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Notes regarding these materials

1. 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.

2. 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.

3. 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.

4. Allinformation 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 )

5. 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.

6. 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.

7. 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.

8. 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.

9. 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.

10. 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.

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

approval from Renesas.

13. 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.

1

—_
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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 LS|, an associated shoot-through current flows internally, and malfunctions occur
due to the false recognition of the pin state as an input signal become possible. 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 LS| 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 type number, confirm
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different type 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 H8SX/1658R Group and the
H8SX/1658M 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 H8SX/1658R, This manual
assignments, memory maps, H8SX/1658M Group

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

Software Manual

Detailed descriptions of the CPU H8SX Family Software REJ09B0102

and instruction set 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".

(2) 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_0: Indicates the CMCSR register for the compare-match timer of channel 0.

(38) 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 OXEFAO
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

8 uon enableb or dlsables interrupts, and selects the counter
o nitializes the TCNT value to 0.

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 muememm(y using the selected clock. When F

and the CMF ﬂag in CMCSR s set to 1. thn the CKS1 and CKSO bits are set
a f/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914
RENESAS

)
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.

[Bit Chart]
Bit:(_15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — — @2|A3|D1|A@ — | — | — | — | — | — | Q |ACMP2|ACMP1|ACMPO| IFE|
Initial value: 0 0 0 1 0 0 0 0 0 0 0 0 0
RW: RW | RW RW R R/W ﬁ) RW RW RW RW RW RW RW RW RW
l_ l_
[Table of Bits] (1) @ ©) ) ®)
Bit Bit Name Ipitial Value R/W Description
15 - i Reserved
14 - ( These bits are always read as 0. )
13 to 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

@

3

(4

G

-

=

)

-

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.

Bit name
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.
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
R/W
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.
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

DTC Data transfer controller

INTC Interrupt controller

PPG Programmable pulse generator
SCI Serial communications 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 communications 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
VvCO 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 HSSX/1658R Group and the H8SX/1658M Group of CISC
(complex instruction set computer) microcontrollers is an H8SX CPU, which has an internal 32-
bit architecture. The H8SX CPU provides upward-compatibility with the CPUs of other Renesas
Technology-original microcontrollers; H8/300, H8/300H, and HSS.

As peripheral functions, each LSI of the Group includes a DMA controller and EXDMA controller
which enables high-speed data transfer, and a bus-state controller, which enables direct connection
to different kinds of memory. The LSI of the Group also includes serial communication interfaces,
A/D and D/A converters, and a multi-function timer that makes motor control easy. Together, the
modules realize low-cost configurations for end systems. The power consumption of these
modules is kept down dynamically by an on-chip power-management function. The on-chip ROM
is a flash memory (F-ZTAT"™*) with a capacity of 1024 Kbytes (H8SX/1658R and
H8SX/1658M), 512 Kbytes (H8SX/1654R and H8SX/1654M) or 384 Kbytes (H8SX/1653R and
H8SX/1653M).

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

111 Applications

Examples of the applications of this LSI include PC peripheral equipment, optical storage devices,
office automation equipment, and industrial equipment.
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Section 1 Overview

1.1.2 Overview of Functions

Table 1.1 lists the functions of H§SX/1658R Group and H8SX/1658M Group products in outline.
Table 1.2 shows the comparison of support functions in each group.

Tablel.1 Overview of Functions

Module/
Classification Function  Description
Memory ROM e ROM capacity: 1024 Kbytes, 512 Kbytes, or 384 Kbytes
RAM e RAM capacity: 56 Kbytes or 40 Kbytes
CPU CPU e 32-bit high-speed H8SX CPU (CISC type)
Upwardly compatible for H8/300, H8/300H, and H8S CPUs at
object level
o General-register architecture (sixteen 16-bit general registers)
e 11 addressing modes
e 4-Gbyte address space
Program: 4 Gbytes available
Data: 4 Gbytes available
e 87 basic instructions, classifiable as bit arithmetic and logic
instructions, multiply and divide instructions, bit manipulation
instructions, multiply-and-accumulate instructions, and others
e Minimum instruction execution time: 20.0 ns (for an ADD
instruction while system clock ¢ = 50 MHz and
V., =3.0t03.6V)
e  On-chip multiplier (16 x 16 — 32 bits)
e Supports multiply-and-accumulate instructions
(16 x 16 + 42 — 42 bits)
Operating e Advanced mode
mode

Normal, middle, or maximum mode is not supported.
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Section 1 Overview

Module/

Classification Function  Description

CPU MCU Mode 1: User boot mode
operating (selected by driving the MD2 and MD1 pins low and
mode driving the MDO pin high)

Mode 2: Boot mode
(selected by driving the MD2 and MDO pins low and
driving the MD1 pin high)

Mode 3: Boundary scan enabled single-chip mode
(selected by driving the MD2 pin low and driving the MD1
and MDO pins high)

Mode 4: On-chip ROM disabled external extended mode, 16-bit
bus (selected by driving the MD1 and MDO pins low and
driving the MD2 pin high)

Mode 5: On-chip ROM disabled external extended mode, 8-bit bus
(selected by driving the MD1 pin low and driving the MD2
and MDO pins high)

Mode 6: On-chip ROM enabled external extended mode
(selected by driving the MDO pin low and driving the MD2
and MD1 pins high)

Mode 7: Single-chip mode (can be externally extended)
(selected by driving the MD2, MD1, and MDO pins high)

e Low power consumption state (transition driven by the SLEEP
instruction)

Power on reset (POR)*

e At power-on or low power supply voltage, an internal reset
signal is generated

Voltage detection circuit
(LVD)*

e At low power supply voltage, an internal reset signal and an
interrupt are generated

Interrupt Interrupt
(source) controller
(INTC)

e 13 external interrupt pins (NMI, and TRQ11 to IRQO)

¢ Internal interrupt sources
H8SX/1658 Group: 120 pins
H8SX/1658M Group: 121 pins

e 2 interrupt control modes (specified by the interrupt control
register)

o 8 priority orders specifiable (by setting the interrupt priority
register)

¢ Independent vector addresses
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Module/

Classification Function  Description

Interrupt Break e Break point can be set for four channels
(source) i(rcjtgrcr:t;pt Address break can be set for CPU instruction fetch cycles
DMA EXDMA e 4-channel DMA transfer available
?g](tlir)cl)\l/:er) 2 activation methods (auto-request, external request)
e 4 transfer modes (normal transfer, repeat transfer, block
transfer, cluster transfer)
e Dual or single address mode selectable
o Extended repeat-area function
DMA e 4-channel DMA transfer available
?IngC/tIX)(l‘l()er 3 activation methods (auto-request, on-chip module interrupt,
external request)
¢ 3 transfer modes (normal transfer, repeat transfer, block
transfer)
e Dual or single address mode selectable
o Extended repeat-area function
Data ¢ Allows DMA transfer over 78 channels (number of DTC
transfer activation sources)
controller . . .
(DTC) e Activated by interrupt sources (chain transfer enabled)
¢ 3 transfer modes (normal transfer, repeat transfer, block
transfer mode)
¢ Short-address mode or full-address mode selectable
External bus Bus ¢ 16-Mbyte external address space
extension ;:é)gtcr:c))ller The external address space can be divided into 8 areas, each

of which is independently controllable

— Chip-select signals (CS0 to CS7) can be output

— Access in 2 or 3 states can be selected for each area
— Program wait cycles can be inserted

— The period of CS assertion can be extended

— Idle cycles can be inserted

Bus arbitration function (arbitrates bus mastership among the
internal CPU, DMAC, EXDMAC, and DTC, and external bus
masters)
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Module/
Classification Function Description
External bus Bus Bus formats
extension E:Iggtcr:c;ller External memory interfaces (for the connection of ROM, burst
ROM, SRAM, and byte control SRAM)
e Address/data bus format: Support for both separate and
multiplexed buses (8-bit access or 16-bit access)
¢ Endian conversion function for connecting devices in little-
endian format
Clock Clock pulse e 1 clock generation circuit available
?ggg)altor Separate clock signals are provided for each of functional

modules (detailed below) and each is independently specifiable
(multi-clock function)
— System-intended data transfer modules, i.e. the CPU, runs in
synchronization with the system clock (l9): 8 to 50 MHz
— Internal peripheral functions run in synchronization with the
peripheral module clock (P¢): 8 to 35 MHz
— Modules in the external space are supplied with the external
bus clock (B¢): 8 to 50 MHz
¢ Includes a PLL frequency multiplication circuit and frequency
divider, so the operating frequency is selectable
e 5 low-power-consumption modes: Sleep mode, all-module-
clock-stop mode, software standby mode, deep software
standby mode, and hardware standby mode
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Module/

Classification Function  Description

A/D converter A/D ¢ 10-bit resolution x 2 units
converter e Selectable input channel and unit configuration
(ADC) 4 channels x 2 units (units 0 and 1)
8 channels x one unit (unit 0)
e Sample and hold function included
e Conversion time: 2.7 us per channel (with peripheral module
clock (P¢) at 25-MHz operation)
e 2 operating modes: single mode and scan mode
e 3 ways to start A/D conversion:
Unit 0: Software, timer (TPU (unit 0) /TMR (units 0 and 1))
trigger, and external trigger
Unit 1: Software, TMR (units 2 and 3) trigger, and external
trigger
e Activation of DTC and DMAC by ADI interrupt:
Unit 0: DTC and DMAC can be activated by an ADI interrupt.
Unit 1: DMAC can be activated by an ADI1 interrupt.
D/A converter  D/A e 8-bit resolution x 2 output channels
converter e Qutput voltage: 0 V to Vref, maximum conversion time: 10 us
(DAC) (with 20-pF load)
Timer 8-bit timer e 8 bits x 8 channels (can be used as 16 bits x four channels)
(TMR) e Select from among 7 clock sources (6 internal clocks and 1
external clock)
¢ Allows the output of pulse trains with a desired duty cycle or
PWM signals
16-bit timer ¢ 16 bits x 12 channels (unit O, unit 1*)
pulse unit e Select from among 8 counter-input clocks for each channel
(TPU) e Upto 24 pulse inputs and outputs

Counter clear operation, simultaneous writing to multiple timer
counters (TCNT), simultaneous clearing by compare match and
input capture possible, simultaneous input/output for registers
possible by counter synchronous operation, and up to 15-phase
PWM output possible by combination with synchronous
operation

Buffered operation, cascaded operation (32 bits x two
channels), and phase counting mode (two-phase encoder
input) settable for each channel

Input capture function supported

Output compare function (by the output of compare match
waveform) supported

Note: * Pin function of unit 1 cannot be used in the external bus

extended mode.
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Module/
Classification Function

Description

Timer Program-
mable pulse
generator
(PPG)

24-bit*"** pulse output
4 output groups, non-overlapping mode, and inverted output
can be set

Selectable output trigger signals; the PPG can operate in
conjunction with the data transfer controller (DTC) and the DMA
controller (DMAC)

Notes: 1. Pulse output pins PO31 to PO16 cannot be activated by

input capture.

2. Pulse of unit 1 cannot be output in the external bus
extended mode.

Watchdog timer Watchdog

8 bits x one channel (selectable from eight counter input clocks)

timer e Switchable between watchdog timer mode and interval timer
(WDT) mode

Serial interface  Serial e 6 channels (select asynchronous or clock synchronous serial
communi- communications mode)
cations e Full-duplex communications capability
interface o Select the desired bit rate and LSB-first or MSB-first transfer
(SCI) o

Smart card/SIM

Average transfer rate clock input from TMR (SCI_5, SCI_6)
IrDA transmission and reception conformant with the IrDA
Specifications version 1.0

On-chip cyclic redundancy check (CRC) calculator for improved
reliability in data transfer

The SCI module supports a smart card (SIM) interface.

I°C bus interface I°C bus
interface 2
(1c2)

2 channels

Bus can be directly driven (the SCL and SDA pins are NMOS
open drains).

Universal serial Universal

bus interface serial bus
interface
(USB)

On-chip UDC (USB Device Controller) supporting USB 2.0 and
transceiver

Transfer speed: full-speed (12 Mbps)
Bulk transfer by DMA
Self-power mode and bus power mode selectable

I/O ports

9 CMOS input-only pins

75 CMOS input/output pins

8 large-current drive pins (port 3)
40 pull-up resistors

16 open drains

Package

LQFP-120 package
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Module/
Classification Function Description
Operating frequency/ e Operating frequency: 8 to 50 MHz
Power supply voltage o Power supply voltage: V., = PLLV,,=DrV_,,=3.0t0 3.6 V, AV,
=3.0t03.6V

e Flash programming/erasure voltage: 3.0 to 3.6 V
e Supply current:
— 50 mA (typ.) (V. =PLLV_=DrV =30V, AV, =3.0V, ¢
=P¢=Bp=35MHz)

Operating peripheral e 20 to +75°C (regular specifications)
temperature (°C) e 40 to +85°C (wide-range specifications)
Note * Supported only by the H8SX/1658M Group.

Table1l.2 Comparison of Support Functionsin the H8SX/1658R and H8SX/1658M Group

Function H8SX/1658R Group H8SX/1658M Group
DMAC

DTC

PPG

UBC
SCI

lca
TMR

WDT

10-bit ADC

8-bit DAC

O|O0|0|0O|0O|0O|0O|0O|0O|0O|O

EXDMAC
POR/LVD —

O|lO0|O0|0O|0O|0O|0O|0O|0O|0O|0O|0O|O

Package LQFP-120 (0]
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1.2 List of Products

Table 1.3 is the list of products, and figure 1.1 shows how to read the product name code.

Tablel.3 List of Products
ROM RAM

Group Part No. Capacity Capacity Package Remarks

H8SX/1658R  REF61658RNS0FPV 1024 Kbytes 56 Kbytes ~ LQFP-120  Regular
R5SF61654RNSOFPV 512 Kbytes 40 Kbytes  LQFP-120 :gﬁg”ica'
R5F61653RNSOFPV 384 Kbytes 40 Kbytes  LQFP-120
R5F61658RD50FPV 1024 Kbytes 56 Kbytes LQFP-120 Wide range
R5F61654RD50FPV 512 Kbytes 40 Kbytes  LQFP-120 :gﬁgiﬁca'
R5F61653RD50FPV 384 Kbytes 40 Kbytes  LQFP-120

H8SX/1658M R5F61658MN50FPV 1024 Kbytes 56 Kbytes ~ LQFP-120  Regular
R5F61654MNSOFPV 512 Kbytes 40 Kbytes  LQFP-120 :gig‘ﬁca'
R5F61653MNSOFPV 384 Kbytes 40 Kbytes  LQFP-120
R5F61658MD50FPYV 1024 Kbytes 56 Kbytes ~ LQFP-120  Wide range
R5F61654MDSOFPV 512 Kbytes 40 Kbytes  LQFP-120 Egﬁgiﬁca'
R5F61653MD50FPV 384 Kbytes 40 Kbytes  LQFP-120

PartNo. R 5  F61658RNS0FP V.

-L Indicates the Pb-free version.

Indicates the package.
FP: LQFP

N : Regular specifications
D :Wide range specifications

Indicates the type of ROM device.

F: On-chip flash memory

Product classification

Microcontroller

Indicates the product-specific number.

Indicates a Renesas semiconductor product.

Figurel.1 How to Read the Product Name Code
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e Small Package

Package

Package Code Body Size

Pin Pitch

LQFP-120

PLQPO120LA-A  14.0 x 14.0 mm
(FP-120BV)*

0.40 mm

Note: * Pb-free version
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13

Block Diagram

AN AN
WDT | |
Port 1
— TMR X 2 channels
(unit 0)
TMR X 2 channels
Interrupt ) (unit 1)
-_—
RAM controller | TMR x 2 channels
— TMR x 2 channels
(unit 3)
R N ey S A
3 (unit 0)
é 3 |—| TPU x6 channels
o} =
E‘ g PPG x 8 ch |
2 a — x 8 channels
3 s (unit 0)
= ) Port B
H8SX o 2 PPG x 16 channels
cru [ == (unit 1)
<:>| SCI x 6 channels | | ‘f’gr’t‘ﬁ" |
DMAC x  |——]
prc [ [ 4channels — USB
Port E/
port K1
1IC2 x 2 channels
e [
4 channels ——| 10-bit AD x4
Clock pulse channels (unit 0
generator ®
g O AD <1
I channels (unit 1
Q
® -
> it DA x
: S Zoummes |
POR/LVD#*2 s
IS N
External bus
N7
[Legend]
CPU: Central processing unit TMR: 8-bit timer
DTC: Data transfer controller TPU: 16-bit timer pulse unit
BSC: Bus controller PPG: Programmable pulse generator
DMAC: DMA controller SCl: Serial communications interface
EXDMAC: EXDMA controller USB: Universal serial bus interface
WDT: Watchdog timer lic2: 1IC bus interface 2

Notes: 1. In single-chip mode, the port D and port E functions can be used in the initial state.

POR/LVD*2: Power-on reset / Low voltage detection circuit

Pin functions are selectable by setting the PCJKE bit in PFCRD. Ports D and E are enabled

when PCJKE = 0 (initial value) and ports J and K are enabled when PCJKE = 1. In external

extended mode, only ports D and E can be used.
2. Supported only by the H8SX/1658M Group.

Figurel1l.2 Block Diagram
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14

141 Pin Assignments

Pin Assignments

80[3 P15/TCLKB-B/RxD5/IrRXD/SCL1/TEND1/IRQ5-A/ETEND1-A
798 P14/TCLKA-B/TxD5/IrTXD/SDA1/DREQ1/IRQ4-A/EDREQ1-A

=<
o [
28 £
ae ol
= e 553
= T«
S SIS
oo |28 S
[ = o< ||
kb =< 2B
| Oz <<l | |w
SS IERS Tz
35 B2 RS
A da) ‘fﬁ‘c 6‘0
L5 32 SSITT
S IR
33 28 2=eB
22 Gm [o} SQEm
cE 2F a SISEE
S3 2¢ £ Giolkels
cx 535 < EX58
== 00 4 = QOEXRR2IPN Z250 &
EERRE 22 .5 0, seE58585 B68g 8
SIRES gL T a0 G‘m%gf:ebgﬁi'ﬁQg:QSI
calwaa>SuUx>=S Slr>acocoocaoa>aocaa>a
ininininisisisisinisl inininisisisisisisisinisisisisisinis]
J— N B8RRI BRENRRNRRIRBBE8BIB
P62/TMO2/SCK4/DACK2/IRQ10-B/TRST/EDACKO-B [ 91 60[1 PH6/D6
cc 92 5910 PH5/D5
P63/TMRI3/DREQ3/IRQT1-B/TMS/EDREQT-B [] 93 58F1 PH4/D4
PLLVss [] 94 5701 Vss
P64/TMCI3/TEND3/TD/ETENDT-B ] 95 56[0 PH3/D3
P65/TMO3/DACK3/TCK/EDACKT-B [] 96 5501 PH2/D2
Do [ 97 5457 PH1/D1
P50/ANO/IRQO-B [] 98 5313 PHO/DO
P51/AN1/IRQ1-B ] 99 527 NMI
P52/AN2/IRQ2-B []100 5117 P27/PO7/TIOCAS/TIOCBS
AVee C}101 50[3 P26/PO6/TIOCAS/TMO1/TXD1
P53/AN3/RQ3-B 102 490 P25/PO5/TIOCA4/TMCIH/RxD1
Avss [}103 LQFP-120 481 P24/PO4/TIOCA4/TIOCB4/TMRI1/SCK1
P54/AN4/RQ4-B []104 - 470 P23/POJ/TIOCCH/TIOCD3IRQTT-A
ref C}105 (Top View) 46[7 P22/PO2/TIOCC3/TMOO/TXDO/IRQ10-A
P55/ANS/IRQ5-B []106 453 P21/PO1/TIOCA3/TMCIO/RXDO/IRQS-A
P56/AN6/DAO/IRQE-B []107 442 vee
P57/AN7/DA1/IRQ7-B 108 431 P20/POO/TIOCA3/TIOCB3/TMRIO/SCKO/RQ8-A
_____MD1 09 427 Vss
PAO/BREQO/BS-A 110 418 MD_CLK
PA1/BACK/RDMWR 111 40[1 vBUS
PA2/BREQWAIT 112 390 DiVss
PAILLLWRILLB }113 3gf usD-
PA4/LHWRILUB C}114 a7[3 UsD+
Ois 36fd Drvee
dite 35[0 PM4
g7 341 PM3
= BT} 337 EMLE*2
vee gdie a2 PDO/AO} P {FJO/POHSNIOCAE
PBO/CS0/CS4/CS5-B [f120 N < 10O 1 00O e o 10 oo o3P PPVAT PJ1/PO17/TIOCAGITIOCBS
—aosworooo s 2222l dlNaas 1
OO0 OO OO0 oo OO OO0
NN ON GO PO ONI N ANYrOQDEQ DI DY
R SRR 2 ST x> > T ISISSS3SS
51815 EEL><<I<<<><L><<I=5Ro " nIna
(22 5SS IR Dreoh8k & fobygs 2999
oo S5 oo cooafa, o portes coaon
258 22 & gaPhE
B 1
Iaf *
5 &
g e eeT BT
=) P
‘(\-, 838 X Q3838%3 2533
1] 000 O 3000600 DODO
Q 282 2 eeeesE SESRE
= EEE E 525385 hos8
2 t22 ¢ 882388 Bg8s88
2 £9% 9 g8&gzog cxoe
@ cgo § egeghg ESILER
g Sg9 58 Sra
288 $ K&g£2e a8
=03 & 78 O S 909
8§ £ & ¢ o og
g 8 g t £ E ES
c g & 8 §y 2%
£ X & I} S 5
e L I g
5 3 g
2 o a

Note: 1. In single-chip mode prots D and E can be used (initial state). Pin functions are selectable by setting the PCJKE bit in PFCRD.
Pin functions are selectable by setting the PCJKE bit in PFCRD. Ports D and E are enabled when PCJKE = 0 (initial value)
and ports J and K are enabled when PCJKE = 1. In external extended mode, only ports D and E can be used.

2. This pin is an on-chip emulator enable pin. Drive this pin low for the connection in normal operating mode.
The on-chip emulator function is enabled by driving this pin high. When the on-chip emulator is in use, the P62, P63,
P64, P65, and WDTOVF pins are dedicated pins for the on-chip emulator. For details on a connection example with the E10A,
see E10A Emulator User's Manual.

Figure1.3 Pin Assignments
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14.2 Correspondence between Pin Configuration and Operating M odes

Table1.3 Pin Configuration in Each Operating M ode (H8SX/1658R Group and
H8SX/1658M Group)

Pin Name
Pin No. Modes 1, 2, and 6 Modes 3 and 7 Modes 4 and 5
1 PB1/CS1/CS2-B/ PB1/CS1/CS2-B/ PB1/CS1/CS2-B/
CS5-A/CS6-B/CS7-B CS5-A/CS6-B/CS7-B CS5-A/CS6-B/CS7-B

2 PB2/CS2-A/CS6-A PB2/CS2-A/CS6-A PB2/CS2-A/CS6-A
3 PB3/CS3/CS7-A PB3/CS3/CS7-A PB3/CS3/CS7-A
4 MD2 MD2 MD2
5 PMO/TxD6 PMO0/TxD6 PMO0/TxD6
6 PM1/RxD6 PM1/RxD6 PM1/RxD6
7 PM2 PM2 PM2
8 PF4/A20 PF4/A20 PF4/A20
9 PF3/A19 PF3/A19 PF3/A19
10 Vss Vss Vss
11 PF2/A18 PF2/A18 PF2/A18
12 PF1/A17 PF1/A17 PF1/A17
13 PFO/A16 PFO/A16 PFO/A16
14 PE7/A15 e PE7/A15 A15

e PK7/PO31/TIOCA11/TIOCB11*'
15 PE6/A14 e PEG6/A14 Al4

e PK6/PO30/TIOCA11*!
16 PE5/A13 e PE5/A13 A13

e PK5/PO29/TIOCA10/TIOCB10*'
17 Vss Vss Vss
18 PE4/A12 o PE4/A12 A12

e PK4/PO28/TIOCA10%'
19 Vee Vce Vee
20 PE3/A11 e PES3/A11 A1

e PK3/PO27/TIOCCY/TIOCD9*'
21 PE2/A10 e PE2/A10 A10

e PK2/PO26/TIOCCY*'
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Pin Name
Pin No. Modes 1, 2, and 6 Modes 3 and 7 Modes 4 and 5
22 PE1/A9 e PE1/A9 A9
e PK1/PO25/TIOCA9/TIOCBY*'
23 PEO/A8 e PEO/A8 A8
e PKO/PO24/TIOCA9*'
24 PD7/A7 o PD7/A7 A7
e PJ7/PO23/TIOCAS8/TIOCBS/
TCLKH*'
25 PD6/A6 e PD6/A6 A6
e PJ6/PO22/TIOCA8*'
26 Vss Vss Vss
27 PD5/A5 e PD5/A5 A5
e PJ5/PO21/TIOCA7/TIOCB7/
TCLKG*'
28 PD4/A4 o PD4/A4 A4
e PJ4/PO20/TIOCAT7*'
29 PD3/A3 « PD3/A3 A3
e PJ3/PO19/TIOCCE/TIOCDSE/
TCLKF*'
30 PD2/A2 e PD2/A2 A2
e PJ2/PO18/TIOCC6/TCLKE*'
31 PD1/A1 e PD1/A1 Al
e PJ1/PO17/TIOCA6/TIOCB6*'
32 PDO/AO e PDO/AO A0
e PJO/PO16/TIOCAG*'
33 EMLE EMLE EMLE
34 PM3 PM3 PM3
35 PM4 PM4 PM4
36 DrVcc DrVcc DrVcc
37 USD+ USD+ USD+
38 USD- USD- USD-
39 DrVss DrVss DrVss
40 VBUS VBUS VBUS
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Pin Name

Pin No. Modes 1, 2, and 6 Modes 3 and 7 Modes 4 and 5

41 MD_CLK MD_CLK MD_CLK

42 Vss Vss Vss

43 P20/POO/TIOCA3/TIOCB3/ P20/POO/TIOCA3/TIOCB3/ P20/POO/TIOCA3/TIOCB3/
TMRIO/SCKO0/IRQ8-A TMRIO/SCKO0/IRQ8-A TMRIO/SCKO0/IRQ8-A

44 Vce Vce Vce

45 P21/PO1/TIOCA3/TMCIO/R P21/PO1/TIOCA3/TMCIO/RxDO/ P21/PO1/TIOCA3/TMCI0/
xD0/IRQ9-A IRQ9-A RxDO/IRQ9-A

46 P22/PO2/TIOCC3/TMO0/  P22/PO2/TIOCC3/TMO0/TxDO/ %OZ/T 10CC3/TMO0/TxD0/
TxDO/IRQ10-A IRQ10-A IRQ10-A

47 P23/PO3/TIOCC3/TIOCD3/1 P23/PO3/TIOCC3/TIOCD3/ P23/PO3/TIOCC3/TIOCD3/
RQ11-A IRQ11-A IRQ11-A

48 P24/PO4/TIOCA4/TIOCB4/ P24/PO4/TIOCA4/TIOCB4/ P24/PO4/TIOCA4/TIOCB4/
TMRI1/SCKA1 TMRI1/SCK1 TMRI1/SCKA1

49 P25/PO5/TIOCA4/TMCI1/R  P25/PO5/TIOCA4/TMCI1/ P25/PO5/TIOCA4/TMCI1/
xD1 RxD1 RxD1

50 P26/PO6/TIOCA5/TMO1/Tx P26/PO6/TIOCA5/TMO1/ P26/PO6/TIOCA5/TMO1/
D1 TxD1 TxD1

51 P27/PO7/TIOCA5/ TIOCB5 P27/PO7/TIOCA5/ TIOCB5 P27/PO7/TIOCA5/ TIOCB5

52 NMI NMI NMI

53 PHO0/DO PHO/DO DO

54 PH1/D1 PH1/DA1 D1

55 PH2/D2 PH2/D2 D2

56 PH3/D3 PH3/D3 D3

57 Vss Vss Vss

58 PH4/D4 PH4/D4 D4

59 PH5/D5 PH5/D5 D5

60 PH6/D6 PH6/D6 D6

61 PH7/D7 PH7/D7 D7

62 Vece Vce Vce

63 P10/D8 Pl0/D8 P10/D8

64 PI1/D9 P11/D9 PI1/D9

65 PI2/D10 P12/D10 P12/D10

66 PI3/D11 PI3/D11 PI3/D11
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Pin Name

Pin No. Modes 1, 2, and 6 Modes 3 and 7 Modes 4 and 5

67 Vss Vss Vss

68 Pl4/D12 P14/D12 Pl14/D12

69 PI15/D13 PI5/D13 PI5/D13

70 Pl6/D14 Pl6/D14 P16/D14

71 PI17/D15 PI7/D15 PI7/D15

72 P10/TxD2/DREQO/IRQO- P10/TxD2/DREQO/IRQO0-A/ P10/TxD2/DREQO/IRQO-A/
A/EDREQO-A EDREQO-A EDREQO-A

73 P11/RxD2/TENDO/IRQ1- P11/RxD2/TENDO/IRQ1-A/ P11/RxD2/TENDO/IRQ1-A/
A/ETENDO-A ETENDO-A ETENDO-A

74 P12/SCK2/DACKO0/IRQ2- P12/SCK2/DACKO0/IRQ2-A/ P12/SCK2/DACKO0/IRQ2-A/
A/EDACKO-A EDACKO-A EDACKO-A

75 P13/ADTRGO/IRQ3- P13/ADTRGO/IRQ3-A/EDRAKO P13/ADTRGO0/IRQS3-
A/EDRAKO A/EDRAKO

76 Vss Vss Vss

77 RES RES RES

78 VCL VCL VCL

79 P14/TCLKA-B/TxD5/IrTXD/ P14/TCLKA-B/TxD5/IrTXD/ P14/TCLKA-B/TxD5/IrTXD/
SDA1/DREQ1/IRQ4-A/ SDA1/DREQ1/IRQ4-A/ SDA1/DREQ1/IRQ4-A/
EDREQ1-A EDREQ1-A EDREQ1-A

80 P15/TCLKB-B/RxD5/IrRXD/ P15/TCLKB-B/RxD5/IrRXD/ P15/TCLKB-B/RxD5/IrRXD/
SCL1/TEND1/IRQ5-A/ SCL1/TEND1/IRQ5-A/ SCL1/TEND1/IRQ5-A/
ETEND1-A ETEND1-A ETEND1-A

81 WDTOVF WDTOVF/TDO*? WDTOVF

82 Vss Vss Vss

83 XTAL XTAL XTAL

84 EXTAL EXTAL EXTAL

85 Vce Vce Vce

86 P16/TCLKC-B/SDA0/ P16/TCLKC-B/SDA0/ P16/TCLKC-B/SDA0/
DACK1/IRQ6-A/EDACK1-A DACK1/IRQ6-A/EDACK1-A DACK1/IRQ6-A/EDACK1-A

87 P17/TCLKD-B/SCLO/ P17/TCLKD-B/SCLO/ P17/TCLKD-B/SCL0O/
ADTRG1/IRQ7-A/EDRAK1 ADTRG1/IRQ7-A/EDRAK1 ADTRG1/IRQ7-A/EDRAK1

88 STBY STBY STBY

89 P60/TMRI2/TxD4/DREQ2/ P60/TMRI2/TxD4/DREQ2/ P60/TMRI2/TxD4/DREQ2/

IRQ8-B/EDREQO-B

IRQ8-B/EDREQO-B

IRQ8-B/EDREQO-B

Rev. 2.00 Sep. 25, 2008 Page 16 of 1340
REJ09B0413-0200

RENESAS



Section 1 Overview

Pin Name

Pin No. Modes 1, 2, and 6 Modes 3 and 7 Modes 4 and 5

90 P61/TMCI2/RxD4/ P61/TMCI2/RxD4/ P61/TMCI2/RxD4/
TEND2/IRQ9-B/ETENDO-B TEND2/IRQ9-B/ETENDO-B TEND2/IRQ9-B/ETENDO-B

91 P62/TMO2/SCK4/DACK2/  P62/TMO2/SCK4/DACK2/ P62/TMO2/SCK4/DACK2/
IRQ10-B/EDACKO0-B IRQ10-B/TRST/EDACKO-B IRQ10-B/EDACKO0-B

92 PLLVcc PLLVcc PLLVcc

93 P63/TMRI3/DREQ3/ P63/TMRI3/DREQ3/IRQ11-B/ P63/TMRI3/DREQ3/IRQ11-B/
IRQ11-B/EDREQ1-B TMS*/EDREQ1-B EDREQ1-B

94 PLLVss PLLVss PLLVss

95 P64/TMCI3/TEND3/ P64/TMCI3/TENDS/TDI*?/ P64/TMCI3/TEND3/ETEND1-B
ETEND1-B ETEND1-B

96 P65/TMO3/DACK3/ P65/TMO3/DACK3/TCK*?/ P65/TMO3/DACK3/EDACK1-B
EDACK1-B EDACK1-B

97 MDO MDO MDO

98 P50/ANO/IRQ0-B P50/ANO/IRQO-B P50/ANO/IRQ0-B

99 P51/AN1/IRQ1-B P51/AN1/IRQ1-B P51/AN1/IRQ1-B

100 P52/AN2/IRQ2-B P52/AN2/IRQ2-B P52/AN2/IRQ2-B

101 Avce Avcc Avce

102 P53/AN3/IRQ3-B P53/AN3/IRQ3-B P53/AN3/IRQ3-B

103 Avss Avss Avss

104 P54/AN4/IRQ4-B P54/AN4/IRQ4-B P54/AN4/IRQ4-B

105 Vref Vref Vref

106 P55/AN5/IRQ5-B P55/AN5/IRQ5-B P55/AN5/IRQ5-B

107 P56/AN6/DAO/IRQ6-B P56/AN6/DA0/IRQ6-B P56/AN6/DA0C/IRQ6-B

108 P57/AN7/DA1/IRQ7-B P57/AN7/DA1/IRQ7-B P57/AN7/DA1/IRQ7-B

109 MD1 MD1 MD1

110 PAO/BREQO/BS-A PAO/BREQO/BS-A PAO/BREQO/BS-A

111 PA1/BACK/(RD/WR) PA1/BACK/(RD/WR) PA1/BACK/(RD/WR)

112 PA2/BREQ/WAIT PA2/BREQ/WAIT PA2/BREQ/WAIT

113 PA3/LLWR/LLB PA3/LLWR/LLB LLWR/LLB

114 PA4/LHWR/LUB PA4/LHWR/LUB PA4/LHWR/LUB

115 PA5/RD PA5/RD RD

116

PAG6/AS/AH/BS-B

PA6/AS/AH/BS-B

PA6/AS/AH/BS-B

RENESAS
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Pin Name

Pin No. Modes 1, 2, and 6

Modes 3 and 7

Modes 4 and 5

117 Vss

Vss Vss
118 PA7/Bo PA7/Bo PA7/Bo
119 Vce Vce Vce

120 PB0/CS0/CS4-A/CS5-B

PB0/CS0/CS4-A/CS5-B

PB0/CS0/CS4-A/CS5-B

Notes: 1. These pins can be used when the PCJKE bit in PFCRD is set to 1 in single-chip mode.
2. Pins TDO, TRST, TMS, TDI, and TCK are enabled in mode 3.
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1.4.3 Pin Functions

Table1l.4 Pin Functions

Classification  Pin Name 1/0 Description
Power supply Vo Input Power supply pins. Connect them to the system power supply.

' Input Connect this pin to V via a 0.1-uF capacitor (The capacitor should
be placed close to the pin).

Vg Input Ground pins. Connect them to the system power supply (0 V).

PLLV, Input Power supply pin for the PLL circuit. Connect it to the system power
supply.

PLLV Input Ground pin for the PLL circuit.

DrV, Input Power supply pin for the transceiver with on-chip USB. Connect it to
the system power supply.

DrVg Input Ground pin for the transceiver with on-chip USB.

Clock XTAL Input Pins for a crystal resonator. An external clock signal can be input

EXTAL Input '[hI’Ol.Jgh the EXTAL pin. For an example of this connection, see
section 26, Clock Pulse Generator.

Bo Output  Outputs the system clock for external devices.

Operating mode MD2 to MDO Input Pins for setting the operating mode. The signal levels on these pins
control must not be changed during operation.

MD_CLK Input Pins for switching the multiplication ratio of the clock pulse
generator. The signal levels on these pins must not be changed
during operation.

System control RE Input Reset signal input pin. This LSI enters the reset state when this
signal goes low.

STBY Input This LSI enters hardware standby mode when this signal goes low.

EMLE Input Input pin for the on-chip emulator enable signal. If the on-chip
emulator is used, the signal level should be fixed high. If the on-chip
emulator is not used, the signal level should be fixed low.

On-chip TRST Input On-chip emulator pins or boundary scan pins. When the EMLE pin
emulator ™S Input is driven high, these pins are dedicated for the on-chip emulator.
When the EMLE pin is driven low and to mode 3, these pins are

TDI Input  dedicated for the boundary scan.

TCK Input

TDO Output

Address bus A20 to AO Output  Output pins for the address bits.

Rev. 2.00 Sep. 25,2008 Page 19 of 1340
RENESAS REJ09B0413-0200



Section 1 Overview

Classification  Pin Name /10 Description
Data bus D15 to DO Input/ Input and output for the bidirectional data bus. These pins
output also output addresses when accessing an address—data
multiplexed /O interface space.
Bus control BREQ Input External bus-master modules assert this signal to request
the bus.

BREQO Output Internal bus-master modules assert this signal to request
access to the external space via the bus in the external bus
released state.

BACK Output Bus acknowledge signal, which indicates that the bus has
been released.

BS-A/BS-B Output Indicates the start of a bus cycle.

AS Output Strobe signal which indicates that the output address on
the address bus is valid in access to the basic bus interface
or byte control SRAM interface space.

AH Output  This signal is used to hold the address when accessing the
address-data multiplexed /O interface space.

RD Output Strobe signal which indicates that reading from the basic
bus interface space is in progress.

RD/WR Output Indicates the direction (input or output) of the data bus.

LHWR Output Strobe signal which indicates that the higher-order byte
(D15 to D8) is valid in access to the basic bus interface
space.

LLWR Output Strobe signal which indicates that the lower-order byte (D7
to DO) is valid in access to the basic bus interface space.

LUB Output Strobe signal which indicates that the higher-order byte
(D15 to D8) is valid in access to the byte control SRAM
interface space.

LLB Output  Strobe signal which indicates that the lower-order byte (D7
to DO) is valid in access to the byte control SRAM interface
space.

CSo Output Select signals for areas 0 to 7.

CSH

CS2-A/CS2-B

CS3

Cs4

CS5-A/CS5-B

CS6-A/CS6-B

CS7-A/CS7-B

WAIT Input Requests wait cycles in access to the external space.
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Classification

Pin Name 110

Description

Interrupt

Input

Non-maskable interrupt request signal. When this pin is not
in use, this signal must be fixed high.

Input

Maskable interrupt request signal.

DMA controller
(DMAC)

DREQO-A/DREQO-B Input
DREQ1-A/DREQ1-B
DREQ2

DREQ3

Requests DMAC activation.

DACKO0-A/DACKO0-B
DACK1-A/DACK1-B
DACK2

Output

DMAC single address-transfer acknowledge signal.

Output

TEND3

Indicates end of data transfer by the DMAC.

EXDMA
controller
(EXDMAC)

EDREQO-
A/EDREQO-B
EDREQT-
A/EDREQ1-B

Input

Requests EXDMAC activation.

EDACKO-
A/EDACKO-B
EDACKI-
A/EDACK1-B

Output

EXDMAC single address-transfer acknowledge signal.

ETENDO-
A/ETENDO-B
ETEND1-
A/ETEND1-B

Output

Indicates end of data transfer by the EXDMAC.

EDRAKO
EDRAK1

Output

Notification to external device of EXDMAC request
acceptance and start of execution

RENESAS
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Classification  Pin Name 110 Description
16-bit timer TCLKA-A/TCLKA-B  Input Input pins for the external clock signals.
pulse unit (TPU) TCLKB-A/TCLKB-B
TCLKC-A/TCLKC-B
TCLKD-A/TCLKD-B
TIOCA3 Input/  Signals for TGRA_3 to TGRD_3. These pins are used as
TIOCB3 output  input capture inputs, output compare outputs, or PWM
TIOCC3 outputs.
TIOCD3
16-bit timer TIOCA4 Input/ Signals for TGRA_4 and TGRB_4. These pins are used as
pulse unit (TPU) TIOCB4 output  input capture inputs, output compare outputs, or PWM
outputs.
TIOCA5 Input/  Signals for TGRA_5 and TGRB_5. These pins are used as
TIOCB5 output  input capture inputs, output compare outputs, or PWM
outputs.
TCLKE Input Input pins for external clock signals.
TCLKF
TCLKG
TCLKH
TIOCA6 Input/ Signals for TGRA_6 to TGRD_6. These pins are used as
TIOCB6 output  input capture inputs, output compare outputs, or PWM
TIOCC6 outputs.
TIOCD6
TIOCA7 Input/ Signals for TGRA_7 and TGRB_7. These pins are used as
TIOCB7 output  input capture inputs, output compare outputs, or PWM
outputs.
TIOCA8 Input/  Signals for TGRA_8 and TGRB_8. These pins are used as
TIOCB8 output  input capture inputs, output compare outputs, or PWM
outputs.
TIOCA9 Input/  Signals for TGRA_9 to TGRD_9. These pins are used as
TIOCB9 output  input capture inputs, output compare outputs, or PWM
TIOCC9 outputs.
TIOCD9
TIOCA10 Input/  Signals for TGRA_10 and TGRB_10. These pins are used
TIOCB10 output  as input capture inputs, output compare outputs, or PWM
outputs.
TIOCA11 Input/ Signals for TGRA_11 and TGRB_11. These pins are used
TIOCB11 output  as input capture inputs, output compare outputs, or PWM
outputs.
Programmable  PO31 to PO16, Output  Output pins for the pulse signals.

pulse generator PQO7 to POO
(PPG)
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Classification  Pin Name 110 Description
8-bit timer TMOO to TMO7 Output  Output pins for the compare match signals.
(TMR) TMCIO to TMCI3 Input Input pins for the external clock signals that drive for the
counters.
TMRIO to TMRI3 Input Input pins for the counter-reset signals.
Watchdog timer WDTOVF Output  Output pin for the counter-overflow signal in watchdog-timer
(WDT) mode.
Serial TxDO Output  Output pins for data transmission.
communications TxD1
interface (SCI)  TxD2
TxD4
TxD5
TxD6
RxDO Input Input pins for data reception.
RxD1
RxD2
RxD4
RxD5
RxD6
SCKO Input/ Input/output pins for clock signals.
SCKA1 output
SCK2
SCK4
SCI with IrDA IrTxD Output  Output pin that outputs encoded data for IrDA.
(SCh IrRxD Input Input pin that inputs encoded data for IrDA.
I°C bus interface SCLO, SCL1 Input/ Input/output pin for 1IC clock. Bus can be directly driven by
2 (lIc2) output  the NMOS open drain output.
SDAO, SDA1 Input/ Input/output pin for IIC data. Bus can be directly driven by
output  the NMOS open drain output.
Universal serial USD+ Input/ Input/output pin for USB data.
bus interface USD- output
(USB)
VBUS Input Input/output pin to connect/disconnect USB cable.
A/D converter  AN7 to ANO Input Input pins for the analog signals to be processed by the A/D
converter.
ADTRGO, ADTRG1 Input Input pins for the external trigger signal that starts A/D
conversion.
D/A converter DA1, DAO Output  Output pins for the analog signals from the D/A converter.
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Classification  Pin Name /10 Description

A/D converter, AV, Input Analog power supply pin for the A/D and D/A converters. When

D/A converter the A/D and D/A converters are not in use, connect this pin to the
system power supply.

AV Input Ground pin for the A/D and D/A converters. Connect this pin to the
system power supply (0 V).

Vref Input Reference power supply pin for the A/D and D/A converters. When
the A/D and D/A converters are not in use, connect this pin to the
system power supply.

1/O ports P17 to P10 Input/  8-bit input/output pins.
output

P27 to P20 Input/  8-bit input/output pins.

output

P57 to P50 Input 8-bit input/output pins.

P65 to P60 Input/  6-bit input/output pins.

output

PA7 Input Input-only pin

PAG6 to PAO Input/ 7-bit input/output pins.

output

PB3 to PBO Input/ 4-bit input/output pins.

output

PD7 to PDO Input/ 8-bit input/output pins.

output

PE7 to PEO Input/ 8-bit input/output pins.

output

PF4 to PFO Input/  5-bit input/output pins.

output

PH7 to PHO  Input/  8-bit input/output pins.

output

P17 to P10 Input/  8-bit input/output pins.

output

PM4 to PMO  Input/  5-bit input/output pins.

output

PJ7 to PJO*  Input/ 8-bit input/output pins.

output

PK7 to PKO* Input/  8-bit input/output pins.

output

Note: * These pins can be used when the PCJKE bit in PFCRD is set to 1 in single-chip mode.
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Section 2 CPU

The H8SX CPU is a high-speed CPU with an internal 32-bit architecture that is upward
compatible with the H8/300, H8/300H, and H8S CPUs.

The H8SX CPU has sixteen 16-bit general registers, can handle a 4-Gbyte linear address space,
and is ideal for a realtime control system.

2.1 Features

e Upward-compatible with H8/300, H8/300H, and H8S CPUs
— Can execute object programs of these CPUs
e Sixteen 16-bit general registers
— Also usable as sixteen 8-bit registers or eight 32-bit registers
e 87 basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Bit field transfer instructions
— Powerful bit-manipulation instructions
— Bit condition branch instructions
— Multiply-and-accumulate instruction
e Eleven addressing modes
— Register direct [Rn]
— Register indirect [@ERn]
— Register indirect with displacement [@(d:2,ERn), @(d:16,ERn), or @(d:32,ERn)]
— Index register indirect with displacement [@(d:16,RnL.B), @(d:32,RnL.B),
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERn.L), or @(d:32,ERn.L)]
— Register indirect with pre-/post-increment or pre-/post-decrement [@+ERn, @—ERn,
@ERn+, or @ERn—]
— Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
— Immediate [#xx:3, #xx:4, #xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]

— Program-counter relative with index register [@(RnL.B,PC), @(Rn.W,PC), or
@(ERn.L,PO)]

— Memory indirect [@ @aa:8]

— Extended memory indirect [@ @vec:7]
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e Two base registers
— Vector base register
— Short address base register
e 4-Gbyte address space
— Program: 4 Gbytes
— Data: 4 Gbytes
e High-speed operation
— All frequently-used instructions executed in one or two states
— 8/16/32-bit register-register add/subtract: 1 state

— 8 x 8-bit register-register multiply: 1 state (when the multiplier is available.)
— 16 + 8-bit register-register divide: 10 states (when the divider is available.)
— 16 x 16-bit register-register multiply: 1 state (when the multiplier is available.)
— 32 + 16-bit register-register divide: 18 states (when the divider is available.)
— 32 x 32-bit register-register multiply: 5 states (when the multiplier is available.)
— 32 + 32-bit register-register divide: 18 states (when the divider is available.)

e Four CPU operating modes
— Normal mode
— Middle mode
— Advanced mode
— Maximum mode
e Power-down modes
— Transition is made by execution of SLEEP instruction
— Choice of CPU operating clocks

Notes: 1. Advanced mode is only supported as the CPU operating mode of the H8SX/1658R
Group and H8SX/1658M Group. Normal, middle, and maximum modes are not
supported.

2. The multiplier and divider are supported by the H8SX/1658R Group and H8SX/1658M
Group.
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2.2 CPU Operating M odes

The H8SX CPU has four operating modes: normal, middle, advanced and maximum modes. These
modes can be selected by the mode pins of this LSI.

Maximum 64 kbytes for program
and data areas combined

Normal mode

Maximum 16-Mbyte program
area and 64-kbyte data area,
maximum 16 Mbytes for program
and data areas combined

Middle mode

CPU operating modes

Maximum 16-Mbyte program
Advanced mode area and 4-Gbyte data area,
maximum 4 Gbytes for program
and data areas combined

Maximum 4 Gbytes for program
and data areas combined

Maximum mode

Figure2.1 CPU Operating Modes

221 Normal Mode

The exception vector table and stack have the same structure as in the H8/300 CPU.

Address Space

The maximum address space of 64 kbytes can be accessed.

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. When the extended register En is used as a 16-bit register it can
contain any value, even when the corresponding general register Rn is used as an address
register. (If the general register Rn is referenced in the register indirect addressing mode with
pre-/post-increment or pre-/post-decrement and a carry or borrow occurs, however, the value in
the corresponding extended register En will be affected.)

Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.
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e Exception Vector Table and Memory Indirect Branch Addresses
In normal mode, the top area starting at H'0000 is allocated to the exception vector table. One
branch address is stored per 16 bits. The structure of the exception vector table is shown in
figure 2.2.

H0000 | _ Reset exception vector --

H'0001 P

H'0002 ] Exception
Hooos [~ Reset exception vector -- vector table

__

Figure2.2 Exception Vector Table (Normal Mode)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes

are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction

code specifies a memory location. Execution branches to the contents of the memory location.
e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception

handling are shown in figure 2.3. The PC contents are saved or restored in 16-bit units.

\/\\/\

SP—>| PC . SP EXR*!
(16 bits) Reserved1, 3
(SP*2 —) CCR
\/\ CCR*
. PC -
(16 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 on return.

Figure2.3 Stack Structure (Normal Mode)
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2.2.2 Middle Mode

The program area in middle mode is extended to 16 Mbytes as compared with that in normal
mode.

e Address Space

The maximum address space of 16 Mbytes can be accessed as a total of the program and data
areas. For individual areas, up to 16 Mbytes of the program area or up to 64 kbytes of the data
area can be allocated.

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. When the extended register En is used as a 16-bit register (in
other than the JMP and JSR instructions), it can contain any value even when the
corresponding general register Rn is used as an address register. (If the general register Rn is
referenced in the register indirect addressing mode with pre-/post-increment or pre-/post-
decrement and a carry or borrow occurs, however, the value in the corresponding extended
register En will be affected.)

e Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid and the upper eight bits are sign-extended.

e Exception Vector Table and Memory Indirect Branch Addresses
In middle mode, the top area starting at H'000000 is allocated to the exception vector table.
One branch address is stored per 32 bits. The upper eight bits are ignored and the lower 24 bits
are stored. The structure of the exception vector table is shown in figure 2.4.
The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes
are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies a memory location. Execution branches to the contents of the memory location.
In middle mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch address.
The upper eight bits are reserved and assumed to be H'00.

e Stack Structure
The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling are shown in figure 2.5. The PC contents are saved or restored in 24-bit units.
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2.2.3 Advanced Mode

The data area is extended to 4 Gbytes as compared with that in middle mode.

Address Space

The maximum address space of 4 Gbytes can be linearly accessed. For individual areas, up to
16 Mbytes of the program area and up to 4 Gbytes of the data area can be allocated.

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 or address registers.

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

In advanced mode, the top area starting at H'00000000 is allocated to the exception vector
table. One branch address is stored per 32 bits. The upper eight bits are ignored and the lower
24 bits are stored. The structure of the exception vector table is shown in figure 2.4.

H'00000000 Reserved

H'00000001 [~~~ TTTTTTTTTIITI T
H'00000002 | Reset exception vector
H'00000003 |
H'00000004 hmmmmmea—a—- ﬁ_e_s_e_r\fq ............. >~ Exception vector table
H'00000005

H00000006 |
H'00000007

Figure2.4 Exception Vector Table (Middle and Advanced M odes)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes
are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies a memory location. Execution branches to the contents of the memory location.
In advanced mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch
address. The upper eight bits are reserved and assumed to be H'00.
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e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling are shown in figure 2.5. The PC contents are saved or restored in 24-bit units.

\/\\/\

SP > EXR*!
SP Reserved Reserved+!; *3
| pC o (SP*2p) CCR
. (24 bits) - L - - PC R
| . (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 on return.

Figure2.5 Stack Structure (Middle and Advanced M odes)

224 Maximum Mode
The program area is extended to 4 Gbytes as compared with that in advanced mode.

e Address Space
The maximum address space of 4 Gbytes can be linearly accessed.
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 or address registers.

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

In maximum mode, the top area starting at H'00000000 is allocated to the exception vector
table. One branch address is stored per 32 bits. The structure of the exception vector table is
shown in figure 2.6.
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H'00000000

H'00000001 |
H'00000002
H'00000003
H'00000004
H'00000005
H'00000006
H'00000007

> Exception vector table

Figure2.6 Exception Vector Table (Maximum M odes)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes
are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies a memory location. Execution branches to the contents of the memory location.

In maximum mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch

address.

e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling are shown in figure 2.7. The PC contents are saved or restored in 32-bit units. The
EXR contents are saved or restored regardless of whether or not EXR is in use.

sp—~|

PC
(32 bits)

(a) Subroutine Branch

SP—~

\/\

EXR

CCR

PC
(32 bits)

(b) Exception Handling

Figure2.7 Stack Structure (Maximum Mode)
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2.3

Instruction Fetch

The H8SX CPU has two modes for instruction fetch: 16-bit and 32-bit modes. It is recommended
that the mode be set according to the bus width of the memory in which a program is stored. The
instruction-fetch mode setting does not affect operation other than instruction fetch such as data
accesses. Whether an instruction is fetched in 16- or 32-bit mode is selected by the FETCHMD bit
in SYSCR. For details, see section 3.2.2, System Control Register (SYSCR).

2.4 Address Space
Figure 2.8 shows a memory map of the HSSX CPU. The address space differs depending on the
CPU operating mode.
Normal mode Middle mode Advanced mode Maximum mode
H'0000 H'000000 H'00000000 H'00000000
H'OO7FFF [f=========1
Program area
Data area P
¥ 64 kb | Program area
HFFFF ( vies) (16 Mbytes)
Program area
| Data area | (16 Mbytes)
(64 kbytes)
HFFgo00 [1777 77777 " Program area
Data area
HFFFFFF HOOFFFFFF[" === """ """ (4 Gbytes)
|__ Dataarea
(4 Gbytes)
HFFFFFFFF] HFFFFFFFF]

Figure2.8 Memory Map
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25 Registers

The H8SX CPU has the internal registers shown in figure 2.9. There are two types of registers:
general registers and control registers. The control registers are the 32-bit program counter (PC),
8-bit extended control register (EXR), 8-bit condition-code register (CCR), 32-bit vector base
register (VBR), 32-bit short address base register (SBR), and 64-bit multiply-accumulate register
(MAC).

General Registers and Extended Registers

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

31 0
PC [
76543210
cer [1Jufr]ulnfz[v|c
76543210
exr [1]-]-[-[-iefii[n]
31 12 0
VBR | : (Reserved) |
31 8 0
SBR | H (Reserved) |
63 41 32
Sign extension H MACH
MAC -
MACL
31 0
[Legend]
SP:  Stack pointer ] User bit T: Trace bit
PC: Program counter N: Negative flag 12 to 10: Interrupt mask bits
CCR: Condition-code register Z: Zero flag VBR: Vector base register
I: Interrupt mask bit V: Overflow flag SBR:  Short address base register
Ul:  User bit or interrupt mask bit C: Carry flag MAC: Multiply-accumulate register
H: Half-carry flag EXR: Extended control register

Figure2.9 CPU Registers
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251 General Registers

The H8SX CPU has eight 32-bit general registers. These general registers are all functionally alike
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 2.10 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).

When the general registers are used as 16-bit registers, the ER registers are divided 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 sixteen 16-bit registers. The E registers (EO to E7)
are also referred to as extended registers.

When the general registers are used as 8-bit registers, the R registers are divided 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 sixteen 8-bit registers.

The general registers ER (ERO to ER7), R (RO to R7), and RL (ROL to R7L) are also used as index
registers. The size in the operand field determines which register is selected.

The usage of each register can be selected independently.

* 16-bit registers

¢ Address registers

* 32-bit registers General registers E

¢ 32-bit index registers (EO to E7)

General registers ER « 8-bit registers

ERO to ER7
(EROto ) ¢ 16-bit registers General registers RH
¢ 16-bit index registers (ROH to R7H)

General registers R
(RO to R7) o 8-bit registers

o 8-bit index registers

General registers RL
(ROL to R7L)

Figure2.10 Usage of General Registers
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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 branches. Figure 2.11 shows
the stack.

/\_/u

Free area

SP (ER7) —» A

Stack area

/\/

Figure2.11 Stack

252 Program Counter (PC)

PC is a 32-bit counter that indicates the address of the next instruction the CPU will execute. The
length of all CPU instructions is 16 bits (one word) or a multiple of 16 bits, so the least significant
bit is ignored. (When the instruction code is fetched, the least significant bit is regarded as 0.
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253 Condition-Code Register (CCR)

CCR is an 8-bit register that contains internal CPU status information, including an interrupt mask
(D and user (UI, U) bits 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 branch conditions for conditional branch (Bcc)

instructions.

Initial
Bit Bit Name  Value R/W

Description

7 | 1 R/W

Interrupt Mask Bit

Masks interrupts when set to 1. This bit is setto 1 at
the start of an exception handling.

6 ul Undefined R/W

User Bit

Can be written to and read from 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, this 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, this flag is set to 1 if there is a
carry or borrow at bit 27, and cleared to 0 otherwise.

4 ] Undefined R/W

User Bit

Can be written to and read from 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 (regarded as
sign bit) of data.
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Initial
Bit Bit Name  Value R/W  Description
2 4 Undefined R/W  Zero Flag
Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.
1 \ Undefined R/W  Overflow Flag
Set to 1 when an arithmetic overflow occurs, and
cleared to 0 otherwise.
0 C Undefined R/W  Carry Flag
Set to 1 when a carry occurs, and cleared to 0
otherwise. A carry has the following types:
e Carry from the result of addition
* Borrow from the result of subtraction
e Carry from the result of shift or rotation
The carry flag is also used as a bit accumulator by bit
manipulation instructions.
254 Extended Control Register (EXR)

EXR is an 8-bit register that contains the trace bit (T) and three interrupt mask bits (I2 to 10).

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions.

For details, see section 6, Exception Handling.

Initial
Bit Bit Name  Value R/W  Description
7 T 0 R/W  Trace Bit
When this bit is set to 1, a trace exception is generated
each time an instruction is executed. When this bit is
cleared to 0, instructions are executed in sequence.
6to3 — All 1 R/W  Reserved
These bits are always read as 1.
2 12 1 R/W  Interrupt Mask Bits
1 1 R/W  These bits designate the interrupt mask level (0 to 7).
0 10 1 R/W
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255 Vector Base Register (VBR)

VBR is a 32-bit register in which the upper 20 bits are valid. The lower 12 bits of this register are
read as 0s. This register is a base address of the vector area for exception handlings other than a
reset and a CPU address error (extended memory indirect is also out of the target). The initial
value is H'00000000. The VBR contents are changed with the LDC and STC instructions.

256 Short Address Base Register (SBR)

SBR is a 32-bit register in which the upper 24 bits are valid. The lower eight bits are read as Os. In
8-bit absolute address addressing mode (@aa:8), this register