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Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific

characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

. In case Renesas products listed in this document are detached from the products to which the Renesas

products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written

approval from Renesas.

. Please contact a Renesas sales office if you have any questions regarding the information contained in this

document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes
on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the
manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the
vicinity of LSI, an associated shoot-through current flows internally, and malfunctions may
occur due to the false recognition of the pin state as an input signal. Unused pins should
be handled as described under Handling of Unused Pins in the manual.

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power
reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LSl is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become
stable. When switching the clock signal during program execution, wait until the target clock
signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization of
the clock signal. Moreover, when switching to a clock signal produced with an external
resonator (or by an external oscillator) while program execution is in progress, wait until
the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different part number, confirm
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different part numbers, implement a system-evaluation test for
each of the products.
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1.

How to Use This Manual

Objective and Target Users

This manual was written to explain the hardware functions and electrical characteristics of this
LSI to the target users, i.e. those who will be using this LSI in the design of application
systems. Target users are expected to understand the fundamentals of electrical circuits, logic

circuits, and microcomputers.

This manual is organized in the following items: an overview of the product, descriptions of
the CPU, system control functions, and peripheral functions, electrical characteristics of the
device, and usage notes.

When designing an application system that includes this LSI, take all points to note into
account. Points to note are given in their contexts and at the final part of each section, and
in the section giving usage notes.

in the manual.

The list of revisions is a summary of major points of revision or addition for earlier versions.
It does not cover all revised items. For details on the revised points, see the actual locations

The following documents have been prepared for the H8S/2112R Group. Before using any of
the documents, please visit our web site to verify that you have the most up-to-date available
version of the document.

Document Type

Contents Document Title Document No.

Data Sheet Overview of hardware and electrical — —
characteristics

Hardware Manual Hardware specifications (pin H8S/2112R Group This manual
assignments, memory maps, Hardware Manual

peripheral specifications, electrical
characteristics, and timing charts)
and descriptions of operation

Software Manual Detailed descriptions of the CPU H8S/2600 Series REJ09B0139
and instruction set H8S/2000 Series Software
Manual
Application Note Examples of applications and The latest versions are available from our
sample programs web site.

Renesas Technical
Update

Preliminary report on the
specifications of a product,
document, etc.
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2. Description of Numbers and Symbols

Aspects of the notations for register names, bit names, numbers, and symbolic names in this
manual are explained below.

(1) Overall notation
In descriptions involving the names of bits and bit fields within this manual, the modules and
registers to which the bits belong may be clarified by giving the names in the forms
"module name"."register name"."bit name" or "register name"."bit name".

)

Register notation

The style "register name"_"instance number" is used in cases where there is more than one
instance of the same function or similar functions.

[Example] CMCSR_O0: Indicates the CMCSR register for the compare-match timer of channel 0.

(3) Number notation
Binary numbers are given as B'nnnn (B' may be omitted if the number is obviously binary),
hexadecimal numbers are given as H'nnnn or Oxnnnn, and decimal numbers are given as nnnn.

[Examples] Binary: B'11 or 11
Hexadecimal: H'EFAOQ or OXEFAQ
Decimal: 1234

(4) Notation for active-low

An overbar on the name indicates that a signal or pin is active-low.
[Example] WDTOVF

4) ()

14.2.2 Compare Match Control/Status Register_0, _1 (CMCSR_0,CMCSR_1)

CMCSR indicates compar ation, enables or disables interrupts, and selects the counter

ut clock. Generation ofla WDTOVE i ializes the TCNT value to 0. r
W

14.3.1 Interval Count Operation

‘When an internal clock is selected with the CKS1 and CKSO bits in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts incrementing using the selected clock. When values in
CMCNT and the compare match constant register (CMCOR) match, CMCNT i§ cleared to H'0000
and the CMF flag in CMCSR is set to 1. When the CKS1 and CKSO0 bits are set '01 at this tipa€,
a f/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914
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(©))
Note: The bit names and sentences in the above figure are examples and have nothing to do
with the contents of this manual.
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3. Description of Registers

Each register description includes a bit chart, illustrating the arrangement of bits, and a table of
bits, describing the meanings of the bit settings. The standard format and notation for bit charts
and tables are described below.

[Table of Bits] (V) @)
Bit| Bit Name

(©)

nitial Value R/W Description

4) (5)

15 -
14 -

i Reserved
R These bits are always read as 0. )

13to 11 ASID2 to All O R/W  Address Identifier
ASIDO These bits enable or disable the pin function.
10 - 0 R Reserved
This bit is always read as 0.
9 - 1 R Reserved

This bit is always read as 1.

¢

Note: The bit names and sentences in the above figure are examples, and have nothing to do with the contents of this

manual.

(1) Bit

Indicates the bit number or numbers.
In the case of a 32-bit register, the bits are arranged in order from 31 to 0. In the case
of a 16-bit register, the bits are arranged in order from 15 to 0.

(2) Bitname

Indicates the name of the bit or bit field.
When the number of bits has to be clearly indicated in the field, appropriate notation is

included (e.g., ASID[3:0]).

A reserved bit is indicated by "-".
Certain kinds of bits, such as those of timer counters, are not assigned bit names. In such
cases, the entry under Bit Name is blank.

(3) Initial value

Indicates the value of each bit immediately after a power-on reset, i.e., the initial value.
0: The initial value is 0
1: The initial value is 1
—: The initial value is undefined

(4) RIW

For each bit and bit field, this entry indicates whether the bit or field is readable or writable,
or both writing to and reading from the bit or field are impossible.

The notation is as follows:

R/W: The bit or field is readable and writable.
R/(W): The bit or field is readable and writable.
However, writing is only performed to flag clearing.
R: The bit or field is readable.
"R" is indicated for all reserved bits. When writing to the register, write
the value under Initial Value in the bit chart to reserved bits or fields.
W: The bit or field is writable.

—~
o

Description

Describes the function of the bit or field and specifies the values for writing.
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4. Description of Abbreviations

The abbreviations used in this manual are listed below.

e Abbreviations specific to this product

Abbreviation

Description

BSC Bus controller

CPG Clock pulse generator

INT Interrupt controller

SCI Serial communication interface
TMR 8-bit timer

TPU 16-bit timer pulse unit

WDT Watchdog timer

e Abbreviations other than those listed above

Abbreviation

Description

ACIA

Asynchronous communication interface adapter

bps Bits per second

CRC Cyclic redundancy check

DMA Direct memory access

DMAC Direct memory access controller

GSM Global System for Mobile Communications
Hi-Z High impedance

IEBus Inter Equipment Bus (IEBus is a trademark of NEC Electronics Corporation.)
I/0 Input/output

IrDA Infrared Data Association

LSB Least significant bit

MSB Most significant bit

NC No connection

PLL Phase-locked loop

PWM Pulse width modulation

SFR Special function register

SIM Subscriber Identity Module

UART Universal asynchronous receiver/transmitter
VCO Voltage-controlled oscillator

All trademarks and registered trademarks are the property of their respective owners.
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Section 1 Overview

Section 1 Overview

1.1 Features

The core of each product in the H8S/2112R Group of CISC (complex instruction set computer)
microcomputers is an H8S/2000 CPU, which has an internal 16-bit architecture. The H8S/2000
CPU provides upward-compatibility with the CPUs of other Renesas Technology-original
microcomputers: H8/300, H8/300H, and HS8S.

As peripheral functions, each LSI of the group includes a serial communication interface with
FIFO, an I’C bus interface, an A/D converter, and various types of timers. Together, the modules
realize low-cost system configurations. The power consumption of these modules is kept down
dynamically by power-down modes. The on-chip ROM is a flash memory (F-ZTAT""*) with a
capacity of 96 Kbytes.

Note: * F-ZTAT™ is a trademark of Renesas Technology Corp.

1.1.1 Applications

Examples of the applications of this LSI include PC peripheral equipment, office automation
equipment, and industrial equipment.
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1.1.2 Overview of Functions

Table 1.1 lists the functions of this LSI in outline.

Tablel.1 Overview of Functions

Classification

Module/
Function

Description

Memory

ROM

ROM lineup: Flash memory version
H8S/2112R: 96 Kbytes

RAM

RAM capacity: 4 Kbytes

CPU

CPU

16-bit high-speed H8S/2000 CPU (CISC type)

Upward-compatibility with H8/300, H8/300H, and H8S CPUs at
object level

General-register architecture (sixteen 16-bit general registers)
Eight addressing modes

4-Gbyte address space

Program: 4 Gbytes available

Data: 4 Gbytes available

65 basic instructions (bit manipulation instructions and others)

Minimum instruction execution time: 40.0 ns (for an ADD
instruction while system clock ¢ = 25 MHz and
V,=3.0t03.6V)

Operating
mode

Advanced and single-chip modes
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Module/
Classification Function  Description
CPU MCU Mode 2: Single-chip mode
operating (selected by driving the MD2 and MDO pins low and MD1
mode pin high)
Mode 4: Boot mode
(selected by driving the MD2 high and MD1 and MDO pins
low)
Mode 6: On-chip emulation mode
(selected by driving the MD2 and MD1 pins high and the
MDO pin low)
Note: MDO is not available as a pin and is internally fixed to 0.
e Power-down state (transition to the power-down state made by
the SLEEP instruction)
Interrupt Interrupt e 49 external interrupt pins (NMI, IRQ15 to IRQO (ExIRQ15 to
(source) controller ExIRQ6), KIN15 to KINO, and WUE15 to WUEO)
e 53 internal interrupt sources
e Two interrupt control modes (specified by the system control
register)
e Two levels of interrupt priority orders specifiable (by setting the
interrupt control register)
e Independent vector addresses
Clock Clock pulse e Two clock generation circuits
?glr;gr;ltor Clock pulse generator and subclock input circuit
System clock (¢) synchronization: 8 to 25 MHz
e Five power-down modes: Medium-speed mode, sleep mode,
watch mode, software standby mode, and module stop mode
A/D converter A/D e 10-bit resolution x 12 input channels
converter e Sample and hold function included
e Conversion time: 4 us per channel (wit conversion cloc
(ADC) c ion time: 4 hannel (with A/D ion clock

ADCLK at 10 MHz operation)
e Two operating modes: single mode and scan mode

e Three methods to start A/D conversion: software and two timer
(TPU/TMR) triggers
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Module/

Classification Function  Description

8-bit timers A/B x six channels
Selectable from four clock sources
Cycle selectable for each channel

Supports 8-bit single pulse mode, 12-bit single pulse mode, 16-
bit single pulse mode, and 8-bit pulse division mode.

16 bits x three channels

Selectable from eight counter input clocks for each channel

Maximum 8-pulse inputs/outputs

The following operations can be set.

— Counter clear operation

— Multiple timer counters (TCNT) can be written to
simultaneously.

— Simultaneous clearing by compare match and input capture
possible

— Register simultaneous input/output possible by counter
synchronous operation

— Maximum of 7-phase PWM output possible by combination
with synchronous operation

Supports buffer operation and phase counting mode (two-

phase encoder input) for some channels

Supports input capture function

Supports output compare function (waveform output at

compare match)

16 bits x three channels

Selectable from seven clocks: six internal clocks and one
external clock

Capable of measuring the periods of input waveforms

Timer 8-bit PWM o
timer .
(PWMU)

L]
16-bit timer
pulse unit o
(TPU) .

L]

L[]

L[]

[ ]
16-bit cycle o
measurem- e
ent timer
(TCM) .
8-bit timer
(TMR) .

8 bits x four channels (also works as 16 bits x two channels)

Selectable from seven clocks: six internal clocks and one
external clock

Pulse output or PWM output with an arbitrary duty cycle
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Module/
Classification Function  Description
Watchdog timer Watchdog ¢ 8 bits x two channels (selectable from eight counter input
timer clocks)
(WDT) e Switchable between watchdog timer mode and interval timer
mode
Serial interface  Serial e One channel (asynchronous mode)
communic- e 16-stage FIFO buffers for transmission and reception
ation ¢ Full-duplex communication capability
wit;rfereO On-chip baud rate generator allows any bit rate to be selected.
(SCIF) ¢ Direct control from the LPC host
Serial ¢ One channel (choice of asynchronous or clocked synchronous
communi- serial communication mode)
cation e Full-duplex communication capability
interface e Selection of the desired bit rate and LSB-first or MSB-first
(SCI) transfer
Smart card/ e The SCI module supports a smart card (SIM) interface.
SIM
High- I°C bus ¢ Two channels (one of two channels is switchable between input
performance interface pin and output pin.)
communication (IIC) e Capable of consecutive transmission and reception
e Two types of communication formats
e I’C bus format: addressing format with an acknowledge bit, for
master/slave operation
¢ Clocked synchronous serial format: non-addressing format
without an acknowledge bit, for master operation only
SMBus 2.0 e Supports SMBus 2.0 interface
interface e Shares the communication function with [IC_0
(SMBUS)  « On-chip PEC (Packet Error Checking multiplier)
Keyboard e Two channels
buffer e Conforms to PS/2 interface specifications
control unit o pijrect bus drive
(PS2) Interrupt and error detection
LPC e Four channels
interface e Serial transfer of cycle type, address, and data in
(LPC) synchronization with the PCI clock

Supports LPC interface I/0 read and I/O write cycles
Supports the shutdown function (LPCPD) of the LPC interface
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Module/
Classification Function Description
High- FSI e One channel
performance interface e Supports communications between this LS| and SPI flash

communication (FSI)

memory
Capable of operating as a master
Supports LPC reset and LPC shut-down

CIR
interface
(CIR)

One channel

Selectable from four sampling clocks: three internal clocks and
subclock

18-byte FIFO incorporated

I/0O ports

Input-only pins: 13 pins
Input/output pins: 112 pins

76 pull-up

40 pins with LED drive capability
32 on-chip noise cancelers

Package

144-pin thin QFP package (PTQP0144LC-A)
(old code: TFP-144V, package dimensions: 16 x 16 mm, pin
pitch: 0.40 mm)

176-pin BGA package (PLBG0176GA-A)
(old code: BP-176V, package dimensions: 13 x 13 mm, pin
pitch: 0.80 mm)

145-pin TLP package (PTLG0145JB-A)
(package dimensions: 9 x 9 mm, pin pitch: 0.65 mm)
Lead- (Pb-) free version

Operating frequency/
Power supply voltage

Operating frequency: 8 to 25 MHz

Power supply voltage: Vcc = 3.0t0 3.6 V, AVcc =3.0t0 3.6 V
Supply current:

— 25 mA (typ.) (Vcc =3.3 V, AVcc = 3.3V, ¢ = 25 MHz)

Operating peripheral
temperature (°C)

—20 to +75°C (regular specifications)
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1.2 List of Products
Table 1.2 is the list of products, and figure 1.1 shows how to read the product name code.

Tablel.2 List of Products

Part No. ROM Capacity RAM Capacity Package Remarks

R4F2112R 96 Kbytes 4 Kbytes PTQP0144LC-A Flash memory
PLBGO176GA-A Version
PTLGO0145JB-A

Part no.

|o
[ES
|m

2112R

Indicates the product-specific number.
H8S/2112R

Indicates the type of ROM device.
F: On-chip ROM

Indicates the product classification
Microcomputer

R indicates a Renesas semiconductor product.

Figurel.l1 How to Read the Product Name Code
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Block Diagram

VCC —— A
VCC ———»
VCC —— —
VOL ——» H8S/2000CPU B < P10/WUEQ
V8§ ——— 3 ~<— P11/WUE1
ng _— tH B 2| - |== rrzwuez
—_— L| 8 < |<—> P13WUE3
-
V8S —— — ] Clock puise 2k (A Pl & |~ piamues
vas — o] Generator RAM a < P15/WUE5
RES . <~ P16/WUES
XTAL ———> ||« P17WUE7
EXTAL ———> — B
CIR <« P20
MD2 ——> ROM (1 channel) — —" < P21
MD{ —> (flasf memory) <> P22
NM| ———> S|~ P23
=
ETRST ———> P 8 |« P24
L L | <> P25
- 16-bit TCM (- <> P26
M Fsi (3 channels) || | < P27
o (1 channel) =
]~ P30/LADO
wl < P31/LAD1
— P o 22|, [+ Ps2rAD2
SCIF 'S8 = | P33/LAD3
ol (1 channel) S 12 | & |+ PasiFRAVE
e B < P35/ RESET
< P3E/LCLK
L_I<— pa7/SERIRQ
— P | —
Interrupt controller wor si= < PAOTMIOTCONMCYIO
(2 channels) 2| | parmmoorcmckioremmcio
] s < |+ Pazrrcmevit
JR— — C :> € | P43/TMI1/TCMCKI1/TCMMCI1
PHO/EXIRQ6 | 8 | P44/TMO1/PWMU2B/TCMCYI2
PH1/ExIRQ7[;3;/((::lI('I:‘2I . < & [<— P45/PWMU3B/TCMCKI2/TCMMCI2
-~ — ; — [ P46/PWMU4B
-5 W 8-bit timer PS2 < 1< P47/PWMUSB
PH4 <] T |<Z (4 channels) (2 channels) —
PH5 <> - K> -
w0 |+ PsoFTXD
PGO/EXIRQE/TMIX/SDAA ~—> ‘allm) K pag i
PG1/EXIRQI/TMIY/SCLA ~—> @ [+ P52/SCLO
RQ10/SDAB ~— — SCI (1 channel . —
=XIRQT1/SCLB <—+| O o Gon P R =
XIRQT2/SDAC == S || [~ ) (1 channel) (12 channels) [~ |~ PeokiND
Q13/SCLC | ) KINT
RQ13) e S| |+ PstKINT
RQI4/SDAD =—>| | <~ P62KINZ
PG7/EXIRQTS/SCLD <] | - Bl e[+ rearms
o — £
PFO/PWMUOATRGE ~—] — lic & Po4/KINA
PF1/PWMUTATRQD ~—> (2 channels) > POSKING
PF2MMOY/IRQTOTDRCYI < | ] O] SMBUS > POO/IRQG/KING
PF3TMOX/IRQTT ~—| LI~ P67/IRQ7/KIN7
PF4/PWMU2A <] § [ ~— Pro/AND
PF5/PWMU3A <—| & - =21 |~— prant
gggwmﬂg: i — [P 10-bit AD converter LPC = ~ [+ P72/AN2
D - o (12 channels) (4 channels) IERE ~ g;i;:m
pre— | a |+
pEOEXEXCL —>| | <— P75/AN5
PE1+/ETCK —>| w <— P76/ANG
PE2*/ETDI —>| § || |_|<~— P77/AN7
PES*/ETDO ~—| & — P 16-bit TPU < |
PE4+/ETMS —| [<T H-UDI 3 channel —| | Ppo/ANS
- | <
ol (3 channels) s PD1/AN9
— kP o |=—= Ppzanto
PCOTIOCAOWUEE <[ | — | < [« PDa/ANT1
PC1/TIOCBO/WUES ~—> S |~
PC2/TIOCCOTCLKAMWUETO <] ( i 7 7 8] < PD5
PC3/TIOCDOTCLKBWUETT <—| = C| < PD6
PC4/TIOCA1/WUET2 <] & < PD7
PC5/TIOCB1/TCLKC/WUETS ~— Uy Uy Uy L
PCE/TIOCA2WUET4 ~—> Port 9 Port 8
T I$ ! msi ! tl It 1 1”3 T 3”¢ it
TVTUVTVUTT T TIJDY TJIVIUUTIT TIIIVIID >>>
33323233 TRRERREE LERRRRIE 2248832 2%
IOSO9 T 2 222 2% 333333 = o no=
39398389 22227222 30333838 S285EA
S95252°% & ! 58 Fals 22582
EEEEE 2 g g‘g‘g‘ E
822828 g 3 o=
@

Not supported by the system development tool (emulator)

Figurel.2 Internal Block Diagram
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14

141

Pin Descriptions

Pin Assignments

P12/WUE2

P11/ WUET

Vss

P10/WUEO
PB7/FSIDO/RTS
PB6/FSIDICTS.
PB5/FSICK/DTR
PB4/FSISS/DSR
PB3/DCD/PWMU1B
PB2/RI/PWMUOB
PB1/LSCI
PBO/LSMI
P30/LADO
P31/LAD1

P34/LFRAME
P35/LRESET
P36/LCLK
P37/SERIRQ
P8O/PME
P81/GA20
P82/CLKRUN
P83/LPCPD
P84/IRQ3/TxD1
P85/IRQ4/RxD1
P86/IRQ5/SCK1
P40TMIO/TCMCYIO
P41/TMOO/TCMCKIO/TCMMCIO
P42/TCMCYIH
vss
PH3

P43/TMI1/TCMCKI1/TCMMCI1 [}

P45/PWMU3B/TCMCKI2/TCMMCI2 [T}~

Pa6/PWMU4B [

H8S/2112R Group
PTQP0144LC-A

TFP-144V
(Top View)
6 121314 1516 1718
L LJ Lo UL
P ~290Q@ e
3 o JE[R
3 28o0&Zlc2blolo
= =& QL LT {CiC T
H 4 3r3csz3a
5 f cooIgRey
5 g 3¢
a N
5
2

19 20 21 22 2324 2526 27 28 29 30 31 32 33 34 35 36

N
F% E
5 & g
2Bk
0 |oy o~ C|-a
eI
F:aa#a#a
EECEELSL B
88k §88858588 <<
%5% 836326¢98 F@rg‘ggﬁ 9
=2 EEcEEEEE EEERRERER E
Ler 3033388605 2
£5E Soepdeesek E
mimim miminininininin ] ]
)71061051041031020110099 98 97 96 95 94 93 92 91 90 89 88 87 8685 84 83 82 8180 7978 77 76 7574 73

[ P7a/ANa

[ P73/AN3

[] P72/AN2

[ P71/AN1

[ P70/ANO

] Avss

) PDO/ANS

[ PD1/ANS

) PD2/AN10

[ PD3/ANT1

[] PD4

[] PD5

(] PD6

(] PD7

[] PGO/EXIRQBITMIX/SDAA
[] PG1/EXIRQ9/TMIY/SCLA
[ PG2/EXIRQ10/SDAB
[ PG3/EXIRQTT/SCLB
[ PG4/EXIRQT2/SDAC
) PGS/EXIRQT3/SCLC
[ PG6/EXIRQT4/SDAD
[ PG7/EXIRQT5/SCLD
[] PFOTRQB/PWMUOA
[] PF1/IRQ9/PWMU1TA
[] PF2/IRQTO/TMOY
[] PF3/RQTTTMOX
[ PF4/PWMU2A

) PFs/PWMU3A

[] PFo/PWMU4A

0 PF7/PWMUSA

[ vss

[] PAO/KING

] PA1/KING

[] PA2/KINTO/PS2AC
[ PA3/KINTT/PS2AD
[ PA4/KINT2/PS2BC

38
37

PE2*/ETDI
vce

PE4*/ETMS
PE3*/ETDO
PEO/ExEXCL []

PAS/KIN13/PS2BD [}

Note: * Not supported by the system development tool (emulator)

Figure 1.3 Pin Assignments (TFP-144V)
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060,
0666

SR
90066
00660

- N w S~ o (2] ~ © ©

H8S/2112R Group
PLBGO0176GA-A

VX

00
060

O : Non-connection pin (with solder ball)

Note: * Not supported by the system development tool (emulator)

Figure1.4 Pin Assignments (BP-176V)
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13 | P11 | P13 | P15 | P20 | P24 | P26 | PC1 | PC3 | PC7 | P64 | P60 | P75 P76

12 | P12 | P10 | P16 | P22 | P25 | PC2 | PC5 | P67 P63 | P61 | P77 [AVCC| P74

11 | PB7 | VSS | PB6 | P14 | P21 | P23 | PCO | PC6 P66 | P62 | AVref| P71 P73

10 | PB3 | PBS | PB4 | P17 P27 | VSS | PC4 | VCC | P65 | PD2 | P72 | PDO | P70

9 | P30 | PB2 | PB1 | P31 PD6 | AVSS| PD4 | PD1
g | P34 | PBO | P32 | P35 PG2 | PD3 | PGO | PD5
H8S/2112R Group
7 | Pso | P33 | P82 | P36 PTLG0145JB-A PG3 | PD7 | PG6 | PG1
(Top View)
6 | P84 | P81 | P86 | P37 PG4 | PG7 | PF2 | PG5
5 | P41 | P85 | vss | P83 | NC PFO | PF3 | PF4 | PF1

*
4 | PH3 | P42 | PH5 | P40 | P52 | P96 | P95 | P94 | P90 | PE4 | PF6 | PF7 | PF5

— *
3 | XTAL | PH4 | P47 | RES | NMI | P51 | P91 [ETRST| PE1 | PA6 | VSS | PA2 | PAO

2 [EXTAL| P45 | P44 | VSS | PHO | PH1 | P50 | P92 | PH2 | pE2" | PA7 | PA3 | PA4

1 P43 | VCC | P46 | MD1 | VCL | P97 | P93 | MD2 | PE3 | PEO | PA5 | VCC | PAl

INDEX A B c D E F G H J K L M N

|:| - NC Pin

Note: * Not supported by the systen development tool (emulator)

Figure1l5 Pin Assignments (TLP-145V)
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Section 1 Overview

14.2 Pin Assignment in Each Operating Mode

Table1.3 Pin Assignment in Each Operating M ode

Pin No. Pin Name

TEP- BP- TLP- Single-Chip Mode

144V 176V 145v Mode 2 (EXPE = 0)

1 A1 B1 vcC

2 C3 Al P43/TMI1/TCMCKI1/TCMMCI1
3 B1 c2 P44/TMO1/PWMU2B/TCMCYI2
4 C2 B2 P45/PWMUS3B/TCMCKI2/TCMMCI2
5 D3 Ct P46/PWMU4B

6 c1 C3 P47/PWMU5B

7 D2 D2 VSS

— E4 — NC

8 E3 D3 RES

— D1 — VSS

9 E2 D1 MD1

10 E1 E2 PHO/ExIRQ6

11 F4 E3 NMI

12 F3 F2 PH1/ExIRQ7

13 F1 E1 VCL

14 (N) F2(N) E4(N) P52/SCLO

15 G4 F3 P51/FRxD

— G3 — NC

16 G1 G2 P50/FTxD

17(N) G2 (N) F1(N) P97/SDAO/RQ15

— H4 — NC

— H3 — NC

18 H1 F4 P96/¢/EXCL

19 H2 G4 P95/IRQ14

20 J4 H4 P94/IRQ13

21 J3 G P93/RQ12
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Pin No. Pin Name
TEP- BP- TLP- Single-Chip Mode
144V 176V 145V Mode 2 (EXPE = 0)
22 J1 H2 P92/IRQ0
23 J2 G3 P91/IRQT
24 K4 J4 P90/IRQ2
— K3 — NC
25 K1 H1 MD2
26 K2 J2 PH2/CIRI
— L3 — NC
27 L1 H3 ETRST
28 (T) L2(T) K4 (T) PE4*/ETMS
29 L4 J1 PE3*/ETDO
30(T) M1(T) K2(T) PE2*ETDI
31(T) M2(T) J3(T) PE1*ETCK
32(T) M3(T) K1(T) PEO/EXEXCL
33(N) N1(N) L2(N) PA7/KIN15
34 (N) M4 (N) K3(N) PAB6/KINT4
35(N) N2(N) L1(N) PAS5/KIN13/PS2BD
36 P1 M1 vCcC
— P2 — vCcC
37(N) R1(N) N2(N) PA4/KIN12/PS2BC
38 (N) N3(N) M2(N) PA3/KINT1/PS2AD
39 (N) R2(N) M3 (N) PA2/KINT0/PS2AC
40 (N) P3(N) N1(N) PA1/KIN9
— N4 — NC
41 (N) R3(N) N3(N) PAO/KINS
42 P4 L3 VSS
— M5 — NC
— R4 — VSS
43 N5 M4 PF7/PWMUS5A
44 P5 L4 PF6/PWMU4A

RENESAS
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Pin No. Pin Name
TEP- BP- TLP- Single-Chip Mode
144V 176V 145V Mode 2 (EXPE = 0)
45 R5 N4 PF5/PWMU3A
46 M6 M5 PF4/PWMU2A
47 N6 L5 PF3/IRQ11/TMOX
48 R6 M6 PF2/IRQ10/TMOY
49 P6 N5 PF1/IRQ9/PWMU1A
50 M7 K5 PFO/IRQ8/PWMUOA
— N7 — NC

51(N) R7(N) L6(N) PG7/ExIRQ15/SCLD

52(N) P7(N) M7 (N) PG6/EXIRQ14/SDAD

53 (N) M8 (N) N6(N) PGS5/EXIRQ13/SCLC

— N8 — NC

54 (N) R8(N) K6(N) PG4/ExIRQ12/SDAC

55(N) P8 (N) K7 (N) PG3/ExIRQ11/SCLB

— M9 — NC

56 (N) N9 (N) K8(N) PG2/EXIRQ10/SDAB

57(N) RO(N) N7(N) PG1/EXIRQ/TMIY/SCLA

58 (N) P9(N) M8 (N) PGO/EXIRQ8/TMIX/SDAA

59 M10 L7 PD7

60 N10 K9 PD6

61 R10 N8 PD5

62 P10 M9 PD4

63 N11 L8 PD3/AN11
64 R11 K10 PD2/AN10
65 P11 N9 PD1/AN9
66 M11 M10 PDO/AN8
67 R12 L9 AVSS

— P12 — AVSS

68 N12 N10 P70/ANO

69 R13 M11 P71/AN1
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Pin No. Pin Name
TEP- BP- TLP- Single-Chip Mode
144V 176V 145V Mode 2 (EXPE = 0)
— M12 — NC
70 P13 L10 P72/AN2
71 R14 N11 P73/AN3
72 P14 N12 P74/AN4
73 R15 M13 P75/AN5
74 N13 N13 P76/AN6
75 P15 L12 P77/AN7
76 N14 M12 AVCC
— M13 — NC
— N15 — AvCC
77 M14 L11 AVref
— L12 E5 NC
— M15 — AVref
78 L13 L13 P60/KINO
79 L14 K12 P61/KINT
80 L15 K11 P62/KIN2
81 K12 J12 P63/KIN3
82 K13 K13 P64/KIN4
— K15 — NC
83 K14 J10 P65/KIN5
84 J12 J11 P66/IRQ6/KING
85 J13 H12 P67/IRQ7/KIN7
86 J15 H10 vce
— J14 — NC
87 H12 J13 PC7/TIOCB2/TCLKD/WUE15
88 H13 H11 PC6/TIOCA2/WUE14
89 H15 G12 PC5/TIOCB1/TCLKC/WUE13
90 H14 G10 PC4/TIOCA1/WUE12
91 G12 H13 PC3/TIOCDO/TCLKB/WUETT

RENESAS
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Pin No. Pin Name

TEP- BP- TLP- Single-Chip Mode

144V 176V 145v Mode 2 (EXPE = 0)

92 G13 F12 PC2/TIOCCO/TCLKA/WUE10

93 G15 G13 PC1/TIOCBO/WUE9

94 G14 G11 PCO/TIOCAO/WUES8

95 F12 F10 VSS

— F13 — VSS

— F15 — NC

96 F14 E10 P27

97 E13 F13 P26

98 E15 E12 P25

99 E14 E13 P24

100 E12 F11 P23
101 D15 D12 P22
102 D14 E11 P21

103 D13 D13 P20

104 C15 D10 P17/WUE7

105 D12 c12 P16/WUE6

106 C14 C13 P15/WUE5

107 B15 D11 P14/WUE4

108 B14 B13 P13/WUE3

109 A15 A12 P12/WUE2

110 C13 A13 P11/ WUE1

— Al4 — NC
111 B13 B11 VSS
— C12 — NC
— A13 — VSS

112 B12 B12 P10 WUEO

113 D11 A1 PB7/RTS/FSISS

114 A12 C11 PB6/CTS/FSICK

115 C11 B10 PB5/DTR/FSIDI
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Pin No. Pin Name
TEP- BP- TLP- Single-Chip Mode
144V 176V 145V  Mode 2 (EXPE =0)
116 B11 C10 PB4/DSR/FSIDO
117 A1 A10 PB3/DCD/PWMU1B
118 D10 B9 PB2/RI/PWMUOB
— cito — NC
119 A10 c9 PB1/LSCI
120 B10 B8 PBO/LSMI
121 D9 A9 P30/LADO
122 c9 D9 P31/LAD1
123 A9 C8 P32/LAD2
124 B9 B7 P33/LAD3
125 D8 A8 P34/LFRAME
126 cs D8 P35/LRESET
127 A8 D7 P36/LCLK
— B8 — NC
128 D7 D6 P37/SERIRQ
129 c7 A7 P80/PME
130 A7 B6 P81/GA20
131 B7 c7 P82/CLKRUN
132 D6 D5 P83/LPCPD
133 Cé A6 P84/IRQ3/TxD1
134 A6 B5 P85/IRQ4/RxD1
135 B6 c6 P86/IRQ5/SCK1
— C5 — NC
136 A5 D4 P40/TMIO/TCMCYI0
137 B5 A5 P41/TMOO/TCMCKIO/TCMMCIO
138 D5 B4 P42/TCMCY1
139 A4 C5 VSS
— B4 — VSS
140 c4 A4 PH3
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Pin No. Pin Name
TEP- BP- TLP- Single-Chip Mode
144v 176V 145V Mode 2 (EXPE = 0)
— A3 — NC
141 D4 B3 PH4
142 B3 C4 PH5
143 A2 A3 XTAL
144 B2 A2 EXTAL
Notes: (N) in Pin No. indicates the pin is driven by NMOS push-pull/open drain and has 5 V input
tolerance.

(T) in Pin No. indicates the pin has 5 V input tolerance.
* This pin is not supported by the system development tool (emulator).
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1.4.3 Pin Functions

Table1.4 Pin Functions
Pin No.
Type Symbol TFP-144V BP-176V TLP-145V 1/O Name and Function
Power VCC 1,36,86 A1,J15, B1, M1, Input  Power supply pins. Connect all
supply P1,P2  H10 these pins to the system power
supply. Connect the bypass
capacitor between VCC and VSS
(that is located near these pins).
VCL 13 F1 E1 Input  External capacitance pin for
internal step-down power.
Connect this pin to VSS through
an external capacitor (that is
located near this pin) to stabilize
internal step-down power.
VSS 7,42,95, D1,D2, D2,L3, Input  Ground pins. Connect all these
111,139 P4,R4, F10, B11, pins to the system power supply
F12, F13, C5 oV).
B13,
A13, A4,
B4
Clock XTAL 143 A2 A3 Input  For connection to a crystal
EXTAL 144 B2 AD Inout resonator. An external clock can
neu be supplied from the EXTAL pin.
For an example of crystal
resonator connection, see section
25, Clock Pulse Generator.
[0} 18 H1 F4 Output Supplies the system clock to
external devices.
EXCL 18 H1 F4 Input  32.768 kHz external sub clock
ExEXCL 32 M3 K1 Input should be supplied. To which pin
the external clock is input can be
selected from the EXCL and
EXEXCL pins.
Operating MD2 25 K1 HA1 Input  These pins set the operating
mode MD1 9 E2 D1 mode. Inputs at these pins should
control not be changed during operation.
System RES 8 E3 D3 Input  Reset pin. When this pin is low,
control the chip is reset.

RENESAS
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Pin No.
Type Symbol TFP-144V BP-176V TLP-145V 1/O Name and Function
Interrupts NMI 11 F4 E3 Input  Nonmaskable interrupt request
input pin
IRQ15to 17, G2, H2, F1, G4, Input  These pins request a maskable
IRQO 19 to 21, J4, J3, H4, G1, interrupt.
47 to 50, N6, R6, L5, M6, To which pin an IRQ interrupt is
85, 84, P6, M7, N5, K5, input can be selected from the
135to 133, J13,J12, H12, J11, IRQn and ExIRQn pins.
24 to0 22 B6, A6, C6, B5, (n=151t0 6)
C6, K4, A6, H2,
J2, J1 G3, J4
ExIRQ15 511058, R7,P7, L6, M7, Input
to 12,10 M8, R8, N6, K6,
ExIRQ6 P8, N9, K7, K8,
R9, P9, N7, M8,
F3, E1 F2, E2
H-UDI ETRST** 27 L1 H3 Input  Interface pins for emulator
ETMS 28 L2 K4 Input  Reset by holding the ETRST pin
to low level regardless of the H-
ETDO 29 L4 J1 Output UDI activation. At this time, the
ETDI 30 M1 K2 Input  ETRST pin should be held low
ETCK 31 M2 J3 Input level for 20 clocks of ETCK.
Then, to activate the H-UDI, the
ETRST pin should be set to high
level and the pins ETCK, ETMS,
and ETDI should be set
appropriately. In the normal
operation without activating the
H-UDI, pins ETCK, ETMS, ETDI,
and ETDO should be pulled up to
high level. The ETRST pin is
pulled up inside the chip.
8-bit TMO0 137 B5 A5 Output  Waveform output pins with output
timer TMO1 3 B1 c2 compare function
(TMR_O0, TMOX 47 N6 L5
TMR_1, TMOY 48 R6 M6
$m2—$ TMIO 136 A5 D4 Input  Counter event input and count
-Y) T™MH 2 C3 A1l reset input pins
TMIX 58 P9 M8
T™MIY 57 R9 N7
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Pin No.
Type Symbol  TFP-144V BP-176V TLP-145V 1/O Name and Function
16-bit timer TCLKA 92 G13 F12 Input  Timer external clock input pins
pulse unit TCLKB 91 G12 H13
(TPU) TCLKC 89 H15 G12
TCLKD 87 H12 J13
TIOCAO 94 G14 G11 Input/  Input capture input/output
TIOCBO 93 G15 G13 Output compare output/PWM output
TIOCCO 92 G13 F12 pins for TGRA_0 to TGRD_0
TIOCDO 91 G12 H13
TIOCA1 90 H14 G10 Input/  Input capture input/output
TIOCB1 89 H15 G12 Output compare output/PWM output
pins for TGRA_1 and TGRB_1
TIOCA2 88 H13 H11 Input/  Input capture input/output
TIOCB2 87 H12 J13 Output compare output/PWM output
pins for TGRA_2 and TGRB_2
16-bit cycle TCMCKI2 4,2,137 C2,C3, B2, A1, Input  Timer external clock input pins
measure- to B5 A5
ment timer TCMCKIO
(TCM) TCMMCI2 4,2,137 C2,C3, B2, A1, Input Cycle measurement enable
to B5 A5 input pins
TCMMCIO
TCMCYI2 3, 138, B1, D5, C2,B4, Input  Timer input capture input pins
to 136 A5 D4
TCMCYIO
8-bit PWM PWMUSA 43to46, N5,P5, M4, L4, Output PWM timer pulse output pins
timer U to 49, 50, R5, M6, N4, M5,
(PWMU) PWMUOA 6to 3, P6, M7, N5, K5,
PWMUSB 117,118 C1,D3, C3,Ct,
to C2,B1, B2,C2,
PWMUOB A11,D10 A10, B9
Serial TxD1 133 C6 A6 Output Transmit data output pins
ggting:un" RxD1 134 A6 B5 Input  Receive data input pins
interface SCK1 135 B6 Cé6 Input/  Clock input/output pins
(SCI_1) Output
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Pin No.
Type Symbol  TFP-144V BP-176V  TLP-145V 1/O Name and Function
Keyboard PS2AC 39 R2 M3 Input/  Synchronous clock
buffer PS2BC 37 R1 N2 Output input/output pins for the
control unit keyboard buffer control unit
(PS2) PS2AD 38 N3 M2 Input/  Data input/output pins for
PS2BD 35 N2 L1 Output the keyboard buffer control
unit
Keyboard KIN15to 33to 35, N1, M4, L2, K3, L1, Input Input pins for matrix
control KINO 37t041, N2,R1, N2, M2, keyboard. Normally, KIN15
851078 N3, R2, M3, N1, to KINO function as key
P3, R3, N3, H12, scan inputs, and P17 to
J13,J12, J11,J10, P10 and P27 to P20
K14, K13, K183, J12, function as key scan
K12,L15, K11,K12, outputs. Thus, composed
L14, L13 L13 with a maximum of 16
outputs x 16 inputs, a 256-
key matrix can be
configured.
WUE15to 87t0 94, H12,H13, J13,H11, Input Wake-up eventinput pins.
WUEO 104 to H15, H14, G12, G10, Same wake up as key
110,112 G112, G13, H13, F12, wake up can be performed
G15, G14, G13, G11, with various sources.
C15,D12, D10,C12, These pins have interrupt
C14,B15, C13,D11, request flags.
B14, A15, B13, A12,
C13,B12 A13,B12
Serial FTxD 16 G1 G2 Output Transmit data output pin
:(t)i;nnmunlc- FRxD 15 G4 F3 Input  Receive data input pin
interface Rl 118 D10 B9 Input  Ring indicator input pin
with FIFO  BCcD 117 A11 A10 Input  Data carrier detect input
(SCIF) pin
DSR 116 B11 C10 Input  Data set ready input pin
TR 115 C11 B10 Output Data terminal ready output
pin
CTS 114 A12 C11 Input  Transmission permission
input pin
RTS 113 D11 A1 Output Transmission request
output pin
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Pin No.
Type Symbol  TFP-144V BP-176V  TLP-145V 1/O Name and Function
LPC LAD3to 124+to B9, A9, C9, B7,C8,D9, Input/ LPC command, address,
Interface  LADO 121 D9 A9 Output and data input/output pins
(LPC) LFRAME 125 D8 A8 Input  Input pin indicating LPC
cycle start and forced
termination of an abnormal
LPC cycle
LRESET 126 Cs8 D8 Input  Input pin indicating LPC
reset
LCLK 127 A8 D7 Input  LPC clock input pin
SERIRQ 128 D7 D6 Input/  LPC serial host interrupt
Output (HIRQ1 to HIRQ15)
input/output pin
LSCl, 119,120, A10,B10, C9,B8, A7 Input/ LPC auxiliary output pins.
LSMI, 129 Cc7 Output Functionally, they are
PME general I/O ports.
GA20 130 A7 B6 Input/ GATE A20 control signal
Output output pin. Output state
monitoring input is
possible.
CLKRUN 131 B7 Cc7 Input/  Input/output pin that
Output requests the start of LCLK
operation when LCLK is
stopped.
LPCPD 132 D6 D5 Input  Input pin that controls LPC
module shutdown.
FSI FSISS 113 D11 A11 Output FSI slave select pin
'(’;tggace FSICK 114 A12 c11 Output  Clock output pin
FSIDI 115 C11 B10 Input  Receive data input pin
FSIDO 116 B11 C10 Output Transmit data output pin
CIR CIRlI 26 K2 J2 Input  Receive data input pin
interface
(CIR)
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Pin No.
TFP- BP-176V TLP-
Type Symbol 144V 145V I/O Name and Function
A/D converter AN11 to 63to 66, N11, R11, L8, K10, Input Analog input pins
ANO 75t068 P11, M11, N9, M10,
P15, N13, L12, N13,
R15, P14, M13,
R14, P13, N12,
R13, N12 Nf11, L10,
M11, N10

AVCC 76 N14, N15 M12 Input  Analog power supply pin for
the A/D converter
When the A/D converter is
not used, this pin should be
connected to the system
power supply (+3 V).

AVref 77 M14, M15 L11 Input Reference power supply pin
for the A/D converter
When the A/D converter is
not used, this pin should be
connected to the system
power supply (+3 V).

AVSS 67 R12, P12 L9 Input  Ground pin for the A/D
converter. This pin should
be connected to the system
power supply (0 V).
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Pin No.
TFP- BP-176V TLP-
Type Symbol 144V 145V I/O Name and Function
[*C/SMBus 2.0 SCLO 14 F2 E4 Input/  1IC/SMBUS clock I/O pins
bus interface Output The output type is NMOS
(1C_0/SMBUS) open-drain.
SDAO 17 G2 F1 Input/  1IC/SMBUS data I/O pins
Output The output type is NMOS
open-drain.
I’C bus SCLD 51 R7 L6 Input/  I°C clock I/O pins. The
interface SCLC 53 M8 N6 Output output type is NMOS open-
(nc_2) SCLB 55 P8 K7 drain.

SCLA 57 R9 N7 To which pin the clock is
input or output can be
selected from the pins
SCLD to SCLA.

SDAD 52 P7 M7 Input/  I°C data I/O pins. The

SDAC 54 R8 K6 Output output type is NMOS open-

SDAB 56 N8 K8 drain.

SDAA 58 P9 M8 To which pin the clock is
input or output can be
selected from the pins
SDAD to SDAA.
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Pin No.
Type Symbol TFP-144V BP-176V TLP-145V 1/O Name and Function
I/O port P17 to 104 to 110, C15,12, D10, C12, Input/  8-bit input/output pins
P10 112 C14,B15, C13, D11, Output
B14, A15, B13, A12,
C13,B12 A13,B12
P27 to 96t0 103 F14, E13, E10, F13, |Input/  8-bit input/output pins
P20 E15, E14, E12, E13, Output
E12, D15, F11, D12,
D14,D13 E11, D13
P37 to 128to 121 D7,A8, De6, D7, Input/  8-bit input/output pins
P30 C8,D8, D8, A8, Output
B9, A9, B7,Cs,
C9, D9 D9, A9
P47 to 6to 2, C1,D3, Cg3,Ct, Input/  8-bit input/output pins
P40 138t0 136 C2,B1, B2,C2, Output
C3,D5, A1, B4,
B5, A5 A5, D7
P52 to 1410 16 F2, G4, E4,F3, Input/  Three input/output pins
P50 G1 G2 Output  The output type of P52 is
NMOS push-pull.)
P67 to 851078 J13,J12, H12,J11, Input/  8-bit input/output pins
P60 K14, K13, J10, K13, Output
K12, L15, J12, K11,
L14, L13 K12, L13
P77 to 7510 68 P15, N13, L12, N13, Input 8-bit input pins
P70 R15, P14, M13, N12,
R14, P13, N11, L10,
R13,N12 M11, N10
P86 to 135t0 129 B6, A6, CB6, B5, Input/  7-bit input/output pins
P80 C6, D6, A6, D5, Output
B7,A7, C7,Bs6,
C7 A7
P97 to 17 to 24 G2,H1, F1,F4, Input/  8-bit input/output pins
P90 H2,J4, G4, H4,  Output (0 output type of P97 is
43, J1, - G1, H2, NMOS push-pull.)
J2, K4 G3, J4
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Pin No.
Type Symbol  TFP-144V BP-176V TLP-145V 1/O Name and Function
I/O port  PA7 to 331035, N1,M4, L2,K3, Input/  8-bit input/output pins
PAO 37 to 41 N2, R1, L1, N2, Output (The output type of PA7 to PAO
N3, R2, M2, M3, is NMOS push-pull.)
P3, R3 N1, N3
PB7 to 113t0 120 D11, A12, A11, C11, Input/  8-bit input/output pins
PBO C11, B11, B10, C10, Output
A11, D10, A10, B9,
A10,B10 C9, B8
PC7 to 87t094  H12, J13, H11, Input/  8-bit input/output pins
PCO H13, G12, G10, Output
H15, H13, F12,
H14, G13, G11
G12,
G13,
G15, G14
PD7 to 59 to 66 M10, L7, K9, Input/  8-bit input/output pins
PDO N10, N8, M9,  Output
R10, P10, L8, K10,
N11, N9, M10
R11, P11,
M11
PE4 to 28 to 32 L2, L4, K4, J1, Input 5 bit input pins
PEO*' M1, M2, K2, J3, K1
M3
PF7 to 43 to 50 N5, P5, M4, L4, Input/  8-bit input/output pins
PFO R5, M6, N4, M5, Output
N6, R6, L5, M6,
P6, M7 N5, K5
PG7 to 51to 58 R7, P7, L6, M7, Input/  8-bit input/output pins
PGO M8, R8, N6, K6,  Output (The output type of PG7 to
P8, N9, K7,K8, PGO is NMOS push-pull.)
R9, P9 N7, M8
PH5 to 142 to 140, B3, D4, C4, B3, Input/  6-bit input/output pins
PHO 26,12,10 C4,K2, A4, J2, Output
F3, E1 F2, E2
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Notes: 1. Pins PE4 to PE1 are not supported by the system development tool (emulator).
2. Following precautions are required on the reset signal that is applied to the ETRST pin.

The reset signal should be applied to ETRST pin on power supply if the input voltage of
the RES pin is low.
Set apart the circuit from this LSI to prevent the ETRST pin of the emulator from
affecting the operation of this LSI.
Set apart the circuit from this LSI to prevent the system reset of this LS| from affecting
the ETRST pin of the emulator.
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Section 2 CPU

The H8S/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte linear address space, and provides maximum
performance for realtime control.

2.1 Features

e Upward-compatible with H8/300 and H8/300H CPUs
— Can execute H8/300 and H8/300H CPUs object programs
¢ General-register architecture
— Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-bit registers
e Sixty-five basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
e FEight addressing modes
— Register direct [Rn]
— Register indirect [@ERn]
— Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]
— Register indirect with post-increment or pre-decrement [ @ERn+ or @-ERn]
— Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]
— Memory indirect [@ @aa:8§]
e 16-Mbyte address space
— Program: 16 Mbytes
— Data: 16 Mbytes
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e High-speed operation
— All frequently-used instructions execute in one or two states
— 8/16/32-bit register-register add/subtract: 1 state
— 8 X 8-bit register-register multiply: 12 states (MULXU.B), 13 states (MULXS.B)
— 16 + 8-bit register-register divide: 12 states (DIVXU.B)
— 16 x 16-bit register-register divide: 20 states (MULXU.W), 21 states (MULXS.W)
— 32 + 16-bit register-register divide: 20 states (DIVXU.W)
e CPU operating mode
e Advanced mode
e Power-down state
— Transition to power-down state by the SLEEP instruction

— CPU clock speed selection

211 Differ ences between H852600 CPU and H8S/2000 CPU
The differences between the H8S/2600 CPU and the H8S/2000 CPU are shown below.

e Register configuration
The MAC register is supported by the H8S/2600 CPU only.

e Basic instructions
The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported by the H8S/2600
CPU only.

e The number of execution states of the MULXU and MULXS instructions;

Execution States

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, Erd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, Erd 5 21

In addition, there are differences in address space, CCR and EXR register functions, and power-
down modes, etc., depending on the model.
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2.2 CPU Operating Modes

This LSI operates in normal mode, which supports a maximum 16-Mbyte address space. The
mode is selected by the mode pins.

e Address Space
Linear access to a 16-Mbyte maximum address space is provided.
e Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers.

e Instruction Set
All instructions and addressing modes can be used.
e Exception Vector Table and Memory Indirect Branch Addresses

In this LSI, the top area starting at H'00000000 is allocated to the exception vector table in 32-
bit units. One branch address is stored per 24 bits, ignoring the upper 8 bits (see figure 2.1).
For details of the exception vector table, see section 5, Exception Handling.

H'00000000 Reserved
o Exception handling vector 1 o
H'00000003
H'00000004 | ~~ ~~ Reserved |
o Exception handling vector2
H'00000007 | N
Hooooogo8 | Reserved __ ________ Exception handling
. o vector table
Exception handling vector 3
H'0000000B
H'0000000C| Reserved
o Exception handling vector 4 o
H'00000010 | ~ Reserved |
o Exception handling vector 5 o

Figure2.1 Exception Handling Vector Table
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The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions
uses an 8-bit absolute address included in the instruction code to specify a memory operand
that contains a branch address. The operand is a 32-bit (longword), providing a 32-bit branch
address. The upper 8 bits of these 32 bits is a reserved area that is regarded as H'00. Branch
addresses can be stored in the area from H'00000000 to H'O00000FF. Note that the first part of
this range is also used for the exception handling vector table.

Stack Structure

Figure 2.4 shows the stack structure when the program counter (PC) is pushed onto the stack in
a subroutine call and the stack structure when PC, condition-code register (CCR), and
extended control register (EXR) are pushed onto the stack in exception handling. When EXR
is not pushed onto the stack in interrupt control mode 0. For details on the interrupt control
mode, see section 5, Exception Handling.

\/\\/\

SP — EXR*!
Sp— Reserved 5 Reserveds1: #3
___________________________ 4
PC (SP —) CCR
- (24 bits) —_— R PC -
(24 bits) -
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored when returning.

Figure2.2 Stack Structure
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2.3 Address Space

Figure 2.3 shows a memory map for the H8S/2000 CPU. The H8S/2000 CPU provides linear
access to a maximum 16-Mbyte (architecturally 4-Gbyte) address space. For details, refer to
section 3, MCU Operating Modes.

H'00000000
16-Mbyte Program area
HOOFFFFFF [ Data area
Cannot be
used in this LSI
H'FFFFFFFF

Advanced Mode

Figure2.3 Memory Map
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24 Registers

The H8S/2000 CPU has the internal registers shown in figure 2.4. There are two types of registers;
general registers and control registers. The control registers are a 24-bit program counter (PC), an
8-bit extended control register (EXR), and an 8-bit condition code register (CCR).

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO E0 ROH ROL
ER1 E1 R1H RiL
ER2 E2 R2H RoL
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
[ PC

76543210
ExR [T]-]-[-[-]i2]i1]io

76543210

cer 1 JuH]u[n]z]v]c]

[Legend]

SP: Stack pointer ul: User bit or interrupt mask bit
PC: Program counter H: Half-carry flag

EXR:  Extended control register u: User bit

T: Trace bit N: Negative flag

12 to 10: Interrupt mask bits Z Zero flag

CCR:  Condition-code register V: Overflow flag

I: Interrupt mask bit C: Carry flag

Figure2.4 Registersinthe CPU
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24.1 General Registers

The H8S/2000 CPU has eight 32-bit general registers. These general registers are all functionally
identical and can be used as both address registers and data registers. When a general register is
used as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.5 illustrates
the usage of the general registers. When the general registers are used as 32-bit registers or address
registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum of sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum of sixteen 8-
bit registers.

The usage of each register can be selected independently.

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.6 shows the
stack.

* Address registers * 16-bit registers * 8-bit registers
* 32-bit registers

E registers (extended registers)
(EOto E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure2.5 Usageof General Registers
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Free area

SP (ER7) —»

Stack area

/\/

Figure2.6 Stack

242 Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of all CPU instructions is 2 bytes (one word), so the least significant PC bit is ignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0).

24.3 Extended Control Register (EXR)

This register does not affect the operation of this LSI.

Initial

Bit Bit Name Value R/W Description
7 T 0 R/W  Trace Bit

This bit does not affect the operation of this LSI.
6103 — All 1 — Reserved

These bits are always read as 1.
2 12 1 R/W  These bits designate the interrupt mask level (0 to 7).

I 1 R/W  These bits do not affect the operation of this LSI.

0 [0] 1 R/W
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244 Condition-Code Register (CCR)

This 8-bit register contains internal CPU status information, including an interrupt mask bit (I) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

Initial
Bit Bit Name Value R/W Description
7 I 1 R/W  Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMl is
accepted regardless of the | bit setting. The | bit is set to
1 at the start of an exception-handling sequence. For
details, refer to section 6, Interrupt Controller.

6 ul Undefined R/W User Bit or Interrupt Mask Bit

Can be read or written by software using the LDC, STC,
ANDC, ORC, and XORC instructions.

5 H Undefined R/W Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B,
or NEG.B instruction is executed, this flag is set to 1 if
there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or
NEG.W instruction is executed, the H flag is set to 1 if
there is a carry or borrow at bit 11, and cleared to O
otherwise. When the ADD.L, SUB.L, CMP.L, or NEG.L
instruction is executed, the H flag is set to 1 if there is a
carry or borrow at bit 27, and cleared to 0 otherwise.

4 U Undefined R/W User Bit

Can be read or written by software using the LDC, STC,
ANDC, ORC, and XORC instructions.

3 N Undefined R/W Negative Flag
Stores the value of the most significant bit of data as a
sign bit.

2 4 Undefined R/W Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.
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Initial
Bit Bit Name Value R/W  Description
1 \ Undefined R/W Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to 0 at other times.

0 C Undefined R/W Carry Flag

Set to 1 when a carry occurs, and cleared to 0
otherwise. Used by:

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow
e Shift and rotate instructions, to indicate a carry

The carry flag is also used as a bit accumulator by bit
manipulation instructions.

245 Initial Values of CPU Registers

Reset exception handling loads the CPU’s program counter (PC) from the vector table, clears the
trace bit in EXR to 0, and sets the interrupt mask bits in CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV.L instruction executed immediately
after a reset.
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25 Data Formats

The H8S/2000 CPU can process 1-bit, 4-bit (BCD), 8-bit (byte

), 16-bit (word), and 32-bit

(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,
..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two

digits of 4-bit BCD data.

251 General Register Data Formats

Figure 2.7 shows the data formats in general registers.

Data Type Register Number Data Format
7 0
RnH RN . !
1-bit data 7ieisiaiaieitio]  Donteae |
___________________ 7 0
1-bit data RnL Don't care | 716151413121 110
7 43 o i
4-bit BCD data RnH | Upper | Lower | Don't care i
.................. J
___________________ 7 4 3 0
4-bit BCD data RnL E Don't care | Upper | Lower |
7 0
Byte data RnH T R B R | Don't care '
MSB Ls8 T
___________________ 7 0
Byte data RnL H Don't care | i ! i i . i
"""""""""" MSB LSB

Figure2.7 General Register Data Formats (1)

RENESAS
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Data Type Register Number Data Format
Word data Rn
15
MSB
Word data En
15 0
MSB LSB
Longword data ERn
31 16 15
MSB En Rn
[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

Figure2.7 General Register Data Formats (2)
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252 Memory Data For mats

Figure 2.8 shows the data formats in memory. The H8S/2000 CPU can access word data and
longword data in memory, however word or longword data must begin at an even address. If an
attempt is made to access word or longword data at an odd address, an address error does not
occur, however the least significant bit of the address is regarded as 0, so access begins the
preceding address. This also applies to instruction fetches.

When SR (ER7) is used as an address register to access the stack, the operand size should be word

or longword.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M+1

Address 2N

Address 2N+1
Address 2N+2
Address 2N+3

Data Format

/\/

7 0

76 [5]4]3]2]1]0

MSB, . ! ! ! LSB

CEEEREE
s
MSB: ¢ 0

\LSB|

/\/

Figure2.8 Memory Data Formats
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2.6 Instruction Set
The H8S/2000 CPU has 65 instructions. The instructions are classified by function in table 2.1.

Table2.1 Instruction Classification

Function Instructions Size  Types
Data transfer MOV B/W/L 5
POP*', PUSH*' WI/L
LDM*°, STM*° L
MOVFPE*’, MOVTPE*® B
Arithmetic ADD, SUB, CMP, NEG B/W/L 19
operation ADDX, SUBX, DAA, DAS B
INC, DEC B/WI/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS WI/L
TAS* B
Logic operations AND, OR, XOR, NOT B/W/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR B/WI/L
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bec*?, JMP, BSR, JSR, RTS —

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP —
Block data transfer EEPMOV —

Total: 65
Notes: B-byte; W-word; L-longword.
1. POP.W Rn and PUSH.W Rn are identical to MOV.W @ SP+,Rn and MOV.W Rn,@-SP.

POP.L ERn and PUSH.L ERn are identical to MOV.L @ SP+,ERn and
MOV.L ERn,@-SP.

Bcc is the general name for conditional branch instructions.
Cannot be used in this LSI.
Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.

Since the register ER7 functions as the stack pointer in STM/LDM instruction, the
register cannot be used to push data onto the stack for STM instruction or to pop data
off the stack for LDM instruction.

ok,
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26.1 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The notation used in
tables 2.3 to 2.10 is defined below.

Table2.2 Operation Notation

Symbol Description

Rd General register (destination)*
Rs General register (source)*
Rn General register*

ERn General register (32-bit register)
(EAd) Destination operand
(EAs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR
V4 Z (zero) flag in CCR

\ V (overflow) flag in CCR
C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical XOR

- Move

~ NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table2.3 DataTransfer Instructions

Instruction Size*'  Function

MOV B/W/L  (EAs) - Rd, Rs — (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.

MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP W/L @SP+ — Rn

Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn.

PUSH Wi/L Rn - @-SP
Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @-SP.

LDM#** L @SP+ — Rn (register list)
Pops two or more general registers from the stack.
STM*? L Rn (register list) — @-SP

Pushes two or more general registers onto the stack.

Notes: 1. Refers to the operand size.

B: Byte
W: Word
L: Longword

2. Since the register ER7 functions as the stack pointer in STM/LDM instruction, the
register cannot be used to push data onto the stack for STM instruction or to pop data
off the stack for LDM instruction.
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Table2.4 Arithmetic Operations Instructions (1)

Instruction Size*

Function

ADD B/W/L Rd+Rs— Rd, Rdz#MM— Rd

SuUB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register (immediate byte data
cannot be subtracted from byte data in a general register. Use the
SUBX or ADD instruction.)

ADDX B Rd +Rs + C —» Rd, Rd=z #IMM = C — Rd

SUBX Performs addition or subtraction with carry on byte data in two general
registers, or on immediate data and data in a general register.

INC BW/L Rdx1—-Rd, Rd+2—>Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

ADDS L Rd+1—Rd, Rd+2 — Rd, Rd+4 — Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA B Rd decimal adjust — Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to the CCR to produce 4-bit BCD data.

MULXU B/W Rd x Rs — Rd
Performs unsigned multiplication on data in two general registers: either
8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd x Rs — Rd
Performs signed multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

DIVXU B/W Rd + Rs — Rd
Performs unsigned division on data in two general registers: either 16
bits + 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits —
16-bit quotient and 16-bit remainder.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.4 Arithmetic Operations Instructions (2)

Instruction  Size*'  Function

DIVXS B/W Rd + Rs —» Rd
Performs signed division on data in two general registers: either 16 bits
+ 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

CMP B/W/L  Rd-Rs, Rd - #IMM
Compares data in a general register with data in another general
register or with immediate data, and sets CCR bits according to the
result.

NEG B/W/L 0-Rd—Rd
Takes the two’s complement (arithmetic complement) of data in a
general register.

EXTU W/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS W/L Rd (sign extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.

TAS* B @ERd -0, 1 — (<bit 7> of @ERd)

Tests memory contents, and sets the most significant bit (bit 7) to 1.

Note: 1. Refers to the operand size.

B: Byte
W: Word
L: Longword

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Table25 Logic Operations|nstructions

Instruction Size* Function

AND B/W/L RdARs— Rd, RdAa#MM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/W/L RdvRs— Rd, Rdv#IMM — Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/W/L Rd®Rs —» Rd, Rd® #IMM — Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/W/L  ~(Rd) — (Rd)
Takes the one’s complement (logical complement) of general register
contents.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword

Table2.6 Shift Instructions

Instruction Size* Function

SHAL B/W/L  Rd (shift) - Rd

SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shifts are possible.

SHLL B/W/L  Rd (shift) - Rd

SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shifts are possible.

ROTL B/W/L  Rd (rotate) — Rd

ROTR Rotates general register contents.
1-bit or 2-bit rotations are possible.

ROTXL B/W/L  Rd (rotate) —» Rd

ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotations are possible.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.7 Bit Manipulation Instructions (1)

Instruction Size* Function

BSET B 1 — (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR B 0 — (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower three bits of
a general register.

BNOT B ~(<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BTST B ~(<bit-No.> of <EAd>) — Z
Tests a specified bit in a general register or memory operand and sets
or clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND B C A (<bit-No.> of <EAd>) —» C
ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND B C A [~(<bit-No.> of <EAd>)] - C
ANDs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BOR B C v (<bit-No.> of <EAd>) - C
ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C v [~(<bit-No.> of <EAd>)] —» C
ORs the carry flag with the inverse of a specified bit in a general register
or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

Note: * Refers to the operand size.

B: Byte
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Table2.7 Bit Manipulation Instructions (2)

Instruction Size*'  Function

BXOR B C @ (<bit-No.> of <EAd>) —» C
XORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

C ® [~(<bit-No.> of <EAd>)] - C

BIXOR B XORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) —» C
Transfers a specified bit in a general register or memory operand to the
carry flag.
~(<bit-No.> of <EAd>) —» C

BILD B Transfers the inverse of a specified bit in a general register or memory

operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C — (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B ~C — (<bit-No.> of <EAd>)
Transfers the inverse of the carry flag value to a specified bit in a
general register or memory operand.
The bit number is specified by 3-bit immediate data.

Note: * Refers to the operand size.
B: Byte
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Table2.8 Branch Instructions
Instruction Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High CvzZ=0
BLS Low or same Cvz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BvVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NeV=0
BLT Less than N®V=1
BGT Greater than ZviN®V)=0
BLE Less or equal Zv(N® V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
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Table2.9 System Control Instructions

Instruction Size* Function

TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) — CCR, (EAs) —» EXR

Moves general register or memory contents or immediate data to CCR
or EXR. Although CCR and EXR are 8-bit registers, word-size transfers
are performed between them and memory. The upper 8 bits are valid.

STC B/W CCR — (EAd), EXR — (EAd)
Transfers CCR or EXR contents to a general register or memory.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.

ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR

Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR

Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR @ #IMM — CCR, EXR @ #IMM — EXR

Logically XORs the CCR or EXR contents with immediate data.
NOP — PC+2—>PC

Only increments the program counter.

Note: * Refers to the operand size.
B: Byte
W: Word
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Table2.10 Block Data Transfer Instructions

Instruction Size Function
EEPMOV.B — if R4L # 0 then
Repeat @QER5+ — @GER6+
R4L-1 — RA4L
Until R4L = 0
else next;
EEPMOV.W — if R4 # 0 then

Repeat @ER5+ — @QER6+
R4-1 — R4
Until R4 = 0
else next;

Transfers a data block. Starting from the address set in ER5, transfers

data for the number of bytes set in R4L or R4 to the address location set
in ER6.

Execution of the next instruction begins as soon as the transfer is
completed.
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2.6.2 Basic Instruction Formats

The H8S/2000 CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op field), a register field (r field), an effective address extension (EA field), and a

condition field (cc).

Figure 2.9 shows examples of instruction formats.

e Operation Field

Indicates the function of the instruction, the addressing mode, and the operation to be carried
out on the operand. The operation field always includes the first four bits of the instruction.
Some instructions have two operation fields.

e Register Field

Specifies a general register. Address registers are specified by 3 bits, and data registers by 3
bits or 4 bits. Some instructions have two register fields. Some have no register field.

o [Effective Address Extension

8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.

e (Condition Field

Specifies the branching condition of Bcc instructions.

(1) Operation field only

op

(2) Operation field and register fields

op

NOP, RTS, etc.

ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op

rn rm

EA(disp)

(4) Operation field, effective address extension, and condition fi

e

op cc

EA(disp)

MOV.B @(d:16, Rn), Rm, etc.

d

BRA d:16, etc.

Figure2.9 Instruction Formats (Examples)
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2.7

Addressing Modes and Effective Address Calculation

The H8S/2000 CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or the absolute addressing mode to specify an operand, and register direct (BSET, BCLR,
BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in
the operand.

Table2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #xx:8/#xx:16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @ @aa:8
271 Register Direct—Rn

The register field of the instruction specifies an 8-, 16-, or 32-bit general register containing the
operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to R7 and EO to E7
can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit registers.

272

Register Indirect—@ERnN

The register field of the instruction code specifies an address register (ERn) which contains the
address of the operand on memory. If the address is a program instruction address, the lower 24
bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

Rev. 1.00 May 09, 2008 Page 54 of 954

REJ09B0462-0100

RENESAS



Section2 CPU

273 Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERN)

A 16-bit or 32-bit displacement contained in the instruction is added to an address register (ERn)
specified by the register field of the instruction, and the sum gives the address of a memory
operand. A 16-bit displacement is sign-extended when added.

274 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERnN

Register indirect with post-increment—@ERnN+: The register field of the instruction code
specifies an address register (ERn) which contains the address of a memory operand. After the
operand is accessed, 1, 2, or 4 is added to the address register contents and the sum is stored in the
address register. The value added is 1 for byte access, 2 for word transfer instruction, or 4 for
longword transfer instruction. For the word or longword transfer instructions, the register value
should be even.

Register indirect with pre-decrement—@-ERn: The value 1, 2, or 4 is subtracted from an
address register (ERn) specified by the register field in the instruction code, and the result is the
address of a memory operand. The result is also stored in the address register. The value
subtracted is 1 for byte access, 2 for word transfer instruction, or 4 for longword transfer
instruction. For the word or longword transfer instructions, the register value should be even.

2.75 Absolute Addr ess—@aa: 8, @aa: 16, @aa: 24, or @aa:32

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bits long
(@aa:32). Table 2.12 indicates the accessible absolute address ranges.

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1 (H'FFFF).
For a 16-bit absolute address the upper 16 bits are a sign extension. A 32-bit absolute address can
access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).
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Table2.12 Absolute Address Access Ranges

Absolute Address Advanced Mode
Data address 8 bits (@aa:8) H'FFFFO0O0 to H'FFFFFF

16 bits (@aa:16)  H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF

32 bits (@aa:32)  H'000000 to H'FFFFFF

Program instruction 24 bits (@aa:24)
address

2.7.6 Immediate—#xx: 8, #xx: 16, or #xx:32

The instruction contains 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data as an
operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

2717 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC)

This mode is used in the Bcc and BSR instructions. An 8-bit or 16-bit displacement contained in
the instruction is sign-extended and added to the 24-bit PC contents to generate a branch address.
Only the lower 24 bits of this branch address are valid; the upper 8 bits are all assumed to be 0
(H’00). The PC value to which the displacement is added is the address of the first byte of the next
instruction, so the possible branching range is —126 to +128 bytes (=63 to +64 words) or —32766 to
+32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting value should
be an even number.
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2.7.8 Memory Indirect—@@aa: 8

This mode can be used by the JMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.
The upper bits of the absolute address are all assumed to be 0, so the address range is 0 to 255
(H'000000 to H'0000FF). The memory operand is a longword operand, the first byte of which is
assumed to be 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further details,
refer to section 5, Exception Handling.

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or instruction code to be fetched
at the address preceding the specified address. (For further information, see section 2.5.2, Memory
Data Formats.)

\/\

Specified -| Reserved
by @aa:8

Branch address

\/\

Advanced Mode

Figure2.10 Branch Address Specification in Memory Indirect Mode
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279

Effective Address Calculation

Table 2.13 indicates how effective addresses (EA) are calculated in each addressing mode.

Table2.13 Effective Address Calculation (1)

No Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

1 Register direct(Rn)

[ o [m][m]

Operand is general register contents.

2 Register indirect(@ERnN)

31 0

2423

[ oo [ ] |

| General register contents

31
——lDon't carel

3 | Register indirect with displacement
@(d:16,ERN) or @(d:32,ERN)

I General register contents

5 . p 31 2423
| P | | | P | ——lDon't carel
31 0
| Sign extension | disp
4 Register indirect with post-increment or
pre-d_ecrel_’nem ) ) 31 31 2423
*Register indirect with post-increment @ ERn+ I N y
1 General register contents ——lDon t carel
[
Lo [ ] |
*Register indirect with pre-decrement @-ERn 31

31 2423

[ S _>|Don't carel
Lo [] ]
Operand Size Offset
Byte 1
Word 2
Longword 4
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Table2.13 Effective Address Calculation (2)

No Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

5 | Absolute address

@aa:8

#xXX:8/#xx:16/#xx:32
op IMM

31 24 23 87 0
[pon't care| HFFFF | ; |
@aa:16 31 2423 16 15 0
| op | abs | |Don't carel Sign extensionl |
@aa:24 31 2423 0
| op | all)s | |Don't carel * |

@aa:32
op 31 24 23 0

abs |Don't carel
I b
6 Immediate

Operand is immediate data.

Memory contents

7 Program-counter relative 23
@(d:8,PC)/@(d:16,PC) | PC contents }—*
op disp ¥
31 2423 0
|Don't carel
8 Memory indirect @ @aa:8
* Normal mode*
‘ B i
| o [ ebs | H'000000 | abs |
15 0 31 2423 16 15 0
Memory contents | |Don't carel H'00 | |
* Advanced mode
3 S
H'000000 | abs | 31 2423 0
31 0 |Don't carel

Note: * Normal mode is not available in this LSI.
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2.8 Processing States

The H8S/2000 CPU has four main processing states: the reset state, exception handling state,
program execution state and power-down state. Figure 2.11 indicates the state transitions.

Reset State

In this state, the CPU and all on-chip peripheral modules are initialized and not operating.
When the RES input goes low, all current processing stops and the CPU enters the reset state.
All interrupts are masked in the reset state. Reset exception handling starts when the RES
signal changes from low to high. For details, refer to section 5, Exception Handling.

The reset state can also be entered by a watchdog timer overflow or low voltage detection in
the low voltage detection circuit.

Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to an exception source, such as a reset, trace, interrupt, or trap instruction.
The CPU fetches a start address (vector) from the exception vector table and branches to that
address. For further details, refer to section 5, Exception Handling.

Program Execution State

In this state, the CPU executes program instructions in sequence.

Program Stop State

This is a power-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters software standby mode. For further
details, refer to section 26, Power-Down Modes.
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Program execution
state

SLEEP
instruction
SLEEP with
instruction \_ LSON = 0 and
with SSBY =0
LSON =0,
PSS =0, and
SSBY =1

Requestfor ~  \ oot
exception

End of
neo handling

exception
handling

Interrupt
request

Exception-handling state

External interrupt
request

)

ES = high

Reset state !

Notes: 1. From any state, a transition to the reset state is made whenever the RES pin
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. The power-down state also includes watch mode. For details, refer to section 26, Power-Down Modes.

Figure2.11 State Transitions
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2.9 Usage Note

29.1 TAS Instruction

The registers ERO, ER1 ER4, and ER5b must be used when using the TAS instruction.

Note that the TAS instruction is not generated in the Renesas H8S, H8S/300 series C/C++
Compiler. When using the TAS instruction as a user-defined built-in function, the registers ERO,
ER1 ER4, and ER5b must be used.

29.2 STM/LDM Instruction

The register ER7 cannot be used to push data onto the stack for STM instruction or to pop data off
the stack for LDM instruction stack. To push or pop data in one instruction, the registers that can
be used are two, three, or four as shown in the list below.

Two registers: ERO to ER1, ER2 to ER3, and ER4 to ER5
Three registers: ERO to ER2, ER4 to ER6
Four registers: ERO to ER3

Note that the STM/LDM instruction that contains ER is not generated in the Renesas HSS,
H8S/300 series C/C++ Compiler

293 Notes on Using the Bit Operation Instruction

Instructions BSET, BCLR, BNOT, BST, and BIST read data in byte units, and write data in byte
units after bit operation. Therefore, attention must be paid when these instructions are used for
ports or registers including write-only bits.

Instruction BCLR can be used to clear the flag in the internal I/O register to 0. If it is obvious that
the flag has been set to 1 by the interrupt processing routine, it is unnecessary to read the flag
beforehand.
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294 EEPMOV Instruction

1. The EEPMOY instruction is a block transfer instruction. The data with a start address shown
in R5 and consists of bytes shown in R4L is transferred to the address shown in R6.

RS™ % \

R5 + R4L —

\ % ~ R6+RAL

2. R4L and R6 must be set so that the last address of the destination (R6 +R4L) must be HFFFF
or lower. That is, the value of R6 in the middle of execution must not be HFFFF — H'0000.

R5 — \

-—R6

R5 + R4L—

HFFFF
Impossible sl < R6 + R4L
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Section 3 MCU Operating Modes

31 Operating Mode Selection

This LSI supports three operating modes (modes 2, 4, and 6). The operating mode is determined
by the setting of the mode pins (MD2 and MD1). Table 3.1 shows the MCU operating mode
selection.

Table3.1 MCU Operating Mode Selection

MCU Operating CPU Operating

Mode MD2 MD1 MDO* Mode Description On-Chip ROM
2 0 1 0 Advanced Single-chip mode Enabled

4 1 0 0 — Flash memory —

programming/erasing

6 1 1 0 Emulation On-chip emulation mode Enabled

Note: * MDOQO is not available as a pin and is internally fixed to O.

Modes 2 is single-chip mode.

Modes 0, 1, 3, 5 and 7 are not available in this LSI. Modes 4 and 6 are operating modes for a
special purpose. Thus, mode pins should be set to enable mode 2 in the normal program execution
state. Mode pin settings should not be changed during operation. After a reset is canceled, the
mode pin inputs should be latched by reading MDCR.

Mode 4 is a boot mode for programming or erasing the flash memory. For details, see section 24,
Flash Memory.

Mode 6 is an on-chip emulation mode. In this mode, this LSI is controlled by an on-chip emulator
(E10A) via the JTAG, thus enabling on-chip emulation.
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3.2 Register Descriptions

The following registers are related to the operating modes.

Table3.2 Register Configuration

Data Bus
Register Name Abbreviation R/W Initial Value Address Width
Mode control register MDCR RW  — H'FFC5 8
System control register SYSCR R/W H'09 H'FFC4 8
Serial timer control register ~ STCR R/W H'00 H'FFC3 8
System control register 3 SYSCR3 R/W H'60 H'FE7D 8

321 Mode Control Register (MDCR)

MDCR is used to set an operating mode and to monitor the current operating mode.

Bit Bit Name

Initial
Value R/W

Description

7 EXPE

Reserved
The initial value should not be changed.

6to3 —

Reserved
The initial value should not be changed.

2 MDS2
1 MDS1

Mode Select 2 and 1

These bits indicate the input levels at mode pins (MD2
and MD1) (the current operating mode). The MDS2 and
MDS1 bits correspond to the MD2 and MD1 pins,
respectively. These bits are read-only bits and cannot
be written to.

The input levels of the mode pins (MD2 and MD1) are
latched into these bits when MDCR is read. These
latches are canceled by a reset.

Reserved
The initial value should not be changed.

Note: * The initial values are determined by the settings of the MD2 and MD1 pins.
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322 System Control Register (SYSCR)

SYSCR monitors a reset source, selects the interrupt control mode and the detection edge for

NMI, enables or disables access to the on-chip peripheral module registers, and enables or disables

the on-chip RAM address space.

Initial

Bit Bit Name Value R/W Description

7,6 — AllO R/W Reserved
The initial value should not be changed.

5 INTM1 R Interrupt Control Select Mode 1 and 0

INTMO R/W These bits select the interrupt control mode of the

interrupt controller.
For details on the interrupt control modes, see section
6.6, Interrupt Control Modes and Interrupt Operation.
00: Interrupt control mode 0
01: Interrupt control mode 1
10: Setting prohibited
11: Setting prohibited

3 XRST 1 R Reset Source
Indicates the reset source. A reset is caused by a pin
reset, power-on reset or when the watchdog timer
overflows.
0: A reset is caused when the watchdog timer overflows
1: A reset is caused by a pin and the power-on.

2 NMIEG 0 R/W NMI Edge Select

Selects the valid edge of the NMI interrupt input.

0: An interrupt is requested at the falling edge of NMI
input

1: An interrupt is requested at the rising edge of NMI
input
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Initial
Bit Bit Name Value R/W

Description

1 KINWUE 0 R/W

Keyboard Control Register Access Enable

When the RELOCATE bit is cleared to 0, this bit
enables or disables CPU access for the keyboard
matrix interrupt registers (KMIMRA and KMIMRB), pull-
up MOS control register (P6PCR), and registers
(TCR_X/TCR_Y, TCSR_X/TCSR._Y,
TICRR/TCORA_Y, TICRF/TCORB_Y,
TCNT_X/TCNT_Y, TCORC, TCORA_X, TCORB_X,
TCONRI, and CONRS) of 8-bit timers (TMR_X and
TMR_Y)

0: Enables CPU access for registers of TMR_X and
TMR_Y in areas from H'(FF)FFFO to H'(FF)FFF7
and from H'(FF)FFFC to H'(FF)FFFF

1: Enables CPU access for the keyboard matrix
interrupt registers and input pull-up MOS control
register in areas from H'(FF)FFFO to H'(FF)FFF7 and
from H'(FF)FFFC to H'(FF)FFFF

When the RELOCATE bit is set to 1, this bit is disabled.

For details, see section 3.2.4, System Control Register
3 (SYSCRB3) and section 27, List of Registers.

0 RAME 1 R/W

RAM Enable

Enables or disables on-chip RAM.
0: On-chip RAM is disabled

1: On-chip RAM is enabled
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323

Serial Timer Control Register (STCR)

STCR enables or disables register access, IIC operating mode, and on-chip flash memory, and
selects the input clock of the timer counter.

Initial

Bit Bit Name Value R/W Description

7 lICxX2 0 R/W I?C_2 Transfer Rate Select
These bits control the [IC_2 operation. These bits
select the transfer rate in master mode together with
bits CKS2 to CKSO0 in the I°C_2 bus mode register
(ICMR_2). For details on the transfer rate, see table
17.4.

6 — 0 R/W Reserved
The initial value should not be changed.

5 IICX0 0 I’C_0 Transfer Rate Select
These bits control the [IC_0 operation. These bits
select the transfer rate in master mode together with
bits CKS2 to CKSO0 in the I°C_0 bus mode register
(ICMR_0). For details on the transfer rate, see table
17.4.

4 IICE 0 R/W I°C Master Enable

When the RELOCATE bit is cleared to 0, enables or
disables CPU access for IIC registers (ICCR, ICSR,
ICDR/SARX, ICMR/SAR, and ICRES), PWMX registers
(DADRAH/DACR, DADRAL, DADRBH/DACNTH, and

DADRBL/DACNTL), and SCI registers (SMR, BRR, and
SCMR).

0:

SCI_1 registers are accessed in areas from
H'(FF)FF88 to H'(FF)FF89 and from H'(FF)FF8E to
H'(FF)FF8F.

Access is prohibited in areas from H'(FF)FFD8 to
H'(FF)FFD9 and from H'(FF)FFDE to H'(FF)FFDF.

. Access is prohibited in areas from H'(FF)FF88 to

H'(FF)FF89 and from H'(FF)FF8E to H'(FF)FF8F.
IIC_0 registers are accessed in areas from
H'(FF)FFD8 to H'(FF)FFD9 and from H'(FF)FFDE to
H'(FF)FFDF.

ICRES is accessed in areas of H'(FF)FEES6.

When the RELOCATE bit is set to 1, this bit is disabled.

For details, see section 3.2.4, System Control Register
3 (SYSCRB3) and section 27, List of Registers.
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Bit

Bit Name

Initial
Value

R/W

Description

3

FLSHE

0

R/W

Flash Memory Control Register Enable

Enables or disables CPU access for flash memory
registers (FCCS, FPCS, FECS, FKEY, FMATS, and
FTDAR), power-down state control registers (SBYCR,
LPWRCR, MSTPCRH, and MSTPCRL), and on-chip
peripheral module control registers (PCSR).

0: When RELOCATE is 0, control registers of power-
down state and peripheral modules are accessed in
an area from H'(FF)FF80 to H'(FF)FF87. Area from
H'(FF)FEAS8 to H'(FF)FEAE is reserved.

When RELOCATE is 1, control registers of power-
down state and peripheral modules are accessed in
an area from H'(FF)FF80 to H'(FF)FF87. Area from
H'(FF)FEAS8 to H'(FF)FEAE is reserved.

1: When RELOCATE is 0, control registers of flash
memory are accessed in an area from H'(FF)FEA8
to H'(FF)FEAE. Area from H'(FF)FF80 to
H'(FF)FF87 is reserved.

When RELOCATE is 1, control registers of power-
down state and peripheral modules are accessed in
an area from H'(FF)FF80 to H'(FF)FF87. Control
registers of flash memory are accessed in an area
from H'(FF)FEAS8 to H'(FF)FEAE.

2

IICS

R/(W)

I°C Extra Buffer Select

Specifies bits 7 to 4 of port A as output buffers similar
to SLC and SDA. These pins are used to implement an
I’C interface only by software.

0: PA7 to PA4 are normal input/output pins.

1: PA7 to PA4 are input/output pins enabling bus
driving.

1
0

ICKS1
ICKSO

0
0

R/W
R/W

Internal Clock Source Select 1 and 0

These bits select a clock to be input to the timer
counter (TCNT) and a count condition together with bits
CKS2 to CKS0 in TMR_0 or TMR_1 timer control
register (TCR). For details, see section 12.3.4, Timer
Control Register (TCR).
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324

System Control Register 3 (SYSCR3)

SYSCR3 selects the register map and interrupt vector.

Bit

Bit Name

Initial
Value

R/W

Description

0

R/W

Reserved

The initial value should not be changed.

EIVS*

R/W

Extended interrupt Vector Select*

Selects compatible mode or extended mode for the
interrupt vector table.

0: H8S/2140B Group compatible vector mode
1: Extended vector mode
For details, see section 6, Interrupt Controller.

RELOCATE

R/W

Register Address Map Select

Selects compatible mode or extended mode for the
register map.

When extended mode is selected for the register map,
CPU access for registers can be controlled without
using the KINWUE bit in SYSCR or the IICE bit in
STCR to switch the registers to be accessed.

0: H8S/2140B Group compatible register map mode
1: Extended register map mode
For details, see section 27, List of Registers.

4100

AllO

R/W

Reserved
The initial value should not be changed.

Note:

*  Switch the modes when an interrupt occurrence is disabled.
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325 Port Control Register 2 (PTCNT2)

PTCNT?2 selects SCI input/output inversion and controls the port specification.

Initial

Bit Bit Name Value R/W Description
7t05 — All O R/W Reserved

The initial value should not be changed.
4 TxD1RS 0 R/W 0: TxD1 direct output

1: TxD1 inverted output
3 RxD1RS 0 R/W 0: RxD1 direct output

1: RxD1 inverted output
2 — 0 R/W Reserved

The initial value should not be changed.
1 PORTS 0 R/W 0: Existing port specification

1: New port specification
0 — 0 R/W Reserved

The initial value should not be changed.
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3.3 Operating Mode Descriptions

331 Mode 2

The CPU can access a 16-Mbyte address space in either advanced mode or single-chip mode. The
on-chip ROM is enabled.

34 AddressMap

Figures 3.1 shows the address map in each operating mode.

Mode 2 (EXPE = 0)
Advanced mode
Single-chip mode

ROM: 96 Kbytes RAM: 4 Kbytes

H'000000
On-chip ROM
96 Kbytes
H'017FFF
H'018000
Reserved area
H'OFFFFF
H'FF0000
Reserved area
H'FFEO7F
H'FFE080 On-chip RAM
H'FFEFFF 3968 bytes
H'FFF800
Internal 1/O registers 2
H'FFFEFF
HFFFFO0 On-chip RAM
128 bytes
H'FFFF7F
H'FFFF80
Internal I/O registers 1
H'FFFFFF

Figure3.1 AddressMap
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4.1 Types of Resets

Section 4 Resets

There are three types of resets: a pin reset, power-on reset, and watchdog timer reset. Table 4.1

shows the reset names and sources.

The internal state and pins are initialized by a reset. Figure 4.1 shows the reset targets to be

initialized.

Table4.1 Reset NamesAnd Sources

Reset Name

Source

Pin reset

Voltage input to the RES pin is driven low.

Power-on reset

Rise or fall in VCC

Watchdog timer reset

The watchdog timer overflows.

Pin reset

Registers in the power-on reset

L » generation circuit are initialized

:U’
m
»
o

VCC
o—

Power-on reset
generation circuit

Power-on reset

(RSTSR. PORF)

FD—V SYSCR.XRST is initialized

Watchdog timer

Watchdog
timer reset

Internal states other than above,

and pin states are initialized

Figure4.1 Block Diagram of Reset Circuit
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Note that some registers are not initialized by any of the resets. The following describes the CPU
internal registers.

The PC, one of the CPU internal registers, is initialized by loading the start address from vector
addresses with the reset exception handling. At this time, the T bit in EXR is cleared to 0 and the I
bits in EXR and CCR are set to 1. The general registers and other bits in CCR are not initialized.

The initial value of the SP (ER7) is undefined. The SP should be initialized using the MOV.L
instruction immediately after a reset. For details, see section 2, CPU. For other registers that are
not initialized by a reset, see register descriptions in each section.

When a reset is canceled, the reset exception handling is started. For the reset exception handling,
see section 5.3, Reset.

4.2 I nput/Output Pin
Table 4.2 shows the pin related to resets.

Table4.2 Pin Configuration

Pin Name Symbol I/O Function

Reset RES Input Reset input
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4.3 Register Descriptions
This LSI has the following registers for resets.

Table4.3 Register Configuration

Initial Data Bus

Register Name Abbreviation R/W Value Address Width
Reset status register RSTSR R/W H'00 H'FB35 8
System control register SYSCR R/W H'09 H'FFC4 8
Timer control/status register 0 TCSR_0 R/W H'00 H'FFA8 16*

8
Timer control/status register 1 TCSR_1 R/W H'00 H'FFEA 16*

8

Note: * Data bus width in the upper cell: when writing
Data bus width in the lower cell: when reading

For access to the registers, see section 13, Watchdog Timer (WDT)

431 Reset Status Register (RST SR)

RSTSR indicates the state of generating a pin reset/power-on reset.

Initial

Bit Bit Name Value R/W Description

7to1 — AllO R/W Reserved
These bits are always read as 0. The initial value should

not be changed.

0 PORF 0 R Power-on reset flag
This flag indicates that a power-on reset is generated.

1: [Setting condition]

When a power-on reset is generated.

0: [Clearing conditions]

When a pin reset is generated.

RENESAS
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432 System Control Register (SYSCR)

SYSCR monitors a reset source, selects the interrupt control mode and the detection edge for
NMI, enables or disables access to the on-chip peripheral module registers, and enables or disables
the on-chip RAM address space.

Initial
Bit BitName Value R/W Description
7,6 — 0 R/W  Reserved
The initial value should not be changed.
5 INTM1 0 R Interrupt Control Select Mode 1 and 0
INTMO 0 R/W  These bits select the interrupt control mode of the interrupt

controller. For details on the interrupt control modes, see
section 6.6, Interrupt Control Modes and Interrupt Operation.

00: Interrupt control mode 0
01: Interrupt control mode 1
10: Setting prohibited
11: Setting prohibited

3 XRST 1 R Reset Source

Indicates the reset source. A reset is caused by a pin reset,
power-on reset or when the watchdog timer overflows.

0: A reset is caused when the watchdog timer overflows
1: A reset is caused by a pin and the power-on.

2 NMIEG 0 R/W  NMI Edge Select
Selects the valid edge of the NMI interrupt input.

0: An interrupt is requested at the falling edge of NMI input
1: An interrupt is requested at the rising edge of NMI input
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Bit

Bit Name

Initial
Value

R/W

Description

1

KINWUE

0

R/W

Keyboard Control Register Access Enable

When the RELOCATE bit is cleared to 0, this bit enables or
disables CPU access for the keyboard matrix interrupt
registers (KMIMRA and KMIMR), pull-up MOS control register
(KMPCR), and registers (TCR_X/TCR_Y, TCSR_X/TCSR_Y,
TICRR/TCORALY, TICRF/TCORB_Y, TCNT_X/TCNT_Y,
TCORC, TCORA_X, TCORB_X, TCONRI, and TCONRS) of
8-bit timers (TMR_X and TMR_Y)
0: Enables CPU access for registers of TMR_X and TMR_Y
in areas from H'(FF)FFFO to H'(FF)FFF7 and from

H'(FF)FFFC to H'(FF)FFFF

1: Enables CPU access for the keyboard matrix interrupt
registers and input pull-up MOS control register in areas
from H'(FF)FFFO to H'(FF)FFF7 and from H'(FF)FFFC to
H'(FF)FFFF

When the RELOCATE bit is set to 1, this bit is disabled.

For details, see section 3.2.4, System Control Register 3
(SYSCRBS) and section 27, List of Registers.

0

RAME

1

R/W

RAM Enable

Enables or disables on-chip RAM.
0: On-chip RAM is disabled

1: On-chip RAM is enabled
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433 Timer Control/Status Register (TCSR)
TCSR selects the clock source to be input to TCNT of the watchdog timer, and the timer mode.
e TCSR 0

Initial
Bit Bit Name Value R/W Description

7 OVF 0 R/(W)* Overflow Flag

Indicates that TCNT has overflowed (changes from H'FF to
H'00).

[Setting condition]
When TCNT overflows (changes from H'FF to H'00)

When internal reset request generation is selected in
watchdog timer mode, OVF is cleared automatically by the
internal reset.

[Clearing conditions]

e When TCSR is read when OVF = 1, then 0 is written to
OVF

e When 0 is written to TME

6 WT/T 0 R/W Timer Mode Select

Selects whether the WDT is used as a watchdog timer or
interval timer

0: Interval timer mode
1: Watchdog timer mode

5 TME 0 R/W Timer Enable
When this bit is set to 1, TCNT starts counting.

When this bit is cleared, TCNT stops counting and is
initialized to H'00.

4 — 0 R/W Reserved
The initial value should not be changed.
3 RST/NMI 0 R/W Reset or NMI

Selects to request an internal reset or an NMI interrupt when
TCNT has overflowed.

0: An NMlI interrupt is requested
1: An internal reset is requested
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Initial
Bit Bit Name Value R/W Description
2 CKS2 0 R/W Clock Select2to0 0
CKS1 0 R/W Selects the clock source to be input to TCNT. The overflow
0 CKS0 0 R/W frequency for ¢ = 20 MHz is enclosed in parentheses.

000: ¢/2 (frequency: 25.6 us)

001: ¢/64 (frequency: 819.2 us)

010: ¢/128 (frequency: 1.6 us)

011: ¢/512 (frequency: 6.6 us)

100: ¢/2048 (frequency: 26.2 us)

101: ¢/8192 (frequency: 104.9 us)

110: ¢/32768 (frequency: 419.4 us)

111: ¢/131072 (frequency: 1.68 s)
Note: * Only 0 can be written to clear the flag.

e TCSR_1
Initial
Bit Bit Name Value R/W Description
7 OVF 0 R/(W)*' Overflow Flag
Indicates that TCNT has overflowed (changes from H'FF to
H'00).

[Setting condition]
When TCNT overflows (changes from H'FF to H'00)

When internal reset request generation is selected in
watchdog timer mode, OVF is cleared automatically by the
internal reset.

[Clearing conditions]

e When TCSR is read when OVF = 1#*2, then 0 is written to
OVF

e When 0 is written to TME
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Bit Bit Name

Initial

Value R/W

Description

6 WT/IT

0

R/W

Timer Mode Select

Selects whether the WDT is used as a watchdog timer or
interval timer

0: Interval timer mode
1: Watchdog timer mode

5 TME

R/W

Timer Enable
When this bit is set to 1, TCNT starts counting.

When this bit is cleared, TCNT stops counting and is
initialized to H'00.

4 PSS

R/W

Prescaler Select
Selects the clock source to be input to TCNT

0: Division clock of the prescaler (PSM) based on ¢ is
counted.

1: Division clock of the prescaler (PSM) based on ¢SUB is
counted.

3 RST/N

=

R/W

Reset or NMI

Selects to request an internal reset or an NMI interrupt when
TCNT has overflowed.

0: An NMl interrupt is requested
1: An internal reset is requested
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Initial
Bit Bit Name Value R/W Description
2 CKS2 0 R/W Clock Select2to 0
CKS1 0 R/W Selects the clock source to be input to TCNT. The overflow
0 CKS0 0 R/W frequency. for ¢ = 20 MHz and ¢SUB = 32.768 kHz is
enclosed in parentheses.
When PSS =0

000: ¢/2 (frequency: 25.6 us)

001: ¢/64 (frequency: 819.2 us)
010: ¢/128 (frequency: 1.6 us)
011: ¢/512 (frequency: 6.6 us)
100: ¢/2048 (frequency: 26.2 us)
101: ¢/8192 (frequency: 104.9 us)
110: ¢/32768 (frequency: 419.4 us)
111: /131072 (frequency: 1.68 s)
When PSS =1

000: $SUB/2 (frequency: 16.5ms)
001: $SUB/4 (frequency: 31.3ms)
010: $SUB/8 (frequency: 62.5ms)
011: $SUB/16 (frequency: 125ms)
100: ¢SUB/32 (frequency: 250ms)
101: ¢SUB/64 (frequency: 500ms)
110: $SUB/128 (frequency: 1s)
111: ¢SUB/256 (frequency: 2s)

Note: 1. Only O can be written to clear the flag.

2. When OVF is polled with the interval timer interrupt disabled, OVF = 1 must be read at
least twice.

4.4 Pin Reset

This is a reset generated by the RES pin.

When the RES pin is driven low, all the processing in progress is aborted and the LSI enters a
reset state. In order to firmly reset the LSI by pin reset, the RES pin should be held low at least for
20 ms at a power-on. When a reset is input during operation, the RES pin should be held low at
least for 20 states. Resetting the LSI initializes the internal state of the CPU and the registers of the
on-chip peripheral modules.
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4.5 Power -on Reset

This is an internal reset generated by the power-on reset. A power-on with the RES pin held high
generates the power-on reset. When VCC exceeds the level of Vpor, the power-on reset is
canceled after the elapse of the specified time (the power-on reset time). The power-on reset time
is the stabilization time for the external power supply and LSI. When the power supply voltage
falls down with RES pin held high and the VCC goes below the level of Vpor, a power-on reset is
generated. Then when the VCC rises to exceed the level of Vpor, the power-on reset is canceled
after the elapse of the power-on reset time. If a power-on reset is generated, the PORF bit in
RSTSR is set to 1. The POREF bit is a read-only register that can be initialized only by resetting the
pin. Figure 4.2 shows the operation of the power-on reset.

Vpor:1

External
power supply
Vce

[ —

RES pin

Reset state
-~

/S g

Power-on reset Reset state

signal (enabled
when in low state)

Internal reset
signal*2 (enabled
when in low state)

|

Tpor#3

PORF
(logical value)

e '
Tport3 \
'
' Set
T
'
'
'

Note: For details on the electrical characteristics, see section 28, Electrical characteristics.
1. Vpor indicates the level of the power-on reset detection.
2.The internal reset signal initializes the internal state of bits other than the bit PORF
and the state of the pins.
3. Tpor indicates the power-on reset time.

Figure4.2 The Operation of the Power-On Reset
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After the VCC is turned on with the RES pin held low, namely in the state of pin reset, if the RES
pin is driven high in the state that the VCC stays higher than the level of Vpor, the power-on reset
function is disabled and a reset exception handling starts before entering the power-on reset time.
In this case, the PORF bit is cleared to 0. When the VCC is below the level of Vpor and the RES
pin is driven high, the power-on reset is enabled. In this case, when the VCC reaches or exceeds
the level of Vpor and stays at the level after the elapse of the power-on reset time, the power-on
reset is canceled and a reset exception handling starts. At this time, the PORF bit is set to 1.

4.6 Watchdog Timer Reset
This is an internal reset generated by the watchdog timer.

When the RST/NMI bit in TCSR is set to 1, if the TCNT overflows, a watchdog timer reset is
issued for 518 system clocks.

For details of the watchdog timer reset, see section 13, Watchdog Timer (WDT).

4.7 Deter mination of Reset Gener ation Sour ce

Reading RSTSR and SYSCR determines which reset generation source was used to execute the
reset exception handling. Figure 4.3 shows an example the flow to identify a reset generation
source.

Reset
exception handling

Watchdog timer reset Power-on reset Pin reset

Figure4.3 Example of Reset Generation Sour ce Deter mination Flow
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Section 5 Exception Handling

51 Exception Handling Typesand Priority

As table 5.1 indicates, exception handling may be caused by a reset, interrupt, direct transition, or
trap instruction. Exception handling is prioritized as shown in table 5.1. If two or more exceptions
occur simultaneously, they are accepted and processed in order of priority.

Table5.1 Exception Typesand Priority

Priority Exception Type

Start of Exception Handling

High Reset Starts immediately after a low-to-high transition of the RES
A pin, when the watchdog timer overflows, or when the low
voltage detection at a power-on reset circuit is performed.
Interrupt Starts when execution of the current instruction or exception

handling ends, if an interrupt request has been issued.
Interrupt detection is not performed on completion of ANDC,
ORC, XORC, or LDC instruction execution, or on
completion of reset exception handling.

Direct transition

Starts when a direct transition occurs as the result of
SLEEP instruction execution.

Trap instruction

Low

Started by execution of a trap (TRAPA) instruction. Trap
instruction exception handling requests are accepted at all
times in the program execution state.
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5.2 Exception Sour ces and Exception Vector Table

Different vector addresses are assigned to exception sources. Table 5.2 and table 5.3 list the
exception sources and their vector addresses. The EIVS bit in the system control register 3
(SYSCR3) allows the selection of the H8S/2140B Group compatible vector mode or extended
vector mode.

Table5.2 Exception Handling Vector Table
(H85/2140B Group Compatible Vector Mode)

Vector Addresses

Vector
Exception Source Number Advanced Mode
Reset 0 H'000000 to H'000003
Reserved for system use 1| H'000004 to H'000007
3 H'00000C to| H'00000F
Reserved for system use 4 H'000010 to H'000013
Reserved for system use 5 H'000014 to H'000017
Direct transition 6 H'000018 to H'00001B
External interrupt (NMI) 7 H'00001C to H'00001F
Trap instruction (four sources) 8 H'000020 to H'000023
9 H'000024 to H'000027
10 H'000028 to H'00002B
11 H'00002C to H'00002F
Reserved for system use 1|2 H'000030 to H'000033
15 H'00003C to| H'00003F
External interrupt IRQO 16 H'000040 to H'000043
IRQ1 17 H'000044 to H'000047
IRQ2 18 H'000048 to H'00004B
IRQ3 19 H'00004C to H'00004F
IRQ4 20 H'000050 to H'000053
IRQ5 21 H'000054 to H'000057
IRQS, 22 H'000058 to H'00005B
KIN7 to KINO
IRQ7, 23 H'00005C to H'00005F
KIN15 to KIN8
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Vector Addresses

Exception Source \N/E(r:r:ct))rer Advanced Mode
Internal interrupt* 24 H'000060 to H'000063
2|9 H'000074 to |H'000077
Reserved for system use 30 H'000078 to H'00007B
Reserved for system use 31 H'00007C to H'00007F
External interrupt WUE7 to WUEO 32 H'000080 to H'000083
External interrupt  WUE15 to WUE8 33 H'000084 to H'000087
Internal interrupt* 34 H'000088 to H'00008B
5|5 H'0000DC to| H'0000DF
External interrupt IRQ8 56 H'0000EO to H'0000E3
IRQ9 57 H'0000E4 to H'0000E7
IRQ10 58 H'0000E8 to H'0000EB
IRQ11 59 H'0000EC to H'0000EF
IRQ12 60 H'0000FO0 to H'0000F3
IRQ13 61 H'0000F4 to H'0000F7
IRQ14 62 H'0000F8 to H'0000FB
IRQ15 63 H'0000FC to H'0000FF
Internal interrupt* 64 H'000100 to H'000103
1|27 H'0001FC to| H'0001FF

Note:

*

For details on the internal interrupt vector table, see section 6.5, Interrupt Exception

Handling Vector Tables.
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Table5.3 Exception Handling Vector Table (Extended Vector Mode)

Vector Addresses

Vector
Exception Source Number Advanced Mode
Reset 0 H'000000 to H'000003
Reserved for system use 1| H'000004 to H'000007
3 H'OOOOOClJ to H'00000F
Reserved for system use 4 H'000010 to H'000013
Reserved for system use 5 H'000014 to H'000017
Direct transition 6 H'000018 to H'00001B
External interrupt (NMI) 7 H'00001C to H'00001F
Trap instruction (four sources) 8 H'000020 to H'000023
9 H'000024 to H'000027
10 H'000028 to H'00002B
11 H'00002C to H'00002F
Reserved for system use 1|2 H'000030 to H'000033
15 H'00003C|: to H'00003F
External interrupt IRQO 16 H'000040 to H'000043
IRQ1 17 H'000044 to H'000047
IRQ2 18 H'000048 to H'00004B
IRQ3 19 H'00004C to H'00004F
IRQ4 20 H'000050 to H'000053
IRQ5 21 H'000054 to H'000057
IRQ6 22 H'000058 to H'00005B
IRQ7 23 H'00005C to H'00005F
Internal interrupt* 2|4 H'000060 to H'000063
29 H'000074 to H'000077
External interrupt KIN7 to KINO 30 H'000078 to H'00007B
External interrupt KIN15 to KIN8 31 H'00007C to H'00007F
External interrupt WUE7 to WUEO 32 H'000080 to H'000083
External interrupt  WUE15 to WUE8 33 H'000084 to H'000087
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Vector  Vector Addresses
Number

Exception Source Normal Mode
Internal interrupt* 34 H'000088 to H'00008B
5|5 H'0000DC to| H'0000DF
External interrupt IRQ8 56 H'0000EOQ to H'0O000E3
IRQ9 57 H'0000E4 to H'0000E7
IRQ10 58 H'0000E8 to H'0000EB
IRQ11 59 H'0000EC to H'0000EF
IRQ12 60 H'0000F0 to H'0000F3
IRQ13 61 H'0000F4 to H'0000F7
IRQ14 62 H'0000F8 to H'0000FB
IRQ15 63 H'0000FC to H'0000FF
Internal interrupt* 6|4 H'000100 to H'000103
127 H'0001FC to H'0001FF

Note: * For details on the internal interrupt vector table, see section 6.5, Interrupt Exception
Handling Vector Tables.

5.3 Reset

A reset has the highest exception priority. When the RES pin goes low, all processing halts and
this LSI enters the reset state. To ensure that this LSI is reset by a pin, hold the RES pin low for at
least 20 ms at power-on. When a reset is input during operation, hold the RES pin low for at least
20 states. A reset initializes the internal state of the CPU and the registers of on-chip peripheral
modules. The chip can also be reset by overflow of the watchdog timer or by the low voltage
detection at a power-on reset circuit. For details, see section 4, Resets or section 13, Watchdog
Timer (WDT).

531 Reset Exception Handling

When the RES pin goes high or the power-on reset is canceled after being held low for the
necessary time, this LSI starts reset exception handling as follows:

1. The internal state of the CPU and the registers of the on-chip peripheral modules are initialized
and the I bitin CCR is set to 1.

2. The reset exception handling vector address is read and transferred to the PC, and then
program execution starts from the address indicated by the PC.
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Figure 5.1 shows an example of the reset sequence.

Vector Internal Prefetch of first
fetch processing program instruction
' ' i '

: [y T oy By
s _/
e/

Internal address bus

& X_

c
>
=

Internal write signal

Internal data bus

(1) Reset exception handling vector address (1) U = H'000000 (1) L = H'000002
(2) Start address (contents of reset exception handling vector address)

(3) Start address ((3) = (2)U + (2)L)

(4) First program instruction

Figure5.1 Reset Sequence (Mode 2)

532 Interrupts Immediately after Reset

If an interrupt is accepted immediately after a reset and before the stack pointer (SP) is initialized,
the PC and CCR will not be saved correctly, leading to a program crash. To prevent this, all
interrupt requests, including NMI, are disabled immediately after a reset. Since the first instruction
of a program is always executed immediately after a reset, make sure that this instruction
initializes the SP (example: MOV.L #xx: 32, SP).

533 On-Chip Peripheral Modules after Reset is Cancelled

After a reset is cancelled, the module stop control registers (MSTPCRH, MSTPCRL, MSTPCRA,
MSTPCRB) are initialized, and all modules except the DTC operate in module stop mode.
Therefore, the registers of on-chip peripheral modules cannot be read from or written to. To read
from and write to these registers, clear module stop mode. For details on module stop mode, see
section 26, Power-Down Modes.
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54 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The sources to start interrupt exception
handling are external interrupt sources (NMI, IRQ15 to IRQO, KIN15 to KINO, and WUEI1S5 to
WUEQO) and internal interrupt sources from the on-chip peripheral modules. NMI is an interrupt
with the highest priority. For details, see section 6, Interrupt Controller.

Interrupt exception handling is conducted as follows:

1. The values in the program counter (PC) and condition code register (CCR) are saved in the
stack.

2. A vector address corresponding to the interrupt source is generated, the start address is loaded
from the vector table to the PC, and program execution starts from that address.

55 Trap Instruction Exception Handling

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all times in the program execution state.

Trap instruction exception handling is conducted as follows:

1. The values in the program counter (PC) and condition code register (CCR) are saved in the
stack.

2. A vector address corresponding to the interrupt source is generated, the start address is loaded
from the vector table to the PC, and program execution starts from that address.

The TRAPA instruction fetches a start address from a vector table corresponding to a vector
number from 0 to 3, as specified in the instruction code.

Table 5.4 shows the status of CCR after execution of trap instruction exception handling.

Table54 Statusof CCR after Trap Instruction Exception Handling

CCR
Interrupt Control Mode | ul
0 Setto 1 Retains value prior to execution
1 Setto 1 Setto 1
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5.6 Stack Status after Exception Handling

Figure 5.2 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

SP —» CCR

,,,,, PC  -----

N —

Figureb5.2 Stack Statusafter Exception Handling
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5.7 Usage Note

When accessing word data or longword data, this LSI assumes that the lowest address bit is 0. The
stack should always be accessed in words or longwords, and the value of the stack pointer (SP:
ER7) should always be kept even.

Use the following instructions to save registers:

PUSH.W Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 5.3 shows an example of what
occurs when the SP value is odd.

CCR SP — R1L H'FFEFFA
SP = HFFEFFB
HFFEFFC
PC PC H'FFEFFD
Y e e e H'FFEFFF
TRAPA instruction executed MOV.B RiL, @-ER7
—_— —_—
SP set to H'FFEFFF Data saved above SP Contents of CCR lost
[Legend]

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP:  Stack pointer

Note: This diagram illustrates an example in which interrupt control mode is 0.

Figure5.3 Operation when SP ValuelsOdd
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Section 6 Interrupt Controller

6.1 Features

Two interrupt control modes

Two interrupt control modes can be set by means of the INTM1 and INTMO bits in the system
control register (SYSCR).

Priorities settable with ICR

An interrupt control register (ICR) is provided for setting in each module interrupt priority
levels for all interrupt requests excluding NMI and address breaks.

Three-level interrupt mask control

By means of the interrupt control mode, I and UI bits in CCR and ICR, 3-level interrupt mask
control is performed.

Forty-nine external interrupt pins

NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
detection can be selected for NMI. Falling-edge, rising-edge, or both-edge detection, or level
sensing, can be independently selected for IRQ15 to IRQO. Either of falling-edge or rising-
edge detection can be independently selected for WUELS to WUEO. When the EIVS bit in the
system control register 3 (SYSCR3) is cleared to 0, the IRQ6 interrupt is generated by IRQ6 or
KIN7 to KINO. The IRQ7 interrupt is generated by IRQ7 or KIN15 to KIN8. When the EIVS
bit is set to 1, interrupts are requested on the falling edge of KIN15 to KINO.

Two interrupt vector addresses are selectable

H8S/2140B Group compatible interrupt vector addresses or extended interrupt vector
addresses are selected depending on the EIVS bit in system control register 3 (SYSCR3). In
extended mode, independent vector addresses are assigned for the interrupt vector addresses of
KIN7 to KINO or KIN15 to KINS interrupts.

General ports for IRQ15 to IRQ6 and ExIRQ15 to ExXIRQO6 input are selectable
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CPU

EIVS
|SYSCR$|I
| INTM1, INTMO
[ syscr]
NMIEG ¢
\4
NMI input > NMI input > Interrupt
request
IRQ input —— —— 'RCI’S';P‘“ —
Vector number
ISCR Priority level
determination
KMIMR | (WUEMR
KIN input — KIN, WUE LUl
WUE input ———— input
Internal interrupt
sources
WOVIO to IBFI3 N
ICR
Interrupt controller
[Legend]
ICR: Interrupt control register
ISCR:  IRQ sense control register
IER: IRQ enable register
ISR: IRQ status register

KMIMR: Keyboard matrix interrupt mask register
WUEMR: Wake-up event interrupt mask register
SYSCR: System control register

SYSCRS3: System control register 3

|CCR|

Figure6.1 Block Diagram of Interrupt Controller
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6.2 I nput/Output Pins

Table 6.1 summarizes the pins of the interrupt controller.

Table6.1 Pin Configuration

Pin Name I/O Function

NMI Input Nonmaskable external interrupt pin
Rising edge or falling edge can be selected

IRQ15 to IRQO, Input Maskable external interrupt pins

ExIRQ15 to ExIRQ6 Rising-edge, falling-edge, or both-edge detection, or level-
sensing, can be selected individually for each pin. To which
pin the IRQ15 to IRQ6 interrupt is input can be selected from
the IRQm and ExIRQm pins. (n = 15 to 6)

KIN15 to KINO Input Maskable external interrupt pins
When EIVS = 0, falling-edge or level-sensing can be
selected.
When EIVS = 1, an interrupt is requested at the falling edge.

WUE15 to WUEO Input Maskable external interrupt pins

Either rising edge or falling edge detection can be selected
for each pin.
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6.3 Register Descriptions

The interrupt controller has the following registers. For details on the system control register
(SYSCR), see section 3.2.2, System Control Register (SYSCR). For details on system control
register 3 (SYSCR3), see section 3.2.4, System Control Register 3 (SYSCR3).

Table6.2 Register Configuration

Data Bus
Register Name Abbreviation R/W Initial Value Address  Width
Interrupt control registers A ICRA R/W H'00 H'FEES8 8
Interrupt control registers B ICRB R/W H'00 H'FEE9 8
Interrupt control registers C ICRC R/W H'00 H'FEEA 8
Interrupt control registers D ICRD R/W H'00 H'FE87 8
Address break control register ABRKCR R/W — H'FEF4 8
Break address registers A BARA R/W H'00 H'FEF5 8
Break address registers B BARB R/W H'00 H'FEF6 8
Break address registers C BARC R/W H'00 H'FEF7 8
IRQ sense control register 16H ISCR16H R/W H'00 H'FEFA 8
IRQ sense control register 16L ISCR16L R/W H'00 H'FEFB 8
IRQ sense control register H ISCRH R/W H'00 H'FEEC 8
IRQ sense control register L ISCRL R/W H'00 H'FEED 8
IRQ enable register 16 IER16 R/W H'00 H'FEF8 8
IRQ enable register IER R/W H'00 H'FFC2 8
IRQ status register 16 ISR16 R/W H'00 H'FEF9 8
IRQ status register ISR R/W H'00 H'FEEB 8
IRQ sense port select register 16 ISSR16 R/W H'00 H'FEFC 8
IRQ sense port select register ISSR R/W H'00 H'FEFD 8
Keyboard matrix interrupt mask KMIMRA R/W H'FF H'FFF3 8
register A H'FE83*
Keyboard matrix interrupt mask KMIMRB R/W H'BF H'FFF1 8
register B H'EF*2 H'FEST*
Wake-up event interrupt mask WUEMRA R/W H'FF H'FE45 8
register A
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Data Bus

Register Name Abbreviation R/W Initial Value Address  Width
Wake-up event interrupt mask WUEMRB R/W H'FF H'FE44 8
register B
Wake-up sense control register A WUESCRA R/W H'00 H'FE84 8
(WUE15 to WUES)
Wake-up sense control register B WUESCRB R/W H'00 H'FE96 8
(WUE? to WUEDO)
Wake-up input interrupt status WUESRA R/W H'00 H'FE85 8
register A (WUE15 to WUES)
Wake-up input interrupt status WUESRB R/W H'00 H'FE97 8
register B (WUE7 to WUEOQ)
Wake-up enable register WUEER R/W H'00 H'FE86 8
Note: 1. Address in the upper cell: when RELOCATE = 0, address in the lower cell: when

RELOCATE =1

2. Address in the upper cell: when EIVS = 0, address in the lower cell: when EIVS =1

6.3.1 Interrupt Control RegistersA toD (ICRA to ICRD)

The ICR registers set interrupt control levels for interrupts other than NMI. The correspondence
between interrupt sources and ICRA to ICRD settings is shown in tables 6.3.

Bit Bit Name Initial Value R/W Description
7t00 ICRn7toICRnO AllO R/W Interrupt Control Level

0: Corresponding interrupt source is interrupt
control level O (no priority)

1: Corresponding interrupt source is interrupt
control level 1 (priority)

Note: n: AtoD
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Table 6.3

Compatible Vector Mode: EIVS=0)

Correspondence between I nterrupt Sourceand |CR (H852140B Group

Register
Bit Bit Name ICRA ICRB ICRC ICRD
7 ICRn7 IRQO A/D converter SCIF IRQ8 to IRQ11
6 ICRNn6 IRQ1 TCM_0, TCM_1, SCI_1 IRQ12 to IRQ15
TCM_2
5 ICRNn5 IRQ2, IRQ3 — — —
4 ICRNn4 IRQ4, IRQ5 CIR IIC_0 (SMBUS) WUEO to WUE15
3 ICRN3 IRQS6, IRQ7 TMR_0 lc_2 TPU_O
2 ICRNn2 — TMR_A1 FSI TPU_1
1 ICRn1 WDT_0 TMR_X, TMR_Y LPC TPU_2
0 ICRnO WDT_A1 PS2 — —
Note: n: AtoD
—: Reserved. The initial value should not be changed.
Table6.4 Correspondence between Interrupt Sourceand ICR
(Extended Vector Mode: EIVS=1)
Register
Bit Bit Name ICRA ICRB ICRC ICRD
7 ICRn7 IRQO A/D converter SCIF IRQ8 to IRQ11
6 ICRn6 IRQ1 TCM_0, TCM_1, SCI_1 IRQ12 to IRQ15
TCM_2
5 ICRn5 IRQ2, IRQ3 — — KINO to KIN15
4 ICRn4 IRQ4, IRQ5 CIR IIC_0 (SMBUS) WUEO to WUE15
3 ICRn3 IRQ6, IRQ7 TMR_0 IIC_1,1IC_2 TPU_O
2 ICRNn2 — TMR_1 FSI TPU_1
1 ICRn1 WDT_0 TMR_X, TMR_Y LPC TPU_2
0 ICRn0O WDT_A1 PS2 — —
Note: n: AtoD

—: Reserved. The initial value should not be changed.
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6.3.2 Address Break Control Register (ABRKCR)

ABRKCR controls the address breaks. When both the CMF flag and BIE bit are set to 1, an
address break is requested.

Bit Bit Name Initial Value R/W Description

7 CMF Undefined R Condition Match Flag

Address break source flag. Indicates that an address
specified by BARA to BARC is prefetched.

[Clearing condition]

When an exception handling is executed for an address
break interrupt.

[Setting condition]

When an address specified by BARA to BARC is
prefetched while the BIE bit is set to 1.

6to1 — AllO R Reserved

These bits are always read as 0 and cannot be modified.
0 BIE 0 R/W  Break Interrupt Enable

Enables or disables address break.

0: Disabled

1: Enabled
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633  Break AddressRegistersA to C (BARA to BARC)

The BAR registers specify an address that is to be a break address. An address in which the first
byte of an instruction exists should be set as a break address.

e BARA

Bit Bit Name Initial Value R/W Description

7to0 A23to A16 AllO R/W Addresses 23 to 16

The A23 to A16 bits are compared with A23 to A16 in
the internal address bus.

e BARB

Bit Bit Name Initial Value R/W  Description
7t00 A15to A8 All O R/W  Addresses 15t0 8

The A15 to A8 bits are compared with A15 to A8 in the
internal address bus.

e BARC

Bit Bit Name Initial Value R/W  Description
7to1 A7to Al AllO R/W  Addresses 7 to 1

The A7 to A1 bits are compared with A7 to A1 in the
internal address bus.

0 — 0 R Reserved
This bit is always read as 0 and cannot be modified.
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6.34 IRQ Sense Control Registers (ISCR16H, ISCR16L, ISCRH, ISCRL)

The ISCR registers select the source that generates an interrupt request at pins IRQ15 to IRQO or

Description

pins EXIRQ15 to ExIRQ6.

e ISCRI16H

Bit Bit Name Initial Value R/W
7 IRQ15SCB 0 R/W
6 IRQ15SCA 0 R/W
5 IRQ14SCB 0 R/W
4 IRQ14SCA 0 R/W
3 IRQ13SCB 0 R/W
2 IRQ13SCA 0 R/W
1 IRQ12SCB 0 R/W
0 IRQ12SCA 0 R/W

IRQnN Sense Control B
IRQn Sense Control A

BA

00: Interrupt request generated at low level of IRQnN
or ExIRQn input

01: Interrupt request generated at falling edge of
IRQnN or ExIRQnN input

10: Interrupt request generated at rising edge of
IRQnN or ExIRQn input

11: Interrupt request generated at both falling and
rising edges of IRQn or ExIRQnN input

(n=1510 12)

Note: The IRQn or ExIRQn pin is selected by IRQ
sense port select register 16 (ISSR16).

Rev. 1.00 May 09, 2008 Page 105 of 954

RENESAS REJ09B0462-0100



Section 6 Interrupt Controller

e ISCRI6L
Bit Bit Name Initial Value R/W Description
7 IRQ11SCB 0 R/W IRQn Sense Control B
6 IRQ11SCA 0 R/W IRQn Sense Control A
5 IRQ10SCB 0 R/W BA
4 IRQ10SCA 0 R/W 00: Interrupt request generated at low level of IRQn
3 IRQ9SCB 0 RIW or ExIRQn input
01: Interrupt request generated at falling edge of
2 IRQ9SCA 0 R/W IRQnN or ExIRQn input
1 IRQ8SCB 0 RIW 10: Interrupt request generated at rising edge of
0 IRQ8SCA 0 R/W IRQn or EXIRQn input
11: Interrupt request generated at both falling and
rising edges of IRQn or ExIRQnN input
(n=11to0 8)
Note: The IRQn or ExIRQn pin is selected by IRQ
sense port select register 16 (ISSR16).
e ISCRH
Bit Bit Name Initial Value R/W Description
7 IRQ7SCB 0 R/W  IRQn Sense Control B
6 IRQ7SCA 0 R/W  IRQn Sense Control A
5 IRQ6SCB 0 R/W BA
4 IRQ6SCA 0 R/W 00: Interrupt request generated at low level of IRQn
3 IRQ5SCB 0 R/W or ExIRQn input
01: Interrupt request generated at falling edge of
2 IRQ5SCA 0 RW IRQnN or ExIRQn input
1 IRQ4SCB 0 RW 4o, Interrupt request generated at rising edge of
0 IRQ4SCA 0 R/W IRQnN or ExIRQnN input
11: Interrupt request generated at both falling and
rising edges of IRQn or ExIRQN input
(n=7to04)
Note: The IRQn or ExIRQn pin is selected by the
IRQ sense port select register (ISSR). The
ExIRQ5 and ExIRQ4 pins are not supported.
Rev. 1.00 May 09, 2008 Page 106 of 954
REJ09B0462-0100 RENESAS



Section 6 Interrupt Controller

e ISCRL

Bit Bit Name Initial Value R/W Description

7 IRQ3SCB 0 R/W  IRQn Sense Control B

6 IRQ3SCA 0 R/W  IRQn Sense Control A

5 IRQ2SCB 0 R/W BA

4 IRQ2SCA 0 R/W 00: Interrupt request generated at low level of IRQn
3 IRQISCB 0 rRw et |

> IRQ1SCA 0 R/W 01: Ilr;:grr:uiﬁtpﬁquest generated at falling edge of

1 IRQOSCB 0 RW ' 4o Interrupt request generated at rising edge of

0 IRQOSCA 0 R/W IRQnN input

11: Interrupt request generated at both falling and
rising edges of IRQn input

(n=31t00)

RENESAS
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635  IRQ Enable Registers (IER16, IER)

The IER registers enable and disable interrupt requests IRQ15 to IRQO.

e IERI6

Bit Bit Name Initial Value R/W Description
7 IRQ15E 0 R/W IRQn Enable
6 IRQ14E 0 R/W The IRQn interrupt request is enabled when this bit
5 IRQ13E 0 rRw st

4 IRQI2E 0 rw (1=15108)
3 IRQ11E 0 R/W

2 IRQ10E 0 R/W

1 IRQ9E 0 R/W

0 IRQ8E 0 R/W

e JER

Bit Bit Name Initial Value R/W Description

7 IRQ7E 0 R/W IRQN Enable

6 IRQ6E 0 R/W The IRQn interrupt request is enabled when this bit
5 IRQS5E 0 rw ST

4 IRQ4E 0 rw (=710

3 IRQ3E 0 R/W

2 IRQ2E 0 R/W

1 IRQ1E 0 R/W

0 IRQOE 0 R/W
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636  IRQ StatusRegisters (ISR16, I SR)

The ISR registers are flag registers that indicate the status of IRQ15 to IRQO interrupt requests.

e ISRI16

Bit Bit Name Initial Value R/W Description

7 IRQ15F 0 R/(W)* [Setting condition]

6 IRQ14F 0 R/(W)* When the interrupt source selected by the ISCR16

5 IRQ13F 0 R/(W)* registers occurs

4 IRQ12F 0 R/(W)* [Clearing conditions]

3 IRQ11F 0 R/(W)* ® When writing 0 to IRQnNF flag after reading

2 IRQ10F 0 R(w)x  RQnF=1

1 IRQOF 0 R/(W)* e When interrupt exception handling is executed
when low-level detection is set and IRQn or

0 IRQ8F 0 R/(W)*

ExIRQn input is high

¢ When IRQn interrupt exception handling is
executed when falling-edge, rising-edge, or
both-edge detection is set

(n=151t08)

Note: The IRQn or ExIRQn pin is selected by the
IRQ sense port select register 16 (ISSR16).

Note: * Only 0 can be written for clearing the flag.
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e ISR

Bit Bit Name Initial Value R/W Description

7 IRQ7F 0 R/(W)* [Setting condition]

6 IRQ6F 0 R/(W)* When the interrupt source selected by the ISCR

5 IRQ5F 0 R/(W)* registers occurs

4 IRQ4F 0 R/(W)* [Clearing conditions]

3 IRQ3F 0 R/(W)* ® When writing 0 to IRQnNF flag after reading

2 IRQ2F 0 R(w)=  'RQnF=1

1 IRQ1F 0 R/(W)* e When interrupt exception handling is executed
when low-level detection is set and IRQn or

0 IRQOF 0 R/(W)*

ExIRQn input is high

¢ When IRQn interrupt exception handling is
executed when falling-edge, rising-edge, or
both-edge detection is set

(n=7100)

Note: The IRQn or ExIRQn pin is selected by the

IRQ sense port select register (ISSR). The
ExIRQ5 to ExIRQO pins are not supported.

Note: * Only 0 can be written for clearing the flag.
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6.3.7 IRQ Sense Port Select Registers 16 (I SSR16)
IRQ Sense Port Select Registers (ISSR)

The ISSR16 and ISSR registers select the external interrupt input for IRQ15 to IRQO from the pins
IRQ15 to IRQ7 and ExIRQ15 to EXIRQ7.

* |ISSR16
Bit Bit Name Initial Value R/W Description
7 ISS15 0 R/(W) 0: Selects P97/IRQ15

1: Selects PG7/ExIRQ15
6 1ISS14 0 R/(W) 0: Selects P95/IRQ14

1: Selects PG6/ExIRQ14
5 ISS13 0 R/(W) 0: Selects P94/IRQ13

1: Selects PG5/ExXIRQ13
4 1ISS12 0 R/(W) 0: Selects P93/IRQ12

1: Selects PG4/ExIRQ12
3 ISS11 0 R/(W) 0: Selects PF3/IRQ11

1: Selects PG3/ExIRQ11
2 ISS10 0 R/(W) 0: Selects PF2/IRQ10

1: Selects PG2/ExIRQ10
1 1ISS9 0 R/(W) 0: Selects PF1/IRQ9

1: Selects PG1/ExIRQ9
0 1ISS8 0 R/(W) 0: Selects PFO/IRQ8

1: Selects PGO/EXIRQ8
e |SSR
Bit Bit Name Initial Value R/W Description
7 ISS7 0 R/(W) 0: Selects P67/IRQ7

1: Selects PH1/EXIRQ7
6to0 — AllO R/(W) Reserved

The initial value should not be changed.
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6.3.8 Keyboard Matrix Interrupt Mask Registers (KMIMRA, KMIMRB)
Wake-up Event Interrupt Mask Registers ( WUEMRA, WUEMRB)

The KMIMR and WUEMR registers enable or disable key-sensing interrupt inputs (KIN15 to
KINO) and wake-up event interrupt inputs (WUE15 to WUEQ).

¢ KMIMRA

Bit Bit Name Initial Value R/W Description

7 KMIMR15 1 R/W Keyboard Matrix Interrupt Mask

6 KMIMR14 1 R/W These bits enable or disable a key-sensing input

5 KMIMR13 1 R/W interrupt request (KIN15 to KINS).

4 KMIMR12 1 R/W 0: Enables a key-sensing input interrupt request

3 KMIMR11 1 R/W 1: Disables a key-sensing input interrupt request

2 KMIMR10 1 R/W

1 KMIMR9 1 R/W

0 KMIMRS8 1 R/W

¢ KMIMRB

Bit Bit Name Initial Value R/W Description

7 KMIMR7 1 R/W Keyboard Matrix Interrupt Mask

6 KMIMR6 0/1% R/W These bits enable or disable a key-sensing input

5 KMIMRS5 1 R/W interrupt request (KIN7 to KINO).

4 KMIMR4 1 R/W 0: Enables a key-sensing input interrupt request

3 KMIMR3 1 R/W 1: Disables a key-sensing input interrupt request

2 KMIMR2 1 R/W When the EIVS bit in SYSCRS is cleared to 0, the
KMIMRS bit also simultaneously controls enabling

1 KMIMRT 1 R/W and disabling of the IRQ®6 interrupt request. When

0 KMIMRO 1 R/W the EIVS bit is cleared to 0, the KMIMR®6 bit

becomes 0.

Note: * The initial value is 0 when EIVS = 0 and the initial value is 1 when EIVS EIVS = 1.

Rev. 1.00 May 09, 2008 Page 112 of 954
REJ09B0462-0100

RENESAS



Section 6 Interrupt Controller

e WUEMRA

Bit Bit Name Initial Value R/W Description

7 WUEMR15 1 R/W  Wake-Up Event Interrupt Mask

6 WUEMR14 1 R/W  These bits enable or disable a wake-up event input
5 WUEMR13 1 R/W interrupt request (WUE15 to WUES).

4 WUEMR12 1 R/W 0: Enables a wake-up event input interrupt request
3 WUEMR11 1 R/W 1: Disables a wake-up event input interrupt request
2 WUEMR10 1 R/W

1 WUEMR9 1 R/W

0 WUEMRS8 1 R/W

e WUEMRB

Bit Bit Name Initial Value R/W Description

7 WUEMR7 1 R/W  Wake-Up Event Interrupt Mask

6 WUEMR6 1 R/W  These bits enable or disable a wake-up event input
5 WUEMRS5 1 R/W interrupt request (WUE7 to WUED).

4 WUEMR4 1 R/W 0: Enables a wake-up event input interrupt request
3 WUEMR3 1 R/W 1: Disables a wake-up event input interrupt request
2 WUEMR2 1 R/W

1 WUEMR1 1 R/W

0 WUEMRO 1 R/W
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Figure 6.2 shows the relation between the IRQ7 and IRQ6 interrupts, KMIMRA and KMIMRB in
H8S/2140B Group compatible vector mode. The relation in extended vector mode is shown in
figure 6.3.

KMIMRO (Initial value of 1)
P60/KINO

KMIMRS (Initial value of 1)
P65/KIN5

KMIMRG (Initial value of 0)
P66/KIN6/IRQ6

IRQ6 internal Edao-level select
signal ge-level selection .
g enable/disable —— IRQ6 interrupt

circuit

KMIMRY (Initial value of 1)
P67/KIN7/IRQ7

PH1/EXIRQ7

KMIMRS (Initial value of 1)
PAO/KIN8

IRQ?7 internal
signal

Edge-level selection )
enable/disable —— IRQ7 interrupt
circuit

KMIMRO (Initial value of 1)
PA1/KIN9 —

KMIMR15 (Initial value of 1)— ¢
PA7/KINT5 _'_8:)—

Note: The ISS7 bit is an external interrupt pin switch bit. For details, see section 6.3.7,
IRQ Sense Port Select Registers 16 (ISSR16) IRQ Sense Port Select Registers (ISSR).

Figure6.2 Relation between IRQ7/IRQ6 Interruptsand KIN15 to KINO Interrupts,
KMIMRA, and KMIMRB
(H85/2140B Group Compatible Vector Maode: EIVS = 0)
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In H8S/2140B Group compatible vector mode, interrupt input from the IRQ7 pin is ignored when
even one of the KMIMR15 to KMIMRS bits is cleared to 0. If the KIN7 to KINO pins or KIN15 to
KINS pins are specified to be used as key-sensing interrupt input pins and wake-up event interrupt
input pins, the interrupt sensing condition for the corresponding interrupt source (IRQ6 or IRQ7)
must be set to low-level sensing or falling-edge sensing. Note that interrupt input cannot be made
from the EXIRQ6 pin.

KMIMRO (Initial value of 1)
P60/KINO

KMIMI:('\?S(InitiaI value of 1) KIN internal

Pes/iK signal Falling-edge KIN interrupt
KMIMRS (Initial value of 1) detection circuit (KIN7 to KINO)
P66/KIN6/IRQ6
PHO/ExIRQ6 Edge-level selection

enable/disable —— IRQ6 interrupt
KMIMRY7 (Initial value of 1) circuit

P67/KIN7/IRQ7
Edge-level selection

PH1/EXIRQ7 SS7 enable/disable —— IRQ7 interrupt
circuit

KINA internal

KMIMRS (Initial value of 1)
signal

PAO/KINg Falling-edge KINA interrupt

detection circuit (KIN15 to KIN8)

KMIMR15 (Initial value of 1)
PA7/KIN15

Note: The ISS7 bit is an external interrupt pin switch bit. For details, see section 6.3.7,
IRQ Sense Port Select Registers 16 (ISSR16) IRQ Sense Port Select Registers (ISSR).

Figure6.3 Relation between IRQ7 and IRQ6 Interrupts, KIN15 to KINO Interrupts,
KMIMRA, and KMIMRB
(Extended Vector Mode: EIVS=1)

In extended vector mode, the initial value of the KMIMRG bit is 1. Accordingly, it does not enable
of disable the IRQ6 pin interrupt. The interrupt input from the ExXIRQ6 pin becomes the IRQ6

interrupt request.
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6.3.9 Wake-Up Sense Control Register (WUESCRA, WUESCRB)
Wake-Up Input Interrupt Status Register (WUESRA, WUESRB)
Wake-Up Enable Register (WUEER)

WUESCR, WUESR, and WUEER select the interrupt source of the wake-up event interrupt inputs
(WUEI1S5 to WUEDQ) and enable or disable the interrupt request flag registers and interrupts.

e WUESCRA
Bit Bit Name Initial Value R/W Description
7 WUE15SC 0 R/W Wake-Up Event Interrupt Source Select
6 WUE14SC 0 R/W These bits select the source that generates an
5 WUE13SC 0 R/W interrupt request at wake-up event interrupt inputs
(WUE15 to WUEDOQ).
4 WUE12SC 0 R/W )
0: Interrupt request generated at falling edge of
3 WUE11SC 0 R/W WUER input
2 WUE10SC 0 R/W 1: Interrupt request generated at rising edge of
1 WUE9SC 0 R/W WUER input
0 WUES8SC 0 R/W (n=15108)
e WUESCRB
Bit Bit Name Initial Value R/W Description
7 WUE7SC 0 R/W Wake-Up Event Interrupt Source Select
6 WUEGBSC 0 R/W These bits select the source that generates an
5 WUES5SC 0 R/W interrupt request at wake-up event interrupt inputs
(WUE? to WUEQ).
4 WUE4SC 0 R/W )
0: Interrupt request generated at falling edge of
3 WUE3SC 0 R/W WUER input
2 WUE2SC 0 R/W 1: Interrupt request generated at rising edge of
1 WUE1SC 0 R/W WUER input
0 WUEOSC 0 R/W (n=7100)
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e WUESRA

Bit Bit Name Initial Value R/W Description

7 WUE15F 0 R/(W)* Wake-Up Input Interrupt (WUE15 to WUES8)

6 WUE14F 0 R/(W)* Request Flag Register

5 WUE13F 0 R/(W)* These bits are status flags that indicate that wake-
up input interrupts (WUE15 to WUES) are

4 WUE12F 0 R/(W)* requested.

3 WUE11F 0 RA(W)* [Setting condition]

2 WUE10F 0 RI(W)* When a wake-up input interrupt is generated

1 WUESF 0 R/(W)* [Clearing condition]

0 WUES8F 0 RI(W)* When 0 is written after reading 1

Note: * Only 0 can be written to clear the flag.

e WUESRB

Bit Bit Name Initial Value R/W Description

7 WUE7F 0 R/(W)* Wake-Up Input Interrupt (WUE7 to WUEO) Request
6 WUEGF 0 R/(W)* Flag Register

5 WUESF 0 R/(W)* Thgse bi?s are status flags that indicate that wake-
4 WUE4F 0 RIW)* up input interrupts (WUE7 to WUEOQ) are requested.
3 WUESF 0 RIW)* [Setting condition]

2 WUE2E 0 R/(W)* e When a wake-up input interrupt is generated

1 WUE1F 0 RIW)* [Clearing condition]

0 WUEOF 0 R/(W)* e When 0 is written after reading 1

Note: * Only 0 can be written to clear the flag.
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e WUEER

Bit Bit Name Initial Value

R/W

Description

7 WUEAE 0

R/W

WUE15 to WUES Enable

The WUE interrupt request is enabled when this bit
is 1.

0: Wake-up input interrupt request is disabled
1: Wake-up input interrupt request is enabled

6 WUEBE 0

RW

WUE?7 to WUEO Enable

The WUE interrupt request is enabled when this bit
is1.

0: Wake-up input interrupt request is disabled
1: Wake-up input interrupt request is enabled

5t00 — AllO

Reserved
The initial values should not be changed
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6.4 Interrupt Sources

6.4.1 External Interrupt Sources

The interrupt sources of external interrupts are NMI, IRQ15 to IRQO, KIN15 to KINO and WUE15
to WUEQ. These interrupts can be used to restore this LSI from software standby mode.

(1) NMI Interrupt

The nonmaskable external interrupt NMI is the highest-priority interrupt, and is always accepted
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMIEG
bit in SYSCR can be used to select whether an interrupt is requested at a rising edge or falling
edge on the NMI pin.

(2) IRQ15t0IRQO Interrupts:

Interrupts IRQ15 to IRQO are requested by an input signal at pins IRQ15 to IRQO or pins
ExIRQ15 to ExIRQG6. Interrupts IRQ15 to IRQO have the following features:

e The interrupt exception handling for interrupt requests IRQ15 to IRQO can be started at an
independent vector address.

e Using ISCR, it is possible to select whether an interrupt is generated by a low level, falling
edge, rising edge, or both edges, at pins IRQ15 to IRQO or pins EXIRQ15 to ExIRQ6.
e Enabling or disabling of interrupt requests IRQ15 to IRQO can be selected with IER.

e The status of interrupt requests IRQ15 to IRQO is indicated in ISR. ISR flags can be cleared to
0 by software.

When the interrupts are requested while IRQ15 to IRQO interrupt requests are generated at low
level of IRQn input, hold the corresponding IRQ input at low level until the interrupt handling
starts. Then put the relevant IRQ input back to high level within the interrupt handling routine and
clear the IRQnF bit (n =15 to 0) in ISR to 0. If the relevant IRQ input is put back to high level
before the interrupt handling starts, the relevant interrupt may not be executed.

The detection of IRQ15 to IRQO interrupts does not depend on whether the relevant pin has been
set for input or output. Therefore, when a pin is used as an external interrupt input pin, clear the
DDR bit of the corresponding port to 0 so it is not used as an I/O pin for another function.
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A block diagram of interrupts IRQ15 to IRQO is shown in figure 6.4.

IRQNE
IRQnSCA, IRQnSCB

l IRQNF

IRQnN D IRQn interrupt

1SSm Edge/leyel . s Q request
detection circuit

ExIRQn D R

Clear signal

n=15t07
m=15t07

Note: Switching between the IRQ6 and ExIRQS6 pins is controlled by the EIVS bit.

Figure6.4 Block Diagram of InterruptsIRQ15to IRQO
(3) KIN15toKINO Interrupts

Interrupts KIN15 to KINO are requested by the input signals on pins KIN15 to KINO. Functions of
interrupts KIN15 to KINO change as follows according to the setting of the EIVS bit in system
control register 3 (SYSCR3).

e HB8S/2140B Group compatible vector mode (EIVS = 0 in SYSCR3)

— Interrupts KIN15 to KINS correspond to interrupt IRQ7, and interrupts KIN7 to KINO
correspond to interrupt IRQ6. The pin conditions for generating an interrupt request,
whether the interrupt request is enabled, interrupt control level setting, and status of the
interrupt request for the above interrupts are in accordance with the settings and status of
the relevant interrupts IRQ7 and IRQ6.

— KINT15 to KINO interrupt requests can be masked by using KMIMRA and KMIMRB.

— If the KIN7 to KINO pins are specified to be used as key-sensing interrupt input pins, the
interrupt sensing condition for the corresponding interrupt source (IRQ6 or IRQ7) must be
set to low-level sensing or falling-edge sensing.

— When using the IRQ6 pin as the IRQ6 interrupt input pin, the KMIMRG6 bit must be cleared
to 0. When using the IRQ7 pin as the IRQ7 interrupt input pin, the KMIMR15 to KMIMRS
bits must all be set to 1. If even one of these bits is cleared to 0, the IRQ7 interrupt input
from the IRQ7 pin is ignored.
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o Extended vector mode (EIVS =1 in SYSCR3)

— Interrupts KIN15 to KIN8 and KIN7 to KINO, each form a group. The interrupt exception
handling for an interrupt request from the same group is started at the same vector address.

— Interrupt requests are generated on the falling edge of pins KIN15 to KINO.

— Interrupt requests KIN15 to KINO can be masked by using KMIMRA and KMIMRB.

— The status of interrupt requests KIN15 to KINO are not indicated.
An IRQ6 interrupt is enabled only by input to the EXIRQG6 pin. The IRQ6 pin is only
available for a KIN interrupt input, and functions as the KING pin. The initial value of the
KMIMRG6 bit is 1. For the IRQ7 interrupt, either the IRQ7 pin or EXIRQ7 pin can be
selected as the input pin using the ISS7 bit. The IRQ7 interrupt is not affected by the
settings of bits KMIMR15 to KMIMRS. The detection of interrupts KIN15 to KINO does
not depend on whether the relevant pin has been set for input or output. Therefore, when a
pin is used as an external interrupt input pin, clear the DDR bit of the corresponding port to
0 so it is not used as an I/O pin for another function.

(4 WUE15to WUEQ Interrupts

Interrupts WUE1S5 to WUEQ are requested by an input signal at pins WUE15 to WUEQ. Interrupts
WUEI1S5 to WUEO have the following features:

— WUEI1S5 to WUES8 and WUE7 to WUEQ, each form a group. The interrupt exception
handling for an interrupt request from the same group is started at the same vector address
— Selecting either of the falling edge or the rising edge for interrupt request at pins WUELS5 to
WUEQO can be made with WUESCR.
— Interrupt requests WUE15 to WUEO can be masked by using WUEER.
— The status of interrupt requests WUE1S5 to WUEQO is indicated in WUESR. WUESR flags
can be cleared to 0 by software
The detection of interrupts WUE15 to WUEO does not depend on whether the relevant pin has
been set for input or output. Therefore, when a pin is used as an external interrupt input pin, clear
the DDR bit of the corresponding port to O so it is not used as an I/O pin for another function.
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A block diagram of interrupts WUELS5 to WUEQ is shown in figure 6.5.

WUEMRnN
Rising/falling-edge
selection and interrupt S Q WUERn interrupt request
enable/disable circuit
WUER input R

n=15t0 0 Clear signal

Figure6.5 Block Diagram of Interrupts WUE15 to WUEQ

6.4.2 Internal Interrupt Sources
Internal interrupts issued from the on-chip peripheral modules have the following features:

e For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that individually select enabling or disabling of these interrupts. When the
enable bit for a particular interrupt source is set to 1, an interrupt request is sent to the interrupt
controller.

e The control level for each interrupt can be set by ICR.
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6.5 Interrupt Exception Handling Vector Tables

Tables 6.5 and 6.6 list interrupt exception handling sources, vector addresses, and interrupt
priorities. H8S/2140B Group compatible vector mode or extended vector mode can be selected for
the vector addresses by the EIVS bit in system control register 3 (SYSCR3).

For default priorities, the lower the vector number, the higher the priority. Modules set at the same
priority will conform to their default priorities. Priorities within a module are fixed.

An interrupt control level can be specified for a module to which an ICR bit is assigned. Interrupt
requests from modules that are set to interrupt control level 1 (priority) by the interrupt control
level and the I and UI bits in CCR are given priority and processed before interrupt requests from
modules that are set to interrupt control level O (no priority).

Table6.5 Interrupt Sources, Vector Addresses, and Interrupt Priorities
(H85/2140B Group Compatible Vector Mode)

Origin of Vector Address
Interrupt Vector
Source Name Number  Advanced Mode ICR Priority
External pin NMI 7 H'00001C — Iigh
IRQO 16 H'000040 ICRA7
IRQ1 17 H'000044 ICRA6
IRQ2 18 H'000048 ICRA5
IRQ3 19 H'00004C
IRQ4 20 H'000050 ICRA4
IRQ5 21 H'000054
IRQ86, KIN7 to KINO 22 H'000058 ICRA3
IRQ7, KIN15 to KIN8 23 H'00005C
— Reserved for system use 24 H'000060 —
WDT_0 WOVIO (Interval timer) 25 H'000064 ICRA1
WDT_1 WOVI1 (Interval timer) 26 H'000068 ICRAO
— Address break 27 H'00006C —
A/D converter ADI (A/D conversion end) 28 H'000070 ICRB7
— Reserved for system use 2‘9 H'00|0074 —
31 H'00007C
External pin WUE7 to WUEO 32 H'000080 ICRD4 Low
WUE15 to WUES8 33 H'000084
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Origin of Vector Address
Interrupt Vector
Source Name Number Advanced Mode ICR Priority
TPU_O TGIOA (TGROA input 34 H'000088 ICRD3 High
capture/compare match) A
TGIOB (TGROB input 35 H'00008C
capture/compare match)
TGIOC (TGROC input 36 H'000090
capture/compare match)
TGIOD (TGROD input 37 H'000094
capture/compare match)
TGIOV (Overflow 0) 38 H'000098
TPU_1 TGHA (TGR1A input 39 H'00009C ICRD2
capture/compare match)
TGIB (TGR1B input 40 H'0000A0
capture/compare match)
TGI1V (Overflow 1) 41 H'0000A4
TGIHU (Underflow 1) 42 H'0000A8
TPU_2 TGI2A (TGR2A input 43 H'0000AC ICRD1
capture/compare match)
TGI2B (TGR2B input 44 H'0000B0
capture/compare match)
TGI2V (Overflow 2) 45 H'0000B4
TGI2U (Underflow 2) 46 H'0000B8
— Reserved for system use 47 H'0000BC —
TCM_0 TICIO (Input capture) 48 H'0000C0 ICRB6
TCMIO (Compare match)
TOVMIO (Cycle overflow)
TUDIO (Cycle underflow)
TOVIO (Overflow)
TCM_1 TICI1 (Input capture) 49 H'0000C4
TCMI1 (Compare match)
TOVMI1 (Cycle overflow)
TUDI1 (Cycle underflow)
TOVI1 (Overflow)
TCM_2 TICI2 (Input capture) 50 H'0000C8 ICRB6
TCMI2 (Compare match)
TOVMI2 (Cycle overflow)
TUDI2 (Cycle underflow)
TOVI2 (Overflow)
— Reserved for system use 5|1 H'OO|OOCC —
55 H'0000DC Low
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Origin of Vector Address
Interrupt Vector
Source Name Number Advanced Mode ICR Priority
External pin  IRQ8 56 H'0000EO0 ICRD7  High
IRQ9 57 H'0000E4 A
IRQ10 58 H'0000ES8
IRQ11 59 H'0000EC
IRQ12 60 H'0000F0 ICRD6
IRQ13 61 H'0000F4
IRQ14 62 H'0000F8
IRQ15 63 H'0000FC
TMR_O CMIAO (Compare match A) 64 H'000100 ICRB3
CMIBO (Compare match B) 65 H'000104
OVIO0 (Overflow) 66 H'000108
— Reserved for system use 67 H'00010C —
TMR_1 CMIA1 (Compare match A) 68 H'000110 ICRB2
CMIB1 (Compare match B) 69 H'000114
OVI1 (Overflow) 70 H'000118
— Reserved for system use 71 H'00011C —
TMR_X CMIAY (Compare match A) 72 H'000120 ICRB1
TMR_Y CMIBY (Compare match B) 73 H'000124
OVIY (Overflow) 74 H'000128
ICIX (Input capture) 75 H'00012C
CMIAX (Compare match A) 76 H'000130
CMIBX (Compare match B) 77 H'000134
OVIX (Overflow) 78 H'000138
FSI FSII (transmission/reception 79 H'00013C ICRC2
completion)
— Reserved for system use 80 H'000140 —
81 H'000144
SCIF SCIF (SCIF interrupt) 82 H'000148 ICRC7
— Reserved for system use 83 H'00014C —
SCI_1 ERI1 (Reception error 1) 84 H'000150 ICRC6
RXI1 (Reception completion 1) 85 H'000154
TXI1 (Transmission data empty 1) 86 H'000158
TEN (Transmission end 1) 87 H'00015C
— Reserved for system use 88 H'00‘0160 —
|
91 H'00016C
IIC_0 IICIO (1-byte transmission/reception 92 H'000170 ICRC4
(SMBUS) completion)
CIR CIRI (CIR interrupt) 93 H'000174 ICRB4
— Reserved for system use 94 H'000178 —
IIC_2 IICI2 (1-byte transmission/reception 95 H'00017C ICRC3
completion) Low
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Origin of Vector Address
Interrupt Vector
Source Name Number  Advanced Mode ICR Priority
PS2 KBIA (Reception completion A) 96 H'000180 ICRBO High
KBIB (Reception completion B) 97 H'000184
— Reserved for system use 98 H'000188 — A
PS2 KBTIA (Transmission completion A)/ 99 H'00018C ICRBO
KBCA (1st KCLKA)
KBTIB (Transmission completion B)/ 100 H'000190
KBCB (1st KCLKB)
— Reserved for system use 101 H'000194 —
102 H'000198
103 H'00019¢
FSI LFSII (Command reception)/ (Write 104 H'0001A0 ICRC1
reception)
— Reserved for system use 105 H'0001A4 —
LPC OBEI (ODR1 to 4 transmission 106 H'0001A8 ICRCA1
completion)
IBFI4 (IDR4 reception completion) 107 H'0001AC
ERRI (Transfer error, etc.) 108 H'0001B0
IBFI1 (IDR1 reception completion) 109 H'0001B4
IBFI2 (IDR2 reception completion) 110 H'0001B8
IBFI3 (IDR3 reception completion) 111 H'0001BC
— Reserved for system use 1 1‘2 H'0001CO —
127 H'0001FC Low
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Table6.6 Interrupt Sources, Vector Addresses, and Interrupt Priorities
(Extended Vector Mode)
Origin of Vector Address
Interrupt Vector
Source Name Number  Advanced Mode ICR Priority
External pin NMI 7 H'00001C — High
IRQO 16 H'000040 ICRA7 A
IRQ1 17 H'000044 ICRA6
IRQ2 18 H'000048 ICRA5
IRQ3 19 H'00004C
IRQ4 20 H'000050 ICRA4
IRQ5 21 H'000054
IRQ6 22 H'000058 ICRA3
IRQ7 23 H'00005C
— Reserved for system use 24 H'000060 —
WDT_0 WOVIO (Interval timer) 25 H'000064 ICRA1
WDT_1 WOVI1 (Interval timer) 26 H'000068 ICRAO
— Address break 27 H'00006C —
A/D converter ADI (A/D conversion end) 28 H'000070 ICRB7
— Reserved for system use 29 H'000074 —
External pin  KIN7 to KINO 30 H'000078 ICRD5
KIN15 to KIN8 31 H'00007C
WUE7 to WUEO 32 H'000080 ICRD4
WUE15 to WUES8 33 H'000084
TPU_O TGIOA (TGROA input 34 H'000088 ICRD3
capture/compare match)
TGIOB (TGROB input 35 H'00008C
capture/compare match)
TGIOC (TGROC input 36 H'000090
capture/compare match)
TGIOD (TGROD input 37 H'000094
capture/compare match)
TGIOV (Overflow 0) 38 H'000098
TPU_1 TGHA (TGR1A input 39 H'00009C ICRD2
capture/compare match)
TGIB (TGR1B input 40 H'0000A0
capture/compare match)
TGI1V (Overflow 1) 41 H'0000A4
TGI1U (Underflow 1) 42 H'0000A8 Low

Rev. 1.00 May 09, 2008 Page 127 of 954

RENESAS REJ09B0462-0100



Section 6 Interrupt Controller

Origin of Vector Address
Interrupt Vector
Source Name Number  Advanced Mode ICR Priority
TPU_2 TGI2A (TGR2A input 43 H'0000AC ICRD1 High
capture/compare match)
TGI2B (TGR2B input 44 H'0000B0 A
capture/compare match)
TGI2V (Overflow 1) 45 H'0000B4
TGI2U (Underflow 2) 46 H'0000B8
— Reserved for system use 47 H'0000BC —
TCM_O TICIO (Input capture) 48 H'0000C0O ICRB6

TCMIO (Compare match)
TOVMIO (Cycle overflow)
TUDIO (Cycle underflow)
TOVIO (Overflow)

TCM_1 TICH (Input capture) 49 H'0000C4
TCMI1 (Compare match)
TOVMI1 (Cycle overflow)
TUDI1 (Cycle underflow)
TOVI1 (Overflow)

TCM_2 TICI2 (Input capture) 50 H'0000C8
TCMI2 (Compare match)
TOVMI2 (Cycle overflow)
TUDI2 (Cycle underflow)
TOVI2 (Overflow)

— Reserved for system use 5|1 H'00|OOCC —
55 H'0000DC
External pin ~ IRQ8 56 H'0000EOQ ICRD7
IRQ9 57 H'0000E4
IRQ10 58 H'0000E8
IRQ11 59 H'0000EC
IRQ12 60 H'0000F0 ICRD6
IRQ13 61 H'0000F4
IRQ14 62 H'0000F8
IRQ15 63 H'0000FC
TMR_0 CMIAO (Compare match A) 64 H'000100 ICRB3
CMIBO (Compare match B) 65 H'000104
OVIO0 (Overflow) 66 H'000108
— Reserved for system use 67 H'00010C —
TMR_1 CMIA1 (Compare match A) 68 H'000110 ICRB2
CMIB1 (Compare match B) 69 H'000114
OVI1 (Overflow) 70 H'000118 Low
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Origin of Vector Address
Interrupt Vector
Source  Name Number Advanced Mode ICR Priority
— Reserved for system use 71 H'00011C — High
TMR_X  CMIAY (Compare match A) 72 H'000120 ICRB1 A
TMR_Y  CMIBY (Compare match B) 73 H'000124
OVIY (Overflow) 74 H'000128
ICIX (Input capture) 75 H'00012C
CMIAX (Compare match A) 76 H'000130
CMIBX (Compare match B) 77 H'000134
OVIX (Overflow) 78 H'000138
FSI FSII (Transmission/reception 79 H'00013C ICRC2
completion)
— Reserved for system use 80 H'000140 —
81 H'000144
SCIF SCIF (SCIF interrupt) 82 H'000148 ICRC7
— Reserved for system use 83 H'00014C —
SCI_1 ERI1 (Reception error 1) 84 H'000150 ICRC6
RXI1 (Reception completion 1) 85 H'000154
TXI1 (Transmission data empty 1) 86 H'000158
TEI1 (Transmission end 1) 87 H'00015C
— Reserved for system use 8|8 H'00‘0160 —
91 H'00016C
IIC_0 IICIO (1-byte transmission/reception 92 H'000170 ICRC4
(SMBUS) completion)
— Reserved for system use 93 H'000174 —
94 H'000178
lIC_2 IICI2 (1-byte transmission/reception 95 H'00017C ICRC3
completion)
PS2 KBIA (Reception completion A) 96 H'000180 ICRBO
KBIB (Reception completion B) 97 H'000184
— Reserved for system use 98 H'000188 —
PS2 KBTIA (Transmission completion A)/ 99 H'00018C ICRBO
KBCA (1st KCLKA)
KBTIB (Transmission completion B)/ 100 H'000190
KBCB (1st KCLKB)
— Reserved for system use 101 H'000194 —
\ \
103 H'00019C
FSI LFSII (Command reception)/(Write 104 H'0001A0 ICRC1
reception)
— Reserved for system use 105 H'0001A4 — Low
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Origin of Vector Address
Interrupt Vector
Source  Name Number Advanced Mode ICR Priority
LPC OBEI (ODR1 to 4 transmission 106 H'0001A8 ICRC1 High
completion) A
IBFI4 (IDR4 reception completion) 107 H'0001AC
ERRI (Transfer error, etc.) 108 H'0001B0
IBFI1 (IDR1 reception completion) 109 H'0001B4
IBFI2 (IDR2 reception completion) 110 H'0001B8
IBFI3 (IDR3 reception completion) 111 H'0001BC
— Reserved for system use 11‘2 H'00‘01CO —
127 H'0001FC Low
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6.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two modes: interrupt control mode 0 and interrupt control mode 1.
Interrupt operations differ depending on the interrupt control mode. NMI and address break
interrupts are always accepted except for in the reset state. The interrupt control mode is selected
by SYSCR. Table 6.7 shows the interrupt control modes.

Table6.7 Interrupt Control Modes

Interrupt SYSCR Priority

Control Setting Interrupt

Mode INTM1 INTMO  Registers Mask Bits Description

0 0 0 ICR | Interrupt mask control is performed by
the | bit. Priority levels can be set with
ICR.

1 0 1 ICR I, Ul 3-level interrupt mask control is

performed by the | and Ul bits. Priority
levels can be set with ICR.

Figure 6.6 shows a block diagram of the priority determination circuit.

Interrupt

Interrupt —— | acceptance control — Default priority > Vector
source —~| and 3-level mask determination number

control

Interrupt control modes
0and 1

Figure6.6 Block Diagram of Interrupt Control Operation
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(1) [Interrupt Acceptance Control and 3-Level Control

In interrupt control modes 0 and 1, interrupt acceptance control and 3-level mask control is
performed by means of the I and UI bits in CCR and ICR (control level).

Table 6.8 shows the interrupts selected in each interrupt control mode.

Table6.8 Interrupts Selected in Each Interrupt Control Mode

Interrupt Mask Bits

Interrupt Control Mode | ul Selected Interrupts
0 0 * All interrupts (interrupt control level 1 has
priority)
1 * NMI and address break interrupts
1 0 * All interrupts (interrupt control level 1 has
priority)
1 0 NMI, address break, and interrupt control level 1
interrupts
1 NMI and address break interrupts
[Legend]
*: Don't care

(2) Default Priority Determination
The priority is determined for the selected interrupt, and a vector number is generated.

If the same value is set for ICR, acceptance of multiple interrupts is enabled, and so only the
interrupt source with the highest priority according to the preset default priorities is selected and
has a vector number generated.

Interrupt sources with a lower priority than the accepted interrupt source are held pending.
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Table 6.9 shows operations and control signal functions in each interrupt control mode.

Table6.9 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt Acceptance

Control
Interrupt Setting 3-Level Control Default Priority
Control Mode INTM1 INTMO I ul ICR Determination
0 0 0 0 IM — PR o
1 1 o) IM M PR o
[Legend]
O: Interrupt operation control is performed
IM: Used as an interrupt mask bit
PR: Priority is set
— Not used

6.6.1 Interrupt Control Mode O

In interrupt control mode 0, interrupt requests other than NMI and address break are masked by
ICR and the I bit of CCR in the CPU. Figure 6.7 shows a flowchart of the interrupt acceptance
operation.

1. If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

2. According to the interrupt control level specified in ICR, the interrupt controller only accepts
an interrupt request with interrupt control level 1 (priority), and holds pending an interrupt
request with interrupt control level O (no priority). If several interrupt requests are issued, an
interrupt request with the highest priority is accepted according to the priority order, an
interrupt handling is requested to the CPU, and other interrupt requests are held pending.

3. If the I bitin CCR is set to 1, the interrupt controller holds pending interrupt requests other
than NMI and address break. If the I bit is cleared to 0, any interrupt request is accepted.

4. When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

5. The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

6. Next, the I bit in CCR is set to 1. This masks all interrupts except for NMI and address break
interrupts.
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Section 6 Interrupt Controller

7. The CPU generates a vector address for the accepted interrupt request and starts execution of
the interrupt handling routine at the address indicated by the contents of the vector address in
the vector table.

!

Program execution state
|

No

Interrupt generated?

ending |

No

| Save PC and CCR |

!
I 1 |
!

| Read vector address |

| Branch to interrupt handling routine |

Figure6.7 Flowchart of Procedureup to Interrupt Acceptancein Interrupt Control Mode 0
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6.6.2 Interrupt Control Mode 1

In interrupt control mode 1, mask control is applied to three levels for interrupt requests other than

NMI and address break by comparing the I and UI bits in CCR in the CPU, and the ICR setting.

e An interrupt request with interrupt control level 0 is accepted when the I bit in CCR is cleared

to 0. When the I bit is set to 1, the interrupt request is held pending.

¢ An interrupt request with interrupt control level 1 is accepted when the I bit or UI bit in CCR is

cleared to 0. When both the I and UI bits are set to 1, the interrupt request is held pending.

For instance, the state transition when the interrupt enable bit corresponding to each interrupt is set

to 1, and ICRA to ICRD are set to H'20, H'00, H'00, and H'00, respectively (IRQ2 and IRQ3

interrupts are set to interrupt control level 1, and other interrupts are set to interrupt control level

0) is shown below. Figure 6.8 shows a state transition diagram.

e All interrupt requests are accepted when I = 0. (Priority order: NMI > IRQ2 > IRQ3 > address

break > IRQO > IRQI ...)

e Only NMI, IRQ2, IRQ3, and address break interrupt requests are accepted when I = 1 and Ul =

0.
e  Only NMI and address break interrupt requests are accepted when I = 1 and Ul = 1.

Only NMI, address break, and
interrupt control level 1 interrupt
requests are accepted

Y

1+<0
All interrupt requests <1, Ul 0
are accepted

Exception handling execution
orl+1,Ul+1

Exception handling
execution or Ul « 1

Only NMI and address break
interrupt requests are accepted

Figure6.8 StateTransition in Interrupt Control Mode 1
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Figure 6.9 shows a flowchart of the interrupt acceptance operation.

1.

If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

According to the interrupt control level specified in ICR, the interrupt controller only accepts
an interrupt request with interrupt control level 1 (priority), and holds pending an interrupt
request with interrupt control level O (no priority). If several interrupt requests are issued, an
interrupt request with the highest priority is accepted according to the priority order, an
interrupt handling is requested to the CPU, and other interrupt requests are held pending.

An interrupt request with interrupt control level 1 is accepted when the I bit is cleared to 0, or
when the I bit is set to 1 while the UI bit is cleared to 0.

An interrupt request with interrupt control level O is accepted when the I bit is cleared to 0.
When both the I and UI bits are set to 1, only NMI and address break interrupt requests are
accepted, and other interrupts are held pending.

When the I bit is cleared to 0, the Ul bit does not affect acceptance of interrupt requests.
When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

The I and Ul bits in CCR are set to 1. This masks all interrupts except for NMI and address
break interrupts.

The CPU generates a vector address for the accepted interrupt request and starts execution of
the interrupt handling routine at the address indicated by the contents of the vector address in
the vector table.
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Program execution state
—

No
Interrupt generated?

Yes

| Hold pending I

/

An interrupt with interrupt
ontrol level 12
Yes

]

| Save PC and CCR |
1

[ 11, Ul <1 [
Y

| Read vector address |

| Branch to interrupt handling routine |

Figure6.9 Flowchart of Procedureup to Interrupt Acceptancein Interrupt Control Mode 1
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Interrupt Exception Handling Sequence

6.6.3

Figure 6.10 shows the interrupt exception handling sequence. The example shown is for the case

where interrupt control mode 0 is set in advanced mode, and the program area and stack area are

in on-chip memory.
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(8) (9)

HOD pue Od paneg

v=ds ()
¢-ds (g
(‘penoaxe 10N) ssaippe yolejeud uononisu|  (g)
(‘paInoexa 10N) 8pod uondNuIsy| (1) (2)

('ssaippe uinjal
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\ leubis 1senbal
1dnuisyu)
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Ul uonoNAsul

10 Uojeyeld

[FOETBISLEYY SS900E Yo'l
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JO pud 10} Jiem
puUE UoBRUIWIBIEP
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Figure6.10 Interrupt Exception Handling

Rev. 1.00 May 09, 2008 Page 138 of 954

REJ09B0462-0100

RENESAS
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6.6.4 Interrupt Response Times

Table 6.10 shows interrupt response times — the intervals between generation of an interrupt
request and execution of the first instruction in the interrupt handling routine.

Table6.10 Interrupt Response Times

No. Execution Status Advanced Mode

Interrupt priority determination*’ 3

Number of wait states until executing instruction 1 to 21
ends**

Saving of PC and CCR in stack
Vector fetch

Instruction fetch*®

||| W

Internal processing**

= I N[N DNDIN

Total (using on-chip memory) 21032

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and prefetch of interrupt handling routine.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.
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6.7 Address Breaks

6.7.1 Features

With this LSI, it is possible to identify the prefetch of a specific address by the CPU and generate
an address break interrupt, using the ABRKCR and BAR registers. When an address break
interrupt is generated, address break interrupt exception handling is executed.

This function can be used to detect the beginning of execution of a bug location in the program,
and branch to a correction routine.

6.7.2 Block Diagram

Figure 6.11 shows a block diagram of the address break function.

Match

signal . Address break
Control logic > interrupt request

Y

Comparator

Inter