To our customers,

Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.
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Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics 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 appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

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

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pins are either not connected to any of the internal circuitry or are
used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS| is not guaranteed.

2. Treatment of Unused Input Pins

Note: Fix al unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:  When power isfirst supplied, the product’s state is undefined.
The states of internal circuits are undefined until full power is supplied throughout the
chip and alow level isinput on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileitisin this
undefined state. For those products which have a reset function, reset the LS| immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note: Accessto undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system'’s
operation is not guaranteed if they are accessed.
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Preface

The H8/3048B Group is a series of high-performance microcontrollers that integrate system
supporting functions together with an H8/300H CPU core. In addition, the H8/3048F-ONE is
equipped with an on-chip emulator (E10T)*,

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space.

The on-chip emulator (E10T)*? has functions that allow it to emulate directly a microcontroller
mounted on the user board. This makes possible on-board program debugging.

The on-chip supporting functions include ROM, RAM, a 16-bit integrated timer unit (ITU), a
programmabl e timing pattern controller (TPC), a watchdog timer (WDT), a serial communication
interface (SCI), an A/D converter, aD/A converter, 1/0 ports, a direct memory access controller
(DMAC), arefresh controller, and other facilities. Of the two SCI channels, one has been
expanded to support the ISO/IEC7816-3 smart card interface. Functions have also been added to
reduce power consumption in battery-powered applications: individual modules can be placed in
standby, and the frequency of the system clock supplied to the chip can be divided down under
software control.

The address space is divided into eight areas. The data bus width and access cycle length can be
selected independently in each area, simplifying the connection of different types of memory.
Seven operating modes (modes 1 to 7) are provided, offering a choice of data bus width and
address space size.

With these features, the H8/3048B Group can be used to implement compact, high-performance
systems easily.

Versionswith either flash memory (F-ZTAT™™") or mask ROM as the on-chip ROM are
available. This enables usersto respond quickly and flexibly to changing application specifications
from theinitia production stage through full-scale volume production.

This manual describes the H8/3048B Group hardware. For information on H8/3048 Group
products, please refer to the H8/3048 Group Hardware Manual. For details of the instruction set,
refer to the H8/300H Series Programming Manual.

Notes: 1. F-ZTAT (Flexible ZTAT) isatrademark of Renesas Technology Corp.
2. Anon-chip emulator (E10T) is not provided in the mask ROM version.
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Notes on using the on-chip emulator (E10T) installed in the H8/3048F-ONE

H8/3048 Group products and H8/3048B Group products have different specifications regarding
the pin arrangement (pin 1, VCL), flash memory, and maximum operating frequency. Refer to
Comparison of H8/3048 Group Product Specifications for details of these differences.

Notes:
When using an on-chip emulator (E10T) for H8/3048 program development and debugging, the
following restrictions must be noted.

1. Only programsin the on-chip flash memory can be devel oped and debugged. Consequently,
emulation is not possible for programs in external memory or in the no-ROM mode.

2. Refresh controller and DMAC operation are hot supported, so settings should not be made to
the registers for these modules.

3. During break mode of on-chip emulation, the watchdog timer stops counting. Accordingly, the
counter value may beinvalid after resuming from the break mode.

4. The FWE (BRK) pin and pins P91, P93, and P95 are reserved for the E10T, and cannot be
used.

5. AreaH'F7000 to H'F7FFF in 1-M address mode (area H'FF7000 to H'FF77FF in 16-M address
mode) is used by the E10T, and is not available to the user.

6. Theinitial program instructions following areset should be initialize stack pointer (SP) and
read mode register (MDCR). (After initializing SP using the MOV .L instruction, use the
MOV .B instruction to read the MDCR register.)

7. Emulation of the hardware standby mode is not supported.
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Comparison of H8/3048 Group Product Specifications

There are eight members of the H8/3048 Group; the H8/3048F-ZTAT (H8/3048F**, H8/3048F-
ONE*?), H8/3048ZTAT, H8/3048 mask ROM version, H8/3048B mask ROM version, H8/3047
mask ROM version, H8/3045 mask ROM version, and H8/3044 mask ROM version.

The specifications of each model is compared below.

Notes: 1. H8/3048F hasdual power supply with flash memory installed.
2. H8/3048F-ONE has single power supply with flash memory and E10T installed.

Hardware H8/3048 Group H8/3048B Group
Manual (Rev. 7.0) (Rev. 3.0)
ROM Type ZTAT Mask ROM F-ZTAT Mask ROM
Model Type H8/3048 H8/3048 mask ROM H8/3048F H8/3048F-ONE  |H8/3048B mask
version ROM version
H8/3047 mask ROM
version
H8/3045 mask ROM
version
H8/3044 mask ROM
version
Model Spec PROM model |Mask ROM model Dual power Single power Mask ROM
supply, flash supply, flash model
memory is memory installed,
installed internal step-
down (5 V
operation model),
high-speed
operation model
Refer to 1.4, Refer to 1.4.3,
Differences Differences
between between
H8/3048F and |H8/3048F and
H8/3048F-ONE. |H8/3048F-ONE.
Model Type HD6473048 HD6433048 HD64F3048 HD64F3048B HD6433048B
No. HD6433047 (5 V operation (5 V operation
HD6433045 model) model)
HD6433044 HD64F3048BV  |HD6433048BV
(3 V operation (3 V operation
model) model)
Pin Refer to figure 1.2, Pin Arrangement of H8/3048ZTAT, 5-V operation models have a V,,_pin
Assignment H8/3048 Mask ROM Version, H8/3047 Mask ROM and an external capacitor must be
Version, H8/3045 Mask ROM Version, H8/3044 Mask connected.
RQM V_ersion_, and H8/3048F (FP-100B or TFP-100B, Top Refer to figure 1.3, H8/3048F-ONE
View), in section 1. Pin Arrangement (FP-100B or TFP-
100B, Top View), in section 1.
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Hardware H8/3048 Group H8/3048B Group

Manual (Rev. 7.0) (Rev. 3.0)
ROM Type ZTAT Mask ROM F-ZTAT Mask ROM
RAM Capacity |4 kbytes H8/3048: 4 kbytes 4 kbytes 4 kbytes

H8/3047: 4 kbytes
H8/3045: 2 kbytes
H8/3044: 2 kbytes

ROM Capacity |128 kbytes H8/3048: 128 kbytes 128 kbytes 128 kbytes
H8/3047: 96 kbytes
H8/3045: 64 kbytes
H8/3044: 32 kbytes

Flash Memory — — Refer to section |Refer to section —
19, Flash 18, ROM
Memory (H8/3048F-ONE:

(H8/3048F Dual |Single Power
Power Supply). |Supply, H8/3048B

Mask ROM
Version)
Clock Pulse Refer to section 20, Clock Pulse Generator. Refer to section 19, Clock Pulse
Generator Generator.
Power-Down |Refer to section 21, Power-Down State. Refer to section 20, Power-Down
State State.
Clock oscillator settling time: Waiting time of up to 131072 |[Clock oscillator settling time: Waiting
states time of up to 262144 states
Electrical Refer to table 22.1, Electrical Characteristics of H8/3048 |Refer to table 21.1, Electrical
Characteristics |Group Products, in section 22. Characteristics of H8/3048 Group
(Clock Rate) and H8/3048B Group Products, in
section 21.
1to 18 MHz 1to 16 |5V operation models:

MHz 210 25 MHz,
3V operation models:

2 to 25 MHz.
List of Refer to table B.1, Comparison of H8/3048 Group Internal I/O Register Specifications, in
Registers appendix B.
Refer to appendix B.1, Addresses.
Notes on — — — Refer to section —
Usage 1.4, Notes on

H8/3048F-ONE
(Single Power

Supply)
On-chip — — — On-chip emulator —
Emulator (E10T)

(E10T)
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Main Revisions for This Edition

Item Page Revision (See Manual for Details)

All — < Natification of change in company name amended
(Before) Hitachi, Ltd. — (After) Renesas Technology Corp.
¢ Product naming convention amended
(Before) H8/3048B Series — (After) H8/3048B Group

1.3.1 Pin 8 Note amended

Arrangement Note: 1. For the 5V operation product, this pin is used as the
Figure 1.3 H8/3048B V. terminal, and for the 3 V operation models, this pin is used
Group Pin as the V terminal that requires an external capacitor.

Arrangement (FP-
100B or TFP-100B,

Top View)
1.3.3 Pin Functions 18,19 Table amended
Table 1.4 Pin Type Symbol Pin No. 110 Name and Function
: A/D and D/A AV 76 Input Power supply pin for the A/D and D/A
Functions converters converters. Connect to the system power
supply (Vo) when not using the A/D and
D/A converters.
AV, 86 Input Ground pin for the A/D and D/A converters.
Connect to system ground (V).
Veer 7 Input Reference voltage input pin for the A/D and
D/A converters. Connect to the system
power supply (V) when not using the A/D
and D/A converters.
1.4.2 Product Type 21 Sample markings amended
Names and Markings Dual Power Supply
. Model: H8/3048F Single Power Supply Model: H8/3048F-ONE
Table 1.5 Differences ample T e
in H8/3048F and markings RS 64F3048F25 64F3048VF25
H8/3048F-ONE an H8/3048F-ONE H8/3048F-ONE
Qfmmm PGM50 B 0021 PGM33 B 0021
BK80090 BK80090
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Item Page

Revision (See Manual for Details)

5.5.4 Usage Noteson 120
External Interrupts

Figure 5.9 IRQnF
Flag When Interrupt
Processing Is Not
Conducted

Figure amended

IRQaF J

IRQbF ‘

[ R i

P

Read Write
1 0

1

P

Read [Write IRQb Read Write|
1 1 0 0
Execution
Clear in error
10.2.3 Timer Mode 335 Table amended
RegiSter (TMDR) Counting Direction Down-Counting Up-Counting
Bit 6—Phase Counting TCLKA pin t High ! Low + Low ! High
Mode Flag (MDF) TCLKB pin Low 1 High 1 High 1 Low 1
13.2.8 Bit Rate 473, Table amended
Register (BRR) 475 : : ®(MHz) :
Table 13.3 Examples | 3 | 36864 | 25
Of Bit Rates and BRR Bit Rate Error Error Error
. . (bits/s) in N (%) 'n N (%) 'n N (%)
Settings in : : :
As nc?wonous Mode 110 ‘1 212 003 (2 64 070 3 110 -0.02
y 150 ‘1 155 016 i1 191 0.00 3 80 047
300 ‘1 77 016 i1 95 000 12 162 =015
600 10 155 016 0 191 000 2 80 047
1200 0 77 016 [0 95 000 |1 162 =0.5
2400 ‘0 38 016 (0 47 000 i1 80 047
4800 ‘0 19 234 0 23 000 0 162 =015
9600 09 —234 10 11 000 :0 80 047
19200 0 4 234 10 5 000 {0 40 -0.76
31250 (0 2 000 (0 8 784 [0 24 000
38400 10 1 2207 (0 2 000 {0 19 173
13.3.2 Operation in 492 Figure amended
ASynChrOnOUS MOde Start Parity Stop Start Parity Stop
1 bit Data bit bit bit Data bit bit
Figure 13.8 Example 0 ‘ DO ‘ D1 ‘“‘ D7 ‘0/1 ‘ 1 ‘ 0 ‘ DO ‘ D1 ‘“‘ D7 ‘ o ‘ 1 ‘ Ilzlet(mark)
. T State
of SCI Receive
Operation (8-Bit Data RORF " []
with Parity and One e “ T T “ —
Stop Bit) \ \
RXI RXI interrupt handler T
request reads data in RDR and .
| clears RDRF flag to 0 Framing error,

1 frame

ERI request
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Item Page Revision (See Manual for Details)
13.3.3 Multiprocessor 495 Figure amended
Communication Multi- Multi-
p‘rocessor p_rocessor
Figure 13.11 it it
Example of SCI L a l b b ata bt 1
Transmlt Operat|on 0 ‘ DO ‘ D1 ‘““ D7 ‘0/1 ‘ 1 0 ‘ DO ‘ D1 ‘“‘ D7 ‘0/1 ‘ 1 IS(:!:te(mark)
(8-Bit Data with
Multiprocessor Bit and more [ ] \ ’
One Stop Bit) TEND i b i ) [
T‘XI TXI im‘errupt handler T>‘<I
request  writes data in TDR and request TEI request
‘ clears TDRE flag to 0
1frame
13.3.4 Synchronous 500 Description amended
Operation An internal clock generated by the on-chip baud rate
Clock generator or an external clock input from the SCK pin can be
selected by setting the C/A bit in SMR and the CKE1 and
CKEQ bits in SCR. See table 13.9.
14.2.3 Serial Mode 521 Table amended
Register (SMR) Bit 7: GM Description
Bit 7—GSM Mode 0 Using the regular smart card interface mode
(G M) « The TEND flag is set 12.5 etu after the beginning of the start bit  (Initial value)
Clock output on/off control only
1 Using the GSM mode smart card interface mode
The TEND flag is set 11.0 etu after the beginning of the start bit
Clock output on/off and fixed-high/fixed-low control
(set by SCR)
18.5.1 Flash Memory 587 Note amended
Control Register 1 Note: * Do not access flash memory while the E bit is set to 1.
(FLMCR1)
Bit 1—Erase Bit (E)
Section 21 Electrical 653, Table amended
Characteristics 654 H8/3048B Group
Table 21.1 Electrical ‘ H8/3048
Characteristics of Item j He/s04s (Fs.on';:i it
H8/3048 Group and Power | ROM
H8/3048B Group s )
Absolute V,, pin rating . Yes — =
Products maimum |
B e
Flash w — See table —
memory ' 21.11
charac '
teristics™*
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Item Page Revision (See Manual for Details)
21.2 Electrical 675to0  Preliminary deleted
Characteristics of 689
H8/3048B (Mask
ROM)
21.2.2 DC 678 Conditions amended
Characteristics Conditions: V__=3.0 V10 3.6 V, AV_ =3.0 V10 3.6 V,
Table 21.13 DC Veer =3.0VIOAV_, V =AV_ =0 Vel T,=-20°C to +75°C
Characteristics (2) (regular specifications), T, = —40°C to +85°C (wide-range
specifications)
B.1 Addresses (For 742 Note amended
H8/3048F-ONE, Note: 4. Byte data must be used to access FLMCR1,
H8/3048B Mask ROM FLMCR2, EBR, and RAMCR.
Version) Registers FLMCR1, FLMCR2, EBR, and RAMCR are
implemented in the flash memory version only. The mask
ROM version does not have these registers.
B.3 Function 829 Table amended
ADCR H8/3048F-ONE Not include this register
H8/3048F Include this register
H8/3048B mask ROM version
H8/3048ZTAT
H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
ADCR ________________ 829 Table amended
H8/3048F-ONE Include this register
H8/3048F Not include this register
H8/3048B mask ROM version
H8/3048ZTAT
H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
SYSscR 833 Table amended

Standby timer select 2to 0

Bit6 | Bit5 | Bit4 Standby Timer
H8/3048F-ONE
STS2| STS1 | STSO | 45/30488 mask ROM version )
0 0 0 | Waiting time = 8,192 states Waiting time = 8,192 states
1 Waiting time = 16,384 states Waiting time = 16,384 states
1 0 Waiting time = 32,768 states Waiting time = 32,768 states
1 | Waiting time = 65,536 states | Waiting time = 65,536 states
1 0 0 Waiting time = 131,072 states | Waiting time = 131,072 states
1 Waiting time = 262,144 states | Waiting time = 1,024 states
1 0 | Waiting time = 1,024 states lllegal setting
1 lllegal setting lllegal setting
Note: * H8/3048F
H8/3048ZTAT

H8/3048 mask ROM version
HB8/3047 mask ROM version
HB8/3045 mask ROM version
HB8/3044 mask ROM version
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Section 1 Overview

Section1l Overview

11 Overview

The H8/3048B Group is a series of microcontrollers (MCUSs) that integrate system supporting
functions together with an H8/300H CPU core having an original Renesas Technology
architecture. In addition, the H8/3048F-ONE is equipped with an on-chip emulator (E10T)*2

The H8/300H CPU has a 32-hit internal architecture with sixteen 16-hit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Itsinstruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit
(ITU), aprogrammable timing pattern controller (TPC), awatchdog timer (WDT), a seria
communication interface (SCI), an A/D converter, a D/A converter, 1/0 ports, a direct memory
access controller (DMAC), arefresh controller, and other facilities.

The H8/3048B Group has 128 kbytes of on-chip ROM and 4 kbytes of on-chip RAM.

Seven MCU operating modes offer a choice of data bus width and address space size. The modes
(modes 1 to 7) include one single-chip mode and six expanded modes.

In addition to mask ROM products, the H8/3048B Group includes F-ZTAT™™** version products
with on-chip user-programmable flash memory. It enables users to respond quickly and flexibly to
changing application specifications as well asto conditions when ramping up from initial to full
volume production. The on-chip emulator (E10T)** is capable of direct emulation of the
microcontroller when mounted in the user’s system, thereby making possible on-board program
debugging.

Table 1.1 summarizes the features of the H8/3048B Group.

Notes. 1. F-ZTAT (Flexible ZTATO) isatrademark of Renesas Technology Corp.
2. Anon-chip emulator (E10T) is not provided in the mask ROM version.
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Section 1 Overview

Tablel.1 Features

Feature Description

CPU Upward-compatible with the H8/300 CPU at the object-code level
* General-register machine
0 Sixteen 16-bit general registers
(also usable as sixteen 8-bit registers + eight 16-bit registers or eight 32-
bit registers)
» High-speed operation (flash memory version)
O Maximum clock rate: 25 MHz
0 Add/subtract: 80 ns
O Multiply/divide: 560 ns
0 16-Mbyte address space
* Instruction features
O 8/16/32-bit data transfer, arithmetic, and logic instructions
O Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16
bits)
O Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16
bits)
0 Bit accumulator function
0 Bit manipulation instructions with register-indirect specification of bit

positions
Memory «  ROM: 128 kbytes
*  RAM: 4 kbytes
Interrupt + Seven external interrupt pins: NMI, IRQ, to IRQ,

controller » 30 internal interrupts

« Three selectable interrupt priority levels

Bus controller * Address space can be partitioned into eight areas, with independent bus
specifications in each area

» Chip select output available for areas 0 to 7

» 8-bit access or 16-bit access selectable for each area

* Two-state or three-state access selectable for each area
» Selection of four wait modes

» Bus arbitration function
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Section 1 Overview

Feature Description
Refresh DRAM refresh
controller

O Directly connectable to 16-bit-wide DRAM
0 CAS-before-RAS refresh

O Self-refresh mode selectable
Pseudo-static RAM refresh

O Self-refresh mode selectable

Usable as an interval timer

DMA controller
(DMAC)

Short address mode
0 Maximum four channels available
O Selection of /0O mode, idle mode, or repeat mode

O Can be activated by compare match/input capture A interrupts from ITU
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from
SCI channel 0, or external requests

Full address mode
0 Maximum two channels available
0 Selection of normal mode or block transfer mode

0 Can be activated by compare match/input capture A interrupts from ITU
channels 0 to 3, external requests, or auto-request

16-hit integrated
timer unit (ITU)

Five 16-bit timer channels, capable of processing up to 12 pulse outputs or
10 pulse inputs

One 16-hit timer counter (channels 0 to 4)

Two multiplexed output compare/input capture pins (channels O to 4)
Operation can be synchronized (channels 0 to 4)

PWM mode available (channels 0 to 4)

Phase counting mode available (channel 2)

Buffering available (channels 3 and 4)

Reset-synchronized PWM mode available (channels 3 and 4)
Complementary PWM mode available (channels 3 and 4)

DMAC can be activated by compare match/input capture A interrupts
(channels 0 to 3)
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Feature

Description

Programmable
timing pattern
controller (TPC)

Maximum 16-bit pulse output, using ITU as time base

Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-bit groups)

Non-overlap mode available
Output data can be transferred by DMAC

Watchdog timer

Reset signal can be generated by overflow

(WDT), » Usable as an interval timer
1 channel
Serial » Selection of asynchronous or synchronous mode

communication
interface (SCI),
2 channels

Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator
Smart card interface functions added (SCIO only)

A/D converter

Resolution: 10 bits

Eight channels, with selection of single or scan mode
Variable analog conversion voltage range
Sample-and-hold function

A/D conversion can be externally triggered

D/A converter

Resolution: 8 bits
Two channels
D/A outputs can be sustained in software standby mode

1/0 ports e 70 input/output pins
e 8input-only pins

Operating e Seven MCU operating modes

modes Mode Address Space  Address Pins Initial Bus Width  Max. Bus Width
Mode 1 1 Mbyte A t0 A, 8 bits 16 bits
Mode 2 1 Mbyte A t0 A 16 bits 16 bits
Mode 3 16 Mbytes A, t0 A, 8 bits 16 bits
Mode 4 16 Mbytes A, t0 A 16 bits 16 bits
Mode 5 1 Mbyte A t0 A 8 bits 16 bits
Mode 6 16 Mbytes A, t0 A, 8 bits 16 bits
Mode 7 1 Mbyte — — —

On-chip ROM is disabled in modes 1 to 4
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Feature Description
Power-down * Sleep mode
state

» Software standby mode

* Hardware standby mode

e Module standby function

* Programmable system clock frequency division

Other features « On-chip clock pulse generator

Product lineup Model (5 V) Model (3 V) Package ROM  Remarks

HD64F3048BTE HDG64F3048BVTE 100-pin TQFP (TFP-100B)  Flash  E10Tis
HD64F3048BF HDG64F3048BVF  100-pin QFP (FP-100B) memory installed

HD6433048BTE HD6433048BVTE 100-pin TQFP (TFP-100B)  Mask  E10T is not
HD6433048BF HDG6433048BVF  100-pin QFP (FP-100B) ROM installed
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12 Block Diagram

Figure 1.1 shows an internal block diagram.
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Notes: 1. This pin functions as the FWE (input) pin on the H8/3048F-ONE (single power supply on-chip flash memory version). On
H8/300H Series versions with on-chip mask ROM it functions as the RESO (output) pin, and on dual power supply flash
memory versions (Vpp = 12 V) and on-chip PROM versions it functions as the RESO (output)/Vpp (input) pin.

2. Pin 1 on the H8/3048B Group which operates at 5V is not used as the V¢ terminal, but is used as the V¢, terminal; the
external capacitor must be connected. Pin 1 is the V¢ pin on versions that operate on 3 V.

Figurel1l.1 Block Diagram
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1.3 Pin Description

131 Pin Arrangement
Figure 1.3 shows the pin arrangement of the H8/3048B Group.

The pin arrangement of the H8/3048B Group is shown in figure 1.3. Differencesin the H8/3048
Group pin arrangements are shown in table 1.2. The 5 V_operation models of the H8/3048B Group
haveaV pin. The 3 V operation models of the H8/3048B Group have pin 1, which isthe V
power supply pin. See section 1.4, Notes on H8/3048F-ONE (Single Power Supply). Except for
the differences shown in table 1.2, the pin arrangements are the same.

Table1l.2 Comparison of H8/3048B Group and H8/3048 Group Pin Arrangements

H8/3048F-ONE Hg/3048B
Mask ROM Version H8/3048 | H8/3047 | H8/3045 | H8/3044
Pin H8/3048 | Mask Mask Mask Mask
Package H8/3048F
g Number o 5V, o 3V‘ o 5V, o SV, ZTAT ROM ROM ROM ROM
peration | Operation| Operation  Operation Version | Version | Version | Version
Model Model Model Model
FP-100B 1 VCL VCC VCL VCC VCC VCC VCC VCC VCC VCC
(TFP-100B)
10 FWE FWE RESO RESO Vpp! Vpp! RESO RESO RESO RESO
RESO | RESO
1 (Ve 1 (Vce)
Vee
H8/3048B Group and
H8/3048B Group and H8/3048F-ONE
H8/3048F-ONE 3V operation model
5V operation model and H8/3048 Group

Figure1.2 Connection of Pin 1
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Notes: 1. For the 5V operation product, this pin is used as the V¢, terminal, and for the 3 V operation models,
this pin is used as the V. terminal that requires an external capacitor.

2. (1) Pin 10 of the H8/3048F-ONE (single power supply version) functions as the FWE pin. The
H8/3048F-ONE has no RESO output. Pin 10 functions as the RESO pin in on-chip mask ROM
versions and as the RESO/Vpp pin in on-chip PROM versions and dual power supply flash
memory versions.

(2) Do NOT apply 12 V to the H8/3048F-ONE (single power supply), or to H8/3048 Group or
H8/3048B Group mask ROM products as the chip will be destroyed.

Figure 1.3 HB8/3048B Group Pin Arrangement (FP-100B or TFP-100B, Top View)
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132 Pin Assignmentsin Each Mode
Table 1.3 lists the pin assignments in each mode.

Table1l.3 Pin Assgnmentsin Each Mode (FP-100B or TFP-100B)

TOCXB, TOCXB, TOCXB, TOCXB, TOCXB, TOCXB, TOCXB,

Pin Name
. PROM Mode
Pin s TEE——
No. Model Mode2 Mode3d Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
1* ’ VCL (Vcc) VCL (Vcc) VCL (Vcc) VCL (Vcc) VCL (Vcc) VCL (Vcc) VCL (Vcc) - VCL Flash
version
with
single
power
supply.
H8/3048
B mask-
ROM
version
VCC VCC VCC VCC VCC VCC VCC VCC VCC H8/3048
Group,
Mask
ROM
version,
PROM
version
and flash
memory
version
with dual
power
supply.
2 pB/TP,/ PB/JTP/ PB/J/TP/ PB/TP/ PB/JTP/ PB/JTP/ PB/J/TP,/ NC NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,
3 pB/TP/ PB/TP/ PB/TP/ PB/TP/ PB/TP/ PB,/TP/ PB/TP/ NC NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,
4 pB,/TP,/ PB/TP,/ PB,/TP,/ PB,/TP/ PB/TP,/ PB/TP,/ PB,/TP,/ NC NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,
5 pB/TP,/ PB/TP, PB/TP, PB/TP, / PB/TP,/ PB,/TP, PB./TP,/ NC NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,
6 pB/TP,/ PB/TP, PB/TP, PB/TP, PB/J/TP,/ PB,/TP, PB/TP, NC NC
TOCXA, TOCXA, TOCXA, TOCXA, TOCXA, TOCXA, TOCXA,
7 pB/TP,/ PBJTP. PB/TP,/ PBJTP. PB/J/TP,/ PBJ/TP. PBJTP,. NC NC
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Pin Name
. PROM Mode
Pin _—
No. Model Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
8 PB/TP,/ PBJTP,/ PB/TP, PBJTP,/ PB/TP,/ PB/JTP,/ PBJTP,/ NC NC
DREQ/ DREQ/ DREQ/ DREQ/ DREQ/ DREQ,/ DREQ,
CS, CS, CS, CS, CS, CS,
9 PB,/TP,/ PB/TP./ PB,/TP./ PB/JTP,. PB/TP. PB,/TP./ PBJTP,./ NC NC
DREQ/ DREQ/ DREQ/ DREQ/ DREQ/ DREQ/ DREQ/
ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG
10" FWE FWE FWE FWE FWE FWE FWE — FWE Flash
memory
version
with
single
power
supply.
RESO RESO RESO RESO RESO RESO RESO V., V., Mask
ROM
version,
PROM
version
and flash
memory
version
with dual
power
supply.
11 VSS VSS VSS VSS VSS VSS VSS VSS VSS
12 P9/TxD, P9/TxD, P9/TxD, P9, /TxD, P9/TxD, P9/TxD, P9,/TxD, NC NC
13 P9/TxD, P9/TxD, P9/TxD, P9,/TxD, P9/TxD, P9/TxD, P9,/TxD, NC NC
14  P9,/RxD, P9,/RxD, P9/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, NC NC
15  P9/RxD, P9/RxD, P9/RxD, P9/RxD, P9/RxD, P9/RxD, P9,/RxD, NC NC
16  P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ P9,/SCK/ P9,/SCK,/ P9/SCK/ P9,/SCK,/ NC NC
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,
17 P9/SCK/ P9/SCK,/ P9,/SCK,/ P9,/SCK,/ P9 /SCK,/ P9/SCK,/ P9/SCK,/ NC NC
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,
18  P4/D,* P4/D,"* P4/D,* P4/D? P4/D' P4J/D' P4, NC NC
19 P4/D' P4/D** P4/ P4/D? P4ID P4AIDST P4, NC NC
20 P4/D,"* P4/D,"* P4/D,)' P4JD,"? P4JD,"' P4/D,) T P4, NC NC
21  P4/D,' P4/D,* P4JD,' P4JD? P4/D' P4/DT P4, NC NC
22 VSS VSS VSS VSS VSS VSS VSS VSS VSS
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Pin Name

. PROM Mode
Pin _—
No. Model Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
23 P4/D,* P4,/D;* P4J/D " P4JD* P4/DS' P4/D P4, NC NC
24  P4JD.)' P4JD? P4/DST P4AD? P4AJDT PAIDST P4, NC NC
25 P4/D,' P4/D,* P4JDS' P4JDS? P4/D P4J/DT P4, NC NC
26 P4/D,' P4/D* P4JD,* P4/D)* P4/D)' P4/D' P4, NC NC
27 D, D, D, D, D, D, P3, EO, 110,
28 D, D, D, D, D, D, P3, EO, /0,
29 Dlﬂ DlU Dlﬂ DlU Dlﬂ DlU P32 EOZ I/OZ
30 Dll Dll Dll Dll Dll Dll P33 EOS I/OS
31 D12 D12 D12 D12 D12 D12 P34 E04 IloA
32 DlS D13 DlS D13 DlS D13 P35 E05 |/05
33 D14 D14 D14 D14 D14 D14 P36 EOG I/OG
34 DlS D15 DlS D15 DlS D15 P37 EO7 I/O7
35 VCC VCC VCC VCC VCC VCC VCC VCC VCC
36 A, A, A, A, P1/A,  PlJA,  P1, EA, A,
37 A A, A, A, PL/A,  PL/A, P, EA, A
38 A, A, A, A, PL/A,  PL/A, Pl EA, A,
39 A, A, A, A, P1/A, PLJA,  P1, EA, A,
40 A, A, A, A, P1/A,  Pl/A,  PL, EA, A,
41 A, A, A, A, P1/A,  PLJA,  P1, EA, A,
42 A, A, A, A, P1/A,  PLJA,  P1, EA, A,
43 A, A, A, A, PL/A,  PLJ/A, P, EA, A,
44 VSS VSS VSS VSS VSS VSS VSS VSS VSS
45 A, A, A, A, P2JA,  P2JA, P2, EA, A,
46 A, A, A, A, P2JA,  P2J/A, P2, OE OE
47 AlD AlO AlD AlO P22/A10 PZZ/Al!J P22 EAlD AlD
48 All All All All P23/A11 P23/A11 P23 EAll All
49 A12 A12 A12 A12 P24/A12 P24/A12 P24 EA12 A12
50 A13 A13 A13 A13 P25/A13 PZS/A13 P25 EA13 A13
51 A14 A14 A14 A14 P26/A14 PZG/A14 P26 EA14 A14
52 A, A, A, A, P2JA,  P2JA, P2, CE CE
53 AlG Alﬁ AlG Alﬁ P50/A16 PSU/AIG P50 VCC VCC
54 A17 A17 A17 A17 P51/A17 P51/A17 P51 VCC VCC
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Pin Name

Pin PROM Mode
No. Model Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
55 A, A, A, A, P5/A, P5JA, PS5, NC NC
56 A, A, A, A, P5/A, P5/A, P5, NC NC
57 Vg Ve Ve Ve Ve Ve Ve Ve Ve
58 PG,/ P6,/ P6,/ P6,/ P6,/ P6,/ P6, EA, A,

WAIT WAIT WAIT WAIT WAIT WAIT
59 P6/ P6./ P6,/ P6./ P6,/ P6./ P6, NC NC

BREQ BREQ BREQ BREQ BREQ BREQ
60 P6/ P6,/ P6,/ P6,/ P6,/ P6,/ P6, NC NC

BACK BACK BACK BACK BACK BACK
61 ¢ ® (0 0 (0 e ® NC NC
62 STBY STBY STBY STBY STBY STBY STBY Vg Ve
63 RES RES RES RES RES RES RES NC RES
64 NMI NMI NMI NMI NMI NMI NMI EA, A,
65 V. Ve Ve Ve Ve Ve Ve Ve Ve
66 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL NC EXTAL
67  XTAL XTAL XTAL XTAL XTAL XTAL XTAL NC XTAL
68 VCC VCC VCC VCC VCC VCC VCC VCC VCC
69 AS AS AS AS AS AS P6, NC A,
70 RD RD RD RD RD RD P6, NC NC
71  HWR HWR HWR HWR HWR HWR P6, NC V.
72 LWR LWR LWR LWR LWR LWR P6, NC NC
73 MD, MD, MD, MD, MD, MD, MD, Ve Ve
74 MD, MD, MD, MD, MD, MD, MD, Vi Ve
75 MD, MD, MD, MD, MD, MD, MD, Vg Vo
76 AVCC AVCC AVCC AVCC AVCC AVCC AVCC VCC VCC
7 Ve Vier Vier Vier Vier Vier Vier Ve o Ve
78 P7/AN, P7/AN, P7/AN, P7J/AN, P7/AN, P7/AN, P7/AN, NC NC
79 P7J/AN, P7/AN, P7J/AN, P7/AN, P7J/AN, P7/AN, P7/AN, NC NC
80 P7,/AN, P7/AN, P7,/AN, P7/AN, P7/AN, P7,/AN, P7/AN, NC NC
81 P7JAN, P7/AN, P7/AN, P7/AN, P7JAN, P7JAN, P7/AN, NC NC
82 P7/AN, P7/AN, P7/AN, P7/AN, P7JAN, P7/AN, P7/AN, NC NC
83 P7J/AN, P7/AN, P7JAN, P7/AN, P7/AN, P7/AN, P7/AN, NC NC
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Pin Name
. PROM Mode
Pin _—
No. Model Mode2 Mode3 Moded4 Mode5 Mode6 Mode7 EPROM Flash Remarks
84 P7/AN/ P7JAN/ P7JAN/ P7/AN/ P7JAN/ P7/ANJ P7/AN/ NC NC
DA, DA, DA, DA, DA, DA, DA,
85 P7/AN/ P7/AN/ P7/AN/ P7/AN/ P7/AN,/ P7/AN/ P7/AN/ NC NC
DA, DA, DA, DA, DA, DA, DA,
86 AV AV AV AV AV AV AV Vo Vg
87 P8,/ P8,/ P8,/ P8,/ P8,/ P8,/ P8/IRQ, EA, NC
RFSHI  RFSH/ RFSH/ RFSHI RFSH/  RFSH/
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,
88 Pg/CS,/ Ps/CS/ P8/CS/ P8/CS/ P8/CS/ P8/CS/ P8/IRQ, PGM NC
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,
89 ps,/CS, P8,/CS,/ Ps/CS,/ P8JCS)/ P8,/CS,/ P8/CS/ P8JIRQ, NC Ve
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,
90 P8/CS/ Ps/CS/ P8J/CS/ P8/CS/ P8/CS/ P8/CS/ P8/IRQ, NC WE
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,
91 ps/CS, P8/CS, Ps/CS, P8/CS, P8/CS, P8/CS, P8, NC NC
92 VSS VSS VSS VSS VSS VSS VSS VSS VSS
93  PA/JTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ NC NC
TEND/ TENDyJ TEND/ TEND/ TEND/ TEND,/ TEND/
TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA
94  PA/TP/ PAJTP/ PAJTP/ PA/TP/ PAJTP/ PA/TP/ PA/TP/ NC NC
TEND/ TEND,/ TEND/ TEND,/ TEND/ TEND/ TEND,/
TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB
95 PA/TP,) PAJTP,/ PA/JTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ NC NC
TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC
96 PAJTP/ PAJTP,/ PA./TP/ PAJTP/ PAJTP./ PAJTP,/ PAJ/TP./ NC NC
Tiocs/ TIOCB/ TIOCB,/ TIOCB/ TIOCB/ TIOCB/ TIOCB,/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD
97 PA/TP/ PAJTP/ PAJTP/ PAJ/TP/ PAJTP/ PA/TP/ PA/TP/ NC NC
TIOCA,/ TIOCA,/ TIOCA/ TIOCA,/ TIOCA/ TIOCA/ TIOCA,
CS, CS, CS, CS, CS, A,,/CS,
98 PAJTPJ PAJTP./ PAJTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ NC NC
Tiocs,/ TIOCB/ TIOCB/ TIOCB/ TIOCB/ TIOCB,/ TIOCB,
CS, CS, CS, CS, CS, A,,ICS,
99 PA/TP/ PAJTPJ PAJTP,/ PAJTPJ PAJTP/ PAJTP/ PAJTP/ NC NC
TIOCA,/ TIOCA,/ TIOCA/ TIOCA/ TIOCA,/ TIOCA,/ TIOCA,
CS, CS, CS, CS, CS, A,ICS,
100 PA/TP,/ PA/TP/ A, A, PAJTP/ A, PAJTP,/ NC NC
TIOCB, TIOCB, TIOCB, TIOCB,
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Notes: Pins marked NC should be left unconnected.

For details on PROM mode see section 18, ROM (H8/3048F-ONE: Single Power Supply,
H8/3048B Mask ROM Version).

1. Inmodes 1, 3, 5, and 6 the P4, to P4, functions of pins P4 /D, to P4./D, are selected
after a reset, but they can be changed by software.

2. Inmodes 2 and 4 the D, to D, functions of pins P4/D, to P4./D, are selected after a
reset, but they can be changed by software.

3. For the H8/3048B Group which operates at 5 V, this pin is also used as the V_ terminal,
and for those at 3 V, V__ terminal. For the H8/3048 ZTAT version, H8/3048F version,
H8/3048 mask ROM version, H8/3047 mask ROM version, H8/3045 mask ROM
version, and H8/3044 mask ROM version, this pin is also used as the V__ terminal.

4. This pin functions as the FWE pin on the single power supply on-chip flash memory
version. Under no circumstances should 12 V be applied to the single power supply on-
chip flash memory version (H8/3048F-ONE), or to H8/3048 Group or H8/3048B Group
mask ROM products. Doing so will destroy the chip. This pin functions as an overview
control signal in modes 5, 6, and 7. The pin functions as the RESO pin in on-chip mask
ROM versions, on-chip PROM versions, and dual power supply flash memory versions.
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1.3.3 Pin Functions

Table 1.4 summarizes the pin functions. For the H8/3048B Group which operatesat 5V, the

external capacitor isrequired for the V., pin.

Table1.4

Type

Pin Functions

Symbol

Pin No.

I/0

Name and Function

Power

Y/

cc

1**, 35, 68

Input

Power: For connection to the power supply.
Connect all V_pins to the system power

supply.

Ss

11, 22, 44,
57, 65, 92

Input

Ground: For connection to ground (0 V).
Connect all V pins to the 0-V system
power supply.

Internal step-
down pin

CL

1*?

Output

The external capacitor must be connected
between the V_ and GND (0 V). Do not
connectto V..

Veo

0.1pF
r

Clock

XTAL

67

Input

For connection to a crystal resonator.

For examples of crystal resonator and
external clock input, see section 19, Clock
Pulse Generator.

EXTAL

66

Input

For connection to a crystal resonator or
input of an external clock signal. For
examples of crystal resonator and external
clock input, see section 19, Clock Pulse
Generator.

61

Output

System clock: Supplies the system clock
to external devices.
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Type Symbol Pin No. 110 Name and Function

Operating mode MD,to MD, 75to 73 Input Mode 2 to mode 0O: For setting the

control operating mode, as follows. Inputs at these
pins must not be changed during operation.
MD, MD, MD, Operating Mode
0 0 0 —
0 0 1 Mode 1
0 1 0 Mode 2
0 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5
1 1 0 Mode 6
1 1 1 Mode 7

System control RES 63 Input Reset input: When driven low, this pin
resets the chip

RESO 10 Output Reset output: For the mask ROM version,
outputs a reset signal to external devices
Also used as a power supply for on-board

(RESO/V,,) programming of the flash memory version
with dual power supply.

FWE*? 10 Input Write enable signal: Write-control signal
for writing to flash memory for the flash
memory version with single power supply

STBY 62 Input Standby: When driven low, this pin forces a
transition to hardware standby mode

BREQ 59 Input Bus request: Used by an external bus
master to request the bus right

BACK 60 Output  Bus request acknowledge: Indicates that
the bus has been granted to an external bus
master

Interrupts NMI 64 Input Nonmaskable interrupt: Requests a
nonmaskable interrupt

IRQ, to 17, 16, Input Interrupt request 5 to 0: Maskable

IRQ, 90 to 87 interrupt request pins

Address bus A t0 A 97 t0 100, Output Address bus: Outputs address signals
56 to 45,
43 to 36

Data bus D, to D, 34 to 23, Input/  Data bus: Bidirectional data bus
21to 18 output
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Type

Symbol

Pin No.

I/0

Name and Function

Bus control

CS, to CS,

8,97t0 99, Output

881091

Chip select: Select signals for areas 7 to 0

69

Output

Address strobe: Goes low to indicate valid
address output on the address bus

70

Output

Read: Goes low to indicate reading from
the external address space

71

Output

High write: Goes low to indicate writing to
the external address space; indicates valid
data on the upper data bus (D, to D,).

72

Output

Low write: Goes low to indicate writing to
the external address space; indicates valid
data on the lower data bus (D, to D).

58

Input

Wait: Requests insertion of wait states in
bus cycles during access to the external
address space

Refresh
controller

87

Output

Refresh: Indicates a refresh cycle

88

Output

Row address strobe RAS: Row address
strobe signal for DRAM connected to area 3

70

Output

Column address strobe CAS: Column
address strobe signal for DRAM connected
to area 3; used with 2WE DRAM.

Write enable WE: Write enable signal for
DRAM connected to area 3; used with
2CAS DRAM.

71

Output

Upper write UW: Write enable signal for
DRAM connected to area 3; used with 2WE
DRAM.

Upper column address strobe UCAS:
Column address strobe signal for DRAM
connected to area 3; used with 2CAS
DRAM.

72

Output

Lower write LW: Write enable signal for
DRAM connected to area 3; used with 2WE
DRAM.

Lower column address strobe LCAS:
Column address strobe signal for DRAM
connected to area 3; used with 2CAS
DRAM.
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Type Symbol Pin No. 110 Name and Function
DMA controller DREQ,, 9,8 Input DMA request 1 and 0: DMAC activation
(DMAC) DREQ, requests
TEND,, 94, 93 Output  Transfer end 1 and 0: These signals
TEND, indicate that the DMAC has ended a data
transfer
16-bit integrated TCLKDto 96 to 93 Input Clock input D to A: External clock inputs
timer unit (ITU) TCLKA
TIOCA,to 4, 2,99, Input/ Input capture/output compare A4 to AQ:
TIOCA, 97, 95 output  GRA4 to GRAO output compare or input
capture, or PWM output
TIOCB, to 5, 3, 100, Input/ Input capture/output compare B4 to BO:
TIOCB, 98, 96 output  GRB4 to GRBO output compare or input
capture
TOCXA, 6 Output  Output compare XA4: PWM output
TOCXB, 7 Output  Output compare XB4: PWM output
Programmable TP, to TP, 9to 2, Output  TPC output 15 to 0: Pulse output
timing pattern 100 to 93
controller (TPC)
Serial TxD,, TxD, 13,12 Output  Transmit data (channels 0 and 1):
communication SCI data output
interface (SCI) RxD,, RxD, 15, 14 Input Receive data (channels 0 and 1):
SCI data input
SCK,, SCK, 17,16 Input/ Serial clock (channels 0 and 1):
output  SCI clock input/output
A/D converter AN, to AN, 85to 78 Input Analog 7 to 0: Analog input pins
ADTRG 9 Input A/D trigger: External trigger input for
starting A/D conversion
D/A converter DA, DA, 85, 84 Output  Analog output: Analog output from the D/A
converter
A/D and D/A AV . 76 Input Power supply pin for the A/D and D/A
converters converters. Connect to the system power
supply (V) when not using the A/D and
D/A converters.
AV 86 Input Ground pin for the A/D and D/A converters.

Connect to system ground (V).
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Type Symbol Pin No. 110 Name and Function
A/D and D/A Voer 77 Input Reference voltage input pin for the A/D and
converters D/A converters. Connect to the system
power supply (V..) when not using the A/D
and D/A converters.
1/0 ports P1,toP1, 43to36 Input/ Port 1: Eight input/output pins.
output  The direction of each pin can be selected in
the port 1 data direction register (P1DDR).
P2 to P2, 52to45 Input/ Port 2: Eight input/output pins.
output  The direction of each pin can be selected in
the port 2 data direction register (P2DDR).
P3,to P3, 341027 Input/ Port 3: Eight input/output pins.
output  The direction of each pin can be selected in
the port 3 data direction register (P3DDR).
P4 to P4, 2610 23, Input/ Port 4: Eight input/output pins.
21to 18 output  The direction of each pin can be selected in
the port 4 data direction register (P4DDR).
P5,to P5, 56 to 53 Input/ Port 5: Four input/output pins. The direction
output  of each pin can be selected in the port 5
data direction register (P5DDR).
P6,t0o P6, 72to 69, Input/ Port 6: Seven input/output pins. The
60 to 58 output  direction of each pin can be selected in the
port 6 data direction register (P6DDR).
P7,to P7, 85t078 Input Port 7: Eight input pins
P8,to P8, 91to 87 Input/ Port 8: Five input/output pins. The direction
output  of each pin can be selected in the port 8
data direction register (P8DDR).
P9, to P9, 17to12 Input/ Port 9: Six input/output pins. The direction
output  of each pin can be selected in the port 9
data direction register (P9DDR).
PA_to PA, 100 to 93 Input/ Port A: Eight input/output pins. The
output  direction of each pin can be selected in the
port A data direction register (PADDR).
PB,toPB, 9to2 Input/ Port B: Eight input/output pins. The
output  direction of each pin can be selected in the

port B data direction register (PBDDR).

Notes: 1. For H8/3048 Group products and H8/3048B Group models operating at 3 V.
2. For the H8/3048B Group which operates at 5 V.
3. Do NOT apply 12 V to the H8/3048B Group as the chip will be destroyed.
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1.4 Notes on H8/3048F-ONE (Single Power Supply)

There are two models of the H8/3048F-ZTAT with on-chip flash memory: a dual power supply
model (H8/3048F) and single power supply model (H8/3048F-ONE). Pointsto be noted when
using the single power supply H8/3048F-ONE are given below.

14.1 Voltage Application

12 V _must not be applied to the H8/3048F-ONE (single power supply), as this will permanently
damage the device.

The flash memory programming power source for the H8/3048F-ONE (single power supply) is
Vv

cct

The programming power source for the dual power supply model wasthe V, pin (12 V), but there
isno V. pin in the single power supply models. In the H8/3048F-ONE the FWE pin is provided at
the same pin position as the V,, pin in the dual power supply model, but FWE is not a power
source pin-it is used to control flash memory write enabling.

Also, in boot mode, 12 VV must be applied to the MD, pin in the dual power supply model, but this
is not necessary in the H8/3048F-ONE (single power supply).

The maximum rating of the FWE and MD, pinsin the H8/3048F-ONE (single power supply) is
V.. +0.3 V. Applying avoltage in excess of the maximum rating will permanently damage the
device.

Do not select the HN28F101 programmer setting for the H8/3048F-ONE (single power supply). If
this setting is made by mistake, 12.0 V_may be applied to the FWE pin, causing permanent
damage to the device.

When using a PROM programmer to program the on-chip flash memory in the H8/3048F-ONE
model (single power supply), use a PROM programmer that supports Renesas Technology
microcomputer device types with 128-kbyte on-chip flash memory.
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142 Product Type Namesand Markings

Table 1.5 shows examples of product type names and markings for the H8/3048F (dual power
supply model), H8/3048F-ONE (single power supply), and the differencesin flash memory
programming power source.

Tablel.5 Differencesin H8/3048F and H8/3048F-ONE

Dual Power Supply

Model: H8/3048F Single Power Supply Model: H8/3048F-ONE
Product type HD64F3048F16 HD64F3048BF25 HD64F3048BVF25
name
Sample
markings
H8/3048 64F3048F25 64F3048VF25
3J1 H8/3048F-ONE H8/3048F-ONE
SEF3048F16 PGM5.0 B 0021 PGM33 B 0021
BK80090 BK80090
Flash memory V., power source V.. power source V.. power source
programming (12.0 £0.6 V) (5.0 £10%) (3.0t03.6V)

power source

14.3 Differ ences between H8/3048F and H8/3048F-ONE

Table 1.6 shows the differences between the H8/3048F (dual power supply model) and H8/3048F-
ONE (single power supply model).
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Table1.6 Differencesbetween H8/3048F and H8/3048F-ONE
Models with Dual Power Supply: Models with Single Power Supply:
Item H8/3048F™* H8/3048F-ONE
Pin Pin 1: V, Pin 1: V_ (when a model which
specifications operates at 5 V is used)
Connected to V, with 0.1 pF externally
applied. Pin 1 becomes V_ when a
model which operates at 3 V is used.
Pin 10: V. /RESO Pin 10: FWE
ROM/RAM 128-kbyte flash memory with dual 128-kbyte flash memory with single
power supply, RAM: 4 kbytes power supply, RAM: 4 kbytes
Units of on- Writing in 1-byte units Writing in 128-byte units

board writing

Write/erase
voltage

12 V is externally applied from V_, pin

Application of 12 V is not required.
V. single power supply

V., pin functions

Multiplexes with RESO

FWE function only (no RESO function)

Boot mode RESO =12V FWE = 1
settings
MD2 MD1 MDO MD2 MD1 MDO
Mode 5| 12V 0 1 Mode 5 0 0 1
Mode 6 | 12V 1 0 Mode 6 0 1 0
Mode 7 | 12V 1 1 Mode 7 0 1 1
Cancelled by reset Set to mode 1 in mode 5
Set to mode 2 in mode 6
Set to mode 3 in mode 7
Cancelled by reset
settingsfor — BESH- 1oy FWE = 1
user program
mode MD2 MD1 MDO MD2 MD1 MDO
Mode 5 1 0 1 Mode 5 1 0 1
Mode 6 1 1 0 Mode 6 1
Mode 7 1 1 1 Mode 7 1 1 1

Cancelled by reset

Cancelled by reset

Prewrite
processing

Necessary before erasing

Not necessary

Erasing blocks

More than one block can be erased at
the same time (verifies in block units
and erases only the unerased blocks)

Erases in one block units. More than
one block cannot be erased at the same
time (the erasing flow is different)

Rev. 3.00 Sep 27, 2006 page 22 of 872
REJ09B0325-0300

RENESAS



Section 1 Overview

Models with Dual Power Supply:

Models with Single Power Supply:

Item H8/3048F** H8/3048F-ONE
Write Before writing, sets the block with the No setting
processing address to be written to EBR1/EBR2
FLMCR FLMCR (H'FF40) FLMCR1 (H'FF40)
[Vee [VeeE] O [ D [EV [PV ] E | P | [Fwe[swe[esul[psu]Ev [PV ] E | P |
FLMCR2 (H'FF41)
FLerRf 0 [0 d oo p O \ \
EBR EBR1 (H'FF42) EBR (H'FF42)
[1B7 [1B6 [ 1B5 |LB4 [LB3[LB2 | LB1[LBO| |EB7[EB6|EBS5|EB4[EB3|EB2[EB1|EBO |
EBR2 (H'FF43) Only one block can be selected(setting
| sB7 | sB6 [ sB5 | SB4 | sB3 | sB2 | sB1 [ SBO | for erasing)
More than one block can be selected
(setting for writing/erasing)
RAMCR RAMCR (H'FF48) RAMCR (H'FF47)
Fier[ 0 [0 [Rawsramz[ramiramo] [0 [0 [0 [ O [ravsjramz[rami] — |
Division of Division in 16 blocks Division in 8 blocks

flash memory
block

16 kbytes x 7: LBO to LB6
12 kbytes x 1: LB7
512 kbytes x 8: SBO to SB7

Flash memory

H'00000
LBO (16 kbytes)

LB1 (16 kbytes)

LB2 (16 kbytes)

LB3 (16 kbytes)

LB4 (16 kbytes)

LB5 (16 kbytes)

LB6 (16 kbytes)

LB7 (12 kbytes)

SBO (512 bytes)

SB1 (512 bytes)

SB2 (512 bytes)

SB3 (512 bytes)

SB4 (512 bytes)

SB5 (512 bytes)

SB6 (512 bytes)

SB7 (512 bytes)

H'1FFFF

1 kbyte x 4: EBO to EB3
28 kbytes x 1: EB4
32 kbytes x 3: EB5 to EB7

Flash memory
H'00000

EBO (1 kbyte)
EB1 (1 kbyte)
EB2 (1 kbyte)
EB3 (1 kbyte)
EB4 (28 kbytes)
EB5 (32 kbytes)
EB6 (32 kbytes)
EB7 (32 kbytes)

H'1FFFF

RENESAS
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Item

Models with Dual Power Supply:
H8/3048F"*

Models with Single Power Supply:
H8/3048F-ONE

Division of RAM
emulation block

On-chip RAM Flash memory

H'EF10 H'00000

H'F000
HF1FF

H'1EFFF
H'1F000
H'1F200
H'1F400
H'1F600
H'1F800
H'1FA00
H'1FC00
H'1FEOO
H'1FFFF

H'FFOF

On-chip RAM Flash memory
H'EF10 H'00000
H'00400
H'FO00 H'00800
H'00C00
H'E3FE H'01000
H'FFOF
H'1FFFF

Reset during

The RES signal must be kept low during

The RES signal must be kept low during

operation at least 6 system clock (6¢) cycles. at least 20 system clock (20¢) cycles.
(RES pulse width t._,, =min. 6.0t_) (RES pulse width t ., = min. 20 t_)
A/D ADCR ADCR (H'FFE9) ADCR (H'FFE9)
Initial value: H'7F Initial value: H'7E
Only bit 7 can be read or written. Only bit 7 can be read or written.
Other bits are reserved and always read Bit O is reserved and must not be set to
as 1; writing to these bits is invalid. il
Other bits are reserved and always read
as 1; writing to these bits is invalid.
WDT RSTCSR RSTCSR (H'FFAB) RSTCSR (H'FFAB)

Initial value: H'3F
Only bits 7 and 6 can be read or written.

Other bits are reserved and always read
as 1; writing to these bits is invalid.

Initial value: H'3F
Only bit 7 can be read or written.

Bit 6 is reserved and must not be set to
1.

Other bits are reserved and always read
as 1; writing to these bits is invalid.
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Item

Models with Dual Power Supply:
H8/3048F"*

Models with Single Power Supply:
H8/3048F-ONE

Clock oscillator

settling time

(SYSCR STS2

to STSO0)

Setting of standby timer select
bits 2to 0

Setting of standby timer select
bits 2t0 0

STS2 | STS1 | STSO Description STS2 | STS1 | STSO Description
0 0 0 8,192 states 0 0 0 8,192 states
1 16,384 states 1 16,384 states
1 0 32,768 states 1 0 32,768 states
1 65,536 states 1 65,536 states
1 0 0 131,072 states 1 0 0 131,072 states
1 1,024 states 1 262,144 states
1 o lllegal setting 1 0 |1,024 states
1 lllegal setting

Details on flash

Refer to section 19, Flash Memory

Refer to section 18, ROM (H8/3048F-

memory (H8/3048F, Dual Power Supply). ONE: Single Power Supply, H8/3048B
Mask ROM Version)

Electrical Clock rate: 1to 16 MHz Clock rate: 2 to 25 MHz

characteristics

(clock rate)

Refer to section 22, Table 22.1
Electrical Characteristics of H8/3048
Group Products.*?

Refer to section 21, Table 21.1
Electrical Characteristics of H8/3048
Group and H8/3048B Group Products.

List of registers

Refer to appendix B, Table B.1
Comparison of H8/3048 Group Internal
I/O Register Specifications™?

Refer to appendix B, Table B.1
Comparison of H8/3048 Group Internal
I/0 Register Specifications™?

Refer to appendix B.2, Addresses
(For H8/3048F, H8/3048ZTAT,
H8/3048 Mask-ROM, H8/3047 Mask-
ROM, H8/3045 Mask-ROM, and
H8/3044 Mask-ROM Versions)*?

Refer to appendix B.1, Addresses
(For H8/3048F-ONE, H8/3048B Mask
ROM Version)*?

On-chip
emulator

On-chip emulator (E10T)

Notes: 1. Refer to the “H8/3048 Group, H8/3048F-ZTAT™ Hardware Manual” for information
about H8/3048F.

2. H8/3048F and H8/3048F-ONE can be referred to also on this manual.
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144  V_ Pin

The H8/3048B Group 5 V operation models have aV (internal step-down) pin, to which a0.1 pF
internal voltage stabilization capacitor must be connected.

The method of connecting the external capacitor is shown in figure 1.4.

Do not connect the V.. power supply to the V., pin. (Connect the V. power supply to other V.
pins as usua.) Note that the V_output pin occupies the same location asaV . pininthe
H8/3048F, H8/3048ZTAT and on-chip mask ROM models (H8/3048, H8/3047, H8/3045, and
H8/3044).

Ve power
supply
External
capacitor
J_ VCL (Pln l) VCC (Pln 1)
0.1 pF H8/3048B Group H8/3048B Group (3 V operation model)
(5 V operation model) H8/3048 Group
Do not connect the V¢ power supply to These versions have a V¢ power supply
the V¢ pin. (Connect the V¢ power pin in the same pin position as a V¢ pin in
supply to other V¢ pins as usual.) the H8/3048F-ONE.

Place the capacitor close to the pin.

Figure1.4 Method of Connecting H8/3048B Group V Capacitor

The 3V operation models of the H8/3048B Group do not have aV pin. The 3V operation
models have aV .. power supply pin at the location of the V', pininthe5V operation models.
Therefore, 3 V operation models do not require connection of an external capacitor, and this pin
should be connected to the power supply in the same way as other V. pins.
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Ve power
supply

External
capacitor
,_— Ve

; 5\ operation model 3 V operation model

Vee
0.1 uF

Figure1l.5 Differencebetween 5V and 3V Operation Models

145 Note on Changeover to H8/3048 Group Mask ROM Version

Careisrequired when changing from the H8/3048F-ONE with on-chip flash memory to a model
with on-chip H8/3048 Group mask ROM (H8/3048, H8/3047, H8/3045, or H8/3044).

An external capacitor must be connected to the V pin of the H8/3048F-ONE (5 V model). This
V. pin occupies the same location asa V. pin in the on-chip mask ROM versions. Changeover to
amask ROM version must therefore be taken into account when undertaking pattern design, etc.,
in the board design stage.

VCC power

(5 V operation model)

VCC pln

' ! « Land pattern for mask ROM version

Ve pin :'—:' (0 Q resistance mounted)

i . — Land pattern for H8/3048F-ONE
(5 V operation model)
(0.1 pF capacitor mounted)

Figure1.6 Example of Board Pattern Providing for External Capacitor
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15 Setting Oscillation Settling Wait Time

When software standby mode is used, after exiting software standby mode a wait period must be
provided to allow the clock to stabilize. Select the length of time for which the CPU and
peripheral functions are to wait by setting bits STS2 to STS0 in the system control register
(SYSCR) and bits DIV1 and DIVO in the division ratio control register (DIVCR) according to the
operating frequency of the chip.

For the H8/3048B Group, ensure that the oscillation settling wait timeis at least 0.1 ms when
operating on an external clock.

For setting details, see section 20.4.3, Selection of Waiting Time for Exit from Software Standby
Mode.
1.6 Notes on Crystal Resonator Connection

The H8/3048B Group support an operating frequency of up to 25 MHz. If acrystal resonator with
afrequency higher than 20 MHz is connected, attention must be paid to circuit constants such as
external load capacitance values. For details see section 19.2.1, Connecting a Crystal Resonator.
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Section2 CPU

21 Overview

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

211 Features
The H8/300H CPU has the following features.

e Upward compatibility with H8/300 CPU
Can execute H8/300 Series object programs
e General-register architecture
Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers)
e Sixty-two basic instructions
O 8/16/32-bit data transfer and arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions
» Eight addressing modes
Register direct [Rn]
Register indirect [ @ERN]
Register indirect with displacement [ @(d: 16, ERn) or @(d:24, ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [ @aa:8, @aa: 16, or @aa:24]
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 linear address space
¢ High-speed operation
O All frequently-used instructions execute in two to four states

OooOooogoooao

O Maximum clock frequency: 25 MHz (H8/3048B Group)

O 8/16/32-bit register-register add/subtract: 80 ns @ 25 MHz/125 ns @ 16 MHz
O 8 x 8-hit register-register multiply: 560 ns @ 25 MHz/875 ns @ 16 MHz
O 16 + 8-bit register-register divide: 560 ns @ 25 MHZz/875 ns @ 16 MHz
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O 16 x 16-hit register-register multiply: 880 ns @ 25 MHz/1,375 ns @ 16 MHz
0 32+ 16-hit register-register divide: 880 ns @ 25 MHZz/1,375 ns @ 16 MHz
e Two CPU operating modes
O Norma mode (not available in the H8/3048B Group)
O Advanced mode
* Low-power mode
Transition to power-down state by SLEEP instruction

212 Differencesfrom H8/300 CPU
In comparison to the H8/300 CPU, the H8/300H has the following enhancements.

* More genera registers
Eight 16-bit registers have been added.
» Expanded address space
O Advanced mode supports a maximum 16-Mbyte address space.
O Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
(Normal mode is not available in the H8/3048B Group.)
» Enhanced addressing
The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.
» Enhanced instructions
O Datatransfer, arithmetic, and logic instructions can operate on 32-bit data.
O Signed multiply/divide instructions and other instructions have been added.

Rev. 3.00 Sep 27, 2006 page 30 of 872
REJ09B0325-0300
RENESAS



Section 2 CPU

22 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. See figure 2.1.

The H8/3048B Group can be used only in advanced mode. (Information from this point on will

apply to advanced mode unless otherwise stated.)

CPU operating modes

Normal mode

Advanced mode

Maximum 64 kbytes, program
and data areas combined

Maximum 16 Mbytes, program
and data areas combined

Figure2.1 CPU Operating Modes
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2.3 Address Space

The maximum address space of the H8/300H CPU is 16 Mbytes. The H8/3048B Group has
various operating modes (MCU modes), some providing a 1-Mbyte address space, the others
supporting the full 16 Mbytes.

Figure 2.2 shows the address ranges of the H8/3048B Group. For further details see section 3.6,
Memory Map in Each Operating Mode.

The 1-Mbyte operating modes use 20-bit addressing. The upper 4 bits of effective addresses are

ignored.

H'00000

H'FFFFF

H'000000

HFFFFFF

a. 1-Mbyte modes b. 16-Mbyte modes

Figure2.2 Memory Map
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24 Register Configuration

24.1 Overview

The H8/300H CPU hasthe internal registers shown in figure 2.3. There are two types of registers:

general registers and control registers.

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H RIL
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L
Control Registers (CR)
23 0

PC |

Legend:

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

Ul:  User bit or interrupt mask bit
Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

OsSNzczIT

76543210
ccRr [1|ulH|ulN|zvIc]

Figure2.3 CPU Internal Registers
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242 General Registers

The H8/300H CPU has eight 32-hit general registers. These general registersare all functionally
alike and can be used without distinction between data registers and address registers. When a
genera register isused as a dataregister, it can be accessed as a 32-bit, 16-bit, or 8-bit register.
When the general registers are used as 32-hit registers or as 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 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 sixteen 8-hbit
registers.

Figure 2.4 illustrates the usage of the general registers. The usage of each register can be selected
independently.

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

Figure2.4 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 calls. Figure 2.5 shows the
stack.

/\/

Free area

SP (ER7) —

Stack area

/\/

Figure2.5 Stack

24.3 Control Registers

The control registers are the 24-bit program counter (PC) and the 8-hit condition code register
(CCR).

Program Counter (PC)

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

Condition Code Register (CCR)

This 8-bit register containsinternal CPU status information, including the interrupt mask bit (1)
and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

* Bit 7—Interrupt Mask Bit (I): Masksinterrupts other than NMI when set to 1. NMI is
accepted regardless of the | bit setting. The | bit is set to 1 at the start of an exception-handling
sequence.

» Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt
mask bit. For details see section 5, Interrupt Controller.

» Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or
NEG.B instruction is executed, thisflag isset to 1 if thereis acarry or borrow at bit 3, and
cleared to O otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is
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executed, the H flag is set to 1 if thereisacarry or borrow at bit 11, and cleared to 0 otherwise.
Whenthe ADD.L, SUB.L, CMP.L, or NEG.L instruction is executed, the H flag isset to 1 if
thereisacarry or borrow at bit 27, and cleared to O otherwise.

e Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC,
and XORC instructions.

» Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of data.
e Bit2—ZeroFlag (2): Setto 1toindicate zero data, and cleared to 0 to indicate non-zero data.

» Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at
other times.

e Bit 0—Carry Flag (C): Set to 1 when acarry occurs, and cleared to 0 otherwise. Used by:
O Add instructions, to indicate a carry
0 Subtract instructions, to indicate a borrow
O shift and rotate instructions, to store the value shifted out of the end bit
The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the | and
Ul bits, see section 5, Interrupt Controller.

244 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, and the | bit
in CCRisset 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 must therefore be initialized by an
MOV .L instruction executed immediately after areset.
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2.5 Data For mats
The H8/300H CPU can process 1-hit, 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 For mats

Figures 2.6 and 2.7 show the data formatsin general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH EE Don'tcare |
7 0

1-bit data RnL : Don’t care EE

7 43 0

4-bit BCD data RnH Don't care ,

7 43 0

4-bit BCD data RnL 1 Don't care

7 o
Byte data RnH [:j Don't care ;
MSB Ls8
________________ 7 0
Byte data RnL Don't care E:]
MSB LSB

Figure2.6 General Register Data Formats (1)
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General
Data Type Register Data Format
15 0
Word data Rn | ‘ ‘
MSB LSB
15 0
Word data En | ‘ . |
MSB LSB
31 1615 2
Longword data ERn | L .
MSB LSB

Legend:

ERn: General register
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 For mats (2)
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25.2 Memory Data For mats

Figure 2.8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but 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, no address error occurs but the least
significant bit of the addressis regarded as 0, so the access starts at the preceding address. This
also appliesto instruction fetches.

Data Type Address Data Format
7 0
1-bit data Address L 7]e|s|al3]2]1]o0
Byte data Address L MSB: - :LSB
Word data Address 2M MSB: ‘
Address 2M + 1 - :LSB
Address 2N MSB: ‘ ‘ ‘ ‘ L
Longword data Address 2N + 1 S
Address 2N + 2
Address 2N + 3 LsB

Figure2.8 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size should be word
size or longword size.
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2.6 I nstruction Set

26.1 Instruction Set Overview
The H8/300H CPU has 62 types of instructions, which are classified in table 2.1.

Table2.1 Instruction Classification

Function Instruction Types
Data transfer MOV, PUSH**, POP**, MOVTPE*?, MOVFPE*? 3
Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, 18
DAS, MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS,
EXTU
Logic operations AND, OR, XOR, NOT
Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, 14
BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc™®, JMP, BSR, JSR, RTS 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9
Block data transfer EEPMOV 1

Total 62 types
Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
2. Not available in the H8/3048B Group.
3. Bcc is a generic branching instruction.
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26.2 Instructions and Addressing Modes
Table 2.2 indicates the instructions available in the H8/300H CPU.

Table2.2 Instructionsand Addressing Modes

Addressing Modes
3
Function Instruction E E g) —~ %)
w w > g o ©
s 813 & 2|98 288
X - w o s | ® ® @ k=) s ®
#* 14 ® ® ® ® ® ® ® ® ® ® |
Data MoV BWL | BWL | BWL | BWL | BWL | BWL B BWL | BWL | — — — —
transfer POP, PUSH — — — — — — — — — — WL
MOVFPE”, SN (NI | | (S (N — B — | = =] =] =
MOVTPE"
Arithmetic |ADD, CMP BWL | BWL | — — — — — — — — — — —
operations | gy WL | BWL | — _ _ —_ —_ —_ _ — — — —
ADDX, SUBX B B — — — — — — —_ — — — —
ADDS, SUBS — L — — — — — — —_ — — — —
INC, DEC — | BWL | — — — — — — — — — — —
DAA, DAS — B — — — — — — —_ — — — —
MULXU, MULXS, — BW — — — — — — — — — — —
DIVXU, DIVXS
NEG — |BWL| — — — — — — — — — — —
EXTU, EXTS — WL — — — — — — — — — — —
Logic AND, OR, XOR BWL | BWL | — — — — — — —_ — — — —
operations |NOT — |BWL| — —_ _ —_ —_ — — — — — —
Shift instructions — | BWL | — — — — — — — — — — —
Bit manipulation — B B — — — B — — — — — —
Branch Bce, BSR — — — — — — — — — O O — —
JMP, JSR -l -l OoO | =] =] =] =] =10 =|=1]0]—=
RTS — — — — — — — — — — — — O
System TRAPA — - - = =] = = =] =] =|l=1]1=1]0
control RTE _ _ _ _ _ _ _ _ _ — — — O
SLEEP e e et B Bt P Bt Bt Bt B B O
LDC B B W W w w — w W — — — —
STC — B W W W w — w W — — — —
ANDC, ORC, B — — — — — — — — — — — —
XORC
NOP e e et B Bt P Bt Bt Bt B B O
Block data transfer — — — — — — — — — — — — | BW
Legend:
B: Byte
W: Word
L: Longword

Note: * Not availabe in the H8/3048B Group.
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26.3 Tables of Instructions Classified by Function

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

Operation Notation

Rd General register (destination)*
Rs General register (source)®
RN General register”

ERN General register (32-bit register or address register)
(EAd) Destination operand
(EASs) Source operand

CCR Condition code register

N N (negative) flag of CCR
4 Z (zero) flag of CCR

\% V (overflow) flag of CCR
C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

O AND logical

O OR logical

O Exclusive OR logical

- Move

= NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-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 data or address 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 (EAs) - Rd
Cannot be used in the H8/3048B Group.

MOVTPE B Rs - (EAs)
Cannot be used in the H8/3048B Group.

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

Note: * Size refers to the operand size.

B: Byte

W: Word

Longword
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Table2.4 Arithmetic Operation Instructions

Instruction Size* Function

ADD, SUB B/W/L Rd £ Rs - Rd, Rd + #IMM - Rd
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 data in a general register. Use the
SUBX or ADD instruction.)

ADDX, SUBX B Rd+Rs+C - Rd,Rd+#IMM+ C - Rd
Performs addition or subtraction with carry or borrow on data in two
general registers, or on immediate data and data in a general
register.

INC, DEC B/W/L Rd+1 - Rd,Rd+2 - Rd
Increments or decrements a general register by 1 or 2. (Byte
operands can be incremented or decremented by 1 only.)

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

DAA, DAS B Rd decimal adjust -~ Rd
Decimal-adjusts an addition or subtraction result in a general register
by referring to CCR to produce 4-bit BCD data.

MULXU B/W Rd xRs - 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 xRs - 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.

DIVXS B/W Rd+ Rs - Rd

Performs signed division on data in two general registers: either 16
bits + 8 hits - 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits
- 16-bit quotient and 16-bit remainder.
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Instruction

Size*

Function

CMP

B/WI/L

Rd — Rs, Rd — #IMM

Compares data in a general register with data in another general
register or with immediate data, and sets CCR according to the
result.

NEG

B/WI/L

0-Rd - Rd

Takes the two’s complement (arithmetic complement) of data in a
general register.

EXTS

WiIL

Rd (sign extension) — Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by extending the sign bit.

EXTU

WiL

Rd (zero extension) — Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by padding with zeros.

Note:

*

Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table25 Logic Operation Instructions
Instruction Size* Function
AND B/W/L Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical AND operation on a general register and another
general register or immediate data.
OR B/WI/L Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical OR operation on a general register and another
general register or immediate data.
XOR B/W/L Rd ORs - Rd, Rd O #IMM - Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.
NOT B/WI/L -Rd - Rd
Takes the one’s complement of general register contents.
Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
Table2.6  Shift Instructions
Instruction Size* Function
SHAL, B/WI/L Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register contents.
SHLL, B/WI/L Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
ROTL, B/WI/L Rd (rotate) -~ Rd
ROTR Rotates general register contents.
ROTXL, B/WI/L Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry bit.
Note: * Size refers to the operand size.
B: Byte
W: Word

L: Longword
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Table2.7

Instruction

Bit Manipulation Instructions

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 3
bits of a general register.

BCLR

0 - (<hit-No.> of <EAd>)

Clears a specified bit in a general register or memory operand to O.
The bit number is specified by 3-bit immediate data or the lower 3
bits of a general register.

BNOT

= (<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 3 bits of
a general register.

BTST

- (<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 3 bits of a general register.

BAND

BIAND

C O (<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.

C O[~ (<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

BIOR

C O (<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.

C O[~ (<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.
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Instruction Size* Function

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

BIXOR B C O [~ (<bit-No.> of <EAd>)] - C
Exclusive-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.

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

BILD B = (<bit-No.> of <EAd>) -~ C
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: * Size refers to the operand size.

B: Byte
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Table2.8 Branching I nstructions
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 cOoz=o0
BLS Low or same ciz=1
Bcc (BHS) Carry clear (highorsame) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONNOV)=0
BLE Less or equal ZONOV)=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 the power-down state
LDC B/W (EAs) - CCR
Moves the source operand contents to the condition code register.
The condition code register size is one byte, but in transfer from
memory, data is read by word access.
STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location. The condition
code register size is one byte, but in transfer to memory, data is
written by word access.
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data.
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data.
XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate
data.
NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.
B: Byte
W: Word
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Table2.10 Block Transfer Instruction

Instruction Size Function
EEPMOV.B — if R4L # 0 then

repeat @ER5+ - @ER6+, R4L-1 - R4L
until R4L =0

else next;
EEPMOV.W — if R4 # 0 then
repeat @ER5+ - @ER6+, R4—-1 - R4
until R4=0
else next;

Transfers a data block according to parameters set in general
registers R4L or R4, ER5, and ER6.

R4L or R4: Size of block (bytes)
ERS: Starting source address
ERG6: Starting destination address

Execution of the next instruction begins as soon as the transfer is
completed.
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264 Basic I nstruction For mats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OP field), aregister field (r field), an effective address extension (EA field), and a condition
field (cc).

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 4 bits of the
instruction. Some instructions have two operation fields.

Register Field: Specifiesageneral register. Address registers are specified by 3 bits, data registers
by 3 bits or 4 hits. Some instructions have two register fields. Some have no register field.

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or adisplacement. A 24-bit address or displacement is treated as 32-bit datain which the
first 8 bitsare 0 (H'00).

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 2.9 shows examples of instruction formats.

Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

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

EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2.9 Instruction Formats
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265 Notes on Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify abit in the
byte, then write the byte back. Care is required when these instructions are used to access registers
with write-only bits, or to access ports.

The BCLR instruction can be used to clear flagsin the internal 1/O registers. In an interrupt-
handling routine, for example, if it is known that the flag is set to 1, it is not necessary to read the
flag ahead of time.

Step Description

1 Read Read data (byte unit) at the specified address

2 Bit manipulation Modify the specified bit in the read data

3 Write Write the modified data (byte unit) to the specified address

In the following example, a BCLR instruction is executed on the data direction register (DDR) of
port 4.

P4, and P4, are set asinput pins, and are inputting low-level and high-level signals, respectively.
P4, to P4, are set as output pins, and are in the low-level output state.

In this example, the BCLR instruction is used to make P4, an input port.

Befor e Execution of BCLR Instruction

P4, P4, P4, P4, P4, P4, P4, P4,
Input/output Input Input Output  Output  Output Output Output  Output
DDR 0 0 1 1 1 1 1 1
DR 1 0 0 0 0 0 0 0

Execution of BCLR Instruction

BCLR #0, €P4DDR ; Execute BCLR instruction on DDR
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After Execution of BCLR Instruction

P4, P4, P4, P4, P4, P4, P4, P4,
Input/output Output  Output  Output Output Output Output Output Input
DDR 1 1 1 1 1 1 1 0
DR 1 0 0 0 0 0 0 0

Explanation of BCLR Instruction

To execute the BCLR instruction, the CPU begins by reading PADDR. Since PADDR isawrite-
only register, it isread as H'FF, even though itstrue value is H'3F.

Next the CPU clears bit 0 of the read data, changing the value to H'FE.
Finally, the CPU writesthis value (H'FE) back to DDR to complete the BCLR instruction.

Asaresult, PADDR is cleared to 0, making P4, an input pin. In addition, P4, DDR and P4, DDR
are set to 1, making P4, and P4, output pins.

The BCLR instruction can be used to clear flagsin the internal 1/O registersto 0. In an interrupt-
handling routine, for example, if it is known that the flag is set to 1, it is not necessary to read the
flag ahead of time.

2.7 Addressing Modes and Effective Address Calculation

271 Addressing M odes

The H8/300H 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 absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET,
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify abit
number in the operand.
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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:24, ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate #XX:8/#xx: 16/#xx:32
7 Program-counter relative @(d:8, PC)/@(d:16, PC)
8 Memory indirect @@aa:8

1. Register Direct—Rn

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

2. Register Indirect—@ERN

Theregister field of the instruction code specifies an address register (ERn), the lower 24 bits of
which contain the address of the operand.

3. Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn)

A 16-bit or 24-bit displacement contained in the instruction code is added to the contents of an
address register (ERn) specified by the register field of the instruction, and the lower 24 bits of the
sum specify the address of a memory operand. A 16-bit displacement is sign-extended when
added.
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4. Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERnN

* Register indirect with post-increment— @ERN+
Theregister field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contain the address of amemory operand. After the operand is accessed, 1, 2, or 4is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

* Register indirect with pre-decrement—@-ERn
Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 hits of the result become the address of a memory
operand. Theresult is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the resulting
register value should be even.

5. Absolute Address—@aa: 8, @aa: 16, or @aa: 24

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bitslong (@aa:16), or 24 bits long (@aa:24). For an 8-bit absolute
address, the upper 16 bits are all assumed to be 1 (H'FFFF). For a 16-bit absolute address the
upper 8 bits are asign extension. A 24-bit absolute address can access the entire address space.
Table 2.12 indicates the accessible address ranges.

Table2.12 Absolute Address Access Ranges

Absolute Address  1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFO00 to H'FFFFF H'FFFFOO to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32767, 1015808 to 1048575) (0 to 32767, 16744448 to 16777215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)
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6. Immediate—#xx:8, #xx:16, or #xx:32

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

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

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

This mode isused in the Bcc and BSR instructions. An 8-bit or 16-bit displacement contained in
the instruction code is sign-extended to 24 bits and added to the 24-bit PC contents to generate a
24-bit branch address. 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.

8. Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.
The memory operand is accessed by longword access. Thefirst byte of the memory operand is
ignored, generating a 24-bit branch address. See figure 2.10. The upper bits of the 8-bit absolute
address are assumed to be 0 (H'0000), so the address range is 0 to 255 (H'000000 to H'0000FF).
Note that the first part of this range is also the exception vector area. For further details see section
5, Interrupt Controller.

/\/

Specified by @aa:8 — Reserved

Figure2.10 Memory-Indirect Branch Address Specification
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When aword-size or longword-size memory operand is specified, or when abranch addressis
specified, if the specified memory addressis odd, the least significant bit isregarded as 0. The
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2,
Memory Data Formats.

2.7.2 Effective Address Calculation

Table 2.13 explains how an effective addressis calculated in each addressing mode. In the
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to
generate a 20-bit effective address.
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Table2.13 Effective Address Calculation

Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address
1 Register direct (Rn) Operand is general
register contents
op |rmj|r
2 Register indirect (@ERnN)
31 0 23 0
‘ »  General register contents
op r
3 Register indirect with displacement
@(d:16, ERn)/@(d:24, ERnN)
31 0
»  General register contents
\ 23 0
op r disp
Sign extension disp
)
4, Register indirect with post-increment
or pre-decrement
* Register indirect with post-increment @ERnN+
31 0 23 0
» General register contents >
X
op |r tommmmeees --
1,2,0r4
* Register indirect with pre-decrement @-ERn
31 0

»  General register contents

23 0
op S -~

1,2,0r4 —T

1 for a byte operand, 2 for a word
operand, 4 for a longword operand
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Addressing Mode and

Effective Address

No. Instruction Format Calculation Effective Address
5 Absolute address
@aa:8 23 87 0
op abs H'FFFF
| f
@aa:16
23 1615 0
Sign
op abs exten-
sion
@aa:24
op 23 0
abs
6 Immediate Operand is immediate
#xx:8, #xx:16, or #xx:32 data
op IMM
7 Program-counter relative
@(d:8, PC) or @(d:16, PC)
23

op disp

PC contents

23 0

Sign
exten- disp
sion
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Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address
8 Memory indirect @ @aa:8

* Normal mode

op abs

23 87y 0
H'0000 abs
15 0 23 1615 0
- Memory .
contents > HO00
e Advanced mode
op abs
23 87y 0
H'0000 abs
31 0 23 0
Memory contents >
Legend:
r, rm, m: Register field
op: Operation field
disp: Displacement
IMM: Immediate data
abs: Absolute address
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2.8 Processing States

2.8.1 Overview

The H8/300H CPU has five processing states: the program execution state, exception-handling
state, power-down state, reset state, and bus-released state. The power-down state includes sleep
mode, software standby mode, and hardware standby mode. Figure 2.11 classifies the processing
states. Figure 2.13 indicates the state transitions.

Processing states kﬁ Program execution state |

The CPU executes program instructions in sequence

# Exception-handling state |

A transient state in which the CPU executes a hardware sequence
(saving PC and CCR, fetching a vector, etc.) in response to a reset,
interrupt, or other exception

% Bus-released state |

The external bus has been released in response to a bus request
signal from a bus master other than the CPU

% Reset state |

The CPU and all on-chip supporting modules are initialized and halted

% Power-down state Sleep mode ‘

The CPU is halted to conserve power

Software standby mode ‘

Hardware standby mode ‘

Figure2.11 Processing States

282 Program Execution State

In this state the CPU executes program instructions in normal seguence.
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283 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
program flow due to areset, interrupt, or trap instruction. The CPU fetches a starting address from
the exception vector table and branchesto that address. In interrupt and trap exception handling
the CPU references the stack pointer (ER7) and saves the program counter and condition code
register.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2.14 indicates the types of exception handling and their
priority. Trap instruction exceptions are accepted at all timesin the program execution state.

Table2.14 Exception Handling Typesand Priority

Type of
Priority  Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock Exception handling starts immediately
when RES changes from low to high
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the end of
exception handling® the current instruction or current

exception-handling sequence

Trap instruction ~ When TRAPA instruction  Exception handling starts when a trap
Low is executed (TRAPA) instruction is executed

Note: * Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

Figure 2.12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.

Reset

External interrupts
Exception
SOUrces Interrupt

Internal interrupts (from on-chip supporting modules)

Trap instruction

Figure2.12 Classification of Exception Sources
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End of bus release

Bus request

End of bus
release

Bus

End of
exception
handling

Program execution state>

SLEEP

Interrupt

NMI, IRQg, IRQ 4,
or IRQ interrupt

instruction
with SSBY =0

3 SLEEP instruction
. with SSBY =1

>

<Exception-handling state |

KSoftware standby mode>

] |

ES = High 1 i

STBY = High, RES = Low |
C Reset state™! >< !

Gardware standby mode*D

Power-down state

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs
whenever RES goes low.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure2.13 State Transitions

284 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The reset state is
entered when the RES signal goes low. Reset exception handling starts after that, when RES
changes from low to high. When reset exception handling starts the CPU fetches a start address
from the exception vector table and starts program execution from that address. All interrupts,
including NMI, are disabled during the reset exception-handling sequence and immediately after it
ends.

Interrupt Exception Handling and Trap I nstruction Exception Handling: When these
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the
program counter and condition code register on the stack. Next, if the UE bit in the system control
register (SYSCR) is set to 1, the CPU setsthe | bit in the condition code register to 1. If the UE bit
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iscleared to 0, the CPU sets both the | bit and the Ul bit in the condition code register to 1. Then
the CPU fetches a start address from the exception vector table and execution branches to that
address.

Figure 2.14 shows the stack after the exception-handling sequence.

J\ J\

SP -4 SP (ER7) — CCR
SP-3 SP+1
SP-2 SP+2 PC
SP-1 SP+3
SP (ER7) - Stack area SP +4 Even

| B | address

¥/\ ¥/\

Before exception = After exception
handling starts Pushed on stack handling ends

Legend:
CCR: Condition code register
SP:  Stack pointer

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.
2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Figure2.14 Stack Structure after Exception Handling

2.8.5 Bus-Released State

In this state the busiis released to a bus master other than the CPU, in response to a bus request.
The bus masters other than the CPU are the DMA controller, the refresh controller, and an external
bus master. While the busiis released, the CPU halts except for internal operations. Interrupt
requests are not accepted. For details see section 6.3.7, Bus Arbiter Operation.
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2.8.6 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The |
bit in the condition code register is set to 1 by areset. All interrupts are masked in the reset state.
Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details see section 12,
Watchdog Timer.

2.8.7 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three modes. sleep
mode, software standby mode, and hardware standby mode.

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY bhit is cleared to 0 in the system control register (SY SCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit isset to 1 in SY SCR. The CPU and clock halt and all
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long
as a specified voltage is supplied the contents o