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Section 1 Overview

e General I/O ports
— I/O pins: 31 I/O pins, including 8 large current ports (I,, =20 mA, @V, =1.5V)
— Input-only pins: 8 input pins (also used for analog input)
e Frequency accuracy:
20 MHz £ 1.5% V.=40t050V, T, =25°C
16 MHz + 1.5% V=4.0t050V, T, =25°C

20 MHz + 3% V,=401055V, T, =-20t075°C
16 MHz + 3% V,=40t055V,T,=-20t075°C
20 MHz + 4% V,=301055V,T,=-20t075°C
16 MHz + 4% V,=3.0t055V,T,=-20t075°C

e Supports various power-down modes
Note: F-ZTAT™ is a trademark of Renesas Technology Corp.

e Compact package

Package Code Body Size Pin Pitch
LQFP-64 FP-64K 10.0 X 10.0 mm 0.5 mm
QFP-64 FP-64A 14.0 X 14.0 mm 0.8 mm
LQFP-48 FP-48F 10.0 X 10.0 mm 0.65 mm
LQFP-48 FP-48B 7.0X 7.0 mm 0.5mm
QFN-48 TNP-48 7.0 X 7.0 mm 0.5mm
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Section2 CPU

3. Finally, the CPU writes H'41 to PDRS, completing execution of BSET instruction.

As a result of the BSET instruction, bit 0 in PDRS becomes 1, and P50 outputs a high-level
signal. However, bits 7 and 6 of PDRS end up with different values. To prevent this problem,
store a copy of the PDRS data in a work area in memory. Perform the bit manipulation on the
data in the work area, then write this data to PDRS5.

e Prior to executing BSET instruction

MOV.B  #80, ROL The PDRS5 value (H'80) is written to a work area in

MOV.B ROL,  @RAMO memory (RAMO) as well as to PDRS.
MOV.B ROL, @PDR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0

e BSET instruction executed

BSET #0, @RAMO The BSET instruction is executed designating the PDR5
work area (RAMO).

o After executing BSET instruction

MOV.B @RAMO, ROL The work area (RAMO) value is written to PDR5.
MOV.B ROL, @PDR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output  Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1

Rev. 1.00 Aug. 28, 2006 Page 40 of 400
REJ09B0268-0100 RENESAS



Section 3 Exception Handling

323

Interrupt Enable Register 1 (IENRL)

IENRI1 enables direct transition interrupts, timer A overflow interrupts, and external pin interrupts.

Bit

Bit Name

Initial
Value

R/W

Description

7

IENDT

0

R/W

Direct Transfer Interrupt Enable

When this bit is set to 1, direct transition interrupt
requests are enabled.

IENTA

R/W

Timer A Interrupt Enable

When this bit is set to 1, timer A overflow interrupt
requests are enabled.

IENWP

R/W

Wakeup Interrupt Enable

This bit is an enable bit, which is common to the pins
WKP5 to WKPO. When the bit is set to 1, interrupt
requests are enabled.

Reserved
This bit is always read as 1.

IEN3

R/W

IRQ3 Interrupt Enable

When this bit is set to 1, interrupt requests of the IRQ3
pin are enabled.

IEN2

R/W

IRQ2 Interrupt Enable

When this bit is set to 1, interrupt requests of the IRQ2
pin are enabled.

IEN1

R/W

IRQ1 Interrupt Enable

When this bit is set to 1, interrupt requests of the IRQ1
pin are enabled.

IENO

R/W

IRQO Interrupt Enable

When this bit is set to 1, interrupt requests of the IRQ0
pin are enabled.

When disabling interrupts by clearing bits in an interrupt enable register, or when clearing bits in
an interrupt flag register, always do so while interrupts are masked (I = 1). If the above clear
operations are performed while I = 0, and as a result a conflict arises between the clear instruction
and an interrupt request, exception handling for the interrupt will be executed after the clear

instruction has been executed.

RENESAS
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Section 3 Exception Handling

Initial
Bit Bit Name Value R/W

Description

3 IWPF3 0 R/W

WKP3 Interrupt Request Flag
[Setting condition]

When WKP3 pin is designated for interrupt input and the
designated signal edge is detected.

[Clearing condition]
When IWPF3 is cleared by writing O.

2 IWPF2 0 R/W

WKP2 Interrupt Request Flag
[Setting condition]

When WKP2 pin is designated for interrupt input and the
designated signal edge is detected.

[Clearing condition]
When IWPF2 is cleared by writing 0.

1 IWPF1 0 R/W

WKP1 Interrupt Request Flag
[Setting condition]

When WKP1 pin is designated for interrupt input and the
designated signal edge is detected.

[Clearing condition]
When IWPF1 is cleared by writing O.

0 IWPFO 0 R/W

WKPO Interrupt Request Flag
[Setting condition]

When WKPO pin is designated for interrupt input and the
designated signal edge is detected.

[Clearing condition]
When IWPFO is cleared by writing 0.
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Section 5 Clock Pulse Generators

Section 5 Clock Pulse Generators

The clock pulse generator (CPG) consists of a system clock generating circuitry, a subclock
generating circuitry, and two prescalers. The system clock generating circuitry includes an
external clock oscillator, a duty correction circuit, an on-chip oscillator, an RC clock divider, a
clock select circuit, and a system clock divider. The subclock generating circuitry includes a
subclock oscillator, and a subclock divider. The CPG can function as a clock generating circuitry
itself or in combination with an external oscillator. Figure 5.1 shows a block diagram of the clock
pulse generator.

(5bits) |+ o /108

0SC1 _E, External Duty dosc 1
' clock bosc correction ¢ .
0SC2 < oscillator circuit o8 |
' Clock | ¢ | System | ¢/16 | ¢
E R select [—>| clock 1
| Fogc ROSC ong | OO divider | /32 |
| On-chip RC clock | Rosc/2| ¢rc /64 | |, 02
i | oscillator divider [ R </a ¢ ! Prescaler S0
' 0SC : (13 bits) | ¢/8192
:L System clock generating circuitry :
! owl2
X , Suk_)clock dw Subclock Ow/4 ; osus
X, ] oscillator (fw) divider ow/8 :
! Prescaler W[ ﬁ’c‘)"’/e

Subclock generating circuitry

Figure5.1 Block Diagram of Clock Pulse Generators

The system clock (¢) and subclock (¢,,,) are basic clocks on which the CPU and on-chip
peripheral modules operate. The system clock is divided into from ¢/2 to ¢/8192 by prescaler S.
The subclock is divided into from ¢,,/8 to ¢,,/128 by prescaler W. These divided clocks are
supplied to respective peripheral modules.
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Section 6 Power-Down Modes
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Section 7 ROM

Table7.3 System Clock Frequenciesfor which Automatic Adjustment of L S| Bit Rateis
Possible

Host Bit Rate System Clock Frequency Range of LSI

9,600 bps 10 MHz

4,800 bps

732 Programming/Erasing in User Program Mode

On-board programming/erasing of an individual flash memory block can also be performed in user
program mode by branching to a user program/erase control program. The user must set branching
conditions and provide on-board means of supplying programming data. The flash memory must
contain the user program/erase control program or a program that provides the user program/erase
control program from external memory. As the flash memory itself cannot be read during
programming/erasing, transfer the user program/erase control program to on-chip RAM, as in boot
mode. Figure 7.2 shows a sample procedure for programming/erasing in user program mode.
Prepare a user program/erase control program in accordance with the description in section 7.4,
Flash Memory Programming/Erasing.

Reset-start

No

Program/erase?

Yes
Transfer user program/erase control Branch to flash memory application
program to RAM program

Branch to user program/erase control
program in RAM

Execute user program/erase control
program (flash memory rewrite)

Branch to flash memory application
program

Figure7.2 Programming/Erasing Flowchart Examplein User Program Maode
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Section 7 ROM

For a dummy write to a verify address, write 1-byte data H'FF to an address whose lower two
bits are B'00. Verify data can be read in longwords from the address to which a dummy write
was performed.

If the read data is not erased successfully, set erase mode again, and repeat the erase/erase-
verify sequence as before. The maximum number of repetitions of the erase/erase-verify
sequence is 100.

743 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, including the NMI interrupt, are disabled while flash memory is being programmed
or erased, or while the boot program is executing, for the following three reasons:

1.

Interrupt during programming/erasing may cause a violation of the programming or erasing
algorithm, with the result that normal operation cannot be assured.

If interrupt exception handling starts before the vector address is written or during
programming/erasing, a correct vector cannot be fetched and the CPU malfunctions.

If an interrupt occurs during boot program execution, normal boot mode sequence cannot be
carried out.
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Section 9 I/O Ports

e P20/SCK3 pin

Register SCR3 SMR PCR2
Bit Name CKE1l CKEO COM PCR20 Pin Function
Setting Value 0 0 0 0 P20 input pin
1 P20 output pin
0 0 1 X SCKS output pin
0 1 X X SCKaS output pin
1 X X X SCKa3 input pin

Legend X: Don't care.

9.3 Port 5

Port 5 is a general I/O port also functioning as an I’C bus interface I/O pin, an A/D trigger input
pin, wakeup interrupt input pin. Each pin of the port 5 is shown in figure 9.3. The register setting
of the I’C bus interface register has priority for functions of the pins P57/SCL and P56/SDA. Since
the output buffer for pins P56 and P57 has the NMOS push-pull structure, it differs from an output
buffer with the CMOS structure in the high-level output characteristics (see section 20, Electrical
Characteristics).

~—— P57/SCL
~<—— P56/SDA
~—— P55/WKP5/ADTRG
~—— P54/WKP4
~—— P53/WKP3
~——— P52/WKP2
~—— P51/ WKP1
~—— P50/WKPO

Port 5

Figure9.3 Port 5 Pin Configuration
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Section 11 Timer V

0 N I Iy

TMRIV(External

counter reset

input pin )

TCNTV reset | |

signal

TCNTV N -1 X N X H'00

Figure11.8 Clear Timing by TMRIV Input
11.5 Timer V Application Examples

11.5.1 Pulse Output with Arbitrary Duty Cycle
Figure 11.9 shows an example of output of pulses with an arbitrary duty cycle.

1. Set bits CCLR1 and CCLRO in TCRVO so that TCNTV will be cleared by compare match with
TCORA.

2. Set bits OS3 to OS0 in TCSRYV so that the output will go to 1 at compare match with TCORA
and to 0 at compare match with TCORB.

3. Set bits CKS2 to CKS0 in TCRVO and bit ICKS0 in TCRV1 to select the desired clock source.

4. With these settings, a waveform is output without further software intervention, with a period
determined by TCORA and a pulse width determined by TCORB.

TCNTV value

HFF

TCORA

TCORB

H'00 Time

TMOV

Figure11.9 Pulse Output Example
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Section 12 Timer W

Internal clock: o l«—» FTIOA
/2 Clock
o/4 selector FTIOB
o/8 .
External clock: FTCI Control logic FTIoc
Comparator < » FTIOD

——» IRRTW

E (121312
ZlIEIEIE]||E gllz||E||z||¢e —
= B CH B NGH I KON | RCH B I=N < i 21 F
Internal
T 1 7 T ] T 1 T ] T 1 T ] data bus

<>

Bus interface

[Legend]

TMRW: Timer mode register W (8 bits)
TCRW: Timer control register W (8 bits) —
TIERW: Timer interrupt enable register W (8 bits)

TSRW: Timer status register W (8 bits)

TIOR:  Timer I/O control register (8 bits)

TCNT: Timer counter (16 bits)

GRA: General register A (input capture/output compare register: 16 bits)

GRB: General register B (input capture/output compare register: 16 bits)

GRC: General register C (input capture/output compare register: 16 bits)

GRD: General register D (input capture/output compare register: 16 bits)

IRRTW: Timer W interrupt request

Figure12.1 Timer W Block Diagram
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Section 12 Timer W

124  Operation

The timer W has the following operating modes.
e Normal Operation

e PWM Operation

1241 Normal Operation

TCNT performs free-running or periodic counting operations. After a reset, TCNT is set as a free-
running counter. When the CTS bit in TMRW is set to 1, TCNT starts incrementing the count.
When the count overflows from H'FFFF to H'0000, the OVF flag in TSRW is set to 1. If the OVIE
in TIERW is set to 1, an interrupt request is generated. Figure 12.2 shows free-running counting.

TCNT value
H'FFFF

H'0000 Time

CTS bit | .
' Flag cleared

L by software

OVF | | |

Figure12.2 Free-Running Counter Operation
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Section 12 Timer W

126  Usage Notes

The following types of contention or operation can occur in timer W operation.

1.

The pulse width of the input clock signal and the input capture signal must be at least two
system clock () cycles; shorter pulses will not be detected correctly.

Writing to registers is performed in the T2 state of a TCNT write cycle.

If counter clear signal occurs in the T2 state of a TCNT write cycle, clearing of the counter
takes priority and the write is not performed, as shown in figure 12.24. If counting-up is
generated in the TCNT write cycle to contend with the TCNT counting-up, writing takes
precedence.

Depending on the timing, TCNT may be incremented by a switch between different internal
clock sources. When TCNT is internally clocked, an increment pulse is generated from the
rising edge of an internal clock signal, that is divided system clock (¢). Therefore, as shown in
figure 12.25 the switch is from a low clock signal to a high clock signal, the switchover is seen
as a rising edge, causing TCNT to increment.

If timer W enters module standby mode while an interrupt request is generated, the interrupt
request cannot be cleared. Before entering module standby mode, disable interrupt requests.

TCNT write cycle
T T2
; ST
Address XTCNT address X

Write signal

Counter clear I_l

signal

TCNT N X H'0000

Figure12.24 Contention between TCNT Write and Clear
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Section 13 Watchdog Timer
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Section 15 I°C Bus Interface 2 (IIC2)

154  Operation

The I’C bus interface can communicate either in I’C bus mode or clocked synchronous serial mode
by setting FS in SAR.

15.4.1 1°C BusFormat

Figure 15.3 shows the I’C bus formats. Figure 15.4 shows the I’C bus timing. The first frame
following a start condition always consists of 8 bits.

(a) I2C bus format (FS = 0)

[s: s |rw[a]| pata [ A ] AR | P
} 7 } 1 - ! n } ! | |<1——-1—>| n: Transfer bit count

1 m (n=1t08)

m: Transfer frame count
(m=1)

(b) I12C bus format (Start condition retransmission, FS = 0)
[s] sa [rw] a | patA | [aA] s sta [rw][ a ] oata | [aa] P |
| 7 | 1 | ni . 1 1 7 | 1 | 1 n2 | 1 1 |

1 m1 1 m2

n1 and n2: Transfer bit count (n1 and n2 = 1 to 8)
m1 and m2: Transfer frame count (m1 and m2 > 1)

Figure 15.3 1°C BusFormats

N Vi an VA Wi oo WA wiis e an W/

1 L ] L IL ] L IL ]
S SLA RW A DATA A DATA A P

Figure15.4 1°C BusTiming
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Section 18 Power Supply Circuit

18.2  When Not Using Internal Power Supply Step-Down Cir cuit

When the internal power supply step-down circuit is not used, connect the external power supply
to the V,, pin and V. pin, as shown in figure 18.2. The external power supply is then input directly
to the internal power supply. The permissible range for the power supply voltage is 3.0 V to 3.6 V.
Operation cannot be guaranteed if a voltage outside this range (less than 3.0 V or more than 3.6 V)
1S 1mput.

Voo =3.0103.6 V

Step-down circuit

Internal
power
supply

Internal
logic

Figure18.2 Power Supply Connection when Internal Step-Down Circuit is Not Used
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Section 20 Electrical Characteristics

tScyc
Vi or Vou'
SCK3 V||_ or Vo|_ *
trxp
| et
TXD Voh
(transmit data) Voo
trxs
tRXH
oot~

s\ () X

Note:  * Output timing reference levels
Output high: Vou=20V
Output low: V=08V
Load conditions are shown in figure 21.8.

Figure20.6 SCI Input/Output Timing in Clocked Synchronous M ode

20.4  Output Load Condition

2.4kQ

LSI output pin @ l ‘ K

30 pF 12kQ

Figure20.7 Output Load Circuit
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Appendix

TableA.3 Number of Cyclesin Each Instruction

Execution Status Access Location

(Instruction Cycle) On-Chip Memory On-Chip Peripheral Module
Instruction fetch S 2 —

Branch address read S,

Stack operation S,

Byte data access S, 2 or 3*

Word data access S, 2 or 3*

Internal operation S, 1

Note: * Depends on which on-chip peripheral module is accessed. See section 19.1, Register
Addresses (Address Order).
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