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EM78F564N
8-Bit Microcontroller

1 General Description

The EM78F564N is an 8-bit microprocessor designed and developed with low-power, high-speed CMOS technology
and high noise immunity. It has an on-chip 4Kx13-bit Electrical Flash Memory. It provides three protection bits to
prevent intrusion of user’s Flash memory code. Twelve Code option bits are also available to meet user’s

requirements.

With its enhanced Flash-ROM features, the EM78F564N provides a convenient way of developing and verifying user’s
programs. Moreover, this Flash-ROM device offers the advantages of easy and effective program updates, using
development and programming tools. Users can avail of the ELAN Writer to easily program his development code.

Features

CPU configuration

e 4Kx13 bits on-chip Flash memory

o 144x8 bits on-chip registers (SRAM)

o 8-level stacks for subroutine nesting

e 3 programmable Level Voltage Reset
LVR: 4.1V, 3.7V, 2.7V

e Lessthan1.5mAat5V/4 MHz

e Typically 20 pA, at 3V / 32kHz

e Typically 1.5 pA, during sleep mode

I/O port configuration

e 4 bidirectional 1/O ports: P5, P6, P7 and P8

e 251/0O pins

o Wake-up port : P6

e High sink port : P6

e 14 programmable pull-high 1/O pins

e 14 programmable pull-down I/O pins

e 8 programmable open-drain I/O pins

e External interrupt with Wake-up : P60

Operating voltage range

e 2.5V~5.5V at-40°C~85°C (Industrial)

e 2.3V~5.5V at 0°C~70°C (Commercial)

Operating frequency range (base on two clocks)

e Crystal mode : DC~16MHz @ 4.5V~5.5V ;
DC~8MHz @ 3V~5.5V ; DC~4MHz @ 2.3V~5.5V

e ERC mode : DC~16MHz @ 4.5V~5.5V ;
DC~8MHz @ 3V~5.5V ; DC~4MHz @ 2.3V~5.5V

e |RC mode : DC~16MHz @ 4.5V~5.5V ; DC~4MHz
@ 2.3V~5.5V

Drift Rate
Internal RC
Frequency Temperature| Voltage process| Total
(-40°C~85°C) | (2.5V~5.5V)

4 MHz +3% +5% +2.5% [+10.5%
16 MHz + 3% +5% +2.5% |+£10.5%
8 MHz + 3% +5% +2.5% |+£10.5%
455kHz + 3% +5% +2.5% |+£10.5%

Fourteen available interrupts
e Internal interrupt : 11
e External interrupt : 3

8 channels Analog-to-Digital Converter with 10-bit
resolution

One set of comparator (offset voltage: smaller than 10 mV)

Two channels Pulse Width Modulation (PWM) with

10-bit resolution

Two 8-bit Timer/Counter

e TC1 : Timer/Counter/Capture

e TC3: Timer/Counter/PDO (Programmable Divider
Output)/PWM (pulse width modulation)

One 16-bit Timer/Counter

e TC2: Timer/Counter/Window

Serial transmitter/receiver interface

e Serial Peripheral Interface (SPI): Three-wire
synchronous communication

o Universal Asynchronous Receiver/Transmitter (UART)
Peripheral configuration

e 8-bit real time clock/counter (TCC) with selective
signal sources, trigger edges, and overflow
interrupt

o External interrupt input pin

e 2/4/8/16 clocks per instruction cycle selected by
code option

e Power down (Sleep) mode

e High EFT immunity

Single instruction cycle commands

Special Features

e Programmabile free running Watchdog Timer

e Power-on voltage detector available (2.0V ~ 2.2V)
Package Type:

e 24-pin skinny DIP 300 mil : EM78F564NK24J/S

e 24-pin SOP 300 mil EM78F564NS024J/S
e 28-pin skinny DIP 300 mil : EM78F564NK28J/S

e 28-pin SOP 300 mil EM78F564NS028J/S
e 32-pin QFN 5x5 mm EM78F564NQN32J/S

Note: These are all Green products which do not contain

hazardous substances.
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EM78F564N
8-Bit Microcontroller

3 Pin Assignment

(1) 24-Pin SKDIP/SOP
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Figure 3-1 24-pin EM78F564N
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Figure 3-3 32-pin EM78F564N

(2) 28-Pin SKDIP/SOP
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Figure 3-2 28-pin EM78F564N

P67/AD7

P56/TC2

P72

P73

P74/TC1

P75/PWMA

P76/PWMB

P57/TC3/PDO

Product Specification (V1.0) 11.27.2009
(This specification is subject to change without further notice)



EM78F564N
8-Bit Microcontroller

4 Pin Description

Table 4-1 EM78F564N-24 Pins

Symbol Pin No. [Type Function

Bidirectional 7-bit input/output pins.

P50~P53 can be used as pull-down by software
programming.

P50 can be used as external reference voltage for ADC
or SPI slave select

P51 can be used as SPI serial data output or UART TX
output

P52 can be used as SPI serial data input or UART RX
input

P53 can be used as SPI serial clock input/output

P57 can be used as 8-bit timer/counter or programmable
divider output (PDO).

Bidirectional 8-bit input/output ports.

These can be used as pull-high or as open drain by software

913 programming.

P60 ~P67 " | /O [ P60~63 can be used as pull-down by software programming.

These can be used as 8-channel 10-bit resolution A/D
converter.

P60 can be used as external interrupt.

P75 ~ P77 are bidirectional I/O ports.
P75, P76, 24,23,| |15 |P75~P76 can be used as pull-high or pull-down by software
P77 6 programming.
P75, P76 can be used as PWMA/B output.
P80 ~ P82 are bidirectional 1/0O ports.
P80 can act as CO2.
P81 can act as CIN2+.
P82 can act as CIN2-.
* P80 is DATA pin for Writer programming (Required).
* P81 is CLK pin for Writer programming (Required).
* For ISP (In System Programming) design rules, refer
to “EM78F6xxN/5xxN MCU Programming” Application Notes.

External clock crystal resonator oscillator input pin.
External RC oscillator clock input pin.

20, 21
P50~P55, 21,
o7 4,5,18, 110

19, 22

P80~P82 16~14 | 1/0

OSCI/ERCin 19 I/0

0OSCO/ 18 1o Clock output from crystal oscillator.
RCOUT Clock output from internal RC oscillator.

Real time clock/counter, Schmitt trigger input pin.
Must be tied to VDD or VSS if not in use.
Schmitt trigger input pin. If this pin remains at logic low,
the controller is reset.
/RESET 7 | * IRESET is /RESET pin for Writer programming (Required).
* For ISP (In System Programming) design rules, refer
to “EM78F6xxN/5xxN MCU Programming” Application Notes.

TCC 6 I

VDD 17 - | Power supply pin
VSS 8 - | Ground
Product Specification (V1.0) 11.27.2009 o3
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EM78F564N

8-Bit Microcontroller

Table 4-2 EM78F564N-28 Pins

Symbol

P50~P57

Pin No.

22,23, 6,
7,20, 21,
2,24

Type

I/0

Function
Bidirectional 8-bit input/output pins.
P50~P53 can be used as pull-down by software programming.

P50 can be used as external reference voltage for ADC or SPI
slave select

P51 can be used as SPI serial data output or UART TX output
P52 can be used as SPI serial data input or UART RX input
P53 can be used as SPI serial clock input/output

P56 can be used as 16-bit timer/counter(TC2).

P57 can be used as 8-bit timer/counter or programmable
divider output (PDO).

P60~ P67

11~15,
5~3

I/0

Bidirectional 8-bit input/output ports.

These can be used as pull-high or as open drain by software
programming.

P60~63 can be used as pull-down by software programming.

These can be used as 8-channel 10-bit resolution A/D
converter.

P60 can be used as external interrupt.

P72~P77

1, 28~25,

I/0

P72 ~P77 are bidirectional I/O ports.

P72~P76 can be used as pull-high or pull-down by software
programming.

P74 can be used as 8-bit timer/counter (TC1).

P75, P76 can be used as PWMA/B output.

P80~P82

18~16

I/0

P80 ~ P82 are bidirectional I/O ports.
P80 can act as CO2.
P81 can act as CIN2+.
P82 can act as CIN2-.
* P80 is DATA pin for Writer programming (Required).
* P81 is CLK pin for Writer programming (Required).
* For ISP (In System Programming) design rules, refer
to “EM78F6xxN/5xxN MCU Programming” Application Notes.

OSCl/
ERCin

21

I/0

External clock crystal resonator oscillator input pin.
External RC oscillator clock input pin.

OSCO/
RCOUT

20

I/0

Clock output from crystal oscillator.
Clock output from internal RC oscillator.

TCC

Real time clock/counter, Schmitt trigger input pin.
Must be tied to VDD or VSS if not in use.

/IRESET

Schmitt trigger input pin. If this pin remains at logic low,
the controller is reset.

* /RESET is /RESET pin for Writer programming (Required).
* For ISP (In System Programming) design rules, refer
to “EM78F6xxN/5xxN MCU Programming” Application Notes.

VDD

19

Power supply pin

VSS

10

Ground

Product Specification (V1.0) 11.27.2009
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Table 4-3 EM78F564N-32 Pins

Symbol Zlon Type Function
Bidirectional 8-bit input/output pins.
P50~P53 can be used as pull-down by software programming.
P50 can be used as external reference voltage for ADC or SPI
15, 16, slave select.
P50~P57 27, 28, e P51 can be used as SPI ser?al data putput or UART TX output.
13, 14, P52 can be used as SPI serial data input or UART RX input.
23,17 P53 can be used as SPI serial clock input/output
P56 can be used as 16-bit timer/counter(TC2).
P57 can be used as 8-bit timer/counter or programmable
divider output (PDO).
Bidirectional 8-bit input/output ports.
These can be used as pull-high or can be used as open drain
by software programming.
P60~ P67 32, 1~4, I/O | P60~63 can be used as pull-down by software programming.
26~24 These can be used as 8-channel 10-bit resolution A/D
converter.
P60 can be used as external interrupt.
P72 ~P77 are bidirectional 1/0O ports.
P72~P76 can be used as pull-high or pull-down by software
P72~P77 22;; 8, I/0 programming.

P74 can be used as 8-bit timer/counter (TC1).
P75, P76 can be used as PWMA/B output.

P80 ~ P82 are bidirectional 1/0O ports.

P80 can act as CO2.

P81 can act as CIN2+.

P82 can act as CIN2-.

* P80 is DATA pin for Writer programming (Required).
* P81 is CLK pin for Writer programming (Required).

* For ISP (In System Programming) design rules, refer to
“EM78F6xxN/5xxN MCU Programming” Application Notes.

P80~P82 | 7~5 I/0

OSC_l / 14 e External clock crystal resonator oscillator input pin.
ERCin External RC oscillator clock input pin.

0OSco/ 13 o Clock output from crystal oscillator.

RCOUT Clock output from internal RC oscillator.

Real time clock/counter, Schmitt trigger input pin.

Must be tied to VDD or VSS if not in use.

Schmitt trigger input pin. If this pin remains at logic low,

the controller is reset.

/RESET 30 * IRESET is /RESET pin for Writer programming. (Required)

* For ISP (In System Programming) design rules, refer to
“EM78F6xxN/5xxN MCU Programming” Application Notes.

TCC 29

NC 8~11 - No Connection
VDD 12 - Power supply pin
VSS 31 - Ground
Product Specification (V1.0) 11.27.2009 o5
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5 Block Diagram

VAN N
P Int. Ext.
Flash ROM  [«—p» PC Crystal RC
A A
P8 WDT >
Y Y
P80 - Oscillation . TCC
Instruction 8-level stack o TCC 8-bit >
Eg; Register (13-bit) Generator "1 | (Timer/Counter) |
A f TC1 &-bit e
(Timer/Counter/ | > |-
P7 y Reset Capture)
Instruction & .
- > TC2 16-bit n
P72 Decoder -t | | (Timer/Counter/ - > TC2
E;ﬁ Window)
[
£ l v . TC3 Bbit | TC3
577 g (Timer/Counter/ [ [&—»
Mux PDO/PWM)
ALU -t
/ > _ PWMA/B
P6 X > 2PWM S —
P60
P61
P62 Y R4
P63 | (= > )
P64 A A A
P65 LVR | >
P66 RAM
P67 Y Y \i
R3 Interrupt
ACC Contro
P5 (Status Reg.) Register
P50 3 3
P51
P52 - Interrupt
P53 Circuit
rea | [+ 1
3?2 - UART SPI ADC COMP
o)
P57 Y 7y 7y Y
\i Y \ \i '
Ext INT TX,RX SQ, 8I, SCK ADinC~7 Cin2+,Cin2-, CO2
Figure 5-1 Functional Block Diagram
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6 Functional Description

6.1 Operational Registers

6.1.1 RO (Indirect Addressing Register)

RO is not a physically implemented register. It is used as an indirect addressing
pointer. Any instruction using RO as a pointer actually accesses data pointed by the
RAM Select Register (R4).

6.1.2 R1 (Timer Clock/Counter)

R1 is incremented by an external signal edge, which is defined by TE bit (CONT-4)
through the TCC pin, or by the instruction cycle clock. It is writable and readable as
any other registers. It is defined by resetting PSTE (CONT-3).

The prescaler is assigned to TCC, if the PSTE bit (CONT-3) is reset. The content of
the prescaler counter is cleared only when the TCC register is written with a value.

6.1.3 R2 (Program Counter and Stack)

Depending on the device type, R2 and hardware stack are 12-bit wide. The structure
is depicted in Figure 6-1.

The configuration structure generates 4Kx13 bits on-chip Flash ROM addresses to
the relative programming instruction codes. One program page is 1024 words long.

R2 is set as all "0"s when under a reset condition.

"JMP" instruction allows direct loading of the lower 10 program counter bits. Thus,
"JMP" allows the PC to go to any location within a page.

"CALL" instruction loads the lower 10 bits of the PC, and then PC+1 is pushed onto
the stack. Thus, the subroutine entry address can be located anywhere within a

page.
"LJMP" instruction allows direct loading of the program counter bits (AO~A11).
Therefore, "LIMP" allows the PC to jump to any location within 4K (2'2).

"LCALL" instruction loads the program counter bits (A0 ~A11), and then PC+1 is
pushed onto the stack. Thus, the subroutine entry address can be located anywhere
within 4K (2'%)

"RET" ("RETL k", "RETI") instruction loads the program counter with the contents of
the top-level stack.

Product Specification (V1.0) 11.27.2009 o7
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"ADD R2, A" allows a relative address to be added to the current PC, and the ninth
and above bits of the PC will increase progressively.

"MOV R2, A" allows loading an address from the "A" register to the lower 8 bits of the
PC, and the ninth and tenth bits of the PC remain unchanged.

Any instruction except “ADD R2, A” that is written to R2 (e.g. "MOV R2, A", "BC R2, 6")
will cause the ninth bit and the tenth bit (A8~A9) of the PC to remain unchanged.

All instructions are single instruction cycle (fclk/2, fclk/4, fclk/8 or fclk/16) except for

instructions that would change the contents of R2 and “LCALL”", “LUMP”, “TBRD”
instruction. The “LCALL”, “LUMP” and “TBRD?” instructions need two instructions

Reset vector

cycle.
PC | A11A10 [ A9 A8 [A7 ~ A0

CALL

[00: PAGEO 0000~03FF  —{ LCALL
RET

[01:PAGE1 0400~07FF |e— RreTL Store ACC, R3, R4
RET!

10: PAGE2 0800~0BFF _ |«#—

| Stack Level 1

[11:PAGE3 0CO0~OFFF  |t— Stack Level 2

Stack Level 2
Stack Level 4
Stack Level £
Stack Level 6
Stack Level 7
Stack Level ¢

External INT pin interrupt vector

Port 6 pin status change interrupt vector

TCC overfolw

SPl interrupt

Comparator 2 interrupt vector

TC1 interrupt vector

UART Transmit complete interrupt vector

UART Receive data buffer full interrupt vector

UART Receive error interrupt vector

TC2 interrupt vector

TC3 interrupt vector

PWMA interrupt vector

PWMB interrupt vector

AD interrupt vector

On-Chip Program memory

000Ch

0002h

000€h

000¢h

0012h

0015h

0018h

001Bh

001Eh

0021h

0024h

0027h

002Ah

002Dh

003Ch

OFFFh

aoedg Alowsay Jesn

Figure 6-1 Program Counter Organization
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Register
Bank 0

Register
Bank 1

R4(7,6) (0,1)

Register
Bank 2

(1,0)

Register
Bank 3

()]

Control
Register

R5 (Timer 1 Control)

R5 (ADC Input Select
Register)

R5 (Timer A and Timer B
control register)

10C5 (Port 5 1/0 control)

R6 (Timer1 Data Buffer A

R6 (ADC Control
Register)

R6 (TBHP:Table Point
Register)

10C6 (Port 6 1/0 control)

R7 (Timer1 Data Buffer B

R7 (ADC Offset
Calibration Register)

R7 (Comparator 2 & PWM
A/B control register)

I0C7 (Port 7 1/O control)

R8 (Timer 2 Control)

R8 (AD high 8-bit data
buffer)

R8 (PWMA/B lower 2-bit of
period & duty control register)

10C8 (Port 8 1/0 control)

R9 (Timer 2 High byte
data buffer)

R9 (AD low 2-bit
data buffer)

R9 (PRDA: PWMA period)

10C9 (Reserved)

RA (Timer 2 Low byte
data buffer)

RA (UART Control 1)

RA (DTAL: Duty cycle of
PWMA)

IOCA (WDT control)

RB (SPI Status)

RB (UART Control 2)

RB (PRDB: PWMB period)|

I0CB (Pull Down Control 2)

RC (SPI Control)

RC (UART Status)

RC (DTBL: Duty cycle of
PWMB)

I0CC (Open Drain
Control 1)

RD (SPI Read Buffer)

RD (UART_RD data
buffer)

RD (Timer 3 Control)

10CD (Pull High Control 2)

RE (SPI Write Buffer)

RE (UART_TD data
buffer)

RE (Timer 3 data buffer)

IOCE (Interrupt Mask 2)

RF (Interrupt Status

Flag 2)

RF (Pull High Control 1)

RF (Pull Down Control 1)

IOCF (Interrupt Mask 1)

16-Byte Common Register

Address
01 | R1(TCC Buffer)

02 | R2(PC)
03 | R3(STATUS)

— 04 | R4 (RSR, bank select)
05 | R5 (Port5 10 data)
06 | R6 (Port6 10 data)
07 | R7 (Port7 10 data)
08 | R8(Port8 IO data)
09 EZ égtts:_r;:: Table Point
0A Eg\g(i\é\tlsrk)e—up Control
OB | RB (Reserved)
0C | RC (Reserved)
0D | RD (Reserved)

OE rReIZI(SI:/GI)cr))de Select
OF 'F__alf; g(lq;errupt Status
10
1F
20

: Bank 0
3F 32x8

Bank 1
32x8

Bank 2
32x8

Bank 3
32x8

Figure 6-2 Data Memory Configuration
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6.1.4 R3 (Status Register)

Bits 7 ~ 5: Not used, set to “0” at all time.
Bit 4 (T): Time-out bit

Set to 1 with the "SLEP" and "WDTC" commands, or during power up and
reset to 0 by WDT time-out.

Bit 3 (P): Power down bit

Set to 1 during power-on or by a "WDTC" command and reset to 0 by a
"SLEP" command.

Bit 2 (2): Zero flag

Set to "1" if the result of an arithmetic or logic operation is zero.
Bit 1 (DC): Aukxiliary carry flag
Bit 0 (C): Carry flag

6.1.5 R4 (RAM Select Register)
Bits 7 ~ 6: Used to select Bank 0 ~ Bank 3

Bits 5 ~ 0: Used to select registers (Address: 00~3F) in indirect addressing mode.

See the data memory configuration in Figure 6-2.

6.1.6 Bank 0 R5 ~ R8 (Port 5 ~ Port 8)
R5 ~ R8 are I/O registers.

6.1.7 Bank O R9 (TBLP : Table Point Register for Instruction
TBRD)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
RBit7 RBit6 RBits RBit4 RBit3 RBit2 RBit1 RBit0

Bits 7 ~ 0: This is the least 8 significant bits of address for program code.

NOTE
m Bank 0 R9 overflow will carry to Bank 3 R6.
m Bank 0 R9 underflow will borrow from Bank 3 R6.

10 e Product Specification (V1.0) 11.27.2009
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6.1.8 Bank 0 RA (Wake-up Control Register)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 H Bit 0
CMP2WE | ICWE ADWE EXWE SPIWE - - -

Bit 7 (CMP2WE): Comparator 2 wake-up enable bit.
0 : Disable Comparator 2 wake-up
1 : Enable Comparator 2 wake-up
When the Comparator 2 output status changed is used to enter an interrupt
vector or to wake-up the EM78F564N from sleep, the CMP2WE bit must be
set to “Enable”.
Bit 6 (ICWE): Port 6 input status change wake-up enable bit
0 : Disable Port 6 input status change wake-up
1 : Enable Port 6 input status change wake-up

Bit 5 (ADWE): ADC wake-up enable bit
0 : Disable ADC wake-up
1 : Enable ADC wake-up
When ADC Complete is used to enter an interrupt vector or to wake-up the
EM78F564N from sleep with A/D conversion running, the ADWE bit must be
set to “Enable”.
Bit 4 (EXWE): External /INT wake-up enable bit
0 : Disable External /INT pin wake-up
1 : Enable External /INT pin wake-up

Bit 3 (SPIWE): SPI wake-up enable bit, When SPI act as slave device
0 : Disable SPI wake-up, when SPI acts as slave device

1 : Enable SPI wake-up, when SPI acts as slave device

Bits 2 ~ 0: Not used, set to “0” at all time.

Product Specification (V1.0) 11.27.2009 e11
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6.1.9 Bank ORB ~ RD

These are reserved registers.

6.1.10 Bank 0 RE (Mode Select Register)

Bit 7 | Bit 6 | Bit 5 | Bit 4 H Bit 3 | Bit 2 | Bit 1 | Bit0
- TIMERSC| CPUS IDLE - - - -

Bit 7: Not used, set to “0” at all time
Bit 6 (TIMERSC): TCC, TC1, TC2, TC3, Timer A, Timer B clock source select.
0:Fsisusedas Fc
1:Fmisusedas Fc
Bit 5 (CPUS): CPU Oscillator Source Select.
0 : Fs: Sub frequency for WDT internal RC time base
1: Fm : Main-oscillator clock
When CPUS=0, the CPU oscillator selects the Sub-oscillator and the Main
oscillator is stopped.
Bit 4 (IDLE): Idle Mode Enable Bit.
0 : IDLE="0" + SLEP instruction — Sleep mode
1:IDLE="1" + SLEP instruction — Idle mode

CPU Operation Mode

Normal mode

Fm : oscillation
Fs : oscillation

CPU : using Fm
A
cPUs=1 crus=0 DSce
\

- IDLE =1
Sleep mode ) Wake-up | Green mode +SLEP Idle mode
Fm : stop Fm : stop Fm : stop
Fs : stop Fs : oscillation P Fs : oscillation
CPU : stop T IDLE=0 CPU : using Fs " Wake-up CPU : stop

+SLEP

Note: * only when WDT IRC is Fs.

If the watchdog function is enabled before going into sleep mode, Fs does not stop.
Hence, some circuits like timer/counter (of which clock source is Fs) must be disabled before
going into sleep mode, especially when the corresponding interrupt is enabled.

Figure 6-3 EM78F564N CPU Operation Mode

12 e Product Specification (V1.0) 11.27.2009
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Oscillator

(Normal Mode Source)

CPU Mode Status

Oscillator Stable Time
©)

Count from Normal/Green

(CLK)

Sleep/ldle — Normal 254 CLK
Crystal ; 0.5ms~2ms
Green — Normal 254 CLK
1M ~ 16MHz
Sleep/ldle — Green <100 ps 32 CLK
Sleep/ldle — Normal
ERC; <5us
Green — Normal 32 CLK
3.5MHz
Sleep/ldle — Green <100 us
Sleep/ldle — Normal
IRC; <2us
Green — Normal 32 CLK
455K, 4M, 8M, 16MHz
Sleep/ldle — Green <100 ps

NOTE

m 'The oscillator stable time depends on the oscillator characteristics.

m ’After the oscillator has stabilized, the CPU will count 254/32 CLK in Normal/Green

mode and continue to work in Normal/Green mode.
Ex 1: The 4 MHz IRC wakes-up from Sleep mode to Normal mode,
the total wake-up time is 2 us + 32 CLK @ 4 MHz.
Ex 2 : The 4 MHz IRC wakes-up from Sleep mode to Green mode,
the total wake-up time is 100 us + 32 CLK @ 16kHz.

Bits 3 ~ 0: Not used, set to “0” at all time.

Product Specification (V1.0) 11.27.2009
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6.1.11 Bank O RF (Interrupt Status Register 1)

itz | Bite | Bits | Bit4 | Bits | Bit2 | Bit1
- ADIF SPIIF PWMBIF | PWMAIF EXIF ICIF TCIF
Note: “ 1" means with interrupt request “ 0" means no interrupt occurs

Bit 7: Not used, set to “0” at all time.
Bit 6 (ADIF): Interrupt flag for analog to digital conversion.
Set when AD conversion is completed, reset by software.
Bit 5 (SPIIF): SPI mode interrupt flag. Flag is cleared by software.
Bit 4 (PWMBIF): PWMB (Pulse Width Modulation) interrupt flag.
Set when a selected period is reached, reset by software.
Bit 3 (PWMAIF): PWMA (Pulse Width Modulation) interrupt flag.
Set when a selected period is reached, reset by software.
Bit 2 (EXIF): External interrupt flag. Set by a falling edge on /INT pin, reset by software.

Bit 1 (ICIF): Port 6 input status change interrupt flag. Set when Port 6 input changes,
reset by software.

Bit O (TCIF): TCC overflow interrupt flag. Set when TCC overflows, reset by software.

NOTE
m RF can be cleared by instruction but cannot be set.
m /OCF is the interrupt mask register.
m The result of reading RF is the "logic AND" of RF and IOCF.

6.1.12 R10 ~ R3F

All of these are 8-bit general-purpose registers.

14 Product Specification (V1.0) 11.27.2009
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6.1.13 Bank 1 R5 TC1CR (Timer 1 Control)

Bit 7 ‘ Bit 6 | Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit 0 ‘
TC1CAP TC1S TC1CK1 | TC1CKO TC1M TC1ES - -

Bit 7 (TC1CAP): Software capture control
0 : Software capture disable

1 : Software capture enable

Bit 6 (TC1S): Timer/Counter 1 start control
0 : Stop and clear counter

1: Start

Bit 5 ~ Bit 4 (TC1CK1 ~ TC1CKO): Timer/Counter 1 clock source select

Clock Source Resolution Resolution | Max. Time
TC1CK1|TC1CKO (4 MHz) (16kHz) (16kHz)
Normal, Idle
0 0 Fei2" 1024 ps 262144 us 256 ms 65536 ms
0 1 Fer2' 256 s 65536 us 64 ms 16384 ms
1 0 Fer2' 32 us 8192 ps 8 ms 2048 ms

External clock
(TC1 pin)

Bit 3 (TC1M): Timer/Counter 1 mode select
0 : Timer/Counter 1 mode

1: Capture mode

Bit 2 (TC1ES): TC1 signal edge

0 : increment if the transition from low to high (rising edge) takes place
on the TC1 pin.

1 : increment if the transition from high to low (falling edge) takes place
on TC1 pin.

Bits 1 ~ 0: Not used, set to “0” at all time.
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rising  inhibit §

edge ™| capture — )
detector fa”"f control & ; TCH
Tees interrupt
TC1M
TC1 pin
| V
fo/2”? — g MUX _ ] overflow
fo/2” —— » 8-bit up counter
fc/2" ——» TC1S |_|
A >
Teiek TC1cAP Comparato i
2 g
capture
\ capture
TC1CR TCR1DB TCR1DA 4—6:

4§ @

Figure 6-4 Timer/Counter 1 Configuration

In Timer mode, counting up is performed using the internal clock. When the
contents of the up-counter matched with the TCR1DA, then interrupt is generated and
the counter is cleared. Counting up resumes after the counter is cleared. The
current contents of the up-counter are loaded into TCR1DB by setting TC1CAP to “1”
and the TC1CAP is automatically cleared to “0” after capture.

In Counter mode, counting up is performed using the external clock input pin (TC1
pin) and either rising or falling edge can be selected by TC1ES, but both edges
cannot be used. When the contents of the up-counter matched with the TCR1DA,
then interrupt is generated and the counter is cleared. Counting up resumes after the
counter is cleared. The current contents of the up-counter are loaded into the
TCR1DB by setting TC1CAP to “1” and the TC1CAP is automatically cleared to “0”
after capture.

16 e Product Specification (V1.0) 11.27.2009
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In Capture mode, the pulse width, period and duty of the TC1 input pin are
measured in this mode, which can be used to decode the remote control signal. The
counter is set as free running by the internal clock. On a rising (falling) edge of TC1
pin input, the contents of the counter is loaded into TCR1DA, then the counter is
cleared and interrupt is generated. On a falling (rising) edge of the TC1 pin input, the
contents of the counter are loaded into TCR1DB. The counter is still counting, on the
next rising edge of the TC1 pin input, the contents of the counter are loaded into
TCR1DA, the counter is cleared and interrupt is generated again. If an overflow
occurs before an edge is detected, the FFH is loaded into TCR1DA and the overflow
interrupt is generated. During interrupt processing, it can be determined whether or
not there is an overflow by checking whether or not the TCR1DA value is FFH. After
an interrupt (capture to TCR1DA or overflow detection) is generated, capture and
overflow detection are halted until TCR1DA is read out.

Clock source

Up-counter
TC1 pin input
TCR1DA XK | Xn \ OXEF (overflow)
J N
TCR1DB Xm XFE
capture capture overflow
TC1 interrupt [ " [l " I !
Reading TCR1DA I M IN

Figure 6-5 Timing Chart of Capture Mode

6.1.14 Bank 1 R6 TCR1DA (Timer 1 Data Buffer A)

Bit 7 ‘ Bit 6 | Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit 0 ‘

TCR1DA7 | TCR1DAG6 | TCR1DAS5 | TCR1DA4 | TCR1DA3 | TCR1DA2 | TCR1DA1 | TCR1DAO

Bit 7 ~ Bit 0 (TCR1DA7 ~ TCR1DAO): Data buffer of 8-bit Timer/Counter 1.

6.1.15 Bank 1 R7 TCR1DB (Timer 1 Data Buffer B)

Bit 7 ‘ Bit 6 | Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit 0 ‘

TCR1DB7 | TCR1DB6 | TCR1DB5 | TCR1DB4 | TCR1DB3 | TCR1DB2 | TCR1DB1 | TCR1DBO

Bit 7 ~ Bit 0 (TCR1DB7 ~ TCR1DBO): Data buffer of 8-bit Timer/Counter 1.

Product Specification (V1.0) 11.27.2009 17
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6.1.16 Bank 1 R8 TC2CR (Timer 2 Control)

Bitz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bit1 | BitO
RCM1 | RCMO | TC2ES | TC2m | TC2s | TC2cK2 | TC2CK1 | TC2CKO

Bits 7 ~ 6 (RCM1 ~ RCMO): IRC mode selection bits. The Bank 1 R8<7,6> will be
enabled when Word 1<12> COBSO0 ="1".

Bank 1 R8<7,6> i
Writer Trim IRC Frequency Operating Voltage Stable Time
RCM1 | RCMO Range
0 0 4 MHz £ 2.5% 2.2V ~ 5.5V <5us
4 MH 0 1 16 MHz + 10% 4.5V ~ 5.5V <15uys
z
1 0 8 MHz + 10% 3.0V ~ 5.5V <3 us
1 1 455kHz £ 10% 2.2V ~55V <50 ps
0 0 4 MHz + 10% 2.2V ~55V <6 us
16 MH 0 1 16 MHz + 2.5% 4.5V ~ 5.5V <1.25ps
z
1 0 8 MHz + 10% 3.0V ~ 5.5V <3ps
1 1 455kHz £ 10% 2.2V ~55V <50 ps
0 0 4 MHz + 10% 2.2V ~55V <6 us
8 MH 0 1 16 MHz = 10% 4.5V ~ 5.5V <1.5us
z
1 0 8 MHz + 2.5% 3.0V ~ 5.5V <25uys
1 1 455kHz £ 10% 2.2V ~55V <50 us
0 0 4 MHz + 10% 2.2V ~55V <6 s
455KH 0 1 16 MHz + 10% 4.5V ~ 5.5V <1.5us
z
1 0 8 MHz + 10% 3.0V ~ 5.5V <3ps
1 1 455kHz + 2.5% 2.2V ~55V <45 us
NOTE
m The initial values of Bank1 R8<7,6> will be kept the same as Word1<3,2>.
m If the user changes the IRC frequency from A-frequency to B-frequency, the MCU
needs to wait for some time for it to work. The waiting time corresponds to the B-
frequency.

For Example:

1% step When user selects the 4 MHz at the Writer, the initial values of Bank 1
R8<7,6> would be “00”, the same as the value of Word 1<3,2> is “00”. If the
MCU is free-running, it will work at 4 MHz £+ 2.5%. Refer to the table below.

Bank 1 R8<7,6> i
Writer Trim IRC Frequency Operating Voltage Stable Time
——————| RCM1 | RCMO | Range —
0 0 4 MHz + 2.5% 2.2V ~55V <5ups
0 1 16 MHz + 10% 4.5V ~ 5.5V <15ups
4 MHz
1 0 8 MHz + 10% 3.0V ~ 5.5V <3ps
1 1 455kHz £ 10% 2.2V ~55V <50 ps
18 e Product Specification (V1.0) 11.27.2009
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2 step Ifitis desired to set Bank 1 R8<7,6> = “01” while the MCU is working at
4 MHz + 2.5%, the MCU needs to hold for 1.5 us, then it will continue to
work at 16 MHz £ 10%.

Bank 1 R8<7,6> ;
Writer Trim IRC Frequency Operating Voltage Stable Time
RCM1 | RCMO Range
0 0 4 MHz £ 2.5% 2.2V ~55V <5ps
0 1 16 MHz + 10% 45V ~55V <15ups
4 MHz
1 0 8 MHz + 10% 3.0V ~ 5.5V <3 s
1 1 455kHz + 10% 2.2V ~55V <50 ps

3 step Ifitis desired to set Bank 1 R8<7,6> = “11” while the MCU is working at
16 MHz £ 10%, the MCU needs to hold for 50 ps, then it will continue to
work at 455kHz + 10%.

Bank 1 R8<7,6> i
Writer Trim IRC Frequency Operating Voltage Stable Time
RCM1 | RCMO Range
0 0 4 MHz + 2.5% 2.2V ~ 5.5V <5us
0 1 16 MHz + 10% 4.5V ~ 5.5V <1.5us
4 MHz
1 0 8 MHz + 10% 3.0V ~ 5.5V <3ps
1 1 455kHz + 10% 2.2V ~5.5V <50 pus

4" step If it is desired to set Bank 1 R8<7,6> = “00” while the MCU is working at
455kHz + 10%, the MCU needs to hold for 5 us, then it will continue to work
at 4 MHz + 2.5%.

Bank 1 R8<7,6> i
Writer Trim IRC Frequency Operating Voltage Stable Time
RCM1 | RCMO Range
0 0 4 MHz + 2.5% 2.2V ~55V <5ups
0 1 16 MHz £ 10% 4.5V ~ 5.5V <15uys
4 MHz
1 0 8 MHz + 10% 3.0V ~ 5.5V <3us
1 1 455kHz + 10% 2.2V ~55V <50 s

Bit 5 (TC2ES): TC2 signal edge

0 : increment if a transition from low to high (rising edge) takes place on the

TC2 pin.
1 : increment if a transition from high to low (falling edge) takes place on the
TC2 pin.
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Bit 4 (TC2M): Timer/Counter 2 mode select
0 : Timer/counter mode
1: Window mode
Bit 3 (TC2S): Timer/Counter 2 start control
0 : Stop and clear the counter
1: Start
Bit 2 ~ Bit 0 (TC2CK2 ~ TC2CKO): Timer/Counter 2 clock source select

Clock Source | Resolution | Max. Time | Resolution | Max. Time
Normal, Idle

TC2CK2([TC2CK1| TC2CKO

0 0 0 Fc/2® 2.1 sec 38.2 hr 524.3s 9544 hr
0 0 1 Fcr2® 2.048ms [13422sec| 512ms [33554.432s
0 1 0 Fc/2® 64 us 4,194 sec 16 ms 1048.576 s
0 1 1 Fc/2® 2 us 131.072ms| 0.5ms 32768 ms
1 0 0 Fc 250 ns 16.384 ms | 0.0625 ms | 4096 ms
1 0 1 - - - - -
1 1 0 - - - - -
1 1 1 External clock _ _ _ _
(TC2 pin)
TC2ES
TC2 pin[X —
Window
fo2” —
o2’ E— > 16-bit up counter -t dear
fg ——» [MUX >
o2 —_—
fc —_—> [
TC2
> 0 0 interrupt
TC2CK 43 TC2S H
TC2CR | | TCR2H | | TCR2L |
Figure 6-6 Configuration of Timer/Counter 2
20 e Product Specification (V1.0) 11.27.2009
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In Timer mode, counting up is performed using internal clock. When the contents of
the up-counter matched the TCR2 (TCR2DH+TCR2DL), then interrupt is generated
and the counter is cleared. Counting up resumes after the counter is cleared.

Up-counter 0 X 1 X2 X3 X 4X 5X 5Xn8 Xn2X n-1XnX0{ 1X 2 X 3

TCR2 Xn |
match & j clear counter

TC2 Interrupt |_|

Figure 6-7 Timer Mode Timing Chart

In Counter mode, counting up is performed using external clock input pin (TC2) and
either rising or falling can be selected by setting TC2ES. When the contents of the
up-counter match the TCR2 (TCR2DH+TCR2DL), then interrupt is generated and the
counter is cleared. Counting up resumes after the counter is cleared.

Up-counter T X2Z XX 4% Xz XoxXoo X2 X3

TCR2 X n [
match \ j clear counter

TC2 Interrupt |_|

Figure 6-8 Counter Mode Timing Chart

In Window mode, counting up is performed on a rising edge of the pulse that is
logical AND of an internal clock and the TC2 pin (window pulse). When the contents
of up-counter match with the TCR2 (TCR2DH+TCR2DL), then interrupt is generated
and the counter is cleared. The frequency (window pulse) must be slower than the

selected internal clock.
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In Writing to the TCR2DL, comparison is inhibited until TCR2DH is written.

TC2 pin
Clock source
Up-counter 0 X 1 X2 X _SXn3X n2 (- TXmXOK__1X 2 X 3
TCR2 X n |
match l j clear counter
TC2 Interrupt |_|

Figure 6-9 Window Mode Timing Chart

6.1.17 Bank 1 R9 TC2DH (Timer 2 High Byte Data Buffer)
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
TC2D15 | TC2D14 | TC2D13 | TC2D12 | TC2D11 | TC2D10 | TC2D9 | TC2D8
Bit 7 ~ Bit 0 (TCR2D15 ~ TCR2D8): High byte data buffer of 16-bit Timer/Counter 2.

6.1.18 Bank 1 RA TC2DL (Timer 2 Low Byte Data Buffer)
Bit 7 ‘ Bit 6 ‘ Bit 5 ‘ Bit 4 | Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit 0

TC2D7 TC2D6 TC2D5 TC2D4 TC2D3 TC2D2 TC2D1 TC2D0

Bit 7 ~ Bit 0 (TC2D7 ~ TC2D0): Low byte data buffer of 16-bit Timer/Counter 2.

6.1.19 Bank 1 RB SPIS (SPI Status Register)

Bitz | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bit1 | BitO
DORD | TD1 TDO ] oD3 0D4 - RBF

Bit 7 (DORD): Data transmission order
0 : Shift left (MSB first)
1 : Shift right (LSB first)

Bit 6 ~ Bit 5 (TD1 ~ TDO0): SDO Status output Delay times Options

TD1 | ) | Delay Time
0 0 8 CLK
0 1 16 CLK
1 0 24 CLK
1 1 32 CLK

Bit 4: Not used, set to “0” at all time.
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Bit 3 (OD3): Open-drain Control bit
0 : Open-drain disable for SDO
1 : Open-drain enable for SDO
Bit 2 (OD4): Open-drain Control bit
0 : Open-drain disable for SCK
1 : Open-drain enable for SCK
Bit 1: Not used, set to “0” at all time
Bit 0 (RBF): Read Buffer Full flag
0 : Receiving is not complete, SPIRB has not fully exchanged.
1 : Receiving completed; SPIRB is fully exchanged.

6.1.20 Bank 1 RC SPIC (SPI Control Register)

Btz | Bit6 | Bits5 | Bit4 | Bit3 | Bitz | Bit1 | Bito
CES SPIE SRO SSE | SDOC | SBRS2 | SBRS1 | SBRSO

Bit 7 (CES): Clock Edge Select bit

0 : Data shifts out on a rising edge, and shifts in on a falling edge. Data
is on hold during low-level.

1 : Data shifts out on a falling edge, and shifts in on a rising edge. Data
is on hold during high-level.
Bit 6 (SPIE): SPI Enable bit
0 : Disable SPI mode
1: Enable SPI mode

Bit 5 (SRO): SPI Read Overflow bit
0 : No overflow

1 : A new data is received while the previous data is still being held in
the SPIB register. In this situation, the data in the SPIS register will
be destroyed. To avoid setting this bit, users are required to read the
SPIRB register although only transmission is implemented.

This can only occur in slave mode.

Bit 4 (SSE): SPI Shift Enable bit

0 : Reset as soon as the shifting is complete, and the next byte is ready
to shift.

1 : Start to shift, and keep at “1” while the current byte is still being
transmitted.

This bit will reset to 0 at every 1-byte transmission by the hardware.

Bit 3 (SDOC): SDO output status control bit:
0 : After the Serial data output, the SDO remains high.
1 : After the Serial data output, the SDO remains low.
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Bit 2 ~ Bit 0 (SBRS 2 ~ SBRSO0): SPI Baud Rate Select bits

SBRS2 (Bit2) | SBRSL(Bit1) | SBRSO (Bit0) | Mode | Baud Rate
0 0 0 Master Fosc/2
0 0 1 Master Fosc/4
0 1 0 Master Fosc/8
0 1 1 Master Fosc/16
1 0 0 Master Fosc/32
1 0 1 Master Fosc/64
1 1 0 Slave /SS enable
1 1 1 Slave /SS disable

6.1.21 Bank 1 RD SPIRB (SPI Read Buffer)

Bit7 | Bit6 | Bits | Bit4 | Bits | Bit2 | Bit1 | Bito |
SRB7 | SRB6 | SRB5 | SRB4 | SRB3 | SRB2 | SRB1 | SRBO

Bit 7 ~ Bit 0 (SPID7 ~ SPIDO0): SPI Read data buffer

6.1.22 Bank 1 RE SPIWB (SPI Write Data Buffer)

it7 | Bite | Bits | Bita | sita | Bitz | sit1 | Bito

SWB7 SWB6 SWB5 SWB4 SWB3 SWB2 SWB1 SWBO0

Bit 7 ~ Bit 0 (SWB7 ~ SWBO0): SPI Write data buffer

6.1.23 Bank 1 RF (Interrupt Status Register 2)

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 |
CMP2IF - TC3IF | TC2IF | TCUF | UERRIF | RBFF | TBEF

Bit 7 (CMP2IF): Comparator 2 Interrupt Flag. Set when a change occurs in the
Comparator 2 output, reset by software.

Bit 6: Not used, set to "0” at all time.

Bit 5 (TC3IF): 8-bit Timer/Counter 3 Interrupt Flag.

Bit 4 (TC2IF): 16-bit Timer/Counter 2 Interrupt Flag.

Bit 3 (TC1IF): 8-bit Timer/Counter 1 Interrupt Flag.

Bit 2 (UERRIF): UART receiving error interrupt flag.

Bit 1 (RBFF): UART receive mode data buffer full interrupt flag.

Bit O (TBEF): UART transmit mode data buffer empty interrupt flag.

NOTE
The Interrupt flag is automatically set by hardware. It must be cleared by software.
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6.1.24 Bank 2 R5 AISR (ADC Input Select Register)

The AISR register individually defines the Port 6 pins as analog input or digital 1/O.

Bit 7 ‘ Bit 6 ‘ Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2 | Bit 1 ‘ Bit 0
ADE7 ADEG6 ADES ADE4 ADE3 ADE2 ADE1 ADEO

Bit 7 (ADE7Y): AD converter enable bit of P67 pin.

0 : Disable ADC7, P67 act as 1/O pin.

1 : Enable ADCY to act as analog input pin.
Bit 6 (ADEBG): AD converter enable bit of P66 pin.

0 : Disable ADCB6, P66 act as 1/O pin.

1 : Enable ADCG6 to act as analog input pin.

Bit 5 (ADES): AD converter enable bit of P65 pin
0 : Disable ADC5, P65 functions as I/O pin.

1: Enable ADCS5 to function as analog input pin.

Bit 4 (ADE4): AD converter enable bit of P64 pin

0 : Disable ADC4, P64 act as 1/O pin.

1: Enable ADC4 to act as analog input pin.
Bit 3 (ADES3): AD converter enable bit of P63 pin.

0 : Disable ADC3, P63 act as 1/O pin.

1: Enable ADC3 to act as analog input pin.
Bit 2 (ADE2): AD converter enable bit of P62 pin.

0 : Disable ADC2, P62 act as 1/O pin.

1: Enable ADC2 to act as analog input pin.
Bit 1 (ADE1): AD converter enable bit of P61 pin

0 : Disable ADC1, P61 act as I/O pin

1 : Enable ADC1 to act as analog input pin

Bit 0 (ADEOQ): AD converter enable bit of P60 pin
0 : Disable ADCO, P60 act as 1/O pin.
1: Enable ADCO to act as analog input pin.

The following table shows the priority of P60/ADCO//INT.

P60 / ADCO //INT Pin Priority

High Medium Low
/INT ADCO P60
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6.1.25 Bank 2 R6 ADCON (A/D Control Register)

Bit 7 ‘ Bit 6 ‘ Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2 | Bit 1 ‘ Bit 0
VREFS | CKR1 | CKRO | ADRUN | ADPD | ADIS2 | ADIS1 | ADISO

Bit 7 (VREFS): Input source of the Vref of the ADC.

0 : Vref of the ADC is connected to Vdd (default value), and the
P50/VREF pin carries out the function of P50

1 : Vref of the ADC is connected to P5S0/VREF
Bit 6 ~ Bit 5 (CKR1 ~ CKRO): The prescaler of ADC oscillator clock rate
00 = 1: 4 (default value)

01=1:1
10=1:16
1M1=1:2
CKR1/CKRO Operation Mode Max. Operation Frequency
00 Foscl/4 4 MHz
01 Fosc 1 MHz
10 Fosc/16 16 MHz
11 Fosc/2 2 MHz

Bit 4 (ADRUN): ADC starts to run

0 : reset on completion of AD conversion. This bit cannot be reset by
software.

1: A/D conversion is started. This bit can be set by software.

Bit 3 (ADPD): ADC Power-down mode
0 : switch off the resistor reference to save power even while the CPU
is operating.
1: ADC is operating.
Bits 2 ~ 0 (ADIS2~ADIS0): Analog Input Select
000 = ANO/P60
001 = AN1/P61
010 = AN2/P62
011 = AN3/P63
100 = AN4/P64
101 = AN5/P65
110 = AN6/P66
111 = AN7/P67

26 e
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The following table shows the priority of P50/VREF//SS pin. They can only be
changed when the ADIF bit and the ADRUN bit are both low.

P50/VREF//SS Pin Priority

High Medium Low
/1SS VREF P50

6.1.26 Bank 2 R7 ADOC (A/D Offset Calibration Register)
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

CALI SIGN VOF[2] | VOF[1] | VOF[0] - - -
Bit 7 (CALI): Calibration enable bit for A/D offset
0 : Calibration disable
1: Calibration enable
Bit 6 (SIGN): Polarity bit of offset voltage

0 : Negative voltage

1 : Positive voltage
Bit 5 ~ Bit 3 (VOF[2] ~ VOF[0]): Offset voltage bits

Bits 2 ~ 0: Not used, set to “0” at all time.

6.1.27 Bank 2 R8 ADDH (AD High 8-Bit Data Buffer)
Bit7 | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | BitO
AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

When the A/D conversion is completed, the result of high 8-bit is loaded into the
ADDH. The ADRUN bit is cleared, and the ADIF is set. R8 is read only.

6.1.28 Bank 2 R9 ADDL (AD Low 2-Bit Data Buffer)

Bit7 | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bitl | BitO

Bits 7 ~ 2: Unimplemented, read as ‘0.

Bits 1 ~ 0 (AD1~ADO): AD low 2-bit data buffer. R9 is read only.

Product Specification (V1.0) 11.27.2009 ° 27
(This specification is subject to change without further notice)



EM78F564N (7O

8-Bit Microcontroller w

6.1.29 Bank 2 RA URC1 (UART Control 1)

Bit 7 ‘ Bit 6 ‘ Bit 5 ‘ Bit 4 ] Bit 3 ‘ Bit 2 | Bit 1 ‘ Bit 0
URTD8 | UMODE1 | UMODEO | BRATE2 | BRATE1 | BRATEO | UTBE TXE

Bit 7 (URTDS8): Transmission Data Bit 8
Bit 6 ~ Bit 5 (UMODE1 ~ UMODEDOQ): UART mode

UMODE1 \ UMODEO \ UART Mode

0 0 Mode 1: 7-bit
0 1 Mode 1: 8-bit
1 0 Mode 1: 9-bit
1 1 Reserved

Bit 4 ~ Bit 2 (BRATE2 ~ BRATEO): Transmit Baud Rate Select

BRATE2 | BRATEL | BRATEO | BaudRate | 4MHz |  8MHz |

0 0 0 Fc/13 19200 38400

0 0 1 Fc/26 9600 19200

0 1 0 Fc/52 4800 9600

0 1 1 Fc/104 2400 4800

1 0 0 Fc/208 1200 2400

1 0 1 Fc/416 600 1200

1 1 0 TC3 - -

1 1 1 Reserved

Bit 1 (UTBE): UART transfer buffer empty flag. Set to 1 when transfer buffer is
empty. Automatically reset to 0 when writing to the URTD register. The
UTBE bit will be cleared by hardware when enabling transmission. The
UTBE bit is read-only. Therefore, writing to the URTD register is
necessary when user wants to start transmit shifting.

Bit O (TXE): Enable transmission
0: Disable
1: Enable

6.1.30 Bank 2 RB URC2 (UART Control 2)

Bit7 | Bité | Bits | Bit4 | Bit3 | Bit2 | Bitl | BitO
- - SBIM1 | SBIMO | UINVEN - ] ]

Bits 7 ~ 6: Not used, set to “0” at all time.
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Bit 5 ~ Bit 4 (SBIM1 ~ SBIMO): Serial bus interface operating mode select.

SBIM1 | SBIMO | Operating Mode
0 0 I/O mode
0 1 SPI mode
1 0 UART mode
1 1 Reserved

Bit 3 (UNIVEN): Enable UART TXD and RXD port inverse output.
0: Disable TXD and RXD port inverse output.
1: Enable TXD and RXD port inverse output.

Bits 2 ~ 0: Not used, set to "0” at all time

6.1.31 Bank 2 RC URS (UART Status)

Bit 7 | Bit 6 ‘ Bit 5 | Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit 0
URRDS8 EVEN PRE PRERR | OVERR | FMERR URBF RXE

Bit 7 (URRDS): Receiving Data Bit 8
Bit 6 (EVEN): Select parity check
0 : Odd parity
1: Even parity
Bit 5 (PRE): Enable parity addition
0: Disable
1: Enable
Bit 4 (PRERR): Parity error flag. Set to 1 when parity error occurred.
Bit 3 (OVERR): Over running error flag. Set to 1 when an overrun error occurred.

Bit 2 (FMERR): Framing error flag. Set to 1 when framing error occurred.

NOTE
The Interrupt flag is automatically set by hardware. It must be cleared by software.

Bit 1 (URBF): UART read buffer full flag. Setto 1 when one character is received.
Reset to 0 automatically when read from URS and URRD register.
The URBF will be cleared by hardware when enabling receiving. The
URBEF bit is read-only. Therefore, reading the URS regqister is
necessary to avoid overrun error.

Bit 0 (RXE): Enable receiving
0 : Disable

1: Enable
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6.1.32 Bank 2 RD URRD (UART_RD Data Buffer)
Bit7 | Bitée | Bits | Bit4 | Bit3 | Bit2 | Bitl Bit 0

URRD7 | URRD6 | URRD5 | URRD4 | URRD3 | URRD2 | URRD1 URRDO

Bits 7 ~ 0 (URRD7 ~ URRDOQ): UART receive data buffer. Read only.

6.1.33 Bank 2 RE URTD (UART_TD Data Buffer)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
URTD7 | URTD6 | URTD5 | URTD4 | URTD3 | URTD2 | URTD1 | URTDO

Bits 7 ~ 0 (URTD7 ~ URTDO): UART transmit data buffer. Write only.

6.1.34 Bank 2 RF (Pull-high Control Register 1)

Bitz | Bite | Bits | Bita | Bit3s | Bit2 | Bit1 | Bito
/PH77 | /PH76 | I/PH75 | /PH74 | /PH73 | /PH72 e e

Bit 7 (/PH77): Control bit used to enable pull-high of the P77 pin.
0 : Enable internal pull-high
1 : Disable internal pull-high

Bit 6 (/PH76): Control bit used to enable pull-high of the P76 pin.
Bit 5 (/PH75): Control bit used to enable pull-high of the P75 pin.
Bit 4 (/PH74): Control bit used to enable pull-high of the P74 pin.
Bit 3 (/PH73): Control bit used to enable pull-high of the P73 pin.
Bit 2 (/PH72): Control bit used to enable pull-high of the P72 pin.
Bits 1 ~0:  Not used, set to “1” at all time.

The RF Register is both readable and writable.

6.1.35 Bank 3 R5 (TMRCON: Timer A and Timer B Control Register)

Bit 7 \ Bit 6 | Bit 5 J Bit 4 \ Bit 3 \ Bit 2 \ Bit 1 \ Bit 0
TAEN | TAP2 | TAP1 TAPO | TBEN | TBP2 | TBP TBPO

Bit 7 (TAEN): Timer A enable bit.
0 : disable Timer A (default)

1:enable Timer A
Bits 6 ~ 4 (TAP2 ~ TAPO): Timer A clock prescaler option bits.

Bit 3 (TBEN): Timer B enable bit.
0 : disable Timer B (default)

1: enable Timer B

30
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Bits 2 ~ 0 (TBP2 ~ TBPO): Timer B clock prescaler option bits.

TAP2/TBP2 | TAP1/TBP1 | TAPO/TBPO Prescale
0 0 0 1:2 (Default)
0 0 1 1:4
0 1 0 1:8
0 1 1 1:16
1 0 0 1:32
1 0 1 1:64
1 1 0 1:128
1 1 1 1:256

6.1.36 Bank 3 R6 (TBHP : Table Point Register for Instruction
TBRD)

‘ Bit 6 H Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 | Bit 0
MLB - - - RBit11 RBit10 RBit9 RBit8

Bit 7 (MLB): Choosing MSB or LSB machine code to be moved to the register.
The machine code is pointed by TBLP and TBHP register.
Bits 6 ~ 4: Not used, set to “0” at all time.

Bits 3 ~ 0: These are the most 4 significant bits of address for program code.

6.1.37 Bank 3 R7 (CMPCON: Comparator 2 Control Register and
PWMA/B Control Register)

Bit7 | Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
] - ] cPOUT2 | cos21 | cos20 | PwMAE | PwWMBE

Bit 7 ~ Bit 5: Not used, set to “0” at all time.
Bit 4 (CPOUT2): The result of Comparator 2 output.
Bit 3 ~ Bit 2 (COS21 ~ COS20): Comparator 2 Select bits.

C0S21 ‘ C0OS20 ‘ Function Description

0 0 Comparator 2 is not used, P80 act as normal 1/O pin

0 1 Act as a Comparator 2 and P80 act as normal I/O pin

1 0 Act as a Comparator 2 and P80 act as Comparator 2 output pin (CO)
1 1 Not used

Bit 1 (PWMAE): PWMA enable bit.
0 : PWMA is off and its related pin carries out the P75 function (default).

1: PWMA is on, and its related pin will be set automatically to output.
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Bit 0 (PWMBE): PWMB enable bit.

0 : PWMB is off and its related pin carries out the P76 function
(default).

1: PWMB is on, and its related pin will be set automatically to output.

6.1.38 Bank 3 R8 (PWMCON: PWMA/B Lower 2 Bits of the Period
and Duty Control Register)

Bit 7 ‘ Bit 6 ‘ Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit 0 \
PRDA[1] | PRDA[0] | DTA[1] | DTA[0] | PRDB[1]| PRDB 0] | DTB 1] | DTB 0]

Bits 7 ~ 6 (PRDA [1], PRDA [0]): Least Significant Bits of PWMA Period Cycle.
Bits 5 ~ 4 (DTA [1], DTA [0]): Least Significant Bits of PWMA Duty Cycle.
Bits 3 ~ 2 (PRDB [1], PRDB [0]): Least Significant Bits of PWMB Period Cycle.
Bits 1 ~ 0 (DTB [1], DTB [0]): Least Significant Bits of PWMB Duty Cycle.

6.1.39 Bank 3 R9 (PRDAH: Most Significant Byte (Bit 9 ~ Bit 2) of
PWMA)

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 |
PRDA [9] | PRDA [8] | PRDA [7] | PRDA [6] | PRDA[5] | PRDA [4] | PRDA [3] | PRDA [2]

The content of Bank 3 of R9 is a period (time base) of PWMA Bit 9~Bit 2. The
frequency of PWMA is the reverse of the period.

6.1.40 Bank 3 RA (DTAH: Most Significant Byte (Bit 9 ~ Bit 2) of
PWMA Duty Cycle)

Bit 7 ‘ Bit 6 ‘ Bit 5 ‘ Bit 4 | Bit 3 ‘ Bit 2 | Bit 1 ‘ Bit 0
DTA[9] | DTA[8] | DTA[7] | DTA[6] | DTA[5] | DTA[4] | DTA[3] | DTA[Z]

A specified value keeps the output of PWMA to remain high until the value matches
with TMRA.

6.1.41 Bank 3 RB (PRDBH: Most Significant Byte (Bit 9~Bit 2) of
PWMB)

Bit 7 \ Bit 6 | Bit 5 \ Bit 4 \ Bit 3 \ Bit 2 \ Bit 1 ] Bit 0
PRDB[9] | PRDB[8] | PRDB[7] | PRDB[6] | PRDB[5] | PRDB[4] | PRDB[3] | PRDB[2]

The content of Bank 3 of RB is a period (time base) of PWMB Bit 9 ~ Bit 2. The
frequency of PWMB is the reverse of the period.
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6.1.42 Bank 3 RC (DTBH: Least Significant Byte (Bit 9 ~ Bit 2) of
PWMB Duty Cycle)
| Bite | Bits | Bit4 | Bit3 | Bit2 | Bitl |

DTB[9] | DTB[8] | DTB[7] | DTB[6] | DTB[5] | DTB[4] | DTB[3] | DTB[2]

A specified value keeps the output of PWMB to remain at high until the value matches

with TMRB.
6.1.43 Bank 3 RD TC3CR (Timer 3 Control)
Bit7 | Bit6é | Bits5 | Bita | Bit3 | Bit2 | Bit1 | Bito |

TC3FF1 | TC3FFO TC3S TC3CK2 | TC3CK1 | TC3CKO | TC3M1 TC3MO

Bits 7 ~ 6 (TC3FF1 ~ TC3FFO0): Timer/Counter 3 flip-flop control

TC3FF1 ‘ TC3FFO | Operating Mode
0 0 Clear
0 1 Toggle
1 0 Set
1 1 Reserved

Bit 5 (TC3S): Timer/Counter 3 start control
0 : Stop and clear the counter
1: Start

Bits 4 ~ 2 (TC3CK2 ~ TC3CKO): Timer/Counter 3 clock source select

Resolution | Max. Time |Resolution

TC3CK2|TC3CK1|TC3CKO

Normal, Idle
0 0 0 Fer2" 512us  |131072us| 128ms | 32768 ms
0 0 1 Fc:/27 32 us 8192 ps 8 ms 2048 ms
0 1 0 Fc/25 8 us 2048 us 2ms 512 ms
0 1 1 Fe/2’ 2 us 512ps | 500us | 128ms
1 0 0 Fc/22 1 us 256 ps 250 ps 64 ms
1 0 1 Fc/21 500 ns 128 ps 125 ps 32ms
1 1 0 Fc 250 ns 64 us 62.5 us 16 ms
1 1 1 External clock ) ) ) )

(TC3 pin)

Bits 1 ~ 0 (TC3M1 ~ TC3MO): Timer/Counter 3 operating mode select

TC3M1 | TC3MO ‘ Operating Mode
0 0 Timer/Counter
0 1 Reserved
1 0 Programmable Divider Output
1 1 Pulse Width Modulation Output
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TCaM (1, 1) [ ] TC3FF

| I | 3 TC3Interrupt

fes2!!

[ —

T — FF

i o] == /PWM, /PDO Pin

I UX clear
i ] TCAM (17) = e H=>—X
fof2 8-hit Up-counter =
© averflow

TC3 Pin Rp—f |

TCICK
3
C3s

‘ TC3CR ‘ ‘ TCR3 ‘

Figure 6-10 Timer/ Counter 3 Configuration

In Timer mode, counting up is performed using the internal clock (rising edge
trigger). When the contents of the up-counter match the TCRS3, then interrupt is
generated and the counter is cleared. Counting up resumes after the counter is
cleared.

In Counter mode, counting up is performed using an external clock input pin (TC3
pin). When the contents of the up-counter match the TCR3, then interrupt is generated
and the counter is cleared. Counting up resumes after the counter is cleared.

In Programmable Divider Output (PDO) mode, counting up is performed using the
internal clock. The contents of TCR3 are compared with the contents of the up-
counter. The F/F output is toggled and the counter is cleared each time a match is
found. The F/F output is inverted and output to /PDO pin. This mode can generate
50% duty pulse output. The F/F can be initialized by the program and it is
initialized to “0” during reset. A TC3 interrupt is generated each time the /PDO
output is toggled.

Clock source
Up-counter —o XX X3 X XX X OX XXX n X 0 X X egXa- X0 X0 X X2

TCR3 X
FIF |
/PDO Pin | i
TC3 Interrupt |_| |—| H

Figure 6-11 PDO Mode Timing Chart
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In Pulse Width Modulation (PWM) Output Mode, counting up is performed using
the internal clock. The contents of TCR3 are compared with the contents of the up-
counter. The F/F is toggled when a match is found. The counter continues counting,
the F/F is toggled again when the counter overflows, after which the counter is
cleared. The F/F output is inverted and output to /PWM pin. A TC3 interrupt is
generated each time an overflow occurs. TCR3 is configured as a 2-stage shift
register and, during output, will not switch until one output cycle is completed
even if TCR3 is overwritten. Therefore, the output can be changed continuously.
Also, the first time, TCR3 is shifted by setting TC3S to “1” after data is loaded to
TCR3.

Clock source MMWMUUMWMM

TCR3 :X n X n/m Kovm

match overflow match¥ overflow /

M 1 L

TC3interrupt |—| e |_|

Figure 6-12 (a) PWM Mode Timing Chart

6.1.44 Bank 3 RE TC3D (Timer 3 Data Buffer)

Bit 7 | Bit 6 ‘ Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit 0

TC3D7 TC3D6 TC3D5 TC3D4 TC3D3 TC3D2 TC3D1 TC3DO0

Bits 7 ~ 0 (TC3D7 ~ TC3DO0): Data Buffer of 8-bit Timer/Counter 3.

6.1.45 Bank 3 RF (Pull-down Control Register 1)

Bit 7 ’ Bit 6 ’ Bit 5 ’ Bit 4 ’ Bit 3 ’ Bit 2 | Bit 1 ‘ Bit 0

/PD77 /PD76 /PD75 /PD74 /PD73 /PD72 "1” ”1”

Bit 7 (/PD77): Control bit used to enable pull-down of the P77 pin.
0 : Enable internal pull-down
1 : Disable internal pull-down
Bit 6 (/PD76): Control bit used to enable pull-down of the P76 pin.
Bit 5 (/PD75): Control bit used to enable pull-down of the P75 pin.
Bit 4 (/PD74): Control bit used to enable pull-down of the P74 pin.
Bit 3 (/PD73): Control bit used to enable pull-down of the P73 pin.
Bit 2 (/PD72): Control bit used to enable pull-down of the P72 pin.
Bits 1 ~ 0: Not used, set to “1” at all time.

The RF Register is both readable and writable.
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6.2 Special Function Registers

6.2.1 A (Accumulator)

Internal data transfer operation, or instruction operand holding usually involves the
temporary storage function of the Accumulator. The Accumulator is not an
addressable register.

6.2.2 CONT (Control Register)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1
INTE /INT TS TE PSTE PST2 PST1 PSTO

Bit 7 (INTE): INT signal edge
0 : interrupt occurs at a rising edge of the INT pin
1 : interrupt occurs at a falling edge of the INT pin
Bit 6 (/INT): Interrupt enable flag
0 : masked by DISI or hardware interrupt
1 : enabled by ENI/RETI instructions
Bit 5 (TS): TCC signal source
0 : internal instruction cycle clock
1 : transition on TCC pin
Bit 4 (TE): TCC signal edge
0 : increment if a transition from low to high takes place on the TCC pin
1 :increment if a transition from high to low takes place on the TCC pin
Bit 3 (PSTE): Prescaler enable bit for TCC
0 : prescaler disable bit, TCC rate is 1:1
1 : prescaler enable bit, TCC rate is set as Bit 2~Bit 0

Bit 2 ~ Bit 0 (PST 2 ~ PSTO0): TCC prescaler bits

psT2 | PsT1 | PsTO | TCC Rate
0 0 0 1:2
0 0 1 1:4
0 1 0 1:8
0 1 1 1:16
1 0 0 1:32
1 0 1 1:64
1 1 0 1:128
1 1 1 1:256

The CONT register is both readable and writable.
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6.2.3 10C5 ~ 10CS8 (I/O Port Control Register)

A value of "1" sets the relative I/O pin into high impedance, while "0" defines the
relative 1/0 pin as output.

IOC5 ~ IOCS8 registers are both readable and writable.

6.2.4 10C9

Reserved registers

6.2.5 IOCA (WDT Control Register)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0 ‘
WDTE EIS - - PSWE PSW2 PSW1 PSWO

Bit 7 (WDTE): Control bit used to enable the Watchdog timer
0 : Disable WDT
1: Enable WDT
WDTE is both readable and writable.
Bit 6 (EIS): Control bit used to define the function of P60 (/INT) pin
0 : P60, bidirectional I/0 pin

1:/INT, external interrupt pin. In this case, the 1/O control bit of P60
(Bit 0 of IOC6) must be set to "1".

When EIS is "0", the path of /INT is masked. When EIS is "1", the
status of the /INT pin can also be read by way of reading Port 6 (R6).

The EIS is both readable and writable.
Bits 5~4: Not used, set to “0” at all time
Bit 3 (PSWE): Prescaler enable bit for WDT
0 : prescaler disable bit, WDT rate is 1:1
1 : prescaler enable bit, WDT rate is set at Bit 0~Bit 2

Bit 2 ~ Bit 0 (PSW2 ~ PSWO0): WDT prescaler bits

PSW2 ’ PSW1 | PSWO | WDT Rate ‘

0 0 0 1:2

0 0 1 1:4

0 1 0 1:8

0 1 1 1:16

1 0 0 1:32

1 0 1 1:64

1 1 0 1:128
1 1 1 1:256
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6.2.6 I0OCB (Pull-down Control Register 2)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1
/PD63 /PD62 /PD61 /PD60 /PD53 /PD52 /PD51 /PD50

Bit 7 (/PD63): Control bit used to enable pull-down of the P63 pin.
0 : Enable internal pull-down
1 : Disable internal pull-down
Bit 6 (/PD62): Control bit used to enable pull-down of the P62 pin.
Bit 5 (/PD61): Control bit used to enable pull-down of the P61 pin.
Bit 4 (/PD60): Control bit used to enable pull-down of the P60 pin.
Bit 3 (/PD53): Control bit used to enable pull-down of the P53 pin.
Bit 2 (/PD52): Control bit used to enable pull-down of the P52 pin.
Bit 1 (/PD51): Control bit used to enable pull-down of the P51 pin.
Bit O (/PD50): Control bit used to enable pull-down of the P50 pin.

The IOCB Register is both readable and writable.

6.2.7 10CC (Open-drain Control Register)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1
OD67 OD66 OD65 OD64 OD63 OD62 OD61 OD60

Bit 7 (OD67): Control bit used to enable open-drain output of the P67 pin.
0 : Disable open-drain output
1 : Enable open-drain output
Bit 6 (OD66): Control bit used to enable open-drain output of the P66 pin.
Bit 5 (OD65): Control bit used to enable open-drain output of the P65 pin.
Bit 4 (OD64): Control bit used to enable open-drain output of the P64 pin.
Bit 3 (OD63): Control bit used to enable open-drain output of the P63 pin.
Bit 2 (OD62): Control bit used to enable open-drain output of the P62 pin.
Bit 1 (OD61): Control bit used to enable open-drain output of the P61 pin.
Bit 0 (OD60): Control bit used to enable open-drain output of the P60 pin.
The IOCC Register is both readable and writable.
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6.2.8 10CD (Pull-high Control Register 2)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1
/PHG7 /PHG6 /PHG5 /PH64 /PH63 /PHG2 /PH61 /PH60

Bit 7 (/PH67): Control bit used to enable pull-high of the P67 pin.
0 : Enable internal pull-high
1 : Disable internal pull-high

Bit 6 (/PH66): Control bit used to enable pull-high of the P66 pin.
Bit 5 (/PH65): Control bit used to enable pull-high of the P65 pin.
Bit 4 (/PH64): Control bit used to enable pull-high of the P64 pin.
Bit 3 (/PH63): Control bit used to enable pull-high of the P63 pin.
Bit 2 (/PH62): Control bit used to enable pull-high of the P62 pin.
Bit 1 (/PH61): Control bit used to enable pull-high of the P61 pin.
Bit 0 (/PH60): Control bit used to enable pull-high of the P60 pin.
The IOCD Register is both readable and writable.

6.2.9 IOCE (Interrupt Mask Register 2)

Bit7 | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bit1
CMP2IE ] TC3IE | TC2IE | TCUE | UERRIE | URIE UTIE

Bit 7 (CMP2IE): CMP2IF interrupt enable bit.
0 : Disable CMP2IF interrupt
1 : Enable CMP2IF interrupt

When the Comparator 2 output status changed is used to enter an interrupt vector or
enter the next instruction, the CMP2IE bit must be set to “Enable”.

Bit 6: Not used, set to “0” at all time.

Bit 5 (TC3IE): Interrupt enable bit
0 : Disable TC3IF interrupt
1 : Enable TC3IF interrupt

Bit 4 (TC2IE): Interrupt enable bit
0 : Disable TC2IF interrupt
1 : Enable TC2IF interrupt

Bit 3 (TCL1IE): Interrupt enable bit
0 : Disable TC1IF interrupt
1 : Enable TC1IF interrupt
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Bit 2 (UERRIE): UART receive error interrupt enable bit.
0 : Disable UERRIF interrupt
1 : Enable UERRIF interrupt

Bit 1 (URIE): UART receive mode Interrupt enable bit.
0 : Disable RBFF interrupt
1 : Enable RBFF interrupt

Bit 0 (UTIE): UART transmit mode interrupt enable bit.
0 : Disable TBEF interrupt
1: Enable TBEF interrupt

NOTE
m User must set to “0” Bit 6 of the IOCE register.
m The IOCE register is both readable and writable.

6.2.10 IOCF (Interrupt Mask Register 1)

Btz | Bite | Bits | Bit4 | Bit3 | Btz | Bit1 | Bito
i ADIE | SPIE |PWMBIE | PWMAIE | EXE ICIE TCIE

Bit 7: Not used, set to “0” at all time

Bit 6 (ADIE): ADIF interrupt enable bit
0 : Disable ADIF interrupt
1 : Enable ADIF interrupt

When the ADC complete status is used to enter an interrupt vector or enter the next
instruction, the ADIE bit must be set to “Enable®.

Bit 5 (SPIIE): SPIIF interrupt enable bit.
0 : Disable SPIIF interrupt
1 : Enable SPIIF interrupt

Bit 4 (PWMBIE): PWMBIF interrupt enable bit.
0 : Disable PWMBIF interrupt
1 : Enable PWMBIF interrupt

Bit 3 (PWMAIE): PWMAIF interrupt enable bit.
0 : Disable PWMAIF interrupt
1 : Enable PWMAIF interrupt

Bit 2 (EXIE): EXIF interrupt enable bit
0 : Disable EXIF interrupt
1: Enable EXIF interrupt
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Bit 1 (ICIE): ICIF interrupt enable bit
0 : Disable ICIF interrupt
1: Enable ICIF interrupt

Bit 0 (TCIE): TCIF interrupt enable bit

0 : Disable TCIF interrupt
1: Enable TCIF interrupt

NOTE
User must set to “0” Bit 7 of the IOCF register.
Individual interrupt is enabled by setting its associated control bit in the IOCF to "1".

m Global interrupt is enabled by the ENI instruction and is disabled by the DISI
instruction.

m The IOCF register is both readable and writable.

6.3 TCC/WDT and Prescaler

There are two 8-bit counters available as prescalers for the TCC and WDT respectively.
The PST2~PSTO bits of the CONT register are used to determine the ratio of the
prescaler of TCC. Likewise, the PSW2~PSWO bits of the IOCA register are used to
determine the prescaler of WDT. The prescaler counter will be cleared by the
instructions each time they are written into TCC. The WDT and prescaler will be
cleared by the “WDTC” and “SLEP” instructions. Figure 6-12-1 depicts the
EM78F564N circuit diagram of TCC/WDT.

R1 (TCC) is an 8-bit timer/counter. The clock source of TCC can be an internal clock or
external signal input (edge selectable from the TCC pin). If the TCC signal source is
from an internal clock, TCC will be incremented by 1 at Fc clock (without prescaler). If
the TCC signal source is from an external clock input, TCC will be incremented by 1 at
every falling edge or rising edge of the TCC pin. The TCC pin input time length (kept at
high or low level) must be greater than 1/ Fc. The TCC will stop running when sleep
mode occurs.

The watchdog timer is a free running on-chip RC oscillator. The WDT will keep on
running even after the oscillator driver has been turned off (i.e. in sleep mode).
During normal operation or sleep mode, a WDT time-out (if enabled) will cause the
device to reset. The WDT can be enabled or disabled at any time during normal
mode by software programming. Refer to the WDTE bit of the IOCA register. With no
prescaler, the WDT time-out period is approximately 18 ms’ (one oscillator start-up
timer period).

! Note: VDD=5V, WDT time-out period = 16ms * 7.5%
VDD=3V, WDT time-out period = 18ms + 7.5%
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0. —>| 8-Bit Counter | Data Bus
TCCPin 1 MUX ¢
TE (CO | B8tIMUX |—————» TCC(RI)

TS (CONT) TCC overflow
interrupt
PST2~0
WOT (—»  8Btcounter | (CON)
T 8to 1 MUX Prescaler
o | . |
(I0CA) l /Ak
PSW2~0
WDT Time out (I0CA)
Figure 6-12 (b) EM78F564N Block Diagram of TCC and WDT
6.4 1/0 Ports

The 1/O registers, Ports 5, 6, 7 and 8, are bidirectional tri-state I/O ports. Port 6 or 7
can be pulled high internally by software. In addition, Port 6 can also have open-drain
output by software. Input status change interrupt (or wake-up) function on Port 6
P50~P53, P60 ~ P63 and Port 7 pins can be pulled down by software. Each I/O pin
can be defined as "input” or "output" pin by the 1/O control register (IOC5 ~ IOC8).

The 1/O registers and 1/O control registers are both readable and writable. The 1/O
interface circuits for Ports 5 ~ 8 are shown in the following Figures 6-13, 6-14 (a), 6-
14 (b), and Figure 6-15.
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Figure 6-13 1/O Port and I/O Control Register Circuit for Ports 5 ~ 8
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Figure 6-14 (a) I/O Port and I/O Control Register Circuit for P60 (/INT)
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Figure 6-14 (b) I/O Port and I/O Control Register Circuit for P61~P67, P72~P77
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Figure 6-15 Block Diagram of I/O Port 6 with Input Change Interrupt/Wake-up
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Table 6.4-1 Usage of Port 6 Input Change Wake-up/Interrupt Function

Usage of Port 6 Input Status Changed Wake-up/Interrupt

(1) Wake-up from Port 6 Input Status Change

(a) Before Sleep
1. Disable WDT? (use this very carefully)
2. Read I/0 Port 6 (MOV R6,R6)

3 a. Enable interrupt (Set IOCF.1), after
wake-up if “ENI” switch to interrupt
vector (006H), if “DISI” excute next
instruction

3 b. Disable interrupt (Set IOCF.1),
always execute next instruction

4. Enable wake-up enable bit (Set RA.6)
5. Execute "SLEP" instruction
(b) After Wake-up

1. IF "ENI" — Interrupt vector (006H)

2. IF "DISI" — Next instruction

(I) Port 6 Input Status Change Interrupt
1. Read I/O Port 6 (MOV R6,R6)
2. Execute "ENI"

3. Enable interrupt (Set IOCF.1)

4. IF Port 6 change (interrupt) —»
Interrupt Vector (O06H)

6.5 Reset and Wake-up

6.5.1 Reset

A reset is initiated by one of the following events:

(1) Power-on reset
(2) /RESET pin input "low"
(3) WDT time-out (if enabled)

The device is kept in a reset condition for a period of approximately 18 ms3 (one
oscillator start-up timer period) after a reset is detected.

The oscillator is running, or will be started.

The Program Counter (R2) is set to all "0".

All'l/O port pins are configured as input mode (high-impedance state).

The Watchdog timer and prescaler are cleared.

When power is switched on, the upper three bits of R3 are cleared.

Note: 2 The Software disables WDT (Watchdog Timer) but the hardware must be enabled before applying Port 6
Change wake-up function. (Code Option Register and Bit 6 (ENWDTB) are set to “1”).

3 Vdd = 5V, set up time period = 16ms + 7.5%
Vdd = 3V, set up time period = 18ms + 7.5%
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m  The bits of the RB, RC, RD registers are set to their previous status.
m The bits of the CONT register are set to all "0".

m  The bits of the IOCA register are set to all "0".

m  The bits of the IOCB register are set to all "1".

m  The bits of the IOCC register are set to all "0".

m  The bits of the IOCD register are set to all "1".

m  The bits of the IOCE register are set to all "0".

m  The bits of the IOCF register are set to all "0".

Sleep (power down) mode is asserted by executing the “SLEP” instruction. While
entering sleep mode, the WDT (if enabled) is cleared but keeps on running. After a
wake-up, in RC mode the wake-up time is 10 ps. High crystal mode wake-up time is
800 ps.

The controller can be awakened by:

(1) External reset input on /RESET pin

(2) WDT time-out (if enabled)

(3) Port 6 input status changes (if enabled)

(4) Comparator output status change (if CMPWE is enabled)

(5) A/D conversion completed (if ADWE is enabled)

(6) External (P60, /INT) pin changes (if EXWE is enabled)

(7) SPIreceived data, When SPI act as slave device (if SPIWE is enabled)

The first two cases will cause the EM78F564N to reset. The T and P flags of R3 can
be used to determine the source of the reset (wake-up). Cases 3, 4,5, 6, 7 are
considered the continuation of program execution and the global interrupt ("ENI" or
"DISI" being executed) determines whether or not the controller branches to the
interrupt vector following a wake-up. If ENI is executed before SLEP, the instruction
will begin to execute from the Address 0x6, 0x15, 0x30, 0x3, 0x12 after wake-up. If
DISI is executed before SLEP, the execution will restart from the instruction right next
to SLEP after wake-up. After a wake-up, in RC mode the wake-up time is 10 ps. High
crystal mode wake-up time is 800 ps.

One or more of Cases 2 to 7 can be enabled before entering into sleep mode. That
is,
[a] If WDT is enabled before SLEP, all of the RE bit is disabled. Hence, the

EM78F564N can be awakened only by Case 1 or 2. Refer to the Interrupt section
for further details.
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[b]

If Port 6 Input Status Change is used to wake-up the EM78F564N and the ICWE

bit of RA register is enabled before SLEP, WDT must be disabled. Hence, the
EM78F564N can be woke-up only by Case 3.

[c]

If Comparator 2 output status change is used to wake-up the EM78F564N and the

CMPWE bit of RA register is enabled before SLEP, WDT must be disabled by
software. Hence, the EM78F564N can be waken-up only by Case 4

[d]

If AD conversion completed is used to wake-up the EM78F564N and the ADWE

bit of RA register is enabled before SLEP, WDT must be disabled by software.
Hence, the EM78F564N can be waken-up only by Case 5.

[e]

If External (P60,/INT) pin change is used to wake-up EM78F564N and EXWE bit

of RA register is enabled before SLEP, WDT must be disabled. Hence, the
EM78F564N can be wake-up only by Case 6.

[fl When SPI act as slave device, after receiving data, it will wake-up the
EM78F564N and the SPIWE bit of RA register is enabled before SLEP, and WDT
must be disabled by software. Hence, the EM78F564N can be waken-up only by

Case 7.

If Port 6 Input Status Change Interrupt is used to wake-up the EM78F564N, (as in
Case [b] above), the following instructions must be executed before SLEP:

MOV

10W
WDTC
MOV
ENI (or DISI)

BC
BC
MOV

MOV
MOV

10w
SLEP

A, @0xxx1000b
10CA

R6, R6

R4, 7

R4, 6

A, @0100xxxxb

RA,A
A, @x00oxxx1xb

10CF

; Select WDT prescaler and

; Disable the WDT

Clear WDT and prescaler
Read Port 6

Enable (or disable) global
interrupt

Select Bank 0O

; Enable Port 6 input change

; wake-up bit

; Enable Port 6 input change

interrupt

Sleep
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Similarly, if the Comparator 2 Interrupt is used to wake-up the EM78F564N (as in
Case [c] above), the following instructions must be executed before SLEP:

BS
BS
MOV

MOV
MOV

1ow
WDTC
ENI (or DISD)

BC
BC
MOV

MOV
MOV

10w
SLEP

R4, 7
R4, 6
A, @xxxx10xxb

R7,A
A, @0xxx1000b

10CA
R4, 7
R4, 6

A, @1000xxxxb

RA,A
A, @10000000b

10CE

Select Bank 3

Select a comparator and P80 act
as CO pin

Select WDT prescaler and
Disable the WDT

Clear WDT and prescaler

Enable (or disable) global
interrupt

Select Bank O

Enable comparator output status
change wake-up bit

Enable comparator output status
change interrupt

Sleep
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All kinds of wake-up mode and interrupt mode are shown below:

Wake-up Signal ‘

External interrupt

Sleep Mode

If EXWE bit is enabled:
Wake-up+ interrupt

(if interrupt is enabled)+
next instruction

Idle Mode

If EXWE bit is enabled:
Wake-up+ interrupt

(if interrupt is enabled)+
next instruction

Green Mode

Interrupt (if interrupt is
enabled) or next
instruction

Normal Mode

Interrupt (if interrupt is
enabled) or next
instruction

Port 6 pin change

If ICWE bit is enabled:
Wake-up+ interrupt

(if interrupt is enabled)+
next instruction

If ICWE bit is enabled:
Wake-up+ interrupt

(if interrupt is enabled)+
next instruction

Interrupt (if interrupt is
enabled) or next
instruction

Interrupt (if interrupt is
enabled) or next
instruction

TCC overflow
interrupt

Wake-up+ interrupt
(if interrupt is enabled)+
next instruction

Interrupt (if interrupt is
enabled) or next
instruction

Interrupt (if interrupt is
enabled) or next
instruction

SPI interrupt

If SPIWE bit is enabled:
Wake-up+ interrupt

(if interrupt is enabled)+
next instruction

SPI must be in slave
mode

If SPIWE bit is enabled:
Wake-up+ interrupt

(if interrupt is enabled)+
next instruction

SPI must be in slave
mode

Interrupt (if interrupt is
enabled) or next
instruction

Interrupt (if interrupt is
enabled) or next
instruction

Comparator 2
(Comparator
Output Status
Change)

If CMPWE bit is
enabled: Wake-up +
interrupt (if interrupt is
enabled)+ next
instruction

If CMPWE bit is
enabled: Wake-up +
interrupt (if interrupt is
enabled)+ next
instruction

Interrupt (if interrupt is
enabled) or next
instruction

Interrupt (if interrupt is
enabled) or next
instruction

TC1 interrupt

Wake-up+ interrupt
(if interrupt is enabled)+
next instruction

Interrupt (if interrupt is
enabled) or next
instruction

Interrupt (if interrupt is
enabled) or next
instruction

UART Transmit
complete interrupt

Interrupt (if interrupt is
enabled) or next
instruction

Interrupt (if interrupt is
enabled) or next
instruction

UART Receive
data buffer full
interrupt

Interrupt (if interrupt is
enabled) or next
instruction

Interrupt (if interrupt is
enabled) or next
instruction

UART Receive
error interrupt

Interrupt (if interrupt is
enabled) or next
instruction

Interrupt (if interrupt is
enabled) or next
instruction

TC2 interrupt

Wake-up+ interrupt
(if interrupt is enabled)+
next instruction

Interrupt (if interrupt is
enabled) or next
instruction

Interrupt (if interrupt is
enabled) or next
instruction

TC3 interrupt

Wake-up+ interrupt
(if interrupt is enabled)+
next instruction

Interrupt (if interrupt is
enabled) or next
instruction

Interrupt (if interrupt is
enabled) or next
instruction

PWM A/B
(When TimerA/B
Match PRDA/B)

Wake-up+ interrupt
(if interrupt is enabled)+
next instruction

Interrupt (if interrupt is
enabled) or next
instruction

Interrupt (if interrupt is
enabled) or next
instruction

AD Conversion
Complete Interrupt

If ADWE bit is enabled:
Wake-up + interrupt
(if interrupt is enabled)+

If ADWE bit is enabled:
Wake-up + interrupt
(if interrupt is enabled)+

interrupt
(if interrupt is enabled)+
next instruction

Interrupt (if interrupt is
enabled) or next

next instruction next instruction instruction
Fm and Fs don’t stop Fm and Fs don’t stop Fm and Fs don’t stop
WDT Time out RESET RESET RESET RESET
Low Voltage Reset RESET RESET RESET RESET

After wake up:

1. If interrupt is enabled — interrupt + next instruction

2. If interrupt is disabled — next instruction
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Table 6.5-1 Summary of Registers Initialized Values

Address | Name Reset Type | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0

Bit Name C57 C56 C55 Cs4 | €53 | €52 | C51 | C50
Power-on 1 1 1 1 1 1 1 1

N/A IOC5 | /RESET and WDT 1 1 1 1 1 1 1 1
\év::%:p from Pin P P P P P P P P
Bit Name ce7 C66 C65 Cce4 | C63 | C62 | C61 | CBO
Power-on 1 1 1 1 1 1 1 1

N/A IOC6 | /RESET and WDT 1 1 1 1 1 1 1 1
\C’:V::r?é:p from Pin P P P P P P P P
Bit Name c77 C76 C75 C74 | Cc73 | C72 - -
Power-on 1 1 1 1 1 1 1 1

N/A IOC7 | /RESET and WDT 1 1 1 1 1 1 1 1
\(’:V::r?;p from Pin P P P P P P P P
Bit Name - - - - - cs2 | c81 | c80
Power-on 1 1 1 1 1 1 1 1

N/A I0C8 | /RESET and WDT 1 1 1 1 1 1 1 1
\(’:V::r?;p from Pin P P P P P P P P
Bit Name INTE INT TS TE | PSTE | PST2 | PST1 | PSTO
Power-on 0 0 0 0 0 0 0 0

N/A CONT | /RESET and WDT 0 0 0 0 0 0 0 0
\évrf:f;p from Pin P P P P P P P P
Bit Name - - - - - - - -
Power-on U U u u u u u u

0x00 RO (IAR) | /RESET and WDT P P P P P P P P
\évﬁ:%‘;p from Pin P P P P P P P P
Bit Name - - - - - - - -
Power-on

0x01 R1(TCC) | /RESET and WDT
\évﬁ:%‘;p from Pin P P P P P P P P
Bit Name - - - - - - - -
Power-on

0x02 R2 (PC) | /RESET and WDT
Wake-up from Pin Jump to interrupt vector address or continue to execute next instruction.
Change
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Reset Type
Bit Name - - - T P z DC C
Power-on 1 1 U U U
0x03 R3(SR) | /RESET and WDT 0 t t P P P
Wake-up from Pin ) ) p t t = =) =)
Change
Bit Name Bank 1 Bank O - - - - - -
Power-on 0 0
0x04 R4 (RSR) | /RESET and WDT 0 0
Wake-up from Pin P p ) p ) p P =)
Change
Bit Name P57 P56 P55 P54 P53 P52 P51 P50
Power-on 0 0 0 0 0 0 0 0
0x05 PS
(Bank 0) /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin p p p p =) p P P
Change
Bit Name P67 P66 P65 P64 P63 P62 P61 P60
Power-on 0 0 0 0 0 0 0 0
0x06 P6
(Bank 0) /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin = P ) p ) p = P
Change
Bit Name P77 P76 P75 P74 P73 P72 - -
Power-on 0 0 0 0 0 0
0x07 P7
(Bank 0) /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin = = ) p p p = P
Change
Bit Name - - - - - P82 P81 P80
Power-on 0 0 0 0 0 0
0x08 P8
(Bank 0) /RESET and WDT 0 0 0 0 0 0
Wake-up from Pin P p p p ) p P =)
Change
Bit Name RBit7 RBit6 RBit5 RBit4 RBIt3 RBit2 RBit1 RBIt0
Power-on 0 0 0 0 0 0 0 0
0x09 R9
x (Bank 0) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin P p ) p ) p P =)
Change
Bit Name CMP2WE | ICWE | ADWE | EXWE | SPIWE - - -
Power-on 0 0 0 0 0
RA
0x0A (Bank 0) | /RESET and WDT 0 0 0 0 0
Wake-up from Pin p p P p P =) P P
Change
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Address| Name | ResetType | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Bit Name - TIMERSC | CPUS | IDLE - - - -
Power-on 0 1 1 1
0x0E RE
(Bank 0) | /RESET and WDT 0 1 1 1
Wake-up from Pin P p p = = P = p
Change
Bit Name - ADIF SPIIF |PWMBIF |[PWMAIF| EXIF ICIF TCIF
P - 0 0 0 0 0 0 0 0
oor RF (ISR) ower-on
X
(Bank 0) /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin P p p = = = = p
Change
Bit Name TC1CAP| TC1S |TC1CK1|TC1CKO| TC1M | TC1ES - -
Power-on 0 0 0 0 0 0
R5
005 (Bank1) | /RESET and WDT 0 0 0 0 0 0
Wake-up from Pin = p p p p p p p
Change
Bit Name TC1DA7 | TC1DA6 |[TC1DA5| TC1DA4 | TC1DA3 | TC1DA2 | TC1DA1| TC1DAO
Power-on 0 0 0 0 0 0 0 0
R6
006 (Bank 1) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin p p p p p p p p
Change
Bit Name TC1DB7 | TC1DB6 |[TC1DB5|TC1DB4 | TC1DB3 | TC1DB2 | TC1DB1| TC1DBO
Power-on 0 0 0 0 0 0 0 0
0x07 R7
(Bank 1) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin P p P p p p p p
Change
Bit Name RCM1 RCMO | TC2ES | TC2M | TC2S |TC2CK2|TC2CK1 |TC2CKO
RS Power-on WORD1<3,2> 0 0 0 0 0 0
0x08 (Bank 1) | /RESET and WDT WORD1<3,2> 0 0 0 0 0 0
Wake-up from Pin P p p p p p p p
Change
Bit Name TC2D15| TC2D14 |TC2D13| TC2D12 | TC2D11 | TC2D10 | TC2D9 | TC2D8
Power-on 0 0 0 0 0 0 0 0
0x09 R9
x (Bank 1) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin P p p p p p p p
Change
Bit Name TC2D7 | TC2D6 | TC2D5 | TC2D4 | TC2D3 | TC2D2 | TC2D1 | TC2DO
Power-on 0 0 0 0 0 0 0 0
0x0A RA
x (Bank 1) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin P p p = = P = p
Change
Bit Name DORD TD1 TDO - OD3 OD4 - RBF
Power-on 0 0 0 0 0 0 0 0
0x0B RB
(Bank 1) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin P p p = = P = p
Change
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Address| Name | ResetType | Bit7 | | Bits | Bit4 | Bit3 | Bit2 | Bit1 | BitO
Bit Name CES SPIE SRO SSE SDOC | SBRS2 | SBRS1 | SBRSO
Power-on 0 0 0 0 0 0 0 0
RC
0x0C (Bank 1) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin P = = P = = P =
Change
Bit Name SRB7 | SRB6 | SRB5 | SRB4 | SRB3 | SRB2 | SRB1 SRBO
Power-on U u U U u U U u
RD
00D (Bank 1) | /RESET and WDT P P P P P P P P
Wake-up from Pin P = = P = = P =
Change
Bit Name SWB7 | SWB6 | SWB5 | SWB4 | SWB3 | SWB2 | SWB1 | SWBO
Power-on U u U U u U U u
RE
0~0E (Bank 1) | /RESET and WDT P P P P P P P P
Wake-up from Pin P = P P = P P =
Change
Bit Name CMP2IF - TC3IF | TC2IF | TC1IF |UERRIF| RBFF | TBEF
Power-on 0 0 0 0 0 0 0 0
RF
0x0F (Bank 1) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin P = P P = P P =
Change
Bit Name ADE7 | ADE6 | ADE5 | ADE4 | ADE3 | ADE2 | ADE1 ADEO
Power-on 0 0 0 0 0 0 0 0
R5
0x05 (Bank2) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin P = P P = P P =
Change
Bit Name VREFS | CKR1 | CKRO | ADRUN | ADPD | ADIS2 | ADIS1 | ADISO
Power-on 0 0 0 0 0 0 0 0
0x06 R6
X (Bank2) |/RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin p p p p p p p p
Change
Bit Name CALI SIGN | VOF[2] | VOF[1] | VOF[0] - - -
Power-on 0 0 0 0 0 0 0 0
0x07 R7
X (Bank2) |/RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin p p p p p p p p
Change
Bit Name AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
Power-on 0 0 0 0 0 0 0 0
0x08 R8
X (Bank2) |/RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin p p p p p p p p
Change
Bit Name - - - - - - AD1 ADO
Power-on 0 0 0 0 0 0 0 0
0x09 R9
X (Bank2) |/RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin p p p p p = p p
Change
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Address | Name | ResetType | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0

Bit Name URTD8 |UMODE1|UMODEO| BRATE2 | BRATE1 | BRATEO| UTBE | TXE
Power-on U 0 0 0 0 0 0 0

0x0A (Bm 2) | /RESET and WDT P P P P P P 0 0
\évﬁ::g':p from Pin P P P P P P P P
Bit Name - - SBIM1 | SBIMO |UINVEN| - - -
Power-on 0 0 0 0 0

0x0B (B;Bk 2) | /RESET and WDT 0 0 P P P
\(/:vr?;%:p fromPin | p P P P P P P P
Bit Name URRD8 | EVEN | PRE | PRERR | OVERR | FMERR | URBF | RXE
Power-on 0 0 0 0 0 0 0

0x0C (BaFi,i 2) | /RESET and WDT P P P 0 0 0 0
\é’::fé:p from Pin P P P P P P P P
Bit Name URRD7 | URRD6 | URRD5 | URRD4 | URRD3 | URRD2 | URRD1 | URRDO
Power-on U ] U U U ] U U

0<0D (B;Dk 2) |/RESET and WDT P P P P P P P P
‘évﬁ;sé:p fromPin | p P P P P P P P
Bit Name URTD7 | URTD6 | URTD5 | URTD4 | URTD3 | URTD2 | URTD1 | URTDO
Power-on U ] U U U ] U U

0x0E (B;Ek 2) | /RESET and WDT P P P P P P P P
\(I:V:;r?g-:p from Pin p p p P p p p p
Bit Name IPH77 | IPH76 | /PH75 | /PH74 | IPH73 | /PH72 - -
Power-on 1 1 1 1 1 1 1 1

0x0F (BaFi,Fk 2) |/RESETand WDT | 1 1 1 1 1 1 1 1
\(’:V:::é:p from Pin P P P P P P P P
Bit Name TAEN | TAP2 | TAP1 | TAPO | TBEN | TBP2 | TBP1 | TBPO
Power-on 0 0 0 0 0 0 0 0

005 (B;ips) /RESET and WDT 0 0 0 0 0 0 0 0
\(I)V:all(:g;:p fromPin | p P P P P P P P
Bit Name MLB - - - RBit11 | RBit10 | RBit9 | RBit8
Power-on 0 0 0 0 0 0 0 0

006 (BaF:,ie,) /RESET and WDT 0 0 0 0 0 0 0 0
‘(’:Vrf:f;;p from Pin p P P P P P P P
Bit Name - - - |CPOUT2| COS21 | COS20 | PWMAE | PWMBE
Power-on 0 0 0 0 0 0 0 0

0x07 (55;3) /RESET and WDT | 0 0 0 0 0 0 0 0
‘(’:V:;‘r?g':p fromPin | p P P P P P P P

54 Product Specification (V1.0) 11.27.2009

(This specification is subject to change without further notice)



EM78F564N
8-Bit Microcontroller

Address| Name Reset Type | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Bit Name PRDA[1] | PRDA[0]| DTA[1] | DTA[0] | PRDB[1]|PRDB[0]| DTB[1] | DTB[0]
Power-on 0 0 0 0 0 0 0 0
R8
0~08 (Bank3) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin P = = = = = = =
Change
Bit Name PRDA[9] | PRDA[8] | PRDA[7]| PRDA[6] | PRDA[5] | PRDA[4] | PRDA[3] | PRDA[2]
Power-on 0 0 0 0 0 0 0 0
R9
009 (Bank3) |/RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin p = p p = = p =
Change
Bit Name DTA[9] | DTA[8] | DTA[7] | DTA[6] | DTA[5] | DTA[4] | DTA[3] | DTA[2]
Power-on 0 0 0 0 0 0 0 0
RA
0x0A (Bank 3) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin p = p p = = = =
Change
Bit Name PRDB[9] | PRDB[8] | PRDB[7] | PRDB[6] | PRDB[5] | PRDB[4] | PRDB[3] | PRDB[2]
Power-on 0 0 0 0 0 0 0 0
RB
0x0B (Bank 3) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin p = p p = = = =
Change
Bit Name DTB[9] | DTB[8] | DTB[7] | DTB[6] | DTB[5] | DTB[4] | DTB[3] | DTB[2]
Power-on 0 0 0 0 0 0 0 0
0x0C RC
x (Bank 3) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin = = = = = = = =
Change
Bit Name TC3FF1 | TC3FFO| TC3S | TC3CK2|TC3CK1|TC3CKO| TC3M1 | TC3MO
Power-on 0 0 0 0 0 0 0 0
0x0D RD
x (Bank 3) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin = = P = = = = =
Change
Bit Name TCR3D7 | TCR3D6 | TCR3D5 | TCR3D4 | TCR3D3 | TCR3D2 | TCR3D1 | TCR3DO
Power-on 0 0 0 0 0 0 0 0
OxOE RE
x (Bank 3) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin p = p p = = = P
Change
Bit Name /PD77 | /PD76 | /PD75 | /PD74 | /PD73 | /PD72 - -
Power-on 1 1 1 1 1 1 1 1
0x0F RF
X (Bank 3) |/RESET and WDT 1 1 1 1 1 1 1 1
Wake-Up from Pin p = p p = = = =
Change
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Address | Name Reset Type | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO
Bit Name WDTE | EIS - - PSWE | PSW2 | PSW1 | PSWO
Power-un 0 0 0 0 0 0 0 0
0x0A IOCA | /RESET and WDT 0 0 0 0 0 0 0 0
\é\’:;;:p from Pin P P P P P P P P
Bit Name /PD63 | /PD62 | /PD61 | /PD60 | /PD53 | /PD52 | /PD51 | /PD50
Power-on 1 1 1 1 1 1 1 1
0x0B IOCB | /RESET and WDT 1 1 1 1 1 1 1 1
\é\’:;;:p from Pin P P P P P P P P
Bit Name OD67 | OD66 | OD65 | OD64 | OD63 | OD62 | OD61 | OD60
Power-on 0 0 0 0 0 0 0 0
0x0C IOCC | /RESET and WDT 0 0 0 0 0 0 0 0
\é\’:;;:p from Pin P P P P P P P P
Bit Name /PH67 | /PHB6 | /PHE5 | /PHB4 | /PHE3 | /PHE2 | /PHE1 | /PHB0
Power-on 1 1 1 1 1 1 1 1
0x0D IOCD | /RESET and WDT 1 1 1 1 1 1 1 1
\é\’:;;:p from Pin P P P P P P P P
Bit Name CMP2E| - TC3IE | TC2IE | TC1IE |UERRIE| URIE | UTIE
Power-on 0 0 0 0 0 0 0 0
0~0E IOCE | )RESET and WDT 0 0 0 0 0 0 0 0
\év:;;:p from Pin P P P P P P P P
Bit Name - ADIE | SPIE |[PWMBIE|PWMAIE| EXIE | ICIE | TCIE
Power-on 0 0 0 0 0 0 0 0
0~0F IOCF | )RESET and WDT 0 0 0 0 0 0 0 0
\év:;;:p from Pin P P P P P P P P
Bit Name - - - - - - - -
Power-on U U U U U U U U
0x10 ~
ox3F | R10-R3F | /RESET and wDT P P P P P P P P
\év:;;:p from Pin P P P P P P P P
Legend: “x" = not used “P” = previous value before reset
“u” = unknown or don’t care “t” = check Table 6-5-2-1
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6.5.2 Status of RST, T, and P of the Status Register

A reset condition is initiated by the following events:

1. Power-on condition

2. High-low-high pulse on /RESET pin

3. Watchdog timer time-out

The values of T and P, listed in Table 6-5-2-1 are used to check how the processor

wakes up. Table 6-5-2-2 shows the events that may affect the status of T and P.

Table 6-5-2-1 Values of RST, T and P after Reset

Reset Type | T | P |
Power on 1 1
/RESET during Operating mode P P
/RESET wake-up during Sleep mode 1 0
WDT during Operating mode 0 P
WDT wake-up during Sleep mode 0 0
Wake-up on pin change during Sleep mode 1 0
*

P: Previous status before reset

Table 6-5-2-2 Status of T and P Being Affected by Events.

Power on 1 1
WDTC instruction 1 1
WDT time-out 0 P
SLEP instruction 1 0
Wake-up on pin change during Sleep mode 1 0

* P: Previous status before reset
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VDD
Lea _
Oscillator  |——— — ~CLK 7D—E@
CLR

Power-on

Reset \:‘—/

Voltage

Detector

WDTE

WDT ] | Setup
WDT  imeout } Time (RESEP

Figure 6-16 Block Diagram of Controller Reset

/RESET %

6.6 Interrupt

The EM78F564N has 14 interrupts (3 external, 11 internal) as listed below:

Interrupt Source Enable Condition ’ Int. Flag ‘ Int. Vector ‘| Priority
g‘:;‘:;ll Reset - - 0000 High 0
External INT ENI + EXIE=1 EXIF 0003 1
External Port 6 pin change ENI +ICIE=1 ICIF 0006 2
Internal TCC ENI + TCIE=1 TCIF 0009 3
Internal SPI ENI + SPIIE=1 SPIIF 0012 4
External Comparator 2 ENI+CMP2IE=1 CMP2IF 0015 5
Internal TCA1 ENI + TC1IE=1 TC1IF 0018 6
Internal UART Transmit ENI + UTIE=1 TBEF 001B 7
Internal UART Receive ENI + URIE=1 RBFF 001E 8
Internal UART Receive error | ENI+UERRIE=1 UERRIF 0021 9
Internal TC2 ENI + TC2IE=1 TC2IF 0024 10
Internal TC3 ENI + TC3IE=1 TC3IF 0027 11
Internal PWMA ENI+PWMAIE=1 | PWMAIF 002A 12
Internal PWMB ENI+PWMBIE=1 | PWMBIF 002D 13
Internal AD ENI+ADIE=1 ADIF 0030 14
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RE and RF are the interrupt status registers that record the interrupt requests in the
relative flags/bits. IOCE and IOCF are the interrupt mask registers. The global
interrupt is enabled by the ENI instruction and is disabled by the DISI instruction.
When one of the enabled interrupts occurs, the next instruction will be fetched from
their individual address. The interrupt flag bit must be cleared by instructions before
leaving the interrupt service routine and before interrupts are enabled to avoid
recursive interrupts.

The flag (except ICIF bit) in the Interrupt Status Register (RF and RE) is set
regardless of the status of its mask bit or the execution of ENI. The RETI instruction
ends the interrupt routine and enables the global interrupt (the execution of ENI).

The external interrupt has an on-chip digital noise rejection circuit (input pulse less
than 8 system clock time is eliminated as noise), but in Low Crystal oscillator
(LXT) mode, the noise rejection circuit will be disabled. When an interrupt
(Falling edge) is generated by the External interrupt (when enabled), the next
instruction will be fetched from Address 003H.

Before the interrupt subroutine is executed, the contents of ACC and the R3 and R4
register will be saved by hardware. If another interrupt occurred, the ACC, R3 and
R4 will be replaced by the new interrupt. After the interrupt service routine is finished,
ACC, R3 and R4 will be pushed back.

VCC

LD PR Q@ - IRQn
RGN <bCLK  _ : ) —INT

CL RFRD  |RQm
RF ENI/DISI

Q PR D 10D
m _ CLK¢———
IOCF— IOCFWR

/RESET T

s}

IOCFRD

Gﬂf

Figure 6-17 Interrupt Input Circuit
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Interrupt ACC Interrupt
Sources N\ > SocurS Stack ACC
ENI/DIS| ——— / <
R3 RETI Stack R3
R4 Stack R4

Figure 6-18 Interrupt Back-up Diagram

6.7 Analog-to-Digital Converter (ADC)

The analog-to-digital circuitry consists of a 10-bit analog multiplexer, three control
registers [AISR/R5 (Bank 2), ADCON/R6 (Bank 2), ADOC/R7 (Bank 2)], two data
registers (ADDH, ADDL/R8, R9) and an ADC with 10-bit resolution. The functional
block diagram of the ADC is shown in Figure 6-19. The analog reference voltage
(Vref) and analog ground are connected via separate input pins.

The ADC module utilizes successive approximation to convert the unknown analog
signal into a digital value. The result is fed to the ADDH and ADDL. Input channels
are selected by the analog input multiplexer via the ADCON register Bits ADIS2 ~
ADISO.

Vref

ADC Power-Down

> Start to Convert

('successive approximation )

ADC7
ADC6
ADC5
ADC4

ADC3 ——Ppp
ADC2 —» = | |
Ll Fsco
5| 1
mUx
—

ADC1
Internal RC y VYV VVVYVYVYYYY
[r-o] [2]a]o] 3E Lelaf[7]e]s]a[s][2[1]0] [4]3]
- A

ADCO
ADCON

A

A

youmg Bojeuy |-g

AOSR ADCON ADCON RF ADDH ADDL

< DATA BUS <

Figure 6-19 Functional Block Diagram of Analog-to-Digital Conversion
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6.7.1 ADC Control Register (AISR/R5, ADCON/R6, ADOC/R7)
6.7.1.1 Bank 2 R5AISR (ADC Input Select Register)

The AISR register individually defines the Port 6 pins as analog input or as digital 1/0.

Symbol ADE7 ADEG6 ADE5 ADE4 ADE3 ADE2 ADE1 ADEO

*Init_Value 0 0 0 0 0 0 0 0

Bit 7 (ADE7): AD converter enable bit of P67 pin.

0 : Disable ADC7, P67 functions as 1/O pin

1 : Enable ADCY7 to function as analog input pin
Bit 6 (ADEBG): AD converter enable bit of P66 pin

0 : Disable ADC6, P66 functions as 1/O pin

1 : Enable ADCS6 to function as analog input pin
Bit 5 (ADES): AD converter enable bit of P65 pin

0 : Disable ADC5, P65 functions as I/O pin

1 : Enable ADCS5 to function as analog input pin
Bit 4 (ADE4): AD converter enable bit of P64 pin.

0 : Disable ADC4, P64 functions as I/O pin

1 : Enable ADC4 to function as analog input pin
Bit 3 (ADES3): AD converter enable bit of P63 pin.

0 : Disable ADC3, P63 functions as I/O pin

1 : Enable ADC3 to function as analog input pin
Bit 2 (ADE2): AD converter enable bit of P62 pin

0 : Disable ADC2, P62 functions as /O pin

1 : Enable ADC2 to function as analog input pin
Bit 1 (ADE1): AD converter enable bit of P61 pin

0 : Disable ADC1, P61 functions as I/O pin

1: Enable ADC1 to function as analog input pin
Bit 0 (ADEOQ): AD converter enable bit of P60 pin.

0 : Disable ADCO, P60 functions as I/O pin
1 : Enable ADCO to function as analog input pin
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6.7.1.2 Bank 2 R6 ADCON (A/D Control Register)

The ADCON register controls the operation of the A/D conversion and determines
which pin should be currently active.

Bit | Bit7 | Bit6 | Bits | Bit4 | Bits | Bit2 | Bit1 | Bito
Symbol | VREFS | CKR1 | CKRO | ADRUN | ADPD | ADIS2 | ADIS1 | ADISO

Bit 7 (VREFS): ADC’s Vref input source

0 : ADC’s Vref is connected to Vdd (default value), and the P50/VREF
pin carries out the function of P50

1: ADC’s Vref is connected to P50/VREF

Bit 6 ~ Bit 5 (CKR1 ~ CKRO0): The prescaler of oscillator clock rate of ADC
00 = 1: 4 (default value)

01=1:1
10=1:16
11=1:2
CKR1/CKRO | Operation Mode Max. Operation Frequency
7 00 Foscl/4 4 MHz
01 Fosc 1 MHz
10 Fosc/16 16 MHz
11 Fosc/2 2 MHz

Bit 4 (ADRUN): ADC starts to run
0 : reset on completion of the conversion. This bit cannot be reset by
software.
1:an A/D conversion is started. This bit can be set by software.

Bit 3 (ADPD): ADC Power-down mode
0 : switch off the resistor reference to save power even while the
CPU is operating
1: ADC is operating

Bit 2 ~ Bit 0 (ADIS2 ~ ADISO0): Analog Input Select
000 = ANO/P60
001 = AN1/P61
010 = AN2/P62
011 = AN3/P63
100 = AN4/P64
101 = AN5/P65
110 = AN6/P66
111 = AN7/P67

They can only be changed when the ADIF bit and the ADRUN bit are both Low.
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6.7.1.3 Bank 2 R7 ADOC (A/D Offset Calibration Register)

Bit 7 ‘ Bit 6 ‘ Bit 5 ’ Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit0
CALI SIGN VOF[2] VOF[1] VOF[0] - - -

Bit 7 (CALI):  Calibration enable bit for A/D offset
0 : disable Calibration

1 : enable Calibration

Bit 6 (SIGN):  Polarity bit of offset voltage
0 : Negative voltage
1 : Positive voltage

Bit 5 ~ Bit 3 (VOF[2] ~ VOF[0]): Offset voltage bits

Bits 2 ~ 0: Not used, set to “0” at all time

6.7.2 ADC Data Buffer (ADDH, ADDL/R8, R9)

When the A/D conversion is completed, the result is loaded to the ADDH, ADDL. The
ADRUN bit is cleared, and the ADIF is set.

6.7.3 A/D Sampling Time

The accuracy, linearity, and speed of the successive approximation A/D converter are
dependent on the properties of the ADC and the comparator. The source impedance
and the internal sampling impedance directly affect the time required to charge the
sample holding capacitor. The application program controls the length of the sample
time to meet the specified accuracy. Generally speaking, the program should wait for
2 us for each KQ of the analog source impedance and at least 2us for the low-
impedance source. The maximum recommended impedance for the analog source is
10KQ at Vdd=5V. After the analog input channel is selected, this acquisition time
must be done before conversion can be started.

6.7.4 A/D Conversion Time

CKR1 and CKRO select the conversion time (Tct), in terms of instruction cycles. This
allows the MCU to run at a maximum frequency without sacrificing the AD conversion
accuracy. For the EM78F564N, the conversion time per bit is 1us. Table 6-8-4-1
shows the relationship between Tct and the maximum operating frequencies.

Table 6-8-4-1 Tct vs. Maximum Operation Frequency

Operation [Max. Operation| Max. Conversion

CKR1: CKRO Mode Frequency Rate/Bit Max. Conversion Rate
00 Fosc/4 4 MHz 1MHz (1 us) | 16x1 us = 16 ps (62.5kHz)
01 Fosc 1 MHz 1MHz (1 us) | 16x1 us = 16 ps (62.5kHz)
10 Fosc/16 16 MHz 1MHz (1 us) | 16x1 us = 16 ps (62.5kHz)
11 Fosc/2 2 MHz 1MHz (1 us) | 16x1 us = 16 us (62.5kHz)
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NOTE
The pin not used as an analog input can be used as regular input or output pin.

During conversion, do not perform output instruction to maintain precision for all the
pins.

6.7.5 A/D Operation during Sleep Mode

In order to obtain a more accurate ADC value and reduced power consumption, the
A/D conversion remains operational during sleep mode. As the SLEP instruction is
executed, all MCU operations will stop except for the Oscillator, TCC, TC1, TC2,
TC3, Timer A, Timer B and A/D conversion.

The AD Conversion is considered completed when:

1 ADRUN Bit of R6 Register Is Cleared to “0”.

2 Wake-up from A/D Conversion Remains in Operation during Sleep Mode.

The result is fed to the ADDATA, ADOC when the conversion is completed. If the

ADWE is enabled, the device will wake up. Otherwise, the A/D conversion will be
shut off, no matter what the status of the ADPD bit is.

6.7.6 Programming Steps/Considerations
6.7.6.1 Programming Steps
Follow these steps to obtain data from the ADC:

1. Write to the four bits (ADE7~ADEQ) on the R5 (AISR) register to define the
characteristics of R6 (digital I/O, analog channels, or voltage reference pin)
2.  Write to the R6/ADCON register to configure the AD module:
a) Select AD input channel (ADIS2 : ADIS0)
b) Define the AD conversion clock rate (CKR1 ~ CKRO)
c) Select the VREFS input source of the ADC
d) Set the ADPD bit to 1 to begin sampling

3. Set the ADWE bit, if the wake-up function is employed
4. Set the ADIE bit, if the interrupt function is employed

5. Write “ENI” instruction, if the interrupt function is employed
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Set the ADRUN bit to 1
Wait for wake-up or for ADRUN bit to be cleared to “0”
Read the ADDATAH and ADDATAL conversion data registers.

© ®© N o

Clear the interrupt flag bit (ADIF) when A/D interrupt function has occurred.

10. For the next conversion, go to Step 1 or Step 2 as required. At leasttwo TCT’s
are required before the next acquisition starts.

NOTE

To obtain an accurate value, it is necessary to avoid any data transition on the I/O
pins during AD conversion.

6.7.6.2 Demonstration Programs

; To define the general registers

R 0O == ; Indirect addressing register
PSW == ; Status register

PORT5 == 5

PORT6 == 6

RA== OXA ; Wake-up control register
RF== OXF ; Interrupt status register

; To define the control register

10C50 == 0X5 ; Control Register of Port 5

10C60 == 0X6 ; Control Register of Port 6
C_INT == OXF ; Interrupt Control Register

;ADC Control Registers
ADDATAH == 0x8 The contents are the results of ADC

ADDATAL == 0x9 ; The contents are the results of ADC

AISR == 0x05 ; ADC input select register

ADCON == 0x6 ;7 6 5 4 3 2 1 0
(VREFS) (CKR1:0) (ADRUN) (ADPD) (AD1S2:0)

ADOC == 0Ox07 ; ADC offset calibration register

;To define bits

;In ADCON
ADRUN == 0x4 ; ADC i1s executed as the bit iIs set
ADPD == 0x3 ; Power Mode of ADC
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ORG O
JMP
ORG 0x30

INITIAL

(User’s program)

BANK
CLR RF
BANK

BS ADCON

RETI

INITIAL:
BANK

MOV A
MOV AISR
MOV A

MOV ADCON

MOV A
MOV ADOC

En_ADC:
MOV A

IOW PORT6
BANK
MOV A

MOV RA
MOV A

IOW C_INT

ENI
BANK
BS ADCON

SLEP
POLLING:
JBC ADCON

ADRUN

JMP POLLING

@0B0O0000001
A
@0B00001000
A
@0B0O0O000000
A

@OBXXXXXXX1

@OBXXLXXXXX

A
@OBXIXXXXXX

ADRUN

ADRUN

(User’s program)

Initial address

Interrupt vector

Determined by User

To clear the ADIF bit

To start to execute the next AD
conversion if necessary

To define P60 as an analog input

To select P60 as an analog input
channel, and AD power on
To define P60 as an input pin and
set clock rate at fosc/4

To disable calibration

To define P60 as an input pin, and
the others are dependent
on applications

Enable the ADWE wake-up function
of ADC, “X” by application

Enable the ADIE interrupt function
of ADC, “X” by application

Enable the interrupt function

Start to run the ADC

IT the interrupt function is
employed, the following three
lines may be ignhored

Into sleep mode

To check the ADRUN bit
continuously

ADRUN bit will be reset as the AD
conversion is completed

Read AD convert data from ADDATAH/L
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6.8 Dual Set of PWM (Pulse Width Modulation)

6.8.1 Overview

In PWM mode, PWMA and PWMB pins produce up to a 10-bit resolution PWM output
(see Figure 6-20 for the functional block diagram). A PWM output has a period and a
duty cycle, and it keeps the output in high. The baud rate of the PWM is the inverse of
the period. Figure 6-21 depicts the relationships between a period and a duty cycle.

DLAH +DLAL |¢_2n AL
Fosc —p DTAH
+
1:2 —W
< | P DTAL Ij Duty Cycle
1is —> Mux Comparator| Match
1:32 —p PWMA
1:64 —P
1:128 —P . L
1:256 —W
TMRAH +TMRAL ’
J d S
Banka3,
<1>
Comparator Ri<l1
TAP2 |TAP1| TAPO|TAEN Period
Match

Data Bus Data Bus

To
PWMBIF

DLBH + DLBL

TBP2|TBP1| TBPO [TBEN
Comparator
L[ ] PWMB
Fose r
1:2 —»
- I LS
1:16 —» MUX Bank3,
 — Comparator . R7<0>
1:128 —W Period
1:256 —W Match
Figure 6-20 Functional Block Diagram of the two PWMs
Period o
Duty Cycle ‘\ ‘\
PRDA = TMRA
DTA = TMRA
Figure 6-21 PWM Output Timing
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6.8.2 Increment Timer Counter (TMRX: TMRAH/L or TMRBHY/L)

TMRX are 10-bit clock counters with programmable prescalers. They are designed
for the PWM module as baud rate clock generators. TMRX can be read only. If
employed, they can be turned down for power conservation, by setting TAEN Bit
[R5<7> Bank 3] or TBEN Bit [R5<3> Bank 3] to 0.

6.8.3 PWM Period (PRDX : PRDA or PRDB)

The PWM period is defined by writing to the PRDX register. When TMRX is equal to
PRDX, the following events occur on the next increment cycle:

(1) TMRX is cleared.
(2) The PWMX pin is setto 1.
(3) The PWM duty cycle is latched from DTA/DTB to DLA/DLB.

NOTE
The PWM output will not be set, if the duty cycle is 0.

(4) The PWMXIF pin is set to 1.

The following formula describes how to calculate the PWM Time Period:

Period = (PRDX +1)><(F1 ]X(TMRX prescaler value)
0sc

Example:
PRDX =49; Fosc=4MHz TMRX (0,0,0)=1: 2,
Then

Period = (49+1) x (ij x 2 = 25us
4M

6.8.4 PWM Duty Cycle (DTX: DTA or DTB)

The PWM duty cycle is defined by writing to the DTX register, and is latched from
DTX to DLX while TMRX is cleared. When DLX is equal to TMRX, the PWMX pin is
cleared. DTX can be loaded at any time. However, it cannot be latched into DLX
until the current value of DLX is equal to TMRX.

The following formula describes how to calculate the PWM duty cycle:

Duty cycle = (DTX)x( jx(TMRX prescale value)

I:OSC
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Example:

DTX = 10; Fosc =4 MHz; TMRX (0,0,0)=1: 2,

Then

Duty cycle = (1o)x[ﬁjx 2 = 5ps

6.8.5 Comparator X

Changing the output status while a match occurs will simultaneously set the PWMXIF
flag.

6.8.6 PWM Programming Procedures/Steps

(1) Load PRDX with the PWM period.

(2) Load DTX with the PWM Duty Cycle.

(3) Enable the interrupt function by writing IOCF, if required.

(4) Set PWMX pin to be output by writing a desired value to Bank 3 R7.

(5) Load a desired value to Bank 3 R5 with the TMRX prescaler value, and enable
both PWMX and TMRX.

6.8.7 Timer Mode
6.8.7.1 Overview

Timer X: Timer A (TMRA) and Timer B (TMRB) are 10-bit clock counters with
programmable prescalers, respectively. They are designed for the PWM module as
baud rate clock generators. TMRX can be read only. Timer A and Timer B stopped
running when sleep mode occurs, with A/D Conversion not running. However, if A/D
conversion is running when sleep mode occurs, Timer A and Timer B will keep on
running.
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6.8.7.2 Functional Description

Figure 6-22 shows the TMRX block diagram. Each signal and blocks are described

as follows:
Fosc 1:2 —
1:4 —
1:8 —»
. To PWMAIF
1:16 —p
1:22 —3 MUX —
1:64
1:128 —» TMRAX l¢_reset Period
1:256 —»
N ) Match

TAP2

Data Bus

TAP1 TAPO

Data Bus

