=0), general-purpose register (PAD2=1)
RW PUL41 1 On Off | P41 pull-up control (PAD1=0), general-purpose register (PAD1=1)
PUL40 1 On Off | P40 pull-up control (PAD0=0), general-purpose register (PADO=1)
_x2| Hi N . i -
P43 P2 Pa1 P40 P43 K Hfgh Low | P43 port data (PAD3=0), general-purpose reg?ster (PAD3=1)
FE52H P42 -+*2 | High Low |P42 port data (PAD2=0), general-purpose register (PAD2=1)
W P41 -2 | High Low | P41 port data (PAD1=0), general-purpose register (PAD1=1)
P40 —-*2 | High Low | P40 port data (PAD0=0), general-purpose register (PADO=1)
Remarks

*1 Initial value at initial reset
*2 Not set in the circuit
#3 Constantly "0" when being read
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (b) I/O memory map (FF60H-FFDOH)

Register
Address - Comment
D3 D2 D1 DO | Name | Init *1 1 0
LDUTY1 0 LCD drive duty [LDUTY], 0] 0 1 2,3
LDUTY1[LDUTYO| © LPWR wutvol o ] cwitch Duty 14 13 12
FF60H 043 0 Unused
- nuse
R R R
W W LPWR 0 On Off | LCD power On/Off
03 -2 Unused
ALOFF | ALON | STCD
FF61H 0 0 0 STC ALOFF 1 All Off | Normal | LCD all OFF control
ALON 0 AllOn | Normal | LCD all ON control
R RW ) ) .
STCD 0 Static | Dynamic| Common output signal control
0+3 -2 Unused
ENON | BZF BZON
FEG4H 0 © Q ° ENON 0 On Off |2 Hz interval On/Off
R RW BZFQ 0 2kHz | 4kHz |Buzzer frequency selection
BZON 0 On Off | Buzzer output On/Off
a - .
ADRUN | ADcLk | chst | chso ADRUN 0 Start | Invalid | A/D conversion Cf)ntrol
FF68H ADCLK 0 fosc/2 | fers | Input clock selection
W W CHS1 0 ] Input channel [CHS1,0] O 1 2 3
CHS0 0 selection Ch ADO AD1 AD2 AD3
paD3 | PAD2 | PADY | PADO PAD3 0 AD /0 | A/D-Ch3 enable (P43 lerm?nal)
FF69H PAD2 0 AD /0 | A/D-Ch2 enable (P42 terminal)
W PAD1 0 AD /0 | A/D-Chl enable (P41 terminal)
PADO 0 AID /0 | A/D-ChO enable (P40 terminal)
—#2 7
ADDR3 | ADDR2 | ADDR1 | ADDRO :ngz 2
FF6AH . ADDRY e A/D conversion data (low-order 4 bits)
ADDRO *2 LSB
_x2 7
ADDR7 | ADDR6 | ADDR5 | ADDR4 23322 w0 MSB
FF6BH i ADDRS 2 A/D conversion data (high-order 4 bits)
ADDR4 -2 B
*3 — #2
0 o |mopet [mobEo| ° Unused
FECOH 0+3 —*2 Unused
R AW MODE1 0 16 bit |8 bit x 2| 8/16 bits mode selection (Programmable timer 2, 3)
MODEQ 0 16 bit | 8 bit x 2 | 8/16 bits mode selection (Programmable timer 0, 1)
0+3 -2 Unused
0 EVCNT | FCSEL | PLPOL
FEC1H ¢ cs 0 EVCNT 0 Eventct.| Timer | Timer O counter mode selection
R RW FCSEL 0 With NR| No NR | Timer O function selection (for event counter mode)
PLPOL 0 N 1 |Timer0 pulse polarity selection (for event counter mode)
3 — %2
o | prout |cHseLt|cHseLo| ° Unused
FEC2H PTOUT 0 On Off | PTOUT output control
R W CHSELA1 0 ] PTOUT output  [CHSELIL, 0] 0 1 2 3
CHSELO| 0 channel selection Output Ch  Timer O Timer I Timer 2 Timer 3
PTPSO1| 0 ] Timer O clock [PTPS01,00] 0 1 2 3
FFGAH PTPS01| PTPS00|PTRSTOPTRUNO| prpgng| o division ratio  pivision ratio fosc/1 fosc/4 fosc/32 fosc/256
W W AW PTRST0*3)  —#2 | Reset | Invalid | Timer O reset (reload)
PTRUNO| 0 Run Stop | Timer 0 Run/Stop
PTPS11| 0 ] Timer I clock [pTPS11,10] 0 1 2 3
FECSH PTPSTI| PTPS10|PTRST1PTRUNT| prpgto| o division ratio  ; ;Gon ratio fosc/I fosc/d fosc/32 fosc/256
W W AW PTRST1#3]  —+*2 | Reset | Invalid | Timer 1 reset (reload)
PTRUN1 0 Run Stop | Timer 1 Run/Stop
PTPS21| 0 Timer 2 clock  [PTPS21,20] 0 1 2 3
FFCEH PTPS21| PTPS20 PTRST2 PTRUN2) brpsan| division ratio by iion ratio fosc/1 fosc/4 fosc/32 fosc/256
3| — %2 i 3 S P
AW W AW PTRST2 Reset | Invalid T?mer 2 reset (reload)
PTRUN2| 0 Run Stop | Timer 2 Run/Stop
PTPS31| 0 ] Timer 3 clock [PTPS31,30] 0 1 2 3
— PTPSS1| PTPS30|PTRSTS IPTRUNS) prpsan| o division ratio - pivision ratio fosc/1 fosc/4 fosc/32 fosc/256
AW W AW PTRST3#3) —#2 | Reset | Invalid | Timer 3 reset (reload)
PTRUN3| 0 Run Stop | Timer 3 Run/Stop
RLDO3 | RLDO02 | RLDO1 | RLDOO 2tggg g MSB
FFDOH ALDOT 0 Programmable timer O reload data (low-order 4 bits)
R
W RLD00 0 LSB
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (c) 1I/O memory map (FFDIH-FFDFH)

Register
Address - Comment
D3 D2 D1 DO | Name | Init *1 0
RLDO7 0 MSB
RLDO7 | RLDO6 | RLDO5 | RLD04
RLD06 0 . . .
FFD1H ALDOS 0 Programmable timer O reload data (high-order 4 bits)
RW RLD04 0 LSB
RLD13 | RLD12 | RLD11 | RLD10 Stglg g MSB
FFD2H ALD11 0 Programmable timer 1 reload data (low-order 4 bits)
RIW RLD10 0 LSB
RLD17 0 MSB
RLD17 | RLD16 | RLD15 | RLD14 ALD16 0
FFD3H ALD15 0 Programmable timer 1 reload data (high-order 4 bits)
RIW RLD14 0 LSB
RLD23 0 MSB
RLD23 | RLD22 | RLD21 | RLD20
RLD22 0 . .
FFD4H ALD21 0 Programmable timer 2 reload data (low-order 4 bits)
RW RLD20 0 LSB
RLD27 | RLD26 | RLD25 | RLD24 Stggg g MSB
FFD5H ALD25 0 Programmable timer 2 reload data (high-order 4 bits)
RIW RLD24 0 LSB
RLD: MSB
RLD33 | RLD32 | RLD31 | RLD30 RLD;: g S
FFD6H ALD31 0 Programmable timer 3 reload data (low-order 4 bits)
RIW RLD30 0 LSB
RLD37 0 MSB
RLD37 | RLD36 | RLD35 | RLD34
RLD36 0 . . .
FFD7H ALD35 0 Programmable timer 3 reload data (high-order 4 bits)
RW RLD34 0 LSB
PTDO3 0 MSB
PTD03 | PTDO02 | PTDO1 | PTDOO PTDO2 0
FFD8H PTDOT 0 Programmable timer 0 data (low-order 4 bits)
PTDO00 0 LSB
PTD0O7 MSB
PTDO7 | PTDO6 | PTDO5 | PTD04 PTDg 5 g S
FFD9H i ioh-i i
9 PTDOS 0 Programmable timer O data (high-order 4 bits)
PTD04 0 LSB
PTD13 0 MSB
PTD13 | PTD12 | PTD11 | PTD10 PTD12 0
FFDAH PTD11 0 Programmable timer 1 data (low-order 4 bits)
PTD10 0 LSB
PTD17 0 MSB
PTD17 | PTD16 | PTD15 | PTD14 PTDI16 0
FFDBH PTD15 0 Programmable timer 1 data (high-order 4 bits)
PTD14 0 LSB
PTD2
PTD23 | PTD22 | PTD21 | PTD20 s 0 MSB
PTD22 0 . .
FFDCH Programmable timer 2 data (low-order 4 bits)
PTD21 0
PTD20 0 LSB
PTD27 0 MSB
PTD27 | PTD26 | PTD25 | PTD24 PTD26 0
FFDDH PTD25 0 Programmable timer 2 data (high-order 4 bits)
PTD24 0 LSB
PTD33 0 MSB
PTD33 | PTD32 | PTD31 | PTD30
FFDEH PTD32 0 P ble ti 3 data (low-order 4 bits)
PTD31 0 rogrammable timer w i
PTD30 0 LSB
PTD37 0 MSB
PTD37 | PTD36 | PTD35 | PTD34
FFDFH PTD36 0 P ble ti 3 data (high-order 4 bits)
PTD35 0 rogrammable timer 3 data (high-or
PTD34 0 LSB
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1 (d) 1I/O memory map (FFE2H-FFF7H)

Register
Address - Comment
D3 D2 D1 DO [ Name | Init 1 1 0
eets | eere | epmi | EPTO EIPT3 0 Enable | Mask |Interrupt mask reg%sler (Programmable l?mer 3)
FFE2H EIPT2 0 Enable | Mask |Interrupt mask register (Programmable timer 2)
RW EIPT1 0 Enable | Mask |Interrupt mask register (Programmable timer 1)
EIPTO 0 Enable | Mask | Interrupt mask register (Programmable timer 0)
*3 —#2
0 0 0 | EKo 8 wl g““sej
FFE4H nuse
R AW 0+3 —*2 Unused
EIKO 0 Enable | Mask | Interrupt mask register (KO0-K03)
*3 —*2 S
0 0 0 | Emo 8 al g““gej
FFE6H fuse
R AW 0+3 - *2 Unused
EITO 0 Enable | Mask | Interrupt mask register (Clock timer 1 Hz)
*3 — %2
0 0 0 | ED 8 wl Enusej
FFE7H fuse
R RW 0+3 —#2 Unused
EIAD 0 Enable | Mask | Interrupt mask register (A/D converter)
IPT3 IPT2 IPT1 IPTo IPT3 0 (R) (R) | Interrupt factor flag (Programmable t%mer 3)
FEF2H IPT2 0 | Yes | No [Interrupt factor flag (Programmable timer 2)
AW IPT1 0 (W) (W) | Interrupt factor flag (Programmable timer 1)
IPTO 0 Reset | Invalid | Interrupt factor flag (Programmable timer 0)
3 -2 R R s
N N NI N ) e e A G e
FFFgH (—————1——+———1 "™ L Jes L R0 nuse
R AW 03 -#2 (W) (W) | Unused
IKO 0 Reset | Invalid | Interrupt factor flag (KOO-K03)
*3 — %2
0 0 0 o 0 (R) (R) | Unused
FEF6H 0+3 -#2| Yes | No [Unused
R RW 0+3 -*2| (W) (W) | Unused
ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 1 Hz)
*3 —#2
0 0 0 AD 0 (R) (R) | Unused
FEF7H 0+3 -*2| Yes | No |Unused
R AW 03 —#2 (W) (W) | Unused
IAD 0 Reset | Invalid | Interrupt factor flag (A/D converter)
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit and Prescaler)

4.2 Oscillation Circuit and Prescaler

4.2.1 Configuration of oscillation circuit

The E0C63256 has a built-in oscillation circuit that supplies the operation clock to the CPU and peripheral
circuits.

As a kindof oscillation circuit, either crystal/ceramic oscillation, CR oscillation or external clock input can
be selected by mask option. The oscillation circuit supports 0.5 MHz to 4.5 MHz (Max. 2.5 MHz in CR
oscillation) of oscillation frequency. To generate the operation clocks for the peripheral circuit from this
wide frequency range, a prescaler is provided at the last stage of the oscillation circuit. The division ratio
of the prescaler can be set according to the oscillation frequency with software. Figure 4.2.1.1 is the block
diagram of this oscillation system.

ﬁSLEEP (during SLEEP: High)

Oscillation fosc To CPU

circuit (and peripheral circuits)
A
Prescaler | fprs |  Divider for . .
fosc/2 | veripheral circuit —® To peripheral circuits
~fosc/32
4 .
Vb1 Prescaler setting

Oscillation system PRSMO~
voltage regulator PRSM3

Fig. 4.2.1.1 Oscillation system block diagram

4.2.2 Kind of oscillation circuit

As a kindof oscillation circuit, either crystal/ceramic oscillation, CR oscillation or external clock input can
be selected by mask option. The oscillation frequency range is 0.5 MHz to 2.5 MHz in CR oscillation and
0.5 MHz to 4.5 MHz in other types. This oscillation circuit stops in the SLEEP mode.

Note: A 4.194304 MHz crystal oscillator is recommended when using as a clock function.

(1) Crystal/ceramic oscillation circuit

As shown in Figure 4.2.2.1, the crystal oscillation circuit
can be configured simply by connecting a crystal
oscillator (X'tal) and a feedback resistor (Rf) between
the OSC3 and OSC4 terminals, the gate capacitor (CG)
between the OSC3 and Vss terminals, and the drain
capacitor (CD) between the OSC4 and Vss terminals.
In the case of ceramic oscillation, connect a ceramic
oscillator between the OSC3 and OSC4 terminals
instead of a crystal oscillator.

See Chapter 7, "Electrical Characteristic" for the recom-
mended values of each element.

(2) CR oscillation circuit
As shown in Figure 4.2.2.2, the CR oscillation circuit
can be configured simply by connecting the resistor
RCR between the OSC3 and OSC4 terminals. See
Chapter 7, "Electrical Characteristics" for resistance
value of RCR.

(3) External clock input

When external clock input is selected, open the OSC4

terminal and input a square wave clock to the OSC3
terminal. Fig. 4.2.2.3 External clock input
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit and Prescaler)

4.2.3 Prescaler

To adopt 0.5 MHz to 4.5 MHz of oscillation frequency, a prescaler is provided at the last stage of the
oscillation circuit. The prescaler sets the operating clocks of the peripheral circuits in a fixed range.
The division ratio of the prescaler can be set using the PRSM register as shown in Table 4.2.3.1.

Table 4.2.3.1 Division ratio of prescaler

PRSM3|PRSM2|PRSM1|PRSMO fPRS PRSM3|PRSM2|PRSM1|PRSMO0 fPRS
1 1 1 1 fosc/32 0 1 1 1 fosc/16
1 1 1 0 fosc/30 0 1 1 0 fosc/14
1 1 0 1 fosc/28 0 1 0 1 fosc/12
1 1 0 0 fosc/26 0 1 0 0 fosc/10
1 0 1 1 fosc/24 0 0 1 1 fosc/8
1 0 1 0 fosc/22 0 0 1 0 fosc/6
1 0 0 1 fosc/20 0 0 0 1 fosc/4
1 0 0 0 fosc/18 0 0 0 0 fosc/2

fprs: Prescaler output clock frequency = fosc/2n (n: PRSM setting value + 1)
fosc: Oscillation clock frequency

The division ratio should be set so that it meets the following condition.

fosc .
240 Hz < 20480 < 530 Hz  (n: PRSM setting value + 1)
Examples
In case of fosC = 4.194304 MHz: fosc/(2048e8) =256 Hz PRSM =7 f{PRrS =262.144 kHz
In case of fosc = 2 MHz: fosc/(2048e4) =244 Hz PRSM =3 fpPrS =250 kHz

Note: It is necessary to take into consideration frequency deviation of fosc. The examples do not.
See Chapter 7, "Electrical Characteristic" for frequency deviation.

The peripheral circuits that are affected with the setting of the prescaler are as follows:
® Clock timer and watchdog timer (Count clock)

® LCD driver (Fream frequency)

® Buzzer output circuit (Buzzer frequency, 2 Hz interval)

® Special output of output port (FOUT frequency)

e Initial reset circuit (Time authorize circuit, noise rejector)

® Programmable timer (Noise rejector, data hold time)

e A/D conversion clock

The operation clocks of these peripheral circuits are generated by dividing the output clock of the
prescaler (fPrs). Table 4.2.3.2 shows examples of division ratio and clock frequency of each peripheral
circuit. Examples of 4.19 MHz are showing the PRSM set to 7, and examples of 2 MHz are showing the
PRSM set to 3.

Table 4.2.3.2 Clock frequency for peripheral circuit

Frequency/Time

Peripheral circuit/Signal Division ratio fosc=4.194304 MHz fosc=2 MHz

Clock timer count clock fPrs/1024 256 Hz 244 Hz
Clock timer 1 Hz interrupt (WDT clock) fPRS/262144 1 Hz 0.95 Hz
Watchdog timer reset cycle Min. 786432/fPRS 3 sec 3.15 sec
Watchdog timer reset cycle Max. 1048576/fprs 4 sec 4.19 sec
LCD driver frame frequency (1/4, 1/2 duty) fPRS/4096 64 Hz 61.0 Hz
LCD driver frame frequency (1/3 duty) fPrS/3072 85.3 Hz 81.4 Hz
Buzzer signal (2 kHz) fPRS/128 2048 Hz 1953 Hz
Buzzer signal (4 kHz) fPRS/64 4096 Hz 3906 Hz
Buzzer 2 Hz interval signal fPrs/131072 2 Hz 1.9 Hz
FOUT frequency 0 fosc 4.194304 MHz 2 MHz
FOUT frequency 1 fPRS 262.144 kHz 250 kHz
FOUT frequency 2 fPRS/64 4096 Hz 3906 Hz
FOUT frequency 3 fPrRS/512 512 Hz 488 Hz
Initial reset noise rejection pulse width 128/fPrS 0.49 msec 0.51 msec
Authrization time for simultaneous input reset Min. 262144/fprs 1 sec 1.05 sec
Authrization time for simultaneous input reset Max. 524288/fPrS 2 sec 2.1 sec
Programmable timer noise rejection pulse width 128/fpPrS 0.49 msec 0.51 msec
Programmable timer data hold time (8 bits) 128/fPrs 0.49 msec 0.51 msec
Programmable timer data hold time (16 bits) 256/fPrs 0.98 msec 1.02 msec
A/D converter clock fPRS 262.144 kHz 250 kHz
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit and Prescaler)

4.2.4 Clock frequency and instruction execution time

The CPU operates with the oscillation clock fosc.
Table 4.2.4.1 shows the instruction execution time according to frequency.

Table 4.2.4.1 Clock frequency and instruction execution time

Instruction execution time (usec)
Clock frequency - - - - - :
1-cycle instruction | 2-cycle instruction | 3-cycle instruction
4.194304 MHz 0.48 0.95 1.43
2 MHz 1 2 3
4.2.5 1/0 memory of prescaler
Table 4.2.5.1 shows the I/O addresses and the control bits for the prescaler.
Table 4.2.5.1 Control bits of prescaler
Regist
Address egister - Comment
D3 D2 D1 DO | Name | Init *1 1 0
pRsM3 | Prsm2 | PRsmH | PRSMO PRSM3 1 Prescaler setting ‘ fosc
FFO2H PRSM2 1 Prescaler output ~ fPrs = m
PRSM1 1 PRSM setting condition:
R/W
PRSMO| 1 240 Hz < fosc/(2048 » (PRSM + 1)) < 530 Hz

*1 Initial value at initial reset
*#2  Not set in the circuit
*3  Constantly "0" when being read

PRSM3-PRSMO: Prescaler setting register (FFO2H)
Sets a division ratio of the prescaler.

Table 4.2.5.2 Prescaler setting

PRSM3|PRSM2|PRSM1|PRSMO0 fPRS PRSM3|PRSM2|PRSM1|PRSMO fPRS
1 1 1 1 fosc/32 0 1 1 1 fosc/16
1 1 1 0 fosc/30 0 1 1 0 fosc/14
1 1 0 1 fosc/28 0 1 0 1 fosc/12
1 1 0 0 fosc/26 0 1 0 0 fosc/10
1 0 1 1 fosc/24 0 0 1 1 fosc/8
1 0 1 0 fosc/22 0 0 1 0 fosc/6
1 0 0 1 fosc/20 0 0 0 1 fosc/4
1 0 0 0 fosc/18 0 0 0 0 fosc/2

Select one according to the oscillation frequency.
When the oscillation frequency is 4.194304 MHz, set to 7 (0111B) to use the clock timer as a clock function.
Refer to Section 4.2.3 for details.
At initial reset, this register is set to "1111B".

4.2.6 Programming note

The peripheral circuits may not operate normally if the prescaler is not set properly.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

4.3 Input Ports (K00-K03)

4.3.1 Configuration of input ports

The E0C63256 has four bits general-purpose input ports. Each of the input port terminals (K00-K03)
provides internal pull-up resistor. Pull-up resistor can be selected for each bit with the mask option.
Figure 4.3.1.1 shows the configuration of input port.

VbD

A Interrupt
; request

Kxx O

Data bus

: Mask option

Fig. 4.3.1.1 Configuration of input port

Selection of "With pull-up resistor" with the mask option suits input from the push switch, key matrix,
and so forth. When "Gate direct" is selected, the port can be used for slide switch input and interfacing
with other LSIs.

4.3.2 Interrupt function

All four bits of the input ports (K00-K03) provide the interrupt function. The conditions for issuing an
interrupt can be set by the software. Further, whether to mask the interrupt function can be selected by
the software. The input port interrupts are also used for releasing the SLEEP mode.

Figure 4.3.2.1 shows the configuration of KO0-KO03 interrupt circuit.

SLEEP
cancellation
1 Input comparison
! register (KCP0O) Interrupt factor Interruot
‘ flag (IK0) requeusrt)
0
Qo ‘
1 ! I Interrupt selection Interrupt mask
% : register (SIK00) register (EIKO)
()]
LKoo
L KOZ2
KO3
<t
<

Fig. 4.3.2.1 Input interrupt circuit configuration
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

The interrupt selection register (SIK) and input comparison register (KCP) are individually set for the
input ports K00-K03, and can specify the terminals for generating interrupt and interrupt timing.

The interrupt selection registers (SIKO0-SIK03) select what input of KO0-KO03 to use for the interrupt.
Writing "1" into an interrupt selection register incorporates that input port into the interrupt generation
conditions. The changing the input port where the interrupt selection register has been set to "0" does not
affect the generation of the interrupt.

The input interrupt timing can select that the interrupt be generated at the rising edge of the input or that
it be generated at the falling edge according to the set value of the input comparison registers (KCP00-
KCP03).

By setting these two conditions, the interrupt for KO0-K03 is generated when input ports in which an
interrupt has been enabled by the input selection registers and the contents of the input comparison
registers have been changed from matching to no matching.

The interrupt mask register (EIK0) enable the interrupt mask to be selected for KOO-KO03.

When the interrupt is generated, the interrupt factor flag (IK0) is set to "1".

Figure 4.3.2.2 shows an example of an interrupt for KO0-K03.

Interrupt selection register Input comparison register
SIK03 | SIK02 | SIKO1 | SIKOO KCP03 | KCP02 | KCPO1 |KCP0OO
1 1 1 0 1 0 1 0

With the above setting, the interrupt of KOO—KO03 is generated under the following condition:

Input port
(1) | K03 | K02 | K01 | KOO
1 0 1 0 (Initial value)

(2) | k03 | Ko2 | Ko1 | koo

(3) | k03 | Ko2 | Ko1 | koo

0 0 1 1 —» Interrupt generation
+ Because KOO interrupt is set to disable, interrupt will be
generated when no matching occurs between the
4) KO3 Ko2 Ko1 Koo contents of the 3 bits KO1-K03 and the 3 bits input
0 1 1 1 comparison register KCP01-KCPO03.

Fig. 4.3.2.2 Example of interrupt of KOO-K03

KO0 interrupt is disabled by the interrupt selection register (SIK00), so that an interrupt does not occur at
(2). At (3), KO3 changes to "0"; the data of the terminals that are interrupt enabled no longer match the
data of the input comparison registers, so that interrupt occurs. As already explained, the condition for
the interrupt to occur is the change in the port data and contents of the input comparison registers from
matching to no matching. Hence, in (4), when the no matching status changes to another no matching
status, an interrupt does not occur. Further, terminals that have been masked for interrupt do not affect
the conditions for interrupt generation.

4.3.3 Mask option

Internal pull-up resistor can be selected for each of the four bits of the input ports (K00-K03) with the
input port mask option.

When "Gate direct" is selected, take care that the floating status does not occur for the input. Select "With
pull-up resistor" for input ports that are not being used.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

4.3.4 1/0 memory of input ports
Table 4.3.4.1 shows the I/O addresses and the control bits for the input ports.
Table 4.3.4.1 Control bits of input ports

Register
Address - Comment
D3 D2 D1 DO | Name | Init *1 1 0
SIKO3 | SIK02 | SIK01 | SIK0O SIK03 0 Enable D!sable
FF20H SIK02 0 Enable | Disable KOO-KO3 in ¢ selecti st
— 5 1nterrt 10n regi T
W SIKot | 0 | Enable | Disable CrTupt selection registe
SIK00 0 Enable | Disable ||
%2 i 7
K03 K02 Ko1 Koo K0S ) H!gh Low
FF21H K02 | =2 High | Low e 103 input port dat
a Kot —+2| High | Low —hUS tput port data
K00 —-#*2 | High Low |
KCPO3 | KCPO2 | KCPO1 | KCPOO Egggz : j{ ?
FF22H - KCPO1 1 1 s K00-KO03 input comparison register
KCPOO | 1 RN
*3 — %2
0 0 o | EKo 8 wl Enusej
FFE4H nuse
R AW 03 -2 Unused
EIKO 0 Enable | Mask | Interrupt mask register (KO0-K03)
*3 —#2
0 0 0 Ko 0 (R) (R) | Unused
FEF4H 0+3 -*2| Yes | No |Unused
R AW 03 -*2 (W) (W) | Unused
IKO 0 Reset | Invalid | Interrupt factor flag (KO0-K03)

*]1 Initial value at initial reset
*2  Not set in the circuit
*3  Constantly "0" when being read

K00-KO03: KO port input port data (FF21H)
Input data of the input port terminals can be read with these registers.

When "1" is read: High level
When "0" is read: Low level
Writing: Invalid

The reading is "1" when the terminal voltage of the four bits of the input ports (K0O0-K03) goes high
(VDD), and "0" when the voltage goes low (VsS).
These bits are dedicated for reading, so writing cannot be done.

SIK00-SIKO03: KO port interrupt selection register (FF20H)
Selects the ports to be used for the K0O0-K03 input interrupts.

When "1" is written: Enable
When "0" is written: Disable
Reading: Valid

Enables the interrupt for the input ports (K00-K03) for which "1" has been written into the interrupt
selection registers (SIK00-SIK03). The input port set for "0" does not affect the interrupt generation
condition.

At initial reset, this register is set to "0".

Note: The interrupt of the input port that is used for releasing SLEEP mode must be enabled by writing
"1" to the interrupt selection register before executing the SLP instruction.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

KCP00-KCP03: KO port input comparison register (FF22H)
Interrupt conditions for terminals KO0-K03 can be set with these registers.

When "1" is written: Falling edge
When "0" is written: Rising edge
Reading: Valid

The interrupt conditions can be set for the rising or falling edge of input for each of the four bits (K00-
KO03), through the input comparison registers (KCP00-KCP03).

Comparison is done only with the ports that are enabled by the interrupt among K00-K03 by means of
the SIKO0-SIKO3 registers.

At initial reset, this register is set to "1111B".

EIKO: KO input interrupt mask register (FFE4H*DO0)
Masking the interrupt of the input port can be selected with this register.

When "1" is written: Enable
When "0" is written: Mask
Reading: Valid

With this register, masking of the input port interrupt can be selected.
At initial reset, this register is set to "0".

Note: Since an input port interrupt is used to release SLEEP mode, the input interrupt must be enabled
by this register before executing the SLP instruction.

IKO: KO input interrupt factor flag (FFF4HeDO)
This flag indicates the occurrence of input interrupt.

When "1" is read: Interrupt has occurred
When "0" is read: Interrupt has not occurred

When "1" is written: Flag is reset
When "0" is written: Invalid

The interrupt factor flag IKO0 is associated with K00-K03. From the status of this flag, the software can
decide whether an input interrupt has occurred.

The interrupt factor flag is set to "1" when the interrupt condition is established regardless of the interrupt
mask register setting. However, the interrupt does not occur to the CPU when the interrupt is masked.
This flag is reset to "0" by writing "1".

After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag = "1") is
set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be sure to reset
(write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the interrupt
enabled state.

At initial reset, this flag is set to "0".
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Input Ports)

4.3.5 Programming notes

(1) When input ports are changed from low to high by pull-up resistors, the rise of the waveform is
delayed on account of the time constant of the pull-up resistor and input gate capacitance. Hence,
when fetching input ports, set an appropriate waiting time.

Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
Waiting time = RIN x (CIN + CL) x 1.6 [sec]

RIN: Pull-up resistance Max. value

CiN: Terminal capacitance Max. value

CL: Load capacitance on the board

(2) The K03 terminal functions as the clock input terminal for the programmable timer, and the input
signal is shared with the input port and the programmable timer. Therefore, when the K03 terminal is
set to the clock input terminal for the programmable timer, take care of the interrupt setting.

(3) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETT instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the
interrupt enabled state.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Output Ports)

4.4 Output Ports (RO0-R03)

4.4.1 Configuration of output ports

The E0C63256 has 4 bits general output ports.

Output specifications of the output ports can be selected individually with the mask option. Two kinds of
output specifications are available: complementary output and N-channel open drain output.

Figure 4.4.1.1 shows the configuration of the output port.

VDD
%
High impedance N
»{  control register 1 5 E ZX

Data register o0 Rxx

-~ A

Data bus

Vss

Fig. 4.4.1.1 Configuration of output port

The R02 and R03 output terminals are shared with special output terminals (PTOUT, FOUT), and this
function is selected by the software.

At initial reset, these are all set to the general purpose output port.

Table 4.4.1.1 shows the setting of the output terminals by function selection.

Table 4.4.1.1 Function setting of output terminals

Terminal Terminal status Special output
name at initial reset PTOUT | FOUT
R0O0O  [ROO (High output) ROO ROO
RO1 RO1 (High output) RO1 RO1
R02 RO2 (High output) PTOUT
RO3 RO3 (High output) FOUT

When using the output port (R02, R03) as the special output port, the data register must be fixed at "1"
and the high impedance control register must be fixd at "0" (data output).

4.4.2 Mask option

Output specifications of the output ports can be selected with the mask option.

The output specifications of the output ports RO0-R03 can be selected from either complementary output
or N-channel open drain output individually (in 1-bit units).

This mask option is effective even when the output port (R02, R03) is used for special output port.
However, when N-channel open drain output is selected, do not apply a voltage exceeding the power
supply voltage to the output port.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Output Ports)

4.4.3 High impedance control

The terminal output status of each output port can be set to a high impedance status using the high
impedance control register.

When "1" is written to the high impedance control register, the corresponding output port terminal goes
to high impedance status. When "0" is written, the port outputs a signal according to the data register.

4.4.4 Special output
In addition to the regular DC output, special output can be selected for the output ports R02 and R03 as

shown in Table 4.4.4.1 with the software.
Figure 4.4.4.1 shows the configuration of the R02 and R03 output ports.

Table 4.4.4.1 Special output

Terminal | Special output | Output control register
RO3 FOUT FOUT
RO2 PTOUT PTOUT

FOUT

Register
FOUT

A
Y

Register R0O3
RO3 (FOUT)

A
A 4

Register
RO3HIZ

A
Y

PTOUT

Data bus

Register
PTOUT

A
Y

Register R02
R02 (PTOUT)

A
A 4

Register
RO2HIZ

A
Y

Fig. 4.4.4.1 Configuration of RO2 and RO3 output ports

At initial reset, the output port data register is set to "1" and the high impedance control register is set to
"0". Consequently, the output terminal goes high (VDD).

When using the output port (R02, R03) as the special output port, fix the data register (R02, R03) at "1"
and the high impedance control register (R02HIZ, RO3HIZ) at "0" (data output). The respective signal
should be turned ON and OFF using the special output control register.

Note: ¢ Be aware that the output terminal is fixed at a low (Vss) level the same as the DC output if "0" is
written to the R02 and R03 registers when the special output has been selected.

e Be aware that the output terminal shifts into high impedance status when "1" is written to the
high impedance control register (RO2HIZ, RO3HIZ).
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Output Ports)

* PTOUT (R02)
The R02 terminal can output the PTOUT signal.
The PTOUT signal is the clock that is output from the programmable timer, and can be used to
provide a clock signal to an external device.
To output the PTOUT signal, fix the R02 register at "1" and the RO2HIZ register at "0", and turn the
signal ON and OFF using the PTOUT register. It is, however, necessary to control the programmable
timer.
Refer to Section 4.8, "Programmable Timer" for details of the programmable timer.

Note: A hazard may occur when the PTOUT signal is turned ON and OFF.
Figure 4.4.4.2 shows the output waveform of the PTOUT signal.

RO2HIZ register | Fix at "0"
RO2 register : Fix at "1"
PTOUT register "0" EE ng

PTOUT output ‘

Fig. 4.4.4.2 Output waveform of PTOUT signal

* FOUT (R03)
The R03 terminal can output the FOUT signal.
The FOUT signal is the oscillation clock (fosc) or a clock that the prescaler output (fPrRs) has divided,
and can be used to provide a clock signal to external devices.
To output the FOUT signal, fix the R03 register at "1" and the RO3HIZ register at "0", and turn the
signal ON and OFF using the FOUT register.
The frequency of the output clock may be selected from among 4 types shown in Table 4.4.4.2 by
setting the FOFQO and FOFQ1 registers.

Table 4.4.4.2 FOUT clock frequency

Clock frequency
FOFQ1 FOFQO A . fosc = 4.194304 MHz fosc =2 MHz
Division ratio
PRSM =7 PRSM =3
1 1 fosc 4.194304 MHz 2 MHz
1 0 fPRS 262.144 kHz 250 kHz
0 1 fPrRs/64 4096 Hz 3906 Hz
0 0 fPRS/512 512 Hz 488 Hz

fosc: Oscillation clock
fprs: Prescaler output clock

The FOUT frequency varies according to the oscillation frequency and setting of the prescaler (PRSM
register). Refer to Section 4.2, "Oscillation Circuit and Prescaler”, for setting of the prescaler.

Note: A hazard may occur when the FOUT signal is turned ON and OFF.
Figure 4.4.4.3 shows the output waveform of the FOUT signal.

RO3HIZ register | Fix at "0"
RO3 register  : Fix at "1"
FOUT register "0" o no

FOUT output ‘

Fig. 4.4.4.3 Output waveform of FOUT signal
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Output Ports)

4.4.5 1/0 memory of output ports
Table 4.4.5.1 shows the I/O addresses and control bits for the output ports.
Table 4.4.5.1 Control bits of output ports

Register
Address - Comment
D3 D2 D1 DO __ [ Name | Init *1 1 0
FOUT 0 Enable | Disable | FOUT output enable
FOUT 0 FOFQ1 | FOFQO 053 2 Unused [FOFQI, 0] 0 1 2 3
FFOo6H FOFQ1 0 FOUT Frequency fosc  fprs fPrs frrs
RW R RW ] frequency 64 512
FOFQO 0 selection fosc=4.19 MHz— 262kHz 4kHz 512Hz
RosHiZ | RozHiZ | RotHIZ | RooHIZ RO3HIZ 0 H!gh-Z Output | RO3/FOUT output hlgh m}pedance control
FE30H RO2HIZ 0 High-Z | Output | RO2/PTOUT output high impedance control
RW RO1HIZ 0 High-Z | Output | RO1 output high impedance control
ROOHIZ 0 High-Z | Output | ROO output high impedance control
RO3 RO2 RO1 ROO R03 1 Hfgh Low | RO3 output port data (FOUTE=0) F?x at "1" when FOUT is .used
FE31H R02 1 High Low |RO2 output port data (PTOUT=0) Fix at "1" when PTOUT is used
RW RO1 1 High Low [ROI output port data
R00 1 High Low | ROO output port data
0+3 -2 Unused
PTOUT |CHSEL1|CHSEL
FEC2H 0 OUT |CHSELT)CHSELO PTOUT| © On Off | PTOUT output control
A AW CHSEL1| 0 ] PTOUT output  [CHSELI,0] 0 1 2 3
CHSELO| 0 channel selection Output Ch  Timer O Timer I Timer2 Timer 3

*1 Initial value at initial reset
*#2  Not set in the circuit

*3  Constantly "0" when being read

ROOHIZ-RO3HIZ: High impedance control register (FF30H)
Controls high impedance output of the output port.

When "1" is written: High impedance
When "0" is written: Data output
Reading: Valid

By writing "0" to the high impedance control register, the corresponding output terminal outputs accord-
ing to the data register. When "1" is written, it shifts into high impedance status.

When the output ports R02 and R03 are used for special output (PTOUT, FOUT), fix the RO2HIZ register
and the RO3HIZ register at "0" (data output).

At initial reset, these registers are set to "0".

R00-RO03: Output port data register (FF31H)
Set the output data for the output ports.

When "1" is written: High level output
When "0" is written: Low level output
Reading: Valid

The output port terminals output the data written in the corresponding data registers without changing
it. When "1" is written to the register, the output port terminal goes high (VDD), and when "0" is written,
the output port terminal goes low (Vss).

When the output ports R02 and R03 are used for special output (PTOUT, FOUT), fix the R02 register and
the R03 register at "1".

At initial reset, these registers are all set to "1".
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FOUT: FOUT output control register (FFO6H*D3)
Controls the FOUT output.

When "1" is written: FOUT output ON
When "0" is written: FOUT output OFF
Reading: Valid

By writing "1" to the FOUT register when the R03 register has been set to "1" and the RO3HIZ register has
been set to "0", the FOUT signal is output from the R03 terminal. When "0" is written, the R03 terminal
goes high (VDD).

When using the R03 output port for DC output, fix this register at "0".

At initial reset, this register is set to "0".

FOFQO, FOFQ1: FOUT frequency selection register (FFO6H*D0, D1)
Selects a frequency of the FOUT signal.

Table 4.4.5.2 FOUT clock frequency

Clock frequency
FOFQ1 FOFQO L . fosc = 4.194304 MHz fosc =2 MHz
Division ratio
PRSM =7 PRSM =3
1 1 fosc 4.194304 MHz 2 MHz
1 0 fPrRS 262.144 kHz 250 kHz
0 1 fPrRS/64 4096 Hz 3906 Hz
0 0 fPRS/512 512 Hz 488 Hz

The FOUT frequency varies according to the oscillation frequency and setting of the prescaler (PRSM
register). Refer to Section 4.2, "Oscillation Circuit and Prescaler”, for setting of the prescaler.
At initial reset, this register is set to "0".

PTOUT: PTOUT output control register (FFC2H<D2)
Controls the PTOUT output.

When "1" is written: PTOUT output ON
When "0" is written: PTOUT output OFF
Reading: Valid

By writing "1" to the PTOUT register when the R02 register has been set to "1" and the RO2HIZ register
has been set to "0", the PTOUT signal is output from the R02 terminal. When "0" is written, the R02
terminal goes high (VDD). However, it is necessary that the programmable timer has output the PTOUT
signal.

When using the R02 output port for DC output, fix this register at "0".

At initial reset, this register is set to "0".

4.4.6 Programming notes

(1) When using the output port (R02, R03) as the special output port, fix the data register (R02, R03) at "1"
and the high impedance control register (R02HIZ, RO3HIZ) at "0" (data output).
Be aware that the output terminal is fixed at a low (Vss) level the same as the DC output if "0" is
written to the R02 and R03 registers when the special output has been selected.
Be aware that the output terminal shifts into high impedance status when "1" is written to the high
impedance control register (R02HIZ, RO3HIZ).

(2) Ahazard may occur when the FOUT signal and the PTOUT signal are turned ON and OFF.

(3) The FOUT frequency varies according to the oscillation frequency and setting of the prescaler (PRSM
register). Refer to Section 4.2, "Oscillation Circuit and Prescaler”, for setting of the prescaler.
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4.5 I/0 Ports (P20-P23 and P40-P43)

4.5.1 Configuration of I/0 ports
The E0C63256 has 8 bits general-purpose I/O ports. Figure 4.5.1.1 shows the configuration of the I/O

port.

W register

Pull-up control

(PUL)

Data
Address register

Data bus

/

W—» register

I/O control

(10C)

Fig. 4.5.1.1 Configuration of /0 port

VDD

Pxx

Vss

The P40-P43 1/0 port terminals are shared with the A/D converter input terminals and this function is

selected by the software.

At initial reset, these are all set to the I/O port.
Table 4.5.1.1 shows the setting of the input/output terminals by function selection.

Table 4.5.1.1 Function setting of input/output terminals

Terminal Terminal status When A/D
name at initial reset converter is used
P20-P23 |P20-P23 (Input & pull-up *) P20-P23
P40 P40 (Input & pull-up *) ADO (I)
P41 P41 (Input & pull-up *) ADI1 (I)
P42 P42 (Input & pull-up *) AD2 (I)
P43 P43 (Input & pull-up *) AD3 (I)

* When "with pull-up resistor" is selected by the mask option

(high impedance when "gate direct" is set)

When these ports are used as I/O ports, the ports can be set to either input mode or output mode (in 1-bit
unit). Modes can be set by writing data to the I/O control registers.
Refer to Section 4.10, "A /D Converter", for control of the A/D converter.
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4.5.2 Mask option

Output specification for the output mode and addition of pull-up resistors can be selected as the terminal
specification of the I/O port. Two selection items are available: complementary output and N-channel
open drain output.

When N-channel open drain output is selected, do not supply a voltage exceeding the power supply
voltage to the port.

Furthermore, a pull-up resistor can be added to each terminal by mask option.
When "without pull-up" is selected, take care that the floating status does not occur in the input mode.
Select "Gate Direct" for the terminals that are used for A/D input among P40-P43.

These options can be selected individually in each port.

4.5.3 I/0 control registers and input/output mode

Input or output mode can be set for the I/O ports by writing data into the I/O control registers IOCxx.
This setting can be done individually in each port.

To set the input mode, write "0" to the I/O control register. When an I/O port is set to input mode, it
becomes high impedance status and works as an input port.

However, when the pull-up explained in the following section has been set by software, the input line is
pulled up only during this input mode.

To set the output mode, write "1" is to the I/O control register. When an I/O port is set to output mode , it
works as an output port, it outputs a high level (VDD) when the port output data is "1", and a low level
(Vss) when the port output data is "0".

If perform the read out in each mode; when output mode, the register value is read out, and when input
mode, the port value is read out.

At initial reset, the I/O control registers are set to "0", and the I/O ports enter the input mode.

Ports set as the inputs of the A/D converter (P40-P43) are fixed as input. In this case, the I/O control
registers can be used as general purpose registers that do not affect the I/O control.

4.5.4 Pull-up during input mode

For the I/O ports of the E0C63256, pull-up resistors that are effective in the input mode can be added by
mask option.

The pull-up resistor becomes effective by writing "1" to the pull-up control register PULxx that corre-
sponds to each port, and the input line is pulled up during the input mode. When "0" has been written,
no pull-up is done.

At initial reset, the pull-up control registers are set to "1".

The pull-up control registers of the ports in which "without pull-up" have been selected can be used as
general purpose registers.
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4.5.5 1/0 memory of 1I/0 ports
Table 4.5.5.1 show the I/O addresses and the control bits for the I/O ports.

Table 4.5.5.1 Control bits of I/0 ports

Register
Address - Comment
D3 D2 D1 DO | Name | Init *1 1 0
10623 | 10622 | 10c21 | 1oceo | 1033 | O | Output | Input
10C22 0 Output | Input .
FF48H P20-P23 I/O control register
W 10C21 0 Output | Input
10C20 0 Output | Input ||
PUL23 | PuL22 | PUL21 | PUL20 | TOR8 | T O Of
FF49H PuL22 ! On ot P20-P23 pull trol ist
™ PUL21 1 on off —P23 pull-up control register
PUL20 | 1 on | off ||
) i T
P23 p22 P21 P20 P23 H!gh Low
P22 -*2| High Low
FF4AH ) P20-P23 I/O port data
W P21 -2 | High Low
P20 -*2| High Low [J
10643 | 10c42 | 1001 | 10c40 10C43 0 Output | Input |P43 I/O control (PAD3=0), general-purpose reg%ster (PAD3=1)
FE50H 10C42 0 Output | Input |P42 I/O control (PAD2=0), general-purpose register (PAD2=1)
AW 10C41 0 Output | Input |P41 I/O control (PAD1=0), general-purpose register (PAD1=1)
10C40 0 Output | Input | P40 I/O control (PAD0=0), general-purpose register (PADO=1)
puL4s | puLaz | puLat | PuL4o PUL43 1 On Off | P43 pull-up control (PAD3=0), general-purpose reg?ster (PAD3=1)
FE51H PUL42 1 On Off | P42 pull-up control (PAD2=0), general-purpose register (PAD2=1)
AW PUL41 1 On Off | P41 pull-up control (PAD1=0), general-purpose register (PAD1=1)
PUL40 1 On Off | P40 pull-up control (PAD0=0), general-purpose register (PAD0=1)
P4. —+#2 | High P4 PAD3= 1- i PAD3=1
P43 P2 pai P40 3 !g Low 3 port data ( 3=0), general-purpose regfster( )
FF52H P42 -2 | High Low |P42 port data (PAD2=0), general-purpose register (PAD2=1)
W P41 -2 | High Low |[P41 port data (PAD1=0), general-purpose register (PAD1=1)
P40 -*2 | High Low [ P40 port data (PAD0=0), general-purpose register (PAD0=1)
PAD. D | A/D-Ch le (P43 inal
pAD3 | PAD2 | PADT | PADO 3 0 Al /0 /D-Ch3 enable ( terml'na)
FF69H PAD2 0 AD /0 | A/D-Ch2 enable (P42 terminal)
AW PAD1 0 AD /0 | A/D-Chl enable (P41 terminal)
PADO 0 AD /0 | A/D-ChO enable (P40 terminal)

*1 Initial value at initial reset
*2  Not set in the circuit
*3  Constantly "0" when being read

PADO-PAD3: A/D channel enable register (FF69H)
Selects the function for P40-P43.

When "1" is written: A/D converter input
When "0" is written: 1/0 port
Reading: Valid

The PADO to PAD3 registers correspond to the P40 to P43 terminals. They set the terminals as the analog
signal input terminal used in the A/D converter.

Write "1" to the register when using the terminal as the input channel of the A/D converter. When using
the I/O port, write "0".

At initial reset, this register is set to "0".

P20-P23: P2 I/O port data register (FF4AH)
P40-P43: P4 1/O port data register (FF52H)
I/0 port data can be read and output data can be set through these registers.

® When writing data
When "1" is written: High level
When "0" is written: Low level

When an I/O port is set to the output mode, the written data is output unchanged from the I/O port
terminal. When "1" is written as the port data, the port terminal goes high (VDD), and when "0" is written,
the terminal goes low (Vss).

Port data can be written also in the input mode.
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® When reading data
When "1" is read: High level
When "0" is read: Low level

The terminal voltage level of the I/O port is read out. When the I/O port is in the input mode the voltage
level being input to the port terminal can be read out; in the output mode the register value can be read.
When the terminal voltage is high (VDD) the port data that can be read is "1", and when the terminal
voltage is low (Vss) the data is "0".

When "with pull-up resistor" has been selected with the mask option and the PUL register is set to "1", the
built-in pull-up resistor goes ON during input mode, so that the I/O port terminal is pulled up.

The data registers of the ports (P40-P43) that are set as input for the A/D converter can be used as
general purpose registers that do not affect the input/output.

Note: When the I/O port terminal is changed from low to high by pull-up resistor, the rise of the waveform
is delayed on account of the time constant of the pull-up resistor and input gate capacitance.
Hence, when fetching input ports, set an appropriate wait time.

Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
Waiting time = RIN x (CIN + CL) x 1.6 [sec]

RiN:  Pull-up resistance Max. value

CIN:  Terminal capacitance Max. value

CL: Load capacitance on the board

10C20-10C23: P2 port I/O control register (FF48H)
10C40-10C43: P4 port I/O control register (FF50H)
The input and output modes of the 1/O ports are set with these registers.

When "1" is written: Output mode
When "0" is written: Input mode
Reading: Valid

The input and output modes of the I/O ports are set in 1-bit unit.

Writing "1" to the I/O control register makes the corresponding I/O port enter the output mode, and
writing "0" induces the input mode.

At initial reset, these registers are all set to "0", so the I/O ports are in the input mode.

The I/O control registers of the ports (P40-P43) that are set as input for the A/D converter can be used as
general purpose registers that do not affect the input/output.

PUL20-PUL23: P2 port pull-up control register (FF49H)
PUL40-PULA43: P4 port pull-up control register (FF51H)
The pull-up during the input mode are set with these registers.

When "1" is written: Pull-up ON
When "0" is written: Pull-up OFF
Reading: Valid

The built-in pull-up resistor which is turned ON during input mode is set to enable in 1-bit units. (The
pull-up resistor is included into the ports selected by the mask option.)

By writing "1" to the pull-up control register, the corresponding I/O ports are pulled up (during input
mode), while writing "0" turns the pull-up function OFF.

At initial reset, these registers are all set to "1", so the pull-up function is set to ON.

The pull-up control registers of the ports (P40-P43) that are set as input for the A/D converter can be
used as general purpose registers that do not affect the pull-up control.
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4.5.6 Programming note

When the I/0 port terminal is changed from low to high by the pull-up resistor in the input mode, the
rise of the waveform is delayed on account of the time constant of the pull-up resistor and input gate
capacitance. Hence, when fetching input ports, set an appropriate wait time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
Waiting time = RIN x (CIN + CL) x 1.6 [sec]

RIN: Pull-up resistance Max. value

CiN: Terminal capacitance Max. value

CL: Load capacitance on the board
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4.6 LCD Driver (COM0-COM3, SEGO-SEG19)

4.6.1 Configuration of LCD driver

The E0C63256 has 4 common terminals (COM0-COM3) and 20 segment terminals (SEG0-SEG19), so that
it can drive an LCD with a maximum of 80 (20 x 4) segments.

In this LCD driver, the following drive methods can be selected with software.

* Duty: 1/4 duty, 1/3 duty or 1/2 duty

¢ Driving method: Dynamic drive or Static drive

4.6.2 Power supply for LCD driving/LCD drive bias

For the LCD drive power source, either the internal power supply or an external power supply can be
selected by mask option.

Furthermore, when the internal power supply is selected, it is possible to choose whether the V3 is
supplied from outside of the IC or connected to VDD inside the IC.

The internal LCD system voltage circuit generates VC2 and Vc1 by dividing the V3 or VDD with resistors.
See Section 2.1.2, "Voltage <Vc1, Vc2, Vs> for LCD driving” for more information on the mask option for
the LCD drive voltage.

The drive bias can also be selected from 1/3 bias and 1/2 bias by mask option.

Relationship of the voltages is as follows:

When 1/3 bias is selected: Vc1=Vc3x1/3,Vc2=Vc3x2/3 or Vc1=Vbpx1/3,Vc2=VDDX2/3
When 1/2 bias is selected: VC1 = Vc2=Vc3x1/2 or Vc1=Vc2=VDDx1/2

When an external power supply is selected, supply the above voltages to the V1, Vc2 and V3 terminals
from the external power circuit.

The LCD system voltage circuit is turned ON and OFF by the LCD power control register LPWR.

When using the internal LCD voltage circuit, the LCD system voltage circuit generates Vc1 and Vc2 by
setting LPWR to "1". When LPWR is set to "0", VC1 and V2 become Vss level. In this case, all outputs
from the COM terminals and SEG terminals go to Vss level. Therefore to display the LCD, the LCD drive
power must be ON by previously setting LPWR to "1". SEG output ports that are set for DC output by the
mask option operate same as the output (R) port regardless of the power ON/OFF control.

Note: It is necessary to write "1" to the LPWR register even if external power supply is selected.
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4.6.3 Control of LCD display and drive waveform
(1) Display ON/OFF control

The E0C63256 incorporates the ALON and ALOFF registers to blink display. When "1" is written to
ALON, all the segments go ON, and when "1" is written to ALOFF, all the segments go OFF. At such a
time, an ON waveform or an OFF waveform is output from the SEG terminals. When "0" is written to
these registers, normal display is performed. Furthermore, when "1" is written to both of the ALON
and ALOFF, ALON (all ON) has priority over the ALOFF (all OFF). At initial reset, both the registers
are set to "0" (normal display). However, the LCD power is OFF at initial reset, so the display is
actually performed when the LCD power is turned ON (LPWR = "1").

(2) Setting of drive duty

In the E0C63256, the drive duty can be set to 1/4, 1/3 or 1/2 by the software. This setting is done
using the LDUTY1 and LDUTYO registers as shown in Table 4.6.3.1.

Table 4.6.3.1 LCD drive duty setting

LDUTY1 | LDUTYO | Drive duty | Common terminal used | Maximum segment number
1 #* 172 COMO, COM1 40 (20x2)
0 1 1/3 COMO-COM2 60 (20 x 3)
0 0 1/4 COMO-COM3 80 (20 x 4)

The frame frequency (fFR) varies according to the oscillation frequency and setting of the prescaler
(PRSM register). Refer to Section 4.2, "Oscillation Circuit and Prescaler”, for setting of the prescaler.
® When 1/4 duty, 1/2 duty driving

fFR = fPRS/4096

Examples
In case of fosc = 4.194304 MHz and PRSM = 7: fFR = 64 Hz
In case of fosCc = 2 MHz and PRSM = 3: frrR = 61.0 Hz

e When 1/3 duty driving
fFR = 4/3 x fPRS/4096

Examples
In case of fosc = 4.194304 MHz and PRSM = 7: fFrR = 85.3 Hz
In case of fosC = 2 MHz and PRSM = 3: fFR = 81.4 Hz

Figures 4.6.3.1 to 4.6.3.6 show the dynamic drive waveform according to the drive bias and duty.
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LCD lighting status
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Fig. 4.6.3.1 Dynamic drive waveform for 1/4 duty (1/3 bias)

E0C63256 TECHNICAL MANUAL EPSON 39



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (LCD Driver)

LCD lighting status
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Fig. 4.6.3.2 Dynamic drive waveform for 1/3 duty (1/3 bias)
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Fig. 4.6.3.3 Dynamic drive waveform for 1/2 duty (1/3 bias)
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i LCD lighting status
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Fig. 4.6.3.4 Dynamic drive waveform for 1/4 duty (1/2 bias)

E0C63256 TECHNICAL MANUAL EPSON 41



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (LCD Driver)

LCD lighting status
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Fig. 4.6.3.5 Dynamic drive waveform for 1/3 duty (1/2 bias)
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Fig. 4.6.3.6 Dynamic drive waveform for 1/2 duty (1/2 bias)
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The E0C63256 provides software setting of the LCD static drive.
To set in static drive, write "1" to the common output signal control register STCD. Then, by writing
"1" to any one of COMO to COM3 (display memory) corresponding to the SEG terminal, the SEG
terminal outputs a static ON waveform. When all the COMO0 to COM3 bits are set to "0", the SEG
terminal outputs a dynamic OFF waveform.
Figures 4.6.3.7 and 4.6.3.8 show the static drive waveform for 1/3 bias and 1/2 bias.
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4.6.4 Mask option

(1) Segment allocation
The display memory is arranged from addresses FOOOH to FO13H in the data memory space. The LCD
driver has a segment decoder built-in, and the data bit (D0-D3) of the optional address in the display
memory area (FOOOH-F013H) can be allocated to the optional segment. This makes design easy by
increasing the degree of freedom with which the liquid crystal panel can be designed.
The allocated segment displays when the bit for the display memory is set to "1", and goes out when
bit is set to "0".
Figure 4.6.4.1 shows an example of the relationship between the LCD segments (on the panel) and the
display memory for the case of 1/3 duty.

Data Common 0 | Common 1 | Common 2
Address
D3 D2 D1 DO SEG10 FOOA, DO | FOOB, D1 FOOB, DO
FOOAH | d c b a (@) () (e)
FoOBH | p . . . » SEG11 | F00A, DI | FOOB, D2 | FOOA, D3
; ; . ; (b) (2) (d)
FOOCH d ¢ b a SEG12 FOOD, D1 | FOOA, D2 | FOOB, D3
FOODH p' g' f' e' (f" (c) )
Display memory allocation Pin address allocation

(o]

[]

SEG10 SEG11 SEG12

|:| Common 0 :] Common 1 - Common 2

Fig. 4.6.4.1 Segment allocation

At initial reset, the contents of the display memory are undefined, therefore it is necessary to initialize
by software. Since the display memory permits reading and writing, the addresses/bits that are not
used on the LCD display can be used as general-purpose registers.

(2) Output specification
® The segment terminals (SEGO-SEG19) can be selected with the mask option in pairs* for either

segment signal output or DC output (VDD and Vss binary output).
When DC output is selected, the data corresponding to COMO of each segment terminal is output.

@ When DC output is selected, either complementary output or N-channel open drain output can be
selected for each terminal with the mask option.

# The terminal pairs are combination of SEG2 x n and SEG2 x n + 1 (where n is an integer from 0 to 9).

Figure 4.6.4.2 shows the configuration of the segment terminal when DC output is selected.
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-

ﬁ VDD

Mask option

SEGxx

Vss

Fig. 4.6.4.2 Configuration of LCD driver (for DC output)

(3) Power supply for driving LCD/LCD drive bias
Either the internal power supply (external V3 is used), internal power supply (external VC3 is not
used) or an external power supply can be selected as the LCD system power supply. Further the LCD
drive method can be selected from 1/3 bias drive or 1/2 bias drive.

Refer to Section 2.1.2, "Voltage <Vc1, V2, Ve3> for LCD driving", for details.

4.6.5 I/0 memory of LCD driver
Table 4.6.5.1 shows the I/O addresses and the control bits for the LCD driver. Figure 4.6.5.1 shows the

display memory map.

Table 4.6.5.1 Control bits of LCD driver

Register

Address - Comment

D3 D2 D1 DO | Name | Init *1 1 0

LDUTY1 0 LCD drive duty [LDUTY], 0] 0 1 2,3
LDUTY1|LDUTYO 0 LPWR LDUTYO 0 ] switch Duty 1/ 13 12
FF60H 043 *2 U d
- nuse
RIW R RIW LPWR 0 On Off | LCD power On/Off
03 -2 Unused
FE61H 0 ALOFF | ALON | STCD ALOFF 1 All Off | Normal | LCD all OFF control
A AW ALON 0 AllOn | Normal | LCD all ON control
STCD 0 Static | Dynamic| Common output signal control
*1 Initial value at initial reset
*#2  Not set in the circuit
*3  Constantly "0" when being read
Low| O 1 2 3 4 5 6 7 8 9 A | B|C|D|E F
Base address
F000 Display memory (20 words x 4 bits) R/W
Fo10 Unused area
Fig. 4.6.5.1 Display memory map
EPSON 45
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LPWR: LCD power control (ON/OFF) register (FF60H*DO0)
Turns the LCD system voltage circuit ON and OFFE.

When "1" is written: ON
When "0" is written: OFF
Reading: Valid

When "1" is written to the LPWR register, the LCD system voltage circuit goes ON and generate the LCD
drive voltage (VC1, VC2). When "0" is written, the LCD drive voltage (VC1, VC2) goes to Vss level.

It is necessary to write "1" to the LPWR register even if external power is selected by mask option.

This control does not affect to SEG terminals that have been set for DC output.

At initial reset, this register is set to "0".

Note: When the SLP instruction is executed when the LCD power is turned on (LPWR = "1"), the LCD
drive voltages Vc1 and Vcz, COM outputs and SEG outputs go low the same when "0" is written to
the LPWR register. However, since the SLEEP status does not affect the LPWR register, the LCD
power turns on and the display resumes when the SLEEP status is released.

LDUTYO, LDUTY1: LCD drive duty switching register (FF60H*D2, D3)
Selects the LCD drive duty.

Table 4.6.5.2 Drive duty setting

LDUTY1 | LDUTYO | Drive duty | Common terminal used | Maximum segment number
1 #* 172 COMO, COM1 40 (20x2)
0 1 1/3 COMO-COM2 60 (20 x 3)
0 0 1/4 COMO-COM3 80 (20 x 4)

At initial reset, this register is set to "0".

STCD: Common output signal control register (FF61HDO0)
Switches the LCD driving method.

When "1" is written: Static drive
When "0" is written: Dynamic drive
Reading: Valid

By writing "1" to STCD, static drive is selected, and dynamic drive is selected when "0" is written.
At initial reset, this register is set to "0".

ALON: LCD all ON control register (FF61HeD1)
Displays the all LCD segments ON.

When "1" is written: All LCD segments displayed
When "0" is written: Normal display
Reading: Valid

By writing "1" to the ALON register, all the LCD segments goes ON, and when "0" is written, it returns to
normal display.

This function outputs an ON waveform to the SEG terminals, and segments not affect the content of the
display memory.

ALON has priority over ALOFF.

At initial reset, this register is set to "0".
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ALOFF: LCD all OFF control register (FF61H*D2)
Fade outs the all LCD segments.

When "1" is written: All LCD segments fade out
When "0" is written: Normal display
Reading: Valid

By writing "1" to the ALOFF register, all the LCD segments goes OFF, and when "0" is written, it returns
to normal display.

This function outputs an OFF waveform to the SEG terminals, and does not affect the content of the
display memory.

At initial reset, this register is set to "0".

Display memory (FOOOH-FO013H)
The LCD segments are lit or turned off depending on this data.

When "1" is written: Lit
When "0" is written: Not lit
Reading: Invalid

By writing data into the display memory allocated to the LCD segment (on the panel), the segment can be
lit or put out.

At initial reset, the contents of the display memory are undefined, therefore it is necessary to initialize by
software. Since the display memory permits reading and writing, the addresses/bits that are not used on
the LCD display can be used as general-purpose registers.

4.6.6 Programming note

The contents of the display memory are undefined until the area is initialized (through, for instance,
memory clear processing by the CPU). Initialize the display memory by executing initial processing.
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4.7 Clock Timer and Watchdog Timer

4.7.1 Configuration of clock timer and watchdog timer

The E0C63256 has a built-in clock timer that has a 1 Hz interrupt function and a watchdog timer that
detects program overrun.
Figure 4.7.1.1 is the block diagram of the clock timer and watchdog timer.

1 Hz* o
1 Interrupt |, Interrupt
Oscillation circuit/|fPRS Divider fTmMIN Clock timer Watchdog »| control request
Prescaler (256 Hz*) timer NMI
Prescaler b ? 1
setting SLEEP )
PRSM0-3|  (during SLEEP: High) Yzzéig?gor?atl'mer

WDRST

WDEN Watchdog timer enable signal
* When fosc = 4.194304 MHz and PRSM =7

Fig. 4.7.1.1 Block diagram of clock timer and watchdog timer

4.7.2 Clock timer operation

The clock timer consists of an 8-bit binary counter that counts up with a divided fPrs clock (256 Hz)
output from the prescaler. The last stage of the counter generates a 1 Hz clock and it generates an inter-
rupt.

(1) Input clock
When using the clock timer for clock function, a 256 Hz clock must be input to the timer. For this
purpose, use a 4.194304 MHz crystal oscillator and set the PRSM register of the prescaler to 7. An
accurate 1 Hz signal cannot be obtained in other conditions.
When using an oscillation frequency other than 4.194304 MHz, the frequency of the clock input to the
clock timer is calculated by the expression below.

fosc

fTMIN = 5 048en

[Hz]

fTMIN: Frequency of clock timer input clock [Hz]
fosc: Oscillation clock frequency [Hz]

n: PRSM register setting value + 1

For example, when the oscillation frequency is 2 MHz and the PRSM register is set to 3, the clock
timer inputs a 244 Hz clock and generates a 0.95 Hz signal from the last stage of its counter.
Refer to Section 4.2, "Oscillation Circuit and Prescaler”, for setting of the prescaler.

(2) Count operation

The clock timer always operates (counts up) when the IC is being operated even in HALT status.
However, it stops counting in SLEEP status because the oscillation stops.

(3) 1 Hz interrupt

The clock timer sets the interrupt factor flag ITO to "1" at the falling edge of its 1 Hz signal (when fosc
= 4.194304 MHz) to generate an interrupt. The interrupt request to the CPU can be masked using the
interrupt mask register EITO. However, regardless of the interrupt mask register setting, the interrupt
factor flag is set to "1" at the falling edge of the 1 Hz signal.
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4.7.3 Watchdog timer operation

The watchdog timer is a 2-bit binary counter that counts up with the clock timer output signal (1 Hz). The
watchdog timer must be reset periodically by software during operation. If the watchdog timer is not
reset, it will generate a non-maskable interrupt when an overflow occurs in the last stage of the counter
(0.25 Hz).

Watchdog timer reset processing in the program's main routine enables detection of program overrun,
such as when the main routine's watchdog timer processing is bypassed. Ordinarily this routine is
incorporated where periodic processing takes place, just as for the timer interrupt routine.

(1) Controlling watchdog timer

The watchdog timer starts counting after an initial reset, but it can be stopped by software. When the
watchdog timer is not used, write "0" to the WDEN register (FF07HeD1) to stop the operation. This
writing must be performed before a NMI occurs.

(2) Resetting watchdog timer

When the watchdog timer is being operated, reset it by writing "1" to WDRST (FFO7HeD0) before the
counter overflows. If the watchdog timer is not reset, a non-maskable interrupt (NMI) request will
occur to the CPU.

The interval between resetting and an overflow occurring is calculated by the expression below.

. 24288¢
Min. = 524288 x 3 [secC]
fosc
Min. = 524288 x 4 [secC]
fosc
fosc:  Oscillation clock frequency [Hz]
n: PRSM register setting value + 1
Examples
In case of fosc = 4.194304 MHz and PRSM = 7: 3-4 seconds
In case of fosc = 2 MHz and PRSM = 3: 3.15-4.19 seconds

Refer to Section 4.2, "Oscillation Circuit and Prescaler”, for setting of the prescaler.

The watchdog timer operates in HALT status. If the HALT status continues for the above time, the
non-maskable interrupt will release the HALT status.

However, SLEEP period is not included in the reset cycle because the watchdog timer is placed in
reset status in SLEEP mode (when the oscillation stops). Resume periodical resetting after the SLEEP
mode is released.

(3) Interrupt
If the watchdog timer is not reset periodically, a non-maskable interrupt (NMI) is generated to the
core CPU. Since this interrupt cannot be masked, it is accepted even in the interrupt disable status (I
flag = "1"). However, it is not accepted when the CPU is in the interrupt mask state until SP1 and SP2
are set as a pair, such as after initial reset or during re-setting the stack pointer. The interrupt vector of
NMI is assigned to 0100H in the program memory.
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4.7.4 1/0 memory of clock timer and watchdog timer
Table 4.7.4.1 shows the I/O addresses and the control bits for the clock timer and watchdog timer.

Table 4.7.4.1 Control bits of clock timer and watchdog timer

Register
Address - Comment
D3 D2 D1 DO [ Name | Init *1 1 0
#3 — %2
0 0 | WDEN |WDRST g Y g““?ej
FFO7H - , fuse
R AW w WDEN 1 Enable | Disable | Watchdog timer enable
WDRST#3| Reset | Reset | Invalid | Watchdog timer reset (writing)
#3 — %2 S
0 0 o | emo g wl Enu“’j
FFE6H fuse
R W 0+3 -2 Unused
EITO 0 Enable | Mask | Interrupt mask register (Clock timer 1 Hz)
*3 —#2
0 0 0 o 0 (R) (R) | Unused
FEF6H 0+3 -*2| Yes | No |Unused
R AW 03 —*2 (W) (W) | Unused
ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 1 Hz)

*1 TInitial value at initial reset
*2  Not set in the circuit
*3  Constantly "0" when being read

WDEN: Watchdog timer enable register (FFO7HeD1)
Selects whether the watchdog timer is used (enabled) or not (disabled).

When "1" is written: Enabled
When "0" is written: Disabled
Reading: Valid

When "1" is written to the WDEN register, the watchdog timer starts count operation. When "0" is written,
the watchdog timer does not count and does not generate an interrupt (NMI).
At initial reset, this register is set to "1".

WDRST: Watchdog timer reset (FF07HeD0)
Resets the watchdog timer.

When "1" is written: Watchdog timer is reset
When "0" is written: No operation
Reading: Always "0"

When "1" is written to WDRST, the watchdog timer is reset and restarts immediately after that. When "0"
is written, no operation results.
This bit is dedicated for writing, and is always "0" for reading.

EITO: 1 Hz interrupt mask register (FFE6H*DO0)
Masks the clock timer interrupt.

When "1" is written: Enabled
When "0" is written: Masked
Reading: Valid

This register is used to select whether the 1 Hz interrupt of the clock timer is masked or not.
At initial reset, this register is set to "0".
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ITO: 1 Hz interrupt factor flag (FFF6H*DO0)
This flag indicates the status of the clock timer interrupt.

When "1" is read: Interrupt has occurred
When "0" is read: Interrupt has not occurred

When "1" is written: Flag is reset
When "0" is written: Invalid

The interrupt factor flag (IT0) corresponds to the 1 Hz clock timer interrupt. The software can judge from
this flag whether it is a clock timer interrupt. However, even if the interrupt is masked, the flag is set to
"1" at the falling edge of the 1 Hz signal.

This flag is reset to "0" by writing "1" to it.

After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag = "1") is
set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be sure to reset
(write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the interrupt
enabled state.

At initial reset, this flag is set to "0".

4.7.5 Programming notes

(1) To operate the clock timer accurately, the prescaler must be set correctly.
When using the clock timer for clock function, use a 4.194304 MHz crystal oscillator and set the PRSM
register of the prescaler to 7. An accurate 1 Hz signal cannot be obtained in other conditions.

(2) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the
interrupt enabled state.

(3) When the watchdog timer is used, the software must reset the watchdog timer before an overflow
occurs.

(4) Because the watchdog timer is set in operation state by initial reset, set the watchdog timer to disabled
state (not used) before generating an interrupt (NMI) if it is not used.
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4.8 Programmable Timer

4.8.1 Configuration of programmable timer

The E0C63256 has four 8-bit programmable timer systems (timer 0 to timer 3) built-in.
Each timer are composed of 8-bit presettable down counters and they can be used as 8-bit x 4 channel
programmable timers. Furthermore, each pair of timers (timer 0 and timer 1 and timer 2 and timer 3) can
be used as a 16-bit programmable timer. Consequently, timer combinations when all the timers are used
are as follows:

e 8-bit X4 Ch. ccoveevrereereeen Timers 0, 1, 2 and 3: 8 bits

e 8-bit x 2 Ch., 16-bit x 1 Ch. .. Timers 0 and 1: 8 bits Pair of timers 2 and 3: 16 bits

or Timers 2 and 3: 8 bits Pair of timers 0 and 1: 16 bits
® 16-bit X2 Ch. cooovverreieeieenns Pair of timers 0 and 1, Pair of timers 2 and 3: 16 bits

Figure 4.8.1.1 shows the configuration of the programmable timer.

The down counter of each timer can be preset with an initial value, and the count clock can also be
selected from among four types. A counter underflow by down counting generates an interrupt and
presets the initial value to the counter, it makes it possible to set programmable interrupt cycles.
Furthermore, an underflow signal of the specified timer can be used to generate the PTOUT signal that is
output from the R02 output port terminal.
Timer 0 also has an event counter function that uses the K03 input port terminal.

Prescaler

Input port
K03 C )—{ K03
divider

I
Oscillation fosc

scil . 3 PTPS00
circuit Dvider 3 PTPSO1
| ]

Selector —»

2048 Hz (When fosc = 4.194304 MHz)

YVYY

Clock
control circuit

A
Timer function -_T
setting FCSEL

3 Pulse polarity

PTRUNO D o SEting PLPOL
' vent counter

Timer 0 Run/Stop 3 mode setting EVCNT

PTRUNA N H——————

Timer 1 Run/Stop

! JUnderflow
1 |signal

—

YYvYYy

PTRUN2 | PTPSI0
Timer 2 Run/Stop ! PTPS11
PTRUN3 1 vy

Timer 3 Run/Stop Clock
control circuit

Interrupt '
Interrupt '
request ~+| control : -JMODEO

i _Underflow
1 [signal

.

Selector —»

YYvYYy

circuit

Timer 0,
8/16-bit mode selection

Data bus

12 Selector

PTOUT
CHSELO
CHSEL1

PTOUT _ |Output port
(Ro2) O Ro2

b | PTPS20
; PTPS21

Selector —

Clock
control circuit

i Underflow
1 signal

)

Yyvy

Data buffer
PTD20-PTD27

PTPS30
PTPS31

Selector —»

Reload data register
RLD30-RLD37

Yy

Clock
control circuit

Timer 2,
8/16-bit mode selection

1 Underflow
1 signal

I

YYYYyY

Fig. 4.8.1.1 Configuration of programmable timer
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Each pair of timers (timers 0 and 1 and timers 2 and 3) can be used as an 8-bit x 2 ch. of timer or a 16-bit x
1 ch. timer, respectively. The MODEO register (timers 0, 1) and the MODEI register (timers 2, 3) are used

for this setting.

Table 4.8.2.1 Setting of 8/16-bit mode

MODE1 | MODEO | Timer3 | Timer2 | Timer1 | Timer 0
0 0 8 bits 8 bits 8 bits 8 bits
0 1 8 bits 8 bits 16 bits
1 0 16 bits 8bits | 8 bits
1 1 16 bits 16 bits

In the 8-bit mode, each timer can be controlled individually.

In the 16-bit mode, the underflow signal of timer 0 (or timer 2) is used as the input clock of timer 1 (or
timer 3) so that the down counters operate as a 16-bit counter.

The timer in the 16-bit mode is controlled with the control registers for low-order 8-bit side (timer 0, timer

2).

[8-bit mode]

Timer 0 (2)
input clock

8-bit data

—» Timer 0 (2)[»

Timer 1 (3)
input clock

—» Timer 1 (3)[»

&

8-bit data

Interrupt
request

Interrupt
request

[16-bit mode]
Low-order 8-bit data

Timer 0 (2)

input clock —*| Timer 0 (2)

Timer 0 (3)
underflow
signal

Interrupt

Timer 1 (3)[» request

High-order 8-bit data

Fig. 4.8.2.1 Counter configuration in 8- and 16-bit mode

4.8.3 Programmable timer operation

(1) Count clock

The programmable timer generates four types of count clocks by dividing the oscillation clock (fosc).
One of among the four types can be selected as the input clock for the counter. This selection can be
done in each timer individually using the division ratio selection register PTPS for each timer.

Table 4.8.3.1 Selection of count clock

PTPS01 | PTPS00 | Timer 0 input clock
PTPS11 | PTPS10 | Timer 1 input clock
PTPS21 | PTPS20 | Timer 2 input clock
PTPS31 | PTPS30 | Timer 3 input clock

1 1 fosc/256

1 0 fosc/32

0 1 fosc/4

0 0 fosc/1

fosc: Oscillation clock

Timer 0 has an event counter function and can use the signal input to the K03 input port as the count
clock. Refer to Section 4.8.5 for information on the event counter function and the input clock.
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(2) Reload data register and initial value setting

Each timer contains an 8-bit reload data register RLD that is used to set a counter initial value.
Timer 0: RLDO7-RLDO0O0 (used as the low-order 8-bit data in the 16-bit mode)

Timer 1: RLD17-RLD10 (used as the high-order 8-bit data in the 16-bit mode)

Timer 2: RLD27-RLD20 (used as the low-order 8-bit data in the 16-bit mode)

Timer 3: RLD37-RLD30 (used as the high-order 8-bit data in the 16-bit mode)

The reload data register can be read and written, and the each registers are set to 00H at initial reset.
Data written in this register is loaded into the down counter, and a down counting starts from the
value.

The preset of the down counter is done in the following two cases:

1. When software presets
The software preset can be done using the reset bit PTRST of each timer.
Timer 0: PTRSTO
Timer 1: PTRST1
Timer 2: PTRST2
Timer 3: PTRST3

When the reset bit is set to "1", the content of the reload data register is loaded into the down
counter at that point.
In the 16-bit mode, a 16-bit reload data is loaded all at a time by PTRST (PTRSTO, PTRST2) of the
low-order 8-bit side. In this case, writing to PTRST (PTRST1, PTRST3) of the high-order 8-bit side
is invalid.

2. When down counter has underflown during a count
Since each down counter is preset with the reload data by the underflow, the underflow period is

decided according to the value set in the reload data register. This underflow generates an inter-
rupt, and controls the clock (PTOUT signal) output.

(3) Reload data register and setting of initial value

The register PTRUN is provided to control the RUN/STOP for each timer.
Timer 0: PTRUNO
Timer 1: PTRUN1
Timer 2: PTRUN2
Timer 3: PTRUN3

By writing "1" to the register after presetting the reload data to the down counter, the down counter
starts counting down. Writing "0" stops the input count clock and the down counter stops counting.
This control (RUN/STOP) does not affect the counter data. The counter maintains its data while
stopped, and can restart counting continuing from that data.

In the 16-bit mode, the counter is controlled by the PTRUN register of the low-order 8-bit side
(PTRUNO, PTRUN2). In this case, writing to the PTRUN register of the high-order 8-bit side
(PTRUN1, PTRUNB) is invalid.

Each counter reloads the initial value set in the reload data register RLD when an underflow occurs
through the count down. It continues counting down from the initial value after reloading.

In addition to reloading the counter, this underflow signal controls the interrupt generation and pulse
(PTOUT signal) output.

Figure 4.8.3.1 shows the basic operation timing of the down counter.
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PTRUNO | \\

PTRSTO [

RLDO00-07 F3H
Input lock MMMMJMMJ /mmmmmw
PTDO7

PTDO6
PTDO5
PTDO04
PTDO03
PTDO2

PTDO1
PTDOO

wHé

-

é

* Preset * Reload &
Interrupt generation

Fig. 4.8.3.1 Basic operation timing of down counter (example of timer 0)

(4) Counter data reading and hold function
The counter data can be read via the data buffer PTD of each timer.
Timer 0: PTD07-PTDO00 (used as the low-order 8-bit data in the 16-bit mode)
Timer 1: PTD17-PTD10 (used as the high-order 8-bit data in the 16-bit mode)
Timer 2: PTD27-PTD20 (used as the low-order 8-bit data in the 16-bit mode)
Timer 3: PTD37-PTD30 (used as the high-order 8-bit data in the 16-bit mode)

The count data in the data buffer can be read in 4-bit units. Note, however to be sure to read the least
significant data first because the data buffer is designed so that reading of the least significant data
holds the high-order data in order to prevent the borrowing operation between low- and high-order
reading.

In the 16-bit mode, read data in order of low-order 4 bits and high-order 4 bits of timer 0 (timer 2)
then low-order 4 bits and high-order 4 bits of timer 1 (timer 3)

The data hold function uses the prescaler as the clock source, therefore, the data hold time varies
according to the oscillation frequency and setting of the prescaler (PRSM). The data hold time is
calculated by the expression below.

256°n

8-bit mode: tHOLD = [sec]
fosc

16-bit mode: tHOLD = S12en [sec]
fosc

tHoLD: Count data hold time
fosc: Oscillation clock frequency

n: PRSM register setting value + 1
Examples 8-bit mode 16-bit mode
In case of fosc = 4.194304 MHz and PRSM =7: 0.49 msec 0.98 msec
In case of fosc = 2 MHz and PRSM = 3: 0.51 msec 1.02 msec

Refer to Section 4.2, "Oscillation Circuit and Prescaler”, for setting of the prescaler.
Note that the counter data hold function will be released if the high-order data is not read in this data
hold period.
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4.8.4 Interrupt function

The programmable timer can generate an interrupt due to an underflow of each timer. See Figure 4.8.3.1

for the interrupt timing.

In the 16-bit mode, the high-order 8-bit counter (timer 1, timer 3) generates an interrupt by its underflow.

In this case, the low-order 8-bit counter (timer 0, timer 2) does not generate an interrupt even if the

counter underflows.

An underflow of each timer sets the corresponding interrupt factor flag IPT to "1", and generates an

interrupt. The interrupt can also be masked by setting the corresponding interrupt mask register EIPT.

However, the interrupt factor flag is set to "1" by an underflow of the corresponding timer regardless of

the interrupt mask register setting.

Interrupt factor flag Interrupt mask register
Timer 0: IPTO (invalid in the 16-bit mode) EIPTO
Timer 1: IPT1 EIPT1
Timer 2: IPT2 (invalid in the 16-bit mode) EIPT2
Timer 3: IPT3 EIPT3

4.8.5 Event counter function

The timer 0 has an event counter function that counts an external clock input to the input port K03. This
function is selected by writing "1" to the timer 0 counter mode selection register EVCNT.
When the pair of timers 0 and 1 are set in the 16-bit mode, they become a 16-bit event counter. The timers

2 and 3 cannot be used as an event counter.

In the event counter mode, the clock is supplied to timer 0 from outside of the IC, therefore, the settings

of the timer 0 division ratio selection register PTPS0O become invalid.

Count down timing can be selected from either the falling or rising edge of the input clock using the
timer 0 pulse polarity selection register PLPOL. When "0" is written to the PLPOL register, the falling
edge is selected, and when "1" is written, the rising edge is selected. The count down timing is shown in

Figure 4.8.5.1.

EVCNT i 1
PTRUNO ] L]
PLPOL 0 | 1

KO3 input 1 l 1 f f f

Count data n Jn1) n2) n3 [n4)n5])n6

Fig. 4.8.5.1 Timing chart in event counter mode

The event counter mode also includes a noise reject function to eliminate noise such as chattering on the

external clock (K03 input signal). This function is selected by writing "1" to the timer 0 function selection

register FCSEL.
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The noise rejection clock is generated using the prescaler as the clock source, therefore, the frequency
varies according to the oscillation frequency and setting of the prescaler (PRSM). The noise rejection clock
frequency is calculated by the expression below.

fosc

fPTNR = 256en

[Hz]

fPTNR: Noise rejection clock frequency
fosc:  Oscillation clock frequency
n: PRSM register setting value + 1

Examples
In case of fosc = 4.194304 MHz and PRSM = 7: 2048 Hz
In case of fosc = 2 MHz and PRSM = 3: 1953 Hz

The noise rejector allows the counter to input the clock at the second falling edge of the noise rejection
clock (fPTNR) after changing the input level of the K03 input port terminal. Consequently, the pulse width
of noise that can reliably be rejected is 1/fPTNR or less.

Examples: Pulse width of noise that can reliably be rejected
In case of fosc = 4.194304 MHz and PRSM = 7: 0.49 msec or less
In case of fosC = 2 MHz and PRSM = 3: 0.51 msec or less

When the noise rejector is used, the input pulse width (for both low level and high level) must be longer
than the doubled noise rejection pulse for reliable counting.

Examples: Input pulse width that can reliably be counted
In case of fosC = 4.194304 MHz and PRSM = 7: 0.98 msec or more
In case of fosC = 2 MHz and PRSM = 3: 1.01 msec or more

Refer to Section 4.2, "Oscillation Circuit and Prescaler”, for setting of the prescaler.
Figure 4.8.5.2 shows the count down timing with noise rejector.

fPTNR

K03 input | 1 1
Counter : : : :

input clock —+—, *—, +—
Counter data n_ | n-1 { n2 ) n3

When PLPOL register is set to "0"

Fig. 4.8.5.2 Count down timing with noise rejector

The operation of the event counter mode is the same as the timer mode except it uses the K03 input as the
clock.
Refer to Section 4.8.3, "Programmable timer operation" for basic operation and control.
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4.8.6 Setting of PTOUT output

The programmable timer can generate a PTOUT signal due to an underflow of each timer. The PTOUT
signal is generated by dividing the underflows in 1/2. It is possible to select which timer's underflow is to
be used by the PTOUT output channel selection register CHSEL.

Table 4.8.6.1 Selection of PTOUT output channel

CHSEL1 | CHSELO |PTOUT output Ch
1 1 Timer 3
1 0 Timer 2
0 1 Timer 1
0 0 Timer 0

In the 16-bit mode, the PTOUT signal is generated using underflow from the high-order 8-bit counter.
Therefore, the PTOUT output channel selection register CHSEL must be set to timer 1 or timer 3.
Figure 4.8.6.1 shows the PTOUT signal waveform when the channel is changed.

Timer underflow
PTOUT output (R02) | |

Fig. 4.8.6.1 PTOUT signal waveform at channel change

The PTOUT signal can be output from the R02 output port terminal. Programmable clocks can be sup-
plied to external devices.
Figure 4.8.6.2 shows the configuration of the output port R02.

PTOUT

Register
PTOUT

A
Y

Register R02
RO2 (PTOUT)

A
Y

Data bus

Register
RO2HIZ

A
Y

Fig. 4.8.6.2 Configuration of RO2

The output of a PTOUT signal is controlled by the PTOUT register. When "1" is written to the PTOUT
register, the PTOUT signal is output from the R02 output port terminal and when "0" is written, the
terminal goes to a high (VDD) level. However, the data register R02 must always be "1" and the high
impedance control register RO2HIZ must always be "0" (data output state).

Since the PTOUT signal is generated asynchronously from the PTOUT register, a hazard within 1/2 cycle
is generated when the signal is turned ON and OFF by setting the register.
Figure 4.8.6.3 shows the output waveform of the PTOUT signal.

RO2HIZ register | Fix at "0"
RO2 register : Fix at "1"
PTOUT register "0" EE ng

PTOUT output ‘

Fig. 4.8.6.3 Output waveform of the PTOUT signal
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4.8.7 1/0 memory of programmable timer

Table 4.8.7.1 shows the I/O addresses and the control bits for the programmable timer.

Table 4.8.7.1(a) Control bits of programmable timer

Register
Address - Comment
D3 D2 D1 DO __ [ Name | Init *1 1 0
#3 —#2 S
0 o |mopet [mooeo| ° Unused
FECOH 03 -2 Unused
R AW MODE1 0 16 bit |8 bit x 2| 8/16 bits mode selection (Programmable timer 2, 3)
MODEOQ 0 16 bit | 8 bit x 2 | 8/16 bits mode selection (Programmable timer 0, 1)
EX] —#2
o |event | FeseL |preoc | ° [ Unused A
FEC1H EVCNT 0 Eventct.| Timer | Timer O counter mode selection
R RW FCSEL 0 With NR| No NR | Timer O function selection (for event counter mode)
PLPOL 0 - 1 |Timero pulse polarity selection (for event counter mode)
03 -2 Unused
0 PTOUT |CHSEL1|CHSELO
FEC2H PTOUT 0 On Off | PTOUT output control
R AW CHSEL1| 0 ] PTOUT output  [CHSELI,0] 0 1 2 3
CHSELO| 0 channel selection Output Ch  Timer O Timer 1 Timer2 Timer 3
PTPSO1| 0 ] Timer O clock [PTPS01,00] 0 1 2 3
— PTPSOT| PTPSO0|PTRSTOIPTRUNO| brpgao| o division ratio 7 ision ratio fosc/l fosc/4 fosc/32 fosc/256
" ) .
AW W AW PTRSTO Reset | Invalid T?mer 0 reset (reload)
PTRUNO| 0 Run Stop | Timer 0 Run/Stop
PTPS11| 0 Timer 1 clock [PTPS11,10] 0 1 2 3
FFCSH PTPSTT | PTPSTO[PTRST!PTRUNT) prpsio| o division ratio 7 iion ratio fosc/I fosc/4 fosc/32 fosc/236
AW W AW PTRST1#3)  —*2 | Reset | Invalid | Timer 1 reset (reload)
PTRUN1 0 Run Stop | Timer 1 Run/Stop
PTPS21| 0 ] Timer 2 clock [pTPS21,20] 0 1 2 3
— PTPS21 | PTPS20|PTRST2 PTRUNl brpsag| o division ratio  iyision ratio fosc/1 fosc/4 fosc/32 fosc/256
RW W W PTRST2+3]  —+*2 | Reset | Invalid | Timer 2 reset (reload)
PTRUN2| 0 Run Stop | Timer 2 Run/Stop
PTPS31| 0 ] Timer 3 clock [pTPS31,30] 0 1 2 3
FEC7H PTPS3T| PTPS30|PTRSTS IPTRUNS| b rpgan| o division ratio  pi ision ratio fosc/I fosc/4 fosc/32 fosc/256
W w AW PTRST3+3]  —+*2 | Reset | Invalid | Timer 3 reset (reload)
PTRUN3| 0 Run Stop | Timer 3 Run/Stop
RLDO3 | RLD02 | RLDO1 | RLDOO S::ggg g MSB
FFDOH ALDO 0 Programmable timer O reload data (low-order 4 bits)
R
W RLD00 0 I LSB
RLDO7 | RLD06 | RLDO5 | RLD04 gtgg; g MSB
FFD1H RLDOS 0 Programmable timer O reload data (high-order 4 bits)
RwW RLD04 0 1 LSB
RLD13 | RLD12 | RLD11 | RLD10 gtglg g MSB
FFD2H ALD11 0 Programmable timer 1 reload data (low-order 4 bits)
AW RLD10 0 _J LSB
RLD17 | RLD16 | RLD15 | RLD14 2::31; g MSB
FFD3H RLD15 0 Programmable timer 1 reload data (high-order 4 bits)
RW RLD14 0 _ILSB
RLD23 | RLD22 | RLD21 | RLD20 gtgig g MSB
FFD4H RLD21 0 Programmable timer 2 reload data (low-order 4 bits)
RW RLD20 0 _J LSB
RLD27 | RLD26 | RLD25 | RLD24 gtgi; g MSB
FFD5H ALD25 0 Programmable timer 2 reload data (high-order 4 bits)
AW RLD24 0 _ LSB
RLD33 | RLD32 | RLD31 | RLD30 2::322 g MSB
FFD6H RLD31 0 Programmable timer 3 reload data (low-order 4 bits)
R
w RLD30 0 _JLSB
*1 Initial value at initial reset
*#2  Not set in the circuit
*3  Constantly "0" when being read
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Table 4.8.7.1(b) Control bits of programmable timer

Register
Address - Comment
D3 D2 D1 DO__ [ Name | Init 1 1 0
RLD37 | RLD36 | RLD35 | RLD34 gtgzg g MSB
FFD7H ALD35 0 Programmable timer 3 reload data (high-order 4 bits)
RW RLD34 0 I LSB
PTDO3 | PTD02 | PTDO1 | PTDOO glggg g MSB
FFD8H PTDOT 0 Programmable timer 0 data (low-order 4 bits)
R PTD00 0 I LSB
PTDO7 | PTDO6 | PTDO5 | PTD04 g:ggz g MSB
FFD9H Programmable timer 0 data (high-order 4 bits)
R PTDO05 0
PTD04 0 1 LSB
PTD13 | PTD12 | PTD11 | PTD10 :ZIBE g MSB
FFDAH PTD11 0 Programmable timer 1 data (low-order 4 bits)
R PTD10 0 I LSB
PTD17 | PTD16 | PTD15 | PTD14 glgl; g MSB
FFDBH PTD15 0 Programmable timer 1 data (high-order 4 bits)
R PTD14 0 I LSB
PTD23 | PTD22 | PTD21 | PTD20 g:gzg g MSB
FFDCH Programmable timer 2 data (low-order 4 bits)
R PTD21 0
PTD20 0 1 LSB
PTD27 | PTD26 | PTD25 | PTD24 :ZIBZ g MSB
FFDDH PTD25 0 Programmable timer 2 data (high-order 4 bits)
R PTD24 0 I LSB
PTD33 | PTD32 | PTD31 | PTD30 glggg g MSB
FFDEH PTD31 0 Programmable timer 3 data (low-order 4 bits)
R PTD30 0 I LSB
PTD37 | PTD36 | PTD35 | PTD34 g:ggz g MSB
FFDFH Programmable timer 3 data (high-order 4 bits)
R PTD35 0
PTD34 0 1 LSB
eets | eere | epmi | EPTO EIPT3 0 Enable | Mask |Interrupt mask reg%sler (Programmable l?mer 3)
FFE2H EIPT2 0 Enable | Mask |Interrupt mask register (Programmable timer 2)
EIPT1 0 Enable | Mask |Interrupt mask register (Programmable timer 1)
EIPTO 0 Enable | Mask | Interrupt mask register (Programmable timer 0)
IPT3 IPT2 IPT1 IPTo IPT3 0 (R) (R) | Interrupt factor flag (Programmable t%mer 3)
FEF2H IPT2 0 | Yes | No [Interrupt factor flag (Programmable timer 2)
AW IPT1 0 (W) (W) | Interrupt factor flag (Programmable timer 1)
IPTO 0 Reset | Invalid | Interrupt factor flag (Programmable timer 0)

*1 Initial value at initial reset
*#2  Not set in the circuit
*3  Constantly "0" when being read

MODEO: Timer 0, 1 8-/16-bit mode selection register (FFCOH*DO0)
MODET1: Timer 2, 3 8-/16-bit mode selection register (FFCOHeD1)
Selects either the 8-bit or 16-bit mode.

When "1" is written: 16 bits x 1 channel
When "0" is written: 8 bits x 2 channels

Select whether timers 0 and 1 or timers 2 and 3 are used as 2 channels independent 8-bit timers or as 1
channel combined 16-bit timer. When "0" is written to the MODEQ (timers 0 and 1) or MODET1 (timers 2
and 3) register, 8-bit x 2 channels is selected and when "1" is written, 16-bit X 1 channel is selected.

Reading: Valid

At initial reset, these registers are set to "0".
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PTPS00, PTPS01: Timer 0 clock division ratio selection register (FFC4HeD2, D3)
PTPS10, PTPS11: Timer 1 clock division ratio selection register (FFC5H*D2, D3)
PTPS20, PTPS21: Timer 2 clock division ratio selection register (FFC6H*D2, D3)
PTPS30, PTPS31: Timer 3 clock division ratio selection register (FFC7HeD2, D3)
Selects the division ratio of the clock to be input to each timer.

Table 4.8.7.2 shows the selectable division ratios.

Table 4.8.7.2 Selection of clock division ratio

PTPS01 | PTPS00 | Timer O input clock
PTPS11 | PTPS10 | Timer 1 input clock
PTPS21 | PTPS20 | Timer 2 input clock
PTPS31 | PTPS30 | Timer 3 input clock

1 1 fosc/256
1 0 fosc/32
0 1 fosc/4
0 0 fosc/1

fosc: Oscillation clock

In the 16-bit mode, the division ratio should be selected using the low-order 8-bit side PTPS (PTPSO,
PTPS2). Writing to the high-order side will be invalid.

When timer 0 is set in the event counter mode, settings of PTPS00 and PTPS01 are invalid.

At initial reset, these registers are set to "0".

EVCNT: Timer 0 counter mode selection register (FFC1HeD2)
Selects a counter mode for timer 0.

When "1" is written: Event counter
When "0" is written: Timer
Reading: Valid

Selects whether timer 0 is used as an event counter that counts with the external clock or a timer that
counts with the internal clock. When "1" is written to the EVCNT register, the event counter is selected
and when "0" is written, the timer is selected.

At initial reset, this register is set to "0".

FCSEL: Timer 0 function selection register (FFC1HeD1)
Selects whether the noise rejector will be used or not in the event counter.

When "1" is written: With noise rejector
When "0" is written: Without noise rejector
Reading: Valid

When "1" is written to the FCSEL register, the external clock that is input from the K03 terminal passes
through the noise rejector. When "0" is written, the K03 input clock bypasses the noise rejector and
directly counts up the event counter. See Section 4.8.5 for pulse width regarded as noise by the noise
rejector and pulse width that can be used as count pulse.

Setting of this register is effective only when timer 0 is used in the event counter.

At initial reset, this register is set to "0".

PLPOL: Timer 0 pulse polarity selection register (FFC1H*DO0)
Selects the count pulse polarity in the event counter.

When "1" is written: Rising edge
When "0" is written: Falling edge
Reading: Valid

The count timing in the event counter mode (timer 0) is selected from either the falling edge of the
external clock input to the K03 input port terminal or the rising edge. When "0" is written to the PLPOL
register, the falling edge is selected and when "1" is written, the rising edge is selected.

Setting of this register is effective only when timer 0 is used in the event counter.

At initial reset, this register is set to "0".

E0C63256 TECHNICAL MANUAL EPSON 61



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

RLD00-RLDO7: Timer 0 reload data register (FFDOH, FFD1H)

RLD10-RLD17: Timer 1 reload data register (FFD2H, FFD3H)

RLD20-RLD27: Timer 2 reload data register (FFD4H, FFD5H)

RLD30-RLD37: Timer 3 reload data register (FFD6H, FFD7H)

Sets the initial value for the counter.

The reload data written in this register is loaded to the respective counters. The counter counts down
using the data as the initial value for counting.

Reload data is loaded to the counter when the counter is reset by writing "1" to the PTRST register of each
timer, or when counter underflow occurs.

At initial reset, these registers are set to "00H".

PTD00-PTDO7: Timer 0 counter data (FFD8H, FFD9H)

PTD10-PTD17: Timer 1 counter data (FFDAH, FFDBH)

PTD20-PTD27: Timer 2 counter data (FFDCH, FFDDH)

PTD30-PTD37: Timer 3 counter data (FFDEH, FFDFH)

Count data in the programmable timer can be read from these latches.

Be sure to read the low-order 4 bits first.

In the 16-bit mode, read data in order of low-order 4 bits and high-order 4 bits of timer 0 (timer 2) then
low-order 4 bits and high-order 4 bits of timer 1 (timer 3).

Since these latches are exclusively for reading, the writing operation is invalid.

At initial reset, these counter data are set to "00H".

PTRSTO: Timer 0 reset (reload) (FFC4HeD1)
PTRST1: Timer 1 reset (reload) (FFC5HeD1)
PTRST2: Timer 2 reset (reload) (FFC6HeD1)
PTRST3: Timer 3 reset (reload) (FFC7HeD1)
Resets the timer and presets reload data to the counter.

When "1" is written: Reset
When "0" is written: No operation
Reading: Always "0"

By writing "1" to PTRST, the reload data in the reload register RLD is preset to the counter.

When the counter is preset in the RUN status, the counter restarts immediately after presetting. In the
case of STOP status, the reload data is preset to the counter and is maintained.

No operation results when "0" is written.

In the 16-bit mode, a 16-bit reload data is loaded all at a time by PTRST (PTRST0, PTRST2) of the low-
order 8-bit side. In this case, writing to PTRST (PTRST1, PTRST3) of the high-order 8-bit side is invalid.
Since these bits are exclusively for writing, always set to "0" during reading.

PTRUNO: Timer 0 RUN/STOP control register (FFC4H=D0)
PTRUN1: Timer 1 RUN/STOP control register (FFC5H=D0)
PTRUN2: Timer 2 RUN/STOP control register (FFC6H=D0)
PTRUNS3: Timer 3 RUN/STOP control register (FFC7H=D0)
Controls the RUN/STOP of the counter.

When "1" is written: RUN
When "0" is written: STOP
Reading: Valid

The counter of each timer starts counting down by writing "1" to the PTRUN register and stops by
writing "0". In STOP status, the counter data is maintained until the counter is reset or is set in the next
RUN status. When STOP status changes to RUN status, the data that has been maintained can be used for
resuming the count.

In the 16-bit mode, the counter is controlled by the PTRUN register of the low-order 8-bit side (PTRUNO,
PTRUN2). In this case, writing to the PTRUN register of the high-order 8-bit side (P’TRUN1, PTRUN3) is invalid.
At initial reset, these registers are set to "0".

62 EPSON E0C63256 TECHNICAL MANUAL



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Programmable Timer)

CHSELO, CHSEL1: PTOUT output channel selection register (FFC2H<DO0, D1)
Selects the channel used for PTOUT signal output.

Table 4.8.7.3 Selection of PTOUT output channel

CHSEL1 | CHSELO |PTOUT output Ch
1 1 Timer 3
1 0 Timer 2
0 1 Timer 1
0 0 Timer 0

The specified timer generates the PTOUT signal by its underflow.

In the 16-bit mode, the PTOUT signal is generated using underflow from the high-order 8-bit counter.
Therefore, CHSEL must be set to timer 1 or timer 3.

At initial reset, these registers are set to "0".

PTOUT: PTOUT output control register (FFC2H*D2)
Turns PTOUT signal output ON and OFF.

When "1" is written: ON
When "0" is written: OFF
Reading: Valid

PTOUT is the output control register for the PTOUT signal. When "1" is written to the register, the PTOUT
signal is output from the output port terminal R02 and when "0" is written, the terminal goes to a high
(VDD) level. However, the data register R02 must always be "1" and the high impedance control register
RO2HIZ must always be "0" (data output state).

At initial reset, this register is set to "0".

EIPTO: Timer 0 interrupt mask register (FFE2H*DO0)
EIPT1: Timer 1 interrupt mask register (FFE2H*D1)
EIPT2: Timer 2 interrupt mask register (FFE2H*D2)
EIPT3: Timer 3 interrupt mask register (FFE2H*D3)
Masks the the programmable timer interrupt.

When "1" is written: Enabled
When "0" is written: Masked
Reading: Valid

Timer interrupts can be masked individually by the interrupt mask register EIPT.
At initial reset, these registers are set to "0".

IPTO: Timer 0 interrupt factor flag (FFF2H*DO)
IPT1: Timer 1 interrupt factor flag (FFF2HeD1)
IPT2: Timer 2 interrupt factor flag (FFF2H*D2)
IPT3: Timer 3 interrupt factor flag (FFF2H*D3)
These flags indicate the status of the programmable timer interrupt.

When "1" is read: Interrupt has occurred
When "0" is read: Interrupt has not occurred

When "1" is written: Flag is reset
When "0" is written: Invalid

The interrupt factor flags IPTO-IPT3 correspond to timers 0-3 interrupts, respectively. The software can
judge from these flags whether there is a programmable timer interrupt. However, even if the interrupt is
masked, the flags are set to "1" by the underflows of the corresponding counters.

In the 16-bit mode, the high-order 8-bit counter (timer 1, timer 3) generates an interrupt by its underflow.
In this case, the interrupt factor flag of low-order 8-bit side (timer 0, timer 2) is not set.

These flags are reset to "0" by writing "1" to them.
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After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag = "1") is
set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be sure to reset
(write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the interrupt

enabled state.
At initial reset, these flags are set to "0".

4.8.8 Programming notes

(1) When reading the counter data, be sure to read the low-order 4 bits first.

In the 16-bit mode, read data in order of low-order 4 bits and high-order 4 bits of timer 0 (timer 2)

then low-order 4 bits and high-order 4 bits of timer 1 (timer 3).

(2) The programmable timer actually enters RUN/STOP status in synchronization with the falling edge
of the input clock after writing to the PTRUN register. Consequently, when "0" is written to the
PTRUN register, the timer enters STOP status at the point where the counter is decremented (-1). The

PTRUN register maintains "1" for reading until the timer actually stops.
Figure 4.8.8.1 shows the timing chart for the RUN/STOP control.

Input clock

PTRUN (RD) __|

"1" (RUN) "0" (STOP)
PTRUN (WR) ¥ writing [I writing
PTD 42H  Y41H)40H) 3FH)3EH) 3DH

Fig. 4.8.8.1 Timing chart for RUN/STOP control

It is the same even in the event counter mode. Therefore, be aware that the counter does not enter
RUN/STOP status if a clock is not input after setting the RUN/STOP control register (PTRUNO).

(3) Since the PTOUT signal is generated asynchronously from the PTOUT register, a hazard within 1/2
cycle is generated when the signal is turned ON and OFF by setting the register.

(4) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETT instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the

interrupt enabled state.
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4.9 Buzzer Output Circuit

4.9.1 Configuration of buzzer output circuit

The E0C63256 is capable of generating buzzer signal to drive a piezo-electric buzzer. The buzzer signal is
output from the BZ terminal by software control. Furthermore, the buzzer signal frequency can be set to 2
kHz or 4 kHz by software.

Figure 4.9.1.1 shows the configuration of the buzzer output circuit.

|
2 Hz*

Oscillation circuit/|fPRS| 2 kHz* "| Buzzer output ‘
Prescaler >| Divider 4 kHz* | Selector —» control circuit »D Bz
[ BzFQ | [ BZON | 3

* When fosc = 4.194304 MHz, PRSM =7
Fig. 4.9.1.1 Configuration of buzzer output circuit

4.9.2 Mask option

Polarity of the buzzer signal output from the BZ terminal can be selected as either positive polarity or
negative polarity. Figure 4.9.2.1 shows each output circuit configuration and the output waveform.
When positive polarity is selected, the BZ terminal goes to a low (Vss) level when the buzzer signal is not
output. Select positive polarity when driving a piezo buzzer by externally connecting an NPN transistor.
When negative polarity is selected, the BZ terminal goes to a high (VDD) level when the buzzer signal is not
output. Select negative polarity when driving a piezo buzzer by externally connecting a PNP transistor.

VDD

Piezo =3

Buzzer signal

ffffffffffffffffffffffffffffffffffffff Vss

Buzzer signal

(b) When negative polarity is selected
Fig. 4.9.2.1 Configuration of output circuit
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4.9.3 Control of buzzer output

(1) Buzzer frequency
The buzzer signal frequency is selected by the buzzer frequency selection register BZFQ. When "1" is
written to the BZFQ register, the frequency is set to 2 kHz. When "0" is written, it is set to 4 kHz. The
buzzer signal frequency varies according to the oscillation frequency and setting of the prescaler
(PRSM). It is calculated by the expression below.

fBzL = zfggc [Hz] fBzL: Buzzer frequency when BZFQ = "1"
n fBzH: Buzzer frequency when BZFQ = "0"
fosc fosc: Oscillation clock frequency
fBZH = [Hz] . .
128en n: PRSM register setting value + 1
Examples
In case of fosC = 4.194304 MHz and PRSM = 7: fBzL = 2048 Hz, fBzZH = 4096 Hz
In case of fosc = 2 MHz and PRSM = 3: fBzL = 1953 Hz, fBzH = 3906 Hz

Refer to Section 4.2, "Oscillation Circuit and Prescaler”, for setting of the prescaler.

(2) Buzzer output control
The buzzer signal is output from the BZ terminal by writing "1" to the buzzer output control register
BZON. When negative polarity is selected, the BZ terminal goes to a high (VDD) level by writing "0" to
the BZON register. When positive polarity is selected, the BZ terminal goes to a low (Vss) level by
writing "0".

BZON register "0" W nge
Buzzer output (82) —— 1y 1) 1) 1 [ [ [T
when negative polarity is selected :
Buzzer output 82) - 1) 1 1 1 1 MM LML

when positive polarity is selected

Fig. 4.9.3.1 Timing chart of buzzer signal output
Note: Since it generates a buzzer signal that is out of synchronization with the BZON register, hazards
may at times be produced when the signal goes ON/OFF due to the setting of the BZON register.

(3) 2 Hz interval
Besides the normal consecutive output, the buzzer output circuit can generate an intermittent buzzer
sound by modulating the buzzer signal with a 2 Hz signal. Write "1" to the ENON register when using
the 2 Hz interval function. The ENON register only switches the 2 Hz interval function ON and OFF.
To output the buzzer signal, control of the BZON register is necessary.

BZON register "0" " "0"
ENON register "0" " "0"

2 Hz

Buzzer output 82) e L OO
Positive polarity
2 Hz signal T

Fig. 4.9.3.2 2 Hz interval

The 2 Hz signal also varies according to the oscillation frequency and setting of the prescaler (PRSM).

fivl = fosc [Hz] fivL:  Interval frequency
262144en fosc: Oscillation clock frequency
n: PRSM register setting value + 1
Examples
In case of fosC = 4.194304 MHz and PRSM = 7: fIvL =2 Hz
In case of fosC = 2 MHz and PRSM = 3: fivL =19 Hz

Refer to Section 4.2, "Oscillation Circuit and Prescaler”, for setting of the prescaler.
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4.9.4 1/0 memory of buzzer output circuit
Table 4.9.4.1 shows the I/O address and the control bits for the buzzer output circuit.

Table 4.9.4.1 Control bits of buzzer output circuit

Register

Address - Comment

D3 D2 D1 DO | Name | Init *1 1 0
0+3 -2 Unused

ENON 0 On Off |2 Hz interval On/Off

BZFQ 0 2kHz | 4kHz |Buzzer frequency selection

BZON 0 On Off | Buzzer output On/Off

0 ENON | BZFQ | BZON

FF64H
R RW

*1 Initial value at initial reset
*#2  Not set in the circuit
*3  Constantly "0" when being read

ENON: 2 Hz interval control (ON/OFF) register (FF64H*D2)
Turns the 2 Hz interval function ON and OFF.

When "1" is written: ON
When "0" is written: OFF
Reading: Valid

When "1" is written to ENON, 2 Hz intermittent buzzer signal output mode is set. When "0" is written,
normal consecutive output mode is set.

The 2 Hz signal varies according to the oscillation frequency and setting of the prescaler (see Section
4.9.3).

At initial reset, this register is set to "0".

BZFQ: Buzzer frequency selection register (FF64H*D1)
Selects the buzzer signal frequency.

When "1" is written: 2 kHz
When "0" is written: 4 kHz
Reading: Valid

When "1" is written to BZFQ), the frequency is set to 2 kHz. When "0" is written, it is set to 4 kHz.
The buzzer frequency varies according to the oscillation frequency and setting of the prescaler (see
Section 4.9.3).

At initial reset, this register is set to "0".

BZON: Buzzer output control (ON/OFF) register (FF64HD0)
Controls the buzzer signal output.

When "1" is written: Buzzer output ON
When "0" is written: Buzzer output OFF
Reading: Valid

When "1" is written to BZON, the buzzer signal is output from the BZ terminal. When "0" is written, the
BZ terminal goes to a high (VDD) level (when negative polarity is selected by mask option) or to a low
(Vss) level (when positive polarity is selected by mask option).

At initial reset, this register is set to "0".

4.9.5 Programming note

Since it generates a buzzer signal that is out of synchronization with the BZON register, hazards may at
times be produced when the signal goes ON/OFF due to the setting of the BZON register.
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4.10 A/D Converter

4.10.1 Characteristics and configuration of A/D converter
The E0C63256 has a built-in A/D converter with the following characteristics.

® Conversion method: Successive-approximation type

e Resolution: 8 bits
¢ Input channels: Maximum 4 channels
e Conversion time: Minimum 8 psec (fAD = 2.5 MHz)

e Setting of analog conversion voltage range is possible with reference voltage terminal (AVREF)
* A/D conversion result is possible to read from 8-bit data register

® Sample & hold circuit built-in

* A/D conversion completion generates an interrupt

Figure 4.10.1.1 shows the configuration of the A/D converter.

AVop O—»

AVRer O 8-bit —] SAR S Converted
D/A converter |N——+/ | data (ADDR)

Avss O—» 3

—|_(3;)mparator ‘
ADO (P40) O—»] R PN < >

[2]
1 Control 2
AD1 (P41) O—» - T sample & circuit ©
Analog ! ! o Interrupt <
mux Lo ‘hold circuit > circuit > 0
AD2 (P42) O—» <
AD3 (P43) O—>
/2] fosc/2 ‘
Oscillation »|  Prescaler - Clock
circuit fosc fPRS selector

Fig. 4.10.1.1 Configuration of A/D converter

4.10.2 Terminal configuration of A/D converter

The terminals used with the A/D converter are as follows:

AVDD, AVss (power supply terminal)

The AVDD and AVss terminals are power supply terminals for the A/D converter. The voltage should be
input as AVDD < VDD and AVss = Vss.

AVREF (reference voltage input terminal)

The AVREF terminal is the reference voltage terminal of the analog block. Input voltage range of the A/D
conversion is decided by this input (AVss—AVREF). The voltage should be input as AVREF < AVDD.

ADO0-AD3 (analog input terminal)

The analog input terminals ADO-AD3 are shared with the I/O port terminals P40-P43. Therefore, it is
necessary to set them for the A/D converter by software when using them as analog input terminals. This
setting can be done for each terminal. (Refer to Section 4.10.4 for setting.)

At initial reset, all the terminals are set in the I/O port terminals.

Analog voltage value AVIN that can be input is in the range of AVss < AVIN < AVREF.
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4.10.3 Mask option

The input terminals of the A/D converter are shared with the I/O port terminals P40-P43. Therefore, the
terminal specification of the A/D converter is decided by setting the I/O port mask option. Select
"Without pull-up” for the port corresponding to the channel to be used to obtain the conversion precision.

4.10.4 Control of A/D converter
(1) Setting of A/D input terminal

When using the A/D converter, it is necessary to set up the terminals used for analog input from the
P40-P43 initialized as the I/O port terminals. Four terminals can all be used as analog input termi-
nals.

The PAD (PAD0-PADB3) register is used to set analog input terminals. When the PAD register bits are
set to "1", the corresponding terminals function as the analog input terminals.

At initial reset, these terminals are all set in the I/O port terminals, and each terminal goes to a high
impedance.

Table 4.10.4.1 Correspondence between A/D input terminal and PAD register

Terminal A/D input enable register Comment

P40 (ADO) PADO Terminals can be used for
P41 (ADI) PADI analog input by setting
P42 (AD2) PAD2 PADx to "1".

P43 (AD3) PAD3

(2) Setting of input clock
Two types of A/D conversion clock are available: a prescaler output clock (fPrs) or a clock (fosc/2)

that has a halved oscillation frequency. One or the other can be selected using the ADCLK register as
shown in Table 4.10.4.2.

Table 4.10.4.2 Input clock selection

ADCLK Input clock
0 fPRS
1 fosc/2

The clock selector outputs the selected clock to the A/D converter by writing "1" to the ADRUN
register.

When fPRS is selected, the clock that is output from the prescaler according to the PRSM register value
is input to the A/D converter as the A/D conversion clock.

fPRs = fosc/(PRSM + 1) [Hz]

Examples
In case of fosC = 4.194304 MHz and PRSM = 7: 262.144 kHz
In case of fosC = 2 MHz and PRSM = 3: 250 kHz

Refer to Section 4.2, "Oscillation Circuit and Prescaler", for setting of the prescaler.

Note: e Stop A/D conversion before changing the ADCLK register. Switching the input clock during A/D
conversion may cause a malfunction.
» When frRs is selected as the input clock, do not change the setting of the prescaler during A/D
conversion. It may cause a malfunction.

(3) Input signal selection

The analog signals from the ADO (P40)-AD3 (P43) terminals are input to the multiplexer, and the
analog input channel for A/D conversion is selected by software. This selection can be done using the
CHS register as shown in Table 4.10.4.3.
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Table 4.10.4.3 Selection of analog input channel

CHS1 CHSO0 Input channel
1 1 AD3 (P43)
1 0 AD2 (P42)
0 1 AD1 (P41)
0 0 ADO (P40)

(4) A/D conversion operation
An A/D conversion starts by writing to the ADRUN register.
For example, when performing A /D conversion using AD1 as the analog input, write "1" (0, 1) to the
CHS register (CHS1, CHS0). The A/D input channel is selected by this operation. However, it is
necessary that the P41 terminal has been set as an analog input terminal.
Then write "1" to the ADRUN register. The built-in sample/hold circuit starts sampling of the analog
input specified from tAD after writing. When the sampling is completed, the held analog input voltage
is converted into a 8-bit digital value in successive-approximation architecture.
The conversion result is loaded into the ADDR (ADDR0O-ADDR?) register. ADDRO is the LSB and
ADDR? is the MSB.

Note: If the CHS register selects an input channel which is not included in the analog input terminals set
by the PAD register (the PAD register can select several terminals simultaneously), the A/D
conversion does not result in a correct converted value.

Example

Terminal setting: PAD3=1, PAD2-PADO0=0 (AD3 terminal is used)

Selection of input channel: CHS1=0, CHS0=0 (ADO is selected)

In a setting like this, the A/D conversion result will be invalid because the contents of the settings are
not matched.

Set PADO-PAD3
Enable A/D input channel

v

Set CHS1, CHSO
Select A/D input channel

v

Set ADCLK
Select input clock

v

Set ADRUN to "1"
Start A/D conversion

Fig. 4.10.4.1 Flowchart for starting A/D conversion

An A/D conversion is completed when the conversion result is loaded into the ADDR register. At that
point, the A/D converter generates an interrupt (explained in the next section).
Figure 4.10.4.2 shows the timing chart of A/D conversion.

Writing to ADRUN register J

Input sampling i [ﬁ
SAR |

ADDR register : : : | Conversion result
Interrupt request
ot

Sampling time 8tcLk tap: O to 1toik

tewk: Input clock cycle

T

A/D conversion time 20tcLk+tap

Fig. 4.10.4.2 Timing chart of A/D conversion
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4.10.5 Interrupt function

The A/D converter can generate an interrupt when an A /D conversion has completed.

The A/D converter sets the interrupt factor flag IAD to "1" immediately after storing the conversion
result to the ADDR register.

At this time, if the interrupt mask register EIAD is "1", an interrupt is generated to the CPU.

By setting the EIAD register to "0", the interrupt to the CPU is disabled. However, the interrupt factor flag
is set to "1" when an A /D conversion has completed regardless of the interrupt mask register setting.

The interrupt factor flag set in "1" is reset to "0" by writing "1".

4.10.6 1/0 memory of A/D converter
Table 4.10.6.1 shows the I/O addresses and the control bits for the A/D converter.

Table 4.10.6.1 Control bits of A/D converter

Register
Address - Comment
D3 D2 D1 DO__| Name | Init *1 1 0
3| It 1
ADRUN | abcik | chst | crso [ADRUN 0 Start | Invalid | A/D conversion c?nlrol
FE68H ADCLK 0 fosc/2 | fers |Input clock selection
W W CHS1 0 ] Input channel [CHS1,0] O 1 2 3
CHS0 0 selection Ch ADO ADI AD2 AD3
pans | pap2 | papt | Pabo PAD3 0 AD /0 | A/D-Ch3 enable (P43 lerm%nal)
FEG9H PAD2 0 AD /0 | A/D-Ch2 enable (P42 terminal)
RW PAD1 0 AD /0 | A/D-Chl enable (P41 terminal)
PADO 0 AD I/0 | A/D-ChQ enable (P40 terminal)
_x2 T
ADDR3 | ADDR2 | ADDR1 | ADDRO 23822 a2
FF6AH - its
. ADDR{ w0 A/D conversion data (low-order 4 bits)
ADDRO —*2 _J LSB
— %2 |
ADDR? | ADDRS6 | ADDR5 | ADDR4 ﬁggg; 2 MSB
FF6BH - i ioh-i i
i ADDRS w0 A/D conversion data (high-order 4 bits)
ADDR4 -2 B
#3 — %2
0 0 o | Emo 8 Y Enusej
FFE7H fuse
R W 0+3 -2 Unused
EIAD 0 Enable | Mask | Interrupt mask register (A/D converter)
B -2
0 0 0 AD 0 * (R) (R) | Unused
FEF7H 0+3 -*2| Yes | No |Unused
A AW 03 —*2 (W) (W) | Unused
IAD 0 Reset | Invalid | Interrupt factor flag (A/D converter)

*1 Initial value at initial reset
*#2  Not set in the circuit
*3  Constantly "0" when being read

PADO-PAD3: A/D converter input control register (FF69H)
Sets the P40-P43 terminals as the analog input terminals for the A/D converter.

When "1" is written: A/D converter input
When "0" is written: 1/0 port
Reading: Valid

When "1" is written to PADn, the P4n terminal is set to the analog input terminal ADn. (n=0-3)
When "0" is written, the terminal is used with the I/O port.
At initial reset, this register is set to "0".
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CHSO0, CHS1: Analog input channel selection register (FF68H*D0, D1)
Selects an analog input channel.

Table 4.10.6.2 Selection of analog input channel

CHSH1 CHSO0 Input channel
1 1 AD3 (P43)
1 0 AD2 (P42)
0 1 AD1 (P41)
0 0 ADO (P40)

At initial reset, this register is set to "0".

ADCLK: A/D converter clock source selection register (FF68H*D2)
Selects the clock source for the A/D converter.

When "1" is written: Oscillation clock frequency/2 (fosc/2)
When "0" is written: Prescaler output clock (fPRS)
Reading: Valid
When "1" is written to ADCLK, a halved oscillation clock is selected as the A/D conversion clock. When

"0" is written, a prescaler output clock is selected.
At initial reset, ADCLK register is set to "0" (fPRS).

ADRUN: A/D conversion control (FF68H*D3)
Starts an A/D conversion.

When "1" is written: Start
When "0" is written: No operation
Reading: Invalid

When "1" is written to ADRUN, the channel that has been specified by the CHS register starts A/D
conversion. See Figure 4.10.4.2 for A/D conversion time (from starting A /D conversion until the conver-
sion result is loaded to the ADDR register). When "0" is written, no operation results.

This bit is dedicated for writing, and is always "0" for reading.

ADDRO-ADDR?7: A/D conversion result (FF6AH, FF6BH)
8-bit A /D conversion results are stored.

ADDRO is the LSB and ADDRY is the MSB.

At initial reset, data is undefined.

EIAD: A/D converter interrupt mask register (FFE7H*DO0)
Masks the A/D converter interrupt.

When "1" is written: Enabled
When "0" is written: Masked
Reading: Valid

This register is used to select whether the A/D converter interrupt is masked or not.
At initial reset, this register is set to "0".
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IAD: A/D converter interrupt factor flag (FFF7HDO0)
This flag indicates the status of the A/D converter interrupt.

When "1" is read: Interrupt has occurred
When "0" is read: Interrupt has not occurred

When "1" is written: Flag is reset
When "0" is written: Invalid

From the status of the interrupt factor flag IAD, the software can decide whether an A /D converter
interrupt has occurred or not.

The interrupt factor flag is set to "1" when an A /D conversion has finished regardless of the interrupt
mask register setting. However, the interrupt does not occur to the CPU when the interrupt is masked.
This flag is reset to "0" by writing "1.

After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag = "1") is
set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be sure to reset
(write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the interrupt
enabled state.

At initial reset, this flag is set to "0".

4.10.7 Programming notes

(1) When using the prescaler as the clock source of the A/D converter, A/D conversion time will vary
according to the setting of the prescaler.

(2) The analog input terminals should be set when the A/D converter stops. Changing during A/D
conversion may cause malfunction.

(3) If the CHS register selects an input channel which is not included in the analog input terminals set by
the PAD register (the PAD register can select several terminals simultaneously), the A/D conversion
does not result in a correct converted value.

(4) During A/D conversion, do not operate the P4n terminals which are not used for analog inputs of the
A/D converter (for input/output of digital signals). It affects the A/D conversion precision.

(5) Stop A/D conversion before changing the ADCLK register. Switching the input clock during A/D
conversion may cause malfunction.

(6) When frRs is selected as the input clock, do not change the setting of the prescaler during A/D
conversion. It may cause a malfunction.

(7) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the
interrupt enabled state.
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4.11 Interrupt and HALT/SLEEP

<Interrupt types>
The E0C63256 provides the following interrupt functions.

External interrupt: e Input interrupt (1 system)
Internal interrupt: ¢ Watchdog timer interrupt (NMI, 1 system)
* Programmable timer interrupt (4 systems)
¢ Clock timer interrupt (1 system)
¢ A/D converter interrupt (1 system)

To authorize interrupt, the interrupt flag must be set to "1" (EI) and the necessary related interrupt mask
registers must be set to "1" (enable).

When an interrupt occurs the interrupt flag is automatically reset to "0" (DI), and interrupts after that are
inhibited.

The watchdog timer interrupt is an NMI (non-maskable interrupt), therefore, the interrupt is generated
regardless of the interrupt flag setting. Also the interrupt mask register is not provided. However, it is
possible to not generate NMI since software can stop the watchdog timer operation.

Figure 4.11.1 shows the configuration of the interrupt circuit.

Note: After an initial reset, all the interrupts including NMI are masked until both the stack pointers SP1
and SP2 are set with the software. Be sure to set the SP1 and SP2 in the initialize routine.
Further, when re-setting the stack pointer, the SP1 and SP2 must be set as a pair. When one of
them is set, all the interrupts including NMI are masked and interrupts cannot be accepted until the
other one is set.

<HALT/SLEEP>

The E0C63256 has HALT and SLEEP functions that considerably reduce current consumption when it is
not necessary.

The CPU enters HALT status when the HALT instruction is executed.

In HALT status, the operation of the CPU is stopped. However, timers continue counting since the
oscillation circuit operates. Reactivating the CPU from HALT status is done by generating a hardware
interrupt request including NML

When shifted into SLEEP status as the result of a SLP instruction, the operation of the CPU is stopped, the
same as for HALT status, and the oscillation circuit also stops.

Reactivating from SLEEP status can only be done by generation of a KO port input interrupt request.
Therefore, it is necessary to set the interrupt selection register (SIKOx = "1") of the input port to be used
for releasing SLEEP status, the KO system interrupt mask register (EIKOx = "1") and the interrupt flag (I
flag = "1") to enabled status before executing the SLP instruction.

When the SLEEP status is canceled by a KO port input interrupt, wait for oscillation to stabilize, then
restart the CPU operation (KO port input interrupt processing).

Refer to the "E0C63000 Core CPU Manual" for transition to the HALT /SLEEP status and timing of its
cancellation.
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Fig. 4.11.1 Configuration of the interrupt circuit
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4.11.1 Interrupt factor
Table 4.11.1.1 shows the factors for generating interrupt requests.

The interrupt flags are set to "1" depending on the corresponding interrupt factors.
The CPU operation is interrupted when an interrupt factor flag is set to "1" if the following conditions are
established.

¢ The corresponding mask register is "1" (enabled)
¢ The interrupt flag is "1" (EI)

The interrupt factor flag is reset to "0" when "1" is written.
At initial reset, the interrupt factor flags are reset to "0".

# Since the watchdog timer's interrupt is NMI, the interrupt is generated regardless of the setting above,
and no interrupt factor flag is provided.

Table 4.11.1.1 Interrupt factors

Interrupt factor Interrupt factor flag
Programmable timer 3 (counter = 0) IPT3 (FFF2H+D3)
Programmable timer 2 (counter = 0) 1IPT2 (FFF2H+D2)
Programmable timer 1 (counter = 0) IPT1 (FFF2H+D1)
Programmable timer O (counter = 0) IPTO (FFF2H+DO0)
K00-KO03 input (falling edge or rising edge) 1KO (FFF4H+DO0)
Clock timer 1 Hz (falling edge) 1TO (FFF6H+D0)
A/D converter (A/D conversion completion) IAD (FFF7HD0)

Note: After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be
sure to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to
the interrupt enabled state.

4.11.2 Interrupt mask

The interrupt factor flags can be masked by the corresponding interrupt mask registers.

The interrupt mask registers are read /write registers. They are enabled (interrupt authorized) when "1" is
written to them, and masked (interrupt inhibited) when "0" is written to them.

At initial reset, the interrupt mask register is set to "0".

Table 4.11.2.1 shows the correspondence between interrupt mask registers and interrupt factor flags.

Table 4.11.2.1 Interrupt mask registers and interrupt factor flags

Interrupt mask register Interrupt factor flag

EIPT3 (FFE2H+D3) IPT3 (FFF2H+D3)
EIPT2 (FFE2H+D2) 1IPT2 (FFF2H+D2)
EIPT1 (FFE2H+D1) IPT1 (FFF2H+D1)
EIPTO (FFE2H+D0) IPTO (FFF2H+DO0)
EIKO (FFE4H+DO0) 1IKO (FFF4H+DO)
EITO (FFE6H-D0) 1TO (FFF6H+D0)
EIAD (FFE7H-D0) IAD (FFF7H+DO)
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4.11.3 Interrupt vector

When an interrupt request is input to the CPU, the CPU begins interrupt processing. After the program
being executed is terminated, the interrupt processing is executed in the following order.

1 The content of the flag register is evacuated, then the I flag is reset.

2 The address data (value of program counter) of the program to be executed next is saved in the stack
area (RAM).

3 The interrupt request causes the value of the interrupt vector (0100H-010EH) to be set in the program
counter.

4 The program at the specified address is executed (execution of interrupt processing routine by
software).

Table 4.11.3.1 shows the correspondence of interrupt requests and interrupt vectors.

Table 4.11.3.1 Interrupt request and interrupt vectors

Interrupt vector Interrupt factor Priority
0100H Watchdog timer High
0102H - 4
0104H Programmable timer
0106H -
0108H KO00-KO03 input
010AH -
010CH Clock timer v
010EH A/D converter Low

The four low-order bits of the program counter are indirectly addressed through the interrupt request.
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4.11.4 I/0 memory of interrupt

Table 4.11.4.1 shows the I/O addresses and the control bits for controlling interrupts.

Table 4.11.4.1 Control bits of interrupt

Register
Address - Comment
D3 D2 D1 DO [ Name | Init *1 1 0
SIK03 | SIK02 | SIKO1 | SIK0O SIK03 0 Enable D!sable
FF20H SIK02 0 Enable | Disable KOO-KO3 in ¢ selecti st
— interr ion register
W SIKo1 | 0 | Enable | Disable CrTupt selection registe
SIK00 0 Enable | Disable | |
KCPO3 | KCP02 | KCPOT | KCPOO Egggg 1 j{ ?
FF22H - KCPOT 1 1 s K00-KO03 input comparison register
kepoo | 1 | ¥ | £ |
epts | epre | EPT1 | EIPTO EIPT3 0 Enable | Mask | Interrupt mask reg?ster (Programmable t?mer 3)
FFE2H EIPT2 0 Enable | Mask |Interrupt mask register (Programmable timer 2)
RW EIPT1 0 Enable | Mask |Interrupt mask register (Programmable timer 1)
EIPTO 0 Enable | Mask |Interrupt mask register (Programmable timer 0)
#3 — %2
0 0 0 | Eo 8 wl Em‘sej
FFE4H nuse
R AW 0+3 —*2 Unused
EIKO 0 Enable | Mask | Interrupt mask register (KO0-K03)
*3 — #2
0 0 o | emo 8 N - g““fej
FFE6H nuse
A AW 0+3 - *2 Unused
EITO 0 Enable | Mask | Interrupt mask register (Clock timer 1 Hz)
*3 — %2 S
0 0 o | Eno 8 wl Enusej
FFE7H 0a| Unused
R W nuse .
EIAD 0 Enable | Mask | Interrupt mask register (A/D converter)
IPT3 IPT2 IPT1 IBTo IPT3 0 (R) (R) | Interrupt factor flag (Programmable tfmer 3)
FEF2H IPT2 0 | Yes | No [Interrupt factor flag (Programmable timer 2)
AW IPT1 0 (W) (W) | Interrupt factor flag (Programmable timer 1)
IPTO 0 Reset | Invalid | Interrupt factor flag (Programmable timer 0)
3 -2 R R s
o Lo Lo 1] o] | ves | no|uieed
FFFgH ————— 1+ "™~ Jes M0 nuse
R AW 03 -#2 (W) (W) | Unused
KO 0 Reset | Invalid | Interrupt factor flag (KO0-K03)
#3 — %2
0 0 0 o 0 (R) (R) | Unused
FEF6H 0+3 -#2| Yes | No [Unused
R W 03 -*2| (W) (W) | Unused
ITO 0 Reset | Invalid | Interrupt factor flag (Clock timer 1 Hz)
*3 —#2
0 0 0 AD 0 (R) (R) | Unused
FEF7H 0+3 *2| Yes | No |Unused
R AW 03 —%2[ (W) (W) | Unused
IAD 0 Reset | Invalid | Interrupt factor flag (A/D converter)

*1 Initial value at initial reset
*#2  Not set in the circuit
*3  Constantly "0" when being read
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EIPT3, EIPT2, EIPT1, EIPTO:
IPT3, IPT2, IPT1, IPTO:

KCP03-KCP00:
SIK03-SIK00:
EIKO:

IKO:

EITO:
ITO:

EIAD:
IAD:

4.11.5 Programming notes

Interrupt mask registers (FFE2H)
Interrupt factor flags (FFF2H)
Refer to Section 4.8, "Programmable Timer".

Input comparison registers (FF22H)
Interrupt selection registers (FF20HH)
Interrupt mask register (FFE4H*D0)
Interrupt factor flag (FFF4HeDO)

Refer to Section 4.3, "Input Ports".

Interrupt mask register (FFE6H*D0)
Interrupt factor flag (FFF6H*DO0)
Refer to Section 4.7, "Clock Timer and Watchdog Timer".

Interrupt mask register (FFE7HDO0)
Interrupt factor flag (FFF7HeDO)
Refer to Section 4.10, "A /D Converter".

(1) The interrupt factor flags are set when the interrupt condition is established, even if the interrupt

mask registers are set to "0".

(2) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETI instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the

interrupt enabled state.

(3) After an initial reset, all the interrupts including NMI are masked until both the stack pointers SP1
and SP2 are set with the software. Be sure to set the SP1 and SP2 in the initialize routine.
Further, when re-setting the stack pointer, the SP1 and SP2 must be set as a pair. When one of them is
set, all the interrupts including NMI are masked and interrupts cannot be accepted until the other one

is set.

(4) The input interrupt must be enabled before shifting to SLEEP status.
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CHAPTER 5 SUMMARY OF NOTES

Here, the cautionary notes are summed up by function category. Keep these notes well in mind
when programming.

Memory and stack

(1) Memory is not implemented in unused areas within the memory map. Further, some non-implemen-
tation areas and unused (access prohibition) areas exist in the peripheral I/O area. If the program that
accesses these areas is generated, its operation cannot be guaranteed. Refer to the I/O memory maps
shown in Tables 4.1.1 (a)-(d) for the peripheral I/O area.

(2) All of the RAM area is used as a stack area for subroutine call and register evacuation, so pay atten-
tion not to overlap the data area and stack area.

(3) The E0OC63000 core CPU handles the stack using the stack pointer for 4-bit data (SP2) and the stack
pointer for 16-bit data (SP1).
The stack pointers SP1 and SP2 change cyclically within their respective range: the range of SP1 is
0000H to 03FFH and the range of SP2 is 0000H to 00FFH. Therefore, pay attention to the SP1 value
because it may be set to 0100H or more exceeding the RAM area in the EOC63256. Memory accesses
except for stack operations by SP1 are 4-bit data access.
After initial reset, all the interrupts including NMI are masked until both the stack pointers SP1 and
SP2 are set by software. Further, if either SP1 or SP2 is re-set when both are set already, the interrupts
including NMI are masked again until the other is re-set. Therefore, the settings of SP1 and SP2 must
be done as a pair.

Oscillation circuit and prescaler
The peripheral circuits may not operate normally if the prescaler is not set properly.

Input port
(1) When input ports are changed from low to high by pull-up resistors, the rise of the waveform is
delayed on account of the time constant of the pull-up resistor and input gate capacitance. Hence,
when fetching input ports, set an appropriate waiting time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
Waiting time = RIN x (CIN + CL) x 1.6 [sec]
RIN: Pull-up resistance Max. value
CiN: Terminal capacitance Max. value
CL: Load capacitance on the board

(2) The K03 terminal functions as the clock input terminal for the programmable timer, and the input
signal is shared with the input port and the programmable timer. Therefore, when the K03 terminal is
set to the clock input terminal for the programmable timer, take care of the interrupt setting.

Output port

(1) When using the output port (R02, R03) as the special output port, fix the data register (R02, R03) at "1"
and the high impedance control register (R02HIZ, RO3HIZ) at "0" (data output).
Be aware that the output terminal is fixed at a low (Vss) level the same as the DC output if "0" is
written to the R02 and R03 registers when the special output has been selected.
Be aware that the output terminal shifts into high impedance status when "1" is written to the high
impedance control register (RO2HIZ, RO3HIZ).

(2) Ahazard may occur when the FOUT signal and the PTOUT signal are turned ON and OFF.

(8) The FOUT frequency varies according to the oscillation frequency and setting of the prescaler (PRSM
register). Refer to Section 4.2, "Oscillation Circuit and Prescaler”, for setting of the prescaler.

80 EPSON E0C63256 TECHNICAL MANUAL



CHAPTER 5: SUMMARY OF NOTES

1/0 port
When the I/0 port terminal is changed from low to high by the pull-up resistor in the input mode, the
rise of the waveform is delayed on account of the time constant of the pull-up resistor and input gate
capacitance. Hence, when fetching input ports, set an appropriate wait time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
Waiting time = RIN x (CIN + CL) x 1.6 [sec]
RIN: Pull-up resistance Max. value
CIN: Terminal capacitance Max. value
CL: Load capacitance on the board

LCD driver
The contents of the display memory are undefined until the area is initialized (through, for instance,
memory clear processing by the CPU). Initialize the display memory by executing initial processing.

Clock timer and watchdog timer

(1) To operate the clock timer accurately, the prescaler must be set correctly.
When using the clock timer for clock function, use a 4.194304 MHz crystal oscillator and set the PRSM
register of the prescaler to 7. An accurate 1 Hz signal cannot be obtained in other conditions.

(2) When the watchdog timer is used, the software must reset the watchdog timer before an overflow
occurs.

(3) Because the watchdog timer is set in operation state by initial reset, set the watchdog timer to disabled
state (not used) before generating an interrupt (NMI) if it is not used.

Programmable timer

(1) When reading the counter data, be sure to read the low-order 4 bits first.
In the 16-bit mode, read data in order of low-order 4 bits and high-order 4 bits of timer 0 (timer 2)
then low-order 4 bits and high-order 4 bits of timer 1 (timer 3).

(2) The programmable timer actually enters RUN/STOP status in synchronization with the falling edge
of the input clock after writing to the PTRUN register. Consequently, when "0" is written to the
PTRUN register, the timer enters STOP status at the point where the counter is decremented (-1). The
PTRUN register maintains "1" for reading until the timer actually stops.

Figure 5.1 shows the timing chart for the RUN/STOP control.

Input clock

PTRUN (RD) __|

"1" (RUN) "0" (STOP)
PTRUN (WR) ¥ writing [l writing
PTD 42H Y 41H)40H) 3FH)3EH) 3DH

Fig. 5.1 Timing chart for RUN/STOP control

It is the same even in the event counter mode. Therefore, be aware that the counter does not enter
RUN/STOP status if a clock is not input after setting the RUN/STOP control register (PTRUNO).

(3) Since the PTOUT signal is generated asynchronously from the PTOUT register, a hazard within 1/2
cycle is generated when the signal is turned ON and OFF by setting the register.

Buzzer output circuit
Since it generates a buzzer signal that is out of synchronization with the BZON register, hazards may at
times be produced when the signal goes ON/OFF due to the setting of the BZON register.
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A/D converter

(1) When using the prescaler as the clock source of the A/D converter, A/D conversion time will vary
according to the setting of the prescaler.

(2) The analog input terminals should be set when the A/D converter stops. Changing during A/D
conversion may cause malfunction.

(3) If the CHS register selects an input channel which is not included in the analog input terminals set by
the PAD register (the PAD register can select several terminals simultaneously), the A/D conversion
does not result in a correct converted value.

(4) During A/D conversion, do not operate the P4n terminals which are not used for analog inputs of the
A/D converter (for input/output of digital signals). It affects the A/D conversion precision.

(5) Stop A/D conversion before changing the ADCLK register. Switching the input clock during A/D
conversion may cause malfunction.

(6) When frRs is selected as the input clock, do not change the setting of the prescaler during A/D
conversion. It may cause a malfunction.

Interrupt
(1) The interrupt factor flags are set when the interrupt condition is established, even if the interrupt
mask registers are set to "0".

(2) After an interrupt occurs, the same interrupt will occur again if the interrupt enabled state (I flag =
"1") is set or the RETT instruction is executed unless the interrupt factor flag is reset. Therefore, be sure
to reset (write "1" to) the interrupt factor flag in the interrupt service routine before shifting to the
interrupt enabled state.

(3) After an initial reset, all the interrupts including NMI are masked until both the stack pointers SP1
and SP2 are set with the software. Be sure to set the SP1 and SP2 in the initialize routine.
Further, when re-setting the stack pointer, the SP1 and SP2 must be set as a pair. When one of them is
set, all the interrupts including NMI are masked and interrupts cannot be accepted until the other one
is set.

(4) The input interrupt must be enabled before shifting to SLEEP status.
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CHAPTER 6 Basic EXTERNAL WIRING DIAGRAM

LCD panel 20 x 4
Input 8 2 g2 2 AVDD
K00-K03 B2 878 AVREF
@ TEST
VDD
+
zz
ciJCr
P20-P23 Vbt ¢
10 P40 (ADO) -
() [ Pt o E0C63256 08C3 [y —
P42 (AD2) . = §Rf \ %o 27V
P43 (AD3) [The potential of the substrate 0SC4 [1Cp [l o 1
(back of the chip) is Vss.] sia i 5 | Tesy
or CR
RESET O O—
[
Output R0O I
<: RO1 — W
R02 (PTOUT) B
R0O3 (FOUT) Vss
N 5838 AVss
m > > >
#1: Crystal/ceramic oscillation
i #2: CR oscillation
Piezo S 8
|
Coll
X'tal Crystal oscillator 4.194304 MHz
CR Ceramic oscillator 4.0 MHz
Ca Gate capacitor 15 pF (Crystal oscillation)
30 pF (Ceramic oscillation)
Cb Drain capacitor 15 pF (Crystal oscillation)
30 pF (Ceramic oscillation)
Rf Feedback resistor 1 MQ
RCR Resistor for CR oscillation 20 kQ (2 MHz)
C1 Capacitor 0.1 uF
C2, C3 | Capacitor 0.1 uF
Cp 33 uF

#* The connection diagram shown above is an example of when mask option settings are as follows:
Negative polarity
LCD power source: Internal LCD power supply (external VC3 not used)

Buzzer signal:

Note: e The above table is simply an example. Refer to Chapter 7, "Electrical Characteristics", for
detailed characteristics.

e Capacitors should be connected to the Vc1, Vcz and Vca terminals for noise measure and to
prevent reduction in LCD display quality. (These terminals do not necessarily have to be con-
nected to a capacitor.)
e To interrupt current that flows in the resistor (analog reference resistor) connected between the
AVREF and AVss terminals, use a switching transistor from outside the IC.
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CHAPTER 7 ELECTRICAL CHARACTERISTICS

7.1 Absolute Maximum Rating

(Vss=0V)
Item Symbol Condition Rated value Unit [Note
Supply voltage VbDp -0.3t0+7.0 v
LCD supply voltage Vc -0.3to +7.0 \Y
Input voltage Vi -0.3 to VDpD+0.3 v
Output voltage Vo -0.3 to Vbp+0.3 \Y 1
High-level output current Ion 1 terminal -5 mA
Total of all terminals -20 mA
Low-level output current IoL 1 terminal 5 mA
Total of all terminals 20 mA
Operating temperature Topr -20 to +85 °C
Storage temperature Tstg -65 to +150 °C
Soldering temperature / time | Tsol 260°C, 10sec (lead section) -
Permissible disspation Pp 250 mW | 2

Note) 1. Itis applied to the output voltage when Nch open drain is selected by mask option.
2. In case of plastic package.

7.2 Recommended Operating Conditions

(Vss=AVss=0V, Ta=-20 to 85°C)

ltem Symbol Condition Min. Typ. Max. Unit |Note
Supply voltage VDD VbpD 2.7 3.0/5.0 5.5 \
LCD supply voltage V3t vc3 2.7 55 \ 1
VC3E Ve 2.7 5.5 \ 2
VC2E 1/3 bias \e) Typ.-02 | Vc32/3 | Typ.+02| V 2
1/2 bias e Typ.-02 | Vc31/2 [Typ.+02| V 2
VCIE 1/3 bias Vci Typ.-02 | Vc31/3 | Typ.+02| V 2
1/2 bias Vci Typ.-02 | Vc31/2 [Typ.+02| V 2
Analog supply voltage VAVDD AvVDD 2.7 VbpD \
Analog reference voltage range| VREF AVREF 2.7 AVDD \
Analog input voltage range | VIN ADO to AD3 (P40 to P43) | AVss AVREF \
Operating frequency fosc VbD=2.7 to 5.5V Crystal oscillation circuit 0.5 4.194 4.5 MHz| 3.4
Ceramic oscillation circuit 0.5 4.0 4.5 MHz| 3
CR oscillation circuit 0.5 2.0 2.5 MHz| 3
External clock input 0.5 4.0 4.5 MHz| 3,5
Note) 1. When "Internal power (external Vc3 is used)" is selected by mask option.
2. When "External power" is selected by mask option.
3. The CPU uses the clock output from the oscillation circuit as the operating clock.
4. Crystal oscillator = 4.194304 MHz
5. When an external clock is input from the OSC3 terminal by setting the mask option, do not connect anything to the OSC4 terminal.
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CHAPTER 7: ELECTRICAL CHARACTERISTICS

7.3.1 Input characteristics
Unless otherwise specified: VDD=2.7 to 5.5V, Vss=0V, Ta=-20 to 85°C

Iltem Symbol Condition Min. Typ. Max. Unit [Note
High-level input voltage VI Kxx, Pxx 0.7-Vbp VbD v
VIH2 0OSC3 1.7 VDD \ 1
Low-level input voltage ViL1 Kxx, Pxx 0 0.3-VDD \%
ViL2 0SC3 0 0.7 \4 1
High-level schmitt VT+ RESET 0.5-Vbp 0.9-Vbp \%
input voltage
Low-level schmitt Vr1- 0.1-Vbp 0.5-VDD A%
input voltage
Input leak current ILH VLIH=VDD Kxx, Pxx, RESET 0 1.0 HA
I VLIL=VSs -1.0 0 HA
Input pull-up resistance RIN Kxx, Pxx 100 250 400 kQ | 2
RESET 250 450 650 kQ | 2
Input terminal capacitance CIN ViN=0V, f=1MHz Kxx, Pxx 10 15 pF
Note) 1. When "External clock" is selected by mask option.
2. When "with pull-up resistor” is selected by mask option.
VoD <
=)
'é Y A
>
0 VT- VT1+ VDD
VIN [V]
7.3.2 Output characteristics
Unless otherwise specified: VDD=2.7 to 5.5V, Vss=0V, Vc3=2.7 to 5.5V, Vc2/Vc1 are internal voltage, Ta=-20 to 85°C, C2=C3=0.1puF
Item Symbol Condition Min. Typ. Max. | Unit |[Note
High-level output voltage ToH1 Vou1=0.9-Vpp, VDD=5.0V Pxx, Rxx 53 mA | 3
VoH1=0.9-VDD, VDD=3.0V 2.5 mA | 3
IoH2 VoH2=0.9-VDD, VDD=5.0V BZ 53 mA | 3
VoH2=0.9-VpD, VDD=3.0V 2.5 mA | 3
ToHs Vou3=0.9-Vbbp, VDp=5.0V SEGxx 1.2 mA | 1,3
VoH3=0.9-VpD, VDD=3.0V (during DC output) 0.6 mA | 1,3
Low-level output voltage ToL1 VoL1=0.1-Vbpp, VDD=5.0V Pxx, Rxx 8.5 mA | 4
VoL1=0.1-Vbpbp, VDD=3.0V 4.1 mA | 4
ToL2 Vor2=0.1-Vpp, VDD=5.0V BZ 8.5 mA | 4
VorL2=0.1-Vbpp, VDD=3.0V 4.1 mA | 4
ToL3 VoL3=0.1-Vbpp, VDD=5.0V SEGxx 1.4 mA | 1,4
Vor3=0.1-Vpp, Vbp=3.0V (during DC output) 0.7 mA | 14
Output leak current ILOH VLOH=VDD Pxx, Rxx 0 1.0 UA
IroL VLoL=Vss -1.0 0 HA
Common output current IcomH |VcoMH=V(3-0.05V COMx -5 UA
IcomL | VcoML=Vss+0.05V 5 HA
Segment output current ISEGH | VSEGH=V3-0.05V SEGxx -5 HA | 2
ISEGL | VSEGL=Vss+0.05V (during LCD output) 5 A | 2
Note) 1. When "DC output" is selected by mask option.
2. When "LCD output" is selected by mask option.
3. See Section 7.8, "Characteristic curves", for the maximum values.
4. See Section 7.8, "Characteristic curves", for the minimum values.
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7.4 Analog Circuit Characteristics

7.4.1 LCD drive voltage characteristics

Unless otherwise specified: VDD=2.7 to 5.5V, Vss=0V, Vc2/Vci are internal voltage, Ta=-20 to 85°C, C2=C3=0.1uF

ltem Symbol Condition Min. Typ. Max. Unit [Note

LCD supply voltage Vasi [Ves 2.7 5.5 \ 1
LCD drive voltage Vel Connect 1 MQ load resistor between Vss or Vbp and | Typ.-0.2 | Vc3-1/3 | Typ.+02| V 2
(when 1/3 bias is selected) Vci (without panel load)

Ve2 Connect 1 MQ load resistor between Vss or Vbp and | Typ.-0.2 | Vc3-2/3 [ Typ.+02| V 2

Vc2 (=Vc2) (without panel load)
LCD drive voltage Vcig2 |Connect 1 MQ load resistor between Vss or Vbp and | Typ. - 0.2 | Vc3-1/2 | Typ.+02 | V 2
(when 1/2 bias is selected) Vci(=Ve2)(without panel load), Vet and Ve? are shorted
Built-in resistance RLcDp  |Resistance between Vc3 and Vss 30 50 100 kQ | 2
Note) 1. When "Internal power (external V3 is used)" is selected by mask option.
2. Vc3 = Vpp when "Internal power (external V3 is not used)" is selected by mask option.
7.4.2 A/D conversion characteristics
Unless otherwise specified: VDD=2.7 to 5.5V, Vss=AVss=0V, Ta=-20 to 85°C
ltem Symbol Condition Min. Typ. Max. Unit |Note

Analog supply voltage VAVDD AVDD 2.7 VbD \
Analog reference voltage range| VREF AVREF 2.7 AVDD \
Analog input voltage range | VIN ADO to AD3 (P40 to P43) | AVss AVREF \
Analog input capacitance CAIN | During sampling ADO to AD3 (P40 to P43) 35 60 pF
Analog reference resistance |RREF  |Resistance for AVREF-AVss 10 20 30 kQ
Resolution - 8 bit
Offset error Eorr AVDD=2.7V to VDD -1 1 LSB| 1
Full scale error EFs AVREF=2.7V to AVDD -1 1 LSB| 1
Non-linearity error EL fap=240kHz to 2.5MHz -2 4 LSB| 1,2
Overall error Er -2 4 LSB| 1,2
A/D conversion time tADC fap=240kHz to 2.5MHz 20 21 clock| 1
Sampling time tsmp fap=240kHz to 2.5MHz 8 clock| 1

Note) 1. fap=fprs=fosc/2n or faD=fosc/2 (fap: A/D conversion clock frequency, fosc: oscillation clock frequency, n=1-16: PRSM setting value + 1)
2. The best straight line within a £3LSB of error can be obtained by correcting the conversion result with -1LSB by software.

S
/= lIdeal line

7’ |
[0} :
e |
<] |
> |
Rt |
2 |

o b . Real conversion curve
c 2 1
o " |
o v I

, ‘ End point line
7 !
// |
00H L 1
AVss AVREF

Analog input voltage VIN

Offset error
Non-linearity error : ELI
Full scale error
CET

Total error = max (EoFF, ELI, EABS)

: EoFF=a (the deviation from the ideal value at zero point)
=b (the deviation of the real conversion curve from the end point line)
:EFs =c (the deviation from the ideal value at the full scale point)

EaBs = the deviation from the ideal line (including quantizing error)
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Unless otherwise specified: VDD=AVDD=AVREF=2.7 t0 5.5V, Vss=AVss=0V, Ta=25°C, C1=0.1pF, C2=C3=0.1pF

ltem Symbol Condition Min. Typ. Max. Unit [Note
Power current during SLEEP |IsLp 0.3 1.0 HA
Power current during HALT [IHALT |LCD system circuit and Crystal oscillation 560 1200 HA [1.4,7
A/D convertor are not used (4.194304MHz)
Ceramic oscillation 610 1400 HA (24,7
(4.0MHz)
CR oscillation 680 1400 UHA (34,7
(2MHz)
External clock input 220 420 HA | 4,7
(4.0MHz)
Power current IEXE LCD system circuit and Crystal oscillation 1400 2600 HA (1,57
during execution A/D convertor are not used (4.194304MHz)
Software duty = 100% Ceramic oscillation 1400 2600 UHA (2,57
(4.0MHz)
CR oscillation 1100 2100 UHA (3,57
(2MHz)
External clock input 1000 1700 HA | 5,7
(4.0MHz)
LCD system ILcp Vpp=V3=3.0V, no panel load 60 100 HA | 8
operating current VbpD=V3=5.0V, no panel load 100 170 HA | 8
A/D conversion IADC Vbb=AVDD=AVDD=3.0V, fAD=262kHz 600 1000 HA | 6
operating current VDD=AVDD=AVDD=5.0V, fAD=262kHz 1800 3000 HA | 6

Note) 1. Ri=IMQ, CG=Cp=15pF
2. Rt=1MQ, Cc=Cp=30pF

NN B W

. RCrR=20kQ2

. OSC: oscillated (except for external clock input)

. OSC: oscillated (except for external clock input)

. faD=fPrs=f0sc/2n (faD: A/D conversion clock frequency, fosc: oscillation clock frequency, n=1-16: PRSM setting value + 1)
fosc=4.194304MHz, PRSM=7

CPU, ROM, RAM: HALT status
CPU, ROM, RAM: operating

Others: stopped
Others: stopped

7. Current consumption when the LCD system circuit or A/D converter is used is found by adding the LCD system operating current or the A/D

conversion current.

8. When "Internal power" is selected by mask option.
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7.6 AC Characteristics

7.6.1 Operating range

Unless otherwise specified: VDD=2.7 to 5.5V, Vss=0V, Ta=-20 to 8§5°C

ltem

Symbol Condition Min. Typ. Max. Unit [Note
Operating clock frequency fosc Crystal oscillation circuit 0.5 4.5 MHz| 1
Ceramic oscillation circuit 0.5 4.5 MHz| 1
CR oscillation circuit 0.5 2.5 MHz| 1
External clock input 0.5 4.5 MHz| 1,2
Instruction execution time tey 1-cycle instruction 0.44 (0.8) 4.0 us | 3
2-cycle instruction 0.89 (1.6) 8.0 us | 3
3-cycle instruction 1.33 (2.4) 12.0 us | 3

Note) 1. The CPU uses the clock output from the oscillation circuit as the operating clock.
2. When an external clock is input from the OSC3 terminal by setting the mask option, do not connect anything to the OSC4 terminal.
3. The values enclosed with () indicate the execution time when the CR oscillation circuit is used.

7.6.2 Input clock

OSC3 external clock
Unless otherwise specified: VDD=2.7 to 5.5V, Vss=0V, Ta=-20 to 85°C, ViH2=1.7V, ViL2=0.7V

ltem

Symbol Condition Min. Typ. Max. Unit [Note
Input clock cycle time toscy 230 2,000 nS
Input clock "H" pulse width |tosh 115 1,000 nS
Input clock "L" pulse width | tosl 115 1,000 nS
Input clock rising time tosr 25 nS
Input clock falling time tosf 25 nS
< toscy
tosf—m e - tosh >
0SC3 ViH2 774/7
Vie
»«— tosr
tosl
K03 external clock (event counter external clock)
Unless otherwise specified: VDD=2.7 to 5.5V, Vss=0V, Ta=-20 to 85°C, ViH1=0.8-VDD, VIL1=0.2-VDD
ltem Symbol Condition Min. Max. Unit |Note
Input clock cycle time tevey | With noise rejecter 512-n/fosc S 1
Input clock "H" pulse width |tevh 256-n/fosc S 1
Input clock "L" pulse width  |tevl 256-n/fosc S 1
Input clock cycle time tevcy | Without noise rejecter 4 us
Input clock "H" pulse width |tevh 2 us
Input clock "L" pulse width  |tevl 2 us
Input clock rising time tosr 25 nS
Input clock falling time tosf 25 nS
Note) 1. fosc: oscillation clock frequency, n=1-16: PRSM setting value + 1
« tevey
tevi— e e fevh
ViH1 —f N /
KO3 ViLt
»—tevr
tevl "
RESET input clock
Unless otherwise specified: VDD=2.7 to 5.5V, Vss=0V, Ta=-20 to 85°C, ViH=0.5-VDD, ViL=0.1-VDD
ltem Symbol Condition Min. Max. Unit [Note
RESET input time tsr 100 us
tsr .
RESET —#—VH
ViL——
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K00-K03 simultaneous low input clock

Unless otherwise specified: VDD=2.7 to 5.5V, Vss=0V, Ta=-20 to 85°C, ViH1=0.8-VDD, VIL1=0.2-VDD
ltem Symbol Condition Min. Max. Unit |Note
Simultaneous low input time | tksr Time authorize circuit is used 524288-n/fosc S 1
Time authorize circuit is not used 768-n/fosc S 1
Note) 1. fosc: oscillation clock frequency, n=1-16: PRSM setting value + 1
When the simultaneous low input reset function is selected by mask option.
_ tksr =
——VIH1
KOx ViLt—x—=
7.6.3 Power-on reset
Unless otherwise specified: Vss=0V, Ta=-20 to 85°C, Vin=0.5-VpD, ViL=0.1-VDD
Item Symbol Condition Min. Typ. Max. Unit [Note
Operating power voltage Vsr RESET=0.1-VDpD 2.7 \
RESET input time tpsr 100 us
VDD
Vsr *2 *q
— > tpsr
R RESET
RESET 0.5-Vbb
| = 0.1-VpbD ﬁ Vss
Power on

*1 Because the potential of the RESET terminal
not reached VD level or higher.

%2 When the built-in pull-up resistor is not used.
7.6.4 A/D conversion characteristics

Unless otherwise specified: VDD=2.7 to 5.5V, Vss=AVss=0V, Ta=-20 to 85°C

Item Symbol Condition Min. Typ. Max. Unit [Note
A/D conversion time tADC fAp=240kHz to 2.5MHz 20 21 clock| 1
Sampling time tsmp fap=240kHz to 2.5MHz 8 clock| 1
Note) 1. fap=fPrs=fosc/2n or faD=fosc/2 (fap: A/D conversion clock frequency, fosc: oscillation clock frequency, n=1-16: PRSM setting value + 1)
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7.7 Oscillation Characteristics

Oscillation characteristics change depending on conditions (board pattern, components used, etc.). Use
the following characteristics as reference values. In particular, when a ceramic oscillator or crystal
oscillator is used, use the oscillator manufacturer's recommended values for constants such as capaci-
tance and resistance.

7.7.1 Crystal oscillation circuit
Unless otherwise specified: Vbp=2.7 to 5.5V, Vss=0V, Ta=-20 to 85°C, Crystal oscillator: CA301 4.194304MHz *, Ri=1MQ, CG=Cp=15pF

ltem Symbol Condition Min. Typ. Max. Unit |Note

Oscillation start voltage Vsta 2.7 \
Oscillation start time tsta 20 mS 1
Oscillation stop voltage Vstp 2.7 \
Built-in gate capacitance Ca 16 pF
Built-in drain capacitance Cp 13 pF
Frequency/IC deviation of/9IC -10 10 ppm
Frequency/supply voltage ofloV 1 ppm
deviation N
Permitted leak resistance Rieak Between OSCI and Vss 200 MQ

* CA301 4.194304MHz: made by Seiko Epson
Note) 1. The crystal oscillation start time varies according to the crystal oscillator, CG and CD to be used.

7.7.2 Ceramic oscillation circuit

Unless otherwise specified: VDD=2.7 to 5.5V, Vss=0V, Ta=-20 to 85°C, Ceramic oscillator: CSA 4.00MG *, Rf=IMQ, Cc=Cp=30pF

Item Symbol Condition Min. Typ. Max. Unit [Note
Oscillation start voltage Vsta 2.7 \
Oscillation start time tsta 5 mS
Oscillation stop voltage Vstp 2.7 \

# CSA 4.00MG: made by Murata Mfg. Co.

7.7.3 CR oscillation circuit

Unless otherwise specified: VDD=2.7 to 5.5V, Vss=0V, Ta=-20 to 85°C

Item Symbol Condition Min. Typ. Max. Unit [Note
Oscillation start voltage Vsta 2.7 \
Oscillation start time tsta 1 mS
Oscillation stop voltage Vstp 2.7 \
Frequency/IC deviation df/dIC | RCR = constant -25 25 %
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7.8 Characteristic Curves (reference value)

7.8.1 Output current characteristics

High level output current (Pxx, Rxx, BZ)

Ta = 85°C, Max. value
VDD—VOH [V]
1.0 0.8 0.6 0.4 0.2 0.0o

/

Vbbb =27V

loH [MmA]

-7
Vbb=4.5V

-8

Low level output current (Pxx, Rxx, BZ)

Ta = 85°C, Min. value
14

12 Vbb=4.5V

/ Vbbb =27V

loL [mA]

0.0 0.2 0.4 0.6 0.8 1.0
VoL [V]
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High level output current (SEGxx)

Ta = 85°C, Max. value

VDD-VOH [V]
1.0 0.8 0.6 0.4 0.2 0.0
0.0
-0.2
-0.4
-0.6
-0.8 —
E
VoD =27V 1.0 g
1.2
-1.4
-1.6
VoD =45V -1.8
-2.0
Low level output current (SEGxx)
Ta = 85°C, Min. value
2.0 Vob =45V
1.8
1.6
1.4
< 12 Vbbb =27V
£
~ 1.0
o
0.8
0.6
0.4
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
VoL [V]
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7.8.2 Power current - frequency characteristics

Crystal oscillation/ceramic oscillation (during operation)
Ta=25C

4.0

3.5

3.0

Max.
2.5

2.0

IvbD [mA]

1.5
T
1.0 /
T

0.5

L—

0.0
0 0.5 1.0 15 20 25 30 35 40 45 50

fosc [MHz]

CR oscillation (during operation)
Ta=25C

3.0

25

Max.
" / ax

<
E 15
[a]
a
=
| —Typ.
1.0
/
/
0.5
0.0
0 0.5 1.0 1.5 2.0 25 3.0
fosc [MHz]
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External clock (during operation)

Ta=25C
3.0

2.5

2.0

/ Max.

1.5

IvbD [mA]

Typ.

_
T

0.5

é/

0.0

0 05 10 15 20 25 30 35 40 45 50
fosc [MHz]
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7.8.3 Analog system operating current - voltage characteristic

LCD system operating current

No panel load, Ta = 25°C

300

250

200

Max.

< "
S 150
(6]
—
/ — Typ.
100
/
//
50 — |
0
2.7 3 3.5 4 4.5 5 5.5
VoD = Vcs [V]

A/D converter operating current

Note: Since the A/D converter operating current varies according to the A/D conversion clock frequency
(fap) and analog input voltage, use the following voltage characteristics only for reference.

Ta=25C

4.0

3.5 /
3.0

2.5

2.0

laDC [mA]

1.5

1.0

0.5

0.0

Max.

Typ.

27 3 3.5 4 4.5 5 5.5

VoD [V]

E0C63256 TECHNICAL MANUAL EPSON

95



CHAPTER 7: ELECTRICAL CHARACTERISTICS

7.8.4 CR oscillation frequency characteristics

Note: Oscillation frequency changes depending on the conditions (components used, board pattern,
etc.). In particular, extensively depending on the product from (chip, plastic package or ceramic
package) and board capacitance. Therefore, use the following chart for reference only and select
the resistance value after evaluating the actual product.

Oscillation frequency - resistance characteristic
Ta = 25°C, Typ. value
10000

1000

fosc [kHz]

100 ™

10
10 100 1000

RCR [kQ]

Oscillation frequency - temperature characteristic
RcRr = 20 kQ
10000

fosc [kHz]

1000
.30 20 -10 O 10 20 30 40 50 60 70 80 90

Ta[°C]
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8.1 Plastic Package

CHAPTER 8: PACKAGE

QFP13-64pin
(Unit: mm)
12+0.4
10201
48
[N AR MR A,
49 = — 32
E INDEX %
64— — 17
jrorregoeoopor
1 16
= 05 0.18%0s
%: T
g - [ 0.125'083s
~y oy A AAAAAATAAAAT N e
- 10°
© 0.5:02
’
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8.2 Ceramic Package for Test Samples

QFP13-64pin

(Unit: mm)

 Tonoanananonnal -
I —

2.81max

0.2
#7

0.50.2
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9.1 Diagram of Pad Layout

CHAPTER 9: PAD LAYOUT

- A
0oooO DoO000oooog
10 5 1 54[]
|
]
15
U]
|
]
Y
U]
[]20 c
L] X £
O (0, 0) N
D o]
]
[J25
U]
U
] L]
O] 50 ]
U]
|
]
U]
30 35 40 45
v v
P 3.77 mm o
Chip thickness: 400 pm
Pad opening: 100 pm
9.2 Pad Coordinates
Unit: um
No. |Pad name X Y No. |Pad name X Y No. |Pad name X Y
1 RESET 1322 1760 | 19 | RO3 -1760 362 | 37 | SEG5 -381 | -1760
2 TEST 1192 1760 | 20 | P20 -1760 213 | 38 | SEG6 -251 | -1760
3 Vss 1045 1760 | 21 | P21 -1760 83 | 39 | SEG7 -121 | -1760
4 0OSC3 904 1760 | 22 | P22 -1760 -47 | 40 | SEG8 9 | -1760
5 0OSC4 774 1760 | 23 | P23 -1760 -177 | 41 | SEG9 139 | -1760
6 Vb1 644 1760 | 24 | KOO -1760 -325 | 42 | SEGI0 269 | -1760
7 VDD 514 1760 | 25 | KO1 -1760 -455 | 43 | SEGI1 399 | -1760
8 AVDD 372 1760 | 26 | K02 -1760 -585 | 44 | SEGI2 529 | -1760
9 AVREF 242 1760 | 27 | KO3 -1760 -715 | 45 | SEGI13 1760 | -1605
10 | AVss 112 1760 | 28 | COMO -1760 -849 | 46 | SEG14 1760 | -1475
11 | P40 -1288 1760 | 29 | COM1 -1760 -979 | 47 | SEGI5 1760 | -1345
12 | P41 -1418 1760 | 30 | COM2 -1295 | -1760 | 48 | SEGI6 1760 | -1215
13 | P42 -1548 1760 | 31 | COM3 -1165 | -1760 | 49 | SEG17 1760 | -1085
14 | P43 -1678 1760 | 32 | SEGO -1031 | -1760 | 50 | SEGI18 1760 -955
15 | BZ -1760 896 | 33 | SEGI -901 | -1760 | 51 | SEG19 1760 -825
16 | ROO -1760 752 | 34 | SEG2 =771 | -1760 | 52 | Va1 1760 1398
17 | RO1 -1760 622 | 35 | SEG3 -641 | -1760 | 53 | Vc2 1760 1528
18 | R0O2 -1760 492 | 36 | SEG4 =511 | -1760 | 54 | Vc3 1760 1658
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CHAPTER 10 PRECAUTIONS ON MOUNTING

<Oscillation Circuit>

@ Oscillation characteristics change depending on conditions (board pattern, components used, etc.).
In particular, when a ceramic oscillator or crystal oscillator is used, use the oscillator manufacturer's
recommended values for constants such as capacitance and resistance.

® Disturbances of the oscillation clock due to noise may cause a malfunction. Consider the following
points to prevent this:

(1) Components which are connected to the OSC3 and OSC4
terminals, such as oscillators, resistors and capacitors, should be
connected in the shortest line. Sample Vss pattern

(2) As shown in the right hand figure, make a Vss pattern as large
as possible at circumscription of the OSC3 and OSC4 terminals
and the components connected to these terminals. 0sc4

Furthermore, do not use this Vss pattern for any purpose other £
than the oscillation system. 0sCs
(38) When supplying an external clock to the OSC3 terminal, the :gss

clock source should be connected to the OSC3 terminal in the
shortest line.
Furthermore, do not connect anything else to the OSC4 terminal.

@ In order to prevent unstable operation of the oscillation circuit due to current leak between OSC3 and
VDD, please keep enough distance between OSC3 and VDD or other signals on the board pattern.

<Reset Circuit>

® The power-on reset signal which is input to the RESET terminal changes depending on conditions
(power rise time, components used, board pattern, etc.).
Decide the time constant of the capacitor and resistor after enough tests have been completed with the
application product.
When the built-in pull-up resistor is added to the RESET terminal by mask option, take into consider-
ation dispersion of the resistance for setting the constant.

@ In order to prevent any occurrences of unnecessary resetting caused by noise during operating,
components such as capacitors and resistors should be connected to the RESET terminal in the
shortest line.

<Power Supply Circuit>

® Sudden power supply variation due to noise may cause malfunction. Consider the following points to
prevent this:

(1) The power supply should be connected to the VDD, Vss, AVDD, AVss and AVREF terminal with
p pPply
patterns as short and large as possible.
In particular, the power supply for AVDD, AVss and AVREF affects A /D conversion precision.
Furthermore, similar consideration is necessary when V3 is supplied from outside the IC.

(2) When connecting between the VDD and Vss terminals with a bypass capacitor, the terminals
should be connected as short as possible.

Bypass capacitor connection example

VDD VDD

=Y
Vss Vss
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(8) Components which are connected to the Vb1, V1, V2 and Vs terminals, such as capacitors and
resistors, should be connected in the shortest line.
In particular, the Vci1, Vc2 and V3 voltages affect the display quality.

® Do not connect anything to the V1, Vc2 and V3 terminals when the LCD driver is not used.

<A/D Converter>
® When the A/D converter is not used, the power supply terminals for the analog system should be
connected as shown below.
AVDD — VDD
AVss  — Vss
AVREF — Vss

<Arrangement of Signal Lines>

@ In order to prevent generation of electromagnetic induction noise caused by mutual inductance, do
not arrange a large current signal line near the circuits that are sensitive to noise such as the oscillation
unit and analog input unit.

® When a signal line is parallel with a high-speed line in long distance or intersects a high-speed line,
noise may generated by mutual interference between the signals and it may cause a malfunction.
Do not arrange a high-speed signal line especially near circuits that are sensitive to noise such as the
oscillation unit and analog input unit.

Prohibited pattern
1
P40 (ADO) —{_]0SC4
| —
. . —{—]OSC3
Large current signal line
High-speed signal line
gn-sp 9 1 {]Vss

Large current signal line
High-speed signal line

<Precautions for Visible Radiation (when bare chip is mounted)>
@ Visible radiation causes semiconductor devices to change the electrical characteristics. It may cause
this IC to malfunction. When developing products which use this IC, consider the following precau-
tions to prevent malfunctions caused by visible radiations.
(1) Design the product and implement the IC on the board so that it is shielded from visible radiation
in actual use.
(2) The inspection process of the product needs an environment that shields the IC from visible
radiation.

(3) As well as the face of the IC, shield the back and side too.
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