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Section2 CPU

Data Type General
Register

Word data Rn

Data Format

15 0
Word data En Mse Lse
15 0
MSB LSB
Longword ERn
data 31 16 15 0
MSB LSB
Legend
ERn : General register ER
En : General register E
Rn : General register R
RnH : General register RH
RnL : General register RL
MSB : Most significant bit
LSB : Least significant bit
Figure2.5 General Register Data Formats (2)
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Section 3 Exception Handling

/\/ /\/
SP—4 SP (R7) — CCR
SP-3 SP +1 CCR’3
SP-2 SP+2 PCH
SP -1 SP+3 PCL
SP (R7) — SP+4 Even address
Stack area
/_\_/ /_\/

Prior to start of interrupt ———————* After completion of interrupt

exception handling PC and CCR exception handling
saved to stack

Legend:

PCH: Upper 8 bits of program counter (PC)
PCL: Lower 8 bits of program counter (PC)
CCR: Condition code register

SP:  Stack pointer

Notes: 1. PC shows the address of the first instruction to be executed upon return from the interrupt
handling routine.
2. Register contents must always be saved and restored by word length, starting from
an even-numbered address.
3. Ignored when returning from the interrupt handling routine.

Figure3.2 Stack Statusafter Exception Handling

344 Interrupt Response Time

Table 3.2 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handling-routine is executed.

Table3.2 Interrupt Wait States

Item States Total
Waiting time for completion of executing instruction* 11023 15 to 37
Saving of PC and CCR to stack 4

Vector fetch 2

Instruction fetch 4

Internal processing 4

Note: * Notincluding EEPMOV instruction.
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Section 7 ROM

7.1 Block Configuration

Figure 7.1 shows the block configuration of 32-kbyte flash memory. The thick lines indicate
erasing units, the narrow lines indicate programming units, and the values are addresses. The flash
memory isdivided into 1 kbyte x 4 blocks and 28 kbytes x 1 block. Erasing is performed in these
units. Programming is performed in 128-byte units starting from an address with lower eight bits
H'00 or H'80.

HO0000 ! HO0001 ! HO0002 | ~—Programming unit: 128 bytes — | HO0O07F
Erase unit H'0080 | H0081 | HO0082 | | HOOFF
1kbyte : : : :

H0380 : HO0381 @ HO0382 ! ! HO3FF

H0400 | HO0401 | HO0402 | <—Programming unit: 128 bytes — ' HO47F
Eraseunit| H0480 ! HO0481 ! HO0481 ! ' HO4FF
1kbyte 1 1 | |

HO780 | HO781 @ HO782 ! " HO7FF

H'0800 ! H0801 ! H0802 '@ ——Programming unit: 128 bytes — : H'087F
Eraseunit| HO0880 | HO0881 | HO0882 ! ! HOBFF
1kbyte : ! ! !

HOB8O @ HOB81 : HOB82 : ' HOBFF

HOC00 ! HOCO1 ! HOC02 ! =—Programming unit: 128 bytes —= ' HOC7F
Eraseunit| HOC80 ! HOC81 | HOC82 ! ! HOCFF
1kbyte | | | |

HOF8O : HOF81 @ HOF82 ! ! HOFFF

H'1000 E H'1001 E H'1002 E ~<— Programming unit: 128 bytes — E H'107F
Eraseunit| H1080 ! H1081 ' H1082 ! H10FF
28 kbytes i i 1 :

H7F80 | H7F81 | H7F82 ! | H7FFF

Figure7.1 Flash Memory Block Configuration
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Section 7 ROM

Initial

Bit Bit Name Value R/W Description

2 PV 0 R/W Program-Verify
When this bit is set to 1, the flash memory changes to
program-verify mode. When it is cleared to 0, program-
verify mode is cancelled.

1 E 0 R/W Erase
When this bit is set to 1, and while the SWE =1 and ESU
=1 bits are 1, the flash memory changes to erase mode.
When it is cleared to 0, erase mode is cancelled.

0 P 0 R/W Program

When this bit is set to 1, and while the SWE = 1 and PSU
=1 bits are 1, the flash memory changes to program
mode. When it is cleared to 0, program mode is
cancelled.

722 Flash Memory Control Register 2 (FLMCR2)

FLMCR2 is aregister that displays the state of flash memory programming/erasing. FLMCR2 isa
read-only register, and should not be written to.

Initial

Bit Bit Name Value R/W Description

7 FLER 0 R Flash Memory Error
Indicates that an error has occurred during an operation
on flash memory (programming or erasing). When FLER
is set to 1, flash memory goes to the error-protection
state.
See 7.5.3, Error Protection, for details.

6to0 — All O — Reserved

These bits are always read as 0.
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Section 9 /O Ports

e PS3/FTIOC pin

Register TIOR1 PCRS8
Bit Name I0C2 IOC1 I0CO PCR83 Pin Function
Setting Value 0 0 0 0 P83 input/FTIOC input pin
1 P83 output/FTIOC input pin
0 1 X FTIOC output pin
1 X X FTIOC output pin
X X 0 P83 input/FTIOC input pin
1 P83 output/FTIOC input pin
Legend X: Don't care.
e PB2/FTIOB pin
Register TIORO PCRS8
Bit Name 10B2 I0B1 I0BO PCR82 Pin Function
Setting Value 0 0 0 0 P82 input/FTIOB input pin
1 P82 output/FTIOB input pin
0 1 X FTIOB output pin
X X FTIOB output pin
1 X X 0 P82 input/FTIOB input pin
1 P82 output/FTIOB input pin
Legend X: Don't care.
e PBLUFTIOA pin
Register TIORO PCRS8
Bit Name I0A2 IOAl IOAOQ PCR81 Pin Function
Setting Value 0 0 0 0 P81 input/FTIOA input pin
1 P81 output/FTIOA input pin
0 1 X FTIOA output pin
X X FTIOA output pin
1 X X 0 P81 input/FTIOA input pin
1 P81 output/FTIOA input pin
Legend X: Don't care.
Rev. 4.00 Sep. 23,2005 Page 114 of 354
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Section 9 /O Ports

9.6.1 Port Data Register B (PDRB)

PDRB is ageneral input-only port data register of port B.

Initial
Bit Bit Name Value R/W Description
7to4 — — — Reserved
PB3 — R The input value of each pin is read by reading this
2 PB2 _ R register.
1 PB1 . R However, if a port B pin is designated as an analog input
0 PBO R channel by ADCSR in A/D converter, 0 is read.
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Section 10 Timer V

Section 10 Timer V

Timer V isan 8-bit timer based on an 8-hit counter. Timer V counts external events. Compare-
match signals with two registers can also be used to reset the counter, request an interrupt, or
output a pulse signa with an arbitrary duty cycle. Counting can be initiated by atrigger input at
the TRGV pin, enabling pulse output control to be synchronized to the trigger, with an arbitrary
delay from the trigger input. Figure 10.1 shows a block diagram of timer V.

10.1 Features

e Choice of seven clock signalsis available.
Choice of six internal clock sources (¢/128, ¢/64, ¢/32, ¢/16, ¢/8, ¢/4) or an external clock.

e Counter can be cleared by compare match A or B, or by an external reset signal. If the count
stop function is selected, the counter can be halted when cleared.

e Timer output is controlled by two independent compare match signals, enabling pul se output
with an arbitrary duty cycle, PWM output, and other applications.

e Threeinterrupt sources. compare match A, compare match B, timer overflow
e Counting can be initiated by trigger input at the TRGV pin. The rising edge, falling edge, or
both edges of the TRGV input can be selected.

TIMO8VOA_000120030300 Rev. 4.00 Sep. 23,2005 Page 117 of 354
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Section 10 Timer V

10.5 Timer V Application Examples

10.5.1  Pulse Output with Arbitrary Duty Cycle
Figure 10.9 shows an example of output of pulses with an arbitrary duty cycle.

1. Set bits CCLR1 and CCLRO in TCRVO0 so that TCNTV will be cleared by compare match with
TCORA.

2. Set bitsOS3to OS0 in TCSRV so that the output will go to 1 at compare match with TCORA
and to 0 at compare match with TCORB.

3. Set bits CKS2to CKS0 in TCRVO and bit ICKS0in TCRV 1 to select the desired clock source.

4. With these settings, awaveform 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

e e e

Time

Figure 10.9 Pulse Output Example
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Section 10 Timer V

10.6  Usage Notes
The following types of contention or operation can occur in timer V operation.

1. Writing to registersis performed in the T3 state of a TCNTV write cycle. If aTCNTV clear
signal is generated in the T3 state of a TCNTV write cycle, as shown in figure 10.11, clearing
takes precedence and the write to the counter is not carried out. If counting-up is generated in
the T3 state of a TCNTV write cycle, writing takes precedence.

2. If acompare match is generated in the T3 state of a TCORA or TCORB write cycle, the write
to TCORA or TCORB takes precedence and the compare match signal isinhibited. Figure
10.12 shows the timing.

3. If compare matches A and B occur simultaneously, any conflict between the output selections
for compare match A and compare match B is resolved by the following priority: toggle
output > output 1 > output O.

4. Depending on thetiming, TCNTV may be incremented by a switch between different internal
clock sources. When TCNTYV isinternally clocked, an increment pulseis generated from the
falling edge of an internal clock signal, that is divided system clock (¢). Therefore, as shown
in figure 10.3 the switch isfrom a high clock signal to alow clock signal, the switchover is
seen as afalling edge, causing TCNTV to increment. TCNTV can also be incremented by a
switch between internal and external clocks.

TCNTV write cycle by CPU

Ty Ty T3

Address X TCNTV address X

Internal write signal | |
Counter clear signal | |

TCNTV N X H'00

Figure10.11 Contention between TCNTV Writeand Clear
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Section 11 Timer W

11.3.7 Timer Counter (TCNT)

TCNT is a16-hit readable/writable up-counter. The clock source is selected by hits CKS2 to
CKS0in TCRW. TCNT can be cleared to H'0000 through a compare match with GRA by setting
the CCLR in TCRW to 1. When TCNT overflows (changes from H'FFFF to H'0000), the OVF
flagin TSRW issetto 1. If OVIE in TIERW is set to 1 at thistime, an interrupt request is
generated. TCNT must always be read or written in 16-bit units; 8-bit accessis not allowed.
TCNT isinitialized to H'0000 by a reset.

11.3.8 General Registers A to D (GRA to GRD)

Each general register is a 16-bit readable/writable register that can function as either an output-
compare register or an input-capture register. The function is selected by settingsin TIOR0 and
TIORL1.

When ageneral register is used as an input-compare register, its value is constantly compared with
the TCNT value. When the two values match (a compare match), the corresponding flag (IMFA,
IMFB, IMFC, or IMFD) in TSRW is set to 1. An interrupt request is generated at this time, when
IMIEA, IMIEB, IMIEC, or IMIED is set to 1. Compare match output can be selected in TIOR.

When ageneral register is used as an input-capture register, an external input-capture signal is
detected and the current TCNT valueis stored in the general register. The corresponding flag
(IMFA, IMFB, IMFC, or IMFD) in TSRW is set to 1. If the corresponding interrupt-enable bit
(IMIEA, IMIEB, IMIEC, or IMIED) in TSRW is set to 1 at thistime, an interrupt request is
generated. The edge of the input-capture signal is selected in TIOR.

GRC and GRD can be used as buffer registers of GRA and GRB, respectively, by setting BUFEA
and BUFEB in TMRW.

For example, when GRA is set as an output-compare register and GRC is set as the buffer register
for GRA, the value in the buffer register GRC is sent to GRA whenever compare match A is
generated.

When GRA is set as an input-capture register and GRC is set as the buffer register for GRA, the
valuein TCNT istransferred to GRA and the value in the buffer register GRC istransferred to
GRA whenever an input capture is generated.

GRA to GRD must be written or read in 16-bit units; 8-bit access is not allowed. GRA to GRD are
initialized to H'FFFF by areset.
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Section 11 Timer W

Figure 11.11 shows an example of buffer operation when the FTIOB pin is set to PWM mode and
GRD is set as the buffer register for GRB. TCNT is cleared by compare match A, and FTIOB
outputs 1 at compare match B and 0 at compare match A.

Due to the buffer operation, the FTIOB output level changes and the value of buffer register GRD
istransferred to GRB whenever compare match B occurs. This procedure is repeated every time
compare match B occurs.

TCNT value
GRA oo g bioasg AT ~ A TH0520
B .
H'020 i i Lo
GRB 15 o A R 4 1 L
H'0000 — : — - Time
GRD  Ho2000 X | HO0450 ! X | Hos20 PoX
GRB X H0200 | | H'0450 X H0520

A
X

Figure11.11 Buffer Operation Example (Output Compare)

RENESAS
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Section 13 Serial Communication Interface 3 (SCI3)

13.3.9 SCI3 3 Module Control Register (SMCR)

SMCR controls the SCI3_3 and modul e standby function.

Initial
Bit Bit Name  Value R/W Description
7to4 — All 1 — Reserved
These bits are always read as 1.
3,2 — All 1 — Reserved
These bits are always read as 1. When the emulator is
used, these bits must be cleared to 0.
1 TXD_3 0 R/W TXD_3 Output Select
Selects the function of the P57/TXD_3 pin.
0: General I/O port
1: TXD_3 output pin
0 MSTS3_.3 0 R/W SCI3_3 Module Standby

When this bit is set to 1, the SCI3_3 enters the standby
state.
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Section 13 Serial Communication Interface 3 (SCI3)

Start reception

C

)

(1]

Read OER, PER, and
FER flags in SSR

OER+PER+FER =1

No

[1] 2]
(3]
(4]
(Continued on next page) [4]

| Read RDRF flag in SSR

| (2]

Yes
All data received?

No

(A)

(3]

Clear RE bitin SCR3to 0

<End>

Read the OER, PER, and FER flags in
SSR to identify the error. If a receive
error occurs, performs the appropriate
error processing.

Read SSR and check that RDRF =1,
then read the receive data in RDR.
The RDREF flag is cleared automatically.
To continue serial reception, before the
stop bit for the current frame is
received, read the RDRF flag and read
RDR.

The RDREF flag is cleared automatically.
If a receive error occurs, read the OER,
PER, and FER flags in SSR to identify
the error. After performing the
appropriate error processing, ensure
that the OER, PER, and FER flags are
all cleared to 0. Reception cannot be
resumed if any of these flags are set to
1. In the case of a framing error, a
break can be detected by reading the
value of the input port corresponding to
the RxD pin.

Figure13.8 Sample Serial Reception Data Flowchart (Asynchronous Mode)(1)
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Section 13 Serial Communication Interface 3 (SCI3)

13.5.2 SCl3Initialization

Before transmitting and receiving data, the SCI3 should beinitialized as described in asample
flowchart in figure 13.4.

1353 Serial Data Transmission

Figure 13.10 shows an example of SCI3 operation for transmission in clocked synchronous mode.
In serial transmission, the SCI3 operates as described below.

1. The SCI3 monitors the TDRE flag in SSR, and if the flag is 0, the SCI3 recognizes that data
has been written to TDR, and transfers the data from TDR to TSR.

2. The SCI3 setsthe TDRE flag to 1 and starts transmission. If the TIE bitin SCR3 issetto 1 at
thistime, atransmit data empty interrupt (TXI) is generated.

3. 8-bit datais sent from the TXD pin synchronized with the output clock when output clock
mode has been specified, and synchronized with the input clock when use of an external clock
has been specified. Serial datais transmitted sequentially from the LSB (bit 0), from the TXD
pin.

4. The SCI3 checks the TDRE flag at the timing for sending the MSB (bit 7).

5. Ifthe TDREflagiscleared to 0, dataistransferred from TDR to TSR, and serial transmission
of the next frame is started.

6. IftheTDREflagissetto 1, the TEND flag in SSRis set to 1, and the TDRE flag maintains
the output state of the last bit. If the TEIE bit in SCR3 is set to 1 at thistime, a TEI interrupt
reguest is generated.

7. The SCK3 pinisfixed high at the end of transmission.

Figure 13.11 shows a sample flow chart for seria datatransmission. Even if the TDRE flag is
cleared to O, transmission will not start while areceive error flag (OER, FER, or PER) isset to 1.
Make sure that the receive error flags are cleared to 0 before starting transmission.
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Section 14 A/D Converter

Module data bus Internal data bus

Aaan 00

AVge —

Bus interface

- AlAlA]lA AlA
g D|D|[D|D D|D| —
10-bitD/A Kl g2[ D[ D|D|D c|c
o R|R|R|R S|R
AlB|C|D R

Successive approximations

——— Ol

ANO —
AN1 —>
AN2 —»
AN3 —»

Ittt ' >‘ le——0/4
. - Control circuit

la——0/8

Sample-and- ADI

hold circuit interrupt request

Analog multiplexer

—

Legend
ADCR

1 A/D control register
ADCSR :
ADDRA :
ADDRB :
ADDRC :
ADDRD :

A/D control/status register
A/D data register A
A/D data register B
A/D data register C
A/D data register D

Figure14.1 Block Diagram of A/D Converter
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Section 15 Power-On Reset and Low-Voltage Detection Circuits (Optional)

1521 Low-Voltage-Detection Control Register (LVDCR)

LVDCR is used to enable or disable the low-voltage detection circuit, set the detection levels for
the LVDR function, enable or disable the LV DR function, and enable or disable generation of an
interrupt when the power-supply voltage rises above or falls below the respective levels.

Table 15.1 shows the relationship between the LVDCR settings and select functions. LVDCR
should be set according to table 15.1.

Initial

Bit Bit Name Value R/W Description
7 LVDE 0* R/W LVD Enable

0: The low-voltage detection circuit is not used (In

standby mode)

1: The low-voltage detection circuit is used
6to4 — All 1 — Reserved

These bits are always read as 1, and cannot be modified.
3 LVDSEL O* R/W LVDR Detection Level Select

0: Reset detection voltage is 2.3 V (typ.)
1: Reset detection voltage is 3.6 V (typ.)

When the falling or rising voltage detection interrupt is
used, reset detection voltage of 2.3 V (typ.) should be
used. When only a reset detection interrupt is used, reset
detection voltage of 3.6 V (typ.) should be used.

2 LVDRE 0* R/W LVDR Enable
0: Disables the LVDR function
1: Enables the LVDR function
1 LVDDE 0 R/W Voltage-Fall-Interrupt Enable

0: Interrupt on the power-supply voltage falling below the
selected detection level disabled

1: Interrupt on the power-supply voltage falling below the
selected detection level enabled

0 LVDUE 0 R/W Voltage-Rise-Interrupt Enable

0: Interrupt on the power-supply voltage rising above the
selected detection level disabled

1: Interrupt on the power-supply voltage rising above the
selected detection level enabled

Note: * Not initialized by LVDR but initialized by a power-on reset or WDT reset.
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Appendix

Internal data bus
AN

PMOS

|PMR|—|
[ror} - D

}I
SCI3_3 <]

} RXD_2! d
Legend
PMR: Port mode register
PDR: Port data register
PCR: Port control register

FigureB.11 Port 5 Block Diagram (P56) (H8/36024)
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PCR7..cccovviiiin, 109, 228, 232, 235 TMRW ..o 139, 226, 230, 233

PCRS...c.ooveieireinennn. 112,228, 232,235 TMWD...cocoveiinnn 170, 228,231,234
PDRI ..ccoviieiiiiinians 97,228, 232,234 TSR oot 178
PDR2 ....ccccovviinn. 101, 228, 232,234 TSRW o 142,226,230, 233
PDRS ..o 105, 228, 232, 234

PDR7 ..o, 109, 228, 232, 234

PDRS ...ccoeiieiinn. 113,228,232, 235 S

PDRB.....c.ocvvrriiinenes 116, 228, 232, 235 Serial communication interface 3 (SCI3) 173
PMRI..ooiiiiis 96,228, 232, 235 Asynchronous mode............cccceveeuennee. 192
PMRS .o 103,228, 232, 235 Bit 1ate......ccovvevieeriieineeeneecee 184
PUCRI...cooorins 98, 228,232,234 Break......ccooveeiiineiiicce 215
PUCRS...coiiiiee 105, 228, 232, 234 Clocked synchronous mode................. 200
RDR oo 178,227,231, 234 Framing error .......c.ccoceveveeienienenienene 196
RSR oo 178 Mark State .o 215
SCR3....oviivieirie 180, 227,231,234 Multiprocessor communication

SMCR ..o, 191,226, 230, 233 function ......ccoevvevrincinicee 207
3171 SR 179,227,231, 234 OVETITUN EITOT .....eonvieniiereeienireieeieenne 196
SSRoco, 182,227,231, 234 Parity error........ceceeeeevevieninencnencneee 196
SYSCRI oo 70,228, 232, 235 Stack pointer (SP) .....ccccocevveninenenereennns 13
SYSCRZ e 71,228, 232,235 System clocks ......c.cocevveirineiinineiene 65
TCONT..ccoviiririiin 147, 226, 230, 233

TCNTV. ..o, 119,227,231, 234

TCORA......cccovevnnne. 120, 227, 231, 234 T

TCORB..covorrr 120, 227, 231, 234 TIMEr V.o, 117
TCRVO o 121,227, 231, 234 TImer W..ooooiiiiicinicineccnceecrienes 135
TCRVI ..o 125,227,231, 234

TCRW...ooeiviriinnn 140, 226, 230, 233

TCSRV ..o, 123,227,231, 234

TCSRWD.........cccc.c.. 168, 227,231, 234 v

TCWD 169, 227, 231, 234 Vector address......ooovvvveeieeivceiieeieeeieeiees 45
TDR oo, 178,227,231, 234

TIERW ..o 141, 226, 230, 233

TIORO......ccoevinene 144, 226, 230, 233 W

TIOR1 ... 145, 226, 230, 233 Watchdog timer.........ccoeceeveeneeiencnenee. 167

Rev. 4.00 Sep. 23, 2005 Page 353 of 354
RENESAS REJ09B0025-0400



Rev. 4.00 Sep. 23,2005 Page 354 of 354
REJ09B0025-0400 RENESAS



