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Keep safety first in your circuit designs!

. 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
(i) prevention against any malfunction or mishap.

Notes regarding these materials

. 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.

. 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.

. 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).

. 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.

. 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.

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

. 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.

. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.




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

3. Processing before Initiaization

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 is
input on the reset pin. During the period where the states are undefined, the register settings and the output state
of each pin are a'so undefined. Design your system so that it does not malfunction because of processing while it
isin this undefined state. For those products which have areset 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.







Preface

This LSl isasingle-chip microcomputer with a 32-bit H8S/2000 CPU core, and a set of on-chip peripheral functions
required for system configuration.

This LSl is equipped with ROM, RAM, abus controller, a datatransfer controller (DTC), a programmabl e pul se generator
(PPG), three types of timers, a serial communication interface (SCI), a D/A converter, an A/D converter, and 1/0 ports as
on-chip peripheral functions. ThisLSl is suitable for use as an embedded microcomputer for high-level control systems.
Its on-chip ROM is flash memory (F-ZTAT™*), PROM (ZTAT"*), or masked ROM that provides flexibility asit can be
reprogrammed in no time to cope with al situations from the early stages of mass production to full-scale mass
production. Thisis particularly applicable to application devices with specifications that will most probably change.

Note: * F-ZTAT isatrademark of Renesas Technology, Corp.
ZTAT isaregistered trademark of Renesas Technology, Corp.

Target Users:  This manual was written for users who will be using the H8S/2357 Group in the design of application
systems. Members of this audience are expected to understand the fundamentals of electrical circuits,
logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical characteristics of the H8S/2357
Group to the above audience.
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual for a detailed description of the
instruction set.

Notes on reading this manual:

» Inorder to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts on the CPU, system
control functions, peripheral functions, and electrical characteristics.

 Inorder to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Programming Manual.

e Inorder to understand the details of aregister when its name is known
The addresses, hits, and initial values of the registers are summarized in Appendix B, Internal 1/0 Register.
Examples.  Bit order: The MSB is on the left and the LSB ison theright.

Related Manuals:  The latest versions of all related manuals are available from our web site. Please ensure you have the
latest versions of al documents you require.
http://www.renesas.com/eng/

H8S/2357 Group user's manuals:

Manual Title Document No.
H8S/2357 Group Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual REJ09B0139
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User's manuals for development tools:

Manual Title Document No.
H8S, H8/300 Series C/C++ Compiler, Assembler, Optimized Linkage Editor REJ10B0058
User's Manual

H8S, H8/300 Series Simulator/Debugger (for Windows) User's Manual ADE-702-037
H8S, H8/300 Series High-performance Embedded Workshop User's Manual ~ ADE-702-201

Application Note:

Manual Title

Document No.

H8S Family Technical Q & A

REJO5B0397
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Main Revisions for This Edition

Iltem Page Revision (See Manual for Details)
1.1 Overview 5 Product lineup
Table 1-1 Overview HD64F2398F20T**and HD64F2398TE20T** added
5V version
F-ZTAT HD64F2357F20 HD64F2398F20
Version* HD64F2357TE20 HD64F2398TE20
HD64F2398F20T *°
HD64F2398TE20T* ®

Note 3 added as follows

Note: 3. For the HD64F2398F20T and HD64F2398TE20T only, the
maximum number of times the flash memory can be reprogrammed is
1,000.

4.1.3 Exception Vector Table 72 Description amended

In modes 6 and 7 the on-chip ROM ...In this case, clearing the EAE
bit in BCRL enables the 128-kbyte (256-kbytes)* area comprising
address H’000000 to H'01FFFF (H'03FFFF)* to be used.

6.6.1 WhenDDS =1 149 Figure 6-28 amended
Figure 6-28 DACK Output Timing e !

when DDS = 1 (Example of DRAM HWR, (WE) ‘

Access) Write

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

6.6.2 When DDS =0 150 Figure 6-29 amended
Figure 6-29 DACK Output Timing e S !

when DDS = 0 (Example of DRAM HWR, (WE)

Access) Write | |
D,5 to Dy ]7
6.8.2 Usage Notes 156 Figure 6-35(a) amended
Figure 6-35(a) Example of Idle Cycle ! External read DRAM.
Operation in RAS Down Mode (ICIS1 L : !
) ) b T| Tl Tz T3 | TC| I
Figure 6-35(b) Example of Idle Cycle !
Operation in RAS Down Mode (ICISO s
= 1)
Figure 6-35(b) amended
‘ External read ~ DRAM;
LT T, T, T | Ty |
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Revision (See Manual for Details)

Iltem Page
9.8.2 Register Configuration 303 Note added
Port A MOS Pull-Up Control Register (PAPCR) (ON-Chip ROM
Version Only)
Bit ¢ 6 5 4 3 2 1 0
| PA7PCR| PAGPCR| PASPCR | PA4PCR| PA3PCR| PA2PCR | PAIPCR | PAOPCR|
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW
Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.
304 Port A Open Drain Control Register (PAODR) (ON-Chip ROM Version
Only)
Bit 7 6 5 4 3 2 1 0
|PA7ODR|PA60DR|PA50DR|PA4ODR|PA30DR|PA20DR|PA10DR|PAOODR|
Initial value : 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.
9.9.2 Register Configuration (On- 309 Note added
Chip ROM Version Only) Port B MOS Pull-Up Control Register (PBPCR) (ON-Chip ROM
Version Only)
Bit ¢ 6 5 4 3 2 1 0
|PB7PCR| PBGPCR| PBSPCR|PB4PCR| PBSPCR| PBZPCRIPBlPCRIPBOPCRI
Initial value : 0 0 0 0 0 0 0 0
RIW © RW RIW RIW RIW RIW RIW RIW RIW
Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.
9.10.2 Register Configuration (On- 314 Note added
Chip ROM Version Only) Port C MOS Pull-Up Control Register (PCPCR) (ON-Chip ROM
Version Only)
Bit 7 6 5 4 3 2 1 0
|PC7PCR|PC6PCR|PC5PCR|PC4PCR|PC3PCR|PC2PCR|PC1PCR|PCOPCR|
Initial value : 0 0 0 0 0 0 0 0
RIW © RW RIW RIW RIW RIW RIW RIW RIW
Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.
9.11.2 Register Configuration (On- 319 Note added
Chip ROM Version Only) Port D MOS Pull-Up Control Register (PDPCR) (ON-Chip ROM
Version Only)
Bit ST 6 5 4 3 2 1 0
IPD?PCR|PD6PCR|PD5PCRIPD4PCR[PD3PCR|PD2PCR |PD1PCR|PDOPCR|
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.
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Iltem Page Revision (See Manual for Details)
9.12.2 Register Configuration 324 Note added
Port E MOS Pull-Up Control Register (PEPCR) (ON-Chip ROM
Version Only)
Bit : 7 6 5 4 3 2 1 0
[PE7PCR[PEGPCR|PESPCR | PE4PCR] PESPCR|PE2PCR| PELPCR] PEOPCR]
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/IW R/IW R/IW R/W R/W R/W R/W
Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.
10.4.5 Cascaded Operation 383 Figure 10-23 amended
Figure10-23 Example of Cascaded (Before) TCLKA - (After) TCLKC
Operation (2) (Before) TCLKB - (After) TCLKD
10.7 Usage Note 409 Figure 10-57 amended
Figure 10-57 Contention between ~ “7oommteee s T
TCNT Write and Overflow TCRV flag Prohibited —_|
11.3.1 Overview 423 Figure 11-2 amended
Figure 11-2 PPG Output Operation
DDR
14.2.8 Bit Rate Register (BRR) 481 Note deleted form table 14-4
Table 14-4 BRR Setting for Various
Bit Rates (Clocked Synchronous
Mode)
19.15.1 Features 619 » Reprogramming capability

Description amended

Depending on the product, the maximum number of times the flash
memory can be reprogrammed is either 100 or 1,000.

0 Reprogrammable up to 100 times: HD64F2398TE, HD64F2398F
0 Reprogrammable up to 1,000 times: HD64F2398TET,

HD64F2398FT

RENESAS
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Item

Page

Revision (See Manual for Details)

19.18.2 Program-Verify Mode

Figure 19-48 Program/Program-
Verify Flowchart

639

Figure 19-48 amended, note *6 added

Write pulse application subroutine

Sub-routine write pulse
.

Disable WDT

Note: 7 Write Pulse Width

Start of programming

Start Perform programming in the erased state.
Do not perform additional programming

on previously programmed addresses.

Wait () s 6

Store 128-byte program data in program | , ,
data area and reprogram data area

switching.
6

“6

Number of Writes (n) | _Write Time (2) s Increment address |

[ Wait (£) s |56

z
2
2
2
z
z
z
il 2
9 2
10 2
11 z
12 z
13 z
998 2
999 3
1000 2

Note: Use a (23) ps write pulse for additional
programming

RAM

Program data area
(128 bytes)

Reprogram data area
(128 bytes)

Additional program data
area (128 bytes)

Read verify data -

Read data = verify NG
——
e ¢

oK
‘Additional program data computation

Transfer additional program datato | ,.
additional program data area
Reprogram data computation -

Transfer reprogram data to reprogram
data area

T28-byte
data verification
ompleted?
Ok
Clear PV bit in FLMCRL

—TT—

‘Sequentially write 128-byte data in
additional program data area in RAM to
flash memor

See note 7 regarding pulse width

[ Clear SWE bitin FLMCRL ] [_Clear SWE bitin FLMCRL ]

[ Wait (6) ps J+o[

]*e

End of programming

Programming failure

22.3.6 Flash Memory
Characteristics

Table 22-21 Flash Memory

Characteristics (HD64F2398F20,

HD64F2398TE20)
Table 22-22 Flash Memory

Characteristics (HD64F2398F20T,

HDG64F2398TE20T)

724

Table 22-21 title amended

726

Table 22-22 added
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Table A-6 amended

Page
827

Item

A.5 Bus States during Instruction

Execution
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Iltem Page Revision (See Manual for Details)

G. Product Code Lineup 1014 Table G-2 amended
Table G-2 H8S/2398, H8S/2394,

Product Type Product Code Mark Code Package (Package Code)
H8S/2392, H8S/2390 Group Product H8S/2398 Masked ROM HD6432398  HD6432398TE*!  120-pin TQFP (TFP-120)
Code Lineup HD6432398F*!  128-pin QFP (FP-128B)
F-ZTAT HD64F2398  HD64F2398TE*! 120-pin TQFP (TFP-120)

HD64F2398F*!  128-pin QFP (FP-128B)
HD64F2398TET  120-pin TQFP (TFP-120)
HD64F2398FT  128-pin QFP (FP-128B)

H. Package Dimensions 1015 Figure H-1 replaced

Figure H-1 TFP-120 Package
Dimension
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Section1 Overview

11 Overview

The H85/2357 Group is a series of microcomputers (MCUs: microcomputer units), built around the H8S/2000 CPU,
employing Renesas proprietary architecture, and equipped with peripheral functions on-chip.

The H85/2000 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general registers and a concise,
optimized instruction set designed for high-speed operation, and can address a 16-Mbyte linear address space. The
instruction set is upward-compatible with H8/300 and H8/300H CPU instructions at the object-code level, facilitating
migration from the H8/300, H8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include DMA controller (DMAC) and data transfer
controller (DTC) bus masters, ROM and RAM memory, a 16-hit timer-pulse unit (TPU), programmable pul se generator
(PPG), 8-bit timer, watchdog timer (WDT), serial communication interface (SCI), A/D converter, D/A converter, and |/O
ports.

Single-power-supply flash memory (F-ZTAT*Y), PROM (ZTAT*?), and masked ROM versions are available, providing a
quick and flexible response to conditions from ramp-up through full-scale volume production, even for applications with
frequently changing specifications.

The features of the H8S/2357 Group are shown in table 1-1.

Notes. 1. F-ZTAT isatrademark of Renesas Technology, Corp.
2. ZTAT isaregistered trademark of Renesas Technology, Corp.
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Table1l-1 Overview

Item

Specification

CPU

General-register machine

0 Sixteen 16-bit general registers (also usable as sixteen 8-bit registers
or eight 32-bit registers)

High-speed operation suitable for realtime control

O Maximum clock rate: 20 MHz

0 High-speed arithmetic operations
8/16/32-bit register-register add/subtract: 50 ns
16 x 16-bit register-register multiply: 1000 ns
32 + 16-bit register-register divide: 1000 ns

Instruction set suitable for high-speed operation

O Sixty-five basic instructions

0 8/16/32-bit move/arithmetic and logic instructions

O Unsigned/signed multiply and divide instructions

O Powerful bit-manipulation instructions

CPU operating modes

O Advanced mode: 16-Mbyte address space

Bus controller

Address space divided into 8 areas, with bus specifications settable
independently for each area

Chip select output possible for each area

Choice of 8-bit or 16-bit access space for each area

2-state or 3-state access space can be designated for each area
Number of program wait states can be set for each area

Burst ROM directly connectable

Maximum 8-Mbyte DRAM directly connectable (or use of interval timer
possible)

External bus release function

DMA controller
(DMAC)

Choice of short address mode or full address mode

4 channels in short address mode

2 channels in full address mode

Transfer possible in repeat mode, block transfer mode, etc.
Single address mode transfer possible

Can be activated by internal interrupt

Data transfer
controller (DTC)

Can be activated by internal interrupt or software

Multiple transfers or multiple types of transfer possible for one activation
source

Transfer possible in repeat mode, block transfer mode, etc.
Request can be sent to CPU for interrupt that activated DTC
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Item

Specification

16-bit timer-pulse
unit (TPU)

6-channel 16-bit timer on-chip
Pulse 1/O processing capability for up to 16 pins
Automatic 2-phase encoder count capability

Programmable
pulse generator
(PPG)

Maximum 16-bit pulse output possible with TPU as time base
Output trigger selectable in 4-bit groups

Non-overlap margin can be set

Direct output or inverse output setting possible

8-bit timer
2 channels

8-bit up-counter (external event count capability)
Two time constant registers
Two-channel connection possible

Watchdog timer

Watchdog timer or interval timer selectable

Serial
communication
interface (SCI)
3 channels

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
Smart card interface function

A/D converter

Resolution: 10 bits
Input: 8 channels

High-speed conversion: 6.7 s minimum conversion time
(at 20 MHz operation)

Single or scan mode selectable
Sample and hold circuit

A/D conversion can be activated by external trigger or ti