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Section 3 Exception Handling

31 Exception Sourcesand Vector Address

Table 3.1 shows the vector addresses and priority of each exception handling. When more than
one interrupt is requested, handling is performed from the interrupt with the highest priority.

Table3.1 Exception Sourcesand Vector Address
Vector

Source Origin Exception Sources Number Vector Address Priority
Reset RES, Watchdog Timer 0 H'0000 to H'0001 High
Reserved for Break instructions 1 H'0002 to H'0003 A
system use
Reserved for Break interrupts 2 H'0004 to H'0005
system use (mode transition)
External interrupt NMI H'0006 to H'0007
Reserved for Break conditions satisfied 4 H'0008 to H'0009
system use
Address break Break conditions satisfied 5 H'000A to H'000B
External interrupts  IRQO 6 H'000C to H'000D

IRQ1 7 H'0O00E to H'000F

IRQAEC 8 H'0010 to H'0011

IRQ3 9 H'0012 to H'0013

IRQ4 10 H'0014 to H'0015

WKPO 11 H'0016 to H'0017

WKP1 12 H'0018 to H'0019

WKP2 13 H'001A to H'001B

WKP3 14 H'001C to H'001D

WKP4 15 H'001E to H'001F

WKP5 16 H'0020 to H'0021

WKP6 17 H'0022 to H'0023

WKP7 18 H'0024 to H'0025 v
Internal interrupts* O 19 to 43 H'0026 to H'0057 Low

Note: *

Exception Handling Vector Table.

For details on the vector table of internal interrupts, refer to section 4.5, Interrupt
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Section 5 Clock Pulse Generators

522 Connecting Ceramic Resonator

Figure 5.3 shows a typical method of connecting a ceramic resonator.

Rf =1 MQ £20%

0SC, Note: Consult with the crystal resonator manufacturer
to determine the circuit constants.
0SC, : |~—7,‘7 C1,C2
[ ! Frequency Manufacturer Product Type Recommendation Value
4.194 MHz | Murata Manufacturing | CSTLS4M19G53-B0| 15pF (on-chip)
Co., Ltd. CSTLS4M19G56-B0|47pF (on-chip)

Figure5.3 Typical Connection to Ceramic Resonator

523 External Clock Input Method

Connect an external clock signal to pin OSC1, and leave pin OSC2 open. Figure 5.4 shows a
typical connection. The duty cycle of the external clock signal must be 45 to 55%.

0osC, ——— | | | | | | External clock input

0osc,

Open

Figure5.4 Exampleof External Clock Input

5.2.4 On-Chip Oscillator Selection Method (Supported only by the Masked ROM
Version)

The on-chip oscillator is selected by theinput level of the IRQAEC pin during areset. The
selection method of the system clock oscillator and the on-chip oscillator islisted in table 5.1. The
input level of the IRQAEC pin during areset* should be fixed either to Vcc or GND, depending
on the oscillator type to be selected. The setting takes effect when therest is cleared. When the on-
chip oscillator is selected, to connect aresonator to OSC1 or OSC2 is not necessary. In this case,
the OSCL1 pin should be fixed to Vcc or GND.

Note: * Thisreset represents an external reset or power-on reset, but not areset by the
watchdog timer.
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Section 5 Clock Pulse Generators

3

1|

1T

Co C 5= 0.9 pF (typ.)
R =35 kQ (max.)
f\=32.768 kHz/38.4 kHz

Figure 5.6 Equivalent Circuit of 32.768-kHz/38.4-kHz Crystal Resonator
Notes on Use of Subclock Generator Circuit

The drive capacity of the subclock generator circuit is limited in order to reduce current
consumption when operating in the subclock mode. As aresult, there may not be sufficient
additional margin to accommodate some resonators. Be sure to select a resonator with an
equivalent series resistance (R,) corresponding to that shown in figure 5.6.

5.3.2 Pin Connection when not Using Subclock

When the subclock is not used, connect the X, pin to GND and leave the X, pin open, as shown in
figure 5.7.

“ 7J7' GND

Xy ———— Open

Figure5.7 Pin Connection when not Using Subclock

Rev. 3.00 Aug 23, 2006 Page 104 of 616
REJ09B0182-0300 RENESAS



Section 6 Power-Down Modes

6.2 Mode Transitions and Statesof L Sl

Figure 6.1 shows the possible transitions among these operating modes. A transition is made from
the program execution state to the program halt state of the program by executing a SLEEP
instruction. Interrupts allow for returning from the program halt state to the program execution
state of the program. A direct transition between active mode and subactive mode, which are both
program execution states, can be made without halting the program. RES input enables transitions
from a mode to the reset state. Table 6.2 shows the transition conditions of each mode after the
SLEEP instruction is executed and a mode to return by an interrupt. Table 6.3 shows the internal
states of the LS| in each mode.
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Section 6 Power-Down Modes

(4) Input Pinstowhich these Notes Apply

IRQ4, IRQ3, IRQ1, IRQO, WKP7to WKPO, IRQAEC, TMIF, ADTRG, TIOCA1, TIOCB1,
TIOCA2 and TIOCB2.
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Section 8 RAM

Section8 RAM

This LSl has an on-chip high-speed static RAM. The RAM is connected to the CPU by a 16-hit
data bus, enabling two-state access by the CPU to both byte data and word data.

Product Classification RAM Size RAM Address
Flash memory version H8/38086RF 3 kbytes H'F380 to H'FF7F
Masked ROM version H8/38086R 2 kbytes H'F780 to H'FF7F
H8/38085R 2 kbytes H'F780 to H'FF7F
H8/38084R 1 kbyte H'FB8O to H'FF7F
H8/38083R 1 kbyte H'FB80 to H'FF7F
RAMO500A_000120030300 Rev. 3.00 Aug 23, 2006 Page 157 of 616
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Section 9 1/O Ports

9.10.3  Pin Functions
The relationship between the register settings and the port functions is shown below.

e PB7/Ainl pin
The pin function is switched as shown below according to the AIN1 and AIN2 bitsin ADSSR.

AIN1 and AIN2

Other than B'01

B'01

Pin Function

PB7 input pin

Ainl input pin

e PB6/AIn2 pin

The pin function is switched as shown below according to the AIN1 and AIN2 bitsin ADSSR.

AIN1 and AIN2

Other than B'10

B'10

Pin Function

PB6 input pin

Ain2 input pin

« PB5/Vref/REF pin

The pin function is switched as shown below according to the VREF1 and VREF2 hitsin
ADCR.

VREF1 and Other than B'00 B'01 B'10, B'11
VREF2
Pin Function PB5 input pin Vref input pin REF output pin

Note: When these bits are set to B'10 or B'11, the PB5/Vref/REF pin functions as a REF output
pin. Thus the power should not be input to the pin. If the power is input, it is short-circuited
internally with the REF output and will cause a failure.

« PB2/AN2/IRQ3 pin
The pin function is switched as shown below according to the combination of the CH3 to CHO
bitsin AMR and IRQ3 bit in PMRB.

IRQ3 0 1
CH3 to CHO Other than B'0110 X
B'0110
Pin Function PB2 input pin AN2 input pin IRQ3 input pin
[Legend] x: Don't care.
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Section 15 Serial Communication Interface 3 (SCI3, IrDA)

Bit

Bit Name

Initial
Value

R/W

Description

1
0

CKsS1
CKSO

0
0

R/W
R/W

Clock Select0 and 1

These bits select the clock source for the on-chip baud
rate generator.

00: @clock (n =0)

01: @w/2 or @w clock (n =1)
10: @/16 clock (n = 2)

11: @64 clock (n = 3)

When the setting value is 01 in active (medium-
speed/high-speed) mode and sleep (medium-
speed/high-speed) mode @w/2 clock is set. In subacive
mode and subsleep mode, @w clock is set. The SCI3 is
enabled only, when @w/2 is selected for the CPU
operating clock.

For the relationship between the bit rate register setting
and the baud rate, see section 15.3.8, Bit Rate Register
(BRR). n is the decimal representation of the value of n
in BRR (see section 15.3.8, Bit Rate Register (BRR)).

RENESAS
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Section 15 Serial Communication Interface 3 (SCI3, IrDA)

( Start transmission )

| Set SPC32 (SPC31) bitin SPCR to 1 | [1] Read SSR and check that the TDRE flag is
I: set to 1, then write transmit data to TDR.

When data is written to TDR, the TDRE flag

| is automatically cleared to 0. When clock

output is selected and data is written to

No TDR, clocks are output to start the data

transmission.

[2] To continue serial transmission, be sure to

Yes read 1 from the TDRE flag to confirm that

writing is possible, then write data to TDR.

When data is written to TDR, the TDRE flag

is automatically cleared to O.

[1] | Read TDRE flag in SSR

Write transmit data to TDR

All data transmitted?

[2

Read TEND flag in SSR

No

Yes

Clear TE bitin SCR to 0

<End>

Figure15.11 Sample Serial Transmission Flowchart (Clocked Synchronous Mode)
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Section 16 Serial Communication Interface 4 (SCI4)

During transmission, the SCI4 operates as shown below.

1.

5.

The SCI4 setsthe TE bit to 1 and clears the TDRE flag to 0 when transmit datais writtentoin
TDRA4 to transmit data from TDR4 to SR4. After that, the SCI4 setsthe TDRE flag to 1 to start
transmission. At thistime, when the TIE bit in SCR4 isset to 1, aTXI is generated.

In clock output mode, the SCI4 outputs eight pulses of the synchronous clock. When the
external clock is selected, the SCI4 outputs data in synchronization with the input clock.

Seria dataisoutput from the LSB (bit 0) to MSB (bit 7) on pin SO4. The SCI4 checks the
TDRE flag at the timing of outputting the MSB (bit 7).

When TDRE = 0, datain TDRA4 is transmitted to SR4 and then the data of the next frame starts
to be transmitted. When TDRE = 1, the SCI4 sets the TEND bit to 1 and holds the output level
after transmitting the MSB (bit 7). At thistime, when the TEIE bitin SCR4 issetto 1, aTEl is
generated.

After the transmission, the output level on pin SCK4 isfixed high.

Note: Transmission cannot be performed when the error flag (ORER) which indicates the data

reception statusis set to 1. Before transmission, confirm that the ORER flag is cleared to
0.

Figure 16.5 shows the example of transmission operation.

Synchronous clock MNMW

Serial data _X Bito X Bit1 ><ZZ’ X sit7 X sito X Bit1 X :D( Bite X Bit 7
1 )

1 frame 1 frame
(«

Ii' ))
TDRE |
TEND ‘ ‘ |
( (
| )] | )T }
LS| ration TXI TDRE TXI TEI
operatio generated cleared generated generated
User operation Data written
to TDR4

Figure16.5 Transmit Operation Example
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Section 20 LCD Controller/Driver

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
H'F370 SEG2 | SEG2 | SEG2 SEG1 | SEG1 | SEG1
H'F37F SEG32 | SEG32 | SEG32 SEG31 | SEG31 | SEG31
COM3 COM2 com1 COM3 COM2 cCoM1

I:l Space not used for display

Figure20.4 LCD RAM Map (1/3 Duty)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
H'F370 SEG4 | SEG4 | SEG3 | SEG3 | SEG2 | SEG2 | SEG1 | SEG1

~ Display space

H'F377 | SEG32 | SEG32 | SEG31 | SEG31 | SEG30 | SEG30 | SEG29 | SEG29 p

\ Space not used
for display

HF37F

J

R

CcOM2 COM1 COM2 COM1 COM2 COM1 COM2 COM1

Figure20.5 LCD RAM Map (1/2 Duty)
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Section 21 I’C Bus Interface 2 (1IC2)

Slave receive mode -+—— | — Slave transmit mode

SCL
(Master output)

SDA

(Master output) J \_/A
scL —

(Slave output) \ /
(Slaszo/;\Jtput) Y YARED D ED ED ED EDEN YRR S

TDRE ] [
/

TEND
TRS 1 /
ICDRT ' | X4 Datal A Data2 [{Data3
v I
ICDRS A Datal || Joata2| |
1/ / /
ICDRR X // [ [
T
User [2] Write data to ICDRT (data 1) [2] Write data to ICDRT (data 2) [2] Write data to ICDRT (data 3)
processing

Figure 21.9 Save Transmit Mode Operation Timing (1)
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Section 24 List of Registers

Register Module

Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

PMR3 O O O O O O TMOW  1/O ports

PMR4 O O O O O TMOFH TMOFL TMIF

PMR5 WKP7 WKP6 WKP5 WKP4 WKP3 WKP2 WKP1 WKPO

PMR9 O O O O IRQ4 PWM2 PWM1

PMRB O O ADTSTCHG 0 IRQ3 IRQ1 IRQO

PWCR22 O O O O O PWCR22 PWCR21 PWCR20 14-bit

PWDR2 O O PWDR213 PWDR212 PWDR211 PWDR210 PWDR29 PWDR28 & WM
PWDR27 PWDR26 PWDR25 PWDR24 PWDR23 PWDR22 PWDR21 PWDR20

PWCR1 O O O O O PWCR12 PWCR11 PWCR10

PWDR1 0 0 PWDR113 PWDR112 PWDR111 PWDR110 PWDR19 PWDR18
PWDR17 PWDR16 PWDR15 PWDR14 PWDR13 PWDR12 PWDR11 PWDR10

PDR1 O P16 P15 P14 P13 P12 P11 P10 1/O ports

PDR3 P37 P36 0 0O O P32 P31 P30

PDR4 O O O O O P42 P41 P40

PDR5 P57 P56 P55 P54 P53 P52 P51 P50

PDR6 P67 P66 P65 P64 P63 P62 P61 P60

PDR7 P77 P76 P75 P74 P73 P72 P71 P70

PDRS8 P87 P86 P85 P84 P83 P82 P81 P80

PDR9 O O P93 P92 P91 P90

PDRA O O PA3 PA2 PAl PAO

PDRB PB7 PB6 PB5 g O PB2 PB1 PBO

PUCR1 O PUCR16 PUCR15 PUCR14 PUCR13 PUCR12 PUCR11 PUCRI10

PUCR3 PUCR37 PUCR36 O O O O g PUCR30

PUCR5 PUCR57 PUCR56 PUCR55 PUCR54 PUCR53 PUCR52 PUCR51 PUCRS50

PUCR6 PUCR67 PUCR66 PUCR65 PUCR64 PUCR63 PUCR62 PUCR61 PUCR60

PCR1 O PCR16 PCR15 PCR14 PCR13 PCR12 PCR11 PCR10

PCR3 PCR37 PCR36 O O O PCR32 PCR31 PCR30

PCR4 O O O O O PCR42 PCR41 PCR40

PCR5 PCR57 PCR56 PCR55 PCR54 PCR53 PCR52 PCR51 PCR50

PCR6 PCR67 PCR66 PCR65 PCR64 PCR63 PCR62 PCR61 PCR60

PCR7 PCR77 PCR76 PCR75 PCR74 PCR73 PCR72 PCR71 PCR70
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Section 25 Electrical Characteristics

25.26

LCD Characteristics

Table 25.8 shows the LCD characteristics.

Table25.8 LCD Characteristics

V,.=18V1t036V,AV, =18V1t036V,DV . =22V1t03.6V,V =AV, =00V, unless
otherwise specified.

Applicable Values
Item Symbol Pins Test Condition Min. Typ. Max. Unit  Notes
Segment driver drop ~ V,, SEG1 to I, =2 pA — — 0.6 \Y *
voltage SEG32 V1=27Vto3.6V
Common driver drop V. COM1 to I, =2 pA —_ —_ 0.3 \ *
voltage COM4 V1=27Vto3.6V
LCD power supply R BetweenVlandV, 15 3.0 7.0 MQ
split-resistance
LCD display voltage . %8 2.2 — 3.6 \% *?
V3 power supply Vs V3 Between V3and V, 0.9 1.0 11 \ w3
voltage
V2 power supply Vo V2 BetweenV2and V,, — 2.0 — \% 3
voltage Vieos ¥ 2)
V1 power supply Vo \% 1 BetweenVlandV, — 3.0 — \ w3
voltage (Vieos % 3)
3-V constant voltage |, Vee Vec=3.0V — 20 — HA Reference
LCD power supply value*“*®

circuit current
consumption

Booster clock:
125 kHz

Notes: 1.

common pin.

2. When the LCD display voltage is supplied from an external power source, ensure that
the following relationship is maintained: V1>V2 >2V3 =V,

3. The value when the LCD power supply split-resistor is separated and 3-V constant
voltage power supply circuit is driven.

4. For details on the register (BGRMR) setting range when the voltage of the V3 pin is set
to 1.0 V, refer to section 20.3.5, BGR Control Register (BGRMR).

5. Includes the current consumption of the band-gap reference circuit (BGR) (operation).

The voltage drop from power supply pins V1, V2, V3, and V. to each segment pin or
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Section 25 Electrical Characteristics

Item

Symbol

Values

Applicable Pins Test Condition Min. Typ. Max.

Unit Notes

Input low
voltage

V,

L

RES, NMI, WKPO to -0.3 —
WKP7, IRQO, IRQT,

TRQ3, IRQ4,

IRQAEC, AEVL,

AEVH, TMIF,

ADTRG, SCK32,

SCK31, SCK4

0.1V,

RXD32, RXD31 -0.3 — 0.2V .

osc1 0.1V,

X1 V, =27t036V -0.3 — 0.1V,

P10 to P16, -0.3 —
P30 to P32,

P36, P37,

P40 to P42,

P50 to P57,

P60 to P67,

P70 to P77,

P80 to P87,

P90 to P93,

PAO to PA3,
TCLKA, TCLKB,
TCLKC, TIOCAL1,
TIOCB1, TIOCA2,
TIOCB2, SCL,
SDA,

PBO to PB2,

PB5 to PB7

0.2V,

\%

Output high
voltage

V,

OH

P10 to P16,
P30 to P32,

-, =1.0mA v
V,=27t036V

P36, P37,

P40 to P42,
P50 to P57,
P60 to P67,
P70 to P77,
P80 to P87,
PAO to PA3

-1,,=0.1 mA v

P90 to P93 -, = 1.0 mA v

V, =27t036V

-1,,=0.1 mA v
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Section 25 Electrical Characteristics

Applicable Values
Item Symbol Pins Test Condition Min. Typ. Max. Unit Notes
Conversion time AV, =27Vto36V 6.2 — 124 us
V. =27Vi03.6V
AV, =22Vto3.6V 147 — 124

V,.=22V1t03.6V

Other than above 31 — 124

Notes: 1. Set AV . =V when the A/D converter is not used.
2. Al is the current in active and sleep modes while the A/D converter is idle.
3. Al is the current at a reset and in standby, watch, subactive, and subsleep modes
while the A/D converter is idle.
4. Conversion time = 31 ps

STOP1

Rev. 3.00 Aug 23, 2006 Page 542 of 616

REJ09B0182-0300 RENESAS



Section 25 Electrical Characteristics

Applicable Values
Item Symbol  Pins Test Condition Min. Typ. Max. Unit Notes
Analog data input Ain Ainl, Ain2 PGA =1/3 0.6 — 27V, V
voltage @7v,
<DV,)
2.7
REF
(7
REF <
DV,)
PGA =1, bypass 0.2 — V., \
REF
PGA=2 0.1 — 05V, V
05
REF
PGA=4 0.05 — 025V, V
0.25
REF
Operating temperature  Ta 0 — 50 °C
Notes: 1. SetDV_=V_when the AX A/D converter is not used.
2. Dlg,,, is the current in active and sleep modes while the A> A/D converter is idle.
3. DI, is the current at a reset and in standby, watch, subactive, and subsleep modes
while the AZ A/D converter is idle.
4. BGR stabilization time = 150 us (Ta = 25°C, V_=3.0V)
The BGR stabilization time is started after setting bit 7 (BTRSTPN) in BGR control
register (BGRMR) to 1. The stabilization time may vary due to factors such as the
capacitance connected to the REF pin, so careful evaluation is necessary.
5. Before using the system, the internal reference value must be tested because there is
dispersion in sample data.
6. This is the value when the BGR is not used.
7. The error for each item varies depending on factors such as temperature, voltage,

conversion time, and sample variation. It is therefore necessary to perform careful
evaluation under actual usage conditions.
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Section 25 Electrical Characteristics

WKPO to WKP7,
IRQAEC, AEVL, AEVH

Figure25.4 Input Timing

tsckw

SCK31
SCK32

scyc

Figure25.5 SCK3Input Clock Timing
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Appendix

Addressing Mode and No. of
Instruction Length (bytes) States™!
+
9 g Condition Code
Mnemonic % |y Operation
his | ® ~ 3
c x| = O — | o
I c|W|y [T o} @ c
° |- |Hl gl £ |
SlxlclU|ZS|1|c8(|2|® 513
0|X|x|®0® 0|8 Q| I|H|N|Z|Vv|c|Z2|<
NEG |NEG.B Rd B 2 0-Rd8 - Rd8 — |ttt 2
NEG.W Rd W 2 0-Rd16 - Rd16 — |ttt 2
NEG.L ERd L 2 0-ERd32 - ERd32 — |ttt 2
EXTU |[EXTU.W Rd W 2 0 - (<bits 15to 8> —|—|0]|t]0|— 2
of Rd16)
EXTU.L ERd L 2 0 - (<bits 31 to 16> —|—|0|t]0|— 2
of ERd32)
EXTS |EXTS.W Rd w 2 (<bit 7> of Rd16) — —|—|t|t]0|— 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) - —|—|t|t]0|— 2
(<bits 31 to 16> of
ERd32)
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Interrupt mask bit (I)......cccceeveeiiririne 29 Programmer mode...........ccoccveureiennennee. 153
IIDA e 350 Programming units............cocceeeueeuerenennen. 136
Programming/erasing in user program
MOAE ..ottt 145
L
Large current ports........ccceeevveeveeeecieesnenennnen. 2
LCD controller/driver...........ccccevevevnnnne. 415 R
LCD display.....ccccocevverienieiieieeiecieenen 426 RAM ..ottt 157
LCDRAM...coooviiiieeeeeeee e 428 Realtime clock (RTC).....ccccvvevveveennnnen. 203
Logic operations instructions.................... 38 Register direCt.......coeevveevieieiieeienieriieienns 45
Register field.......coevevviieiiiiiiieieees 44
Register indireCt.......ccoeevvvevereerienieiienenns 46
M Register indirect with displacement.......... 46
Mark SEE oo 356 Register indirect with post-increment....... 46
Memory iNdirect .........evrvrueererreererieenes 47 Register indirect with pre-decrement........ 46
MEMOTY MAP ..o 26 Registers
Module standby function........................ 131 ABRKCR2 ..., 480, 488, 494, 499
ABRKSR2 .................. 482, 488, 494, 499
ADRR .....ccceiie, 389, 489, 495, 501
N ADSR.....cooiiiris 391, 489, 495, 501
Noise canceler.........coooeevveeeeceeeeecieeeenn, 466 AEGSR oo 285, 488, 494, 500
AMR ... 390, 489, 495, 501
BAR2H .....cccoevene. 482, 488, 494, 499
BAR2L....cceveiriee 482, 488, 494, 499
o . BDR2H .......ccoecvenneee. 482, 488, 494, 499
On-board programming modes............. 142 110):3) D 482, 488, 494, 499
Operation field.........ccovevieeiincienieien, 44 BGRMR ........ . 425, 489, 495, 500
OVEITUN €ITOT ...vvvveeeeeeeeirireeeeeeeeerareeenes 340 BRR .. 321, 489, 495, 500
CKSTPRI ..covvinee 115, 491, 497, 502
CKSTPR2 ......cceueenee. 115, 491, 497, 502
P EBRI1..ccooiiiiiiii 140, 486, 492, 498
Package......ccoooveiieiieeee e 2 ECCR..omo 286, 488, 494, 500
Parity error.......ccveceeeieeieeeee e 340 ECCSR..o 287, 488, 494, 500
Pin assignment...........coeceeveenieninieee e 4 ECH oo 289, 488, 494, 500
Power-down modes ............cceeeuveeennennne. 111 ECL oo 289, 488, 494, 500
Power-down states..........cceeeveerveeeneenne. 153 ECPWCR. ..o, 283, 488, 494, 500
Power-on reset circuit..........cocccveuenuenee. 476 ECPWDR.....oooo . 284, 488, 494, 500
Program counter (PC)......cccccevevirieninnns 29 FENR oo 141, 486, 492, 498
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