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Notice

All information included in this document 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 Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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

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

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

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

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

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

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
"Specific": Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.
You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

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

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

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

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

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

owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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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
Genera 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 LS| 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:

General Precautionsin the Handling of MPU/MCU Products
Configuration of This Manual

Preface

Main Revisions for This Edition

The history of revisionsis asummary 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

Description of Functional Modules

¢ 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) 1/Opins

iii) Description of Registers

iv) Description of Operation
v) Usage: Points for Caution

A w DN

© © N o U

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, asthe final part of each section.

10. List of Registers
11. Electrical Characteristics
12. Appendix
¢ Product-type codes and external dimensions
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Preface

ThisLSl is a high-performance microcomputer (MCU) made up of the H8S/2000 CPU with
Renesas’ original architecture asits core, and the peripheral functions required to configure a
system.

The H85/2000 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,
H8/300L, or H8/300H user to easily utilize the H8S/2000 CPU.

ThisLSl is equipped with ROM, RAM, adirect memory access controller (DMAC), a bus master
for adatatransfer controller (DTC), a 16-bit timer pulse unit (TPU), an 8-bit timer (TMR), a
watchdog timer (WDT), auniversal serial bus (USB), two types of serial communication
interfaces (SCls), an A/D converter, a D/A converter, and 1/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’s ROM. The F-ZTAT version provides flexibility as it can be reprogrammed in no timeto
cope with al situations from the early stages of mass production to full-scale mass production.
Thisis particularly applicable to application devices with specifications that will most probably
change.

This manual describesthis LSI’s hardware.
Note: * F-ZTAT isatrademark of Renesas Electronics Corp.

Target Users:  Thismanual was written for users who will be using the H85/2215 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 theinstruction set.

Notes on reading this manual:

REJ09B0140-0900 Rev. 9.00 Page v of liv
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e |norder 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.

e In order to understand the details of the CPU’ s functions
Read the H8S/2600 Series, H8S/2000 Series Software Manual.

e |norder to understand the details of aregister when its name is known

Read the index that isthefinal 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 Statesin 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, isimplemented on more than one channel:
XXX_N (XXX istheregister nameand N is the channel
number)

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

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 = REJ10J2039
User’'s Manual

H8S, H8/300 Series Simulator/Debugger User's Manual REJ10B0211
High-performance Embedded Workshop User's Manual REJ10J2169
Page vi of liv REJ09B0140-0900 Rev. 9.00
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Main Revisions for This Edition

Item Page

Revision (See Manual for Details)

1.5 Pin Functions 17

Table amended

Pin No.
TFP-120, BP-112,
Type Symbol TFP-120V BP-112V 1/O Function
Boundary TRST 109 BS Input Reset pin for the TAP controller
scan Perform pin processing even when
the boundary scan function is not
used. For details, see 14.5, Usage
Notes.
2.6.1 Table of 45 Table amended
Instructhns Classified Instruction  Size” Function
by Function BAND B C A (<bit-No.> of <EAd>) - C
R ANDs the carry flag with a specified bit in a general register or memory
Table 2.7 . Bit operand and stores the result in the carry flag.
ManIpUIatlon BIAND B C A [(<bit-No.> of <EAd>) ] » C

Instructions (1)

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

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

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

5.7.5 IRQ Interrupt 106

Description added

5.7.6 NMI Interrupts 107
Usage Notes

Description added

6.6.4 Wait Control 138

Description amended

Pin Wait Insertion: Setting the WAITE bit in BCRL to 1
enables wait insertion by means of the WAIT pin.

8.5 Operation 216

Figure 8.5 Flowchart
of DTC Operation

Figure amended

Transfer
counter =0
or DISEL =1

| Clear an active flag | | Clear DTCER |

*
Ene
handling
Note: *1 For details on the processing that takes place, refer to the chapter on the peripheral module in question.
*2 When IRQx is the DTC activation source and the IRQ sense control registers (ISCRH and ISCRL) are

set to level sensing, the activation source flag is not cleared while IRQx is low level and DTC transfers
are performed repeatedly.

REJ09B0140-0900 Rev. 9.00
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Item Page

Revision (See Manual for Details)

15.3.2 USB Control 505
Register (UCTLR)

Table amended

Bit Bit Name Initial Value R/W Description

1 UIFRST 1 R/W USB Interface Software Reset
Controls USB module internal reset. When the
UIFRST bit is set to 1, the USB internal modules other
than UCTLR, UIER3, and the CK48 READY bit of
UIFRS3 are all reset. At initialization, the UIFRST bit
must be cleared to 0 after the USB operating clock
stabilization time has passed following USB module
stop mode cancellation.

0: Sets the USB internal modules to the operating state
(at initialization, this bit must be cleared after the
USB operating clock stabilization time has passed).

1: Sets the USB internal modules other than UCTLR,
UIER3, and the CK48 READY bit of UIFR3 reset
state.

If after being cleared to 0 the UIFIRST bit is again set

to 1, the UDCRST bit must also be set to 1 at the same

time.
16.2 Input/Output 603 Table amended
Pins Pin Name Symbol l[e} Function
Analoginputpin0 ANO¥ | input  Analog input pins
Analog input pin 1 AN1* Input

Note added
Note: * ANO and AN1 can be used only when Vcc = AVcc.

16.5.1 Single Mode 609

Figure 16.3 A/D
Conversion Timing
(Single-Chip Mode,
Channel 1 Selected)

Figure amended

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, R e S OGO LR G
ADDRA | [

\ | Read conversion resull*\ | Read conversion result*
ADDRB AID conversion result 1 AID conversion result 2
ADDRC

16.8.3 Range of 616
Analog Power Supply
and Other Pin Settings

Description amended

¢ Relationship between AVcc, AVss and Vcc, Vss
Set AVss = Vss as the relationship between AVcc, AVss
and Vcc, Vss. If the A/D converter is not used, the AVcc and
AVss pins must not be left open. In addition, ANO and AN1
can be used only when Vcc = AVcc.

24.3 DC 727 Table amended
Characteristics Test
Item Symbol Min. Typ. Max. Unit Conditions
Table 24'2_ _DC Inputhigh  Ports 4%and9 Vv,  V,.x08 — AV _+03"v
Characteristics voltage
729 Note added

5. The FWE pin is effective only in the F-ZTAT version.
6. When V_. <AV_, the maximum value for P40 and P41 is

cc?
V,+0.3V.
Page viii of liv REJ09B0140-0900 Rev. 9.00
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Item Page Revision (See Manual for Details)
24.6 A/D Conversion 749 Conditions added
Characteristics Conditions: V. = PLLV. =DrV, =27V 10 3.6 V¥ AV =27
Table 24.9 A/D Vto3.6V* V =27VtoAV,, V,=PLLV ,=DrV,=AV, =0
Conversion V, ¢ =13 MHz to 16 MHz, T, = -20°C to +75°C (regular
Characteristics specifications), T, = —40°C to +85°C (wide-range specifications)
Note added
Note: * ANO and AN1 can be used only when V., = AV..
25.3 DC 755 Table amended
Characteristics Test
Item Symbol Min. Typ. Max. Unit Conditions
Table 25.2 DC nputhigh  Porstaandov,  Vex0d — avLrodvo
Characteristics voltage
757 Note added
3. I, (max.) =1.0 (mA) + 0.67 (MA/(MHz x V)) x V_ x f
(normal operation, USB halted)
I (max.) = 1.0 (mA) + 0.85 (mA/(MHz x V)) x V. x f
(normal operation, USB operating, f= 16 MHz : PLL 3 x
multiplication)
I (max.) = 1.0 (mA) + 0.72 (mA/(MHz x V)) x V. x f
(normal operation, USB operating, f =24 MHz : PLL 2 x
multiplication)
l.c (max.) = 1.0 (mA) + 0.55 (MA/(MHz x V)) x V__ x f (sleep
mode)
5. The FWE pin is effective only in the F-ZTAT version.
6. When V. < AV_, the maximum value for P40 and P41 is
V03 V.
25.6 A/D Conversion 778 Conditions added

Characteristics

Table 25.9 A/D
Conversion
Characteristics

Condition A: V. =PLLV_ =DrV =27Vt 3.6 V*, AV =27
Vt03.6V* V =27VtoAV,, V,=PLLV ,=DrV,=AV, =0
V, ¢ =13 MHz to 16 MHz, T, = -20°C to +75°C (regular

specifications), T, = —40°C to +85°C (wide-range specifications)
Condition B: V_ =PLLV.=DrV,.=3.0Vto 3.6 V*, AV =3.0
Vto3.6V* V_ =3.0VtoAV,.,V,=PLLV ,=DrV,,=AV, =0
V, ¢ =13 MHz to 24 MHz, T, = -20°C to +75°C (regular

specifications), T, = —40°C to +85°C (wide-range specifications)

Note added
Note: * ANO and AN1 can be used only when V.. = AV,

cc*
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Item Page Revision (See Manual for Details)
26.3 DC 784 Table amended
Characteristics Test
Item Symbol Min. Typ. Max. Unit Conditions
Table 26.2 DC puthigh  Porstaandov, | Vox0d —  avLrod v
Characteristics voltage
786 Note added

3. I, (max.) =1.0 (mA) + 0.67 (MA/(MHz x V)) x V_ x f
(normal operation, USB halted)
I (max.) = 1.0 (mA) + 0.85 (MA/(MHz x V)) x V. x f
(normal operation, USB operating, f= 16 MHz : PLL 3 x
multiplication)
I (max.) = 1.0 (mA) + 0.72 (mA/(MHz x V)) x V. x f
(normal operation, USB operating, f =24 MHz : PLL 2 x
multiplication)
I (max.) = 1.0 (mA) + 0.55 (MA/(MHz x V)) x V_ x f (sleep
mode)

6. When V. <AV_, the maximum value for P40 and P41 is
V. +0.3V.

26.6 A/D Conversion 804

Conditions added

Characteristics Conditions: V. = PLLV,_ =DV =3.0 V10 3.6 V¥, AV__ = 3.0
Table 26.9 A/D Vt03.6V*V, =30VtoAV,,V,=PLLV ,=DrV,,=AV, =0
Conversion V, ¢ =16 MHz to, 24 MHz, T, = —20°C to +75°C (regular
Characteristics specifications), T, = —40°C to +85°C (wide-range specifications)
Note added
Note: * ANO and AN1 can be used only when V., = AV..
27.3 DC 809 Table amended
Characteristics Test
Item Symbol Min. Typ. Max. Unit Conditions
Table 27.2 DC nputhign  Porstaandsv, V<08 — av.rodv
Characteristics votage
Page x of liv REJ09B0140-0900 Rev. 9.00
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Item Page Revision (See Manual for Details)

27.3 DC 811 Note added

Characteristics 3. I (max.) = 1.0 (MA) + 0.67 (MA/(MHz x V)) x V_ x f
Table 27.2 DC (normal operation, USB halted)

Characteristics

I (max.) = 1.0 (mA) + 0.85 (MA/(MHz x V)) x V. x f
(normal operation, USB operating, f= 16 MHz : PLL 3 x
multiplication)
I (max.) = 1.0 (mA) + 0.72 (mA/(MHz x V)) x V. x f
(normal operation, USB operating, f =24 MHz : PLL 2 x
multiplication)
I (max.) = 1.0 (mA) + 0.55 (MA/(MHz x V)) x V_ x f (sleep
mode)
5. The FWE pin is supported on the F-ZTAT version only.
6. When V. < AV_, the maximum value for P40 and P41 is
V0.3 V.

27.6 AJ/D Conversion 831
Characteristics

Table 27.9 A/D
Conversion
Characteristics

Conditions added

Conditions: V_ =PLLV_=DrV_=3.0V1to3.6 V¥, AV_=3.0
Vto3.6V*, V =3.0VioAV_,V =PLLV =DV =AV =0

V, ¢ =16 MHz to 24 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Note added
Note: * ANO and AN1 can be used only when V. = AV_...

REJ09B0140-0900 Rev. 9.00
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All trademarks and registered trademarks are the property of their respective owners.
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H8S/2215 Group

Section1 Overview

1.1 Overview

e High-speed H8S/2000 central processing unit with 16-bit architecture

Section1 Overview

— Upward-compatible with H8/300 and H8/300H CPUs on an object level
— Sixteen 16-hit general registers
— 65 basic instructions

e Various peripheral functions
— DMA controller (DMAC)
— Datatransfer 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 seria bus (USB)
— 10-bit A/D converter
— 8-bit D/A converter

e User debug interface (H-UDI)*
— Clock pulse generator

Note: * Available only in H8S/2215R, H85/2215T and H8S/2215C.

e  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
HD64F2215CU 256 kbytes 20 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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Section1 Overview

H8S/2215 Group

General /0O ports Modes4 and 5 Mode 6 Mode 7

— /O pins; 41 41

— Input-only pins: 15 23

Supports various power-down states

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-112Vv* 10.0 x 10.0 mm 0.8 mm —

Note: * TFP-120V and BP-120V only for H8S/2215C.
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H8S/2215 Group

Section1 Overview

12

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, H8S/2215T
and H8S/2215C.
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Figurel.1 Internal Block Diagram
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Section1 Overview

H8S/2215 Group

13 Pin Arrangement
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P33/TxD1 91 60 [ Drvss
P34/RxD1 92 59 [] USD-
P35/SCK1/RQ5 [] 93 58 [J USD+
P36(PUPD+) [] 94 57 [J Drvce
NC [] 95 56 [] UBPM
P74/MRES [ 96 55 [J VBUS
P73/TMO1/CS7 [ 97 54 [J NC
P72/TMO0/CS6 [ 98 53 [J USPND
P71/CS5 [] 99 52 [ NC
P70/TMRI01/TMCI01/CS4 100 51 [ AvCC
PGO [] 101 50 [ vref
PG1/CS3/IRQ7 102 49 [ P40/ANO
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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, H8S/2215T and H8S/2215C.

Figurel.2 Pin Arrangement (TFP-120, TFP-120V)
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H8S/2215 Group Section1 Overview
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A20/VM | A21/VP

PA1/ PA2/
2 PE6/D6 | PD0O/D8 | PD3/D11 | PD6/D14 | PC1/A1 | PC4/A4 | PC7/A7 | PB3/A11 | PB6/A14 A17/TxD2 | A18/RxD2

EMILE PD1/D9 | PD4/D12 | PD7/D15 VS8S PC3/A3 | PC6/A6 | PB1/A9 | PB4/A12 | PB7/A15 NC

A B C D E F G H J K L
INDEX

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

Figure 1.3 Pin Arrangement (BP-112, BP-112V)
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Section1 Overview H8S/2215 Group

14 Pin Functionsin 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 Cc2 D11 D11 D11 PD3 D3
6 C1l 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 VCC VCC VCC VCC VCC
11 E3 A0 A0 PC1/A0 PCO A0
12 El VSS VSS VSS VSS VSS
13 E2 Al Al PC1/A1 PC1 Al
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 Gl 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 Al10
24 — NC NC NC NC NC
25 H2 PB3/A11 PB3/A11 PB3/A11 PB3 All
26 J1 PB4/A12 PB4/A12 PB4/A12 PB4 Al2
27 H3 PB5/A13 PB5/A13 PB5/A13 PB5 Al13
28 J2 PB6/A14 PB6/A14 PB6/A14 PB6 Al4
29 K1 PB7/A15 PB7/A15 PB7/A15 PB7 Al5
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H8S/2215 Group

Section1 Overview

Pin No. Pin Name

TFP-120, BP-112,

TFP-120V BP-112V Mode 4 Mode 5 Mode 6 Mode 7! PROM Mode

30 J3 PAO/A16 PAO/A16 PAO/A16 PAO Al6

31 K2 PA1/A17/TxD2 PA1/A17/TxD2 PA1/A17/TxD2 PA1/TxD2 Al7

32 L2 PA2/A18/RxD2 PA2/A18/RxD2 PA2/A18/RxD2 PA2/RxD2 Al8

33 H4 PA3/A19/SCK2/ PA3/A19/SCK2/ PA3/A19/SCK2/ PA3/SCK2 NC
SUSPND SUSPND SUSPND

34 — NC NC NC NC NC

35 K3 P10/TIOCA0/ P10/TIOCA0/ P10/TIOCA0/ P10/TIOCAO NC
A20/VM A20/VM A20/VM

36 L3 P11/TIOCBO/ P11/TIOCBO/ P11/TIOCBO/ P11/TIOCBO NC
A21/VP A21/VP A21/VP

37 J4 P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/ NC
TCLKA/A22/ TCLKA/A22/ TCLKA/A22/ TCLKA
RCV RCV RCV

38 K4 P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ NC
TCLKB/A23/ TCLKB/A23/ TCLKB/A23/ TCLKB
VPO VPO VPO

39 L4 P14/TIOCALl/ P14/TIOCALl/ P14/TIOCALl/ P14/TIOCALl/ VSS
IRQO IRQO IRQO IRQO

40 H5 P15/TIOCB1/ P15/TIOCB1/ P15/TIOCB1/ P15/TIOCB1/ NC
TCLKC/FSEO TCLKC/FSEO TCLKC/FSEO TCLKC

41 J5 P16/TIOCA2/ P16/TIOCA2/ P16/TIOCA2/ P16/TIOCA2/ VSS
IRQ1 IRQ1 IRQ1 IRQ1

42 L5 P17/TIOCB2/ P17/TIOCB2/ P17/TIOCB2/ P17/TIOCB2/ NC
TCLKD/OE TCLKD/OE TCLKD/OE TCLKD/OE

43 K5 AVSS AVSS AVSS AVSS VSS

44 J6 P97/AN15/DA1 P97/AN15/DA1 P97/AN15/DA1 P97/AN15/DA1 NC

45 L6 P96/AN14/DA0 P96/AN14/DA0 P96/AN14/DA0 P96/AN14/DA0 NC

46 K6 P43/AN3 P43/AN3 P43/AN3 P43/AN3 NC

47 H6 P42/AN2 P42/AN2 P42/AN2 P42/AN2 NC

48 L7 P41/AN1 P41/AN1 P41/AN1 P41/AN1 NC

49 K7 P40/ANO P40/ANO P40/ANO P40/ANO NC

50 J7 Vref Vref Vref Vref VCC

51 L8 AVCC AVCC AVCC AVCC VCC

52 — NC NC NC NC NC
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Section1 Overview H8S/2215 Group

Pin No. Pin Name

TFP-120, BP-112,

TFP-120V BP-112V Mode 4 Mode 5 Mode 6 Mode 7** PROM Mode
53 H7 USPND USPND USPND — NC
54 — NC NC NC NC NC
55 K8 VBUS VBUS VBUS VSS VSS
56 L9 UBPM UBPM UBPM VSS VSS
57 J8 DrvcC Drvcc DrvcC VSS vcC
58 K9 USD+ USD+ USD+ — NC
59 L10 USD- USD- USD- — NC
60 J9 Drvss Drvss Drvss — VSS
61 — VSS VSS VSS VSS VSS
62 K10 PLLVSS PLLVSS PLLVSS — VSS
63 K11 PLLCAP PLLCAP PLLCAP NC NC
64 H8 PLLVCC PLLVCC PLLVCC — vCcC
65 J10 XTAL48 XTAL48 XTAL48 — NC
66 Ji1 EXTAL48 EXTAL48 EXTAL48 — vCC
67 H9 MDO MDO MDO MDO VSS
68 H10 MD1 MD1 MD1 MD1 VSS
69 H11 FWE FWE FWE FWE FWE
70 G8 NMI NMI NMI NMI \Yele:
71 G9 STBY STBY STBY STBY vCcC
72 G11 RES RES RES RES RES
73 G10 VSS VSS VSS VSS VSS
74 F9 XTAL XTAL XTAL XTAL XTAL
75 F11 vCcC \Yeole: \Yeole: VvCC VCC
76 F10 EXTAL EXTAL EXTAL EXTAL EXTAL
77 F8 MD2 MD2 MD2 MD2 VSS
78 E11 PF7/¢ PF7/¢ PF7/¢ PF7/¢ NC
79 E10 AS AS AS PF6 NC
80 E9 RD RD RD PF5 NC
81 D11 HWR HWR HWR PF4 NC
82 — NC NC NC NC NC
Page 8 of 846 REJ09B0140-0900 Rev. 9.00
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H8S/2215 Group

Section1 Overview

Pin No. Pin Name
TFP-120, BP-112,
TFP-120V BP-112V Mode 4 Mode 5 Mode 6 Mode 7** PROM Mode
83 ES PF3/LWR/ PF3/LWR/ PF3/LWR/ PF3/ADTRG/ vcc
ADTRG/IRQ3 ADTRG/IRQ3 ADTRG/IRQ3 IRQ3
84 — NC NC NC NC NC
85 D10 PF2/WAIT PF2/WAIT PF2/WAIT PF2 NC
86 C11 PF1/BACK PF1/BACK PF1/BACK PF1 NC
87 D9 PFO/BREQ/ PFO/BREQ/ PFO/BREQ/ PFO/IRQ2 vcc
IRQ2 IRQ2 IRQ2
88 C10 P30/TxDO P30/TxDO P30/TxDO P30/TxDO NC
89 B11 P31/RxD0 P31/RxD0 P31/RxD0 P31/RxD0 NC
90 c9 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKORQ4 NC
91 B10 P33/TxD1 P33/TxD1 P33/TxD1 P33/TxD1 NC
92 A10 P34/RxD1 P34/RxD1 P34/RxD1 P34/RxD1 NC
93 D8 P35/SCK1/IRQ5 P35/SCK1/RQ5 P35/SCK1/IRQ5 P35/SCK1/RQ5 NC
94 B9 P36 (PUPD+) P36 (PUPD+) P36 (PUPD+) P36 (PUPD+)** NC
95 — NC NC NC NC NC
96 A9 P74/MRES P74/MRES P74/MRES P74/MRES NC
97 cs P73/TMO1/CS7 P73/TMO1/CS7 P73/TMO1/CS7 P73/TMO1 NC
98 B8 P72/TMOO/CS6 P72/TMO0/CS6 P72/TMO0/CS6 P72/TMOO0 NC
99 A8 P71/CS5 P71/CS5 P71/CS5 P71 NC
100 D7 P70/TMRIO1/ P70/TMRIO1/ P70/TMRIO1/ P70/TMRIO1/ NC
TMCI01/CS4 TMCI01/CS4 TMCI01/CS4 TMCI01
101 c7 PGO PGO PGO PGO NC
102 A7 PG1/CS3/IRQ7 PG1/CS3/RQ7 PG1/CS3RQ7 PGLIRQ7 NC
103 B7 PG2/CS2 PG2/CS2 PG2/CS2 PG2 NC
104 C6 PG3/CST PG3/CST PG3/CST PG3 NC
105 AB PG4/CSO PG4/CSO PG4/CSO PG4 NC
106 B6 TDO TDO TDO TDO \Yole:
107 D6 TCK TCK TCK TCK vCC
108 A5 T™MS T™S ™S T™S \Yeole:
109 B5 TRST TRST TRST TRST RES
110 C5 TDI TDI TDI TDI vCC
111 A4 PEO/DO PEO/DO PEO/DO PEO NC
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Section1 Overview

H8S/2215 Group

Pin No. Pin Name

TFP-120, BP-112,
TFP-120V BP-112V Mode 4 Mode 5 Mode 6 Mode 7** PROM Mode
112 — NC NC NC NC NC
113 D5 PE1/D1 PE1/D1 PE1/D1 PE1 NC
114 — NC NC NC NC NC
115 B4 PE2/D2 PE2/D2 PE2/D2 PE2 NC
116 A3 PE3/D3 PE3/D3 PE3/D3 PE3 VCC
117 Cc4 PE4/D4 PE4/D4 PE4/D4 PE4 VSS
118 B3 PES5/D5 PES5/D5 PESD5 PES OE
119 A2 PE6/D6 PE6/D6 PE6/D6 PE6 WE
120 C3 PE7/D7 PE7/D7 PE7/D7 PE7 CE
— Al, All, NC NC NC NC NC

L1, L11

Notes: NC (No Connection): These pins should not be connected; they should be left open.
The USB may be unusable in mode 7 in some cases. See section 3, MCU Operating

1.

Modes, for details.

NC in H8S/2215. EMLE pin in H8S/2215R, H8S/2215T and H8S/2215C.

PUPD+ pin in H8S/2215R, H8S/2215T and H8S/2215C.
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H8S/2215 Group

Section1 Overview

15 Pin Functions

Pin No.
TFP-120, BP-112,
Type Symbol TFP-120V BP-112V 1/O Function
Power Supply VCC 10 E4 Input Power supply pins. Connect all these
75 F11 pins to the system power supply.
VSS 12 El Input Ground pins. Connect all these pins
61 G10 to the system power supply (0 V).
73
PLLVCC 64 H8 Input Power supply pin for internal PLL
oscillator. Connect this pin to the
system power supply.
PLLVSS 62 K10 Input Ground pin for an on-chip PLL
oscillator.
PLLCAP 63 K11 Output External capacitor pin for an on-chip
PLL oscillator.

Clock XTAL 74 F9 Input For connection to a crystal resonator.
For examples of crystal resonator
connection and external clock input,
see section 21, Clock Pulse
Generator.

EXTAL 76 F10 Input For connection to a crystal resonator.
(An external clock can be supplied
from the EXTAL pin.) For examples
of crystal resonator connection and
external clock input, see section 21,
Clock Pulse Generator.

XTAL48 65 J10 Input USB operating clock input pins.

EXTAL48 66 Ji1 Input 48-MHz clock for USB
communications is input. For
examples of using an on-chip PLL,
EXTAL48 must be fixed low and
XTAL48 must be open.

[0} 78 E1ll Output Supplies the system clock to external
devices.

Operating MD2 77 F8 Input Except for mode changing, be sure to

Mode Control pp1 68 H10 fix the levels of the mode pins (MD2
to MDO) by pulling them down or

MDO 67 H9 pulling them up until the power turns
off.
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Section1 Overview

H8S/2215 Group

Pin No.
TFP-120, BP-112,
Type Symbol TFP-120V BP-112V 1/O Function
System RES 72 Gil1 Input Reset input pin. When this pin is
Control driven low, the chip is reset.

STBY 71 G9 Input When this pin is driven low, a
transition is made to hardware
standby mode.

MRES 96 A9 Input When this pin is driven low, a
transition is made to manual reset
mode.

BREQ 87 D9 Input Used by an external bus master to
issue a bus request to this LSI

BACK 86 Ccl11 Output Indicates that the bus has been
released to an external bus master.

FWE 69 H11 Input Pin for use by flash memory. This pin
is only used in the flash memory
version. In the mask ROM version it
should be fixed at 0.

EMLE™* 1 AL Input Emulator enable pin. Leave open if
the E10A is not used. Drive low level
only if E10A is used.

Interrupts NMI 70 G8 Input Nonmaskable interrupt pin. If this pin
is not used, it should be fixed high.

IRQ7 102 A7 Input These pins request a maskable

TRQ5 93 D8 interrupt.

IRQ4 90 C9

IRQ3 83 E8

IRQ2 87 D9

IRQ1 41 J5

IRQO 39 L4

Page 12 of 846 REJ09B0140-0900 Rev. 9.00
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H8S/2215 Group

Section1 Overview

Pin No.
TFP-120, BP-112,

Type Symbol TFP-120V BP-112V 1/O Function
Address bus A23 38 K4 Output These pins output an address.

A22 37 Ja

A21 36 L3

A20 35 K3

Al9 33 H4

Al18 32 L2

Al7 31 K2

Al6 30 J3

Al5 29 K1

Al4 28 J2

Al3 27 H3

Al12 26 Jl

All 25 H2

Al0 23 G4

A9 21 H1

A8 20 G3

A7 19 G2

A6 18 Gl

A5 17 F4

A4 16 F2

A3 15 F1

A2 14 F3

Al 13 E2

A0 11 E3
REJ09B0140-0900 Rev. 9.00 Page 13 of 846
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H8S/2215 Group

Pin No.
TFP-120, BP-112,
Type Symbol TFP-120V BP-112V 1/O Function
Data bus D15 9 D1 I/0 These pins constitute a bi-directional
D14 8 D2 data bus.
D13 7 D3
D12 6 C1
D11 5 c2
D10 4 D4
D9 3 B1
D8 2 B2
D7 120 C3
D6 119 A2
D5 118 B3
D4 117 C4
D3 116 A3
D2 115 B4
D1 113 D5
DO 111 A4
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H8S/2215 Group

Section1 Overview

Pin No.
TFP-120, BP-112,
Type Symbol TFP-120V BP-112V 1/O Function
Bus Control  CS7 97 C8 Output Signals for selecting areas 7 to 0.

CS6 98 B8

CS5 99 A8

CS4 100 D7

CS3 102 A7

CS2 103 B7

CSt 104 C6

CSOo 105 A6

AS 79 E10 Output  When this pin is low, it indicates that
address output on the address bus is
enabled.

RD 80 E9 Output  When this pin is low, it indicates that
the external address space can be
read.

HWR 81 D11 Output A strobe signal that writes to external
space and indicates that the upper
half (D15 to D8) of the data bus is
enabled.

LWR 83 E8 Output A strobe signal that writes to external
space and indicates that the lower
half (D7 to DO) of the data bus is
enabled.

WAIT 85 D10 Input Requests insertion of a wait state in
the bus cycle when accessing
external 3-state address space.
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Section1 Overview H8S/2215 Group

Pin No.
TFP-120, BP-112,
Type Symbol TFP-120V BP-112V 1/O Function
16-bittimer  TCLKA 37 J4 Input TPU external clock input pins.
pulseunit  TCclkB 38 K4
(TPU) TCLKC 40 H5
TCLKD 42 L5
TIOCAO 35 K3 I/0 The TGRA_0 to TGRD_O input
TIOCBO 36 L3 capture input/output compare
TIOCCO 37 34 output/PWM output pins.
TIOCDO 38 K4
TIOCAl 39 L4 I/0 The TGRA_1 to TGRB_1 input
TIOCB1 40 H5 capture input/output compare
output/PWM output pins.
TIOCA2 41 J5 I/0 The TGRA_2 to TGRB_2 input
TIOCB2 42 L5 capture input/output compare
output/PWM output pins.
8-bit timer TMO1 97 C8 Output Compare match output pins.
(TMR) TMOO 98 B8
TMCIO01 100 D7 Input Input pins for the external clock input
to the counter.
TMRIO1 100 D7 Input The counter reset input pins.
Serial TxD2 31 K2 Output Data output pins
Communica-  Typg 91 B10
tion interface
(sci) TxDO 88 C10
RxD2 32 L2 Input Data input pins
RxD1 92 Al10
RxDO 89 B11l
SCK2 33 H4 I/O Clock input/output pins
SCK1 93 D8
SCKO 90 Cc9
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H8S/2215 Group

Section1 Overview

Pin No.
TFP-120, BP-112,
Type Symbol TFP-120V BP-112V 1/O Function
A/D converter AN15 44 J6 Input Analog input pins for the A/D
AN14 45 L6 converter.
AN3 46 K6
AN2 47 H6
AN1 48 L7
ANO 49 K7
ADTRG 83 E8 Input Pin for input of an external trigger to
start A/D conversion
D/A converter DAL 44 J6 Output Analog output pins for the D/A
DAO 45 L6 converter.
A/D converter AVCC 51 L8 Input Power supply pin for the A/D and D/A
D/A converter converter. When the D/A converter is
not used, connect this pin to the
system power supply (VCC).
AVSS 43 K5 Input The ground pin for the A/D and D/A
converter. Connect this pin to the
system power supply (0 V).
Vref 50 J7 Input The reference voltage input pin for
the A/D and D/A converter. When the
A/D and D/A converter is not used,
this pin should be connected to the
system power supply (VCC).
Boundary TMS 108 A5 Input Control signal input pin for the
scan boundary scan
TCK 107 D6 Input Clock input pin for the boundary scan
TDO 106 B6 Output Data output pin for the boundary scan
TDI 110 C5 Input Data input pin for the boundary scan
TRST 109 B5 Input Reset pin for the TAP controller

Perform pin processing even when
the boundary scan function is not
used. For details, see 14.5, Usage
Notes.
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Section1 Overview

H8S/2215 Group

Pin No.
TFP-120, BP-112,
Type Symbol TFP-120V BP-112V 1/O Function
uUsB USD+ 58 K9 Ie] USB data input/output pin

USD- 59 L10

VBUS 55 K8 Input Connection/disconnection detecting
Input/output pin for the USB cable

USPND 53 H7 Output USB suspend output
This pin is driven high when a
transition is made to suspend state.

VM 35 K3 Input Pins to be connected to the

VP 36 L3 transceiver (ISP1104) manufactured

RCV 37 7! by NXP.

VPO 38 K4 Output

FSEO 40 H5

OE 42 L5

SUSPND 33 H4

UBPM 56 L9 Input Bus power/self power mode setting
Input.

When the USB is used in bus power
mode, this input pin must be fixed at
0.
When the USB is used in self power
mode, this input pin must be fixed at
1.

DrvCC 57 J8 — Power supply for the on-chip
transceiver. Connect this pin to the
system power supply.

DrvSss 60 J9 — Ground pin for the on-chip
transceiver.

P36 94 B9 I/0 Used for D+ pull-up control.

(PUPD+)
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H8S/2215 Group

Section1 Overview

Pin No.
TFP-120, BP-112,

Type Symbol TFP-120V BP-112V 1/O Function
1/O port P17 42 L5 I/0 8-bit 1/0 pins

P16 41 J5

P15 40 H5

P14 39 L4

P13 38 K4

P12 37 J4

P11 36 L3

P10 35 K3

P36 94 B9 I/0 7-bit /0O pins

P35 93 D8

P34 92 A10

P33 91 B10

P32 90 C9

P31 89 B11

P30 88 C10

P43 46 K6 Input 4-bit input pins

P42 47 H6

P41 48 L7

P40 49 K7

P74 96 A9 I/0 5-bit /0O pins

P73 97 cs8

P72 98 B8

P71 99 A8

P70 100 D7

P97 44 J6 Input 2-bit input pins

P96 45 L6

PA3 33 H4 I/0 4-bit 1/0 pins

PA2 32 L2

PAl 31 K2

PAO 30 J3
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Section1 Overview

H8S/2215 Group

Pin No.
TFP-120, BP-112,
Type Symbol TFP-120V BP-112V 1/O Function
1/0 port PB7 29 K1 I/O 8-bit 1/0 pins
PB6 28 J2
PB5 27 H3
PB4 26 J1
PB3 25 H2
PB2 23 G4
PB1 21 H1
PBO 20 G3
PC7 19 G2 I/0 8-bit 1/0 pins
PC6 18 Gl
PC5 17 F4
PC4 16 F2
PC3 15 F1
PC2 14 F3
PC1 13 E2
PCO 11 E3
PD7 9 D1 I/0 8-bit 1/0 pins
PD6 8 D2
PD5 7 D3
PD4 6 C1l
PD3 5 Cc2
PD2 4 D4
PD1 3 Bl
PDO 2 B2
PE7 120 C3 I/0 8-bit 1/0 pins
PE6 119 A2
PES 118 B3
PE4 117 c4
PE3 116 A3
PE2 115 B4
PE1 113 D5
PEO 111 Ad
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H8S/2215 Group

Section1 Overview

Pin No.

TFP-120, BP-112,

Type Symbol TFP-120V BP-112V 1/O Function
1/0O port PF7 78 El1 I/O 8-bit 1/0 pins
PF6 79 E10
PF5 80 E9
PF4 81 D11
PF3 83 E8
PF2 85 D10
PF1 86 Ci11
PFO 87 D9
PG4 105 A6 I/0 5-bit /0O pins
PG3 104 C6
PG2 103 B7
PG1 102 A7
PGO 101 Cc7
NC NC 1*° A1*? — NC (No Connection): These pins
22 Al1l should not be connected; they should
24 L1 be left open.
34 L11
52
54
82
84
95
112
114

Notes: 1. Available only in H8S/2215R, H8S/2215T and H8S/2215C. (NC in H8S/2215.)
2. Available only in H8S/2215 (EMLE pin in H8S/2215R, H8S/2215T and H8S/2215C).
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H8S/2215 Group Section2 CPU

Section2 CPU

The H85/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte linear address space, and isideal for realtime control.

This section describes the H8S/2000 CPU. The usable modes and address spaces differ depending
on the product. For details on each product, refer to section 3, MCU Operating Modes.

2.1 Features

e Upward-compatible with H8/300 and H8/300H CPUs
— Can execute H8/300 and H8/300H CPU object programs
e General-register architecture
— Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-bit registers
e Sixty-five basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
¢ Eight addressing modes
— Register direct [Rn]
— Register indirect [@ERN]
— Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]
— Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERn]
— Absolute address [ @aa:8, @aa: 16, @aa: 24, or @aa:32]
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [ @(d:8,PC) or @(d:16,PC)]
— Memory indirect [ @@aa:8]
e 16-Mbyte address space
— Program: 16 Mbytes
— Data: 16 Mbytes
e High-speed operation
— All frequently-used instructions execute in one or two states
— 8/16/32-bit register-register add/subtract: 1 state
— 8 x 8-hit register-register multiply: 12 states
— 16 + 8-hit register-register divide: 12 states
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Section2 CPU H8S/2215 Group

— 16 x 16-bit register-register multiply: 20 states
— 32 + 16-hit register-register divide: 20 states
e Two CPU operating modes
— Normal mode”
— Advanced mode
Note: * Norma modeisnot availablein thisLSI.
e Power-down state
— Transition to power-down state by SLEEP instruction
— CPU clock speed selection

211 Differ ences between H85/2600 CPU and H8S/2000 CPU
The differences between the H8S/2600 CPU and the H85/2000 CPU are as shown below.

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

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

e The number of execution states of the MUL XU and MUL XS instructions
Execution States

Instruction Mnemonic H8S/2600 H8S/2000

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

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

In addition, there are differencesin address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.
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H8S/2215 Group Section2 CPU

212 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

e More genera registers and control registers
— Eight 16-bit extended registers, and one 8-bit and two 32-bit control registers, have been
added.

e Extended address space
— Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
— Advanced mode supports a maximum 16-M byte address space.
e Enhanced addressing
— The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.
e Enhanced instructions
— Addressing modes of bit-manipulation instructions have been enhanced.
— Signed multiply and divide instructions have been added.
— Two-bit shift instructions have been added.
— Ingtructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.
e Higher speed
— Basic instructions execute twice as fast.

213 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S2000 CPU has the following enhancements.

e Additional control register
— One 8-hit control registers have been added.

e Enhanced instructions
— Addressing modes of bit-manipulation instructions have been enhanced.
— Two-bit shift instructions have been added.
— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.

o Higher speed
— Basic instructions execute twice as fast.
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Section2 CPU H8S/2215 Group

2.2 CPU Operating M odes

The H85/2000 CPU has two operating modes: hormal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space. The mode is selected by the mode pins.

221 Normal M ode

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

Address Space

A maximum address space of 64 kbytes can be accessed.

Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers. When Enisused as a 16-bit register it can contain any value, even
when the corresponding general register (Rn) isused as an address register. If the general
register is referenced in the register indirect addressing mode with pre-decrement (@—-Rn) or
post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.

Instruction Set

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

Exception Vector Table and Memory Indirect Branch Addresses

In normal mode the top area starting at H'0000 is allocated to the exception vector table. One
branch address is stored per 16 bits. The exception vector table in normal modeis shown in
figure 2.1. For details of the exception vector table, see section 4, Exception Handling.

The memory indirect addressing mode (@@aa.8) employed in the IMP and JSR instructions
uses an 8-hit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In norma mode the operand is a 16-bit (word) operand,
providing a 16-bit branch address. Branch addresses can be stored in the top areafrom H'0000
to H'OOFF. Note that this areais also used for the exception vector table.

Stack Structure

When the program counter (PC) is pushed onto the stack in a subroutine call, and the PC,
condition-code register (CCR), and extended control register (EXR) are pushed onto the stack
in exception handling, they are stored as shown in figure 2.2. EXR is not pushed onto the stack
in interrupt control mode 0. For details, see section 4, Exception Handling.

Note: Normal modeis not availablein thisLSI.
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H8S/2215 Group

Section2 CPU

H0000 |

H'0001
H'0002
H'0003

H0004 [

H'0005

H0006 |

H'0007
H'0008
H'0009
H'000A
H'000B

Reset exception vector

|- (Reserved for system use)

== (Reserved for system use)

--1 > Exception
vector table

M- Exception vector 1

M- Exception vector 2

___

Figure2.1 Exception Vector Table (Normal Mode)

\/\

SP—

(16 bits)

PC | sp —~

\/\

(SP*2—)

(a) Subroutine Branch

\/\

EXR*!

Reserved”*3

CCR

CCR*3

PC
(16 bits)

\/\

(b) Exception Handling

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

Figure2.2 Stack Structurein Normal Mode
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2.2.2 Advanced Mode

Address Space

Linear accessis provided to a 16-Mbyte maximum address space.

Extended Registers (En)

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

Instruction Set

All instructions and addressing modes can be used.

Exception Vector Table and Memory Indirect Branch Addresses

In advanced mode the top area starting at H'00000000 is all ocated to the exception vector table
in units of 32 bits. In each 32 bits, the upper 8 bits are ignored and a branch addressis stored in
the lower 24 bits (figure 2.3). For details of the exception vector table, see section 4, Exception
Handling.

H'00000000 Reserved
Reset exception vector
H'00000003
H'00000004 | ~~ Reserved ]
(Reserved for system use)

H'00000007 |
H'00000008

[~ Exception vector table
H'0000000B |

F-- (Reserved for system use)
H'0000000C |
H00000010| ~ Reserved |

Exception vector 1

~___—

Figure2.3 Exception Vector Table (Advanced M ode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-hit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In advanced mode the operand is a 32-bit longword operand,
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H8S/2215 Group Section2 CPU

providing a 32-bit branch address. The upper 8 bits of these 32 bits are areserved areathat is
regarded as H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF.
Note that the first part of this rangeis also the exception vector table.

e Stack Structure

In advanced mode, when the program counter (PC) is pushed onto the stack in a subroutine
call, and the PC, condition-code register (CCR), and extended control register (EXR) are
pushed onto the stack in exception handling, they are stored as shown in figure 2.4. When
EXRisinvalid, it is not pushed onto the stack. For details, see section 4, Exception Handling.

\/\\/\

sp —~ EXR*?
sP—~1 Reserved Reserved*'*3
PC (SP™?—) CCR
(24 bits) JR— — PC R
(24 bits) -
(a) Subroutine Branch (b) Exception Handling

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

Figure2.4 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.5 shows a memory map of the H8S/2000 CPU. The H8S2000 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode. The usable modes and address spaces
differ depending on the product. For details on each product, refer to section 3, MCU Operating
Modes.

H'0000 H'00000000
64 kbytes 16 Mbytes
H'FFFF Program area
H'OOFFFFFF | _______________ Data area
Not available
in this LSI.
H'FFFFFFFF
(a) Normal Mode* (b) Advanced Mode
Note: * Not available in this LSI.
Figure2.5 Memory Map
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24 Register Configuration

The H85/2000 CPU has the internal registers shown in figure 2.6. There are two types of registers:
general registers and control registers. Control registers are a 24-bit program counter (PC), an 8-hit
extended control register (EXR), and an 8-bit condition code register (CCR).

General Registers (Rn) and Extended Registers (En)

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

Control Registers (CR)
23 0
I PC |

76543210
ExR [T]-]-[-]-[1elit]io]

76543210

cer [ 1 ulnu[n]z]v]c|

Legend:

SP: Stack pointer H: Half-carry flag
PC: Program counter U: User bit

EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zero flag
12to 10: Interrupt mask bits V: Overflow flag
CCR:  Condition-code register C: Carry flag

I: Interrupt mask bit
Ul User bit or interrupt mask bit*

Note: * Cannot be used as an interrupt mask bit in this LSI.

Figure2.6 CPU Registers
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241 General Registers

The H85/2000 CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used as both address registers and data registers. When a general register is used
asadataregister, it can be accessed as a 32-bit, 16-hit, or 8-bit register. Figure 2.7 illustrates the
usage of the general registers. When the general registers are used as 32-hit registers or address
registers, they are designated by the letters ER (ERO to ER7).

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

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

The usage of each register can be selected independently.

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.8 shows the
stack.

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

E registers (extended registers)
(EO to E7)
ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)
RL registers
(ROL to R7L)
Figure2.7 Usageof General Registers
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Free area

SP (ER7) —»]

Stack area

/\/

Figure2.8 Stack

24.2 Program Counter (PC)

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

24.3 Extended Control Register (EXR)

EXR isan 8-bit register that manipulatesthe LDC, STC, ANDC, ORC, and XORC instructions.
When these instructions except for the STC instruction is executed, all interruptsincluding NMI
will be masked for three states after execution is completed.

Bit Bit Name Initial Value R/W  Description

7 T 0 R/W  Trace Bit

When this bit is set to 1, a trace exception is
generated each time an instruction is executed. When
this bit is cleared to 0, instructions are executed in

sequence.
6to — All 1 — Reserved
3 These bits are always read as 1.
2to 12 1 R/W  These bits designate the interrupt mask level (0 to 7).
0 11 For details, refer to section 5, Interrupt Controller.
10
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H8S/2215 Group

24.4 Condition-Code Register (CCR)

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

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

(Bcce) ingtructions.

Bit Bit Name Initial Value

R/W

Description

7 I 1

R/W

Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMI is
accepted regardless of the | bit setting. The | bit is setto 1
by hardware at the start of an exception-handling
sequence. For details, refer to section 5, Interrupt
Controller.

6 Ul undefined

R/W

User Bit or Interrupt Mask Bit

Can be written and read by software using the LDC, STC,
ANDC, ORC, and XORC instructions. This bit cannot be
used as an interrupt mask bit in this LSI.

5 H undefined

R/W

Half-Carry Flag

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

4 U undefined

R/W

User Bit

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

3 N undefined

R/W

Negative Flag

Stores the value of the most significant bit of data as a sign
bit.

2 Z undefined

R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to O to indicate
non-zero data.
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Bit Bit Name Initial Value R/W Description

1 \% undefined R/W Overflow Flag

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

0 C undefined R/W Carry Flag
Set to 1 when a carry occurs, and cleared to 0 otherwise.
Used by:
e Add instructions, to indicate a carry
e Subtract instructions, to indicate a carry
¢ Shift and rotate instructions, to indicate a carry

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

245 Initial Register Values

Reset exception handling loads the CPU’ s program counter (PC) from the vector table, clearsthe
trace bit in EXR to 0, and sets the interrupt mask bitsin CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.

The stack pointer should therefore be initialized by an MOV .L instruction executed immediately
after areset.
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25 Data Formats
The H85/2000 CPU can process 1-hit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,

..., 1) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.

251 General Register Data For mats

Figure 2.9 shows the data formatsin general registers.

Data Type Register Number Data Image

7 0
RnH I . :
1-bit data 7161514132 1:Ol . Dontcare |
___________________ 7 0
1-bit data RnL Don't care |7:6:5:4:3:2: 110

___________________ L L L L L 1 1
7 43 o .
4-bit BCD data RnH | Upper | Lower | Don't care H
.................. J
___________________ 7 4 3 0
4-bit BCD data RnL ! Don't care | Upper | Lower |
7 0
Byte data RnH . | Don't care !
MSB tse T
___________________ 7 0

Byte data RnL H Don't care | i . i b i
"""""""""" MSB LSB

Figure2.9 General Register Data Formats (1)

Page 36 of 846 REJ09B0140-0900 Rev. 9.00

RENESAS Sep 16, 2010




H8S/2215 Group

Section2 CPU

Data Type Register Number Data Image
Word data Rn
15
MSB
Word data En
15 0
MSB LSB
Longword data ERn
31 16 15
MSB En
Legend:

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure2.9 General Register Data Formats (2)
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252 Memory Data For mats

Figure 2.10 shows the data formats in memory. The H8S/2000 CPU can access word data and
longword datain memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the addressis regarded as 0, so the access starts at the preceding address. This

aso appliesto instruction fetches.

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

size or longword size.

Data Type Address
1-bit data Address L
Byte data Address L
Word data Address 2M
Address 2M+1

Longword data Address 2N
Address 2N+1
Address 2N+2

Address 2N+3

Data Image

/\/

7 0

76 [s5][4]3]2]1]o0

MSB. : & ! ! ! lLSB

MSBE o
i {4 i i ies
MSB: ¢ o

Figure2.10 Memory Data Formats
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2.6 I nstruction Set

The H85/2000 CPU has 65 types of instructions. The instructions are classified by functionin
table 2.1.

Table2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV B/W/IL 5
POP*!, PUSH™* WiL
LDM*®, STM*® L
MOVFPE™®, MOVTPE*® B
Arithmetic ADD, SUB, CMP, NEG B/W/L 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/WIL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS Wi/L
TAS* B
Logic operations AND, OR, XOR, NOT B/WI/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, B/WI/L
ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc*z, JMP, BSR, JSR, RTS —
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, —
NOP
Block data transfer EEPMOV — 1
Total: 65
Legend:
B: Byte
W: Word

L: Longword

Notes: 1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP.@ng.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
ERnNn, @-SP.

Bcc is the general name for conditional branch instructions.

Cannot be used in this LSI.

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
The ERY register functions as a stack pointer for the LDM and STM instructions, so it
cannot be for saving (STM) or restoring (LDM) data.

apwn
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26.1 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarizes the instructions in each functional category. The notation used in
tables 2.3 t0 2.10 is defined below.

Table2.2 Operation Notation

Symbol Description

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

ERN General register (32-bit register)
(EAd) Destination operand
(EAS) Source operand

EXR Extended control register
CCR Condition-code register

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

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

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

&) Logical exclusive OR

- Move

~ NOT (logical complement)

:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

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

Instruction Size**

Function

MOV B/W/L  (EAs) —» Rd, Rs — (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.
MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP WIL @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn
PUSH WIL Rn > @-SP
Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @-SP.
LDM*? L @SP+ — Rn (register list)
Pops two or more general registers from the stack.
STM*? L Rn (register list) - @-SP

Pushes two or more general registers onto the stack.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word

L: Longword

2. ERT7 is used as a stack pointer in STM and LDM instructions. ER7, therefore, should not
be used as a saving (STM) or restoring (LDM) register.
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Table2.4  Arithmetic OperationsInstructions (1)

Instruction Size* Function
ADD B/WI/L Rd + Rs —» Rd, Rd + #IMM — Rd
SUB Performs addition or subtraction on data in two general registers, or on

immediate data and data in a general register. (Immediate byte data
cannot be subtracted from byte data in a general register. Use the SUBX
or ADD instruction.)

ADDX B Rd+Rs+C—>Rd,Rd+#MM+ C - Rd

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

INC B/WI/L Rd+1—>Rd,Rd+2 —>Rd

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

ADDS L Rd+1—>Rd,Rd+2 —» Rd,Rd+4 - Rd

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

DAA B Rd (decimal adjust) - Rd

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

MULXU B/W Rd x Rs —» Rd

Performs unsigned multiplication on data in two general registers: either
8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd x Rs - Rd

Performs signed multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

DIVXU B/W Rd + Rs »> Rd

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

Note: * Size refers to the operand size.

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

1

Instruction Size* Function

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

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

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

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

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

TAS*? B @ERd - 0, 1 — (<bit 7> of @ERd)

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

Notes: 1. Size refers to the operand size.

B: Byte
W: Word
L: Longword

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Table2.5 Logic Operations|nstructions

Instruction Size” Function

AND B/W/L Rd A Rs — Rd, Rd A #iIMM — Rd

Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/W/L Rd v Rs - Rd, Rd v #iIMM — Rd

Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/W/L Rd ® Rs —» Rd, Rd @ #IMM — Rd

Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/WI/L ~Rd - Rd

Takes the one's complement (logical complement) of general register
contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table2.6  Shift Instructions

Instruction  Size* Function

SHAL B/WI/L Rd (shift) » Rd

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

SHLL B/WI/L Rd (shift) » Rd

SHLR Performs an logical shift on general register contents. 1-bit or 2 bit shift is
possible.

ROTL B/WI/L Rd (rotate) —» Rd

ROTR Rotates general register contents. 1-bit or 2 bit rotation is possible.

ROTXL B/WI/L Rd (rotate) —» Rd

ROTXR Rotates general register contents through the carry flag. 1-bit or 2 bit

rotation is possible.

Note: * Size refers to the operand size.

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

Instruction Size® Function

BSET B 1 - (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR B 0 — (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower three bits of
a general register.

BNOT B ~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)

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

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

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

BIAND B C A ~[(<bit-No.> of <EAd>) ] > C

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

BOR B C v (<bit-No.> of <EAd>) —» C

ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C v [~ (<bit-No.> of <EAd>) ] - C

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

Note: * Size refers to the operand size.
B: Byte
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Table2.7 Bit Manipulation Instructions (2)

Instruction  Size* Function

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

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

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

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

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

BIST B ~ C — (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a
general register or memory operand. The bit number is specified by 3-
bit immediate data.

Note: * Size refers to the operand size.

B: Byte
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Table2.8 Branch Instructions

Instruction  Size

Function

Bcc — Branches to a specified address if a specified condition is true. The

branching conditions are listed below.

Mnemonic Description Condition

BRA (BT) Always (true) Always

BRN (BF) Never (false) Never

BHI High CvzZ=0

BLS Low or same Cvz=1

BCC (BHS) Carry clear C=0

(high or same)

BCS (BLO) Carry set (low) c=1

BNE Not equal Z=0

BEQ Equal Z=1

BVvVC Overflow clear V=0

BVS Overflow set V=1

BPL Plus N=0

BMI Minus N=1

BGE Greaterorequal N®V =0

BLT Less than NeV=1

BGT Greater than Zv(N®eV)=0

BLE Less or equal Zv(NeV)=1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine

REJ09B0140-0900 Rev. 9.00
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Table2.9 System Control Instruction
Instruction ~ Size* Function
TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) —» CCR, (EAs) » EXR
Moves the source operand contents or immediate data to CCR or EXR.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
STC B/W CCR — (EAd), EXR — (EAd)
Transfers CCR or EXR contents to a general register or memory.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR @ #IMM — CCR, EXR ® #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP — PC+2—>PC

Only increments the program counter.

Note: * Size refers to the operand size.
B: Byte

W: Word

Page 48 of 846

REJ09B0140-0900 Rev. 9.00
leNESAS Sep 16, 2010



H8S/2215 Group Section2 CPU

Table2.10 Block Data Transfer Instruction

Instruction  Size Function
EEPMOV.B — if R4L = 0 then
Repeat @ER5+ —» @ERG6+
R4L-1 — R4L
Until R4L =0
else next;
EEPMOV.W — if R4 = 0 then
Repeat @ER5+ —» @ERG6+
R4-1 > R4
UntilR4=0
else next;

Transfer a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location
set in ERG6.

Execution of the next instruction begins as soon as the transfer is
completed.

2.6.2 Basic I nstruction For mats

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

Figure 2.11 shows examples of instruction formats.

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

¢ Register Field
Specifies ageneral register. Address registers are specified by 3 bits, data registers by 3 bits or
4 bits. Some instructions have two register fields. Some have no register field.
o Effective Address Extension
8, 16, or 32 hits specifying immediate data, an absolute address, or a displacement.
e Condition Field
Specifies the branching condition of Bcc instructions.
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(1) Operation field only

op

NOP, RTS, etc.

(2) Operation field and register fields

op

rn

rm ADD.B Rn, Rm, etc.

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

op

n

rm

EA(disp)

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

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

d

op cc

EA(disp)

BRA d:16, etc.

2.7

Figure2.11 Instruction Formats (Examples)

Addressing Modes and Effective Address Calculation

The H85/2000 CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute addressing mode to specify an operand, and register direct (BSET, BCLR,
BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in
the operand.

Table2.11 Addressing Modes

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

The register field of the instruction specifies an 8-, 16-, or 32-hit general register containing the
operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to R7 and E0 to E7
can be specified as 16-hit registers. ERO to ER7 can be specified as 32-hit registers.

2.7.2 Register Indirect—@ERN

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

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

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

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

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

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

275 Absolute Address—@aa: 8, @aa: 16, @aa: 24, or @aa: 32

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

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

A 24-hit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).

Table2.12 Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode
Data address 8 bits (@aa:8) H'FFO00 to H'FFFF H'FFFFOO0 to H'FFFFFF
16 bits (@aa:16) H'0000 to H'FFFF H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF
32 hits (@aa:32) H'000000 to H'FFFFFF
Program instruction 24 bits (@aa:24)
address

Note: * Not available in this LSI.

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

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

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

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

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

Only the lower 24 bits of this branch address are valid; the upper 8 bits are al assumed to be 0
(H'00). The PC value to which the displacement is added is the address of the first byte of the next
instruction, so the possible branching range is—126 to +128 bytes (—63 to +64 words) or —32766 to
+32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting value should
be an even number.
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2.7.8 Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.

The upper bits of the absolute address are all assumed to be 0, so the address range is 0 to 255
(H'0000 to H'00FF in normal mode®, H'000000 to H'0000FF in advanced mode). In normal mode
the memory operand is aword operand and the branch addressis 16 bits long. In advanced mode
the memory operand is alongword operand, the first byte of which is assumed to be H'00.

Note that the first part of the address range is al so the exception vector area. For further details,
refer to section 4, Exception Handling.

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

Note: * Not availableinthisLSl.

\/\\/\

Specified — Specified [ Reserved ..
by @aa:8 [~ Branch address - --- by @aa:8

Branch address

\/\

(a) Normal Mode* (b) Advanced Mode

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

Figure2.12 Branch Address Specification in Memory Indirect Mode
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279

Effective Address Calculation

Table 2.13 indicates how effective addresses are calculated in each addressing mode. In normal
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.

Table2.13 Effective Address Calculation (1)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
1 Register direct (Rn)
0O d i | ist tents.
“ perand is general register contents
2 Register indirect (@ ERn) 31 0 31 2423 0
I General register contents |——-|D0nIl Carel
3 | Register indirect with displacement
@(d:16,ERn) or @(d:32,ERn) 31 0
[ I General register contents
" 31 2423 0
[ I T = ] i
on't carel
31 0
| Sign extension | disp
4 Register indirect with post-increment or
pre-decrement 31 31 2423 0
* Register indirect with post-increment @ ERn+ [ - 8
General register contents ——lDon t carel
L
LS
Lo [ ]
* Register indirect with pre-decrement @-ERn 31
|
| 31 2423 0
——lDon'l carel
Lo [r] |
Operand Size Offset
Byte 1
Word 2
Longword 4
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Table2.13 Effective Address Calculation (2)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
5 | Absolute address
@aa:8 31 2423 87 0
[pon't care| HFFFF | |
@aa:16 31 2423 16 15
| op | abs | |Don'| carel Sign extensionl |
@aa:24 31 2423 0
| op | abs | |Don'l carel |
@aa:32
op 31 2423 0
abs |D0n'l carel
6 | Immediate
#XX:B/xx:16/#xx:32 Operand is immediate data.
op IMM
7 Program-counter relative 23 Y
@(d:8,PC)/@(d:16,PC) | PC contents }—‘
op disp T
o] o]
extension 31 2423 0
|Don't carel
8 Memory indirect @ @aa:8
* Normal mode*
‘ g I
| oo | abs | H'000000 | abs |
15 0 31 2423 16 15 0
Memory contents | |D0n't carel H'00 | |
* Advanced mode
‘ g I
“m H'000000 | abs | 31 2423 0
31 ) |Don't carel
Memory contents | T
T
Note: * Normal mode is not available in this LSI.
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2.8 Processing States

The H85/2000 CPU has five main processing states: the reset state, exception handling state,
program execution state, bus-released state, and power-down state. Figure 2.13 indicates the state
transitions.

o Reset State
In this state the CPU and internal peripheral modules are al initialized and stop. When the
RES input goes low all current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts when the RES signal
changes from low to high. For details, refer to section 4, Exception Handling.
The reset state can also be entered by awatchdog timer overflow.

e Exception-Handling State
The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to an exception source, such as, areset, trace, interrupt, or trap instruction.
The CPU fetches a start address (vector) from the exception vector table and branches to that
address. For further details, refer to section 4, Exception Handling.

e Program Execution State
In this state the CPU executes program instructions in sequence.

e Bus-Released State
In a product which has abus master other than the CPU, such as a direct memory access
controller (DMAC) and adatatransfer controller (DTC), the bus-released state occurs when
the bus has been released in response to a bus request from a bus master other than the CPU.
While the busis released, the CPU halts operations.

e Power-Down State
Thisis apower-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For details,
refer to section 22, Power-Down Modes.
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End of bus request

Bus request

SLEEP instruction,

Sleep mode

SLEEP instruction,
SSBY =1

External interrupt request

Software standby mode

Exception handling state

ES = High,
MRES = High STBY = High, RES = Low

Reset state™’

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
From any state except hardware standby mode and power-on reset state, a transition to the manual
reset state occurs whenever MRES goes low.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure2.13 State Transitions
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2.9 Usage Notes

291 Note on TASInstruction Usage

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The TAS
instruction is not generated by the Renesas Electronics H8S and H8/300 series C/C++ compilers.
If the TASinstruction is used as a user-defined intrinsic function, ensure that only register ERO,
ER1, ER4, or ER5 is used.

29.2 STM/LTM Instruction Usage

With the STM or LDM instruction, the ER7 register is used as the stack pointer, and thus cannot
be used as aregister that allows save (STM) or restore (LDM) operation.

With asingle STM or LDM instruction, two to four registers can be saved or restored. The
available registers are as follows:

For two registers. ERO and ER1, ER2 and ER3, or ER4 and ER5
For three registers. ERO to ER2, or ER4 to ER6
For four registers. ERO to ER3

For the Renesas Electronics H8S or H8/300 Series C/C++ Compiler, the STM/LDM instruction
including ER7 is not created.

293 Note on Bit Manipulation I nstructions

Using bit manipulation instructions on registers containing write-only bits can result in the bits
that should have been manipulated not being manipulated as intended or in the wrong bits being
manipul ated.

Reading data from a register containing write-only bits may return fixed or undefined values.
Consequently, bit manipulation instructions that use the read values to perform operations (BNOT,
BTST, BAND, BIAND, BOR, BIOR, BXOR, BIXOR, BLD, and BILD) will not work properly.

In addition, bit manipulation instructions that write data following operations based on the data
valuesread (BSET, BCLR, BNOT, BST, and BIST) may change the values of bits unrelated to the
intended bit manipulation. Therefore, caution is hecessary when using bit manipulation
instructions on registers containing write-only bits.

Theinstructions BSET, BCLR, BNOT, BST, and BIST perform the following operations in the
order shown:
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1. Read datain byte units
2. Perform bit manipulation on the read data according to the instruction
3. Write datain byte units

Example: Using the BCLR instruction to clear pin 14 only of PLDDR for port 1

P1DDR isan 8-hit register that contains write-only bits. It is used to specify the I/O setting of the
individua pinsin port 1. Reading producesinvalid data. Attempting to read from P1DDR returns
undefined values.

In this example, the BCLR instruction is used to set pin 14 as an input port. Let us assume that
pins 17 to 14 are presently set as output pins and pins 13 to 10 are set as input pins. Thus, the
value of PIDDR isinitially H'FO.

P17 P16 P15 P14 P13 P12 P11 P10
I/O Output  Output  Output Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0

To change pin 14 from an output pin to an input pin, the value of bit 4 in PLDDR must be changed
from 1 to O (H'FO to H'EO). Now assume that the BCLR instruction is used to clear bit 4 in
P1DDR to 0.

BCLR #4, @P1DDR

However, using the above bit manipulation instruction on the write-only register PLDDR can
cause problems, as described below.

The BCLR instruction first reads data from PLDDR in byte units, but in this case the read values
are undefined. These undefined values can be 0 or 1 for each bit in the register, but there is no way
of telling which. Since all of the bitsin PADDR are write-only, undefined values are returned for
al of the bits when the register isread. In this example the value of PLDDR is H'FO, but we will
assume that the value returned when the register was read is H'F8, which would give bit 3 avalue
of 1.
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P17 P16 P15 P14 P13 P12 P11 P10
1/O Output  Output  Output Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
Read value 1 1 1 1 1 0 0 0

The BCLR instruction performs bit manipulation on the read value, which isH'F8 in this example.
It clearshit 4to 0.

P17 P16 P15 P14 P13 P12 P11 P10
1/O Output  Output  Output Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
After bit 1 1 1 0 1 0 0 0

manipulation

Following bit manipulation the datais written to PLDDR and the BCLR instruction terminates.

P17 P16 P15 P14 P13 P12 P11 P10
11O Output  Output  Output  Input Output  Input Input Input
P1DDR 1 1 1 0 1 0 0 0
Write value 1 1 1 0 1 0 0 0

The contents of PIDDR should have been overwritten with a value of H'EO, but in fact a value of
H'E8 was written to the register. This changed pin 13, which should have been an input pin, to an
output pin. In this example we assumed that pin 13 was read as 1. However, since the values
returned for pins 17 to 10 are all undefined when read, there is the possibility that individual bit
values could be changed from 0 to 1 or from 1 to 0. To prevent this from happening, the
recommendations in section 2.9.4, Accessing Registers Containing Write-Only Bits, should be
followed when changing the values of registers containing write-only bits.

In addition, the BCLR instruction can be used to clear flagsin internal /O registersto 0. In such
cases it is not necessary to read the relevant flag beforehand so long asit is clear that it has been
set to 1 by an interrupt processing routine or the like.

294 Accessing Registers Containing Write-Only Bits

Using data transfer instructions or bit manipulation instructions on registers containing write-only
bits can result in undefined values being read. To prevent the reading of undefined values, the
procedure described below should be used to access registers containing write-only bits.
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In order to write to aregister containing write-only bits, set aside awork areain memory (in on-
chip RAM, for example) and write the data to be manipulated to it. After accessing and
manipulating the datain the work areain memory, write the resulting data to the register
containing write-only bits.

Figure 2.14 Example Flowchart of Method for Accessing Registers Containing Write-Only Bits

Write data to work area

Write initial value

Write data from work area to
register containing write-only bits

Access data in work area
(using either data transfer instructions
or bit manipulation instructions)

Change value of register containing
write-only bits

Write data from work area to
register containing write-only bits

Figure2.14 Flowchart of Method for Accessing Registers Containing Write-Only Bits
Example: Clearing pin 14 only of PLDDR for port 1

P1DDR is an 8-hit register that contains write-only bits. It is used to specify the 1/O setting of the
individua pinsin port 1. Reading producesinvalid data. Attempting to read from P1LDDR returns
undefined values.

In this example, the BCLR instruction is used to set pin 14 as an input port. To start, theinitial
value H'FO to be written to PADDR is written ahead of time to the work area (RAMO) in memory.

MOV.B #H'FO, ROL
MOV.B ROL, @RAMO
MOV.B ROL, @P1DDR
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P17 P16 P15 P14 P13 P12 P11 P10
1/O Output  Output  Output Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
RAMO 1 1 1 1 0 0 0 0

To change pin 14 from an output pin to an input pin, the value of bit 4 in PLDDR must be changed
from 1 to O (H'FO to H'EQ). Here the BCLR instruction will be used to clear bit 4 in PLDDR to 0.

BCLR #4, @RAMO
P17 P16 P15 P14 P13 P12 P11 P10
110 Output  Output Output Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
RAMO 1 1 1 0 0 0 0 0

Since RAMO is aread/write area of memory, performing the above bit manipulation using the
BCLR instruction causes only hit 4 in RAMO to be cleared to 0. The value of RAMO isthen
written to PADDR.

MOV .B @RAMO, ROL
MOV .B ROL, @P1DDR
P17 P16 P15 P14 P13 P12 P11 P10
/O Output  Output  Output [Input Input Input Input Input
P1DDR 1 1 1 0 0 0 0 0
RAMO 1 1 1 0 0 0 0 0

By using the above procedure to access registers containing write-only bits, it is possible to create
programs that are not dependent on the type of instructions used.
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Section 3 MCU Operating Modes

31 Operating Mode Selection

This LS| supports four operating modes (modes 7 to 4). These modes are depending on the setting
of mode pins (MD2 to MDO). Modes 6 to 4 are extended modes in which external memory and
external peripheral devices can be accessed. In extended modes, each area can be used as 8-hit or
16-bit address space according to the bus controller settings after program execution. In this case,
if an areais specified as 16-bit access space, 16-bit bus mode is employed for all areas; while if an
areais specified as 8-hit access space, 8-bit bus mode is employed for al areas. In mode 7,
external addresses cannot be used. Do not change the mode pin settings during operation.

Table3.1 MCU Operating Mode Selection

External Data Bus

MCU
Operating CPU Operating On-Chip Maximum
Mode MD2 MD1 MDO Mode Description ROM Initial Value Value
4 1 0 0 Advanced mode On-chip ROM Disabled 16 bits 16 bits
disabled, extended
mode
5 1 0 1 Advanced mode On-chip ROM Disabled 8 bits 16 bits
disabled, extended
mode
6 1 1 0 Advanced mode On-chip ROM Enabled 8 bits 16 bits
enabled, extended
mode
7* 1 1 1 Advanced mode Single-chip mode  Enabled — —

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

(1) H8S/2215
The USB cannot be used in mode 7.

(2) H8S/2215R, H8S/2215T or H8S/2215C
Development work using the E6000 emulator:
The USB cannot be used in mode 7.
Development work using the on-chip (EL0A-USB) emulator:
The USB can be used in mode 7.
See section 3.3.4, Mode 7, for details.
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3.2 Register Descriptions

The following registers are related to the operating mode.

e Mode control register (MDCR)

e System control register (SY SCR)

321 Mode Control Register (MDCR)

MDCR is used to monitor the current operating mode of thisLSI.

Bit Bit Name Initial Value R/W Description

7 — 1 — Reserved
This bit is always read as 1 and cannot be modified.

6to3 — All O — Reserved

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

MDS2 — R Mode select 2to0 0

MDS1 — These bits indicate the input levels at pins MD2 to

MDSO0 * R MDO (the current operating mode).Bits MDS2 to
MDSO correspond to MD2 to MDO. MDS2 to MDSO
are read-only bits and they cannot be written to. The
mode pin (MD2 to MDO) input levels are latched into
these bits when MDCR is read.

These latches are canceled by a power-on reset, but
maintained at manual reset.

Note: * Determined by the MD2 to MDO pin settings.

*
Py}

322 System Control Register (SYSCR)

SY SCR is used to select the interrupt control mode and the detected edge for NMI, select the
MRES input pin enable or disable, and enables or disables on-chip RAM.
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Bit Bit Name

Initial Value R/W

Description

7 —

0 R/W

Reserved
The write value should always be 0.

Reserved
This bit is always read as 0 and cannot be modified.

5 INTM1
4 INTMO

These bits select the control mode of the interrupt
controller. For details of the interrupt control modes,
see section 5.6, Interrupt Control Modes and Interrupt
Operation.

00: Interrupt control mode O
01: Setting prohibited
10: Interrupt control mode 2
11: Setting prohibited

3 NMIEG

NMI Edge Select

Selects the valid edge of the NMI interrupt input.

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

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

2 MRESE

Manual reset Select
Enables or disables the MRES pin input.

0: The MRES pin input (manual reset) is disabled
1: The MRES pin input (manual reset) is enabled

The MRES input pin can be used.

Reserved
This bit is always read as 0 and cannot be modified.

0 RAME

1 R/W

RAM Enable

Enables or disables the on-chip RAM. The RAME bit
is initialized when the reset status is released.

0: On-chip RAM is disabled
1: On-chip RAM is enabled
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3.3 Operating Mode Descriptions
331 Mode 4

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P13 to P10, and ports A, B, and C function as an address bus, ports D and E function asa
data bus, and part of port F carries bus control signals.

Pins P13 to P11 function asinput portsimmediately after areset. Pin 10 and ports A and B
function as address (A20 to A8) outputsimmediately after areset. Address (A23 to A21) output
can be enabled or disabled by bits AE3 to AEQ in the pin function control register (PFCR)
regardless of the corresponding data direction register (DDR) values. Pins for which address
output is disabled among pins P13 to P10 and in ports A and B become port outputs when the
corresponding DDR bits are set to 1.

Port C always has an address (A7 to A0) output function.

Theinitial bus mode after areset is 16 bits, with 16-bit access to all areas. However, note that if 8-
bit accessis designated by the bus controller for al areas, the bus mode switches to 8 hits.

332 Mode5
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P13 to P10, and ports A, B, and C function as an address bus, ports D and E function asa
data bus, and part of port F carries bus control signals.

Pins P13 to P11 function asinput ports immediately after areset. Pin 10 and ports A and B
function as address (A20 to A8) outputsimmediately after areset. Address (A23 to A21) output
can be enabled or disabled by bits AE3 to AEOQ in the pin function control register (PFCR)
regardless of the corresponding data direction register (DDR) values. Pins for which address
output is disabled among pins P13 to P10 and in ports A and B become port outputs when the
corresponding DDR bits are set to 1.

Port C always has an address (A7 to A0) output function.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if 16-
bit access is designated by the bus controller for any area, the bus mode switchesto 16 bitsand
port E becomes a data bus.
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333 Mode 6
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

Pins P13 to P10, and ports A, B and C function as input ports immediately after a reset. Address
(A23 to A8) output can be enabled or disabled by bits AE3 to AEO in the pin function control
register (PFCR) regardless of the corresponding data direction register (DDR) values. Pins for
which address output is disabled among pins P13 to P10 and in ports A and B become port outputs
when the corresponding DDR bits are set to 1.

Port Cisan input port immediately after areset. Addresses A7 to AO are output by setting the
corresponding DDR bitsto 1.

Ports D and E function as a data bus, and part of port F carries data bus signals.

Theinitial bus mode after areset is 8 bits, with 8-bit access to all areas. However, note that if 16-
bit access is designated by the bus controller for any area, the bus mode switches to 16 bitsand
port E becomes a data bus.

3.34 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
but external addresses cannot be accessed.

All 1/O ports are available for use as input-output ports.

In addition, the USB is not supported in some cases due to devel opment tool issues, as
summarized in table 3.2.

Table3.2 USB Supportin Mode7

Development Tool H8S/2215 H8S/2215R, H8S/2215T or H8S/2215C
E6000 X X
E10A-USB — ©)

Note: * The H8S/2215 does not have an on-chip emulator function.
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3.35 Pin Functions

The pin functions of ports 1, and A to F vary depending on the operating mode. Table 3.3 shows

the functionsin modes 4 to 7.

Table3.3 Pin Functionsin Each Operating Mode
Port Mode 4 Mode 5 Mode 6 Mode 7**
Port 1 P13 to P11 P*/IA P*/IA P*/IA P
P10 PIA* PIA* P*IA P
Port A PA3 to PAO P/A® P/A P*IA P
Port B P/IA* P/IA* P*/IA P
Port C A A P*IA P
Port D D D D P
Port E P/D* P*/D P*/D P
Port F PF7 p/C* p/C* pP/C* P*IC
PF6 to PF4 C C C P
PF3 p/C* P*/C P*/C
PF2 to PFO P*IC P*IC P*/C
Legend:
P: 1/O port
A: Address bus output
D: Data bus I/O
C: Control signals, clock I1/10
.

After reset

Note: 1. The following applies to the use of mode 7.
(1) H8S/2215

The USB cannot be used in mode 7.

(2) H8S/2215R, H8S/2215T or H8S/2215C

Development work using the E6000 emulator:

The USB cannot be used in mode 7.
Development work using the on-chip (E10A-USB) emulator:
The USB can be used in mode 7.

See section 3.3.4, Mode 7, for details.
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34 Memory Map in Each Operating Mode

Figures 3.1 to 3.4 show the memory map in each operating mode for HD64F2215, HD64F2215U,
HD6432215B, and HD6432215C.

ROM: — ROM: 256 kbytes ROM: 256 kbytes
RAM: 16 kbytes RAM: 16 kbytes RAM: 16 kbytes
Modes 4 and 5 Mode 6 Mode 7°2
(advanced extended modes (advanced extended mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
External address H'03FFFF
space H'040000

External address

space
H'C00000 ™5 chip USB H'C00000 ™5 chip USB H'C00000 [ On-chip USB
registers registers H'DFFFFF registers
H'E00000 H'E00000
= External address J~ < External address J~
space space
H'FF9000 H'FF9000
Reserved™! Reserved ™!
H'FFB000 ) 1 H'FFB000 . 1 H'FFBO00
On-chip RAM On-chip RAM -chi
p p H'FFEFBF On-chip RAM
H'FFEFCO| External address H'FFEFCO| External address
space space H'FFF800
H'FFF800 ||nternal 1/0 registers H'FFF800 (internal 1/0 registers H'EFFE3E Internal I/O registers
H'FFFF40 Reserved H'FFFF40 Reserved
HFFFFEO [|nternal 110 registers HFFFFBO [ntermal 1/0 registers HFFFFE0 [\hternal 1/0 registers
H'FFFFCO K 1 H'FFFFCO K 1 H'FFFFCO X
HEFEFFE On-chip RAM HEFEFFE On-chip RAM HEFEEFE On-chip RAM

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. The USB cannot be used in mode 7.
See section 3.3.4, Mode 7, for details.

Figure3.1 Memory Map in Each Operating Mode for HD64F2215 and HD64F2215U
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ROM: — ROM: 128 kbytes ROM: 128 kbytes
RAM: 16 kbytes RAM: 16 kbytes RAM: 16 kbytes
Modes 4 and 5 Mode 6 Mode 7*2
(advanced extended modes (advanced extended mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
H'O1FFFF
H'020000
Reserved
External address
space H'040000
External address
space
H'C00000 ™5 chip USB H'C00000 ™50 chip USB H'C00000 [ on-chip USB
registers registers H'DFFFEF registers
H'E00000 H'E00000
= External address J~ = External address J~
space space
H'FF9000 H'FF9000
Reserved™! Reserved ™!
H'FFB000 ) 1 H'FFB000 ) 1 H'FFB000
On-chip RAM On-chip RAM -chi
p P H'FFEFBF On-chip RAM
H'FFEFCO| External address H'FFEFCO| External address
Sbace space H'FFF800
H'FFF800 ||nternal 1/0 registers H'FFF800 |internal 1/0 registers H'EFFE3E Internal I/O registers
H'FFFF40 Reserved H'FFFF40 Reserved
HFFFFBO [|ntermal 110 registers HFFFFBO |nternal 1/0 registers HFFFFE0 [\hternal 1/0 registers
H'FFFFCO - 1 H'FFFFCO - 1 H'FFFFCO -
HEFEFFE On-chip RAM HEFEFFE On-chip RAM HEFEEFE On-chip RAM

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. The USB cannot be used in mode 7.
See section 3.3.4, Mode 7, for details.

Figure3.2 Memory Map in Each Operating Mode for HD6432215B
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ROM: — ROM: 64 kbytes ROM: 64 kbytes
RAM: 8 kbytes RAM: 8 kbytes RAM: 8 kbytes
Modes 4 and 5 Mode 6 Mode 772
(advanced extended modes (advanced extended mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
H'O0FFFF
H'010000
Reserved
External address
space H'040000
External address
space
H'C00000 ™5 chip USB H'C00000 ™5 chip USB H'C00000 [~ On-chip USB
registers registers H'DFFFFF registers
H'E00000 H'E00000
= External address J~ =~ External address J~
space space
H'FF9000 H'FF9000
Reserved™ Reserved ™!
H'FFD000 ) 51 H'FFD000 . 1 H'FFD000 ]
On-chip RAM On-chip RAM -
p p H'EFEFBE On-chip RAM
H'FFEFCO| External address H'FFEFCO| External address
Space Space H'FFF800
H'FFF800 ||hteral 110 registers H'FFF800 |internal 1/0 registers HEFEFSE Internal 1/O registers
H'FFFF40 Reserved H'FFFF40 Reserved
HFFFFEO (|nternal 110 registers HFFFFB0 [ntemal 1/0 registers HFFFFEO [nternal 10 registers
H'FFFFCO ) 1 H'FFFFCO ) 1 H'FFFFCO -
HFFFFFE On-chip RAM HEFEFFE On-chip RAM HEFEFFE On-chip RAM

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. The USB cannot be used in mode 7.
See section 3.3.4, Mode 7, for details.

Figure3.3 Memory Map in Each Operating Mode for HD6432215C
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ROM: — ROM: 256 kbytes ROM: 256 kbytes
RAM: 20 kbytes RAM: 20 kbytes RAM: 20 kbytes
Modes 4 and 5 Mode 6 Mode 72

(advanced extended modes
with on-chip ROM disabled)

(advanced extended mode
with on-chip ROM enabled)

(advanced single-chip mode)

H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
External address H'03FFFF
space H'040000
External address
space
H'C00000 ™5 chip USB H'C00000 ™50 chip USB H'C00000 [ on-chip USB
registers registers H'DEFFEF registers
H'E00000 H'E00000
= External address J~ = External address J~
space™? space™?
H'FF9000 H'FF9000
Reserved™ Reserved ™
) - : - H'FFA000
HFFA000 On-chip RAM™' HFFA000 On-chip RAM*’ On-chip RAM
H'FFEFBF
H'FFEFCO| External address H'FFEFCO| External address
Space Space H'FFF800
HFFF800 internal 1/0 registers|  H'FFF800 |internal 1/0 registers HFFFFaF Internal I/O registers
HFFFF40 Reserved HFFFF40 Reserved
HFFFFE0 1ntermal 110 registers HFFFFE0 |internal 110 registers HFFFF60 ||hternal 110 registers
H'FFFFCO - 1 H'FFFFCO . #1 H'FFFFCO ;
HEFEFFE On-chip RAM HEFEFFE On-chip RAM HEFEEFE On-chip RAM
Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

2.

The USB cannot be used in mode 7.
Development work using the on-chip (E10A-USB) emulator:
The USB can be used in mode 7.

See section 3.3.4, Mode 7, for details.

Development work using the E6000 emulator:

. When using an on-chip emulator, do not access the area from H'FEE800 to H'FEFFFF.

Figure3.4

Memory Map in Each Operating Mode for HD64F2215R, HD64F2215RU,
HD64F2215T, HD64F2215TU and HD64F2215CU
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Section 4 Exception Handling

4.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, trace, trap instruction, or
interrupt. Exception handling is prioritized as shown in table 4.1. If two or more exceptions occur
simultaneously, they are accepted and processed in order of priority. Exception sources, the stack
structure, and operation of the CPU vary depending on the interrupt control mode. For details on
the interrupt control mode, refer to section 5, Interrupt Controller.

Table4.1 Exception Typesand Priority

Priority ~ Exception Type  Start of Exception Handling

High Reset Starts immediately after a low-to-high transition at the RES or

4 MRES pin, or when the watchdog timer overflows. The CPU enters
the reset state when the RES pin is low. The CPU enters the
manual reset state when the MRES pin is low.

Trace Starts when execution of the current instruction or exception
handling ends, if the trace (T) bit in the EXR is set to 1. This is
enabled only in trace interrupt control mode 2. Trace exception
processing is not performed after RTE instruction execution.

Interrupt Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued. Note that
after executing the ANDC, ORC, XORC, or LDC instruction or at
the completion of reset exception processing, no interrupt is
detected.

Trap instruction Started by execution of a trap instruction (TRAPA). Trap exception
Low (TRAPA) processing is always accepted in program execution state.

4.2 Exception Sources and Exception Vector Table

Different vector addresses are assigned to different exception sources. Table 4.2 lists the exception
sources and their vector addresses. Since the usable modes differ depending on the product, for
details on each product, refer to section 3, MCU Operating Modes.
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Table4.2

Exception Source

Exception Handling Vector Table

Vector Number

Vector Address™*

Normal Mode*?

Advanced Mode

Power-on reset

H'0000 to H'0001

H'0000 to H'0003

Manual reset

H'0002 to H'0003

H'0004 to H'0007

Reserved for system use

H'0004 to H'0005

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

H'0008 to H'0019

H'0010 to H'0013

Trace

H'000A to HOO0B

H'0014 to HOO17

Direct transitions™*?

H'000C to HOOOD

H'0018 to HO01B

External interrupt (NMI)

H'000E to H'000F

H'001C to H'001F

Trap instruction

#0

H'0010 to H'0011

H'0020 to H'0023

#1

Ol N|O|O|B~[W[N|FL,]| O

H'0012 to H'0013

H'0024 to H'0027

#2

=
o

H'0014 to H'0015

H'0028 to H'002B

#3

[N
[N

H'0016 to H'0017

H'002C to H'002F

Reserved for system use

[EEY
N

H'0018 to H'0019

H'0030 to H'0033

[EnY
w

H'001A to H'001B

H'0034 to H'0037

=
N

H'001C to H'001D

H'0038 to H'003B

[EnY
&)

H'001E to H'O01F

H'003C to H'003F

External interrupt

IRQO

=
»

H'0020 to H'0021

H'0040 to H'0043

External interrupt

IRQ1

[EEN
~

H'0022 to H'0023

H'0044 to H'0047

External interrupt

IRQ2

[EnY
[ee]

H'0024 to H'0025

H'0048 to H'004B

External interrupt

IRQ3

[EEY
©

H'0026 to H'0027

H'004C to H'004F

External interrupt

IRQ4

N
o

H'0028 to H'0029

H'0050 to H'0053

External interrupt

IRQ5

N
[

H'002A to H'002B

H'0054 to H'0057

USB interrupt

IRQ6

N
N

H'002C to H'002D

H'0058 to H'005B

External interrupt

IRQ7

N
w

H'002E to H'002F

H'005C to H'005F

Internal interrupt™®

N
~

127

H'0030 to H'0031

H'0O0OFE to H'OOFF

H'0060 to H'0063

H'01FC to H'O1FF

Notes: 1. Lower 16 bits of the address.
2. Not available in this LSI.

3. For details of internal interrupt vectors, see section 5.5, Interrupt Exception Handling
Vector Table.
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4.3 Reset
A reset has the highest exception priority.

When the RES or MRES pin goes low, al processing halts and thisL S| entersthe reset state. To
ensure that this LS| isreset, hold the RES pin low for at least 20 ms at power-on.

A reset initializes the internal state of the CPU and the registers of on-chip peripheral modules.

ThisLSI can also be reset by overflow of the watchdog timer. For details, see section 12,
Watchdog Timer (WDT).

Immediately after areset, interrupt control mode O is set.

Note: TRST should be brought low level at power-on. For details, see section 14, Boundary
Scan Function.

4.3.1 Reset Types

A reset can be of either of two types: a power-on reset or amanual reset. Reset types are shown in
table 4.3. A power-on reset should be used when powering on.

The internal state of the CPU isinitialized by either type of reset. A power-on reset also initializes
all the registersin the on-chip peripheral modules, while a manual reset initializes all the registers
in the on-chip peripheral modules except for the bus controller and 1/O ports, which retain their
previous states.

With amanual reset, since the on-chip peripheral modules are initialized, ports used as on-chip
peripheral module I/O pins are switched to 1/0 ports controlled by DDR and DR.

Table4.3 Reset Types

Reset Transition

Condition Internal State
Type MRES RES CPU On-Chip Peripheral Modules
Power-on reset x Low Initialized Initialized
Manual reset Low High Initialized Initialized, except for bus controller and 1/0
ports
Legend:
x: Don’t care
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A reset caused by the watchdog timer can also be of either of two types: a power-on reset or a
manual reset.

When the MRES pin is used, MRES pin input must be enabled by setting the MRESE bitto 1 in
SYSCR.

4.3.2 Reset Exception Handling

When the RES or MRES pin goes high after being held low for the necessary time, thisL S| starts
reset exception handling as follows:

1. Theinternal state of the CPU and the registers of the on-chip peripheral modules are
initialized, the T bit iscleared to 0 in EXR, and the | bitisset to 1 in EXR and CCR.

2. Thereset exception handling vector addressisread and transferred to the PC, and program
execution starts from the address indicated by the PC.
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Figures 4.1 and 4.2 show examples of the reset sequence.

Internal Prefetch of first
Vector fetch processing program instruction

iy o -

¢ ! P

Address bus

*

: ' ﬁ)@ ©)
s T L L I

F<

()] ©)

FWR, LWR ; : High b ;
| s I\ :
D15 to DO | { @) { @ ) { ©6) »—

(1) (8) Reset exception handling vector address (for power-on reset, (1) = H'000000,
(3) = H'000002; for manual reset, (1) = H'000004, (3) = H'000006)

(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * Three program wait states are inserted.

Figure4.1 Reset Sequence (Mode 4)
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Prefetch of
Internal first program

Vector fetch processing instruction
¢ L] I I I I
ES, MRES / 5 ; 5 5
Internal address h ) h h
bus X @ EX e X ©) 'x :
Internal read E
signal |

Internal data i { (2 E,‘ { 4 E,‘ i (6) E

Internal write ! High !
signal ! !
bus

(1) 3) Reset exception handling vector address (for power-on reset, (1) = H'000000,
(3) = H'000002; for manual reset, (1) = H'000004, (3) = H'000006)

(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Figure4.2 Reset Sequence (Modes6, 7)

4.3.3 Interrupts after Reset

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

434 State of On-Chip Peripheral Modules after Reset Release

After reset release, MSTPCRA to MSTPCRC areinitialized to H'3F, H'FF, and H'FF, respectively,
and all modules except the DMAC and DTC enter module stop mode. Consequently, on-chip
peripheral module registers cannot be read from or written to. Register reading and writing is
enabled when module stop mode is exited.
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4.4 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode O, irrespective of the state of the T bit. For details of interrupt control modes, see section 5,
Interrupt Controller.

If the T bit in EXR isset to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace mode is not affected by interrupt masking. Table 4.4 shows
the state of CCR and EXR after execution of trace exception handling. Trace modeis canceled by
clearing the T bitin EXR to 0. The T bit saved on the stack retainsits value of 1, and when control
isreturned from the trace exception handling routine by the RTE instruction, trace mode resumes.

Trace exception handling is not carried out after execution of the RTE instruction.
Interrupts are accepted even within the trace exception handling routine.

Table4.4 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode
| ‘ ul 2010 | T
0 Trace exception handling cannot be used.
1 \ — — ] 0
Legend:
1: Settol

0: Clearedto 0
—: Retains value prior to execution.

4.5 Interrupts

Interrupts are controlled by the interrupt controller. The interrupt controller has two interrupt
control modes and can assign interrupts other than NMI to eight priority/mask levelsto enable
multiplexed interrupt control. The source to start interrupt exception handling and the vector
address differ depending on the product. For details, refer to section 5, Interrupt Controller.

The interrupt exception handling is as follows:

1. Thevauesin the program counter (PC), condition code register (CCR), and extended control
register (EXR) are saved in the stack.

2. Theinterrupt mask bit is updated and the T bit is cleared.

3. A vector address corresponding to the interrupt source is generated, the start addressis loaded
from the vector table to the PC, and program execution starts from that address.
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4.6 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction

exception handling can be executed at all timesin the program execution state.

The trap instruction exception handling is as follows:

1. Thevauesin the program counter (PC), condition code register (CCR), and extended control

register (EXR) are saved in the stack.

2. Theinterrupt mask bit is updated and the T bit is cleared.

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

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector

number from 0 to 3, as specified in the instruction code.

Table 4.5 shows the status of CCR and EXR after execution of trap instruction exception handling.

Table45 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode
| ul 1210 10 T
1 — — —
— — 0

Legend:
1: Settol
0: Clearedto 0
—: Retains value prior to execution.
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4.7 Stack Status after Exception Handling

Figure 4.3 shows the stack after completion of trap instruction exception handling and interrupt

exception handling.

(@) Normal Modes*?

SP— CCR
CCR*!
PC (16 bits)

Interrupt control mode O

(b) Advanced Modes

SP— CCR
PC (24 bits)

Interrupt control mode 0

Notes: 1. Ignored on return.
2. Normal modes are not available in this LSI.

SP—~

EXR

Reserved**

CCR

CCR™*

PC (16 bits)

SP—

Interrupt control mode 2

EXR
Reserved*?
CCR
PC (24 bits)

Interrupt control mode 2

Figure4.3 Stack Statusafter Exception Handling
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4.8 Notes on Use of the Stack

When accessing word data or longword data, this LS| assumes that the lowest address bit is 0. The
stack should always be accessed by word transfer instruction or longword transfer instruction, and
the value of the stack pointer (SP: ER7) should always be kept even. Use the following
instructions to save registers:

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

Use the following instructions to restore registers:

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

Setting SP to an odd value may lead to a malfunction. Figure 4.4 shows an example of what
happens when the SP value is odd.

Address

CCR SP— RIL HFFFEFA
SP~ H'FFFEFB
Pe PC HFFFEFC
H'FFFEFD
------------------------------------ HFFFEFE
P HFFFEFF

SP set to H'FFFEFF TRAPA instruction executed MOV.B R1L, @-ER7 executed

— —

Data saved above SP Contents of CCR lost

Legend:

CCR: Condition code register
PC:  Program counter

R1L: General register R1L
SP: Stack pointer

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

Figure4.4 Operation when SP ValuelsOdd
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Section 5 Interrupt Controller

5.1 Features

e Two interrupt control modes

— Any of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin

the system control register (SY SCR).
e Priorities settable with IPR

— Aninterrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for al interrupts except NMI. NMI is assigned the
highest priority level of 8, and can be accepted at all times.

¢ Independent vector addresses

— All interrupt sources are assigned independent vector addresses, making it unnecessary for

the source to be identified in the interrupt handling routine.
o Eight external interrupts (NMI, IRQ7, and IRQ5 to IRQO0)

— NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI. Falling edge, rising edge, or both edge detection, or level
sensing, can be selected for IRQ7 and IRQ5 to IRQO. IRQG is an interrupt only for the on-
chip USB.

e DTC and DMAC control
— DTC or DMAC activation is performed by means of interrupts.
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A block diagram of the interrupt controller is shown in figure 5.1.

| INTM1, INTMO

|SYSCR|

CEa—

/

NMI input

IRQ input —___

1 NMI input unit

- IRQinputunit ——
ISR

prory

determination

Internal interrupt

request
SWDTEND to EXIRQ1

Interrupt
request

Vector number

CPU

|CCR|

12 to 10

Interrupt controller

Legend:

ISCR:  IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

IPR: Interrupt priority register

SYSCR: System co

ntrol register

Figure5.1 Block Diagram of Interrupt Controller
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5.2 I nput/Output Pins

Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Pin Configuration
Name I/0 Function
NMI Input Nonmaskable external interrupt
Rising or falling edge can be selected
IRQ7 Input Maskable external interrupts
IRQ5 Input Rising, falling, or both edges, or level sensing, (IRQ6 is an interrupt
RQ4 Input signal only for the on-chip USB) can be selected
IRQ3 Input
IRQ2 Input
IRQT Input
IRQO Input

REJ09B0140-0900 Rev. 9.00
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53 Register Descriptions

Theinterrupt controller has the following registers. For details on the system control register, refer
to section 3.2.2, System Control Register (SY SCR).

System control register (SY SCR)

IRQ sense control register H (ISCRH)
IRQ sense control register L (ISCRL)

IRQ enable register (IER)

IRQ status register (ISR)

Interrupt priority register A (IPRA)
Interrupt priority register B (IPRB)
Interrupt priority register C (IPRC)
Interrupt priority register D (IPRD)
Interrupt priority register E (IPRE)
Interrupt priority register F (IPRF)
Interrupt priority register G (IPRG)
Interrupt priority register | (IPRI)
Interrupt priority register J (IPRJ)
Interrupt priority register K (IPRK)
Interrupt priority register M (IPRM)
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531

The IPR registers set priorities (levels 7 to 0) for interrupts other than NMI.

Interrupt Priority RegistersAto G, | toK, M (IPRA to IPRG, IPRI to IPRK,

IPRM)

The correspondence between interrupt sources and IPR settingsis shown in table 5.2. Setting a
value in the range from H'0 to H'7 in the 3-bit groups of bits6 to 4 and 2 to 0 sets the priority of

the corresponding interrupt.

Bit

Bit Name Initial Value R/W

Description

7

— 0

Reserved

This bit is always read as 0 and cannot be modified.

IPR6
IPR5
IPR4

R/W
R/W
R/W

Sets the priority of the corresponding interrupt source.

000:
001:
010:
011:
100:
101:
110:
111

Priority level O (Lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6

Priority level 7 (Highest)

Reserved
This bit is always read as 0 and cannot be modified.

IPR2
IPR1
IPRO

R/W
R/W
R/W

Sets the priority of the corresponding interrupt source.

000:
001:
010:
011:
100:
101:
110:
111:

Priority level O (Lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6

Priority level 7 (Highest)
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5.3.2 IRQ Enable Register (IER)
|ER controls enabling and disabling of interrupt requests IRQ7 to |RQO.

Bit Bit Name Initial Value R/W  Description

7 IRQ7E 0 R/W  IRQ7 Enable

The IRQ7 interrupt request is enabled when this bit is 1.
6 IRQ6E 0 R/W  IRQ6 Enable*

The IRQ6 interrupt request is enabled when this bit is 1.
5 IRQ5E 0 R/W  IRQ5 Enable

The IRQ5 interrupt request is enabled when this bit is 1.
4 IRQ4E 0 R/W  IRQ4 Enable

The IRQ4 interrupt request is enabled when this bit is 1.
3 IRQ3E 0 R/W  IRQ3 Enable

The IRQ3 interrupt request is enabled when this bit is 1.
2 IRQ2E 0 R/W  IRQ2 Enable

The IRQ2 interrupt request is enabled when this bit is 1.
1 IRQ1E 0 R/W  IRQ1 Enable

The IRQL1 interrupt request is enabled when this bit is 1.
0 IRQOE 0 R/W  IRQO Enable

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

Note: * IRQ6 is an interrupt only for the on-chip USB.
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533 IRQ Sense Control RegistersH and L (ISCRH, I SCRL)

The ISCR registers select the source that generates an interrupt request at pinsIRQ7, and IRQ5 to
IRQO.

Bit Bit Name Initial Value R/W  Description

15 IRQ7SCB 0 R/W  IRQ7 Sense Control B
14 IRQ7SCA 0 R/W  IRQ7 Sense Control A
00: Interrupt request generated at IRQ7 input low level
01: Interrupt request generated at falling edge of IRQ7
input
10: Interrupt request generated rising edge of IRQ7
input
11: Interrupt request generated at both falling and
rising edges of IRQ7 input

13 IRQ6SCB 0 R/W  IRQ6" Sense Control B
12 IRQ6SCA 0 R/W  IRQ6" Sense Control A

00: Setting prohibited when using on-chip USB
suspend or resume interrupt

01: Interrupt request generated at falling edge of IRQ6

input
1x: Setting prohibited
11 IRQ5SCB 0 R/W  IRQ5 Sense Control B
10 IRQ5SCA 0 R/W  IRQ5 Sense Control A

00: Interrupt request generated at IRQ5 input low level

01: Interrupt request generated at falling edge of IRQ5
input

10: Interrupt request generated at rising edge of IRQ5
input

11: Interrupt request generated at both falling and
rising edges of IRQ5 input

Legend:
x: Don’t care
Note: * IRQ6 is an interrupt only for the on-chip USB.
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Bit Bit Name Initial Value R/W

Description

9 IRQ4SCB 0 R/W
8 IRQ4SCA 0 R/W

IRQ4 Sense Control B
IRQ4 Sense Control A
00: Interrupt request generated at IRQ4 input low level

01: Interrupt request generated at falling edge of IRQ4
input

10: Interrupt request generated at rising edge of IRQ4
input

11: Interrupt request generated at both falling and
rising edges of IRQ4 input

7 IRQ3SCB 0 R/W
6 IRQ3SCA 0 R/W

IRQ3 Sense Control B
IRQ3 Sense Control A
00: Interrupt request generated at IRQ3 input low level

01: Interrupt request generated at falling edge of IRQ3
input

10: Interrupt request generated at rising edge of IRQ3
input

11: Interrupt request generated at both falling and
rising edges of IRQ3 input

5 IRQ2SCB 0 R/W
4 IRQ2SCA O R/W

IRQ2 Sense Control B
IRQ2 Sense Control A
00: Interrupt request generated at IRQ2 input low level

01: Interrupt request generated at falling edge of IRQ2
input

10: Interrupt request generated at rising edge of IRQ2
input

11: Interrupt request generated at both falling and
rising edges of IRQ2 input

3 IRQ1SCB O R/W
2 IRQ1ISCA O R/W

IRQ1 Sense Control B

IRQ1 Sense Control A

00: Interrupt request generated at IRQ1 input low level

01: Interrupt request generated at falling edge of IRQ1
input

10: Interrupt request generated at rising edge of IRQ1
input

11: Interrupt request generated at both falling and rising
edges of IRQ1 input
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Bit Bit Name Initial Value R/W  Description

1 IRQOSCB 0 R/W  IRQO Sense Control B
0 IRQOSCA 0 R/W  IRQO Sense Control A
00: Interrupt request generated at IRQO input low level

01: Interrupt request generated at falling edge of IRQO
input

10: Interrupt request generated at rising edge of IRQ0
input

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

534 IRQ Status Register (ISR)

ISR indicates the status of IRQ7 to IRQO interrupt requests. Only 0 should be written to these bits
for clearing the flag.

Bit Bit Name Initial Value R/W Description
7 IRQ7F 0 R/(W)*  [Setting condition]
6 IRQ6F 0 R/(W)* * When the interrupt source selected by the ISCR
5 IROSE 0 RIW)* registers occurs

Q ( )* [Clearing conditions]
4 IRQ4F 0 RI(W) e Cleared by reading IRQnF flag when IRQnF =1,
3 IRQ3F 0 R/(W)* then writing 0 to IRQNF flag
2 IRQ2F 0 RI(W)*  ° When interrupt exception handling is executed

. when low-level detection is set and, IRQn input is

1 IRQ1F 0 R/(W) high
0 IRQOF 0 R/(W)* e When IRQn interrupt exception handling is

executed when falling, rising, or both-edge
detection is set

e When the DTC is activated by an IRQn interrupt,
and the DISEL bit in MRB of the DTC is cleared
to0

Note: * The write value should always be 0 to clear the flag.
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54 Interrupt Sources

541 External Interrupts

There are eight external interrupts: NMI, IRQ7, and IRQ5 to IRQO. These interrupts can be used
to restore this LS| from software standby mode. IRQ6 is an interrupt only for the on-chip USB.
However, IRQ6 isfunctionally same as IRQ7 restore this LS| from software standby mode. IRQ6
isfunctionally same as IRQ7 and IRQ5 to IRQO.

NMI Interrupt: NMI isthe highest-priority interrupt, and is always accepted by the CPU
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMIEG
bit in SY SCR can be used to select whether an interrupt is requested at arising edge or afalling
edge on the NMI pin.

IRQ7 to IRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pins IRQ7
to IRQO. Interrupts IRQ7 to IRQO have the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pinsIRQ7 to IRQO

e Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with I1ER.

e Theinterrupt priority level can be set with IPR.

— The status of interrupt requests IRQ7 to IRQO isindicated in ISR. ISR flags can be cleared to O
by software.

A block diagram of IRQn interruptsis shown in figure 5.2.

IRQNE
IRQNSCA, IRQNSCB

¢ IRQNF
IRQn interrupt
Edgel/level
W detection circuit S Q request
IRQn input ’—> R

Clear signal

Note: n=7to O

Figure5.2 Block Diagram of IRQn Interrupts
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The setting for IRQNF is shown in figure 5.3.

0

IRQn \

input pin

IRQNF

Note: n=7to O

Figure5.3 Set Timing for IRQNF

The detection of IRQnN interrupts does not depend on whether the relevant pin has been set for
input or output. However, when apin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0; and use the pin as an I/O pin for another function. IRQnNF interrupt
request flag is set when the setting condition is satisfied, regardless of |ER settings. Accordingly,
refer to only necessary flags.

54.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following features:

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

e Theinterrupt priority level can be set by means of IPR.
e The DMAC or DTC can be activated by a TPU, SCI, or other interrupt request.

e Whenthe DMAC or DTC is activated by an interrupt request, it is not affected by the interrupt
control mode or CPU interrupt mask bit.

55 Interrupt Exception Handling Vector Table
Table 5.2 shows interrupt exception handling sources, vector addresses, and interrupt priorities.

For default priorities, the lower the vector number, the higher the priority. Priorities among
modules can be set by means of the IPR. Modules set at the same priority will conform to their
default priorities. Priorities within a module are fixed.
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Table5.2 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector Address”

Interrupt Origin of Interrupt Vector
Source Source Number Advanced Mode IPR Priority
External pins  NMI 7 H'001C High
IRQO 16 H'0040 IPRAG to IPRA4 4
IRQ1 17 H'0044 IPRA2 to IPRAO
IRQ2 18 H'0048 IPRB6 to IPRB4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to IPRBO
IRQ5 21 H'0054
uUsSB IRQ6 22 H'0058 IPRC6 to IPRC4
External pins  IRQ7 23 H'005C
DTC SWDTEND 24 H'0060 IPRC2 to IPRCO
Watchdog wWovI 25 H'0064 IPRD6 to IPRD4
Timer
A/D ADI 28 H'0070
TPU channel 0 TGIOA 32 H'0080 IPRF6 to IPRF4
TGIOB 33 H'0084
TGIOC 34 H'0088
TGIOD 35 H'008C
TGIOV 36 H'0090
TPU channel 1 TGI1A 40 H'00A0 IPRF2 to IPRFO
TGI1B 41 H'00A4
TGI1V 42 H'00A8
TGI1U 43 H'00AC
TPU channel 2 TGI2A 44 H'00BO IPRG6 to IPRG4
TGI2B 45 H'00B4
TGI2V 46 H'00B8
TGI2U 47 H'00BC
8-bit timer CMIAO (compare 64 H'0100 IPRI6 to IPRI4
channel 0 match A)
CMIBO (compare 65 H'0104
match B)
OVIO (overflow) 66 H'0108 Low
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Interrupt Origin of Interrupt Vector
Source Source Number Vector Address® IPR Priority
8-bit timer CMIA1 (compare 68 H'0110 IPRI2 to IPRIO High
channel 1 match A) A
CMIB1 (compare 69 H'0114
match B)
OVI1 (overflow) 70 H'0118
DMAC DENDOA 72 H'0120 IPRJ6 to IPRJ4
DENDOB 73 H'0124
DEND1A 74 H'0128
DEND1B 75 H'012C
SCl channel 0 ERIO 80 H'0140 IPRJ2 to IPRJO
RXIO 81 H'0144
TXI0 82 H'0148
TEIO 83 H'014C
SCl channel1 ERI1 84 H'0150 IPRK®6 to IPRK4
RXI1 85 H'0154
TXI1 86 H'0158
TEI1 87 H'015C
SCl channel 2 ERI2 88 H'0160 IPRK2 to IPRKO
RXI2 89 H'0164
TXI2 90 H'0168
TEI2 91 H'016C
usSB EXIRQO 104 H'01A0 IPRM6 to IPRM4
EXIRQ1 105 H'01A4 Low
Note: * Lower 16 bits of the start address.
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5.6 Interrupt Control Modes and Interrupt Operation
Theinterrupt controller has two modes: interrupt control mode 0 and interrupt control mode 2.

Interrupt operations differ depending on the interrupt control mode. The interrupt control mode is
selected by SY SCR. Table 5.3 shows the differences between interrupt control mode 0 and
interrupt control mode 2.

Table5.3 Interrupt Control Modes

Interrupt Priority Setting Interrupt Mask
Control Mode Register Bits Description

0 Default | The priority of interrupt sources are fixed at the
default settings.

Interrupt sources except for NMI is marked by
the | bit.

2 IPR 12to 10 8-level interrupt mask control is performed by
bits 12 to 10.

8 priority levels other than NMI can be set with
IPR.

5.6.1 Interrupt Control Mode O

In interrupt control mode O, interrupt requests except for NMI is masked by the | bit of CCR in the
CPU. Figure 5.4 shows aflowchart of the interrupt acceptance operation in this case.

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

2. Ifthel bitissetto 1, only an NMI interrupt is accepted, and other interrupt requests are held
pending. If the |l bit is cleared, an interrupt request is accepted.

3. Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to
the priority system is accepted, and other interrupt requests are held pending.

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

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

6. Next, thel bitin CCRisset to 1. Thismasks all interrupts except NMI.
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7. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the

vector table.

1

Program execution status

No

Interrupt generated?

-

A
| Save PC and CCR |

1

| 1 |

1

| Read vector address |

1

|Branch to interrupt handling routinel

[~ Hold
| pending

Figure5.4 Flowchart of Procedure Up to Interrupt Acceptance

in Interrupt Control Mode 0O
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56.2 Interrupt Control Mode 2

In interrupt control mode 2, mask control is done in eight levels for interrupt requests except for
NMI by comparing the EXR interrupt mask level (12 to 10 bits) in the CPU and the IPR setting.

Figure 5.5 shows a flowchart of the interrupt acceptance operation in this case.

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

2. When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If a number of interrupt requests with the same priority are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.2 is selected.

3. Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. An interrupt request with a priority no higher than the mask level set at that timeis
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

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

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

6. TheT bitin EXR iscleared to 0. The interrupt mask level isrewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level isset to H'7.

7. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the
vector table.
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A
Program execution status

)

Interrupt generated? No

Yes

N
Level 7 interrupt?

Yes
Level 6 interrupt?
N
Mask level 6 Yes
or below?

Yes

Mask level 5
or below?

A A

[ save Pc, ccR, and EXR | [ oo

| Clear T bitto 0 |

!

| Update mask level |

!

| Read vector address |

!

| Branch to interrupt handling routine |

A

Figure5.5 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode 2
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Interrupt Exception Handling Sequence

5.6.3

Figure 5.6 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode 0 is set in advanced mode, and the program area and stack area are

in on-chip memory.

]

snq ejep
leusaiu]

eubis ayum

T T

| S

(6)

(9)

(e)

(1) *

leusaiu]

leubis peal

leusaju

snq ssaippe

R E (N N

R B

leusaju

|eubis }senbai

L
yojejeud
uoloNIsUl SUNNOJ
o1Mes ydnuisiu|

uonelado
[eusolu|

yoyay 10107

Yor1S

uonelado
[eusolu|

yoreserd | uononisul o PUB 10§ WM
uononnsu| (uoneulwislep [oA8] ydnuisjul

ooueldeocoe
1dnusyu|

1dnusyu)

Figure5.6 Interrupt Exception Handling
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564 Interrupt Response Times

Table 5.4 shows interrupt response times— the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5.4 are explained in table 5.5.

ThisLSl is capable of fast word transfer to on-chip memory, and have the program areain on-chip
ROM and the stack areain on-chip RAM, enabling high-speed processing.

Table5.4 Interrupt Response Times

Normal Mode*® Advanced Mode
Interrupt Interrupt Interrupt Interrupt
Control Control Control Control
No. Execution State Mode O Mode 2 Mode 0 Mode 2
Interrupt priority determination™” 3 3 3 3

Number of wait states until executing 1to 19+2-S, 1to 19+2-S, 1to 19+2-S, 1to 19+2-S
instruction ends™*

3 PC, CCR, EXR stack save 2:S, 3:S, 2:S, 3:S,

4 Vector fetch S, S, 2-S, 2-S,

5 Instruction fetch*® 2:S, 2:S, 2:S, 2-S,

6 Internal processing™* 2 2 2 2

Total (using on-chip memory) 11to 31 12 to 32 12 to 32 13t0 33

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.
5. Not available in this LSI.
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Table55 Number of Statesin Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8-Bit Bus 16-Bit Bus
Internal  2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S, 1 4 6 +2m 2 3+m
Branch addressread S,
Stack manipulation S,

Legend:
m: Number of wait states in an external device access.

5.6.5 DTC Activation by Interrupt

The DTC and DMAC can be activated by an interrupt. In this case, the following options are
available:

e Interrupt request to CPU

e Activation request to DTC

e Activation request to DMAC

e Selection of a number of the above

For details of interrupt requests that can be used with to activate the DTC and DMAC, see section
7, DMA Controller (DMAC) and section 8, Data Transfer Controller (DTC).

Figure 5.7 shows a block diagram of the interrupt controller of DTC and DMAC.
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DMAC
2 E
s =)
g5 2
25 g
a7 o
Interrupt DTC activation
request Selection ———— request vector
[ number
IRQ -~ circuit
interrupt
ﬂ Select
signal .
Clear signal Control logic DTC
Interrupt source DTCER
. | ignal
On-chip clear signal Clear signa
supporting
module
DTVECR ——T—
SWDTE
clear signal CPU interrupt
request vector
Determination of | number CPU
riorit
priority | 1,12to10
Interrupt controller

Figure5.7 Interrupt Control for DTC and DMAC

Selection of Interrupt Source: An activation factor is directly input to each channel of the
DMAC. The activation factors for each channel of the DMAC are selected by the DTF3 to DTFO
bits of DMACR. The DTA bit of DMABCR can be used to select whether the selected activation
factors are managed by the DMAC. By setting the DTA bit to 1, the interrupt factor which was the
activation factor for that DMAC cannot act as the DTC activation factor or the CPU interrupt
factor.

Interrupt factors other than the interrupts managed by the DMAC are selected as DTC activation
request or CPU interrupt request by the DTCERA to DTCERF of DTC and the DTCE bit of
DTCERI.

By specifying the DISEL bit of the DTC’'s MRB, it is possible to clear the DTCE bit to O after
DTC datatransfer, and request a CPU interrupt.

If DTC carries out the designate number of data transfers and the transfer counter reads O, after
DTC datatransfer, the DTCE bhit is also cleared to 0, CPU interrupt requested.
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Determination of Priority: The DTC activation source is selected in accordance with the default
priority order, and is not affected by mask or priority levels. See section 8.4, Location of Register
Information and DTC Vector Table. The activation source is directly input to each channel of
DMAC.

Operation Order: If the same interrupt is selected asa DTC activation source and a CPU
interrupt source, the DTC datatransfer is performed first, followed by CPU interrupt exception
handling.

If the same interrupt is selected as the DMAC activation factor and as the DTC activation factor or
CPU interrupt factor, these operate independently. They operate in accordance with the respective
operating states and bus priorities.

Table 5.6 shows the interrupt factor clear control and selection of interrupt factors by specification
of the DTA bit of DMAC' sDMABCR, DTC's DTCERA to DTCERF' s DTCE bit, and the DISEL
bit of DTC's MRB.

Table5.6 Interrupt Source Selection and Clearing Control

Settings

DMAC DTC Interrupt Sources Selection/Clearing Control
DTA DTCE DISEL DMAC DTC CPU
0 0 * A X ¢

1 0 A ¢ X

1 A A o

1 * * (0] X X
Legend:

O: The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)

A: The relevant interrupt is used. The interrupt source is not cleared.
X: The relevant bit cannot be used.
*. Don't care

Noteson Use: The SCI interrupt source is cleared when the DMAC or DTC reads or writes to the
prescribed register, and is not dependent upon the DTA bit, DTCE bit, or DISEL bit.
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5.7 Usage Notes
571 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes effective
after execution of the instruction.

When an interrupt enable bit is cleared to 0 by an instruction such as BCLR or MOV, if an
interrupt is generated during execution of the instruction, the interrupt concerned will still be
enabled on completion of the instruction, and so interrupt exception handling for that interrupt will
be executed on completion of the instruction. However, if there is an interrupt request of higher
priority than that interrupt, interrupt exception handling will be executed for the higher-priority
interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared to 0.
Figure 5.8 shows an example in which the TGIEA bit inthe TPU’S TIER_0 is cleared to 0.

The above contention will not occur if an enable bit or interrupt source flag is cleared to 0 while
the interrupt is masked.

TIERO write cycle by CPU ) .
TGIOA exception handling

A
Y
A

Internal h )
address bus X TIER_O address X

Internal
write signal

TGIEA

TGFA J

TGIOA
Interrupt signal

Figure5.8 Contention between Interrupt Generation and Disabling
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572 Instructionsthat Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructionsis executed, al interruptsincluding NMI are disabled and the next instruction is
always executed. When the | bit is set by one of these instructions, the new value becomesvalid
two states after execution of the instruction ends.

573 Timeswhen Interrupts Are Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.

574 Interrupts during Execution of EEPMOV Instruction
Interrupt operation differs between the EEPM OV .B instruction and the EEPMOV.W instruction.

With the EEPMOV .B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request isissued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1l: EEPMOV.W
MOV.W R4,R4
BNE Ll

575 IRQ Interrupt
During clock operation, IRQ input is accepted in synchronization with the clock.
In software standby mode, non-synchronous input is accepted.

For details of the input conditions, see the Control Signal Timing description in the Electrical
Characteristics section for the product in question.
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5.7.6 NMI Interrupts Usage Notes

The NMI interrupt is part of the exception processing performed cooperatively by the LSI's
internal interrupt controller and the CPU when the system is operating normally under the
specified electrical conditions. No operations, including NMI interrupts, are guaranteed when
operation is not normal (runaway status) due to software problems or abnormal input to the LSI's
pins. In such cases, the LS| may be restored to the normal program execution state by applying an
external reset.
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Section 6 Bus Controller

This LSl has a built-in bus controller (BSC) that manages the external address space divided into
eight areas. The bus controller also has a bus arbitration function, and controls the operation of the
internal bus masters: the CPU, DMA controller (DMAC), and datatransfer controller (DTC).

6.1 Features

e Manages external address space in area units
— Manages the external space as eight areas of 2 Mbytes
— Bus specifications can be set independently for each area
— Burst ROM interface can be set
e Basic businterface*
— Chip select (CS0 to CS7 ) can be output for areas 0 to 7
— 8-bit access or 16-bit access can be selected for each area
— 2-state access or 3-state access can be selected for each area
— Program wait states can be inserted for each area
e Burst ROM interface
— Burst ROM interface can be selected for area 0
— One or two states can be selected for the burst cycle
e |dlecycleinsertion
— ldle cycle can be inserted between consecutive read accesses to different areas

— ldle cycle can be inserted before awrite access to an external areaimmediately after aread
accessto an external area

e Busarbitration

— Theon-chip bus arbiter arbitrates bus mastership among CPU, DMAC, and DTC
o Other features

— External bus release function

Note: * Chip select CS6 in area6 isfor the on-chip USB. Therefore it cannot be used as an
external area. 8-bit bus mode, 3-state access, and no program wait state should be set
for area 6.
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Figure 6.1 shows a block diagram of the bus controller.

Internal
address bus

Internal control

signals

=

=

-

—

L

=

Chip select signals
Area decorder
ABWCR
External bus control signals ASTCR
BCRH
BCRL
BREQ
BACK Bus
controller
AT Wait
WAIT controller WCRH
WCRL
Bus arbiter
Legend:
ABWCR: Bus width control register
ASTCR: Access state control register

WCRH, WCRL: Wait control register H, L

BCRH, BCRL:

Bus control register H, L

Bus mode signal

Internal data bus

CPU bus request signal

DTC bus request signal

DMAC bus request signal

CPU bus acknowledge signal
DTC bus acknowledge signal
DMAC bus acknowledge signal

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

Table 6.1 summarizes the pins of the bus controller.

Table6.1 Pin Configuration

Name Symbol I/O Function

Address strove AS Output  Strobe signal indicating that address output on
address bus is enabled.

Read RD Output  Strobe signal indicating that external space is being
read.

High write HWR Output  Strobe signal indicating that external space is to be
written, and upper half (D15 to D8) of data bus is
enabled.

Low write LWR Output  Strobe signal indicating that external space is to be

written, and lower half (D7 to DO) of data bus is
enabled.

Chipselect0to7 CS0to CS7  Output

Strobe signal indicating that areas 0 to 7 are selected.

Wait WAIT Input  Wait request signal when accessing external 3-state
access space.

Bus request BREQ Input  Request signal that releases bus to external device.

Bus request BACK Output Acknowledge signal indicating that bus has been

acknowledge released.

6.3 Register Descriptions

The following shows the registers of the bus controller.

Bus width control register (ABWCR)
Access state control register (ASTCR)
Wait control register H (WCRH)
Wait control register L (WCRL)

Bus control register H (BCRH)

Bus control register L (BCRL )

Pin function control register (PFCR)
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6.3.1 Bus Width Control Register (ABWCR)

ABWCR designates each area for either 8-bit access or 16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal 1/0 registers except for the on-chip USB is fixed regardless of the settingsin

ABWCR.

Bit Bit Name Initial Value R/W Description

7 ABW7 1/0** R/W  Area 7 to 0 Bus Width Controls

6 ABW6™* 1/0** R/W These bits select whether the corresponding area is to
5 ABWS5 1/0** R/W be designated for 8-bit access or 16-bit access.

4 ABW4 1/0** RIW 0: Area n is designated for 16-bit access

3 ABW3 1/0** RIW 1: Area n is designated for 8-bit access

2 ABW2 1/0** Riw  Note: n=7t0

1 ABW1 1/0** RIW

0  ABWO 1/0** RIW

Notes: 1. In modes 5 to 7, initial value of each bitis 1. In mode 4, initial value of each bit is 0.
2. The on-chip USB is allocated to area 6. Therefore this bit should be set to 1.
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6.3.2 Access State Control Register (ASTCR)

ASTCR designates each area as either a 2-state access space or a 3-state access space.

ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal 1/O registers except for the on-chip USB is fixed regardless

of the settingsin ASTCR.

Bit Bit Name Initial Value R/W Description
7 AST7 1 R/W Area 7 to 0 Access State Controls
6 AST6" 1 R/W These bits select whether the corresponding area is to
5 AST5S 1 R/W  be designated as a 2-state access space or a 3-state
access space. Wait state insertion is enabled or disabled
4 AST4 1 RIW at the same time.
3 AST3 1 RIW 0: Arean is designated for 2-state access
2 AST2 1 R/W . . L .
Wait state insertion in area n external space is
1 AST1 1 R/W disabled
0 ASTO 1 R/W

1: Area n is designated for 3-state access

Wait state insertion in area n external space is
enabled

Note: n=7t00

Note: * The on-chip USB is allocated to area 6. Therefore this bit should be set to 1.
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6.3.3 Wait Control RegistersH and L (WCRH, WCRL)

WCRH and WCRL select the number of program wait states for each area.

Program waits are not inserted in the case of on-chip memory or internal 1/0 registers except for

the on-chip USB.

e WCRH
Bit Bit Name Initial Value R/W  Description
7 w71 1 R/W  Area 7 Wait Control 1 and O
6 W70 1 R/W  These bits select the number of program wait states
when area 7 in external space is accessed while the
AST7 bitin ASTCR is setto 1.
00: Program wait not inserted when external space area
7 is accessed
01: 1 program wait state inserted when external space
area 7 is accessed
10: 2 program wait states inserted when external space
area 7 is accessed
11: 3 program wait states inserted when external space
area 7 is accessed
5  wel* 1 R/W  Area 6 Wait Control 1 and 0
4 W60* 1 R/W  These bits select the number of program wait states

when area 6 in external space is accessed while the
AST6 bitin ASTCR is set to 1.

00: Program wait not inserted when external space area
6 is accessed

01: 1 program wait state inserted when external space
area 6 is accessed

10: 2 program wait states inserted when external space
area 6 is accessed

11: 3 program wait states inserted when external space
area 6 is accessed
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Bit Bit Name Initial Value R/W

Description

3 w51 1 R/W  Area 5 Wait Control 1 and 0
2 W50 1 R/W  These bits select the number of program wait states
when area 5 in external space is accessed while the
ASTS5 bitin ASTCR is set to 1.
00: Program wait not inserted when external space area
5 is accessed
01: 1 program wait state inserted when external space
area 5 is accessed
10: 2 program wait states inserted when external space
area 5 is accessed
11: 3 program wait states inserted when external space
area 5 is accessed
1 w41 R/W  Area 4 Wait Control 1 and 0
W40 R/W  These bits select the number of program wait states

when area 4 in external space is accessed while the
AST4 bitin ASTCR is setto 1.

00: Program wait not inserted when external space area
4 is accessed

01: 1 program wait state inserted when external space
area 4 is accessed

10: 2 program wait states inserted when external space
area 4 is accessed

11: 3 program wait states inserted when external space
area 4 is accessed

Note: * The on-chip USB is allocated to area 6. Therefore these bits should be set to 0.
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e WCRL
Bit Bit Name Initial Value R/W  Description
7 w31l 1 R/W  Area 3 Wait Control 1 and 0
6 W30 1 R/W  These bits select the number of program wait states
when area 3 in external space is accessed while the
AST3 bitin ASTCR is set to 1.
00: Program wait not inserted when external space area
3 is accessed
01: 1 program wait state inserted when external space
area 3 is accessed
10: 2 program wait states inserted when external space
area 3 is accessed
11: 3 program wait states inserted when external space
area 3 is accessed
5 w21 R/W  Area 2 Wait Control 1 and 0
4 w20 R/W  These bits select the number of program wait states
when area 2 in external space is accessed while the
AST2 bitin ASTCR is setto 1.
00: Program wait not inserted when external space area
2 is accessed
01: 1 program wait state inserted when external space
area 2 is accessed
10: 2 program wait states inserted when external space
area 2 is accessed
11: 3 program wait states inserted when external space
area 2 is accessed
3 w11 R/W  Area 1 Wait Control 1 and O
2 W10 R/W  These bits select the number of program wait states

when area 1 in external space is accessed while the
AST1 bitin ASTCR is set to 1.

00: Program wait not inserted when external space area
1 is accessed

01: 1 program wait state inserted when external space
area 1 is accessed

10: 2 program wait states inserted when external space
area 1 is accessed

11: 3 program wait states inserted when external space
area 1 is accessed
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Bit Bit Name Initial Value R/W  Description

1 Wwo1 1 R/W  Area 0 Wait Control 1 and O

0 W00 1 R/W  These bits select the number of program wait states
when area 0 in external space is accessed while the
ASTO bitin ASTCR is setto 1.

00: Program wait not inserted when external space area
0 is accessed

01: 1 program wait state inserted when external space
area O is accessed

10: 2 program wait states inserted when external space
area 0 is accessed

11: 3 program wait states inserted when external space
area 0 is accessed
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6.3.4 Bus Control Register H (BCRH)

BCRH selects enabling or disabling of idle cycle insertion, and the memory interface for area 0.

Bit Bit Name

Initial Value R/W

Description

7 ICIS1

1

R/W

Idle Cycle Insert 1

Selects whether or not one idle cycle state is to be
inserted between bus cycles when successive external
read cycles are performed in different areas.

0: Idle cycle not inserted in case of successive external
read cycles in different areas

1: Idle cycle inserted in case of successive external read
cycles in different areas

6 ICISO

R/W

Idle Cycle Insert 0

Selects whether or not one idle cycle state is to be
inserted between bus cycles when successive external
read and write cycles are performed.

0: Idle cycle not inserted in case of successive external
read and write cycles

1: Idle cycle inserted in case of successive external read
and write cycles

5 BRSTRM

R/W

Burst ROM enable

Selects whether area 0 is used as a burst ROM interface.
0: Area 0 is basic bus interface

1: Area O is burst ROM interface

4 BRSTS1

R/W

Burst Cycle Select 1

Selects the number of burst cycles for the burst ROM
interface.

0: Burst cycle comprises 1 state
1: Burst cycle comprises 2 states

3 BRSTSO

R/W

Burst Cycle Select 0

Selects the number of words that can be accessed in a
burst ROM interface burst access.

0: Max. 4 words in burst access
1: Max. 8 words in burst access

2to —

AllO

R/W

Reserved
The write value should always be 0.
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6.3.5 Bus Control Register L (BCRL)

BCRL performs selection of the external bus-rel eased state protocol, and enabling or disabling of

WAIT pin input.

Bit Bit Name Initial Value R/W

Description

7 BRLE 0 R/W  Bus release enable
Enables or disables external bus release.
0: External bus release is disabled. BREQ and BACK
can be used as I/O ports.
1: External bus release is enabled.
6 — 0 R/W  Reserved
The write value should always be 0.
5 — 0 — Reserved
This bit is always read as 0 and cannot be modified.
4 — 0 R/W  Reserved
The write value should always be 0.
3 — 1 R/W  Reserved
The write value should always be 1.
2, — All O R/W  Reserved
1 The write value should always be 0.
0 WAITE 0 R/W  WAIT pin enable

Selects enabling or disabling of wait input by the WAIT

pin.

0: Wait input by WAIT pin disabled. WAIT pin can be
used as I/O port.

1: Wait input by WAIT pin enabled.

REJ09B0140-0900 Rev. 9.00
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6.3.6

Pin Function Control Register (PFCR)

PFCR performs address output control in external extended mode.

Bit Bit Name Initial Value R/W  Description

7t — AllO R/W  Reserved

4 The write value should always be 0.

3  AE3 1/0* R/W  Address Output Enable 3 to 0

2 AE2 1/0* R/W  These bits select enabling or disabling of address

1 AE1 0 R/W  outputs A8 to A23 in ROMless extended mode and

0 AEO 1/0* RIW modes with ROM.
When a pin is enabled for address output, the address is
output regardless of the corresponding DDR setting.
When a pin is disabled for address output, it becomes an
output port when the corresponding DDR bit is set to 1.
0000: A8 to A23 output disabled (Initial value in modes 6, 7)
0001: A8 output enabled; A9 to A23 output disabled
0010: A8, A9 output enabled; A10 to A23 output disabled
0011: A8 to A10 output enabled; A1l to A23 output disabled
0100: A8 to All output enabled; A12 to A23 output disabled
0101: A8 to Al12 output enabled; A13 to A23 output disabled
0110: A8 to Al3 output enabled; A14 to A23 output disabled
0111: A8 to Al4 output enabled; A15 to A23 output disabled
1000: A8t o0 Al5 output enabled; A16 to A23 output disabled
1001: A8 to Al6 output enabled; A17 to A23 output disabled
1010: A8 to Al7 output enabled; A18 to A23 output disabled
1011: A8 to Al8 output enabled; A19 to A23 output disabled
1100: A8 to Al19 output enabled; A20 to A23 output disabled
1101: A8 to A20 output enabled; A21 to A23 output disabled

(Initial value in modes 4, 5)

1110: A8 to A21 output enabled; A22, A23 output disabled
1111: A8 to A23 output enabled

Note: * Inmodes 4 and 5, initial value of each bit is 1. In modes 6 and 7, initial value of each bit

is 0.
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6.4 Bus Control
6.4.1 Area Divisions

In advanced mode, the bus controller partitions the 16-Mbyte address space into eight areas, 0 to
7, in 2-Mbyte units, and performs bus control for external space in area units. In normal mode”, it
controls a 64-kbyte address space comprising part of area 0.

Figure 6.2 shows an outline of the memory map.
Chip select signals (CSO to CS7 ) can be output for each area.

Note: * Not availableinthisLSl.

H'000000 "~ HOo000
Area 0 !
(2 Mbytes) |
H'1FFFFF
H'200000 !
Area 1 ':
(2 Mbytes) !
H'3FFFFF !
H'400000 :
Area 2 ]
2 Mbyt \
(2 Mbytes) | HFFFF.
H'5FFFFF
H'600000
Area 3
(2 Mbytes)
H7FFFFF
H'800000
Area 4
(2 Mbytes)
H'OFFFFF
H'A00000
Area 5
(2 Mbytes)
H'BFFFFF
H'C00000
Area 62
(2 Mbytes)
H'DFFFFF
H'EO0000
Area 7
(2 Mbytes)
.. HFFFFFE
(1) Advanced mode (2) Normal mode™*

Notes: 1. Not available in this LSI.
2. This area is allocated to the on-chip USB in this LSI.

Figure6.2 Overview of Area Divisions
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6.4.2 Bus Specifications

The external space bus specifications consist of three elements: bus width, number of access
states, and number of program wait states.

The bus width and number of access states for on-chip memory and internal 1/O registers except
for the on-chip USB are fixed, and are not affected by the bus controller.

Bus Width: A buswidth of 8 or 16 bits can be selected with ABWCR. An areafor which an 8-bit
busis selected functions as an 8-bit access space, and an areafor which a 16-bit busis selected
functions as a 16-bit access space.

If al areas are designated for 8-bit access, 8-bit bus mode is set; if any areais designated for 16-bit
access, 16-bit bus mode is set. When the burst ROM interface is designated, 16-bit bus modeis
always set. 8-bit bus mode should be set for area 6 in thisLSI.

Number of Access States: Two or three access states can be selected with ASTCR.

An areafor which 2-state access is selected functions as a 2-state access space, and an areafor
which 3-state access is selected functions as a 3-state access space.

With the burst ROM interface, the number of access states may be determined without regard to
ASTCR.

When 2-state access space is designated, wait insertion is disabled.
Area 6 should be set to function as a 3-state access space in thisLSI.

Number of Program Wait States: When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.

From O to 3 program wait states can be selected.

The number of program wait statesin area 6 should be setto O inthisLSl.
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Table6.2 Bus Specificationsfor Each Area (Basic Bus I nterface)

ABWCR ASTCR WCRH, WCRL Bus Specifications (Basic Bus Interface)
Number of Access Number of Program
ABWn  ASTn Wwn1l Wno Bus Width States Wait States

0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 0
0 0 3 0
1 1
1 0 2
1 3

6.4.3 Bus Interface for Each Area

Theinitial state of each areaisbasic bus interface, 3-state access space. The initial buswidth is
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface (see section 6.6, Basic Bus Interface and section
6.7, Burst ROM Interface) should be referred to for further details.

Area 0: Area0 includes on-chip ROM, and in ROM-disabled extended mode, all of areaOis
external space. In ROM-enabled extended mode, the space excluding on-chip ROM is external
space.

When area 0 external space is accessed, the CS0 signal can be output.
Either basic businterface or burst ROM interface can be selected for area 0.

Areas1to 6: In external extended mode, al of areas 1 to 6 are external spaces. When areas 1to 6
external space are accessed, the CS1 to CS6 pin signals respectively can be output. Only the basic
businterface can be used for areas 1 to 6. Area 6 is only for the on-chip USB. For details, see
section 15, Universal Serial Bus Interface (USB).

Area 7: Area7 includes the on-chip RAM and internal 1/O registers. In external extended mode,
the space excluding the on-chip RAM and internal I/O registers, is external space. The on-chip
RAM is enabled when the RAME bit in the system control register (SY SCR) is set to 1; when the
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RAME hit is cleared to 0, the on-chip RAM is disabled and the corresponding space becomes
external space.

When area 7 external space is accessed, the CS7 signal can be output.

Only the basic businterface can be used for the area 7.

6.4.4 Chip Select Signals

This LSI can output chip select signals (CSO to CS7) to areas 0 to 7, the signal being driven low
when the corresponding external space area is accessed. Figure 6.3 shows an example of CSn (n =
0 to 7) output timing. Enabling or disabling of the CSn signal is performed by setting the data
direction register (DDR) for the port corresponding to the particular CSn pin.

In ROM-disabled extended mode, the CS0 pin is placed in the output state after a power-on reset.
PinsCS1 to CS7 are placed in the input state after a power-on reset, and so the corresponding
DDR should be set to 1 when outputting signals CS1 to CS7.

In ROM-enabled extended mode, pins CSO to CS7 are al placed in the input state after a power-on
reset, and so the corresponding DDR should be set to 1 when outputting signals CSO to CS7. For
details, see section 9, 1/0 Ports.

Bus cycle

| T T, T3 |

SR e B

Address bus x Area n external address x

Figure6.3 CSn Signal Output Timing (n=0to0 7)
6.5 Basic Timing

The CPU isdriven by a system clock (¢), denoted by the symbol ¢. The period from onerising
edge of ¢ to the next isreferred to as a“ state”. The memory cycle or bus cycle consists of one,
two, or three states. Different methods are used to access on-chip memory, on-chip periphera
modules, and the external address space.
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6.5.1 On-Chip Memory (ROM, RAM) Access Timing

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte and
word transfer instruction. Figure 6.4 shows the on-chip memory access cycle. Figure 6.5 shows the
pin states.

: Y e U s

Internal address bus X Address X

Read Internal read signal \ /

1
access 1
|
j

Internal data bus Read data
) Internal write signal N\ /
Write !

1
access !
I

Internal data bus Write data

Figure6.4 On-Chip Memory Access Cycle

Bus cycle
T4

-y

Address bus i Unchanged i
AS : High :
RD : High :
HWR, LWR . High .
Data bus i—ligh-impedance stateg

Figure6.5 Pin Statesduring On-Chip Memory Access
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6.5.2 On-Chip Peripheral Module Access Timing

The on-chip peripheral modules are accessed in two states except on-chip USB. The databusis
either 8 hits or 16 bits wide, depending on the particular internal 1/0O register being accessed.
Figure 6.6 shows the access timing for the on-chip periphera modules. Figure 6.7 shows the pin
states.

Bus cycle

T4 ) T2

Internal address bus X

access
Internal data bus

Write

Address

:< Read data >—

Read {Intemal read signal :\ / '

\ =

access

{Intemal write signal i

Internal data bus —E—(

Write data

—

Figure6.6 On-Chip Peripheral Module Access Cycle

' Bus cycle '

E Ty : T E
¢ i ’ i
Address bus i Unchlanged i
AS Hi:gh
RD ; Hi;;h E
HWR, LWR : Hi:gh
Data bus E : ;

High-impedance state

Figure 6.7 Pin Statesduring On-Chip Peripheral Module Access
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6.5.3 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in atwo-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 6.6.3, Basic Timing.

6.6 Basic BusInterface

The basic bus interface enables direct connection of ROM, SRAM, and so on.

6.6.1 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has adata alignment function, and when accessing external space, controls whether the
upper data bus (D15 to D8) or lower data bus (D7 to DO) is used according to the bus
specifications for the area being accessed (8-bit access space or 16-bit access space) and the data
size.

8-Bit Access Space: Figure 6.8 illustrates data alignment control for the 8-bit access space. With
the 8-hit access space, the upper data bus (D15 to D8) is aways used for accesses. The amount of
datathat can be accessed at one timeis one byte: aword transfer instruction is performed as two-
byte accesses, and alongword transfer instruction, as four-byte accesses.

Upper data bus Lower data bus
215 D87 .. DY,
Byte size LT

[ 1stbus cycle L ]
Word size
| 2nd bus cycle ]

[ 1st bus cycle EE]
L_OHQWOrd 2nd bus cycle E:::j
size

3rd bus cycle EE]
L 4th bus cycle EE]

Figure 6.8 Access Sizesand Data Alignment Control (8-Bit Access Space)

16-Bit Access Space: Figure 6.9 illustrates data alignment control for the 16-bit access space.
With the 16-bit access space, the upper data bus (D15 to D8) and lower data bus (D7 to DO) are
used for accesses. The amount of data that can be accessed at one time is one byte or one word,
and alongword transfer instruction is executed as two word transfer instructions.
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In byte access, whether the upper or lower databusis used is determined by whether the addressis
even or odd. The upper data busis used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
D15 D8,D7 DO,
Byte size - Even address EE]
Byte size - Odd address C—//
Word size | I
Longword [1stbuscycle N |
size 2nd bus cycle | NN N

Figure6.9 Access Sizesand Data Alignment Control (16-Bit Access Space)

6.6.2 Valid Strobes
Table 6.3 shows the data buses used and valid strobes for the access spaces.

In aread, the RD signal is valid without discrimination between the upper and lower halves of the
data bus.

In awrite, the HWR signal isvalid for the upper half of the data bus, and the LWR signal for the
lower half.

Table6.3 DataBusesUsed and Valid Strobes

Access Read/ Upper Data Bus Lower Data Bus
Area Size Write  Address Valid Strobe (D15 to D8) (D7 to DO)
8-bit access Byte Read — RD Valid Invalid
space Write  — HWR Hi-Z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-Z
Odd LWR Hi-Z Valid
Word Read — RD Valid Valid
Write — — HWR,LWR Valid Valid
Notes: Hi-Z:  High impedance.
Invalid: Input state: input value is ignored.
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6.6.3 Basic Timing

8-Bit 2-State Access Space: Figure 6.10 shows the bus timing for an 8-bit 2-state access space.
When an 8-bit access space is accessed, the upper half (D15 to D8) of the databusis used.

Wait states cannot be inserted.

+————— Buscycle —————————
E T ! T

a

Address bus :x

S Im T

AS ' |
RD : E
Read { D15t0 D8 : : { vaid i}—
D7 to DO : : Invalid !
- E I S
HWR : i ;
LWR : f :
(16-bit bus : High i
mode) i ' :
. LWR | High impedance |
Write ) (g-pit bus : — .
mode) ' i |
D15t0 D8 ——( ' Valid —
1 ' High impedance !
D7 to DO : : :

Note: n=0t07

Figure6.10 BusTiming for 8-Bit 2-State Access Space
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8-Bit 3-State Access Space (Except Area 6): Figure 6.11 shows the bustiming for an 8-bit 3-
state access space. When an 8-bit access space is accessed, the upper half (D15 to D8) of the data
busis used.

Wait states can be inserted.

Bus cycle

Read D15 to D8

D7 to DO

HWR

LWR
(16-bit bus
mode)

: High :

LWR |
(8-bit bus , .
mode) ! E !

D15 to D8 ——( Valid |

I High impedance

Write High impedance

D7 to DO

Note: n=0t05,7

Figure6.11 BusTiming for 8-Bit 3-State Access Space (Except Area 6)
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8-Bit 3-State Access Space (Area 6): Figure 6.12 shows the bustiming for area 6. When area 6 is

accessed, the data bus cannot be used.

Wait states cannot be inserted.

Read

Write

Bus cycle

Ty To

Address bus

CSé

L

]

—
w

D15 to D8

Invalid

D7 to DO

HWR

Invalid

LWR
(16-bit bus
mode)

LWR

High

High impedance

(8-bit bus
mode)

High impedance

D15 to D8

High impedance

D7 to DO

Figure6.12 BusTimingfor Area6
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16-Bit 2-State Access Space: Figures 6.13 to 6.15 show bustimings for a 16-bit 2-state access
space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data busis used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states cannot be inserted.

+———— Buscycle —————————
' :

1 T1 : T2 1

Address bus :x 1

Read < D15t0D8 valid

|

D7 to DO

o
Invalid

I
=
T

Write 4

D15to D8 ——( ' Valid

1 High impedance

D7 to DO

Note: n=0to7

Figure6.13 BusTiming for 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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+————— Buscycle ————————

E Ty | To

T T

Read { D15to D8 Invalid

D7 to DO

Valid

High

I
=
T

Write
High impedance
D15 to D8

D7 to DO Valid

Address bus :x

Note: n=0t0o7

Figure6.14 BusTiming for 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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+———— Buscycle ————————
|
\

E Ty | To

Address bus

Read { D15to D8 Valid

D7 to DO

Valid

I
=
T

Write

D15 to D8 Valid

D7 to DO Valid

=il
=
|

Note: n=0to7

Figure6.15 BusTimingfor 16-Bit 2-State Access Space (3) (Word Access)
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16-Bit 3-State Access Space: Figures 6.16 to 6.18 show bustimings for a 16-bit 3-state access
space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data busis used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states can be inserted.

Bus cycle

Address bus

UL

|

0
»
=]

&
(0]

Read { D15t0 D8 Valid

D7 to DO : s Invalid !

LWR | High '

Write

D15 to D8 Valid

i High impedance !
D7 to DO g P

Note: n=0to7

Figure6.16 BusTimingfor 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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T3

Bus cycle
T2

T

Address bus

2 z
©
B >
3 z
c &
3 >
(]
ey Q.
2 £
T =
=)
T
o] o C oC oo} o
o [a] = = o o
ie] g=] T - e L
2 2
a )
3 o
by =
o =

Note: n=0to7

Figure6.17 BusTimingfor 16-Bit 3-State Access Space (2) (Odd Address Byte Access)
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T3

Bus cycle
T2

T

Address bus

| | =
S| | ®
>| | >
| | =
S| | =
>| | >
o o |rr |  © o
S8 B 5 8§ ¢
s e T == e 2
5m SW
- =
la} la}
K 2
by =
o =

Note: n=0to7

Figure6.18 BusTimingfor 16-Bit 3-State Access Space (3) (Word Access)
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6.6.4 Wait Control

When accessing external space, this LS| can extend the bus cycle by inserting one or more wait
states (T, ). There are two ways of inserting wait states: program wait insertion and pin wait
insertion using the WAIT pin.

Program Wait Insertion: From O to 3 wait states can be inserted automatically between the T,
state and T, state on an individual area basis in 3-state access space, according to the settings of
WCRH and WCRL.

Pin Wait Insertion: Setting the WAITE bit in BCRL to 1 enables wait insertion by means of the
WAIT pin. When external space is accessed in this state, program wait insertion isfirst carried out
according to the settingsin WCRH and WCRL. Then, if the WAIT pinislow at the falling edge of
dinthelast T, or T, state, aT,, state isinserted. If the WAIT pinisheld low, T, states are inserted
until it goes high.
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Figure 6.19 shows an example of wait state insertion timing.

By program
wait By WAIT pin
Ty T, | Tw | Tw | Tw | T3

4

Address bus :X

AS
RD |_
Read <
Data bus < Read data >—
HWR, LWR |
Write <
Data bus —( Write data )—

Note: | indicates the timing of WAIT pin sampling.

Figure6.19 Example of Wait State Insertion Timing
6.7 urst ROM Interface

With this LSI, external space area 0 can be designated as burst ROM space, and burst ROM
interfacing can be performed. The burst ROM space interface enables 16-bit configuration ROM
with burst access capability to be accessed at high speed.

Area 0 can be designated as burst ROM space by means of the BRSTRM bit in BCRH.

Consecutive burst accesses of a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.
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6.7.1 Basic Timing

The number of statesin the initial cycle (full access) of the burst ROM interface isin accordance
with the setting of the ASTO bit in ASTCR. Also, when the ASTO bit is set to 1, wait state
insertion is possible. One or two states can be selected for the burst cycle, according to the setting
of the BRSTS1 bit in BCRH. Wait states cannot be inserted. When area 0 is designated as burst
ROM space, it becomes 16-bit access space regardless of the setting of the ABWO bit in ABWCR.

When the BRSTS0 bit in BCRH is cleared to 0, burst access of up to 4 words is performed; when
the BRSTSO hit is set to 1, burst access of up to 8 wordsis performed.

The basic accesstiming for burst ROM space is shown in figures 6.20 and 6.21. The timing shown
in figure 6.20 is for the case where the ASTO and BRST S1 bits are both set to 1, and that in figure
6.21 isfor the case where both these hits are cleared to 0.

Full access Burst access

| T, | T3 Ty | T, Ty | T,
I I I I I I

g

\/
Address bus Only lower adld\ress changed

|_||><||__
=<
|—|><.—|-

RD |_
Data bus 4( Read data )—( Read data )—( Read data )—

Figure6.20 Example of Burst ROM Access Timing (When ASTO=BRSTS1 =1)
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Full access Burst access

Ty T, Ty Ty

\/ )(
XOnIy lower address changed
J\

Address bus

N

9]
)|
o

Data bus 4( Read data XRead dataXRead data)—

Figure6.21 Example of Burst ROM Access Timing (When ASTO=BRSTS1=0)

6.7.2 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) of the burst ROM interface. See section 6.6.4, Wait

Control.

Wait states cannot be inserted in a burst cycle.

REJ09B0140-0900 Rev. 9.00 Page 141 of 846

RENESAS

Sep 16, 2010



Section 6 Bus Controller H8S/2215 Group

6.8 Idle Cycle

When this LS| accesses external space, it can insert a 1-stateidle cycle (T,) between bus cyclesin
the following two cases. (1) when read accesses between different areas occur consecutively, and
(2) when awrite cycle occursimmediately after aread cycle. By inserting anidle cycleitis
possible, for example, to avoid data collisions between ROM, with along output floating time, and
high-speed memory, 1/0 interfaces, and so on.

Consecutive Reads between Different Areas: If consecutive reads between different areas occur
whilethe ICIS1 bitin BCRH isset to 1, an idle cycleisinserted at the start of the second read
cycle.

Figure 6.22 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isaread cycle from SRAM,
each being located in adifferent area. In (a), an idle cycle is not inserted, and a collision occursin
cycle B between the read datafrom ROM and that from SRAM. In (b), anidle cycleisinserted,
and adatacollision is prevented.

Bus cycle A . Bus cycle BI Bus cycle A Bus cycle B

LTy T, Ty i1 T
Spipipliginiy
Address bus :x [ Address bus :X

I [ Il ! :
CS (area A) I ‘ ! CS (area A) | ‘
CS (area B) | I CS (area B)

,

RO | — Ao | !'
Data bus N ) patabus_———{ | {___}

1
—e —
Long output floating time

(a) Idle cycle not inserted
(ICIS1=0)

(b) Idle cycle inserted
(Initial value ICIS1 = 1)

Figure6.22 Example of Idle Cycle Operation (1)
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Write after Read: If an external write occurs after an external read while the ICISO bit in BCRH
issetto 1, anidlecycleisinserted at the start of the write cycle.

Figure 6.23 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read data from ROM and
the CPU write data. In (b), anidle cycleisinserted, and adata collision is prevented.

Address bus :x
)

CS (area A) | |

CS (area B)

1
HWR HWR :
i}

|
|
1 1
Data bus ]—(_'_@ Data bus ]—( : )_( )_
1 1 1 1 1

'
Data collision

Long output floating time

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS0 =0) (Initial value ICISO = 1)

Figure 6.23 Example of Idle Cycle Operation (2)
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Relationship between Chip Select (CS) Signal and Read (RD) Signal: Depending on the
system’ s load conditions, the RD signal may lag behind the CS signal. An example is shown in
figure 6.24.

In this case, with the setting for no idle cycle insertion (a), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycle insertion, asin (b), however, will prevent any overlap between the RD and CS
signals.

Intheinitial state after reset release, idle cycleinsertion (b) is set.

. Bus cycle A Bus cycle B . Bus cycle A . Bus cycle B .
=~ T i
P Ty T, Ta i Ty T T, T, Tl T Ty T
i i i i
Address bus :X b X: Address bus:X
1 1 1

-*__
|-

CS (area A) ' I 1 CS(areaA) l '
CS(areaB) ! II | CS (area B) . .

A0 T m_or m )
Possibility of overlap between
CS (area B) and RD
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1 =0) (Initial value ICIS1 = 1)
Figure6.24 Relationship between Chip Select (CS) and Read (RD)

Table 6.4 shows pin statesin anidle cycle.
Table6.4 Pin Statesin Idle Cycle
Pins Pin State
A23to AO Contents of next bus cycle
D15 to DO High impedance
CSn High
AS High
RD High
HWR High
LWR High
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6.9 Bus Release

This LSl can release the external bus in response to a bus request from an external device. In the
external bus released state, the internal bus master continues to operate as long as there is no
external access.

In external extended mode, the bus can be released to an external device by setting the BRLE bit
in BCRL to 1. Driving the BREQ pin low issues an external bus request to this LSI. When the
BREQ pinis sampled, at the prescribed timing the BACK pin is driven low, and the address bus,
data bus, and bus control signals are placed in the high-impedance state, establishing the external
bus-released state.

In the external bus released state, an internal bus master can perform accesses using the internal
bus. When an internal bus master wants to make an external access, it temporarily defers
activation of the bus cycle, and waits for the bus request from the external bus master to be
dropped.

When the BREQ pin is driven high, the BACK pin isdriven high at the prescribed timing and the
external bus released state is terminated.

In the event of simultaneous external bus rel ease request and external access request generation,
the order of priority is asfollows:

(High) External bus release > Internal bus master external access (Low)
Table 6.5 shows pin states in the external bus released state.

Table6.5 Pin Statesin Bus Released State

Pins Pin State

A23to AO High impedance

D15 to DO High impedance

CSn High impedance

AS High impedance

RD High impedance

HWR High impedance

LWR High impedance
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Figure 6.25 shows the timing for transition to the bus-released state.

¢

Address bus

Data bus

|

)
2]
S

7

BACK

(1]
[2]

(3]
[4]
(5]

Note :

CPU
CPU cycle | External bus released state | cycle
[ [
To Ty T,
; : :\ High impedance
X Adiljress x 4 T
—: E High impedance
: : :\ High impedarice
| | / :
| i | : \ High impedance

HJ

High impedance

|

7

High impedance

1

Low level of BREQ pin is sampled at rise of T state.

Minimum,
1 state |

|

= -
N

<

(4]

BACK pin is driven low at end of CPU read cycle, releasing bus to external bus

master.

High level of BREQ pin is sampled.

BACK pin is driven high, ending bus release cycle.

n=0to7

BREQ pin state is still sampled in external bus released state.

5

6.9.1

Figure6.25 Bus-Released State Transition Timing

Notes on Bus Release

The external bus release function halts when a transition is made to sleep mode while MSTPCR is
set to H'FFFFFF. To use the external bus release function in sleep mode, do not set MSTPCR to

H'FFFFFF.
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6.10 BusArhbitration
This LSl has abus arbiter that arbitrates bus master operations.

There are three bus masters, the CPU, DMAC, and DTC, which perform read/write operations
when they have possession of the bus. Each bus master requests the bus by means of a bus request
signal. The bus arbiter determines priorities at the prescribed timing, and permits use of the bus by
means of a bus request acknowledge signal. The selected bus master then takes possession of the
bus and begins its operation.

6.10.1 Operation

The bus arbiter detects the bus masters’ bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master making the request. If there are bus requests from
more than one bus master, the bus request acknowledge signal is sent to the one with the highest
priority. When a bus master receives the bus request acknowledge signal, it takes possession of the
bus until that signal is canceled.

The order of priority of the bus mastersis asfollows:
(High) DMAC > DTC > CPU (Low)

Aninternal bus access by an internal bus master, and external bus release, can be executed in
parallel.

In the event of simultaneous external bus rel ease request, and internal bus master external access
request generation, the order of priority is asfollows:

(High) External bus release > Internal bus master external access (Low)
6.10.2 BusTransfer Timing

Even if abusrequest is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU isthe lowest-priority bus master, and if a bus request is received from the DMAC
and DTC, the bus arbiter transfers the bus to the bus master that issued the request. The timing for
transfer of the busis as follows:
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e Thebusistransferred at a break between bus cycles. However, if abus cycleis executedin
discrete operations, as in the case of alongword-size access, the busis not transferred between
the operations.

e |f the CPU isin sleep mode, it transfers the bus immediately.
DTC: The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC can release the bus after avector read, aregister information read (3 states), asingle data
transfer, or aregister information write (3 states). It does not rel ease the bus during a register
information read (3 states), asingle data transfer, or aregister information write (3 states).

DMAC: The DMAC sends the bus arbiter arequest for the bus when an activation request is
generated.

In the case of a USB request in normal mode, and in short address mode or in cycle steal mode,
the DMAC releases the bus after asingle transfer.

In block transfer mode, it releases the bus after transfer of one block, and in burst mode, after
completion of the transfer.

6.10.3  External Bus Release Usage Note

External bus release can be performed on completion of an external bus cycle. The CS signal
remains low until the end of the external bus cycle. Therefore, when external busreleaseis
performed, the CS signal may change from the low level to the high-impedance state.

6.11 Resetsand the Bus Controller

In a power-on reset, this LSI, including the bus controller, enters the reset state at that point, and
an executing bus cycle is discontinued.

In amanual reset, the bus controller’s registers and internal state are maintained, and an executing
external bus cycleis completed. In this case, WAIT input isignored and write datais not
guaranteed.
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Section 7 DMA Controller (DMAC)

ThisLSl has abuilt-in DMA controller (DMAC) which can carry out data transfer on up to 4
channels.

7.1 Features
The features of the DMAC are listed below.

e Choice of short address mode or full address mode
(1) Short address mode
— Maximum of 4 channels can be used
— Choice of dual address mode

— In dual address mode, one of the two addresses, transfer source and transfer destination, is
specified as 24 bits and the other as 16 bits

— Choice of sequential mode, idle mode, or repeat mode for dual address mode
(2) Full address mode
— Maximum of 2 channels can be used
— Transfer source and transfer destination address specified as 24 bits
— Choice of normal mode or block transfer mode
e 16-Mbyte address space can be specified directly
e Byteor word can be set as the transfer unit
e Activation sources:. internal interrupt, USB request, auto-request (depending on transfer mode)
— 16-bit timer-pulse unit (TPU) compare match/input capture interrupts
— Serial communication interface (SCI_0, SCI_1) transmission complete interrupt, reception
complete interrupt
— A/D conversion end interrupt
— USB request
— Auto-request
e Module stop mode can be set
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A block diagram of the DMAC is shown in figure 7.1.

Internal address bus

Internal interrupts

|

Addres buffer

"

|

Processor

\—>

MAROA

I0AROA

ETCROA

MAROB

Channel 0

I0AROB

ETCROB

Module data bus

MAR1A

TGIOA —»]
TGIIA —»f
TGI2A —»
TXIO —
RXIO — ]
TXI1 —
RXI1 —
ADI —
Control logic
USB request signals
DREQQ —
DREQT —» DMAWER
DMATCR
DMACROA
. DMACROB
'merr”pégﬁrggi . DMACRIA
DENDOB —— DMACR1B
DEND1A ~—
DENDLE =] | DMABCR

I0AR1A

ETCR1A

MAR1B

Channel 1

Channel lBIChanneI 1A [Channel OBlChanneI 0A

I0AR1B

ETCR1B

Data buffer

Internal address bus

Legend:

DMAWER: DMA write enable register

DMATCR: DMA terminal control register *

DMABCR: DMA band control register (for all channels)
DMACR: DMA control register

MAR: Memory address register

I0AR: 1/0 address register

ETCR: Executive transfer counter register

Note: * Reserved register

Figure7.1 Block Diagram of DMAC
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7.2 Register Configuration

The DMAC registers are listed below.

Memory address register 0A (MAROA)
I/O address register OA (IOAROA)
Transfer count register 0A (ETCROA)
Memory address register 0B (MAROB)
I/O address register OB (IOAROB)
Transfer count register 0B (ETCROB)
Memory address register 1A (MAR1A)
I/O address register 1A (I0AR1A)
Transfer count register 1A (ETCR1A)
Memory address register 1B (MAR1B)
I/O addressregister 1B (IOAR1B)
Transfer count register 1B (ETCR1B)
DMA write enable register (DMAWER)
DMA control register 0A (DMACROA)
DMA control register 0B (DMACROB)
DMA control register 1A (DMACR1A)
DMA control register 1B (DMACRI1B)
DMA band control register (DMABCR)

The DMAC register functions differs depending on the address modes: short address mode and
full address mode. The DMAC register functions are described in each address mode. Short
address mode or full address mode can be selected for channels 1 and O independently by means
of bits FAE1 and FAEQ.
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Table7.1  Short Address Mode and Full Address Mode (For 1 Channel: Example of
Channel 0)

FAEO Description

0 Short address mode specified (channels A and B operate independently)
MAROA <— Specifies transfer source/transfer destination address
% IOAROA =— Specifies transfer destination/transfer source address
§ ETCROA l«— Specifies number of transfers
© DMACROA f=— Specifies transfer size, mode, activation source, etc.
MAROB ~— Specifies transfer source/transfer destination address
% IOAROB =— Specifies transfer destination/transfer source address
§ ETCROB l«— Specifies number of transfers
o DMACROB f=— Specifies transfer size, mode, activation source, etc.
1 Full address mode specified (channels A and B operate combination)
MAROA — Specifies transfer source address
MAROB =— Specifies transfer destination address
= |IOAROA «— Not used
% I0OAROB l«— Not used
G ETCROA l«— Specifies number of transfers
ETCROB l«— Specifies number of transfers (used in block transfer mode only)
DMACROA | DMACRoB |=— Specifies transfer size, mode, activation source, etc.
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7.3 Register Descriptions

731 Memory Address Registers (MAR)

Short Address Mode

MAR is a32-hit readable/writable register that specifies the transfer source address or
destination address. The upper 8 bits of MAR are reserved: they are alwaysread as 0, and
cannot be modified. Whether MAR functions as the source address register or asthe
destination address register can be selected by means of the DTDIR bitin DMACR.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the
address specified by MAR is constantly updated. For details, see section 7.3.4, DMA Control
Register (DMACR). MAR isnot initialized by areset or in standby mode.

Full Address Mode

MAR is a32-bit readable/writable register; MARA functions as the transfer source address
register, and MARB as the destination address register.

MAR is composed of two 16-bit registers, MARH and MARL. The upper 8 bits of MARH are
reserved: they are aways read as 0, and cannot be modified. MAR isincremented or
decremented each time a byte or word transfer is executed, so that the source or destination
memory address can be updated automatically. For details, see section 7.3.4, DMA Control
Register (DMACR). MAR ishot initialized by areset or in standby mode.

732 I/O Address Register (IOAR)

Short Address Mode

IOAR is a 16-hit readable/writable register that specifies the lower 16 bits of the transfer
source address or destination address. The upper 8 bits of the transfer address are automatically
set to H'FF. Whether IOAR functions as the source address register or as the destination
address register can be selected by means of the DTDIR bit in DMACR.

IOAR is not incremented or decremented each time atransfer is executed, so that the address
specified by IOAR isfixed. IOAR is not initialized by areset or in standby mode.

Full Address Mode
IOAR isnot used in full address mode transfer.
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733 Execute Transfer Count Register (ETCR)

e Short Address Mode
ETCR isa 16-bit readable/writable register that specifies the number of transfers. The setting
of thisregister is different for sequential mode and idle mode on the one hand, and for repeat
mode on the other. ETCR is not initialized by areset or in standby mode.
— Sequential Mode and Idle Mode
In sequential mode and idle mode, ETCR functions as a 16-bit transfer counter (with a
count range of 1 to 65,536). ETCR is decremented by 1 each time atransfer is performed,
and when the count reaches H'0000, the DTE bit in DMABCR is cleared, and transfer ends.
— Repeat Mode
In repeat mode, ETCR functions as an 8-bit transfer counter ETCRL (with a count range of
1 to 256) and transfer number storage register ETCRH. ETCRL is decremented by 1 each
time atransfer is performed, and when the count reaches H'00, ETCRL is loaded with the
valuein ETCRH. At this point, MAR isautomatically restored to the value it had when the
count was started. The DTE bit in DMABCR is not cleared, and so transfers can be
performed repeatedly until the DTE bit is cleared by the user.
e Full Address Mode
ETCR is a 16-bit readable/writable register that specifies the number of transfers. The function
of thisregister is different in normal mode and in block transfer mode. ETCR is not initialized
by areset or in standby mode.
— Normal Mode
() ETCRA
In normal mode, ETCRA functions as a 16-bit transfer counter. ETCRA is decremented by
1 each time atransfer is performed, and transfer ends when the count reaches H'0000.
(b) ETCRB
ETCRB is not used in normal mode.
— Block Transfer Mode
(a) ETCRA
In block transfer mode, ETCRAL functions as an 8-bit block size counter and ETCRAH
holds the block size. ETCRAL is decremented each time a 1-byte or 1-word transfer is
performed, and when the count reaches H'00, ETCRAL is loaded with the value in

ETCRAH. So by setting the block sizein ETCRAH and ETCRAL, it is possible to
repeatedly transfer blocks consisting of any desired number of bytes or words.

(b) ETCRB

ETCRB functionsin block transfer mode, as a 16-bit block transfer counter. ETCRB is
decremented by 1 each time ablock is transferred, and transfer ends when the count
reaches H'0000.
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734 DMA Control Register (DMACR)
DMACR controls the operation of each DMAC channel.

e Short Address Mode (common to DMACRA and DMACRB)
Bit Bit Name Initial Value R/W Description

7 DTSz 0 R/W Data Transfer Size
Selects the size of data to be transferred at one time.
0: Byte-size transfer
1: Word-size transfer

6 DTID 0 R/W Data Transfer Increment/Decrement

Selects incrementing or decrementing of MAR every data
transfer in sequential mode or repeat mode.

In idle mode, MAR is neither incremented nor decremented.
0: MAR is incremented after a data transfer
e When DTSZ =0, MAR is incremented by 1 after a
transfer
e When DTSZ =1, MAR is incremented by 2 after a
transfer
1: MAR is decremented after a data transfer

e When DTSZ =0, MAR is decremented by 1 after a

transfer
e When DTSZ =1, MAR is decremented by 2 after a
transfer
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Bit Bit Name Initial Value R/W Description

5 RPE

0

R/W

Repeat Enable
Used in combination with the DTIE bit in DMABCR to select
the mode (sequential, idle, or repeat) in which transfer is to
be performed.
RPE DTIE
0 0: Transfer in sequential mode (no transfer end
interrupt)
0 1: Transfer in sequential mode (with transfer end
interrupt)
1 0: Transfer in repeat mode (no transfer end
interrupt)
1 1: Transfer in idle mode (with transfer end
interrupt)
Note: For details of operation in sequential, idle, and repeat
mode, see section 7.4.2, Sequential Mode, section 7.4.3, Idle
Mode, and section 7.4.4, Repeat Mode.

4 DTDIR

0

R/W

Data Transfer Direction
Specifies the data transfer direction (source or destination).

0: Transfer with MAR as source address and IOAR as
destination address

1: Transfer with IOAR as source address and MAR as
destination address
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Bit Bit Name Initial Value R/W

Description

DTF3
DTF2
DTF1
DTFO

o N W

o O O

R/W
R/W
R/W
R/W

Data Transfer Factor

These bits select the data transfer factor (activation source).

0000:
0001:
0010:
0011:
0100:

0101:

0110:

0111:

1000:

1001:

1010:

1011:
1100:
1101:
1110:
1111:

Activated by A/D conversion end interrupt

Activated by SCI channel 0 transmission complete
interrupt

Activated by SCI channel 0 reception complete
interrupt

Activated by SCI channel 1 transmission complete
interrupt

Activated by SCI channel 1 reception complete
interrupt

Activated by TPU channel 0 compare match/input
capture A interrupt

Activated by TPU channel 1 compare match/input
capture A interrupt

Activated by TPU channel 2 compare match/input
capture A interrupt

The same factor can be selected for more than one channel. In this case, activation starts with the
highest-priority channel according to the relative channel priorities. For relative channel priorities,

see section 7.4.10, DMAC Multi-Channel Operation.

REJ09B0140-0900 Rev. 9.00

Sep 16, 2010

Page 157 of 846

RENESAS



Section 7 DMA Controller (DMAC)

H8S/2215 Group

e Full Address Mode (DMACRA)
Bit Bit Name Initial Value R/W

Description

15 DTSz 0 R/W Data Transfer Size
Selects the size of data to be transferred at one time.
0: Byte-size transfer
1: Word-size transfer

14 SAID 0 R/W  Source Address Increment/Decrement

13 SAIDE 0 R/W Source Address Increment/Decrement Enable

These bits specify whether source address register MARA is
to be incremented, decremented, or left unchanged, when
data transfer is performed.

00: MARA is fixed
01: MARA is incremented after a data transfer
e When DTSZ = 0, MARA is incremented by 1 after a
transfer
e When DTSZ =1, MARA is incremented by 2 after a
transfer
10: MARA is fixed
11: MARA is decremented after a data transfer
e When DTSZ = 0, MARA is decremented by 1 after a
transfer

e When DTSZ =1, MARA is decremented by 2 after a
transfer
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Bit Bit Name Initial Value R/W

Description

12 BLKDIR O
11 BLKE 0

R/W
R/W

Block Direction
Block Enable

These bits specify whether normal mode or block transfer
mode is to be used. If block transfer mode is specified, the
BLKDIR bit specifies whether the source side or the
destination side is to be the block area.

00: Transfer in normal mode

01: Transfer in block transfer mode, destination side is block
area

10: Transfer in normal mode
11: Transfer in block transfer mode, source side is block area

For operation in normal mode and block transfer mode, see
section 7.4, Operation.

10 — AllO
to 8

R/W

Reserved

Although these bits are readable/writable, only 0 should be
written here.
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e Full Address Mode (DMACRB)

Bit Bit Name Initial Value R/W Description

7 — 0 R/W Reserved
Although this bit is readable/writable, only 0 should be written
here.
6 DAID 0 R/W Destination Address Increment/Decrement
5 DAIDE 0 R/W Destination Address Increment/Decrement Enable
These bits specify whether destination address register
MARSB is to be incremented, decremented, or left unchanged,
when data transfer is performed.
00: MARB is fixed
01: MARB is incremented after a data transfer
e When DTSZ = 0, MARB is incremented by 1 after a
transfer
e When DTSZ =1, MARB is incremented by 2 after a
transfer
10: MARB is fixed
11: MARB is decremented after a data transfer
e When DTSZ = 0, MARB is decremented by 1 after a
transfer
e When DTSZ =1, MARB is decremented by 2 after a
transfer
4 — 0 R/W Reserved

Although this bit is readable/writable, only 0 should be written
here.
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Bit Bit Name Initial Value

R/W

Description

DTF3 0
DTF2 0
DTF1 0
DTFO 0

O, N W

R/W
R/W
R/W
R/W

Data Transfer Factor
These bits select the data transfer factor (activation source).
In normal mode

0000:
0001:
0010:
0011:
010x:
0110:
0111:

Ixxx:

Auto-request (cycle steal)
Auto-request (burst)

In block transfer mode

0000:
0001:
0010:
0011:

0100:

0101:

0110:

0111:

1000:

1001:

1010:

1011:
11xx:

Activated by A/D conversion end interrupt

Activated by DREQ signal’s low level input from USB
(USB request)

Activated by SCI channel 0 transmission complete
interrupt

Activated by SCI channel O reception complete
interrupt

Activated by SCI channel 1 transmission complete
interrupt

Activated by SCI channel 1 reception complete
interrupt

Activated by TPU channel 0 compare match/input
capture A interrupt

Activated by TPU channel 1 compare match/input
capture A interrupt

Activated by TPU channel 2 compare match/input
capture A interrupt

The same factor can be selected for more than one channel.
In this case, activation starts with the highest-priority channel
according to the relative channel priorities. For relative
channel priorities, see section 7.4.10, DMAC Multi-Channel
Operation.

Legend: x: Don't care
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7.35 DMA Band Control Register (DMABCR)

DMABCR controls the operation of each DMAC channel.

e Short Address Mode
Bit Bit Name Initial Value R/W

Description

15 FAE1l 0 R/W

Full Address Enable 1

Specifies whether channel 1 is to be used in short address
mode or full address mode.

In short address mode, channels 1A and 1B are used as
independent channels.

0: Short address mode
1: Full address mode

14 FAEO 0 R/W

Full Address Enable 0

Specifies whether channel 0 is to be used in short address
mode or full address mode.

In short address mode, channels OA and OB are used as
independent channels.

0: Short address mode
1: Full address mode

13, — All 0 R/W
12

Reserved
Only 0 should be written to these bits.
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Bit Bit Name Initial Value R/W Description

11 DTAIB O R/W Data Transfer Acknowledge

10 DTAlA R/W These bits enable or disable clearing, when DMA transfer is
9 DTAOB Rr/w Performed, of the internal interrupt source selected by the
8 DTAOA RIW data transfer factor setting.

When DTE = 1 and DTA = 1, the internal interrupt source
selected by the data transfer factor setting is cleared
automatically by DMA transfer. When DTE = 1 and DTA =1,
the internal interrupt source selected by the data transfer
factor setting does not issue an interrupt request to the CPU
or DTC.

When DTE = 1 and DTA = 0, the internal interrupt source
selected by the data transfer factor setting is not cleared
when a transfer is performed, and can issue an interrupt
request to the CPU or DTC in parallel. In this case, the
interrupt source should be cleared by the CPU or DTC
transfer.

o O o

When DTE = 0, the internal interrupt source selected by the
data transfer factor setting issues an interrupt request to the
CPU or DTC regardless of the DTA bit setting.

0: Clearing of selected internal interrupt source at time of
DMA transfer is disabled

1: Clearing of selected internal interrupt source at time of
DMA transfer is enabled
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Bit Bit Name Initial Value R/W Description

DTE1B 0 R/W Data Transfer Enable

DTE1IA O R/W  When DTE = 0, data transfer is disabled and the activation
DTEOB O R/W Source selected by the data transfer factor setting is ignored.

If the activation source is an internal interrupt, an interrupt
DTEOA 0 RIW request is issued to the CPU or DTC. If the DTIE bit is set to
1when DTE = 0, the DMAC regards this as indicating the end
of a transfer, and issues a transfer end interrupt request to
the CPU or DTC.

The conditions for the DTE bit being cleared to 0 are as
follows:

A~ 01 O N

e When initialization is performed

e When the specified number of transfers have been
completed in a transfer mode other than repeat mode

e When 0 is written to the DTE bit to forcibly abort the
transfer, or for a similar reason

When DTE = 1, data transfer is enabled and the DMAC waits

for a request by the activation source selected by the data

transfer factor setting. When a request is issued by the

activation source, DMA transfer is executed. The condition for

the DTE bit being set to 1 is as follows:

e When 1 is written to the DTE bit after the DTE bit is read
aso

0: Data transfer disabled

1: Data transfer enabled

DTIE1B
DTIE1A
DTIEOB
DTIEOA

R/W Data Transfer End Interrupt Enable

R/W These bits enable or disable an interrupt to the CPU or DTC
r/w When transfer ends. If the DTIE bit is set to 1 when DTE =0,
RIW the DMAC regards this as indicating the end of a transfer,

and issues a transfer end interrupt request to the CPU or
DTC.

A transfer end interrupt can be canceled either by clearing
the DTIE bit to 0 in the interrupt handling routine, or by
performing processing to continue transfer by setting the
transfer counter and address register again, and then setting
the DTE bit to 1.

0: Transfer end interrupt disabled

o Fr N W
o O O o

1: Transfer end interrupt enabled
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e Full Address Mode
Bit Bit Name Initial Value R/W Description

15 FAE1l 0 R/W  Full Address Enable 1

Specifies whether channel 1 is to be used in short address
mode or full address mode.

In full address mode, channels 1A and 1B are used together
as a single channel.

0: Short address mode
1: Full address mode

14 FAEO 0 R/W Full Address Enable 0

Specifies whether channel 0 is to be used in short address
mode or full address mode.

In full address mode, channels OA and OB are used together
as a single channel.

0: Short address mode
1: Full address mode

13, — All O R/W Reserved

12 Although these bits are readable/writable, only 0 should be

written here.
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Bit Bit Name Initial Value R/W Description

Data Transfer Acknowledge

Enables or disables clearing, when DMA transfer is
performed, of the internal interrupt source selected by the
data transfer factor setting.

When DTE = 1 and DTA = 1, the internal interrupt source
selected by the data transfer factor setting is cleared
automatically by DMA transfer. When DTE = 1 and DTA =1,
the internal interrupt source selected by the data transfer
factor setting does not issue an interrupt request to the CPU
or DTC.

When DTE = 1 and DTA = 0, the internal interrupt source
selected by the data transfer factor setting is not cleared
when a transfer is performed, and can issue an interrupt
request to the CPU or DTC in parallel. In this case, the
interrupt source should be cleared by the CPU or DTC
transfer.

When DTE = 0, the internal interrupt source selected by the
data transfer factor setting issues an interrupt request to the
CPU or DTC regardless of the DTA bit setting.

The state of the DTME bit does not affect the above
operations.

11 DTA1l 0 R/W Data transfer acknowledge 1

Enables or disables clearing, when DMA transfer is
performed, of the internal interrupt source selected by the
channel 1 data transfer factor setting.

0: Clearing of selected internal interrupt source at time of
DMA transfer is disabled

1: Clearing of selected internal interrupt source at time of
DMA transfer is enabled

10 — 0 R/W Reserved
This bit can be read from or written to. The write value should
always be 0.
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Bit Bit Name Initial Value R/W Description

9 DTAO 0 R/W Data Transfer Acknowledge 0

Enables or disables clearing, when DMA transfer is
performed, of the internal interrupt source selected by the
channel O data transfer factor setting.

0: Clearing of selected internal interrupt source at time of
DMA transfer is disabled

1: Clearing of selected internal interrupt source at time of
DMA transfer is enabled

8 — 0 R/W Reserved

Although this bit is readable/writable, only 0 should be written
here.

Data Transfer Master Enable 1

Together with the DTE bit, this bit controls enabling or
disabling of data transfer on the relevant channel. When both
the DTME bit and the DTE bit are set to 1, transfer is enabled
for the channel. If the relevant channel is in the middle of a
burst mode transfer when an NMI interrupt is generated, the
DTME bit is cleared, the transfer is interrupted, and bus
mastership passes to the CPU. When the DTME bit is
subsequently set to 1 again, the interrupted transfer is
resumed. In block transfer mode, however, the DTME bit is
not cleared by an NMI interrupt, and transfer is not
interrupted.

The conditions for the DTME bit being cleared to 0 are as
follows:

e When initialization is performed

e When NMI is input in burst mode

¢ When 0 is written to the DTME bit

The condition for DTME being set to 1 is as follows:

e When 1 is written to DTME after DTME is read as 0

7 DTME1 O R/W Data Transfer Master Enable 1
Enables or disables data transfer on channel 1

0: Data transfer disabled. In burst mode, cleared to 0 by an
NMI interrupt

1: Data transfer enabled
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Bit Bit Name Initial Value R/W Description

Data Transfer Enable 1

When DTE = 0, data transfer is disabled and the activation

source selected by the data transfer factor setting is ignored.

If the activation source is an internal interrupt, an interrupt

request is issued to the CPU or DTC. If the DTIE bit is set to

1 when DTE = 0, the DMAC regards this as indicating the

end of a transfer, and issues a transfer end interrupt request

to the CPU.

The conditions for the DTE bit being cleared to 0 are as

follows:

e When initialization is performed

e When the specified number of transfers have been
completed

e When 0 is written to the DTE bit to forcibly abort the
transfer, or for a similar reason

When DTE = 1 and DTME = 1, data transfer is enabled and

the DMAC waits for a request by the activation source

selected by the data transfer factor setting. When a request

is issued by the activation source, DMA transfer is executed.

The condition for the DTE bit being set to 1 is as follows:

e When 1 is written to the DTE bit after the DTE bit is read
as o0

6 DTE1l 0 R/W Data Transfer Enable 1
Enables or disables data transfer on channel 1.
0: Data transfer disabled
1: Data transfer enabled

5 DTMEO O R/W Data Transfer Master Enable 0
Enables or disables data transfer on channel 0.

0: Data transfer disabled. In burst mode, cleared to 0 by an
NMI interrupt

1: Data transfer enabled

4 DTEO 0 R/W Data Transfer Enable O
Enables or disables data transfer on channel 0.
0: Data transfer disabled
1: Data transfer enabled
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Bit Bit Name Initial Value R/W

Description

3 DTIEIB O

R/W

Data Transfer Interrupt Enable B

Enables or disables an interrupt to the CPU or DTC when
transfer is interrupted. If the DTIEB bit is set to 1 when DTME
= 0, the DMAC regards this as indicating a break in the
transfer, and issues a transfer break interrupt request to the
CPU or DTC. A transfer break interrupt can be canceled
either by clearing the DTIEB bit to 0 in the interrupt handling
routine, or by performing processing to continue transfer by
setting the DTME bit to 1.

Data Transfer Interrupt Enable 1B

Enables or disables the channel 1 transfer break interrupt.
0: Transfer break interrupt disabled

1: Transfer break interrupt enabled

2 DTIEIA O

R/W

Data Transfer End Interrupt Enable A

Enables or disables an interrupt to the CPU or DTC when
transfer ends. If the DTIEA bit is set to 1 when DTE = 0, the
DMAC regards this as indicating the end of a transfer, and
issues a transfer end interrupt request to the CPU or DTC. A
transfer end interrupt can be canceled either by clearing the
DTIEA bit to 0 in the interrupt handling routine, or by
performing processing to continue transfer by setting the DTE
bit to 1.

Data Transfer End Interrupt Enable 1A

Enables or disables the channel 1 transfer end interrupt.
0: Transfer end interrupt disabled

1: Transfer end interrupt enabled

1 DTIEOB O

R/W

Data Transfer Interrupt Enable 0B

Enables or disables the channel O transfer break interrupt.
0: Transfer break interrupt disabled

1: Transfer break interrupt enabled

0 DTIEOA O

R/W

Data Transfer End Interrupt Enable 0A

Enables or disables the channel O transfer end interrupt.
0: Transfer end interrupt disabled

1: Transfer end interrupt enabled
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7.3.6 DMA Write Enable Register (DMAWER)

The DMAC can activate the DTC with atransfer end interrupt, rewrite the channel on which the
transfer ended using aDTC chain transfer, and reactivate the DTC. DMAWER applies restrictions
so that only specific bits of DMACR for the specific channel and also DMABCR can be changed
to prevent inadvertent changes being made to registers other than those for the channel concerned.
The restrictions applied by DMAWER are valid for the DTC.

Figure 7.2 shows the transfer areas for activating the DTC with achannel OA transfer end
interrupt, and reactivating channel OA. The address register and count register areais re-set by the
first DTC transfer, then the control register areais re-set by the second DTC chain transfer.

When re-setting the control register area, perform masking by setting bitsin DMAWER to prevent
maodification of the contents of the other channels.

First transfer area MAROA

I0AROA

ETCROA

MAROB

I0AROB

ETCROB

MAR1A

DTC

I0AR1A

ETCRI1A

MAR1B

I0AR1B

ETCR1B
DMAWER DMATCR

DMACROA DMACROB

DMACRI1A DMACR1B

Second transfer area
using chain transfer

DMABCR

Figure7.2 Areasfor Register Re-Setting by DTC (Example: Channel 0A)

DMAWER controls enabling or disabling of writesto the DMACR and DMABCR by the DTC.
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Bit Bit Name Initial Value R/W Description

7to — All O — Reserved
4

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

3 WEI1B 0 R/W  Write Enable 1B

Enables or disables writes to all bits in DMACR1B, bits 11, 7,

and 3 in DMABCR by the DTC.

0: Writes to all bits in DMACR1B, bits 11, 7, and 3 in
DMABCR are disabled

1: Writes to all bits in DMACR1B, bits 11, 7, and 3 in
DMABCR are enabled

2 WE1A 0 R/W  Write Enable 1A

Enables or disables writes to all bits in DMACR1A, and bits

10, 6, and 2 in DMABCR by the DTC.

0: Writes to all bits in DMACR1A, and bits 10, 6, and 2 in
DMABCR are disabled

1: Writes to all bits in DMACR1A, and bits 10, 6, and 2 in
DMABCR are enabled

1 WEOB 0 R/W  Write Enable 0B

Enables or disables writes to all bits in DMACROB, bits 9, 5,
and 1 in DMABCR by the DTC.

0: Writes to all bits in DMACROB, bits 9, 5, and 1 in
DMABCR, are disabled

1: Writes to all bits in DMACROB, bits 9, 5, and 1 in
DMABCR are enabled

0 WEOA 0 R/W  Write Enable OA

Enables or disables writes to all bits in DMACROA, and bits 8,

4, and 0 in DMABCR by the DTC.

0: Writes to all bits in DMACROA, and bits 8, 4, and 0 in
DMABCR are disabled

1: Writes to all bits in DMACROA, and bits 8, 4, and 0 in
DMABCR are enabled

Writes by the DTC to bits 15 to 12 (FAE and SAE) in DMABCR are invalid regardless of the
DMAWER settings. These bits should be changed, if necessary, by CPU processing.

In writes by the DTC to bits 7to 4 (DTE) in DMABCR, 1 can be written without first reading 0.
To reactivate a channél set to full address mode, write 1 to both Write Enable A and Write Enable
B for the channel to be reactivated.
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MAR, IOAR, and ETCR are always write-enabled regardless of the DMAWER settings. When
modifying these registers, the channel for which the modification is to be made should be halted.

74 Operation
7.4.1 Transfer Modes

Table 7.2 lists the DMAC modes.

Table7.2 DMAC Transfer Modes

Transfer Mode Transfer Source Remarks

Short Dual (1) Sequentialmode * TPUchannelOto2 e Upto 4 channels can
address  address (2) Idle mode compare match/input operate

mode mode capture A interrupts independently

(3) Repeat Mode SCI transmission

complete interrupt

e SCl reception
complete interrupt

e A/D conversion end

interrupt
Full (4) Normal mode e USB request e Max. 2-channel
address e Auto-request operation, combining
mode (5) Block transfer e TPU channel 0 to 2 ch_annels AandB
mode compare match/input * With auto-request,
capture A interrupts burst mode transfer
e SCI transmission or cycle steal transfer
complete interrupt can be selected
e SCl reception
complete interrupt
e A/D conversion end
interrupt
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7.4.2 Sequential Mode

Sequential mode can be specified by clearing the RPE bit in DMACR to 0. In sequential mode,
MAR is updated after each byte or word transfer in response to a single transfer request, and thisis
executed the number of times specified in ETCR. One address is specified by MAR, and the other
by IOAR. Thetransfer direction can be specified by the DTDIR bitin DMACR. Table 7.3
summarizes register functionsin sequential mode.

Table7.3 Register Functionsin Sequential Mode

Function

Register DTDIR=0 DTDIR=1 Initial Setting Operation

23 . . 0 Source Destination ~ Start address of Incremented/decrem

| i MAR | | address address transfer destination ented every transfer
register register or transfer source

23 15 0 Destination  Source Start address of Fixed

[ rer | IOAR | address address transfer source or
register register transfer destination

15 0 Transfer counter Number of transfers Decremented every

ETCR transfer, transfer

ends when count
reaches H'0000

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
incremented or decremented by 1 or 2 each time a byte or word is transferred. |OAR specifiesthe
lower 16 hits of the other address. The 8 hits above IOAR have avalue of H'FF. Figure 7.3
illustrates operation in sequential mode.
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/\/ /\/

Address T — | .« IOAR

1 byte or word transfer performed in
response to 1 transfer request

Note:

Address T=L

\j Address B =L + (—1)PTID. (2DTSZ.. (N—1))
Address B Where: L = Value setin MAR

N = Value set in ETCR

Figure7.3 Operation in Sequential M ode

The number of transfersis specified as 16 bitsin ETCR. ETCR is decremented by 1 eachtime a
transfer is executed, and when its value reaches H'0000, the DTE hit is cleared and transfer ends.
If the DTIE bit isset to 1 at thistime, an interrupt request is sent to the CPU or DTC. The
maximum number of transfers, when H'0000 isset in ETCR, is 65,536. Transfer requests
(activation sources) consist of A/D conversion end interrupt, SCI transmission complete and
reception complete interrupts, and TPU channel 0 to 2 compare match/input capture A interrupts.
External requests can be set for channel B only. Figure 7.4 shows an example of the setting
procedure for sequential mode.
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Sequential mode [1] Set each bitin DMABCRH.
setting - Clear the FAE bit to 0 to select short address
mode.
- Specify enabling or disabling of internal interrupt
Set DMABCRH 1] clearing with the DTA bit.

[2] Set the transfer source address and transfer
destination address in MAR and IOAR.
[3] Set the number of transfers in ETCR.
s s sosaon | 2y 14 S ach iU n DMAGR.
addresses - Set the transfer data size with the DTSZ bit.
- Specify whether MAR is to be incremented or
decremented with the DTID bit.

3] - Clear the RPE bit to 0 to select sequential

Set number of transfers
mode.

- Specify the transfer direction with the DTDIR bit.
- Select the activation source with bits DTF3 to
Set DMACR [4] DTFO.
[5] Read the DTE bit in DMABCRL as 0.
[6] Set each bitin DMABCRL.
- Specify enabling or disabling of transfer
Read DMABCRL [5] andinterrupts with the DTIE bit.
- Set the DTE bit to 1 to enable transfer.

Set DMABCRL [6]

Y

C Sequential mode )

Figure 7.4 Example of Sequential Mode Setting Procedure
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7.4.3 Idle Mode

Idle mode can be specified by setting the RPE bit and DTIE bitin DMACR to 1. In idle mode, one
byte or word is transferred in response to a single transfer request, and this is executed the number
of times specified in ETCR. One addressis specified by MAR, and the other by IOAR. The
transfer direction can be specified by the DTDIR bit in DMACR. Table 7.4 summarizes register
functionsin idle mode.

Table7.4 Register Functionsin Idle Mode

Function
Register DTDIR=0 DTDIR=1 Initial Setting Operation
23 . . 0 Source Destination  Start address of Fixed
| i MAR | | address address transfer destination
register register or transfer source
23 15 0 Destination  Source Start address of Fixed
| HFF | I0AR | address address transfer source or
register register transfer destination
15 0 Transfer counter Number of transfers Decremented every
transfer, transfer

ends when count
reaches H'0000

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
neither incremented nor decremented each time a byte or word is transferred. IOAR specifies the
lower 16 hits of the other address. The 8 bits above IOAR have avaue of H'FF. Figure 7.5
illustrates operation in idle mode.

MAR —» | | «— I0AR

1 byte or word transfer performed in
response to 1 transfer request

Figure7.5 Operationinldle Mode

The number of transfersis specified as 16 bitsin ETCR. ETCR is decremented by 1 eachtime a
transfer is executed, and when its value reaches H'0000, the DTE hit is cleared and transfer ends.
If the DTIE bit isset to 1 at thistime, an interrupt request is sent to the CPU or DTC. The
maximum number of transfers, when H'0000 isset in ETCR, is 65,536.
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Transfer requests (activation sources) consist of A/D conversion end interrupt, SCI transmission
complete and reception complete interrupts, and TPU channel 0 to 2 compare match/input capture
A interrupts. External requests can be set for channel B only. When the DMAC isused in single
address mode, only channel B can be set. Figure 7.6 shows an example of the setting procedure for
idle mode.

( Idle mode setting ) [1] Set ech bitin DMABCRH.
- Clear the FAE bit to 0 to select short address

mode.

- Specify enabling or disabling of internal interrupt
Set DMABCRH [1] clearing with the DTA bit.
[2] Set the transfer source address and transfer
destinatiln address in MAR and IOAR.
[3] Set the number of transfers in ETCR.
Set transfer source n
and transfer destination | [2] [4] Seteach bitin DMACR.
addresses - Set the transfer data size with the DTSZ bit.
- Specify whether MAR is to be incremented or
decremented with the DTID bit.
Set number of transfers | [3] - Setthe RPE bit to 1.
- Specify the transfer direction with the DTDIR bit.
- Select the activation source with bits DTF3 to
DTFO.
Set DMACR [4] [5] Read the DTE bitin DMABCRL as 0.
[6] Set each bitin DMABCRL.
- Set the DTIE bit to 1.
- Set the DTE bit to 1 to enable transfer.

Read DMABCRL (5]

Set DMABCRL (6]

\

( Idle mode )

Figure7.6 Example of Idle M ode Setting Procedure
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744 Repeat Mode

Repeat mode can be specified by setting the RPE bit in DMACR to 1, and clearing the DTIE bit to
0. In repeat mode, MAR is updated after each byte or word transfer in response to a single transfer

request, and thisis executed the number of times specified in ETCR. On completion of the
specified number of transfers, MAR and ETCRL are automatically restored to their original
settings and operation continues. One address is specified by MAR, and the other by IOAR. The
transfer direction can be specified by the DTDIR bit in DMACR. Table 7.5 summarizes register
functions in repeat mode.

Table7.5 Register Functionsin Repeat Mode
Function
Register DTDIR=0 DTDIR=1 Initial Setting Operation
23 . . 0 Source Destination ~ Start address of Incremented/decrem
| i MAR | address address transfer destination ented every transfer.
register register or transfer source Initial setting is
restored when value
reaches H'0000
23 15 0 Destination  Source Start address of Fixed
| HFF | I0AR address address transfer source or
register register transfer destination
. o Holds number of transfers ~ Number of transfers Fixed

Transfer counter

Number of transfers

Decremented every
transfer. Loaded
with ETCRH value
when count reaches
H'00

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
incremented or decremented by 1 or 2 each time a byte or word is transferred. |OAR specifies the
lower 16 bits of the other address. The 8 bits above IOAR have avalue of H'FF. The number of
transfersis specified as 8 bits by ETCRH and ETCRL. The maximum number of transfers, when
H'00 is set in both ETCRH and ETCRL, is 256.
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In repeat mode, ETCRL functions as the transfer counter, and ETCRH is used to hold the number
of transfers. ETCRL is decremented by 1 each time atransfer is executed, and when its value
reaches H'00, it isloaded with the value in ETCRH. At the same time, the value set in MAR is
restored in accordance with the values of the DTSZ and DTID bitsin DMACR. The MAR
restoration operation is as shown below.

MAR = MAR — (—1)DT'D- 2 "™*. ETCRH
The same value should be set in ETCRH and ETCRL.

In repeat mode, operation continues until the DTE bit is cleared. To end the transfer operation,
therefore, you should clear the DTE bit to 0. A transfer end interrupt request is not sent to the CPU
or DTC. By setting the DTE hit to 1 again after it has been cleared, the operation can be restarted
from the transfer after that terminated when the DTE bit was cleared. Figure 7.7 illustrates
operation in repeat mode.

/\/ /\/

Address T — |« I0AR

1 byte or word transfer performed in
rewponse to 1 transfer request

Note:
Address T=L
Y Address B =L + (—1)PTID . (2DTSZ. (N-1))
Address B —m Where: L = Value setin MAR

N = Value set in ETCR

/\/

Figure7.7 Operation in Repeat Mode
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Transfer requests (activation sources) consist of A/D conversion end interrupt, SCI transmission
complete and reception complete interrupts, and TPU channel 0 to 2 compare match/input capture
A interrupts. External regquests can be set for channel B only. Figure 7.8 shows an example of the
setting procedure for repeat mode.

Repeat mode [1] Set each bitin DMABCRH.
setting - Clear the FAE bit to 0 to select short address
mode.

- Specify enabling or disabling of internal interrupt
clearing with the DTA bit.
[2] Set the transfer source address and transfer
destination address in MAR and IOAR.
[38] Set the number of transfers in ETCR.
e e | w1 seteacnimowace
addresses - Set the transfer data size with the DTSZ bit.
- Specify whether MAR is to be incremented or
decremented with the DTID bit.
3] - Set the RPE bit to 1.
- Specify the transfer direction with the DTDIR bit.
- Select the activation source with bits DTF3 to
DTFO.
Set DMACR 14] [5] Read the DTE bitin DMABCRL as 0.
[6] Set each bitin DMABCRL.
- Clear the DTIE bit to 1.
- Set the DTE bit to 1 to enable transfer.

Read DMABCRH 1]

Set number of transfers

Read DMABCRL [5]

Set DMABCRL [6]

Y

( Repeat mode )

Figure7.8 Example of Repeat Mode Setting Procedure
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7.45 Normal M ode

In normal mode, transfer is performed with channels A and B used in combination. Normal mode
can be specified by setting the FAE bit in DMABCR to 1 and clearing the BLKE bit in DMACRA
to 0. In normal mode, MAR is updated after each byte or word transfer in response to asingle
transfer request, and this is executed the number of times specified in ETCRA. The transfer source
is specified by MARA, and the transfer destination by MARB. Table 7.6 summarizes register
functions in normal mode.

Table7.6 Register Functionsin Normal Mode

Register Function Initial Setting Operation
23 . . 0 Source address Start address of Incremented/decremented
| i MARA | | register transfer source every transfer, or fixed
23 . . 0 Destination address Start address of Incremented/decremented
| . MARB | register transfer destination  every transfer, or fixed

15 0 Transfer counter Number of transfers Decremented every

ETGRA transfer; transfer ends

when count reaches
H'0000

MARA and MARB specify the start addresses of the transfer source and transfer destination,
respectively, as 24 bits. MAR can be incremented or decremented by 1 or 2 each time a byte or
word istransferred, or can be fixed. Incrementing, decrementing, or holding a fixed value can be
set separately for MARA and MARB.

The number of transfersis specified by ETCRA as 16 bits. ETCRA is decremented each time a
transfer is performed, and when its value reaches H'0000 the DTE hit is cleared and transfer ends.
If the DTIE bit isset to 1 at thistime, an interrupt request is sent to the CPU or DTC. The
maximum number of transfers, when H'0000 is set in ETCRA, is 65,536.

REJ09B0140-0900 Rev. 9.00 Page 181 of 846

Sep 16, 2010 RENESAS



Section 7 DMA Controller (DMAC) H8S/2215 Group

Figure 7.9 illustrates operation in norma mode.

/\/ /\/

Address T, — ~—— Address Tg

\j \
Address By —m ~a—— Address Bg

/\/ /\/

Note:
Address Tp=1Lx
Address Tg=Lg
Address Bp = Ly + SAIDE - (—1)SAID . (2DTSZ . (N-1))
Address Bg = Lg + DAIDE - (—1)DAID . (2DTSZ . (N-1))
La = Value setin MARA
Lg = Value set in MARB
N = Value set in ETCRA

Figure7.9 Operation in Normal Mode

Transfer requests (activation sources) are external requests and auto-requests. With auto-request,
the DMAC isonly activated by register setting, and the specified number of transfers are
performed automatically. With auto-request, cycle steal mode or burst mode can be selected. In
cycle steal mode, the busisreleased to another bus master each time atransfer is performed. In
burst mode, the busis held continuously until transfer ends. For setting details, see section 7.3.4,
DMA Controller Register (DMACR).
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Figure 7.10 shows an example of the setting procedure for normal mode.

Normal mode [1] Set each bitin DMABCRH.
setting - Set the FAE bit to 1 to select full address mode.
- Specify enabling or disabling of internal interrupt
clearing with the DTA bit.
2] Set the transfer source address in MARA, and the
Set DMABCRH [1] 2 . I

transfer destination address in MARB.
[3] Set the number of transfers in ETCRA.
[4] Set each bitin DMACRA and DMACRB.
Set transfer source - Set the transfer data size with the DTSZ bit.
and transfer destination | [2] ) . .

addresses - Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and SAIDE
bits.

- Clear the BLKE bit to 0 to select normal mode.

- Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and DAIDE
bits.

- Select the activation source with bits DTF3 to
DTFO.

[5] Read the DTE = 0 and DTME = 0 in DMABCRL.

[6] Set each bitin DMABCRL.

Read DMABCRL 5] - Specify enabling or desabling of transfer end
interrupts with the DTIE bit.

- Set both the DTME bit and the DTE bit to 1 to
enable transfer.

Set number of transfers | [3]

Set DMACR [4]

Set DMABCRL [6]

Y

( Normal mode )

Figure7.10 Example of Normal Mode Setting Procedure
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7.4.6 Block Transfer Mode

In block transfer mode, transfer is performed with channels A and B used in combination. Block
transfer mode can be specified by setting the FAE bit in DMABCR and the BLKE bit in
DMACRA to 1. In block transfer mode, a transfer of the specified block sizeis carried out in
response to a single transfer request, and this is executed the specified number of times. The
transfer sourceis specified by MARA, and the transfer destination by MARB. Either the transfer
source or the transfer destination can be selected as a block area (an area composed of a number of
bytes or words). Table 7.7 summarizes register functions in block transfer mode.

Table7.7 Register Functionsin Block Transfer Mode

Register Function Initial Setting Operation
23 . . 0 Source address Start address of Incremented/decremented
| i MARA | | register transfer source every transfer, or fixed
23 . . 0 Description address Start address of Incremented/decremented
| . MARB | register transfer destination  every transfer, or fixed
Holds block size Block size Fixed
7 0
Block size counter  Block size decremented every
7_ ¥y 0 transfer; ETCRH value
ETCRAL copied when count reaches
H'00
15 0 Block transfer Number of block Decremented every block
counter transfers transfer; transfer ends
when count reaches
H'0000

MARA and MARB specify the start addresses of the transfer source and transfer destination,
respectively, as 24 bits. MAR can be incremented or decremented by 1 or 2 each time a byte or
word istransferred, or can be fixed. Incrementing, decrementing, or holding a fixed value can be
set separately for MARA and MARB. Whether ablock is to be designated for MARA or for
MARB is specified by the BLKDIR bit in DMACRA.

To specify the number of transfers, if M isthe size of one block (where M =1 to 256) and N
transfers are to be performed (where N = 1 to 65,536), M isset in both ETCRAH and ETCRAL,
and N in ETCRB.
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Figure 7.11 illustrates operation in block transfer mode when MARB is designated as a block area

T~

Address Ty —m=

1st block

\j

Address By —m=

Note:
Address Ty =La
Address Tg=Lg

2nd block

Nth block

/\/

Consecutive transfer
of M bytes or words
is performed in
rewponse to one
request

Address By = L + SAIDE - (-1)SAID . (2DTSZ.. (M - N-1))
Address Bg = Lg + DAIDE - (—1)DAID . (2DTSZ . (N-1))
L, = Value set in MARA
Lg = Value set in MARB
N = Value set in ETCRA
M = Value set in ETCRAH and ETCRAL

/\/

Block area

/\/

-a— Address Ty

~4— Address Bg

Figure7.11 Operation in Block Transfer Mode (BLKDIR = 0)
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Figure 7.12 illustrates operation in block transfer mode when MARA is designated as a block area.

Address T, —s=| N -— Address Ty
C l —  Blockarea  — | tstbock ]
Address By, —» Consecutive transfef |
T of M bytes or words
l/\/ is performed in
rewponse toone | |
request
—  2nd block —
— Nth block —
| |y
-4— Address By

Note:
Address Ty =L,
Address Tg=Lg
Address Bp = Ly + SAIDE - (—1)SAID . (2DTSZ . (N-1))
Address Bg = Lg + DAIDE - (—1)PAID . (2DTSZ . (M - N-1))
L, = Value set in MARA
Lg = Value set in MARB
N = Value set in ETCRB
M = Value set in ETCRAH and ETCRAL

Figure7.12 Operation in Block Transfer Mode (BLKDIR = 1)

ETCRAL isdecremented by 1 each time a byte or word transfer is performed. In response to a
single transfer request, burst transfer is performed until the value in ETCRAL reaches H'00.
ETCRAL isthen loaded with the value in ETCRAH. At thistime, the value in the MAR register
for which ablock designation has been given by the BLKDIR bitin DMACRA isrestored in
accordance with the DTSZ, SAID/DAID, and SAIDE/DAIDE bitsin DMACR.
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ETCRB is decremented by 1 every block transfer, and when the count reaches H'0000 the DTE bit
iscleared and transfer ends. If the DTIE bit is set to 1 at this point, an interrupt request is sent to
the CPU or DTC. Figure 7.13 shows the operation flow in block transfer mode.

Start
(DTE = DTME = 1)

-

No ‘

Transfer request?

Acquire bus |

Tt
—

| Read address specified by MARA |
|
[ MARA = MARA + SAIDE - (—1)SAID - 2DTSZ |
| Write to address s;lecified by MARB |
[ MARB = MARB + DAIlDE . (=1)DAID . 2DTSZ |
ETCRAL = I|ETCRAL—1 [

ETCRAL = H'00 No

| Release bus |

|
[  ETCRAL = ETCRAH [

BLKDIR = 0 No

Yes

[ MARB = MARB - DAIDE - (~1)PAD . 20752 . ETCRAH |
|

[  MARA = MARA - SAIDE - (~1)saD . 20157 . ETCRAH |
|
|l

ETCRB =ETCRB -1

No, ETCRB = H'0000

Clear DTE bitto 0
to end transfer

Figure7.13 Operation Flow in Block Transfer Mode
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H8S/2215 Group

Transfer requests (activation sources) consist of A/D conversion end interrupt, SCI transmission
complete and reception complete interrupts, and TPU channel 0 to 2 compare match/input capture
A interrupts. For details, see section 7.3.4, DMA Control Register (DMACR). Figure 7.14 shows
an example of the setting procedure for block transfer mode.

Block transfer
mode setting

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number

of transfers

Set DMACR

Read DMABCRL

Set DM

ABCRL

A

/

( Block tran

sfer mode )

(1]

(2]

(3]

(4]

(5]

6]

[1] Set each bitin DMABCRH.

- Set the FAE bit to 1 to select full address
mode.

- Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address in MARA, and the
transfer destination address in MARB.

[3] Set the transfer source address in ETCRAH and
ETCRAL. Set the number of transfers in ETCRB.

[4] Set each bitin DMACRA and DMACRB.

- Set the transfer data size with the DTSZ bit.

- Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and
SAIDE bits.

- Set the BLKE bit to 1 to select block transfer
mode.

- Specify whether the transfer source or the
transfer destination is a block area with the
BLKDIR bit.

- Select MARB increment/decrement/fixed with
DAID and DAIDE bits.

- Select the activation source with bits DTF3 to
DTFO.

[5] Read the DTE = 0 and DTME = 0 in DMABCRL.
[6] Set each bitin DMABCRL.

- Specify enabling or desabling of transfer end
interrupts to the CPU with the DTIE bit.

- Set both the DTME bit and the DTE bit to 1 to
enable transfer.

Figure7.14 Example of Block Transfer Mode Setting Procedure
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7.4.7 DMAC Activation Sour ces

DMAC activation sources consist of internal interrupts, external requests, and auto-requests. The
activation sources that can be specified depend on the transfer mode, as shown in table 7.8.

Table7.8 DMAC Activation Sources

Full Address Mode

Activation Short Address Block Transfer
Source Mode Normal Mode Mode
Internal ADI O x @)
interrupt TXI0 o < o
RXI0 O x @)
TXI1 ©) x @)
RXI1 O x @)
TGIOA @) x @)
TGI1A O x @)
TGI2A O x @)
USB request Low level input of the DERQ x O x
signal
Auto-request X O x
Legend:

O Can be specified
x:  Cannot be specified

Activation by Internal Interrupt: An interrupt request selected as a DMAC activation source
can be sent simultaneously to the CPU and DTC. For details, see section 5, Interrupt Controller.

With activation by an internal interrupt, the DMAC accepts the request independently of the
interrupt controller. Consequently, interrupt controller priority settings are not accepted.

If the DMAC is activated by a CPU interrupt source or an interrupt source that is not used asa
DTC activation source (DTA = 1), the interrupt source flag is cleared automatically by the DMA
transfer. With ADI, TXI, and RXI interrupts, however, the interrupt source flag is not cleared
unless the prescribed register is accessed in aDMA transfer. If the sameinterrupt isused asan
activation source for more than one channel, the interrupt request flag is cleared when the highest-
priority channel is activated first. Transfer requests for other channels are held pending in the
DMAC, and activation is carried out in order of priority.
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When DTE = 0, such as after completion of atransfer, arequest from the selected activation
source is hot sent to the DMAC, regardless of the DTA hit. In this case, the relevant interrupt
request is sent to the CPU or DTC. In case of overlap with a CPU interrupt source or DTC
activation source (DTA = 0), the interrupt request flag is not cleared by the DMAC.

Activation by USB Request: A USB request (DREQ signal) may be specified as the activation
source. Level sensing is used for USB requests. In the norma mode of the full address mode, USB
requests operate as follows.

Transfer request standby status continues while the DREQ signal is held high. If the DREQ signal
isheld low, the busisreleased each time a single byte of datais transferred, causing continuous
transfers to be split up into chunks. If the DREQ signal goes high while atransfer isin progress,
the transfer is suspended and the status changes to transfer request standby.

Activation by Auto-Request: Auto-request activation is performed by register setting only, and
transfer continues to the end. With auto-request activation, cycle steal mode or burst mode can be
selected.

In cycle steal mode, the DMAC releases the bus to another bus master each time a byte or word is
transferred. DMA and CPU cycles usually alternate. In burst mode, the DMAC keeps possession
of the bus until the end of the transfer, and transfer is performed continuously.
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7.4.8 Basic DMAC Bus Cycles

An example of the basic DMAC bus cycletiming is shown in figure 7.15. In this example, word-
size transfer is performed from 16-hit, 2-state access space to 8-hit, 3-state access space. When the
busistransferred from the CPU to the DMAC, a source address read and destination address write
are performed. The busis not released in response to another bus request, etc., between these read
and write operations. Aswith CPU cycles, DMA cycles conform to the bus controller settings.

CPU cycle DMAC cycle (1-word transfer)

— ‘l‘
|

CPU cycle

1 Source

, address , Destination address

Address bus :X X X X

s T

LWR : : : :

I
=
T

Figure7.15 Example of DMA Transfer Bus Timing

The address is not output to the external address busin an access to on-chip memory or an internal
1/O register.
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7.4.9 DMAC Bus Cycles (Dual Address Mode)

Short Address Mode: Figure 7.16 shows a transfer example in which TEND* output is enabled
and byte-size short address mode transfer (sequential/idle/repeat mode) is performed from external
8-hit, 2-state access space to internal 1/0 space.

DMA
DMA read DMA write DMA read DMA write DMA read DMA write dead
e e P}

Address bus X IX %Z:X IX %;:X IX . X:

L G

BD ) ) N
RD o | i o | i o | i
|
| i L \ P \ 1
HWR \ | R | R | ! |
| h I I | | I h ! |
| | | | | |
wE s - % .
LWR : ' R : : ' .
I | I I I | | | |
1 1 ' 1 1 1 (( 1 1 ' 1
* )) )
TEND ; : R : o i [
| | | i i
Bus release Bus release Bus release Last transfer cycle  Bus release

Note: * TEND output cannot be used with this LSI.

Figure7.16 Example of Short Address Mode Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
busisreleased. While the busis released one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.

In repeat mode, when TEND* output is enabled, TEND* output goes low in the transfer cyclein
which the transfer counter reaches 0.

Note: * TEND output cannot be used with thisLSl.
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Full Address Mode (Cycle Steal Mode): Figure 7.17 shows a transfer example in which
TEND output is enabled and word-size full address mode transfer (cycle steal mode) is performed
from external 16-bit, 2-state access space to external 16-bit, 2-state access space.

DMA
DMA read DMA write DMA read DMA write DMA read DMA write dead

Address bus X IX %;:x IX ﬁ:x IX . X:

%
|

| | (
HWR j j | | R ' | | HR ' | | '
; ; M (G M NI M ;
LWR : N ' R L
. : L . L : Vo
TEND* : : Vo : ] ' -
- [ [ —
Bus release Bus release Bus release Last transfer cycle  Bus release

Note: * TEND output cannot be used with this LSI.

Figure7.17 Example of Full Address Mode (Cycle Steal) Transfer

A one-byte or one-word transfer is performed, and after the transfer the busis released. While the
busis released one bus cycleisinserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.

Note: * TEND output cannot be used with thisLSl.
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Full Address Mode (Burst Mode): Figure 7.18 shows atransfer example in which TEND*
output is enabled and word-size full address mode transfer (burst mode) is performed from
external 16- bit, 2-state access space to external 16-bit, 2-state access space.

DMA
DMA read DMA write DMA read DMA write DMAread DMA write dead
: 1 ) 1 : ; -
o ML e

Address bus IX X X X X x ' Ix
A S Je— fjj — o
WA gy gy g
[WR : i L i
TEND* : : : I ’ —
1 : 1 1

Bus release Lasttransfercycle | Bus release

Burst transfer

Note: * TEND output cannot be used with this LSI.

Figure7.18 Example of Full AddressMode (Burst Mode) Transfer

In burst mode, one-byte or one-word transfers are executed consecutively until transfer ends. In
the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.

If arequest from another higher-priority channel is generated after burst transfer starts, that
channel hasto wait until the burst transfer ends.

If an NMI is generated while achannel designated for burst transfer isin the transfer enabled state,
the DTME bit is cleared and the channel is placed in the transfer disabled state. If burst transfer
has already been activated inside the DMAC, the busis released on completion of a one-byte or
one-word transfer within the burst transfer, and burst transfer is suspended. If the last transfer
cycle of the burst transfer has already been activated inside the DMAC, execution continues to the
end of the transfer even if the DTME bit is cleared.

Note: * TEND output cannot be used with thisLSl.
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Full Address Mode (Block Transfer Mode): Figure 7.19 shows a transfer example in which
TEND* output is enabled and word-size full address mode transfer (block transfer mode) is
performed from internal 16-bit, 1-state access space to external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DVMA DMA DMA DMA DMA
read write read write dead read write read write dead
Lt el )l el BB

Address bus D( D E %{;:ix::k ix:ix E E

RD I I

\ . 1 1 Ve 1 . \ . .

HWR R IR N IR D A R I DR N

; : ; : ; N (— : ; : ; ;

LR T e S L S T

| \ h ' H | h h |

TEND* L L [ L [
Bus release Block transfer Bus release Last block transfer Bus release

Note: * TEND output cannot be used with this LSI.

Figure7.19 Example of Full Address Mode (Block Transfer Mode) Transfer

A one-block transfer is performed for one transfer request, and after the transfer the busis
released. While the bus is released, one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle of each block (the cycle in which the transfer counter reaches 0), a one-
state DMA dead cycleisinserted after the DMA write cycle.

One block istransmitted without interruption. NM1 generation does not affect block transfer
operation.

Note: * TEND output cannot be used with thisLSl.
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DREQ Signal Leve Activation Timing (Normal Mode): Set the DTA bit for the channel for which the
DREQ signal is selected to 1.

Figure 7.20 shows an example of DREQ level activated norma mode transfer.

B | DMA DMA Bus DMA DMA Bus
us release i i
‘ : read : write : rel easg read ‘ write ‘ release
6 FL{"IJ_L,J_LI_I_I_I_I_IJ_LJ_L,J_I_I_IJ_I_I_I_I_I_
i ! et ! i Nt )L : ! .
| j Ay j j H ALY j L | |
DREQ _\ : / ! ‘\‘\ ! ! / \ ! /:‘v ! $ ! ! / |
Address bus 3 x 'Sl'roz}_‘r}gger ‘x destmanon x ) x ;; K 'Sl'gzﬂ}?eer x yg‘srgisnfg{ion x
3 l ‘ l L ‘ l
DMA control _Idle 1 XReadx Wiite 1 f ldle | ! Readx Write || Idle
| j j | «

‘ ! ! |
I ! .
Channel [Reques 'Request clear period /Requesg ) . Request clear period

Minimum of 2 cycles !

! Minimum of 2 cxclgs !
no@ [3]

4 B (e [7]

} }

Acceptance resumes Acceptance resumes

Acceptance after transfer enabling; the DREQ signal low level is sampled on the rising
edge of f, and the request is held.

The request is cleared at the next bus break, and activation is started in the DMAC.
Start of DMA cycle.

Acceptance is resumed after the write cycle is completed.

(As in [1], the DREQ signal low level is sampled on the rising edge of f, and the request
is held.)

[1]

[2][8]

[31[6]
[41[7]

Figure7.20 Example of DREQ Level Activated Normal Mode Transfer

DREQ signal sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ signal low level is sampled while acceptance by means of the DREQ signal is
possible, the request is held in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared. Acceptance resumes after the end of the write cycle, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.

H8S/2215 Group

Note: The DREQ signal of this chip isan interna signal of chip, so it is nhot output from the pin.
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7410 DMAC Multi-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1, and channel A > channel B. Table
7.9 summarizes the priority order for DMAC channels.

Table7.9 DMAC Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B

Channel 1A Channel 1 T
Channel 1B Low

If transfer requests are issued simultaneously for more than one channel, or if atransfer request for
another channel isissued during atransfer, when the busis released the DMAC selects the
highest-priority channel from among those issuing a request according to the priority order shown
in table 7.14. During burst transfer, or when one block is being transferred in block transfer, the
channel will not be changed until the end of the transfer. Figure 7.21 shows atransfer examplein
which transfer requests are issued simultaneously for channels OA, 0B, and 1.

DMA
DMA read DMA write DMA read DMA write DMA read DMA write read
et R — . ! ! It -t -t

Addressbus | \ X :{;X \ \ :):) Y -
SN s S
o ‘ — ™ ‘ ‘

L]

| | | ( : | ( ! | |

DMA control Idie{Read ) Write| | die | X%{{QEX wite. | ide | )(%ejad)( Wite. )| Read )
| | | [ | | (e | |

Channel 0A (TRequ‘est clear 1 : ! ; : 0

LWR

)
| V 1 |
Request 3 Selection ;\Reﬂu:est clear \/

\\h-

Channel 08 . hold h (@ \/ 1 ] |
. . — ] R e t clear | |
Channel 1 ! Eg‘lg“eSt B ! Eglguest . Selection \ equest clea 1 1
Bus Channel 0A Bus Channel 0B Bus Channel 1 transfer
release transfer release transfer release
Figure7.21 Example of Multi-Channel Transfer
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7411 Relation between the DMAC, External Bus Requests, and the DTC

There can be no break between aDMA cycle read and a DMA cycle write. This means that a
refresh cycle, external busrelease cycle, or DTC cycleis not generated between the external read
and external writeinaDMA cycle.

In the case of successive read and write cycles, such asin burst transfer or block transfer, arefresh
or external bus released state may be inserted after awrite cycle. Since the DTC has alower
priority than the DMAC, the DTC does not operate until the DMAC releases the bus.

When DMA cycle reads or writes are accesses to on-chip memory or internal 1/0 registers, these
DMA cycles can be executed at the same time as refresh cycles or external bus release. However,
simultaneous operation may not be possible when awrite buffer is used.

7412 NMI Interruptsand DMAC

When an NMI interrupt is requested, burst mode transfer in full address modeis interrupted. An
NMI interrupt does not affect the operation of the DMAC in other modes.

In full address mode, transfer is enabled for a channel when both the DTE bit and the DTME bit
are set to 1. With burst mode setting, the DTME bit is cleared when an NMI interrupt is requested.

If the DTME bit is cleared during burst mode transfer, the DMAC discontinues transfer on
completion of the 1-byte or 1-word transfer in progress, then releases the bus, which passes to the
CPU.

The channel on which transfer was interrupted can be restarted by setting the DTME bit to 1 again.
Figure 7.22 shows the procedure for continuing transfer when it has been interrupted by an NMI
interrupt on a channel designated for burst mode transfer.
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Resumption of [1] Check that DTE =1 and
transfer on interrupted DTME = 0 in DMABCRL.

channel

[2] Write 1 to the DTME bit.

Set DTME bit to 1 [2]

Y

< Transfercontinues> < Transfer ends )

Figure7.22 Example of Procedurefor Continuing Transfer on Channel Interrupted by
NMI Interrupt

7.4.13 Forced Termination of DMAC Operation

If the DTE bit for the channel currently operating is cleared to 0, the DMAC stops on completion
of the 1-byte or 1-word transfer in progress. DMAC operation resumes when the DTE bit is set to
1 again. In full address mode, the same appliesto the DTME bit. Figure 7.23 shows the procedure
for forcibly terminating DMAC operation by software.

If you want to prevent interrupt generation after
of DMAC o .
forced termination of DMAC operation, clear the
DTIE bit to 0 at the same time.

L [1]1 Clear the DTE bitin DMABCRL to 0.
< Forced termination >

Clear DTE bitto 0 (1]

< Forced termination >

Figure 7.23 Example of Procedurefor Forcibly Terminating DMAC Operation
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7.4.14 Clearing Full Address Mode

Figure 7.24 shows the procedure for releasing and initializing a channel designated for full address
mode. After full address mode has been cleared, the channel can be set to another transfer mode
using the appropriate setting procedure.

Clearing full [1] Clear both the DTE bit and the DTME bit in
address mode DMABCRL to 0; or wait until the transfer ends
and the DTE bit is cleared to 0, then clear the
DTME bit to 0.
Also clear the corresponding DTIE bit to 0 at the
Stop the channel [1] same time.
[2] Clear all bits in DMACRA and DMACRB to 0.
[38] Clear the FAE bit in DMABCRH to 0.
Initialize DMACR [2]
Clear FAE bitto 0 [3]

Y

Initialization;
operation halted

Figure7.24 Example of Procedurefor Clearing Full Address Mode
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7.5 Interrupts

The sources of interrupts generated by the DMAC are transfer end and transfer break. Table 7.10
shows the interrupt sources and their priority order.

Table7.10 Interrupt Source Priority Order

Interrupt Source

Interrupt Interrupt
Name Short Address Mode Full Address Mode Priority Order
DENDOA Interrupt due to end of transfer  Interrupt due to end of transfer ~ High

on channel 0A on channel 0 ?
DENDOB Interrupt due to end of transfer  Interrupt due to break in transfer

on channel 0B on channel 0
DEND1A Interrupt due to end of transfer  Interrupt due to end of transfer

on channel 1A on channel 1
DEND1B Interrupt due to end of transfer  Interrupt due to break in transfer

on channel 1B on channel 1 Low

Enabling or disabling of each interrupt sourceis set by means of the DTIE bit for the
corresponding channel in DMABCR, and interrupts from each source are sent to the interrupt
controller independently. The relative priority of transfer end interrupts on each channel is decided
by the interrupt controller, as shown in table 7.10.

Figure 7.25 shows a block diagram of atransfer end/transfer break interrupt. An interrupt is
aways generated when the DTIE bit is set to 1 while DTE bit is cleared to 0.

DTE/
DTME
Transfer end/transfer
break interrupt
DTIE

Figure7.25 Block Diagram of Transfer End/Transfer Break Interrupt

In full address mode, atransfer break interrupt is generated when the DTME bit is cleared to O
while DTIEB bit is set to 1. In both short address mode and full address mode, DMABCR should
be set so asto prevent the occurrence of a combination that constitutes a condition for interrupt
generation during setting.
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7.6 Usage Notes

7.6.1 DMAC Register Accessduring Operation

Except for forced termination, the operating (including transfer waiting state) channel setting
should not be changed. The operating channel setting should only be changed when transfer is
disabled. Also, the DMAC register should not be written to in aDMA transfer.

DMAC register reads during operation (including the transfer waiting state) are described below.

1. DMAC control starts one cycle before the bus cycle, with output of the internal address.
Consequently, MAR is updated in the bus cycle before DMAC transfer.
Figure 7.26 shows an example of the update timing for DMAC registersin dual address
transfer mode.

DMA transfer cycle : : DMA last transfer cycle
. . DMA
i . . i dead :
» - DMA read - DMA write - - _ . DMA read > DMA WIite . :

¢ mmmm
DMA Internal Transfer X Transfer X Transfer : Tran: s'f er . X
address . - source. destlnaildn  source ! . destination . .
DMA control Idle ; X . Read X Write | X Idle ! o A Read X " Write! X . Dead: X . ldle
14s ; ; ; . ) ;
DMA register - < } . . TR {121 ) {13 )
operation : : A m (G A B

[1] Transfer source address register MAR operation (incremented/decremented/fixed)
Transfer counter ETCR operation (decremented)
Block size counter ETCR operation (decremented in block transfer mode)
[2] Transfer destination address register MAR operation (incremented/decremented/fixed)
[2'] Transfer destination address register MAR operation (incremented/decremented/fixed)
Block transfer counter ETCR operation (decremented, in last transfer cycle of
a block in block transfer mode)
[38] Transfer address register MAR restore operation (in block or repeat transfer mode)
Transfer counter ETCR restore (in repeat transfer mode)
Block size counter ETCR restore (in block transfer mode)

Note: The MAR operation is post-incrementing/decrementing of the DMA internal address value.

Figure7.26 DMAC Register Update Timing
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2. If aDMAC transfer cycle occursimmediately after aDMAC register read cycle, the DMAC
register isread as shown in figure 7.27.

CPU longword read o DMA transfer cycle

. MAR upper MAR lower . .
:4 wordread , wordread | DMAread , DMAwrite

: Lll_lﬁuul_ll_l'uuul_lﬁLIL

DMA internal : X Transfer Transfer

address . source destlnatlon

DMA control C idie : X " Read X iwme: {0 ide
DMA register : /T\ /T\

operation : _\ / _\ /

Note:  The lower word of MAR is the updated value after the operation in [1].

Figure 7.27 Contention between DMAC Register Update and CPU Read
7.6.2 Module Stop

When the MSTPA7 bitin MSTPCR is set to 1, the DMAC clock stops, and the module stop state
is entered. However, 1 cannot be written to the MSTPA7 bit if any of the DMAC channelsis
enabled. This setting should therefore be made when DMAC operation is stopped.

When the DMAC clock stops, DMAC register accesses can no longer be made. Since the
following DMAC register settings are valid even in the module stop state, they should be
invalidated, if necessary, before a module stop.

e Transfer end/suspend interrupt (DTE = 0 and DTIE = 1)

7.6.3 Medium-Speed M ode

When the DTA bit is O, internal interrupt signals specified as DMAC transfer sources are edge-
detected. In medium-speed mode, the DMAC operates on a medium-speed clock, while on-chip
peripheral modules operate on a high-speed clock.

Consequently, if the period in which the relevant interrupt sourceis cleared by the CPU, DTC, or
another DMAC channel, and the next interrupt is generated, is less than one state with respect to
the DMAC clock (bus master clock), edge detection may not be possible and the interrupt may be
ignored.
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764 Activation Sour ce Acceptance

At the start of activation source acceptance, alow level is detected in both DREQ signal falling
edge sensing and low level sensing. Similarly, in the case of an internal interrupt, the interrupt
request is detected. Therefore, arequest is accepted from an internal interrupt or DREQ pin low
level that occurs before execution of the DMABCRL write to enable transfer.

When the DMAC is activated, take any necessary stepsto prevent an internal interrupt or DREQ
signal low level remaining from the end of the previous transfer, etc.

7.6.5 Internal Interrupt after End of Transfer

When the DTE hit is cleared to 0 by the end of transfer or an abort, the selected internal interrupt
request will be sent to the CPU or DTC even if DTA isset to 1.

Also, if internal DMAC activation has aready been initiated when operation is aborted, the
transfer is executed but flag clearing is not performed for the selected internal interrupt even if
DTA issetto 1.

An internal interrupt request following the end of transfer or an abort should be handled by the
CPU as necessary.

7.6.6 Channel Re-Setting

To reactivate a number of channels when multiple channels are enabled, use exclusive handling of
transfer end interrupts, and perform DMABCR control bit operations exclusively. Note, in
particular, that in cases where multiple interrupts are generated between reading and writing of
DMABCR, and aDMABCR operation is performed during new interrupt handling, the DMABCR
write datain the original interrupt handling routine will be incorrect, and the write may invalidate
the results of the operations by the multiple interrupts. Ensure that overlapping DMABCR
operations are not performed by multiple interrupts, and that there is no separation between read
and write operations by the use of a bit-manipulation instruction. Also, when the DTE and DTME
bits are cleared by the DMAC or are written with 0, they must first be read while cleared to 0
before the CPU can write a 1 to them.
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Section 8 Data Transfer Controller (DTC)

ThisLSl includes adata transfer controller (DTC). The DTC can be activated by an interrupt or
software, to transfer data.

8.1 Features

e Transfer possible over any number of channels
— Transfer information is stored in memory
— One activation source can trigger a number of datatransfer (chain transfer)
e Threetransfer modes
— Normal, repeat, and block transfer modes available
e One activation source can trigger a number of data transfers (chain transfer)
o Direct specification of 16-Mbyte address space possible
e Activation by softwareis possible
e Transfer can be set in byte or word units
e A CPU interrupt can be requested for the interrupt that activated the DTC
e Module stop mode can be set

Figure 8.1 shows a block diagram of the DTC. The DTC' s register information is stored in the on-
chip RAM. When the DTC is used, the RAME bit in SY SCR must be set to 1. A 32-bit bus
connects the DTC to the on-chip RAM (1 kbyte), enabling 32-bit/1-state reading and writing of
the DTC register information.
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Internal address bus

‘ ’ On-chip

Interrupt controller DTC ‘ ’ RAM
Interrupt 5 E
request c
DTCERA| |5 & § i
S e TIE Y 2 el Tlele] K Y 2
_ /| |orcere 5 |/ S o << N_] 5 !
« || 5| Elzlg°|” g
k) o —|S|o g
S < &
=< ¥ |
38 s |
03 :
58 ’
CPU interrupt Internal data bus
request
Legend:
MRA, MRB: DTC mode registers A and B
CRA, CRB: DTC transfer count registers A and B
SAR: DTC source address register
DAR: DTC destination address register
DTCERA to DTCERF: DTC enable registers A to F
DTVECR: DTC vector register
Figure8.1 Block Diagram of DTC
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Section 8 Data Transfer Controller (DTC)

8.2 Register Descriptions

DTC hasthe following registers.

DTC mode register A (MRA)

DTC mode register B (MRB)

DTC source address register (SAR)
DTC destination address register (DAR)
DTC transfer count register A (CRA)
DTC transfer count register B (CRB)

These six registers cannot be directly accessed from the CPU. When activated, the DTC reads a set
of register information that is stored in an on-chip RAM to the corresponding DTC registers and
transfers data. After the datatransfer, it writes a set of updated register information back to the
RAM.

DTC enable registers (DTCERA to DTCERF)
DTC vector register (DTVECR)
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8.2.1 DTC Mode Register A (MRA)
MRA selects the DTC operating mode.

Bit Bit Name Initial Value R/W Description

7 SM1 Undefined — Source Address Mode 1 and O
6 SMO Undefined — These bits specify an SAR operation after a data transfer.
Ox: SAR is fixed

10: SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

11: SAR is decremented after a transfer
(by -1 when Sz = 0; by -2 when Sz = 1)

5 DM1 Undefined — Destination Address Mode 1 and O
4 DMO Undefined — These bits specify a DAR operation after a data transfer.
Ox: DAR is fixed

10: DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

11: DAR is decremented after a transfer
(by =1 when Sz = 0; by —2 when Sz = 1)

3 MD1 Undefined — DTC Mode
2 MDO Undefined — These bits specify the DTC transfer mode.
00: Normal mode
01: Repeat mode
10: Block transfer mode
11: Setting prohibited

1 DTS Undefined — DTC Transfer Mode Select

Specifies whether the source side or the destination side
is set to be a repeat area or block area, in repeat mode or
block transfer mode.

0: Destination side is repeat area or block area
1: Source side is repeat area or block area

0 Sz Undefined — DTC Data Transfer Size
Specifies the size of data to be transferred.
0: Byte-size transfer
1: Word-size transfer

Legend:
x: Don’'t care
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8.2.2 DTC Mode Register B (MRB)
MRB selects the DTC operating mode.

Bit Bit Name Initial Value R/W Description

7 CHNE Undefined — DTC Chain Transfer Enable

This bit specifies a chain transfer. For details, refer to
section 8.5.4, Chain Transfer.

In data transfer with CHNE set to 1, determination of the
end of the specified number of transfers, clearing of the
interrupt source flag, and clearing of DTCER, are not
performed.

0: DTC data transfer completed (waiting for start)

1: DTC chain transfer (reads new register information and
transfers data)

6 DISEL Undefined — DTC Interrupt Select
This bit specifies whether CPU interrupt is disabled or
enabled after a data transfer.

0: Interrupt request is issued to the CPU when the
specified data transfer is completed.

1: DTC issues interrupt request to the CPU in every
data transfer (DTC does not clear the interrupt
request flag that is a cause of the activation).

5t0 — Undefined — Reserved

0 These bits have no effect on DTC operation, and the write
value should always be 0.

8.2.3 DTC Source Address Register (SAR)

SAR isa24-hit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

8.24 DTC Destination Address Register (DAR)

DAR is a24-hit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.
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8.25 DTC Transfer Count Register A (CRA)

CRA isa 16-hit register that designates the number of times datais to be transferred by the DTC.
In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time datais transferred, and transfer ends when the count reaches H'0000.
In repeat mode or block transfer mode, the CRA is divided into two parts. the upper 8 bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). In block transfer mode, CRAH stores the block
size while CRAL functions as an 8-bit block size counter (1 to 256). CRAL is decremented by 1
every time datais transferred, and the contents of CRAH are sent when the count reaches H'00.
This operation is repeated.

8.2.6 DTC Transfer Count Register B (CRB)

CRB isa 16-bit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.

8.2.7 DTC Enable Registers (DTCERA to DTCERF)

DTCER which is comprised of seven registers, DTCERA to DTCERF, is aregister that specifies
DTC activation interrupt sources. The correspondence between interrupt sources and DTCE bitsis
shown in table 8.2. For DTCE bit setting, use bit manipulation instructions such as BSET and
BCLR for reading and writing. If al interrupts are masked, multiple activation sources can be set
at one time (only at the initial setting) by writing data after executing adummy read on the
relevant register.

Bit Bit Name Initial Value R/W Description

7 DTCEn7 O R/W DTC Activation Enable 7 to O

6 DTCEn6 O R/W  0: Prohibits DTC startup by an interrupt.

5 DTCEn5 O R/W  1: Selects a corresponding interrupt source as the DTC

4 DTCEn4 O R/W startup source.

3 DTCEn3 O R/W [Clearing conditions]

2 DTCEn2 0 R/W e When the DISEL bitis 1 and the data transfer has

1 DTCEnl 0 RIW ended

0 DTCEnNO O R/W ¢ When the specified number of transfers have ended
[Holding condition]
e These bits are not cleared when the DISEL bit is 0 and

the specified number of transfers have not ended
Page 210 of 846 REJ09B0140-0900 Rev. 9.00

RENESAS Sep 16, 2010



H8S/2215 Group

Section 8 Data Transfer Controller (DTC)

828  DTC Vector Register (DTVECR)

DTVECR enables or disables DTC activation by software, and sets a vector number for the

software activation interrupt.

Bit Bit Name Initial Value

R/W

Description

7 SWDTE

0

R/W*

DTC Software Activation Enable

This bit specifies whether DTC software startup is enabled

or prohibited.

0: Prohibits DTC software startup.

1: Enables DTC software startup.

[Clearing conditions]

¢ When the DISEL bit is 0 and the specified number of
transfers have not ended

e When 0 s written to the DISEL bit after a software-
activated data transfer end interrupt (SWDTEND)
request has been sent to the CPU

[Holding conditions]
e The DISEL bit is set to 1 and data transfer has
finished.

e The specified number of data transfers have
completed.

e A software-triggered data transfer is in progress.

DTVEC6
DTVECS5
DTVEC4
DTVEC3
DTVEC2
DTVEC1
DTVECO

O P N W b OO

O O O ©O O o o

R/W
R/W
R/W
R/W
R/W
R/W
R/W

DTC Software Activation Vector 6 to 0

These bits specify a vector number for DTC software
activation.

The vector address is expressed as H'0400 + (vector
number x 2). For example, when DTVECS6 to

DTVECO = H'10, the vector address is H'0420. When the
bit SWDTE is 0, these bits can be written.

Note: * Only 1 may be written to the SWDTE bit.
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8.3 Activation Sources

The DTC operates when activated by an interrupt or by awrite to DTVECR by software. DTCER
isused to select the activation interrupt source. An interrupt request can be directed to the CPU or
DTC, as designated by the corresponding DTCER bit. At the end of a data transfer (or the last
consecutive transfer in the case of chain transfer), the activation source or corresponding DTCER
bit is cleared. Table 8.1 shows an activation source and DTCER clearance. The activation source
flag, in the case of RXI0, for example, isthe RDRF flag of SCI channel 0.

When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the same
time, the DTC operatesin accordance with the default priorities. Figure 8.2 shows a block diagram
of activation source control. For details see section 5, Interrupt Controller.

Table8.1 Activation Source and DTCER Clearance

When the DISEL Bit Is 0 and the When the DISEL Bit Is 1, or when

Specified Number of Transfer the Specified Number of Transfers
Activation Source Have Not Ended Have Ended
Software activation The SWDTE bit is cleared to 0 The SWDTE bit remains set to 1
An interrupt is issued to the CPU
Interrupt activation The corresponding DTCER bit The corresponding DTCER bit is
remains setto 1 clearedto O

The activation source flag is cleared The activation source flag remains
to0 setto 1

A request is issued to the CPU for
the activation source interrupt
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Source flag cleared

Clear
controller

Clear

DTCER
Select Clear request
/ )
On-chip
supporting - - DbTC
module 3
k)
X - c
IRQ interrupt Interrupt -%
request % -
n
DTVECR *1 Interrupt controller CPU
‘Imerrupt mask

Figure8.2 Block Diagram of DTC Activation Source Control
8.4 L ocation of Register Information and DTC Vector Table

L ocate the register information in the on-chip RAM (addresses: H'FFEBCO to H'FFEFBF).
Register information should be located at the address that is multiple of four within the range.
Locating the register information in address space is shown in figure 8.3. Locate the MRA, SAR,
MRB, DAR, CRA, and CRB registers, in that order, from the start address of the register
information. In the case of chain transfer, register information should be located in consecutive
areas and the register information start address should be located at the corresponding vector
address to the interrupt source. The DTC reads the start address of the register information from
the vector address set for each activation source, and then reads the register information from that
start address.

When the DTC is activated by software, the vector addressis obtained from: H'0400 +
(DTVECR][6:0] x 2). For example, if DTVECR is H'10, the vector addressis H'0420. The
configuration of the vector address is the same in both normal and advanced modes, a 2-byte unit
being used in both cases. These two bytes specify the lower bits of the register information start
address.
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Register
information —®

start address

Chain
transfer

Lower address

chain transfer

0 1 2
1 1
MRA SAR
MRB DAR
CRA CRB
MRA SAR
MRB DAR
CRA CFI{B
= 4 bytes ~

/\/

Register information

Register information
for 2nd transfer in

Figure8.3 Correspondence between DTC Vector Address and Register Information

DTC vector
address

\_/_\

\/_\

_/

Register information
start address

\_/_\

Register information

Chain transfer

\/_\

Figure8.4 Correspondence between DTC Vector Address and Register I nformation
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Table8.2 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCE

Origin of Vector DTC Vector .
Interrupt Source Interrupt Source Number Address DTCE Priority
Software Write to DTVECR DTVECR H'0400 + High
DTVECR[6:0] x2 A
External pins IRQO 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEAS
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEA3
IRQ5 21 H'042A DTCEA2
IRQ7 23 H'042E DTCEAO
A/D ADI 28 H'0438 DTCEB6
TPU channel 0 TGIAO 32 H'0440 DTCEBS
TGIBO 33 H'0442 DTCEB4
TGICO 34 H'0444 DTCEB3
TGIDO 35 H'0446 DTCEB2
TPU channel 1 TGI1A 40 H'0450 DTCEB1
TGI1B 41 H'0452 DTCEBO
TPU channel 2 TGI2A 44 H'0458 DTCEC7
TGI2B 45 H'045A DTCEC6
8-bit timer CMIAO 64 H'0480 DTCED3
channel 0 CMIBO 65 H0482 DTCED2
8-bit timer CMIAL 68 H'0488 DTCED1
channel 1 CMIBL 69 H048A DTCEDO
DMAC DENDOA 72 H'0490 DTCEE7
DENDOB 73 H'0492 DTCEE6
DEND1A 74 H'0494 DTCEES
DEND1A 75 H'0496 DTCEE4
SIC channel 0 RXI0 81 H'04A2 DTCEE3
TXIO 82 H'04A4 DTCEE2
SIC channel 1 RXI1 85 H'04AA DTCEE1
TXI1 86 H'04AC DTCEEO
SIC channel 2 RXI2 89 H'04B2 DTCEF7
TXI2 90 H'04B4 DTCEF6 Low
Note: * DTCE bits with no corresponding interrupt are reserved, and the write value should
always be 0.
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85 Operation

Register information is stored in an on-chip RAM. When activated, the DTC reads register
information in an on-chip RAM and transfers data. After the data transfer, it writes updated
register information back to the memory. Pre-storage of register information in the memory makes
it possible to transfer data over any required number of channels. The transfer mode can be
specified as normal, repeat, and block transfer mode. Setting the CHNE bit to 1 makes it possible
to perform anumber of transfers with a single activation source (chain transfer).

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed depending on its register information.

Figure 8.5 shows a flowchart of DTC operation.

| Read DTC vector

Next transfer

| Register information read |

1

| Data transfer |

1

| Write register information |

Transfer
counter =0
or DISEL =1

| Clear an active flag | | Clear DTCER |

%

End Interrupt exlceptlon
handling

Note: *1 For details on the processing that takes place, refer to the chapter on the peripheral module in question.
*2 When IRQx is the DTC activation source and the IRQ sense control registers (ISCRH and ISCRL) are
set to level sensing, the activation source flag is not cleared while IRQx is low level and DTC transfers
are performed repeatedly.

Figure8.5 Flowchart of DTC Operation
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Table 8.3 summarizes DTC functions.

Table8.3 Overview of DTC Functions

Address Register

Transfer Mode Activation Source Source Destination
Normal mode e IRQ 24 bits 24 bits
. e TGl for TPU

One byte or one word data is transferred
in response to a single transfer request.
The memory address is incremented by
lor?2.

The number of times of data transfer is
designated as 1 to 65,536.

Repeat mode

One byte or one word data is transferred
in response to a single transfer request.

The memory address is incremented by

lor2.

When the specified number of transfers

(1 to 256) have ended, the initial state is
restored, and transfer is repeated.

Block transfer mode

The data of the specified block is
transferred in response to a single
transfer request.

The block size is designated as 1 to 256
bytes or words.

The number of times of data transfer is
designated as 1 to 65,536.

Either the transfer source or destination
is designated as a block area.

e CMI for 8-bit timer

e TXl and RXI for
SCI

e ADI for AID
converter

e DEND for DMAC
e Software
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85.1 Normal Mode
In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt can be requested.

Table 8.4 shows the register information in normal mode, and figure 8.6 shows the memory
mapping in normal mode.

Table8.4 Register Information in Normal Mode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address DAR Designates destination address
register
DTC transfer count register A CRA Designates transfer count
DTC transfer count register B CRB Not used

N— N N— N

SAR —» — ~— DAR

Transfer

N~ — N S~

Figure8.6 Memory Mappingin Normal Mode

Page 218 of 846 REJ09B0140-0900 Rev. 9.00

RENESAS Sep 16, 2010




H8S/2215 Group Section 8 Data Transfer Controller (DTC)

8.5.2 Repeat Mode

In repeat mode, one operation transfers one byte or one word of data. From 1 to 256 transfers can
be specified. Once the specified number of transfers have ended, the initial state of the transfer
counter and the address register specified as the repeat areais restored, and transfer is repeated. In
repeat mode the transfer counter value does not reach H'00, and therefore CPU interrupts cannot
be requested when DISEL = 0.

Table 8.5 shows the register information in repeat mode, and figure 8.7 shows the memory
mapping in repeat mode.

Table85 Register Information in Repeat Mode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address DAR Designates destination address
register
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Designates transfer count
DTC transfer count register B CRB Not used
N N

SAR DAR
o —> Repeatarea <[> -~ o

DAR Transfer SAR

N~ — N~/

Figure8.7 Memory Mappingin Repeat Mode
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8.5.3 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is designated as ablock area. The block sizeis 1 to 256. When the transfer of
one block ends, the initial state of the block size counter and the address register specified as the
block areaisrestored. The other address register is then incremented, decremented, or left fixed.
From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.

Table 8.6 shows the register information in block transfer mode, and figure 8.8 shows the memory
mapping in block transfer mode.

Table8.6 Register Information in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Designates source address
DTC destination address DAR Designates destination address
register

DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Designates block size count
DTC transfer count register B CRB Transfer count

—

H First block

1 Ne———— N
SAR B : 7 i 7 DAR
or —w . <:> Block area ~— or
DAR B 7 Transfer B 7 SAR

B 7 N~ —

Nth block
A
m

Figure8.8 Memory Mappingin Block Transfer Mode
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8.5.4 Chain Transfer

Setting the CHNE hit to 1 enables a number of data transfers to be performed consecutively in
response to asingle transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set respectively.

Figure 8.9 shows the memory map for chain transfer. When activated, the DTC reads the register
information start address stored at the vector address, and then reads the first register information
at that start address. After the data transfer, the CHNE bit will be tested. When it has been set to 1,
DTC reads next register information located in a consecutive area and performs the data transfer.
These sequences are repeated until the CHNE bit is cleared to O.

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.

/—\_/
Source
/'N_/ /'x_/
Destination
Register information
CHNE =1
DTC vector Register information
address » start address I; . . .
Register information
CHNE =0
7 Source
L~ L ~—_
L/ Destination
L ~——__
Figure8.9 Chain Transfer Memory Map
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855 Interrupts

An interrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers, or adata transfer for which the DISEL bit was set to 1. In the case of interrupt activation,
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software activated data transfer end interrupt (SWDTEND)
is generated. When the DISEL hit is 1 and one data transfer has ended, or the specified number of
transfers have ended, after data transfer ends, the SWDTE bit isheld at 1 and an SWDTEND
interrupt is generated. The interrupt handling routine should clear the SWDTE bit to O.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.

8.5.6 Operation Timing

Figures 8.10 to 8.12 show the DTC operation timing.

¢ JUUuUUrry Uy
DTC activation \
request /

DTC

request / \

Data transfer
Vector read -
s O OO0
g~ g~
Transfer Transfer
information read information write

Figure8.10 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)
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v JUuidridridridrUyuye

DTC activation
request /

\

DTC
request / \
Vector read Data transfer

Address D ...@@@...

Transfer Transfer
information read information write
Figure8.11 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)
¢

DTC activation / \

request

DTC _/ |
request Data transfer Data transfer

Vector read - -
Address
Transfer Transfer Transfer Transfer
information read information  information information write
write read
Figure8.12 DTC Operation Timing (Example of Chain Transfer)
8.5.7 Number of DTC Execution States

Table 8.7 lists execution status for asingle DTC datatransfer, and table 8.8 shows the number of
states required for each execution status.
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Table8.7 DTC Execution Status

Register
information Internal
Vector Read Read/Write Data read Data Write Operations
Mode I J M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

Legend:
N: Block size (initial setting of CRAH and CRAL)

Table8.8 Number of States Required for Each Execution Status

Object to be Accessed Cohnip Cohnip Oge-zgizit%rl/so External Devices
RAM | ROM
Bus width 32 16 16 8 16
Access states 1 1 2 3 2 3
Execution  |Vector read S, — 1 — — 6+2m| 2 [3+m
status Register information 1 — — — — — — —
read/write S,
Byte data read S, 1 1 2 2 2 |3+m| 2 |[3+m
Word data read S, 1 1 4 2 4 |6+2m| 2 |3+m
Byte data write S, 1 1 2 2 2 |[3+m| 2 |(3+m
Word data write S, 1 1 4 2 4 |6+2m| 2 |3+m
Internal operation S,
Legend:

m: Number of wait states in an external device access

The number of execution states is calculated from the formula below. Note that © means the sum
of al transfers activated by one activation event (the number in which the CHNE bit isset to 1,

plus 1).

Number of execution states=1-S/+X (J- Ss+K -Sk+L -SL)+M - Sw

For example, when the DTC vector addresstable islocated in on-chip ROM, normal mode is set,
and datais transferred from the on-chip ROM to an internal 1/0 register, the time required for the
DTC operation is 13 states. The time from activation to the end of the datawrite is 10 states.
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8.6 Proceduresfor Using DTC

8.6.1 Activation by Interrupt

The procedure for using the DTC with interrupt activation is as follows:

A wDNPE

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
Set the start address of the register information in the DTC vector address.
Set the corresponding bit in DTCER to 1.

Set the enable bits for the interrupt sources to be used as the activation sourcesto 1. The DTC
is activated when an interrupt used as an activation source is generated.

After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC isto continue
transferring data, set the DTCE bit to 1.

8.6.2 Activation by Software

The procedure for using the DTC with software activation is as follows:

1. Setthe MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.

2. Set the start address of the register information in the DTC vector address.

3. Check that the SWDTE bit isO.

4. Write 1 to SWDTE bit and the vector number to DTVECR.

5. Check the vector number written to DTVECR.

6. After the end of one datatransfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE bit is cleared to 0. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE hitisheld at 1 and a CPU interrupt is requested.
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8.7 Examples of Useof the DTC
8.7.1 Normal Mode
An example is shown in which the DTC is used to receive 128 bytes of data viathe SCI.

1. Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS hit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR addressin SAR, the start address of the RAM areawhere the data will be received in
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

2. Set the start address of the register information at the DTC vector address.

3. Set the corresponding bit in DTCER to 1.

4. Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the reception
complete (RXI) interrupt. Since the generation of areceive error during the SCI reception
operation will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

5. Each time reception of one byte of data ends on the SCI, the RDRF flag in SSRisset to 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from RDR
to RAM by the DTC. DAR isincremented and CRA is decremented. The RDRF flag is
automatically cleared to O.

6. When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag isheld at 1, the
DTCE bit iscleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.

8.7.2 Softwar e Activation

An example is shown in which the DTC is used to transfer ablock of 128 bytes of data by means
of software activation. The transfer source addressis H'1000 and the destination address is
H'2000. The vector number is H'60, so the vector address is H'04CO0.

1. Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 =1, DMO = 0), block transfer mode (MD1 =1, MDO = 0), and byte size (Sz =
0). The DTS hit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the destination address (H'2000) in DAR,
and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

2. Set the start address of the register information at the DTC vector address (H'04CO0).

3. Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated
by software.
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4. Write 1 to the SWDTE hit and the vector number (H'60) to DTVECR. The write datais H'EO.

5. Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. Thisis presumably because an interrupt occurred between steps
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.

6. If thewrite was successful, the DTC is activated and a block of 128 bytes of dataistransferred.

7. After thetransfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE hit to 0 and perform other wrap-up processing.

8.8 Usage Notes

88.1 Module Stop

DTC operation can be prohibited or enabled using the module stop control register. Accessto the
register is prohibited in the module stop mode. However, the module stop mode cannot be
specified while the DTC is operating. For details, see section 22, Power-Down Modes.

8.8.2 On-Chip RAM

The MRA, MRB, SAR, DAR, CRA, and CRB registersare al located in on-chip RAM. When the
DTC isused, the RAME bit in SY SCR must not be cleared to 0.

8.8.3 DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If al interrupts
are masked, multiple activation sources can be set at one time (only at the initial setting) by
writing data after executing adummy read on the relevant register.

8.8.4 DMAC Transfer End Interrupt

When DTC transfer is activated by aDMAC transfer end interrupt, the DMAC' s DTE bit is not
subject to DTC control, regardless of the transfer counter and DISEL bit, and the write data has
priority. Consequently, an interrupt request is not sent to the CPU when the DTC transfer counter
reaches 0.
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Section 9 1/0O Ports

Table 9.1 summarizes the port functions. The pins of each port also have other functions such as
input/output or external interrupt input pins of on-chip peripheral modules. Each 1/0 port includes
adatadirection register (DDR) that controls input/output, a data register (DR) that stores output
data, and a port register (PORT) used to read the pin states. The input-only ports do not have a DR
and aDDR.

Ports A to E have a built-in pull-up MOS function and ainput pull-up MOS control register (PCR)
to control the on/off state of input pull-up MOS.

Ports 3 and A include an open-drain control register (ODR) that controls the on/off state of the
output buffer PMOS.

All the I/O ports can drive asingle TTL load and 30 pF capacitive load.

Table9.1 Port Functions (1)
Input/Output

Port Description Modes 4 and 5 Mode 6 Mode 7* Type

Port1  General I/O port P17/TIOCB2/TCLKD/OE
also functioning - “p1510CcA2IRQT

P17/TIOCB2/TCLKD Schmitt
triggered input

as TPU /O pins, (IRQT, TRQO)
interrupt input P15/TIOCB1/TCLKC/FSEO P15/TIOCB1/TCLKC
pins, and external P14/TIOCA1/IRQO
:738 ransceiver " p13/T10CDO/TCLKBIA23/VPO P13/TIOCDO/TCLKB
P12/TIOCCO/TCLKA/A22/RCV P12/TIOCCO/TCLKA
P11/TIOCBO/A21/VP P11/TIOCBO
P10/TIOCA0/A20/VM P10/TIOCAO
Port 3 General I/O port P36 Open-drain
also functioning  P35/SCK1/IRQ5 output
as SCI_0, SCI_1 p34/RxD1 Schmitt
pins and interrupt P33/TxD1 triggered input
input pins P32/SCKORQA (IRQ5, IRQ4)
P31/RxD0
P30/TxDO0
Port 4 General I/O port  P43/AN3
also functioning  p42/AN2
as A/ID _converter P41/AN1
analog inputs
P40/ANO

Note: * The USB may be unusable in mode 7 in some cases. See section 3, MCU Operating
Modes, for details.
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Table9.1 Port Functions(2)
Input/Output

Port Description Modes 4 and 5 Mode 6 Mode 7** Type
Port 7 General I/O port P74/MRES P74/MRES

also functioning  p73/TMO1/CS7 P73/TMO1

as bus control - p75/1100/CS6"? P72/TMOO

output pins, —

P71/CS5 P71

manual reset
input pin, and 8-
bit timer 1/10

P70/TMRI01/TMCI01/CS4

P70/TMRI01/TMCIO1

Port 9 General I/O port P97/AN15/DA1
also functioning  P96/AN14/DA0
as D/A converter
analog outputs
and A/D
converter analog
input
Port A General I/O port PA3/A19/SCK2/SUSPND PA3/SCK2 Built-in input
also functioning  pA2/A18/RxD2 PA2/RxD2 pull-up MOS
asSCL2V0  paya17/TxD2 PAL/TXD2 Open-drain
pins, address output
output pins, and PAO/A16 PAO
external USB
transceiver output
Port B General I/O port  PB7/A15 PB7 Built-in input
also functioning  pBe/A14 PB6 pull-up MOS
as address output PB5/A13 PB5
pIns PB4/A12 PB4
PB3/A11 PB3
PB2/A10 PB2
PB1/A9 PB1
PBO/A8 PBO
Port C General I/O port A7 When DDR = 0: PC7 PC7 Built-in input
also functioning When DDR = 1: A7*? pull-up MOS
as address output
pins A6 When DDR = 0: PC6 PC6
When DDR = 1: A6™
A5 When DDR = 0: PC5 PC5

When DDR = 1: A5

Notes: 1. The USB may be unusable in mode 7 in some cases. See section 3, MCU Operating

Modes, for detalils.

2. CS6 and A7 to A0 should be designated as an output when on-chip USB is used in

mode 6.
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Table9.1 Port Functions (3)

Input/Output

Port Description Modes 4 and 5 Mode 6 Mode 7** Type

Port C General I/O port A4 When DDR = 0: PC4 PC4 Built-in input
also functioning When DDR = 1: A4*? pull-up MOS
Sisn:ddress outpUt T3 When DDR = 0: PC3  PC3

When DDR = 1: A3*?

A2 When DDR =0: PC2 PC2
When DDR = 1: A2*?

Al When DDR =0: PC1 PC1
When DDR = 1: A1**

A0 When DDR =0: PCO PCO
When DDR = 1: A0**

Port D General I/O port D15 PD7 Built-in input
also functioning p14 PD6 pull-up MOS
as data I/O pins D13 PD5

D12 PD4
D11 PD3
D10 PD2
D9 PD1
D8 PDO

Port E General I/O port  8-bit bus mode: PE7 PE7 Built-in input
also functioning  16-bit bus mode: D7 pull-up MOS
zisnzddress OUPUg it bus mode: PE6 PE6

16-bit bus mode: D6
8-bit bus mode: PE5 PES5
16-bit bus mode: D5
8-bit bus mode: PE4 PE4
16-bit bus mode: D5
8-bit bus mode: PE3 PE3
16-bit bus mode: D3
8-bit bus mode: PE2 PE2

16-bit bus mode: D2

Notes: 1. The USB may be unusable in mode 7 in some cases. See section 3, MCU Operating
Modes, for detalils.

2. CS6 and A7 to A0 should be designated as an output when on-chip USB is used in

mode 6.
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Table9.1 Port Functions (4)
Input/Output
Port Description Modes 4 and 5 Mode 6 Mode 7" Type
Port E General I/O port  8-bit bus mode: PE1 PE1 Built-in input
also functioning  16-bit bus mode: D1 pull-up MOS
dd tput -
Sisn: ress outpu 8-bit bus mode: PEO PEO
16-bit bus mode: DO
Port F General I/O port  When DDR = 0: PF7 When DDR =0 Schmitt
also functioning  \When DDR = 1 (after (after reset): PF7 triggered input
as interrupt input  reset): ¢ WhenDDR=1:¢  (IRQ3, IRQ2)
pins and bus —
control 1/O pins ﬁ PF6
RD PF5
HWR PF4
8-bit bus mode: PF3/ADTRG/IRQ3
PF3/ADTRG/IRQS3
16-bit bus mode: LWR
When WAITE = 0 PF2
(after reset) : PF2
When WAITE = 1:
WAIT
When BRLE =0 PF1
(after reset): PF1
When BRLE = 1:
BACK
When BRLE =0 PFO/RQ2
(after reset): PFO/IRQ2
When BRLE = 1:
BREQ/IRQ2
Port G General I/O port  When DDR = 0 (after reset in mode 6): PG4 Schmitt
also functioning PG4 triggered input
as bus control  \When DDR = 1 (after reset in modes 4, 5): (IRQ7)
input pins and Cso
interrupt Input
pins When DDR = 0: PG3 PG3
When DDR = 1: CS1
When DDR = 0: PG2 PG2
When DDR = 1: CS2
When DDR = 0: PG1/IRQ7 PG1/IRQ7
When DDR = 1: CS3/IRQ7
PGO
Note: * The USB may be unusable in mode 7 in some cases. See section 3, MCU Operating

Modes, for detalils.
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9.1 Port 1
Port 1 isan 8-bit I/O port. The port 1 has the following registers.

e Port 1 data direction register (PLDDR)
e Port 1 dataregister (P1LDR)
e Port 1register (PORT1)

91.1 Port 1 Data Direction Register (P1LDDR)

P1DDR isan 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1. Since thisisawrite-only register, bit manipulation instructions should not be used
to writeto it. For details, see section 2.9.4, Accessing Registers Containing Write-Only Bits.

Bit Bit Name Initial Value R/W Description

7 P17DDR O w Modes 4 to 6
If address output is enabled by the setting of bits AE3 to

6 P16DDR 0 w AEOQ in PFCR, pins P13 to P10 are address outputs. Pins

5 P15DDR O w P17 to P14, and pins P13 to P10 when address output is

4 P14DDR 0 W disabled, are output ports wht_an the corresponding
P1DDR bits are set to 1, and input ports when the

3 P13DDR 0 W corresponding P1DDR hits are cleared to 0.

2 P12DDR O w Mode 7

1 P11DDR O W S_ettlng a P1DDR hit tg 1 mak_es the cqrrespondlng port 1
pin an output port, while clearing the bit to 0 makes the

0 P10DDR O w pin an input port.
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9.1.2 Port 1 Data Register (P1DR)

P1DR stores output data for the port 1 pins.

Bit Bit Name Initial Value R/W Description

7 P17DR 0 R/W  An output data for a pin is stored when the pin function is
6 P16DR 0 R/W specified to a general purpose output port.

5 P15DR O R/W

4 P14DR O R/W

3 P13DR O R/W

2 P12DR O R/W

1 P11DR O R/W

0 P1ODR O R/W

9.1.3  Port 1 Register (PORTY)

PORT1 shows the pin states.

@

Bit Name Initial Value R/W Description

P17 —
P16 —
P15 —

R If a port 1 read is performed while P1DDR bits are set to
R
R
P14 — R
R
R
R

1, the P1DR value is read. If a port 1 read is performed
while P1DDR bits are cleared to 0, the pin states are read.

P13 —
P12 —
P11 =

P10 — R

O R N W b~ OO N

Note: * Determined by the states of pins P17 to P10.
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9.14 Pin Functions

Port 1 pins also function as TPU 1/O pins, external interrupt input pins (IRQ1, IRQO), external
USB transceiver input, and address bus (A23 to A20) output pins. The correspondence between
the register specification and the pin functionsis shown below.

Table9.2 P17 Pin Function

FADSEL in UCTLR*® 0 1
TPU Channel 2 Setting** Output Input or Initial Value —
P17DDR — 0 1 —
Pin function TIOCB2 output P17 input P17 output OE output™®
TIOCB2 input
TCLKD input
Table9.3 P16 Pin Function
TPU Channel 2 Setting** Output Input or Initial Value
P16DDR — 0 1
Pin function TIOCAZ2 output P16 input P16 output
TIOCAZ2 input
IRQT input*’
Notes: 1. For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse
Unit (TPU).

2. When used as an external interrupt pin, do not use for another functions.

3. The USB may be unusable in mode 7 in some cases. See section 3, MCU Operating
Modes, for detalils.
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Table9.4 P15 Pin Function
FADSEL in UCTLR*® 0 1
TPU Channel 1 Setting** Output Input or Initial Value —
P15DDR — 0 1 —
Pin function TIOCB1 output P15 input P15 output FSEO output™®
TIOCB1 input
TCLKC input
Table9.5 P14 Pin Function
TPU Channel 1 Setting** Output Input or Initial Value
P14DDR — 0 1
Pin function TIOCA1 output P14 input P14 output
TIOCAL input
TRQO input™?
Notes: 1. For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse

Unit (TPU).

2. When used as an external interrupt pin, do not use for another functions.
3. On-chip USB cannot be used in mode 7.

Table9.6 P13 Pin Function
AE3 to AEO*! Other than B'1111 B'1111
FADSEL in UCTLR*® 0 1 —
TPU Channel 0 Setting** Output Input or Initial Value — —
P13DDR — 0 1 — —
Pin function TIOCDO P13 input P13 output VPO A23 output

output TIOCDO input output™®

TCLKB input

Notes: 1. Valid in modes 4 to 6.

2. For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse

Unit (TPU).

3. The USB may be unusable in mode 7 in some cases. See section 3, MCU Operating
Modes, for details.
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Table9.7 P12 Pin Function
AE3 to AEO™! Other than B'1111 B'1111
FADSEL in UCTLR*® 0 1 —
TPU Channel 0 Setting™? Output Input or Initial Value — —
P12DDR — 0 1 — —
Pin function TIOCCO P12 input P12 output |RCV input™®| A22 output
output TIOCCO input
TCLKA input
Table9.8 P11 Pin Function
AE3 to AEO™! Other than (B'1110 to B'1111) B'1110 to
B'1111
FADSEL in UCTLR*® 0 1 —
TPU Channel 0 Setting™” Output Input or Initial Value — —
P11DDR — 0 1 — —
Pin function TIOCBO P11 input P11 output | VP input®® | A21 output
output TIOCBO input
Table9.9 P10 Pin Function
AE3 to AEO™! Other than (B'1101 to B'1111) B'1101 to
B'1111
FADSEL in UCTLR*® 0 1 —
TPU Channel 0 Setting™? Output Input or Initial Value — —
P10DDR — 0 1 — —
Pin function TIOCAO P10 input P10 output VM input | A20 output
output TIOCAQ input
Notes: 1. Valid in modes 4 to 6.

2. For details on the TPU channel specification, refer to section 10, 16-Bit Timer Pulse

Unit (TPU).

3. The USB may be unusable in mode 7 in some cases. See section 3, MCU Operating

Modes, for details.
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9.2 Port 3
Port 3isa 7-bit 1/0 port also functioning as SCI 1/O and external interrupt input (IRQ4, IRQS5).

e Port 3 data direction register (P3ADDR)

o Port 3 dataregister (P3DR)

o Port 3register (PORT3)

e Port 3 open-drain control register (P3ODR)

9.21 Port 3 Data Direction Register (P3DDR)

The individua bits of P3DDR specify input or output for the pins of port 3. Since thisis awrite-
only register, bit manipulation instructions should not be used to write to it. For details, see section
2.9.4, Accessing Registers Containing Write-Only Bits.

Bit Bit Name Initial Value R/W Description

7 — Undefined — Reserved
This bit is undefined and cannot be modified.

6 P36DDR 0 W Setting a P3DDR bit to 1 makes the corresponding port 3

5 P35DDR O W pin an output pin, while clearing the bit to 0 makes the pin
an input pin.

4 P34DDR ©0 W

3 P33DDR O w

2 P32DDR 0 W

1 P31DDR © W

0 P30DDR O w
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9.2.2 Port 3 Data Register (P3DR)
P3DR stores output data for the port 3 pins (P36 to P30).

Bit Bit Name Initial Value R/W Description

7 — Undefined — Reserved
This bit is undefined and cannot be modified.

6 P36DR O R/W  An output data for a pin is stored when the pin function is
5 P35DR 0 RIW specified to a general purpose output port.

4 P34DR 0 R/W

3 P33DR 0 R/W

2 P32DR 0 R/W

1 P31DR 0 R/W

0 P30DR 0O R/W

9.2.3 Port 3 Register (PORT3)
PORT3 shows the pin states.

Bit Bit Name Initial Value R/W Description

7 — Undefined — Reserved
This bit is undefined.

P36 —
P35 —
P34 —
P33 —
P32 —
P31 —
P30 —* R

If a port 3 read is performed while P3DDR bits are set to
1, the P3DR values are read. If a port 3 read is performed
while P3DDR bits are cleared to 0, the pin states are read.

O P N W b~ 00O
A 0 X0V UV OV X

Note: * Determined by the state of pins P36 to P30.
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9.24 Port 3 Open-Drain Control Register (P3ODR)
P30DR controls the PMOS on/off status for each port 3 pin (P36 to P30).

Bit Bit Name Initial Value R/W Description

7 — Undefined — Reserved
This bit is undefined and cannot be modified.

6 P360ODR 0 R/W  Setting a P3ODR bit to 1 makes the corresponding port 3
5 P350DR 0 RIW F(;noanr:al\ll(l\e/lsotieoEiennad(r:al\l/anoSuté)SttpzlP{)ivr\]/.h|Ie clearing the bit
4 P340DR O R/W
3 P330DR 0 R/W
2 P320DR O R/W
1 P310DR O R/W
0 P300ODR 0 R/W

9.25 Pin Functions

Port 3 pins also function as SCI 1/O pins and external interrupt input pins (IRQ4, IRQ5). Port 3 pin
functions are shown below.

Table9.10 P36 Pin Function

P36DDR 0 1

Pin function P36 input P36 output
(USB D+ pull-up control output
in HD64F2215U, HD64F2215RU, HD64F2215TU, HD64F2215CU)
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Table9.11 P35 Pin Function

CKElin SCR_1 0 1
C/Ain SMR_1 0 1 —
CKEOin SCR_1 0 1 — —
P35DDR 0 1 — — —
Pin function P35 input | P35 output®®| SCK1 output®® | SCK1 output™| SCK1 input

IRQ5 input™*

Notes: 1. When used as an external interrupt pin, do not use for another function.
2. Note on Development Using the E6000 Emulator

The H8S/2215 Group does not have an I°C bus function and pins 35 and 34 are used
for CMOS output (except when P350DR and P340DR are set to 1). The E6000
emulator expects pins 35 and 34 to be used for NMOS push-pull output, which differs
from the pin output characteristics of the H8S/2215 Group. If it is necessary to use pins
35 and 34 for CMOS output, an appropriate resistance should be used for pull-up when
using the H8S/2215 with the E6000.

Table9.12 P34 Pin Function

RE in SCR_1 0 1
P34DDR 0 1 —

Pin function P34 input P34 output® RxD1 input
Note: * Note on Development Using the E6000 Emulator

The H8S/2215 Group does not have an I°C bus function and pins 35 and 34 are used
for CMOS output (except when P350DR and P340DR are set to 1). The E6000
emulator expects pins 35 and 34 to be used for NMOS push-pull output, which differs
from the pin output characteristics of the H8S/2215 Group. If it is necessary to use pins
35 and 34 for CMOS output, an appropriate resistance should be used for pull-up when
using the H8S/2215 with the E6000.

Table9.13 P33 Pin Function

SMIF in SCMR_1 0 1

TE in SCR_1 0 1 0 1

P33DDR 0 1 — 0 1 0 1

Pin function P33 P33 TxD1 P33 Setting TxD1 Setting
input output output input | prohibited| output |prohibited
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Table9.14 P32 Pin Function

CKE1in SCR_0 0 1

C/Ain SMR_0 0 1 —

CKEO in SCR_0 0 1 — —

P32DDR 0 1 — — —

Pin function P32 input P32 output | SCKO output | SCKO output | SCKO input

IRQ4 input”

Note: * When used as an external interrupt pin, do not use for another function.

Table9.15 P31 Pin Function

RE in SCR_0 0 1

P31DDR 0 1 —

Pin function P31 input P31 output RxDO input

Table9.16 P30 Pin Function

SMIF in SCMR_0 0 1

TE in SCR_0 0 1 0 1

P30DDR 0 1 — 0 1 0 1

Pin function P30 P30 TxDO P30 Setting TxDO Setting
input output output input | prohibited| output |prohibited
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9.3 Port 4

Port 4 isa4-bit 1/O port also functioning as A/D converter analog input. Port 4 has the following

register.

o Port 4 register (PORT4)

931 Port 4 Register (PORT4)

PORT4 shows port 4 pin states. PORT4 cannot be modified.

Bit Bit Initial Value R/W Description
Name
7t0 — Undefined — Reserved
4 These bits are undefined.
3 P43 — R The pin states are always read when a port 4 read is
2 P4l % R performed.
1 P4l — R
0 P40 - R

Note: * Determined by the states of pins P43 to P40.

9.3.2 Pin Function

Port 4 also functions as A/D converter analog input (AN3 to ANO).
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94 Port 7

Port 7 isa5-bit 1/O port also functioning as bus control output, manual reset input, and 8-bit timer
I/O. Port 7 has the following registers.

e Port 7 data direction register (P7DDR)
e Port 7 dataregister (P7DR)
e Port 7 register (PORT7)

94.1 Port 7 Data Direction Register (P7DDR)

P7DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 7. PTDDR cannot be read; if it is, an undefined value will be read. Since thisisa
write-only register, bit manipulation instructions should not be used to write to it. For details, see
section 2.9.4, Accessing Registers Containing Write-Only Bits.

Bit Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

S These bits are undefined and cannot be modified.

4 P74DDR O W Setting a P7DDR bit to 1 makes the corresponding port 7
3 P73DDR 0 W glnniz\;u(;u;ﬁﬁt pin, while clearing the bit to 0 makes the pin
2 P72DDR O w

1 P71DDR O w

0 P70DDR O w
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9.4.2 Port 7 Data Register (P7DR)
P7DR stores output data for the port 7 pins.

Bit Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

S These bits are undefined and cannot be modified.
4 P74DR 0 R/W  Stores output data for the port 7 pins.

3 P73DR 0 R/W

2 P72DR 0 R/W

1 P71DR 0 R/W

0 P70DR 0 R/W

9.4.3 Port 7 Register (PORT7)
PORT?7 shows the pin states.

Bit Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

S These bits are undefined and cannot be modified.

4 P74 —* R If a port 7 read is performed while P7DDR bits are set to

3 P73 _x R 1, the P7DR values are read. If a port 7 read is performed
while P7DDR bits are cleared to 0, the pin states are read.

2 P72 —* R

1 P71 —* R

0 P70 — R

Note: * Determined by the state of pins P74 to P70.
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944

Pin Functions

Port 7 pins also function as bus control output pins, manual reset input pin, and 8 bit timer
input/output. Port 7 pin functions are shown below.

Table9.17 P74 Pin Function

MRESE 0 1

P74DDR 0 1 —

Pin function P74 input P74 output MRES input

Table9.18 P73 Pin Function

Operating Mode Modes 4 to 6 Mode 7

0S3to OS0 in 0OS3toOSOareall0 | Atleastone | OS3to OS0 are all 0 | At least one

TCSR_1 of 0S3to of OS3 to
OS0is 1 OS0is 1

P73DDR 0 1 — 0 1 —

Pin function P73 input | CS7 output | TMOL1 output| P73 input | P73 output | TMO1 output

Table9.19 P72 Pin Function

Operating Mode Modes 4 to 6* Mode 7

0S3to 0OS0 in 0S3to OSO are all 0s At least 0OS3toOSO are all0 At least one

TCSR_O one of OS3 of 0OS3to

to OS0is 1 OS0Ois 1

P72DDR 0 1 — 0 1 —

Pin function P72 input |CS6 output| TMOO P72 input | P72output TMOO
output output

Note: * When on-chip USB is used in modes 4 to 6, bit P72DDR should be set to 1 so that the

pin outputs CS6.

Table9.20 P71 Pin Function

Operating Mode Modes 4 to 6 Mode 7

P71DDR 0 1 0 1

Pin function P71 input CS5 output P71 input P71 output
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Table9.21 P70 Pin Function

Operating Mode Modes 4 to 6 Mode 7

P70DDR 0 1 0 1

Pin function P70 input CS4 output P70 input P70 output
TMRIO1, TMCIO1 input

95 Port 9

Port 9 pins also function as A/D converter analog input and D/A converter analog output pins. The
port 9 has the following register.

o Port 9 register (PORT9)
9.5.1 Port 9 Register (PORT9)

PORT9 shows port 9 pin states.

Bit Bit Name Initial Value R/W Description

*

7 P97 — R The pin states are always read when a port 9 read is
6 P96 _x R performed.

5t0 — Undefined — Reserved

0 These bits are undefined.

Note: * Determined by the states of pins P97 and P96.

9.5.2 Pin Function

Port 9 also functions as A/D converter analog input (AN15, AN14) and D/A converter analog
output (DA1, DAO).
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9.6 Port A

Port A isa4-bit 1/0 port that also functions as address bus (A19 to A16) output, external USB
transceiver output, and SCI_2 /O, and interrupt input. The port A has the following registers.

e Port A datadirection register (PADDR)

o Port A dataregister (PADR)

o Port A register (PORTA)

e Port A pull-up MOS control register (PAPCR)
e Port A open-drain control register (PAODR)

9.6.1 Port A Data Direction Register (PADDR)

The individua bits of PADDR specify input or output for the pins of port A. Since thisis awrite-
only register, bit manipulation instructions should not be used to write to it. For details, see section
2.9.4, Accessing Registers Containing Write-Only Bits.

Bit Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved
4 These bits are undefined and cannot be modified.

3 PA3DDR Modes 4 to 6

2 PA2DDR If address output is enabled by the setting of bits AE3 to
AEO in PFCR, the corresponding port A pins are address

1 PA1DDR outputs. When address output is disabled, setting a

0 PAODDR PADDR bit to 1 makes the corresponding port A pin an

output port, while clearing the bit to 0 makes the pin an

input port.

Mode 7

Setting a PADDR bit to 1 makes the corresponding port A

pin an output port, while clearing the bit to 0 makes the

pin an input port.

o o o o
£ =5
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9.6.2

Port A Data Register (PADR)

PADR stores output data for the port A pins.

Bit Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

4 These bits are undefined and cannot be modified.

3 PA3BDR O R/W  An output data for a pin is stored when the pin function is
2 PA2DR 0 RIW specified to a general purpose output port.

1 PAIDR O R/W

0 PAODR O R/W

9.6.3 Port A Register (PORTA)

PORTA shows port A pin states.

Bit Bit Name Initial Value R/W Description

7t — Undefined — Reserved

4 These bits are undefined and cannot be modified.

3 PA3 —* R If a port A read is performed while PADDR bits are set to

2 PA2 _x R 1, the PADR values are read. If a port A read is performed
while PADDR bits are cleared to 0, the pin states are

1 PAl — R read.

0 PAO — R

Note: * Determined by the states of pins PA3 to PAO.
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9.6.4 Port A MOS Pull-Up Control Register (PAPCR)

PAPCR controls the function of the port A input pull-up MOS. PAPCR isvalid for port input and
SCl input pins.

Bit Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

4 These bits are undefined and cannot be modified.

3 PA3PCR* 0 R/W  When a pin function is specified to an input port, setting

2 PA2PCR 0 RIW the corre_spondlng bit to 1 turns on the input pull-up MOS
for that pin.

1 PAIPCR O R/W

0 PAOPCR 0 R/W

Note: * Set PA3PCR to 0 when FADSEL of USBis 1.

9.6.5 Port A Open Drain Control Register (PAODR)
PAODR specifies an output type of port A. PAODR isvalid for port output and SCI output pins.

Bit Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

4 These bits are undefined and cannot be modified.

3 PA3ODR 0 R/W  Setting a PAODR bit to 1 makes the corresponding port A
pin an NMOS open-drain output pin, while clearing the bit

2 PA20DR 0 RIW to 0 makes the pin a CMOS output pin.

1 PAIODR 0 R/W

0 PAOODR 0 R/W
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9.6.6 Pin Functions

Port A pins also function as address bus (A19 to A16) output, external USB transceiver output,
SCI_21/0, and interrupt input. The correspondence between the register specification and the pin
functions is shown below.

Table9.22 PA3Pin Function

Operating mode Modes 4 to 6

AE3 to AEO 11xx Other than 11xx

FADSEL of UCTLR — 0 1

CKE1lin SCR_2 — 0 1 —

C/Ain SMR_2 — 0 1 _ _

CKEO in SCR_2 — 0 1 — — —

PA3DDR — 0 1 — — — —

Pin function A19 output PA3 PA3 SCK2 SCK2 SCK2 |SUSPND
input output output output input output

Operating mode Mode 7

AE3 to AEO —

FADSEL of UCTLR" 0 1*

CKElin SCR_2 0 1 —

C/Ain SMR_2 0 1 _ _

CKEO in SCR_2 0 1 — — —

PA3DDR 0 1 — — — —

Pin function PA3 PA3 SCK2 SCK2 SCK2 |SUSPND
input output output output input output”

Note: * On-chip USB cannot be used in mode 7.
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Table9.23 PA2 Pin Function

Operating mode Modes 4 to 6 Mode 7
AE3 to AEO 1011 or Other than 1011 or 11xx —
11xx
RE in SCR_2 — 1 0 1
PA2DDR — 0 1 — 0 1 —
Pin function Al18 PA2 input PA2 RxD2 | PA2 input PA2 RxD2
output output input output input
Table9.24 PAL Pin Function
Operating mode Modes 4 to 6
AE3 to AEO 101x or Other than 101x or 11xx
11xx
SMIF in SCMR_2 — 1
TE in SCR_2 — 0 1 0 1
PA1DDR — 0 — 0 1 0 1
Pin function Al17 PAl PAl TxD2 PAl Setting TxD2 Setting
output | input | output | output | input |prohibited| output |prohibited
Operating mode Mode 7
SMIF in SCMR_2 0 1
TE in SCR_2 0 0 1
PA1DDR 0 1 0 1 0 1
Pin function PAl PAl TxD2 PAl Setting TxD2 Setting
input | output | output | input |prohibited | output | prohibited
Table9.25 PAO Pin Function
Operating mode Modes 4 to 6 Mode 7
AE3 to AEO Other than Oxxxx Oxxx or 1000 —
or 1000
PAODDR — 0 1 0 1
Pin function PA16 output PAO input | PAO output PAO input PAO output
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9.6.7 Port A Input Pull-Up MOS Function

Port A has a built-in input pull-up MOS function that can be controlled by software. Input pull-up
MOS can be specified as on or off for individual bits.

Table 9.26 summarizes the input pull-up MOS states.

Table9.26 Input Pull-Up MOS States (Port A)

Hardware Software
Mode Mode P
Address output, port OFF OFF
output, SCI output
Port input, SCI input ON/OFF
Legend:
OFF: Input pull-up MOS is always off.

ON/OFF: On when PADDR = 0 and PAPCR = 1; otherwise off.

9.7 Port B

Port B is an 8-hit /O port that also has address bus (A15 to A8) output. The port B hasthe
following registers. Internal 1/0 Register.

e Port B data direction register (PBDDR)

o Port B dataregister (PBDR)

e Port B register (PORTB)

e Port B MOS pull-up control register (PBPCR)
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9.7.1 Port B Data Direction Register (PBDDR)

The individua bits of PBDDR specify input or output for the pins of port B. Since thisis awrite-
only register, bit manipulation instructions should not be used to write to it. For details, see section
2.9.4, Accessing Registers Containing Write-Only Bits.

Bit Bit Name Initial Value R/W Description
7 PB7DDR 0 w Modes 4 to 6
If address output is enabled by the setting of bits AE3 to
6 PBSDDR 0 w AEO in PFCR, the corresponding port B pins are address
5 PBSDDR O w outputs. When address output is disabled, setting a
4 PB4DDR 0 W PBDDR bit to l makes_the corre_zsponding port B p?n an
output port, while clearing the bit to 0 makes the pin an
2 PB2DDR 0 w Mode 7
Setting a PBDDR bit to 1 makes the corresponding port B
! PBIDDR 0 w pin an output port, while clearing the bit to 0 makes the
0 PBODDR 0 w pin an input port.

9.7.2 Port B Data Register (PBDR)

PBDR stores output data for the port B pins.

Bit Bit Name Initial Value R/W Description

7 PB7DR O R/W  An output data for a pin is stored when the pin function is
6 PB6DR 0 RIW specified to a general purpose output port.

5 PB5DR O R/W

4 PB4DR O R/W

3 PB3DR O R/W

2 PB2DR O R/W

1 PB1IDR O R/W

0 PBODR O R/W
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973  Port B Register (PORTB)

PORTB shows port B pin states.

Bit Bit Name Initial Value R/W Description
7 PB7 —* R If the port B read is performed while PBDDR bits are set
6 PB6 _x R to 1, the PBDR values are read. If a port B read is
. performed while PBDDR bits are cleared to 0, the pin
5 PB5 — R states are read.
4 PB4 —* R
3  PB3 — R
2 PB2 — R
1 PB1 —* R
0 PBO - R

Note: * Determined by the status of pins PB7 to PBO.

9.74 Port B MOS Pull-Up Control Register (PBPCR)

PBPCR controls the on/off state of input pull-up MOS of port B.

Bit Bit Name Initial Value R/W Description

7 PB7PCR 0 R/W  When a pin functions specified to an input port, setting the
6 PB6PCR 0 RIW fr?;trepsi,rp:.ondmg bit to 1 turns on the input pull-up MOS for
5 PB5PCR 0 R/W

4 PB4PCR O R/W

3 PB3PCR O R/W

2 PB2PCR O R/W

1 PB1PCR O R/W

0 PBOPCR O R/W
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9.75

Pin Functions

Port B pins aso function as address bus (A 15 to A9) output pins. The correspondence between the
register specification and the pin functions is shown below.

Table9.27 PB7 Pin Function

Operating mode

Modes 4 to 6

Mode 7

AE3 to AEO B'1xxx Other than B'1xxx
PB7DDR — 0 1 0 1
Pin function A15 output PB7 input PB7 output PB7 input PB7 output
Table9.28 PB6 Pin Function
Operating mode Modes 4 to 6 Mode 7
AE3 to AEO B'0111 or Other than B'0111 or B'1xxx

B'1xxx
PB6DDR — 0 1 0 1
Pin function Al4 output PB6 input PB6 output PB6 input PB6 output
Table9.29 PB5 Pin Function
Operating mode Modes 4to 6 Mode 7
AE3 to AEO B'011x or Other than B'011x or B'1xxx

B'1xxx
PB5DDR — 0 1 0 1
Pin function A13 output PB5 input PB5 output PB5 input PB5 output
Table9.30 PB4 Pin Function
Operating mode Modes 4 to 6 Mode 7
AE3 to AEO Other than B'0100 or B'00xx

B'0100 or

B'00xx
PB4DDR — 0 1 0 1
Pin function Al12 output PB4 input PB4 output PB4 input PB4 output
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Table9.31 PB3 Pin Function

Operating mode Modes 4to 6 Mode 7
AE3 to AEO Other than B'00xx —

B'00xx
PB3DDR — 0 1 0 1
Pin function Al1 output PB3 input PB3 output PB3 input PB3 output
Table9.32 PB2 Pin Function
Operating mode Modes 4to 6 Mode 7
AE3 to AEO Other than B'0010 or B'000x —

B'0010 or

B'000x
PB2DDR — 0 1 0 1
Pin function A10 output PB2 input PB2 output PB2 input PB2 output
Table9.33 PB1 Pin Function
Operating mode Modes 4to 6 Mode 7
AE3 to AEO Other than B'000x —

B'000x
PB1DDR — 0 1 0 1
Pin function A9 output PB1 input PB1 output PB1 input PB1 output
Table9.34 PBO Pin Function
Operating mode Modes 4to 6 Mode 7
AE3 to AEO Other than B'0000 —

B'0000
PBODDR 0 0 1 0 1
Pin function A8 output PBO input PBO output PBO input PBO output
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9.7.6 Port B Input Pull-Up M OS Function

Port B has a built-in input pull-up MOS function that can be controlled by software. Input pull-up
MOS can be specified as on or off for individual bits.

Table 9.35 summarizes the input pull-up MOS states.

Table9.35 Input Pull-Up MOS States (Port B)

. Power-On Hardware Manual Software In Other
Pins Reset Standby Reset Standby Operations
Mode Mode P
Address output, port OFF OFF
output
Port input ON/OFF
Legend:
OFF: Input pull-up MOS is always off.

ON/OFF: On when PBDDR = 0 and PBPCR = 1; otherwise off.

98 Port C

Port C isan 8-bit 1/O port that also has address bus (A7 to AQ) output pins. The port C hasthe
following registers.

e Port C datadirection register (PCDDR)

e Port C dataregister (PCDR)

e Port Cregister (PORTC)

e Port C pull-up MOS control register (PCPCR)

Note: When using the on-chip USB in mode 6, set PCDDR so that addresses A7 to AO are
output from PC7 to PCO.

Page 258 of 846 REJ09B0140-0900 Rev. 9.00

RENESAS Sep 16, 2010




H8S/2215 Group

Section 9 1/O Ports

98.1 Port C Data Direction Register (PCDDR)

The individual bits of PCDDR specify input or output for the pins of port C. Since thisis awrite-
only register, bit manipulation instructions should not be used to write to it. For details, see section
2.9.4, Accessing Registers Containing Write-Only Bits.

Bit Bit Name Initial Value R/W Description

7 PC7DDR 0 W Modes 4 and 5

6 PC6DDR 0 W Port' C pins are address outputs regardless of the PCDDR
settings.

5 PC5DDR 0 w Mode 6

4 PC4DDR O w Setting a PCDDR bit to 1 makes the corresponding port C
pin an address output, while clearing the bit to 0 makes

3 PC3DDR 0 w the pin an input port.

2 PC2DDR 0 w Mode 7

1 PCI1DDR O W Setting a PCDDR bit to 1 makes the corresponding port C
pin an output port, while clearing the bit to 0 makes the

0 PCODDR O w

pin an input port.

9.8.2 Port C Data Register (PCDR)

PCDR stores output data for the port C pins.

Bit Bit Name Initial Value R/W Description

7 PC7DR 0 R/W  An output data for a pin is stored when the pin function is
6 PC6DR 0 RIW specified to a general purpose output port.

5 PC5DR O R/W

4 PC4ADR O R/W

3 PC3DR O R/W

2 PC2DR O R/W

1 PCIDR O R/W

0 PCODR O R/W
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983  Port C Register (PORTC)

PORTC shows port C pin states.

Bit Bit Name Initial Value R/W Description

7 PC7 — If a port C read is performed while PCDDR bits are set to

6 PCh - R 1, the PCDR values are read. If a port C read is
performed while PCDDR bits are cleared to O, the pin

5 PC5 — R states are read.

4 PC4 — R

3 PC3 — R

2 pPC2 — R

1 PC1 — R

0 PCO — R

Note: * Determined by the states of pins PC7 to PCO.

9.84 Port C Pull-Up MOS Control Register (PCPCR)

PCPCR controls the on/off state of input pull-up MOS of port C.

Bit Bit Name Initial Value R/W Description

7 PC7PCR O R/W  When a pin function is specified to an input port, setting

6 PC6PCR 0 RIW the corre_sponding bit to 1 turns on the input pull-up MOS
for that pin.

5 PC5PCR 0 R/W

4 PC4PCR O R/W

3 PC3PCR O R/W

2 PC2PCR O R/W

1 PC1PCR O R/W

0 PCOPCR O R/W
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9.85

Pin Functions

Port C pins also function as Address bus (A7 to AQ) output. The correspondence between the
register specification and the pin functions is shown below.

Table9.36 PC7 Pin Function

Operating Mode Modes 4 and 5 Mode 6* Mode 7
PC7DDR — 0 1 0 1

Pin Function A7 output PC7 input A7 output PC7 input PC7 output
Table9.37 PC6 Pin Function

Operating Mode Modes 4 and 5 Mode 6* Mode 7
PC6DDR — 0 1 0 1

Pin Function A6 output PC6 input A6 output PC6 input PC6 output
Table9.38 PC5 Pin Function

Operating Mode Modes 4 and 5 Mode 6" Mode 7
PC5DDR — 0 1 0 1

Pin Function A5 output PCS5 input A5 output PCS5 input PC5 output
Table9.39 PC4 Pin Function

Operating Mode Modes 4 and 5 Mode 6" Mode 7
PC4DDR — 0 1 0 1

Pin Function A4 output PC4 input A4 output PC4 input PC4 output
Table9.40 PC3Pin Function

Operating Mode Modes 4 and 5 Mode 6" Mode 7
PC3DDR — 0 1 0 1

Pin Function A3 output PC3 input A3 output PC3 input PC3 output
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Table9.41 PC2 Pin Function

Operating Mode Modes 4 and 5 Mode 6* Mode 7
PC2DDR — 0 1 0 1

Pin Function A2 output PC2 input A2 output PC2 input PC2 output
Table9.42 PCL1 Pin Function

Operating Mode Modes 4 and 5 Mode 6* Mode 7
PC1DDR — 0 1 0 1

Pin Function Al output PC1 input Al output PC1 input PC1 output
Table9.43 PCO Pin Function

Operating Mode Modes 4 and 5 Mode 6° Mode 7
PCODDR — 0 1 0 1

Pin Function AO output PCO input AO output PCO input PCO output
Note: * When on-chip USB is used in mode 6, bits PC7DDR to PCODDR should be set to H'FF

so that the pins output A7 to AO.
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9.8.6 Port C Input Pull-Up MOS Function

Port C has a built-in input pull-up MOS function that can be controlled by software. Input pull-up
MOS can be used in modes 6 and 7, and can be specified as on or off for individual bits.

Table 9.44 summarizes the input pull-up MOS states.

Table9.44 Input Pull-Up MOS States (Port C)

. Power-On Hardware Manual Software In Other
Pins Reset Standby Reset Standby Operations
Mode Mode P
Address output (modes 4 OFF OFF
and 5), port output
(modes 6 and 7)
Port input (modes 6 and ON/OFF
7
Legend:
OFF: Input pull-up MOS is always off.

ON/OFF: On when PCDDR = 0 and PCPCR = 1; otherwise off.

9.9 Port D

Port D isan 8-hit 1/0O port that also has data bus (D15 to D8) I/O. The port D has the following

registers.

e Port D datadirection register (PDDDR)

e Port D dataregister (PDDR)

e Port D register (PORTD)

e Port D Pull-up MOS control register (PDPCR)
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99.1 Port D Data Direction Register (PDDDR)

The individua bits of PDDDR specify input or output for the pins of port D. Since thisis awrite-
only register, bit manipulation instructions should not be used to write to it. For details, see section
2.9.4, Accessing Registers Containing Write-Only Bits.

Bit Bit Name Initial Value R/W Description

7 PD7DDR 0 w Modes 4 to 6

6 PD6DDR 0 W Eicr)]rst D pins automatically function as data input/output

5 PD5DDR 0 w Mode 7

4 PD4DDR O w Setting a PDDDR bit to 1 makes the corresponding port D

3 PD3DDR 0 W pin an putput port, while clearing the bit to 0 makes the
pin an input port.

2 PD2DDR 0 w

1 PD1DDR O w

0 PDODDR 0 w

9.9.2 Port D Data Register (PDDR)
PDDR stores output data for the port D pins.

Bit Bit Name Initial Value R/W Description

7 PD7DR 0 R/W  An output data for a pin is stored when the pin function is
6 PD6DR O RIW specified to a general purpose 1/O output port.

5 PD5DR O R/W

4 PD4ADR O R/W

3 PD3DR O R/W

2 PD2DR O R/W

1 PDIDR O R/W

0 PDODR O R/W
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993  Port D Register (PORTD)

PORTD shows port D pin states.

Bit Bit Name Initial Value R/W Description
7 PD7 —* R If a port D read is performed while PDDDR bits are set to
6 PD6 _x R 1, the PDDR values are read. If a port D read is
. performed while PDDDR bits are cleared to O, the pin
5 PD5 — R states are read.
4 PD4 —* R
3  PD3 — R
2 PD2 — R
1 PD1 —* R
0 PDO — R

Note: * Determined by the states of pins PD7 to PDO.

9.94 Port D Pull-Up MOS Control Register (PDPCR)

PDPCR controls on/off states of the input pull-up MOS of port D.

Bit Bit Name Initial Value R/W Description

7 PD7PCR 0 R/W  When the pin is in its input state, the input pull-up MOS of
6 PD6PCR 0 RIW the input pin is on when the corresponding bit is set to 1.
5 PD5PCR 0 R/W

4 PD4PCR O R/W

3 PD3PCR O R/W

2 PD2PCR O R/W

1 PD1PCR O R/W

0 PDOPCR O R/W
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9.95 Pin Functions

Port D pins also functions as data bus (D15 to D8) 1/0. The correspondence between the register
specification and the pin functions in shown below.

Table9.45 PD7 Pin Function

Operating Mode Modes 4 to 6 Mode 7

PD7DDR — 0 1

Pin Function D15 input/output PD7 input PD7 output
Table9.46 PD6 Pin Function

Operating Mode Modes 4 to 6 Mode 7

PD6DDR — 0 1

Pin Function D14 input/output PD6 input PD6 output
Table9.47 PD5 Pin Function

Operating Mode Modes 4 to 6 Mode 7

PD5DDR — 0 1

Pin Function D13 input/output PDS5 input PD5 output
Table9.48 PD4 Pin Function

Operating Mode Modes 4 to 6 Mode 7

PD4DDR — 0 1

Pin Function D12 input/output PD4 input PD4 output
Table9.49 PD3Pin Function

Operating Mode Modes 4 to 6 Mode 7

PD3DDR — 0 1

Pin Function D11 input/output PD3 input PD3 output
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Table9.50 PD2 Pin Function

Operating Mode Modes 4 to 6 Mode 7

PD2DDR — 0 1

Pin Function D10 input/output PD2 input PD2 output
Table9.51 PD1 Pin Function

Operating Mode Modes 4 to 6 Mode 7

PD1DDR — 0 1

Pin Function D9 input/output PD1 input PD1 output
Table9.52 PDO Pin Function

Operating Mode Modes 4to 6 Mode 7

PDODDR — 0 1

Pin Function D8 input/output PDO input PDO output
9.9.6 Port D Input Pull-Up MOS Function

Port D has a built-in input pull-up MOS function that can be controlled by software. Input pull-up
MOS can be used in mode 7, and can be specified as on or off for individua bits.

Table 9.53 summarizes the input pull-up MOS states.

Table9.53 Input Pull-Up MOS States (Port D)
Hardware Software
Mode Mode P
Address output (modes 4 OFF OFF
to 6), port output (mode
7)
Port input (mode 7) ON/OFF

Legend:
OFF:

Input pull-up MOS is always off.

ON/OFF: On when PDDDR = 0 and PDPCR = 1; otherwise off.
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9.10 Port E

Port E is an 8-bit 1/0 port that also has data bus (D7 to DO) 1/O. The port E has the following
registers.

e Port E data direction register (PEDDR)

o Port E dataregister (PEDR)

e Port E register (PORTE)

e Port E Pull-up MOS control register (PEPCR)

9.10.1 Port E Data Direction Register (PEDDR)

The individual bits of PEDDR specify input or output for the pins of port E. Since thisis awrite-
only register, bit manipulation instructions should not be used to write to it. For details, see section
2.9.4, Accessing Registers Containing Write-Only Bits.

Bit Bit Name Initial Value R/W Description

7 PE7DDR 0 W Modes 4 to 6

6 PE6DDR 0 W When 8-bit b_us mode is sele_cted, port E functions as an
I/O port. Setting a PEDDR bit to 1 makes the

5  PESDDR 0 W corresponding port E pin an output port, while clearing the

4 PE4DDR 0 W bit to 0 makes the pin an input port. When 16-bit bus
mode is selected, the input/output direction settings in

3 PESDDR 0 w PEDDR are ignored, and port E pins automatically

2 PE2DDR 0 w function as data input/output pins.

1 PEIDDR 0 W See section 6, Bus Controller, on 8-/16-bit bus mode.
Mode 7

0 PEODDR 0 w
Setting a PEDDR bit to 1 makes the corresponding port E
pin an output port, while clearing the bit to 0 makes the
pin an input port.
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9.10.2 Port E Data Register (PEDR)

PEDR stores output data for the port E pins.

Bit Bit Name Initial Value R/W Description

7 PE7TDR O R/W  An output data for a pin is stored when the pin function is
6 PE6DR 0 R/W specified to a general purpose output port.

5 PESDR O R/W

4 PE4DR O R/W

3 PE3DR O R/W

2 PE2DR O R/W

1 PE1IDR O R/W

0 PEODR O R/W

9.10.3 Port E Register (PORTE)
PORTE shows port E pin states.

Bit Bit Name Initial Value R/W Description

7 PE7 —* R If a port E read is performed while PEDDR bits are set to

6 PE6 _x R 1, the PEDR values are read. If a port E read is performed
while PEDDR bits are cleared to 0, the pin states are

5 PE5 — R read.

4 PE4 —* R

3  PE3 — R

2  PE2 — R

1 PE1 — R

0 PEO — R

Note: * Determined by the states of pins PE7 to PEO.
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9.104

Port E Pull-Up MOS Control Register (PEPCR)

PEPCR controls on/off states of the input pull-up MOS of port E.

Bit Bit Name Initial Value R/W Description

7 PE7PCR O R/W When the pin is in the input state, the input pull-up MOS
6 PESPCR 0 RIW (;f the input pin is on when the corresponding bit is set to
5  PESPCR 0 RW

4 PE4PCR O R/W

3 PE3PCR O R/W

2 PE2PCR O R/W

1 PE1IPCR O R/W

0 PE1PCR O R/W

9.10.5 Pin Function

Port E pins aso functions as data bus (D7 to DO) I/O. The correspondence between the register
specification and the pin function in show below.

Table9.54 PE7 Pin Function

Operating Mode Modes 4to 6 Mode 7
Bus Mode 8-bit bus mode 16-bit bus —
mode
PE7DDR 0 1 — 0 1
Pin Function PE7 input | PE7 output D7 PE7 input PE7 output
input/output
Table9.55 PEG6 Pin Function
Operating Mode Modes 4to 6 Mode 7
Bus Mode 8-bit bus mode 16-bit bus —
mode
PE6DDR 0 1 — 0 1
Pin Function PE6 input | PE6 output D6 PE6 input PEG6 output
input/output
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Table9.56 PES5 Pin Function

Operating Mode Modes 4to 6 Mode 7
Bus Mode 8-bit bus mode 16-bit bus
mode
PE5DDR 0 1 — 0 1
Pin Function PES input | PE5 output D5 PES input PES output
input/output
Table9.57 PE4 Pin Function
Operating Mode Modes 4 to 6 Mode 7
Bus Mode 8-bit bus mode 16-bit bus
mode
PE4DDR 0 1 — 0 1
Pin Function PE4 input | PE4 output D4 PE4 input PE4 output
input/output
Table9.58 PE3 Pin Function
Operating Mode Modes 4to 6 Mode 7
Bus Mode 8-bit bus mode 16-bit bus
mode
PE3DDR 0 1 — 0 1
Pin Function PE3 input | PE3 output D3 PE3 input PES3 output
input/output
Table9.59 PE2 Pin Function
Operating Mode Modes 4to 6 Mode 7
Bus Mode 8-bit bus mode 16-bit bus
mode
PE2DDR 0 1 — 0 1
Pin Function PE2 input | PE2 output D2 PE2 input PE2 output
input/output
REJ09B0140-0900 Rev. 9.00 Page 271 of 846
Sep 16, 2010 RENESAS




Section 9 /O Ports

H8S/2215 Group

Table9.60 PE1 Pin Function

Operating Mode Modes 4to 6 Mode 7
Bus Mode 8-bit bus mode 16-bit bus —
mode
PE1DDR 0 1 — 0 1
Pin Function PE1l input | PE1 output D1 PE1 input PE1 output
input/output
Table9.61 PEO Pin Function
Operating Mode Modes 4to 6 Mode 7
Bus Mode 8-bit bus mode 16-bit bus —
mode
PEODDR 0 1 — 0 1
Pin Function PEO input | PEO output DO PEO input PEO output
input/output
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9.10.6 Port E Input Pull-Up MOS State

Port E has a built-in input pull-up MOS function that can be controlled by software. Input pull-up
MOS can be used in 8-bit bus mode in modes 4 to 6 or in mode 7, and can be specified as on or off

for individual bits.

Table 9.62 summarizes the input pull-up MOS states.

Table9.62 Input Pull-Up MOS States (Port E)

. Power-On Hardware Manual Software In Other
Pins Reset Standby Reset Standby Operations
Mode Mode P
Data output (16-bit bus OFF OFF
mode in modes 4 to 6),
port output (8-bit bus
mode in modes 4 to 6 or
mode 7)
Port input (8-bit bus mode ON/OFF
in modes 4 to 6 or mode
7
Legend:
OFF: Input pull-up MOS is always off.

ON/OFF: On when PEDDR = 0 and PEPCR = 1; otherwise off.
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9.11 Port F

Port F is an 8-hit /O port that also has external interrupt input (IRQ2, IRQ3), bus control sign |/O,
system clock output. The port F has the following registers.

e Port F data direction register (PFDDR)
o Port F dataregister (PFDR)
e Port F register (PORTF)

9.11.1 Port F Data Direction Register (PFDDR)

The individua bits of PFDDR specify input or output for the pins of port F. Since thisisawrite-
only register, bit manipulation instructions should not be used to write to it. For details, see section
2.9.4, Accessing Registers Containing Write-Only Bits.

Bit Bit Name Initial Value R/W Description
7 PF7DDR 1/0* w Modes 4 to 6
Pin PF7 functions as the ¢ output pin when the
6 PF6DDR 0 w corresponding PFDDR bit is set to 1, and as an input port
5 PFSDDR 0 w when the bit is cleared to 0. The input/output direction
4 PE4DDR 0 W specification in PFDDR is ignored for pins PF6 to PF3,
which are automatically designated as bus control
3 PF3DDR 0 W outputs. Pins PF2 to PFO are made bus control
2 PF2DDR 0 W input/output pins by bus controller settings. Otherwise,
setting a PFDDR bit to 1 makes the corresponding pin an
1 PFIDDR 0 w output port, while clearing the bit to 0 makes the pin an
0 PFODDR 0 w  inputport.
Mode 7

Setting a PFDDR bit to 1 makes the corresponding port F
pin PF6 to PFO an output port, or in the case of pin PF7,
the ¢ output pin. Clearing the bit to 0 makes the pin an
input port.

Note: * Inmodes 4to 6, setto 1;in mode 7 cleared to O.
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9.11.2 Port F Data Register (PFDR)

PFDR stores output data for the port F pins.

Bit Bit Name Initial Value R/W Description

7 PF7DR O R/W  An output data for a pin is stored when the pin function is
6 PE6DR 0 RIW specified to a general purpose output port.

5 PF5DR 0 R/W

4 PFADR 0 R/W

3 PF3DR 0 R/W

2 PF2DR 0 R/W

1 PF1DR 0 R/W

0 PFODR 0 R/W

9.11.3 Port F Register (PORTF)

PORTF shows port F pin states.

@

Bit Name Initial Value R/W Description

7 PF7 — R If a port F read is performed while PFDDR bits are set to

6 PE6 _x R 1, the PFDR values are read. If a port F read is performed
while PFDDR bits are cleared to 0, the pin states are

5 PF5 — R read.

4 PF4 —* R

3 PR3 — R

2  PR2 — R

1 PF1 — R

0 PFO — R

Note: * Determined by the states of pins PF7 to PFO.
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9.11.4 Pin Functions

Port F isan 8-hit 1/0O port. Port F pins also function as external interrupt input (IRQ2 and IRQ3),
bus control signal, and system clock output (¢).

Table9.63 PF7 Pin Function

PF7DDR 0 1

Pin function PF7 input ¢ output

Table9.64 PF6 Pin Function

Operating Mode Modes 4 to 6 Mode 7
PF6DDR — 0 1
Pin function AS output PF6 input PF6 output

Table9.65 PF5 Pin Function

Operating Mode Modes 4 to 6 Mode 7
PF5DDR — 0 1
Pin function RD output PF5 input PF5 output

Table9.66 PF4 Pin Function

Operating Mode Modes 4 to 6 Mode 7

PFADDR — 0 1

Pin function HWR output PF4 input PF4 output
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Table9.67 PF3 Pin Function

Operating Mode Modes 4to 6 Mode 7

Bus Mode 16 bits 8 bits

PF3DDR — 0 1 0 1

Pin function LWR output | PF3input | PF3 output PF3 input PF3 output

ADTRG input **

IRQ3 input **

Notes: 1. ADTRG input when TRGSO=TRGS1=1.
2. When used as an external interrupt input pin, do not use as an 1/O pin for another

function.

Table9.68 PF2 Pin Function

Operating Mode Modes 4to 6 Mode 7

WAITE 0 1

PF2DDR 0 1 — 0 1

Pin function PF2 input PF2 output | WAIT input PF2 input PF2 output

Table9.69 PF1 Pin Function

Operating Mode Modes 4to 6 Mode 7

BRLE 0 1

PF1DDR 0 1 — 0 1

Pin function PF1input | PF1 output | BACK output | PF1 input PF1 output

Table9.70 PFO Pin Function

Operating Mode Modes 4to 6 Mode 7

BRLE 0 1

PFODDR 0 1 — 0 1

Pin function PFO input | PFO output | BREQ input | PFO input PFO output
IRQ2 input”

Note: * When used as an external interrupt input pin, do not use as an I/O pin for another

function.
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9.12 Port G

Port G isa5-bit I/O port that also has functioning as external interrupt input (IRQ7) and bus
control output (CSO to CS3). The port G has the following registers.

e Port G datadirection register (PGDDR)
o Port G dataregister (PGDR)
e Port G register (PORTG)

9.12.1 Port G Data Direction Register (PGDDR)

Theindividual bits of PGDDR specify input or output for the pins of port G. If port G is, an
undefined value will be read. Since thisis awrite-only register, bit manipulation instructions
should not be used to write to it. For details, see section 2.9.4, Accessing Registers Containing
Write-Only Bits.

Bit Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

5 These bits are undefined and cannot be modified.

4 PG4DDR 0/1* w Modes 4 to 6

3 PG3DDR 0 W Setting a PGDDR bitto 1 _makes t_he PG4 _to PG1 pins bus
control signal outputs, while clearing the bit to 0 makes

2  PG2DDR 0 W' the pin input ports. Signal outputs, while clearing the bit to

1 PG1DDR 0 W 0 makes the pin input ports. Setting a PGDDR bit to 1

0 PGODDR 0 W makes the PGO pin an output port, while clearing the bit to

0 makes the pin an input port.

Mode 7

Setting a PGDDR bit to 1 makes the corresponding port G
pin an output port, while clearing the bit to 0 makes the
pin an input port.

Note: * Inmodes 4 and 5, setto 1; in modes 6 and 7 cleared to O.
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9.12.2 Port G Data Register (PGDR)

PGDR stores output data for the port G pins.

Bit Bit Name Initial Value R/W Description

7t0 — Undefined — Reserved

S These bits are undefined and cannot be modified.

4 PG4DR O R/W  An output data for a pin is stored when the pin function is
3 PG3DR 0 RIW specified to a general purpose output port.

2 PG2DR O R/W

1 PG1IDR O R/W

0 PGODR O R/W

9.12.3 Port G Register (PORTG)

PORTG shows port G pin states.
Bit Bit Name Initial Value R/W Description
7t0 — Undefined — Reserved
5 These bits are undefined and cannot be modified.
4 PG4 — R If a port G read is performed while PGDDR bits are set to
3 PG3 _x R 1, the PGDR values are read. If a port G read is
. performed while PGDDR bits are cleared to 0, the pin
2 PG2 — R states are read.
1 PGl — R
0 PGO — R

Note: * Determined by the states of pins PG4 to PGO.
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9.124 Pin Functions

Port G isan 8-bit 1/0 port. Port G pins also function as external interrupt inputs (IRQ7) and bus
control signals (CSO to CS3).

Table9.71 PG4 Pin Function

Operating Mode Modes 4to 6 Mode 7

PG4DDR 0 1 0 1

Pin function PG4 input CSO0 output PG4 input PG4 output

Table9.72 PG3 Pin Function

Operating Mode Modes 4to 6 Mode 7

PG3DDR 0 1 0 1

Pin function PG3 input CS1 output PG3 input PG3 output

Table9.73 PG2 Pin Function

Operating Mode Modes 4to 6 Mode 7

PG2DDR 0 1 0 1

Pin function PG2 input CS2 output PG2 input PG2 output

Table9.74 PG1 Pin Function

Operating Mode Modes 4 to 6 Mode 7

PG1DDR 0 1 0 1

Pin function PG1 input CS3 output PG1 input PGloutput
IRQ7 input®

Note: * When used as an external interrupt input pin, do not use as an I/O pin for another

function.

Table9.75 PGO Pin Function

PGODDR 0 1

Pin function PGO input PGO output
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9.13 Handling of Unused Pins

Unused input pins should be fixed high or low. Generally, the input pins of CMOS products are
high-impedance. Leaving unused pins open can cause the generation of intermediate levels due to
peripheral noise induction. This can result in shoot-through current inside the device and cause it
to malfunction. Table 9.76 lists examples of waysto handle unused pins.

For the handling of dedicated boundary scan pins that are unused, see section 14.2, Pin
Configuration, and section 14.5, Usage Notes. For the handling of dedicated USB pinsthat are
unused, see section 15.9.14, Pin Processing when USB Not Used.

Table9.76 Examplesof Waysto Handle Unused I nput Pins

Pin Name Pin Handling Example

Port 1 Connect each pin to Vcc (pull-up) or to Vss (pull-down) via a resistor.
Port 3

Port 4 Connect each pin to AVcc (pull-up) or to AVss (pull-down) via a resistor.
Port 7 Connect each pin to Vcc (pull-up) or to Vss (pull-down) via a resistor.
Port 9 Connect each pin to AVcc (pull-up) or to AVss (pull-down) via a resistor.
Port A Connect each pin to Vcc (pull-up) or to Vss (pull-down) via a resistor.
Port B

Port C

Port D

Port E

Port F

Port G
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Section 10 16-Bit Timer Pulse Unit (TPU)

ThisLSl has an on-chip 16-bit timer pulse unit (TPU) that comprises three 16-bit timer channels.
The function list of the 16-bit timer unit and its block diagram are shown in table 10.1 and figure
10.1, respectively.

10.1 Features

e Maximum 8-pulse input/output
e Selection of 8 counter input clocks for each channel
— Thefollowing operations can be set for each channel

Waveform output at compare match, input capture function, counter clear operation,
simultaneous writing to multiple timer counters (TCNT), simultaneous clearing using compare
match or input capture, simultaneous input/output for individual registers using counter
synchronous operation, PWM output using user-defined duty, up to 7-phase PWM output by
combination with synchronous operation

o Buffer operation settable for channel 0

¢ Phase counting mode settable independently for each of channels 1 and 2
e Fast accessviainternal 16-bit bus

e 13interrupt sources

e Automatic transfer of register data

e A/D converter conversion start trigger can be generated

e Module stop mode can be set

e Baud rate clock for the SCIO can be generated by channels 1 and 2
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Clock input
Internal clock: ¢/1
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$/16
ol64 — J_
Internal data bus
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011024 | N | EE o 8
External clock: TCLKA 11 6| ®© E 25 H— A/D converter convertion start signal
E[ £ |E E
TCLKB £l o ol &
TCLKC J; 1 SO [H]
TCLKD —_— —
o
~ 9| |Fk
9] E oo |l
L1 N] S =1 Zlx|x
N S 2~ 0flolo
S|l |s| |FIFIF
. O|o|oluKd®
Input/output pins SIEE OIS Interrupt request signals
Channel 0:  TIOCAO ————3 Channel 0: TGIOA
TIOCBO 14 x = TGIOB
Tlocco o 218 |s> TGloc
° 3|2 |F Elg|e TGIOD
TIOCDO <:> S K £ 15|55
Channel 1: —~ TIOCA1 o Sle|xfx FlF|F TClov
TIOCB1 g o =1 e I Channel 1: TGI1A
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= | c||F Nzl x| x| gl x TGI2B
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oo M &
SCKO (to SCI0) S O 8 w Tol2U
Legend:
TSTR: Timer start register TIOR (H, L): Timer 1/O control registers (H, L)
TSYR: Timer synchro register TIER: Timer interrupt enable register
TCR:  Timer control register TSR: Timer status register
TMDR: Timer mode register TGR (A, B, C, D): Timer general registers (A, B, C, D)
Figure10.1 Block Diagram of TPU
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Table10.1 TPU Functions

Item Channel 0 Channel 1 Channel 2
Count clock /1 /1 /1
o4 o4 o4
/16 /16 /16
¢/64 ¢/64 ¢/64
TCLKA $/256 $/1024
TCLKB TCLKA TCLKA
TCLKC TCLKB TCLKB
TCLKD TCLKC
General registers TGRA 0 TGRA 1 TGRA 2
TGRB_O TGRB_1 TGRB_2

General registers/buffer TGRC_O not possible not possible

registers TGRD 0

I/O pins TIOCAO TIOCAlL TIOCA2

TIOCBO TIOCB1 TIOCB2
TIOCCO
TIOCDO

Counter clear function  TGR compare match TGR compare match TGR compare match or

or input capture or input capture input capture

Compare 0 output possible possible possible

h ; - -

:)nuit;ut 1 output possible possible possible
Toggle possible possible possible
output

Input capture function  possible possible possible

Synchronous operation possible possible possible

PWM mode possible possible possible

Phase counting mode  not possible possible possible

Buffer operation possible not possible not possible
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Item

Channel 0

Channel 1

Channel 2

DTC activation

TGR compare match or
input capture

TGR compare match or
input capture

TGR compare match
or input capture

DMAC activation

TGRA_0 compare
match or input capture

TGRA_1 compare
match or input capture

TGRA_2 compare
match or input
capture

A/D converter trigger

TGRA_O compare
match or input capture

TGRA_1 compare
match or input capture

TGRA_2 compare
match or input
capture

Interrupt sources

5 sources
e Compare match or
input capture 0A

e Compare match or
input capture 0B

e Compare match or
input capture 0C

e Compare match or
input capture 0D

¢ Overflow

4 sources
e Compare match or
input capture 1A

e Compare match or
input capture 1B

e Overflow
e Underflow

4 sources
e Compare match or
input capture 2A

e Compare match or
input capture 2B

e Overflow
e Underflow
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10.2  Input/Output Pins

Table10.2 Pin Configuration

Channel  Symbol 1/0 Function
All TCLKA Input External clock A input pin
(Channel 1 phase counting mode A phase input)
TCLKB Input External clock B input pin
(Channel 1 phase counting mode B phase input)
TCLKC Input External clock C input pin
(Channel 2 phase counting mode A phase input)
TCLKD Input External clock D input pin
(Channel 2 phase counting mode B phase input)
0 TIOCAO 110 TGRA_0 input capture input/output compare
output/PWM output pin
TIOCBO 110 TGRB_0 input capture input/output compare
output/PWM output pin
TIOCCO 110 TGRC_0 input capture input/output compare
output/PWM output pin
TIOCDO 1/0 TGRD_0 input capture input/output compare
output/PWM output pin
1 TIOCA1 110 TGRA_1 input capture input/output compare
output/PWM output pin
TIOCB1 110 TGRB_1 input capture input/output compare
output/PWM output pin
2 TIOCA2 110 TGRA_2 input capture input/output compare

output/PWM output pin

TIOCB2 110 TGRB_2 input capture input/output compare
output/PWM output pin
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10.3 Register Descriptions
The TPU has the following registers.

e Timer control register 0 (TCR_0)

e Timer moderegister 0 (TMDR_0)

e Timer 1/O control register H_0 (TIORH_0)
e Timer I/O control register L_0 (TIORL_0)
e Timer interrupt enableregister 0 (TIER_0)
o Timer statusregister 0 (TSR_0)

e Timer counter O (TCNT_0)

e Timer general register A_0 (TGRA_0)

e Timer genera register B_0 (TGRB_0)

e Timer general register C 0 (TGRC _0)

e Timer general register D_0 (TGRD_0)

e Timer control register 1 (TCR_1)

e Timer moderegister_ 1 (TMDR_1)

e Timer I/O control register _1 (TIOR_1)

e Timer interrupt enableregister_1 (TIER_1)
o Timer statusregister 1 (TSR _1)

e Timer counter_1 (TCNT_1)

o Timer general register A_1(TGRA_1)

e Timer generd register B_1 (TGRB_1)

e Timer control register 2 (TCR_2)

e Timer moderegister 2 (TMDR_2)

e Timer I/O control register_2 (TIOR_2)

e Timer interrupt enable register_2 (TIER_2)
o Timer statusregister 2 (TSR_2)

e Timer counter_2 (TCNT_2)

e Timer general register A_2 (TGRA_2)

e Timer generd register B_2 (TGRB_2)

Common Registers

o Timer start register (TSTR)
e Timer synchro register (TSYR)
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10.3.1 Timer Control Register (TCR)

The TCR registers control the TCNT operation for each channel. The TPU has atotal of three
TCR registers, one for each channel (channels 0 to 2). TCR register settings should be made only
when TCNT operation is stopped.

Bit Bit Name Initial value R/W Description

7 CCLR2 O R/W Counter Clear 2to 0

6 CCLR1 O R/W These bits select the TCNTcounter clearing source. See

5 CCLRO O Rr/w tables 10.3 and 10.4 for details.

4 CKEG1 O R/W Clock Edge 1 and 0

3 CKEGO O R/W  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). If phase counting mode is used on channels 1, 2,
4, and 5, this setting is ignored and the phase counting
mode setting has priority. Internal clock edge selection is
valid when the input clock is ¢/4 or slower. If ¢/1 is
selected as the input clock, this setting is ignored and
count at falling edge of ¢ is selected.
00: Count at rising edge
01: Count at falling edge
1x: Count at both edges
Legend: x: Don't care

2 TPSC2 O R/W  Time Prescaler 2to 0

1 TPSC1 O R/W  These bits select the TCNT counter clock. The clock

0 TPSCO O R/W Source can be selected independently for each channel.
See tables 10.5 to 10.10 for details.
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Table10.3 CCLR2to CCLRO (channel 0)

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare
match/input capture
1 0 TCNT cleared by TGRB compare
match/input capture
1 TCNT cleared by counter clearing for
another channel performing synchronous
clearing/synchronous operation™*
1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare
match/input capture™?
1 0 TCNT cleared by TGRD compare
match/input capture™?
1 TCNT cleared by counter clearing for

another channel performing synchronous
clearing/synchronous operation™"

Notes: 1. Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register. TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

Table10.4 CCLR2to CCLRO (channels1and 2)

Bit 7 Bit 6 Bit 5
Channel Reserved™® CCLR1 CCLRO Description
1,2 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare
match/input capture
1 0 TCNT cleared by TGRB compare
match/input capture
1 TCNT cleared by counter clearing for

another channel performing synchronous
clearing/synchronous operation™"

Notes: 1. Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.
2. Bit 7 is reserved in channels 1 and 2. It is always read as 0 and cannot be modified.
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Table10.5 TPSC2to TPSCO (channel 0)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on ¢/1
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input

Table10.6 TPSC2to TPSCO (channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on ¢/1
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on ¢/256

1 Setting prohibited
Note: This setting is ignored when channel 1 is in phase counting mode.
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Table10.7 TPSC2to TPSCO (channel 2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on ¢/1
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on ¢/1024

Note: This setting is ignored when channel 1 is in phase counting mode.
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10.3.2 Timer Mode Register (TMDR)

The TMDR registers are used to set the operating mode for each channel. The TPU has three
TMDR registers, one for each channel. TMDR register settings should be made only when TCNT
operation is stopped.

Bit Bit Name Initial value R/W Description

7, — All 1 — Reserved
These bits are always read as 1 and cannot be modified.
5 BFB 0 R/W  Buffer Operation B

Specifies whether TGRB is to operate in the normal way,
or TGRB and TGRD are to be used together for buffer
operation. When TGRD is used as a buffer register.
TGRD input capture/output compare is not generation. In
channels 1 and 2, which have no TGRD, bit 5 is
reserved. It is always read as 0 and cannot be modified.

0: TGRB operates normally
1: TGRB and TGRD used together for buffer operation

4 BFA 0 R/W  Buffer Operation A
Specifies whether TGRA is to operate in the normal way,
or TGRA and TGRC are to be used together for buffer
operation. When TGRC is used as a buffer register,
TGRC input capture/output compare is not generated. In
channels 1 and 2, which have no TGRC, bit 4 is
reserved. It is always read as 0 and cannot be modified.
0: TGRA operates normally

1: TGRA and TGRC used together for buffer operation

3 MD3 0 R/W Modes 3to 0

2 MD2 0 R/W These bits are used to set the timer operating mode.

1 MD1 0 R/W MD3 is a reserved bit. In a write, the write value should

0 MDO 0 Rr/w always be 0. See table 10.8, for details.
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Table10.8 MD3toMDO

Bit 3 Bit2 Bit 1 Bit 0
MD3** MD2*? MD1 MDO Description
0 0 0 0 Normal operation
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4
1 X X X —
Legend:
x: Don’t care

Notes: 1. MD3 is reserved bit. In a write, it should be written with 0.

2. Phase counting mode cannot be set for channels 0 and 3. In this case, 0 should always
be written to MD2.
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10.3.3 Timer I/O Control Register (TIOR)

The TIOR registers control the TGR registers. The TPU has eight TIOR registers, two each for
channel 0, and one each for channels 1 and 2. Care isrequired since TIOR is affected by the
TMDR setting. Theinitial output specified by TIOR isvalid when the counter is stopped (the CST
bitin TSTR iscleared to 0). Note also that, in PWM mode 2, the output at the point at which the
counter iscleared to 0 is specified. When TGRC or TGRD is designated for buffer operation, this
setting isinvalid and the register operates as a buffer register.

e TIORH_ 0, TIOR_1, TIOR 2

Bit Bit Name Initial value R/W Description

7 10B3 0 R/W 1/O Control B3 to BO

6 10B2 0 R/W  Specify the function of TGRB.
5 10B1 0 R/W

4 10B0O 0 R/W

3 I0A3 0 R/W /O Control A3 to AO

2 I0A2 0 R/W  Specify the function of TGRA.
1 I0A1 0 R/W

0 I0A0 0 R/W

e TIORL_O

Bit Bit Name Initial value R/W Description

7 I0D3 0 R/W /O Control D3 to DO

6 10D2 0 R/W  Specify the function of TGRD.
5 I0D1 0 R/W

4 10D0 0 R/W

3 10C3 0 R/W /O Control C3 to CO

2 10C2 0 R/W  Specify the function of TGRC.
1 I0C1 0 R/W

0 10CO 0 R/W
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Table10.9 TIORH_O0 (channel 0)

Description
Bit 7 Bit 6 Bit 5 Bit 4 TGRB_0
10B3 10B2 I0B1 10BO Function TIOCBO Pin Function
0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match
1 0 0 Output disabled

Initial output is 1 output

0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input capture  Capture input source is TIOCBO pin
register Input capture at rising edge
1 Capture input source is TIOCBO pin
Input capture at falling edge
1 X Capture input source is TIOCBO pin
Input capture at both edges
1 X X Setting prohibited
Legend:
x: Don't care
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Table 10.10 TIORH_0 (channel 0)

Description
Bit 3 Bit 2 Bit 1 Bit 0 TGRA_O
IOA3 IOA2 I0A1 IOAO Function TIOCAO Pin Function
0 0 0 0 Output Output disabled
1 compare Initial output is 0 output
register 0 output at compare match
1 0 Initial output is 0 output
1 output at compare match
1 Initial output is O output
Toggle output at compare match
1 0 0 Output disabled
Initial output is 1 output
0 output at compare match
1 0 Initial output is 1 output
1 output at compare match
1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input capture  Capture input source is TIOCAO pin
register Input capture at rising edge
1 Capture input source is TIOCAO pin
Input capture at falling edge
1 X Capture input source is TIOCAO pin
Input capture at both edges
1 X x Setting prohibited
Legend:
x: Don't care
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Table10.11 TIORL_O (channel 0)

Description
Bit 7 Bit 6 Bit 5 Bit 4 TGRD_O
10D3 10D2 I0D1 10D0 Function TIOCDO Pin Function
0 0 0 0 Output Output disabled
1 Cor_npal;e Initial output is O output
register 0 output at compare match
1 0 Initial output is 0 output
1 output at compare match
1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 Initial output is 1 output
0 output at compare match
1 0 Initial output is 1 output
Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input capture  Capture input source is TIOCDO pin
register” Input capture at rising edge
1 Capture input source is TIOCDO pin
Input capture at falling edge
1 X Capture input source is TIOCDO pin
Input capture at both edges
1 X x Setting prohibited
Legend:
x: Don’t care

Note: * When the BFB bitin TMDR_O is set to 1 and TGRD_O is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table10.12 TIORL_0 (channel 0)

Description
Bit 3 Bit 2 Bit 1 Bit 0 TGRC_0
10C3 10C2 I0C1 10CO Function TIOCCO Pin Function
0 0 0 0 Output Output disabled
1 CO”_‘parS Initial output is O output
register 0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output
Toggle output at compare match
1 0 0 Output disabled
Initial output is 1 output
0 output at compare match
1 0 Initial output is 1 output
1 output at compare match
1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input capture  Capture input source is TIOCCO pin
register” Input capture at rising edge
1 Capture input source is TIOCCO pin
Input capture at falling edge
1 X Capture input source is TIOCCO pin
Input capture at both edges
1 X X Setting prohibited
Legend:
x: Don’t care

Note: * When the BFA bitin TMDR_O is set to 1and TGRC_O0 is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.
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Table10.13 TIOR_1 (channel 1)

Description
Bit 7 Bit 6 Bit 5 Bit 4 TGRB_1
10B3 10B2 I0B1 10BO Function TIOCB1 Pin Function
0 0 0 0 Output Output disabled
1 compare Initial output is O output
register 0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1 output

0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input capture  Capture input source is TIOCB1 pin
register Input capture at rising edge
1 Capture input source is TIOCB1 pin
Input capture at falling edge
1 X Capture input source is TIOCB1 pin
Input capture at both edges
1 X X Setting prohibited
Legend:
x: Don’t care
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Table10.14 TIOR_1 (channel 1)

Description
Bit 3 Bit 2 Bit 1 Bit O TGRA_1
I0A3 I0A2 I0A1 I0OA0 Function TIOCAL Pin Function
0 0 0 0 Output Output disabled
1 compare Initial output is O output
register 0 output at compare match
1 0 Initial output is 0 output
1 output at compare match
1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 Initial output is 1 output
0 output at compare match
1 0 Initial output is 1 output
1 output at compare match
1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input capture  Capture input source is TIOCAL pin
register Input capture at rising edge
1 Capture input source is TIOCAL pin
Input capture at falling edge
1 X Capture input source is TIOCAL pin
Input capture at both edges
1 X x Setting prohibited
Legend:
x: Don’t care
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Table 10.15 TIOR_2 (channel 2)

Description
Bit 7 Bit 6 Bit 5 Bit 4 TGRB_2
10B3 10B2 I0B1 10BO Function TIOCB2 Pin Function
0 0 0 0 Output Output disabled
1 compare Initial output is O output
register 0 output at compare match
1 0 Initial output is 0 output
1 output at compare match
1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 Initial output is 1 output
0 output at compare match
1 0 Initial output is 1 output
1 output at compare match
1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input capture  Capture input source is TIOCB2 pin
register Input capture at rising edge
1 Capture input source is TIOCB2 pin
Input capture at falling edge
1 X Capture input source is TIOCB2 pin
Input capture at both edges
Legend
x: Don’t care
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Table10.16 TIOR_2 (channel 2)

Description
Bit 3 Bit 2 Bit 1 Bit 0 TGRA_2
I0A3 I0A2 I0A1 I0OA0 Function TIOCA2 Pin Function
0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output
Toggle output at compare match
1 0 0 Output disabled
Initial output is 1 output
0 output at compare match
1 0 Initial output is 1 output
1 output at compare match
1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input capture  Capture input source is TIOCA2 pin
register Input capture at rising edge
1 Capture input source is TIOCA2 pin
Input capture at falling edge
1 X Capture input source is TIOCA2 pin
Input capture at both edges
Legend:
x: Don't care
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10.3.4 Timer Interrupt Enable Register (TIER)

The TIER registers control enabling or disabling of interrupt requests for each channel. The TPU
has three TIER registers, one for each channel.

Bit Bit Name Initial value R/W Description

7 TTGE 0 R/W A/D Conversion Start Request Enable

Enables or disables generation of A/D conversion start
requests by TGRA input capture/compare match.

0: A/D conversion start request generation disabled
1: A/D conversion start request generation enabled

6 — 1 — Reserved
This bit is always read as 1 and cannot be modified.

5 TCIEU 0 R/W  Underflow Interrupt Enable

Enables or disables interrupt requests (TCU) by the TCFU
flag when the TCFU flag in TSR is set to 1 in channels 1
and 2. In channel 0, bit 5 is reserved.

0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled

4 TCIEV 0 R/W  Overflow Interrupt Enable

Enables or disables interrupt requests (TCIV) by the
TCFV flag when the TCFV flag in TSR is set to 1.

0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled

3 TGIED 0 R/W TGR Interrupt Enable D

Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bit in TSR is set to 1 in channel
0. In channels 1 and 2, bit 3 is reserved. It is always read
as 0 and cannot be modified.

0: Interrupt requests (TGID) by TGFD disabled

1: Interrupt requests (TGID) by TGFD enabled

2 TGIEC 0 R/W TGR Interrupt Enable C

Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bit in TSR is set to 1 in channel
0. In channels 1 and 2, bit 2 is reserved. It is always read
as 0 and cannot be modified.

0: Interrupt requests (TGIC) by TGFC disabled
1: Interrupt requests (TGIC) by TGFC enabled
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Bit Bit Name Initial value R/W Description

1 TGIEB 0 R/W TGR Interrupt Enable B

Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB disabled
1: Interrupt requests (TGIB) by TGFB enabled
0 TGIEA 0 R/W TGR Interrupt Enable A

Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA disabled
1: Interrupt requests (TGIA) by TGFA enabled
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10.35 Timer Status Register (TSR)

The TSR registersindicate the status of each channel. The TPU has three TSR registers, one for
each channel.

Bit Bit Name Initial value R/W Description

7 TCFD 1 R Count Direction Flag

Status flag that shows the direction in which TCNT counts
in channels 1 and 2. In channel O, bit 7 is reserved. Itis
always read as 0 and cannot be modified.

0: TCNT counts down
1: TCNT counts up

6 — 1 — Reserved
This bit is always read as 1 and cannot be modified.

5 TCFU 0 R/I(W)*  Underflow Flag

Status flag that indicates that TCNT underflow has
occurred when channels 1 and 2 are set to phase
counting mode. The write value should always be 0 to
clear this flag. In channel 0, bit 5 is reserved.

[Setting condition]

e When the TCNT value underflows (change from
H'0000 to H'FFFF)
[Clearing condition]

e When 0 is written to TCFU after reading TCFU =1

4  TCRV 0 RI(W)*  Overflow Flag

Status flag that indicates that TCNT overflow has

occurred. The write value should always be 0 to clear this

flag.

[Setting condition]

e When the TCNT value overflows (change from H'FFFF
to H'0000)

[Clearing condition]

e When 0 is written to TCFV after reading TCFV =1
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Bit Bit Name Initial value R/W Description

3 TGFD 0 R/(W)*  Input Capture/Output Compare Flag D

Status flag that indicates the occurrence of TGRD input

capture or compare match in channel 0. The write value

should always be 0 to clear this flag. In channels 1 and 2,

bit 3 is reserved. It is always read as 0 and cannot be

modified.

[Setting conditions]

e When TCNT = TGRD while TGRD is functioning as
output compare register

e When TCNT value is transferred to TGRD by input
capture signal while TGRD is functioning as input
capture register

[Clearing conditions]

e When DTC is activated by TGID interrupt, DISEL bit in
MRB of DTC is cleared to 0, and transfer counter
value is not 0

e When 0 is written to TGFD after reading TGFD = 1

2 TGFC 0 R/(W)*  Input Capture/Output Compare Flag C

Status flag that indicates the occurrence of TGRC input

capture or compare match in channel 0. The write value

should always be 0 to clear this flag. In channels 1 and 2,

bit 2 is reserved. It is always read as 0 and cannot be

modified.

[Setting conditions]

e When TCNT = TGRC while TGRC is functioning as
output compare register

e When TCNT value is transferred to TGRC by input
capture signal while TGRC is functioning as input
capture register

[Clearing conditions]

e When DTC is activated by TGIC interrupt, DISEL bit in
MRB of DTC is cleared to 0, and transfer counter
value is not O

e When 0 is written to TGFC after reading TGFC =1
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Bit Bit Name Initial value R/W Description
1 TGFB 0 R/(W)*  Input Capture/Output Compare Flag B
Status flag that indicates the occurrence of TGRB input
capture or compare match. The write value should always
be 0 to clear this flag.
[Setting conditions]
e When TCNT = TGRB while TGRB is functioning as
output compare register
e When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register
[Clearing conditions]
e When DTC is activated by TGIB interrupt, DISEL bit in
MRB of DTC is cleared to 0, and transfer counter
value is not 0
e When 0 is written to TGFB after reading TGFB =1
0 TGFA 0 R/(W)*  Input Capture/Output Compare Flag A
Status flag that indicates the occurrence of TGRA input
capture or compare match. The write value should always
be 0 to clear this flag.
[Setting conditions]
e When TCNT = TGRA while TGRA is functioning as
output compare register
e When TCNT value is transferred to TGRA by input
capture signal while TGRA is functioning as input
capture register
[Clearing conditions]
e When DTC is activated by TGIA interrupt, DISEL bit in
MRB of DTC is cleared to 0, and transfer counter
value is not O
e When 0 is written to TGFA after reading TGFA =1
Note: * The write value should always be 0 to clear the flag.
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10.3.6  Timer Counter (TCNT)

The TCNT registers are 16-bit counters. The TPU hasthree TCNT counters, one for each channel.
The TCNT counters areinitialized to H'0000 by areset, and in hardware standby mode. The
TCNT counters cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.

10.3.7 Timer General Register (TGR)

The TGR registers are 16-bit registers with a dual function as output compare and input capture
registers. The TPU has 16 TGR registers, four each for channel 0 and two each for channels 1 and
2. TGRC and TGRD for channel 0 can aso be designated for operation as buffer registers. The
TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.
TGR buffer register combinations are TGRA—TGRC and TGRB—TGRD.

10.3.8 Timer Start Register (TSTR)

TSTR isan 8-bit readable/writable register that selects operation/stoppage for channels 0 to 2.
When setting the operating mode in TMDR or setting the count clock in TCR, first stop the TCNT
counter.

Bit Bit Name Initial Value R/W Description

7t0 — All O — Reserved

3 The write value should always be 0.

2 CST2 0 R/W Counter Start 2 to 0 (CST2 to CSTO0)

1 CST1 0 R/W These bits select operation or stoppage for TCNT.

0 CSTO 0 R/W If O is written to the CST bit during operation with the

TIOC pin designated for output, the counter stops but the
TIOC pin output compare output level is retained.

If TIOR is written to when the CST bit is cleared to 0, the
pin output level will be changed to the set initial output
value.

0: TCNT_2 to TCNT_O count operation is stopped
1: TCNT_2 to TCNT_O0 performs count operation
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10.3.9 Timer Synchro Register (TSYR)

TSYR selects independent operation or synchronous operation for the channel 0to 2 TCNT
counters. A channel performs synchronous operation when the corresponding bit in TSYR is set to

1

Bit Bit Name Initial Value R/W  Description

7t0 — All0 — Reserved

3 The write value should always be 0.

2 SYNC2 O R/W  Timer Synchro 2 to O

1 SYNC1 O R/W These bits select whether operation is independent of or
0 SYNCO O R/W Synchronized with other channels.

When synchronous operation is selected, synchronous
presetting of multiple channels, and synchronous clearing
through counter clearing on another channel are possible.
To set synchronous operation, the SYNC bits for at least
two channels must be set to 1. To set synchronous
clearing, in addition to the SYNC bit, the TCNT clearing
source must also be set by means of bits CCLR2 to
CCLRO in TCR.

0: TCNT_2 to TCNT_O operates independently
(TCNT presetting /clearing is unrelated to other
channels)

1: TCNT_2 to TCNT_O performs synchronous operation
TCNT synchronous presetting/synchronous clearing is
possible
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104 Interfaceto BusMaster

1041 16-Bit Registers

TCNT and TGR are 16-hit registers. As the data bus to the bus master is 16 bits wide, these
registers can be read and written to in 16-bit units.

These registers cannot be read from or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operation is shown in figure 10.2.

Internal data bus

H
master L : Bus interface

> Module
> data bus

7S

T 0

| TCNTH | TCNTL |

VA NVZAN

Figure10.2 16-Bit Register Access Operation [BusMaster <> TCNT (16 Bits)]

10.4.2 8-Bit Registers

Registers other than TCNT and TGR are 8-bit. Asthe data busto the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can aso be read and written to in 8-bit
units.

Examples of 8-hit register access operation are shown in figures 10.3 to 10.5.
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Internal data bus

H

master L Bus interface

> Module
> data bus

75

VANVZAN

H

TCR

Figure 10.3 8-Bit Register Access Operation [BusMaster «» TCR (Upper 8 Bits)]

Internal data bus

H
Bus <:> > Module
master : L : Bus interface

VA NN

> data bus

TMDR

Figure10.4 8-Bit Register Access Operation [BusMaster <> TMDR (Lower 8 Bits)]

Internal data bus

Bus
master L Bus interface

HI

> Module
> data bus

VA NVAN

H

T3

TMDR |

Figure10.5 8-Bit Register Access Operation [BusMaster «» TCR and TMDR (16 Bits)]
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10.5 Operation

10.5.1 Basic Functions

Each channel hasa TCNT and TGR. TCNT performs up-counting, and is aso capable of free-
running operation, synchronous counting, and external event counting. Each TGR can be used as
an input capture register or output compare register.

Counter Operation: When one of bits CSTOto CST2 issetto 1in TSTR, the TCNT counter for
the corresponding channel starts counting. TCNT can operate as a free-running counter, periodic
counter, and so on.

1. Example of count operation setting procedure
Figure 10.6 shows an example of the count operation setting procedure.

Operati lecti [1] Select the counter
peration selection clock with bits

| TPSC2 to TPSCO in
TCR. At the same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.

Periodi " E . [2] For periodic counter
eriodic counter ree-running counter operation, select the

| TGR to be used as
the TCNT clearing
Select counter clearing source | [2] source with bits
CCLR2 to CCLRO in

| TCR.

Designate the TGR

selected in [2] as an

output compare

| register by means of

TIOR.

[3] [3

Select output compare register

Set period [4]

[4] Set the periodic
| counter cycle in the
TGR selected in [2].
Start count operation [8] Start count operation [5] Setthe CST bitin
- - TSTR to 1 to start
<Periodic counter> <Free-running counter>

the counter
operation.

Figure 10.6 Example of Counter Operation Setting Procedure
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2. Free-running count operation and periodic count operation
Immediately after areset, the TPU’s TCNT counters are all designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV bitin TSRis set to 1. If the value of the corresponding TCIEV bitin TIER is1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000. Figure 10.7 illustrates free-running counter operation.

TCNT value

H'0000 r F + Time

CST bit

TCFV

Figure10.7 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period is
designated as an output compare register, and counter clearing by compare match is selected
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
up-count operation as periodic counter when the corresponding bit in TSTR is set to 1. When
the count value matchesthe valuein TGR, the TGF bit in TSR isset to 1 and TCNT is cleared
to H'0000. If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU
requests an interrupt. After acompare match, TCNT starts counting up again from H'0000.
Figure 10.8 illustrates periodic counter operation.
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TCNT value Counter cleared by TGR
_~~compare match

TGR

H'0000 1 } t Time
CST bit ' '

E Flag cleared by software or

' .~ DTC activation
TGF

Figure10.8 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using compare match.

1. Example of setting procedure for waveform output by compare match

Figure 10.9 shows an example of the setting procedure for waveform output by compare
match.

[1] Select initial value 0 output or 1 output, and
compare match output value 0 output, 1 output,
or toggle output, by means of TIOR. The set
initial value is output at the TIOC pin unit the
first compare match occurs.
1] [2] Set the timing for compare match generation in

( Output selection

Select waveform output mode

TGR.
[3] Setthe CST bitin TSTR to 1 to start the count
operation.
Set output timing [2]
Start count operation [3]

<Waveform output>

Figure10.9 Example of Setting Procedurefor Waveform Output by Compare Match
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2. Examples of waveform output operation
Figure 10.10 shows an example of 0 output/1 output. In thisexample TCNT has been
designated as a free-running counter, and settings have been made so that 1 is output by
compare match A, and 0 is output by compare match B. When the set level and the pin level
coincide, the pin level does not change.

TCNT value

H'0000 * T * T - T Time
' | ' ~Nochange -~ No change
i i ~ i ~ 1 output
TIOCA — | ; :
TIOCB | -~ No change =~ No change 0 output
& N

Figure10.10 Example of 0 Output/1 Output Operation

Figure 10.11 shows an example of toggle output. In this example TCNT has been designated
as a periodic counter (with counter clearing performed by compare match B), and settings have
been made so that output istoggled by both compare match A and compare match B.

TCNT value

HFFFF
TGRB

TGRA

Time

H'0000

TIOCE Toggle output

TIOCA | | | | Toggle output

Figure10.11 Example of Toggle Output Operation
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Input Capture Function: The TCNT value can be transferred to TGR on detection of the TIOC
pin input edge. Rising edge, falling edge, or both edges can be selected as the detected edge.

1. Example of input capture operation setting procedure
Figure 10.12 shows an example of the input capture operation setting procedure.

( Input selection

)

[1] Designate TGR as an input capture register by
means of TIOR, and select rising edge, falling
edge, or both edges as the input capture source
and input signal edge.

[2] Setthe CST bitin TSTR to 1 to start the count

Select input capture input

1] operation.

Start count

(2]

<Input capture operation>

Figure10.12 Example of Input Capture Operation Setting Procedure
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2. Example of input capture operation

Figure 10.13 shows an example of input capture operation. In this example both rising and
falling edges have been selected asthe TIOCA pin input capture input edge, falling edge has
been selected as the TIOCB pin input capture input edge, and counter clearing by TGRB input
capture has been designated for TCNT.

Counter cleared by TIOCB

TCNT value / input (falling edge)
H'0180 |- === e e e e e e e e et ) o
= o 1 Y- <o H
H'0010 |---ccoommo o ..-..-..-............_E ...............................
H'0005 |- - - - - {7~ < N I N I H \\ ...........
H0000 A : ; Time

TGRB X X H'0180

Figure10.13 Example of Input Capture Operation
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10.5.2  Synchronous Operation

In synchronous operation, the valuesin a number of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing). Synchronous
operation enables TGR to be incremented with respect to a single time base. Channels 0 to 2 can
al be designated for synchronous operation.

Example of Synchronous Operation Setting Procedure: Figure 10.14 shows an example of the
synchronous operation setting procedure.

Synchronous operation
selection

Set synchronous 1]
operation

(Synchronous presetting)

| Set TCNT | 2]

<Synchronous presetting>

[1

operation.
[2

( Synchronous clearing)

learing No

source generation
channel?

| Select counter |[3]
clearing source

| Start count |[5]

1

<Counter clearing>

| Set synchronous | [4]
counter clearing

| Start count | [5]

!

<Synchronous clearing>

Set to 1 the SYNC bits in TSYR corresponding to the channels to be designated for synchronous

When the TCNT counter of any of the channels designated for synchronous operation is

written to, the same value is simultaneously written to the other TCNT counters.

[3

etc.
[4

source.
[5

Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare,
Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing

Set to 1 the CST bits in TSTR for the relevant channels, to start the count operation.

Figure10.14 Example of Synchronous Operation Setting Procedure
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Example of Synchronous Operation: Figure 10.15 shows an example of synchronous operation.
In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGRB_0 compare match has been set as the channel 0 counter clearing source, and
synchronous clearing has been set for the channel 1 and 2 counter clearing sources. Three-phase
PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At thistime,
synchronous presetting, and synchronous clearing by TGRB_0 compare match, is performed for
channel 0to 2 TCNT counters, and the data set in TGRB_0 is used as the PWM cycle. For details
of PWM modes, see section 10.5.4, PWM Modes.

Synchronous clearing by TGRB_0 compare match

TCNTO to TCNT2 values

TGRB_0
TGRB_1
TGRA_O
TGRB_2
TGRA_1

TGRA_2-- f

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

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

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

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

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

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

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

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

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

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

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

Time

H'0000

TIOCA_O

TIOCA_1

TIOCA_2 | | | |

Figure10.15 Example of Synchronous Operation

10.5.3 Buffer Operation

Buffer operation, provided for channel 0, enables TGRC and TGRD to be used as buffer registers.
Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register. Table 10.17 shows the register combinations used in
buffer operation.

Table 10.17 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register
0 TGRA_O TGRC_0
TGRB_0 TGRD_O

Page 320 of 846 REJ09B0140-0900 Rev. 9.00

RENESAS Sep 16, 2010




H8S/2215 Group Section 10 16-Bit Timer Pulse Unit (TPU)

e When TGR isan output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register. This operation isillustrated in figure 10.16.

Compare match signal

Buffer register Timer general K

register ] Comparator TCNT

Figure10.16 Compare Match Buffer Operation

e When TGRisan input capture register

When input capture occurs, the value in TCNT is transferred to TGR and the value previously

held in the timer general register istransferred to the buffer register. This operationis
illustrated in figure 10.17.

Input capture
signal

Buffer register Timer general

: TCNT
register

Figure10.17 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure: Figure 10.18 shows an example of the buffer
operation setting procedure.

( Buffer operation ) [1] Designate TGR as an input capture register or

output compare register by means of TIOR.
| [2] Designate TGR for buffer operation with bits

. BFA and BFB in TMDR.
Select TGR function [ (3] Setthe CST bitin TSTR to 1 start the count
| operation.
Set buffer operation [2]
Start count [3]
<Buffer operation>

Figure 10.18 Example of Buffer Operation Setting Procedure
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Examples of Buffer Operation

1. When TGR is an output compare register

Figure 10.19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in thisexample are TCNT clearing by compare match B, 1 output at compare match A, and 0
output at compare match B. As buffer operation has been set, when compare match A occurs
the output changes and the value in buffer register TGRC is simultaneously transferred to
timer general register TGRA. This operation is repeated each time compare match A occurs.
For details of PWM modes, see section 10.5.4, PWM Modes.

TCNT value

B 2= ,

TGRA_O [-—-

Time

H'0000

TGRC_0 H0200! ! H'0450 H'0520 Lo

—rTT—
Transferi\ i\ E i\ \ E
' X

TGRA_0 X H0450

Figure10.19 Example of Buffer Operation (1)
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2. When TGR isan input capture register
Figure 10.20 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC. Counter
clearing by TGRA input capture has been set for TCNT, and both rising and falling edges have
been selected as the TIOCA pin input capture input edge. As buffer operation has been set,
when the TCNT value is stored in TGRA upon occurrence of input capture A, the value
previously stored in TGRA is simultaneoudly transferred to TGRC.

TCNT value

HIOFO7 |- - o mmmmm e e e e o e e e e e e e e e e e e e

HOIFB [ - - - - mmmmm e e e e e e e e e

01T 7 S 7

H'0000 Time

TIOCA

TGRA i ;X H'0532 :X H'0OF07 :X H'09FB
| N \ N

TGRC E x X H'0532 X H'0F07

Figure10.20 Example of Buffer Operation (2)
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1054 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR. Settings of TGR registers
can output a PWM waveform in the range of 0 % to 100 % duty. Designating TGR compare match
as the counter clearing source enables the period to be set in that register. All channels can be
designated for PWM mode independently. Synchronous operation is also possible. There are two
PWM modes, as described below.

e PWM model

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOA3 to IOA0 and IOC3to IOCOin TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits |IOB3 to IOB0 and IOD3 to IOD0 in TIOR is output at compare matches B
and D. Theinitial output valueisthe value set in TGRA or TGRC. If the set values of paired
TGRsareidentical, the output value does not change when a compare match occurs. In PWM
mode 1, amaximum 4-phase PWM output is possible.

¢ PWM mode?2

PWM output is generated using one TGR asthe cycle register and the others as duty registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pinistheinitial
value set in TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs. In PWM mode 2, a maximum 7-phase
PWM output is possible by combined use with synchronous operation. The correspondence
between PWM output pins and registersis shown in table 10.18.

Table 10.18 PWM Output Registersand Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGRA_O TIOCAO TIOCAO
TGRB_O TIOCBO
TGRC_O0 TIOCCO TIOCCO
TGRD_O TIOCDO
1 TGRA_1 TIOCAl TIOCAl
TGRB_1 TIOCB1
2 TGRA_2 TIOCA2 TIOCA2
TGRB_2 TIOCB2

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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Example of PWM Mode Setting Procedure: Figure 10.21 shows an example of the PWM mode

setting procedure.

PWM mode

Select counter clock

Select counter clearing source

Select waveform output level

C )

Set TGR

Set PWM mode

Start count

<PWM mode>

[1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. Atthe same time, select the
input clock edge with bits CKEG1 and CKEGO
in TCR.

[2] Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

[3] Use TIOR to designate the TGR as an output
compare register, and select the initial value and

[2] output value.
[4] Set the cycle in the TGR selected in [2], and set
the duty in the other the TGR.
[5] Select the PWM mode with bits MD3 to MDO in
(3] TMDR.
[6] Setthe CST bitin TSTR to 1 start the count
operation.
[4]
(5]
[6]

Figure10.21 Example of PWM M ode Setting Procedure

Examples of PWM Mode Operation: Figure 10.22 shows an example of PWM mode 1

operation.

In this example, TGRA compare match is set asthe TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 is set asthe TGRB output value. In this case, the value
set in TGRA is used as the period, and the values set in TGRB registers as the duty.

TCNT value

TGRA

TGRB
H'0000

Counter cleared by
/ TGRA compare match

Time

Figure 10.22 Example of PWM M ode Operation (1)
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Figure 10.23 shows an example of PWM mode 2 operation. In this example, synchronous
operation is designated for channels 0 and 1, TGRB_1 compare match is set asthe TCNT clearing
source, and 0 is set for the initial output value and 1 for the output value of the other TGR registers
(TGRA_0Oto TGRD_0, TGRA _1), to output a 5-phase PWM waveform. In this case, the value set
in TGRB_1 isused asthe cycle, and the values set in the other TGRs as the duty.

TCNT value

TGRB_1
TGRA_1
TGRD_0
TGRC_0
TGRB_0

H'0000

Counter cleared by
TGRB_1 compare match

TIOCAO | ; ;

TIOCBO | ;

TIOCCO

TIOCDO

TIOCA1

Figure 10.23 Example of PWM Mode Operation (2)

Page 326 of 846

RENESAS

REJ09B0140-0900 Rev. 9.00
Sep 16, 2010




H8S/2215 Group Section 10 16-Bit Timer Pulse Unit (TPU)

Figure 10.24 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TCNT value
TGRB rewritten

TGRA

TGRB \ TGRB rewritten E ]

H0000 L~ ; Time
TIOCA | 0% duty : I

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value
TGRB rewritten
TGRA |--cmoomn-- oO—
TGRB
H'0000 Time

d
(o]
o
>

100% duty |_|

Output does not change when cycle register and duty
register compare matches occur simultaneously

TCNT value
TGRB rewritten O"—'—'—'—'—'—'—'—'—'—'—'
TGRA L F--
TGRB rewritten i
TGRB -
TGRB rewritten
H'0000 I Time
100% dut 0% dut i
TIOCA 4 Y Y '
Figure 10.24 Example of PWM M ode Operation (3)
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1055 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputsis detected and
TCNT isincremented/decremented accordingly. This mode can be set for channels 1 and 2. When
phase counting mode is set, an external clock is selected as the counter input clock and TCNT
operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits CKEG1
and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of TIOR,
TIER, and TGR are valid, and input capture/compare match and interrupt functions can be used.
This can be used for two-phase encoder pulse input. When overflow occurs while TCNT is
counting up, the TCFV flag in TSR is set; when underflow occurs while TCNT is counting down,
the TCFU flag is set. The TCFD bit in TSR is the count direction flag. Reading the TCFD flag
provides an indication of whether TCNT is counting up or down. Table 10.19 shows the
correspondence between external clock pins and channels.

Table 10.19 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting M ode Setting Procedure: Figure 10.25 shows an example of the
phase counting mode setting procedure.

: [1] Select phase counting mode with bits MD3 to
C Phase counting mode ) MDO in TMDR.

| [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Select phase counting mode

Start count [2]

1

<Phase counting mode>

1]

Figure 10.25 Example of Phase Counting Mode Setting Procedure
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Examples of Phase Counting Mode Operation: In phase counting mode, TCNT counts up or
down according to the phase difference between two external clocks. There are four modes,
according to the count conditions.

1. Phase counting mode 1

Figure 10.26 shows an example of phase counting mode 1 operation, and table 10.20
summarizes the TCNT up/down-count conditions.

TCLKA (channel 1) I
TCLKC (channel 2)

TCLKD (channel 2)

TCLKB (channel 1) 'I . I

TCNT value 5

oy
‘Down-count
o

Time
Figure10.26 Example of Phase Counting Mode 1 Operation
Table 10.20 Up/Down-Count Conditionsin Phase Counting Mode 1
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ny Up-count
Low level R
ny Low level
A High level
High level R Down-count
Low level 4
Ry High level
R Low level
Legend:
_} :Rising edge
1_: Falling edge
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2. Phase counting mode 2

Figure 10.27 shows an example of phase counting mode 2 operation, and table 10.21
summarizesthe TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2) [ | [ | [ | [ | [ L

TCLKB (channel 1) . . ' ' '
TCLKD (channel 2) ! ! [ : ' :

TCNT value i ! I

L

Time
Figure 10.27 Example of Phase Counting Mode 2 Oper ation
Table 10.21 Up/Down-Count Conditionsin Phase Counting Mode 2
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ny Don't care
Low level R
ny Low level
A High level Up-count
High level R Don't care
Low level 4
ny High level
A Low level Down-count
Legend:
_} :Rising edge
1_: Falling edge
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3. Phase counting mode 3

Figure 10.28 shows an example of phase counting mode 3 operation, and table 10.22

summarizesthe TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC (channel 2) _l I_I l_,_|_|

TCLKB (channel 1)

TCLKD (channel 2)

TCNT value

V

Time

Figure 10.28 Example of Phase Counting Mode 3 Operation

Table 10.22 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Y Don't care
Low level v

Y Low level

A High level Up-count
High level Ra Down-count
Low level Y Don't care
2y High level

A Low level

Legend:

b :Rising edge

1 Falling edge
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4. Phase counting mode 4

Figure 10.29 shows an example of phase counting mode 4 operation, and table 10.23
summarizesthe TCNT up/down-count conditions.

TCLKA (channel 1) J
TCLKC (channel 2)

TCLKB (channel 1)
TCLKD (channel 2)

TCNT value

' ! ' i T 1 H Down-count
| UV/ \\

Time
Figure10.29 Example of Phase Counting Mode 4 Oper ation
Table 10.23 Up/Down-Count Conditionsin Phase Counting Mode 4
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ny Up-count
Low level v
ny Low level Don't care
A High level
High level R Down-count
Low level 4
ny High level Don't care
R Low level
Legend:
_} : Rising edge
1_: Falling edge
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10.6

10.6.1

Interrupts

Interrupt Source and Priority

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing generation of interrupt request signals to be enabled or disabled individually. When

an interrupt request is generated, the corresponding statusflag in TSR is set to 1. If the

corresponding enable/disable bit in TIER is set to 1 at thistime, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0. Relative channel priorities can be
changed by the interrupt controller, but the priority order within a channel isfixed. For details, see
section 5, Interrupt Controller. Table 10.24 lists the TPU interrupt sources.

Table 10.24 TPU Interrupts
Interrupt DTC DMAC
Channel Name Interrupt Source Flag Activation  Activation  Priority”
0 TGIOA  TGRA_O input TGFA Possible Possible High
capture/compare match A
TGIOB  TGRB_O0 input TGFB Possible Not possible
capture/compare match
TGIOC  TGRC_0 input TGFC Possible Not possible
capture/compare match
TGIOD  TGRD_0 input TGFD Possible Not possible
capture/compare match
TCIOV TCNT_O overflow TCFV Not possible Not possible
1 TGI1IA  TGRA_1 input TGFA Possible Possible
capture/compare match
TGI1B TGRB_1 input TGFB Possible Not possible
capture/compare match
TCIl1V TCNT_1 overflow TCFV Not possible Not possible
TCI1U TCNT_1 underflow TCFU Not possible Not possible
2 TGI2A  TGRA_2 input TGFA Possible Possible
capture/compare match
TGI2B  TGRB_2 input TGFB Possible Not possible
capture/compare match
TCI2V TCNT_2 overflow TCFV Not possible Not possible
TCI2U TCNT_2 underflow TCFU Not possible Not possible Low
Note: * This table shows the initial state immediately after a reset. The relative channel

priorities

can be changed by the interrupt controller.
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Input Capture/Compare Match Interrupt: Aninterrupt isrequested if the TGIE bitin TIER is
set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a TGR input capture/compare
match on a particular channel. The interrupt request is cleared by clearing the TGF flag to 0. The
TPU has 8 input capture/compare match interrupts, four each for channel 0, and two each for
channels 1 and 2.

Overflow Interrupt: Aninterrupt isrequested if the TCIEV bit in TIER is set to 1 when the
TCFV flagin TSR is set to 1 by the occurrence of TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The TPU has three overflow interrupts, one for
each channel.

Underflow Interrupt: Aninterrupt isrequested if the TCIEU bit in TIER is set to 1 when the
TCFU flagin TSR is set to 1 by the occurrence of TCNT underflow on a channel. The interrupt
request is cleared by clearing the TCFU flag to 0. The TPU has two underflow interrupts, one each
for channels 1 and 2.

10.6.2 DTC Activation

The DTC can be activated by the TGR input capture/compare match interrupt for a channel. For
details, see section 8, Data Transfer Controller (DTC). A total of 8 TPU input capture/compare
match interrupts can be used as DTC activation sources, four each for channel 0, and two each for
channels 1 and 2.

10.6.3 DMAC Activation

The DMAC can be activated by the TGRA input capture/compare match interrupt for a channel.
For details, see section 7, DMA Controller (DMAC). With the TPU, atotal of three TGRA input
capture/compare match interrupts can be used as DMAC activation sources, one for each channel.

10.6.4 A/D Converter Activation

The A/D converter can be activated by the TGRA input capture/compare match for a channel. If
the TTGE hit in TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, arequest to start A/D conversion is
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at thistime, A/D conversion is started. In the TPU, atotal of three TGRA input
capture/compare match interrupts can be used as A/D converter conversion start sources, one for
each channel.
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10.7  Operation Timing

10.7.1  Input/Output Timing

TCNT Count Timing: Figure 10.30 shows TCNT count timing in internal clock operation, and
figure 10.31 shows TCNT count timing in external clock operation.

o Uy

Internal clock ( | ) Falling edge (I) Rising edge |

TCNT | | | | | |
input clock
X N X N+1 X N+2

TCNT N-1

Figure10.30 Count Timing in Internal Clock Operation

O I I
External clock ?} Falling edge (I) Rising edge (I) Falling edge

N
[ S s I e

input clock

TCNT N-1 X N X N+1 X N+2

Figure10.31 Count Timingin External Clock Operation

REJ09B0140-0900 Rev. 9.00 Page 335 of 846

Sep 16, 2010 :{ENESAS




Section 10 16-Bit Timer Pulse Unit (TPU) H8S/2215 Group

Output Compare Output Timing: A compare match signal is generated in the final state in
which TCNT and TGR match (the point at which the count value matched by TCNT is updated).
When a compare match signal is generated, the output value set in TIOR is output at the output
compare output pin. After amatch between TCNT and TGR, the compare match signal is not
generated until the TCNT input clock is generated. Figure 10.32 shows output compare output
timing.

R .
TCNT |_|

input clock

TCNT N X N +1

TGR

Compare | |

match signal

TIOC pin X

Figure 10.32 Output Compare Output Timing

Input Capture Signal Timing: Figure 10.33 shows input capture signal timing.

o T LT L L L
Input capture

input | |
Input capture I I

signal | |

TCNT X N E X N+1 X N+2 E X x

TGR X N X N+2

Figure 10.33 Input Capture Input Signal Timing
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Timing for Counter Clearing by Compare Match/Input Capture: Figure 10.34 showsthe
timing when counter clearing by compare match occurrence is specified, and figure 10.35 shows
the timing when counter clearing by input capture occurrence is specified.

ST UL L
Compare | |
match signal

Counter | |
clear signal

TCNT N X H'0000

TGR N

Figure10.34 Counter Clear Timing (Compare Match)

T L L L
Input capture |
signal |
Counter clear E | |
signal .

TCNT N X H'0000
TGR X N

Figure10.35 Counter Clear Timing (Input Capture)
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Buffer Operation Timing: Figures 10.36 and 10.37 show the timing in buffer operation.

TCNT n X n+1
Compare ‘ |

match signal

TGRA, E

TGRB n : X N

TGRC, N |

TGRD !

Figure 10.36 Buffer Operation Timing (Compare Match)

- T LT L L L e
Input capture | |
signal | |

TCNT N

TGRA, i |
TGRB no X N ! X N+ 1
TGRC,
TGRD X n X N
Figure 10.37 Buffer Operation Timing (Input Capture)
Page 338 of 846 REJ09B0140-0900 Rev. 9.00

RENESAS Sep 16, 2010




H8S/2215 Group

Section 10 16-Bit Timer Pulse Unit (TPU)

10.7.2  Interrupt

Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 10.38 shows the timing for

setting of the TGF fl
timing.

ag in TSR by compare match occurrence, and TGI interrupt request signal

TCNT input
clock

TCNT

TGR

Compare
match signal

TGF flag

TGl interrupt

ISR -
[

\

N+1

[
|

Figure10.38 TGI Interrupt Timing (Compare Match)

TGF Flag Setting Timing in Case of Input Capture: Figure 10.39 shows the timing for setting
of the TGF flag in TSR by input capture occurrence, and TGI interrupt request signal timing.

0

Input capture

signal

TCNT

TGR

TGF flag

TGl interrupt

[ I
[

Figure10.39 TGI Interrupt Timing (Input Capture)
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TCFV Flag/TCFU Flag Setting Timing: Figure 10.40 shows the timing for setting of the TCFV
flag in TSR by overflow occurrence, and TCIV interrupt request signal timing. Figure 10.41
shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and TCIU
interrupt request signal timing.

N aininininininininl

TCNT input
clock

[ ]

TCNT
(overflow)

H'FFFF X H'0000

Overflow
signal

[ ]

TCFV flag

TCIV interrupt

Figure10.40 TCIV Interrupt Setting Timing

TCNT
input clock

TCNT
(underflow)

Underflow
signal

TCFU flag

TCIU interrupt

[ I A A

[ ]

H'0000 X H'FFFF

[

Figure10.41 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing: After astatusflag isread as 1 by the CPU, it is cleared by writing
0toit. When the DTC or DMAC is activated, the flag is cleared automatically. Figure 10.42
shows the timing for status flag clearing by the CPU, and figure 10.43 shows the timing for status
flag clearing by the DTC or DMAC.

TSR write cycle

LK T

o]
o ST L L L
Address X TSR address X
Write signal | |
Status flag |
Interrupt
request |
signal

Figure10.42 Timingfor StatusFlag Clearing by CPU

DTC/DMAC DTC/DMAC
read cycle write cycle
Ty T Ty T

T L L L e
Destination
Address X Source address X address x B

Status flag |

Interrupt |
request
signal

Figure10.43 Timing for StatusFlag Clearing by DTC or DMAC Activation
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10.8 Usage Notes

Input Clock Restrictions: The input clock pulse width must be at least 1.5 states in the case of
single-edge detection, and at least 2.5 states in the case of both-edge detection. The TPU will not
operate properly with anarrower pulse width. In phase counting mode, the phase difference and
overlap between the two input clocks must be at least 1.5 states, and the pulse width must be at
least 2.5 states. Figure 10.44 shows the input clock conditions in phase counting mode.

Phase Phase

{ Overlap | 903 eriap; AMOr | Pulse width | Pulse width
TCLKA : E ' f ' 5 | — '
(TCLKC) | : : : : ; |
TCLKB : . . . .
(TCLKD) : , | : : 5
" Pulse width ! " Pulse width !

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure 10.44 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode

Caution on Period Setting: When counter clearing by compare match is set, TCNT iscleared in
the final state in which it matches the TGR value (the point at which the count value matched by
TCNT is updated). Consequently, the actual counter frequency is given by the following formula:

f:L
(N+1)

Where f : Counter frequency
¢ : Operating frequency
N : TGR set value
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Contention between TCNT Writeand Clear Operations: If the counter clear signdl is
generated in the T, state of a TCNT write cycle, TCNT clearing takes precedence and the TCNT
write is not performed. Figure 10.45 shows the timing in this case.

TCNT write cycle
Ty T
fe——
‘ N O I
Address X TCNT address X

Write signal | |
Counter clear | |
signal

TCNT N X H'0000

Figure10.45 Contention between TCNT Write and Clear Operations

Contention between TCNT Write and Increment Operations: If incrementing occursinthe T,
state of a TCNT write cycle, the TCNT write takes precedence and TCNT is not incremented.
Figure 10.46 shows the timing in this case.

TCNT write cycle
T, T
[
¢ T L L L
Address X TCNT address X

Write signal | |
TCNT input | |
clock

TCNT N X . M

TCNT write data’

Figure 10.46 Contention between TCNT Write and Increment Operations
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Contention between TGR Write and Compare Match: If acompare match occursin the T,
state of a TGR write cycle, the TGR write takes precedence and the compare match signal is
inhibited. A compare match does not occur even if the same value as before is written. Figure
10.47 shows the timing in this case.

TGR write cycle
Ty T

fe———
UL L
Address X TGR address X
Write signal | |
Compar_e . \=—— Prohibited
match signal H :
TCNT N X N+1
TGR N X M

TGR write data

Figure 10.47 Contention between TGR Write and Compare Match

Page 344 of 846 REJ09B0140-0900 Rev. 9.00

RENESAS Sep 16, 2010




H8S/2215 Group Section 10 16-Bit Timer Pulse Unit (TPU)

Contention between Buffer Register Write and Compare Match: If acompare match occursin
the T, state of a TGR write cycle, the data transferred to TGR by the buffer operation will be the
data prior to the write. Figure 10.48 shows the timing in this case.

TGR write cycle
Ty T

R he—

Buffer register
Address X address X

Write signal

L
Compare ]
\

match signal
Buffer register write data
Buffer =
register N '\./l
l
TGR X N

Figure 10.48 Contention between Buffer Register Write and Compare Match

Contention between TGR Read and Input Capture: If the input capture signal is generated in
the T, state of a TGR read cycle, the data that is read will be the data after input capture transfer.
Figure 10.49 shows the timing in this case.

TGR read cycle
Ty T

et
o JHU L LU LWL L
Address X TGR address X

Read signal | |
Input capture | |
signal

TGR X X M

Internal X M X

data bus

Figure10.49 Contention between TGR Read and Input Capture
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Contention between TGR Write and Input Capture: If the input capture signal is generated in
the T, state of a TGR write cycle, the input capture operation takes precedence and the write to
TGR is not performed. Figure 10.50 shows the timing in this case.

TGR write cycle
Ty T

fe———
Address X TGR address X

Write signal | |
Input capture | |
signal

~
.

TGR X M

TCNT

Figure 10.50 Contention between TGR Writeand Input Capture
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Contention between Buffer Register Write and Input Capture: If theinput capture signal is
generated in the T, state of a buffer register write cycle, the buffer operation takes precedence and
the write to the buffer register is not performed. Figure 10.51 shows the timing in this case.

Buffer register write cycle
T1 T2

N h—

o J Uy
e )

Write signal

Input capture
signal

TCNT

TGR M

Buffer

) M
register

LAY

Figure10.51 Contention between Buffer Register Write and Input Capture

Contention between Overflow/Underflow and Counter Clearing: If overflow/underflow and
counter clearing occur simultaneously, the TCFV/TCFU flag in TSR isnot set and TCNT clearing
takes precedence. Figure 10.52 shows the operation timing when a TGR compare match is
specified as the clearing source, and H'FFFF is set in TGR.

S I I O
TCNT input | |
clock

TCNT H'FFFF X H'0000
Counter | |
clear signal
TGF flag |
Prohibited —__ ;= =========mmmmmmmmmmmn
TCFV flag '

Figure 10.52 Contention between Overflow and Counter Clearing
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Contention between TCNT Write and Overflow/Underflow: If there is an up-count or down-
count in the T, state of a TCNT write cycle, and overflow/underflow occurs, the TCNT write takes
precedence and the TCFV/TCFU flagin TSR is not set. Figure 10.53 shows the operation timing
when there is contention between TCNT write and overflow.

TCNT write cycle
Ty To

o]
; JTULU L L
Address X TCNT address X
Write signal | |
TCNT write data
2
TCNT H'FFFF X M

Prohibited—»:

TCFV flag

Figure 10.53 Contention between TCNT Write and Overflow

Multiplexing of I/0 Pins: InthisLSl, the TCLKA input pin is multiplexed with the TIOCCO I/O
pin, the TCLKB input pin with the TIOCDO 1/O pin, the TCLK C input pin with the TIOCB1 I/O
pin, and the TCLKD input pin with the TIOCB2 I/O pin. When an external clock isinput,
compare match output should not be performed from a multiplexed pin.

Interruptsand Module Stop Mode: If module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or the DTC activation source.
Interrupts should therefore be disabled before entering module stop mode.

Module Stop Mode Setting: TPU operation can be disabled or enabled using the module stop
control register. Theinitial setting isfor TPU operation to be halted. Register accessis enabled by
clearing module stop mode. For details, refer to section 22, Power-Down Modes.
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Section 11 8-Bit Timers (TMR)

This LIS includes an 8-bit timer module with two channels. Each channel has an 8-bit counter and
two registers that are constantly compared with the TCNT value to detect compare match events.

The 8-bit timer module can thus be used for a variety of functions, including pulse output with an
arbitrary duty cycle.

11.1 Features
The features of the 8-bit timer module are listed below.

e Selection of four clock sources

— The counters can be driven by one of threeinternal clock signals (¢/8, $/64, or $/8192) or
an external clock input (enabling use as an external event counter).

e Selection of three waysto clear the counters
— The counters can be cleared on compare match A or B, or by an external reset signal.
e Timer output control by a combination of two compare match signals

— Thetimer output signal in each channel is controlled by a combination of two independent
compare match signals, enabling the timer to generate output waveforms with an arbitrary
duty cycle or PWM output.

e Provision for cascading of two channels

— Operation as a 16-bit timer is possible, using channel 0 (TMR_0) for the upper 8 bits and
channel 1 (TMR_1) for the lower 8 bits (16-bit count mode).

— Channel 1 (TMR_1) can be used to count channel 0 (TMR_0) compare matches (compare
match count mode).

e Three independent interrupts
— Compare match A and B and overflow interrupts can be requested independently.
e A/D converter conversion start trigger can be generated
— Channel 0 compare match A signal can be used as an A/D converter conversion start
trigger.
— Module stop mode can be set

Figure 11.1 shows a block diagram of the 8-bit timer module (TMR_O and TMR_1).
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External clock source

Internal clock sources

TMCIO1 /8
0/64
$/8192
Clock 1
Clock select Clock 0
ey
| TCORA 0 TCORA_1
Compare match A1, K) K)
Compare match A0|Comparator A_0[—~|Comparator A_1
TMOO -~ | Overflow 1 : (W (W s
TMRIOT—» Overflow 0 | TONTO [ TONTf

TMO1 = Control logic

A/D

conversion o |

start request
signal

Legend:
TCORA_O:
TCORB_0:
TCNT_O:
TCSR_O:
TCR_O:

| —

Clear0 / Clear 1 / ‘ ‘

Compare match B1 |

Compare match B0 [Comparator B_OIi'Comparator B_1|

Time constant register A_0
Time constant register B_0

Timer counter_0

N N

Internal bus

| TCORB O [~| TCORB_1

kK——

>| TCSR_0 ﬁ TCSR_1

K——

— | TRoO [ TCRH

K——

L CMIAO

— CMIBO
= 0VIO

————— CMIA1
————————— CMIB1

= 0vH

Interrupt signals

TCNT_1:  Timer counter_1

TCORA_1: Time constant register A_1
TCORB_1: Time constant register B_1

Timer control/status register_0 TCSR_1:  Timer control/status register_1
Timer control register_0 TCR_1: Timer control register_1

Figure11.1 Block Diagram of 8-Bit Timer
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11.2  Input/Output Pins
Table 11.1 summarizes the input and output pins of the TMR.

Table11.1 Pin Configuration

Channel Name Symbol /O Function

0 Timer output pin O TMOO Output  Outputs at compare match

1 Timer output pin 1 TMO1 Output  Outputs at compare match

All Timer clock input pin 01 TMCIO1 Input Inputs external clock for counter
Timer reset input pin 01 TMRIO1 Input Inputs external reset to counter

11.3 Register Descriptions

The TMR registers are listed below. For details on the module stop control register, refer to
section 22.1.2, Module Stop Registers A to C (MSTPCRA to MSTPCRC).

e Timer counter (TCNT)

e Time constant register A (TCORA)
e Time constant register B (TCORB)
e Timer control register (TCR)

e Timer control/status register (TCSR)

11.3.1 Timer Counters(TCNT)

The TCNT registers are 8-bit up-counters. TCNT_0 and TCNT_1 comprise asingle 16-bit register
so they can be accessed together by a word transfer instruction. Bits CKS2 to CKS0in TCR are
used to select aclock. The TCNT counters can be cleared by an external reset input or by a
compare match signal A or B. Which signal isto be used for clearing is selected by bits CCLR1
and CCLRO in TCR. When a TCNT counter overflows from H'FF to H'00, OVF in TCSR is set to
1. The TCNT counters are each initialized to H'00.
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11.3.2 TimeConstant Registers A (TCORA)

The TCORA_0and TCORA _1 registers are 8-bit readable/writable registers. TCORA_0 and
TCORA_1 comprise asingle 16-hit register so they can be accessed together by a word transfer
instruction. The valuein TCORA is continually compared with the valuein TCNT. When a match
is detected, the corresponding CMFA flagin TCSR is set to 1. Note, however, that comparison is
disabled during the T, state of a TCOR write cycle. The timer output (TMO) can be freely
controlled by these compare match signals and the settings of bits OS1 and OS0 in TCSR.
TCORA_0Oand TCORA 1 areeachinitiaized to H'FF.

11.3.3 Time Constant RegistersB (TCORB)

The TCORB_O registers are 8-bit readable/writable registers. TCORB_0 and TCORB_1 comprise
asingle 16-bit register so they can be accessed together by a word transfer instruction. TCORB is
continually compared with the value in TCNT. When a match is detected, the corresponding
CMFB flagin TCSR is set to 1. Note, however, that comparison is disabled during the T, state of a
TCOR write cycle. The timer output can be freely controlled by these compare match signals and
the settings of output select bits OS3 and OS2 in TCSR. TCORB_0 and TCORB_1 are each
initialized to H'FF.
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11.34

Time Control Registers(TCR)

The TCR registers select the clock source and the time at which TCNT is cleared, and enable
interrupts.

Bit

Bit Name

Initial Value

R/W

Description

7

CMIEB

0

R/W

Compare Match Interrupt Enable B

Selects whether CMFB interrupt requests (CMIB) are
enabled or disabled when the CMFB flag in TCSR is
setto 1.

0: CMFB interrupt requests (CMIB) are disabled
1: CMFB interrupt requests (CMIB) are enabled

CMIEA

R/W

Compare Match Interrupt Enable A

Selects whether CMFA interrupt requests (CMIA) are
enabled or disabled when the CMFA flag in TCSR is
set to 1.

0: CMFA interrupt requests (CMIA) are disabled
1: CMFA interrupt requests (CMIA) are enabled

OVIE

R/W

Timer Overflow Interrupt Enable

Selects whether OVF interrupt requests (OVI) are
enabled or disabled when the OVF flag in TCSR is set
to 1.

0: OVF interrupt requests (OVI) are disabled
1: OVF interrupt requests (OVI) are enabled

CCLR1
CCLRO

R/W
R/W

Counter Clear 1 and 0

These bits select the method by which TCNT is
cleared.

00: Clear is disabled

01: Clear by compare match A

10: Clear by compare match B

11: Clear by rising edge of external reset input

[EnY

CKS2
CKS1
CKSO0

o

R/W
R/W
R/W

Clock Select2to0 0

These bits select the clock input to TCNT and count
condition. See table 11.2.
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Table11.2 Clock Input to TCNT and Count Condition

TCR
Bit 2 Bit 1 Bit O
Channel cks2 CKS1 CKS0 Description
TMR_O 0 0 0 Clock input disabled
1 Internal clock, counted at falling edge of ¢/8
1 0 Internal clock, counted at falling edge of ¢/64
1 Internal clock, counted at falling edge of $/8192
0 Count at TCNT1 overflow signal®
TMR_1 0 0 Clock input disabled
1 Internal clock, counted at falling edge of ¢/8
1 0 Internal clock, counted at falling edge of ¢/64
1 Internal clock, counted at falling edge of $/8192
1 0 0 Count at TCNTO compare match A*
All 1 0 1 External clock, counted at rising edge
1 0 External clock, counted at falling edge
1 1 External clock, counted at both rising and falling

edges

Note: * If the count input of TMR_O is the TCNT_1 overflow signal and that of TMR_1 is the
TCNT_0 compare match signal, no incrementing clock is generated. This setting is
prohibited.

11.35 Timer Control/Status Registers (TCSR)

The TCSR registers display status flags, and control compare match output.
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Bit Bit Name |Initial Value R/W

Description

7  CMFB 0 R/(W)*

Compare Match Flag B

[Setting condition]
e Setwhen TCNT matches TCORB

[Clearing conditions]

e Cleared by reading CMFB when CMFB = 1, then
writing 0 to CMFB

e When DTC is activated by CMIB interrupt, while
DISEL bit is 0, and transfer counter value is not 0

6 CMFA 0 R/(W)*

Compare Match Flag A

[Setting condition]

e Setwhen TCNT matches TCORA

[Clearing conditions]

e Cleared by reading CMFA when CMFA =1, then
writing 0 to CMFA

e When DTC is activated by CMIA interrupt, while
DISEL bit is 0, and transfer counter value is not O

5 OVF 0 R/(W)* Timer Overflow Flag
[Setting condition]
e Setwhen TCNT overflows from H'FF to H'00
[Clearing condition]
e Cleared by reading OVF when OVF = 1, then
writing O to OVF
4 ADTE 0 R/W A/D Trigger Enable (only in channel 0)
Selects enabling or disabling of A/D converter start
requests by compare match A.
This bit is reserved in channel 1. Always read as 1, and
cannot be modified.
0: A/D converter start requests by compare match A are
disabled
1: A/D converter start requests by compare match A are
enabled
3 0s3 0 R/W Output Select 3 and 2
2 0Ss2 0 R/W

These bits select a method of TMO pin output when
compare match B of TCOR and TCNT occurs.

00: No change when compare match B occurs
01: 0 is output when compare match B occurs
10: 1 is output when compare match B occurs

11: Output is inverted when compare match B occurs
(toggle output)
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Bit Bit Name |Initial Value R/W Description

1 0s1 0 R/W Output Select 1 and 0
0 0OSO0 0 R/W

These bits select a method of TMO pin output when
compare match A of TCOR and TCNT occurs.

00: No change when compare match A occurs
01: 0 is output when compare match A occurs
10: 1 is output when compare match A occurs

11: Output is inverted when compare match A occurs
(toggle output)

Note: * The write value should always be 0 to clear these flags.

114  Operation
1141  Pulse Output

Figure 11.2 shows an example that the 8-bit timer is used to generate a pul se output with a
selected duty cycle. The control bits are set as follows:

1. InTCR, bit CCLR1 iscleared to 0 and bit CCLRO is set to 1 so that the timer counter is
cleared at a TCORA compare match.

2. InTCSR, hits OS3 to OS0 are set to B'0110, causing the output to change to 1 at a TCORA
compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides output of pulses at arate determined by TCORA with
a pulse width determined by TCORB. No software intervention is required.

. | | | | | | |

Figure11.2 Example of Pulse Output
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115 Operation Timing

11.5.1 TCNT Incrementation Timing

Figure 11.3 shows the count timing for internal clock input. Figure 11.4 shows the count timing
for external clock signal. Note that the external clock pulse width must be at least 1.5 states for
incrementation at a single edge, and at least 2.5 states for incrementation at both edges. The
counter will not increment correctly if the pulse width is less than these values.

: MWM

Internal clock —|

Clock input \—\—
to TCNT

TCNT N-1 N X N+t

Figure11.3 Count Timing for Internal Clock Input

: e O e I e N e

External clock

(
input ' | |_
Clock input
to TCNT \’—L \’—I_Si

TCNT N—1 X N X N+ 1

Figure11.4 Count Timing for External Clock Input
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1152  Setting of Compare Match Flags CMFA and CMFB

The CMFA and CMFB flagsin TCSR are set to 1 by a compare match signal generated when the
TCOR and TCNT values match. The compare match signal is generated at the last state in which
the match istrue, just before the timer counter is updated. Therefore, when TCOR and TCNT
match, the compare match signal is not generated until the next incrementation clock input. Figure
11.5 shows this timing.

¢ N O B

TCNT N X N+1

TCOR N

Compare match
signal

\

CMF |

Figure1l5 Timing of CMF Setting
1153 Timer Output Timing

When compare match A or B occurs, the timer output changes as specified by bits OS3to OS0 in
TCSR. Figure 11.6 shows the timing when the output is set to toggle at compare match A.

¢ e e e Y o o o
Compare match A _|
signal (

B
™ N

Timer output pin | J

Figure11.6 Timing of Timer Output
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1154 Timing of Compare Match Clear

The timer counter is cleared when compare match A or B occurs, depending on the setting of the
CCLR1 and CCLRO bitsin TCR. Figure 11.7 shows the timing of this operation.

¢ B N I O A
Compare match
signal

\

TCNT N X H'00

Figure11.7 Timing of Compare Match Clear

1155 Timing of TCNT External Reset

TCNT iscleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bitsin TCR. The clear pulse width must be at least 1.5 states. Figure 11.8
shows the timing of this operation.

¢ B A

External reset |

input pin _
Clear signal
TONT N-—1 X N X H'00
Figure11.8 Timing of Clearance by External Reset
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11.5.6 Timing of Overflow Flag (OVF) Setting

The OVFin TCSRis set to 1 when TCNT overflows (changes from H'FF to H'00).
Figure 11.9 shows the timing of this operation.

¢ B U O

TCNT HFF X H'00

Overflow signal

\

OVF

Figure11.9 Timing of OVF Setting
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11.6  Operation with Cascaded Connection

If bits CKS2 to CKSO in either TCR_0 or TCR_1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer could be used (16-bit counter
mode) or compare matches of the 8-bit channel 0 could be counted by the timer of channel 1
(compare match count mode). In this case, the timer operates as below.

11.6.1 16-Bit Counter Mode

When bits CKS2 to CKS0 in TCR_0 are set to B'100, the timer functions as a single 16-bit timer
with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 hits.

e Setting of compare match flags
— The CMFflag in TCSR_Ois set to 1 when a 16-bit compare match event occurs.
— The CMFflagin TCSR_1 is set to 1 when alower 8-bit compare match event occurs.
e Counter clear specification
— If the CCLR1 and CCLRO bitsin TCR_0 have been set for counter clear at compare match,
the 16-bit counters (TCNT_0 and TCNT _1 together) are cleared when a 16-bit compare
match event occurs. The 16-bit counters (TCNTO and TCNT1 together) are cleared even if
counter clear by the TMRIO pin has also been set.
— The settings of the CCLR1 and CCLRO bitsin TCR_1 are ignored. The lower 8 bits cannot
be cleared independently.
e Pinoutput
— Control of output from the TMOO pin by bits OS3 to OS0in TCSR_0 isin accordance with
the 16-bit compare match conditions.
— Control of output from the TMO1 pin by bits OS3 to OS0in TCSR_1 isin accordance with
the lower 8-bit compare match conditions.

11.6.2 CompareMatch Count Mode

When bits CKS2 to CKS0 in TCR_1 are B'100, TCNT_1 counts compare match A’s for channel
0. Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, output from the TMO pin, and counter clear are in accordance with the
settings for each channel.
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11.7  Interrupts

11.7.1  Interrupt Sourcesand DTC Activation

There are three 8-bit timer interrupt sources: CMIA, CMIB, and OVI. Their relative priorities are
shown in table 11.3. Each interrupt source is set as enabled or disabled by the corresponding
interrupt enable bit in TCR or TCSR, and independent interrupt requests are sent for each to the
interrupt controller. It isalso possible to activate the DTC by means of CMIA and CMIB
interrupts.

Table11.3 8-Bit Timer Interrupt Sources

Interrupt

Channel Name Interrupt Source Flag DTC Activation  Priority*
0 CMIAO TCORA_0 compare match CMFA Possible High

CMIBO TCORB_0 compare match CMFB Possible

ovio TCNT_O overflow OVF Not possible
1 CMIAL TCORA_1 compare match CMFA Possible

CMIB1 TCORB_1 compare match CMFB Possible

ovili TCNT_1 overflow OVF Not possible Low

Note: * This table shows the initial state immediately after a reset. The relative channel
priorities can be changed by the interrupt controller.

Page 362 of 846 REJ09B0140-0900 Rev. 9.00

RENESAS Sep 16, 2010



H8S/2215 Group Section 11 8-Bit Timers (TMR)

11.7.2 A/D Converter Activation

The A/D converter can be activated only by TMR_0 compare match A. If the ADTE bit in TCSRO
is set to 1 when the CMFA flag is set to 1 by the occurrence of TMR_0 compare match A, a
request to start A/D conversion is sent to the A/D converter. If the 8-bit timer conversion start
trigger has been selected on the A/D converter side at thistime, A/D conversion is started.

11.8  Usage Notes
11.8.1 Contention between TCNT Write and Clear

If atimer counter clock pulseis generated during the T, state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the write is not performed. Figure 11.10 shows this
operation.

TCNT write cycle by CPU
Ty T

T
¢ B e e

Address >< TCNT address ><

Internal write signal | |

Counter clear signal | |

TCNT N >< H'00

Figure11.10 Contention between TCNT Write and Clear
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11.8.2 Contention between TCNT Write and Increment

If atimer counter clock pulseis generated during the T, state of a TCNT write cycle, the write

takes priority and the counter is not incremented. Figure 11.11 shows this operation.

Address

Internal write signal

TCNT input clock

TCNT

TCNT write cycle by CPU
T4 T2

T
B e

A

TCNT address

- M

Counter write data

Figure11.11 Contention between TCNT Write and Increment
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11.8.3 Contention between TCOR Write and Compare Match

During the T, state of a TCOR write cycle, the TCOR write has priority and the compare match
signal is prohibited even if a compare match event occurs. Figure 11.12 shows this operation.

TCOR write cycle by CPU
T4 T

T
' B e e

Address >< TCOR address ><

Internal write signal | |

TCNT N >< N+1

TCOR N >< M

TCOR write data

Compare match signal i S

Prohibited

Figure11.12 Contention between TCOR Write and Compare Match
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11.84  Contention between Compare Matches A and B

If compare match events A and B occur at the same time, the 8-bit timer operatesin accordance
with the priorities for the output statuses set for compare match A and compare match B, as shown
intable 11.4.

Table11.4 Timer Output Priorities

Output Setting Priority
Toggle output High

1 output

0 output T

No change Low

11.85  Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 11.5 shows the
relationship between the timing at which the internal clock is switched (by writing to the CKS1
and CK S0 hits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulseisdetected. If clock switching causes a change from high to low level, as shownin case 3in
table 11.5, aTCNT clock pulseis generated on the assumption that the switchover isafalling
edge. Thisincrements TCNT.

The erroneous incrementation can also happen when switching between internal and external
clocks.
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Table11.5 Switching of Internal Clock and TCNT Operation

Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

1 Switching from Clock before 1
low to low** switchover J I__, | | |

Clock after
switchover

TCNT clock

N+ 1 X

TCNT N X

CKS bit rewrite
2 Switching from Clock before
low to high** switchover _,—\_, |

Clock after
switchover

TCNT clock

TCNT N X N+t X

N+2 X

CKS bit rewrite

3 Switching from Clock before
high to low** switchover

Clock after
switchover

TCNT clock

TCNT N X N+t X N+2 X

CKS bit rewrite
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Timing of Switchover
by Means of CKS1

No. and CKSO0 Bits TCNT Clock Operation
4 Switching from high  Clock before
to high switchover J I—I | :
Clock after
switchover
TCNT clock |_|
TCNT N X N+t X N+2 X
CKS bit rewrite
Notes: 1. Includes switching from low to stop, and from stop to low.
2. Includes switching from stop to high.
3. Includes switching from high to stop.
4. Generated on the assumption that the switchover is a falling edge; TCNT is
incremented.
11.86 Mode Setting with Cascaded Connection

If 16-bit counter mode and compare match count mode are specified at the same time, input clocks
for TCNT_Oand TCNT_1 are not generated, and the counter stops. Do not specify 16-bit counter
and compare match count modes simultaneously.

11.8.7

Module Stop Mode Setting

Operation of the TMR can be disabled or enabled using the module stop control register. The
initial setting is for operation of the TMR to be halted. Register accessis enabled by clearing
module stop mode. For details, refer to section 22, Power-Down Modes.

Page 368 of 846

REJ09B0140-0900 Rev. 9.00

RENESAS Sep 16, 2010



H8S/2215 Group Section 12 Watchdog Timer (WDT)

Section 12 Watchdog Timer (WDT)

The watchdog timer (WDT) is an 8-bit timer that can generate an internal reset signal for thisL Sl

if a system crash prevents the CPU from writing to the timer counter, thus allowing it to overflow.
When this watchdog function is not needed, the WDT can be used as an interval timer. Ininterval

timer operation, an interval timer interrupt is generated each time the counter overflows.

The block diagram of the WDT is shown in figure 12.1.
121  Features

e Selectable from eight counter input clocks
e Switchable between watchdog timer mode and interval timer mode

In watchdog timer mode
o If the counter overflows, it is possible to select whether this LS| isinternally reset or not.
In interval timer mode

o |f the counter overflows, the WDT generates an interval timer interrupt (WOVI).

Overflow 0/2
WOV] <t | Interrupt le——0/64
(interrupt request control <7¢5128
signal) ' Clock fe——¢/512
! Clock select |«——/2048
le— /8192
‘ l—— /32768
Internal reset signal* <«——| Resetl le——0/131072
‘ contro Internal clock
sources

| RsTCSR |<JTTCNT fe—| Tcsr |

2]
>
o
©
=
=
]
=
c

() () 0 [ ]
Module bus interface K___|
777777777777777777777777 T
Legend:
TCSR: Timer control/status register
TCNT: Timer counter
RSTCSR: Reset control/status register
Note: * The type of internal reset signal depends on a register setting.
Figure12.1 Block Diagram of WDT
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12.2  Register Descriptions

The WDT has the following three registers. For details, refer to section 23, List of Registers. To
prevent accidental overwriting, TCSR, TCNT, and RSTCSR have to be written to by a different
method to normal registers. For details, refer to section 12.5.1, Notes on Register Access.

e Timer counter (TCNT)
e Timer control/status register (TCSR)
o Reset control/status register (RSTCSR)

12.2.1  Timer Counter (TCNT)

TCNT isan 8-bit readable/writable up-counter. TCNT isinitialized to H'00 by areset, when the
TME bitin TCSRiscleared to O.

12.22 Timer Control/Status Register (TCSR)

TCSR is an 8-bit readable/writable register. Its functions include selecting the clock sourceto be
input to TCNT, and selecting the timer mode.

Bit Bit Name Initial Value R/W Description

7 OVF 0 R/(W)*  Overflow Flag

Indicates that TCNT has overflowed. Only a write

of 0 is permitted, to clear the flag.

[Setting condition]

e When TCNT overflows (changes from H'FF to
H'00)

When internal reset request generation is

selected in watchdog timer mode, OVF is cleared

automatically by the internal reset.

[Clearing condition]

e Cleared by reading TCSR when OVF =1,
then writing 0 to OVF

When polling CVF when the interval timer

interrupt has been prohibited, OVF = 1 status

should be read two or more times.
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Bit Bit Name

Initial Value

R/W

Description

6 WT/AT

0

R/W

Timer Mode Select

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

0: Interval timer mode
1: Watchdog timer mode

5 TME

R/W

Timer Enable

When this bit is set to 1, TCNT starts counting.
When this bit is cleared, TCNT stops counting
and is initialized to H'00.

4,3 —

All 1

Reserved

These bits are always read as 1 and cannot be
modified.

CKS2
1 CKS1
CKSO

R/W
R/W
R/W

Clock Select2to 0

Selects the clock source to be input to TCNT. The
overflow frequency for ¢ = 16 MHz is enclosed in
parentheses.

000: Clock ¢/2 (frequency: 32.0 ps)

001: Clock ¢/64 (frequency: 1.0 ms)

010: Clock ¢/128 (frequency: 2.0 ms)
011: Clock ¢/512 (frequency: 8.2 ms)
100: Clock ¢/2048 (frequency: 32.8 ms)
101: Clock ¢/8192 (frequency: 131.1 ms)
110: Clock ¢/32768 (frequency: 524.3 ms)
111: Clock ¢/131072 (frequency: 2.1 s)

Note: * The write value should always be 0 to clear this flag.
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12.23 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-hit readable/writable register that controls the generation of the internal reset
signal when TCNT overflows, and selects the type of internal reset signal. RSTCSR isinitialized
to H'1F by areset signal from the RES pin, and not by the WDT internal reset signal caused by
overflows.

Bit Bit Name Initial Value R/W Description

7 WOVF 0 R/I(W)*  Watchdog Overflow Flag

This bit is set when TCNT overflows in watchdog

timer mode. This bit cannot be set in interval timer

mode, and the write value should always be 0.

[Setting condition]

e Setwhen TCNT overflows (changed from
H'FF to H'00) in watchdog timer mode

[Clearing condition]

e Cleared by reading RSTCSR when WOVF =
1, and then writing 0 to WOVF

6 RSTE 0 R/W Reset Enable

Specifies whether or not a reset signal is
generated in the chip if TCNT overflows during
watchdog timer operation.

0: Reset signal is not generated even if TCNT
overflows
(Though this LSl is not reset, TCNT and
TCSR in WDT are reset)

1: Reset signal is generated if TCNT overflows

5 RSTS 0 R/W Reset Select

Selects the type of internal reset generated if
TCNT overflows during watchdog timer operation.

0: Power-on reset
1: Setting prohibited

4t00 — All1 — Reserved

These bits are always read as 1 and cannot be
modified.

Note: * The write value should always be 0 to clear this flag.
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12.3  Operation

1231 Watchdog Timer Mode
To use the WDT as awatchdog timer, set the WT/IT bit in TCSR and the TME bit to 1.

TCNT does not overflow while the system is operating normally. Software must prevent TCNT
overflows by rewriting the TCNT value (normally be writing H'00) before overflows occurs.

When the RSTE bit of the RSTCSR isset to 1, and if the TCNT overflows, an internal reset signal
for thisLSl isissued. In this case, select power-on reset or manual reset by setting the RSTS bit of
the RSTCSR to 0.

If areset caused by asignal input to the RES pin occurs at the same time as areset caused by a
WDT overflow, the RES pin reset has priority and the WOVF bit in RSTCSR is cleared to 0. The
internal reset signal is output for 518 states.

When the TCNT overflows in watchdog timer mode, the WOV F bit of the RSTCSR is set to 1. If
the RSTE bit of the RSTCSR has been set to 1, an internal reset signal for theentire LSl is
generated at TCNT overflow.

TCNT value

Overflow

Time

e T N R AN
WT/AT =1 H'00 written WOVF =1 | WT/IT=1 H'00 written
TME=1  to TCNT Internal reset 1 TME=1 to TCNT
generated

Internal reset signal* I “

|<—>
518 states (WDTO0)

Legend:
WT/IT: Timer mode select bit
TME: Timer enable bit

Note: * With WDTO, the internal reset signal is generated only when the RSTE bit is set to 1.

Figure12.2 Operation in Watchdog Timer Mode
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12.3.2  Timing of Setting of Watchdog Timer Overflow Flag (WOVF)

With WDTO, the WOVF bitin RSTCSR isset to 1 if TCNT overflows in watchdog timer mode. If
TCNT overflows while the RSTE bit in RSTCSR is set to 1, an internal reset signal is generated
for the entire chip. Thistiming isillustrated in figure 12.3.

o T LT LT LT LT LT Ll
TCNT % H'FF >< H'00 HS

Overflow signal
(internal signal)

WOVF

Internal reset
signal

518 states (WDTO)

Figure12.3 Timing of WOVF Setting
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12.3.3 Interval Timer Mode

To usethe WDT as an interval timer, clear bit WT/IT in TCSR to 0 and set bit TME to 1. When
theinterval timer is operating, an interval timer interrupt (WOV1) is generated each time the
TCNT overflows. Therefore, an interrupt can be generated at intervals.

TCNT count
Overflow Overflow Overflow Overflow
[ e R e B e A
H'00 f J Time
WTAT =0 WOVI WOVI WOVI WOVI
TME =1
Legend:

WOVI: Interval interrupt request generation

Figure12.4 Operation in Interval Timer Mode

12.34  Timing of Setting of Overflow Flag (OVF)

The OVFflagissetto 1if TCNT overflows during interval timer operation. At the same time, an
interval timer interrupt (WOVI) isrequested. Thistiming is shown in figure 12.5.

o T L J LT LT LT LT

TCNT % H'FF >< H'00

Overflow signal
(internal signal)

Ny

OVF ( |
))

I~
—

Figure12.5 Timing of OVF Setting
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124 Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOV1).
Theinterval timer interrupt is requested whenever the OVF flag isset to 1 in TCSR. OVF must be
cleared to 0 in the interrupt handling routine.

Table12.1 WODT Interrupt Source

Name Interrupt Source Interrupt Flag DTC Activation
WOQVI TCNT overflow WOVF Impossible

125 Usage Notes

1251 Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write to. The procedures for writing to and reading these registers are given
below.

Writing to TCNT and TCSR: These registers must be written to by aword transfer instruction.
They cannot be written to with byte transfer instructions. Figure 12.6 shows the format of data
written to TCNT and TCSR.

TCNT and TCSR both have the same write address. For awriteto TCNT, the upper byte of the
written word must contain H'5A and the lower byte must contain the write data. For awrite to
TCSR, the upper byte of the written word must contain H'A5 and the lower byte must contain the
write data. This transfers the write data from the lower byteto TCNT or TCSR.

TCNT write
15 87 0

H'5A Write data

Address: H'FF74

TCSR write
15 8 7 0

Address: HFF74 H'A5 Write data

Figure12.6 Format of Data Written to TCNT and TCSR
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Writing to RSTCSR: RSTCSR must be written to by aword transfer to address H'FF76. It cannot
be written to with byte instructions. Figure 12.7 shows the format of data written to RSTCSR. The
method of writing 0 to the WOVF bit differs from that for writing to the RSTE and RSTS bits.

To write 0 to the WOVF bit, the upper byte of the written word must contain H'A5 and the lower
byte must contain H'00. This clears the WOVF bit to O, but has no effect on the RSTE and RSTS
bits. To write to the RSTE and RSTS bits, the upper byte must contain H'5A and the lower byte
must contain the write data. This writes the valuesin bits 6 and 5 of the lower byte into the RSTE
and RSTS bits, but has no effect on the WOVF hit.

Writing 0 to WOVF bit

15 8 7 0
Address: HFF76 | HAS H'00
Write to RSTE, RSTS bits
15 8 7 0
Address: HFF76 | H'5A | Write data |

Figure12.7 Format of Data Written to RSTCSR (Example of WDTO)

Reading from TCNT, TCSR, and RSTCSR: TCNT, TCSR, and RSTCSR are read by using the
same method as for the generd registers. TCSR, TCNT, and RSTCSR are allocated in addresses
H'FF74, H'FF75, and H'FF77 respectively.
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12.5.2 Contention between Timer Counter (TCNT) Write and Increment

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 12.8 shows this operation.

TCNT write cycle

Address X

Internal write | |
signal

TCNT input
clock

TCNT N X - M

Counter write data

Figure 12.8 Contention between TCNT Write and I ncrement

1253 Changing Value of CKS2to CKSO

If bits CKS0 to CKS2 in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. Software must be used to stop the watchdog timer (by clearing the TME bit to
0) before changing the value of hits CKS0 to CKS2.

12.5.4  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer while the WDT is operating, errors
could occur in the incrementation. Software must be used to stop the watchdog timer (by clearing
the TME bit to 0) before switching the mode.
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1255 Internal Reset in Watchdog Timer Mode

ThisLSl isnot reset internally if TCNT overflows while the RSTE hit is cleared to O during
watchdog timer operation, however TCNT and TCSR of the WDT are reset.

TCNT, TCSR, or RSTCR cannot be written to for 132 states following an overflow. During this
period, any attempt to read the WOVF flag is not acknowledged. Accordingly, wait 132 states
after overflow to write 0 to the WOV flag for clearing.

1256 OVF Flag Clearingin Interval Timer Mode

When the OV F flag setting conflicts with the OVF flag reading in interval timer mode, writing O
to the OVF flag may not clear the flag even though the OVF flag has been read whileit is 1. If
thereis a possibility that the OVF flag setting and reading will conflict, such as when the OVF
flag is polled with the interval timer interrupt disabled, read the OVF flag whileitis 1 at least
twice before writing 0 to the OVF flag to clear the flag.
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Section 13 Serial Communication Interface

ThisLSl has three independent serial communication interface (SCI) channels. The SCI can
handle both asynchronous and clocked synchronous serial communication. Asynchronous serial
data communication can be carried out using standard asynchronous communication chips such as
aUniversal Asynchronous Receiver/Transmitter (UART) or an Asynchronous Communication
Interface Adapter (ACIA). The SCI aso supports the smart card (1C card) interface based on
ISO/IEC 7816-3 (Identification Card) as an enhanced asynchronous communication function.

13.1 Features

e Choice of asynchronous or clocked synchronous serial communication mode
e  Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneously.

Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data.

e  On-chip baud rate generator allows any bit rate to be selected

External clock can be selected as atransfer clock source (except for in Smart Card interface
mode).

e Choice of LSB-first or MSB-first transfer (except in the case of asynchronous mode 7-bit data)
e Four interrupt sources

Transmit-end, transmit-data-empty, receive-data-full, and receive error — that can issue
requests.

The transmit-data-empty interrupt and receive data full interrupts can be used to activate the
DMA controller (DMAC) or the Data Transfer Controller (DTC).

e Module stop mode can be set
Asynchronous Mode

e Datalength: 7 or 8 bits

e Stop hit length: 1 or 2 bits

e Parity: Even, odd, or none

o Receive error detection: Parity, overrun, and framing errors

e Break detection: Break can be detected by reading the RxD pin level directly in the case of a
framing error
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e Average transfer rate generator (SCI_0):
InHB8S/2215 720 kbps, 460.784 kbps, or 115.196 kbps can be selected at 16 MHz.

In H8S/2215R, H8S/2215T and H85/2215C
921.569 kbps, 720 kbps, 460.784 kbps, or 115.196 kbps can be selected at 16
MHz.

921.053 kbps, 720 kbps, 460.526 kbps, or 115.132 kbps can be selected at 24
MHz.

e A transfer rate clock can beinput from the TPU (SCI_0)

e A multiprocessor communication function is provided that enables serial data
communication with a number of processors

Clocked Synchronous Mode

e Datalength: 8 bits

e Receive error detection: Overrun errors detected

e SCI select function (SCI_0): TxDO = high-impedance and SCKO = fixed high-level input can
selected when IRQ7 = 1)

e Seria data communication can be carried out with other chips that have a synchronous
communication function

Smart Card Interface

e Anerror signal can be automatically transmitted on detection of a parity error during reception
e Data can be automatically re-transmitted on detection of a error signal during transmission
e Both direct convention and inverse convention are supported
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13.1.1 Block Diagram

Figure 13.1 shows the block diagram of the SCI_0 for H8S/2215, figure 13.2 shows the block
diagram of the SCI_0 for H8S/2215R, H8S/2215T and H8S/2215C. Figure 13.2 shows the block
diagram of the SCI_1 and SCI_2.

Module data bus

Bus interface
Internal data bus

[ R | [ mor | SCMR BRA
(1 ] SSR
e ]
i U i 2;: Baud rate
generalor :

SEMR 016

,
, control H
TxDO <—:—<} transmission e 0/64

————————— 0/4

' and reception !
1 . . '
' Parity Detecting parity !
i check Clock '
PG1/IRQ7 — T TEI
; T I
[’ ! C/A : RXI
* | ERI
] CKE1 !
! SSE Average transfer | !
! rate generator '
' 10.667 MHz :
| \
! External clock - 115.152 kbps !
] )/ - 460.606 kbps !
SCKO ! 16 MHz |
T - 115.196 kbps '
. - 460.784 kbps '
: - 720 kbps '
| I
i i
I I
I I
H I
\ I
| I
___________________________________________________________________________ I
TPU
TIOCA2
Legend:
RSR: Receive shift register SCR:  Serial control register
RDR: Receive data register SSR:  Serial status register
TSR: Transmit shift register SCMR: Smart card mode register
TDR: Transmit data register BRR: Bit rate register
SMR: Serial mode register SEMR: Serial Extended mode register
Figure13.1 Block Diagram of SCI_0 (H85/2215)
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: o :
1 o
1 Module data bus s

1 (9] T

' £ !

’ | g g

1 > 1

, o |

5 [ ror ] [ R | SCMR BRR :

; T SSR :

E | 1 k) 1 gl\?lg Baud rate ;

AxDO — | RSR | TSR SEMRA_0 generator :
ﬂ SEMRB_0 ~———
TxDo ! control -~

' transmission '

: _and reception ,

— : Parit Parity generation Clock .

PG1/RQ7 checi Yo ‘ :

F. o |

CKE1 E

SSE Average transfer| |

rate generator | !

10.667 MHz 5

External clock -115.152 kbps |

- 460.606 kbps | !

SCKO 16 MHz ;

Legend:

RSR:
RDR:

TSR:

TDR:
SMR:

Receive shift register
Receive data register
Transmit shift register
Transmit data register

Serial mode register

SCR:
SSR:
SCMR:
BRR:

SClI transfer
clock generator
in TPU

Serial control register
Serial status register
Smart card mode register

Bit rate register

-115.196 kbps
- 460.784 kbps
- 720 kbps

- 921.569 kbps
24 MHz
-115.132 kbps
- 460.526 kbps
- 720 kbps

- 921.053 kbps

TIOCAO
TIOCCO
TIOCA1
TIOCA2

SEMRA_0: Serial extended mode register A_0
SEMRB_0: Serial extended mode register B_0

Internal data bus

o4
/16
/64

TEI
TXI
RXI
ERI

Figure 13.2 Block Diagram of SCI_0 (H8S/2215R, H8S/2215T and H8S5/2215C)
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Internal data bus

3
(o]
b=
Module data bus 2
@
p=3
| J I
[ rorR | | TOR | SCMR [ 8RR —
] SSR
—
SCR Baud rate ’
RxD _>| | RSR | | | TSR SMR generator | ¥4
control ~— 916
transmissiqn <~ /64
TxD and reception
Detecting parity Clock
Parity check
External clock
SCK
TEI
Legend: I
RSR: Receive shift register RXI
RDR: Receive data register ERI

TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
SCMR: Smart card register
BRR: Bit rate register

Figure 13.3 Block Diagram of SCI_1and SCI_2

REJ09B0140-0900 Rev. 9.00

Sep 16, 2010 :{ENESAS

Page 385 of 846




Section 13 Serial Communication Interface H8S/2215 Group

13.2  Input/Output Pins
Table 13.1 shows the seria pinsfor each SCI channel.

Table13.1 Pin Configuration

Channel Pin Name® 1/O Function

0 SCKO 110 SCI_0 clock input/output
RxDO Input SCI_0 receive data input
TxDO Output SCI_0 transmit data output

1 SCK1 110 SCI_1 clock input/output
RxD1 Input SCI_1 receive data input
TxD1 Output SCI_1 transmit data output

2 SCK2 110 SCI_2 clock input/output
RxD2 Input SCI_2 receive data input
TxD2 Output SCI_2 transmit data output

Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the
channel designation.

13.3  Register Descriptions

The SCI has the following registers for each channel. Some bitsin the serial mode register (SMR),
serial status register (SSR), and serial control register (SCR) have different functionsin different
modes—normal serial communication interface mode and smart card interface mode; therefore,
the bits are described separately for each mode in the corresponding register sections.

e Receive shift register (RSR)

¢ Receive dataregister (RDR)

e Transmit dataregister (TDR)

e Transmit shift register (TSR)

e Serial mode register (SMR)

e Seria control register (SCR)

e Seria statusregister (SSR)

e Smart card mode register (SCMR)

e Serial extended mode register (SEMR) (only for channel 0 in H8S/2215)

e Seria extended moderegister A_0 (SEMRA_0) (only for channel 0 in H8S/2215R,
H8S/2215T and H8S/2215C)
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e Serial extended mode register B_0 (SEMRB_0) (only for channel 0in H8S/2215R,
H8S/2215T and H8S/2215C)

o Bitrateregister (BRR)

13.3.1 Receive Shift Register (RSR)

RSR is a shift register that is used to receive seria datainput to the RxD pin and convert it into
paralel data. When one byte of data has been received, it istransferred to RDR automatically.
RSR cannot be directly accessed by the CPU.

13.3.2 Receive Data Register (RDR)

RDR isan 8-hit register that stores received data. When the SCI has received one byte of serial
data, it transfers the received serial datafrom RSR to RDR, where it is stored. After this, RSRis
receive-enabled. As RSR and RDR function as a double buffer in this way, continuous receive
operations are possible. After confirming that the RDRF bit in SSRis set to 1, read RDR only
once. RDR cannot be written to by the CPU.

13.3.3 Transmit Data Register (TDR)

TDR isan 8-bit register that stores data for transmission. When the SCI detects that TSR is empty,
it transfers the transmit data written in TDR to TSR and starts transmission. The double-buffered
structure of TDR and TSR enables continuous serial transmission. If the next transmit data has
aready been written to TDR during serial transmission, the SCI transfers the written datato TSR
to continue transmission. Although TDR can be read from or written to by the CPU at all times, to
achieve reliable serial transmission, write transmit datato TDR only once after confirming that the
TDRE bitin SSRisset to 1.

13.3.4  Transmit Shift Register (TSR)

TSR is ashift register that transmits serial data. To perform seria data transmission, the SCI first
transfers transmit data from TDR to TSR, then sends the data to the TxD pin. TSR cannot be
directly accessed by the CPU.
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13.35 Serial Mode Register (SMR)

SMR isused to set the SClI's serid transfer format and select the baud rate generator clock source.
Some bitsin SMR have different functions in norma mode and smart card interface mode.

e Normal Serial Communication Interface Mode (When SMIF in SCMR is0)
Bit  Bit Name Initial Value R/W  Description

7 C/A 0 R/W  Communication Mode
0: Asynchronous mode
1: Clocked synchronous mode

6 CHR 0 R/W  Character Length (enabled only in asynchronous mode)
0: Selects 8 bits as the data length

1: Selects 7 bits as the data length. LSB-first is fixed and
the MSB of TDR is not transmitted in transmission

In clocked synchronous mode, a fixed data length of 8
bits is used.

5 PE 0 R/W  Parity Enable (enabled only in asynchronous mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity bit is
checked in reception. For a multiprocessor format, parity
bit addition and checking are not performed regardless
of the PE bit setting.

4 O/E 0 R/W  Parity Mode (enabled only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity
1: Selects odd parity

3 STOP 0 R/W  Stop Bit Length (enabled only in asynchronous mode)
Selects the stop bit length in transmission.
0: 1 stop hit
1: 2 stop bits

In reception, only the first stop bit is checked. If the
second stop bit is 0, it is treated as the start bit of the
next transmit character.
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Bit Bit Name Initial Value R/W  Description

2 MP 0 R/W  Multiprocessor Mode (enabled only in asynchronous
mode)
When this bit is set to 1, the multiprocessor _
communication function is enabled. The PE bit and O/E
bit settings are invalid in multiprocessor mode. For
details, see section 13.5, Multiprocessor Communication
Function.

1 CKs1 0 R/W  Clock Select 0 and 1:

CKSO0 0 R/W  These bits select the clock source for the baud rate

generator.
00: ¢ clock (n =0)
01: ¢/4 clock (n = 1)
10: ¢/16 clock (n = 2)
11: ¢/64 clock (n = 3)
For the relationship between the bit rate register setting
and the baud rate, see section 13.3.12, Bit Rate Register
(BRR). n is the decimal representation of the value of n
in BRR (see section 13.3.12, Bit Rate Register (BRR)).
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e Smart Card Interface Mode (When SMIF in SCMR is 1)

Bit Bit Name Initial Value

R/W

Description

7 GM

0

R/W

GSM Mode

Setting this bit to 1 allows GSM mode operation. In GSM

mode, the TEND set timing is put forward to 11.0 etu

from the start and the clock output control function is
appended. For details, see section 13.7.9, Clock Output

Control.

0: Normal smart card interface mode operation

(initial value)

(1) The TEND flag is generated 12.5 etu (11.5 etu in the
block transfer mode) after the beginning of the start
bit.

(2) Clock output on/off control only.

1: GSM mode operation in smart card interface mode

(1) The TEND flag is generated 11.0 etu after the
beginning of the start bit.

(2) In addition to clock output on/off control, high/how
fixed control is supported (set using SCR).

6 BLK

R/W

Setting this bit to 1 allows block transfer mode operation.
For details, see section 13.7.4, Block Transfer Mode.

0: Normal smart card interface mode operation
(initial value)
(1) Error signal transmission, detection, and automatic
data retransmission are performed.
(2) The TXI interrupt is generated by the TEND flag.

(3) The TEND flag is set 12.5 etu (11.0 etu in the GSM
mode) after transmission starts.

1: Operation in block transfer mode

(1) Error signal transmission, detection, and automatic
data retransmission are not performed.

(2) The TXl interrupt is generated by the TDRE flag.

(3) The TEND flag is set 11.5 etu (11.0 etu in the GSM
mode) after transmission starts.
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Bit Bit Name Initial Value

R/W

Description

5 PE

0

R/W

Parity Enable

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity bit is
checked in reception. Set this bit to 1 in smart card
interface mode.

4 O/E

R/W

Parity Mode (valid only when the PE bit is 1)
0: Selects even parity
1: Selects odd parity

For details on the usage of this bit in smart card interface
mode, see section 13.7.2, Data Format (Except for Block
Transfer Mode).

3 BCP1
2 BCPO

R/W
R/W

Basic Clock Pulse 1,0

These bits select the number of basic clock cycles in a 1-
bit data transfer time in smart card interface mode.

00: 32 clock cycles (S = 32)

01: 64 clock cycles (S = 64)

10: 372 clock cycles (S = 372)

11: 256 clock cycles (S = 256)

For details, see section 13.7.5, Receive Data Sampling
Timing and Reception Margin. S is described in section
13.3.12, Bit Rate Register (BRR).

1 CKsS1
0 CKSO

R/W
R/W

Clock Select 1,0

These bits select the clock source for the baud rate
generator.

00: ¢ clock (n =0)

01: ¢/4 clock (n = 1)

10: ¢/16 clock (n = 2)

11: ¢/64 clock (n = 3)

For the relation between the bit rate register setting and
the baud rate, see section 13.3.12, Bit Rate Register

(BRR). n is the decimal display of the value of nin BRR
(see section 13.3.12, Bit Rate Register (BRR)).
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13.36  Serial Control Register (SCR)

SCRis aregister that enables or disables SCI transfer operations and interrupt requests, and is also
used to selection of the transfer clock source. For details on interrupt requests, refer to section
13.9, Interrupts. Some hitsin SCR have different functions in norma mode and smart card
interface mode.

e Normal Serial Communication Interface Mode (When SMIF in SCMR is0)
Bit  Bit Name Initial Value R/W  Description

7 TIE 0 R/W  Transmit Interrupt Enable

When this bit is set to 1, the TXI interrupt request is
enabled.

TXI interrupt request cancellation can be performed by
reading 1 from the TDRE flag, then

clearing it to 0, or clearing the TIE bit to 0.

6 RIE 0 R/W  Receive Interrupt Enable

When this bit is set to 1, RXIl and ERI interrupt requests
are enabled.

RXI and ERI interrupt request cancellation can be
performed by reading 1 from the RDRF flag, or the FER,
PER, or ORER flag, then clearing the flag to O, or
clearing the RIE bit to 0.

5 TE 0 R/W  Transmit Enable

When this bit s set to 1, transmission is enabled.

In this state, serial transmission is started when transmit
data is written to TDR and the TDRE flag in SSR is
cleared to 0. SMR setting must be performed to decide
the transfer format before setting the TE bit to 1. The
TDRE flag in SSR is fixed at 1 if transmission is disabled
by clearing this bit to 0.

4 RE 0 R/W Receive Enable
When this bit is set to 1, reception is enabled.

Serial reception is started in this state when a start bit is
detected in asynchronous mode or serial clock input is
detected in clocked synchronous mode. SMR setting
must be performed to decide the transfer format before
setting the RE hit to 1.

Clearing the RE bit to 0 does not affect the RDRF, FER,
PER, and ORER flags, which retain their states.
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Bit Bit Name Initial Value

R/W

Description

3 MPIE 0

R/W

Multiprocessor Interrupt Enable (enabled only when the
MP bit in SMR is 1 in asynchronous mode)

When this bit is set to 1, receive data in which the
multiprocessor bit is 0 is skipped, and setting of the
RDRF, FER, and ORER status flags in SSR is
prohibited. On receiving data in which the multiprocessor
bit is 1, this bit is automatically cleared and normal
reception is resumed. For details, refer to section 13.5,
Multiprocessor Communication Function.

When receive data including MPB = 0 is received,
receive data transfer from RSR to RDR, receive error
detection, and setting of the RDRF, FER, and ORER
flags in SSR, is not performed. When receive data
including MPB = 1 is received, the MPB bit in SSR is set
to 1, the MPIE bit is cleared to 0 automatically, and
generation of RXI and ERI interrupts (when the TIE and
RIE bits in SCR are set to 1) and FER and ORER flag
setting is enabled.

2 TEIE 0

R/W

Transmit End Interrupt Enable

This bit is set to 1, TEI interrupt request is enabled. TEI
cancellation can be performed by reading 1 from the
TDRE flag in SSR, then clearing it to 0 and clearing the
TEND flag to O, or clearing the TEIE bit to 0.

1 CKE1 0
0 CKEO 0

R/W
R/W

Clock Enable 0 and 1
Selects the clock source and SCK pin function.
Asynchronous mode

00: Internal baud rate generator
SCK pin functions as 1/O port

01: Internal baud rate generator
Outputs a clock of the same frequency as the bit rate
from the SCK pin.

1X: External clock
Inputs a clock with a frequency 16 times the bit rate
from the SCK pin.

Clocked synchronous mode
0X: Internal clock (SCK pin functions as clock output)
1X: External clock (SCK pin functions as clock input)

Legend:
X: Don'’t care
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Smart Card Interface Mode (When SMIF in SCMR is 1)

Bit Bit Name Initial Value R/W Description

7 TIE 0 R/W  Transmit Interrupt Enable
When this bit is set to 1, TXI interrupt request is enabled.
TXI interrupt request cancellation can be performed by
reading 1 from the TDRE flag in SSR, then clearing it to 0,
or clearing the TIE bit to O.

6 RIE 0 R/W Receive Interrupt Enable
When this bit is set to 1, RXI and ERI interrupt requests
are enabled.
RXI and ERI interrupt request cancellation can be
performed by reading 1 from the RDRF, FER, PER, or
ORER flag in SSR, then clearing the flag to O, or clearing
the RIE bit to 0.

5 TE 0 R/W  Transmit Enable
When this bit s set to 1, transmission is enabled.
In this state, serial transmission is started when transmit
data is written to TDR and the TDRE flag in SSR is
cleared to O.
SMR setting must be performed to decide the transfer
format before setting the TE bit to 1. When this bit is
cleared to 0, the transmission operation is disabled, and
the TDRE flag is fixed at 1.

4 RE 0 R/W  Receive Enable

When this bit is set to 1, reception is enabled.

Serial reception is started in this state when a start bit is
detected in asynchronous mode or serial clock input is
detected in clocked synchronous mode.

SMR setting must be performed to decide the reception
format before setting the RE bit to 1.

Clearing the RE bit to 0 does not affect the RDRF, FER,
PER, and ORER flags, which retain their states.
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Bit Bit Name Initial Value

R/W

Description

3 MPIE 0

R/W

Multiprocessor Interrupt Enable (enabled only when the
MP bit in SMR is 1 in asynchronous mode)

Write 0 to this bit in Smart Card interface mode.

When receive data including MPB = 0 is received, receive
data transfer from RSR to RDR, receive error detection,
and setting of the RERF, FER, and ORER flags in SSR,
are not performed.

When receive data including MPB = 1 is received, the
MPB bit in SSR is set to 1, the MPIE bit is cleared to 0
automatically, and generation of RXI and ERI interrupts
(when the TIE and RIE bits in SCR are set to 1) and FER
and ORER flag setting are enabled.

2 TEIE 0

R/W

Transmit End Interrupt Enable
Write 0 to this bit in Smart Card interface mode.

TEI cancellation can be performed by reading 1 from the
TDRE flag in SSR, then clearing it to 0 and clearing the
TEND flag to 0, or clearing the TEIE bit to 0.

1 CKE1 0
0 CKEO 0

R/W

Clock Enable 0 and 1

Enables or disables clock output from the SCK pin. The
clock output can be dynamically switched in GSM mode.
For details, refer to section 13.7.9, Clock Output Control.

When the GM bit in SMR is 0:

00: Output disabled (SCK pin can be used as an I/O port
pin)

01: Clock output

1X: Reserved

When the GM bit in SMR is 1:

00: Output fixed low

01: Clock output

10: Output fixed high

11: Clock output

Legend:
X: Don'’t care
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13.3.7 Serial Status Register (SSR)

SSRisaregister containing status flags of the SCI and multiprocessor bits for transfer. 1 cannot
be written to flags TDRE, RDRF, ORER, PER, and FER; they can only be cleared. Some bitsin
SSR have different functions in normal mode and smart card interface mode.

e Normal Serial Communication Interface Mode (When SMIF in SCMR is0)
Bit  Bit Name Initial Value R/W Description

7 TDRE 1 R/(W)** Transmit Data Register Empty
Displays whether TDR contains transmit data.

[Setting conditions]
e When the TE bitin SCRis 0

¢ When data is transferred from TDR to TSR and data
can be written to TDR

[Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1*°

e When the DMAC or the DTC*’ is activated by a TXI
interrupt request and writes data to TDR

6 RDRF 0 RI(W)** Receive Data Register Full

Indicates that the received data is stored in RDR.

[Setting condition]

e When serial reception ends normally and receive
data is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDRF = 1*°

e When the DMAC or the DTC*? is activated by an RXI
interrupt and transferred data from RDR

RDR and the RDRF flag are not affected and retain their

previous values when the RE bit in SCR is cleared to 0.

The RDREF flag is not affected and retains their previous
values when the RE bit in SCR is cleared to 0.
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Bit  Bit Name Initial Value R/W Description

5 ORER 0 R/(W)** Overrun Error
[Setting condition]

When the next serial reception is completed while
RDRF =1

The receive data prior to the overrun error is retained
in RDR, and the data received subsequently is lost.
Also, subsequent serial reception cannot be
continued while the ORER flag is set to 1. In clocked
synchronous mode, serial transmission cannot be
continued, either.

[Clearing condition]

When 0 is written to ORER after reading ORER = 1*°
The ORER flag is not affected and retains its
previous state when the RE bit in SCR is cleared to
0.

4 FER 0 R/(W)** Framing Error
[Setting condition]

When the stop bit is 0

In 2-stop-bit mode, only the first stop bit is checked
for a value of 0; the second stop bits not checked. If
a framing error occurs, the receive data is transferred
to RDR but the RDRF flag is not set. Also,
subsequent serial reception cannot be continued
while the FER flag is set to 1. In clocked
synchronous mode, serial transmission cannot be
continued, either.

[Clearing condition]

When 0 is written to FER after reading FER = 1*°
The FER flag is not affected and retains its previous
state when the RE bit in SCR is cleared to 0.
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Bit Bit Name Initial Value

R/W

Description

3 PER 0 R/(W)** Parity Error
[Setting condition]
e When a parity error is detected during reception
If a parity error occurs, the receive data is transferred
to RDR but the RDRF flag is not set. Also,
subsequent serial reception cannot be continued
while the PER flag is set to 1. In clocked
synchronous mode, serial transmission cannot be
continued, either.
[Clearing condition]
e When 0 is written to PER after reading PER = 1*°
The PER flag is not affected and retains its previous
state when the RE bit in SCR is cleared to 0.
2 TEND 1 R Transmit End
[Setting conditions]
e When the TE bitin SCR is 0
e When TDRE =1 at transmission of the last bit of a 1-
byte serial transmit character
[Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1
e When the DMAC or the DTC*? is activated by a TXI
interrupt and writes data to TDR
1 MPB 0 R Multiprocessor Bit
MPB stores the multiprocessor bit in the receive data.
When the RE bit in SCR is cleared to 0 its previous state
is retained. This bit retains its previous state when the
RE bit in SCR is cleared to 0.
0 MPBT 0 R/W Multiprocessor Bit Transfer

MPBT stores the multiprocessor bit to be added to the
transmit data.

Notes: 1. The write value should always be 0 to clear the flag.
2. The clearing conditions using the DTC are that DISEL bit be cleared to 0 and the
transfer counter value be other than 0.
3. To clear the flag by the CPU on the H8S/2215R, H8S/2215T, and H8S/2215C, reread
the flag after writing O to it.
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e Smart Card Interface Mode (When SMIF in SCMR is 1)
Bit Bit Name Initial Value R/W

Description

7 TDRE 1

RI(W)"™*

Transmit Data Register Empty

Indicates whether TDR contains transmit data.
[Setting conditions]

e When the TE bitin SCRis 0

e When data is transferred from TDR to TSR and data
can be written to TDR

[Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1*°

e When the DMAC or the DTC*” is activated by a TXI
interrupt request and writes data to TDR

6 RDRF 0

RI(W)**

Receive Data Register Full

Indicates that the received data is stored in RDR.

[Setting condition]

e When serial reception ends normally and receive data
is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDRF = 1*°

e When the DMAC or the DTC*? is activated by an RXI
interrupt and transferred data from RDR

The RDREF flag is not affected and retains their previous

values when the RE bit in SCR is cleared to 0.

If reception of the next data is completed while the RDRF
flag is still set to 1, an overrun error will occur and the
receive data will be lost.
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Bit  Bit Name Initial Value R/W Description

5 ORER 0 R/(W)** Overrun Error
Indicates that an overrun error occurred during reception,
causing abnormal termination.
[Setting condition]
¢ When the next serial reception is completed while

RDRF =1

The receive data prior to the overrun error is retained in
RDR, and the data received subsequently is lost. Also,
subsequent serial cannot be continued while the ORER
flag is set to 1. In clocked synchronous mode, serial
transmission cannot be continued, either.
[Clearing condition]
e When 0 is written to ORER after reading ORER = 1*°
The ORER flag is not affected and retains its previous
state when the RE bit in SCR is cleared to 0.

4 ERS 0 R/(W)** Error Signal Status
Indicates that the status of an error, signal 1 returned from
the reception side at reception
[Setting condition]
¢ When the low level of the error signal is sampled
[Clearing condition]
e When 0 is written to ERS after reading ERS = 1*°
The ERS flag is not affected and retains its previous state
when the RE bit in SCR is cleared to 0.

3 PER 0 RI(W)** Parity Error

Indicates that a parity error occurred during reception
using parity addition in asynchronous mode, causing
abnormal termination.

[Setting condition]

e When a parity error is detected during reception

If a parity error occurs, the receive data is transferred to
RDR but the RDRF flag is not set. Also, subsequent serial
reception cannot be continued while the PER flag is set to
1. In clocked synchronous mode, serial transmission
cannot be continued, either.

[Clearing condition]

e When 0 is written to PER after reading PER = 1*°

The PER flag is not affected and retains its previous state
when the RE bit in SCR is cleared to 0.
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Bit  Bit Name Initial Value R/W Description

2 TEND 1 R Transmit End

This bit is set to 1 when no error signal has been sent
back from the receiving end and the next transmit data is
ready to be transferred to TDR.

[Setting conditions]

e When the TE bitin SCR is 0 and the ERS bit is also 0

e When the ESR bit is 0 and the TDRE bit is 1 after the
specified interval following transmission of 1-byte data.

The timing of bit setting differs according to the register
setting as follows:

When GM = 0 and BLK =0, 2.5 etu after transmission
starts

When GM = 0 and BLK = 1, 1.0 etu after transmission
starts

When GM =1 and BLK = 0, 1.5 etu after transmission
starts

When GM =1 and BLK = 1, 1.0 etu after transmission
starts

[Clearing conditions]

e When 0 is written to TDRE after reading TDRE =1

e When the DMAC or the DTC*? is activated by a TXI
interrupt and transfers transmission data to TDR

1 MPB 0 R Multiprocessor Bit

This bit is not used in Smart Card interface mode.

0 MPBT 0 R/W Multiprocessor Bit Transfer

Write 0 to this bit in Smart Card interface mode.

Notes: 1. The write value should always be 0 to clear the flag.
2. The clearing conditions using the DTC are that DISEL bit be cleared to 0 and the
transfer counter value be other than 0.
3. To clear the flag by the CPU on the H8S/2215R, H8S/2215T, and H8S/2215C, reread
the flag after writing O to it.
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13.3.8 Smart Card Mode Register (SCMR)

SCMR selects the operation in smart card interface or the data Transfer formats.

Bit Bit Name Initial Value R/W

Description

7t04 — All 1 —

Reserved
These bits are always read as 1.

3 DIR 0 R/W

Smart Card Data Transfer Direction

Selects the serial/parallel conversion format.
0: LSB-firstin transfer

1: MSB-firstin transfer

The bit setting is valid only when the transfer data format
is 8 bits.

2 INV 0 R/W

Smart Card Data Invert

Specifies inversion of the data logic level. The SINV bit
does not affect the logic level of the parity bit. To invert
the parity bit, invert the O/E bit in SMR.

0: TDR contents are transmitted as they are. Receive
data is stored as it is in RDR

1: TDR contents are inverted before being transmitted.
Receive data is stored in inverted form in RDR

Reserved
This bit is always read as 1.

0 SMIF 0 R/W

Smart Card Interface Mode Select

When this bit is set to 1, smart card interface mode is
selected.

0: Normal asynchronous or clocked synchronous mode
1: Smart card interface mode
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13.39 Serial Extended Mode Register (SEMR) (Only for Channel 0in H85/2215)

SEMR extends the functions of SCI_0. SEM RO enables selection of the SCI_0 select functionin
synchronous mode, base clock setting in asynchronous mode, and also clock source selection and
automatic transfer rate setting. Figure 13.3 shows an example of the internal base clock when an
average transfer rate is selected and figure 13.4 shows as example of the setting when the TPU

clock input is selected.

Bit Bit Name Initial Value R/W Description

7 SSE 0

R/W

SCI_0 Select Enable

Allows selection of the SCIO select function when an
external clock is input in synchronous mode.

The SSE setting is valid when external clock input is used
(CKE1 =1 in SCR) in synchronous mode (C/A =1 in SMR).
0: SCI_0 select function disabled

1: SCI_0 select function enabled

When the SCI_0 select function is enabled, if 1 is input to
the PG1/IRQ7 pin, TxDO output goes to the high-impedance
state, SCKO input is fixed high.

6to4 — Undefined

Reserved
The write value should always be 0.

3 ABCS 0

R/W

Asynchronous Base Clock Select

Selects the 1-bit-interval base clock in asynchronous mode.

The ABCS setting is valid in asynchronous mode (C/A =0

in SMR).

0: SCI_O0 operates on base clock with frequency of 16 times
transfer rate

1: SCI_0 operates on base clock with frequency of 8 times
transfer rate

REJ09B0140-0900 Rev. 9.00
Sep 16, 2010

Page 403 of 846

RENESAS



Section 13 Serial Communication Interface

H8S/2215 Group

Bit  Bit Name Initial Value R/W

Description

ACS2 0 R/W
1 ACS1 0 R/W
0 ACSO 0 R/W

Asynchronous Clock Source Select 2to 0

These bits select the clock source in asynchronous mode.
When an average transfer rate is selected, the base clock is
set automatically regardless of the ABCS value. Note that
average transfer rates are not supported for operating
frequencies other than 10.667 MHz and 16 MHz. The
setting in bits ACS2 to ACSO0 is valid when external clock
input is used (CKE1 = 1 in SCR) in asynchronous mode
(C/A =0in SMR). Figures 13.3 and 13.4 show setting
examples.

000:
001:

010:

011:
100:

101:

110:

111:

External clock input

115.152 kbps average transfer rate (for ¢ = 10.667
MHz only) is selected” (SCI_0 operates on base clock
with frequency of 16 times transfer rate)

460.606 kbps average transfer rate (for ¢ = 10.667
MHz only) is selected” (SCI_0 operates on base clock
with frequency of 8 times transfer rate)

Reserved

TPU clock input (AND of TIOCA1 and TIOCA2)

The signal generated by TIOCA1 and TIOCA2, which
are the compare match outputs for TPU_1 and TPU_2
or PWM outputs, is used as a base clock. Note that
IRQO and IRQ1 cannot be used since TIOCAL and
TIOCAZ are used as outputs. The high pulse width for
TIOCAL1 should be its low pulse width or less.

115.196 kbps average transfer rate (for ¢ = 16 MHz
only) is selected (SCI_0 operates on base clock with
frequency of 16 times transfer rate)

460.784 kbps average transfer rate (for ¢ = 16 MHz
only) is selected (SCI_0 operates on base clock with
frequency of 16 times transfer rate)

720 kbps average transfer rate (for ¢ = 16 MHz only) is

selected (SCI_0 operates on base clock with
frequency of 8 times transfer rate)

Note: * Cannot be used in this LSI because the operating frequency ¢ in this LSl is 13 MHz or

greater.
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Figure13.5 Example of Average Transfer Rate Setting when TPU Clock IsInput (3)
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13.3.10 Serial Extended Mode Register A_0 (SEMRA_OQ) (Only for Channel 0in
H8S/2215R, H8S/2215T and H8S/2215C)

SEMRA_0 extends the functions of SCI_0. SEMRO enables selection of the SCI_0 select function
in synchronous mode, base clock setting in asynchronous mode, and also clock source selection
and automatic transfer rate setting. Figure 13.4 shows an example of the internal base clock when
an average transfer rate is selected and figure 13.5 shows as example of the setting when the TPU

clock input is selected.

Bit  Bit Name Initial Value R/W

Description

7 SSE 0

R/W

SCI_0 Select Enable

Allows selection of the SCIO select function when an
external clock is input in synchronous mode.

The SSE setting is valid when external clock input is used
(CKE1 =1 in SCR) in synchronous mode (C/A =1 in SMR).
0: SCI_0 select function disabled

1: SCI_0 select function enabled

When the SCI_0 select function is enabled, if 1 is input to
the PG1/IRQ7 pin, TxDO output goes to the high-impedance
state, SCKO input is fixed high.

6 TCS2 0
5 TCS1 0
4 TCSO 0

R/W
R/W
R/W

TPU Clock Select

When the TPU clock is input (ACS3 to ACS0 = B'0100) as
the clock source in asynchronous mode, serial transfer
clock is generated depending on the combination of the
TPU clock.

in the left column

Base Clock Clock Enable | |TCLKA TCLKB TCLKC

N

000 TIOCAL TIOCA2 : : Base clock written  Pin input Pin input
: : in the left column
[

001  TIOCAO|TIOCCO TIOCA1 1 | Pininput Base clock written  Pin input
. in the left column
] ]

010 TIOCAO TIOCAL & TIOCA2 : : Pin input Base clock written  Pin input
[ in the left column
[

011 TIOCAO | TIOCCO  TIOCA1 & TIOCA2 : : Pin input Base clock written  Pin input
-
'

Ixx Reserved (Setting prohibited)

Legend:

&: AND (logical multiplication)

| : OR (logical addition)

Note: The functions of bits 6 to 4 are not supported by the

E6000 emulator. Figure 13.5 shows the setting
examples.
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Bit

Bit Name Initial Value R/W

Description

3

ABCS

0

R/W

Asynchronous Base Clock Select

Selects the 1-bit-interval base clock in asynchronous mode.

The ABCS setting is valid in asynchronous mode (C/A =0

in SMR).

0: SCI_0 operates on base clock with frequency of 16
times transfer rate

1: SCI_0 operates on base clock with frequency of 8 times
transfer rate

2
1
0

ACS2
ACS1
ACSO

0
0
0

R/W
R/W
R/W

Asynchronous Clock Source Select 2to 0

These bits select the clock source in asynchronous mode
depending on the combination with the bit 7 (ACS3) in
SEMRB_O0 (serial extended mode register B_0). When an
average transfer rate is selected, the base clock is set
automatically regardless of the ABCS value. Note that
average transfer rates support only 10.667 MHz, 16 MHz,
and 24 MHz, and not support other operating frequencies.

Set ACS3 to ACSO when inputting the external clock (the
CKEL1 bitin the SCR register is 1) in asynchronous mode
(the C/A bit in the SMR register is 0). Figures 13.4 and 13.5
show the setting examples.

ACS 3210
0000: External clock input

0001: 115.152 kbps average transfer rate (for ¢ =
10.667 MHz only) is selected (SCI_O0 operates
on base clock with frequency of 16 times
transfer rate)

0010: 460.606 kbps average transfer rate (for ¢ =
10.667 MHz only) is selected (SCI_O0 operates
on base clock with frequency of eight times
transfer rate)

0011: 921.569 kbps average transfer rate (for ¢ = 16
MHz only) is selected (SCI_0 operates on base
clock with frequency of eight times transfer rate)

0100: TPU clock input
The signal generated by TIOCAO, TIOCCO,
TIOCAL, and TIOCA2, which are the compare
match outputs for TPU_0 to TPU_2 or PWM
outputs, is used as a base clock. Note that
TRQO and IRQT cannot be used since TIOCA1
and TIOCA2 are used as outputs.
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Bit  Bit Name Initial Value R/W Description
ACS2 0 R/W 0101: 115.196 kbps average transfer rate (for ¢ = 16 MHz
1 ACS1 0 R/W only) is selected (SCI_O0 operates on base clock with
ACSO 0 RIW frequency of 16 times transfer rate)

0110:

0111:

1000:

1001:

1010:

1011:

11xx:

460.784 kbps average transfer rate (for ¢ = 16 MHz
only) is selected (SCI_O operates on base clock with
frequency of eight times transfer rate)

720 kbps average transfer rate (for ¢ = 16 MHz only)
is selected (SCI_0 operates on base clock with
frequency of eight times transfer rate)

115.132 kbps average transfer rate (for ¢ = 24 MHz
only) is selected™ (SCI_0 operates on base clock
with frequency of 16 times transfer rate)

460.526 kbps average transfer rate (for ¢ = 24 MHz
only) is selected™ (SCI_0 operates on base clock
with frequency of 16 times transfer rate)

720 kbps average transfer rate (for ¢ = 24 MHz only)
is selected™ (SCI_0 operates on base clock with
frequency of eight times transfer rate)

921.053 kbps average transfer rate (for ¢ = 24 MHz
only) is selected™ (SCI_0 operates on base clock
with frequency of eight times transfer rate)

Reserved (Setting prohibited)

Note: * The average transfer rate select functions for 24 MHz only (ACS3 to ACSO0 = B'10XX)
are not supported by the E6000 emulator.

13.311 Serial Extended Mode Register B_0 (SEMRB_O0) (Only for Channel 0in
H8S/2215R, H8S/2215T and H8S/2215C)

SEMRB_0 enables clock source selection with the combination of SEMRA_O, automatic transfer
rate setting, and control of port 1 pins (P16, P14, P12, and P10) at the transfer clock generation by

TPU.

Note: SEMRB_0 isnot supported by the EG000 emulator.
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Bit  Bit Name Initial Value R/W

Description

7 ACS3 0 R/W

Asynchronous Clock Source Select

Selects the clock source in asynchronous mode
depending on the combination with the ACS2 to ACSO
(bits 2 to 0 in SEMRA_0). For details, see section 13.3.9,
Serial Extended Mode Register (SEMR) (Only for
channel 0 in H8S/2215).

6to — Undefined —

Reserved
The write value should always be 0.

3 TIOCAZE 1 R/W

TIOCA2 Output Enable
Controls the TIOCA2 output on the P16 pin.

When the TIOCAZ2 in TPU is output to generate the
transfer clock, P16 is used as other function pin by
setting this bit to 0.

0: Disables output of TIOCA2 in TPU
1: Enables output of TIOCA2 in TPU

2 TIOCALE 1 R/W

TIOCA1 Output Enable
Controls the TIOCA1 output on the P14 pin.

When the TIOCAL in TPU is output to generate the
transfer clock, P14 is used as other function pin by
setting this bit to 0.

0: Disables output of TIOCAL in TPU
1: Enables output TIOCA1 in TPU

1 TIOCCOE 1 R/W

TIOCCO Output Enable
Controls the TIOCCO output on the P12 pin.

When the TIOCCO in TPU is output to generate the
transfer clock, P12 is used as other function pin by
setting this bit to 0.

0: Disables output of TIOCCO in TPU
1: Enables output of TIOCCO in TPU

0 TIOCACE 1 R/W

TIOCAO Output Enable
Controls the TIOCAO output on the P10 pin.

When the TIOCAO in TPU is output to generate the
transfer clock, P10 is used as other function pin by
setting this bit to 0.

0: Disables output of TIOCAO in TPU
1: Enables output of TIOCAQ in TPU
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13.3.12 Bit Rate Register (BRR)

BRR is an 8-hit register that adjusts the bit rate. Asthe SCI performs baud rate generator control
independently for each channel, different bit rates can be set for each channel. Table 13.2 shows
the rel ationships between the N setting in BRR and bit rate B for normal asynchronous mode,
clocked synchronous mode, and Smart Card interface mode. The initial value of BRR is H'FF, and
it can be read from or written to by the CPU at al times.

Table13.2 Relationshipsbetween the N Setting in BRR and Bit Rate B

Mode ABCS Bit Rate Error
Asynchronous 0 o x 106 o x 108
mode B = eaxoaix (Nt 1) Error (%) = | g aw aznix ety 1% 100
1 106 o
B = q) X %) = q) X 10 —

Z2xoeix (N 1) ror) | Bxazxoma ey X100

Clocked X
6
synchronous B= ¢ x 10 —
mode 8 x22n-1x (N + 1)
Smart Card X o x 106 . o x 106
interface mode B= Sx 2201 x (N + 1) Error (%) = | B xS x 221+1 x (N + 1) —1[x100
Legend:
B: Bit rate (bps)
N: BRR setting for baud rate generator (0 < N < 255)
¢:  Operating frequency (MHz)
n, S: Determined by the SMR settings shown in the following tables.
x:  Don't care
SMR Setting SMR Setting

CKs1 CKSO0 Clock Source n BCP1 BCPO S
0 0 ) 0 0 0 32
0 1 o4 1 0 1 64
1 0 $/16 2 1 0 372
1 1 $/64 3 1 1 256

Table 13.3 shows sample N settingsin BRR in normal asynchronous mode. Table 13.4 shows the
maximum bit rate for each frequency in normal asynchronous mode. Table 13.6 shows sample N
settingsin BRR in clocked synchronous mode. Table 13.8 shows sample N settingsin BRR in
Smart Card interface mode. In Smart Card interface mode, S (the number of basic clock periodsin
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a 1-bit transfer interval) can be selected. For details, see section 13.7.5, Receive Data Sampling
Timing and Reception Margin. Tables 13.5 and 13.7 show the maximum bit rates with external

clock input.

When the ABCS bit in SCI_0's serial extended mode register (SEMR) is set to 1 in asynchronous

mode, the maximum bit rates are twice those shown in table 13.3.

Table 13.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode)

Operating Frequency ¢ (MHz)

Bit Rate 2.097152 2.4576 3

(bit/s) n N Error (%) n N Error (%) n N Error (%) n N Error (%)

110 1 141  0.03 1 148 -0.04 1 174 -0.26 1 212 0.08

150 1 103 0.16 1 108 0.21 1 127  0.00 1 155 0.16

300 0 207 0.16 0 217 021 0 255 0.00 1 77 0.16

600 0 103 0.16 0 108 0.21 0 127  0.00 0 155 0.16

1200 0 51 0.16 0 54 -0.70 0 63 0.00 0 77 0.16

2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38 0.16

4800 0 12 0.16 0 13 -2.48 0 15 0.00 0 19 -2.34

9600 - — — — 6 —2.48 0 7 0.00 0 9 -2.34

19200 - — — - - — 0 3 0.00 0 4 -2.34

31250 0 1 0.00 - - — - - — 0 2 0.00

38400 - - — - - — 0 1 0.00 - — —
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Operating Frequency ¢ (MHz)

Bit Rate 3.6864 4 4.9152 5

(bit/s) n N Error (%) n N Error (%) n N Error (%) n N Error (%)

110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 -0.25

150 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16

300 1 95 0.00 1 103 0.16 1 127  0.00 1 129 0.16

600 0 191 0.00 0 207 0.16 0 255 0.00 1 64 0.16

1200 0 95 0.00 0 103 0.16 0 127  0.00 0 129 0.16

2400 0 47 0.00 0 51 0.16 0 63 0.00 0 64 0.16

4800 0 23 0.00 0 25 0.16 0 31 0.00 0 32 -1.36

9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73

19200 0 5 0.00 - - — 0 7 0.00 0 7 1.73

31250 - — — 0 3 0.00 0 4 -1.70 0 4 0.00

38400 0 2 0.00 - - — 0 3 0.00 0 3 1.73
Operating Frequency ¢ (MHz)

Bit Rate 6 6.144 7.3728 8

(bit/s) n N Error (%) n N Error (%) n N Error (%) n N Error (%)

110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03

150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16

300 1 155 0.16 1 159  0.00 1 191 0.00 1 207 0.16

600 1 77 0.16 1 79 0.00 1 95 0.00 1 103 0.16

1200 0 155 0.16 0 159  0.00 0 191 0.00 0 207 0.16

2400 0 77 0.16 0 79 0.00 0 95 0.00 0 103 0.16

4800 0 38 0.16 0 39 0.00 0 47 0.00 0 51 0.16

9600 0 19 -2.34 0 19 0.00 0 23 0.00 0 25 0.16

19200 0 9 -2.34 0 9 0.00 0 11 0.00 0 12 0.16

31250 0 5 0.00 0 5 2.40 - - — 0 7 0.00

38400 0 4 -2.34 0 4 0.00 0 5 0.00 - — —
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Operating Frequency ¢ (MHz)

Bit Rate 9.8304 10 12 12.288

(bit/s) n N Error (%) n N Error (%) n N Error (%) n N Error (%)

110 2 174 -0.26 2 177 -0.25 2 212  0.03 2 217  0.08

150 2 127  0.00 2 129 0.16 2 155 0.16 2 159 0.00

300 1 255  0.00 2 64 0.16 2 77 0.16 2 79 0.00

600 1 127 0.00 1 129 0.16 1 155 0.16 1 159 0.00

1200 0 255 0.00 1 64 0.16 1 77 0.16 1 79 0.00

2400 0 127  0.00 0 129 0.16 0 155 0.16 0 159 0.00

4800 0 63 0.00 0 64 0.16 0 77 0.16 0 79 0.00

9600 0 31 0.00 0 32 -1.36 0 38 0.16 0 39 0.00

19200 0 15 0.00 0 15 1.73 0 19 -2.34 0 19 0.00

31250 0 9 -1.70 0 9 0.00 0 11 0.00 0 11 2.40

38400 0 7 0.00 0 7 1.73 0 9 -2.34 0 9 0.00
Operating Frequency ¢ (MHz)

Bit Rate 14 14.7456 16

(bit/s) n N Error (%) n N Error (%) n N Error (%)

110 2 248 -0.17 3 64 0.70 3 70 0.03

150 2 181 0.16 2 191 0.00 2 207 0.16

300 2 90 0.16 2 95 0.00 2 103 0.16

600 1 181 0.16 1 191 0.00 1 207 0.16

1200 1 90 0.16 1 95 0.00 1 103 0.16

2400 0 181 0.16 0 191 0.00 0 207 0.16

4800 0 90 0.16 0 95 0.00 0 103 0.16

9600 0 45 -0.93 0 47 0.00 0 51 0.16

19200 0 22 -0.93 0 23 0.00 0 25 0.16

31250 0 13 0.00 0 14 -1.70 0 15 0.00

38400 - — — 0 11 0.00 0 12 0.16
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Operating Frequency ¢ (MHz)

Bit Rate 17.2032 18 19.6608 20
(bps) n N Error (%) n N  Error (%) n N  Error (%) n N Error (%)
110 3 75 048 3 79 -0.12 3 86 0.31 3 88 -0.25
150 2 223 0.00 2 233 0.16 2 255 0.00 3 64 0.16
300 2 111 0.00 2 116 0.16 2 127 0.00 2 129 0.16
600 1 223 0.00 1 233 0.16 1 255 0.00 2 64 0.16
1200 1 111 0.00 1 116 0.16 1 127 0.00 1 129 0.16
2400 0 223 0.00 0 233 0.16 0 255 0.00 1 64 0.16
4800 0 111 0.00 0 116 0.16 0 127 0.00 0 129 0.16
9600 0 55 0.00 0 58 -0.69 0 63 0.00 0 64 0.16
19200 0 27 0.00 0 28 1.02 0 31 0.00 0 32 -1.36
31250 0 16 1.20 0 17 0.00 0 19 -1.17 0 19 0.00
38400 0 13  0.00 0 14 -234 0 15 0.00 0 15 173

Operating Frequency

¢ (MHz)

Bit Rate 24
(bps) n N Error (%)
110 3 106 -0.44
150 3 77 0.16
300 2 155 0.16
600 2 77 0.16
1200 1 155 0.16
2400 1 77 0.16
4800 0 155 0.16
9600 0 77 0.16
19200 0 38 0.16
31250 0 23 0.00
38400 0 19 -234

Note: This table shows bit rates when the ABCS bit in SEMRA_0 is cleared to 0.
When the ABCS bit in SEMRA_O0 is set to 1, the bit rates are twice those shown in this
table.
In this LSI, operating frequency ¢ must be 13 MHz or greater.
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Table13.4 Maximum Bit Rate for Each Frequency (Asynchronous Mode)

Maximum Bit Rate Maximum Bit Rate
(kbps) (kbps)
¢ (MHz) ABCS=0 ABCS=1 n N ¢ (MHz) ABCS=0 ABCS=1 n N
2 62.5 125.0 0 0 9.8304 307.2 614.4 0 o
2.097152 65.536 131.027 O 0 10 3125 625.0 0O O
2.4576 76.8 153.6 0 0 12 375.0 750.0 0O O
3 93.75 187.5 0 0 12.288 384.0 768.0 0 o0
3.6864 115.2 230.4 0 0 14 437.5 875.0 0O O
4 125.0 250.0 0 0 14.7456  460.8 921.6 0 o0
4,9152 153.6 307.2 0 0 16 500.0 1000.0 0O O
5 156.25 3125 0 0 17.2032 537.6 1075.2 0 o
6 187.5 375.0 0 0 18 562.5 1125.0 0 o
6.144 192.0 384.0 0 0 19.6608 614.4 1228.8 0O O
7.3728 230.4 460.8 0 0 20 625.0 1250.0 0O o
8 250.0 500.0 0 0 24 750.0 1500.0 0O O

Table13.5 Maximum Bit Rate with External Clock Input (Asynchronous M ode)

Maximum Bit Rate Maximum Bit Rate

External External

Input (kbps) Input (kbps)
Clock Clock
¢ (MHz)  (MHz) ABCS=0 ABCSs=1 ¢ (MHz) (MHz) ABCS=0 ABCS=1
2 0.5000 31.25 62.5 9.8304 24576 153.6 307.2
2.097152 0.5243 327.68 65.536 10 2.5000 156.25 3125
2.4576 0.6144 38.4 76.8 12 3.0000 187.5 375.0
3 0.7500 46.875 93.75 12.288 3.0720 192.0 384.0
3.6864 0.9216 57.6 115.2 14 3.5000 218.75 437.0
4 1.0000 62.5 125.0 14.7456 3.6864 230.4 460.8
4.9152 1.2288 76.8 153.6 16 4.0000 250.0 500.0
5 1.2500 78.125 156.25 17.2032 4.3008 268.8 537.6
6 1.5000 93.75 187.5 18 45000 281.25 562.5
6.144 1.5360 96.0 192.0 19.6608 4.9152  307.2 614.4
7.3728 1.8432 115.2 230.4 20 5.0000 3125 625.0
8 2.0000 125.0 250.0 24 6.0000 375.0 750.0
Note: In this LSI, operating frequency ¢ must be 13 MHz or greater.
Page 420 of 846 REJ09B0140-0900 Rev. 9.00

RENESAS Sep 16, 2010



H8S/2215 Group Section 13 Serial Communication Interface

Table13.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

Operating Frequency ¢ (MHz)

Bit Rate 2 4 6 8 10 16 20 24
(bps) n N n N n N n N n N n N n N n N
110 3 70 — —

250 2 124 2 249 3 124 — — 3 249

500 1 249 2 124 2 249 — — 3 124 — — — —
1k 1 124 1 249 2 124 — — 2 249 — — — —
2.5k 0 199 1 99 1 149 1 199 1 249 2 99 2 124 2 149
5k 0 99 0 1991 74 1 99 1 124 1 199 1 249 2 74
10 k 0O 49 0 99 0 149 0 199 0 249 1 99 1 124 1 149
25k 0O 19 0 39 0 59 0O 79 0 99 0 159 0 199 0 239
50 k 0 9 0 19 0 29 0 39 0 49 0 79 0 99 0 119
100 k 0 4 0 9 0 14 0 19 0 24 0 39 0 49 0 59
250 k o 1. 0 3 0o 5 0 7 0 9 0 15 0 19 0 23
500 k o o o 1 0 2 O 3 O 4 0 7 0 9 0 11
1M 0 o0 0 1 0 3 0 4 0 5
2M 0 0 0o 1 0 2
25M 0 0 0o 1 - —
4M 0 0

5M 0o 0 — —
6 M 0 0
Legend:

Blank: Cannot be set.
— Can be set, but there will be a degree of error.
*: Continuous transfer is not possible.

Table 13.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous M ode)

External Input  Maximum Bit External Input  Maximum Bit
¢ (MHz) Clock (MHz) Rate (Mbps) ¢ (MHz)  Clock (MHz) Rate (Mbps)
2 0.333 0.333 14 2.333 2.333
4 0.667 0.667 16 2.667 2.667
6 1.000 1.000 18 3.000 3.000
8 1.333 1.333 20 3.333 3.333
10 1.667 1.667 24 4.000 4.000
12 2.000 2.000

Note: In this LSI, operating frequency ¢ must be 13 MHz or greater.
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Table 13.8 BRR Settingsfor VariousBit Rates

(Smart Card Interface Mode, when n =0 and S=372)

Operating Frequency ¢ (MHz)

5.00 7.00 7.1424 10.00 10.7136 13.00
Bit Rate Error Error Error Error Error
(bps) N (%) N (%) N (%) N (%) N (%) N  Error (%)
6720 0 o0.01 30.00 1 2857 1 0.01 7.14 2 13.33
9600 0 3000 O 1.99 0 0.00 1 3000 1 2500 1 899
Operating Frequency ¢ (MHz)

14.2848 16.00 18.00 20.00 24.00
Bit Rate Error Error Error Error Error
(bps) N (%) N (%) N (%) N (%) N (%)
6720 2 476 6.67 3 0.01 3 0.01 4 399
9600 1 0.00 1201 2 1599 2 6.66 2 12.01

Table13.9 Maximum Bit Rate at Various Frequencies (Smart Card Interface M ode)

Maximum Bit Rate (bps)

¢ (MHz) S=32 S=64 S =256 S=372 n N
5.00 78125 39063 9766 6720 0 0
6.00 93750 46875 11719 8065

7.00 109375 54688 13672 9409 0 0
7.1424 111600 55800 13950 9600 0 0
10.00 156250 78125 19531 13441 0 0
10.7136 167400 83700 20925 14400 0 0
13.00 203125 101563 25391 17473 0 0
14.2848 223200 111600 27900 19200 0 0
16.00 250000 125000 31250 21505 0 0
18.00 281250 140625 35156 24194 0 0
20.00 312500 156250 39063 26882 0 0
24.00 375000 187500 46875 32258 0 0

Note: In this LSI, operating frequency ¢ must be 13 MHz or greater.
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134  Operation in Asynchronous Mode

Figure 13.6 shows the general format for asynchronous serial communication. One frame consists
of astart bit (low level), followed by data (in LSB-first order), a parity bit (high or low level), and
finally stop bits (high level). In asynchronous serial communication, the transmission lineis
usualy held in the mark state (high level). The SCI monitors the transmission line. When the
transmission line goes to the space state (low level), the SCI recognizes a start bit and starts serial
communication. Inside the SCI, the transmitter and receiver are independent units, enabling full-
duplex. Both the transmitter and the receiver also have a double-buffered structure, so data can be
read from or written during transmission or reception, enabling continuous data transfer.

Idle state
(mark state)
1 LSB MSB 1
Serial| o | po | D1t [ D2 | D3| Da| D5 | D6 | D7 |0t | 1 [ 1
data
Start Parity| Stop bit
bit Transmit/receive data bit
1 bit 7 or 8 bits 1 bit, 1or
ornone 2 bits
One unit of transfer data (character or frame)
Figure13.6 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)
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13.4.1 Data Transfer Format

Table 13.10 shows the data transfer formats that can be used in asynchronous mode. Any of 12
transfer formats can be selected according to the SMR setting. For details on the multiprocessor
bit, refer to section 13.5, Multiprocessor Communication Function.

Table 13.10 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transfer Format and Frame Length
CHR PE MP stop | 1t 2 3 4 5 6 7 8 9 10 11 12
0 0 0 0 |'s | 8-bit data lsTop
0 0 0 1 | s | 8-bit data [sToP[sTOP
0 1 0 0 |'s | 8-bit data | P Jstop
0 1 0 1 |'s | 8-bit data | P Jstor[sToP
1 0 0 0 | s | 7-bit data lsTop
1 0 0 1 | s | 7-bit data |STOP|STOP
1 1 0 0 | s | 7-bit data | P |sToP
1 1 0 1 | s | 7-bit data | P [sTop[sToP
0 - 1 0 |'s | 8-bit data | mpB [sTOP
0 - 1 1 |'s | 8-bit data [mPB [sTOP[STOP
1 - 1 0 | s | 7-bit data | MPB |sTOP
1 - 1 1 | s | 7-bit data [MPBJsTOP[sTOP
Legend:
S: Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit
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13.4.2 Receive Data Sampling Timing and Reception Margin in Asynchronous Mode

In asynchronous mode, the SCI operates on a basic clock with afrequency of 16 times the transfer
rate. In reception, the SCI samples the falling edge of the start bit using the basic clock, and
performs internal synchronization. Receive datais latched internally at the rising edge of the 8th
pulse of the basic clock as shown in Figure 13.7. Thus, the reception margin in asynchronous
mode is given by formula (1) below.

(1+F) | x100[%] ... Formula (1)

1 ID-0.5]
M=|05-—)-(L-05F -  =— >~
K SRR ) =

Where M: Reception margin
N: Ratio of bit rate to clock (N = 16 if ABCS=0,N=8if ABCS=1)
D: Clock duty (D =0to0 1.0)
L: Framelength (L = 9t0 12)
F: Absolute value of clock rate deviation

Assuming values of F (absolute value of clock rate deviation) = 0, D (clock duty) = 0.5, and N
(ratio of bit rate to clock) = 16 in formula (1), the reception margin can be given by the formula.

M ={0.5— 1/(2 x 16)} x 100[%] = 46.875%

However, thisis only the computed value, and a margin of 20% to 30% should be allowed for in
system design.
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16 clocks *
8 clocks *

0 7| 15/ 0 7 15 0
clock & ] i
Receive data —;I; ' Start bit v | DO o |D1
(RxD) e T T
Synchronization E H E E E E
sampling timing ! ” L i
Data sampling M M
timing n n

Note: * Figure 13.7 shows an example when the ABCS bit of SEMR is cleared to 0. When ABCS is set to 1, the clock
frequency of basic clock is 8 times the bit rate and the receive data is sampled at the rising edge of the 4th pulse
of the basic clock.

Figure13.7 Receive Data Sampling Timing in Asynchronous M ode

13.43 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK pin can be selected as the SCI's seria clock, according to the setting of the C/A bit in
SMR and the CKEO and CKEL1 bitsin SCR. When an external clock isinput at the SCK pin, the
clock frequency should be 16 times the bit rate used. When an external clock is selected, the basic
clock of average transfer rate can be selected according to the ACS2 to ACSO bit setting of SEMR.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin by
setting CKEL = 0 and CKEO = 1. The frequency of the clock output in this case is equal to the bit
rate, and the phase is such that the rising edge of the clock isin the middle of the transmit data, as
shown in figure 13.8.

TxD 0 | po| Dt |D2| D3| D4 D5 | D6 | D7 | o0n 1|1

| 1 frame
I 1

Figure 13.8 Relationship between Output Clock and Transfer Data Phase
(Asynchronous Mode)
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1344  SClI Initialization (Asynchronous M ode)

Before transmitting and receiving data, you should first clear the TE and RE bitsin SCR to 0, then
initialize the SCI as described in a sample flowchart in figure 13.9. When the operating mode, or
transfer format, is changed for example, the TE and RE bits must be cleared to 0 before making
the change using the following procedure. When the TE bit is cleared to O, the TDRE flag is set to
1. Note that clearing the RE bit to 0 does not initialize the contents of the RDRF, PER, FER, and
ORER flags, or the contents of RDR. When the external clock is used in asynchronous mode, the
clock must be supplied even during initialization.

) [1] Set the clock selection in SCR.
Be sure to clear bits RIE, TIE, TEIE, and
MPIE, and bits TE and RE, to 0.

C Start initialization
|

| Clear TE and RE bits in SCR to 0 |
T When the clock is selected in

h de, iti tput
Set CKE1 and CKEO bits in SCR . e o ot
(TE, RE bits 0) immediately after settings are
T made.
Set data transfer format in 2] [2] Set the data transfer format in SMR,
SMR, SCMR, and SEMR SCMR, and SEMR.

Set value in BRR [3]

[8] Write a value corresponding to the bit

rate to BRR. Not necessary if an external
Wait clock or average transfer rate clock by
ACS2 to ACSO0 is used.

A

No [4] Wait at least one bit interval, then set the
TE bit or RE bit in SCR to 1. Also set the
RIE, TIE, TEIE, and MPIE bits.

1-bit interval elapsed?

Set TE and RE bits* in
SCRto 1, and set RIE, TIE, TEIE, [4] Note: * Set this bit while the RxD pin is 1. If
and MPIE bits the RE bit is set to 1 while the RxD
pin is 0, the signal may erroneously
<Initialization completion> be recognized as a start bit.

Figure13.9 Sample SCI Initialization Flowchart
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13.45 Data Transmission (Asynchronous M ode)

Figure 13.10 shows an example of operation for transmission in asynchronous mode. In
transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR. If theflag is cleared to O, the SCI recognizes that
data has been written to TDR, and transfers the data from TDR to TSR.

2. After transferring data from TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission. If the TIE bit is set to 1 at thistime, atransmit data empty interrupt request (TX1)
is generated. Continuous transmission is possible because the TXI interrupt routine writes next
transmit datato TDR before transmission of the current transmit data has been completed.

3. Dataissent from the TxD pin in the following order: start bit, transmit data, parity bit or
multiprocessor bit (may be omitted depending on the format), and stop bit.

4. The SCI checksthe TDRE flag at the timing for sending the stop bit.

5. If the TDRE flagis 0, the dataiis transferred from TDR to TSR, the stop bit is sent, and then
serial transmission of the next frame is started.

6. If the TDRE flagis1, the TEND flagin SSR is set to 1, the stop bit is sent, and then the "mark
state” is entered, in which 1 isoutput. If the TEIE bit in SCRisset to 1 at thistime, aTEI
interrupt request is generated.

Start Data Parity Stop Start Data Parity Stop
1 bit ( bit bit  bit (« bit bit 1

) )

|0|D0|D1| |D7|O/1|1|0|D0|D1| |D7|0/1|1ldlestate
(( ((

: 'rr

(mark state)
TDRE | E | ; [ E
TEND ] ; [ (« | : ( |

[ | )) T~
TXI interrupt Data written to TDR and TXI interrupt ) T
request generated TDRE flag cleared to 0in  request generated TEl interrupt
! TXI interrupt service routine ! request generated
' 1 frame i

Figure 13.10 Example of Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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Figure 13.11 shows a sample flowchart for transmission in asynchronous mode.

| Initialization [ 1] [1] SCl initialization:
T The TxD pin is automatically designated
C Start transmission ) as the transmit data output pin.
< After the TE bit is set to 1, a frame of 1s
L - is output, and transmission is enabled.
| Read TDRE flag in SSR [ 2

[2] SCI status check and transmit data write:

No Read SSR and check that the TDRE flag
is set to 1, then write transmit data to
TDR and clear the TDRE flag to 0.

Yes
- - [3] Serial transmission continuation
Write transmit datzjl to TDR procedure:
and clear TDRE flag in SSR to 0 To continue serial transmission, read 1

from the TDRE flag to confirm that writing
is possible, then write data to TDR, and
then clear the TDRE flag to 0. Checking
and clearing of the TDRE flag is
automatic when the DMAC or the DTC*
is activated by a transmit data empty
interrupt (TXI) request, and data is written
to TDR.

All data transmitted?

Yes

[4] Break output at the end of serial
transmission:
To output a break in serial transmission,
set DDR for the port corresponding to the
TxD pin to 1, clear DR to 0, then clear the
TE bitin SCR to 0.

| Clear DR to 0 and set DDR to 1 |

| Clear TE bitin SCR to 0 [
|
<End>
Note: * Checking and clearing of the TDRE flag are performed automatically by the DTC when the DTC’s DISEL bit is
cleared to 0 and the transfer counter value is not 0. Consequently, it is necessary to use the CPU to clear the
TDRE flag if DISEL is set to 1 or if the transfer counter value is 0.

Figure13.11 Sample Serial Transmission Data Flowchart
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134.6 Serial Data Reception (Asynchronous Mode)

Figure 13.12 shows an example of operation for reception in asynchronous mode. In serial
reception, the SCI operates as described below.

1

The SCI monitors the communication line. If a start bit is detected, the SCI performsinternal
synchronization, receives receive datain RSR, and checks the parity bit and stop bit.

If an overrun error occurs (when reception of the next data is completed while the RDRF flag
isdtill set to 1), the ORER hit in SSRis set to 1. If the RIE bitin SCRisset to 1 at thistime, an
ERI interrupt request is generated. Receive datais not transferred to RDR. The RDRF flag
remainsto be set to 1.

If aparity error is detected, the PER bit in SSR isset to 1 and receive datais transferred to
RDR. If the RIE bit in SCRis set to 1 at thistime, an ERI interrupt request is generated.

If aframing error is detected (when the stop bit is 0), the FER bit in SSRis set to 1 and receive
dataistransferred to RDR. If the RIE bit in SCR is set to 1 at thistime, an ERI interrupt
request is generated.

If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive datais
transferred to RDR. If the RIE bit in SCR is set to 1 at thistime, an RXI interrupt request is
generated. Continuous reception is possible because the RXI interrupt routine reads the receive
data transferred to RDR before reception of the next receive data has been completed.

Start Data Parity Stop Start Data Parity Stop
1 bit « bit  bit bit y bit bt 1
d 4 Idle state
RxD 0 Do | D1 B D7 | 01 1 0 Do | D1 . D7 | on 0 (mark state)
After confirming that RxD :"1, setthe RE bitto 1 7
RE | '
RDRF : (( : (C
' 1) : )
FER . (« : («
! ) ! )
\ RXl interrupt | RDR data read and RDRF !
. request . flag cleared to 0 in RXI ERl interrupt request
| generated | interrupt service routine generated by framing
: , error
' 1 frame '
Figure 13.12 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)
Page 430 of 846 REJ09B0140-0900 Rev. 9.00

RENESAS Sep 16, 2010




H8S/2215 Group

Section 13 Serial Communication Interface

Table 13.11 shows the states of the SSR status flags and receive data handling when a receive
error is detected. If areceive error is detected, the RDRF flag retains its state before receiving
data. Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the
ORER, FER, PER, and RDRF bits to 0 before resuming reception. Figure 13.13 shows a sample

flow chart for serial datareception.

Table 13.11 SSR Status Flags and Receive Data Handling

SSR Status Flag

RDRF* ORER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR Framing error

0 0 0 1 Transferred to RDR Parity error

1 1 1 0 Lost Overrun error + framing error
1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR Framing error + parity error

1 1 1 1 Lost Overrun error + framing error +

parity error

Note: * The RDRF flag retains the state it had before data reception.
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| Initialization

| 1

( Start reception )

Read ORER, PER, and
FER flags in SSR

[2]

PER v FER v ORER =1

Yes

Read RDRF flag in SSR

|

No

Yes

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

Yes

| Clear RE bit in SCR to 0

<End>

(3]

Error processing

(Continued on next page)

(5]

(1]

2]

(4]

5]

SCl initialization:
The RxD pin is automatically designated as
the receive data input pin.

[3] Receive error processing and break
detection:

If a receive error occurs, read the ORER,
PER, and FER flags in SSR to identify the
error. After performing the appropriate error
processing, ensure that the ORER, PER, and
FER flags are all cleared to 0. Reception
cannot be resumed if any of these flags are
setto 1. In the case of a framing error, a
break can be detected by reading the value
of the input port corresponding to the RxD
pin.

SClI status check and receive data read:
Read SSR and check that RDRF = 1, then
read the receive data in RDR and clear the
RDRF flag to 0. Transition of the RDRF flag
from 0 to 1 can also be identified by an RXI
interrupt.

Serial reception continuation procedure:

To continue serial reception, before the end
bit for the current frame is received, reading
the RDRF flag and RDR, and clearing the
RDRF flag to 0 should be finished. The RDRF
flag is cleared automatically when DMAC or
the DTC* is activated by a reception
complete interrupt (RXI) and the RDR value
is read.

Note: * Clearing of the RDRF flag are performed automatically by the DTC when the DTC's DISEL bit is cleared to 0
and the transfer counter value is not 0. Consequently, it is necessary to use the CPU to clear the RDRF flag if

DISEL is set to 1 or if the transfer counter value is 0.

Figure13.13 Sample Serial Reception Data Flowchart (1)
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(3]

C Error processing )
R
Yes

| Overrun error processing |

Yes
Break?

Y
| Framing error processing | | Clear RE bitin SCRto 0

-

Yes

| Parity error processing |

‘l‘
Vl‘

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 13.13 Sample Serial Reception Data Flowchart (2)
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135 Multiprocessor Communication Function

Use of the multiprocessor communication function enables data transfer between a number of
processors sharing communication lines by asynchronous serial communication using the
multiprocessor format, in which a multiprocessor bit is added to the transfer data. When
multiprocessor communication is performed, each receiving station is addressed by aunique ID
code. The serial communication cycle consists of two component cycles; an ID transmission cycle
that specifies the receiving station, and a data transmission cycle. The multiprocessor bit is used to
differentiate between the ID transmission cycle and the data transmission cycle. If the
multiprocessor bit is 1, the cycleisan ID transmission cycle; if the multiprocessor bit is 0, the
cycleisadatatransmission cycle. Figure 13.14 shows an example of inter-processor
communication using the multiprocessor format. The transmitting station first sends the ID code
of the receiving station with which it wants to perform serial communication as data with a1
multiprocessor bit added. It then sends transmit data as data with a O multiprocessor bit added.
When datawith a 1 multiprocessor bit is received, the receiving station compares that data with its
own ID. The station whose ID matches then receives the data sent next. Stations whose ID do not
match continue to skip data until data with a 1 multiprocessor bit is again received.

The SCI uses the MPIE bit in SCR to implement this function. When the MPIE bit isset to 1,
transfer of receive datafrom RSR to RDR, error flag detection, and setting the SSR status flags,
RDRF, FER, and ORER to 1, are inhibited until data with a 1 multiprocessor hit is received. On
reception of areceive character with a1 multiprocessor bit, the MPB bit in SSR is set to 1 and the
MPIE bit is automatically cleared, thus normal reception is resumed. If the RIE bit in SCRis set to
1 at thistime, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting is rendered invalid. All other bit
settings are the same as those in normal asynchronous mode. The clock used for multiprocessor
communication is the same as that in normal asynchronous mode.
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Transmitting
station
i Serial transmission line
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID =01) (ID =02) (ID =03) (ID = 04)
Serial . - M\
data / \ / Ho1 / \ / H'AA \ \
i (MPB=1) | (MPB=0) |
' ID transmission cycle = ' Data transmission cycle ="
) receiving station Data transmission to
Legend: specification receiving station specified by 1D

MPB: Multiprocessor bit

1351

Figure 13.

transmissi

Figure 13.14 Example of Communication Using Multiprocessor Format
(Transmission of Data H'AA to Recelving Station A)

Multiprocessor Serial Data Transmission

15 shows a sample flowchart for multiprocessor serial datatransmission. For an ID
on cycle, set the MPBT bit in SSR to 1 before transmission. For a data transmission

cycle, clear the MPBT bit in SSR to 0 before transmission. All other SCI operations are the same
as those in asynchronous mode.
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| Initialization | 1] [ SClinitalization:
T The TxD pin is automatically
designated as the transmit data
( Start transmission ) output pin.
[ After the TE bit is set to 1, a frame of
(i 1s is output, and transmission is
| Read TDRE flag in SSR | [2] enabled.

[2] SCI status check and transmit data
No write:

Read SSR and check that the TDRE
flag is set to 1, then write transmit
data to TDR. Set the MPBT bit in SSR

ves to 0 or 1. Finally, clear the TDRE flag
to 0.
Write transmit data to TDR and
set MPBT bit in SSR [3] Serial transmission continuation
procedure:
| To continue serial transmission, be
Clear TDRE flag to 0 sure to read 1 from the TDRE flag to

confirm that writing is possible, then
write data to TDR, and then clear the
TDRE flag to 0. Checking and

[3] clearing of the TDRE flag is automatic
when the DMAC or the DTC* is

All data transmitted?

activated by a transmit data empty
Yes interrupt (TXI) request, and data is
¢ written to TDR.
Read TEND flag in SSR [4] Break output at the end of serial

transmission:

To output a break in serial
transmission, set the port DDR to 1,
clear DR to 0, then clear the TE bit in
SCRto 0.

Note: * Checking and clearing of the

[4] TDRE flag are performed
automatically by the DTC when
the DTC’s DISEL bit is cleared
to 0 and the transfer counter
value is not 0. Consequently, it

Clear DR to 0 and set DDR to 1 is necessary to use the CPU to

clear the TDRE flag if DISEL is

set to 1 or if the transfer
| counter value is 0.

Break output?

Clear TE bitin SCR to 0

Figure13.15 Sample Multiprocessor Serial Transmission Flowchart
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13.5.2 Multiprocessor Serial Data Reception

Figure 13.17 shows a sample flowchart for multiprocessor serial data reception. If the MPIE bit in
SCRisset to 1, datais skipped until datawith a 1 multiprocessor bit is sent. On receiving data
with a1 multiprocessor bit, the receive datais transferred to RDR. An RXI interrupt request is
generated at thistime. All other SCI operations are the same as in asynchronous mode. Figure
13.16 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop Start Data (Datat) Stop
1 bit (« MPB  bit bit (« MPB  bit 1
1) )
0 DO | D1 D7 1 1 0 DO | D1 D7 0 1 Idle state
( & (mark state)
)
MPIE | I
RDRF ( / | |\ (
RDR
D1
value X
MPIE =0 RXl interrupt RDR data read If not this station’s ID, RXI interrupt request is
request and RDREF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor cleared to 0 in again retains its state
interrupt) RXI interrupt
generated service routine
(a) Data does not match station’s ID
Start Data (ID2) Stop Start Data (Data2) Stop
1 bit (0 MPB  bit bit (0 MPB bit 1
1) 1)
0 DO | D1 D7 1 1 0 Do | D1 D7 0 1 Idle state
45 45 (mark state)
MPIE | .
/ )
RDRF ( | | ( | |
RDR ID1 X ID2 X | Data
value
MPIE =0 RXI interrupt RDR data read and Matches this station’s ID, MPIE bit set to 1
request RDREF flag cleared  so reception continues, and again
(multiprocessor to 0 in RXI interrupt  data is received in RXI
interrupt) service routine interrupt service routine
generated
(b) Data matches station’s ID
Figure13.16 Example of SCI Operation in Reception
(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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[1]1 SCl initialization:

| Initialization | (1] The RxD pin is automatically designated as
I the receive data input pin.
C Start reception ) [2] 1D reception cycle:
> Set the MPIE bit in SCR to 1.
| Read MPIE bitin SCR | [2] [3] SCl status check, ID reception and
I comparison:
| Read ORER and FER flags in SSR | Read SSR and check that the RDRF flag is

set to 1, then read the receive data in RDR
and compare it with this station’s ID.

If the data is not this station’s ID, set the MPIE
bit to 1 again, and clear the RDRF flag to 0.

If the data is this station’s ID, clear the RDRF
flag to 0.

FERVORER =1
No

Read RDRF flag in SSR (3] [4] SCI status check and data reception:

Read SSR and check that the RDRF flag is
No set to 1, then read the data in RDR.
[5] Receive error processing and break detection:
If a receive error occurs, read the ORER and
Yes FER flags in SSR to identify the error. After

performing the appropriate error processing,
ensure that the ORER and FER flags are all
cleared to 0.

Reception cannot be resumed if either of
these flags is set to 1.

In the case of a framing error, a break can be
detected by reading the RxD pin value.

Read receive data in RDR

This station’s ID?

Read ORER and FER flags in SSR

Y

Yes
FER v ORER =1
No

Read RDRF flag in SSR [4]

*

Read receive data in RDR

y &

( Error processing )

(Continued on
next page)

All data received?

Clear RE bitin SCRto 0

<End>

Figure 13.17 Sample Multiprocessor Serial Reception Flowchart (1)
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(5] ( Error processing )

No

Yes

Overrun error processing

»
|

Yes
Break?

A
Framing error processing | | Clear RE bitin SCRto 0

>l < |
- -

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 13.17 Sample Multiprocessor Serial Reception Flowchart (2)
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13.6  Operation in Clocked Synchronous Mode

Figure 13.18 shows the genera format for clocked synchronous communication. In clocked
synchronous mode, data is transmitted or received synchronous with clock pulses. In clocked
synchronous serial communication, data on the transmission line is output from one falling edge of
the serial clock to the next. In clocked synchronous mode, the SCI receives datain synchronous
with the rising edge of the serial clock. After 8-bit datais output, the transmission line holds the
MSB state. In clocked synchronous mode, no parity or multiprocessor bit is added. Inside the SCI,
the transmitter and receiver are independent units, enabling full-duplex communication through
the use of acommon clock. Both the transmitter and the receiver also have a double-buffered
structure, so data can be read from or written during transmission or reception, enabling
continuous data transfer.

One unit of transfer data (character or frame)

* 1 1 *

Synchronization | l | | | | | | | | | | | | | | | I |
clock
, LSB MSB |
Serial data t  XBito X Bit1 X Bitz2 X Bita X Bit4 X Bits X Bit6 X Bit7 X 4
[ ' Co
Don't care Don't care

Note: * High except in continuous transfer

Figure 13.18 Data Format in Synchronous Communication (For L SB-First)

13.6.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK pin can be selected, according to the setting of CKEO and
CKEL1 bitsin SCR. When the SCI is operated on an internal clock, the serial clock is output from
the SCK pin. Eight serial clock pulses are output in the transfer of one character, and when no
transfer is performed the clock is fixed high.
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13.6.2  SCI Initialization (Clocked Synchronous M ode)

Before transmitting and receiving data, the TE and RE bitsin SCR should be cleared to O, then the
SCI should beinitialized as described in a sample flowchart in figure 13.19. When the operating
mode, or transfer format, is changed for example, the TE and RE bits must be cleared to 0 before
making the change using the following procedure. When the TE hit is cleared to 0, the TDRE flag
issetto 1. Note that clearing the RE hit to O does not change the contents of the RDRF, PER,
FER, and ORER flags, or the contents of RDR.

C Start initialization ) [1] Set the clock selection in SCR. Be sure to
clear bits RIE, TIE, TEIE, MPIE, TE, and RE,
| to 0.
| Clear TE and RE bits in SCR to 0 |

[2] Set the data transfer format in SMR and

| SCMR.
Set CKEITangCEKEg %I;S in SCR 1] [3] Write a value corresponding to the bit rate to
! | BRR. Not necessary if an external clock is
used.

Set data transfer format in 2] . o
SMR and SCMR [4] Walt at Iea§tlone bit interval, then set the TE
bit or RE bit in SCR to 1.
| Also set the RIE, TIE TEIE, and MPIE bits.
Set value in BRR 3] Setting the TE and RE bits enables the TxD
and RxD pins to be used.

Wait

A

No
1-bit interval elapsed?

Set TE and RE bits in SCRto 1,and | 4
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

Note: In simultaneous transmit and receive operations, the TE and RE bits should both be cleared
to 0 or set to 1 simultaneously.

Figure13.19 Sample SCI Initialization Flowchart
13.6.3 Serial Data Transmission (Clocked Synchronous M ode)

Figure 13.20 shows an example of SCI operation for transmission in clocked synchronous mode.
In serial transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR, and if the flag is 0, the SCI recognizes that data has
been written to TDR, and transfers the datafrom TDR to TSR.
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2. After transferring data from TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission. If the TIE bit in SCRis set to 1 at thistime, atransmit data empty interrupt (TX1)
is generated. Continuous transmission is possible because the TXI interrupt routine writes the
next transmit datato TDR before transmission of the current transmit data has been completed.

3. 8-bit datais sent from the TxD pin synchronized with the output clock when output clock
mode has been specified, and synchronized with the input clock when use of an external clock
has been specified.

4. The SCI checksthe TDRE flag at the timing for sending the MSB (bit 7).

5. If the TDRE flagis cleared to 0, datais transferred from TDR to TSR, and serial transmission
of the next frameis started.

6. If the TDRE flagissetto 1, the TEND flag in SSRis set to 1, and the TDRE flag maintains the
output state of the last bit. If the TEIE bitin SCRisset to 1 at thistime, a TEI interrupt request
is generated. The SCK pinisfixed high.

Figure 13.21 shows a sample flow chart for serial data transmission. Even if the TDRE flag is
cleared to 0, transmission will not start while areceive error flag (ORER, FER, or PER) is set to 1.
Make sure that the receive error flags are cleared to 0 before starting transmission. Note that
clearing the RE bit to O does not clear the receive error flags.

Transfer direction

Synchronization f | | | I
clock h h
Serial data X Bito X Bit1 X X Bit7 X Bito X Bit1 X:: X Bit6 X Bit7
: : («
))

TDRE , !
— i I(é
! R} | —
TEND | .
{C ((
1 1) ] )]
TXl interrupt request | Data written to TDR and TXI interrupt request TEl interrupt request
generated . TDRE flag cleared to 0 in generated generated
i TXI interrupt service
E routine
1 frame

Figure13.20 Sample SCI Transmission Operation in Clocked Synchronous Mode
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[1] SClinitialization:
The TxD pin is automatically designated as
I the transmit data output pin.

Start transmission

Initialization | [1]

[2] SCI status check and transmit data write:
-« Read SSR and check that the TDRE flag is

set to 1, then write transmit data to TDR
Read TDRE flag in SSR | [2] and clear the TDRE flag to 0.

[3] Serial transmission continuation procedure:
No To continue serial transmission, be sure to
read 1 from the TDRE flag to confirm that
writing is possible, then write data to TDR,
and then clear the TDRE flag to 0.
Checking and clearing of the TDRE flag is
automatic when the DMAC or the DTC* is
Write transmit data to TDR and activated by a transmit data empty interrupt
clear TDRE flag in SSR to 0 (TXI) request and data is written to TDR.

Yes

No

All data transmitted? [3] Note: * Checking and clearing of the

TDRE flag are performed

v automatically by the DTC when
es the DTC’s DISEL bit is cleared
- to 0 and the transfer counter

value is not 0. Consequently, it
is necessary to use the CPU to
clear the TDRE flag if DISEL is
set to 1 or if the transfer
counter value is 0.

Read TEND flag in SSR

No

Yes

Clear TE bitin SCRto 0

<End>

Figure13.21 Sample Serial Transmission Data Flowchart
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13.64  Serial Data Reception (Clocked Synchronous Mode)

Figure 13.22 shows an example of SCI operation for reception in clocked synchronous mode. In
serial reception, the SCI operates as described below.

1. The SCI performsinternal initialization synchronous with a synchronous clock input or output,
starts receiving data, and stores the received datain RSR.

2. If an overrun error occurs (when reception of the next datais completed while the RDRF flag
in SSRis dtill set to 1), the ORER bit in SSRisset to 1. If the RIE bit in SCRisset to 1 at this
time, an ERI interrupt request is generated, receive datais not transferred to RDR, and the
RDRF flag remainsto be set to 1.

3. If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive datais
transferred to RDR. If the RIE bitin SCRis set to 1 at thistime, an RX| interrupt request is
generated. Continuous reception is possible because the RX| interrupt routine reads the receive
datatransferred to RDR before reception of the next receive data has finished.

Synchronization | | | | | | | | | | | | | | ¥ | | | |

clock

Serial data X Bit7 X Bito X:: X Bit7 X Bito X Bit1 X
RDRF ! 5

ORER : :

RXI interrupt . RDR data read and i RXI interrupt request ERI interrupt request
request . RDRF flag cleared to 0 E generated generated by overrun
generated i in RXI interrupt service ! error
' routine !
1 frame

Figure13.22 Example of SCI Operation in Reception

Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the ORER,
FER, PER, and RDRF bitsto 0 before resuming reception. Figure 13.23 shows a sample flow
chart for serial data reception.

When the internal clock is selected during reception, the synchronization clock will be output until
an overrun error occurs or the RE bit is cleared. To receive datain frame units, a dummy data of
one frame must be transmitted simultaneously.
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| Initialization [
|
Start reception

Error processing

(Continued below)

| Read RDRF flag in SSR [ @
o
Yes
Read receive data in RDR, and
clear RDRF flag in SSR to 0
(5]

| Clear RE bit in SCR to 0 |

<End>

Error processing
T
Overrun error processing |
|
Clear ORER flag in SSR to 0 [

<End>

NG
|
|

SCl initialization:
The RxD pin is automatically designated as
the receive data input pin.

[3] Receive error processing:

If a receive error occurs, read the ORER
flag in SSR, and after performing the
appropriate error processing, clear the
ORER flag to 0. Transfer cannot be
resumed if the ORER flag is set to 1.

SCI status check and receive data read:
Read SSR and check that the RDRF flag is
set to 1, then read the receive data in RDR
and clear the RDRF flag to 0.

Transition of the RDRF flag from 0 to 1 can
also be identified by an RXI interrupt.

[4]

Serial reception continuation procedure:

To continue serial reception, before the
MSB (bit 7) of the current frame is received,
reading the RDRF flag, reading RDR, and
clearing the RDRF flag to 0 should be
finished. The RDRF flag is cleared
automatically when the DMAC or the DTC*
is activated by a receive data full interrupt
(RXI) request and the RDR value is read.

[5]

Note: * Clearing of the RDRF flag are
performed automatically by the DTC
when the DTC's DISEL bit is cleared to
0 and the transfer counter value is not
0. Consequently, it is necessary to use
the CPU to clear the RDRF flag if
DISEL is set to 1 or if the transfer
counter value is 0.

Figure 13.23 Sample Serial Reception Flowchart

13.6.5

Simultaneous Serial Data Transmission and Reception (Clocked Synchronous M ode)

Figure 13.24 shows a sample flowchart for simultaneous serial transmit and receive operations.
The following procedure should be used for simultaneous serial data transmit and receive
operations. To switch from transmit mode to simultaneous transmit and receive mode, after
checking that the SCI has finished transmission and the TDRE and TEND flags are set to 1, clear
TE to 0. Then simultaneoudly set TE and RE to 1 with asingle instruction. To switch from receive
mode to simultaneous transmit and receive mode, after checking that the SCI has finished
reception, clear RE to 0. Then after checking that the RDRF and receive error flags (ORER, FER,
and PER) are cleared to 0, smultaneoudly set TE and RE to 1 with asingle instruction.
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[1] SCl initialization:
The TxD pin is designated as the
I transmit data output pin, and the RxD pin
( Start transmission/reception ) is designated as the receive data input
pin, enabling simultaneous transmit and
receive operations.

| Initialization | 1]

|
>

| Read TDRE flag in SSR | 2l [2] SCI status check and transmit data write:

Read SSR and check that the TDRE flag

No is set to 1, then write transmit data to
TDR and clear the TDRE flag to 0.

Transition of the TDRE flag from 0 to 1

: _| Yes can also be identified by a TX interrupt.
Write transmit data to TDR and 3] Receive error processing:
clear TDRE flag in SSR to 0 If a receive error occurs, read the ORER
:I flag in SSR, and after performing the

appropriate error processing, clear the
| ORER flag to 0. Transmission/reception

cannot be resumed if the ORER flag is

setto 1.
3] [4] SCI status check and receive data read:
No Read SSR and check that the RDRF flag
is set to 1, then read the receive data in
RDR and clear the RDRF flag to 0.

| Read RDRF flag in SSR | [4] Transition of the RDRF flag from 0 to 1
can also be identified by an RXI

No interrupt.
[5] Serial transmission/reception

continuation procedure:
Yes To continue serial transmission/
Read receive data in RDR, and reception, befqre the.MSB _(bjt 7) of the
clear RDRF flag in SSR to 0 current frame is recglved, finish reading
the RDRF flag, reading RDR, and
clearing the RDRF flag to 0. Also, before
the MSB (bit 7) of the current frame is
(5] transmitted, read 1 from the TDRE flag
to confirm that writing is possible. Then
write data to TDR and clear the TDRE
— flag to 0.
| Clear TE and RE bits in SCR to 0 | Checking and clearing of the TDRE flag
| is automatic when the DMAC or the
DTC* is activated by a transmit data

<End> empty interrupt (TXI) request and data is
written to TDR. Also, the RDRF flag is
Notes: When switching from transmit or receive operation to simultaneous cleared automatically when the DMAC or
transmit and receive operations, first clear the TE bit and RE bit to 0, the DTC* is activated by a receive data
then set both these bits to 1 simultaneously. full interrupt (RXI) request and the RDR

* The TDRE and RDRF flags are automatically cleared by the DTC value is read.
when the DTC's DISEL bit is cleared to 0 and the transfer counter
value is not 0. Consequently, it is necessary to use the CPU to
clear the TDRE and RDRF flags if DISEL is set to 1 or if the
transfer counter value is 0.

Figure13.24 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
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13.7 Operation in Smart Card Interface

The SCI supportsan IC card (Smart Card) interface that conformsto |SO/IEC 7816-3
(Identification Card) as a serial communication interface extension function. Switching between
the normal serial communication interface and the Smart Card interface mode is carried out by
means of aregister setting.

13.7.1  Pin Connection Example

Figure 13.25 shows an example of connection with the Smart Card. In communication with an IC
card, as both transmission and reception are carried out on a single data transmission line, the TxD
pin and RxD pin should be connected to the LS| pin. The data transmission line should be pulled
up to the V. power supply with aresistor. If an IC card is not connected, and the TE and RE bits
are both set to 1, closed transmission/reception is possible, enabling self-diagnosis to be carried
out. When the clock generated on the Smart Card interface is used by an IC card, the SCK pin
output isinput to the CLK pin of the IC card. ThisLSI port output is used as the reset signal.

Vee
TxD
‘—L 110

RxD Data line
SCK Clock line CLK

Rx (port) . RST

This LS Reset line IC card
Connected equipment

Figure13.25 Schematic Diagram of Smart Card Interface Pin Connections
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13.7.2 Data Format (Except for Block Transfer Mode)
Figure 13.26 shows the transfer data format in Smart Card interface mode.

e Oneframe consists of 8-hit data plus a parity bit in asynchronous mode.

e Intransmission, aguard time of at least 2 etu (Elementary time unit: the time for transfer of
one bit) is left between the end of the parity bit and the start of the next frame.

o |If aparity error is detected during reception, alow error signal level is output for one etu
period, 10.5 etu after the start bit.

e If anerror signal is sampled during transmission, the same data is retransmitted automatically
after adelay of 2 etu or longer.

When there is no parity error

| Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp

| Transmitting station output |
|

When a parity error occurs

| Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE |

| Transmitting station output |
|

<—>|
Receiving station

Legend: output

Dg: Start bit

DO to D7: Data bits

Dp: Parity bit

DE: Error signal

Figure 13.26 Normal Smart Card Interface Data Format

Data transfer with other types of |C cards (direct convention and inverse convention) are
performed as described in the following.

( A A Z (2) State

2 A Z Z A Z Z Z
|Ds|DOED1|D2|D35D4ED5 D6 : D7 | Dp

Figure 13.27 Direct Convention (SDIR = SINV = O/E = 0)

With the direction convention type | C and the above sample start character, thelogic 1 level
corresponds to state Z and thelogic O level to state A, and transfer is performed in LSB-first order.
The start character data aboveis H'3B. For the direct convention type, clear the SDIR and SINV
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bitsin SCMR to 0. According to Smart Card regulations, clear the O/E bit in SMR to 0 to select
even parity mode.

@@ A Z Z A A A A A A Z (2) State

|Ds|D7ED6 D5:D4:D3:D2:D1:DO|Dp

Figure13.28 Inverse Convention (SDIR =SINV = O/E = 1)

With the inverse convention type, the logic 1 level correspondsto state A and the logic O level to
state Z, and transfer is performed in M SB-first order. The start character data for the aboveis
H'3F. For the inverse convention type, set the SDIR and SINV bitsin SCMR to 1. According to
Smart Card regulations, even parity modeisthelogic O level of the parity bit, and corresponds to
state Z. In thisLSI, the SINV bit inverts only data bits DO to D7. Therefore, set the O/E bit in
SMR to 1 to invert the parity bit for both transmission and reception.

13.7.3 Clock

Only aninternal clock which is generated by the on-chip baud rate generator is used asa
transmit/receive clock. When an output clock is selected by setting CKEO to 1, aclock with a
frequency S* times the bit rate is output from the SCK pin.

Note: * Sisthevalueshown in section 13.3.12, Bit Rate Register (BRR).

13.7.4 Block Transfer Mode

Operation in block transfer mode is the same as that in the normal Smart Card interface mode,
except for the following points.

¢ In reception, though the parity check is performed, no error signal is output even if an error is
detected. However, the PER bit in SSRis set to 1 and must be cleared before receiving the
parity bit of the next frame.

e Intransmission, aguard time of at least 1 etu is left between the end of the parity bit and the
start of the next frame.

e Intransmission, because retransmission is not performed, the TEND flag isset to 1, 11.5 etu
after transmission start.

e Aswith the normal Smart Card interface, the ERS flag indicates the error signal status, but
since error signal transfer is not performed, thisflag is always cleared to 0.
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13.75 Receive Data Sampling Timing and Reception Margin

In Smart Card interface mode an internal clock generated by the on-chip baud rate generator can
only be used as a transmission/reception clock. In this mode, the SCI operates on abasic clock
with afrequency of 32, 64, 372, or 256 times the transfer rate (fixed to 16 timesin normal
asynchronous mode) as determined by bits BCP1 and BCPO. In reception, the SCI samples the
falling edge of the start bit using the basic clock, and performs internal synchronization. As shown
in figure 13.29, by sampling receive data at the rising-edge of the 16th, 32nd, 186th, or 128th
pulse of the basic clock, data can be latched at the middle of the bit. The reception margin is given
by the following formula.

(1+ F) | x 100 [%]

1 ID-0.5]|
M=105-—)-L-05F -  — >~
K ) ) =

Where M: Reception margin (%)
N: Ratio of bit rateto clock (N = 32, 64, 372, and 256)
D: Clock duty (D =0t0 1.0)
L: Framelength (L = 10)
F: Absolute value of clock frequency deviation

Assuming valuesof F=0, D = 0.5 and N = 372 in the above formula, the reception margin
formulaisasfollows.

M = (0.5—1/2 x 372) x 100%
= 49.866%

372 clocks |
186 clocks

371|0 371 0

Internal
basic clock

" ((
Receive data ;l; ; Stan bit 7
(RxD) | Tt

Synchronization E M . .
sampling timing ! i (( L
T )T )] o))

Data sampling M i
timing ( I l (( (( | l ((
] )T ]

S
(
(' [ o1
/

Figure 13.29 Receive Data Sampling Timingin Smart Card Mode
(Using Clock of 372 Timesthe Transfer Rate)
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13.7.6 Initialization

Before transmitting and receiving data, initialize the SCI as described below. Initialization is also
necessary when switching from transmit mode to receive mode, or vice versa.

Clear the TE and RE bitsin SCR to 0.

Clear the error flags ERS, PER, and ORER in SSR to 0.

Set the GM, BLK, O/E, BCPO, BCP1, CK S0, CKS1 bitsin SMR. Set the PE bit to 1.
Set the SMIF, SDIR, and SINV bhitsin SCMR.

When the SMIF bit is set to 1, the TxD and RxD pins are both switched from portsto SCI pins,
and are placed in the high-impedance state.

Set the value corresponding to the bit rate in BRR.
6. Set the CKEO and CKEL hitsin SCR. Clear the TIE, RIE, TE, RE, MPIE, and TEIE hitsto 0.
If the CKEOQ hit is set to 1, the clock is output from the SCK pin.

7. Wait at least one bit interval, then set the TIE, RIE, TE, and RE bitsin SCR. Do not set the TE
bit and RE bit at the same time, except for self-diagnosis.

A wDN e

o1

To switch from receive mode to transmit mode, after checking that the SCI has finished reception,
initialize the SCI, and set RE to 0 and TE to 1. Whether SCI has finished reception or not can be
checked with the RDRF, PER, or ORER flags. To switch from transmit mode to receive mode,
after checking that the SCI has finished transmission, initialize the SCI, and set TE to 0 and RE to
1. Whether SCI has finished transmission or not can be checked with the TEND flag.
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13.7.7  Serial Data Transmission (Except for Block Transfer Mode)

Asdatatransmission in Smart Card interface mode involves error signal sampling and
retransmission processing, the operations are different from those in normal serial communication
interface mode (except for block transfer mode). Figure 13.30 illustrates the retransfer operation
when the SCI isin transmit mode.

1. If anerror signal is sent back from the receiving end after transmission of one frameis
complete, the ERS bit in SSRis set to 1. If the RIE bit in SCR is enabled at thistime, an ERI
interrupt request is generated. The ERS bit in SSR should be cleared to O by the time the next
parity bit is sampled.

2. The TEND bit in SSRis not set for aframe in which an error signal indicating an abnormality
isreceived. Datais retransferred from TDR to TSR, and retransmitted automatically.

3. If anerror signal is not sent back from the receiving end, the ERS bit in SSR is not set.
Transmission of one frame, including aretransfer, is judged to have been completed, and the
TEND bitin SSRisset to 1. If the TIE bit in SCR is enabled at thistime, a TXI interrupt
request is generated. Writing transmit datato TDR transfers the next transmit data.

Figure 13.32 shows a flowchart for transmission. A sequence of transmit operations can be
performed automatically by specifying the DTC or the DMAC to be activated with a TXI interrupt
source. In atransmit operation, the TDRE flag is set to 1 at the sametime asthe TEND flag in
SSRis set, and a TXI interrupt will be generated if the TIE bit in SCR has been set to 1. If the TXI
request is designated beforehand asa DTC* or the DMAC activation source, the DTC” or the
DMAC will be activated by the TXI request, and transfer of the transmit data will be carried out.
The TDRE and TEND flags are automatically cleared to O when datais transferred by the DTC*
or the DMAC. In the event of an error, the SCI retransmits the same data automatically. During
this period, the TEND flag remains cleared to 0 and the DTC* or the DMAC is not activated.
Therefore, the SCI and DTC* or the DMAC will automatically transmit the specified number of
bytesin the event of an error, including retransmission. However, the ERS flag is not cleared
automatically when an error occurs, and so the RIE bit should be set to 1 beforehand so that an
ERI request will be generated in the event of an error, and the ERS flag will be cleared.

When performing transfer using the DMAC or the DTC, it is essential to set and enable the
DMAC or the DTC* before carrying out SCI setting. For details of the DMAC or the DTC*
setting procedures, refer to section 8, Data Transfer Controller (DTC) or section 7, DMA
controller (DMAC).

Note: * The Flagsare automatically cleared by the DTC when the DTC's DISEL hit is cleared
to 0 and the transfer counter value is not 0.
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Transfer
|<— nth transfer frame —>|~7 Retransferred frame ——— frame n + 1
-|DS|D0|D1|D2|D3|D4|D5|D6|D7|Dp|-|%—|DleOlD1|D2|D3|D4|D5|D6|D7|Dp|&|DS|DO|D1|D2|D3|D4|

TDRE J

from TDR

! Transfer to TSR from TDR ! transfer to TSR from TDR Transfer to TSR
TEND :

FER/ERS | |

Figure13.30 Retransfer Operation in SCI Transmit Mode

The timing for setting the TEND flag depends on the value of the GM bit in SMR. The TEND flag
set timing is shown in figure 13.31.

/O data Ds |Do|D1|D2|D3| D4 |D5|D6|D7|Dp| iDE: :
et
TXI Gﬁun?;d
(TEND interrupt) 125 etu E —
When GM =0 j
pr—————————
11.0 etu !
When GM = 1 ,
Legend:
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure13.31 TEND Flag Generation Timing in Transmission Operation
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( Start
|

| Initialization

( Start transmission )

—/

'

ERS =0?

/g -
14 Error processing )

Write data to TDR,
and clear TDRE flag
in SSR to 0

All data transmitted ?
Yes

ERS =0?

Error processing )

Clear TE bitto 0

No

|
( End )

Figure 13.32 Example of Transmission Processing Flow
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13.7.8  Serial Data Reception (Except for Block Transfer Mode)

Data reception in Smart Card interface mode uses the same operation procedure as for normal
serial communication interface mode. Figure 13.33 illustrates the retransfer operation when the
SCl isin receive mode.

1. If an error isfound when the received parity bit is checked, the PER bit in SSRis
automatically set to 1. If the RIE bit in SCR is set at thistime, an ERI interrupt request is
generated. The PER bit in SSR should be kept cleared to 0 until the next parity bit is sampled.

2. The RDRF bit in SSRis not set for aframe in which an error has occurred.

3. If no error isfound when the received parity bit is checked, the PER bit in SSR isnot set to 1,
the receive operation is judged to have been completed normally, and the RDRF flag in SSR is
automatically set to 1. If the RIE bit in SCR is enabled at thistime, an RX| interrupt request is
generated.

Figure 13.34 shows a flowchart for reception. A sequence of receive operations can be performed
automatically by specifying the DTC* or the DMAC to be activated using an RX| interrupt
source. In areceive operation, an RX| interrupt request is generated when the RDRF flag in SSR
isset to 1. If the RX| request is designated beforehand asaDTC* or the DMAC activation source,
the DTC* or the DMAC will be activated by the RX| request, and the receive datawill be
transferred. The RDRF flag is cleared to 0 automatically when data is transferred by the DTC* or
the DMAC. If an error occursin receive mode and the ORER or PER flag is set to 1, atransfer
error interrupt (ERI) request will be generated. Hence, so the error flag must be cleared to 0. In the
event of an error, the DTC* or the DMAC is not activated and receive data is skipped. Therefore,
receive dataistransferred for only the specified number of bytesin the event of an error. Even
when a parity error occursin receive mode and the PER flag is set to 1, the data that has been
received istransferred to RDR and can be read from there.

Notes. For details on receive operationsin block transfer mode, refer to section 13.4, Operation in
Asynchronous Mode.

*  The Flags are automatically cleared by the DTC when the DTC's DISEL bit is cleared
to 0 and the transfer counter valueis not 0.
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ort ‘ ; Transfer
<—— nth transfer frame <—— Retransferred frame frame n + 1

-|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|-|%—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|DpIE=DleOlD1 [p2|p3lp4|

RDRF | |
PER | |

Figure 13.33 Retransfer Operation in SCI Receive Mode

( Start )
|

| Initialization |
|

( Start reception )

;l
|

ORER = 0 and No

PER =0

)

Error processing )

Read RDR and clear
RDREF flag in SSR to 0

| Clear RE bit to 0 |

Figure 13.34 Example of Reception Processing Flow
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13.7.9  Clock Output Control

When the GM hit in SMR is set to 1, the clock output level can be fixed with bits CKEO and
CKEL in SCR. At thistime, the minimum clock pulse width can be made the specified width.
Figure 13.35 shows the timing for fixing the clock output level. In this example, GM isset to 1,
CKE1 iscleared to 0, and the CKEOQ bit is controlled.

CKEO

SCK —|

—

Specified pulse width Specified pulse width

Figure13.35 Timing for Fixing Clock Output L evel

When turning on the power or switching between Smart Card interface mode and software standby
mode, the following procedures should be followed in order to maintain the clock duty.

Powering On: To secure clock duty from power-on, the following switching procedure should be
followed.

1. Theinitia stateisport input and high impedance. Use a pull-up resistor or pull-down resistor
to fix the potential.

2. Fix the SCK pin to the specified output level with the CKEL bit in SCR.
3. Set SMR and SCMR, and switch to smart card mode operation.
4. Set the CKEO bitin SCR to 1 to start clock output.

When changing from smart card interface mode to softwar e standby mode:

1. Setthedataregister (DR) and data direction register (DDR) corresponding to the SCK pinto
the value for the fixed output state in software standby mode.

2. Write 0 to the TE bit and RE bit in the serial control register (SCR) to halt transmit/receive
operation. At the same time, set the CKEL bit to the value for the fixed output state in software
standby mode.

3. Write 0 to the CKEO hit in SCR to halt the clock.
4. Wait for one serial clock period.

During thisinterval, clock output is fixed at the specified level, with the duty preserved.
5. Make the transition to the software standby state.
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When returning to smart card interface mode from softwar e standby mode

1. Exit the software standby state.

2. Write 1 to the CKEO bit in SCR and output the clock. Signal generation is started with the
normal duty.

Software
Normal operation | standby Normal operation

Figure13.36 Clock Halt and Restart Procedure
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13.8 SCI Sdect Function

The SCI_0 supports the SCI select function which allows clock synchronous communication
between master LS| and one of multiple slave LSI. Figure 13.37 shows an example of
communication using the SCI select function. Figure 13.38 shows the operation.

The master LS| can communicate with dave LSI_A by bringing SEL_A and SEL_B signals low
and high, respectively. In this case, the TxDO_B pin of the dlave LSI_B is brought high-impedance
state and the internal SCKO_A signal is fixed high. This halts the communication operation of
save LSI_B. The master LS| can communicate with slave LSI_B by bringing the SEL_A and
SEL_B signals high and low, respectively.

The dave LSl detects the selection by receiving the low level input from the IRQ7 pin and
immediately executes data transmission/reception processing.

Note: The selection signals (SEL_A and SEL_B) of the LS| must be switched while the serial
clock (M_SCK) is high after the end bit of the transmit data has been send. Note that one
selection signal can be brought low at the same time.

Master LSI Slave LSI_A (This LSI)
SEL A IRQ7_A Interrupt
controller
RxDO_A
M_TXD T I RSRO_Al | TSRO_A |—»|
M_RxD TxDO_A
e SCKO A Transmission/
0 .
SCKO - reception
M_SCK control
C/A=CKE1=SSE=1
Slave LSI_B (This LSI)
SEL_B IRQ7_B
—| RxDO_B
TxDO_B
SCKO SCKO0_B

Figure 13.37 Example of Communication Using the SCI Select Function
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Communication between master LSI Communication between master LSI
[Master LSI] and slave LSI_A , and slave LSI_B
Period of M: SCK = high
<—:—>
M_SCK i i
- ] | ] | ] ' | ] | ] |
M_TxD Y D0 X DI X _©7 X 10 X oI X b7
MR XX Do _X_ Dbl X _ b7 XX Dol _X_Dbio X _b7_X
SEL_A — \ :/
SEL_B \ S
[Slave LSI_A] |
IRQ7_A — \ /
(SEL_A) :
SCKO_A 1| /T \ /7 \ / E Fixed high level
RSRO_A X D00 X TDs X o7
Hi-Z 5 : Hi-Z
TXDO_A =X DO X D1 X__ D7 )
[Slave LSI_B] E
IRQ7_B :
(SS_:B) Fixed high level N /
SCKO0_B \_/ \ ——\ /
RSR0_B X Do X_ o6 X D7
Hi-Z : % Hi-Z
TXDO_B ' (D0 X Dbi, X D7 '
Figure 13.38 Example of Communication Using the SCI Select Function
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139 Interrupts
13.9.1 Interruptsin Normal Serial Communication I nterface Mode

Table 13.12 shows the interrupt sourcesin normal serial communication interface mode. A
different interrupt vector is assigned to each interrupt source, and individual interrupt sources can
be enabled or disabled using the enable bitsin SCR.

When the TDRE flag in SSR is set to 1, a TXI interrupt request is generated. When the TEND flag
in SSRisset to 1, a TEI interrupt request is generated. A TXI interrupt can activate the DMAC or
the DTC to perform data transfer. The TDRE flag is cleared to 0 automatically when datais
transferred by the DMAC or the DTC”.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORER,
PER, or FER flag in SSRisset to 1, an ERI interrupt request is generated. An RXI interrupt
request can activate the DMAC or the DTC to transfer data. The RDRF flag is cleared to O
automatically when datais transferred by the DMAC or the DTC".

A TEI interrupt is requested when the TEND flag is set to 1 and the TEIE bitissetto 1. If aTEI
interrupt and a TXI interrupt are requested simultaneously, the TXI interrupt has priority for
acceptance. However, if the TDRE and TEND flags are cleared simultaneously by the TXI
interrupt routine, the SCI cannot branch to the TEI interrupt routine later.

Note: * TheFlagsare automatically cleared by the DTC when the DTC's DISEL hit is cleared
to 0 and the transfer counter value is not 0.
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Table 13.12 SCI Interrupt Sources

DTC DMAC
Channel Name Interrupt Source Interrupt Flag  Activation Activation  Priority”
0 ERIO  Receive Error ORER, FER, Not possible Not possible High
PER 4
RXI0  Receive Data Full RDRF Possible Possible
TXI0O  Transmit Data Empty TDRE Possible Possible
TEIO  Transmission End TEND Not possible  Not possible
1 ERI1 Receive Error ORER, FER, Not possible Not possible
PER
RXI1  Receive Data Full RDRF Possible Possible
TXI1 Transmit Data Empty TDRE Possible Possible
TEI1  Transmission End TEND Not possible  Not possible
2 ERI2 Receive Error ORER, FER, Not possible Not possible
PER
RXI2  Receive Data Full RDRF Possible Not possible
TXI2  Transmit Data Empty TDRE Possible Not possible
TEI2  Transmission End TEND Not possible  Not possible Low
Note: * This table shows the initial state immediately after a reset. The relative channel

priorities can be changed by the interrupt controller.
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13.9.2 Interruptsin Smart Card Interface Mode

Table 13.13 shows the interrupt sourcesin Smart Card interface mode. The transmit end interrupt
(TEI) request cannot be used in this mode.

Note: In case of block transfer mode, see section 13.9.1, Interruptsin Normal Serial
Communication Interface Mode.

Table 13.13 Interrupt Sourcesin Smart Card Interface Mode

Channel Name Interrupt Source Interrupt Flag  DTC Activation 2gﬁ/§tion Priority*
0 ERIO  Receive Error, ORER, PER, Not possible Not possible High
detection ERS A
RXI0O  Receive Data Full RDRF Possible Possible
TXIO  Transmit Data Empty TEND Possible Possible
1 ERI1 Receive Error, ORER, PER, Not possible Not possible
detection ERS
RXI1  Receive Data Full RDRF Possible Possible
TXI1  Transmit Data Empty TEND Possible Possible
2 ERI2 Receive Error, ORER, PER, Not possible Not possible
detection ERS
RXI2  Receive Data Full RDRF Possible Not possible
TXI2  Transmit Data Empty TEND Possible Not possible Low

Notes: * Indicates the initial state immediately after a reset. Priorities in channels can be
changed by the interrupt controller.
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13.10 Usage Notes

13.10.1 Break Detection and Processing (Asynchronous M ode Only)

When framing error detection is performed, a break can be detected by reading the RxD pin value
directly. In abreak, the input from the RxD pin becomes all Os, setting the FER flag, and possibly
the PER flag. Note that asthe SCI continues the receive operation after receiving a break, even if
the FER flag is cleared to O, it will be set to 1 again.

13.10.2 Mark State and Break Detection (Asynchronous Mode Only)

When TE is0, the TxD pin isused as an 1/O port whose direction (input or output) and level are
determined by DR and DDR. This can be used to set the TxD pin to mark state (high level) or send
abreak during serial datatransmission. To maintain the communication line at mark state until TE
isset to 1, set both DDR and DR to 1. ASTE is cleared to 0 at this point, the TxD pin becomes an
1/O port, and 1 is output from the TxD pin. To send a break during serial transmission, first set
PCR to 1 and PDR to 0, and then clear TE to 0. When TE is cleared to O, the transmitter is
initialized regardless of the current transmission state, the TxD pin becomes an I/O port, and O is
output from the TxD pin.

13.10.3 Receive Error Flagsand Transmit Operations (Clocked Synchronous M ode Only)

Transmission cannot be started when areceive error flag (ORER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before starting
transmission. Note also that receive error flags cannot be cleared to 0 even if the RE bit is cleared
toO.

13.10.4 Restrictionson Use of DMAC or DTC

e When an external clock source isused asthe serial clock, the transmit clock should not be
input until at least 5 ¢ clock cycles after TDR is updated by the DMAC or the DTC.
Misoperation may occur if the transmit clock isinput within 4 ¢ clocks after TDR is up