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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

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

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

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

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

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

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each

other, the description in the body of the manual takes precedence.

1. Handling of Unused Pins

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

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

2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.

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

3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

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

4. Clock Signals

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

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

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type number,

confirm that the change will not lead to problems.

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

This manual comprises the following items:

1. General Precautions on the Handling of Products
2. Configuration of This Manual

3. Preface

4. Main Revisions in This Edition

The history of revisions is a summary of sections that have been revised and sections that have
been added to earlier versions. This does not include all of the revised contents. For details,
confirm by referring to the main description of this manual.

Contents
Overview
Table of Contents

Summary

A A

Description of Functional Modules
e CPU and System-Control Modules
*  On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Features
ii) I/O pins
iii) Description of Registers
iv) Description of Operation

v) Usage: Points for Caution

When designing an application system that includes this LSI, take the points for caution into
account. Each section includes points for caution in relation to the descriptions given, and points
for caution in usage are given, as required, as the final part of each section.

10. List of Registers
11. Electrical Characteristics
12. Appendix

e Product-type codes and external dimensions
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Preface

This LSI is a high-performance microcomputer (MCU) made up of the H§S/2000 CPU with
Renesas’ original architecture as its core, and the peripheral functions required to configure a
system.

The H8S/2000 CPU has an internal 32-bit configuration, sixteen 16-bit general registers, and a
simple and optimized instruction set for high-speed operation. The H8S/2000 CPU can handle a
16-Mbyte linear address space. The instruction set of the H8S/2000 CPU maintains upward
compatibility at the object level with the H8/300 and H8/300H CPUs. This allows the H8/300,
HS8/300L, or H8/300H user to easily utilize the H§S/2000 CPU.

This LSI is equipped with ROM, RAM, a direct memory access controller (DMAC), a bus master
for a data transfer controller (DTC), a 16-bit timer pulse unit (TPU), an 8-bit timer (TMR), a
watchdog timer (WDT), a universal serial bus (USB), two types of serial communication interfaces
(SCIs), an A/D converter, a D/A converter, and I/O ports as on-chip peripheral modules for system
configuration.

A single-power flash memory (F-ZTAT™™) version and masked ROM version are available for
thisLSI’sROM. The F-ZTAT version provides flexibility as it can be reprogrammed in no time to
cope with all 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.

This manual describes this LSI’s hardware.
Note: * F-ZTAT is a trademark of Renesas Technology, Corp.

Target Users: This manual was written for users who will be using the H8S/2215 Group in the
design of application systems. Target users 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/2215 Group to the target users.
Refer to the H8S/2600 Series, H8S/2000 Series Software Manual, for a detailed
description of the instruction set.

Notes on reading this manual:

e In order 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.
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e In order to understand the details of the CPU’s functions
Read the H8S/2600 Series, H8S/2000 Series Software Manual.
e In order to understand the details of a register when its name is known

Read the index that is the final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in appendix A,
I/O Port States in Each Processing State.

Examples:  Register name: The following notation is used for cases when the same or a
similar function, e.g. 16-bit timer pulse unit or serial
communication, is implemented on more than one channel:
XXX_N (XXX is the register name and N is the channel
number)

Bit order: The MSB is on the left and the LSB is on the right.

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

H8S/2215 Group manuals:

Document Title Document No.
H8S/2215 Group Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Software Manual REJ09B0139

User’s manuals for development tools:

Document Title Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor REJ10B0058
Compiler Package V.6.01 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, ADE-702-231
High-performance Debugging Interface Tutorial

High-performance Embedded Workshop (for Windows 95/98 and Windows NT ADE-702-201
4.0) User’'s Manual
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Main Revisions for This Edition

Item Page

Revision (See Manual for Details)

All —

H8S/2215T (HD64F2215R, HD64F2215T) added
HD6432215A deleted

Description and notes amended
(Before) RESERVE — (After) NC

NC (No Connection): This pin should not be connected; it should
be left open.

EMLE pin in H8S/2215R and H8S/2215T.

1.1 Overview 1

Description and note * amended
e Various peripheral functions
— User debug interface (H-UDI)*
Note: * Available only in H8S/2215R and H8S/2215T.

¢ On-chip memory

ROM Part No. ROM RAM Remarks

F-ZTAT Version HD64F2215 256 kbytes 16 kbytes SCI boot version
HD64F2215U 256 kbytes 16 kbytes USB boot version
HD64F2215T 256 kbytes 20 kbytes SCI boot version
HD64F2215TU 256 kbytes 20 kbytes USB boot version
HD64F2215R 256 kbytes 20 kbytes SClI boot version
HD64F2215RU 256 kbytes 20 kbytes USB boot version

1.2 Internal Block 3
Diagram

Figure 1.1 Internal
Block Diagram

Note 2 amended

Note: 2. The H-UDI function and EMLE pin are only provided in
H8S/2215R and H8S/2215T.

1.3 Pin Arrangement 4,5

Figure 1.2 Pin
Arrangement (TFP-120,
TFP-120V)

Figure 1.3 Pin
Arrangement (BP-112,
BP-112V)

Note 2 amended

Note: 2. NC in H8S/2215. EMLE pin in H8S/2215R and
H8S/2215T.
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Item Page

Revision (See Manual for Details)

1.4 Pin Function in 9
Each Operating Mode

Table amended

Pin No. : Pin Name
TFP-120, BP-112,
TFP-120V BP-112V : Mode 7*' PROM Mode
‘e os L PasisckiiRGs NG
94 B9 P36 (PUPD+)* NC
95 — i RESERVE NC
10 Note 3 added

Note: 3. PUPD+ pin in H8S/2215R and H8S/2215T.

1.5 Pin Functions 11

18

Function description amended
Operating mode control

(Before) Set the operating mode. Inputs at these pins cannot be
modified during operation. — (After) Except for mode changing,
be sure to fix the levels of the mode pins (MD2 to MDO) by
pulling them down or pulling them up until the power turns off.

Pins to be connected to the transceiver (ISP1104) manufactured
by NXP.

21

Notes 1 and 2 amended

Notes: 1. Available only in H8S/2215R and H8S/2215T. (NC in
H8S/2215.)

2. Available only in H8S/2215. (EMLE pin in H8S/2215R and
H8S/2215T.)

2.6. Instruction Set 39

Table 2.1 Instruction
Classification

Table 2.1 amended
LDM#*®, SDM*®
Note 5 added

Note: 5. The ER7 register functions as a stack pointer for the
LDM and STM instructions, so it cannot be for saving (STM) or
restoring (LDM) data.

3.1 Operating Mode 63
Selection

Note * amended
Note: * The following applies to the use of mode 7.

Table 3.1 MCU (1) H8S/2215 ...
Operating Mode
Selection (2) H8S/2215R or H8S/2215T
Development work using E6000 emulator: ...
3.3.4 Mode 7 67 Table 3.2 amended
Tab|e 3.2 USB Development Tool H8S/2215 H8S/2215R or H8S/2215T
Support in Mode 7 E6000 x x
E10A-USB —* O
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Item Page Revision (See Manual for Details)
3.3.5 PinFunctions 68 Note 1 amended
Table 3.3 Pin Note: 1. The following applies to the use of mode 7.

Functions in Each
Operating Mode

(1) H8S/2215 ...
(2) H8S/2215R or H8S/2215T
Development work using E6000 emulator: ...

3.4 Memory Mapin 72
Each Operating Mode

Figure 3.4 Memory
Map in Each
Operating Mode for
HD64F2215R,
HD64F2215RU,
HD46F2215T, and
HD64F2215TU

Figure 3.4 title amended

6.9.1 NotesonBus 144
Release

Section 6.9.1 added

8.2.5 DTC Transfer 208
Count Register A
(CRA)

Description amended

... as an 8-bit transfer counter (1 to 256). In block transfer mode,
CRAH holds the block size while CRAL functions as an 8-bit
block size counter (1 to 256). CRAL is decremented by 1 ...

8.2.8 DTC Vector 209

Note * added

Register (DTVECR) R/W
Note: * Only 1 may be written to the SWDTE bit.
8.4 Location of 213 Table 8.2 amended

Register Information
and DTC Vector Table

Table 8.2 Interrupt
Sources, DTC Vector
Addresses, and
Corresponding DTCE

DTC vector address of TXI1 in SIC channel 1 (Before) H'04AB
— (After) H'04AC

9.2.5 Overview 238

Table 9.10 P36 Pin
Function

Table 9.10 amended

P36DDR 0 1

P36 output
(USB D+ pull-up control output
in HD64F2215U, HD64F2215RU, HD64F2215TU)

Pin function P36 input
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Item Page Revision (See Manual for Details)

9.2.5 Overview 239 Note 2 amended

Table 9.11 P35 Pin Note: 2. Note on Development Using the E6000 Emulator
Function The H8S/2215 Group does not have ... characteristics of the
Table 9.12 P34 Pin H8S/2215 Group. If it is necessary to ...

Function

9.13 Handling of 279 Section 9.13 added

Unused Pins

10.3.1 Timer Control 287 CKEG1 and CKEGO description amended

Register (TCR) These bits select the input clock edge. When the internal clock

is counted using both edges, the input clock frequency is halved
(e.g., ¢/4 both edges = ¢/2 rising edge). ... Internal clock edge
selection is valid when the input clock is ¢/4 or slower. If $/1 is
selected for the input clock, this setting is ignored and count at
falling edge of ¢ is selected.

10.8 Usage Notes 346 Figure 10.53 amended
Figure 10.53 TCNT write cycle
Contention between T4 T2 |
TCNT Write and
Overflow : UL
Address X TCNT address X
Write signal l—l TCNT write data
2
TCNT H'FFFF X M
TGFV flag Prohibited—»:_ __________________

1

Description added

Interrupts and Module Stop Mode: ... before entering module
stop mode.

Module Stop Mode Setting: TPU operation can be disabled or
enabled using the module stop control register. The initial
setting is for TPU operation to be halted. Register access is
enabled by clearing module stop mode. For details, refer to
section 22, Power-Down Modes.

11.8.7 Module Stop 366 Section 11.8.7 added
Mode Setting

12.5.6 OVF Flag 377 Section 12.5.6 added
Clearing in Interval

Timer Mode

Rev.7.00 Mar. 27, 2007 Page x of lviii UL CELL S SR L

REJ09B0140-0700
RENESAS



Item Page Revision (See Manual for Details)
13.1 Features 380 Description amended
e Average transfer rate generator (SCI_0):
In H8S/2215 ...
In H8S/2215R and H8S/2215T 921.569 kbps, 720 kbps, ...
13.1.1 Block Diagram 382 Figure 13.2 title amended
Figure 13.2 Block
Diagram of SCI_0
(H8S/2215R and
H8S/2215T)
13.3 Register 384, 385 Description amended
Descriptions e Serial extended mode register A_0 (SEMRA_0)(only for
channel 0 in H8S/2215R and H8S/2215T)
e Serial extended mode register B_0 (SEMRB_0)(only for
channel 0 in H8S/2215R and H8S/2215T)
13.3.7 Serial Status 396 ¢ Normal Serial Communication Interface Mode (When SMIF
Register (SSR) in SCMR is 0)
Note *2 added to TEND description
DTC*
399 e Smart Card Interface Mode (When SMIF in SCMR is 1)
Note *2 added to TEND description
DTC*
13.3.10 Serial 409 Section 13.3.10 title amended
Extended Mode
Register A_0
(SEMRA_0)(Only for
Channel 0 in
H8S/2215R and
H8S/2215T)
13.3.11 Serial 411 Section 13.3.11 title amended
Extended Mode
Register B_0
(SEMRB_0)(Only for
Channel 0 in
H8S/2215R and
H8S/2215T)
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Item Page Revision (See Manual for Details)

13.3.12 Bit Rate 414 Table 13.3 amended
Register (BRR) ]
Operating Frequency ¢ (MHz)
Table 13.3 BRR Bit Rate 2 2.097152 2.4576 3
Settings for Various (bisy n N Emor(%) n N  Emor(%) n N  Emor(%) n N  Error(%)
Bit Rates 300 — — — =TT o 1 o000 — — 7
(Asynchronous Mode)
416 ¢ = 9.8304 to 16 description added to table 13.3
417 Table 13.3 amended
Operating Frequency ¢ (MHz)
Bit Rate 17.2032 18 19.6608 20
(bps) n N  Error (%) n N Error(%) n N Error(%) n N  Error (%)
31250 o 16 120 0o 17 000 o 19 47 0 19 oo0
38400 0 13 0.00 0 14 -2.34 0 15 0.00 0 15 1.73
13.10.7 Module Stop 468 Section 13.10.7 added
Mode Setting
14.1 Features 469 Description amended
e Boundary scan function cannot be performed on the
following pins. ...
— Boundary scan signals: TCK, TDI, TDO, TMS, TRST
— E10A signal (EMLE)
14.3.2 IDCODE 474 Description amended
Register (IDCODE) ... The HDB4F2215 and H8S/2215U output fixed code
H'0002200F, HD6432215A output fixed code H'0003200F,
HD6432215B output fixed code H'001B200F, HD6432215C
output fixed code H'001C200F, HD64F2215R and
HD64F2215RU output fixed code H'08030447, and
HD64F2215T and HD64F2215TU output fixed code
H'08031447, respectively, from the TDO. ...
Table 14.3 IDCODE Table 14.3 amended
Register Configuration Bits 31t028 271012 1Mto1 0
'HDB4F2215RU code 0000 100000000011 0000 01000100011 1
HD64F2215T and 0000 1000 0000 0011 0001 0100 0100 011 1
HD64F2215TU code
Contents Version Part No. Product No. Fixed code
(4 bits) (16 bits) (11 bits) (1 bit)
14.5 Usage Notes 485 Description added

7. If EXTEST, CLAMP, or ... to the designated mode.

8. When using the boundary scan function, leave the EMLE pin
open.
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Item Page

Revision (See Manual for Details)

15.1 Features 488

Description amended

¢ Maximum Configuration, InterfaceNumber, and
AlternateSetting Configuration specifications of this LSI
H8S/2215: Configuration 1 ...
H8S/2215R and H8S/2215T: Configuration 1 ...

e 23 kinds of interrupts (H8S/2215)
e 25 kinds of interrupts (H8S/2215R and H8S/2215T)

Figure 15.1 Block 489
Diagram of USB

Note * amended
Note: * Available only in H8S/2215R and H8S/2215T.

15.2 Input/Output 490
Pins

Table 15.1 Pin
Configuration

Table 15.1 amended
External transceiver connection signals

Signals used to connect with the transceiver (ISP1104)
manufactured by NXP.

15.3.1 USB Endpoint 494
Information Registers

00 0to22_4

(UEPIR00_O to
UEPIR22_4)

e UEPIRNn_0O

Bit Bit Name Initial Value R/W Description

1 pss e RW  Hesp21s T
0 D32 — R/W Interface number to which endpoint belongs (2-bit

configuration, settable values: 0 to 2)
00: Control transfer

00 to 10: Other than Control transfer
H8S/2215R jand H8S/2215T

Interface number to which endpoint belongs (2-bit
configuration, settable values: 0 to 3)

00: Control transfer
00 to 11: Other than Control transfer

15.3.2 USB Control 501
Register (UCTLR)

502

UCKSS3 to UCKSO0 description amended

... 0010 (H8S/2215R and H8S/2215T): Uses a clock (48 MHz)
generated by doubling the 24-MHz system clock by the PLL
circuit. ...

... 0110 (H8S/2215R and H8S/2215T): Uses a clock (48 MHz)
generated by doubling the 24-MHz system clock by the PLL
circuit. ...

... 1001 (H8S/2215R and H8S/2215T): Uses the clock supplied
by the 48-MHz external clock (EXTAL48 pin input) directly. ...

... 1101 (H8S/2215R and H8S/2215T): Uses the USB operating
clock (48 MHz) directly. ...
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Item

Page

Revision (See Manual for Details)

15.3.10 USB

Endpoint Stall Register

1 (UESTL1)

511

SCME description amended

Bit Bit Name Initial Value R/W Description
7 SCME 0 R/W Reserved

The write value should always be 0.
6t03 — All0 R Reserved

These bits are always read as 0 and cannot be
modified.

15.3.28 USB

Interrupt Flag Register

1 (UIFR1) (Only in
H8S/2215R and
H8S/2215T)

520

Section 15.3.28 title amended

15.3.30 USB

Interrupt Flag Register

2 (UIFR2) (Only in
H8S/2215R and
H8S/2215T)

523

Section 15.3.30 title amended

15.3.34 USB
Interrupt Enable
Register 1 (UIER1)
(Only in H8S/2215R
and H8S/2215T)

528

Section 15.3.34 title amended

15.3.36 USB
Interrupt Enable
Register 2 (UIER2)
(Only in H8S/2215R
and H8S/2215T)

529

Section 15.3.36 title amended

15.3.40 USB
Interrupt Select
Register 1 (UISR1)
(Only in H8S/2215R
and H8S/2215T)

531

Section 15.3.40 title amended

15.3.42 USB
Interrupt Select
Register 2 (UISR2)
(Only in H8S/2215R
and H8S/2215T)

532

Section 15.3.42 title amended

15.4 Interrupt
Sources

Table 15.5 SCI
Interrupt Sources

543

Notes 7 and 8 amended

Notes: 7. Available only in H8S/2215R and H8S/2215T. "—" in
H8S/2215.

8. Available only in H8S/2215R and H8S/2215T. Reserved in
H8S/2215.

Rev.7.00 Mar. 27, 2007 Page xiv of lviii UL CELL S SR L

REJ09B0140-0700

RENESAS



Item Page Revision (See Manual for Details)
15.5.11 Stall 571 (2) Forcible Stall by Firmware
Operations

Description amended

... handshake to the host (1-3 in figure 15.23). Once an internal
... be cleared by the firmware, and also for the ...

Figure 15.23 Forcible 572
Stall by Firmware

Figure in (1-4) deleted from figure 15.23

15.7 Endpoint 582 Notes 1 and 2 amended

Configuration Example Notes: 1. H'01 in H8S/2215. H'09 in H8S/2215R and

Table 15.8 Bit Name H8S/2215T.

Modification List 2. Available only in H8S/2215R and H8S/2215T. "—" in
H8S/2215.

15.8 USB External 585, 586 Note 3 amended

Circuit Example Note: 3. In 64F2215, HD64F2215R, HD64F2215T,

Figure 15.30 USB HD6432215A, HD6432215B, HD6432215C, Pxx should be

External Circuit in Bus- assigned to an output port as the D+ pull-up control pin. In

Powered Mode (When 64F2215U, HD64F2215RU, and HD64F2215TU, in which on-

On-Chip Transceiver chip ROM can be programmed by using the USB, ...

Is Used)

Figure 15.31 USB

External Circuit in Self-

Powered Mode (When

On-Chip Transceiver

Is Used)

Figure 15.32 USB 587 Figure 15.32 and note amended

External Circuit in Bus-
Powered Mode (When

External Transceiver Is
Used)

External transceiver
(ISP1104 manufactured by NXP)

Note: 3. In 64F2215, HD64F2215R, HD64F2215T,
HD6432215A, HD6432215B, HD6432215C, Pxx should be
assigned to an output port as the D+ pull-up control pin. In
64F2215U, HD64F2215RU, and HD64F2215TU, in which on-
chip ROM can be programmed by using the USB, ...

Figure 15.33 USB
External Circuit in Self-
Powered Mode (When
External Transceiver Is
Used)

Figure 15.33 and note amended
External transceiver
(ISP1104 manufactured by NXP)

Note: 3. In 64F2215, HD64F2215R, HD64F2215T,
HD6432215A, HD6432215B, HD6432215C, Pxx should be
assigned to an output port as the D+ pull-up control pin. In
64F2215U, HD64F2215RU, and HD64F2215TU, in which on-
chip ROM can be programmed by using the USB, ...
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Item Page Revision (See Manual for Details)
15.9.1 Operating 589 Subheading amended and note added
Frequency e InH8S/2215R and H8S/2215T
Note: On the H8S/2215T, use a 16-MHz or 24-MHz system
clock for the MCU, even if a 48-MHz oscillator or 48-MHz
external clock is used as the USB operation clock.
16.1 Features 599 Description and note * amended
e Conversion time: 8.1 us per channel (at 16-MHz operation),
10.7 ps per channel (at 24-MHz operation)*
Note: * Available only in H8S/2215R and H8S/2215T.
16.5.1 Single Mode 606 Description amended
... 1. A/D conversion is started when the ADST bit is set to 1,
according to software, TPU, or external trigger input. ...
16.8.6 Module Stop 616 Section 16.8.6 added
Mode Setting
17.5 Usage Note 621 Sections 17.5 to 17.5.1 added
17.5.1 Module Stop
Mode Setting
18. RAM 623 Description amended
This LSI has on-chip high-speed static RAM. ...
Table amended
Product Class ROM Type RAM Size RAM Address
H8S/2215 HD64F2215R Flash memory Version 20 kbytes H'FFA000 to H'FFEFBF
Group  HineaFao15RU HFFFFCO to HFFFFFF
HD64F2215T
HD64F2215TU
HD64F2215 16 kbytes H'FFB000 to H'FFEFBF
HD64F2215U HFFFFCO to HFFFFFF
HD6432215A Masked ROM Version
HD6432215B
HD6432215C 8 kbytes H'FFDO000 to H'FFEFBF
H'FFFFCO to H'FFFFFF
19.1 Features 625 Description amended
e Size
Product Category ROM Size ROM Addresses
H8S/2215 Group HD64F2215, HD64F2215U, 256 kbytes H'000000 to H'03FFFF

HD64F2215R, HD64F2215RU,
HD64F2215T, HD64F2215TU

e Two flash memory operating modes

— Boot mode (SCI boot mode: HD64F2215, HD64F2215R,
HD64F2215T, USB boot mode: HD64F2215TU,
HD64F2215RU, HD64F2215TU)

(Modes 6 and 7)
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Revision (See Manual for Details)

19.2 Mode Transitions 627

Figure 19.2 Flash
Memory State
Transitions

Note 3 amended

Note: 3. 10x applies only to the HD64F2215RU and
HD64F2215TU with 24-MHz system clock.

19.6 On-Board 639
Programming Modes

Table 19.3 Setting On-
Board Programming
Modes

19.6.1 SCI Boot Mode
(HDB4F2215,
HD64F2215R,
HD64F2215T)

Table 19.3 replaced

Section 19.6.1 title amended

Table 19.5 System 642
Clock Frequencies for
Which Automatic
Adjustment of LSI Bit

Rate Is Possible

Table 19.5 amended

HD64F2215: 13 to 16 MHz
HD64F2215R: 13 to 24 MHz
HD64F2215T: 16 MHz and 24 MHz

19.6.2 USB Boot 643
Mode (HD64F2215U,
HD64F2215RU, and
HD64F2215TU)

Description amended
e Features
— Selection of ...

— HD64F2215U: Supports only ...

HD64F2215RU and HD64F2215TU: Supports either 16-
MHz or 24-MHz system clock, with USB ...

¢ Notes on USB Boot Mode Execution

— With the HD64F2215, use a 16-MHz system clock and
...With the HD64F2215RU or HD64F2215TU, use a 16-MHz
or 24-MHz system clock and ...

Figure 19.7 System 644
Configuration Diagram
when using USB Boot
Mode

Figure 19.7 amended

1 —=| FWE*

01x —| MD2 to MDO*
or 11x

<—Ti P36
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Section 21 Clock 665
Pulse Generator

Figure 21.1 Block
Diagram of Clock Pulse
Generator

Note * amended
Note: * x2 is available only in H8S/2215R and H8S/2215T.

21.2 System Clock 669
Oscillator

Table 21.1 List of
Suitable Resonators

Description amended

The system clock can be supplied by connecting a crystal or
ceramic resonator, or by input of an external clock. Suitable

resonators differ depending on the product. For details, see

table 21.1.

Table 21.1 added

21.2.2 Connectinga 670
Ceramic Resonator
(H8S/2215T)

Section 21.2.2 added

22.4.3 Setting 689
Oscillation

Stabilization Time

after Clearing

Software Standby

Table and note amended
24 MHz** 20 MHz*'

Notes: 1. Only in H8S/2215R.
2. Only in H8S/2215R and H8S/2215T.

Mode

Table 22.3

Oscillation

Stabilization Time

Settings

25.6 A/D Conversion 776 Table 25.9 amended

Characteristics Condition A and B

Table 25.9 A/D Item Min. Typ. Max. Unit

Conversion Resolution 10 10 10 bits

T Conversion time 8.1 — — us

CharaCte ristics Analog input capacitance — — 20 pF
Permissible signal-source impedance — — 5 kQ
Nonlinearity error — — +6.0 LSB
Offset error — — +4.0 LSB
Full-scale error — — +4.0 LSB
Quantization — — +6.5 LSB
Absolute accuracy — — +8.0 LSB

Section 26 Electrical 781 to 804 Section 26 added

Characteristics
(H8S/2215T)

Appendix B Product 809
Model Lineup

Note deleted

Rev.7.00 Mar. 27, 2007 Page xviii of Iviii

REJ09B0140-0700

. DatasheetdU.com

RENESAS



Rev.7.00 Mar. BRYBOH 4 Ple Khx Y i
REJ09B0140-0700

RENESAS



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

Rev.7.00 Mar. 27, 2007 Page xx of Iviii UL CELL S SR L
REJ09B0140-0700

RENESAS



Contents

SECHON T OVEIVIEW ..o 1
L1 OVEIVIBW ettt ettt ettt et e st e et e st eeab e s bt e sabeesabeesabeesabeesabeenas 1
1.2 Internal Block Diagram...........ccccoooiiiiiriiiiiiiiiiicnececccte e 3
1.3 Pin AITANZEMENT c..oouiiiiiiiiiiieiceieete ettt ettt ettt s et e neene e eaneens 4
1.4 Pin Functions in Each Operating Mode ...........coccoveeriiiiniiniiniiniieeeeesee e 6
1.5 PINFUNCHONS ..ottt s 11
SECION 2 CPU ..o 23
2.1 FRALUTES ..ttt ettt et e s bt e bt e st e e bt e e s abe e bt e sa b e e be e e bt e ebe e e nnaeenaee 23
2.1.1 Differences between H8S/2600 CPU and H8S/2000 CPU ........ccccevvieenieeniuennne 24

2.1.2  Differences from H8/300 CPU..........cccccceririiiniiiiiiiinicieececeecese e 25

2.1.3  Differences from H8/300H CPU..........ccccocoriiimiiiiiiiiniciceciceecene e 25

2.2 CPU Operating MOGES .....cc.eeuiriirieniieniienieeieete ettt ettt ettt st st e e et et eaee e 26
22,1 NOIMAL MOAE ... .eiiiiiiiiiiiiieiiteette ettt ettt sbe e st esbee e 26

2.2.2  AdVanCed MOE ........oovuiiiriiiiiiiieiteee ettt st s 28

2.3 AdAIESS SPACE ...c.eeeniiiniieiieieetee et e e st 30
2.4  Register CONTIGUIATION .....cocuiitiiiirtieitietcee ettt ettt sttt sae et et saee e 31
2.4.1  General REISEIS ..cccueeuiiiiriiniieiieieeeeteete ettt et s 32

2.4.2  Program Counter (PC) .......cocoviiviiiiiiiiinienieieeeec ettt 33

2.4.3 Extended Control Register (EXR) .....cccceiriiiriiiniiiiieeiiienieeeieeeiee e 33

2.44  Condition-Code RegiSter (CCR) ........eevuiiiiiiniiiiiiiiieeniteeee ettt 34

2.4.5 Initial Re@ISter ValUES.....c...coieviiiiiiiiiiieiecit e 35

2.5 Data FOIMALS .....c.coiiiiiiiiriiiiitcieteetee ettt st s 36
2.5.1 General Register Data FOrmats .........cccccooeiiirieniiniiiiinienieeeceieseeeeeee e 36

2.5.2  Memory Data FOrmats ..........ccoceeviiiiiiriiinienieniececce ettt 38

2.0 INSIUCHION SEL...eiiiiiiiiiieiiiiit ettt ettt ettt e s ettt e st e bt e sabe e bt e e sabeesbeeesaneeaee 39
2.6.1 Table of Instructions Classified by Function ...........c...ccccceceviiiiniiniinicneneene. 40

2.6.2  Basic Instruction FOrmats .........cocceiiiiriiiiiiiniiiiiceec ettt 49

2.7  Addressing Modes and Effective Address Calculation ..........coceeeververieneeneenennennieneenne 50
2.7.1  Register DIreCt—RN....cc.cocuiiiiiiiiiiiiiiice e 51

2.7.2  Register IndireCt—@ERN ......c..ccccoiiiiiiiiiiiiiiii e 51

2.7.3  Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn).............. 51

2.7.4  Register Indirect with Post-Increment or Pre-Decrement—@ERn+ or @-ERn.. 51

2.7.5 Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32.......cccccccevvevuvvveeeeeeennn. 51

2.7.6  Immediate—H#xXX:8, #XX:160, OF H#XX:32 oiiiiiiiiiiiiiiieeeeeae, 52

2.7.7 Program-Counter Relative—@(d:8, PC) or @(d:16, PC)....c..ccccevuirvinieniancnnne. 52

2.7.8  Memory Indirect—@ @aa:8 .............cocuerieriinieniiiieic e 53
Rev.7.00 Mar. B#VBbtHaPL S B9

REJ09B0140-0700

RENESAS



2.7.9 Effective Address Calculation ..........coooveviviiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 54

2.8 PrOCESSING STALES......eouiiriieiieiieiieiieettet ettt et see e st sae ettt ennesaeesae e beenneeneeanes 56
2.9 USAZE INNOLES ..ottt ettt ettt ettt et e s s st bt e ae et e e e e ae et e e eanenanes 58
2.9.1 Note on TAS InStruction USAZE ..........cceceerueerierriirierienieneenieeieete et sieenieeieeanens 58
2.9.2  STM/LTM Instruction USAZE.......cccuereereeriieriiniiniieniienieenieeieeeesitesieesieesieenneennens 58
2.9.3 Note on Bit Manipulation INStrucCtions............cocueeeereeneeneenernenienieneeneeneeneen 58
2.9.4  Accessing Registers Containing Write-Only Bits...........cocccoeeviiiiiiiniinicnenn. 60
Section 3 MCU Operating MOAES ........c.ccocuiiriniinininnnnsesessiseessseeesseseens 63
3.1 Operating Mode SEIECHION ......cocueriiriiriiniieiieieee ettt 63
3.2 RegiSter DESCIIPLIONS ..coveeiieiiiiiiiitiiteieeteeteeete ettt et sttt ettt et e e 64
3.2.1 Mode Control Register (MDCR) .......ccoeeviiiiiiiiniinienieieeieeteseeneeie e 64
3.2.2  System Control Register (SYSCR) .....cccooriiiiiiiiiiiiieieieeereeeeeeee e 64
3.3 Operating Mode DESCIIPLONS .....c..cooueiriiiriieiinienientereerie ettt s 66
331 MO 4.ttt ettt sttt 66
332 MOGE 5. e s 66
333 MOGE B 67
3314 MOAE 7. e s 67
3.3.5  Pin FUNCHONS ..ttt ettt 68
3.4  Memory Map in Each Operating Mode ............cccceeeiiiiiiiiiniiniinienieeeeeeereeeeeee e 69
Section 4 Exception Handling ... 73
4.1  Exception Handling Types and Priority .......c..ccccceveriiriinienienenienicnieneencenieeeeee e 73
4.2 Exception Sources and Exception Vector Table.........c..cooeeviiriiniiniinieneeniiniciiceieneee 73
4.3 RESEL ettt ettt ettt e st e bt e s a b e bt e e sabeenbteesabeenaee 75
431 RESEETYPES ..ottt ettt ettt 75
4.3.2 Reset Exception Handling...........c.ccccooiiiiiiiiiiniiniiiicicceeeeeeeece e 76
4.3.3  Interrupts after RESEL.......ccuoviiriiriiiiiiiieieete sttt 78
4.3.4  State of On-Chip Peripheral Modules after Reset Release..........c.ccceceeveenienenne. 78
A4 TTTACES .ttt ettt e et be s e ens 79
4.5 IEEITUPES .ottt et sttt et et e et e b et e n e e nesanesanesaeesaeenae 79
4.6 Trap INSIIUCHION. ....c..eoiiiiiieiieieeeee ettt ettt e s e 80
4.7  Stack Status after Exception Handling.............ccccoeiiiiiiiiiiiiiniinccceeeeeeceees 81
4.8  Notes on Use of the Stack.......cccceviiriiiiiiiniiiiiiiiiieccecee e 82
Section 5 Interrupt CONtrOIIET ..........cooveiiieieiieeee s 83
5.1 FRALUTES ettt ettt bttt b e st st e bt st et sa bt e s abe e st e eaees 83
5.2 Input/OUutpUt PINS .....co.coiiiiiiiiiiiiieiceeeeee ettt s 85
5.3 Register DeSCIIPLIONS ...c..coviiiiiiiiiiiiieieeie ettt st 86
Rev.7.00 Mar. 27, 2007 Page xxii of Iviii UL CELL S SR L
REJ09B0140-0700

RENESAS



5.3.1 Interrupt Priority Registers A to G, I to K, M

(IPRA to IPRG, IPRI to IPRK, IPRM) .....coceririiiiiininininieececienecenec e 87

5.3.2 IRQ Enable Register (IER) .......ccceiriiiiiiiiiiiiiiiieieeec ettt 88

5.3.3 IRQ Sense Control Registers H and L (ISCRH, ISCRL).....c..cccccecerviernienuennene 89

5.3.4  TRQ Status Register (ISR)......cocuiriiriiiiiiiiieiieeeeteteeeeeee e 91

5.4 TIEETITUPE SOUICES ..eouveeniieniieiiieitieitenttent ettt ettt sttt e st et eateebtesbeesbe e bt ebe e beeabesaaesaeenbeenee 92
5.4.1  External INTEITUPLS .....cceeruiiriiiiieiieieniieeeie ettt e 92

5.4.2  Internal INTEITUPLS....c..cocviriiriiiieiieieeeeee ettt 93

5.5 Interrupt Exception Handling Vector Table............ccccociniiiiiiiiiiiniiiiiccceeceee 93
5.6  Interrupt Control Modes and Interrupt Operation ...........c..ceceecverveneeneeneeneenennuenneeneenne 96
5.6.1 Interrupt Control Mode O .......cc.ooiiriiriinieniiiiciientercecetee et 96

5.6.2 Interrupt Control MO 2......cccueeiiriiniiiniieiiiieiie sttt 98

5.6.3 Interrupt Exception Handling SEqQUENCE ...........ccccocueeeiiiiiniiniiniiiieienieneeeene 100

5.6.4 Interrupt ReSponse TIMEeS .........ccceecuieiiirieniienienieeieeee et 101

5.6.5 DTC Activation by INteIrupt..........cccoecieiiiriiiiiinieniiiicieeieeeereeee e 102

5.7 USAZE NNOLES ..cuviiiiiiiiieieeie ettt ettt et ete et st s bt et e bt et sb e e sb e e bt e bt e bt satesbbesbeenbeenueenee 105
5.7.1 Contention between Interrupt Generation and Disabling...........ccccceevevvernennenne 105

5.7.2  Instructions that Disable INterrupts .......c..ccoceereenernieiniiiieniinieceeeeete e 106

5.7.3 Times when Interrupts Are Disabled ..........ccocooieviiiiiiiniiniiieeeeeee, 106

5.7.4  Interrupts during Execution of EEPMOYV Instruction..........c..ccecceevecveriieneeneenne. 106
Section 6 Bus CONtrOIIET............oiiiiiie e 107
0.1 FEALUIES c..cuviiiiiiiceieece ettt st s 107
6.2 INPUt/OULPUL PINS ..ottt st e 109
6.3 Register DeSCIIPLIONS ....c..coouiiiieiiiieiieeeeee ettt ettt 109
6.3.1 Bus Width Control Register (ABWCR).......coociiriiiiiiiiiinicieeeceeeeeeeee 110

6.3.2  Access State Control Register (ASTCR) ......oovuiiiniiiiiiiiiiiiieieeeceeeeeeeeee 111

6.3.3  Wait Control Registers H and L (WCRH, WCRL)......c.cccoceviininniniinienicneene. 112

6.3.4  Bus Control Register H (BCRH).......ccccocieiiiiiiniiiiiiiiiiiiecececeeeeeeene 116

6.3.5 Bus Control Register L (BCRL) ......cccceeiiiiiiiiiiiiieiieiieniencececeeeeseeeeeee 117

6.3.6  Pin Function Control Register (PFCR) .........cocciiiiiiiiiiiiiiiieiceiceeeieeeeee 118

6.4 BUS CONITOL ..ottt ettt ettt e st e et e st e sat e e sabeesateesabeenaee 119
6.4.1  ATEA DIVISIONS teouviiiiiiiiiiiiie ettt ettt ettt ettt esatesbeeesaaeeaee 119

6.4.2  BUS SPECIfiCatIONS...c..eevuiiiiiiiriieiiieriteicee ettt 120

6.4.3  Bus Interface for Each Area.........ccccuecuiniiniinininiiiiieninicccecene e 121

6.4.4  Chip Select SIZNALS .....oouiiriiiiiiiiriertereeeee ettt ettt 122

6.5 Basic TIMING ....oooiiiiiiiiiiiiieit ettt ettt e ne e s s 122
6.5.1 On-Chip Memory (ROM, RAM) Access Timing ..........ccceceeeereenreenreenrenneennenne 123

6.5.2  On-Chip Peripheral Module Access TIming.........c.ccceeeeveeciiecieriieneeneeneeneenneenn. 124

6.5.3 External Address Space Access TIming .......cccccoceeveenirieriienienieneeneneenee e 125

Rev.7.00 Mar. 2¥"8hb 7 AR G- B Wi
REJ09B0140-0700
RENESAS



6.6 BasiC BUS INTEITACE .....cccocuiiiieiiie ettt e e e e e e e e e eereeeenes 125
6.6.1 Data Size and Data AligNment..........c..cceeciiriiiniinienieiieceeeeeeere e 125
60.60.2  Valid StIODES......eieeeiiieiiiie ettt ettt e e e e et e e e ar e e essrraeesntaeeeesnaeesennaeas 126
6.6.3  Basic TIMINZ..c.eoouiiiiiiiiiiiieeeeee ettt ettt et s 127
6.0.4 WALt CONIOL ..eiiiiiiiiieeiiieiieete et ettt ste et e esaeestteesaaeesabeessseessseessseessseesssannnne 136
6.7  BUISt ROM INEEITACE. ......eiiriiiiiiieiieeiieeee ettt et ee et e e re e e et eeteestaeenseesnsneenneas 137
6.7.1  Basic TIMINZ......cccieiiiiiiiiiiieiteee ettt 138
6.7.2 WALt CONLTOL ...uviiiiiiieeiiieeeeitee ettt e ettt e e re e e et e e e esteeeesstaeeesnsseeeenssaeessseeens 139
6.8 TAIE CYCIE ... e s s 140
6.9 BUS REICASE ...cuviiiiieiiieiieee ettt ettt ettt ettt e et e s bt e etae e aaeenaeas 143
6.9.1 Notes on Bus ReICaSE......cccuevviiiiiiiiiieiiieeite ettt 144
6.10  BUS ATDIIIAtION. ..cutiiriiieiiieiieeiie et esteeee et eetee et eeteesbeeebeessbeesaseesnseesnseessseenssesssseenssens 145
6.10.1  OPEIALION ...cueniiiiieiiieiieeieeeee ettt s saeesae e eanens 145
6.10.2 Bus Transfer TImMing ........ccccceeieviiiiiiinieieieeeeeeeeseese e 145
6.10.3 External Bus Release Usage NOte.........cccoveviieiiiiiiiniienieeniiec e 146
6.11 Resets and the Bus CONIOIIET .........coiuvieriieiieeiieerieeie ettt sreeseae e s ae e e 146
Section 7 DMA Controller (DMAQC) .......ooooieeiiieeeeeeeeeeeeeeeeeeeeeeeeeeve s 147
7 T S (SRS 147
7.2 Register ConfIGUIAtION.........cocuiiiirieiieiicieeie ettt ene e 149
7.3 RegiSter DESCIIPLIONS ....c..eeiiiiiiiiiieiieteeee ettt ettt ene s 151
7.3.1 Memory Address Registers (MAR) .....c.ccovieiiiiiniiiienieeiecieteeeeeeeeeeae 151
7.3.2  1/O Address Register (IOAR) ......cooueriiiiiniiiiiiiniecteteeeeec et 151
7.3.3  Execute Transfer Count Register (ETCR) ......cccoooveviiniiniincnniiiiiicnicnieeeeen 152
7.3.4 DMA Control Register (DMACR) ....cccceeoviiiniiiriiiiiieieerieceeeeeeeee e 153
7.3.5 DMA Band Control Register (DMABCR) .......coooiiiiiiiniiiiiienieiieeieeeeeieee 160
7.3.6 DMA Write Enable Register (DMAWER) ........cocciiiiiiiiiiiiiiiiceceeeeee 168
T4 OPCTALION ...ttt ettt ettt ettt b e s bt b e e bt et e et sbtesbe e bt et e bt eabesbaesbeenbeennes 170
T4 1 Transfer MOAES .....ccueeeuiiiiiieiieeiieete ettt ettt steesaeeeteeeteesbeeebeesnbaeesneenns 170
7.4.2  Sequential MOE .......cocueiiiiiiiiiiiiiiteeteteee ettt 171
T.43  TAIE MOGE......uiieeieeiieeiie ettt ettt ettt et et e e te e eb e e s veesabeesabeessbeesnseesabeesnsaennns 174
TA4.4  Repeat MOME......c.oooiiiiiiiiiieiieiceee et e 176
T.4.5  NOIMAL MOAE.....ccccuiiiiiiiiieeeiiie ettt eete e etee e et e e e s taeeessaeeessbaeeesnsseeessseens 179
7.4.6  BIOCK Transfer MOAE .......c.cevvueeeiiiieiiieeiieeie ettt sve s e saeesbeesbeesebeesaaeenee 182
7.477 DMAC ACLIVAION SOUICES .....veiivieeiieeireeieeeireeiieesteeesseeesteeesseesseessseesseesssessnne 187
7.4.8  Basic DMAC BUS CyCIeS......cooiiriiiiiiiiiinieniieiteieee ettt 189
7.49 DMAC Bus Cycles (Dual Address Mode)........ccoceevveeriieeniieniieenieenieenieesieenne 190
7.4.10 DMAC Multi-Channel Operation ............ccceevereeneenieeiieneeneeneeieeieeeeseeseenens 195
7.4.11 Relation between the DMAC, External Bus Requests, and the DTC .................. 196
7.4.12 NMI Interrupts and DMAC .....cccccooiiiiiiiniiiieiinetesteneee et 196
Rev.7.00 Mar. 27, 2007 Page xxiv of lviii UL CELL S SR L
REJ09B0140-0700

RENESAS



7.4.13 Forced Termination of DMAC Operation.........c..ccocceeueeueeienieneeneeneesneenneneennes 197

7.4.14 Clearing Full Address Mode..........ccoocierienienienieiiiccenececeeee e 198
T.5 IIEEITUPES .ottt ettt st et e e e e b e e enesanesanesaeenae 199
7.6 USAZE INOLES ..eneiiiiiieiieieete ettt ettt ettt st sttt ettt et sb e sb e e bt e bt e bt eabesbbesbeenbeenaeenne 200
7.6.1 = DMAC Register Access during OPeration........c..coveevuereerienieneenieenensienseeneennes 200
T.6.2  IMOAULE STOP...couiiiiiiiieiienitentet ettt ettt sttt et s ae 201
7.6.3  Medium-Speed MOde.........cccooiiiiiiieiiiieieeeece e e 201
7.6.4  Activation SOUICe ACCEPLANCE .......cc.eevueereeierreriienieere et eeesie e ene e saee e 202
7.6.5 Internal Interrupt after End of Transfer.........c..ccoccooiiiiiiiniiniininiiiicneeeee, 202
7.6.6  Channel Re-Setting ........ccc.eevuiriiriinieiieienie sttt ettt 202
Section 8 Data Transfer Controller (DTC).........cocooooeiiiieiiiieieeeeeeeeeeeeeeees 203
Bl FRALUTES ..ottt ettt ettt st ettt st e sttt e st e e st e eaees 203
8.2 RegiSter DESCIIPLIONS ...c..eovieiiiiiiiiiiieiiete ettt et et st 205
8.2.1 DTC Mode Register A (MRA) .....ccooviiriniinininietetenestese ettt 206
8.2.2 DTC Mode Register B (IMRB).....c.cccoceiriiniiiiiiinieiieneecceececete et 207
8.2.3 DTC Source Address Register (SAR) .....ccoceeviiiiiriinieniiniieiceeestenceeeceene 207
8.2.4 DTC Destination Address Register (DAR) ......ccccevieviriiniiiniiniiniiiceiccieeeen 207
8.2.5 DTC Transfer Count Register A (CRA) .....ooviiiiiiiiiiiiieieeeeeeeeeeee e 208
8.2.6 DTC Transfer Count Register B (CRB).......cocuiiriiiiiiiiiiiiiiieeceececeeee 208
8.2.7 DTC Enable Registers (DTCERA to DTCERF).......ccccecevviririenienininincneneenee. 208
8.2.8 DTC Vector Register (DTVECR).....cccoceviiriiniiiiiiciieneceeceieeteeeeseeeeee 209
8.3 ACHIVALION SOUICES ...eeuviviiiiieiieiietiteste ettt sttt st e 210
8.4  Location of Register Information and DTC Vector Table ...........ccccceevenieninncnicnnennene. 211
8.5 OPEIALION. ...ttt sttt et 214
8.5.1  NOIMAl MOE......eiiiiiiiiiiiiiiie ettt et st 216
8.5.2  RePeAt MOMEL .....cueiiiiiiiiiiiice e 217
8.5.3  Block Transfer MOde ..........cccooieiiiiiiiiniiiiiiiiciciecec e 218
8.5.4  Chain Transfer ........ccooiiiniiiiiiiciceee s 219
8.5.5  IMEITUPLS c..eentiiniieiiieiteeit ettt ettt st bt e b et e sane s 220
8.5.6  Operation TIMING......cccceeviiriirieniiiieiieeeeeeee et sttt 220
8.5.7 Number of DTC EXECution States...........cceceerrvieeiiiriiieniieniiieerieeeieeesieesieeesiee e 221
8.6 Procedures for Using DTC......c...ccooiiiiiiiiiiiiiieietcecie e 223
8.6.1  Activation by INeIrupt......c.cccoiiriiiiiiiiiiinieetececec e 223
8.6.2  Activation by SOFtWATIE .....ccceeiiiriiiiiiiiieeieeeeee e 223
8.7  Examples of Use 0f the DTC ......cccoviiiiiiiiiinienieitceeece et 224
8.7.1  NOIMAl MOE......coiiiiiiiiiiiiiiie ettt ettt e e 224
8.7.2  Software ACHVAON ...cccueiiiiiiiiiiiieeite ettt ettt st 224
8.8 USAZE INOLES ..ot st et e et 225
8.8.1  MOAUIE SEOP..cuiiiiiiiiiiiieiteeeeee ettt 225

Rev.7.00 Mar. 2¥80a9 9paEE LN bl
REJ09B0140-0700
RENESAS



8.8.2  ON-Chip RAM ..ottt st sae e e ens 225
8.8.3  DTCE Bit SELUNZ.....eectieiieieeieiieriieie et ete st et eteetesee st eteesesnaesseesseenseensesneenes 225
8.8.4 DMAC Transfer End INterrupt............coceevuieiiiiiiniinienieiieieeiecee e 225
SECtION 9 T/ POTLS ..o 227
L2 B o0’ y A TP 231
9.1.1 Port 1 Data Direction Register (PIDDR)..........ccocoeiriiiriiiniiinienieenieenieeeieee 231
9.1.2 Port 1 Data Register (PIDR).....cccceiiiiiiiiiiiiiiiieie ettt 232
9.1.3  Port 1 Register (PORT L) .c...ooiiiiiiiiiiiniiieeeteeec ettt 232
9.1.4  Pin FUNCHONS ..eovviiiiiieeiie ittt ettt ettt e et e e treesaaeesaeeesaneessseenaneens 233
0.2 POTE 3ottt ettt et et e e et b e et e e bt e e tt e e bt eenbee e bt e eteeetaeetaeeaaeenaeas 236
9.2.1 Port 3 Data Direction Register (P3DDR)........cccccevuiriiniiniiniiniiiiinicncercecene 236
9.2.2  Port 3 Data Register (P3DR).....ccceeiiiiiiiiiiiiiiiieiiceteeec ettt 237
9.2.3  Port 3 Register (PORT3).....ooiiiiiiiiiiiiiteeeeeeete ettt 237
9.2.4  Port 3 Open-Drain Control Register (P3ODR) .......cccccoceniinieniiiiiiiniiicienene 238
9.2.5  PiN FUNCHONS ..eoitiiiiieeiie ettt ettt et e saae et e e saneessseenanee e 238
LS T o0 § A ST ORI 241
9.3.1  Port 4 Register (PORT4)...c..cooiiiiiiiiiiienieiteiteeee ettt 241
0.3.2  Pil FUNCHOMN .....oiiiiiiiie ettt et e et e e e e e e snta e e e sntaeeesnssaeesnnneas 241
04 POTT T oottt ettt ettt e sttt e et e e ta e e tb e e bae e baeeaa e e tbeebae e baeatteebaeentaeeraeenneas 242
9.4.1 Port 7 Data Direction Register (P7TDDR)......c.c.cooviiiiiiriiiniiiiniiinieeiieeeieeeieee 242
9.4.2  Port 7 Data Register (P7DR).....cccccoceeviiiiiiiinieieieicee et 242
9.43  Port 7 Register (PORT7)...cccceriiriiiiiiiiiieniteiteteeee sttt 243
9.4.4  Pin FUNCHONS ..eovuviiiiieeiie ittt ettt ettt ettt e etee e teeesaaeesaeeesaneessseensneens 243
0.5 PO ettt et e et e e ba e e aa e e tbeebae e bae e bteebaeebeeeraeenteas 245
9.5.1 Port 9 Register (PORTO).....cooiiiiiiiiiiiieeeeeeteee ettt 245
0.5.2  Pil FUNCHOMN .....oiiiiiiie ettt ettt e e e e e e e esser e e e sntaeeeenssaeessnneas 245
0.0 POTT A ittt ettt ettt ettt e et e et e e bbe e te e e bt e ebeeebbeebeestaeetaeeaaeenteas 246
9.6.1 Port A Data Direction Register (PADDR) .......cc.coocevviiiiiniineiniiiiiicnceneeeeene 246
9.6.2 Port A Data Register (PADR).......cocceviiiiiiiniiiieeceecceeeeeceae 247
9.6.3  Port A RegiSter (PORTA) ....cocuiiiiiiiiiiiteeieeeteeee ettt s 247
9.6.4 Port A MOS Pull-Up Control Register (PAPCR) .......ccc.ccccoiiniiiiiiiniieienne 248
9.6.5 Port A Open Drain Control Register (PAODR)..........ccccociniiniiiiniiniiicienene 248
9.6.6  Pin FUNCLIONS ..eocuviiiiiieeiieiiieeiee ettt ettt sttt e e saaeesabeenaneessseenaneees 249
9.6.7  Port A Input Pull-Up MOS FUNCHON ......eovuieiiniiiniiiniieniienieeieeiceteeteneeeeieeeae 251
O.T  POTE B oottt ettt sttt e et et b e et e e b e etae e baeentaeeaaeenneas 251
9.7.1 Port B Data Direction Register (PBDDR) ........ccccceiiiiniiiniiiiiiiiciieeeeeeee 252
9.7.2  Port B Data Register (PBDR) .......ccociiiiiiiiiiiiiiieiiieectceteete et 252
9.7.3  Port B Register (PORTB) ....cc..ooiiiiiiiiiiiiiieteeeeeeeeeeteeee et 253
9.7.4  Port B MOS Pull-Up Control Register (PBPCR) .......c..ccocceviininiiniiniinicieene 253
Rev.7.00 Mar. 27, 2007 Page xxvi of lviii UL CELL S SR L
REJ09B0140-0700

RENESAS



9.7.6  Port B Input Pull-Up MOS FUNCtion ........c..cccceerieviiiiiniiniinieieieereeeeseeneee 256
2R S oo A SRR 256
9.8.1 Port C Data Direction Register (PCDDR).........cccceveiviiniiniiniinieiecenieneeneee 257
9.8.2  Port C Data Register (PCDR) ........ccceeiiiiiiiiiiiiiieneeiceieeteetesteieeeee e e 257
9.8.3  Port C Register (PORTC) .....cooiiiiiiiiiiiiiiiieitcieecet ettt 258
9.8.4  Port C Pull-Up MOS Control Register (PCPCR).........cccceccerieriininiiniiieneene. 258
0.8.5  Pin FUNCHONS .....uviiieiiiie ittt et e e e e tae e e et e e esssaeeessnseasansseeeennes 259
9.8.6  Port C Input Pull-Up MOS FUNCtion ........c.ccccceevieiiiiiiiiiniinieieiecreeeeeee e 261
0.9 POIT D ettt ettt ettt et st e e 261
9.9.1 Port D Data Direction Register (PDDDR) ........c..ccocceviiviiniiniiniiiinienieneeneene, 262
9.9.2  Port D Data Register (PDDR) ........cccccoiiniiiiiiiiiiniiciieeceeeeeeeseeeee 262
9.9.3  Port D Register (PORTD) ....ccocuiiiiiiiiiiiiieieeiieeee ettt 263
9.9.4  Port D Pull-Up MOS Control Register (PDPCR) .........cccccceeviiniiiiniiniinieneenne. 263
9.9.5  Pin FUNCHONS .....vviiieiiiieciiee ettt eetee ettt e et e e e etre e e st e e esssaeeessnseesansseeennnes 264
9.9.6  Port D Input Pull-Up MOS FUNCHON ....c.eeriieiiiiiiiiiieiieniceieeieeteeeeeesee e 265
0.10 POITE oottt ettt b et be e bt e b ettt saee e 266
9.10.1 Port E Data Direction Register (PEDDR) ........ccccovveiniiiiiniiniiniiiecniceeeneee 266
9.10.2 Port E Data Register (PEDR).....c...cooiiiiiiiiiiiiiieieeieeeeeeeeeete e 267
9.10.3 Port E Register (PORTE) ........ccooiiiiieiieeee ettt 267
9.10.4 Port E Pull-Up MOS Control Register (PEPCR) ..........cccccccoeviiiiiiiiiniinenene. 268
9.10.5  Pin FUNCHON ....ouiiiiiiiiiiiiiieteetetee ettt s 268
9.10.6 Port E Input Pull-Up MOS State........ccceeveemirriiniinienieeieeieeieneesieeeeee e 271
0,11 POIT Flae ettt ettt et st bee bt e bt e bt eaaesatesaee e 272
9.11.1 Port F Data Direction Register (PFDDR) ..........coooiiiiiiiiiiiiiieiiceeeeceeee 272
9.11.2 Port F Data Register (PFDR) ........ccoiiiiiiiiiiiiiieeeteeeeteeee e 273
9.11.3 Port F Register (PORTE) .......oocuiiiiiieieeee ettt 273
9.11.4 Pin FUNCHONS ..o.ueiiiiiiiiiiiiiieetesiteeeee ettt sttt 274
012 POIT Gttt ettt sttt ettt e b bbbt e bt e bt et st saee e 276
9.12.1 Port G Data Direction Register (PGDDR) ........c.ccoocceviiviiniiniiniiiinienieneeeee 276
9.12.2 Port G Data Register (PGDR) ........coovuiiiiiiiiiiiiiiiieecteteeee e 277
9.12.3 Port G Register (PORTG) ......oeuiieiiiieiieieee ettt 277
0.12.4 Pin FUNCHONS ....uvviiieiiiieciieeeeiie ettt et ee e et eeeaeeeessaeeesseseeeesssaeessnnseesasseesnnnes 278
9.13  Handling of Unused PinS .........cccceviiiiiiiiiiiniiiiiieeteeetestesiteeete ettt 279
Section 10 16-Bit Timer Pulse Unit (TPU)........ccccooveiviiiiiiieeceeeceeeeees 281
D L0 B Y 1 1 TSP 281
10.2  Input/Output PinS ...c..ooiiiiiiiiiiiiicieeeeeeee et 285
10.3  RegiSter DESCIIPLIONS ....couvieuiiriieiieiieieeteetest ettt ettt et esneeneene e 286
10.3.1 Timer Control Register (TCR) ......ccceriirienieniiiiieiie e 287

Rev.7.00 Mar. 2 #7837 S BEEEH Y
REJ09B0140-0700
RENESAS



10.3.2 Timer Mode Register (TMDR) ....c.c.cooiiiiiiiiiiiiieiiceieete e 291

10.3.3 Timer I/O Control Register (TIOR) .......cocoueiriiiniiiniiiiieiceieeeceteeec e 293
10.3.4 Timer Interrupt Enable Register (TIER).........cccccociiiiiiiiiiiiiiiiiicecieeieeee 302
10.3.5 Timer Status Register (TSR)....ccoveriiiiiiiiniiiiieieeeeeeeete e 304
10.3.6  Timer Counter (TCNT) ....cccoiiiieeiiee et et e e e e et eaaeeas 307
10.3.7 Timer General Register (TGR) .......ccoceviiiiiniiiiniiiieneeeeeeeeeeeeeeeee 307
10.3.8 Timer Start Register (TSTR) ...cociiiiiiiiiiiiiiieieenteeee e 307
10.3.9 Timer Synchro Register (TSYR) .....cccooiiiiiiiiiiiiceeeeeeeen 308
10.4  Interface to Bus IMAStET .....ccouiiriiiiiieniiertteeieeetee ettt sttt ettt et et e e e 309
10.4. 1 16-Bit REZISELS ...eevviiieiiiiieieiieitesitest ettt st 309
10.4.2  8-Bit REZISIETS ..ccuveruiiriieiiiiieieeieete ettt sttt 309
10.5  OPCIALION ..ottt ettt ettt ettt ettt sbt e bt e sbe e bt et saeesbe et e et e eabesenesbaenbeennes 311
10.5.1 Basic FUNCHONS ...cccuutiiiiiiieiiiteieetete ettt sttt st 311
10.5.2 Synchronous OPEration............ccceecueeeereeniienieeiienrenreneeseesreeneeneeeeereesieesneennens 317
10.5.3 Buffer Operation .......c..ccoceeiieiieniieiiiiiieicieeeeeere et 318
10.5:4 PWM MOGES ....cviiuiiuiiiieiieieieniieieet ettt ettt s s 322
10.5.5 Phase Counting MOdE..........cocueriiriiniiniiiiieieeieeteste sttt st 326
106 TNEETTUPES ..ottt ettt ettt ettt ettt sb e bt et et satesatesbe e bt et e eatesbbesbeenbeenbeenees 331
10.6.1 Interrupt Source and Priority ...........ccccoooerieiiiiiiiniiinienieneeece e 331
10.6.2 DTC ACHVALON.c..cuitiiiriieieeieeitetetente sttt ettt sttt sttt et sae et sae e eaeenees 332
10.6.3 DMAC ACHVALION. ..c..eiuiriieiieiieieiintententeeie ettt st sttt ete b et besae b enees 332
10.6.4  A/D Converter ACtIVALION.........ceeeieiiriiniiniiniieieieietesiene st 332
10.7  Operation TIMINZ. ....ccc.cecveriiriinieiieeie ettt ettt ettt sttt ettt sanesbeesbeenaes 333
10.7.1 Input/Output TIMING .c..eevvverieerieiiieiieieeitenteeieee ettt 333
10.7.2 Interrupt Signal TImMiNg........ccccoieiiiiiiiiiiniiiceeece e 337
10.8  USAZE NOLES ....eenieiiieiieeiieeiieeee ettt ettt ettt et e s st st e a e esn e s saeeteenneeanesanes 340
Section 11 8-Bit Timers (TMR) ........cccocouviiiiiieiiceeeeeeee e 347
T1T FRAMUIES ..ottt s s et sa e saeeneas 347
11.2  INpUt/OULPUL PINS ..oeiiiiiiiiiiiieeietest ettt st s 349
11.3  RegiSter DESCIIPLIONS ...c.eevuiiriiiiieiieii ettt ettt e 349
11.3.1 Timer Counters (TCNT) ...cccuiiiieiiieeeiie ettt e e ere e e eeaeeas 349
11.3.2 Time Constant Registers A (TCORA) .....cc.covviiiiiiiiiiiiiiieeeeeee e 350
11.3.3 Time Constant Registers B (TCORB) .....cc.cccceeviiriiniiniiniiniicciceiceeeesieeen 350
11.3.4 Time Control Registers (TCR).......cccocviviimiiiiiiinienienieeecececeteeeeeieee 351
11.3.5 Timer Control/Status Registers (TCSR) ......cccevirviiieniiniiniiiiiciceeceeee 352
L1.4  OPETALION ...ttt ettt s sttt st e st e e e e e sanesaeennee 354
11.4.1 PulSE OULPUL......eoiieiiiiiiiieiieicete ettt e e st 354
11.5 Operation TIMING.........cccceiiiiiiiiiiiiiii ettt 355
11.5.1 TCNT Incrementation Timing .........ccceecverierieneenennenieieeneeneeieeie e 355
Rev.7.00 Mar. 27, 2007 Page xxviii of Iviii UL CELL S SR L
REJ09B0140-0700

RENESAS



11.5.2 Setting of Compare Match Flags CMFA and CMFB............c.ccccccoiiniininninne 356

11.5.3 Timer Output TIMING .....cccoooiiiiiiiiiiiiiieiiereeee et 356
11.5.4 Timing of Compare Match Clear............ccocevieiiiiiiiiiiiiniccece e 357
11.5.5 Timing of TCNT External Reset..........ccccerieriiniiniiiiiiiiiniieeeiceiceesee e 357
11.5.6  Timing of Overflow Flag (OVF) Setting .........cccccevvierienieienieniineeneeeeie e 358
11.6 Operation with Cascaded CONNECHION ......ccoueriiriirieniieiieieeteeitesiterteete et siee e eas 359
11.6.1  16-Bit Counter MOE ......cc.eeiriiiriiiiiienieeeiteeiee ettt ettt saee e 359
11.6.2 Compare Match Count Mode............cocuevienienieiiiiiiiiiiicceeee e 359
L1077 IEEITUPES oottt e e st et s e e e e eenesanesaeesaeenne 360
11.7.1 Interrupt Sources and DTC ACtVALION .....ccceoierieneeniiiiinienienieeeeeee e 360
11.7.2  A/D Converter ACtIVAtION.......cccveeieiiiieniiniiiiieeeeeeesie et 361
T1.8  TUSAZE NNOLES ..ottt ettt ettt ettt et ettt et ettt sat e sbt e bt e b e et e sbnesbaenbeenbeenne 361
11.8.1 Contention between TCNT Write and Clear..........cceeveereeinieenieenieenieenieeseeens 361
11.8.2 Contention between TCNT Write and Increment ............ccoceeeveeniieinieineeeneennns 362
11.8.3 Contention between TCOR Write and Compare Match ............cccceeeeiiniinnne. 363
11.8.4 Contention between Compare Matches A and B ...........ccocevieiiiiiniinicnicneene. 364
11.8.5 Switching of Internal Clocks and TCNT Operation............ccoceeeeeveenierruenueneenne 364
11.8.6 Mode Setting with Cascaded CONNECLION ..........ccoovevvieiierieiieieieiee e 366
11.8.7 Module Stop Mode SEtting ........c..cccceevuieiiriiirienienieiieie e 366
Section 12 Watchdog Timer (WDT) ... 367
12,1 FEAIUIES ...oviiieiiiiie ettt s bt st e b e 367
12.2  RegiSter DESCIIPHIONS ..veeuviuiiiiiiiiiieieeiteeite sttt ettt sttt et et s e s e sbeesbeeaeeaeesaeenae 368
12.2.1 Timer Counter (TCNT) .....ooiiiiiiieeiee ettt ettt e e e e e eveeeeeaans 368
12.2.2 Timer Control/Status Register (TCSR) ......ccccovviiiriiiiiiiniiiieeieeeeeeceeeeeeee 368
12.2.3 Reset Control/Status Register (RSTCSR) .....coccuiiviiiiiiiiiiiiiiiieeieceeeeieeeeee 370
12.3 OPCTALION. ...ttt ettt et et e st s ae sttt een e eane s e s b e e seenneeanesanesaeenne 371
12.3.1 Watchdog Timer MOde.........cooueeiiiiiniiniieiieieeieee ettt 371
12.3.2 Timing of Setting of Watchdog Timer Overflow Flag (WOVF) ........ccccceeueneene 372
12.3.3 Interval Timer MOdE .........ccccoiiiriiiiiiiiiiniiceeeecee e 373
12.3.4 Timing of Setting of Overflow Flag (OVF) .......cccociiiiiiiiiiicccccee 373
1204 TIEETTUPES ..ottt ettt ettt e e st st a et e e s e ae e b e e eanesanesanesaeenne 374
12,5 USAZE NOLES ..ottt ettt ettt et sttt et e e s e e esanesanesaeenneenne 374
12.5.1 Notes 0n ReZISIEI ACCESS...c..uertieriiiiirierieiieriterieenie ettt ettt 374
12.5.2 Contention between Timer Counter (TCNT) Write and Increment ..................... 376
12.5.3 Changing Value of CKS2 t0 CKSO0.......ccceiiimiiiiiiiiiiiiieieeceeeeeneeseeeee 376
12.5.4 Switching between Watchdog Timer Mode and Interval Timer Mode................ 376
12.5.5 Internal Reset in Watchdog Timer Mode..........ccccocerviriiniiniiniiiinieiceeeee 377
12.5.6 OVF Flag Clearing in Interval Timer Mode .........c..cccccocieiiniiniinieniencccene 377

Rev.7.00 Mar. 27 #h A BuFLEh- bYW
REJ09B0140-0700
RENESAS



Section 13  Serial Communication INtEIrface ........oooeoveeeeeeeeeeeeeeeeeeeeeeeeeeeeens 379

1301 FEATUTES ..ottt ettt et e sbt e b e e sbe e e sbb e e bt e e sbbeebeeesbbeebeeebneenane 379
13.1.1 BIOCK DIagram......cccocoieiiiiiiieiiiiiiieieeeecteete ettt 381
13.2  INPUE/OULPUL PINS ..ottt st st s 384
13.3  RegiSter DeSCIIPHIONS ...ccuviitieiiiiieieeie ettt sttt et sttt et e e aee 384
13.3.1 Receive Shift Register (RSR) ...c..cooiiiiiiiniiiiiiienieeceeeeeee 385
13.3.2 Receive Data Register (RDR) ......ccooiiriiiiiiiiiiiiiiiiieeeeeeeeeee e 385
13.3.3 Transmit Data Register (TDR).....cccccceeiiiriiiniiiiiiiiieeieeeeeeeee e 385
13.3.4 Transmit Shift Register (TSR) ..ccceoviiiiiiiiiiiiiiecceee e 385
13.3.5 Serial Mode Register (SMR) ....c..cooeiiiiiiniiniiieienietereeeee e 386
13.3.6 Serial Control Register (SCR)......cccccoiiriiniiiniiiienieiiestereereeeete et 390
13.3.7 Serial Status Register (SSR) ..c..oouiiiiiiiiiiiiiieiieeeecceeeeeeeese e 394
13.3.8 Smart Card Mode Register (SCMR) ......cccceiviiiiiiiniiiiiiiicieeeceeeeec e 400
13.3.9 Serial Extended Mode Register (SEMR) (Only for Channel 0 in H8S/2215)...... 401
13.3.10 Serial Extended Mode Register A_0
(SEMRA_O0) (Only for Channel 0 in H8S/2215R and H8S/2215T) ....cccccevueneee 409
13.3.11 Serial Extended Mode Register B_0 (SEMRB_0)
Only for Channel 0 in H8S/2215R and H8S/2215T) .cccveevvevvenniiiiiniinieieeiceene 411
13.3.12 Bit Rate Register (BRR) .....ccccociiiiiiiiiniieniieiccescerceeeeceeeeseee e 413
13.4 Operation in ASynchronous Mode ..........c..cccuieciiriiniinienieniee e 421
13.4.1 Data Transfer FOrmat...........cccoviiiiiiiiniiiiiiiieieetceeete et 422
13.4.2 Receive Data Sampling Timing and Reception Margin in Asynchronous
MO ...ttt e s 423
13.4.3  CIOCK . ..cuiiiiiiiiritceeceete et s s 424
13.4.4 SCI Initialization (Asynchronous Mode)........cc.ccceevueerriiirneiiniiennieenieeieeeeeee 425
13.4.5 Data Transmission (Asynchronous Mode)...........cceveerriieeniiinienneeiniennieenieee. 426
13.4.6 Serial Data Reception (Asynchronous Mode).........c..ccccceeeeviiricniiinieneencenieenen. 428
13.5 Multiprocessor Communication FUNCHON............cceeviiniiiniiiiiniiniiieeiceeeeeeee e 432
13.5.1 Multiprocessor Serial Data TransSmiSSiOn ........c.ccoceereerieerierieneeneenieeienreneennees 433
13.5.2 Multiprocessor Serial Data ReCEPtion .........ccccceveriiriiniiniiiiiiniiieieeesvesieeen 435
13.6 Operation in Clocked Synchronous Mode .............cccoeeieriiniiiniiiiniiniciceeeceeee e 438
13.0.1  CIOCK . ..cutiiiiiieieieitetet ettt sttt sb ettt sbe et be st s enaen 438
13.6.2 SCI Initialization (Clocked Synchronous Mode)..........cceecueerueenieerieenieenneennne. 439
13.6.3 Serial Data Transmission (Clocked Synchronous Mode) ..........c.ccceceeveenieeniennnen. 439
13.6.4 Serial Data Reception (Clocked Synchronous Mode)...........ccecereenieneeniceniennnen. 442
13.6.5 Simultaneous Serial Data Transmission and Reception
(Clocked Synchronous MOde) .........c.eeeueerviieriiiiniiieniiee ettt 443
13.7 Operation in Smart Card INterface ............cccocvevieiiieiiiiiiiiniic e 445
13.7.1 Pin Connection EXample..........cccccociiiiniiniiiiiiiiieiieicneecce e 445
13.7.2 Data Format (Except for Block Transfer Mode).........c..ccoceeververniinienieneeneennen. 446
Rev.7.00 Mar. 27, 2007 Page xxx of Iviii UL CELL S SR L
REJ09B0140-0700

RENESAS



13.7.3 CLOCK ..ot 447

13.7.4 Block Transfer MOAE .........coovieiiiiiiiiiiiieiieenieeeeeeee sttt 447
13.7.5 Receive Data Sampling Timing and Reception Margin...........cc.ccceecveeveneenneenne. 448
13.7.6  INItIAlIZAtION ....veeuiiniiiiiiiieicicceeee et 449
13.7.7  Serial Data Transmission (Except for Block Transfer Mode).........ccccceeueruennnenne. 450
13.7.8 Serial Data Reception (Except for Block Transfer Mode) ..........cccccevevncricnncnne. 453
13.7.9 Clock Output CONIOL........cocuiiiiriiiiinieiieitecere e e 455
13.8  SCI Select FUNCHON .....eeiiiiiiiiiiiieiieeee ettt sttt ettt sttt s esaree e 457
13.9 INEEITUPLS ..ottt e s st a et et et e e s s e e e eanesanesaeesaeenne 459
13.9.1 Interrupts in Normal Serial Communication Interface Mode..........cccccecuerueneenne. 459
13.9.2 Interrupts in Smart Card Interface Mode .........cooceeverviiriiniinieninienienieneeneene 461
13,10 USAZE NOLES ...eneeeniienieeieeiie ettt ettt ettt ettt et st st esbeesbe et satesbee bt et e eabesanesbaenbeenbeenne 462
13.10.1 Break Detection and Processing (Asynchronous Mode Only)........c..cccceeeeneenee. 462
13.10.2 Mark State and Break Detection (Asynchronous Mode Only) ..........ccccceeueeneenee. 462
13.10.3 Receive Error Flags and Transmit Operations
(Clocked Synchronous Mode Only)......c.cccoeereeneriiiienienieneeneeieeieeie e 462
13.10.4 Restrictions on Use of DMAC or DTC......c..cccooiiiiiiiiininiiicicieicceeeeeee 462
13.10.5 Operation in Case of Mode Transition..........c.ccceceereerieeniiniienieneeneenenrenee e 463
13.10.6 Switching from SCK Pin Function to Port Pin Function .............cc.cccccecenienenne. 467
13.10.7 Module Stop Mode SEtting ........c...ccceevueeieriierieneenieiiereereereseese e e 468
Section 14 Boundary Scan FUNCHON .........cocoviiiniininieene 469
T4 FEAIUIES ...oueiieiiiiieeeeceee ettt st s bt st sae b 469
14.2  Pin ConfigUuration..........cocuereerieniieiinieeienieeneete sttt sttt ettt sbe et et et saaesaeesbee e enee 471
14.3  RegiSter DESCIIPLIONS ....couviiuiiriiiiiiiieieeteeeeseesie ettt et eneene e 472
14.3.1 Instruction Register (INSTR)....ccccceiiiiiriiiiiiiniiiiiteeiee ettt 472
14.3.2 IDCODE Register (IDCODE)........cccccccevimimimirieienienenienienieeitereneesre e 474
14.3.3 BYPASS Register (BYPASS) ..ot 474
14.3.4 Boundary Scan Register (BSCANR) ....c.ccooiiriimiiniiiiiiiiieceececee e 475
14.4 Boundary Scan Function OPeration .............coceeveererrieiiinienienieieeieeie e see e sieeneeeeeeas 483
14.4.1 TAP CONLIOIIET.....coiiuiiiiiiiiii ettt ettt ettt s e aee e 483
145 USAZE NOLES ...ceeveniieniieieeie ettt ettt ettt st a e et et s e et e s e sanesanesaeenneenne 484
Section 15 Universal Serial Bus Interface (USB) .......cccoovieviieciieiceee 487
15,1 FEAMUIES ...oviiiiiiiiieeeeeeee et st s bt st b e 487
152 INPUU/OULPUL PINS ..ottt s st 490
15.3  RegiSter DESCIIPLIONS ....couvieuiiriiiiiiiieieeteeeest ettt ettt et ene e s 491
15.3.1 USB Endpoint Information Registers 00_0 to 22_4
(UEPIROO0_O to UEPIR22_4)....ccuiiiiiiiiieniinienieeiteeetctestesie ettt 493
15.3.2 USB Control Register (UCTLR).......cccueiotiriiriineiienieetenteieeieeieere e 500

Rev.7.00 Mar. 27 #h A Bk Y i
REJ09B0140-0700
RENESAS



15.3.3 USB DMAC Transfer Request Register (UDMAR).........ccccceieiiieiiinienienienen. 504

15.3.4 USB Device Resume Register (UDRR).......ccccccovieriiiiiiiiniiiiiiiiieeieeieeeeee, 505
15.3.5 USB Trigger Register 0 (UTRGO) .......cccovuieiiiiiiiniiiiiinienececcceeeeeeeeeeeee 506
15.3.6 USB Trigger Register 1 (UTRG1) ...cccoviinieiiiiiiiniiiieniinececceeeeeeeieeee 507
15.3.7 USBFIFO Clear Register O (UFCLRO)........cccceiirniiriiniiiienienceieeicereeeesieeen 508
15.3.8 USBFIFO Clear Register 1 (UFCLR1)....cccccoceeviiniiniiniinienieneeeiceeieieeeen 509
15.3.9 USB Endpoint Stall Register 0 (UESTLO)......ccccocceieriinenininieieienenenceeeeennen 509
15.3.10 USB Endpoint Stall Register 1 (UESTLI)...c..ccccocieieniininininicieiencneneeieeeenen 511
15.3.11 USB Endpoint Data Register 0s (UEDROS)........cccccecerienieniininiieiieecneeieenene 511
15.3.12 USB Endpoint Data Register 0i (UEDRO1).........cocevcieriineeniininiiniiiienienieenees 512
15.3.13 USB Endpoint Data Register 00 (UEDROO).......cc.ccoceeviininniniiniiniineenieeiceenn 512
15.3.14 USB Endpoint Data Register 1i (UEDRI1).....cccccocuerieniinieniiniiiiniciienienieeneen 512
15.3.15 USB Endpoint Data Register 2i (UEDR21).........cccccocveriinieniiniiiieiicecriceenee 513
15.3.16 USB Endpoint Data Register 20 (UEDR20).......c..ccccevieiieiiiiiiiinicnecieieeee 513
15.3.17 USB Endpoint Data Register 3i (UEDR31).........cccccocieniiniiniiniiiiiccneeieeeee 513
15.3.18 USB Endpoint Data Register 30 (UEDR30).......cccccoeeviininniiiciiiniinieiceieeene 514
15.3.19 USB Endpoint Data Register 4i (UEDR41)......cccocevieniiniiniiniiiiniciienieieeneen 514
15.3.20 USB Endpoint Data Register 40 (UEDR40).......cc.ccoceeniininiiniciiiniineeceieeeen 514
15.3.21 USB Endpoint Data Register 5i (UEDRS1)......ccccoceviiniinieniiiiiiiecicneeieenee 515
15.3.22 USB Endpoint Receive Data Size Register 00 (UESZ00) .........ccccovveeuveniieneennen. 515
15.3.23 USB Endpoint Receive Data Size Register 20 (UESZ20) .........cccccovvevveniienneennen. 515
15.3.24 USB Endpoint Receive Data Size Register 30 (UESZ30) .....c.cccoceeviinieniveniennnen. 516
15.3.25 USB Endpoint Receive Data Size Register 40 (UESZ40) .....c.cccoceviivvencenieennen. 516
15.3.26 USB Interrupt Flag Register O (UIFRO).......cc.cocevviirieniiniiniiiciiceeneeiceieeane 516
15.3.27 USB Interrupt Flag Register 1 (UIFR1) (Only in H8S/2215) ....c.cccoeeiiiiieninen. 518
15.3.28 USB Interrupt Flag Register 1 (UIFR1) (Only in H8S/2215R and H8S/2215T). 520
15.3.29 USB Interrupt Flag Register 2 (UIFR2) (Only in H8S/2215) ....c.ccoceevieiieninnen. 522
15.3.30 USB Interrupt Flag Register 2 (UIFR2) (Only in H8S/2215R and H8S/2215T). 523
15.3.31 USB Interrupt Flag Register 3 (UIFR3)......cccccooiriiniiniiniiniiiciiecieeeieeeeee 525
15.3.32 USB Interrupt Enable Register O (UIERO).......c.ccocevieniiniiniininiinicnienieeiceene 527
15.3.33 USB Interrupt Enable Register 1 (UIER1) (Only in H8S/2215).....ccccccevvruerunenee. 527
15.3.34 USB Interrupt Enable Register 1 (UIER1)
(Only in H8S/2215R and HES/2215T)..ccucrueverieieiiienienieneeeeieecie e 528
15.3.35 USB Interrupt Enable Register 2 (UIER2)......cccccocuevieniineiniiniiiiinicneeiceieeene 528
15.3.36 USB Interrupt Enable Register 2 (UIER2)
(Only in H8S/2215R and HES/2215T)..c..couiviiiiiiiiiiniiiiiicieiecieseeeeeeene 529
15.3.37 USB Interrupt Enable Register 3 (UIER3).......ccccccceviiniiniiiiiiiiicecceieeee 529
15.3.38 USB Interrupt Select Register O (UISRO) ........cceviiiiiiniiniiiiiiiieeeceeee 530
15.3.39 USB Interrupt Select Register 1 (UISR1) (Only in H8S/2215) .....covvvvivvennennee. 531
Rev.7.00 Mar. 27, 2007 Page xxxii of Iviii UL CELL S SR L
REJ09B0140-0700

RENESAS



15.4
15.5

15.6

15.7
15.8
15.9

15.3.40 USB Interrupt Select Register 1 (UISR1)

(Only in H8S/2215R and H8S/2215T)..ccuveiuieiieiieeee et 531
15.3.41 USB Interrupt Select Register 2 (UISR2) (Only in H8S/2215) ..cccuevvvvvvriivnnnennns 532
15.3.42 USB Interrupt Select Register 2 (UISR2)

(Only in H8S/2215R and H8S/2215T)..ccuveviiiriiiiiieiienteneeeeeeeeeee e 532
15.3.43 USB Interrupt Select Register 3 (UISR3) ....cooeiiiiiiiiiiiiiiececcceceee 533
15.3.44 USB Data Status Register (UDSR) ......coceiriiiniiiiiiiiiienieenieeeeesieeeeesiee e 534
15.3.45 USB Configuration Value Register (UCVR) ..........ccoiviiiininiiiiiiiiceee 535
15.3.46 USB Time Stamp Registers H, L (UTSRH, UTSRL) ......ccccoeveiiiiieieeeieee, 536
15.3.47 USB Test Register 0 (UTSTRO) ...cccoeoieiiiniiiiiieeeecteeeeeeee e 537
15.3.48 USB Test Register 1 (UTSTRI) ..cocueriiiiiiiiiiiieceteeteeeeeeee e 539
15.3.49 USB Test Registers 2 and A to F (UTSTR2, UTSRA to UTSRF)......ccccccceeneee. 541
15.3.50 Module Stop Control Register B (MSTPCRB)........c.cccocooviiniiiiiiiniiiiiniceee 541
INEEITUPE SOUTCES ..c.eentieiiieiiieieetee ettt ettt 541
Communication OPEIALION .......c..ieviriiriieiieiieie ettt ettt sne s e enee 545
15.5.1 INGtHAlIZATION c.ueeeuiiiiiiiiieeieeceteet ettt 545
15.5.2 USB Cable Connection/DiSCONNECTION .....c..ccoueereerieerierieniieniienieeieeieeresee e 546
15.5.3 Suspend and Resume OPerations..........cccuereereereenierrienienienieneenieenieereseesee e 550
15.5.4 CoNtrol TranSTer........veiiiiiiieeciiie ettt e erre e e e e e eae e e e eaeeeesreeeennes 554
15.5.5 Interrupt-In Transfer (EP1i Is specified as Endpoint)..........c..ccccoeceeciincnennenne. 561
15.5.6 Bulk-In Transfer (Dual FIFOs) (EP2i Is specified as Endpoint)..........cccccceeueenne 562
15.5.7 Bulk-Out Transfer (Dual FIFOs) (EP2o Is specified as Endpoint) ..................... 564

15.5.8 Isochronous—In Transfer (Dual-FIFO) (When EP3i Is Specified as Endpoint) ... 566
15.5.9 Isochronous—Out Transfer (Dual-FIFO)

(When EP3o0 Is Specified as Endpoint).........c..cccceevieiiniiniiniininnieenicneeneee 568
15.5.10 Processing of USB Standard Commands and Class/Vendor Commands............. 570
15.5.11 Stall OPrations.......cceeeueeiieiieierieniteieete ettt ettt snesene s 571
DMA Transfer SPeCifiCations .........cocueevuerierierieniiieiteet sttt 575
15.6.1 DMA Transfer by USB ReqUESt .......ccceerieriiniiiniiiiiiciierteteeeeeeee e 575
15.6.2 DMA Transfer by AUtO-ReqUEST.......cc.ccveeriieriirreiriiiiiiiiniieieeceeeeee e 578
Endpoint Configuration Example............cc.ccccoeiiiriinieiiiniiii e 580
USB External Circuit EXample ...........cocoiiiiiiiiiiiiiiicceececeeeee e 585
USAZE INOLES ...ttt ettt e s st st sa et e s a e e eanesanes 589
15.9.1 Operating FreQUENCY .........covteriieiiiiiinieiienitenitee ettt 589
15.9.2 BUS INEITACE .....oviiiiiciiiieiciicceccc e e 589
15.9.3 Setup Data RECEPLION.....cc.eeuiriiriiiiiiiiiciie ettt 589
15.9.4 FIFO CIEAT .....cveuieiieiiniinienieeiteteteteste sttt ettt sttt ettt ne 590
15.9.5 TRQO INEEITUPL.........oveveeeeeeeeeeeeeeeeseee s ee s eeneeees 590
15.9.6 Data Register Overread or OVEIWIILE .......c.cccoeerueenuieiiiiiinienieieereereereseeseene 590
15.9.7 EP30 Isochronous Transfer...........cccececiiviinininiiiiicieiencecccreeceseeeee e 591

Rev.7.00 Mar. 278807 8208 Lk bR i
REJ09B0140-0700
RENESAS



15.9.8 RESCL ..cniiniieiieeete ettt 593

15.9.9 EPO Interrupt ASSIZNMENL........cocuiriiruiiriieiieiieteere ettt 593
15.9.10 Level Shifter for VBUS and TRQX PiS ........c.curreerrreereesressnresseessesessesesonns 594
15.9.11 Read and Write to USB Endpoint Data Register ...........ccocceveeverniinienieneenennnen. 594
15.9.12 Restrictions for Software Standby Mode Transition..........cccccevceeveeeienvenienieennen. 594
15.9.13 USB External Circuit EXample........c..ccocoeiiiniiiiiniiinieniineeeeeeeseesieeiceeeeeene 596
15.9.14 Pin Processing when USB Not Used ..........ccoceeeieiiiiiiniinenicicieceeeceeieeene 597
15.9.15 Notes on Emulator USAZe ........ccceecviriiriiiniiiiiiiiiniecieneereeeee e 597
15.9.16 Notes 0n TR INEEITUPL ...c..eouieiiiiiiiiiiiieeiieeeeee et 597
15.9.17 Notes on UIFRO ........ccoiiiiiiiiiiiicieicieceececee et 598
Section 16 A/D CONVEITET ......c.ouuiiiiieicieieieeese e 599
16.1  FEATUTES ...eenieeeitiete ettt ettt e sab e sb e e sat e e sbe e e sbb e e sbb e e sbbeebeeenbbeebeeenbneenane 599
16.2  INput/OUtPUL PiNS ....ooiiiiiiiiiiiiiieiieet et s 601
16.3  RegiSter DESCIIPLIONS ...c..eevuiiriiiiieiieie ettt sttt e 601
16.3.1 A/D Data Registers A to D (ADDRA to ADDRD)) .......ccoccevieniininiinienieeieenene 602
16.3.2 A/D Control/Status Register (ADCSR) .......coceiiiniiniiiiiiiiiineeeiccetesieeen 602
16.3.3 A/D Control Register (ADCR) .......ccocuiriimiiniiiiinienienteneereeeete et 604
16.4  Interface to Bus IMASLET .....ccouiiriiiiiieeiieeiteet ettt sttt sttt ettt et e s e 605
16.5  OPETALION ...ttt ettt ettt s e ae et e s ae et esneeanesanesanesaeennee 606
16.5.1  SINGIE MOAE......coiiiiiiiiiieiieeee ettt e 606
16.5.2 SCAN MOME ..ottt 607
16.5.3 Input Sampling and A/D Conversion Time ........c..ccoceeveereenerncnnienieneeneenieenen. 608
16.5.4 External Trigger Input Timing........ccccceveevieeiiiiiiinienienieneenceeee et 610
L16.6  INLETTUPLS ..ottt ettt et e e st st et e i ee e ennee 611
16.7 A/D Conversion Precision Definitions...........ccovcueeriieiniiiiniiiniiieniienieeeeeeeeee st 611
16.8  USAZE NOLES ..ottt ettt ettt ettt et e s st st et ean e sanesaeeteenneeeneeanes 613
16.8.1 Permissible Signal Source Impedance ............ccccceceevienienenninneniienieneenieneeneen 613
16.8.2 Influences on Absolute Precision..........ccevieieieiiiiieniininiiieicicieeeseeeeeeaen 613
16.8.3 Range of Analog Power Supply and Other Pin Settings.........ccccceceeveeveriennennee. 614
16.8.4 Notes on Board DeSign ........cccceciiiiiriiniiiiiiiiieieeeeeieeeereeeee e 614
16.8.5 Notes on NOiSe COUNEIMEASUIES .....eevuveerurerrureeriieenieeeniteenieeesireesieeesieeenieeessseesaees 614
16.8.6 Module Stop Mode SEtting ..........ccceecvieiirienieneeieeieere et 616
Section 17 D/A CONVEITET ... 617
17,1 FEAIUIES ...ceeniiiiiieieiccteee et sttt s s et e sa b saeenens 617
17.2  Input/OUtPUt PiNS ....cooiiiiiiiiiiiiieiieee ettt s 618
17.3  RegiSter DeSCIIPHON. ....cccutiiiiiiiieiieitecee ettt e s s 618
17.3.1 D/A Data Register (DADR)....cc.cccoviririririiieienene ettt 618
17.3.2 D/A Control Register (DACR) ....ccccooiiriimiiiiiieniententereeeeeee et 619
Rev.7.00 Mar. 27, 2007 Page xxxiv of lviii UL CELL S SR L
REJ09B0140-0700

RENESAS



174 OPETALION. ...c..eiiieiieiieie ettt ettt et e st a ettt een e eanesaae s b e e neeneeanesanesaeenne 619

17.5  USAZE NOTE ..ottt ettt ettt ettt et s st en e e sane s e e s aeeneenne 621
17.5.1 Module Stop Mode SEttng ........c.ccccceeriieviiriierieneenieieere e e 621
SeCtion 18 RAM ...ttt 623
Section 19 Flash Memory (F-ZTAT Version) ........c.ccccoevevieninieinesieineeeisses 625
19T FEALUIES .ttt ettt ettt ettt e e st e st e st e e e abee st e e s abeesabeesabaeens 625
19.2 MOdE TTANSIIOMS «...veeiieiiieeriieenitee sttt et ettt e sttt et e st e e st esabeesabeesabeesabeesabeesabeesabeesaseenas 627
19.3  Block CONfIGUIATION. ....ceittiriiiiiiiieiteeiteettet ettt sttt ettt ettt b e be e b saesaeesaee e 631
19.4  INPU/OULPUL PINS ..covtiiiiiiiiiiiiieieeeeeet ettt s 632
19.5  RegiSter DESCIIPLIONS ...eeuviuiiiiiiieiieieeiteeite sttt ettt ettt ettt et st st sbeenbeesaesaeesaeenae 632
19.5.1 Flash Memory Control Register 1 (FLMCRI).........cccccociriiniiiiiiininrencneee 633
19.5.2 Flash Memory Control Register 2 (FLMCR2).........c.cccoceriiniiniiiininrenicneee 634
19.5.3 Erase Block Register 1 (EBRI).....coocueiiiiiiiiiiiiiiiiiieeieecieeeeeeieeeee e 635
19.5.4 Erase Block Register 2 (EBR2).........ccceeiiiiiiiiiiiiiiiiieceecceeeeeee e 636
19.5.5 RAM Emulation Register (RAMER)........cccccootiniiiiiiiiiiniiieeeeeceesee e 637
19.5.6 Serial Control Register X (SCRX) ....cccueriiriiniiniiiiieiieeteniteieeeeeee e 638
19.6 On-Board Programming MOES ...........cceeeuieiiieiiiiiiriiiiienicieicereete et 639
19.6.1 SCI Boot Mode (HD64F2215, HD64F2215R, and HD64F2215T) .......ccceeveueeee. 639
19.6.2 USB Boot Mode (HD64F2215U, HD64F2215RU, and HD64F2215TU)........... 643
19.6.3 Programming/Erasing in User Program Mode...........ccocceveiniininiieniienicnecneene. 647
19.7 Flash Memory Emulation in RAM.......cccccoiiiiiiiiiniiiiiiiieieteeeeee et 648
19.8 Flash Memory Programming/Erasing ..........c.ccceeeveeruiriiinienienienieeienie e ste e neeenieeneens 650
19.8.1 Program/Program-Verify ..........cccccociriiiiiiniiiniiiiicicnecceeee e 650
19.8.2 Erase/Erase-Verify .........occooiiiiiiiiiiiiiieiieneece e 652
19.9  Program/Erase ProteCtion..........ccccoieiiieiiiiiiiiiiiiienieiieet et 654
19.9.1 Hardware ProteCtion .........cocoeceeieieniiniiniiniieieieieiestee et 654
19.9.2 Software ProteCtion.........ccceeeiiiiiiiniiniiiiniicieieeetestee ettt 654
19.9.3  EITOr PrOteCtiON. ...cueouiiiiiiiiiiiiiicieeieeeeste ettt 654
19.10 Interrupt Handling when Programming/Erasing Flash Memory ........c...cccccocenieninninnnn. 655
19.11 Programmer MOAE ...........ccoeeriiiiiiiieiinicieeee ettt s s 655
19.12 Power-Down States for Flash Memory ............coccooiiiiiiiiiiniiiiicccccecececneeeeeee 656
19.13 Flash Memory Programming and Erasing Precautions ..........ccocceeeeverviernenienceneeneeniens 657
19.14 Note on Switching from F-ZTAT Version to Masked ROM Version .......c..ccccceeceeneenene 662
Section 20 Masked ROM ... 663
20,1 FRALUTES ..eeueteitieeiteette ettt ettt ettt s e st e sab e e bt e sab e e bt e e sabe e bt e e ssbeebeeensbeebeeennaeenane 663

Rev.7.00 Mar. 2 387 82l E SN b i
REJ09B0140-0700
RENESAS



Section 21  ClOCK PUISE GENETALOT ...ttt eeeeeaeees 665

21.1 RegiSter DeSCIIPLIONS ....c..coovieiiiiiiiiiieiiete ettt st 666
21.1.1 System Clock Control Register (SCKCR).......ccccocuevieniiniiiiiniiiiiicneeeeceene 666
21.1.2 Low-Power Control Register (LPWRCR) ......ccccooiiiiiniiniiniiiiiiiiiicneeccene 668

21.2  System Clock OSCIIALOL.......cccuiiiiiiiiieiceeee ettt st 669
21.2.1 Connecting a Crystal RESONALOL.......c..ceveeriieniieiiriiiienieneeeee et 669
21.2.2 Connecting a Ceramic Resonator (H8S/2215T).....cccoueeviiiiniiiniiiniieiiienieceeee 670
21.2.3 Inputting an External ClOCK .........c.cccocieiiiiiiiiiiiiiiiicccccceececeeeeeee 670

21.3  Duty Adjustment CiCUIL.........cocviriiriieniieiieiieieetese ettt et s 672

21.4 Medium-Speed CloCK DIVIET ....c..coviiiiiiieiirienieiiereeeeee et 672

21.5 Bus Master Clock Selection CiICUIt.........cccuevuirueriiirieieieieienieeeeeeeeretese e eeenenens 672

21.6  USB Operating Clock (48 MHZ).....c..cooiiiiiiiiiriiniiiiiiieeeteteeeeeeseseee e 673
21.6.1 Connecting a Ceramic ReSONAtOr.........c..ccoieiiiiiriiiiienienececie e 673
21.6.2 Inputting an 48-MHz External ClocK...........cccoociriiriiniiniiniiniiieceeeeeeeene 673
21.6.3 Pin Handling when 48-MHz External Clock Is Not Needed

(On-chip PLL Circuit Is USed).....c.ccoouirieniiiiiiinienienieeneeeeeeete e 674

21.7 PLL Gircuit for USB .......ccoiiiiiiiiiiiiiicicteice ettt s 675

21,8 USAZE INOLES ...ttt sttt ettt et ettt b ettt et s bt e sbtesbe e bt et eateebeesbe et e enbeeanesanes 676
21.8.1 Note on Crystal RESONALOT ........cc.cocviriirieniiiiieieeieeeeeeese e 676
21.8.2 Note on Board Design.......c..cccieviiiiiiiiniiiieiieieeieeeeeee et 676
21.8.3 Note on Switchover of External Clock ...........cccoceeiiiiiiniiniiniiiiiiincneceeneee 676

Section 22 PoOWer-DOWn MOMES..........ccoceiiiiiiniieinieineneieeiseecssise e eseseseees 679

22.1 RegiSter DESCIIPLIONS ..ccuveetiiiiiiiiritiiieieeteeteeteete sttt ettt sttt ettt satesbae s e sbeeaes 682
22.1.1 Standby Control Register (SBYCR) ....c..ccccoeoiiiiiiiiiiiincccceeeeceee 682
22.1.2 Module Stop Control Registers A to C (MSTPCRA to MSTPCRC)................... 684

222 Medium-Speed MOdE..........cociriiriiniiiiieiieieeieeereee et e 686

22.3  SIEEP MOME ...ttt ettt st 687
22.3.1 Transition to SIeep MOde......c..covieriiiiiiiiniiniieiieeeeee et 687
22.3.2 EXiting S1EeP MOME .....oovuiiiiiiiiiiiiiiiieteeteteteeee ettt 687

22.4  Software Standby MOde..........coccooiiiiiiiiiiiieiieeeeee e e 688
22.4.1 Transition to Software Standby Mode .........c..ccoceeviiiiiiiniiiiniiieeeeeee 688
22.4.2 Clearing Software Standby Mode...........cccceciiriiriiiiiiiiiiecccceceeceeeeeee 688
22.4.3 Setting Oscillation Stabilization Time after Clearing Software Standby Mode... 689
22.44 Software Standby Mode Application Example..........ccccceveeniiniininiiniinicneennen. 690

22.5 Hardware Standby MOdE ........ccccoviiriiiiiiiiniinieniieitee ettt 691
22.5.1 Transition to Hardware Standby Mode............ccccecieiiiiiniiniiniiiicieieceeeeeen 691
22.5.2 Clearing Hardware Standby Mode...........cccocieiieiiiiiiiniiniinieiciieeceeeeeeeeen 691
22.5.3 Hardware Standby Mode Timing.........c..ccoceeviiriiiriienienienieeeieeie e 692
22.5.4 Hardware Standby Mode Timings ......cc.cceveevueriinienienieneeneeieeieseeneeseeieenens 693

Rev.7.00 Mar. 27, 2007 Page xxxvi of lviii UL CELL S SR L

REJ09B0140-0700

RENESAS



22.6 Module StOp MOE........ccuieiiiiiiiiiieiieteeee et st 694

22.7 ¢ Clock Output Disabling FUNCHON .......cceeiriririiiiiiniinicnieeeeceteteteeesteee et 694
22,8 USAZE INOLES ..ttt ettt ettt et et ettt e st et e s e s ae et e et eeneeanesanesaeesneeneenne 695
22.8.1 /O POTt STALUS ..ottt s e 695
22.8.2  Current Dissipation during Oscillation Stabilization Wait Period ....................... 695
22.8.3 DMAC and DTC ModUule StOP .....coviruieriieniieiiiienienie sttt 695
22.8.4 On-Chip Peripheral Module INterrupts .........c..cccceevveeiirieenienienieiieenreseeneee 695
22.8.5 Writing to MSTPCR ...c..ooiiiiiiiiiiiieniicneeteteceee ettt 695
Section 23 LiSt Of REZISIETS ......c.vuiuiiiiiiiiisie s 697
23.1 Register Addresses (Address OTder) .......coceiieiierierienienieieeieeeeteste et 697
23.2  REZISIET BIlS..couuiiiiiiiiiieiieiieeet ettt ettt et st eae et 706
23.3 Register States in Each Operating Mode..........c..ccouieviieiiinienienieiieceiececeecneceeeeenees 716
Section 24 Electrical Characteristics (H8S/2215) .....ccooeviieeiicececeeeee 723
24.1 Absolute Maximum Ratings ........cccccocueriiiiiniiiiiiiiiinienieeeeeee et 723
24.2 Power Supply Voltage and Operating Frequency Range...........ccccceceevienieniencincnncnnnens 724
24.3  DC CharaCteriStiCS .....ecueruerueruieririeiieieiesiestteie ettt sre st ere et et ssesaesbesaeene st esneneaennesaeas 725
244 AC CRATACIETISTICS ..eevvieuiiiiiiienteenite et ettt et e ettt et e ettt e st e e bt e e sbtesbeeesbeesbaeesseesbeeenneesanes 728
24.4.1  CIOCK TIMUNZ ..uvevirtiiieiieteientieierieeit ettt sttt sa sttt et e sae s ebeeane 729
24.4.2 Control Signal TIMING .......cccoeiiiiiiiiiiiiieiieiccee e 731
24.4.3 BUS TIMING «c.veeiiiiiiiiiieiieetetecee ettt ettt ettt e sb e e b e s 733
24.4.4 Timing of On-Chip Supporting Modules.........cccccevuerierienienienenienenieneeneee 739
24.5 USB CharaCteriStiCs .....couerueruieuiriieieieieieniieieee ettt sttt n et saesae e nesaesnesaea 745
24.6  A/D Conversion CRaraCteTiSTICS . ..ouuteruueeriireriieeniieerteesiteestee st e etee st e sbeesabeesbeesbeeenaeeeane 747
247 D/A Conversion CRaraCteTiSTICS . ...cuutiruteerirteriieerieerteeniteestee st e stee st e sbeesabeeebeesbeeenaeeeane 747
24.8 Flash Memory CharacCteriStiCs.......couueruirriireirieniieiieiiereeeeseeieereere e seeseesaeeneeneeane e 748
24,9 USAZE INNOLE ....eueiiueieitetteteete ettt ettt ettt st st b e bt et e bt sbtesbe e bt et e esbeeabesbaesbeenbeenaeenee 749
Section 25 Electrical Characteristics (H8S/2215R).......cccooovivivviiiicceeeeeen, 751
25.1 Absolute Maximum Ratings ........c.cccoceriiiiiniiiiiiiiiieeiceeeeecre e 751
25.2 Power Supply Voltage and Operating Frequency Range...........cccccoceovenieniiniininninnnns 752
25.3  DC CRATACIETISTICS .eeeuvvreureeriireniteeniteeete ettt site ettt e it e ettt e sateesbeeesbtesbeeesbtesbaeesseesbaeenneesanes 753
25.4  AC CharacteriStiCS ....ecuerueruiruieririieiieietesie sttt ettt sttt et s et bbbt neaesnesaeas 756
25.4.1 CIOCK TIIMNE .euviiuteiiieiiieiiieniteie ettt ettt et sttt et eab e e saaesbaesbeeaee 757
25.4.2 Control Signal TIMING .......cocuerieriiiniieiienienie ettt 759
25.4.3 BUS TIMING ..oooiiiiiiiiiii ettt et 761
25.4.4 Timing of On-Chip Supporting Modules.........ccccecerviriienieniininiieieieeeneee 768
25.5  USB CharacCteriStiCs «....eeeuueerurterreeniieerieeniteeete ettt ettt ettt esateesbeeesieeesbeeesatessbaeesstesbaeesneesanee 774
25.6  A/D Conversion CharacCteriStiCs.........eeuiieiirieniinenieieieietetesie sttt nens 776

Rev.7.00 Mar. 27 457 aB B bR i
REJ09B0140-0700
RENESAS



25.7 D/A COnVersion CRaraCteriStICS. .. .uuuuuiieieeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeseseseeeeeeesesesesssesesesesesssesens 777

25.8 Flash Memory CharacCteriStiCs .........ecueruirierieneenieeieiieneerieete e ene e s 777
25.9  USAZE INOLE.......eiiuieiieiieieete ettt ettt ettt et s st st sae e bt et e e e esaeeneenneeanesanee 779
Section 26 Electrical Characteristics (H8S/2215T) ....c.covovoiiiicoeieeeeecein 781
26.1 Absolute Maximum Ratings ..........ccoceeviiriieiiiriiiniiiiiiiieeececeee et 781
26.2 Power Supply Voltage and Operating Frequency Range..........c..cccccooieiiiiiiiinicnncnnene 781
26.3  DC CRATACIETISTICS weuveeeutieeiieiiieeieeette et et et e st e st e sabe e st e sabeesabeesabeesateesabeesateesaseenaeees 782
26.4  AC CRATACIETISTICS teuveeeutieeieeeiieeiee et te et et ete e st e st e st e st esabe e s bt e sabeesateesabeesateesabeenaeees 785
26.4.1 CIOCK TIMUNE c...eutiiiiiiiiteieeeete ettt ettt sttt e et e e e enreas 786
26.4.2 Control Signal TIMING ......coceerieriiniiiiinienieee ettt 788
26.4.3  BUS TIMING ..eoviiniiiiieeiieiitestesi ettt sttt sa ettt saee b enaees 790
26.4.4 Timing of On-Chip Supporting Modules............coceeeerienieniiniiiinieneeneeeeneee 796
26.5  USB CharacCteriStiCS ...cceoueeerueeriuieriiieitieeieesieeeteesteesitee st e sateesbeesabeesabeesateesabeesaeeesaseesaeees 801
26.6  A/D Conversion CRaraCteTiSTICS . ....eerurterrieeriieeieeriteeite et et erite et esiteesibeesaeeesaaeesaees 802
26.7 D/A Conversion CharaCteriStiCs.........coeviririeierieniiniiiieieteiestesiese et 803
26.8 Flash Memory CharacCteriStiCs .......ceoueruirierienerrierieitenieenieete ettt sit et e et seresiee e naee 803
20.9  USAZE INOLE....c..eeiieiieiieieete ettt ettt ettt b ettt st s bt e s bt e sbe e bt s et saeesbeenbe et e enaeeanenanes 804
APPEIAIX oo 805
A. I/0 Port States in Each Processing State............cccoecerieiieiiiiiiiinicneeiceeeeeeeeeeeeeen 805
B. Product MOdel LANEUP ...c...ooveriiiriiiiieieiiceie ettt sttt ettt st 809
C. Package DIMENSIONS ......ccc.eiiiiiiiiiiiiiiencee ettt ettt ettt naees 810
INAEX e 813
Rev.7.00 Mar. 27, 2007 Page xxxviii of Ivii UL CELL S SR L
REJ09B0140-0700

RENESAS



Figures

Section1 Overview
Figure 1.1  Internal BIock DIagram.........cccccooieviiiiiieiiiiiinienieeeiecee et 3
Figure 1.2 Pin Arrangement (TFP-120, TFP-120V)...cc..cccieiiriiniiniinieieeeeceeeceeeeeeens 4
Figure 1.3 Pin Arrangement (BP-112, BP-112V)......cccciiiiiiiiiiiiiceeeeceeeeeees 5
Section2 CPU
Figure 2.1  Exception Vector Table (Normal Mode).........ccocuereereenieenieniiinienieneenieeiesee e 27
Figure 2.2 Stack Structure in Normal Mode...........c.cccoceniiiiiiiniiniiiciceceeeceeeeeeee 27
Figure 2.3  Exception Vector Table (Advanced Mode)..........ccccceeueriieriierienienieniieiieieneeneens 28
Figure 2.4  Stack Structure in Advanced Mode...........c..ccoeeviieiiiniiniiiieiiieeeeeeceee e 29
Figure 2.5  MemOTY MAaD...c..cooiiiiiiiiiieiieieeie ettt st sttt sttt st s e b e i ens 30
Figure 2.6 CPU REZISIEIS c...eouviiiiiiiiiiieiieieeiteeiterit ettt sttt ettt st e b et saee s 31
Figure 2.7  Usage of General REZISIETS .......cccueriiriiriiniiiiiiieriteneeieeeeteeite st 32
Figure 2.8 StACK ....cooiiiiiiiiie et s e e 33
Figure 2.9  General Register Data Formats (1)........c.cccoceeviiiiiiiiniiniiieiceneneec e 36
Figure 2.9  General Register Data FOrmats (2)........cccccocvevieviiiiiiniiniiieieeieneeneenie e 37
Figure 2.10 Memory Data FOrmats...........cooeeviiiiiiiiniiiiiiciicntesceieecetcetesite e 38
Figure 2.11 Instruction Formats (EXamples) ........coceerervieriiiriinieniiiiiieeieeeeneesieeie e 50
Figure 2.12 Branch Address Specification in Memory Indirect Mode...........cccceveeneincenecnncnne 53
Figure 2.13  State TransitionS .........cccuieiirierieriieieeee ettt ettt ene e s eneene e 57
Figure 2.14 Flowchart of Method for Accessing Registers Containing Write-Only Bits.......... 61
Section 3 MCU Operating Modes
Figure 3.1 Memory Map in Each Operating Mode for HD64F2215 and HD64F2215U......... 69
Figure 3.2 Memory Map in Each Operating Mode for HD6432215B......cccccocvviiniininncnnnenns 70
Figure 3.3 Memory Map in Each Operating Mode for HD6432215C..........ccccccoeeviiiinninnncns 71
Figure 3.4 Memory Map in Each Operating Mode for HD64F2215R, HD64F2215RU,
HDO64F2215T, and HDO4F2215TU......ccoiiniiiinieieieienteneneeieeeeeee e 72
Section 4 Exception Handling
Figure 4.1 Reset Sequence (MO 4)......cocueeiiriiiianiinieiieiie ettt 77
Figure 4.2  Reset Sequence (Modes 6, 7) .....cceevuieiirieriiniieiiieieeiesee et 78
Figure 4.3  Stack Status after Exception Handling .............ccccoociviiiniiiiniiniiiinicceceee 81
Figure 4.4  Operation when SP Value Is Odd............ccocooiiiiiiiniiiiiiiceeccceeceeee 82
Section 5 Interrupt Controller
Figure 5.1 Block Diagram of Interrupt Controller............ccocuerierieniinieriieniienienieneenieeeeeeene 84
Rev.7.00 Mar. 27 88h7 A58200 Chah- b9
REJ09B0140-0700

RENESAS



Figure 5.2  Block Diagram of IRQn INterrupts...........coccevienieniieiiieiiinienienieneeeeeeee e 92
Figure 5.3  Set Timing for IRQNF .......cc.coiiiiiiiiii e 93
Figure 5.4  Flowchart of Procedure Up to Interrupt Acceptance in Interrupt Control Mode 0 97
Figure 5.5 Flowchart of Procedure Up to Interrupt Acceptance in Interrupt Control Mode 2 99
Figure 5.6 Interrupt Exception Handling...........ccocceviiiiiriiniiniiniiiiiicnicneencececee e 100
Figure 5.7  Interrupt Control for DTC and DMAC ........cccoociiriiiiiiiiiieniciienteneenceieeeeeeee 103
Figure 5.8  Contention between Interrupt Generation and Disabling ............c.cccocevveinienienneees 105
Section 6 Bus Controller

Figure 6.1 Block Diagram of Bus COontroller ............cocevvierieneeniinnieniienienieneeneeneeieeeeeeeae 108
Figure 6.2  Overview of Area DIVISIONS......c.ccciveiriiriiiiiiiinienienieeeeeeteste et 119
Figure 6.3  CSn Signal Output Timing (1= 010 7) cv..cvvverveeeeeeeeeeeseeseeeseseeseeseesessee s 122
Figure 6.4  On-Chip Memory Access CYCIe.......coociriiiiiiiiiniiniiiicieciecieeee et 123
Figure 6.5 Pin States during On-Chip Memory ACCESS.........cceevuieuirierienienienieeneeee e 123
Figure 6.6  On-Chip Peripheral Module Access CyCle..........ccocevierieciniiirieniienienecieeeeeeene 124
Figure 6.7  Pin States during On-Chip Peripheral Module AcCess........c.cccvvuereereeneenuenneennenne 124
Figure 6.8  Access Sizes and Data Alignment Control (8-Bit Access Space) ......c..cceceevveennnne 125
Figure 6.9  Access Sizes and Data Alignment Control (16-Bit Access Space) ........c..cceeeueeee. 126
Figure 6.10 Bus Timing for 8-Bit 2-State ACCeSS SPACE ......cceevvervierierieriieieeie e 127
Figure 6.11 Bus Timing for 8-Bit 3-State Access Space (Except Area 6)........ccoceeveevueecneennenne 128
Figure 6.12 Bus Timing for Area 6 ..........cccooiiiiiiiiiiiiiiiicicieceereereereeee e 129
Figure 6.13 Bus Timing for 16-Bit 2-State Access Space (1) (Even Address Byte Access)..... 130
Figure 6.14 Bus Timing for 16-Bit 2-State Access Space (2) (Odd Address Byte Access) ...... 131
Figure 6.15 Bus Timing for 16-Bit 2-State Access Space (3) (Word Access)......ccoveereeeveenene 132
Figure 6.16 Bus Timing for 16-Bit 3-State Access Space (1) (Even Address Byte Access)..... 133
Figure 6.17 Bus Timing for 16-Bit 3-State Access Space (2) (Odd Address Byte Access) ...... 134
Figure 6.18 Bus Timing for 16-Bit 3-State Access Space (3) (Word Access)......ccovveereveeenueennne 135
Figure 6.19 Example of Wait State Insertion Timing.........ccecceeeerieneeneniennenicnieneeneeneeiens 137
Figure 6.20 Example of Burst ROM Access Timing (When ASTO = BRSTS1 = 1).....cccc.ee. 138
Figure 6.21 Example of Burst ROM Access Timing (When ASTO = BRSTS1 = 0)................. 139
Figure 6.22 Example of Idle Cycle Operation (1) .......c.cccoceeierieiiiiieiienieiieneeneeeeieereeeee 140
Figure 6.23 Example of Idle Cycle Operation (2) .........cccoceeeieruieriieciieiienirenieneeneenieereere e 141
Figure 6.24 Relationship between Chip Select (CS) and Read (RD) ...........coeverrrerverrrrerrennnn. 142
Figure 6.25 Bus-Released State Transition Timing.........cccccecveeienienienienniennenieneeneenieeeeeene 144
Section 7 DMA Controller (DMAC)

Figure 7.1  Block Diagram of DMAC .........ccccoiiiiiiiiiiiiiiiiceeeeeeeeeesee e 148
Figure 7.2 Areas for Register Re-Setting by DTC (Example: Channel OA)..........c.cccccoceeeene 168
Figure 7.3 Operation in Sequential Mode...........c.ccoiiviiiiiiiiiiniiinienieeeieee e 172
Figure 7.4  Example of Sequential Mode Setting Procedure..........c..ccocceververiiniieneeneencnniens 173
Rev.7.00 Mar. 27, 2007 Page xI of Iviii UL CELL S SR L

REJ09B0140-0700

RENESAS



Figure 7.5

Figure 7.6

Figure 7.7

Figure 7.8

Figure 7.9

Figure 7.10
Figure 7.11
Figure 7.12
Figure 7.13
Figure 7.14
Figure 7.15
Figure 7.16
Figure 7.17
Figure 7.18
Figure 7.19
Figure 7.20
Figure 7.21
Figure 7.22

Figure 7.23
Figure 7.24
Figure 7.25
Figure 7.26
Figure 7.27

Operation in Idle MOde ..........cocooiiriiniiiiiiiieiiecceeee e 174
Example of Idle Mode Setting Procedure..............ccceeceriinienieniiniinineeieieenene 175
Operation in Repeat Mode............c.oocviiiiiiiiiiiiiiiiicnceecc e 177
Example of Repeat Mode Setting Procedure.............cocceveueniiniencnninninienieneenen. 178
Operation in Normal Mode ..........ccoociiriiiiiiiiniiiiiiicnteeeeeeee et 180
Example of Normal Mode Setting Procedure............cccccoveriinienenninninienieneenen. 181
Operation in Block Transfer Mode (BLKDIR = 0) .......coooeeriiiiiiieniiiiniiiiieeeene 183
Operation in Block Transfer Mode (BLKDIR = 1) .......coooiiiiiiiiiiiniiiiniiiieeeeene 184
Operation Flow in Block Transfer Mode ..........ccccocevviiniiniiniininiieiiienieneeeen 185
Example of Block Transfer Mode Setting Procedure...........ccocceverveiriinienienennnen. 186
Example of DMA Transfer Bus Timing........ccccceeeevverieniinienenneniceeeneeneeieeene 189
Example of Short Address Mode Transfer.........c.ccooeeveeviirienienienieneeneeieneeee. 190
Example of Full Address Mode (Cycle Steal) Transfer ...........cc.ccceeevievinienienn. 191
Example of Full Address Mode (Burst Mode) Transfer...........ccocceevieenieiniienneenne 192
Example of Full Address Mode (Block Transfer Mode) Transfer ...........cccceu.e.. 193
Example of DREQ Level Activated Normal Mode Transfer ...........cccccecuevvenneennen. 194
Example of Multi-Channel Transfer ..........ccccoceevirvinieniineniinciiceeeeneeeeene 195
Example of Procedure for Continuing Transfer on Channel Interrupted by NMI

TEEITUDL ..ottt e s 197
Example of Procedure for Forcibly Terminating DMAC Operation...................... 197
Example of Procedure for Clearing Full Address Mode ..........ccccoceerciinieninnnennnen. 198
Block Diagram of Transfer End/Transfer Break Interrupt ..........ccoceeeeevienienennnen. 199
DMAC Register Update Timing ........cccceecueeierienienennenienienteneenieeieeveeee e 200
Contention between DMAC Register Update and CPU Read..........cccccoceeveenenen. 201

Section 8 Data Transfer Controller (DTC)

Figure 8.1
Figure 8.2
Figure 8.3
Figure 8.4
Figure 8.5
Figure 8.6
Figure 8.7
Figure 8.8
Figure 8.9
Figure 8.10
Figure 8.11

Figure 8.12

Block Diagram of DTC .......cccooiiiiiiiiiiiiiieceececee e 204
Block Diagram of DTC Activation Source Control ..........c.ccceceeveeveriiineeneenennen. 211
Correspondence between DTC Vector Address and Register Information............ 212
Correspondence between DTC Vector Address and Register Information............ 212
Flowchart of DTC Operation...........c.cccoceerieriieiieiinieneeieeieereeresee e eenes 214
Memory Mapping in Normal Mode ...........cccocieviiniiiniiinienieieceeceeceeeeeeeneee 216
Memory Mapping in Repeat Mode ..........ccoeveiriiiiiiiiiiiiiiiiiiieeiceeeeeeseeeeene 217
Memory Mapping in Block Transfer Mode ..........ccccoecveriiniiniininniiiinienieneeeen 218
Chain Transfer Memory Map........coccceveeriiriiinienienieieenteneeeee et 219
DTC Operation Timing (Example in Normal Mode or Repeat Mode)................... 220
DTC Operation Timing

(Example of Block Transfer Mode, with Block Size of 2).......ccccoceiviiiniiinnnnne 221
DTC Operation Timing (Example of Chain Transfer) .........cc..cccceevieiinviniennennn. 221

Rev.7.00 Mar BFd8A SBEELSH- BT
REJ09B0140-0700
RENESAS



Section 10 16-Bit Timer Pulse Unit (TPU)

Figure 10.1 Block Diagram of TPU .........cccccociiiiiiiiiiiiieceeeeere e 282
Figure 10.2 16-Bit Register Access Operation [Bus Master <> TCNT (16 Bits)].....c.ccccevuenne 309
Figure 10.3 8-Bit Register Access Operation [Bus Master <> TCR (Upper 8 Bits)]................. 310
Figure 10.4 8-Bit Register Access Operation [Bus Master <> TMDR (Lower 8 Bits)] ............ 310
Figure 10.5 8-Bit Register Access Operation [Bus Master <> TCR and TMDR (16 Bits)] ...... 310
Figure 10.6 Example of Counter Operation Setting Procedure ..............cccccoceriinieniininniennns 311
Figure 10.7 Free-Running Counter OPeration............ccoceeieruieriieniieiiieiienreneeneeseeneeeneeneeeene 312
Figure 10.8 Periodic Counter OPeration...........ccccecueevuiriirienienieeniieieereeneseeseeseesaeeneeneeneens 313
Figure 10.9 Example of Setting Procedure for Waveform Output by Compare Match............. 313
Figure 10.10 Example of 0 Output/1 Output OPeration ...........cceceeeeerieerrerueneeneeneeneenesseeneenne 314
Figure 10.11 Example of Toggle Output OPeration .............cceceeeeerueenieenerniernieneeneeneeseenieenueens 314
Figure 10.12 Example of Input Capture Operation Setting Procedure..............c.cccocevienieninnnnnns 315
Figure 10.13 Example of Input Capture OPeration .............cceceeeueeeuieciieiienieenieneeneeneeseeeneenens 316
Figure 10.14 Example of Synchronous Operation Setting Procedure ............c.cocccoceenienieniennnnns 317
Figure 10.15 Example of Synchronous Operation.............cecueevereenieenieenienienieneeneeneeniesneeseenne 318
Figure 10.16 Compare Match Buffer Operation............c.cccecuevierienienennennenienieneeneeneenieeiens 319
Figure 10.17 Input Capture Buffer Operation ...........cocccoceeveeneeneenieniiinienienieneeneenie et 319
Figure 10.18 Example of Buffer Operation Setting Procedure............cccccoeeevirniniinienieniennens 319
Figure 10.19 Example of Buffer Operation (1) .........cccccoceriiniiniiiiniiiiiieiie e 320
Figure 10.20 Example of Buffer Operation (2) .........c.cccoceriiniiniiiiiiiieiiniene e 321
Figure 10.21 Example of PWM Mode Setting Procedure ............cccevuerveriinienienieneenenniceeene 323
Figure 10.22 Example of PWM Mode Operation (1) .......ccccceveerieeiiiriiinieniinieneeneeneeieeeeeeene 323
Figure 10.23 Example of PWM Mode Operation (2).......cc.cceveeveevierienienienieneeneenieeieseeseenne 324
Figure 10.24 Example of PWM Mode Operation (3)........c.cccoeeeuieiieiiieieenieneeneenceieeeeeee e 325
Figure 10.25 Example of Phase Counting Mode Setting Procedure.............cccccocerveenienieniennnnns 326
Figure 10.26 Example of Phase Counting Mode 1 Operation............c.cecceeceeveeneeneenceneeneeenenns 327
Figure 10.27 Example of Phase Counting Mode 2 Operation ............ccecueeeereeneeneeneeneeneennenns 328
Figure 10.28 Example of Phase Counting Mode 3 Operation ............cceceeeeereeneeneeneenenneennuens 329
Figure 10.29 Example of Phase Counting Mode 4 Operation .............ccecueeeereeneeneeneeneeneenneenns 330
Figure 10.30 Count Timing in Internal Clock Operation ..............ccccecueecuerieniienienieeneeneenreenenns 333
Figure 10.31 Count Timing in External Clock Operation .............cccceceevuerienienieneeneeneeeceeeeenne 333
Figure 10.32 Output Compare Output TIming ..........ccccoceiriirieniiiieiieeeieee e 334
Figure 10.33 Input Capture Input Signal Timing.........cccoceereereenieniniiinienienieneeneeneeeeeeeeeae 334
Figure 10.34 Counter Clear Timing (Compare Match) ........ccccceveevieeiiiniieniiiniienienieneeniceieeeee 335
Figure 10.35 Counter Clear Timing (INput Capture) ........cccceeveerueerierienienienieneeneeneeieeeeeeene 335
Figure 10.36 Buffer Operation Timing (Compare Match) ........c..ccccoeeieiiiiiiiiniininiinicceies 336
Figure 10.37 Buffer Operation Timing (Input Capture) ........c..ccoceeeueeeiiecieniieniieneenieneenieeeeeeens 336
Figure 10.38 TGI Interrupt Timing (Compare Match) ..........cccccoieiiiiiieiiniiiiinicieeneceeeenee 337
Figure 10.39 TGI Interrupt Timing (Input Capture)..........cccceveevveeriiriienienienieneeneeneeeeeeeeeene 338
Rev.7.00 Mar. 27, 2007 Page xlii of Iviii UL CELL S SR L
REJ09B0140-0700

RENESAS



Figure 10.40 TCIV Interrupt Setting Timing..........cccccocerieriininiiiiinieeeeee e 338

Figure 10.41 TCIU Interrupt Setting Timing..........cccccocerienieniniiiniinieieece e 339
Figure 10.42 Timing for Status Flag Clearing by CPU .........ccc.cccieiiiiiiniiniiiiiecececeeies 339
Figure 10.43 Timing for Status Flag Clearing by DTC or DMAC Activation .........c..cccccevueeuneen. 340
Figure 10.44 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode.................. 340
Figure 10.45 Contention between TCNT Write and Clear Operations.............ceceeeeereereenieenuene 341
Figure 10.46 Contention between TCNT Write and Increment Operations .............c.cceeeeeveennenee 342
Figure 10.47 Contention between TGR Write and Compare Match.............ccccceceniniininninnnnn. 342
Figure 10.48 Contention between Buffer Register Write and Compare Match.......................... 343
Figure 10.49 Contention between TGR Read and Input Capture.............coceeeeerieneencencnneennenne 343
Figure 10.50 Contention between TGR Write and Input Capture .........ccccecveeeierierieneeneenennenns 344
Figure 10.51 Contention between Buffer Register Write and Input Capture...........cc.cccoeevueennenne 345
Figure 10.52 Contention between Overflow and Counter Clearing...........ccccoceevvereenieneenienenns 345
Figure 10.53 Contention between TCNT Write and Overflow..........ccccoceeiiiiiiiiiiniininiennns 346

Section 11 8-Bit Timers (TMR)

Figure 11.1 Block Diagram of 8-Bit Timer ......c.ccoceerieriiiiiiiiiiieniienieeieetcetesteneee e 348
Figure 11.2 Example of Pulse OULPUL.......ccccoiiiiiiiiiiiiiiiciientececeeetcete st 354
Figure 11.3 Count Timing for Internal Clock Input...........c.cocooieniiniiiiniiniiieneeeeeceee 355
Figure 11.4 Count Timing for External Clock Input ...........ccccoceriiniiiiniiniininieneeeeceeee 355
Figure 11.5 Timing of CMF SettNZ ......ccceeviiiiiiiiiiiiiieiietee et 356
Figure 11.6 Timing of Timer OULPUL........cocueriiiiiriiiieteecete ettt ettt 356
Figure 11.7 Timing of Compare Match CIEar ..........ccceoeeviriiiriinieniiieiienieseeseeneeceee e 357
Figure 11.8 Timing of Clearance by External Reset.........c.ccoceriiriiniiniiiniiniciiciiciienceeeee 357
Figure 11.9 Timing of OVE SettNZ.......ccciiiiiiiiniiiiiiieieeeceeeeee e 358
Figure 11.10 Contention between TCNT Write and ClIear ............ccccoecuevienienienieneniiineeneeeens 361
Figure 11.11 Contention between TCNT Write and Increment.............cc.occeevieiiniiiiiinieneennens 362
Figure 11.12 Contention between TCOR Write and Compare Match..........cccccooeeriencincnncnnnenns 363

Section 12 Watchdog Timer (WDT)

Figure 12.1 Block Diagram of WDT ........cccoiiiiiiiiiiiieeeceee e 367
Figure 12.2 Operation in Watchdog Timer Mode..........c.cccccoceriiniiiieiieiiiiienieneenceieeeeeeee 371
Figure 12.3 Timing of WOVEF Setting.......cccccoiiiiiiiiiiiiiiieieieteereeeeeee e 372
Figure 12.4 Operation in Interval Timer Mode...........cccoceeviiniiiiiiniiiniinienieneeceec e 373
Figure 12.5 Timing of OVE SettNE.......cocueiviiiiiriiiiiiiiierteseeeeeetest ettt 373
Figure 12.6 Format of Data Written to TCNT and TCSR .......ccccceviiriiiniiniiniiiiicniceeceee 374
Figure 12.7 Format of Data Written to RSTCSR (Example of WDTO) .......c.cccccoceeniinieninnnns 375
Figure 12.8 Contention between TCNT Write and Increment.............ccccocceeeiriiniinicnieniennens 376

Rev.7.00 Mar. 2 8dd# @ plEELH b
REJ09B0140-0700
RENESAS



Section 13 Serial Communication Interface

Figure 13.1 Block Diagram of SCI_0 (H8S/2215) ......cooiiriimiiiiiieieeieceeeeeeeeeeeeeeee 381
Figure 13.2 Block Diagram of SCI_0 (H8S/2215R and H8S/2215T) .cc.cevererievenicnininceiene 382
Figure 13.3 Block Diagram of SCI_1 and SCI_2.......ccocceviiniiiiiiiiiniinienienieeeeeee et 383
Figure 13.4 Examples of Base Clock when Average Transfer Rate Is Selected (1).................. 403
Figure 13.4 Examples of Base Clock when Average Transfer Rate Is Selected (2).................. 404
Figure 13.5 Example of Average Transfer Rate Setting when TPU Clock Is Input (1) ............ 405
Figure 13.5 Example of Average Transfer Rate Setting when TPU Clock Is Input (2) ............ 406
Figure 13.5 Example of Average Transfer Rate Setting when TPU Clock Is Input (3) ............ 407
Figure 13.5 Example of Average Transfer Rate Setting when TPU Clock Is Input (4) ............ 408
Figure 13.6 Data Format in Asynchronous Communication (Example with 8-Bit Data,

Parity, TWO StOP Bifs) ....cooiiriiiiieiieieiieeieteeecee sttt 421
Figure 13.7 Receive Data Sampling Timing in Asynchronous Mode ..........cc.cccccceviininninnnns 424
Figure 13.8 Relationship between Output Clock and Transfer Data Phase

(ASYNChIonOUS MOAE).....ccoueiiiiiiiiiiiieeiie ettt ettt et e 424
Figure 13.9 Sample SCI Initialization FIOWChArt .........cc.cooieviiniiiniiniiniiiiiicniceecececeee 425
Figure 13.10 Example of Operation in Transmission in Asynchronous Mode

(Example with 8-Bit Data, Parity, One Stop Bit) .....c.ccccceveeniinenniniinciniiicenee 426
Figure 13.11 Sample Serial Transmission Data Flowchart............c..ccccceevieiiiiiniiniinininnienee 427
Figure 13.12 Example of SCI Operation in Reception (Example with 8-Bit Data, Parity,

ONE StOP Bit)..o e e 428
Figure 13.13 Sample Serial Reception Data Flowchart (1) .......ccceoveenieniinniiienienienieniceiceeee 430
Figure 13.13 Sample Serial Reception Data Flowchart (2) .......cccccoceeviiniiniininiineniiniceiceeee 431
Figure 13.14 Example of Communication Using Multiprocessor Format

(Transmission of Data H'AA to Receiving Station A) .......cocceevvieriiiiniiiniieenneennne. 433
Figure 13.15 Sample Multiprocessor Serial Transmission Flowchart..........c.cccoccooveniiniinnnne. 434
Figure 13.16 Example of SCI Operation in Reception

(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)........c.ccceceveenennenne 435
Figure 13.17 Sample Multiprocessor Serial Reception Flowchart (1)......ccccceveriiniencinennennnens 436
Figure 13.17 Sample Multiprocessor Serial Reception Flowchart (2)......cccccooevviinieneinenncnnnenns 437
Figure 13.18 Data Format in Synchronous Communication (For LSB-First) .........cc.ccceceeeienn. 438
Figure 13.19 Sample SCI Initialization FIOWChart .........cc..ccccooieiiiiiiiininiiiiciceeeee 439
Figure 13.20 Sample SCI Transmission Operation in Clocked Synchronous Mode.................... 440
Figure 13.21 Sample Serial Transmission Data Flowchart............cccccoceriiniininninieneincnnceiee 441
Figure 13.22 Example of SCI Operation in ReCeption ..........coceveevienierieniiiniienienieneeniceieeeee 442
Figure 13.23 Sample Serial Reception FIOWChart .........ccccooviiiiiniiniiiiiiiiiiiicicecececeee 443
Figure 13.24 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations ....... 444
Figure 13.25 Schematic Diagram of Smart Card Interface Pin Connections............c..cccceeeueeunene 445
Figure 13.26 Normal Smart Card Interface Data Format .............ccccoooeeiiiiiniiniininiiniiieeee 446
Figure 13.27 Direct Convention (SDIR = SINV = O/E = 0) .......co.ovureureereereeeeeeeeeeeeerseeennnens 446
Rev.7.00 Mar. 27, 2007 Page xliv of Iviii UL CELL S SR L

REJ09B0140-0700
RENESAS



Figure 13.28 Inverse Convention (SDIR = SINV = OE = TSRS 447
Figure 13.29 Receive Data Sampling Timing in Smart Card Mode

(Using Clock of 372 Times the Transfer Rate) ........ccccceevvueiiiiinieiniiiiniiiiiceeene 448
Figure 13.30 Retransfer Operation in SCI Transmit Mode............ccceveereriinienieniienieeneeneeiene 451
Figure 13.31 TEND Flag Generation Timing in Transmission Operation ...........c..ccecceveenuereenne 451
Figure 13.32 Example of Transmission Processing FIOW..........c..ccocevieviniiniiniincniineencees 452
Figure 13.33 Retransfer Operation in SCI Receive Mode...........cccoceevieiiiiiiiiiniincnicnccceee 454
Figure 13.34 Example of Reception Processing FIOW ...........ccccoooiiiiiiiniiiiiiniiniiicceeeeees 454
Figure 13.35 Timing for Fixing Clock Output Level............ccccooiiniiniiiiniiiiiieceeceee 455
Figure 13.36 Clock Halt and Restart Procedure ............ccocceviiviiniiniiniinieiiiienicieeeneeieeee 456
Figure 13.37 Example of Communication Using the SCI Select Function ..........cc.ccocevceeneenene 457
Figure 13.38 Example of Communication Using the SCI Select Function ..........cccccocevceeneenene 458
Figure 13.39 Example of Clocked Synchronous Transmission by DMAC or DTC.................... 463
Figure 13.40 Sample Flowchart for Mode Transition during Transmission...........ccecceeeevueeneee 464
Figure 13.41 Port Pin State of Asynchronous Transmission Using Internal Clock..................... 464
Figure 13.42 Port Pin State of Synchronous Transmission Using Internal Clock ...........c........... 465
Figure 13.43 Sample Flowchart for Mode Transition during Reception..........c.cccoceeveeneenennenne 466
Figure 13.44 Operation when Switching from SCK Pin Function to Port Pin Function.............. 467
Figure 13.45 Operation when Switching from SCK Pin Function to Port Pin Function

(Example of Preventing Low-Level Output).........ccccooceevieiiiiiiiininicnieieieenene 468

Section 14 Boundary Scan Function

Figure 14.1 Block Diagram of Boundary Scan FUnCtion...........ccecceveeveevinicnnicnicneeneeneeniens 470
Figure 14.2 Boundary Scan Register Configuration........c..ccocceveeneeniirienienienieneenieenieeee e 475
Figure 14.3 TAP Controller Status Transition...........cccccoeiviniiiniiiiiiiiiiccees 483
Figure 14.4 Recommended Reset Signal Design..........ccccociviiiriiniiniiiiieiiinienieeeneceeeeeeee 484
Figure 14.5 Serial Data INpUt/OULPUL ........ccoeeiiiiiiiiiiiiieieie et e 484

Section 15 Universal Serial Bus Interface (USB)

Figure 15.1 Block Diagram of USB ......cc.cooiiiiiiiiiiiiiiieceeeeeteeeteee et 489
Figure 15.2 Example of Endpoint Configuration based on Bluetooth Standard........................ 497
Figure 15.3 USB INitialiZation........cceeoiiiiiiiiiniiiiiieiieneecie e s 545
Figure 15.4 USB Cable Connection

(When USB Module Stop or Software Standby Is Not Used).....c...ccoceevveevueeuennnen. 546

Figure 15.5 USB Cable Connection (When USB Module Stop or Software Standby Is Used) 547
Figure 15.6 USB Cable Disconnection

(When USB Module Stop or Software Standby Is Not Used).........ccccceeuveerenennene 548
Figure 15.7 USB Cable Disconnection

(When USB Module Stop or Software Standby Is Used).........c.cccoceeveerieiecnennnen. 549
Figure 15.8 Example Flowchart of Suspend and Resume Operations........c...ccccceveereeneeneeenene 550

Rev.7.00 Mar. B VBotHa PL Sk B9
REJ09B0140-0700
RENESAS



Figure 15.9 Example Flowchart of Suspend and Resume Interrupt Processing ........................ 551

Figure 15.10 Example Flowchart of Suspend and Remote-Wakeup Operations......................... 552
Figure 15.11 Example Flowchart of Remote-Wakeup Interrupt Processing ...........ccccoceecveeenne 553
Figure 15.12 Control Transfer Stage Configuration ..........cocceveevieevienienienieneenenenee e 554
Figure 15.13 Setup Stage OPeration...........coceeieieereenieeniieiieienieenitenieeie et stestesieesieeseeeneeeneeeae 555
Figure 15.14 Data Stage Operation (Control-In) ...........coceevierieniinieninnenienieneeneeneenieeeeeeene 557
Figure 15.15 Data Stage Operation (Control-Out) ..........c.cocueevuerieriieiiieienienieneeneene e 558
Figure 15.16 Status Stage Operation (Control-In)...........c.coceovieriiiiiiiniiniiniciceeneeeeeeee 559
Figure 15.17 Status Stage Operation (Control-Out) ...........cccecverieiieiiinienienieneenceeeee e 560
Figure 15.18 EP1i Interrupt-In Transfer Operation ..........ccocceeeereenieeiierienienieneeneeneeieeeeeeene 561
Figure 15.19 EP2i Bulk-In Transfer Operation ...........ccecueeierierienieneeneniienie e steneenieesieeieens 563
Figure 15.20 EP20 Bulk-Out Transfer Operation.............ccecueeeereerieeniernieneenieneeneenieenieeeeseenne 565
Figure 15.21 EP3i Isochronous-In Transfer Operation..........c..ccoceceeciieiveniieniieneeneeneenieeneeeenne 567
Figure 15.22 EP30 Isochronous-Out Transfer Operation ..........c..cccceecveeeiercierieneeneeneenneenneenenns 569
Figure 15.23 Forcible Stall by FIrmMware............cocooiiriiiiiiiiieiieienieeeeereeee e 572
Figure 15.24 Automatic Stall by USB Function Module ..........c..ccoceevirniniiinnenienieneeneeiceeee 574
Figure 15.25 EP2iPKTE Operation in UTRGO ......c.ccoocceviiiiiiiiniiniiiecccccnecteneeieeiceiee 576
Figure 15.26 EP20RDFN Operation in UTRGO........cccccoviiiiiiiniiniiniiiciiceiceceeseeeeeeiee 577
Figure 15.27 EP2iPKTE Operation in UTRGO (Auto-Request)...........cccceecvircienienienienieneennenns 579
Figure 15.28 EP20RDFN Operation in UTRGO (Auto-Request).........cccccecvevieniencenienenniennenns 579
Figure 15.29 Endpoint Configuration Example............c.cccocieriiniiiiiniiiiinieiieneececeeereeeee 580
Figure 15.30 USB External Circuit in Bus-Powered Mode

(When On-Chip Transceiver IS USed) ........ccoveerieniiiiniiiniinienieneenieeeee e 585
Figure 15.31 USB External Circuit in Self-Powered Mode

(When On-Chip Transceiver Is Used) ......cocveevuiiriiiiiiiiiiiiiieiieecceeeeee e 586
Figure 15.32 USB External Circuit in Bus-Powered Mode

(When External Transceiver IS Used) ........ccoecviiieiiiiiiiiiie et 587
Figure 15.33 USB External Circuit in Self-Powered Mode

(When External Transceiver IS Used) .........coovviiieiiiiiiiiiiieeeieeceeieee e 588
Figure 15.34 10-Byte Data RECEPION «...cc.eeiiiriiiiiiiiiiiiiiiteeeeeeee ettt 591
Figure 15.35 EP30 Data RECEPLION .....c..coviiiiiiiiiiiiieiicicecececeeeee et 592
Figure 15.36 Transition to and from Software Standby Mode ...........c.cccceecviriiniiniiniininniens 595
Figure 15.37 USB Software Standby Mode Transition Timing ...........cccccoceeveniinienienieniennens 596
Figure 15.38 TR Interrupt Flag Set Timing........ccccooceiveerieniniienienienteneeiceieste e 597

Section 16 A/D Converter

Figure 16.1 Block Diagram of A/D CONVEITET ........c.cccoceeruieriieiieiieiiereneeneeneeeeee e 600
Figure 16.2 Access to ADDR (When Reading H'AA40Q) ........cccooiiiiiiiiiiiiiiieceeeees 605
Figure 16.3 A/D Conversion Timing (Single-Chip Mode, Channel 1 Selected)...........c........... 607
Figure 16.4 A/D Conversion Timing (Scan Mode, Channels ANO to AN3 Selected)............... 608
Rev.7.00 Mar. 27, 2007 Page xlvi of Iviii UL CELL S SR L
REJ09B0140-0700

RENESAS



Figure 16.5 A/D Conversion TIMING.........ccociiiiiiiiiiiiiiiiiiiiiicicci e 609

Figure 16.6 External Trigger Input Timing ..........cccccccceviiiiiiiniiniiiiiieeeenee e 610
Figure 16.7 A/D Conversion Precision Definitions (1) .......c.ccceeviernienniiinieinieiieeieeieeeene 612
Figure 16.8 A/D Conversion Precision Definitions (2) .......c.cccoceereeneerieniieniienieneeneenieneeseene 612
Figure 16.9 Example of Analog INPut CirCUIl ......cc.eevveerieriirienienienieeieeicetesee e 613
Figure 16.10 Example of Analog Input Protection CirCuit...........ccecueveeneenerniennierieneeneenieeniens 615
Figure 16.11 Analog Input Pin Equivalent CirCUit...........ccccceeiriiriinieniiniiieienieneene e 615

Section 17 D/A Converter
Figure 17.1 Block Diagram of D/A CONVEITET .....c..cccuerieriirienieeniieieeieeteeiesieesieesie e 617
Figure 17.2 Example of D/A Converter OPeration..........c..ccoceereereenieenueeuenieneeneeneeneesneeseenne 620

Section 19 Flash Memory (F-ZTAT Version)

Figure 19.1 Block Diagram of Flash MemOTY......c..cccceeieiiieiiiiiiiniinieieeeecre e 626
Figure 19.2 Flash Memory State Transitions.........cccceceeeerierieiiieiiiniieneeieereere e 627
Figure 19.3 Boot Mode (SamPIe) .....cccueeiiriiriiiiiiieiceeie ettt 629
Figure 19.4 User Program Mode (Sample).......c.ccoeerieiriiniiiienienienieeieeieetesee e 630
Figure 19.5 Flash Memory Block Configuration.............coccevuerienienienennieniienienienceneeneeeeees 631
Figure 19.6 System Configuration in SCI Boot Mode..........cc.cccceeviiriiiniiinienieniieiieiieieceeeens 640
Figure 19.7 System Configuration Diagram when Using USB Boot Mode...........cc.cccccceeienee. 644
Figure 19.8 Programming/Erasing Flowchart Example in User Program Mode....................... 647
Figure 19.9 Flowchart for Flash Memory Emulation in RAM .......cc..coociiiniiniininiiniicee 648
Figure 19.10 Example of RAM Overlap Operation...........cccccevueeverienieneenieenennienieneeneenieenieens 649
Figure 19.11 Program/Program-Verify FIOWcChart............coocoviiiiniiiniiniiiicicciceceee 651
Figure 19.12 Erase/Erase-Verify FIOWChart ...........c.ccocooiiiiiiiiiiniiiieccccccneceeees 653
Figure 19.13 Memory Map in Programmer Mode..........c..cccccooiriiniiniiiiniinieneeneenceeeeeeeee 656
Figure 19.14 Power-On/Off Timing (Boot Mode)..........cccceciriiriiniiniiiieiinienreneeneeieeeeeeee 659
Figure 19.15 Power-On/Off Timing (User Program Mode) ..........c..ccoceevierviriienieniieniceneencenienns 660
Figure 19.16 Mode Transition Timing

(Example: Boot Mode — User Mode <> User Program Mode)..........ccccceceeuenen. 661

Section 20 Masked ROM
Figure 20.1 Block Diagram of On-Chip Masked ROM (256 kbytes)........cc.cccceeveevrerninnncnncne 663

Section 21 Clock Pulse Generator

Figure 21.1 Block Diagram of Clock Pulse GENnerator ...........ccocceeeerueenieeiienienieneeneenieenieeeens 665
Figure 21.2 Connection of Crystal Resonator (Example)..........cccocceeieiieiiiiiniiniinicnicienens 669
Figure 21.3 Crystal Resonator Equivalent Circuit...........cccccocieiiniinieiiiiieieienie e 670
Figure 21.4 Example Wiring Diagram for Connecting a Ceramic Resonator ..............cc.......... 670
Figure 21.5 External Clock Input (EXamples) ........ceoeevieriirienienieniieieeicnieneeseenieenieeee e 671

Rev.7.00 Mar. 2¥"8hH 7 AR W B Wi
REJ09B0140-0700
RENESAS



Figure 21.6 External Clock Input Timing.........ccccociiiiiiiiniiniinieiieiieereeneeseeeeee e 672

Figure 21.7 Connection of Ceramic ReSONALOT ...........cccceoiiriiriieiiieiiieicnieeeeneeeeic e 673
Figure 21.8 Connection of Ceramic ReSONALOT ...........ccceoviirieniieiiieiiiiienieceeneeeee e 673
Figure 21.9 48-MHz External Clock Input Timing .........ccccceceeveenienenieniienienieneeneenieeieeeene 674
Figure 21.10 Pin Handling when 48-MHz External Clock Is Not Used.........cccccevveenernennucnnene 674
Figure 21.11 Example of PLL CIICUIt ....co.veitiirtiiiiiieiieiieitesitenieeieeeeeete sttt 675
Figure 21.12 Note on Board Design of Oscillator Circuit.........c..coceeeeeeeeciiriinicnieneeneeeenees 676
Figure 21.13 Example of External Clock Switching CirCUuit .........c..ccoceeeeeviiriiniieniieneenieniienene 677
Figure 21.14 Example of External Clock Switchover Timing...........ccccccccoceiiinienienienieniennnns 677

Section 22 Power-Down Modes

Figure 22.1 Mode Transition DIiagram .........c..ccoceeveiriiiiiiiiniinieneeieeeeieete et 681
Figure 22.2 Medium-Speed Mode Transition and Clearance Timing ........c...cccccoceereenienneennns 687
Figure 22.3 Software Standby Mode Application Example ...........cccccoceviiiiiniininniiniiiinnee 690
Figure 22.4 Hardware Standby Mode Timing (Example) ...........ccccoceeiieriiiniienienieniineeicenene 692
Figure 22.5 Timing of Transition to Hardware Standby Mode ..........cccccoceevieniinieencincnnennnens 693
Figure 22.6 Timing of Recovery from Hardware Standby Mode...........ccccoeeneinenncincnncnnnens 693

Section 24 Electrical Characteristics (H8S/2215)

Figure 24.1 Power Supply Voltage and Operating RANGES ........cc.eoevveeeeeieieiieiee e eeeeieieens 724
Figure 24.2  Output Load CIrCUIL ......cc.eoouieiiieiiiiieiieieeeeic ettt 728
Figure 24.3  System ClOCK TIMING.......cooveiieniiriiiiiieie ettt sttt eeeeas 730
Figure 24.4 Oscillation Stabilization TImMiNg .......c.ccceceeveeriiriienienienienceeee et 730
Figure 24.5 Reset INput TImiNg.......coceevvieiiriirienienieneeceeete ettt 731
Figure 24.6 Interrupt Input Timing..........cccceeiiiiiiiiiniiniiiiicceceee e 732
Figure 24.7 Basic Bus Timing (TWO-StalE ACCESS).......ccuereeuerieerririeieierieeeie et ee 734
Figure 24.8 Basic Bus Timing (Three-State ACCESS)........ccueirieriririeriererieeeiesieeeie et 735
Figure 24.9 Basic Bus Timing (Three-State Access with One Wait State) ........c..cceceeveereenene 736
Figure 24.10 Burst ROM Access Timing (TWo-State ACCESS)......covereereeruerrerierieneenieenieeiens 737
Figure 24.11 External Bus Release Timing ........c.ccooeeveeviiiiinienienienieeeieeee et 738
Figure 24.12 I/O Port Input/Output TImMing........cccceoeeriieiiieiiieiinienieeeeereere e 741
Figure 24.13 TPU Input/Output TIming.........cccccoveeriiiiieiiieiieiinienieeeeereere e 741
Figure 24.14 TPU Clock Input Timing.......c..ccceeiiiiiiiiiiiiiinienieiciieieereereeeese e 741
Figure 24.15 8-bit Timer Output TIMING........coceereeririiiriiiiiinienteneeeeeete ettt eieeas 742
Figure 24.16 8-bit Timer Clock Input TIming .......cccceevverieriineenieiieiiniertereeneeeeee e 742
Figure 24.17 8-bit Timer Reset Input Timing........cocceevueiiiriiniiniiniieieeenicete st 742
Figure 24.18 SCK Clock Input Timing .........ccccceceevieriierieinienienieeieeieere e e ene s 742
Figure 24.19 SCI Input/Output Timing (Clock Synchronous Mode) .......c..cccceveevienieniieninnnns 743
Figure 24.20 A/D Converter External Trigger Input Timing............cccceecveviinienienieniinenncenene 743
Figure 24.21 Boundary Scan TCK Input Timing .........cccccereereeneeniiniienienienieneeneeneenieeeeeeene 743
Rev.7.00 Mar. 27, 2007 Page xlviii of Iviii UL CELL S SR L
REJ09B0140-0700

RENESAS



Figure 24.22 Boundary Scan TRST Input Timing (At Reset Hold) .........cccccoceniiniiniininninnnnes 743

Figure 24.23 Boundary Scan Data Transmission Timing..........c.cccoceeieeiieiiinieniienieenceneenneenenne 744
Figure 24.24 Data Signal TImIng ........cccoocieiiiriiniiiiieieienieneeneeieere et 746
Figure 24.25 Test LOAO CIFCUIL.......ceoveiiiieeieieieieieieiteieet ettt sttt sttt st sbe et ssennenens 746

Section 25 Electrical Characteristics (H8S/2215R)

Figure 25.1 Power Supply Voltage and Operating RANGES............ccoeererieirereinenieeeereeenens 752
Figure 25.2  Output Load CIrCUIt........cocuiriiriiiiiiieiieieeieeeeeeeete e 756
Figure 25.3 System Clock TIMiNg ........ccceeviieiiiiiiniiiiieietee et 758
Figure 25.4 Oscillation Stabilization Timing........ccccceveereerieniriiiniinienieeeieete e 758
Figure 25.5 Reset INPUL TIMINZ ....cooveiiiiiiniiiieieeieeteetestesieest ettt et ee e s s 760
Figure 25.6 Interrupt Input Timing........cccceveeriiiiiiiiiiiieiieteeeeete sttt 760
Figure 25.7 Basic Bus Timing (TWo-State ACCESS)......cccuerierrieiiriiirienieiieieere e 763
Figure 25.8 Basic Bus Timing (Three-State ACCESS)....c..ccoievuiriirienieniieiieieerereeneerieeee e 764
Figure 25.9 Basic Bus Timing (Three-State Access with One Wait State) ...........ccccoeveeeeenne 765
Figure 25.10 Burst ROM Access Timing (TWo-State ACCESS)......cevuerrerieneerernienieneeneenieeiens 766
Figure 25.11 External Bus Release Timing ........cocceevueriiriiniininiiinienieeeiceieeee e 767
Figure 25.12 I/O Port Input/Output TImMING.....cc.cevuervuiriirieniieniieieeiienitenieenieeie ettt 770
Figure 25.13 TPU Input/Output TIming .........ccceevuiriiiriiirienieiierieieeeeseeseere e 770
Figure 25.14 TPU Clock Input Timing........cccceceeieiiiiiiiiiiiieneeeeieereereeee e 770
Figure 25.15 8-bit Timer Output TIMINgG.........ccceeviiriiiiiiiiiiieieieeeeeee e 771
Figure 25.16 8-bit Timer Clock Input TIming ........cccceoveeverriiriierieniineeieeteeieseeseee e 771
Figure 25.17 8-bit Timer Reset INput TImMing........cccceereererniirienienienieeieeieeieete et 771
Figure 25.18 SCK Clock INPUt TIMiNG ......eecveruiirienienieiieiieeie ettt st s enee e 771
Figure 25.19 SCI Input/Output Timing (Clock Synchronous Mode) ...........cccceevereencenieninnens 772
Figure 25.20 A/D Converter External Trigger Input Timing.........c..ccccoeeieiiiniiniinienieneeniennens 772
Figure 25.21 Boundary Scan TCK Input Timing ..........cccccociriiiriiniininiieiinieneeneene e 772
Figure 25.22 Boundary Scan TRST Input Timing (At Reset HOId) ..........ccovvrvrvererveeerrereeenenes 772
Figure 25.23 Boundary Scan Data Transmission Timing.........ccocceeveereereriuenienieneeneenenneeneene 773
Figure 25.24 Data Signal TIMINgG .....ccccovievuiriiniinieiieieeeeiesiteseenie ettt sttt siaesieens 775
Figure 25.25 Test LOAO CIFCUIT......c..eoveiriiieirierieeieteiei ettt ettt sttt s ene e 775

Section 26 Electrical Characteristics (H8S/2215T)

Figure 26.1 Power Supply Voltage and Operating RANGES............coeveeeeverieieeniecieenieeeeeenenens 781
Figure 26.2 Output Load CIrCUIL....c.uerviiiineeniieiieieeteeitestt ettt ettt sieesieens 785
Figure 26.3  System ClOCK TilmiNg .....cc.covueeriiriirienieiienieeicete ettt ettt s eieens 787
Figure 26.4 Oscillation Stabilization TimMing..........cccocerieriieriiiiiiniienieeeeeie e 787
Figure 26.5 Reset Input TIMiNg........coceoviiriiriiiiiieiieieeienereercee et 788
Figure 26.6 Interrupt Input Timing........c.cccoceeviiiiiiiiiiiiiiiieieeeeee et 789
Figure 26.7 Basic BUS Timing (TWO-StaE ACCESS)......cuerveuirrerieririeieeeierieeeiesaeeeteseeseesessennesens 791

Rev.7.00 Mar. 27803 dpHEELAN- B9l
REJ09B0140-0700
RENESAS



Figure 26.8 Basic Bus Timing (Three-State ACCESS)........ccveireriririerieierieieiesieeeie et 792

Figure 26.9 Basic Bus Timing (Three-State Access with One Wait State) ............cccceeeeeeenne 793
Figure 26.10 Burst ROM Access Timing (Two-State ACCESS)......cccuerueerreenrirnerieerieneenieereeneens 794
Figure 26.11 External Bus Release Timing ........c.ccooceereeiiiiinienienienieceicete st 795
Figure 26.12 1/O Port Input/Output Timing........coceeveerieeniieiinienienienieeieeieeie st see oo 797
Figure 26.13 TPU Input/Output Timing .......c.coouereireiriieniieiieienitenitenieeneeteete ettt sieenieeieeas 798
Figure 26.14 TPU Clock Input Timing.......c..ccoceeeieiiiiiiiiiiniinieiciiereereeeeseeseese e 798
Figure 26.15 8-bit Timer Output TIMINgG........ccceoieriiiiiiiiiiiiirienieeeeee et 798
Figure 26.16 8-bit Timer Clock Input TIming.........cccccceroeiriiniiniiiiiiieiereereeeeee e 798
Figure 26.17 8-bit Timer Reset Input Timing........coceevueriiriiniiniiniieieeieniceie e 799
Figure 26.18 SCK Clock INpUt TImiNg ......cc.eevueerierrierieiiinienieenieeieeieeeeite st siee oo ee e ean 799
Figure 26.19 SCI Input/Output Timing (Clock Synchronous Mode) .......c..ccoceeveereencencnnecnnene 799
Figure 26.20 A/D Converter External Trigger Input Timing............cccceecveriiiienieniieniinenneenene 799
Figure 26.21 Boundary Scan TCK Input Timing ..........c.cccoceevieniiiiniiniinienieneeneee e 800
Figure 26.22 Boundary Scan TRST Input Timing (At Reset Hold) ...........cc.coomvervrveereereerennen. 800
Figure 26.23 Boundary Scan Data Transmission Timing.........ccocceveevuervuenienieneenieeneenenneeneenne 800
Figure 26.24 Data Signal Timing .......cccceevueiiirieneieiie ettt ettt st 802
Figure 26.25 Test LOAO CIFCUIL........ccoviiiiieieieieiet ettt et st 802
Appendix

Figure C.1 TFP-120, TFP-120V Package DImension...........ccccciecuieienienieneenceneeeeeeeeeene 810
Figure C.2 BP-112, BP-112V Package Dimension..........ccocceveevieriinienienieneeneenieeieseeseene 811
Rev.7.00 Mar. 27, 2007 Page | of lviii UL CELL S SR L
REJ09B0140-0700

RENESAS



Tables

Section 2 CPU

Table 2.1
Table 2.2
Table 2.3
Table 2.4
Table 2.4
Table 2.5
Table 2.6
Table 2.7
Table 2.7
Table 2.8
Table 2.9
Table 2.10
Table 2.11
Table 2.12
Table 2.13
Table 2.13

Instruction ClassifiCatiON...........oeeuiieeriiieeeiie e et e et e e sre e e e b e e eseeeesnreeeans 39
Operation NOTATIOM ......ooueeruieiieiieiieieee ettt sttt 40
Data Transfer INStrUCHONS .........cccuiieiiiiieeeiiieeeieeeeree e e e e e ere e e eeaeeesseraeeenns 41
Arithmetic Operations InStructions (1)......ccceeeverierieriieneeneenieneeieeieneeseeneeeen 42
Arithmetic Operations INStructions (2).......cceeeveruerierieneeneeneenieeeeeeeneeseenieenees 43
Logic Operations INStIUCIONS ........cocuiruiriirieniieiieieniertesieeneeree ettt 44
Shift INSEIUCHONS ....vviiieiiieeiiiieeeiee ettt et e et eeesreeeeebeeeessnaeeeennsaeessseeeanns 44
Bit Manipulation InStructions (1) ......ceceeerieeriiinieiniienieeieeeeee e 45
Bit Manipulation InStructions (2) ......ceeeeereeerieenieiniienieenieesieesiee e 46
Branch INSIUCHIONS. ......eeeuieitieeiteeiteeiteete e ete et eesteesabeesereesareesbeesnseesnseessseens 47
System Control INStIUCHION.........covueiriiiiiieiieierieeteteeeeee ettt 48
Block Data Transfer INSIrUCHION ........eccvetirieeeciieiiieeieesieeeite e eieesieeebeesveeenvee e 49
Addressing MOdES.......c.oouieiieiiiieiieieeeee et s 50
Absolute Address Access Ranges ........c.coceeieviiiiiiieiiniinieeccceeeeeeeeee 52
Effective Address Calculation (1) .......cc.eeeeeiieeiiciiieeiiiie et 54
Effective Address Calculation (2) .......cc.eeeeeviieiiiiieeiiiee ettt e 55

Section 3 MCU Operating Modes

Table 3.1
Table 3.2
Table 3.3

MCU Operating Mode SeleCtion.........c..cccueecuirierieniierieeieneeneenieeee e 63
USB Support in MOde 7 .....coooeiiiiiiieiieiieit et 67
Pin Functions in Each Operating Mode..........c..cccceeeieiiiniiniienienieiciieeeeeeeeeneen 68

Section 4 Exception Handling

Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5

Exception Types and Priorify ......c.ccooeevieriireininniinienieneesieecee st 73
Exception Handling Vector Table ..........ccoceeviiiiiiiniiiiiiiiiicieeeceeeeec e 74
RESEE TYPES ..ottt ettt 75
Status of CCR and EXR after Trace Exception Handling.............ccccocceienieninnnen. 79
Status of CCR and EXR after Trap Instruction Exception Handling ..................... 80

Section 5 Interrupt Controller

Table 5.1  Pin CONfIgUIAtION .......ooiiiiiiiiiiieiieiee ettt 85
Table 5.2  Interrupt Sources, Vector Addresses, and Interrupt Priorities.............c.ccceceeeienne 94
Table 5.3  Interrupt Control MOAES.........ccueeiiiiiiiiiiiiiieeieereeeee e 96
Table 5.4  Interrupt ReSpOnSe TimeS......cocueeiiriiriiriiniiiiiie ettt 101
Table 5.5  Number of States in Interrupt Handling Routine Execution Statuses.........c........... 102
Table 5.6  Interrupt Source Selection and Clearing Control..........c..ceceecvervienienieneencenennnens 104
Rev.7.00 MaPB%-Jgba>Nehba'- b i

REJ09B0140-0700

RENESAS



Section 6

Bus Controller

Table 6.1  Pin CONfIGUIAtION ......cocuiiiiiiiiiiiiciccic ettt 109
Table 6.2  Bus Specifications for Each Area (Basic Bus Interface)..........ccccceevivivieniiinnnnns 121
Table 6.3  Data Buses Used and Valid Strobes ..........ccccoceeieriinieniencincinieiicsieneenieeieeeeae 126
Table 6.4 Pin States in Id1e CYCIe ......ooiiriiriiiiiiieieieteeeeee ettt 142
Table 6.5  Pin States in Bus Released State ...........cocevvierienieniiniiniiiiciiereeceeeeteseenieeiens 143
Section 7 DMA Controller (DMAC)
Table 7.1  Short Address Mode and Full Address Mode

(For 1 Channel: Example of Channel 0)..........cocccociriiniiniininnenicnienicnceceee 150
Table 7.2 DMAC Transfer MOAES ........cceeruiiriernieiieiienienieenieeieeteetesitesite et 170
Table 7.3  Register Functions in Sequential Mode............coceeiinieniininninnenienienceiceneeee 171
Table 7.4  Register Functions in Idle MOde ..........coocuiiiiiiiiiiiniiiniiiiicniceeeeeceeeeeeeiee e 174
Table 7.5  Register Functions in Repeat Mode ...........c.coceeieniiiiiiiiiiiiiiciceeccceeeee 176
Table 7.6  Register Functions in Normal Mode ............cccccooiiiiiiiiiiiiniiiiicccceeeeies 179
Table 7.7  Register Functions in Block Transfer Mode ...........cccccecuevoieriiniinienienceneeneees 182
Table 7.8  DMAC ACHVAION SOUICES ...eoveruiiriierieerieetietieitenitenitenieeteetesitesitesieesseeneeseesneenne 187
Table 7.9  DMAC Channel Priority Order.........c.ccooeeviiriinienienienieeienienieneenieenie e 195
Table 7.10  Interrupt Source Priority Order ...........ccccoocieiiriiniiiieiieeeienee e 199
Section 8 Data Transfer Controller (DTC)
Table 8.1  Activation Source and DTCER Clearance ...........cccccoceeveeneenernienieneeneeneenieenens 210
Table 8.2  Interrupt Sources, DTC Vector Addresses, and Corresponding DTCE.................. 213
Table 8.3  Overview of DTC FUNCHONS .....c..eoriiriiiiiiiiiiiinienieiteeeeete ettt 215
Table 8.4  Register Information in Normal Mode...........cccceoiiiiiiiniiniiniineceeeee 216
Table 8.5  Register Information in Repeat Mode...........c..ccoeeeiiiiiiiiiiniiniiinienieeccceceee 217
Table 8.6  Register Information in Block Transfer Mode ............ccccceceriieniiinienienienienienens 218
Table 8.7  DTC EXECULION STALUS ...cccueriirieriiiiiiinieenieeieete ettt ettt st sbeesiee e et enee e 222
Table 8.8  Number of States Required for Each Execution Status.......c...ccccevvevvienieneeneenens 222
Section 9 1/0 Ports
Table 9.1 POrt FUNCHONS (1)..viiiiiiiiieeiiiie ettt ettt e et e e st eeeeta e e eessaaeesnnseaeens 227
Table 9.1 POTt FUNCHIONS (2)..1tiiiiiiiieeiiiie ettt ctte ettt e et e e e e e e sta e e e entaeeesssaaeesnnseaeens 228
Table 9.1 POrt FUNCHIONS (3)..vviiiiiiiee ittt ettt ettt e e et e e e vaee e eaveaaeas 229
Table 9.1 POIt FUNCHIONS (4).nvviiieeiiee ettt et e e e et e e e aaaee e eaveaaeas 230
Table 9.2 P17 Pint FUNCHON c...o.eiiiiiiiiiiiiiicteeecet ettt 233
Table 9.3 P16 Pin FUNCHON ....cooiiiiiiiiiiiieieteeetet ettt st 233
Table 9.4 P15 Pin FUNCHON c...coiiiiiiiiiiieeeeeteee ettt sttt e 234
Table 9.5 P14 Pin FUNCHON ....coitiiiiiiiiieeieeiteeee ettt st st 234
Table 9.6 P13 Pin FUNCHON ....o.eiiiiiiiiiiiiciictececec ettt 234
Rev.7.00 Mar. 27, 2007 Page lii of Ivii UL CELL S SR L
REJ09B0140-0700

RENESAS



Table 9.7

Table 9.8

Table 9.9

Table 9.10
Table 9.11
Table 9.12
Table 9.13
Table 9.14
Table 9.15
Table 9.16
Table 9.17
Table 9.18
Table 9.19
Table 9.20
Table 9.21
Table 9.22
Table 9.23
Table 9.24
Table 9.25
Table 9.26
Table 9.27
Table 9.28
Table 9.29
Table 9.30
Table 9.31
Table 9.32
Table 9.33
Table 9.34
Table 9.35
Table 9.36
Table 9.37
Table 9.38
Table 9.39
Table 9.40
Table 9.41
Table 9.42
Table 9.43
Table 9.44
Table 9.45
Table 9.46

P12 Pin FUNCHON ...ttt ettt e e et e e e e e e e ennnees 235
P11 Pin FUNCHON ...ttt ettt e et e e e e e e e ennnees 235
P10 Pin FUNCHON ...ttt e e e e e e e e e e eannees 235
P36 Pin FUNCHON .....oeiiiiiiiiceieceee et ettt ettt tae e e eaveeeea 238
P35 Pin FUNCHON .....vviiiiiecce et ettt ettt e aae e e eaveeeea 239
P34 Pin FUNCHON .....eviiiiiiiicecie ettt ettt ettt eeaaae e e eareeeeas 239
P33 Pin FUNCHON ...ttt e e e e e e e e e ennnees 239
P32 Pin FUNCHON ...ttt e e taae e e e e e e e eannees 240
P31 Pin FUNCHON ...ttt e e e e e e eannees 240
P30 Pin FUNCHON .....cviiiiiiieccie e ettt et aae e e eareeeea 240
P74 Pin FUNCHON .....oviiiiiiiecccice ettt et et e et e e aaaee e eaveaeen 243
P73 Pin FUNCHON .....veiiiiiieceee ettt ettt et aaae e e eaveeeea 243
P72 Pin FUNCHON ...ttt ettt e et e e e e e e e eannees 244
P71 Pin FUNCHON ...t ettt e et e e e e e e e eeannees 244
P70 Pin FUNCHON ...ttt e et e e e e e e e ennnees 244
PA3 Pin FUNCHON ...oooiiiiiiice et ettt e e e e aveeaean 249
PA2 Pin FUNCHON ...ooiiiiiiiicec et et aveaaean 250
PAT Pin FUNCHON c...oooiiiiiiiicc et ettt e 250
PAO Pin FUNCHON ...ttt e e e e e s 250
Input Pull-Up MOS States (POrt A)........coceevieiiiiinienieneeeeeeee e 251
PB7 Pint FUNCHION ...ttt e e e 254
PBO6 Pin FUNCHON .....ooiiiiiiiiciiic et ettt e e e e aveeeeas 254
PBS5 Pin FUNCHON ....ooiiiiiiiiicieee ettt eeaveeeeas 254
PB4 Pin FUNCHON .....ooiiiiiiiiciiic ettt ettt e e e e e e eaveeeeas 254
PB3 Pint FUNCHION ...ttt 255
PB2 Pint FUNCHION ......uviiiiiiiiceeieee et 255
PB1 Pint FUNCHION ...ttt et 255
PBO Pin FUNCHON .....ooiiiiiiiicieec e ettt et e e e e eaveeeea 255
Input Pull-Up MOS States (Port B).......cooeeviiiiniiniinieiiceccecceeeeeeene 256
PC7 Pin FUNCHON .....oiiiiiiiiicieee ettt et e et e e e aae e e eaveaeeas 259
PCO Pint FUNCHION ...t arae e e e e eannnes 259
PCS5 Pint FUNCHION ...ttt e e e e e 259
PCA Pint FUNCHION ...ttt arae e e e e e eannnes 259
PC3 Pin FUNCHON ....oviiiiiiiieciee ettt et ee v e e e aveaeens 259
PC2 Pin FUNCHON ....uviiiiiiiiicciee ettt et ettt e et eeaae e e eaveaeens 260
PC1 Pin FUNCHON ....uviiiiiiiiicciee ettt ettt e et eeaae e e eaveaeens 260
PCO Pint FUNCHION ...ttt ettt e arre e e e e eannnes 260
Input Pull-Up MOS States (Port C).......coceevuieiiiiiniinieiieieeieeeeeeeeeceereereenene 261
PD7 Pin FUNCHION ...ttt arae e e e e e eannnes 264
PDO6 Pin FUNCHON ....ooiiiiiiiiciec ettt ettt e aveea e 264

Rev.7.00 Mar"B#Ia8iA - BEEL b i
REJ09B0140-0700
RENESAS



Table 9.47
Table 9.48
Table 9.49
Table 9.50
Table 9.51
Table 9.52
Table 9.53
Table 9.54
Table 9.55
Table 9.56
Table 9.57
Table 9.58
Table 9.59
Table 9.60
Table 9.61
Table 9.62
Table 9.63
Table 9.64
Table 9.65
Table 9.66
Table 9.67
Table 9.68
Table 9.69
Table 9.70
Table 9.71
Table 9.72
Table 9.73
Table 9.74
Table 9.75

Section 10
Table 10.1
Table 10.2
Table 10.3
Table 10.4
Table 10.5
Table 10.6
Table 10.7
Table 10.8
Table 10.9

PD5 Pin Function ...........ccooeeevvvieeiiiieciiiiieee e
PD4 Pin FUnction ............cooeevvvvieeieeeeeiiiieeee e,
PD3 Pin Function ...........ccooeevvvieeiiieeeiiiieeee e
PD2 Pin Function ..........ccccooovviiieiiiiceeies e,
PD1 Pin Function .........cccccoooeiiiieiiiiiceeiec e
PDO Pin Function ..........c.cccooeviiieiiiiieeiec e
Input Pull-Up MOS States (Port D) ......c..ccccceeveenennee.
PE7 Pin FUnCtion.............coooevvvieeiieeecciieeee e
PE6 Pin FUNCtion.............coooevvvieeiieieiiinieeee e
PES Pin Function..........ccccooooeiiiieiiiececiee e
PE4 Pin Function..........ccccoooeeieiiiiiieceeiee e
PE3 Pin Function..........cccccooeieiiiiiieieciee e
PE2 Pin FUnCtion.............cooeevvveeeiieeeciinieee e
PE1 Pin FUnction............ccooeevvvieeiieiecinieeee e
PEO Pin FUnction.............cooeevvvieeiieeecinieeee e
Input Pull-Up MOS States (Port E)......cccccecvevvennenee.
PF7 Pin Function..........cccccoooeviiieiiiiceeiee e
PF6 Pin Function...........ccccooevviiieiiiiicieiec e
PES5 Pin Function............cccoeeviviiiiicieeiiieeeee e
PF4 Pin Function............cccoeevvvieeiiceeeciieecee e
PE3 Pin Function............cccoeevvvieeiiiieeiiieeee e
PF2 Pin Function..........ccccoooeiiiieiiiicceiec e
PF1 Pin Function..........ccccoooeiiiieiiiiceeiee e
PFO Pin Function..........ccccoooeiiiieiiiicceiec e
PG4 Pin Function ...........cccoeevvvieeiiieeeiiiiieee e,
PG3 Pin Function ...........ccoeevvvvieeiiieeciiiieeec e,
PG2 Pin Function ...........ccooeeevvvieeiiieeciiiiieec e,
PG1 Pin Function ..........cccccoeevviiiiiiiiiieeiec e,
PGO Pin Function ..........ccccooevvviieiiiiieeiec e

16-Bit Timer Pulse Unit (TPU)

TPU FUNCHONS ..ceevvveeiiie e
Pin Configuration ........c..cccceeeirienienieiincieneneeneene
CCLR2 to CCLRO (channel 0)........ccccccoeevveeeeireeeennns
CCLR2 to CCLRO (channels 1 and 2)........................
TPSC2 to TPSCO (channel 0)..........cceevviieeiieeennnnnn.
TPSC2 to TPSCO (channel 1)......c.ccceeeveveveciieeeniinnnne
TPSC2 to TPSCO (channel 2)........cccceeveveveiveeeniiennnn.
MD3 t0 MDO......ccvieiiieciiecieeee ettt
TIORH_O (channel 0)...........cccoeviiieiiiiieeieeeecieeeeas

Rev.7.00 Mar. 27, 2007 Page liv of Iviii
REJ09B0140-0700

RENESAS

. DatasheetdU.com



Table 10.10
Table 10.11
Table 10.12
Table 10.13
Table 10.14
Table 10.15
Table 10.16
Table 10.17
Table 10.18
Table 10.19
Table 10.20
Table 10.21
Table 10.22
Table 10.23
Table 10.24

Section 11
Table 11.1
Table 11.2
Table 11.3
Table 11.4
Table 11.5

Section 12
Table 12.1

Section 13
Table 13.1
Table 13.2
Table 13.3
Table 13.4
Table 13.5
Table 13.6
Table 13.7
Table 13.8

Table 13.9

Table 13.10
Table 13.11
Table 13.12

TIORH_O (channel 0)........ccccoereririirieienenienenieetetetenteete et eaeenens 295
TIORL_O (channel 0) .....c..ccevererieieieieninieneetetetee sttt aens 296
TIORL_O (channel 0) .....c..ccevererieienieieninieneeteteieie ettt s neens 297
TIOR_1 (Channel 1).....ccuviiieiiiii ittt e e e e eaveaeean 298
TIOR_1 (Channel 1)....cccuviiiiiiiii ettt e et e e e eaveeaean 299
TIOR_2 (ChanNEl 2).....c..vviieeiiiieeiiie ettt ettt etr e e et e e eeaveeaean 300
TIOR_2 (Channel 2).....ccccueviiriinirieiieietenienieseeitetetee sttt 301
Register Combinations in Buffer Operation.............cccccocenviiniininniiiinieniceenen. 318
PWM Output Registers and Output Pins..........ccccocieiiiiiiiiniiniiniiiceieeeeee. 322
Phase Counting Mode Clock Input Pins........cccccocerienieniiniiniinciiciicneeniceeenn 326
Up/Down-Count Conditions in Phase Counting Mode 1 .....c...cccceoceereineeneeniennnen. 327
Up/Down-Count Conditions in Phase Counting Mode 2 .........cccccoceereeneeneeniennnen. 328
Up/Down-Count Conditions in Phase Counting Mode 3 .........cccccocereeniininnneennen. 329
Up/Down-Count Conditions in Phase Counting Mode 4 .........c.cccoceoveeniininnennnen. 330

TPU INEEITUPES ...ttt ettt et s eane s 331
8-Bit Timers (TMR)

Pin Configuration ........cocueiieiierieneenieieeteeteneet ettt sttt 349
Clock Input to TCNT and Count Condition ..........c..cceceevveeveeniiriieneeneeneeneereenens 352
8-Bit Timer INterrupt SOUICES ......cocuieruieiiiriiiieiieieete ettt s 360
Timer Output PrioTities .......cccceoviiiiiriiniieiieieeieeeeee et 364
Switching of Internal Clock and TCNT Operation...........ccccceveeveevieecueneeneeneenneen 365
Watchdog Timer (WDT)

WDT INEEITUPE SOUICE.....c.eeiniiiiieiiiiiiieeeeeee e e 374

Serial Communication Interface

Pin Configuration ........cccueoieiiirieneiniiiieeieetetee ettt ettt et s 384
Relationships between the N Setting in BRR and Bit Rate B ...........c.cccoceneniine, 413
BRR Settings for Various Bit Rates (Asynchronous Mode) ........c..ccoceeveeneeniennnen. 414
Maximum Bit Rate for Each Frequency (Asynchronous Mode)..........c.cccccceeuennee. 418
Maximum Bit Rate with External Clock Input (Asynchronous Mode).................. 418
BRR Settings for Various Bit Rates (Clocked Synchronous Mode) ...................... 419
Maximum Bit Rate with External Clock Input (Clocked Synchronous Mode)...... 419
BRR Settings for Various Bit Rates

(Smart Card Interface Mode, whenn=0and S =372)......cccccovviieeiiiiieciieeceieen, 420
Maximum Bit Rate at Various Frequencies (Smart Card Interface Mode) ............ 420

Serial Transfer Formats (Asynchronous Mode) ...........ccceeeeriiieeneeniiiennienieeeneennne 422
SSR Status Flags and Receive Data Handling............cc.cocoveiniiiiiiiniiniinieneenee. 429
SCI INLEITUPE SOUICTES ....veneiiiieiiiriieiieieeie ettt sttt ettt ettt e e et e eanens 460

Rev.7.00 Mar %! 3ti7 = Btk B9 i
REJ09B0140-0700
RENESAS



Table 13.13 Interrupt Sources in Smart Card Interface Mode.............cceeverienieninniiicnicneene 461

Section 14
Table 14.1
Table 14.2
Table 14.3
Table 14.4

Section 15
Table 15.1
Table 15.2
Table 15.3
Table 15.4
Table 15.5
Table 15.6
Table 15.7
Table 15.8
Table 15.9

Section 16
Table 16.1
Table 16.2
Table 16.3
Table 16.4
Table 16.5
Table 16.6

Section 17
Table 17.1

Section 19

Boundary Scan Function

Pin Configuration .......cooccevueeiiiiinienieneeieeeeteete sttt ettt 471
Instruction CONfIGUIALION ...c..eevuiiiiiiriieieeieeieeteetet ettt 472
IDCODE Register COnfiguration ..........cc..cecueeuerierieneeneeneenieenieeeeneesieesieenieenens 474
Correspondence between LSI Pins and Boundary Scan Register.......................... 476

Universal Serial Bus Interface (USB)

Pin Configuration .......cc.ccoveeiiiiiriinieneeieeieetcee ettt ettt ettt 490
EPINFO Data SEttNS .....cceeevertieriieiiiieeieiienieenieete ettt et et 498
Relationship between the UTSTRO Setting and Pin Outputs ........cc.ceceeeverieneennee. 538
Relationship between the UTSTR1 Settings and Pin Inputs .........cccocccovveneniennen. 540
SCI INLEITUPE SOUICES ...ttt ettt ettt st s 542
Command Decoding on FIrmware ............cc.cccoeviiiiiniiiiieniniiieeeeeeeeeeeeee 570
Register Name Modification LiSt..........coceeiiiniriiiiiniieniineenceiceceeceeesieeeeen 581
Bit Name Modification LISt ..........cccocviiieiiiiiiniiniiiniecceecceeeeese e 582
EPINFO Data SEttNgS .....cceeecvertieniieiiiienieiiesitenieete ettt sttt ettt e 583
A/D Converter

Pin ConfigUuration ........cc.cocieiiiiiiiiiinieieeeieee e 601
Analog Input Channels and Corresponding ADDR Registers........cc.cccoceeveruennnne 602
A/D Conversion Time (Single Mode) .........ccoceereerieniniiinienienieneeneenieeeeeeeeeae 609
A/D Conversion Time (Scan MoOde)........coovuuviiiiiiiiiiiirieeeee et 610
A/D Converter INterrupt SOUICE ..........c.coeeruieriieiiieiiieieeienie et 611
Analog Pin SpecifiCations ...........ccoevieriirieiieniiiiiieeee e 615

D/A Converter
Pin Configuration .......co.covueeiiiiiniiniieeieeieeteee ettt ettt 618

Flash Memory (F-ZTAT Version)

Table 19.1 Differences between Boot Mode and User Program Mode...........cc.cccoeeiienienns 628
Table 19.2  Pin CONfIGUIATION ......cocviiiiiiiiiieiieeeeetc et 632
Table 19.3  Setting On-Board Programming Modes...........ccccereevieenieriieriieniienienieneeneenieeiens 639
Table 19.4  SCI Boot MOde OPEration.........cc.eerueerieriereenienieenieeieeieeitesitenieenieesieeeesaeseeesieenae 642
Table 19.5 System Clock Frequencies for Which Automatic Adjustment of LSI Bit Rate Is

POSSIDIE ...ttt sttt 642
Table 19.6 Enumeration INfOrmation .........c.cevueeriiieriiiniiienieenieeeiee ettt e 643
Table 19.7 USB B00t M0Ode OPEration ...........coceevueeruieiuieiieienieeiieieereere e e e ene e 646
Table 19.8  Flash Memory Operating STates ..........cceeeerueeriierienienienieenieenieeieneesieenieenieeseeeeenne 656
Rev.7.00 Mar. 27, 2007 Page lvi of Iviii UL CELL S SR L
REJ09B0140-0700

RENESAS



Table 19.9

Section 21
Table 21.1
Table 21.2
Table 21.3
Table 21.4
Table 21.5
Table 21.6

Section 22
Table 22.1
Table 22.2
Table 22.3
Table 22.4

Section 24
Table 24.1
Table 24.2
Table 24.3
Table 24.4
Table 24.5
Table 24.6
Table 24.7
Table 24.8

Table 24.9
Table 24.10
Table 24.11

Section 25
Table 25.1
Table 25.2
Table 25.3
Table 25.4
Table 25.5
Table 25.6
Table 25.7
Table 25.8

Registers Present in F-ZTAT Version but Absent in Masked ROM Version ........ 662

Clock Pulse Generator

List of Suitable RESONALOLS.........cccueviiiiriiriiniiiieieieieesieeeee e 669
Damping Resistance ValUe..........cocceviiiiiiiiiiniiniieienienie ettt 669
Crystal Resonator CharaCteriStiCs.......cooueruiriereenernienienienieenieenieete et sieenieeneas 670
External Clock Input Conditions............cocueeeerieriieniienieniieiienecneeeee e 671
External Clock Input Conditions when Duty Adjustment Circuit Is Not Used....... 672
External Clock Input Conditions when Duty Adjustment Circuit Is Not Used....... 674

Power-Down Modes

LSI Internal States in Each Mode...........ccocoeiiiiiiiiinininiiieiciciceeseeeeeeene 680
Low Power Dissipation Mode Transition Conditions ...........c..cccceevieveinienieneennen. 681
Oscillation Stabilization Time Settngs .........cccceevvieviriirierienieeieeeeeeeeeseeen 689
¢ Pin State in Each Processing State ..........ccccoceviveriririeienieneneneneneeceeeeeeenne 694

Electrical Characteristics (H8S/2215)

Absolute Maximum Ratings.........ccoooeerieriiiiiiniiinieiieiieneeneencee et 723
DC CharaCteriStICS. .. eeeuveerureerieeniieerteenitt et erite et ettt et s bt e e bt e sbeesbeesabeesaseesas 725
Permissible Output CUITENLS. .......c..coouieviiiiiieiinieiieieeie et 728
CIOCK TIMINE.....oiiiiiiiiiiiieeece e e st 729
Control Signal TIMING.....cccevviiiiiiiiiieieeeeeeee ettt 731
BUS TIMIINZ .ttt sttt sttt et nbeen 733
Timing of On-Chip Supporting Modules ..........c.cccecuerieniineiniineniiiienienieneeeen 739
USB Characteristics (USD+ and USD- pins) when On-Chip USB Transceiver Is

USBA. ettt ettt ettt ettt s b e et b e et e b b e bt e s nbaeesaeeens 745
A/D Conversion CharaCterisStiCs .......eeuuetrriierreeriiieeiieeniteeteesiteeste et esieee s esaeee s 747
D/A Conversion CharaCteriStiCs ........oueuevieriiriirieieieienienieneeeereeesre e eeennens 747
Flash Memory CharacteriStiCs ........uereerieiirienieniienieeieeie sttt et enieenneas 748

Electrical Characteristics (H8S/2215R)

Absolute Maximum Ratings........c..cccceevieiiniiiniiiiniiieieeeeeceee e 751
DC CharacCteriStiCS. ....c.uevuuerieriieieeieeie ettt ettt ettt et e sane s e ene e 753
Permissible Output CUITENTS........co.eertieriiriirieniieieeie ettt ettt eaeas 756
CLOCK TIIMUNEZ. ..ttt ettt st e et e 757
Control Signal TIMING .....cc.cevuiiiiiiiiiienieieeeeeee ettt 759
BUs TIMINE ...cveiiiiiieiieieee et 761
Timing of On-Chip Supporting Modules ..............ceceevierienieniininiieiieeeneeeeeee 768
USB Characteristics (USD+ and USD- pins) when On-Chip USB Transceiver Is

USE. ettt st s 774

Rev.7.00 Mar. B¥VbotsH 4 ptdd - b Uiii
REJ09B0140-0700
RENESAS



Table 25.9 A/D Conversion CharaCteriStiCS.........coevvviiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 776
Table 25.10 D/A Conversion CharaCteriStiCS.........covvviiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 777
Table 25.11 Flash Memory CharacteriStiCs.........c.eovveruieriieniieiienienieeeeere e 777

Section 26 Electrical Characteristics (H8S/2215T)

Table 26.1  Absolute Maximum Ratings.........ccoceererriiiiiiiiniinieieeeniete e 781
Table 26.2  DC CharacCteriStICS....cc.ueeruttrrieerrieriieeiiteeieeeieestee et e sibeesteesiteesaseesbeeesseessbaeesaeesanes 782
Table 26.3  Permissible Output CUITENLS .........coceerieriieiiieiieienieieieere et eane e 785
Table 26.4  CIOCK TIMING ....cccviiiiiiiiiiiieieeeeee ettt et e e e 786
Table 26.5 Control Signal TIMINg.......cooceroieriiriiniiiie ettt 788
Table 26.6  BUS TIMING....cootiriiiiiiiiiieeieeiteriteseet ettt ettt ettt st s sbeesbeenbeente et eas 790
Table 26.7 Timing of On-Chip Supporting Modules .........c..ceceevueriirieniiniienienieneeneeeeeeae 796
Table 26.8 USB Characteristics (USD+ and USD- pins) when On-Chip USB Transceiver Is

USEA ettt et ettt et e s e st e s bt e sateesbeenaee 801
Table 26.9  A/D Conversion CharaCterisStiCs........uutrruriirierriienieenieenieenieesreesieeeieesreeeseee e 802
Table 26.10 D/A Conversion CharacterisStiCs........ccevuirerieirieienieienienieeeeeereeesie s eneenens 803
Table 26.11 Flash Memory CharacteriStiCs.......cooueveireerieniiriienienienieenieeie et 803
Rev.7.00 Mar. 27, 2007 Page lviii of Ivii UL CELL S SR L
REJ09B0140-0700

RENESAS



Section 1 Overview

Section 1 Overview

1.1 Overview

e High-speed H8S/2000 central processing unit with 16-bit architecture
— Upward-compatible with H8/300 and H8/300H CPUs on an object level
— Sixteen 16-bit general registers
— 65 basic instructions
e Various peripheral functions
— DMA controller (DMAC)
— Data transfer controller (DTC)
— 16-bit timer-pulse unit (TPU)
— 8-bit timer (TMR)
— Watchdog timer (WDT)
— Asynchronous or clocked synchronous serial communication interface (SCI)
— Boundary scan
— Universal serial bus (USB)
— 10-bit A/D converter
— 8-bit D/A converter
— User debug interface (H-UDI)*
— Clock pulse generator
Note: * Available only in H8S/2215R and H8S/2215T.

¢ On-chip memory

ROM Part No. ROM RAM Remarks

F-ZTAT Version HD64F2215 256 kbytes 16 kbytes SCI boot version
HD64F2215U 256 kbytes 16 kbytes USB boot version
HD64F2215T 256 kbytes 20 kbytes SCI boot version
HD64F2215TU 256 kbytes 20 kbytes USB boot version
HD64F2215R 256 kbytes 20 kbytes SCI boot version
HD64F2215RU 256 kbytes 20 kbytes USB boot version

Masked ROM HD6432215B 128 kbytes 16 kbytes —

Version HD6432215C 64 kbytes 8 kbytes —
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Section 1 Overview

e General I/O ports Modes 4 and 5 Mode 6 Mode 7
— 1/O pins: 41 41 68
— Input-only pins: 15 23 7
e Supports various power-down states
e Compact package
Package (Code) Body Size Pin Pitch Remarks
TQFP-120 TFP-120, TFP-120V 14.0 x 14.0 mm 0.4 mm —

P-LFBGA-112 BP-112, BP-112V

10.0 x 10.0 mm 0.8 mm —
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Section 1 Overview

1.2 Internal Block Diagram
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Notes: 1. The FWE pin is only provided in the flash memory version.
2. The H-UDI function and EMLE pin are only provided in H8S/2215R and H8S/2215T.

Figure 1.1 Internal Block Diagram
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Section 1 Overview

1.3 Pin Arrangement
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Notes: NC (No Connection): These pins should not be connected; they should be left open.
1. The FWE pin is only provided in the flash memory version.
2. NC pin in H8S/2215. EMLE pin in H8S/2215R and H8S/2215T.

Figure 1.2 Pin Arrangement (TFP-120, TFP-120V)
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Notes: NC (No Connection): These pins should not be connected; they should be left open.
1. The FWE pin is only provided in the flash memory version.
2. NC in H8S5/2215. EMLE pin in H8S/2215R and H8S/2215T.

Figure 1.3 Pin Arrangement (BP-112, BP-112V)
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14 Pin Functions in Each Operating Mode

Pin No. Pin Name
TFP-120, BP-112,
TFP-120V BP-112V Mode 4 Mode 5 Mode 6 Mode 7* PROM Mode
1 Al NC or EMLE® NCorEMLE®™ NCorEMLE®™ NCorEMLE*” NC
2 B2 D8 D8 D8 PDO DO
3 B1 D9 D9 D9 PD1 D1
4 D4 D10 D10 D10 PD2 D2
5 c2 D11 D11 D11 PD3 D3
6 C1 D12 D12 D12 PD4 D4
7 D3 D13 D13 D13 PD5 D5
8 D2 D14 D14 D14 PD6 D6
9 D1 D15 D15 D15 PD7 D7
10 E4 vce vce vce VCC VCC
11 E3 AO AO PC1/A0 PCO AO
12 E1 VSS VSS VSS VSS VSS
13 E2 A1 A1 PC1/A1 PC1 A1
14 F3 A2 A2 PC2/A2 PC2 A2
15 F1 A3 A3 PC3/A3 PC3 A3
16 F2 A4 A4 PC4/A4 PC4 A4
17 F4 A5 A5 PC5/A5 PC5 A5
18 G1 A6 A6 PC6/A6 PC6 A6
19 G2 A7 A7 PC7/A7 PC7 A7
20 G3 PBO/A8 PBO/A8 PBO/A8 PBO A8
21 H1 PB1/A9 PB1/A9 PB1/A9 PB1 A9
22 — NC NC NC NC NC
23 G4 PB2/A10 PB2/A10 PB2/A10 PB2 A10
24 — NC NC NC NC NC
25 H2 PB3/A11 PB3/A11 PB3/A11 PB3 A11
26 J1 PB4/A12 PB4/A12 PB4/A12 PB4 A12
27 H3 PB5/A13 PB5/A13 PB5/A13 PB5 A13
28 J2 PB6/A14 PB6/A14 