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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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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/0 settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

V830, V832, and V830 family are trademarks of NEC Corporation.

Windows is either a registered trademark or a trademark of Microsoft Corporation in the United State and/or
other countries.

UNIX is a registered trademark licensed by X/Open Company Limited in the US and other countries.
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The information contained in this document is being issued in advance of the production cycle for the
device. The parameters for the device may change before final production or NEC Corporation, at its own
discretion, may withdraw the device prior to its production.

Not all devices/types available in every country. Please check with local NEC representative for availability
and additional information.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
this document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

Descriptions of circuits, software, and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these circuits,
software, and information in the design of the customer's equipment shall be done under the full responsibility
of the customer. NEC Corporation assumes no responsibility for any losses incurred by the customer or third
parties arising from the use of these circuits, software, and information.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on a
customer designated "quality assurance program" for a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
before using it in a particular application.

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

Special:  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, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

M5D 98.12
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
product in your application, please contact the NEC office in your country to obtain a list of authorized
representatives and distributors. They will verify:

- Device availability
+ Ordering information

« Product release schedule

« Availability of related technical literature

« Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

« Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.

NEC Electronics Inc. (U.S.)

Santa Clara, California

Tel: 408-588-6000
800-366-9782

Fax: 408-588-6130
800-729-9288

NEC Electronics (Germany) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

NEC Electronics Italiana s.r.l.
Milano, Italy

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (Germany) GmbH
Benelux Office

Eindhoven, The Netherlands

Tel: 040-2445845

Fax: 040-2444580

NEC Electronics (France) S.A.
Velizy-Villacoublay, France

Tel: 01-30-67 58 00

Fax: 01-30-67 58 99

NEC Electronics (France) S.A.
Spain Office

Madrid, Spain

Tel: 91-504-2787

Fax: 91-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

Fax: 08-63 80 388
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NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
United Square, Singapore 1130
Tel: 65-253-8311

Fax: 65-250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC do Brasil S.A.

Electron Devices Division

Rodovia Presidente Dutra, Km 214
07210-902-Guarulhos-SP Brasil
Tel: 55-11-6465-6810

Fax: 55-11-6465-6829
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MAJOR REVISIONS IN THIS EDITION (1/2)

Page Contents
p.29 Change in 1.6 (6) Clock generator (CG)
p.32, 33 Change in 2.1.2 Pins other than port pins
p.35 Change in 2.3.3 (4) MRD (Memory Read) ... 3-state output
p.37 Change in 2.3.4 (1) RESET (Reset) ... Input
p.38 Change in 2.3.6 (5) UUDQM (Upper Upper DQ Mask Enable) ... 3-state output
p.48 Change of the Caution in Table 4-2. Interrupt List (maskable interrupts)
p.59 Addition of Caution to Figure 4-10. ICU Mode Register (IMOD)
p.60 Change in 4.7 Interrupt Requests by External Input Pins
p.62 Change in Figure 5-1. External /0 Cycle (32-bit bus mode)
p.67 Change in Figure 5-4. SRAM (ROM) Single Cycle (32-bit bus mode)
p.76 Change in 5.5.1 SDRAM single read cycle
p.76 Change in Figure 5-10. SDRAM Single Read Cycle (off-page, 32-bit data width)
p.77 Change in Figure 5-11. SDRAM Single Read Cycle (on-page, 32-bit data width)
p.78 Change in Figure 5-12. SDRAM Single Write Cycle (off-page, 32-bit data width)
p.79 Change in Figure 5-13. SDRAM Single Write Cycle (on-page, 32-bit data width)
p.81 Change in Figure 5-14. SDRAM Burst Read Cycle (off-page, 32-bit data width)
p.82 Change in Figure 5-15. SDRAM Burst Read Cycle (on-page, 32-bit data width)
p.83 Change in Figure 5-16. SDRAM Burst Write Cycle (off-page, 32-bit data width)
p.84 Change in Figure 5-17. SDRAM Burst Write Cycle (on-page, 32-bit data width)
p.86 Change in Figure 5-18. SDRAM Access Timing Control (in burst read cycle, 32-bit data width)
p.104 Change in 5.8 Burst Hold Cycle
p.104 Change in Figure 5-32. Bus Hold Cycle
p.117 Change in 7.2.2 Judgment of on-page/off-page
p.119 Addition of description to 7.2.3 SDRAM configuration register (SDC)
p.119 Change in 7.2.4 SDRAM mode register (SDM)
p.134 Change in Figure 8-9. Example of Single Transfer 1
p.134 Change in Figure 8-10. Example of Single Transfer 2
p.135 Change in Figure 8-11. Example of Demand Transfer
p.136 Change in Figure 8-12. Two-Cycle Demand Transfer (external /0 to SRAM)
p.137 Change in 8.6 Priorities of DMA channels
p.137 Change in 8.7 DMA Transfer Request
p.143 Change in Figure 8-16. 16-to-32-Bit Data Bus Width (32-bit transfer bus sizing)
p.144 Change in Figure 8-17. 16-to-16-Bit Data Bus Width (32-bit transfer bus sizing)
p.154 Addition of 9.1.5 Pin functions
p.170 Addition of Caution to 10.2.1 (1) (c) Setting of capture/compare register
p.172 Addition of Note to 10.2.3 (2) As compare register
p.173 Change in Table 10-1. Capture/Compare Registers
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MAJOR REVISIONS IN THIS EDITION (2/2)

Page Contents
p.175 Addition of Remark to Figure 10-7. Timer Unit Mode Register (TUM1)
p.197 Change in Table 12-1. PMC and Frequency in PLL Mode/Direct Mode
p.197 Change in Figure 12-1. Block Diagram of Clock Register
p.200 Change in Figure 12-4. Power Management Register (PMR)
p.201 Change in Figure 12-5. PLL Control Register (PLLCR)
p.203 Change in Figure 13-1. Status Transition
p.205 Change in 13.2.1 Setting of mode selection
p.207 Addition of Note to Table 13-2. Operating Status in HALT Mode
p.209 Change in Table 13-4. Operating Status in STOP Mode
p.210 Change in_13.4 (1) To ensure lapse of time by using oscillation time ensuring timer (NMI sig_nal input,
internal NMI)
p.211 Change in Figure 13-4. STOP Mode Releasing Timing (with NI\Fs,ignaI input)
p.211 Change in 13.4 (2) To ensure time lapse by signal level width (REFsignal input)
p.211 Change in Figure 13-5. STOP Mode Releasing Timing (with REﬁgnal input)
p.213 Change in 14.1 Features
p.213 Change in 14.2 Non-Maskable Interrupt (NMI)
p.213 Change in 14.3 Reset
p.213 Change in 14.3.1 Pin function
p.214 Change in Figure 14-1. Accepting Reset Signal
p.219 Addition of APPENDIX A BUS DESIGN FOR V832 TARGET BOARD

The mark * shows major revised points.
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Readers

Purpose

Organization

How to Read
This Manual

Legend

PREFACE
This manual is intended for user engineers who wish to understand the functions of the V832
(uPD705102) and design application systems using it.
This manual explains the hardware functions of the V832 in the following organization.

The volumes of the V832 User's Manual are available: hardware (this manual) and architecture
(V830 Family™ User’'s Manual - Architecture) manuals.

Hardware Architecture
¢ General * Register Set
« Pin Function » Data Set
¢ CPU Function ¢ Address Space
« Internal peripheral function ¢ Instruction
« Appendix « Interrupt and exception

It is assumed that the readers of this manual have a general knowledge of electricity, logic circuits,
and microcomputers.

To understand the instruction functions in detail
- Refer to the V830 Family User's Manual - Architecture

To check the detailed function of a register whose name is known
- Refer to Appendix A Register Index

To understand the overall functions of the V832
- Read this manual in the order of Table of Contents .

Data significance: Left: higher-order digits, right: lower-order digits
Active low: xxx (top bar over pin or signal name)
Memory map address: Top: high-order, bottom: low-order
Note . Explanation of part of text marked Note
Caution : Item to be especially noted.
Remark : Supplement
Numeric notation: Binary ... xxxx or xxxxB
Decimal ... xxxx
Hexadecimal ... xxxxH
Prefix indicating power of 2 (address space and memory capacity):
K (kilo) : 2"°=1024
M (mega) : 2% = 1024
G (giga) : 2*=1024°
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Related documents

10

The related documents referred to in this publication may include

However, preliminary versions are not marked as such.

Document related to V832

preliminary versions.

Product Name

Document No.

V832 User’s manual - Hardware This manual
V830 Family User's Manual - Architecture U12496E
uPD705102 Data Sheet U13675E

Document related to development tools (user’s manual)

Product Name Document No.

CA830 (C compiler) Operation (UNIX™ based) U11013E
Operation (Windows™ based) U11068E

Assembly language U11014E

C language U11010E

Project manager U11991E

RX830 ITRON1 Fundamental U11730E
(real-time OS) Installation U11731E
Technical U11713E

HITRON Fundamental U13152E

Ver. 3.0 Installation U13151E

Technical U13150E
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CHAPTER 1 GENERAL

The V832 is a 32-bit RISC microprocessor for embedded control applications, with a high-performance 32-bit
V830™ (uPD705100) processor core and many peripheral functions such as an SDRAM/ROM controller, 4-channel
DMA controller, real-time pulse unit, serial interface, and interrupt controller.

In addition to high interrupt response speed and optimized pipeline structure, the V832 offers sum-of-products
operation instructions, concatenated shift instructions, and high-speed branch instructions to realize multimedia
functions, and therefore, can provide high performance in multimedia systems such as internet/intra-net systems, car
navigation systems, digital still cameras, and color FAXes.

1.1 Features

¢ CPU function
V830-compatible instructions

Instruction cache . 4K bytes
Instruction RAM . 4K bytes

Data cache . 4K bytes

Data RAM . 4K bytes
Minimum number of instruction execution cycles: 1 cycle
Memory space and I/O space . 4G bytes each
Number of general purpose registers : 32 bits x 32

* Interrupt/exception function
Non-maskable : External input : 1
Maskable : External input : 8 (of which 4 are multiplexed with internal sources)
Internal source: 11 types
Priority can be specified in 4 groups.
« Bus control function
Chip select output : 8 blocks (8 C_S)
Memory and 1/O space selectable for 4 cs
SDRAM and other memory space selectable for 2 cs
Linear address space of each block: 16M bytes
* Wait control function
SDRAM space . Without wait control
Other memory spaces : Software control of O to 7 wait states
I/0O space . Software control of 0 to 15 wait states
Idle state : 0 to 7 states can be inserted.
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Memory access control function
SDRAM directly connectable

Page mode of Page-ROM supported
Flash memory directly connectable

DMA function

4 channels

Maximum number of transfers : 16,777,216 (2*)

Transfer type . 2-cycle transfer

Transfer mode . Single transfer and demand transfer

Programmable wait function

Serial interface function

Asynchronous serial interface (UART) : 1 channel
Clocked serial interface (CSl) : 1 channel
On-chip dedicated baud rate generator : 1 channel
Timer/counter function

16-bit timer/event counter : 1 channel
Timer output D2

16-bit capture/compare register : 4

16-bit interval timer : 1 channel
Port function

21 1/0O ports

Clock generation function

PLL clock synthesizer; PLL clock synthesizer: x6, x8

Standby function

HALT and STOP modes, power management mode, and direct mode
Debug function

Debug-dedicated synchronous serial interface : 1 channel

Trace-dedicated interface . 1 channel
Trace function : Branch PC trace and data trace
Package

160-pin plastic LQFP (24 x 24 mm)
Application Fields
Internet/intra-net systems

Car navigation

Digital still cameras
Color FAX
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1.3 Ordering Information

Part Number Package
UPD705102GM-143-8ED 160-pin plastic LQFP (fine pitch) (24 x 24 mm)

1.4 Pin Configuration (Top View)
* 160-pin plastic LQFP (fine pitch) (24 x 24 mm)

puPD705102GM-143-8ED

150 ——O Voo_|

148 —O Voo_O

138 |———©O Vopo_O

128 —O Voo_O

159 [=—O D31
158 f=+—>0O D30
157 p+—=0O D29
156 f=—»O D28
155 f+—>0O D27
154 f+—=0O D26
153 f=+—»0O D25
152 [+—O D24

149 ——O GND_O
147 f=—0O D23
146 f=+—»0O D22
145 f=—O D21
144 f=—0O D20
143 f=+—0O D19
142 p=—=0O D18
141 f=—»0O D17
140 f=—»0O D16
137 j=—»0O D15
136 j+—0O D14
135 f=—=0O D13
134 f=+—»0O D12
133 j+=—0O D11
132 f+—O D10
131 f=—>»0O D9
130 j+=—>0O D8

160 |—O Vopo_O

151 —O GND_I

139 —O GND_O
129 —O GND_O
127 [+—=0O D7

126 j=—=O D6

125 f=—O D5

124 [+—0O D4

123 j=—=0O D3

122 j=—0O D2

121 ——O GND_I

eND_o o—1 120 ——0 Voo_I
CS1 O=~—H2 O 119 [+—O D1
CS0 O=—13 118 f=—=0 DO
WE O=——1 4 117 ——o0 GND_O
RAS O=—-/5 116 |——o0 Vob_0O
UUDQM O=—6 115 |—O MRD
ULDQM O=—"7 114 |—=O0 MWR
LUDQM O=—8 113 |—O LLBEN
LLDQM O=—9 112 |—O LUBEN
Voo_O O— 10 111 |—O ULBEN
GND_ O O— 11 110 |—O UUBEN
SDCLKOUT O=—— 12 109 |—=O IOWR
CKE O=—- 13 108 [——=O IORD
CAS O=—1 14 107 |—O BCYST
Al O=—— 15 106 +=——O READY
A2 O=— 16 105 —O R/W
A3 O=—17 104 f+——O0O HLDRQ
A4 O=—18 103 |—O HLDAK
Vopo_| O— 19 102 —O GND_O
GND_I O0—— 20 101 |0 Voo_O
Voo_0 O— 21 100 |—»=0 C52
GND_O O——] 22 99 —=o0 Cs3
A5 O=—] 23 98 —=0 54
A6 O=—] 24 97 }—=o0cCs5
A7 O=—7] 25 96 —=0 Cs6
A8 O=—-26 95 |—0O CS7
A9 O=—-r27 94 —O TC/STOPAK
A10 O=—28 93 j+—=0O PORTAL1/DMAAKO
All O=~—29 92 f+—=0O PORTA3/DMAAK1
Voo_O O—30 91 f+—=0O PORTAS5/DMAAK2
GND_O O— 31 90 f+—=0O PORTA7/DMAAK3
Al2 O=—32 89 f+—O PORTAO0/DMARQO
Al13 O=—33 88 f+—O PORTA2/DMARQ1
Al4 O=—34 87 f+—O PORTA4/DMARQ2
Al5 O=—35 86 f+—O PORTA6/DMARQ3
Al6 O=—36 85 f=+—O PORTB7/INTP03
Al7 O=—37 84 f=+—=O PORTB6/INTP02
A18 O—=—38 83 f=+—O PORTB4/INTPO1
Al9 O=—- 39 82 [+—0O PORTB2/INTPOO
Voo_O O—— 40 81 —O GND_I
- HANNMTOLONODOANMNMINONDDOTANMNMTLONOIOANMIONDODO -
TTTTTTITTTILOLOLLOLOLOOODIDOOWOOOWOWWOWOWWOWWOMNMNMNNSNSDNNSNNNS
YRR R RRE AR RN O R AR R8P 08EEE s s
b4 vIILLL Qo 1>Z2 i 2SS EdpSZEEEEDES
S000a0 2 o~ 0 oy 2O yES>E5522ZES
o 00000 s = ObEoxe  OS8==xd
rrxo [ xy o v ie)
FRRF o9~ag EEEBal
eo "R zzkk ©
oo 0o
[sya

Caution Directly connect the IC1 (Internally connected 1) pin to GND_O.
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Pin names

Alto A23 : Address Bus NMI : Non-Maskable Interrupt Request
BCYST : Bus Cycle Start PORTO to PORT4,
BT16B : Boot Bus Size 16 bit PORTAO to PORTAY,
CAS : Column Address Strobe PORTBO to PORTB7 : Port
CKE : Clock Enable R/W : Bus Read or Write Status
CLKOUT . Clock Out RAS . Row Address Strobe
CMODE : Clock Mode READY : Ready
CSOto CS7 : Chip Select RESET  : Reset
DOto D31 : Data Bus RXD : Receive Data
DCK : Debug Clock SCLK © Serial Clock
DDI : Debug Data Input SDCLKOUT: SDRAM Clock Out
DDO : Debug Data Output Sl : Serial Input
DMAAKO to DMAAK3 SO . Serial Output

: DMA Acknowledge STOPAK : Stop Acknowledge
DMARQO to DMARQ3 TC : Terminal Count

: DMA Request TCLR : Timer Clear
DMS : Debug Mode Select Tl : Timer Input
DRST : Debug Reset TO10, TO11: Timer Output
GND_| : Ground TRCDATAO to TRCDATAS3: Trace Data
GND_O : Ground TXD : Transmit Data
GND_PLL : PLL Ground ULBEN . Upper Lower Byte Enable
HLDAK : Hold Acknowledge ULDQM : Upper Lower DQ Mask enable
HLDRQ : Hold Request UUBEN  : Upper Upper Byte Enable
IC1 . Internally Connected UUDQM  : Upper Upper DQ Mask enable
INTPOO to INTPO3, INTP10 to INTP13 Vop_| : Power Supply (2.5 V)

. Interrupt Request From Peripheral Vop_O . Power Supply (3.3V)
IORD : 1/0 Read Voo PLL : PLL Power Supply (2.5 V)
IOWR : 1/0 Write WE : Write Enable
LLBEN : Lower Lower Byte Enable X1, X2 : Crystal resonator
LLDQM . Lower Lower DQ Mask enable
LUBEN . Lower Upper Byte Enable
LUDQM : Lower Upper DQ Mask enable
MRD : Memory Read
MWR : Memory Write
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1.5 Internal Block Configuration

The internal block configuration of the V832 is as shown below.

DCK

DMS

DDI

DDO
TRCDATA3-TRCDATAO
DRST

X1

X2

CLKOUT

SDCLKOUT

RESET
NMI
TI, TCLR

INTP10/TO10,
INTP12/TO11

INTP11, INTP13
INTPOO-INTPO3

SCLK
SO
Sl

TXD
RXD

DCU

CG

Syu

]

RPU

=

ICU

V830 core

BCU

RIW

IOWR

IORD

MWR

MRD

UUBEN, ULBEN, LUBEN, LLBEN

READY

BT16B

BCYST

CS7-CS0
:¢:> A23-Al

D31-D0O

HLDRQ

HLDAK

RAS

CAS

CKE

WE

STOPAK

CMODE

PIO

Csl

BRG

UART

DMAC

TC

= DMARQ3-DMARQO

DMAAK3-DMAAKO
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CHAPTER 1 GENERAL

1.6 Internal Units

1)

)

®)

(4)

(5)

28

The internal units of the V832 and their functions are as follows:

Bus control unit (BCU)
Controls the address bus, data bus, and control bus pins. The major functions of BCU are as follows:

(a) Bus arbitration
Arbitrates the bus mastership among bus masters (CPU, SDRAMC, DMAC, and external bus masters). The
bus mastership can be changed after completion of the bus cycle under execution, and in an idle state.

(b) Wait control
Controls eight areas in the 16M-byte space corresponding to eight chip select signals (@) through CS7).
Generates chip select signals, controls wait states, and selects the type of bus cycle.

(c) SDRAM controller
Generates commands and controls access to the SDRAM. The CAS latency is 2 only.

(d) ROM controller
Accessing ROM with page access function is supported. The bus cycle immediately before and addresses
are compared, and wait states are controlled in the normal access (off-page) and page access (on-page)
modes. A page width of 8 bytes to 16 bytes can be supported.

Interrupt controller (ICU)

Services maskable interrupt requests (INTPOO through INTP03, and INTP10 through INTP13) from internal
peripheral hardware and external sources. The priorities of these interrupt requests can be specified in units of
four groups, and edge-triggered or level-triggered interrupts can be nested.

DMA controller (DMAC)
Transfers data between memory and I/O in the place of the CPU. The transfer type is 2-cycle transfer. Two
transfer modes, single transfer and demand transfer, are available.

Serial interface (UART/CSI/BRG)
One asynchronous serial interface (UART) channel and one clocked serial interface (CSI) channel is provided.
As the serial clock source, the output of the baud rate generator (BRG) and the bus clock can be selected.

Real-time pulse unit (RPU)

Provides timer/counter functions. The on-chip 16-bit time/event counter and 16-bit interval timer can be used to
calculate pulse intervals and frequencies, and to output programmable pulses.
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* (6) Clock generator (CG)
A frequency 6 or 8 times higher than that of a resonator connected to the X1 and X2 pins is supplied as the
operating clock of the CPU. In addition, a bus clock is supplied from the CLKOUT pin as the operating clock of
the peripheral units, or from the SDCLKOUT pin as the operating clock of the SDRAM. An external clock can be
also input instead of connecting a resonator.
The frequencies of the CPU clock and bus clock can be changed by power management control (PMC) to lower
the power consumption.

(7) Port (PIO)
Provides port functions. 21 1/O ports are available. The pins of these ports can be used as port pins or other

functions.

(8) System control unit (SYU)
A circuit that rejects noise on the RESET signal (input)/m signal (input) is provided.

(9) Debug control unit (DCU)
A circuit to realize mapping and trace functions is provided to implement basic debugging functions.
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2.1 Pin Function List

2.1.1 Port pins

CHAPTER 2 PIN FUNCTION

Pin Name 110 Function Shared with:
PORTO Schmitt 110 PORT SCLK
PORT1 110 5-bit I/0 port. so

Can be specified in input or output mode in 1-bit units.
PORT2 Schmitt 110 Sl
PORT3 RXD
PORT4 1/0 TXD
PORTAO I/0 PORTA DMARQO
PORTAL 8-bit I/ port. DMAAKO

Can be specified in input or output mode in 1-bit units.
PORTA2 DMARQ1
PORTA3 DMAAK1
PORTA4 DMARQ2
PORTA5 DMAAK2
PORTAG6 DMARQ3
PORTA7 DMAAK3
PORTBO I/0 PORTB TI
PORTB1 8-bit 1/0 port. TCLR

Can be specified in input or output mode in 1-bit units.
PORTB2 INTPOO
PORTB3 INTP13
PORTB4 INTPO1
PORTB5 INTP11
PORTB6 INTPO2
PORTB7 INTPO3
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2.1.2 Pins other than port pins

(/2
Pin Name 110 Function Shared with:
DO - D31 3-state 1/0 Data bus O
Al - A23 3-state output Address bus O
READY Input End of bus cycle enable |
HLDRQ Input Bus hold request |
HLDAK Output Bus hold enable O
MRD 3-state output Memory read strobe O
* | UUBEN Byte enable output (most significant byte: D31 to D24) O
* | ULBEN Byte enable output (enables second byte: D23 to D16) O
* | CUBEN Byte enable output (enables third byte: D15 to D8) O
* | TLBEN Byte enable output (enables least significant byte: D7 to DO) O
IORD I/O read strobe O
IOWR I/O write strobe O
MWR Memory write strobe O
BT16B Input Ccs7 space bus size setting O
BCYST 3-state output | Bus cycle start output O
RIW R/W output a
RESET Input Reset input a
X1 O Crystal resonator connection (when external clock input is open) O
X2 Schmitt input Crystal resonator connection/external clock input O
CLKOUT Output Bus clock output O
CMODE Input PLL multiplication factor setting (x6, x8) O
CS2, CS7 3-state output Memory chip select output O
CS3-CS6 Memory I/O chip select output 5|
STOPAK Output STOP mode report output TC
INTP10 Input Maskable interrupts TO10
INTP11 PORTB5
INTP12 TO1l1
INTP13 PORTB3
INTPOO PORTB2
INTPO1 PORTB4
INTPO2 PORTB6
INTPO3 PORTB7
NMI Non-maskable interrupt O
RAS 3-state output SDRAM RAS strobe O
* | UUDQM DQ mask enable (most significant byte: D31 to D24) O
* | uLbQMm DQ mask enable (second byte: D23 to D16) O
* LUDQM DQ mask enable (third byte: D15 to D8) O
* | LLDOM DQ mask enable (least significant byte: D7 to DO) O
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(2/2)
Pin Name I/0 Function Shared with:

WE 3-state output | SDRAM write strobe O
CAS SDRAM CAS strobe O
Cso SDRAM chip select O
cs1 SDRAM/SRAM (ROM) chip select 0
CKE SDRAM clock enable O
SDCLKOUT Output SDRAM clock output O
DMARQO Input DMA requests (CHO to CH3) PORTA1
DMARQ1 PORTA3
DMARQ?2 PORTAS
DMARQ3 PORTA7
DMAAKO Output DMA enable (CHO to CH3) PORTAO
DMAAK1 PORTA2
DMAAK2 PORTA4
DMAAKS PORTAG
TC DMA transfer end output STOPAK
TO10 Timer 1 output INTP10
TO11 INTP12
TCLR Input Timer 1 clear, start input PORTB1
TI Timer 1 count clock input PORTBO
RXD Schmitt input UART data input PORT3
TXD Output UART data output PORT4
SCLK Schmitt 1/0 CSl clock /0 PORTO
Sl Schmitt input CSl data input PORT2
SO Output CSI data output PORT1
DCK Schmitt Input Debug clock input O
DDI Input Debug data input O
DDO Output Debug data output O
DMS Input Debug mode select O
lﬁ DCU reset input 0
TRCDATAO - Output Trace data output O
TRCDATA3

Voo_| g Positive power supply (2.5 V) O
Voo_O Positive power supply (3.3 V) O
GND_I Ground (2.5 V) O
GND_O Ground (3.3 V) O
Voo_PLL PLL (internal clock generator) positive power supply (2.5 V)"*¢* O
GND_PLL PLL (internal clock generator) ground potential (2.5 V)"**? O

Notes 1. It is recommended to take measures to prevent noise from an ordinary power supply pin (Voo_l)
affecting this pin.

2. It is recommended to take measures to prevent noise from an ordinary power supply pin (GND_lI)
affecting this pin.
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2.2 Pin Status

Table 2-1 shows the operating status of each pin.

Table 2-1. Status of Each Pin

Qperaling Status Reset Bus Hold HALT Mode STOP Mode
Pin
CLKOUT, SDCLKOUT Clock output Clock output Clock output 0
CS2-Cs7 1 Hi-Z Note 1 1
Al - A23 Undefined Hi-Z Note 1 Undefined
DO - D31 Hi-Z Hi-Z Note 1 Hi-Z
BCYST 1 Hi-Z Note 1 1
MRD, MWR 1 Hi-Z Note 1 1
@, LUBﬂ 1 Hi-Z Note 1 1
ULBEN, UUBEN
IORD 1 Hi-Z Note 1 1
IOWR 1 Hi-Z Note 1 1
HLDAK 1 0 Note 1 1
CS0, RAS, CAS, WE, 1 Hi-Z Note 1 Note 2
CKE, LLDQM, LUDQM,
ULDQM, UUDQM
cs1 1 Hi-Z Note 1 Notes 2, 3
RIW 1 Hi-Z Note 1 1

Notes 1. DMA operation can be performed in the HALT mode.
. Self-refresh command, 1 if self-refresh is disabled.
3. The CS1 area is 1 when SRAM is selected.

Remark 0 : Low-level output

1 : High-level output
Hi-Z : high impedance
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2.3 Pin Function

2.3.1 Address bus

)

Al through A23 (Address Bus) --- 3-state output
The address bus outputs address signals when the V832 accesses an external main memory or I/O unit. An
address space of 2* bytes can be accessed. The address signals change at the rising edge of the bus clock.

2.3.2 Data bus

1)

DO through D31 (Data Bus) --- 3-state 1/10

The data bus inputs or outputs write data or read data when the V832 accesses an external main memory or 1/O
unit. These data signals change at the rising edge of the bus clock. When data is input or when the SDRAM is
accessed, the signals on these pins are sampled at the rising edge of the bus clock. Otherwise, they are
sampled at the falling edge.

2.3.3 Bus control signals

1)

@)

®)

(4)

Q)

READY (Ready) --- Input
This signal extends the bus cycle to match it to the access time of the memory or I/O. It is sampled at the rising
edge of the bus clock immediately after the read/write signal. Be sure to observe the setup/hold time of the

READY input; otherwise, the operation will not be guaranteed.

HLDRQ (Hold Request) --- Input
This pin requests the CPU for the bus mastership. It is sampled at the rising edge of the bus clock.

HLDAK (Hold Acknowledge) --- Output

This is an acknowledge signal in response to the HLDRQ input.
When the CPU receives the HLDRQ signal, it asserts the HLDAK signal active. When HLDRQ is deasserted
inactive, the CPU deasserts the HLDAK signal inactive, and is granted the bus mastership again.

MRD (Memory Read) --- 3-state output

This is a strobe signal indicating that the bus cycle under execution is a read cycle of the external memory. It
changes in synchronization with the falling of the bus clock.

However, this signal is always active in the burst cycle and in the 16-bit bus mode. It is always inactive in the
refresh cycle.

LLBEN (Lower Lower Byte Enable) --- 3-state output

This signal is for bus cycle read under execution or a write enable signal for write data. It validates the least
significant byte (D7 to DO) of the data bus. This signal changes in synchronization with the falling of the bus
clock.
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(6) LUBEN (Lower Upper Byte Enable) --- 3-state output
This signal is for bus cycle read under execution or a write enable signal for write data. It validates the third byte
(D15 to D8) of the data bus. This signal changes in synchronization with the falling of the bus clock.

(7) ULBEN (Upper Lower Byte Enable) --- 3-state output
This signal is for bus cycle read under execution or a write enable signal for write data. It validates the second
byte (D23 to D16) of the data bus. This signal changes in synchronization with the falling of the bus clock.

(8) UUBEN (Upper Upper Byte Enable) --- 3-state output
This signal is for bus cycle read under execution or a write enable signal for write data. It validates the most
significant byte (D31 to D24) of the data bus. This signal changes in synchronization with the falling of the bus
clock.

(9) IORD (/O Read) --- 3-state output
This is a strobe signal indicating that the bus cycle under execution is a read cycle for an external 1/0. It
changes in synchronization with the falling of the bus clock.

(10) IOWR (I/O Write) --- 3-state output
This is a strobe signal for a data write to an external 1/0. It changes in synchronization with the falling of the
bus clock.

(11) MWR (Memory Write Strobe)
This is a strobe signal for writing data to the external memory.
Its level changes in synchronization with the falling of the bus clock.

(12) BT16B (Bout Bus Size 16 bit) --- Input
This signal fixes the external data bus width of an area specified by CS7 on initializing the CPU to 16 bits.
When this signal is asserted active, a mode supporting a 16-bit data bus system is set.
This signal is sampled at the rising of the clock next to the one at which the RESET signal is made high.
BT16B can be changed only at reset. If this signal is changed at any other time, the CPU operation is not
guaranteed.

(13) BCYST (Bus Cycle Start) --- Output
This signal indicates the first one cycle of the bus cycle. It is generated at the timing of the CAS cycle when the
DRAM is accessed. This signal changes in synchronization with the rising of the bus clock.

(14) R/W (Bus Read or Write Status)
This signal indicates whether the bus cycle under execution is a read cycle or a write cycle. Its level changes
at the beginning of the bus cycle.
This signal changes in synchronization with the rising of the bus clock.
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2.3.4 System control signals

1)

)

®)

(4)

(5)

(6)

(@)

8)

9)

RESET (Reset) --- Input

This signal initializes the V832. Be sure to hold the active period of this signal at least for the duration of 25
clocks. The low-level width input to the RESET pin on power application must be wider than the oscillation
stabilization time of the resonator. Make sure that the oscillation stabilization time satisfying the specifications of
the resonator used elapses. Make sure that at least 10 ms elapses to stabilize the PLL on power application or
on starting the PLL in the STOP mode. When the RESET signal is input and deasserted inactive, the V832
initializes each signal and internal register, and starts instruction execution from address FFFFFFFOH.

X1 and X2 (Crystal Resonator) --- Input
Connect a crystal resonator to these pins when the internal clock generator is used. When an external clock is
used, input used the clock to the X2 pin. Leave the X1 pin open.

IC1 (Internally connected)
This pin is internally connected. Directly connect this pin to GND_O.

CLKOUT (Clock Out) --- Output
This pin outputs an internally generated bus clock.

CMODE (Clock Mode)

This pin sets the multiplication factor of the internal PLL when the CPU is initialized. When a low level is input to
this pin, the multiplication factor is 6; when a high level is input, it is 8. The level of CMODE can be changed only
at reset.

ﬁthrough CS_Z(Chip Select) --- 3-state output

These pins output chip select signals to the memory address space. The address block that outputs a signal is
fixed for each chip select signal. The CSO0 area is a dedicated SDRAM space, the CS1 area is an SDRAM/SRAM
(ROM) space, and the CS2 area is a dedicated SRAM (ROM) space. These signals change in synchronization
with the rising of the bus clock.

CS3 through Cﬁ(Chip Select) --- 3-state output

These pins output chip select signals to memory address space or I/O address space. To which of these signals
are to be output is determined by register setting. The address block that outputs a signal is fixed for each chip
select signal. These signals change in synchronization with the rising of the bus clock.

CS7 (Chip Select) --- 3-state output

This pin outputs a chip select signal to the memory address space. The address block to which the signal is to
be output is fixed by each chip select signal. The level of this signal changes in synchronization with rising of the
bus clock.

STOPAK (Stop Acknowledge)
This signal indicates that the CPU has entered the stop mode.
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2.3.5 Interrupt control signals

1)

@)

®)

INTP10 through INTP13 (Interrupt Request From Peripheral) --- Input

These are asynchronous interrupt request signals to the interrupt control unit (ICU). It can be selected whether
these signals are triggered by edge or level (high level). When the RPU is used, however, the level trigger
cannot be selected.

INTPOO through INTPO3 (Interrupt Request From Peripheral) --- Input
These are asynchronous interrupt request signals for the interrupt control unit (ICU). It can be selected whether
these signals are triggered by edge or level (high level).

NMI (Non-Maskable Interrupt Request) --- Input

This is an interrupt request signal to the CPU which cannot be masked. It is sampled at the rising edge of the
clock and rejects noise of 5 clocks or less.

The NMI request is accepted at the falling edge of the NMI signal after noise has been rejected.

2.3.6 SDRAM control signals

1)

)

®)

(4)

* (5)

(6)

38

RAS (Row Address Strobe) --- 3-state output
This signal outputs a command to the SDRAM. lts level changes in synchronization with the rising of the bus
clock.

LLDQM (Lower Lower DQ Mask Enable) --- 3-state output

This signal controls the data signal for the SDRAM. It enables the least significant byte (D7 to DO) of the data
bus. When the SDRAM is read, this signal controls enabling output of the SDRAM; when the SDRAM is written,
it controls byte masking of SDRAM. The level of this signal changes in synchronization with the rising of the bus
clock.

LUDQM (Lower Upper DQ Mask Enable) --- 3-state output

This signal controls the data signal for the SDRAM. It enables the third byte (D15 to D8) of the data bus. When
the SDRAM is read, this signal controls enabling output of the SDRAM; when the SDRAM is written, it controls
byte masking of SDRAM. The level of this signal changes in synchronization with the rising of the bus clock.

ULDQM (Upper Lower DQ Mask Enable) --- 3-state output

This signal controls the data signal for the SDRAM. It enables the second byte (D23 to D16) of the data bus.
When the SDRAM is read, this signal controls enabling output of the SDRAM; when the SDRAM is written, it
controls byte masking of SDRAM. The level of this signal changes in synchronization with the rising of the bus
clock.

UUDQM (Upper Upper DQ Mask Enable) --- 3-state output

This is a strobe signal for the data signal of the SDRAM. It enables the most significant byte (D31 to D24) of the
data bus. When the SDRAM is read, this signal controls enabling output of the SDRAM; when the SDRAM is
written, it controls byte masking of SDRAM. The level of this signal changes in synchronization with the rising of
the bus clock.

WE (Write Enable) --- 3-state output

This signal outputs commands to the SDRAM. lIts level changes in synchronization with the rising of the bus
clock.
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@)

8)

9)

CAS (Column Address Strobe) --- 3-state output
This signal outputs a command to the SDRAM. lts level changes in synchronization with the rising of the bus
clock.

CS0 and CS1 (Chip Select) --- 3-state output

These pins output chip select signals to the SDRAM address space. Their levels change in synchronization with
the rising of the bus clock. If self refresh is executed while CS1 is selected for the SDRAM space, CS0 and CS1
are asserted active simultaneously.

CKE (Clock Enable) --- 3-state output
This is a clock enable signal for the SDRAM. On self refresh or power down, it is deasserted inactive. Its level
changes in synchronization with the rising of the bus clock.

(10) SDCLKOUT (SDRAM CLKOUT) --- Output

This pin outputs a clock dedicated to the SDRAM. Its level changes in synchronization with the bus clock.

2.3.7 DMA control signals

1)

@)

@)

DMARQO through DMARQ3 (DMA Request) --- Input

These are DMA service request signals, and correspond to DMA channels 0 through 3. Their priorities are fixed:
DMARQO > DMARQ1> DMARQ2 > DMARQ3. The DMARQO through DMARQ3 signals are sampled at the rising
edge of the bus clock. Keep these signals active until the corresponding DMA requests are accepted. When the
DMARQO through DMARQ3 signals are not used, deassert these pins inactive (the active levels of these pins
can be changed by using a register of the DMAC).

DMAAKO through DMAAK3 (DMA Acknowledge) --- Output

These signals indicate that the corresponding DMA service requests are granted. They correspond to DMA
channels 0 through 3. These signals are asserted active at the rising edge of the bus clock and remain active
during DMA transfer.

TC (Terminal Count) --- Output

This signal indicates that the DMA transfer by the DMA controller is completed. It is asserted active at the rising
edge of the bus clock. Because this signal outputs the logical sum of TC of channels 0 through 3, generate the
TC signal of each channel by ANDing the DMAAKO through DMAAKS3 signals with an external circuit.
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2.3.8 Real-time pulse control signals

1)

)

®)

TO10 and TO11 (Timer Output) --- Output

These signals indicate coincidence between the value of timer 1 (TM1) and the value of the capture/compare
register (CCO) of the real-time pulse unit (RPU). The TO10 and TO11 signals are set by detection of coincidence
of the CC10 and CC12 registers, and are reset by detection of coincidence of the CC11 and CC13 registers.
The output of these signals can be inverted by setting the mode of the RPU.

TCLR (Timer Clear) --- Input
This is the count clear start signal of TM1 of the RPU.

TI (Timer Input) --- Input
This is an external clock signal used by TM1 of the RPU. Select whether TM1 of the RPU uses an external clock
signal or a clock resulting from dividing the internal bus clock, on initialization.

2.3.9 Serial control signals

1)

@)

@)

(4)

©)

TXD (Transmit Data) --- Output
This is the serial transmit data output pin of UART. The TXD signal changes in synchronization with the internal
serial clock. It remains high when no data is transmitted.

RXD (Receive Data) --- Input
This is the serial receive data input pin of UART.

SCLK (Serial Clock) -+ 1/0
This is the serial clock I/O pin of CSI. Whether this pin is used as an input or output pin is set by a register.

SO (Serial Output) --- Output
This is the serial transmit data output pin of CSI. It changes in synchronization with the falling of the SCLK
signal. This pin goes into a high-impedance state when no data is transmitted.

Sl (Serial Input) --- Input
This is the serial receive data input pin of CSI. The Sl signal is sampled at the rising edge of the SCLK signal.

2.3.10 Port control signals

1)

@)

@)

40

PORTO through PORT4 (Port) --- 3-state I/O
These pins constitute a 5-bit parallel port which can be set in the input or output mode in 1-bit units.

PORTAO through PORTA7 (Port) --- 3-state I/O
These pins constitute an 8-bit parallel port which can be set in the input or output mode in 1-bit units.

PORTBO through PORTB7 (Port) --- 3-state I/O
These pins constitute an 8-bit parallel port which can be set in the input or output mode in 1-bit units.
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2.3.11 Debug control signals

1)

@)

@)

(4)

Q)

(6)

DCK (Debug Clock) -+ Schmitt input

This is a debug clock input pin. The DMS and DDI signals are sampled at the rising edge of the DCK signal, and
data is output from the DDO pin at the falling edge of the DCK signal. Keep this signal high when the debug
function is not used.

DDI (Debug Data Input) --- Input

This is a debug data input pin. It is sampled at the rising edge of the DCK signal when the debug serial interface
is in the Shift state. Data is input to this pin with the LSB first. Keep this pin high when the debug function is not
used.

DDO (Debug Data Output) --- 3-state output
This is a debug data output pin. It outputs data at the falling edge of the DCK signal with the LSB first when the
debug serial interface is in the Shift state.

DMS (Debug Mode Select) --- Input

This is a debug mode select input pin. The state machine of the debug serial interface changes depending on
the level of the DMS signal. The DMS signal is sampled at the rising edge of the DCK signal. Keep this signal
high when the debug function is not used.

DRST (Debug Reset) --- Input

This is a debug reset input pin, and inputs a negative logic signal that initializes the DCU asynchronously. When
this signal is made low, the DCU is reset and invalidated. Keep this signal low when the debug function is not
used.

TRCDATAO through TRCDATAS (Trace Data) --- Output

These are trace data output pins. They output packet trace data in 4-bit units, starting from the LSB, at the rising
edge of the CLKOUT signal.
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2.4 1/0 Circuits of Respective Pins and Recommended Connections of Unused Pins

Table 2-2 shows the 1/O circuit types of the respective pins and recommended connections of unused pins. For
the 1/O circuit of each type, refer to Figure 2-1.

Table 2-2. 1/0O Circuits of Respective Pins and Recommended Connections of Unused Pins

Pin 1/O Circuit Type Recommended Connections
BT16B, RESET, CMODE Type 1 —
N_NH, WRQ Connect these pins to Voo_O.
READY Connect this pin GND_O.
SDCLKOUT, CLKOUT, HLDAK, TC/ISTOPAK Type 3 Open these pins.
CS0 - CS7, WE, RAS, LLDQM, LUDQM, ULDQM, Type 4 Open these pins.

UUDQM, CKE, CAS, Al - A23, R/\T/, BCYST, IORD,
IOWR, LLBEN, LUBEN, ULBEN, UUBEN, MWR, MRD

PORT1/SO, PORT4/TXD, PORTBO/TI, PORTB1/TCLR, | Type 5-U Input status: Connect each of these pins to
PORTB2/INTP00, PORTB3/INTP13, PORTB4/INTPO1, Voo_O or GND_O via resistor.
PORTBS5/INTP11, PORTB6/INTP02, PORTB7/INTPO3,

PORTAO0/DMARQO, PORTA1/DMAAKO, Output status: Open these pins.

PORTA2/DMARQ1, PORTA3/DMAAK1
PORTA4/DMARQ2, PORTA5/DMAAK2
PORTA6/DMARQ3, PORTA7/DMAAKS, DO - D31,
INTP10/TO10, INTP12/TO11

PORTO/SCLK, PORT2/SI, PORT3/RXD Type 8 Input status: Connect each of these pins to
Voo_O or GND_O via resistor.
Output status: Open these pins.

42 Preliminary User’s Manual U13577EJ2VOUMO00



CHAPTER 2 PIN FUNCTION

Figure 2-1. 1/O Circuits of Pins
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CHAPTER 3 CPU FUNCTION

This chapter explains the internal peripheral 1/0O space and CPU core system registers of the V832. For the

instruction set and register configuration, refer to the V830 Family User's Manual-Architecture
peripheral I/O registers, refer to the description of each register in the function description of the peripheral units.

3.1 Internal Peripheral I/O Space

For the internal

The internal peripheral I/O space is reserved at addresses CO000000H through CO0003FFH (1K bytes) of the
high-order 1G bytes of the internal /O area. To access the internal 1/0s, use the IN.H/OUT.H instruction (in half-word
units) or IN.B/OUT.B instruction (in byte units). When the internal I/O area is accessed, the bus cycle to the external
device is not started and the idle state is set. For the status of each pin, refer to 5.6 Idle State .

FFFFFFFFH

C0000000H
BFFFFFFFH

80000000H
7FFFFFFFH

40000000H
3FFFFFFFH

00000000H

Figure 3-1. Internal Peripheral I/O Map
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CO0003FFH
C0000120H
CO000011FH
C0000110H
CO000010FH
C0000100H
CO0000FFH
CO0000FOH
CO0O000EFH
CO0000EOQOH
CO0000DFH
C00000COH
CO0000BFH
CO00000BOH
CO0000AFH
CO0000AOH
CO00009FH
C0000090H
CO00008FH
C0000070H
CO000006FH
C0000030H
CO000002FH
C0000020H
CO000001FH
C0000010H

CO00000FH
C0000000H
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3.1.1 Notes
Note the following points when using the internal peripheral 1/0 space.

3.2

Only the low-order 10 bits of a 32-bit address are used to decode a register address in terms of hardware, and
an area of 1K bytes is used for register allocation.

The low-order bit (AO) of an address is not decoded. If a register at an odd address (address 2n+1) is
accessed in byte units, therefore, a register at an even address (address 2n) is accessed by the hardware.

The V832 does not have a register that can be accessed in word units. If an internal peripheral 1/O register is
accessed in word units, it is forcibly accessed in half-word units.

If a register that can be accessed in byte units is accessed in half-word units, the high-order 8 bits are
undefined when the register is read. When data is written to the register, the low-order 8 bits are written.

Addresses not allocated to registers are reserved for future expansion. If these addresses are accessed, the
operation is undefined and not guaranteed.

CPU Core System Registers

With the V832, the processor ID register (PIR) is changed. PIR is a register that only identifies the CPU type

number, and its contents are fixed to 00008302H (this register can be only read in 32-bit units).

For the initial value of each register after reset, refer to Table 14-2. Initial Value of Each Register after Reset
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4.1 Interrupt/Exception Processing

The V832 has a dedicated interrupt controller (ICU) that can process a total of 15 interrupt requests.

An interrupt is an event that takes place independently of program execution. On the other hand, an exception is
an event that takes place depending on program execution. In general, interrupts are processed prior to exceptions.
In the V832, each interrupt request from on-chip peripheral function units and external units can be processed.

Exception processing can be started by an instruction (TRAP instruction) or by occurrence of an exception (such

as an illegal instruction code (except address trap exception)). The cause of an exception can be identified by an

exception code stored to ECR (Exception Cause Register).

Four levels of priorities can be specified in software for interrupt requests. An interrupt servicing is started at least

six bus clocks after the request has been issued. Three bus clocks of these six bus clocks are used to reject noise.

An internal interrupt is started at least 3 bus clocks after the request has been issued.

4.1.1 Interrupt/exception processing types
The interrupts/exceptions of the V832 can be classified into the following four types:

* Non-maskable interrupt: 1 source

« Maskable interrupt : 15 sources
« Software exception : 32 sources
« Exception trap : 4 sources
Table 4-1. Interrupt List
Type Classification Source of Interrupt/Exception Exception Code Handler Restore
Name "** Cause (ECR) Address pC "?
Reset Interrupt RESET Reset input FFFOH FFFFFFFOH | Undefined
Non-maskable Interrupt NMI NMI input FFDOH FFFFFFDOH | next PC"™*®
Software exception | Exception TRAP 1nH TRAP instruction FFBnH FFFFFFBOH | next PC
TRAP OnH TRAP instruction FFANH FFFFFFAOH
Exception trap Exception NMI Dual exception Note 4 FFFFFFDOH | current PC
FAULT Fatal exception Not affected FFFFFFEOH
I-OPC lllegal instruction code | FF90H FFFFFFOO0H
DIVO Zero division FF80H FFFFFF80H

Notes 1. Handler names used in development tools or software.
2. The PC value saved to EIPC/FEPC/DPC when interrupt/exception processing is started.
3. Execution of all instructions cannot be stopped by an interrupt.
4. The exception code of an exception causing a dual exception.

Remark n=0Hto FH
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Table 4-2. Interrupt List (maskable interrupts)

e In- Cause of Interrupt ; Handler Address ™*°*
Type Cla.ssm Group | Group Exception ResNtirle
cation Priority Name Cause Unit |Code HCCW.IHA=0 | HCCcw.IHA=1 | PC
Mask- | Interrupt [GR3 3 RESERVED |Reserved g FEFOH |FFFFFEFOH |[FEOOOOFOH |next PC'*?
able
2 INTOV1 Timer 1 overflow RPU FEEOH (FFFFFEEOH |FEOOOOEOH

1 INTSER UART receive error |UART FEDOH |FFFFFEDOH [FEOOOODOH

0 INTPO3 INTPO3 pin input External | FECOH |FFFFFECOH |FEOOOOCOH
GR2 3 INTSR UART receive end [UART FEBOH |FFFFFEBOH |FEOOOOBOH
2 INTST UART transmit end |UART FEAOH (FFFFFEAOH |FEOOOOAQOH
1 INTCSI CSlI transmit/receive [CSI FE9OH |FFFFFE9OH [FEOOOO90H
end
0 INTPO2 INTPO2 pin input External | FE80H |FFFFFE80H |FEO00080H
GR1 3 INTDMA DMA transfer end DMAC FE70H |FFFFFE70H |FEOOOO70H
2 INTP10/ INTP10 pin input/ External/| FE60H [FFFFFE60H [FEOO0060H
INTCC10 coincidence of RPU
CC10
1 INTP11/ INTP11 pin input/ External/| FE50H |FFFFFE50H [FEOOOO50H
INTCC11 coincidence of RPU
CC11
0 INTPO1 INTPO1 pin input External | FE40H |FFFFFE40H |FEO00040H
GRO 3 INTCM4 Coincidence of CM4 |RPU FE30H |FFFFFE30H [FEOOOO30H
2 INTP12/ INTP12 pin input/ External/| FE20H [FFFFFE20H [FEO00020H
INTCC12 coincidence of RPU
CC12
1 INTP13/ INTP13 pin input/ External/| FE10H |FFFFFE10H [FEOOOO010H
INTCC13 coincidence of RPU
CC13
0 INTPOO INTPOO pin input External | FEOOH |FFFFFEOOH |FEOOOOOQOH

Notes 1. The PC value saved to EIPC when interrupt servicing is started.
2. Execution of all instructions cannot be stopped by an interrupt.
3. FFFFFENOH can be selected as a handler address when HCCW.IHA = 0, and FEOOOONnOH can be
selected when HCCW.IHA = 1 (n = OH to FH).

Caution The exception codes and handler addresses of the maskable interrupts shown above are the
values if the default priority is used (IGP = E4H). If the priority is changed by the interrupt group
priority register (IGP), refer to Table 4-3 Relation between Priority, Exception Code, Handler
Address, and Interrupt Priority.
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4.2 Non-Maskable Interrupt

A non-maskable interrupt is unconditionally accepted even when interrupts are disabled. It takes precedence over
all the other interrupts and is not controlled by the priority.
The non-maskable interrupt request is as follows:

¢ NMI pin input
* Internal NMI (Refer to 13.3.2 (2).)

4.2.1 Servicing non-maskable interrupt
If a non-maskable interrupt occurs because the NMI signal is input, the processing shown in Figure 4-1 is
performed, and control is transferred to the handler routine. FEPC and FEPSW are used as status saving registers.
The NMI signal that is input while the non-maskable interrupt is processed (PSW.NP = 1) is kept pending by the
CPU. In this case, if PSW.NP is cleared to 0 by using the RETI or LDSR instruction, nhew non-maskable interrupt
servicing is started by the pending non-maskable interrupt request.

Figure 4-1. Processing Flow of Non-Maskable Interrupt
C NMI input )

Non-maskable interrupt request

PSW.NP

CPU processing 0

FEPSW ~ PSW

ECR.FECC ~ Exception code
PSW.NP ~ 1

PSW.ID « 1

PC ~ Handler address

C Interrupt servicing )

FEPC -~ Restore PC .
Interrupt request pending
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4.3 Maskable Interrupts

Maskable interrupt requests can be masked by control registers. The V832 has 15 maskable interrupt sources.

If two or more maskable interrupts occur at the same time, they are accepted according to the default priority
determined in advance by the ICU. In addition to the default priority, four levels of priorities can be specified in
software (priority in a group is fixed).

A maskable interrupt is masked by the logical sum of the NP, EP, and ID bits of the PSW. If interrupt level n that
is passed to the CPU is lower than the interrupt enable level of the PSW (specified by bits 10 through I3 of the PSW),
the interrupt is not accepted. Therefore, the highest interrupt level (n = 15) cannot be disabled by the interrupt enable
level.

When an interrupt request is accepted, the other interrupts are disabled (PSW.ID = 1); therefore, no more
maskable interrupts can be accepted. The accepted interrupt level n plus 1 (n+1) is set to the 10 through I3 bits of the
PSW.

To enable nesting of interrupts, first save the EIPC and EIPSW to the memory or register, and then enable the
interrupts (PSW.ID = 0, EP = 0). Execute the RETI instruction after disabling the interrupts (PSW.ID = 1), and restore
EIPC and EIPSW to the original values.

4.3.1 Maskable interrupt servicing format

If a maskable interrupt occurs due to input of an interrupt request signal (INT), the processing shown in Figure 4-2
is performed, and control is transferred to the handler routine. EIPC and EIPSW are used as status saving registers.
The INT input masked by the ICU and INT input that takes place while another interrupt is serviced (PSW.NP =1 or
PSW.ID = 1) is kept pending by the ICU. In this case, if the interrupt is unmasked, or if the PSW.NP and PSW.ID are
cleared to 0 by using the RETI or LDSR instruction, new maskable interrupt servicing is started by the pending INT
input.
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Figure 4-2. Maskable Interrupt servicing Flow
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CPU processing

< Interrupt enable level

PSW.NP !
0

PSW.EP !
0

PSW.ID !
0

INT level

2 Interrupt enable level

EIPC ~ Restore PC

EIPSW ~ PSW

ECR.EICC ~ Exception code
PSW.EP ~ 1

PSW.ID - 1

PSW.I0 - I3 « Interrupt level + 1
(15 when PSW.I = 15)

PC —~ Handler address

( Interrupt servicing )
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4.3.2 Priority of maskable interrupt

The V832 can nest interrupts by accepting an interrupt while it is servicing another interrupt. Nesting can be
controlled by the priority.

Priority control is implemented by the default priority or by software, using the interrupt group priority register.

When two or more interrupts occur at the same time, the interrupts are serviced according to the priority (default
priority) allocated in advance to each group of interrupt requests (with one group consisting of four interrupts) (refer to
Table 4-2. Interrupt List (Maskable Interrupts) ).

The priority is also controlled by software by classifying the interrupt requests into four groups, using the interrupt
group priority control register. In each group, the priorities of the interrupts are fixed.

When an interrupt is accepted, the ID flag and EP flag of the PSW are automatically set. To perform nesting of
interrupts, therefore, enable interrupts (PSW.ID = 0, PSW.EP = 0) in the interrupt servicing program.

(Service program of maskable interrupt or exception)
e Saves EIPC to memory or register.

e Saves EIPSW to memory or register.
« Enables accepting interrupt (PSW.ID = 0, PSW.EP = 0).

- Interrupt such as INT input is accepted.

« Disables accepting interrupt (PSW.ID = 1, PSW. EP = 1).
* Restores saved value to EIPSW.

¢ Restores saved value to EIPC.

« Executes RETI instruction.
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4.4 Exception Processing
If an exception occurs, the following processing is performed and control is transferred to the handler routine.

Figure 4-3. Exception Processing Flow

C Exception occurs )

1 Fatal exception

PSW.NP
0
1 Dual exception
PSW.EP P
0
EIPC —~ Restore PC FEPC ~ Restore PC DPC -~ Restore PC
EIPSW ~ PSW FEPSW ~ PSW DPSW ~ PSW
ECR.EICC ~ Exception code ECR.FECC ~ Exception code PSW.NP ~ 1
PSW.EP ~ 1 PSW.NP 1 PSW.DP ~ 1
PSW.ID « 1 PSW.ID « 1 PSW.EP ~ 1
PC —~ Handler address PC — Handler address PSW.ID -~ 1
PC — Handler address

( Interrupt servicing ) ( Interrupt servicing ) ( Interrupt servicing )
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4.5 Restoring from Exception/Interrupt
4.5.1 Restoring from exception/interrupt
Program execution is restored from an exception or interrupt event other than a fatal exception by using the RETI

instruction.

Figure 4-4. Flow of Restoration from Exception/Interrupt

( RETI instruction )

1
PSW.NP
0
PC ~ EIPC PC —~ FEPC
PSW ~ EIPSW PSW — FEPSW

( Jumps to PC ) ( Jumps to PC )

4.,5.2 Restoring from fatal exception routine
Program execution is restored from fatal exception processing by using the BRKRET instruction.

Figure 4-5. Flow of Restoration from Fatal Exception Routine

( BRKRET instruction )

PC ~ DPC
PSW ~ DPSW

( Jumps to PC )
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4.6 Interrupt Control Registers

It can be selected whether an interrupt is triggered by edge or level.
All the interrupts caused by the internal units of the V832 are triggered by edge. For an explanation of how to
specify level trigger or edge trigger, refer to 4.6.5 ICU mode register (IMOD) .

4.6.1 Interrupt group priority register (IGP)
The interrupt group priority register (IGP) specifies the priority between interrupt groups. Specify or change the
priority with the interrupts masked. Table 4-3 shows the relation of the handler addresses.

Figure 4-6. Interrupt Group Priority Register (IGP)

Address: CO0000COH

IGP PR3 PR2 PR1 PRO

Initial value: 1 1 1 0 0 1 0 0

RW: RW R/W RW RW RW RW R/W R/W

Bit Bit Name Description

7-0 PR3 - PRO Group Priority

Specifies priority of interrupt group n (PRn) of four interrupt groups (n = 0 to 3).
0 is the lowest priority, while 3 is the highest.

PRn Priority
0 (Lowest)

1

2

3 (Highest)

R |k |O |O
P |O | |O

Caution Do not use the same priority between groups; otherwise, the operation is not guaranteed.
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Table 4-3. Relation between Priority, Exception Code, Handler Address, and Interrupt Priority
Priority of Each Group | Priority in Exception Handler Address Handler Name™ Interrupt
(setting of IGP) Group (Fixed) | Code HCCW. IHA=0 [ HCCW. IHA =1 | HCCW. [HA=0 | HCCW. I[HA=1 | Priority
3 (highest) 3 (highest) FEFOH FFFFFEFOH | FEOOOOFOH INTOF INT1F Highest
2 FEEOH FFFFFEEOH | FEOOOOEOH | INTOE INT1E A
1 FEDOH FFFFFEDOH | FEOOOODOH | INTOD INT1D
0 (lowest) FECOH FFFFFECOH | FEOO0OCOH | INTOC INT1C
2 3 FEBOH FFFFFEBOH | FEO000BOH | INTOB INT1B
2 FEAOH FFFFFEAOH | FEOOOOAOH | INTOA INT1A
1 FE9OH FFFFFEQOH | FE000090H INTO9 INT19
0 FE8OH FFFFFESOH | FE000080H INTO8 INT18
1 3 FE70H FFFFFE70H | FE000070H INTO7 INT17
2 FE60H FFFFFEGOH | FE000060H INTO6 INT16
1 FE50H FFFFFE50H | FE000050H INTO5 INT15
0 FE40H FFFFFE40H | FE000040H INTO4 INT14
0 (lowest) 3 FE30H FFFFFE30H | FE000030H INTO3 INT13
2 FE20H FFFFFE20H | FE000020H INTO2 INT12
1 FE10H FFFFFE10H | FE000010H INTO1 INT11  J
0 FEOOH FFFFFEOOH | FEO00000H INTOO INT10 Lowest
Note Handler names used in development tools or software.
4.6.2 Interrupt clear register (ICR)
This register clears interrupt requests.
Figure 4-7. Interrupt Clear Register (ICR)
Address: CO0000C2H
15 14 13 12 10 9 8 7 5 4 3 2 1 0
ICR 0 |CLR14|CLR13|CLR12|CLR11|CLR10| CLR9 | CLR8 | CLR7 | CLR6 | CLR5 | CLR4 | CLR3 | CLR2 | CLR1 | CLRO
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: W W \ w W W w w W W W w W W W
Bit Bit Name Description
14 -0 CLR14 - CLRO | Clear Interrupt Request

Clears the corresponding interrupt request (REQn bit of IRR register) when this register is
manipulated. An interrupt request in the level mode cannot be cleared by these bits, and
these bits can be only written. These bits are 0 when they are read, regardless of the ICR

register.

0: Performs nothing.
1: Clears REQn bit of IRR register (n = 0 to 14).
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4.6.3 Interrupt request register (IRR)
This register holds interrupt requests.

Address: CO0000C4H

Figure 4-8. Interrupt Request Register (IRR)

13 12 11 10 9 8 7 6 5 4 3 2 1 0

15 14
IRR 0 |REQI14/REQ13REQ12REQ11REQ10| REQ9 | REQ8 | REQ7 | REQ6 | REQ5 | REQ4 | REQ3 | REQ2 | REQ1 | REQO
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit Bit Name Description

14-0 |REQ14 - REQO

Interrupt Request

These bits are set when the corresponding interrupt requests are issued. They are not
affected by the mask register. If an interrupt is triggered by edge, these bits are reset by
manipulation of the ICR register. The IRR register can be read only and cannot be written.

0: No interrupt request is generated.
1: Interrupt request is generated.

4.6.4 Interrupt request mask register (IMR)
This register masks interrupt requests.

Address: CO0000C6H

Figure 4-9. Interrupt Request Mask Register (IMR)

13 12 11 10 9 8 7 6 5 4 3 2 1 0

15 14
IMR 1 |MSK14/MSK13MSK12MSK11|MSK10| MSK9 | MSK8 | MSK7 | MSK6 | MSK5 | MSK4 | MSK3 | MSK2 | MSK1 | MSKO
Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Bit Bit Name Description

14-0 MSK14 - MSKO

Mask Interrupt Request
These bits mask the corresponding interrupt requests. Mask the interrupts when they are
not occurring.

0: Interrupt not masked.
1: Masks interrupt.
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Table 4-4. Correspondence between Each Bit of Interrupt Control Registers and Interrupt Request Signals

Bits of ICR Register Bits of IRR Register Bits of IMR Register Interrupt Request Signals
CLR14 REQ14 MSK14 INTOV1

CLR13 REQ13 MSK13 INTSER

CLR12 REQ12 MSK12 INTPO3

CLR11 REQ11 MSK11 INTSR

CLR10 REQ10 MSK10 INTST

CLR9 REQ9 MSK9 INTCSI

CLR8 REQ8 MSK8 INTPO2

CLR7 REQ7 MSK7 INTDMA

CLR6 REQ6 MSK6 INTP10/INTCC10
CLR5 REQ5 MSK5 INTP11/INTCC11
CLR4 REQ4 MSK4 INTPO1

CLR3 REQ3 MSK3 INTCM4

CLR2 REQ2 MSK2 INTP12/INTCC12
CLR1 REQ1 MSK1 INTP13/INTCC13
CLRO REQO MSKO INTPOO

Caution These bits are independent of the priority of each interrupt group and correspond to fixed
interrupts.

4.6.5 ICU mode register (IMOD)
This register specifies the trigger mode of the interrupt requests input from external pins (INTPOO through INTP0O3
and INTP10 through INTP13). Two trigger modes, level trigger and edge trigger, can be used.

(1) Level trigger
In this trigger mode, the external interrupt request is sampled at each clock. When an interrupt request is issued,
hold the active level of the interrupt (high level) until the interrupt handler of the CPU recognizes the interrupt
request. If the interrupt request is cleared before it is recognized, malfunctioning such as an undefined branch
destination vector occurs. The interrupt request register (IRR) cannot be cleared by the interrupt clear register
(ICR).

(2) Edge trigger
In this trigger mode, the external interrupt is sampled at the rising edge of clock. If the interrupt request signal
changes at the edge specified by the IMOD register at the rising edge of the clock, the interrupt request is
accepted. The interrupt request is counted only once even when it is input repeatedly. Because the internal
interrupt is also input at an edge, clear the corresponding bit of the interrupt request register (IRR) in the interrupt
servicing routine.

Caution Keep the interrupt request level for the duration of at least 3 bus clocks in the edge trigger mode
because of limitations of the internal edge detection circuit.
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Address: CO0000C8H

Figure 4-10. ICU Mode Register (IMOD)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IMOD ITM13 ITM12 ITM11 ITM10 ITMO3 ITMO02 ITMO1 ITMO0
Initial value: 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
R/W: R/IW R/IW R/W RIW R/W R/IW R/W R/IW
Bit Bit Name Description
15-8 |[ITM13-I1TM10 | Interrupt Trigger Model
These bits specify the trigger mode of the INTP1n pin. Change the setting of the trigger
mode only when the interrupt request is not going to occur (n = 0 to 3). The INTP1n pin
is multiplexed with the interrupt for capture mode of timer 1 of the RPU. Therefore, the
valid trigger mode differs as follows depending on the setting of the TUM1 register of
the RPU.
(1) When CMS1n =1 and IMS1n = 1 is set to TUM1 register (n = 0 to 3)
ITM1n Trigger mode
0 | O | Leveltrigger (high active)
0 1 | Reserved (setting prohibited)
1 0 | Rising edge trigger
1 1 | Reserved (setting prohibited)
(2) When CMS1n =1 and IMS1n =0 is set to TUM1 register (n = 0 to 3)
ITM1n Trigger mode
0 | 0 | Reserved (setting prohibited)
0 | 1 | Reserved (setting prohibited)
1 | 0 | Rising edge trigger
1 | 1 | Reserved (setting prohibited)
(3) When CMS1n =0 is set to TUML1 register (n = 0 to 3)
ITM1n Trigger mode
0 | 0 | Reserved (setting prohibited)
0 1 | Reserved (setting prohibited)
1 0 | Rising edge trigger
1 1 | Bothrising and falling edge
triggers
Cautions 1. Do not change the setting of ITM13 through ITM10 while the timer 1
of RPU is operating.
2. Even if the timer 1 is not used, the trigger mode selection is the
combination in the table above.
7-0 ITMO3 - ITMOO | Interrupt Trigger ModeO
These bits set the trigger mode of the INTPOn pin. Change the setting of the trigger
mode only when the interrupt request is not going to occur (n =0 to 3).
ITMOn Trigger mode
0 | O | Leveltrigger (high active)
0 1 | Reserved (setting prohibited)
1 0 | Rising edge trigger
1 1 | Reserved (setting prohibited)
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* 4.7 Interrupt Requests by External Input Pins

An interrupt request is input by external input pin INTPOn or INTP1n.
To input an interrupt request from an external input pin, set the following registers:

¢ |CU mode register (IMOD) (Refer to 4.6.5.)
< Timer output control register (TOC1) (Refer to 10.3.4.)
« Port B control mode register (PBC) (Refer to 11.4.2 (3).)

(1) When using INTPOn, INTP11, or INTP13 pin
« Set the trigger mode by using the ICU mode register (IMOD).
« Specify “interrupt request input” by using the port B control mode register (PBC). (these pins serve as “l/O
port” pins in the default status).
* Unmask the interrupt.

If the interrupts of the INTPON, INTP11, and INTP13 pins are triggered at the rising edge and are usually input as
a high level, it is necessary to mask the interrupt requests using the interrupt request mask register (IMR) when
setting the port B control register (PBC) and to clear the interrupt requests using the interrupt mask register (ICR)
after setting the PBC. (The interrupt request signals input to the interrupt controller (ICU) are masked to the low
level when the INTPOn, INTP11, and INTP13 pins are set in the 1/O port mode. The interrupt request signals
input to the ICU go high when the mode is changed from the I/O port mode to the interrupt request input mode by
using the port B control register (PBC) with the input of the multiplexed pins at the high level. Therefore, the ICU
acknowledges the interrupts (by setting IRR) when the interrupt trigger mode is the rising edge trigger mode).

(2) When using INTP10 or INTP20 pin
« Set the trigger mode by using the ICU mode register (IMOD).
« Specify “interrupt request input” by using the control register of timer 1, timer output control register (TOC1)
(“interrupt request input” is specified as the default condition of this register).
e Unmask the interrupt.

INTP1n is multiplexed with the capture function of timer 1. To use the capture function of timer 1, the INTP1n pin
corresponding to the capture register to be used inputs a capture trigger (capture interrupt). The request signal and
vector address of INTP1n are multiplexed with the coincidence interrupt INTCC1n of the compare register. When
using the coincidence interrupt of the compare register, therefore, the INTP1n pin function cannot be used.

For details, refer to CHAPTER 10 TIMER/COUNTER FUNCTION.

Remark n=0to3
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The BCU of the V832 can be directly connected to SDRAM (Synchronous DRAM), Page-ROM, SRAM (ROM), and
I/0.

e To access to SDRAM
Use the address bus, data bus, SDCLKOUT, CKE, (TS,KS, VE, four xxDQM, @, and CS1 signals.

¢ To access to Page-ROM or SRAM (ROM)
Use the address bus, data bus, MWR, MRD, four xxBEN, and CSn (n =1 to 7) (C_S7 only when accessing the
Page-ROM) signals.

e To access /O
Use the address bus, data bus, IOWR, IORD, four xxBEN, and CSn (n = 3 to 6) signals.

Remarks 1. xxBEN : LLBEN, LUBEN, ULBEN, UUBEN
2. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM

5.1 Features

 SDRAM, Page-ROM, SRAM (ROM), and I/O can be directly connected.
¢ SDRAM and read/write access with minimum of 1 bus clock

« Byte access control to SDRAM by four xxDQM signals

¢ Wait control by READY signal

« Byte access control to RAM, ROM, and I/O by four xxBEN signals

Remarks 1. xxBEN : LLBEN, LUBEN, ULBEN, UUBEN
2. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM

5.2 External I/O Cycle

The 1/0O cycle is executed if block 3 to 6 of the I/O space is accessed by the IN/OUT instructions and if the I/O
cycle is selected by the BCTC register. The I/O cycle is a single cycle only, and the basic cycle is a 2-bus clock cycle
of Ta and Ts states (refer to Figure 5-1).

The Ta state starts output of control signals to an external device. An address is output at the rising edge of the
bus clock, and the CSn (n = 3 to 6) signal is asserted active. The BCYST signal is active in the Ta state period (1
bus clock). When the external device is read or written, the IORD or IOWR signal is asserted active at the falling
edge of the bus clock. Write data is output at the rising edge of the bus clock.

The Ts state reads or writes data to an external device. During read, the data is sampled at the falling edge of the
bus clock. Output of write data continues during the Ts state period. The READY signal is sampled at the rising
edge of the bus clock of the Ts state. When the READY signal is active, the IORD or IOWR signal deasserted
inactive, and the read/write cycle is completed. If the READY signal is inactive, the Ts state is executed once again.

After the 1/O read cycle is executed by the CPU, a Ti state is forcibly inserted for the duration of one bus clock.
The wait states can be also controlled by using the PWCO/PWCL register, in addition to the READY signal. Because
the number of wait states set by the PWCO/PWCL1 register is ORed with the number of wait states input by the

READY signal, whichever number of wait states is greater is inserted.
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Figure 5-1. External /0O Cycle (32-bit bus mode)

‘Ta‘Ts‘Ti‘Ta‘Ts

|1

Ts

Ti

SDCLKOUT (output)

BCYST (output)

A2 - A23 (output)

CSn (output)

CSm (output)

s 7T\ /T T\

Read | DO - D31 (input) =========p======== <__L>~ ---------------------------

R/W (output)

e 7\ /T T\
Write | DO - D31 (output) -===-==-- < ------- <

R/W (output)

READY (input) \

™~

xxBEN (output) \_J

Remarks 1. n=3to6(n#m)

m =310 6 (m#n)

xxBEN: LLBEN, LUBEN, ULBEN, UUBEN

The dotted lines indicate the high-impedance state.

Al

The arrows indicate sampling timing.

62 Preliminary User's Manual U13577EJ2VOUMO0




CHAPTER 5 BUS CONTROL FUNCTION

5.2.1 Byte access control

Byte access is controlled by using four xxBEN signals (LLBEN, LUBEN, ULBEN, and UUBEN). When the data
bus is 32 bits wide, four xxBEN signals are used. When the data bus is 16 bits wide, two xxBEN signals, LUBEN
and LLBEN, are used. Tables 5-1 and 5-2 show the relations between the xxBEN signals and access addresses.

When a half word is accessed via 32-bit data bus, Al changes.

Al outputs the correct status even in the 32-bit data bus mode.

Table 5-1. 32-Bit Data Bus ( xxBEN)

Address xxBEN
Data Size
Al A0 UUBEN ULBEN LUBEN LLBEN
Byte 0 0 1 1 1 0
0 1 1 1 0 1
1 0 1 0 1 1
1 1 0 1 1 1
Half word (16 bits) 0 0 1 1 0 0
1 0 0 0 1 1
Word (32 bits) 0 0 0 0 0 0
Table 5-2. 16-Bit Data Bus ( xxBEN)
Address xxBEN
Data Size
A0 UUBEN ULBEN LUBEN LLBEN
Byte 0 1 1 1 0
1 1 1 0 1
Half word (16 bits) 0 1 1 0 0
Word (32 bits) First 0 1 1 0 0
Second 0 1 1 0 0

Remarks 1: High-level output
0: Low-level output
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5.3 SRAM (ROM) Cycle

The SRAM (ROM) cycle is executed when block 1 to 7 of the memory space is accessed and when the SRAM
(ROM) cycle is selected by the BCTC register. The SRAM (ROM) cycle is classified into the following types by the
length of data accessed successively and data bus width.

(1) Classification by length of data successively accessed

« Single cycle (access unit: 4/2/1 byte)
*« SRAM (ROM) access by ST instruction execution
* SRAM (ROM) access by execution of LD instruction to uncacheable area or instruction fetch
* SRAM (ROM) access by 2-cycle transfer of DMA

« Burst cycle (access unit: 16 bytes)
* SRAM (ROM) access by refilling of instruction/data cache
*« SRAM (ROM) access by execution of instruction that transfers blocks with internal RAM

(2) Classification by data bus width
e The data bus width is set by the BWn bit of the DBC register (n = 1 to 6).
e When BWn bit = 1: 16-bit bus mode

«  When BWn bit = 0: 32-bit bus mode

Figure 5-2. Example of Connection of 16M ROM (1M  x 16) (in 32-bit bus mode)

V832 1M x 16 (Page) ROM

A2 - A21 A0 - A19
DO - D15 00 - 015 J
D16 - D31 WORD/BYTE

MRD i OE

CSn — CE

1M x 16 (Page) ROM

A0 - A19

00 - 015 J
WORD/BYTE
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Figure 5-3. Example of Connection of 1M SRAM (128K

V832

A2 - A18
DO - D7

CSn

LLBEN

D8 - D15
MRD

MWR

LUBEN

D16 - D23

ULBEN

D24 - D31

UUBEN

x 8) (in 32-bit bus mode)

128K x 8 SRAM

AO - A16
/01 - 1/08
cs
OE
WE

128K x 8 SRAM

3

AO - A16
/01 - 1/08
cs
OE
WE

128K x 8 SRAM

AO - A16
/01 - 1/08
cs

OE

WE

128K x 8 SRAM

Remark n=1to7
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5.3.1 SRAM (ROM) single cycle

The SRAM (ROM) cycle is started when a block setting the SRAM (ROM) cycle is accessed by executing the ST
instruction or uncacheable LD instruction, or by instruction fetch or DMA2 cycle transfer. The basic cycle is a 2-bus
clock cycle of Ta and Ts states (refer to Figure 5-4).

The Ta state starts output of control signals to an external device. An address is output at the rising edge of the
bus clock, and the CS signal is asserted active. The BCYST signal is active in the Ta state period (1 bus clock).
When the external device is read or written, the MRD or MWR signal is asserted active at the falling edge of the bus
clock. Write data is output at the rising edge of the bus clock.

The Ts state reads or writes data of an external device. During read, the data is sampled at the falling edge of the
bus clock. Output of write data continues during the Ts state period. The READY signal is sampled at the rising
edge of the bus clock of the Ts state. When the READY signal is asserted active, the cycle is completed with the

MRD or MWR signal deasserted inactive. If the READY signal is deasserted inactive, the Ts state is executed once
again.

After the SRAM (ROM) read cycle executed by the CPU, a Ti state is forcibly inserted for the duration of one bus
clock.

The wait states can be also controlled by using the PWCO/PWC1 register, in addition to the READY pin (refer to
Figure 5-4). Because the number of wait states set by the PWCO/PWCL1 register is ORed with the number of wait

states input by the READY signal, whichever number of wait states is greater is inserted.
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Figure 5-4. SRAM (ROM) Single Cycle (32-bit bus mode)

‘Ta‘Ts‘Ti‘Ta‘Ts‘Ts‘Ts Ti

SDCLKOUT (output)

BCYST (output)

A2 - A23 (output)

CSn (output)

CSm (output)

woems 7T\ /T T\ /T

Read | DO - D31 (input) =========f===-=---- d ------------------------------------------------------

R (output) _
e 7 TN/ T T\ ST
Write | DO - D31 (output) -----=--- O == L e
RAW (output) T

READY (input) _\
xxBEN (output) \_J \

Remarks 1. n=1to7 (n#m)

m=1to 7 (m#n)

xxBEN: LLBEN, LUBEN, ULBEN, UUBEN

The dotted lines indicate the high-impedance state.

™S
—
RN

Al

The arrows indicate sampling timing.
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5.3.2 SRAM (ROM) burst cycle

The SRAM (ROM) burst cycle is started when block setting the SRAM (ROM) cycle is accessed by refilling the
instruction/data cache or executing an instruction that transfers blocks with the internal RAM. The basic access is a
2-bus clock access. In the 32-bit bus mode, access is made four times in a row in one burst cycle (refer to Figure 5-
5).

The timing of the SRAM (ROM) control signals for one access is the same as that in the single cycle, except the

MRD signal. The MRD signal remains active during the period of the burst cycle in synchronization with the rising of
the bus clock. The msignal remains active during the period of Ta to Ta4 states for each access. The READY
signal is sampled at the rising edge of the bus clock of the Ts state.

The wait states can be also controlled by using the PWCO/PWCL1 register, in addition to the READY pin. Because
the number of wait states set by the PWCO/PWCL1 register is ORed with the number of wait states input by the
READY signal, whichever number of wait states is greater is inserted.
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Read

Write

Remarks

1.

2.
3.
4.

Figure 5-5. SRAM (ROM) Burst Cycle

‘Ta‘Tbl‘TaZ‘TbZ‘Ta3‘Tb3‘Ta4‘Ts‘Ti‘

CLKOUT (output) | |

L L L

L

L L

L L

i

BCYST (output)

A2 - A23 (output) Al A2 A3 A4
ﬁ(output)
MRD (output) ; \ / \_
{ 1 {
DO - D31 (input) ======f===== ( 1 ( 2 ( 3 F---- S EEEEEY EEPPER
R/W (output) \_
wroww |\ | ST\ /TN T\/
DO - D31 (output) ==-=-- ( 1 2 3 4 SEEE PEPEEE
R/W(output)
seoveon 7T\ [T\ N N TN
e\ L/ T\ T\ T\ O
n=1to7
xxBEN: LLBEN, LUBEN, ULBEN, UUBEN
The dotted lines indicate the high-impedance state.
The arrows indicate sampling timing.

5.3.3 Byte access control

Refer to 5.2.1 Byte access control
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5.4 Page-ROM Cycle

When the block 7 area of the memory space is accessed with the Page-ROM cycle selected by the CT7 bit of the
BCTC register, the Page-ROM cycle is executed. The Page-ROM cycle is classified into the following types by the
length of data accessed successively and the data bus width.

(1) Classification by length of data accessed successively

* Single cycle (access unit: 4/2/1 byte)
* Page-ROM access by execution of LD instruction to uncacheable area or instruction fetch
« Page-ROM access by 2-cycle transfer of DMA

« Burst cycle (access unit: 16 bytes)
* Page-ROM access by refilling instruction cache
« Page-ROM access by execution of instruction that transfers blocks with internal RAM

(2) Classification by data bus width

¢ The data bus width is set by using the BT16B pin. Access is made four times in a row in the burst cycle and in
the 32-bit bus mode. In the 16-bit bus mode, access is made eight times in a row.
e When BT16B pin = 1: 16-bit bus mode
e When BT16B pin = 0: 32-bit bus mode

5.4.1 Page-ROM single cycle

This cycle is started to access block 7 for which the Page-ROM cycle is selected by execution of the uncacheable
LD instruction, instruction fetch, or DMA2 cycle transfer. Wait states can be controlled by using the READY pin or an
internal register. To control wait states, the WS7 bit of he PWCL1 register is used. The bus timing is the same as the
SRAM (ROM) single cycle.

5.4.2 Page-ROM burst cycle

This cycle is started to access block 7 for which the Page-ROM cycle is selected by refilling the instruction cache
or executing an instruction that transfers blocks with the internal RAM. The bus timing is the same as the SRAM
(ROM) burst cycle, but the number of wait states is set differently.

If the PS bit of the PRC register is 0 (page size is 16 bytes) in the 32-bit bus mode or 16-bit bus mode, the normal
access (off-page) is executed as the first access, and on-page access is executed from the second access and
onward. The basic cycle of one access is 2-bus clock cycles. (Refer to Figure 5-6.) At the first off-page access, the
wait states are controlled by the WS7 bit of the PWC1 register. At the second on-page access and onward, the wait
states are controlled by the PWS bit of the PR register. The wait states can be also controlled by the mpin.

If the PS bit of the PRC register is 1 (page size is 8 bytes) in the 16-bit bus mode, the normal access (off-page) is
executed at the first and fifth accesses, and on-page access is executed for the second through fourth, and sixth
through eighth accesses. The number of wait states for each access is the same as that in the 32-bit bus mode.

70 Preliminary User’s Manual U13577EJ2VOUMO00



CHAPTER 5 BUS CONTROL FUNCTION

Figure 5-6. Page-ROM Burst Cycle (32-bit bus mode)

CLKOUT (output) |

L

Note 2
Ta2 | Th2

L L

Note 2
Ta3 | Tb3

L L

Note 1
Ta | To1 | To1

L L

Note 2
Tad | Ts

L L

Ti

BCYST (output)

A2 - A23 (output)

Al A2 A3

A4

CS7 (output)

MRD (output) ; _\

RIW (output)

DO - D31 (input)

READY (input)

Notes 1. off-page access
2. on-page access

Remarks 1.

The dotted lines indicate the high-impedance state.

2. The arrows indicate the sampling timing.
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Figure 5-7. Page-ROM Burst Cycle (16-bit bus mode, 8-byte page size)

CLKOUT (output) |

Note 1

Ta ‘ Thl ‘ Tbl

1

1L

Note 2

Twal‘wal

1L

BCYST (output)

ava

Note 2
Ta2 ‘ Th2

1L

Note 2 Note 1

TwaZ‘TWbZ

UL

Ta3 ‘ Tb3 ‘ Tb3

1

Note 2 | Note 2

Twa3‘wa3 Tad ‘ Th4

UYL

/N

ava

Twa4‘

1
\

Note 2

Ts

1

A2 - A23 (output)

Al

A2

A3

A4 A5

A6 A7

A8

CS7 (output)

MRD (output) ; _\

RIW (output)

DO - D31 (input) ===+

READY (input) /

Dl et e e

/

Notes 1. off-page access
2. on-page access

Remarks 1.

The dotted lines indicate the high-impedance state.

2. The arrows indicate the sampling timing.
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5.5 SDRAM Cycle

The SDRAM cycle is executed when the SDRAM area of the memory space is accessed. The SDRAM cycle is

classified into the following types by the length of data successively accessed, on-page/off-page, and data bus width.

(1) Classification by length of data successively accessed

* Single cycle (access unit: 4/2/1 byte)
« SDRAM access by execution of ST Instruction
« SDRAM access by execution of LD instruction to uncacheable area or instruction fetch
« SDRAM access by 2-cycle transfer of DMA

« Burst cycle (access unit: 16 bytes)
« SDRAM access by refilling instruction/data cache
« SDRAM access by execution of instruction that transfers blocks with internal RAM

(2) Classification by on-page/off-page

e on-page cycle
* Bank to be accessed is at the same row address as the bank previously accessed.

« off-page cycle

» First SDRAM cycle after auto refresh in bank to be accessed
« Bank to be accessed is at a different row address from the bank previously accessed
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(3) Classification by data bus width
The data bus width is set by the BWO bit of the DBC register.
e When BWO bit = 1: 16-bit bus mode
e When BWO bit = 0: 32-bit bus mode

Figure 5-8. Example of Connection with SDRAM (64M bits) (in 16-bit bus mode)

V832
Al -Al12
CS0 | U
CS AO0-Al1
DO - D15 DQO - DQ15
Al13 BAO
Al4 BA1
LLDQM LDQM
LUDQM ubQM
SDCLKOUT CLK
CKE CKE 64 M-bit
RAS RAS  SDRAM
CAS CAS
WE WE
Cs1l #
CS A0-Al1
DQO - DQ15
BAO
BAl1
LDQM
uDQM
CLK
CKE 64 M-bit
RAS  SDRAM
CAS
WE
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Figure 5-9. Example of Connection with SDRAM (64M bits) (in 32-bit bus mode)

V832

A2 - A13

os0 !

CS A0-Al1
D16 - D31 ——IDQO - DQ15
DO - D15

Al4 ] BAO

Al5 — BA1

SDCLKOUT — CLK

CKE — CKE

RAS — RAS

CAS L ZAS 64 M-bit

WE | WE SDRAM
ULDQM ] LDQM
UUDQM ‘* ubQM

H—

CcS A0-All
DQO - DQ15
— BAO
— BAL
— CLK
— CKE
- RAS
] CAS 64 M-bit
— WE  SDRAM
LLDQM — LDQM
LUDQM — UDQM

cst N R

CS A0-All
L —{DQO0 - DQ15
BAO

BA1

CLK

CKE

RAS

CAS 64 M-bit
WE  SDRAM
LDQM

UDQM

=

CS A0-Al1l
| ———DQo0 - DQ15
BAO

BA1

CLK

CKE

RAS

CAS 64 M-bit
WE  SDRAM
LDQM

UDQM

For designing, refer to APPENDIX A BUS DESIGN FOR V832 TARGET BOARD .
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* 55.1 SDRAM single read cycle

This cycle is started if the SDRAM area is read by executing or fetching a load instruction (LD) for the SDRAM
area of the uncacheable area, or reading the SDRAM area by means of DMA2 cycle transfer. Figures 5-10 and 5-11
show the timing of single read cycle.

In the single read cycle, a precharge command, active command, and read command are sequentially issued to
the SDRAM. If the SDRAM is accessed in the on-page access mode, however, the precharge command and active
command are not issued.

Data is loaded two clocks after the read command has been issued.

One state of the Ti cycle is always inserted forcibly after all the read cycles that have been started by the CPU.

* Figure 5-10. SDRAM Single Read Cycle (off-page, 32-bit data width)

off-page

Tpr ‘ Tac ‘ T ‘ Traz ‘ Tras ‘ Tri Ti ‘

SDCLKOUT (output) —url_’_l_’_l_’_ummmﬂ_l

Command PRE | ACT | RD

BCYST (output) / \_1/ N

CKE (output) H

CSn (output)

_\
RAS (output) _\
/

/ —
CAS (output) __| \_/ .
WE (output) \N |/ u
Bank address (output) X BA X
A12 (output) ‘ \ |/ R‘A\ / —— ‘X
Address (output) ‘ X X R,‘A X cA X ‘ ‘ ‘ ‘

DO - D3L (iNput) ======f=====f===sapemnanpannas QD TE EELET TEEEE

RIW (output) _/

xxDQM (output) /__\

Remarks 1. n=0orl
2. The dotted lines indicate the high-impedance state.
3. The arrows indicate sampling timing.
4. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
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Figure 5-11. SDRAM Single Read Cycle (on-page, 32-bit data width)

on-page

Trs ‘ Tra2 ‘ Tras ‘ T Ti ‘

SDCLKOUT (output) mm_ummmﬂ_

Command RD

BCYST (output) N\ |/

CKE (output) H

CSn (output) N\

RAS (output)

CAS (output) N\ |/

WE (output) _/

Bank address (output) X BA X
A12 (output) / ‘ ‘ ‘ ‘X
Address (output) ‘ X caX ‘ ‘ ‘ ‘
DO - D31 (input) ======F=====p===== CB -------------
RW (output) | / u
xxDQM (output) /‘ ‘\

Remarks 1. n=0orl
2. The dotted lines indicate the high-impedance state.
3. The arrows indicate sampling timing.
4. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
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5.5.2 SDRAM single write cycle
This cycle is started if a store (ST) instruction is executed to store data in the SDRAM area or if the SDRAM area
is written by means of DMA2 cycle transfer. Figures 5-12 and 5-13 show the timing of the SDRAM single write cycle.
In the single write cycle, a precharge command, active command, and write command are sequentially issued to
the SDRAM. When the SDRAM is accessed in the on-page access mode, however, the precharge command and
active command are not issued, and only the write command is issued.

Figure 5-12. SDRAM Single Write Cycle (off-page, 32-bit data width)

off-page

Tpr ‘ Tac ‘ Tw1 ‘ Twi
SDCLKOUT (output) |

Command PRE | ACT | WR

BCYST (output) _/ \__/

CKE (output) H

CSn (output)

_\
RAS (output) _\
/

r
k
Nl Il

/
CAS (output) |
WE (output) \ |/ [\ L/
Bank address (output) X BA X
A12 (output) ‘ \ |/ R‘A\ /
Address (output) ‘ X X Rl\ X ca X

DO - D31 (output) ======p=====p====- F R EEEEEE
RIW (output) _\ /_
xxDQM (output) /__\

Remarks 1. n=0or1l
2. The dotted lines indicate the high-impedance state.
3. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM

78 Preliminary User’s Manual U13577EJ2VOUMO00



CHAPTER 5 BUS CONTROL FUNCTION

Figure 5-13. SDRAM Single Write Cycle (on-page, 32-bit data width)

on-page
Twls ‘ Twi
SDCLKOUT (output) | | ’_|_
Command WR
BCYST (output) \ /

CKE (output) H

CSn (output) _\

RAS (output)

CAS (output)

WE (output)

AnAdddl Ir

A12 (output)

AN/
N |/
Bank address (output) X BA X
N |/
X CA X

Address (output)

DO - D31 (output) ===--- F< ) SEEI TP

RIW (output) _\ /_
xxDQM (output) /__\

Remarks 1. n=0or1l
2. The dotted lines indicate the high-impedance state.
3. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
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5.5.3 SDRAM burst read cycle
This is a successive cycle of 4 words (16 bytes) and is started in the following cases:

* When data is transferred from the SDRAM area to the instruction cache memory if a miss occurs in the
instruction cache

* When data is transferred from the SDRAM area to the data cache memory if a miss occurs in the data cache

« When data is transferred from the SDRAM to the internal memory by execution of a block transfer instruction
(BILD or BDLD)

Figure 5-14 shows the timing of the burst read cycle in the off-page mode. In the burst read cycle, a precharge
command and active command are issued to the SDRAM, followed by a read command that is issued four times in a
row.

Figure 5-15 shows the timing of the burst read cycle in the on-page mode. In the case of on-page access, the
precharge command and active command are not issued; only the read command is issued four times in a row.

Data is loaded two clocks after issuance of the read command.

A Ti cycle of 1 state is always inserted forcibly after all the read cycles that have been started by the CPU.
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Figure 5-14. SDRAM Burst Read Cycle (off-page, 32-bit data width)

SDCLKOUT (output) | |

Command

off-page

Tpr ‘ Tac ‘ Tn ‘ Trb2 ‘ Tro3 ‘ Troa ‘ Trs ‘ Troe ‘ Tii

PRE |ACT | RD | RD | RD | RD

Ti

BCYST (output)

CKE (output) H

CSn (output)

RAS (output)

CAS (output)

WE (output)

Bank address (output)

A12 (output)

Address (output)

\ |/ -
X BA

| | 1T

ap ——T—

X XRAaXcAaXcaXcaXcaX

DO - D31 (input) ==-=-----

RIW (output)

xxDQM (output) L

Remarks 1. n=0orl

2. The dotted lines indicate the high-impedance state.

3. The arrows indicate sampling timing.
4. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
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Figure 5-15. SDRAM Burst Read Cycle (on-page, 32-bit data width)

SDCLKOUT (output) | |

Command

BCYST (output)

CKE (output)

CSn (output)

RAS (output)

CAS (output)

WE (output)

Bank address (output)
A12 (output)

Address (output)

DO - D31 (input)

RIW (output)

xxDQM (output)

on-page
Tas | Twz | Tz | Toa | Twos | Tes | T | T |
L L L
RD | RD | RD | RD
\ / _
m
N\ /N
AN / -
1/ -
X BA X
| |
g s |
X ca X cAaXcaXcaX
--------------- L1 X2 X3 X 4 Dmngmmemagemnnes
/ u
L

Remarks 1. n=0orl

2. The dotted lines indicate the high-impedance state.

3. The arrows indicate sampling timing.
4. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
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5.5.4 SDRAM burst write cycle

This cycle is started when a block transfer instruction (BIST or BDST) is executed to transfer data from the internal
memory to the SDRAM memory space. Itis a 4-word (16-byte) bus cycle.

Figure 5-16 shows the timing of the burst write cycle in the off-page mode. In this cycle, a precharge command
and an active command are issued to the SDRAM, followed by a write command that is issued four times in a row.

Figure 5-17 shows the timing of the burst write cycle in the on-page mode. In this case, the precharge command
and active command are not issued; only the write command is issued four times in a row.

Figure 5-16. SDRAM Burst Write Cycle (off-page, 32-bit data width)

off-page |

Tpr ‘ Tac ‘ Tw1 ‘ Tw2 ‘ Tws ‘ Twa
SDCLKOUT (output)l |

Command ‘ PRE ‘ ACT‘ WR ‘ WR ‘ WR ‘ WR

L

BCYST (output) L/ \

CKE (output) H

CSn (output) N\

RAS (output) | \ /
/

CAS (output)

AEARARARERR

WE (output) \
Bank address (output) ‘ X BA
A12 (output) ‘ \ |/ R/L \
Address (output) ‘ X X Rl‘ XcaXcaXcaXceaX
DO - D31 (output) ======F=====F====- <1 X2 X3 X 4>~

R/W (output) _\ /_

xxDQM (output) L

Remarks 1. n=0orl
2. The dotted lines indicate the high-impedance state.
3. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
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Figure 5-17. SDRAM Burst Write Cycle (on-page, 32-bit data width)

on-page |

Twis ‘ Twz ‘ Tws ‘ Twa
SDCLKOUT (output) |

Command WR | WR | WR | WR

A

BCYST (output) \

CKE (output) H

CcSn (output) _\

RAS (output)

CAS (output) _\

WE (output) _\

Bank address (output) X BA

A12 (output)

Address (output)

ANANNAN

><
0
— >
><
0
— >
><
0
— >
><
0
>

DO - D31 (output) ==---- <1 X2 X3 X 4 >
R/W (output) _\ /_

xxDQM (output) L

Remarks 1. n=0or1l
2. The dotted lines indicate the high-impedance state.
3. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
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5.5.5 Timing control

The timing of accessing the SDRAM can be controlled as follows.
Note, however, that wait control cannot be performed by using the READY pin when the SDRAM is accessed.
For details of how to set each bit of the SDRAM configuration register (SDC), refer to 7.2.3 SDRAM configuration

register (SDC) .

)

@)

®)

(4)

Precharge command - active command interval
The interval from issuance of the precharge command to the issuance of the active command can be specified
by the TRP bit of SDC.

* When TRP =0: 1 bus clock
« When TRP = 1: 2 bus clocks

Figure 5-18 shows the case when the TRP bit is 1.

Active command - read/write command interval
The interval from the issuance of the active command to the issuance of the read/write command can be
specified by the TRCD bit of SDC.

* When TRCD = 0: 1 bus clock
* When TRCD = 1: 2 bus clocks

Figure 5-18 shows the case where the TRCD bit is 1.

Active command - Precharge command interval
The minimum interval from the issuance of the active command to the issuance of the precharge command can
be specified by the TRAS bit of SDC.

* When TRAS bit = 0: 3 bus clocks or more
* When TRAS bit = 1: 4 bus clocks or more

Refresh command - next command interval
The minimum interval from the issuance of the refresh command to the issuance of the next command can be
specified by the TRC bit of SDC.

e When TRC bit = 00: 3 bus clocks minimum
e When TRC bit = 01: 4 bus clocks minimum
e When TRC bit = 10: 5 bus clocks minimum
e When TRC bit = 11: 6 bus clocks minimum
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Figure 5-18. SDRAM Access Timing Control (in burst read cycle, 32-bit data width)

off-page

Tpr ‘ Tpri ‘ Tac ‘ Taci ‘ Trl ‘ Trb2 ‘ Trh3 ‘ Trb4 ‘ TrbS ‘ Trb6 ‘ Tri Ti

SDCLKOUT (output) mﬂ_mﬂ_’_uﬂ_’_l_’_l_’_l_mmmm

Command PRE ACT RD | RD | RD | RD

BCYST (output) -/ \ /

CKE (output) H

CSn (output)

RAS (output)

WE (output)

Bank address (output)

~\
\

CAS (output) __| / \ /
\
X

A12 (output) /  RA_\ /

Annddadd IdoF

Address (output) X X RA XcaX

NN
DO - D31 (iNpUt) ======f===matemmmatommmatommmatomaaalona-. tC 1 X 2 X 3 X 4 Dmefremmntennnne
RIW (output) ] _/ \_

xxDQM (output) L

TRP=1 TRCD=1

Remarks 1. n=0or1l
2. The dotted lines indicate the high-impedance state.
3. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
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5.5.6 Byte access control

The four xxDQM signals (UUDQM, ULDQM, LUDQM, and LLDQM) are used to control byte access. When the
data bus is 32 bits wide, all the four xxDQM signals are used. When the data bus is 16 bits wide, however, only two
xxDQM signals, LUDQM and LLDQM, are used. Tables 5-3 and 5-4 show the relations between the xxDQM signals
and access addresses.

When a half word is accessed via the 32-bit data bus, A1 changes.

Al outputs the correct status even in the 32-bit data bus mode.

Table 5-3. 32-Bit Data Bus ( xxDQM)

Address xxDQM
Data Size
Al A0 UUDQM ULDQM LUDQM LLDQM
Byte 0 0 1 1 1 0
0 1 1 1 0 1
1 0 1 0 1 1
1 1 0 1 1 1
Half word (16 bits) 0 0 1 1 0 0
1 0 0 0 1 1
Word (32 bits) 0 0 0 0 0 0

Table 5-4. 16-Bit Data Bus ( xxDQM)

Address xxDQM
Data Size
A0 UUDQM ULDQM LUDQM LLDQM
Byte 0 1 1 1 0
1 1 1 0 1
Half word (16 bits) 0 1 1 0 0
Word (32 bits) First 0 1 1 0 0
Second 0 1 1 0 0

Remarks 1: High-level output
0: Low-level output

Figures 5-19 and 5-20 show examples of SDRAM byte access control timing.

Figure 5-19 shows the timing when one word of data is written by four byte accesses.

The xxDQM signals other than the address to which data is to be written are asserted high to mask writing to the
SDRAM when the write command is issued.

Figure 5-20 shows the timing when one word of data is read by two half-word access.

Output of unnecessary data from the SDRAM is suppressed by asserting the xxDQM signals other than the
address from which data is to be read high when data is read. The data other than the address from which data is to
be read are internally masked.
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Figure 5-19. SDRAM Byte Access Control (write in byte units, 32-bit data width)

on-page |

SDCLKOUT (output) |

Command

Tpr ‘ Tac ‘ Twi ‘ Twi

Twis ‘ Twi

gipigiys

WR

BCYST (output)

N

h

\

CKE (output) H

csn (output)

RAS (output)

CAS (output)

WE (output)

Bank address (output)

A12 (output)

Address (output)

< -~ < - ~

NN

D24 - D31 (output)

D16 - D23 (output)

D8 - D15 (output)

DO - D7 (output)

UUDQM (output)

0

ULDQM (output)

LUDQM (output)

LLDQM (output)

Crr

Remarks 1. n=0or1l
2. The dotted lines indicate the high-impedance state.

88 Preliminary User's Manual U13577EJ2VOUMO0




CHAPTER 5 BUS CONTROL FUNCTION

Figure 5-20. SDRAM Byte Access Control (read in half-word units, 32-bit data width)

off-page on-page

Tpr ‘ Tac ‘ T ‘ Traz ‘ Tra3 ‘ Tri Ti ‘ Ti Trls ‘ Tra2 ‘ Traa ‘ Tri

SDCLKOUT (output) —l_ﬂ_l_'_l_'_l_'_l_ﬂ_l_ﬂ_l_ﬂ_l_ﬂ_l_ﬂ_l_'_umm

Command PRE | ACT | RD RD

Ti

BCYST (output)

N
d
N
d
N

CKE (output) H

csn (output)

RAS (output)

N

WE (output)

~\
~\

CAS (output) ___| / _/ L/
A\
X

Bank address (output)

A12 (output) RA / \ /

Address (output) X X RA X CA X X CA X

D24 - D31 (input) ======f=====f=====p=====pe----pe--mopommmopommmmfommmmpemmmmpenn --

D16 - D23 (input) ======F=====p=sscepecccepemmcokoccmabnneopa e --

D8 - D15 (input) ======f=====p=====p=cccepa=--- r SRl REEEEL EELEEL EEEEEE EEREEL EEEERE L

DO - D7 (input) ======F=====p===cepemeccpocc=- r SRl REEEEL EELEEL EEEEEE EEREEL EEEERE L

UUDQM (output)

ULDQM (output)

LUDQM (output) / T\

LLDQM (output) / T\

Low-order 16 bits are read. High-order 16 bits are read.

Remarks 1. n=0or1l
2. The dotted lines indicate the high-impedance state.
3. The arrows indicate sampling timing.
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5.5.7 Refresh control

An auto refresh cycle and self-refresh cycle can be automatically generated.

(1) Auto refresh cycle

Figure 5-21 shows the timing of the auto refresh cycle.

The auto refresh command is issued after the precharge command for all the banks has been issued.
The interval from the issuance of the precharge command for all the banks to the issuance of the auto refresh
command is specified by the TRP bit of the SDRAM configuration register (SDC). When the TRP bit is reset to O,

the interval is 1 bus clock; when it is set to 1, the interval is 2 bus clocks.

Figure 5-21. Auto Refresh Cycle (32-bit data width)

SDCLKOUT (output) |

Command

Auto refresh cycle

Tep |

PALL

=3

Tt

REF

BCYST (output)

CKE (output)
CSn (output)
RAS (output)
CAS (output)
WE (output)

Bank address (output)

A12 (output) /

Address (output)

N

H

r

~\
~\
U/
~\

X

NN

X

><

TRP =0

Remark n=0orl
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(2) Self-refresh cycle

The self-refresh cycle is generated in the STOP mode. This cycle is started if the STBY instruction is executed
when the REN bit of the RFC register is 1 (refer to 7.2.5 (2) Refresh control register (RFC) ). Self refresh is

cleared by the RESET or NMI p

in.

Figure 5-22 shows the timing of self refresh.

Figure 5-22. Self-Refresh Cycle (when TRP = 0 and TRC = 01, 32-bit data width)

SDCLKOUT (output) |

Command

Self-refresh cycle

Tao | Tor |

PALL |SELF

Rliat

| T | Ton

L L L

BCYST (output)

CKE (output)

CSn (output)

d

RAS (output)

CAS (output)

WE (output)

Bank address (output)

A12 (output)

Address (output)

aNaNaNdNdNgdNg

Remark n=0orl
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NI
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TRP =0 CLKOUT is being stopped.
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5.5.8
Initialize the SDRAM after power application.

92

Initial sequence

Figure 5-23 shows an example of a control sequence, and Figure 5-24 shows the cycle to set the mode register.

<1>

<2>

<3>

<4>

Set the SDRAM-related registers.

Even if refresh is enabled by the refresh control register (RFC), the refresh command is not issued. The
refresh command is issued in the cycle set by RFC after a command that sets the mode register has been
issued by the SDRAM mode register (SDM) to be described in <2> below.

Set the following registers:

« Bus cycle type control register (BCTC) (Refer to 6.3.1.)

» Programmable idle control registers 0 and 1 (PICO and PIC1) (Refer to 6.3.5.)
« SDRAM configuration register (SDC) (Refer to 7.2.3.)

» Refresh control register (RFC) (Refer to 7.2.5.)

Set the SDRAM mode register (SDM). (Referto 7.2.4.)

When data is written to the SDM, the all-bank precharge command and a command that sets the mode
register are sequentially issued to the SDRAM.

The interval of issuing these commands can be specified by the TRP bit of the SDRAM configuration register
(SDC).

Execute the auto refresh command two times or more after setting the mode register setting command (for
details of how many times the auto refresh command is to be executed, refer to the Data Sheet of the
memory used). To execute the auto refresh command, set the refresh control register (RFC); execution of
the command will take place cyclically.

If refresh is not enabled before the SDRAM mode register (SDM) is set, enable refresh.

The xxDQM signals are fixed to high level during reset. These signals are fixed to high level so that the data
bus of the SDRAM goes into a high-impedance state without fail after the reset signal has been cleared until

the first active command is executed.

Remark xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
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Figure 5-23. SDRAM Initialization Sequence

Power application

100 us or longer Note

. Setting of SDRAM-related mode registers

Mode register setting

(Precharge command is issued.)

(Command that sets the mode register is issued.)
(Issuance of refresh command is started.)

Can be accessed after the refresh command has been issued two timesN°te.

Note For details of the time and the number of times, refer to the Data Sheet of the memory used.
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Mode register setting cycle

Tap ‘ Tapi ‘ Tmd ‘ Tmdi

Figure 5-24. SDRAM Mode Register Setting Cycle (32-bit data width)

Refresh must be executed the specified
number of times or more during this period.

aipe

ACT

SDCLKOUT (output) | _| [
Command PALL MRS
BCYST (output) N\
CKE(upuw) H | | | | | | 7
csn (output) |\ /N
RAS (output) \ /N
CAS (outpu) ___| / L/ N
WE (outpu) \ /N TN
Bank address (output) X XMD X
A12 (output) ‘ / 1\ ‘ XME"X
s oo — XXX
DO-D31(input--'-_”[_-Z-—--—--—--— Il LETT PR
xxDQM (output) ‘ ”

Precharge command of all banks

Remarks 1.

n=0orl

Mode register setting command

2. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
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CHAPTER 5 BUS CONTROL FUNCTION

5.5.9 Power-down mode

If the SDRAM is not accessed for read or write between one auto refresh cycle and the next, the SDRAM is set in

the power-down mode by deasserting the CKE signal low.

Figure 5-25 shows the timing of the power-down mode.

The power-down mode is set by deasserting the CKE signal low when the refresh command is issued. A Twu
state is inserted before the next auto refresh cycle, and the power-down mode is ended by asserting the CKE signal
high. When refresh has been completed, the power-down mode is set again.

If a read/write access to the SDRAM occurs in the power-down mode, the Twu state is inserted immediately

before the read/write cycle in the same manner as above, and the power-down mode is ended.

however, the power-down mode is not set again even after the read/write cycle has been completed.

SDCLKOUT (output) |

Command

Figure 5-25. Power-Down Mode (32-bit data width)

Auto refresh

Teo | T | T

BCYST (output)

CKE (output)

CSn (output)

RAS (output)

CAS (output)

WE (output)

Bank address (output)

A12 (output)

Address (output)

PALL| REF
/
\

N\ /
N\ /
/[
N/

X X
/ |\

X X

O

Remark n=0orl

LU

Auto refresh

In this case,

N

X
X
X

| T
pipigigl
_/
_/ I
\ I

1/
X

><

/

><

Power-down mode

Power-down mode starts.
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CHAPTER 5 BUS CONTROL FUNCTION

5.6 Idle State

The number of idle states to be inserted after a read cycle for n blocks is specified by the 1Sn bit of the PICO and
PIC1 registers (n = 0 to 7). Table 5-5 shows the values of the bus control signals during the idle period.

Table 5-5. Values of Bus Control Signals during Idle Period

Signal Name Signal Value
Al - A23 Holds value of previous cycle.
DO - D31 High impedance
R/VV, LLBEN, LUBEN, ULBEN, UUBEN Holds value of previous cycle

MWR, MRD, CSn, IORD, IOWR, BCYST, RAS, Inactive
CAS, WE

5.7 Bus Sizing

The V832 has a bus sizing function that changes the bus width between 16 bits and 32 bits. When 32-bit data is
accessed via the 16-bit data bus in a single cycle, therefore, access occurs two times. To access 32-bit data via the
16-bit data bus in a burst cycle, access occurs eight times in a row.

Figure 5-26 shows the timing of accessing the SDRAM in word units in a single-read cycle.

Table 5-6 shows the access sequence in a single cycle. In this case, a read command is generated two times.
The first read command samples the low-order 16 bits, and the second read command samples the high-order 16
bits.

Table 5-6. Access Sequence in Single Cycle

Sequence of Bus Cycle Al Remark
First 0 Low-order 16 bits
Second 1 High-order 16 bits

Figure 5-27 shows the timing of accessing the SDRAM in word units in a single write cycle. In this case, a write
command is generated two times.

The first write command writes the data of the low-order 16 bits, and the second write command writes the data of
the high-order 16 bits.

Figure 5-28 shows the timing of accessing the SDRAM in word units in a burst read cycle.

Table 5-7 shows the access sequence of the bus cycle. In this case, the read command is generated eight times.

The first read command samples the low-order 16 bits of the first word, and the second read command samples
the high-order 16 bits of the first word. After that, rest of the words are sampled in the same manner.
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Table 5-7. Access Sequence in Burst Cycle

Sequence of Bus Cycle A3 | A2 | A1 Remark
First 0 0 0 First word, low-order 16 bits
Second 0 0 1 First word, high-order 16 bits
Third 0 1 0 Second word, low-order 16 bits
Fourth 0 1 1 Second word, high-order 16 bits
Fifth 1 0 0 Third word, low-order 16 bits
Sixth 1 0 1 Third word, high-order 16 bits
Seventh 1 1 0 Fourth word, low-order 16 bits
Eighth 1 1 1 Fourth word, high-order 16 bits

Figure 5-29 shows the timing of accessing the SDRAM in word units in a burst write cycle.

In this case, a write command is generated eight times. The first write command writes the low-order 16 bits of the

first word, and the second write command writes the high-order 16 bits of the first word. The rest of the words is

written in the same manner.

Figures 5-30 and 5-31 shows the timing of accessing the SDRAM in an I/O cycle and SRAM cycle.

The low-order 16 bits of word data are accessed in the first bus cycle, and the high-order 16 bits are accessed in

the second bus cycle.
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Figure 5-26. Access SDRAM Single Read Cycle Added by Bus Sizing (off-page, 16-bit data width)

off-page

Tpr ‘ Tac ‘ T ‘ Tre2 ‘ Tres ‘ Trea ‘ Thi Ti ‘

SDCLKOUT (output) —uﬂ_’_l_’_l_’_l_’_ummmﬂ_

Command PRE | ACT | RD | RD

BCYST (output) | / \ / —

CKE (output) H
CSn (output) N\ _i
RAS (output) _\ / N
CAS (output) ___| / \ / -
WE (output) __\ / N
Bank address (output) X BA X )C
A11 (output) \ |/ RL\ ‘ ‘ ‘ ‘ X_
Address (output) X X Rl\ XcaiXcazX ‘ ‘ ‘ ‘ X__

DO - D15 (input) ======F=====p==ccepemcccpeca=- Pl X 2 Dmmpmmmeepeeee

R/W (output) _/ \_

Remarks 1. n=0orl
2. The dotted lines indicate the high-impedance state.
3. The arrows indicate sampling timing.
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Figure 5-27. Access SDRAM Single Write Cycle Added by Bus Sizing (off-page, 16-bit data width)

off-page

Tpr ‘ Tac ‘ Tw1 ‘ Twla‘ Twi

P

SDCLKOUT (output) |

Command PRE | ACT | WR | WR

BCYST (output) L/ \ /

CKE (output) H

CSn (output)

RAS (output)

~

/ T\

Bank address (output) BA

Al11 (output) \ / RA\

| | |
Address (output) X___XRraXcarXcazX X |

WE (output)

Nl Y |

~\
~\

CAS (output)y | /
\

X

><NN N

DO - D15 (output) ======F=====F===== r< 1 2 prmmpmmee-

R/W (output) _\ /_

Remarks 1. n=0orl
2. The dotted lines indicate the high-impedance state.
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Figure 5-28. Access SDRAM Burst Read Cycle Added by Bus Sizing (off-page, 16-bit data width)

SDCLKOUT (output) | |

Command

off-page

Tpr ‘ Tac ‘ Tn ‘ Tra2 ‘ Tras ‘ Trda ‘ Tras ‘ Trde ‘ Tra7 ‘ Tras ‘ Trdo ‘ Trda ‘ Tii

PRE | ACT | RD

RD

RD

RD

RD

RD

RD

RD

BCYST (output)

CKE (output)

CSn (output)

RAS (output)

CAS (output)

WE (output)

Bank address (output)
Al11 (output)

Address (output)

DO - D15 (input)

Ti

d

H

BA

[ RAN

/

X RA XCA1 X CA2 X CA3 X CA4 X CA5 X CA6 X CA7 X CA8 X

<A A A

i

i

<L X2 X3 X4 X5X6X7 X8>

R/W (output)

Remarks 1.

2. The dotted lines indicate the high-impedance state.

n=0or1l

3. The arrows indicate sampling timing.
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Figure 5-29. Access SDRAM Burst Write Cycle Added by Bus Sizing (off-page, 16-bit data width)

off-page |

Tpr ‘ Tac ‘ Tw1 ‘ Twia ‘ Twz ‘ Twza‘ Tws ‘ TwSa‘ Twa ‘ Twaa
SDCLKOUT (output)l |

Command PRE|ACT| WR | WR | WR | WR | WR | WR | WR | WR

A

BCYST (output) _/ \

CKE (output) H

CcSn (output)

"\
RAS (output) __\ /
/

CAS (output)

AEARRARARERR

WE (output) \
Bank address (output) X BA
A11 (output) ‘ \ |/ RA‘\ \
Address (output) ‘ X rA XcarXcaz X cazXcaaXcas X caeXcarXcasX
DO - D15 (OUtpUL) ======f-==nnfemm-- {1 X2 X3 Xa4aX5 X6 X7 X8 F--

RIW (output) _\ /_

Remarks 1. n=0or1l
2. The dotted lines indicate the high-impedance state.
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Figure 5-30. Access in /O Cycle Added by Bus Sizing (16-bit data width)

‘ Ta ‘ Tss ‘ Tss ‘ Twa ‘ Ts ‘ Ts
SDCLKOUT (output) |

BCYST (output)

A2 - A23 (output)

CSn (output)

s 7T\ /T

Rt || D0-D15 (1) << frereeereeefreneeeeee <—_L> ...................... <—_L> ...........

R/W (output)
AN /T /T
Write | DO - D15 (output) ==========+ < .........
R/W (output)

READY (input) ] J \ / / \ /_ -

Remarks 1. n=0orl

2. The dotted lines indicate the high-impedance state.
3. The arrows indicate sampling timing.
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Figure 5-31. Access in SRAM Single Cycle Added by Bus Sizing (16-bit data width)

Ta ‘ Tss ‘ Tss ‘ Twa ‘ Ts ‘ Ts ‘
SDCLKOUT (output) |

BCYST (output)

A2 - A23 (output)

CSn (output)

o 7T\ /T

Read | DO - D15 (input) ==========q======s=smgamsmrmnzn- <__L> ---------------------- d -----------

R/W (output)
w7 |\ /TN /ST
Write | DO - D15 (output) ==========+ < .........
R/W (output)

READY (input) ] J \ / / \ /_ -

Remarks 1. n=0orl

2. The dotted lines indicate the high-impedance state.
3. The arrows indicate sampling timing.
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* 5.8 Bus Hold Cycle

The external bus master can request the V832 for bus mastership if the HLDRQ signal is asserted active. The
V832 releases the bus by asserting the HLDAK signal active after bus arbitration. When the HLDRQ signal is
asserted active, a bus hold request is accepted one bus clock cycle after and an idle cycle (Tih) is started.

After the idle cycle (Tih) has been executed for the duration of 1 bus clock cycle, a bus hold cycle (Th) is started,
and the bus goes into a high-impedance state. Figure 5-32 shows the timing.

In the bus hold cycle, the on-page information of the SDRAM is cleared. The SDRAM is accessed in the off-page
mode after the bus hold cycle. The bus hold cycle is not cleared by the NMI signal.

* Figure 5-32. Bus Hold Cycle

Bus hold cycle
‘Ti‘Tih Th‘Th‘Th‘Th Ti‘

SDCLKOUT (output) | | | | | | | ’_U’_U’_l_l
HLDRQ (input) / i
HLDAK (output) \*‘

BCYST (output) |/ | | Memeeeeepeeeeeeeeeee e

WE (output) |/ | Mg

A2 - A23 (output) X .............................

CKE (output) | |/ Mmoo

RAS,CAS,CSO-CS7 (output) |/ | Mmoo

MWR, MRD (outputy /| | | Meeeeeepeeeeeedem e e \ /

xxDQM (output) | | | Jmeeeeepeeeeeeadeeeaae e p

Note

*xxBEN (output) /| | e 1
DO - D31 (I/0) STV PRY AR RS AN (RRRRRRN PR
—

Note If the bus hold status is set without setting the SDRAM mode register, a high level is input.

A low level is output if the bus hold status is set after setting the SDRAM mode register.

Remarks 1. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
2. xxBEN: LLBEN, LUBEN, ULBEN, UUBEN
3. The dotted lines indicate the high-impedance state.

4. The arrows indicate sampling timing.
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5.9 Bus Arbitration

The V832 performs bus arbitration between two internal bus masters (CPU and DMA), SDRAM refresh, and an

external bus master. The priority of this bus arbitration is as follows:

1)

)

®)

(4)

Bus lock > SDRAM refresh = external bus master > DMA > CPU

Bus lock > external bus master

The external bus master cannot acquire the bus mastership between the bus lock read cycle started by the CAXI
instruction and bus lock write cycle.

SDRAM refresh is executed even during bus lock.

External bus master > DMA

The external bus master can acquire the bus mastership during DMA transfer. DMA cannot acquire the bus
mastership while the external bus master is using the bus. However, the external bus master cannot acquire the
bus mastership between the read cycle of one DMA transfer and write cycle.

SDRAM refresh > DMA
If an SDRAM refresh request is generated while DMA is executing demand transfer, the refresh request of
SDRAMC takes precedence, and refresh is executed.

SDRAM refresh, external bus master

If an SDRAM refresh request is generated while the external bus master is using the bus, the refresh request is
kept pending. The pending refresh request can be stored in the refresh request queue of the BCU up to seven
times. When the external bus master has released the bus, refresh is executed by the number of times the
refresh request has been stored in the refresh request queue.
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5.10 Write Buffer Operation

The V832 has four stages of internal write buffers to speed up the write operation. Therefore, the CPU can
execute the next instruction without having to wait for the completion of the bus cycle that has been started by a store
instruction. If all the write buffers are used, the store instruction waits until one of the write buffers becomes empty.
A store instruction executed to write to the internal RAM does not wait because it does not use a write buffer. To
ensure the sequential relation at memory access, all the contents of the write buffers are output to the external
memory before processing is executed in the following cases:

If a data cache miss occurs when a load instruction is executed.
If the non-cache area is accessed by a load instruction.

Similarly, all the contents of the write buffers are output to the external memory and then the instruction is
executed in the following cases:

I/0O access instruction
Block transfer instruction (BILD, BDLD, BIST, BDST)
HALT, STBY, CAXI instructions

The bus hold operation is performed regardless of the operations of the write buffers. If data written to the
external memory is transferred by means of DMA, therefore, perform 1/O write, etc., after execution of the last store
instruction, output all the contents of the write buffers, and then execute the DMA transfer.

5.11 Memory Mapped I/O
With the V832, there may be a time lag between the execution of the store instruction and the corresponding bus

write operation. Therefore, care must be exercised if memory mapped /O is used in critical timing.
Note that the IN instruction extends zero while the LD instruction extends the sign.
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The bus control unit (BCU) controls eight blocks respectively corresponding to eight cs signals to select a type of
bus cycle, generate the cs signals, select data bus width, control wait states, and insert idle states.

6.1 Features
¢ Controls 8 blocks in accordance with 1/0 and memory spaces

e Linear address space of each block: 16M bytes
* Bus cycle select function

Block 0 : SDRAM

Block 1 : SDRAM or SRAM (ROM) selectable
Block 2 : SRAM (ROM)

Blocks 3 through 6: 1/O or SRAM (ROM) selectable

Block 7 : Page-ROM or SRAM (ROM) selectable

« Data bus width select function
Data bus width selectable between 32 bits and 16 bits for each block
¢ Wait control function

Block 0 and 1 . Without wait control of SDRAM
Blocks 1 through 4 and 7: 0 to 7 wait states
Blocks 5 and 6 . 0to 15 wait states

¢ Idle state insertion function
0 to 7 states for each block (bus clock)
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6.2 Address Space and Block

The internal 4G-byte memory and I/O spaces are divided into blocks with each block consisting of 16M bytes. The
linear address space of each block is 16M bytes. Because address space 60000000H through 7FFFFFFFH of the
memory space are used as the debug monitor space of the DCU, do not connect an external memory to this area.

The image of each block overlaps the DCU-reserved area but there is no problem in terms of operation. However,
do not map external devices to the addresses (60000000 through 7FFFFFFF) of the DCU-reserved area.

Figure 6-1. Address Space

Memory space /O space External address space
FFFFFFFFH Image of block 7
FE001000H Image of block 6
FEOOOFFFH | Internal mag
FEOO0000H | _instruction RAM Image of block 5
Internal 1/O area Image of block 4
Image of block 3
Image of block 2
Image of block 1
CO0000000H Image of block 0
BFFFFFFFH
Image of block 7
External I/O area Image of block 6
Image of block 5
Image of block 4
80000000H Image of block 3
7TFFFFFFFH Image of block 2
DCU-reserved area Image of block 1
(A26-A24) Image of block 0
60000000H o SRAM (ROM) or
SEEFEEFEH External I/O area 111 Block 7 (16M) Cs7 Page-ROM selection
Uncacheable area 110 Block 6 (16M) CS6
3?:0':0'9'9'9223 101 Block 5 (16M) CS5 SRAM (RQM) or
100 Block 4 (16M) Ccsa I/O selection o6
011 Block3(16M) |CS3 byfes
External l/0 area 010 Block2(16M) [CS2 |SRAM (ROM)
001| Block1(16M) |CS1 |SDRAMor -
SRAM (ROM,) selection
00001000H Internal data RAM
00000000H 000 Block 0 (16M) CSO | SDRAM
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6.3 Wait Control Registers

BCU has a bus cycle type control register (BCTC), data bus width control register (DBC), programmable wait

control registers (PWCO and PWC1) that perform wait control, and programmable idle control registers (PICO and
PIC1) that control insertion of idle states during read access.

6.3.1 Bus cycle type control register (BCTC)
This register sets the type of the bus cycle for blocks 1, 3 through 7. However, the bus cycle of block 0 is fixed to
the SDRAM cycle, and the bus cycles of block 2 are fixed to SRAM/ROM cycles. This register can be read/written in

8-bit units.

Figure 6-2. Bus Cycle Type Control Register (BCTC)

Address: CO000010H

BCTC [ CT7 |CT6 |CT5 | CT4|CT3| O |CT1| O

Initial value: 0 0 0 0 0 0 0 0

R/W: RW RW RW RW RW R RW R

Bit

Bit Name

Description

CT7

Cycle Type7
When memory block 7 is accessed, the CS7 signal is output. This bit specifies the cycle to
be started at that time.

0: SRAM (ROM) cycle
1: Page-ROM cycle

CT6-CT3

Cycle Type6 - 3
These bits specify whether the CS6 through CS3 signals are output to the memory or 1/O, or
specify the cycle to be started.

0: SRAM (ROM) cycle
1: 1/O cycle

CT1

Cycle Typel

When memory block 1 is accessed, cs1 signal is output. This bit specifies the cycle to be
started at that time.

0: SRAM (ROM) cycle

1: SDRAM cycle
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6.3.2 Data bus width control register (DBC)

This register specifies the data bus width for blocks 1 through 6. It can be read/written in 8-bit units. However, the
bus width of block 7 (Cf?), where the normal boot ROM is placed, is specified by the value of the BT16B pin.

The data bus width of the block in the SDRAM cycle is fixed to 32 bits.

Figure 6-3. Data Bus Width Control Register (DBC)

Address: C0000012H

DBC |BW7 |BW6 | BW5 | BW4 | BW3 | BW2 | BW1 | BWO

Initial value: |BT16B| O 0 0 0 0 0 0

R/W: R RW RW RW RW RW RW R/W

Bit Bit Name Description

7 BW7 Bus Width

This bit reads the value of the BT16B pin. The data bus width of block 7 (CS7) specified by
the value of the BT16B pin is as follows:

0: 32-bit bus width
1: 16-bit bus width

6-2 BW6 - BW2 Bus Width
These bits specify the data bus width of blocks 6 through 2.

0: 32-bit bus width
1: 16-bit bus width

1 BW1 Bus Width

This bit specifies the data bus width of block 1.

0: 32-bit bus width

1: 16-bit bus width
If the SDRAM cycle of block 1 is started by the BCTC register, the bus width of block 1 is
that specified by BWO. In this case, the setting of BW1 is ignored."™

0 BWO Bus Width

This bit specifies the data bus width of block 0.
0: 32-bit bus width
1: 16-bit bus width

Note When block 1 selects the SDRAM cycle, the data bus width of block 1 must be the same as the data bus
width of block 0.
In this case, the data bus width is set by BWO.
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6.3.3 Programmable wait control register 0 (PWCO0)

This register sets the number of wait states used when blocks 1 through 3 are accessed. It can be read/written in
16-bit units. Up to seven wait states can be inserted.

Block 0 is fixed to the SDRAM area. This register does not control wait states when the SDRAM is accessed. If
block 1 is selected as the SDRAM area, therefore, setting of the number of wait states is ignored.

Figure 6-4. Programmable Wait Control Register 0 (PWCO0)

Address: C0O000014H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PWCO 0 WS3 0 WS2 0 WS1 0 0 0 0

Initial value: 0 1 1 1 0 1 1 1 0 1 1 1 0 0 0 0

R/W: R RW RW RW R RW RW RW R RW RW RW R R R R

Bit Bit Name Description

14 -12 WS3 Wait States3

This bit specifies the number of wait states when block 3 (CS3) is accessed. The number
of wait states is 0 to 7.

WS3 Number of wait states WS3 Number of wait states
o|ofo 0 1(0fo0 4
ojo0]|1 1 1(0]1 5
o|1fo 2 1110 6
o|]1]1 3 111]1 7
10-8 WS2 Wait States2

This bit specifies the number of wait states when block 2 (CS2) is accessed. The number
of wait states is 0 to 7. The method of setting the number of wait states is the same as that
of WS3.

6-4 Ws1 Wait Statesl

This bit specifies the number of wait states when block 1 (C_Sl) is accessed. The number
of wait states is 0 to 7. The method of setting the number of wait states is the same as that
of WS3. These bits are valid only when the SRAM (ROM) cycle is selected by the CT1 bit
of the BCTC register.
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6.3.4 Programmable wait control register 1 (PWC1)

This register specifies the number of wait states when blocks 4 through 7 are accessed. It can be read/written in
16-bit units. Up to seven wait states can be inserted when accessing blocks 4 and 7. Up to 15 wait states can be
inserted when accessing blocks 5 and 6.

Figure 6-5. Programmable Wait Control Register 1 (PWC1)

Address: C0000016H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PWC1 0 WS7 WS6 WS5 0 WS4

Initial value: 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1

R/W: R RW RW RW RW RW RW RW RW RW RW RW R RW RW RW

Bit Bit Name Description

14 -12 WS7 Wait States7

This bit specifies the number of wait states when block 7 (CS7) is accessed. The number
of wait states is 0 to 7.

WS7 Number of wait states WS7 Number of wait states
0(0] O 0 110]0 4
0(0]1 1 11011 5
0Of1]0 2 1]11]0 6
o[1]1 3 111 7

If the Page-ROM cycle is selected by the CT7 bit of the BCTC, the number of wait states is
that in the single cycle or that in the burst cycle during off-page access.

The number of wait states during on-page access can be specified by the PWS bit of PRC
register.

11-8 WS6 Wait States6

This bit specifies the number of wait states when block 6 (CS6) is accessed. The number
of wait states is 0 to 15.

WS7 Number of wait states WS7 Number of wait states
8
9
10
11
12
13
14
15

ol|lo|lo|o|o|o|o|o
Rk |k |k |lo|lo|o]|o
Rk |lo|lo|k |- |o]o
ok |lo|k o]~ ]|o
N|o|lo|ls|w (v |o
[ I T P N S S
Rk, |k |lo|lo|o]|o
Rk |lolo|k | |o]o
R lo|lk|lo|k|lo|-]|o

7-4 WS5 Wait States5

This bit specifies the number of wait states when block 5 (CS5) is accessed. The number
of wait states is 0 to 15. The method of setting the number of wait states is the same as
that of WS6

2-0 WS4 Wait States4

This bit specifies the number of wait states when block 4 (CS4) is accessed. The number
of wait states is 0 to 7. The method of setting the number of wait states is the same as that
of WS7.
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6.3.5 Programmable idle control registers 0 and 1 (PICO and PIC1)
This register specifies the number of idle states inserted after blocks 0 through 7 have been accessed for read. It
can be read/written in 16-bit units. Up to seven idle states can be inserted.
When blocks 0 through 7 are accessed by the V830 CPU core, one idle state is always inserted after the read

cycle. This idle state is counted as the set value of ISn of the PICO and PIC1 registers. When ISn (n=0to 7) is 0 or

1, one idle state is inserted.

However, the setting of the PICO and PIC1 registers is valid even during 2-cycle transfer of DMA.

Address: C0000102H

Figure 6-6. Programmable Idle Control Registers 0 and 1 (PICO and PIC1)

15 14 13 12 11 10 9 8 6 5 4 3 2 1 0
pwci| o | 157 | o | 1S6 | | IS5 o | 1S4 |
mitalvatue:| 0 | 1 [ 11 o111 lol 1211 ]o]1]1]1]
R/W: R RW R/W R/W R RW R/W R/W R RW R/W R/W R R/W R/W R/W
Address: CO000100H
15 14 13 12 11 10 9 8 6 5 4 3 2 1 0
pwco| o | 1S3 o | IS2 | | IS1 o | IS0 |
mitalvalve:) 0 | 1 [ 1 [ 1o 1|11 ]o1]1[a1]o]a1]1]1]
R/W: R RW R/W R/W R RW R/W R/W R RW RW RW R R/W R/W R/W
Bit Bit Name Description
14 - 12, IS7 - 1S0 Idle State7 - 0
10-8, These bits specify the number of idle states. 1S7 through IS0 correspond to blocks 7
2 B g through 0, respectively. When the block corresponding to the CSn signal is accessed for

read, the number of idle states specified by I1Sn (n = 0 to 7) is automatically inserted after

read access.

ISn

Number of inserted idle states

0

F|FP ||k |O |0 |O |O
|k |O |0 |F |k |O |0

P |O |k |O|F |0 |+ |O

N ool |w N |k
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6.4

Wait Control by READY Pin

The V832 can control wait states to be inserted in cycles accessing the I/O, SRAM, and ROM area, by using the
PWCO0 and PWCL1 registers, and READY pin.

6.4.1 Sampling timing of READY pin

I/O area: The READY pin is sampled at the rising edge of the Ts state. If the programmed number of wait

states has not been completed, or if the READY pin is not active (if a wait state is inserted), the Ts cycle is
repeated.

Single cycle of SRAM or ROM: The READY pin is sampled at the rising edge of the Ts state. If the
programmed number of times of wait has not been completed, or if the READY pin is not active, the Ts cycle is
repeated.

Burst cycle of SRAM or ROM: The READY pin is sampled at the rising edge of each Tb state and the rising
edge of the Ts state. When a wait state is inserted, the Tb cycle or Ts cycle is repeated.

Page-ROM cycle: The READY pin is sampled at the rising edge of the Tb state and the rising edge of the Ts
state. When a wait state is inserted, the Tb cycle or Ts cycle is repeated. A different number of wait states can
be programmed in the on-page mode and off-page mode.

6.4.2 When using both READY pin and programmable wait

The number of wait states set by the PWC0 and PWCL1 registers and the number of wait states set by using the

READY pin is logically ORed. Therefore, the larger number of wait states is inserted.

When performing wait control by using the READY pin, the wait cycle is not cleared even if the READY pin is

deasserted inactive at the above sampling timing, until the programmed number of wait states has been inserted.

The wait cycle is not cleared unless the READY pin is inactive in the Ts state after the programmed wait cycle, even

if the READY pin is deasserted inactive before the programmed wait cycle is cleared. When performing wait control

by using the READY pin, therefore, it is recommended to set the number of waits states of the PWCO0 and PWC1

registers for the corresponding block to 0 to avoid confusion.
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This chapter explains the SDRAM control function and Page-ROM control function.

The BCU of the V832 can be directly connected to SDRAM, Page-ROM, and SRAM (ROM).

The SDRAM is accessed by using the address bus, data bus, and R_AS, m, VWE, @), (fl, CKE, SDCLKOUT,
and four xxDQM signals. An address of the SDRAM is output from the address pins with the row address and
column address multiplexed.

Page access to the Page-ROM is enabled in the burst access mode. The page size can be selected from 8 or 16
bytes.

The SRAM (ROM) is accessed by using the address bus and data bus, and MWR, MRD, CSn (n = 1 to 7), and

four xxBEN signals.

Remarks 1. xxBEN: LLBEN, LUBEN, ULBEN, UUBEN
2. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM

7.1 Features
« SDRAM control function
. Generation of RAS, CAS, WE, CKE, UUDQM, ULDQM, LUDQM, and LLDQM signals
- 8 or 9 multiplexed address bits
« SDRAM access timing control

REF - REF/ACT command interval . 3to 6 bus clocks selectable
ACT - PRE command interval . 3 or 4 bus clocks selectable
PRE - ACT command interval . 1 or 2 bus clocks selectable

ACT - READ/WRITE command interval: 1 or 2 bus clocks selectable
« Auto refresh and self-refresh functions
« 8-bank control (4 banks x 2 blocks)
¢ Page-ROM control function
» Page size : 8 or 16 bytes
- Wait control during page access : 0 or 3 wait states

7.2 SDRAM Control Function

The BCU generates RAS, CAS, WE, CSn, CKE, and four DQM signals and controls access to the SDRAM.
Addresses are output to the SDRAM from the address pins by multiplexing row and column addresses.

The connected SDRAM must be of x8 bits or more.

Any refresh cycle can be specified. Self refresh can be executed in the STOP mode.

Remarks 1. xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
2. n=0to7
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7.2.1 Address multiplex function

Row addresses and column addresses are multiplexed, as shown in Tables 7-1 and 7-2, in the SDRAM cycle,
depending on the values of the RAW and CAW bits of the SDRAM configuration register (SDC) (refer to 7.2.3). al
through a23 in these tables indicate the addresses output by the CPU, and A2 through A15 indicate the address pins

of the V832.
Table 7-1. Output of Row Address and Column Address (32-bit data width)
External Address Pin
BAW RAW CAW Output Timing
Al5 Ala Al3 Al2 All Al10 A9 - A2
0 00 00 Column address (alb) (al4) a21* AP (all) (a10) ag - a2
Row address az23 az22 a21* a20 al9 als al7 - al0
0 00 01 Column address (a15) (a14) a22* AP (a1l) alo ag - a2
Row address (alb) az23 a22* a2l a20 al9 al8-all
1 00 00 Column address (a15) a22* a2l* AP (a1l) (a10) ag - a2
Row address a23 a22* a21* a20 al9 als al7 - al0
1 00 01 Column address (alb) az23* a22* AP (all) alo ag - a2
Row address (al5) a23* a22* a2l a20 al9 al8 -all
1 01 00 Column address a23* a22* (al3) AP (a1l) (a10) ag - a2
Row address a23* a22* a2l a20 al9 als al7 - al0
Remarks 1. * indicates bank address specification.
2. AP is a bit used to specify a command and is fixed to the low level.
3. Addresses in parentheses (axx) and Al and Al16 through A23 pins do not multiplex addresses and
always output the original values.
Table 7-2. Output of Row Address and Column Address (16-bit data width)
External Address Pin
BAW | RAW | CAW | Output Timing
Al5 Al4 Al13 Al12 All A10 A9 A8 - Al
0 00 00 | Column address (al5) (al4) (al3) a20* AP (al0) (a9) a8-al
Row address az23 az22 a2l a20* al9 als al7 al6 - a9
0 00 01 | Column address (al5) (al4) (al3) a21* AP (a10) a9 a8-al
Row address (al5) a23 az22 a2l* a20 al9 al8 al7 - al0
1 00 00 | Column address (al5) (al4) a21* a20* AP (al0) (a9) a8-al
Row address az23 az22 az21* a20* al9 als al7 al6 - a9
1 00 01 | Column address (al5) (al4) a22* a21* AP (al0) a9 a8-al
Row address (al5) a23 a22* a2l* a20 al9 al8 al7 - al0
1 01 00 | Column address (al5) a22* a21* (al2) AP (al0) (a9) a8-al
Row address az23 az22* az21* a20 al9 als al7 al6 - a9
Remarks 1. * indicates bank address specification.
2. AP is a bit used to specify a command and is fixed to the low level.
3. Addresses in parentheses (axx) and A16 through A23 pins do not multiplex addresses and always
output the original values.
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7.2.2 Judgment of on-page/off-page

If the RAS signal is active when page access is enabled because the PAE bit of the SDRAM configuration register
(SDC) is 1, whether the SDRAM access to be started is in the same page as the previous SDRAM access. Table 7-3

shows the relation between an address to be compared and address shift.

If the PAE bit is 0, the off-page cycle is always started.

The page information retained by the BCU is not cleared even if the PAE bit is cleared to O.
The page information is updated when an access to the SDRAM is started even if the PAE bit is 0.
a9 through a23 in Table 7-3 indicate the addresses output by the CPU.

Table 7-3. Address Compared by on-page/off-page Judgment

Data Bus Width

Address Shift

16 bits 32 bits
8 a23-a9 a23-all
9 a23-all a23-all

7.2.3 SDRAM configuration register (SDC)

This register sets an address multiplex width during SDRAM access, and the output timing of the command. It can

be read/written in 16-bit units.
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Address: C0000110H

Figure 7-1. SDRAM Configuration Register (SDC)

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
soc{pae| o | o |Baw| RrAaw | caw | o | | o |trcp|TRP [TRAS|  TRC |
o] o/o oo oloflolo[a]1][1]1 1]

Initialvalue:l 0 ‘ 0 ‘

R/W: RW R

R RW RW RW RW RW R R R RW RW RW R/W R/W

Bit Bit Name

Description

15 PAE

Page Mode Enable
Controls starting of page access for SDRAM. However, page access cannot be disabled when the
SDRAM is accessed the second time and onward in the burst cycle.

0: Disables start (off-page access is always performed).

1: Enables start (start of on-page access is enabled).

12 BAW

Bank Address Width
Sets bank size.

0: 2 banks

1: 4 banks

11,10 RAW

Row Address Width
Specifies row address width when an active command is executed in the SDRAM cycle.

RAW Row address width

11 bits
12 bits
Setting prohibited

0
0
1
1

0
1
0
1

Setting prohibited

9,8 CAW

Column Address Width
Specifies column address width when a read/write command is executed in the SDRAM cycle.

CAW Column address width

8 bits
9 bits
Setting prohibited

0
0
1
1

0
1
0
1

Setting prohibited

4 TRCD

TRCD

Specifies active-to-read/write command interval (refer to 5.5.5).
0: Interval of 1 bus clock
1: Interval of 2 bus clocks

3 TRP

TRP

Specifies precharge-to-active command interval (refer to 5.5.5).
0: Interval of 1 bus clock
1: Interval of 2 bus clocks

2 TRAS

TRAS

Specifies the minimum interval between active and precharge command (refer to 5.5.5).
0: Minimum interval of 3 bus clocks
1: Minimum interval of 4 bus clocks

1,0 TRC

TRC
Specifies the minimum interval between refresh and next command.

TRC Minimum number of bus clocks
3
4
5

1 6

The minimum interval of the above command is the specified number of clocks (refer to 5.5.5).

o |k |o

0
0
1
1
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Table 7-4 shows the SDRAM sizes that can be connected by using the RAW and CAW bits in combination.
Confirm that the bank size and column address of the memory used are as shown in Table 7-4.

Table 7-4. Types of SDRAMs Connectable

BAW RAW CAW
0 00 00 16M-bit model (512K words x 16 bits x 2 banks)
0 00 01 16M-bit model (1M words x 8 bits x 2 banks)
1 00 00 64M-bit model (512K words x 32 bits x 4 banks)
1 00 01 128M-bit model (1M words x 32 bits x 4 banks)
1 01 00 64M-bit model (1M words x 16 bits x 4 banks)

7.2.4 SDRAM mode register (SDM)

This register specifies the mode of the SDRAM.

When a value is written to the SDRAM, the all-bank precharge command and mode register setting command are
sequentially issued to the SDRAM. The interval at which the commands are issued can be specified by the TRP bit
of the SDRAM configuration register (SDC) (refer to 7.2.3). Before writing the SDM, set the BWO bit of the data bus
width control register (DBC) (refer to 6.3.2).

0000 0010 0000 (binary) is output to different addresses depending on the bus width of the SDRAM, as a data
value that sets the mode register for the SDRAM.

e 32-bit bus for SDRAM: Output to A15 through A2
A23 to A16 are undefined.
[ Al outputs 0. ]
» 16-bit bus for SDRAM: Output to A14 through Al
(A15 outputs 0.)
The SDRAM is accessed with a CAS latency of only 2.
For details of setting sequence, refer to 5.5.8 Initial sequence .

Figure 7-2. SDRAM Mode Register (SDM)

Address: C0000112H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SDMl SDM |

v [~ [~ [~ [ [-[-[-[-[-T-[-T-[-[-1-]

RIW: W W W \W W W W W \W W W W \W \W W W

Bit Bit Name Description

15-0 SDM SDRAM Mode

By writing a value to this register, the mode register setting command is issued to the
SDRAM.

Mode setting:
CAS latency: 2
Wrap type : sequential
Burst length: 1
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7.2.5 Refresh function

The BCU can automatically generate the distributed automatic refresh cycle necessary for refreshing the SDRAM.

Whether refreshing is enabled or disabled and the refresh interval are set by the refresh control register (RFC).

1)

@)

The BCU has a refresh request queue that can store refresh requests up to seven times.

Refresh request queue

The BCU has a refresh request queue that can store refresh requests up to seven times. When the bus is
released, the refresh cycle is successively generated until the contents of the refresh request queue reach “0”.

If a refresh request is generated when the contents of the refresh request queue are “7”, the contents of the
gqueue are not changed and remain “7”.

Refresh control register (RFC)

The refresh control register (RFC) enables or disables refreshing, and sets the length of the refresh cycle and
refresh interval. The RFC register can be read/written in 16-bit units. The refresh interval can be calculated by
the following expression:

Refresh interval (us) = Refresh count clock (trcy) x Interval factor (RI)

The refresh count clock and interval factor are specified by the RCC bit and RI bit of the RFC register.

If the refresh clock count or interval factor is longer than the maximum value of the active-to-precharge command
interval (tras) of the SDRAM used by the refresh cycle, shorten the refresh cycle to a value less than the
maximum value of tras.

Caution To change the setting of the RI bit of the RFC register, be sure to disable refreshing by using
the REN bit, and then change the content of the RI bit.
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Address: C0000022H

Figure 7-3. Refresh Control Register (RFC)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RFC | REN 0 0 0 0 0 RCC 0 RI
Initial value: 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W:  R/W R R R R R R/W  R/W R RW RW RW R/W R/W R/W R/W
Bit Bit Name Description
15 REN Refresh Enable
Enables or disables CBR refresh and CBR self refresh.
0: Disables CBR refresh and CBR self refresh
1: Enables CBR refresh and CBR self refresh
9,8 RCC Refresh Count Clock
Specifies a refresh count clock (trev).
@indicates the frequency of the internal bus clock.
RCC Refresh count clock (trcy)
0| 0| 32/¢p
0| 1| 128/¢p
1|0 | 4l
1 | 1 | Setting prohibited
6-0 RI Refresh Interval
Sets the interval factor of the interval timer for refresh timing generation.
RI Interval factor
0 1
2
1({1]1]11|1]1 128
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7.3 Page-ROM Control Function

The BCU controls page access to the Page-ROM. The page size and the number of wait states during page
access can be set by using the Page-ROM configuration register (PRC).

7.3.1 Page-ROM configuration register (PRC)
This register sets the number of wait states during on-page access of the Page-ROM and the page size. This
register is valid only when the Page-ROM cycle is started for block 7.

Figure 7-4. Page-ROM Configuration Register (PRC)

Address: C0000024H

PRC 0 0 0 0 0 PWS PS

Initial value: 0 0 0 0 0 1 1 1

R/W: R R R R R RW RW R/W

Bit Bit Name Description

2,1 PWS Page-ROM Wait States

Sets the number of wait states during on-page access of the Page-ROM.

PWS Number of waits
0|0 0
01 1
1]0 2
1(1 3

This bit is valid only when the Page-ROM cycle is selected by the CT7 bit of the BCTC
register. The number of wait states during off-page access is in accordance with the
setting of the WS7 bit of the PWCL1 register.

0 PS Page Size
Sets the page size of the Page-ROM.

PS Page size

0 16 bytes

This setting is valid in the 16-/32-bit bus mode. In both the modes, the
first access in the burst cycle is off-page access.

1 8 bytes

This setting is valid only in the 16-bit bus mode. In the burst cycle in
which access is made eight times in a row, the first and fifth accesses
are off-page accesses.

This setting is ignored in the 32-bit bus mode.

In the burst cycle in which access is made four times in a row, only the
first access is off-page access.
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The V832 has a DMA (Direct Memory Access) controller that executes and control DMA transfer.

The DMAC (DMA controller) transfers data between memory and I/O or between memory areas according to a
DMA request issued by the internal peripheral hardware (serial interface and timer) or external DMARQ pin, or by
means of software trigger.

8.1 Features

¢ Four independent DMA channels
e Transfer unit: Bytes, half words (2 bytes), words (4 bytes)
+  Maximum number of transfers: 16,777,216 (2*) times
e Transfer type: 2-cycle transfer
¢ Two transfer modes
« Single transfer mode
« Demand transfer mode
e Transfer request
- External DMARQ pin (x 4)
« Request from internal peripheral hardware (serial interface (x 3 channels) and timer)
« Request from software
« Transfer source and destination
« Between memory and I/O
« Between memory and memory
¢ Programmable wait function
« DMA transfer end output signal (ﬁ)
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8.2 Configuration
Internal 1/0
o

ROM K= >
RAM ®§

T

£

Q

i

o K=>

o K=>
]
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Internal peripheral 1/0 bus

Figure 8-1. DMAC Block Diagram

BCU

Bus interface

DMA source address
register (DSA)

Address control block

DMA destination address
register (DDA)

—1 Counter control block

DMA transfer count
register (DBC)

Channel control block

INTDMA
INTCM4
INTSR
INTST
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8.3 DMA Control Registers

8.3.1 DMA source address registers 0 through 3 (DSAO through DSA3)

These registers specify the DMA transfer source addresses (32 bits) of DMA channels 0 through 3. Each of these
registers consist of two 16-bit registers: DSAnH and DSANL (n = 0 to 3). Set an address value in accordance with the
DMA transfer data size (set by the DCHC register) (half-word transfer: multiple of 2, word transfer: multiple of 4).

They hold the next DMA transfer source address during DMA transfer.

(1) DMA source address registers OH through 3H (DSAOH through DSA3H)

Figure 8-2. DMA Source Address Registers OH through 3H (DSAOH through DSA3H)

Address of DSAOH: C0000030H
Address of DSA1H: C0000040H
Address of DSA2H: CO000050H
Address of DSA3H: CO000060H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DSAOH - 3H |SA31|SA30|SA29|SA28|SA27 | SA26 | SA25|SA24 | SA23 | SA22 | SA21| SA20 |SA19 |SA18|SA17|SA16
Initial value: - - - - - - - - - - - - - - - -
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Bit Bit Name Description
15-8 SA31 - SA24 | Source Address
These bits specify the address (A31 through A24) of the DMA transfer source. They hold
the next DMA transfer source address during DMA transfer.
Caution Although a 32-bit address is specified, only 24 bits of the address, A23
through A1, are output to an external device. Therefore, the width of the
counter is 24 bits and bits SA31 through SA24 are fixed. This means that
data cannot be transferred over blocks corresponding to the chip select
signals.
7-0 SA23 - SA16 | Source Address
These bits specify the address (A23 through A16) of the DMA transfer source. They hold
the next DMA transfer source address during DMA transfer.
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(2) DMA source address registers OL through 3L (DSAOL through DSA3L)

Figure 8-3. DMA Source Address Registers OL through 3L (DSAOL through DSA3L)

Address of DSAOL: C0000032H
Address of DSA1L: C0000042H
Address of DSA2L: C0000052H
Address of DSA3L: C0000062H

DSAOL - 3L

Initial value:

R/W:

15 14

13 12 11 10 9 8 7 6 5

SA15|SA14

SA13|SA12 | SA11|SA10| SA9 | SA8 | SA7 | SA6 | SA5

SA4

SA3

SA2

SA1l

SAO0

RIW  R/W

RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Bit

Bit Name

Description

15-0

SA15 - SAO

Source Address

These bits specify the address (A15 through A0) at the DMA transfer source. They hold the

next DMA transfer source address during DMA transfer.
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8.3.2 DMA destination address registers 0 through 3 (DDAO through DDAS3)

These registers specify the DMA transfer destination addresses (32 bits) of DMA channels 0 through 3. Each of
these registers consist of two 16-bit registers: DDAnH and DDAnNL (n = 0 to 3). Set an address value in accordance
with the DMA transfer data size (set by the DCHC register) (half-word transfer: multiple of 2, word transfer: multiple
of 4). They hold the next DMA transfer destination address during DMA transfer.

(1) DMA destination address registers OH through 3H (DDAOH through DDA3H)

Figure 8-4. DMA Destination Address Registers OH through 3H (DDAOH through DDA3H)

Address of DDAOH: C0000034H
Address of DDA1H: C0000044H
Address of DDA2H: C0000054H
Address of DDA3H: C0000064H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DDAOH - 3H |DA31|DA30|DA29|DA28|DA27|DA26 |DA25|DA24|DA23| DA22 | DA21|DA20|DA19|DA18 | DA17 | DA16

Initial value: - — — - - - — — — — _

R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Bit Bit Name Description

15-8 DA31 - DA24 | Destination Address

These bits specify the address (A31 through A24) of the DMA transfer destination. They
hold the next DMA transfer destination address during DMA transfer.

Caution Although a 32-bit address is specified, only 24 bits of the address, A23
through A1, are output to an external device. Therefore, the width of the
counter is 24 bits and bits DA31 through DA24 (8 bits) are fixed. This
means that data cannot be transferred over blocks corresponding to the
chip select signals.

7-0 DA23 - DA16 | Destination Address

These bits specify the address (A23 through A16) of the DMA transfer destination. They
hold the next DMA transfer destination address during DMA transfer.
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(2) DMA destination address registers OL through 3L (DDAOL through DDA3L)

Figure 8-5. DMA Destination Address Registers OL through 3L (DDAOL through DDA3L)

Address of DDAOL: CO000036H
Address of DDA1L: C0000046H
Address of DDA2L: CO000056H
Address of DDA3L: C0O000066H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DDAOL - 3L |DA15|DA14|DA13|DA12 | DA11|DA10| DA9 | DA8 | DA7 | DAG6 | DA5 | DA4 | DA3 | DA2 | DA1 | DAO

Initial value: - — - - — — -

R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Bit Bit Name Description

15-0 DA15 - DAO Destination Address

These bits specify the address (A15 through A0) at the DMA transfer destination. They hold
the next DMA transfer destination address during DMA transfer.

8.3.3 DMA byte count registers 0 through 3 (DBCO through DBC3)

These registers specify the number of times of byte transfer (24 bits) by DMA channels 0 through 3. Each of
these registers consists of two 16-bit registers: DBCnH and DBCnL (n =0 to 3).

These registers hold the remaining humber of times byte transfer is to be executed during DMA transfer.

The values by which the values of these registers are decremented during byte, half word, and word transfer are
shown below. Transfer ends when a borrow occurs.

Byte transfer . Decremented by one [Setting] Number of transfers — 1

Half word transfer: Decremented by two [Setting] (Number of transfers — 1) x 2

Word transfer . Decremented by four [Setting] (Number of transfers — 1) x 4
128
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Figure 8-6. DMA Byte Count Registers 0 through 3 (DBCO through DBC3)

(1) DMA byte count registers OH through 3H (DBCOH through DBC3H)

Address of DBCOH: C0000038H
Address of DBC1H: C0O000048H
Address of DBC2H: CO000058H
Address of DBC3H: CO000068H

15

14

13

12

11

10 9 8 7 6 5 4 3 2 1 0

DBCOH - 3H 0

0 0 0 0 0 0 0 BC

Initial value: 0

R/W: R

RW RW R/W RW RW RW R/W R/W

(2) DMA byte count registers OL through 3L (DBCOL through DBC3L)

Address of DBCOL.:
Address of DBC1L:
Address of DBC2L:
Address of DBC3L:

C000003AH
C000004AH
C000005AH
C000006AH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DBCOL - 3L BC
Initial value: - - - - - - - - - - - - - - - -
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Bit Bit Name Description
7-0: BC Byte Count
DBCnH These bits specify the number of times of byte transfer. They hold the remaining nhumber of
times byte transfer is to be executed during DMA transfer. Bit 7 of the DBCnH register is
15 - 0: the MSB, and bit 0 of the DBCnL register is the LSB (n = 0 to 3).
DBCnL BC Number of idle states inserted
000000H First byte transfers or remaining number of byte transfers
000001H Second byte transfers or remaining number of byte transfers
FFFFFFH Byte transfer of 2 times or remaining number of byte transfers
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8.3.4 DMA channel control registers 0 through 3 (DCHCO through DCHC3)
These 16-bit registers control the DMA transfer operation modes of DMA channels 0 through 3.

Figure 8-7. DMA Channel Control Registers 0 through 3 (DCHCO through DCHC3) (1/3)

Address of DCHCO: CO00003CH
Address of DCHC1: C000004CH
Address of DCHC2: CO00005CH
Address of DCHC3: CO00006CH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DCHCO - 3 0 TTYP TBT SAD DAD DAL | DRL | T™ DS EN
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Bit Bit Name Description
14-12 TTYP Transfer Type
These bits specify the cause that starts DMA transfer.
TTYP Start cause
0 [ O | 0 | Started by DMARQnN signal: 2-cycle transfer
0|0 1 | Started by software: 2-cycle transfer
0 [ 1 | 0 | Setting prohibited
0|1 1 | Setting prohibited
1| 0 [ O | Started by INTST signal: 2-cycle transfer
11]0 1 | Started by INTSR signal: 2-cycle transfer
1| 1 [ 0 | Started by INTCSI signal: 2-cycle transfer
1)1 1 | Started by INTCM4 signal: 2-cycle transfer
11, 10 TBT Transfer Block Type
These bits specify whether the address blocks at the transfer source and destination are in
memory or |/O.
TBT Transfer block
0 | 0 | Memory to memory
0 1 | Memory to I/O
1| 0 [ I/Otomemory
1 | 1 | Setting prohibited
9,8 SAD Source Address Count Direction
These bits specify the count direction of the transfer source address of DMA channel n (n =
0to 3).
SAD Count direction
0 [ O | Increment
0 1 | Decrement
1 | O | Fixed
1 | 1 | Setting prohibited
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Figure 8-7. DMA Channel Control Registers 0 through 3 (DCHCO through DCHC3) (2/3)

Address of DCHCO: CO00003CH
Address of DCHC1: CO00004CH
Address of DCHC2: CO00005CH
Address of DCHC3: CO00006CH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DCHCO -3 0 TTYP TBT SAD DAD DAL | DRL | T™M DS EN
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Bit Bit Name Description
7,6 DAD Destination Address Count Direction
These bits specify the count direction of the transfer destination address of DMA channel n
(n=0to 3).
DAD Count direction
0 0 | Increment
0 1 | Decrement
1| 0 | Fixed
1 | 1 | Setting prohibited
5 DAL DMAAK Level
This bit specifies the active level of the DMAAKnN signal (n = 0 to 3).
0: Active low
1: Active high
Caution The DMAAKDn signal goes high from when the device has been reset until
this register is set.
4 DRL DMARQ Level
This bit specifies the level at which the DMARQnN signal is detected (n = 0 to 3).
0: Detects low level
1: Detects high level
3 ™ Transfer Mode
This bits specifies a transfer mode during DMA transfer (n = 0 to 3).
0: Single transfer mode
1: Demand transfer mode
Caution Select the signal transfer mode when DMA transfer is started by a request
from the internal peripheral hardware.
2,1 DS Data Size
These bits specify the transfer size for DMA transfer. If burst enable control is not
performed in response to the xxBEN signal when the transfer destination is a space other
than the SDRAM, set the transfer data size greater than the data bus width (transfer
destination) specified by the DBC register.
DS Transfer data size
0 [ O | Byte unit
0 [ 1 | Half word (2 bytes) unit
1 | 0 | Word (4 bytes) unit
1 | 1 | Setting prohibited
Remark xxBEN: LLBEN, LUBEN, ULBEN, UUBEN
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Figure 8-7. DMA Channel Control Registers 0 through 3 (DCHCO through DCHC3) (3/3)

Address of DCHCO0: CO00003CH
Address of DCHC1: CO00004CH
Address of DCHC2: CO00005CH
Address of DCHC3: CO00006CH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DCHCO - 3 0 TTYP TBT SAD DAD DAL | DRL | T™M DS EN

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R RW RW RW RW RW RW RW RW RW RW RW RW R/W RW R/W

Bit Bit Name Description

0 EN Enable

This bit enables or disables DMA transfer of DMA channel n (n = 0 to 3). Itis reset when
DMA transfer is completed by terminal count. To start DMA transfer, set the EN bit to 1,
TCn bit of the DC register to 0, and MEN bitto 1 (n =0 to 3).

0: Disables DMA transfer (reset)
1: Enables DMA transfer
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8.3.5 DMA control register (DC)
This 16-bit register controls the DMA transfer operation mode.

Address: CO0O0006EH

Figure 8-8. DMA Control Register (DC)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DC 0 0 0 0 0 0 0 |TCSA| TC3 | TC2 |TC1|TCO| O 0 0 | MEN
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R RW R R R R R R R R/W
Bit Bit Name Description
8 TCSA Terminal Count Stop Acknowledge
Selects output of TCI/STOPAK.
0: Output of TC
1: Output of STOPAK
7-4 TC3-TCO Terminal Count Channel3 - 0
These bits are status bits that indicate whether DMA transfer by DMA channel n has been
completed (n = 0 to 3). They can be only read. These bits are set when DMA transfer has
been completed by terminal count, and are reset when they are read.
0: DMA transfer not completed (reset)
1: DMA transfer completed
0 MEN Master Enable

This bit enables or disables DMA transfer by all the DMA channels (n =0 to 3). ltis also
reset by the NMI signal. To start DMA transfer, set the MEN bit to 1, TCn bit to 0, and EN
bit of the DCHCn register to 1 (n = 0 to 3). To enable or disable transfer by each channel,
use the EN bit of the DCHCO through DCHCS3 registers.

Example To set the MEN bit to 1 only when DMA transfer is enabled, and to set the MEN
bit to 1 during NMI processing only when the MEN bit is cleared by the NMI
signal

0: Disables DMA transfer (reset)
1: Enables DMA transfer
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8.4 Transfer Mode

8.4.1 Single transfer mode

In the single transfer mode, the DMAC releases the bus each time it has executed a transfer. If a DMA transfer

request is issued after that, the DMAC executes a transfer once again. This is repeated until the terminal count is

generated.

If another DMA transfer request with a higher priority is issued while the DMAC has released the bus, the DMA

request with the higher priority always takes precedence.

Figures 8-9 and 8-10 show examples of single transfer. Figure 8-10 is an example where a DMA request with the

higher priority is issued. In this example, DMA channel 0 is in the demand transfer mode and channel 1 is in the

single transfer mode.

Figure 8-9. Example of Single Transfer 1

(acve hgh) \ / A

oo/ \_/ \__/ VANV
e \/

cpu bus (crufomesicrulpurifcrufpuceufcrufcrulcufcrufcrufomsicrulpuscruicrucey

Terminal count
of DMA channel 1

Figure 8-10. Example of Single Transfer 2

DMARQO
(active high) / \

DMAAKO
(active low) \ /

DMARQ1 \
(active high)

DMAAK1 \ / \ / \ / \ /
(active low)
e \/ \/

cpu bus (cPuforagicrulpuricrufpuglpusgfonglpugonscrujomcrufpraicrulcruicruicey

Terminal count Terminal count
of DMA channel 0 of DMA channel 1

Remark Channel 0: Demand transfer
Channel 1: Single transfer
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8.4.2 Demand transfer mode
In the demand transfer mode, the DMAC does not release the bus while DMA transfer requests are being issued.
As long as DMA transfer requests are being issued, transfer continues until the terminal count is generated.
If DMA transfer requests are stopped and then a request is issued again, transfer can be resumed.
Figure 8-11 shows an example of demand transfer. This is an example where a DMA request with the higher
priority is issued, and DMA channels 0 and 1 are in the demand transfer mode.
Figure 8-11. Example of Demand Transfer
DMARQO
(active high) / \
DMAAKO
(active low) \ /
DMARQ1 \ / \
(active high)
DMAAK1
(active low) \ / \ / \ /
e \/ \/

cpu bus (cPufomagiprmpuatforssiounglpusgforsofouglonsioresiousomscrucruosprnycey

Terminal count Terminal count
of DMA channel 0 of DMA channel 1

Remark Channel 0: Demand transfer
Channel 1: Demand transfer

8.5 DMA Transfer Type and Subject to Transfer
8.5.1 Two-cycle transfer
The two-cycle transfer is to transfer data in two cycles, from the transfer source to the DMAC and from the DMAC

to transfer destination.

First cycle : Outputs transfer source address and reads data from transfer source to DMAC
Second cycle: Outputs transfer destination address and writes data from DMAC to transfer destination.

Figure 8-12 shows an example of 2-cycle transfer.
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Figure 8-12. Two-Cycle Demand Transfer (external I/O to SRAM)

Bus state Bus state other than DMA transfer ~ Ti Ta Ts Ts Ti Ta Ts Ti Ti

DMAstate DTi | DTi | DTO | DTO | DTO | DT1r | DT2r | DT2r | DTiw |DT2w|DT2w| DT3 | DTi

cwouroupny | [T L L L L L L L

DMARQO (input) /

(active level: H)

DMARQO (output)
(active leve: L)

A1-A23 (output) 1/0 address SRAM address

BCYST (output)

csn (output)

CSm (output)
MWR (output) \__/
IORD (output) / \ /

DO-D3L(IO) _ Weeeecherseeqroees TG T ' TEECI SRR

RIW (output)

Remarks 1. The dotted lines indicate the high-impedance state.
2. The arrows indicate the sampling timing.
3. n=0to7
4, m=0to7: m#n

8.5.2 Subject to transfer
The relation between the transfer type and subject to transfer is shown below.

Subject to DMA Transfer Transfer Type
Between I/O (external or internal) and memory 2-cycle
Between memory and memory 2-cycle

Cautions 1. The DMAC cannot access the internal RAM.
2. The DMAC cannot access the internal I/O in the CPU core. Use the IN.W/OUT.W
instruction to access the internal 1/0.
3. Do not write anything to the DMAC register during DMA transfer.
4. |If DMA transfer is executed (to write data) to the cacheable area, invalidate the cache as
necessary because the values of the memory and cache differ.
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8.6 Priorities of DMA Channels

The priorities of the DMA channels are fixed as follows:

DMA channel 0 > DMA channel 1 > DMA channel 2 > DMA channel 3

The DMA transfer request is sampled only at the rising edge of the DTi state of the DMA state and at the rising
edge immediately after the last state of the read cycle (the last state of the read cycle is sampled only during demand
transfer). At this time, the priorities are valid, and DMA transfer with the higher priority is executed starting from the
next transfer.

8.7 DMA Transfer Request

The DMA transfer request is issued from three sources: external DMARQ pin, software, or internal peripheral
hardware. These sources are specified by the DMA channel control register (DCHC). The DMAAK signal is output
regardless of which of the three sources a DMA request has been issued.

The multiplexed functions of the DMARQ/PORTA and DMAAK/PORTA pins are selected by the PAC register.
These pins serve as PORTA pins in the default condition. (To execute DMA transfer when the DMARQ/PORTA pin
is used as PORTA pin, do not set a DMA transfer start cause to DMARQ using the TTYP bit of the DCHC register.
When using the DMARQ/PORTA pin as DMARQ pin, set the PAC register before enabling DMA transfer.)

8.7.1 Request from DMARQ pin

The request from the DMARQ pin is sampled at the falling edge of the clock in the DTi state of the DMA state.
This request must be continuously issued until the corresponding DMAAK signal is asserted active.

If the DMARQ pin becomes active when the DMAC is in the DTi state, the DMAC enters the DTO state and starts
DMA transfer.

The request from the DMARQ pin is sampled in the demand transfer mode at the rising edge of the next clock
after the last state in the read cycle.

The DMA request by the DMARQ pin is sampled at the rising edge of the clock after the one for the last state of
the read cycle during demand transfer.

To not execute the next transfer during demand transfer, deassert the DMARQ signal inactive before the rising of
the clock immediately after the last state of the read cycle.

8.7.2 Request from software

When a DMA request is issued from software and when the EN bit of the DCHC register is set to 1, DMA transfer
is started.
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8.7.3 Request from internal peripheral hardware

The following four types of transfer request signals (interrupt request signals) are issued from the internal
peripheral hardware.

¢ Transmit end interrupt from UART (INTST)

¢ Receive end interrupt from UART (INTSR)

« Transmit/receive end interrupt from CSI (INTCSI)

« Compare register 4 (CM4) coincidence interrupt from RPU (INTCM4)

Transfer is executed once each time a transfer request is issued from the internal peripheral hardware. Even if
the next transfer request is issued before ongoing transfer is completed, that request is ignored. The transfer request
from one internal peripheral hardware unit cannot be used with multiple channels.

Use the single transfer mode.

The transfer request from the internal peripheral hardware is generated even if it is masked by the interrupt
request mask register (IMR). When an internal peripheral hardware interrupt request is used as a DMA transfer
request signal, an interrupt request is generated. If an interrupt should not occur from the same internal peripheral
when a transfer request from the internal peripheral hardware is used, mask the corresponding interrupt request by
using the interrupt mask register.

Caution Issue a transfer request from the internal peripheral hardware after setting of DMA transfer
(including enabling transfer) has been completed. |If a transfer request from the internal
peripheral hardware is generated before DMA transfer is set, transfer is executed immediately
after the setting of DMA transfer. Here are two examples of this.

Example 1. To process data of CSI with two tasks (tasks 1 and 2)

Task 1: Software transfer from CSI by interrupt servicing of CPU

Task 2: DMA transfer from CSI
If DMA transfer of task 2 is set after data has been received to CSI and the data of CSI
has been received by task 1 (software transfer), the DMA transfer request by task 1 is
retained. Consequently, DMA transfer is executed, even if data has not been received to
CSil, as soon as DMA transfer of task 2 has been set.
If starting DMA transfer from the DMARQ pin is set first and then the setting is changed to
starting DMA transfer from the internal peripheral hardware, and if an interrupt occurs
even once from the internal peripheral hardware, DMA transfer is started as soon as the
setting has been changed to starting it from the internal peripheral hardware.

Example 2. To execute DMA transfer by INTCM4 for a certain period while a timer (CM4) operates

Because the transfer request by the timer interrupt is retained by the interrupt request
register (IRR), DMA transfer is started as soon as DMA transfer has been enabled.
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Figure 8-13. Example of Transfer on Request from Internal Peripheral Hardware

S | B | B -

DMA terminal count

8.8 DMA Transfer End Interrupt

When DMA transfer is completed and the TCn bit of the DC register is set to 1, a DMA transfer end interrupt
request is issued to the Interrupt controller (refer to Table 4-2. Interrupt List (Maskable Interrupts) ).

8.8.1 TCn bit reference and DMA transfer end interrupt

The DMAC of the V832 generates a DMA transfer end interrupt (INTDMA) and sets the bit of the channel
corresponding to the TCn bit of the DMA control register (DC) to 1 when DMA transfer is completed. In a system
where two or more DMA channels are used, the timing to read the TCn bit in the INTDMA handler and the timing to
clear the interrupt latch of INTDMA must be carefully determined (n = 0 to 3).

For example, when DMA transfer is executed by using two channels (channels 0 and 1), process the interrupt
handler of INTDMA in the following sequence:

<1> Clear the interrupt latch of the DMA transfer end interrupt (INTDMA).

<2> Read the TCn bit of the DMA control register (DC).
<3> Process transfer completion of all the DMA channels corresponding to the bit for which TCn is set.
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Figure 8-14. Transfer End Processing of Channels 0 and 1

(a) End of transfer by channel 0  (b) End of transfer by channel 1

@ @

Channel 0 ———————

Channel 1

Time lapse

To process transfer completion by INTDMA during period (1)
Because the TCn bit of only channel 0 is set, the transfer completion processing of only channel 0 is performed.
INTDMA occurs again in the timing when DMA transfer of channel 1 has been completed (b), and transfer
completion processing of channel 1 is performed.

To process DMA transfer completion for the first time during period (2)

If the TCn bit is read during the period of <2>, transfer completion of both channels 0 and 1 is processed by the
handler of INTDMA because both channels 0 and 1 are set.

To process DMA transfer completion during period of (2), interrupts (a) and (b) occur. Because the interrupt
request of interrupt (b) is already active in the timing of (a), the interrupt request is overwritten in the timing of (b), and
the CPU cannot identify interrupt (b).

Caution Read the TCn bit of the DC register after clearing the interrupt latch of INTDMA. If this sequence
is reversed, and if transfer by channel 1 has been completed immediately after the DC register
has been read, the interrupt of channel 1 does not occur and completion processing of channel
1 cannot be performed because the interrupt latch of INTDMA is cleared.
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8.9 DMA Transfer End Output

The TC signals become active for the duration of one clock at the clock next to the one at which the BCYST signal
is asserted active in the write cycle in which DMA transfer is completed (the TC signal is output at the second clock of
the write cycle when the internal peripheral I/O is written). Figure 8-15 shows the output timing of the TC signal when
transfer is executed from an SRAM area to another SRAM area.

The TC signal is output by ORing the DMA transfer end outputs of channels 0 through 3. The DMA transfer end
outputs of channels 0 through 3 can be created by ANDing the DMAAKO through DMAAKS signals with an external
circuit.

The function of the pin multiplexed with the TCISTOPAK pin is selected by using the DC register. Because the TC
pin is selected as default assumption.

Figure 8-15. DMA Transfer End Output Timing

Read Write Read Write
(WSh = 0) (WSnh = 1) (WSn = 0) (WSn =1)

Ta‘Ts Ta‘Ts‘Ts Ta‘Ts Ta‘Ts‘Ts

ewoureosn | [ [ LTI L LU LT L

CS1 - CS7 (output)

Al - A23 (output)

DO - D31 (|/0):>--------- --- -—-

wownn] T\ \_/
o \__/ \__ /T

BCYST (output)

READY (output) \ / \ / \ / \ /

DMAAKO (output)

IORD (output) H

IOWR (output) H

TC (output)

Remarks 1. The dotted lines indicate the high-impedance state
2. The arrows indicate the sampling timing.
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8.10 Abort

8.10.1 Aborting by NWsignaI

DMA transfer under execution can be forcibly stopped by inputting the NMI signal (in this case, the transfer is
aborted after the write cycle has been completed). At this time, the DMAC clears the MEN bit of the DC register to
disable DMA transfer. If the MEN bit is set to 1 again, the DMA transfer can be resumed from where it has been
aborted.

If the NMI signal is input while the non-maskable interrupt is serviced, the CPU core keeps this interrupt pending.
However, a request to abort DMA transfer is not kept pending. Therefore, even if the NMI signal is input while the
MEN bit is 0, the request to abort DMA transfer is ignored.

The MEN bit is not cleared to 0 even if the NMI signal is input in the STOP mode (while the bus clock is stopped).
Even if the bus clock output is released, the MEN bit is cleared to O if the NMI signal is active.

8.10.2 Temporary stop by Hmignal or refresh

DMA transfer can be temporarily stopped (after the write cycle has been completed) by inputting the m
signal or issuing an SDRAM refresh request (refer to 5.9 Bus Arbitration ). If the DMA request is active when a bus
master having a priority higher than the DMA has released the bus, the DMA transfer is resumed. The DMAAK signal
is deasserted inactive while the DMA transfer is temporarily stopped.
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8.11 Bus Sizing during DMA Transfer

The V832 has a bus sizing function that selects a bus width from 32 bits or 16 bits. To access 32-bit data via the
16-bit data bus, the data is accessed two times. These two accesses are made in the burst cycle.

Figure 8-16 shows an example of 32-bit (word) demand transfer where the data at the transfer source is 16 bits
long (I/0) and the transfer destination data bus width is 32 bits (SDRAM).

Figure 8-16. 16-to-32-Bit Data Bus Width (32-bit transfer bus sizing)

‘ Ta ‘ Tss ‘Twa‘ Ts ‘Twls‘ Twi ‘ Ta ‘ Tss ‘Twa‘ Ts ‘Twls‘ Twi ‘_
CLKOUT (output)

DMAAKO (output)

Al - A23 (output) X Tle) /0 SDRAM e} e} SDRAM

BCYST (output)

RAS (output)

CAS (output)

‘WE (output)

oo [\ Y
DO - D31 (/O) ==-f=---- ( ----- ( ----------- ( ----- ( -----

Remark The dotted lines indicate the high-impedance state.

Figure 8-17 shows an example of 32-bit (word) demand transfer where the data at the transfer source is 16 bits
long (I/0) and the data bus width at the transfer destination is 16 bits (SDRAM).

If the SDRAM write cycle is used as burst cycle as a result of bus sizing, the output timing of the TC signal is the
Twr2 state. In a cycle other than the SDRAM write cycle, the TC signal is output in the first write cycle.

Preliminary User's Manual U13577EJ2VOUMO0 143



CHAPTER 8 DMA FUNCTION

Figure 8-17. 16-to-16-Bit Data Bus Width (32-bit transfer bus sizing)

‘ Ta ‘ Tss

CLKOUT (output)
DMAAKO (output)
Al1-A23 (output)

BCYST (output)

[ 1L

Twa ‘ Ts

L] L

Twils ‘ Twla ‘ Twi

[ 1L

[ 1L

[ L

Ta ‘ Tss

[ L

[ 1L

Twa ‘ Ts

[ L

[ L

Twils ‘ Twila ‘ Twi

[ L

[ 1L

[ L

/O

WR1

WR2

/0

/O

WR1

WR2

RAS (output)

CAS (output)

WE (output)
IORD (output)_

DO-D31 (1/O) - -1

TC (output)

Remark The dotted lines indicate the high-impedance state.
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The V832 has two transmit/receive channels to provide serial interface functions. As the interfacing modes, the

following two types are available with each type provided by one channel.

Asynchronous serial interface: UART (Universal Asynchronous Receiver/Transmitter)
Clocked serial interface . CSI (Clocked Serial Interface)

One channel of BRG (baud rate generator) is provided and can be used exclusively with UART and CSI.

9.1 Asynchronous Serial Interface (UART)

9.1.1 General
The UART of the V832 has the following features:

Transmit buffer register is not provided.
A dedicated baud rate generator is provided so that any baud rate can be set.

(1) Deletion of transmit buffer

@)

The conventional UART has a transmit buffer and a receive buffer at both the transimit and receive sides. The
V832 omits the transmit buffer for the purpose of mitigating the hardware, and starts transmission processing by
transferring data to the transmit shift register. Therefore, the transmit enable control function for the transmit
buffer and transmission processing control function by the CTS (serial transmission control) pin are also omitted,
and these controls should be implemented by software controlling interrupts.

A receive buffer is provided as in the conventional processor.

On-chip dedicated baud rate generator

The V832 has one channel of dedicated baud rate generator that generates serial clocks and can set an
accurate serial transfer rate.
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9.1.2 Features

146

Full duplex communication. Receive buffer (RXB) is provided (transmit buffer (TXB) is not provided).
Two-pin configuration (The UART of the V832 does not have the SCLK and CTS pins.)
« TXD: Transmit data output pin
« RXD: Receive data input pin
Transfer rate: 300 bps to 153600 bps (bus clock: 47.6 MHz, with BRG)
150 bps to 76800 bps (bus clock: 35.7 MHz, with BRG)
Baud rate generator
Serial clock source can be selected from band rate generator output or bus clock (¢
Receive error detection function
 Parity error
« Framing error
« Overrun error
Three interrupt sources
« Receive error interrupt (INTSER)
The interrupt is generated by ORing three types of receive errors (for the details of the errors, refer to 9.1.4
(3) Asynchronous serial interface status register (ASISO) ).
» Receive end interrupt (INTSR)
The receive end interrupt request is generated after completion of receive data transfer from the shift
register to the receive buffer in the reception enabled status.
e Transmit end interrupt (INTST)
The transmit end interrupt is generated after completion of serial transfer of transmit data (9, 8, or 7 bits)
from the shift register. The character length of the transmit/receive data is specified by the ASIMOO and
ASIMO1 registers.
Character length : 7 or 8 bits
1 9 bits (with extension bit appended)
Parity function : Odd, even, 0, or none
Transmit stop bit : 1 or 2 bits
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9.1.3 Configuration

Figure 9-1. Block Diagram of UART

Internal peripheral 1/0 bus

16/8

RXBO Receive buffer 8 16/8
RXBOL Zx Mode register
[ ‘
5 E Receive shift . ASISO
RXD register Status register
*— Transmit shift | 1XSO
TXD 0—=< I register TXS0L
Receive :\ N\
control parity ) J
check .
[Transmit control
parity append
1/16
(1] o

Remark @= bus clock [

1.98 MHz to 47.6 MHz (input clock x 6 at 23.8 MHz)
1.12 MHz to 35.7 MHz (input clock x 8 at 17.85 MHz)
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9.1.4 Mode registers and control registers

(1) Asynchronous serial interface mode register 00 (ASIM0O)
This register specifies the transfer mode of the UART. It can be read or written in 8-bit units.

Caution If the value of ASIMOO is changed during transmission or reception by the UART, the
operation is not guaranteed.
Figure 9-2. Asynchronous Serial Interface Mode Register 00 (ASIM0O) (1/2)
Address: CO000090H
7 6 5 4 3 2 1 0
ASIMO0 1 |RXEO|PS01|PS00| CLO | SLO | O |sCLSO
Initial value: 1 0 0 0 0 0 0 0
R/W: R RW R/W RW R/W R/W R R/W
Bit Bit Name Description
6 RXEO Receive Enable
Enables or disables reception.
0: Disables reception
1: Enables reception
The receive shift register does not detect the start bit when reception is disabled. The shift
in processing and transfer to the receive buffer are not performed, and the contents of the
receive buffer are retained. While reception is enabled, the receive shift operation is started
in synchronization with detection of the start bit. When reception of one frame has been
completed, the contents of the receive shift register are transferred to the receive buffer. In
addition, the receive end interrupt (INTSRO) is generated in synchronization with transfer to
the receive buffer.
54 PS01, PS00 Parity Select
Specifies a parity bit.
PS01 | PS00 Operation
0 0 No parity
0 1 | specifies 0 parity
Transmission side — Transmits data with O parity bit
Reception side — Does not generate parity error on reception
0 Specifies odd parity
Specifies even parity
3 CLO Character Length
Specifies the character length of one frame.
0: 7 bits
1: 8 bits
2 SLO Stop Bit Length

Specifies the stop bit.
0: 1 bit
1: 2 bits

148
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Figure 9-2. Asynchronous Serial Interface Mode Register 00 (ASIM0O) (2/2)

Address: CO000090H

7 6 5 4 3 2 1 0

ASIMO00 1 |RXEO|PS01|PS00| CLO | SLO | O |SCLS0

Initial value: 1 0 0 0 0 0 0 0

R/W: R RW RW RW RW RW R RW

Bit Bit Name Description

0 SCLSO Serial Clock Source
Specifies a serial clock.

0: Baud rate generator output
1: ¢(bus clock)

The serial clock is generated by dividing the serial clock source specified by the SCLSO bit
of the ASIMOO register by two. The clock resulting from dividing the serial clock by 16 is
used as the baud rate clock of the UART.

e WhenSCLSO=1

@ (bus clock) is selected as the serial clock source. The baud rate can be calculated by
the following expression because a sampling rate of x 16 is used.

Baud rate = ¢/2/16 (bps)

The value of the baud rate when a representative clock is used based on the above
expression is shown below.

] 47.6 MHz [35.7 MHz| 33 MHz | 25 MHz | 20 MHz | 16 MHz
Baud rate (bps) 1488 k 1116 k 1031 K 781 K 625 K 500 K

* When SCLS0 =0

The baud rate generator output is selected as the serial clock source. For details of the
baud rate generator, refer to 9.3 Baud Rate Generator .
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(2) Asynchronous serial interface mode register 01 (ASIM01)

This register specifies the transfer mode of the UART. It can be read or written in 8-bit units.

Figure 9-3. Asynchronous Serial Interface Mode Register 01 (ASIM01)

Address: CO000092H

ASIMO1 0 0 0 0 0 0 0 |ESBO

Initial value: 0 0 0 0 0 0 0 0

R/W: R R R R R R R RW

Bit

Bit Name

Description

ESBO

Extended Bit Select
Specifies operation without parity (PS01, PS00 = 00).

0: Disables extended bit operation
1: Enables extended bit operation

When the extended bit is specified, 1 data bit is appended to the high-order nibble of the 8-
bit transmit/receive data, extending the number of bits to 9 bits.

This function is valid only when the operation without parity is specified by the ASIM0O0
register. When 0 parity, or odd or even parity is specified, the specification by the ESBO bit
is invalid, and the extended bit cannot be appended.
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(3) Asynchronous serial interface status register (ASIS0)
This register consists of 3-bit error flags indicating an error status on completion of reception of the UART, and
transmit status flags. It can be only read in 8-bit units.
If a receive error occurs, read this register, and then read the receive buffer RXBO or RXBOL, and clear the error
flag to O.
The status flag indicating a receive error always indicates the latest error. If the same error has occurred several
times before the receive data is read, only the status of the error that occurred last is retained.

Figure 9-4. Asynchronous Serial Interface Status Register (ASIS0)

Address: C0000094H

ASISO [SOTO| O 0 0 0 | PEO | FEO |OVEO

Initial value: 0 0 0 0 0 0 0 0

R/W: R R R R R R R R

Bit Bit Name Description

7 SOTO Status Of Transmission
Status flag indicating the transmission operation status.

1: Transmit start timing
0: Transmit end timing

2 PEO Parity Error
Status flag indicating parity error.

1: Transmit parity and receive parity do not coincide.
0: Data is read from receive buffer.

1 FEO Framing Error
Status flag indicating framing error.

1: Stop bit is not detected.
0: Data is read from receive buffer.

0 OVEO Overrun Error
Status flag indicating overrun error.

1: UART completes next reception before it receives data from receive buffer.
0: Receive data is read from receive buffer.

Because the contents of the receive shift register are transferred to the receive buffer each
time one frame has been received, the next data is written over the receive buffer and the
previous receive data is not retained if an overrun error occurs.
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(4) Receive buffer (RXB0, RXBOL)
RXBO is a 9-bit buffer register and its high-order bits contain 0 when a 7- or 8-bit character is received.
To access this register in half word units (16 bits), specify RXB0. To access it in byte units, specify RXBOL. The
receive buffer register can be only read.
While reception is enabled, the receive data is transferred from the receive shift register to the receive buffer in
synchronization with the end of shift in processing of one frame. When the data has been transferred to the
receive buffer, the reception end interrupt request (INTSR) is generated.
While reception is disabled, the data is not transferred to the receive buffer even after the shift in processing of
one frame has been completed, and the contents of the receive buffer are retained. Nor is the reception end
interrupt request (INTSR) generated.
RXEBO is an extended bit. The extended bit is stored to the RXEBO bit when the extended bit operation is
enabled by the ASIMOL1 register. When the extended bit operation is disabled, O is stored to this bit.

Figure 9-5. Receive Buffer (RXB0, RXBOL)

Address: CO000098H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RXBO 0 0 0 0 0 0 0 |RXEBO|RXB07|RXB06|RXB05|RXB04|RXB03|RXB02|RXB01|RXB00

Initial value: 0 0 0 0 0 0 0 - - - - - — — — —

R/W: R R R R R R R R R R R R R R R R

Address: CO00009AH

7 6 5 4 3 2 1 0

RXBOL |RXB07|RXB06|RXB05|RXB04|RXB03|RXB02|RXB01|RXB00

Initial value: — - — - - — — —

R/W: R R R R R R R R

Bit Bit Name Description

8 RXEBO Receive Extended Buffer
Extended bit used when 9-bit character is received.

This bit is 0 when 7- or 8-bit character is received.

7-0 RXBON Receive Buffer

(n=7-0) Stores receive data.

RXBO07 is 0 when 7-bit character is received.
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(5) Transmit shift register (TXS0, TXSOL)
TXSO0 is a 9-bit shift register for transmit processing. By writing data to this register, the transmit operation is

started.

Because the UART of the V832 does not have a transmit buffer, an interrupt request is not generated on
completion of transmission (completion of transfer to the buffer), but a transmit end interrupt request (INTST)
occurs in synchronization with completion of one frame, including the data of TXSO.
To access this register in half word units (16 bits), specify TXS0. To access it in byte units, specify TXSOL.

TXEDO is an extended bit.

enabled by the ASIMO1 register. When the extended bit operation is disabled, 0 is stored to this bit.

Address: CO00009CH

Figure 9-6. Transmit Shift Register (TXSO0, TXSOL)

The extended bit is stored to the TXEDO bit when the extended bit operation is

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TXS0 0 0 0 0 0 0 0 |TXEDO|TXS07|TXS06|TXS05|TXS04|TXS03|TXS02|TXS01|TXS00
Initial value: - - - - - - - - - - - - - - - -
R/W: "% w W % "% W W " "% W W % "% W W W
Address: CO00009EH
7 6 5 4 3 2 1 0
TXSOL |TXS07|TXS06|TXS05|TXS04|TXS03|TXS02| TXS01|TXS00
Initial value: — - - - — — - -
R/W: W W W w W W w w
Bit Bit Name Description
8 TXEDO Transmit Extended Data
Extended bit when 9-bit character is transmitted
7-0 TXSOn Transmit Shifter
(n=7-0) Writes transmit data
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* 9.1.5 Pin functions

1)

)

TXD
Transmit data output pin.
This pin outputs a high level when no data is transmitted.

RXD
Receive data input pin.

Caution The UART pins are multiplexed with 1/O port pins. Because these pins are set in the 1/0 port mode

in the default status, it is necessary to set the PC4 and PC3 bits of the port control mode register
(PC) to 1 (UART) (refer to 11.2.2 (3) Port control mode register (PC)).

Before setting the UART, set the PC. If the PC is cleared to 0 (/O port), RXD input to the UART is
masked to the low level, which may cause an operation to be executed.

9.1.6 Interrupt requests

1)

@)

®)

The UART generates the following three types of interrupt requests.

Receive error interrupt (INTSER)

A receive error interrupt request is generated by ORing the three types of receive errors while reception is
enabled (refer to Figure 9-4 Asynchronous Serial Interface Status Register (ASISO0) ).

The receive error interrupt does not occur while reception is disabled.

Receive end interrupt (INTSR)

The receive end interrupt is generated when data is shifted in the receive shift register and transferred to the
receive buffer while reception is enabled. The receive end interrupt request also is generated if a receive error
occurs.

The receive error interrupt does not occur while reception is disabled.

Transmit end interrupt (INTST)

The UART of the V832 generates the transmit end interrupt request if transmit data of one frame including a 7-,
8-, or 9-hit character is shifted out from the transmit shift register because it does not have a transmit buffer.

The transmit end interrupt request is output when transmission of the last bit of the transmit data is started.

DMA transfer can be executed by using the transmit end interrupt and receive end interrupt (refer to CHAPTER 8

DMA FUNCTION).
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9.1.7 Basic operation
(1) Transmission

(@) Transmission enabled status
The UART is always in the transmission enabled status. Because the UART of the V832 does not have a
CTS (serial transmission control) input pin, use a general-purpose input port to check whether the other
party is in the receive enabled status.

(b) Starting transmit operation
The transmit operation is started when data is written to the transmit shift register (TXS0, TXSOL).

(c) Format of transmit data
Figure 9-7 shows the format of the transmit data. One frame of the data consists of a start bit, character bits,

a parity bit, and stop bits.

Figure 9-7. Transmit Data Format of UART

‘ 1 frame }

Data ST | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 P STP

ST : Start bit (1 bit)

DO - D7: Character bit (7 or 8 bits)

P : Parity, extended bit (odd parity, even parity, O parity, no parity, or extended bit)
STP  : Stop bit (1 or 2 bits)

(d) Transmit interrupt request
The transmit end interrupt request is generated when one frame of data has been transmitted.

Caution The empty status of TXSO does not cause the transmit end interrupt. The transmit end
interrupt is caused to be generated by completion of transmission of one frame. Therefore,
the transmit end interrupt does not occur even if TXSO0 is empty after reset.

(2) Reception

(@) Reception enabled status
The receive operation is enabled when the RXEO bit of the ASIMOO register is set to 1.

* RXEO = 1 (reception enabled status)
* RXEO = 0 (reception disabled status)

In the reception disabled status, the reception hardware stands by in the initial status. At this time, the

receive end interrupt or receive error interrupt does not occur, and the contents of the receive buffer are
retained.
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(b)

(©)

(d)

Starting receive operation

The receive operation is started when the start bit is detected.

The RXD pin is sampled by the bus clock from the baud rate generator or serial clock. The RXD pin is
sampled again eight serial clocks after the falling edge of the RXD pin has been detected. If the RXD pin is
low, it is recognized as the start bit. Then the receive processing operation is started and the RXD pin input
is sampled in units of 16 serial clocks.

If a high level of the RXD pin is detected eight serial clocks after the falling edge of the RXD pin has been
detected, this falling edge is not recognized as the start bit. The serial clock counter for sample timing
generation is initialized and stopped, and waits for input of the next falling edge.

Receive end interrupt request

When one frame of data has been received while reception is enabled (RXEO = 1), the receive data in the
shift register is transferred to RXBO0, and the receive end interrupt request is generated.

The receive end interrupt request is not generated while reception is disabled (RXEO = 0).

Receive error flag

The three error flags (0 through 2 bits of ASISO register), parity error, framing error, and overrun error flags,
are affected in synchronization with the receive operation. The receive error interrupt is generated as a
result of ORing these three error flags.
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9.2 Clocked Serial Interface (CSl)

9.2.1 Features

9.2.2 Configuration

Character length: 8 bits
External or internal clock selectable

High-speed transfer: 11.9 Mbps MAX. (bus clock: 47.6 MHz)
Half duplex communication for transmission/reception (buffer is not provided)

Figure 9-8. Block Diagram of CSI

Internal peripheral 1/0 bus

CSIMO Mode register

Sl

soo—<]

SCLK

Remark @= bus clock {

SO latch
¢ SIO0
) ) D Q
Shift register
f
Serial clock ol circuit T [~——— Baud rate generator
erial clock control circui SEL SEL
1/2,1/4, 1/8,
116,132 | ¢
i— prescaler
Interrupt control INTCS

Serial clock counter

circuit

1.98 MHz to 47.6 MHz (input clock x 6 at 23.8 MHz)
1.12 MHz to 35.7 MHz (input clock x 8 at 17.85 MHz)
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9.2.3 Mode registers and control registers

(1) Clocked serial interface mode register 0 (CSIMO)
This register specifies the basic operation mode of the CSI.

It can be read or written in 8-bit units (however,

CSOTO (bit 5) can be only read).

Figure 9-9. Clocked Serial Interface Mode Register 0 (CSIMO) (1/2)

Address: CO0000A0H

7 6 5 4 3 2 1 0

CSIMO |CTXEO|CRXEOCSOTO MODO| O |CLS02|CLS01|CLS00

Initial value: 0 0 0 0 0 0 0 0

RW: RW RW R RW R RW RW RW

Bit

Bit Name

Description

CTXEO

CSI Transmit Enable
Enables or disables transmission.

0: Disables transmission.
1. Enables transmission.

The output buffer of the SO pin goes into a high-impedance state when CTXEOQ = 0.

CRXEO

CSI Receive Enable
Enables or disables reception.

0: Disables reception.
1: Enables reception.

If the serial clock is input when transmission is enabled (CTXEO = 1) and reception is
disabled, 0 is input to the shift register.

CSOTO0

CSI Status Of Transmission
Indicates that transmission is in progress.

0: End of transmission (write to SIOO0 register)
1: Transmission in progress (INTCSI occurs)

While transmission is in progress (CSOTO = 1), the next transmit or receive operation is not
started.

MODO

Mode
Specifies the first bit.

0: MSB first
1. LSB first
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Figure 9-9. Clocked Serial Interface Mode Register 0 (CSIMO0) (2/2)

Address: CO0000A0H
7 6 5 4 3 2 1 0

CSIMO |CTXEO|CRXEOCSOTO MODO| O |CLS02|CLS01|CLS00

Initial value: 0 0 0 0 0 0 0 0

RW: RW RW R RW R RW RW RW

Bit Bit Name Description
2-0 CLSO02 - Clock Source
CLS00 Specifies a serial clock.
CLS02|CLS01|CLS00 Specifies serial clock SCLK pin
0 0 0 External clock Input
0 0 1 Internal clock | Specified by BPRMO register™* | Output
0 1 0 Reserved (setting prohibited) O
0 1 1 @4’ Output
1 0 0 @8 e? Output
1 0 1 @16""? Output
1 1 0 @32 Output
1 1 1 @64""? Output

Notesl. For the setting of the BPRMO register, refer to 9.3 Baud Rate Generator.
2. @4, @8, ¢16, @32, and @64 are divided signals.

¢@= bus clock (1.98 MHz to 47.6 MHz: input clock x 6;
1.12 MHz to 35.7 MHz: input clock x 8)

(2) Serial I/O shift register 0 (SIO0)
This register converts parallel data into serial data, or vice versa. It performs shift operation when CTXEO =1 or
CRXEO = 1. This register can be read or written in 8-bit units.

Figure 9-10. Serial I/0O Shift Register 0 (SIO0)

Address: CO0000A2H
7 6 5 4 3 2 1 0

SIO0 |SIO07|SI006|SI005|S1004(SI003|S1002/SI001(SI000

Initial value: - - - - - - - -

R/W: RW R/W RW RW RW RW R/W R/W

Bit Bit Name Description

7-0 SI007 - SI000 | Serial I/0

Data is shifted in (received) or shifted out (transmitted) from the MSB or LSB.
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9.2.4 Pin function

The clocked serial interface (CSI) uses the following pins. These pins are multiplexed with an I/O port. Because
the 1/0 port is selected in the initial status, set the PC2 through PCO bits of the port control mode register (PC) to use
the CSI (refer to 11.2.2 (3) Port control mode register (PC) ).

e SO : Serial data output pin
e S| : Serial data input pin
e SCLK: Serial clock I/0 pin (Select the mode of this pin by using the CSIMO register.)

9.2.5 Basic operation

(1) Transfer format
The V832 performs interfacing by using one clock line and two data lines.
Serial transfer is started when an instruction that writes transfer data to the SIOO register is executed.
During transmission, the data is output from the SO pin in synchronization with the falling of the SCLK signal.
During reception, the input data of the Sl pin is latched in synchronization with the rising of the SCLK pin.
The SCLK signal is stopped when the serial clock counter overflows (at the rising of the eighth count of the SCLK
signal), and an interrupt request signal (INTCSI) is generated.

Figure 9-11. CSI Transfer Timing

SCLK (output)

Sl (input)

\\X DI7 X DI6 X DI5 X DI4 X DI3 X DI2 X DIL X DIO
XDO?XDOGXDOSXDO4XDO3XD02XD01XDOO

=

End of serial transmission/reception.
Interrupt request occurs.

I
1
I
INTCSI |
|
I
|

Transfer started in synchronization with falling of SCLK

Execution of write instruction to SIO0
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(2) Enabling transmission/reception

Because the CSI of the V832 has only one 8-bit shift register and does not have a buffer, transmission and

reception are performed simultaneously.

(@)

(b)

Transmission/reception enabling condition

Transmission is enabled when CTXEO = 1.

Reception is enabled when CRXEO = 1.

Transmission and reception are enabled when CTXEO = CRXEO = 1.

(i) Disabling SIO output by CTXEO
The serial output goes into a high-impedance state when CTXEO = 1.
The data of the shift register is output when CTXEO = 1.

(i) Disabling SIO input by CRXEO
The shift register input is 0 when CRXEO = 0.
Serial data is input to the shift register when CRXEO = 1.

(iif) To check transmit data
When the interface is used as a two-wire interface using the Sl and SO signals, the interface receives
transmit data by itself, and sets CTXEO and CRXEO to 1 to check that a bus conflict does not occur.

Starting transmission/reception
Transmission or reception is started by reading/writing the shift register. When the transmit enable bit

(CTXEO) and receive enable bit (CRXEOQ) are set as follows, starting transmission or reception is controlled.

Table 9-1. Start Condition

CTXEO CRXEO Start Condition
0 0 Does not start
0 1 Reads shift register
1 0 Writes shift register
1 1 Writes shift register
0 0-1 Rewrites CRXEO bit

Transfer is not started even if CRXEOQ is set to 1 after the shift register has been written when CTXEOQ is 0.
When the CRXEDO bit is set from 0 to 1 when CTXEO is 0, the serial clock is generated and reception is
started.

The transmit or receive operation is not started when the CSOTO bit of the CSIMO register is 1 (transfer is in
progress).
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Caution When an external clock is used as the serial clock, and if the serial clock input from an external
source is stopped before transfer or reception of data has been completed, the CSI of the V832
assumes the next serial clock to be the continuation of the aborted data (serial clock counter is
not cleared).

To stop and redo transfer or reception of such data, initialize the CSl in the following sequence:
* Clear the CTXE and CRXE bits (temporarily stop transfer/reception).

« Setthe CTXE and CRXE bits (enable transfer/reception again).

« To only transfer or receive data, clear and set the corresponding disable/enable bit.

9.3 Baud Rate Generator

9.3.1 Configuration and function

The serial interface can use the serial clock output by the baud rate generator or the divided value of ¢ (bus clock)
as a baud rate.

The serial clock source is specified by the following registers.

¢ Inthe case of UART: Specified by the SCLSO bit of the ASIMOO register (refer to Figure 9-2).

* Inthe case of CSI : Specified by the CLS02 through CLS00 bits of the CSIMO register (refer to Figure 9-9).

When the baud rate generator output is specified, the baud rate generator (BRG) is selected as the clock source.
The baud rate generator is shared by the UART and CSI.

Figure 9-12. Block Configuration of Baud Rate Generator (BRG)

S Internal peripheral 1/0O bus S
BRGO Compare BrRCEO | BPROO - 02 BPRMO
register
Serial interface
(UART/CSI)
TMBRGO Internal timer Prescaler 1/2 [

Remark = bus clock ( 1.98 MHz to 47.6 MHz (input clock x 6 at 23.8 MHz) )
1.12 MHz to 35.7 MHz (input clock x 8 at 17.85 MHz) |
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The baud rate generator consists of an 8-bit timer (TMBRGO) that generates a shift clock for
transmission/reception, a compare register (BRG0), mode register (BPRMO), and prescaler.

(1) Input clock
The bus clock (¢ is input to the BRG.

(2) Setting of BRG

(&) UART
When the baud rate generator is used with the UART, the actual baud rate is calculated by the following
expression because a sampling rate of x 16 is used.

1)
2xmx2' x16x2  PoPs]

Baud rate =

where,

¢@= Bus clock frequency [Hz]

m = Set value of BRGO register (1 < m < 256"°)

n = Set value of prescaler (BPROO through BPR02 of BPRMO register) (n =0, 1, 2, 3, or 4)

Note The value of m = 256 is set by writing O to the BRGO register.

(b) CsI
When the baud rate generator is used with the CSI, the actual baud rate is calculated by the following
expression.
- ¢
Baud rate = Txmx2 x2 [bps]
where,

¢@= Bus clock frequency [Hz]
m = Set value of BRGO register (1 < m < 256")
n = Set value of prescaler (BPROO through BPR02 of BPRMO register) (n =0, 1, 2, 3, or 4)

Note The value of m = 256 is set by writing 0 to the BRGO register.

Table 9-2 shows the set values of the baud rate generator when the representative clocks are used.
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Table 9-2. BRG Setting Data

Baud Rate [bps] @=25 MHz ®=20 MHz ®=16 MHz
UART | csi BPR BRGO Error BPR BRGO Error BPR BRGO | Error
110 | 1760 4 222 0.02% 4 178 0.25% 4 142 0.03%
150 | 2400 4 163 0.15% 4 130 0.16% 3 208 0.16%
300 | 4800 3 163 0.15% 3 130 0.16% 2 208 0.16%
600 | 9600 2 163 0.15% 2 130 0.16% 1 208 0.16%
1200 | 19200 1 163 0.15% 1 130 0.16% 0 208 0.16%
2400 | 38400 0 163 0.15% 0 130 0.16% 0 104 0.16%
4800 | 76800 0 81 0.47% 0 65 0.16% 0 52 0.16%
9600 | 153600 0 41 0.76% 0 33 1.36% 0 26 0.16%
10400 | 166400 0 38 1.16% 0 30 0.16% 0 24 0.16%
19200 | 307200 0 20 1.73% 0 16 1.73% 0 13 0.16%
38400 | 614400 0 10 1.73% 0 8 1.73% 0 7 6.99%
76800 |1228800| 0 5 1.73% 0 4 1.73% - - -
153600 | 2457600 0 2 272% | 0 2 1.73% - - -
Baud Rate [bps] @=47.6 MHz @=35.7 MHz @=33 MHz
UART CsSl BPR BRGO Error BPR BRGO Error BPR BRGO Error
110 | 1760 - - - - - - - - -
150 | 2400 - - - 4 232 0.18% 4 215 0.07%
300 | 4800 4 155 0.03% 3 232 0.18% 3 215 0.07%
600 | 9600 3 155 0.03% 2 232 0.18% 2 215 0.07%
1200 | 19200 2 155 0.03% 1 232 0.18% 1 215 0.07%
2400 | 38400 1 155 0.03% 0 232 0.18% 0 215 0.07%
4800 | 76800 0 155 0.03% 0 116 0.18% 0 107 0.39%
9600 | 153600 0 77 0.62% 0 58 0.18% 0 54 0.54%
10400 | 166400 0 72 0.67% 0 54 0.67% 0 50 0.84%
19200 | 307200 0 39 0.67% 0 29 0.18% 0 27 0.54%
38400 | 614400 0 19 1.94% 0 15 3.16% 0 13 3.29%
76800 |1228800| 0 10 3.16% 0 7 3.76% 0 7 4.09%
153600 | 2457600 | 0 5 3.16% 0 4 9.21% | 0 3 11.9%
307200 | 4915200 © 3 19.30% - - - -

Note This setting cannot be made because the error rate is too high.

Remark BPR = BPRO0O0 through BPRO02 bits of BPRMO register
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(3) Error rate of baud rate generator
The error rate of the baud rate generator can be calculated by the following expression.

Actual baud rate (baud rate including error)
Desired baud rate (normal baud rate)

Error [%] = { - 1] x 100

Example (2220 _ 1) x 100 = -0.833 [%]
600

(2000 _ 4y %100 = +4.167 [%]
4800

(4) Permissible error range of baud rate generator
The permissible range of the baud rate generator depends on the number of bits of one frame.
Basically, the permissible limit is a baud rate error of £ 5 % and a sampling timing of + 4.5 % at 16 bits. The
actual permissible limit, however, is a baud rate error of £ 2.3 %, considering that both the transmission and
reception sides include an error.

9.3.2 Baud rate generator compare register (BRGO)

This is an 8-bit compare register that sets the timer/count value of the baud rate generator and can be read/written
in 8-bit units.

The internal timer (TMBRGO) is cleared by writing to the BRGO register. Therefore, this register cannot be
rewritten by software during transmission/reception.

Figure 9-13. Baud Rate Generator Compare Register (BRGO)

Address: C00000BOH
7 6 5 4 3 2 1 0

BRGO [BRG07|BRG06BRG0O5BRG04(BRG0O3BRG02|BRG0O1BRGO0

Initial value: - - — — — - - _

R/W: RW RW RW RW RW RW RW R/W
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9.3.3 Baud rate generator prescaler mode register (BPRMO)
This register controls the timer/count operation of the dedicated baud rate generator and selects a count clock. It
can be read or written in 8-bit units.

Figure 9-14. Baud Rate Generator Prescaler Mode Register (BPRMO)

Address: CO0000B2H

7 6 5 4 3 2 1 0

BPRMO [BRCEO, O 0 0 0 |BPR02|BPRO1|BPROO

Initial value: 0 0 0 0 0 0 0 0

R/W: RW R R R R RW RW R/W

Bit Bit Name Description

7 BRCEO Baud Rate Generator Count Enable
Controls the count operation of BRG.

0: Clears and stops count operation.
1: Enables count operation

2-0 BPRO02 - BPROO| Baud Rate Generator Prescaler

Specifies a count clock to be input to TMBRGO.

BPRO02 | BPRO1 | BPROO Operation
0 0 0 @2 (n=0)
0 0 1 @4 (n=1)
0 1 0 @8 (n=2)
0 1 1 @16 (n = 3)
1 x x @32 (n=4)

Remark n: Prescaler set value, @ Bus clock

Caution The count clock cannot be changed during transmission/reception.
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10.1 Features

* Measures pulse interval and frequency and outputs programmable pulse
- 16-bit measurement
- Can generate pulses of various shapes (interval pulse, one-shot pulse)

e Timerl
- 16-bit timer/event counter
« Source of count clock . 2 types (selected by dividing system clock, external pulse input)
« Capture/compare register: x 4
« Count clear pin : TCLR
« Interrupt source : 5types
« External pulse output . 2 pins
e Timer4

« 16-bit interval timer

« Count clock selected by dividing system clock
« Compare register: x 1

« Interrupt source : 1 type
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10.2 Configuration

(1) Timer 1 (16-bit timer/event counter)

Figure 10-1. Block Configuration of Timer 1

Edge

TCLR© detection

Clear & start

/2 [gm |¥M Note 1
@ 2/4 pm/4
om/16

TM1 (16 bits)

INTOV1

Note 2 -
TI© Edge detection

— INTP10/INTCC10

— INTP11/INTCC11

cc1o o | s o~
@—l I _ ——© TO10
INTP11 Edge detection CC11 R Q
INTP12 <:>—| Edge detectionl CC12 S Q
@—l I _ —© TO11
INTP13 Edge detection CC13 R Q

— INTP12/INTCC12

— INTP13/INTCC13

Notes 1. Internal count clock
2. External count clock [TI: 5.952 MHz max. (input clock x 6 at 23.8 MHz) J

TI: 4.464 MHz max. (input clock x 8 at 17.85 MHz)
3. Reset priority

1.12 MHz to 35.7 MHz (input clock x 8 at 17.85 MHz)
2. ¢@m = intermediate clock

Remarks 1. ¢@= bus clock (1.98 MHz to 47.6 MHz (input clock x 6 at 23.8 MHz) ]
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(2) Timer 4 (16-bit interval timer)

Figure 10-2. Block Configuration of Timer 4

@l2 | @m| pm/16 |Note
¢ /8 @m/32

TM4 (16 bits)

Clear & start

CM4 INTCM4

Note Internal count clock

1.12 MHz to 35.7 MHz (input clock x 8 at 17.85 MHz)
2. ¢m = intermediate clock

Remarks 1. ¢= bus clock ( 1.98 MHz to 47.6 MHz (input clock x 6 at 23.8 MHz) ]

10.2.1 Timer 1

(1) Timer 1 (TM1)
Timer 1 functions as a 16-bit timer/event counter. Itis mainly used to measure cycles and frequencies. It can be
also used to output pulses. The TM1 register can be only read in 16-bit units.

Figure 10-3. Timer 1 (TM1)

Address: C0000078H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

™1

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R R R R R R R R R R R R R R

The timer can be started or stopped by the timer control 1 (TMC1) (refer to Figure 10-8. Timer Control Register 1
(TMC1)). The internal/external count clock can be selected by using the TMCL1 register.

(a) External count clock
The TM1 operates as an event counter when an external count clock is selected. The valid edge of the
count clock is specified by the timer unit mode register (TUM1) and the value of TM1 is counted up by the TI
pin input.
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(b) Internal count clock

When the internal count clock is selected, TM1 operates as a free running timer. TM1 is counted up by the
internal clock (¢/2 to ¢/64) specified by the TMC1 register.

When the internal clock is selected, ¢gm (intermediate clock) is selected from @2 or ¢4 by the prescaler at
the preceding stage, and then the final count clock is selected from gm, gn/4, or ¢m/16 by the prescaler at
the following stage. This means that a total of six different count clocks can be selected.

When the timer overflows, an overflow interrupt (INTOV1) can be generated. The timer can be stopped after
it has overflown, by using the TUML register.

The TUML1 register can also be used to clear and start the timer by an external input signal (TCLR). At this
time, the prescaler is also cleared. Therefore, the time from input of the external signal (TCLR) to the first
timer count up is fixed depending on the division ratio of the prescaler.

Caution The count clock cannot be changed during timer operation.

(c) Setting of capture/compare register

170

e As capture register
An interrupt signal (INTCC10 through INTCC13) is generated by an external input signal (INTP10 through
INTP13). The valid edges of INTP10 through INTP13 can be selected from the rising edge, falling edge,
or both the rising and falling edges by using the external interrupt mode register (IMOD) (refer to Figure
4-10. ICU Mode Register (IMOD) ).

* As compare register
An interrupt signal (INTCC10 through INTCC13) can be generated in response to the coincidence signal
from the compare register if so set by the TUML1 register (refer to Figure10-7. Timer Unit Mode Register
(TUML)).

Cautions 1. Do not change the mode during timer operation.

2. External input signals Tl and TCLR are multiplexed with 1/0 port pins. Because these
pins are in the I/O port mode in the default status, set the PBCO bit of the port B
control mode register (PBC) to 1 (TI) to use TI. To use the TCLR pin, set the TCLR
mode by using the PBC1 bit of the PBC (refer to 11.4.2 (3) Port B control mode
register).
Set the PBC before starting the timer operation (before setting the CE1 bit of the
TMC1 register to 1).
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10.2.2 Timer 4

(1) Timer 4 (TM4)
Timer 4 functions as a 16-bit timer. It is mainly used as an interval timer for software. The TM4 register can be
only read in 16-bit units.

Figure 10-4. Timer 4 (TM4)

Address: CO0O0008AH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T™4

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R R R R R R R R R R R R R R

The timer can be started or stopped by the timer control register (TMC4). The following count clock can be
selected by using the TMC4 register.

First, gm (intermediate clock) is selected from @2 or ¢8 by the prescaler at the preceding stage, and then the
count clock is selected from ¢gm/16 or ¢gm/32 by the prescaler at the following stage. This means a total of four
types of count clocks can be selected.

The TM4 is cleared to 0 by the coincidence signal issued from the compare register, and counting up is resumed.

Cautions 1. When the TM4 is used as an interval timer, because the timer is cleared by the next count
clock if the value of the compare register coincides with the timer register value, the
value of the timer may not be 0 even if it has been read immediately after the coincidence
interrupt has occurred if the division ratio is too high.

2. The count clock cannot be changed during timer operation.

(2) Compare register (CM4)
CM4 is a 16-bit register and is connected to TM4. It can be read or written in 16-bit units.

Figure 10-5. Compare Register (CM4)

Address: CO00008CH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CM4

Initial value: - — — - - — — — - - — — — — _ _

R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
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10

.2.3 Capture/compare registers (CC10 through CC13)

The capture/compare registers (CC10 through CC13) can be used as capture registers or compare registers

depending on the specification by the TUML1 register. These registers can be read or written in 16-bit units.

Figure 10-6. Capture/Compare Registers (CC10 through CC13)

Address of CC10: CO000080H
Address of CC11: CO000082H
Address of CC12: C0000084H
Address of CC13: C0000086H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CC10-CC13

Initial value: - - - - - - - — — - — _ _ _ _ _

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

A compare register is used to compare its value with the count value of the timer at each count clock of the timer

connected. When the value of the compare register coincides with the count value of the timer, a coincidence signal

is issued. The coincidence signal of the compare register is used to generate an interrupt request.

Each compare register has a set/reset output function. The corresponding timer output is set or reset by this

function in synchronization with generation of the coincidence signal.

A capture register latches the value of the timer connected (asynchronous with the count clock) when it detects

the valid edge of the corresponding interrupt request signal input pin (INTP10 through INTP13), using this signal as a
capture trigger.

1)

@)

As capture register

When a capture/compare register is used as a capture register, an interrupt is generated when the valid edge of
the input pin (INTP1n) is detected. At this time, an interrupt cannot be generated by the coincidence signal
INTCC1n of the compare register (n = 0 to 3).

If the capture (latch) timing of the capture register and a write operation to the register by an instruction contend,
the latter takes precedence, and the capture operation is ignored.

As compare register

When a capture/compare register is used as a compare register, coincidence signal INTCC1n or the valid edge
of the input pin (INTP1n) can be selected as an interrupt signal by using the TUML1 register (n = 0 to 3). When
INTP1n is selected, an external interrupt can be accepted in parallel with the specification of the timer output (n =
1, 3)N0te'

The compare register compares its value with the count value of TM1. A value must be assigned to the CCln
register specified as a compare register. Even when all the four registers CC10 through CC13 are specified as
compare registers, for example, and the compare results of only two of them are used, assign an arbitrary value
to the remaining two registers. Otherwise, the operation is not guaranteed.

Note Because INTP10 and INTP12 are multiplexed with TO10 and TO11, respectively, these pins must not
be used at the same time.
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The following table lists the functions of the capture/compare registers and compare registers.

Table 10-1. Capture/Compare Registers

Timer Register Timer Restart Generated‘ Capture Trigger Timer Output Other Function
Interrupt Signal (Set/Reset)
T™M1 CC10 - INTP10/INTCC10 | INTP10 TO10 (Set) -
CC11 - INTP11/INTCC11 | INTP11 TO10 (Reset) -
CC12 - INTP12/INTCC12 | INTP12 TO11 (Set) -
CC13 - INTP13/INTCC13 | INTP13 TO11 (Reset) -
T™M1 - INTOV1 - - External clear
T™4 CM4 O INTCM4 - - -
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10.3 Timer/Counter Control Registers

10.3.1 Timer unit mode register (TUM1)
The TUML1 register specifies the operation modes of the capture/compare registers. This register can be read or
written in 16-bit units.

Figure 10-7. Timer Unit Mode Register (TUM1) (1/2)

Address: C0000072H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TUM1 0 0 OST |[ECLR1|TES11|TES10|CES11|CES10|CMS13CMS12|CMS11|CMS10| IMS13|IMS12|IMS11|IMS10

Initial value: 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0

R/W: R R RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Bit Bit Name Description

13 OST Overflow Stop
Specifies an operation after the timer has overflowed. This flag is valid only for TM1.

0: Timer continues counting up after overflow.
1: Timer holds 0000H and stops after overflow.

At this time, the CE bit of the TMC1 register remains 1.
The timer resumes counting up by the following operation.

» Writing 1 to the CE1 bit (When ECLR1 = 0)
 Trigger input to the timer clear pin (TCLR1) (When ECLR1 = 1)

12 ECLR1 External Input Timer Clear
Enables clearing the timer by inputting an external clear signal (TCLR) to TM1.

0: Does not clear TM1 by external input.
1: Clears TM1 by external input. After cleared, TM1 starts counting up.

11,10 | TES11, TES10 | TI1 Edge Select

Specifies the valid edge of the external clock input (TI1).

TES11 | TES10 Valid edge
0 0 RFU (reserved)
0 1 RFU (reserved)
1 0 Rising edge (initial value)
1 1 Both rising and falling edges

9,8 CES11, CES10| TCLR1 Edge Select

Specifies the valid edge of the external clear input (TCLR).

CES11 | CES10 Valid edge
0 0 RFU (reserved)
0 1 RFU (reserved)
1 0 Rising edge (initial value)
1 1 Both rising and falling edges
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Address: C0000072H

Figure 10-7. Timer Unit Mode Register (TUM1) (2/2)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TUM1 0 0 OST [ECLR1|TES11|TES10|CES11|CES10/CMS13/CMS12/CMS11/CMS10|IMS13|IMS12|IMS11|IMS10
Initial value: 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0
R/W: R R RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
Bit Bit Name Description

7-4 CMS13 - CMS10

Capture/Compare Mode Select

Select the operation modes of the capture/compare registers (CC13 through CC10).

0: Operate as capture registers. However, the capture operation is performed only

when the CE bit of the TMCL1 register is 1.
1: Operate as compare registers.

3-0 IMS13 - IMS10

Interrupt Mode Select

Selects INTP1n or INTCC1n as an interrupt source (n = 3 to 0).

0: Uses coincidence signal (INTCC1n) of compare register as interrupt request signal.
1: Uses an external input signal (INTP1n) as an interrupt request signal.

Caution

If the CMS1n and IMS1n are changed during the timer operation, these operations are not
guaranteed (n = 3 to 0).

Remark When both CSM1n and IMSn are set to 1, input signal INTP1n is output to the interrupt controller,
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10.3.2 Timer control register 1 (TMC1)
TMC1 controls the operation of timer 1 (TM1) and can be read or written in 8-bit units.

Figure 10-8. Timer Control Register 1 (TMC1)

Address: C0000074H

7 6 5 4 3 2 1 0

TMC1 | CE1 0 0 ETI |PRS11|PRS10|PRM11 O

Initial value: 0 0 0 0 0 0 0 0

R/W: R/MW R R RW RW RW RW R

Bit Bit Name Description
7 CE1l Count Enable
Controls the timer operation.
0: Timer is cleared to 0000H and does not operate.
1: Timer performs count operation. If ECLR1 bit of TUM1 = 1, however, the timer does
not count up until the timer clear signal (TCLR) is input.
When the ECLR1 bit of TUM1 is 1, setting the CE1 bit to 1 starts counting of the timer.
Therefore, even if the ECLR1 bit is cleared to O after the CE1 bit has been set with ECLR1
bit = 1, the timer does not start.
4 ETI External TI1 Input
Specifies an external or internal count clock.
0: Specifies @ (internal)
1: Specifies TI1 (external)
3,2 PRS11, PRS10 | Prescaler Clock Select
Selects an internal count clock (¢ m: intermediate clock).
PRS11 | PRS10 Count clock
0 0 om
0 1 pmil4
1 0 RFU (reserved)
1 1 pm/16
1 PRM11 Prescaler Clock Mode
Specifies intermediate clock ¢m of the count clock (¢ bus clock).
0: @2
1. ¢4
Caution If the clock is changed during the count operation, the operation is not guaranteed. To change
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10.3.3 Timer control register 4 (TMC4)

TMC4 controls the operation of timer 4 (TM4) and can be read or written in 8-bit units.

Figure 10-9. Timer Control Register 4 (TMC4)

Address: CO000088H

7 5 4 3 2 1 0
TMC4 | CE4 0 0 0 |PRS40PRM41PRM40
Initial value: 0 0 0 0 0 0 0
R/W:  R/W R R R RW R/W R/W
Bit Bit Name Description
7 CE4 Count Enable
Controls the operation of the timer.
0: Timer is cleared to 0000H and stops.
1: Timer performs count operation.
2 PRS40 Prescaler Clock Select

0: ¢m/16
1: ¢m/32

Selects an internal count clock (¢ m: intermediate clock).

1,0 PRM41, PRM40 | Prescaler Clock Mode

Specifies intermediate clock ¢m of the count clock (@ bus clock).

PRM41 PRM40 om
0 0 @2
0 1 RFU (reserved)
1 0 @8
1 1 RFU (reserved)

Caution If the clock is changed during the count operation, the operation is not guaranteed. To change

the clock, stop the count operation.
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10.3.4 Timer output control register (TOC1)
TOC1 specifies timer output modes and can be read or written in 8-bit units.

Figure 10-10. Timer Output Control Register (TOC1)

Address: C0000076H

7 6 5 4 3 2 1 0

TOC1 |ETNO11| ALV11 |ETNO10| ALV10 0 0 |TOPC11|TOPC10

Initial value: 0 0 0 0 0 0 1 1

RW: RW RW RW RW R R RIW  R/W

Bit Bit Name Description
7,5 ENTO11, Enable TOxx pin
ENTO10 Enables the corresponding timer output (TO11 or TO10).

0: The timer output is disabled. The corresponding TO11 or TO10 pin outputs a level in
reverse phase to the ALV bit (inactive level). Even if a coincidence signal is
generated from the corresponding compare register, the level of the TO11 or TO10
pin does not change.

1: The timer output is enabled. The timer output changes if a coincidence signal is
generated from the corresponding compare register. A level in reverse phase to the
ALV bit (inactive level) is output until the coincidence signal is generated first since
the timer output has been enabled.

6,4 ALV11, ALV10 | Active Level TOxx pin
Specifies the active level of the timer output.
0: Active level is low (0).
1: Active level is high (1).
1 TOPC11 Prescaler Clock Mode
Selects the function of the multiplexed pin TO11/INTP12.
0: TO11 output
1: INTP12 input (initial value)
0 TOPC10 Prescaler Clock Mode
Selects the function of the multiplexed pin TO10/INTP10.
0: TO10 output
1: INTP10 input (initial value)

Caution The TO10 and TO11 output does not change with the external interrupt signal (INTP1n). When

using TO10 and TO11, specify the capture/compare registers as compare registers (CMS1n = 1)
(n=0to 3).

Remark F/F of TO10 and TO11 outputs gives priority to reset.
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10.3.5 ICU mode register (IMOD)
This control register specifies the valid edge of an external interrupt signal.

When CC1ln of TM1 is used as a capture register, this register detects the valid edge of an external interrupt

(INTP1n) as a capture trigger (n = 0 to 3). This valid edge can be specified by the ICU mode register (IMOD) (for

details, refer to 4.6.5 ICU mode register (IMOD) ).

10.3.6 Timer overflow status register (TOVS)

This register stores overflow flags from timers 1 and 4 (TM1 and TM4). It can be read or written in 8-bit units.

Occurrence of an overflow can be polled by testing and resetting this TOVS register by software.

Figure 10-11. Timer Overflow Status Register (TOVS)

Address: C0O000070H

TOVS 0 0 0 |OVF4| O 0 |OVF1| O

Initial value: 0 0 0 0 0 0 0 0

R/W: R R R RW R R RW R

Bit Bit Name Description

4,1 OVF4, OVF1 | Overflow Flag
TMn (n = 4 or 1) overflow flag

0: TMn does not overflow.
1: TMn overflows.

Because the TOVS register is of master/slave configuration, data cannot be transferred to
the slave (to the TOVS register) during an access period by the CPU. Therefore, even if an
overflow occurs while the TOVS register is read, the value of the flag is not affected, but is
reflected on the second reading.

Caution TM1 generates an interrupt request signal (INTOV1) to the interrupt controller in synchronization
with the overflow. However, the interrupt operation and TOVS are completely independent, and
INTOV1 does not occur even if 1 is written to OVF1. The flag can be cleared by writing O to
OVF1.

Preliminary User’'s Manual U13577EJ2VOUMO00

179



CHAPTER 10 TIMER/COUNTER FUNCTION

10.4 Operation

10.4.1 Timer 1

Timer 1 functions as a 16-bit free running timer or an event counter of external signals. The operation of this timer
1 specified by the timer control register 1 (TMC1).

Timer 1 counts up the internal clock (¢2 to ¢64) specified by the PRS11, PRS10, and PRM11 bits of the TMC1
register, or external clock input (TI). If the external clock is specified as the count clock at this time, TM1 operates as
an event counter. If the timer overflows as a result of counting, an overflow interrupt (INTOV1) is generated.

If the count value of TM1 coincides with the value of the CC10 through CC13 registers when TM1 operates as a
free running timer, interrupt signals (INTCC10 through INTCC13) are generated and the timer output signals (TO10
and TO11) can be set or reset. The count value of TM1 can be captured to the CC10 through CC13 registers
(capture operation) in synchronization with the valid edge detected from external interrupt request input pins (INTP10
through INTP13) as external triggers. The captured value is retained until the next capture trigger is generated.

Figure 10-12. Basic Operation of Timer 1

SR | I T I
™1 0000H XOOOlHXOOOZHXOOOSHX::::XFBFEHXFBFFHX:XOOOOHXOOOlHXOOOZHXOOO3H

Count starts Count dlsabled Count starts
CEl - 1 CEl1 -0 CEl -1

If both the rising and falling edges are specified as the capture triggers, the width of a pulse input from an external
source can be measured.
If the rising edge is specified as the capture trigger, the cycle of the input pulse can be measured.

180 Preliminary User's Manual U13577EJ2VOUMO00



CHAPTER 10 TIMER/COUNTER FUNCTION

Figure 10-13. Example of Capture Operation

FFFFH

Count value (TM1)

A

Count starts
CEl -1

Interrupt request (INTP10)

Capture register (CC10)

10.4.2 Timer 4

Timer 4 functions as a 16-bit interval timer. The operation of this timer is specified by the timer control register 4
(TMC4).

Timer 4 counts up the internal clock (¢/32 to ¢256) specified by the PRS40, PRM41, and PRM40 bits of the TMC4
register. If the value of TM4 coincides with the value of CM4 as a result of counting, TM4 is cleared, and at the same
time, a coincidence interrupt (INTCM4) occurs.

This coincidence interrupt (INTCM4) can be used to execute DMA transfer (refer to CHAPTER 8 DMA
FUNCTION).

Figure 10-14. Basic Operation of Timer 4

SR | I
T™4 0000H XOOOlHXOOOZHXOOO3HX::::XFBFEHXFBFFHX:XOOOOHXOOOIHXOOOZHX0003H

Count starts Countdlsabled Count starts
CE4 ~ 1 CE4 -0 CE4 ~ 1
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If coincidence is detected as a result of a compare operation, TM4 is cleared to 0 by the next count clock input.
This function allows TM4 to operate as an interval timer at a count clock cycle of the value set to CM4 plus 1.

Figure 10-15. Example of Compare Operation

Count value (TM4)

A

i i
Count starts Clgar Clgar
CE4 - 1 ! !

| |

Interrupt request (INTCM4) |_| | |

Remark n: Value of CM4 register
t : Interval cycle = (n+1) x Count clock cycle

10.5 Notes

Coincidence is always detected by the compare register immediately after the timer has counted up.
Coincidence does not take place in the following cases.

(1) When compare register is rewritten (TM1, TM4)

Count clock

Timer value n-1 X n X n+1

Compare register value m X n

T

Write to register

T T

Coincidence does not occur Coincidence does not occur

Coincidence detection L
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(2) When TML1 is cleared by external signal

Count clock

Timer value n-1 X n X 0 X 1

External clear input J

Compare register value 0000H

Coincidence detection L

Coincidence does not occur

(3) When TM4 is cleared (when compare register value = 0000H)

Count clock
Timer value 65534 X 65535 X 0 X 0 X 1
Internal coincidence clear />
L
Coincidence detection

Coincidence does not occur

Caution The value of timer is cleared to 0 when the timer overflows if the timer operates as a free running
timer.

Count clock

Timer value X 65534 X 65535 X 0 X 1 X 2
Overflow interrupt | |
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11.1 Basic Configuration of Port

CHAPTER 11 PORT FUNCTION

The V832 has 21 I/O port lines. Figure 11-1 shows the port configuration of the V832 is shown.

PORT

PORTA

OoOooOoooo

o o o

Figure 11-1. Types of Ports

—~—| PORTO PORTBO

~——{PORT4

~— | PORTAO
I PORTB7

~—| PORTA7

OoOooOoOooOoooOoodg
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11.2 PORT

PORT is a 5-bit I/O port that can be set in the input or output mode in 1-bit units. In addition to the port lines, this
port can be also used as serial interface I/O pins (CSI and UART) in the control mode.

Table 11-1. Operation of PORT in Control Mode

Port Control Mode Function in Control Mode Remark
PORT4 TXD UART data output Can be set in port or control mode in 1-bit
PORT3 RXD URRT data input units
PORT2 Sl Serial interface (CSI) 110 Can be set in port or control mode in 3-bit
PORTL | SO units
PORTO | SCLK

11.2.1 Configuration of PORT

(1) Configuration of PORTO

Figure 11-2. Block Diagram of PORTO

Multiplexed pin 1/O control

™\
Mode register PM
Control mode Selector
register PC
[2]
>
o]
O
©
()
'é -
= SCLK S
:_; ‘%i O) PORTO
s Port register PORT n
=
5
[8]
Ro)
[}
3 JI
Port read enable
TN
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(2) Configuration of PORT1 and PORT4

Internal peripheral I/O bus

Figure 11-3. Block Diagram of PORT1 and PORT4

Multiplexed pin 1/O control

Mode register PM

Control mode

register PC

Selector

SO (PORTY),
TXD (PORT4)

Selector

Port register PORT

Selector

Port read enable
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(3) Configuration of PORT2 and PORT3

Figure 11-4. Block Diagram of PORT2 and PORT3

N\
Control mode
register PC
Mode register PM
2]
>
o)
o
I
()
<
2
Q . PORT3
o 3
‘_é Port register PORT O PORT2
@
£
5
(8]
Q
5]
& Jl
Port read enable |
RXD (PORT3), _C
—~_ S| (PORT2)
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11.2.2 PORT control register

(1) /O port register (PORT)
This register is for the 5-bit I/O port, PORT, and can be read or written in 8-bit units.
In the input mode, the levels of the port pins can be directly read from this register. However, the register does
not retain the values.
In the output mode, the values written to this register are output to the port pins.

Figure 11-5. 1/0 Port Register (PORT)

Address: C0000000H

7 6 5 4 3 2 1 0
PORT1 0 \ 0 \ \PORTQPORTﬂPORTﬂPORTﬂPORTq

o

Initialvalue:lo‘o‘0‘—‘—‘—‘_‘_|

R/W: R R R RW RW RW RW R/W

(2) 1/0 mode register (PM)
This register sets PORT in the input mode or output mode in 1-bit units, and can be read or written in 8-bit units.

Figure 11-6. 1/0 Mode Register (PM)

Address: C0000002H

7 6 5 4 3 2 1 0
PM| 1 \ 1 \ ‘PM4‘PM3‘PM2‘PM1‘PMO|

[y

mitalvalue: | 1 | 1 [ 1 | 1 [ 1 [ 1] 1] 1|

RW: R R R RW RW RW RW RW

Bit Bit Name Description

4-0 PM4 - PMO Port Mode
Specifies the input/output mode of PORTO through 4 pins.

0: Output mode (output buffer ON)
1: Input mode (output buffer OFF)
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(3) Port control mode register (PC)
This register selects the control modes of PORT and can be read or written in 8-bit units.

Figure 11-7. Port Control Mode Register (PC)

Address: C0000004H

5 4 3 2 1 0
| pca | pes | pe2 | pe1 | peo |

o
o |o
o

Pc|

initial value:{ 0 | o [ o | o [ o[ o] o] o

RW: R R R RW RW RW RW RW

Bit Bit Name Description

4 PC4 Port Control
Specifies the operation mode of PORT4 pin.

0: 1/O port mode
1: UART data output (TXD)

3 PC3 Port Control
Specifies the operation mode of PORTS3 pin.

0: 1/O port mode
1: UART data input (RXD)

2-0 PC2 - PCO Port Control
Specifies the operation mode of PORT2 through PORTO pins.
PC2 | PC1 | PCO Operation mode
0 0 0 I/O port mode
1 1 1 CSl interface
Others Reserved (setting prohibited)

Caution Set the CLS02 through CSLOO bits of the clocked serial interface mode register (CSIMO) of
CSi (refer to 9.2) before setting the port control mode register (PC).
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11.3 PORTA

PORTA is an 8-bit I1/0 port that can be set in the input or output mode in 1-bit units.

Table 11-2. Operation of PORTA in Control Mode

In addition to the port
function, this port also has a function to input DMA request signals and output DMA enable signals.

Port Control Mode Function in Control Mode Remark

PORTA7 DMAAK3 DMA transfer enable (CH3) output Can be set in the port or control mode in
PORTAG6 DMARQ3 DMA transfer request (CH3) input 1-bit units.

PORTAS5 DMAAK2 DMA transfer enable (CH2) output

PORTA4 DMARQ2 DMA transfer request (CH2) input

PORTA3 DMAAK1 DMA transfer enable (CH1) output

PORTA2 DMARQ1 DMA transfer request (CH1) input

PORTA1 DMAAKO DMA transfer enable (CHO) output

PORTAO DMARQO DMA transfer request (CHO) input

11.3.1 Configuration of PORTA

(1) Configuration of PORTAN (n =0, 2, 4, or 6)

Internal peripheral 1/0 bus

Figure 11-8. Block Diagram of PORTAN (n =0, 2, 4, or 6)

Control mode
register PAC

l«— 1 Mode register PAM

Port register PORTA

PORTAG,
O PORTAA4,

Port read enable

Selector

DMARQS3 - B
DMARQO
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CHAPTER 11 PORT FUNCTION

(2) Configuration of PORTANn (n=1, 3,5, or 7)

Figure 11-9. Block Diagram of PORTAn (n=1, 3,5, 0r7)

Multiplexed pin input/output control

M\
e .| Mode register PAM
Control mode Selector
register PAC
[2]
=}
o]
Q
©
2 DMAAKS -
£ DMAAKO — ™ 5 PORTA?,
g g O PORTAS,
5 3 PORTAS3,
5 Port register PORTA » PORTAL
c
S
8]
(]
©
& I
Port read enable
T\

11.3.2 PORTA control registers

(1) I/O port register A (PORTA)
This is a register for the 8-bit /0 port, PORTA, and can be read or written in 8-bit units.
In the input mode, the levels of the port pins can be directly read from this register. However, this register does
not retain the values.
In the output mode, the values written to this register are output to the port pins.

Figure 11-10. I/O Port Register A (PORTA)

Address: CO0000FOH
7 6 5 4 3 2 1 0

PORTA |PORTA7 ‘ PORTAG6 ‘ PORTAS5 ‘ PORTA4 ‘ PORTA3 ‘ PORTA2 ‘ PORTA1 ‘ PORTAO |

mmel - ‘ - ‘ _ ‘ _ ‘ _ ‘ _ ‘ _ ‘ _ |

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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(2) 1/0 mode register A (PAM)
This register can set PORTA in the input or output mode in 1-bit units, and can be read or written in 8-bit units.

Figure 11-11. I/O Mode Register A (PAM)

Address: CO0000F2H

7 6 5 4 3 2 1 0
PAM |PAM7‘PAM6‘PAM5‘PAM4‘PAM3‘PAM2‘PAMl‘PAMOl

mitalvatue: | 1 | 1 [ 1 [ 1 [ 1 [ 1] 1] 1]

R/W: R/W RW RW R/W RW RW RW R/W

Bit

Bit Name

Description

PAM7 - PAMO

Port Mode
Specifies the input/output mode of PORTA7Y through PORTAO pins.

0: Output mode (output buffer ON)
1: Input mode (output buffer OFF)

(3) Port A control mode register (PAC)
This register selects the control mode of PORTA and can be read or written in 8-bit units.

Figure 11-12. Port A Control Mode Register (PAC)

Address: CO0000F4H

7 6 5 4 3 2 1 0
PAC [Pac7|Pacs|pacs|Paca|Paca|pac2|paci]Pac

initial value: [ 0 | o [ o [ o ] o] o] o] o]

R/W: R/W R/W R/W R/W RW RW RW R/W

Bit Bit Name Description

7,531 PAC7, Port Control
PACS, Specifies the operation mode of the PORTA7, PORTA5, PORTA3, and PORTAL pins.
PAC3,
PACL 0: 1/O port mode

1: DMA transfer enable output (DMAAK3 through DMAAKO)

6,4,2,0 PACS, Port Control
PAC4, Specifies the operation mode of the PORTA6, PORTA4, PORTA2, and PORTAO pins.
PAC2,
PACO 0: 1/O port mode

1: DMA transfer request input (DMARQ3 through DMARQO)
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11.4 PORTB

PORTB is an 8-bit I1/0 port that can be set in the input or output mode in 1-bit units.
function, this port also has a function as a timer and an 1/O pin for interrupt requests.

Table 11-3. Operation of PORTB in Control Mode

In addition to the port

Port Control Mode Function in Control Mode Remark
PORTB7 INTPO3 Interrupt request input Can be set in port or control mode in 1-bit
PORTB6 INTPO2 Interrupt request input units.

PORTB5 INTP11 Interrupt request input
PORTB4 INTPO1 Interrupt request input
PORTB3 INTP13 Interrupt request input
PORTB2 INTPOO Interrupt request input
PORTB1 TCLR Timer 1 clear, start input
PORTBO TI Timer 1 count clock input
11.4.1 Configuration of PORTB
Figure 11-13. Block Diagram of PORTBO through PORTB7
M\
Control mode
register PBC
Mode register PBM
2]
]
o]
Q
<
]
=
=
g Port register PORTB O PORTB7 -
T PORTBO
£
]
5
S
(8]
Q@
Q
n
Port read enable
A,

Note INTPO3 (PORTB7), INTP0O2 (PORTB6), INTP11 (PORTBS5), INTPO1 (PORTB4), INTP13 (PORTB3),
INTPOO (PORTB2), TCLR (PORTBL1), TI (PORTBO): ( ) indicates the corresponding port.
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11.4.2 PORB control registers

(1) /O port register B (PORTB)
This is a register for the 8-bit 1/0O port and can be read or written in 8-bit units.
In the input mode, the levels of the port can be directly read from this register. However, this register does not
retain the values.
In the output mode, the values written to this register are output to the port pins.

Figure 11-14. 1/O Port Register B (PORTB)

Address: CO0000F6H

7 6 5 4 3 2 1 0
PORTB |PORTBﬂPORTBdPORTB#PORT54PORTBﬂPORTBdPORTBﬁPORTBd

Initialvalue:l—‘—‘_‘_‘_‘_‘_‘_l

R/W: R/W RW R/W RW RW RW R/W R/W

(2) 1/0 mode register B (PBM)
This register sets the port in the input or output mode in 1-bit units and can be read or written in 8-bit units.

Figure 11-15. 1/O Mode Register B (PBM)

Address: CO0000F8H

7 6 5 4 3 2 1 0
PBM|PBMﬂPBMdPBM#PBMﬂPBMﬂPBMﬂPBMﬂPBMq

mialvatue: [ 1 [ 1 [ 1 [ 1 [ 1 [ 1] 1] 1|

R/W: RW RW RW R/W RW RW RW RW

Bit Bit Name Description

7-0 PBM7 - PBMO | Port Mode
Specifies the input or output mode of the PORTB7 through PORTBO pins.

0: Output mode (output buffer ON)
1: Input mode (output buffer OFF)
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(3) Port B control mode register (PBC)
This register selects the control mode of port B and can be read or written in 8-bit units.

Figure 11-16. Port B Control Mode Register (PBC)

Address: CO0000FAH

7 6 5 4 3 2 1 0
PBC |PBC7‘PBC6‘ PBC5‘PBC4‘ PBCS‘ PBCZ‘PBCl‘PBCOl

initial value:| 0 | o [ o ] o [ o] o] o] o

R/W: RIW RW RW R/W RW R/W RW RW

Bit Bit Name Description

7 PBC7 Port Control
Specifies the operation mode of the PORTB?7 pin.

0: 1/O port mode
1: Interrupt request input (INTP03)

6 PBC6 Port Control
Specifies the operation mode of the PORTB6 pin.

0: 1/O port mode
1: Interrupt request input (INTP02)

5 PBC5 Port Control
Specifies the operation mode of the PORTBS5 pin.

0: 1/O port mode
1: Interrupt request input (INTP11)

4 PBC4 Port Control
Specifies the operation mode of the PORTB4 pin.

0: 1/O port mode
1: Interrupt request input (INTPO1)

3 PBC3 Port Control
Specifies the operation mode of the PORTB3 pin.

0: 1/O port mode
1: Interrupt request input (INTP13)

2 PBC2 Port Control
Specifies the operation mode of the PORTB2 pin.

0: 1/O port mode
1: Interrupt request input (INTPOO)

1 PBC1 Port Control
Specifies the operation mode of PORTBL1 pin.

0: 1/O port mode
1: Timer 1 clear, start input (TCLR)

0 PBCO Port Control
Specifies the operation mode of the PORTBO pin.

0: 1/O port mode
1: Timer 1 count clock input (TI)
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CHAPTER 12 CLOCK GENERATION FUNCTION

The clock generator generates and controls the CPU clock and bus clock (¢) supplied to the internal hardware

units, including the CPU.
12.1 Features
e Multiple function with PLL synthesizer
(six or eight times input clock)

« Bus clock is two times the input clock frequency of the PLL synthesizer.

Table 12-1. PMC and Frequency in PLL Mode/Direct Mode

PLL Mode Direct Mode
Input clock PMC CPU Bus clock CPU Bus clock

23.8 MHz x1 142.8 MHz 47.6 MHz 11.9 MHz 3.96 MHz
(6 times) x1/2 71.4 MHz 23.8 MHz 5.95 MHz 1.98 MHz

x1/4 35.7 MHz 11.9 MHz - -
17.85 MHz x1 142.8 MHz 35.7 MHz 8.925 MHz 2.231 MHz
(8 times) x1/2 71.4 MHz 17.85 MHz 4.463 MHz 1.116 MHz

x1/4 35.7 MHz 8.925 MHz - -

12.2 Configuration
Figure 12-1. Block Diagram of Clock Generator
CMODE
PLL synthesizer ©
|' 1/2 |'
© PMC viv—f 1/6 ¢
. osc |+ PFD I VCO 4 Bus clock
x1/2
x2 %— x1/4 1/8
Phase comparator
12 —[%» CPU clock
142.8 MHz
Direct clock

PMR.DPM

fa: Oscillation frequency or external clock frequency
¢. Bus clock

OSC: Oscillator

PFD: Phase Frequency Detector

VCO: Voltage Controlled Oscillator

PMC: Power Management Controller
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12.3 Selecting Input Clock

The clock generator consists of a clock oscillator and a PLL synthesizer. For example, if the input clock is
multiplied by 6 and the division ratio is 1, a bus clock of 47.6 MHz and a CPU clock of 142.8 MHz can be generated
by connecting a 23.8-MHz crystal resonator or ceramic resonator between the X1 and X2 pins.

An external clock can be directly connected to the oscillator. In this case, input the clock signal to the X2 pin, and
open the X1 pin.

12.3.1 Lockup time

Immediately after the power has been applied or the STOP mode has been released, the PLL is in the phase lock
status at a specific frequency, and it takes a certain time (lockup time) until the frequency of the PLL is stabilized.
The status until the stabilization is called unlock status, and the stabilization status is called lock status.

Immediately after power application or releasing the STOP mode by the RESET signal, make sure that this

stabilization time elapse, by using the RESET signal (refer to 13.4 Ensuring Oscillation Stabilization Time ).
When the STOP mode is released by the NMI signal, the oscillation stabilization time is automatically ensured.

12.4 Clock Output Control

The operations of the CLKOUT pin and SDCLKOUT pin can be selected by the COE bit of the clock control
register (CGC). The power consumption can be effectively reduced by using the standby mode (HALT or STOP) and
PLL or direct mode in combination (power management mode).

12.4.1 Clock output disable mode

In this mode, output of the clock from the CLKOUT pin is disabled. Because the operation of CLKOUT is
completely stopped, the power consumption can be substantially reduced and the noise radiation from the CLKOUT
pin can be suppressed.

Figure 12-2. Clock Output Disable Mode
CLKOUT
(normal mode)

CLKOUT
(clock output disable mode) __ Fixed to “L”
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12.5 Clock Control Registers

12.5.1 Clock control register (CGC)
This register controls input clock selection and output of clock output pins (CLKOUT and SDCLKOUT). It can be

read or written in 8-bit units.

Figure 12-3. Clock Control Register (CGC)

Address: COO000EOH

CGC KEY CESEL| O 0 |COE

Initial value: 0 0 0 0 0 0 0 1

RW: RW RW RW RW RW R R RW

Bit Bit Name Description
7-4 KEY KEY Data
Identifies data. Be sure to set these bits to “0111".
No data can be written to the CESEL and COE bits if the value of the KEY data is not
“0111".
These bits are always “0000” when read.
3 CESEL Crystal External Select
Specifies the functions of the X1 and X2 pins.
0: Connect a resonator to the X1 and X2 pins.
1: Connect an external clock to the X2 pin and leave the X1 pin unconnected.
0 COE Clock Out Enable
Enables or disables output of CLKOUT.
0: Disables output (clock output pin is fixed to low level).
1: Enables output.
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12.5.2 Power management register (PMR)

This register selects an input frequency division ratio and the PLL or direct mode.

It can be read or written in 8-bit units.

Figure 12-4. Power Management Register (PMR)

Address: CO0000E2H

7 6 5 4 3 2 1 0
PMR | Reserved | DC | NMIC Resened|pLLSS| DPM |

initial value: [ 0 | o [ o ] o o[ o] o] o]

R/W: R R RW RW RW R/W RW R/W

Bit Bit Name Description
7,6 RFU Reserved field
54 DC Device Control
Specifies the division ratio of an input frequency.
Bit 5 Bit 4 Division ratio of input frequency
0 0 1/1
0 1 1/2
1 0 14"
1 1 Setting prohibited
3 NMIC NMI Control
Specifies the timing of NMI In the STOP mode.
0: Internal NMI does not occur as soon as the standby instruction is executed
(initial va@.
1: Internal NMI occurs as soon as the standby instruction is executed.
s RFU Reserved field
1 PLLSS PLL Stop of Standby Mode
Specifies a PLL operation in the STOP mode.
0: PLL stop mode (initial value)
1: PLL operation mode
0 DPM Direct or PLL Mode
Selects the PLL or direct mode.
0: PLL mode (initial value)
1: Direct mode
Notes 1. Setting a division ratio of 1/4 is prohibited in the direct mode.
2. Be sure to clear bit 2 to 0.
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12.5.3 PLL control register (PLLCR)
This register indicates the status of the PLL. This register is mapped to the 1/0 space and can be only read in 32-

bit units.

Address: FFFFFFF8H

31

29 28

Figure 12-5. PLL Control Register (PLLCR)

PLLCR| PLLC |

initial value: [0 [0 [0 o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]-]|-]

RW: RWRWRWR R R R R R R RRRRRRRRRRRRRRRRRRRRRR

T T T T
Reserved

Bit Bit Name Description
31-29 PLLC PLL Counter
Specifies the time from acknowledgment of an interrupt (NMI) to restoration of execution of
the main routine in the STOP mode (standby instruction). The time to be specified is the
duration in which the number of input clocks is counted by the following number of bits. For
setting, refer to 13.2.1 Setting of mode selection
PLLC Counter 23.8 MHz 17.85 MHz
0 0 0 20 44 ms"™* 58.8 ms
1 16 2.75ms 3.67 ms
1 1 6 26.8 us 3.58 us
Others Setting prohibited | Setting prohibited | Setting prohibited
28-4 RFU Reserved field
3-0 CM Clock Mode (read only).
Indicates the ratio of input and output frequencies of the divider. The V832 outputs a value
of 6:1 or 8:1, depending on the value of CMODE signal sampled at reset.
CM Frequency division ratio CMODE signal
0 0 8:1 1
0 6:1 0
Others RFU (reserved)

Note 42 (ns) x 2°° = 44 (ms) : 42 (ns) = input clock cycle
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CHAPTER 13 STANDBY FUNCTION

The V832 has the following modes as standby functions to reduce the power consumption.

13.1 Features

« Power management mode
« Operating frequency control mode of combination of PLL mode and direct mode

« Standby modes
« HALT mode in which only the CPU clock is stopped and STOP mode in which the entire system, including the

PLL synthesizer, is stopped are available.
In these modes, the operating clock is controlled by the HALT and STBY instructions.

These modes are set by the HALT and STBY instructions.

Figure 13-1. Status Transition

PLL mode

RESET, NMI RESET, NMI, INT

STBY instruction HALT instruction

Direct mode setting
STBY instruction

HALT mode

STOP mode

PLL mode setting
STBY instruction

\
\

STBY instruction HALT instruction

NMI NMI, INT

\ Direct mode /

Remark After the HALT mode has been released, the mode specified before the HALT mode was set is

restored.
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13.2 Power Management Modes

The V832 has the following two power management modes.
By using these modes in combination, the operating frequency can be dynamically changed.

(1) PLL mode
This mode is usually used. In this mode, the externally input clock or oscillation clock of OSC is multiplied by
six or eight by the PLL synthesizer as the CPU clock.

(2) Direct mode
In this mode, the externally input clock or oscillation clock of OSC is used as the CPU clock as is, without
being multiplied by the PLL synthesizer.

Figure 13-2 shows the basic sequence of mode change.

Figure 13-2. Operating Frequency Changing Sequence

PLLCR register setting (set restoration time from STOP mode)
PMR register setting (set division ratio of PMC and direct mode)

PLL mode

[ STBY instruction execution |
1
| NMI handler processing|
\

Y

PLLCR register setting (set restoration time from STOP mode)
PMR register setting (set division ratio of PMC and PLL mode)

Direct mode

| STBY instruction execution |
1

| NMI handler processing|
1

Operation starts

PLL mode
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13.2.1 Setting of mode selection

A mode is selected after execution is returned to the main routine by execution of the STBY instruction or
occurrence of the non-maskable interrupt (NMI) request. The NMI can be caused to occur by the NMI signal or
generated internally. To generate the NMI internally, refer to 12.5.2 Power management regiser (PMR) .

Mode Selection PMR : DC PMR : PLLSS PMR : DPM PLLCR : PLLC
(1) PLL mode — PLL mode Changed 0 0 010
(2) PLL mode - PLL mode Not changed"™ 0 0 010
1 111
(3) PLL mode - direct mode - 0 1 111
(4) Direct mode — PLL mode - 0 0 010
(5) Direct mode - direct mode - 0 1 111

Note Do not stop the input clock or change the frequency in the STOP mode.
Set this bit to 1 to stop the input clock or change the frequency in the STOP mode.

Caution Before using the power management mode, the serial interface transfer speed, SDRAM refresh
interval, and command interval must be set again because the bus clock frequency is changed.

Remark PLLCR: PLLC hit setting examples indicate the shortest settings within the allowable range of setting.
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13

1)

)

.3 Standby Mode

The following two standby modes can be used.

HALT mode

In this mode, the clock generator (oscillator and PLL synthesizer) operates, but the operating clock of the CPU is
stopped. The other internal peripheral functions are supplied with the clock and continue operation. By using
this mode in combination with the normal mode, the power consumption of the entire system can be reduced.

STOP mode
This mode stops supply of the clock to the CPU and peripheral I/O.
It can reduce the power consumption much more than the HALT mode.
» Clock output of PLL synthesizer
e InPLL mode : Operation of the PLL can be started or stopped by the PLLSS bit of the power
management register (PMR).
¢ Indirect mode: The PLL always stops.

Table 13-1 shows the operation of the clock generator in the HALT and STOP modes.

Table 13-1. Operation of Clock Generator by Standby Control

Mode Oscillator (OSC) PLL Synthesizer Seor(i::h::]aﬁplll)(l)to glssk Supply to
PLL mode Normal ©) @) @) @)
HALT o O O x
STOP O A x x
Direct mode Normal o x (@) (@)
HALT ©) X ©) x
STOP O X X X

Remark O: Operates
x : Stops
A : Operates or stops depending on setting
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13.3.1 HALT mode

(1) Setting and operating status of HALT mode
In the HALT mode, the clock generator (oscillator and PLL synthesizer) operates, but the operating clock of the
CPU is stopped. The other internal peripheral functions are supplied with the clock and continue operation. If
the HALT mode is set while the CPU is not operating, the overall power consumption of the system can be
reduced. In the HALT mode, program execution is stopped, but the previous contents of all the registers are
retained. In addition, the on-chip peripheral functions independent of the instruction processing of the CPU
continue operation. The m signal in the HALT mode is accepted.
To set the HALT mode in the non-maskable interrupt service routine, enable acknowledgment of a new non-
maskable interrupt request by clearing PSW.NP to O (status in which NMI is not serviced) before executing the
HALT instruction. If PSW.NP is not 0, the normal operation mode cannot be restored from the HALT mode by
NMI.
Table 13-2 shows the hardware status in the HALT mode.

Table 13-2. Operating Status in HALT Mode

Note 1

Function Operating Status
Oscillator Operates
PLL synthesizer Operates"™*?
Bus clock Operates
CPU Stops
Port output Retained
Peripheral function Operates

Internal data

Internal data such as registers of CPU retain status before
HALT mode is set.

Al - A23 Undefined | High impedance when HLDAK = 0
DO - D31 High impedance
BCYST 1 High impedance when HLDAK =0
CS0 - CS7
IORD, IOWR
MRD, MWR, LLBEN, LUBEN, ULBEN,
UUBEN
LLDQM, LUDQM, ULDQM, UUDQM oe?
CAS, WE, RAS g
CKE qtees
RIW Retained
WRQ Operates
CLKOUT, SDCLKOUT Clock output (if clock output is not disabled)
STOPAK 1
Notes 1. Each pin is in the operating status during DMA transfer.
2. Stops in the direct mode.
3. After reset, these pins remain 1 until the SDRAM is accessed for the first time.
4. When auto refresh is not executed
5. 0inthe power down mode
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)

Releasing HALT mode
The HALT mode can be released by the non-maskable interrupt request, an unmasked maskable interrupt
request, and RESET pin input.

(@) Releasing by non-maskable interrupt request
When the NMI signal is detected, supply of the CPU clock is resumed.

(b) Releasing by maskable interrupt request
Supply of the CPU clock is resumed by an unmasked maskable interrupt request.
To set the HALT mode in an interrupt routine, enable the interrupt that releases the HALT mode before
executing the HALT instruction. Enable the interrupt (PSW.ID = 0, EP = 0) and set the interrupt enable level.

Table 13-3. Releasing HALT Mode by Interrupt Request

Releasing Source El Status (PWS.ID = 0) DI Status (PSW.ID = 1)

Non-maskable interrupt request Handler address branch

Maskable interrupt request Handler address branch Not released

(c) Releasing by RESET pin input
Same as the normal reset operation. Therefore, the status of the register before the standby mode is set is
not retained.

13.3.2 STOP mode

1)

208

Setting STOP mode and operating status

This mode stops clock supply to the CPU and internal peripheral functions. In the PLL mode, the PLL
synthesizer can be stopped depending on the setting of the PMR register (the oscillator is not stopped).

The power consumption can be reduced by stopping the PLL synthesizer and internal peripheral circuit. When
the STBY instruction is executed, the self refresh cycle is started, and the STOP mode is set.

Make sure that the oscillation stabilization time elapses after the STOP mode has been released (refer to 13.4
Ensuring Oscillation Stabilization Time ).

In the STOP mode, program execution is stopped, but the previous contents of all the registers are retained. In
addition, the internal peripheral functions are also stopped.

Because the internal peripheral functions and clock supply by CLKOUT are stopped in the STOP mode, confirm
that the internal peripheral functions and external peripheral functions have stopped before setting the STOP
mode, and then execute the STBY instruction.

Before executing the STBY instruction, disable DMA transfer by clearing the EN bit of DCHCO through DCHC3 of
DMAC to 0. Also set PLLCR, PMR, BRGO, and BPRMO.

In the STOP mode,m is asserted active.

Figure 13-3 shows the operation timing of STOPAK.

To set the STOP mode in the non-maskable interrupt service routine, enable acknowledgment of a new non-
maskable interrupt request by clearing PSW.NP to O (status in which NMI is not serviced) before executing the
STBY instruction. If PSW.NP is not 0, the normal operation mode cannot be restored from the STOP mode by
NMI.

Table 13-4 shows the hardware status in the STOP mode.
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Figure 13-3. Operation Timing of STOPAK

CLKOUT (output) |||||||||||||||

STOPAK (output)

Remark The timing of deasserting STOPAK inactive differs depending on the mode.

Table 13-4. Operating Status in STOP Mode

Function Operating Status
Oscillator Operates
PLL synthesizer Stops™*©*
Bus clock Stops
CPU Stops
Port output Retained
Peripheral function Stops

Internal data

Internal data such as registers of CPU retain status before
STOP mode is set.

Al - A23 Undefined

DO - D31 High impedance
BCYST 1

CS0-Cs7

IORD, IOWR

MRD, MWR, LLBEN, LUBEN, ULBEN,
UUBEN

LLDQM, LUDQM, ULDQM, UUDQM,

RAS, CAS, WE, CKE

Self refresh™*?

RIW Retained
HLDRQ Not accepted
CLKOUT, SDCLKOUT 0

STOPAK 0

Notes 1. May operate in the PLL mode.
2. Self refresh is not performed if refresh is disabled. In this case, this pin retains the status before the
STOP mode is set.

(2) Releasing STOP mode

The STOP mode is released by the non-maskable interrupt request or RESET pin input. Make sure that the
oscillation stabilization time of the oscillator elapses after the STOP mode has been released.
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(@)

(b)

(©)

Releasing by non-maskable interrupt request (NMI)

When the NMI signal is detected, the PLL synthesizer resumes operation. After that, it starts supplying the
CPU clock and bus clock after the oscillation stabilization time has elapsed.

The interrupt processing started by the NMI signal when the STOP mode is released is treated as equivalent
to the normal non-maskable interrupt processing. If the two must be distinguished in a program, prepare a
software status in advance, and set the status before executing the STBY instruction. When this status is
checked by the non-maskable interrupt processing, the NMI signal releasing the STOP mode can be
distinguished from the normal NMI signal.

To set the HALT mode in a non-maskable interrupt servicing routine, change the setting of PSW.NP from 1
(NMI servicing in progress) to 0 (NMI servicing not in progress) before executing the HALT instruction, so
that a new non-maskable interrupt request can be accepted. If PSW.NP is not 0, the execution cannot be
restored from the HALT mode by NMI.

Releasing by RESET input
Same as the normal reset operation. Therefore, the values of the registers before the standby mode is set
are not retained.

Releasing by internal NMI

Set the power management register (PMR) before executing the STBY instruction to set the STOP mode.
When PMR.NMIC is set to 1, the internal NMI occurs as soon as the STBY instruction has been executed.
The interrupt servicing started on releasing the STOP mode by the internal NMI is performed in the same
manner as the ordinary NMI processing.

13.4 Ensuring Oscillation Stabilization Time

After the STOP mode has been released, enough time must elapse until the PLL circuit operation stabilizes in the

following cases:

After STOP mode has been released

To change the division ratio in PLL mode

To return from direct mode to PLL mode

* (1) To ensure lapse of time by using oscillation stabilization time ensuring timer (NMI signal input, internal
NMI)
The STOP mode is released if a valid edge is input to the NMI pin, or if an internal NMI occurs.

In this case, the oscillation stabilization time required for clock output to be stabilized is ensured by the oscillation

stabilization time ensuring timer.

After a specific time, clock output is started, and execution branches to the handler address of the NMI

processing.
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* Figure 13-4. STOP Mode Releasing Timing (with Nl\/ﬁgnal input)

CLKOUT (output) |||||||||||||||7»

NMI (input)

y UL

(

]

STOP status

€

D)

(¢

PLL circuit stops

PLL circuit stabilization time

(2) To ensure time lapse by signal level width (RESET signal input)
When a falling edge is input to the RESET pin, the STOP mode is released. Ensure that the time during which

clock output from the oscillator is stabilized elapses by using the low-level width input to the RESET pin.

Input the low-level width for 10 ms or longer to stabilize the PLL.

After a rising edge is input to the RESET pin, supply of the clock is started, and execution branches to the
handler address that is used for system reset.

Figure 13-5. STOP Mode Releasing Timing (with RESET signal input)

CLKOUT (output) |||||||||||||||7>>
q

RESET (input)

Internal system
reset signal

S

STOP status

]

€9

b)) ><)J
[€§ (

PLL circuit stabilization time
(10 ms or longer)

D)

€9

PLL circuit stops

0 o

Preliminary User’s Manual U13577EJ2VOUMO00

211



[MEMO]

212 Preliminary User's Manual U13577EJ2VOUMO0



CHAPTER 14 RESET/NMI CONTROL FUNCTION

The reset/NMI control functions are implemented by the system control unit (SYU). The system control unit is a
circuit that controls the RESET and NMI signals.

14.1 Features

« RESET and NMI pins have noise rejection circuit using the external input clock sampling.
« Performs forced reset, reset mask, and NMI mask processing from debug control unit

14.2 Non-Maskable Interrupt (NMI)

The NMI signal is sampled at the rising edge of the external input clock (X2 pin input or resonator).

Noise of less than 5 external input clocks is rejected and then the valid edge of the NMI signal is detected.
Therefore, the NMI signal must be kept low for the duration of 5 external input clocks or longer.

When the NMI signal goes low, the interrupt is detected. Because the NMI signal is detected at the falling edge, it
can be deasserted inactive once the non-maskable interrupt request has been detected. The detected interrupt
request is retained in the CPU until the CPU starts the interrupt processing.

14.3 Reset

The system is reset and the on-chip hardware units are initialized when a low level is input to the RESET pin.

When the RESET pin goes high, the reset status is cleared, and the CPU starts program execution. Initialize the
contents of each register in software as necessary.

The valid edge of the RESET signal is detected after noise width of less than 5 external input clocks has been

rejected. Therefore, the RESET signal must be kept low for the duration of 5 external input clocks or longer. To
satisfy the minimum width (10 clocks) of the reset enable for the external input core, the width of the external reset
signal must be 15 clocks or wider.

The minimum number of clocks required for the first BCYST signal to be asserted active after the reset signal has
been cleared is as follows:

* 16 bus clocks (x6 mode)

¢ 15 bus clocks (x8 mode)

14.3.1 Pin function

Table 14-1 shows the status of the output pins during the system reset period and immediately after reset. This
status is retained during the reset period.

If the HLDRQ signal is inactive after holding the RESET pin low for the duration of 15 external input clocks and
then deasserting it inactive, a memory read cycle is started to fetch instructions. If the m signal is active, the
bus hold status is set.

Connect a pull-up or pull-down resistor to the pins that go into a high-impedance state at reset. Otherwise, the
memory contents may be lost when these pins go into a high-impedance state.
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The CLKOUT and SDCLKOUT pins output the clock even during the reset period.

Table 14-1. Status of Output Pin Immediately after Reset

Operating Status
Al - A23 Undefined
DO - D31 High impedance
CS0-CS7 1
BCYST 1
IORD, IOWR 1
WE, RAS, CAS, CKE 1
LLBEN, LUBEN, ULBEN, UUBEN 1
LLDQM, LUDQM, ULDQM, UUDQM 1
RIW 1
MRD, MWR 1
CLKOUT, SDCLKOUT Clock output
HLDAK 1
PORTO - PORT4™, PORTAO - PORTA7", | High impedance
PORTBO - PORTB7"™
DDO Undefined
TRCDATAO - TRCDATA3 Undefined
STOPAK/TC 1

Note Pins multiplexed with port pins serve as port pins immediately after reset.

Figure 14-1. Accepting Reset Signal

Note
Twre

| |
! \
External input/oscillation clock | | | | | | | | | I | | | | | | | | | | | | | | | | | | |

RESET (input) N /
¢

Note The minimum value of TwrL (low-level period of the RESET signal) differs depending on the following
status.
« On power application or releasing STOP status (STBY instruction): 20 ms (stabilization time of oscillator
+ PLL oscillation stabilization time)
« Normal (other than above): 15 external input clocks
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14.3.2 Initialize

Table 14-2 shows the value of each register after reset.
Initialize the contents of each register in software as necessary. Care must be exercised in handling the clock
control register (CGC) because this register is related to system setting (such as X1 and X2 pin functions and

CLKOUT pin operation).

Table 14-2. Initial Value of Each Register after Reset

Register Initial Value after Reset
System registers Program counter PC FFFFFFFOH
Exception/interrupt status saving registers EIPC Undefined
EIPSW Undefined
NMIl/dual exception status saving registers FEPC Undefined
FEPSW Undefined
Exception cause register ECR 0000FFFOH
Program status word PSW 00008000H
Processor ID register**®* PIR 00008302H
Task control word TKCW 000000EOH
Debug exception status saving registers DPC Undefined
DPSW Undefined
Hardware configuration control word HCCW 00000000H
Internal registers PLL control register*™? PLLCR 00000001H
00000002H
Cache memory control register CMCR 00000000H
Instruction cache tag register ICTR Xxxxx000H
Data cache register DCTR XXxXX000H
Instruction RAM register IRAMR Undefined

Notes 1. These registers are fixed to the initial value with the V832.
2. The initial value is assigned to either of these values depending on the setting of CMODE.

Remark
internal peripheral unit.
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The V832 has a debug control unit (DCU) that implements a debug/trace function.
15.1 Features

e Signals for debug: 10 (dedicated: [ﬁ, DCK, DMS, DDI, DDO, TRCDATAO through TRCDATA3)
(multiplexed: CLKOUT)
- On-chip debugging can be executed if wiring and connectors for debugging are mounted on the user board
(however, the fatal exception handler (FFFFFFEOH through FFFFFFEFH) cannot be used).
- Debug interface for interfacing the host machine via a debug unit is provided.
« Trace interface that monitors execution status of user program is provided.
¢ Debug function
« Forced reset function (can forcibly reset CPU core and peripheral functions)
« Forced break function (can forcibly stop user program execution)
« Can stop user program execution at any address.
- Can start user program execution from any address.
« User resources (such as memory and I/O) can be read or written while user program is stopped.
« User program can be downloaded.
. Mask function (can mask external input signals (RESET, HLDRQ, NMI, INTPOO through INTP03, and
INTP10 through INTP13))
e Trace function
« PC trace (branch trace)
Can trace all branches (transition of processing) that take place during user program execution.
Can select trace sources from the 9 classified branches by function.
- Data trace
Can trace all data accesses made via external data bus and internal peripheral /O bus (internal data RAM,
data cache, and system I/O of CPU core cannot be traced)
Write data can be traced by write access.
« Real-time trace
« Forced start/stop of trace. Starts trace from any execution PC.
« Trace buffer provided (PC trace and data trace multiplexed)
Can store trace data of 12 to 64 sources
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15.2 In-Circuit Emulator Connector (target board side)

To connect an in-circuit emulator supporting N-wire to the target board for debugging, a circuit that connects the
in-circuit emulator is necessary on the target board.

Figure 15-1 shows the recommended circuit on the target board that is necessary for connecting the CPU and in-
circuit emulator supporting N-wire.

Figure 15-1. Example of Recommended Circuit for Connector Connecting In-Circuit Emulator Supporting N-wire

To clock input such as of ASIC +3V
Voo J
B13
cLkouT |—+Note 1 D> 3BQ Allrpec k

TRCDATAQ |——Note 2 M% QA2 1RCDATAO

TRCDATA1L Note 2 D W22 A3l TRepATAL

TRCDATA2 |—Note 2 M% Q A4l rRCcDATA2
TRCDATA3 |—\ote 2 IN“"FW\L 2_ASITRCDATA3

+3V

T o417 510
?4.7 KQ=4.7kQ=47kQ =4.7 kQ
DD Note 2 A7 DDI
DCK Note 1 A8 DCK
DMS Note 2 A9 DMS
DDO Note 2 Al10 DDO
DRST ALLIpRST
%50 kQ GND TA_G’ B1-810
CPU (V832) - IE connector B

8830E-026-170S

Notes 1. Keep the clock pattern length as short as possible, and shield it by enclosing it with GND lines (the
pattern length must not exceed 100 mm).
. Keep the pattern length as short as possible (the pattern length must not exceed 100 mm).
3. 3-V buffer such as SN74LVC541A and TC74LCX541F

Cautions 1. The V pp pin (B13) of the IE connector (target board side) is used to detect power application
to the target board. Because this pin may be used to supply power to a signal driver such as
DCK depending on the tool, directly connect it to the power supply of the target.

2. Be sure to open the NC pin.

Remark Target board printed wiring board design rule: 3 lines between pins
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stabilize the operation:

When designing the external bus of the V832, it is recommended to design the board as follows, in order to

(1) Calculate the load capacitance of the device connected to each output pin of the V832, and the wiring load

device load capacitance does not exceed 40 pF.

capacitance. Design the circuit (by inserting a buffer) so that the total load capacitance per pin does not exceed

If it is difficult to calculate the wiring load capacitance, design the circuit (by inserting a buffer) so that the total

(2) When inserting a damping resistor to suppress noise on the output pins of the V832, use a resistor of 22 Q or so

®)

study the effect of the buffer on the delay time.

at first. Determine the final and optimum value of the resistor by evaluating the board.

Figure A-1. Recommended Circuit for Inserting Buffer

V832

Address bus (high-order)

Address bus (low-order)
Data bus
SDCLKOUT

RAS

CAS

WE

xXDQM

10 pF :
— ROM, :
' 1/0, etc H
E || SDRAM (four units) :
29 QNote 4 E E

7 pF x 4 =28 pF

Note Determine the resistance during evaluation.

Remark xxDQM: LLDQM, LUDQM, ULDQM, UUDQM
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APPENDIX B REGISTER INDEX

[A]

ASIMOO (asynchronous serial interface mode regiSter 00)..........uviiiirieeiiiiee it 148
ASIMO1 (asynchronous serial interface Mode regiSter 0L)...........cii ittt e e e e e e e e e e e enaaeees 150
ASISO (asynchronous serial interface StatuS FEQISTEN).........uuiiiiiiiiiiiiii e 151
(B]

BCTC (bUS CYCle tyPe CONLIOI FEGISTET) ...ttt e ettt e e e e e s e bbbt e e e e e e e st e e e e e s annbbbseeeaaeeaaannees 109
BPRMO (baud rate generator prescaler MOAE FEISTEr) ......coiiriiieiiiiiie ettt e e e bb e e e nnee 166
BRGO (baud rate generator COMPAIE FEGISTET) ......uuuii ittt ettt e e e e e et e e e e e e e s aabbeeeeeeaeeeaaaanbbeeeeeaaeesaannrnes 165
[C]

CC10 through CC13 (Capture/COMPAre FEGISLEIS) ....cciiureeeiitiieeeiietee ittt ee e ettt e e atee e e e sbe e e e asbb e e e s anbe e e e s nnber e e e e anbneeesnanneas 172

CGC (clock control register)

CM4 (COMPAre register) .......coocveeeriieeeeiniiee e

CSIMO (clocked serial INterface rEQISTEI 0) ........oiiiieiiiiiieee ettt e et e e e e e e r bbb et e e e e e e e e sbb e bbb e e e e e e e s e s anenreneeeas 158
(D]

DBC (data bus Width CONEIOI FEGISTET).....ceiueeiieiiiiee ettt e et e e et e e s bt e e s asbe e e e s sab e e e e abbeeeenae 110
DBCO through DBC3 (DMA byte count registers 0 through 3) ........eeeeiiiiiiiii e 128
(DB VN ofo] gl fo] I {=To L] (=T I PO TP UU PP OPP PP TPPRPN 133
DCHCO through DCHC3 (DMA channel control registers 0 through 3) ... 130
DDAOH through DDA3H (DMA destination address registers OH through 3H) ......c.coooiiiiiiiine 127
DDAOL through DDA3L (DMA destination address registers OL through 3L) ... 128
DSAOH through DSA3H (DMA source address registers OH through 3H) ........cooiiiiiiiiiiiiiiee e 125
DSAOL through DSA3L (DMA source address registers OL through 3L)........cciiiiiiiiiiiiiee e 126
(1]

[OF 2 (gl T g0 o] Mo [T TR (=T o 1S3 (T ) ISP PSP TTPRPN 56
IGP (interrupt group PrOIILY FEGISTEI) .......eiiee ettt e e e e ettt e e e e e e e e bbbttt e e e e e e e aaeb e et e e e e e e s s s bbare b e et eaaeeesaanbnsbneeaaaeeaaanens 55
IMOD (ICU MOTE FEQISTET) ..veeeeiitiieeeitite ittt e sttt ettt e ettt e e ettt e e e abb e e e e ek be e e e e bbbt e e eabt e e e e sa bbb e e mrnt e e e e anbb e e e eanbneeennnnes 58, 179
IMR (interrupt reqUESE MASK FEGISTET) ... ittt ettt e e e e s e bbbttt e e e e e s e e bbb st er e e e e e e e e s anbbsseeeaaeesaaannee 57
IRR (INTEITUPL FEQUEST FEGISTET) ....eeeeeiiiiie e ittt ettt e kbt e bttt e e s skt e e sttt e e st et e et e n b et e e e st et e e e bb e e e e annbneeennnees 57
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[P]

PAC (pOrt A CONLIOl MOAE FEQISTEN) ...ci it e ettt e ettt e e e e e ettt e e e e e e s s bbte e e e e e e aaaesaanbbbeeeeeeeaannbbeeaaaens
PAM (1/O MOAE FEUISIEN A, eeiiie ittt ettt ettt e e o s bt e e ekttt e e bbbt e e 1h b et e e aat et e e eas s be e e e e bb e e e enb e e e e eabeeeesnbreeas
PBC (port B control mode register)
PBM (/O MOAE FEUISIEN B)....cueteiiiiieiee ittt ettt ettt e ettt e e b bt e e 1h b e e e aat bt e e en s bb e e e e kb e e e e nbe e e e snbe e e e snnneeas
(SO (ool a fele] gl o] Wypleo I {0 111 (=] o U PRSPPI
PICO, PIC1 (programmable idle control register 0, 1)
PLLCR (PLL control register)
(Y (L@ I g oTo SR f=To L] (=T PO PTPP T PPPPPTI
PMR (POWEr MANAGEMENT FEOISTET) .. iiiiiiitieiie e e ettt e e e ettt e e e e et b e et e e e e e e s aa bbb et eae e e e aanbbaeeeeeeeeaannsanbbbeeeeeesaansbbeeeaeens
(SO I (L@ oTo 4 A L= o 151 (=] o T O PSP PPPPPPI
(O] g N (L@ B oo =T o I3 =] AN PRSPPI
PORTB (/O PO FEUISIET B) .....ieiieiiiiee ittt ettt ettt ettt e st e e it e e et e e e e bttt e e ea s be e e e s kb e e e e nbe e e e aabneeeanbneeas
PRC (Page-ROM CONfIQUIALION FEOISTET) .....etiiiiiiieiiieiee e e ettt ettt e e e e ettt e e e e e e bt e e e e e e s annbeebbbeeeeeeeeannebneeeeens
PWCO (programmable wait CONrOl FEGISTET D) .......eiiiiiiiiiiiiieiiiee ettt e e e e et e e e e e nreees
PWC1 (programmable wait CONIOl FEGISTEE L) .......uuiiiiiiiiiiiii et e e ettt e e e e e st e e e ae e e e e e e e annebeeeeaens

[R]
RFC (refreSh CONEIOI FEGISTET) ...iiiiiiiiiiiiie ettt ettt e e s bt e e e be et e e as s bb e e st e e e bt e e e e anbe e e e snbreeas 121
RXBO, RXBOL (FECEIVE DUFFEI) ...ttt ettt ettt e e e e e ettt e e e e e e e e e anbbbe e e e e e e e annnbaeeeaeens 152

(S]

SDC (SDRAM CONFIGUIALION FEGISTET) ...eiiiuiiiieiiieie ittt ettt e ettt e e et e e st e e ettt e s e sabn e e st e e e enbeeesnnnee 117
SDM (SDRAM MOUE FEUISTET) ...tteeieee ittt e et ettt e e e e ettt e e e e e e et ba et e e ae e e s e bbbeeeeeaeeaasaebeeeeeeeaaasnnbbeeeeaeeesaansanseeaeeesanns 119
SIO0 (serial 1/O Shift FEGISTEI D) ..eeiiiiiiiiiiiiei et e st e e et e e st b e e s eeeaab bt e e sabe e e e s bb e e e anbeeesnnes 159

(7]
LI T LT 1 T PSP UTTT R URTUPRPTN
LI LT ) O PP TP PU PP PPPPPPUTPR
TMC1 (timer control register 1)
TMC4 (timer control register 4)

TOCL (timer OULPUL CONTIOI FEOISTET) ....utieiiiee ettt e oottt e e e e ettt e e e e e s aab bt e e e e e e e antbbe sabbbbeeeeeesaannbereeaaaeaanns 178
TOVS (imer OVErflOW STALUS FEGISTET) ...eeiiuiiiiiiiiiie ittt ettt et et e e e it e e e s b e e e et st bt e e sbbe e e e nnbeeesanbreeen 179
TUMZL (iMer UNit MOAE FEOISIE) .eiiiiiiiiiiiee ettt e e e ettt e e e e e st bttt e e e e e e e abbeeeeaeeesanes sanbbbbeeeeeesaannbbreeaeaeaanns 174
TXS0, TXSOL (transSmit SNIft FEGISTET) ....eeeiiiiieiiiiie ittt e ettt e e sbb et e s nnbe e e s anbreeeans 153
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(Al

Address multiplex function ...........cccceeeiiiieeeniiieeenns
Address space and block ...,

Asynchronous serial interface

(B]

Basic configuration of port..........coccviieiiiiiiiniiiiieen. 185
Baud rate generator .........cccceveeiieee i 162
Baud rate generator compare register ............ccceeee... 165
Baud rate generator prescaler mode register ............ 166
BCTC ittt 109
BCY ST ittt 36
BPRMO ..ottt 166
BRGO ... 165
BTL6B ... 36
Bus arbitration ..........occooiiiiiiiii 105
Bus control Signal ..........occcuviiiieiiiiiie e 35
Bus cycle type control register ........ccccceeevviiiiiiennennn. 109
Bus hold cycle

BUS SIZING ...eviiiiiiiiieeie e
Bus sizing during DMA transfer ..........cccccciiiiiiinneen. 143
&

CAS s 39
Capture/compare register ..........ccccceeeeeeeeeriiiiineeeeeenns 172
CC10 through CC13 ....ccoiiiiiiiiiiie e 172
CGC i 199
CKE et 39
CLKOUT Lottt 37
Clock control register .........covvvviiiiieeeeiiiee e
Clock output CONLrol ........ceveeeiiiiiiiiiiiieee e

Clock output disable mode
Clocked serial interface ........cccceevvvvvvieieeeeeiiiiieeeeeeeeenn,

CPU core system register
CSO through CS7 ..o

DDAO through DDAS ....oooiiieiiiiiiiiieeee e 127
DIDI ittt 41
DDO i 41
Debug control Signal ..........ccuvvieieiiiiiiiiieeee s 41
Debug/trace function ..........cccccvviieiiiiiiienniece e

Demand transfer mode .........cccoeeveevviiiiiieieeieiiieeeee

DMA byte count registers 0 through 3

DMA channel control registers 0 through 3 ................ 130
DMA control register ......cccccvecvvvieeeeeeeeeieiiineee, 125, 133
DMA control Signal ... 39
DMA destination address registers 0 through 3 ........ 127
DMA source address registers 0 through 3 ............... 125
DMA transfer end interrupt ..........cccceevvvveenniieeeninnenn.
DMA transfer end output .........ccceeeeeiiiiiiiiiiiiieeenens
DMA transfer reqUest ........cocceveeiiieeiiiiiee e

DMA transfer type and subject to transfer
DMAAKO through DMAAKS ...

[E]

Ensuring oscillation stabilization time......................... 210
EXception ProCesSiNg .......ccccvcueeerrieeeeniiieeeiieee e 53
External 1/O CYCle ... 61
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(1]
I/O circuits of respective pins and recommended
connections of unused pins

ICU MoOde register .......ooouvveieeiieeiiiiiieecee e

Idle state

IGP....ooiiiiiien

IMOD ottt

IMR e
Initialize

Internal block configuration ............cccccoviiiiiiiiciiennnnnn. 27
Internal peripheral I/0 Space ..........ccccevviieeeviiice e, 45
INternal UNit .......cccooiiiiee e 28
Interrupt clear register ..o 56
Interrupt CONtrol register .........ccovviviiieeee e, 55
Interrupt control signal

Interrupt group priority register .........ccccccvvviivieeeeeeennn. 55
Interrupt request mask register ........ccccccvvvcviiiiieneeennn. 57
Interrupt request register .........cooccieeeeeeeeeniiiieeeeeenn 57
Interrupt requests by external input pins..............cc...... 60
Interrupt/exception ProCeSSING ......ccceeerrrriurrieeeeeeeennnnns a7
INTPOO through INTPO3 .......coviiieeiiiiiiiiiiee e, 38

(J]

Judgment of on-page/off-page ........c.ccccoeviiieiienennnn. 117
(L]

LLBEN .ot 35
LLDQM ittt e 38
LOCKUP tIME e 198
LUBEN ...ttt ittt 36
LUDQM oottt en s 38
M]

Maskable INterrupt ... 50
Memory mapped /O .......cccovriiieiiiieeieeeee e 106
MRD ...ttt 35
MWR oo 36
M

NMI e 38
Non-maskable interrupt .........cccccceveeeiiiciiienneenn. 49, 213

[P]

Page-ROM configuration register ............cccccveeeeeenn. 122
Page-ROM control function .........cccocceeeiviieeeiiiienene 122
Page-ROM cycle

PICO, PICL ..o

Pin configuration (TOp VIeW).........oocuiiiieiineiiiniiiiieeen. 25

PLL control register

PLLCR .oiiiiiiiiceiiee

PORT e
Port control signal ..........ccevieiieiieiiie e
PORTO through PORT4 ....vviiiiiiieeecc e
PORTA ottt
PORTAO through PORTAT ....ovviiiiiieiiiiiiiiiieeeee e
PORTB ..ottt
PORTBO through PORTB7 .....cvvvviiieeiiiiiiiiiieee e
Power management Mode...........cocoeveeenieenieenineens
Power management register...............

PRC o
Priorities of DMA channel .........ccccccoviiiiiniceniiieen,
Priority of maskable interrupt

Programmable idle control register 0, 1...........ccec.e. 113
Programmable wait control register O ...........cccccee.... 111
Programmable wait control register 1 ............cccceeenne 112
PWECO ..ot 111
PWCL e 112
[R]

RIW e 36
RAS oo

Real-time pulse control signal
Refresh funCtion ..........ccccoviieiii e
Releasing STOP MOde .......cccoevvviieiiiiiieeiieeee e
Request from DMARQ PiN .......cccoeeiiiiiiiiiieieeeeiiiens
Request from internal peripheral hardware .............. 138

Restoring from exception/interrupt
Restoring from fatal exception routine...............c......... 54

SDCLKOUT .o
SDRAM CYClE...coiiiiiiiiiiieeiee e
SDRAM control function
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SDRAM control signal
SDRAM mode register
Selecting INPUt ClOCK .......cooveeeiiiiiiic e
Serial control signal

SRAM (ROM) cycle
Standby MOde ...
STOP MOE.......eviiiiiieieiciiie e
STOPAK ...ttt
System control Signal ..........ceeeeiiiiiiiiieen 37

Timer control redister 1 ........occceeiiiieeiniiieeiieee e 176
Timer control register 4 .........ooooeeiieeiiiiiieieee e 177
Timer output control register ..........cccovcvvevriieeeiiieeenns 178
Timer overflow status register ..........coccoveeeeeiininnnn. 179
Timer unit mode register ........cccccvieeiniiieeniieee e 174

Timer/counter control register

(W]
Wait control by READY PiN.....ccoooiiiiiiiiieiiiiiiieeeeee 114
Wait coNtrol register .........cccooveeeeiiieeeiniee e 109
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