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Notice

1. 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 or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

3. Nolicense, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.

5. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.

6. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home
electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.

7. No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.

8. When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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 and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

11. Renesas Electronics products and technologies shall 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. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

12. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

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

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

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
WWW.renesas.com www.renesas.com/contact/
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage
notes on the products covered by this document, refer to the relevant sections of the document as well as any technical updates that have
been issued for the products.

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up 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 benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor devices must not be
touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.

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

3. Input of signal during power-off state
Do not input signals or an 1/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal elements.
Follow the guideline for input signal during power-off state as described in your product documentation.

4. Handling of unused pins
Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal
become possible.

5. Clock signals
After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal produced
with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.

6. Voltage application waveform at input pin
Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V, (Max.)
and V| (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the input level
is fixed, and also in the transition period when the input level passes through the area between V,_(Max.) and V| (Min.).

7. Prohibition of access to reserved addresses
Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these
addresses as the correct operation of the LS| is not guaranteed.

8. Differences between products
Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



How to Use This Manual

1. Objective and Target Users

This manual was written to explain the hardware functions and electrical characteristics of this LSI to the target
users, i.e. those who will be using this LSI in the design of application systems. Target users are expected to

understand the fundamentals of electrical circuits, logic circuits, and microcomputers.
This manual is organized in the following items: an overview of the product, descriptions of the CPU, system
control functions, and peripheral functions, electrical characteristics of the device, and usage notes.

When designing an application system that includes this LSI, take all points to note into account.

Points to note are given in their contexts and at the final part of each section, and in the section giving usage notes.

The list of revisions is a summary of major points of revision or addition for earlier versions. It does not cover all revised
items. For details on the revised points, see the actual locations in the manual.

The following documents have been prepared for the RZ/T1-M Group. Before using any of the documents, please
visit our web site to verify that you have the most up-to-date available version of the document.

Document Type

Contents

Document Title

Document No.

Data Sheet Overview of hardware and electrical characteristics — —
User’s manual: Hardware specifications (pin assignments, memory RZ/T1-M Group This User’s manual
Hardware maps, peripheral specifications, electrical User’s manual:

characteristics, and timing charts) and descriptions of
operation

Hardware

User’s manual:
Software

Please find this information from the Arm® Ltd. home page.

Application Note

Examples of applications and sample programs

Renesas Technical
Update

Preliminary report on the specifications of a product,
document, etc.




2. Description of Registers

Each register description includes a bit chart, illustrating the arrangement of bits, and a table of bits, describing the
meanings of the bit settings. The standard format and notation for bit charts and tables are described below.

XXX ... Register

Address(es): xxxx xxxxxh

b7 b6 b5 b4 b3 b2 b1 b0

— ... [1:0] 4 — — — .0
Value after reset: X 0 0 0 0 0 0 0
x: Undefined
Bit Symbol Bit Name Description R/W
b0 ..0 ... Bit 0: ... (3) R/W
- (2) 1( Setting prohibitea )
b3tob1 — (Reserved)/ The read value is 0. The write value should be 0. R/W
b4 .4 ... Bit 0:...... R
1 ...
b6, b5 ... [1:0] ... Bit 00: ... (3) R/(W)*
01 -
(Settings other than above are prohibi@d)
b7 — Reserved The read value is undefined. Writing to this bit has no effect. R

(1) R/W:  The bit or field is readable and writable.
R/(W): The bit or field is readable and writable. However, writing to this bit or field has some
limitations. For details on the limitations, see the description or notes of respective registers.
R: The bit or field is readable. Writing to this bit or field has no effect.

(2) Reserved. Make sure to use the specified value when writing to this bit or field; otherwise, the correct
operation is not guaranteed.

(3) Setting prohibited. The correct operation is not guaranteed if such a setting is performed.




. List of Abbreviations and Acronyms

Abbreviation Full Form
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
Hi-Z High Impedance
I/O Input/Output
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connect
PLL Phase Locked Loop
PWM Pulse Width Modulation
UART Universal Asynchronous Receiver/Transmitter

. Description of the Access Size

Access size:

8 bits = Byte

16 bits = Word

32 bits = Longword
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450 MHz, MCU with Arm® Cortex®-R4, on-chip FPU, 747 DMIPS, up to 1 Mbyte of on-chip extended
SRAM, MDIO I/F, various communications interfaces such as an SPI multi-I/O bus controller, safety

functions, and security functions*"

Features
] On-chlp 32-bit Arm Cortex-R4 processor

High-speed realtime control with maximum operating frequency of

450 MHz

Capable of 747 DMIPS (in operation at 450 MHz)

On-chip 32-bit Arm Cortex-R4 (revision r1p4)

Tightly coupled memory (TCM) with ECC: 512 Kbytes/32 Kbytes

Instruction cache/data cache with ECC: 8 Kbytes per cache

High-speed interrupt

The FPU supports addition, subtraction, multiplication, division,

multiply-and-accumulate, and square-root operations at single-

precision and double-precision.

e Harvard architecture with 8-stage pipeline

Supports the memory protection unit (MPU)

e Arm CoreSight architecture, includes support for debugging
through JTAG and SWD interfaces

m Low power consumption
e Standby mode and module stop function

m On-chip extended SRAM
e Upto 1 Mbyte of the on-chip extended SRAM with ECC
e 150 MHz

m Data transfer
e DMAC: 16 channels x 2 units

= Event link controller
e Module operations can be started by event signals rather than by
interrupt handlers.
e Linked operation of modules is available even while the CPU is in
the sleep state.

m Reset and power supply voltage control
e Three reset sources including a pin reset
e Dual power-voltage configuration: 3.3 V, 1.2 V (I/O unit), 1.2 V
(internal)

m Clock functions
e Oscillator input frequency: 25 MHz
e CPU clock frequency: Up to 450 MHz
e Low-speed on-chip oscillator (LOCO): 240 kHz

= Independent watchdog timer
e Operated by a clock signal obtained by frequency-dividing the
clock signal from the low-speed on-chip oscillator: Up to 120 kHz

] Safety functions
Register write protection, input clock oscillation stop detection,
CRC, IWDTa, and A/D self-diagnosis
e An error control module is incorporated to generate a pin signal
output, interrupt, or internal reset in response to errors originating
in the various modules.

m Security functions (optional)*2
e Boot mode with security through encryption

] Management data input/output interface (MDIO)
An interface embedded in the optical transceiver modules which
are compliant to the CFP MSA specifications: 1 channel (slave)
Maximum operating frequency: 4 MHz
e Interface for DSP control: 2 channels (1 for slave operation, 1 for
master operation*1)
Maximum operating frequency: 10 MHz

Note 1. Optional

PLBGO0112KA-A

m Various communications interfaces
e SCIFA with 16-byte transmission and reception FIFOs: 4 channels
e I2C bus interface: 2 channels for transfer at up to 400 kbps
e RSPIa: 2 channels
e SPIBSC: Provides a single interface for multi-I/O compatible
serial flash memory

m Up to 12 extended-function timers
e 16-bit TPUa (6 channels): Input capture, output compare, PWM
waveform output
e 16-bit CMT (4 channels), 32-bit CMTW (2 channels)

m 12-bit A/D converters
e 12 bits x 2 units (max.)
(8 channels for unit 0; 8 channels for unit 1)
e  Self diagnosis
e Detection of analog input disconnection

m Temperature sensor for measuring temperature
within the chip

m General-purpose I/O ports
e 5-V tolerance, open drain, input pull-up

m Multi-function pin controller

e The locations of input/output functions for peripheral modules are
selectable from among multiple pins.

m Operating temperature range
e  Tj=-40°C to +110°C
Tj: Junction temperature

Note 2. Details of these optional functions will only be disclosed after completion of a binding non-disclosure agreement. For details, contact our sales

representative.
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RZ/T1-M Group 1. Overview

1. Overview

1.1 Outline of Specifications

This LSI circuit is a high-performance MCU equipped with the Arm® Cortex®-R4 (CR4) processor with FPU, and
incorporating integrated peripheral functions necessary for system configuration. Table 1.1 lists the specifications in
outline.

Table 1.1 Outline of Specifications (1/4)

Classification = Module/Function Description

CPU Central processing unit e Maximum operating frequency
(Cortex-R4) 112-pin FBGA: 450 MHz
32-bit CPU Cortex-R4 designed by Arm (core revision r1p4)
Address space: 4 Gbytes
Instruction cache: 8 Kbytes (with ECC)
Data cache: 8 Kbytes (with ECC)
Tightly coupled memory (TCM)
ATCM: 512 Kbytes (with ECC)
BTCM: 32 Kbytes (with ECC)
Instruction set: Arm v7-R architecture, so support includes Thumb® and Thumb-2
Data arrangement
Instructions: Little endian
Data: Little endian
Memory protection unit (MPU)

FPU e Supports addition, subtraction, multiplication, division, multiply-and-accumulate, and
(Cortex-R4) square-root operations at single- and double-precision.
¢ Registers
32-bit single-word registers: 32 bits x 32
(can be used as 16 double-word registers: 64 bits x 16)
Memory On-chip extended e Capacity: Up to 1 Mbyte

SRAM with ECC

Operating frequency: 150 MHz
SEC-DED (single error correction/double error detection)

Boot mode
SPI boot mode (for booting up from serial flash memory)

Operating modes

Clock Clock generation circuit e An external resonator can be used as the input clock.

Detection of input clock oscillation stopping

The following clocks are generated.

CPU clock: 450 MHz (max.)

System clock: 150 MHz (fixed)

High-speed peripheral module clock: 150 MHz (fixed)
Low-speed peripheral module clock: 75 MHz (fixed)

ADCCLK in the 12-bit A/D converter (S12ADCa): 60 MHz (max.)
Low-speed on-chip oscillator: 240 kHz (fixed)

Reset RES# pin reset, error control module (ECM) reset, software reset
Low power Low-power consumption e Standby mode

function e Module stop function
Interrupt Vector interrupt o Peripheral function interrupts: 96 sources

controller (VIC) e External interrupts: 8 sources

(NMI, IRQO to IRQ4, IRQ6, and IRQ7 pins)
o Non-maskable interrupts: 2 sources
o Sixteen levels specifiable for the order of priority

Data transfer Direct memory access e 2 units (16 channels for unit 0, 16 channels for unit 1)
controller (DMAC) e Transfer modes: Single transfer mode and block transfer mode
e Transfer size
Unit 0: 1/2/4/16/32/64 bytes
Unit 1: 1/2/4/16 bytes
o Activation sources: External interrupts, on-chip peripheral module requests, and
software requests
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RZ/T1-M Group

1. Overview

Table 1.1 Outline of Specifications (2 / 4)

Classification Module/Function

Description

1/0O ports General-purpose 1/0
ports

e 112-pin FBGA
I/O pins: 51 (including seven 1.2-V I/O pins)
Input pins: 4
Pull-up/pull-down resistors: 44
5-V tolerance: 4

Event link controller (ELC)

o Event signals can be interlinked with the operation of modules.
e In particular, the operation of timer modules can be started by input event signals.
o Event link operation is possible for port E.

Multi-function pin controller (MPC)

The locations of input/output functions are selectable from among multiple pins.

Timers 16-bit timer pulse unit
(TPUa)

¢ 16 bits x 6 channels

e Maximum of 16 pulse-input/output possible

¢ Select from among seven or eight counter-input clock signals for each channel
(with maximum operating frequency of 75 MHz)

Input capture/output compare function

Counter clear operation (synchronous clearing by compare match/input capture)
Simultaneous writing to multiple timer counters (TCNT)

Simultaneous register input/output by synchronous counter operation

Output of PWM waveforms in up to 15 phases in PWM mode

Support for buffered operation, phase-counting mode (two phase encoder input) and
cascade-connected operation (32 bits x 2 channels) depending on the channel.
Capable of generating conversion start triggers for the A/D converters

Digital noise filtering of signals from the input capture pins

Event linking by the ELC

Compare match timer
(CMT)

(16 bits x 2 channels) x 2 units

Select from among four counter-input clock signals for each channel (with maximum
operating frequency of 75 MHz)

Event linking by the ELC (channel 1 of unit 0 only)

Compare match timer W
(CMTW)

e (32 bits x 1 channel) x 2 units

Compare-match, input-capture input, and output-comparison output are available.
Select from among four counter-input clock signals for each channel (with maximum
operating frequency of 75 MHz)

Interrupt requests can be output in response to compare-match, input-capture, and
output-comparison events.

Digital noise filter function for signals on the input capture pins

Event linking by the ELC

Watchdog timer (WDTA)

14 bits x 1 channel
Select from among six counter-input clock signals for each channel (with maximum
operating frequency of 75 MHz)

Independent watchdog
timer (IWDTa)

e 14 bits x 1 channel

Counter-input clock: Low-speed on-chip oscillator (LOCO)/2

Dedicated clock/1, dedicated clock/16, dedicated clock/32, dedicated clock/64,
dedicated clock/128, dedicated clock/256

(with maximum operating frequency of 120 kHz)
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RZ/T1-M Group

1. Overview

Table 1.1 Outline of Specifications (3 / 4)

Classification Module/Function

Description

Communication  Serial communication
function interface with FIFO
(SCIFA)

4 channels

Serial communications modes: Asynchronous, clock synchronous*?2

On-chip baud rate generator allows selection of the desired bit rate

Choice of LSB-first or MSB-first transfer

Both the transmission and reception sections are equipped with 16-byte FIFO buffers,
allowing continuous transmission and reception.

Bit rate modulation

12C bus interface (RlICa)

2 channels

Supports 12C bus format
Supports the multi-master
Max. transfer rate: 400 kbps
Event linking by the ELC

Management data input/
output interface (MDIO)

2 channels (1 for slave operation, 1 for master operation*3)

Slave: Interface for an optical transceiver module compliant with the CFP MSA
specification

Master: Interface for DSP control

Serial peripheral
interface (RSPla)

2 channels

RSPI transfer facility

Using the MOSI (master out slave in), MISO (master in slave out), SSL (slave select),
and RSPCK (RSPI clock) signals enables serial transfer through SPI operation (four
lines) or clock-synchronous operation (three lines)

Capable of handling serial transfer as a master or slave

Data formats

Switching between MSB first and LSB first

The number of bits in each transfer can be changed to any number of bits from 8 to 16,
or 20, 24, or 32 bits.

128-bit buffers for transmission and reception

Up to four frames can be transmitted or received in a single transfer operation (with
each frame having up to 32 bits)

Buffered structure

Double buffers for both transmission and reception

RSPCK can be stopped automatically with the reception buffer full for master reception
Event linking by the ELC

SPI multi I/0 bus
controller (SPIBSC)

1 channel

One serial flash memory with multiple 1/0 bus sizes (single/dual/quad) can be
connected.

External address space read mode (built-in read cache)

SPI operating mode

Clock polarity and clock phase can be selected.

Maximum transfer rate: 300 Mbps (for quad)
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Table 1.1 Outline of Specifications (4 / 4)

Classification =~ Module/Function Description

12-bit A/D converter (S12ADCa) ¢ 12 bits x 2 units (unit 0: 8 channels, unit 1: 8 channels)
o 12-bit resolution
e Conversion time
VREFHO, VREFH1 =3.0t0 3.6 V
Unit 0: 0.483 s per channel
Unit 1: 0.883 ps per channel

VREFHO, VREFH1 =2.5t0 3.0V
Unit 0: 0.883 ps per channel
Unit 1: 0.883 us per channel
e Operating mode
Scan mode (single scan mode, continuous scan mode, or group scan mode)
Group A priority control (only for group scan mode)
e Sample-and-hold function
Common sample-and-hold circuit included
In addition, channel-dedicated sample-and-hold function (4 channels: in unit O only)
included
e Sampling variable
Sampling time can be set up for each channel
o Self-diagnostic function
The self-diagnostic function internally generates three analog input voltages
(unit 0: VREFLO, VREFHO x 1/2, VREFHO; unit 1: VREFL1, VREFH1 x 1/2, VREFH1)
e Double trigger mode (A/D conversion data duplicated)
e Detection of analog input disconnection
e Three ways to start A/D conversion
Software trigger, timer (TPUa) trigger, external trigger
e Event linking by the ELC

Temperature sensor e 1 channel
» Relative precision: £1°C
¢ The voltage of the temperature is converted into a digital value by the 12-bit A/D
converter (unit 0).

Safety Register write protection  Protects important registers from being overwritten in cases where a program runs out of
function control.

CRC calculator (CRC) ¢ CRC code generation for arbitrary amounts of data in 8-, 16-, or 32-bit units
e Select any of four generating polynomials:
X324+ X26 4+ X23 + X22 + X16 + X124+ X1 + X104+ X8+ X7 + X5+ X4+ X2+ X +1 (32_
Ethernet),
X16 + X12 + X5 + 1 (16-CCITT),
X8 + X4 + X3 + X2 + 1 (8-SAEJ1850),
X8+ X5+ X3 + X2 + X + 1 (8-0x2F)

Input clock oscillation Input clock oscillation stop detection: Available
stop function
Clock monitor circuit Monitors the abnormal output clock frequency from the PLL circuit or low-speed on-chip
(CLMA) oscillator.
Data operation circuit The function to compare, add, or subtract 16-bit data
(DOC)
Error control module e Generates an interrupt or internal reset for the error signal input from each module.
(ECM) o Time-out function
o The error control is duplicated in the master and the checker.
Security Secure boot mode*! As an option, a boot mode with encryption as a security function is available.
Power supply voltage VDD = PLLVDDO = PLLVDD1 =VCCQ12=1.14t0 1.26 V

VCCQ33 = AVCCO = AVCC1=3.0t0 3.6 V
VREFHO = VREFH1 =25t 3.6 V

Operating temperature Tj = -40 to +110°C
Package 112-pin FBGA: 6 x 6 mm, 0.5-mm pitch PLBGO112KA-A
Debugging interface o CoreSight architecture designed by Arm

e Debugging function by the JTAG/SWD interface, and trace function by the trace port/
SWV interface

Note 1. See Table 1.3, List of Products, for the products that have the secure boot mode. Details of these optional functions will only be
disclosed after completion of a binding non-disclosure agreement. For details, contact our sales representative.
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Note 2. Channel 4 is used only in asynchronous mode.
Note 3. The MDIO master is optional. For the products which have it, see Table 1.3, List of Products.

Table 1.2 List of Functions

Module/Function

RZ/T1-M Group

112 Pins

Interrupt External interrupt NMI, IRQO to IRQ4, IRQ6, IRQ7
DMA DMA controller (DMAC) chO to ch31
Timers 16-bit timer pulse unit (TPUa) chO to ch5

Compare match timer (CMT) ch0 to ch3

Compare match timer W (CMTW) ch0, ch1

Watchdog timer (WDTA) ch0

Independent watchdog timer (IWDTa) Available

Communication

Serial communications interface with FIFO (SCIFA)

ch0 to ch2, ch4*3

function

Management data input/output interface (MDIO master*1/MDIO slave) Available
12C bus interface (RIICa) chO, ch1
Serial peripheral interface (RSPla) ch0, ch1
SPI multi 1/0O bus controller (SPIBSC) ch0

12-bit A/D converter (S12ADCa)

ANO0O to ANOO7 (unit 0)
AN100 to AN107 (unit 1)

Temperature sensor Available
CRC calculator (CRC) Available
Data operation circuit (DOC) Available
Clock monitor circuit (CLMA) Available
Secure boot mode*2 Optional
Event link controller (ELC) Available

Note 1. The MDIO master is optional. For the products which have it, see Table 1.3, List of Products.
Note 2. See Table 1.3, List of Products, for the products that have the secure boot mode. Details of this function will only be disclosed

after completion of a binding non-disclosure agreement. For details, contact our sales representative.
Note 3. Channel 4 is used only in asynchronous mode.
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1.2 List of Products

Table 1.3 is a list of products.

Table 1.3 List of Products
On-Chip
Extended Operating
SRAM Frequency Security
Group Part No. Package @ CPU Capacity (max.) Function*1 Option
RZ/T1-M R7S910020CBG 112 pins Cortex-R4 Not supported 450 MHz Not supported Not supported
R7S910021CBG 112 pins Cortex-R4 1 Mbyte 450 MHz Not supported Not supported
R7S910120CBG 112 pins Cortex-R4 Not supported 450 MHz Available Not supported
R7S910121CBG 112 pins Cortex-R4 1 Mbyte 450 MHz Available Not supported
R7S910022CBG 112 pins Cortex-R4 Not supported 450 MHz Not supported MDIO master
R7S910023CBG 112 pins Cortex-R4 1 Mbyte 450 MHz Not supported MDIO master
R7S910122CBG 112 pins Cortex-R4 Not supported 450 MHz Available MDIO master
R7S910123CBG 112 pins Cortex-R4 1 Mbyte 450 MHz Available MDIO master
Note 1. Details of these functions will only be disclosed after completion of a binding non-disclosure agreement. For details, contact our

sales representative.
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1.3

Block Diagram

Figure 1.1 shows a block diagram.

| SCIFA x 4 ch*" k—
| RSPla x 2 ch k— — ELC |
:>| TPUa x 6 ch | IW'
> CMT x 2 ch (unit 0)
Port 2
— CMT x 2 ch (unit 1)
NN N M — CMTW x 1 ch (unit 0)
E: CMTW x 1 ch (unit 1)
:
s P g:l WDTA x 1 ch |
On-chip e 2 —
eggld,\:d — EFE e E — WDTa |
with ECC 2 S % §:| RIIC x 2 ch |
| B e ey CRC | [LPera |
H 13 {unit O = :l CLMA | | Port C |
— /] :>§ k—] DMACx
U 16 ch :l
YoV | — (unnc1) poc | | Port E |
3 — ECM | [ Pors |
S K 12-bit A/D converter x 8 ch (unit 0)
MDIO :l : ’ - |
[ :I 12-bit A/D converter x 8 ch (unit 1) |
| :I Temperature sensor |
7N
Cortex-R4 |
VIC K— —
MPU :)Tg |
-2 N4
E
TCM @
15
Clock IS 2| SPIBSC
generation
circuit
N
DMAC: DMA controller ELC: Event link controller
SPIBSC: SPI multi I/O bus controller TPUa: 16-bit timer pulse unit
WDTA: Watchdog timer CMT: Compare match timer
IWDTa: Independent watchdog timer CMTW: Compare match timer W
MDIO: Management data input/output interface RIICa: I2C bus interface
SCIFA: Serial communication interface with FIFO CRC: CRC (cyclic redundancy check) calculator
RSPIla: Serial peripheral interface CLMA: Clock monitor circuit
VIC: Vector interrupt controller DOC: Data operation circuit
MPU: Memory protection unit ECM: Error control module
Note 1. Channel 4 is used only in asynchronous mode.
Figure 1.1 Block Diagram
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14 Pin Functions

Table 1.4 lists the pin functions.

Table 1.4 Pin Functions (1/3)
Classifications Pin Name 110 Description
Power supply VDD Input Power supply pin. Connect this pin to the system power supply.
VSS Input Ground pin. Connect this pin to the system power supply (0 V).
VCCQ12 Input Power supply pin for MDIO pins
VCCQ33 Input Power supply pin for I/0 pins
PLLVDDO, PLLVDD1 Input Power supply pins for the on-chip PLL oscillator
PLLVSSO, PLLVSS1 Input Ground pins for the on-chip PLL oscillator. Connect these pins to
the system power supply (0 V).
Clock XTAL Output Connected to a crystal resonator.
EXTAL Input
Operating mode control MDO, MD1 Input Input the operating mode select signal.
System control RES# Input Reset signal input pin. This LSI enters the reset state when this
signal goes low.
RSTOUT# Output Outputs the reset signal externally.
Debugging interface TRST# Input Test reset pin for on-chip emulator
TMS 1/0 Test mode select pin for on-chip emulator
TDI Input Test data input pin for on-chip emulator
TDO Output Test data output pin for on-chip emulator
TCK Input Test clock pin for on-chip emulator
TRACECLK Output Outputs the clock for synchronization with the trace data.
TRACECTL Output Outputs the enable signal for trace control.
TRACEDATAO to Output Output the trace data.
TRACEDATA7
Interrupt NMI Input Inputs the non-maskable interrupt request signal.
IRQO to IRQ4, IRQ6, Input Input the external interrupt request signal.
IRQ7
16-bit timer pulse unit TIOCAO, TIOCBO, 1/0 TGRAO to TGRDO input capture input/output compare output/
(TPUa) TIOCCO, TIOCDO PWM output pins
TIOCA1, TIOCB1 1/0 TGRA1 and TGRB1 input capture input/output compare output/
PWM output pins
TIOCA2, TIOCB2 1/0 TGRA2 and TGRB2 input capture input/output compare output/
PWM output pins
TIOCA3, TIOCB3, 1/0 TGRAS3 to TGRD3 input capture input/output compare output/
TIOCC3, TIOCD3 PWM output pins
TIOCA4, TIOCB4 1/0 TGRA4 and TGRB4 input capture input/output compare output/
PWM output pins
TIOCAS5, TIOCB5 1/0 TGRAS5 and TGRBS input capture input/output compare output/
PWM output pins
TCLKA, TCLKB, Input External clock input pins for TPUa
TCLKC, TCLKD
Compare match timer W TICO to TIC3 Input CMTW input capture input pins
(CMTW) TOCO to TOC3 Output CMTW output compare output pins
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Table 1.4 Pin Functions (2/3)

Classifications Pin Name 110 Description
Serial communication SCKO to SCK2 1/0 Clock 1/O pins
'(’SETEAC)E with FIFO RXDO to RXD2, RXD4*1 Input  Input the receive data.
TXDO to TXD2, TXD4*1 Output Output the transmit data.
CTSO# to CTS2# I/0 Hardware flow control input (transmission enable signal)/general
output
RTSO# to RTS2# Output Hardware flow control output (transmission request signal)/general
output
12C bus interface (RIICa)  SCLO, SCL1 /0 Clock 1/O pins. The bus can be directly driven by the N-channel
open drain.
SDAO, SDA1 1/0 Data I/O pins. The bus can be directly driven by the N-channel
open drain.
Management data input/ MDC Input MDIO clock input pin for slave operation (up to 4 MHz)
output interface (MDIOM/  MDIO 110 MDIO data I/O pin for slave operation
MDIO) MMDCA1 Qutput MDIO clock output pins for master operation (up to 10 MHz)
MMDIO1 1/0 MDIO data I/O pins for master operation
PRTADRO Input Input pin to select the optical transceiver module for slave
operation
PRTADRH1 Input Input pin to select the optical transceiver module for slave
operation
PRTADR2 Input Input pin to select the optical transceiver module for slave
operation
PRTADR3 Input Input pin to select the optical transceiver module for slave
operation
PRTADR4 Input Input pin to select the optical transceiver module for slave
operation
Serial peripheral interface RSPCKO0, RSPCK1 1/0 Clock 1/O pins
(RSPla) MOSIO0, MOSI1 I/0 Master transmit data 1/O pins
MISOO0, MISO1 1/0 Slave transmit data I/O pins
SSL00, SSL10 /10 Slave select signal I/O pins
SSLO1, SSL02, SSLO3, Output Slave select signal output pins
SSL11
SPI multi /0 bus SPBCLK Qutput Clock output pin
controller (SPIBSC) SPBSSL OQutput Slave select signal output pin
SPBMO/SPBIO0 I/10 Master transmit data/data 0 1/0O pin
SPBMI/SPBIO1 1/0 Master input data/data 1 1/0 pin
SPBIO2, SPBIO3 I/0 Data 2, data 3 1/O pins
12-bit A/D converter ANO0O00 to AN0O07, Input Analog input pins for A/D converter
(S12ADCa) AN100 to AN107
ADTRGO, ADTRG1 Input External trigger input pins for the start of A/D conversion
Analog power supply AVCCO Input Analog power supply input pin for the 12-bit A/D converter (unit 0).
Connect this pin to the VCCQ33 pin if the 12-bit A/D converter is
not to be used.
AVSS0 Input Analog ground input pin for the 12-bit A/D converter (unit 0).
Connect this pin to the VSS pin if the 12-bit A/D converter is not to
be used.
VREFHO Input Reference power supply input pin for the 12-bit A/D converter (unit
0). Connect this pin to the VCCQ33 pin if the 12-bit A/D converter
is not to be used.
VREFLO Input Reference ground pin for the 12-bit A/D converter (unit 0). Connect
this pin to the VSS pin if the 12-bit A/D converter is not to be used.
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Table 1.4 Pin Functions (3/3)

Classifications Pin Name 110 Description

Analog power supply AVCC1 Input Analog power supply input pin for the 12-bit A/D converter (unit 1).
Connect this pin to the VCCQ33 pin if the 12-bit A/D converter is
not to be used.

AVSS1 Input Analog ground input pin for the 12-bit A/D converter (unit 1).
Connect this pin to the VSS pin if the 12-bit A/D converter is not to
be used.

VREFH1 Input Reference power supply input pin for the 12-bit A/D converter (unit

1). Connect this pin to the VCCQ33 pin if the 12-bit A/D converter
is not to be used.

VREFL1 Input Reference ground pin for the 12-bit A/D converter (unit 1). Connect
this pin to the VSS pin if the 12-bit A/D converter is not to be used.

1/0 ports P00 1/0 1-bit I/O pin

P10 110 1-bit /O pin

P21, P22, P27 1/O 3-bit I/0 pins

P33, P34, P35 1/O 3-bit I/0 pins

P40, P42, P44 1/10 3-bit I/0 pins

P50 to P56*2 1/0 7-bit 1/0 pins

P60 to P65 1/0 6-bit I/0 pins

P71 to P73 11O 3-bit I/0 pins

P90 to P97 1/O 8-bit 1/0 pins

PA3 to PA5 1/O 3-bit I/0 pins

PC2, PC3, PC6, PC7 Input 4-bit input pins

PEO to PE7 1/0 8-bit I/0 pins

PG2 to PG6 1/0 5-bit 1/0 pins

Note 1. Channel 4 is used only in asynchronous mode.
Note 2. 1.2-V pins
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1.5 Pin Assignments

Figure 1.2 shows the pin arrangement. Table 1.5 shows the pin assignments. Table 1.6 shows the list of pin functions.

1 2 3 4 5 6 7 8 9 10 1
A | vccass PC2 vss MDC PRTADRO | PRTADR2 |  ANO03 AVCCO AVSSO AVCCH VREFH1 | A
B PC3 vss VDD MDIO PRTADRT | vCCQ12 ANOO7 ANOO2 VREFLO AVSS1 VREFL1 | B
c | TRsm# VDD P35/NMI | PRTADR3 | PRTADR4 vss AN006 AN0O1 ANO0O VREFHO P96 c
D ToK ™S P34 P33 VDD ANOD5 ANOD4 P97 P95 P92 P94 D
E MD1 vss VDD PLLVDD1 P93 PO1 PAS/ P90 E
MMDIO
PA3/
F XTAL EXTAL vcecass | PLLVSST vceass vss PA4 F
MMDC1
G MDO vss vss PLLVDDO VDD vss P71 P73 G
H | RsTOUTH RES# PLLVSSO VDD vss VDD vss vCceQss P72 PE6 PE7 H
J P60 P61 vss veeass PG4 vss VDD vss PES5 PE4 PE3 J
K P63 P64 vss PC6 PG3 PGS P22 Pa4 P40 PE2 PE1 K
L P62 P65 pc7 PG2 PG6 P21 P27 P42 P10 PEO P00 L
1 2 3 4 5 6 7 8 9 10 1
Figure 1.2 Pin Arrangement (112-pin FBGA) (Top View)
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Table 1.5 Pin Assignments (112-Pin FBGA) (1/ 3)

Pin Number Pin Name

A1 VCCQ33

A2 PC2 / SDAO

A3 VSS

A4 P56 / MDC

A5 P54 /| PRTADRO

A6 P51 / PRTADR2

A7 ANO0O03

A8 AVCCO

A9 AVSS0

A10 AVCC1

A11 VREFH1

B1 PC3/RXD4 / SCLO

B2 VSS

B3 VDD

B4 P55 / MDIO

B5 P52 / PRTADR1

B6 VCCQ12

B7 ANOO7

B8 ANO002

B9 VREFLO

B10 AVSS1

B11 VREFL1

C1 TRST#

Cc2 VDD

C3 P35 / NMI

C4 P53 / PRTADR3

C5 P50 / PRTADR4

C6 VSS

Cc7 ANO006

Cc8 ANO0O1

C9 ANOO0O

C10 VREFHO

C11 P96 / AN106

D1 TCK

D2 TMS

D3 P34/ TDI

D4 P33 /TDO

D5 VDD

D6 ANO005

D7 ANO00O4

D8 P97 / AN107 / IRQ7 / ADTRG1

D9 P95 / AN105 / CTS2#

D10 P92 / AN102 / TOC3 / RXD2

D11 P94 / AN104 / IRQ4 / RTS2#
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Table 1.5 Pin Assignments (112-Pin FBGA) (2/ 3)
Pin Number Pin Name
E1 MD1
E2 VSS
E3 VDD
E4 PLLVDD1
E8 P93/ AN103 / TIC3 / SCK2
E9 P91/ AN101 / TXD2
E10 PA5 / TIOCA4 / TXD2 / MMDIO1
E11 P90 / AN100 / TIOCA5 / TXD4
F1 XTAL
F2 EXTAL
F3 VCCQ33
F4 PLLVSS1
F8 VCCQ33
F9 VSS
F10 PA4 / TIOCA3 / ADTRGO / RXD2
F11 PA3 / TIOCA2 / SCK2 / MMDCA1
G1 MDO
G2 VSS
G3 VSS
G4 PLLVDDO
G8 VDD
G9 VSS
G10 P71 /TOC2/ SCK1/ TRACECTL
G111 P73 /1RQ3 / RXD1/ TRACEDATA1
H1 RSTOUT#
H2 RES#
H3 PLLVSSO
H4 VDD
H5 VSS
H6 VDD
H7 VSS
H8 VCCQ33
H9 P72/ TIC2 / TXD1/ TRACEDATAOQ
H10 PE6 / IRQ6 / TIOCDO / RXD1 / MISO0 / TRACEDATA6
H11 PE7 / TIOCD3 / SCK1 / RSPCKO / TRACEDATA7
J1 P60 / SPBSSL
J2 P61/ SPBIO3
J3 VSS
J4 VCCQ33
J5 PG4 / TOC1/MOSI1
J6 VSS
J7 VDD
J8 VSS
J9 PE5 / TIOCC3 / TXD1/MOSIO / TRACEDATA5
J10 PE4 / TIOCCO / RTS1#/ SSLO0 / TRACEDATA4
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Table 1.5 Pin Assignments (112-Pin FBGA) (3 / 3)
Pin Number Pin Name
J11 PE3/IRQ3/TIOCB5 / CTS1#/ SSL01 / TRACEDATA3
K1 P63 / SPBMO/SPBIO0
K2 P64 / SPBMI/SPBIO1
K3 VSS
K4 PC6 / TCLKC / SCL1
K5 PG3/TIC1/MISO1
K6 PG5/ TCLKA / SSL10
K7 P22 /1RQ2 / TIOCDO / SCKO
K8 P44 /| TCLKD / ADTRGO / CTSO#
K9 P40 / TXDO
K10 PE2 /IRQ2 / TIOCB4 / SSL02 / TRACEDATA2
K11 PE1/ TIOCB3 / SSL03 / TRACEDATA1
L1 P62 / SPBCLK
L2 P65 / SPBIO2
L3 PC7 / TICO / SDA1
L4 PG2 / TOCO / RSPCK1
L5 PG6 / TCLKB / SSL11
L6 P21 /1RQ1/TIOCB1 / CTSO#
L7 P27 / TIOCBO / RTS0#
L8 P42 / RXDO
L9 P10/IRQO0 / TIOCAO / TRACECLK
L10 PEO / TIOCB2 / TRACEDATAO

L1

P00 / TIOCA1/ADTRG1/ TRACECTL
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Table 1.6 List of Pins and Pin Functions (112-Pin FBGA) (1/3)
Pin
Number Communication
Power Supply (MDIO, SCIFA,

112-Pin  Clock RSPIa, RIICa,

FBGA System Control 1/O Port (TPUa, CMT2) SPIBSC) Others Interrupt S12ADC

A1 VCCQ33

A2 PC2 SDAO

A3 VSS

A4 P56 MDC

A5 P54 PRTADRO

A6 P51 PRTADR2

A7 ANO003

A8 AVCCO

A9 AVSS0

A10 AvVCC1

A11 VREFH1

B1 PC3 RXD4 / SCLO

B2 VSS

B3 VDD

B4 P55 MDIO

B5 P52 PRTADR1

B6 VCCQ12

B7 ANOO7

B8 ANO002

B9 VREFLO

B10 AVSS1

B11 VREFLA1

C1 TRST#

Cc2 VDD

C3 P35 NMI

C4 P53 PRTADR3

C5 P50 PRTADR4

C6 VSS

c7 ANO006

C8 ANO001

C9 ANO0O

c10 VREFHO

c1 P96 AN106

D1 TCK

D2 TMS

D3 TDI P34

D4 TDO P33

D5 VDD

D6 ANO05

D7 ANO004

D8 P97 IRQ7 ADTRG1/
AN107
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Table 1.6 List of Pins and Pin Functions (112-Pin FBGA) (2/3)

rlll:lmber Timer Communication
~ Power Supply (MDIO, SCIFA,

112-Pin  Clock RSPIa, RIICa,
FBGA System Control /O Port (TPUa, CMT2) SPIBSC) Interrupt S12ADC
D9 P95 CTS2# AN105
D10 P92 TOC3 RXD2 AN102
D11 P94 RTS2# IRQ4 AN104
E1 MD1
E2 VSS
E3 VDD
E4 PLLVDD1
E8 P93 TIC3 SCK2 AN103
E9 P91 TXD2 AN101
E10 PA5 TIOCA4 TXD2 / MMDIO1
E11 P90 TIOCA5 TXD4 AN100
F1 XTAL
F2 EXTAL
F3 VCCQ33
F4 PLLVSS1
F8 VCCQ33
F9 VSS
F10 PA4 TIOCA3 RXD2 ADTRGO
F11 PA3 TIOCA2 SCK2 / MMDCA1
G1 MDO
G2 VSS
G3 VSS
G4 PLLVDDO
G8 VDD
G9 VSS
G10 TRACECTL P71 TOC2 SCK1
G11 TRACEDATA1 P73 RXD1 IRQ3
H1 RSTOUT#
H2 RES#
H3 PLLVSSO0
H4 VDD
H5 VSS
H6 VDD
H7 VSS
H8 VCCQ33
H9 TRACEDATAO P72 TIC2 TXD1
H10 TRACEDATAG PE6 TIOCDO RXD1 / MISO0 IRQ6
H11 TRACEDATA7 PE7 TIOCD3 SCK1/RSPCKO
J1 P60 SPBSSL
J2 P61 SPBIO3
J3 VSS
J4 VCCQ33
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Table 1.6 List of Pins and Pin Functions (112-Pin FBGA) (3/3)

rlll:lmber Timer Communication
Power Supply (MDIO, SCIFA,
112-Pin  Clock RSPIa, RIICa,
FBGA System Control 1/0 Port (TPUa, CMT2) SPIBSC) Others Interrupt S12ADC
J5 PG4 TOC1 MOSI1
J6 VSS
J7 VDD
J8 VSS
J9 TRACEDATA5 PES TIOCC3 TXD1/MOSIO
J10 TRACEDATA4 PE4 TIOCCO RTS1#/SSLO0
J11 TRACEDATA3 PE3 TIOCB5 CTS1#/SSLO1 IRQ3
K1 P63 SPBMO / SPBIOO
K2 P64 SPBMI / SPBIO1
K3 VSS
K4 PC6 TCLKC SCL1
K5 PG3 TIC1 MISO1
K6 PG5 TCLKA SSL10
K7 P22 TIOCDO SCKO IRQ2
K8 P44 TCLKD CTSO# ADTRGO
K9 P40 TXDO
K10 TRACEDATA2 PE2 TIOCB4 SSL02 IRQ2
K11 TRACEDATA1 PE1 TIOCB3 SSL03
L1 P62 SPBCLK
L2 P65 SPBIO2
L3 PC7 TICO SDA1
L4 PG2 TOCO RSPCK1
L5 PG6 TCLKB SSL11
L6 P21 TIOCBH1 CTSO# IRQ1
L7 P27 TIOCBO RTSO0#
L8 P42 RXDO
L9 TRACECLK P10 TIOCAO IRQO
L10 TRACEDATAOQ PEO TIOCB2
L1 TRACECTL P00 TIOCA1 ADTRG1
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2. CPU

This LSI includes a Cortex-R4 CPU. The revision of the module is r1p4.

2.1 Overview

Table 2.1 Specifications of CPU

Item Specification
Cortex-R4 Minimum instruction execution time  One clock per instruction
(r1p4) Address space 4 Gbytes
Instruction cache size 8 Kbytes (with ECC)
Data cache size 8 Kbytes (with ECC)

Tightly coupled memory (TCM) size  ATCM: 512 Kbytes (with ECC)
BTCM: 32 Kbytes (with ECC)

Instruction set Arm v7-R architecture supporting Thumb® Thumb-2
Data arrangement Instruction: Little endian
Data: Little endian
Memory protection Memory protection unit (MPU)
FPU e Supports addition, subtraction, multiplication, division, product-sum
operation, and square-root operation in single-precision and double-
precision

o 32-bit single word register: 32 registers
Can also be used as 16 64-bit double word registers

For details, refer to the following documents supplied by Arm.
e Arm Architecture Reference Manual Arm v7-A and Arm v7-R edition Issue C

e Arm v7-M Architecture Reference Manual
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2.2 Configuration Information

Table 2.2 lists the configuration information for the Cortex-R4 of this LSI.

Table 2.2 Setting Values for Cortex-R4 Configuration Signals

Item Setting Value

Endian CFGEE 0
CFGIE 0

Interrupt CFGNMFI 1

Exception vector TEINIT 0
VINITHI 1

TCM configuration INITRAMA 1
INITRAMB 1
LOCZRAMA 1
CFGATCMSZ[3:0] Ah
CFGBTCMSZ[3:0] 6h
ENTCM1IF 0
SLBTCMSB 1 (don't care)

ECC, etc. PARECCENRAM[2:0] 000b
ERRENRAM[2:0] 000b
RMWENRAM[1:0] 00b
PARLVRAM 0 (don't care)

2.3 Restrictions on CPU

For details on restrictions on Cortex-R4 mounted on this LSI, refer to the information provided at the website of Arm.
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24 Register Descriptions

2.4.1 ATCM Wait Control Register (SYTATCMWAIT)

SYTATCMWAIT is a register that controls ATCM access wait.
This register can be protected by the register write protection function. When writing to this register, cancel the write
protection of bit 3 in the protection register (PRCR). For details, see section 11, Register Write Protection Function.

Address(es): A00B 0800h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

— — — — — — — — — — — — — —  |ATCMWAIT[1:0]
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b1, b0 ATCMWAIT[1:0] ATCM Wait Setting b1 b0 o o R/W
*1, %2 0 0: 1-wait with optimization

0 1: 1-wait without optimization

1 0: 0-wait

1 1: Setting prohibited
b31tob2 — Reserved These bits are read as 0. The write value should be 0. R/W

Note 1. When the CPU clock frequency is 450 MHz, set these bits for “1-wait with optimization” or “1-wait without optimization”. “0-wait”
can be set only when the CPU clock frequency is 150 MHz or 300 MHz. It cannot be set when the frequency is 450 MHz.

Note 2. If the ATCMWAIT[1:0] setting changes, operation cannot be guaranteed when the bus maser such as CPU accesses ACTM
(including instruction fetch). To prevent fetch access from CPU, these bits should be handled by programs allocated in memory
areas other than ATCM.

ATCMWAIT[1:0] Bits (ATCM Wait Setting)

These bits specify the number of memory access waits for ATCM.

In case of “with optimization”, memory access speed can be increased practically to 0-wait by prefetching the next
address when instructions are fetched from sequential addresses in ATCM.
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3. Operating Modes

3.1 Overview

This LSI chip is intended for booting up from an external serial flash memory. The SPI boot mode is available for the
serial flash memory that supports the operating mode. In SPI boot mode, the user program stored in the corresponding
external serial flash memory is booted up and then runs.

Secure boot mode (in which a user program is protected by encryption) can also be selected for the products that support
security function*".

Note 1. This function is provided upon signing a nondisclosure agreement. For details, contact Renesas Electronics
Corporation's sales office.

3.2 Types and Selection of Operating Modes

The SPI boot mode can be selected, depending on the method of connecting to an external serial flash memory. An
operating mode is selected based on the input levels of the mode setting pins (MD1 and MDO0) at the time pin reset is
released.

Table 3.1 describes the relationship between the input levels of the mode setting pins (MD1 and MDO) at the time reset
is released and the selected operating mode. For details on individual operating modes, see section 3.5, Operating
Mode Descriptions.

Table 3.1 Selection of Operating Mode for Each Combination of Levels of Mode Setting Pins (MD1 and MDO)

Mode Setting Pins

MD1 MDO Operating Mode

Low Low SPI boot mode (Serial flash)
Boots a program from a serial flash memory connected to the SPI multi-1/0
bus space.

Other than above Reserved (Setting prohibited)

3.3 Hardware Used in Individual Operating Modes

Table 3.2 describes hardware used in individual operating modes.
“Pins to be Used” indicates pins required to execute each operating mode. The functions for these pins are automatically
configured at boot.

Table 3.2 Hardware Used in Individual Operating Modes

Operating Mode Peripheral Module Pins to be Used
SPI boot mode (Serial flash) SPI Multi-I/O bus controller (SPIBSC) SPBCLK, SPBSSL
SPBMO, SPBMI
RO1UH0521EJ0180 Rev.1.80 RENESAS Page 49 of 1085

Jan. 31, 2022



RZ/T1-M Group 3. Operating Modes

3.4 Register Descriptions

3.4.1 Mode Monitor Register (MDMONR)
Mode monitor register (MDMONR) indicates input levels of the MD1 and MDO pins.

Address(es): A00B 0A60h

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

— — — — — — — — — — — — — — | MD1 | MDO
Value after reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 %1 %1
Bit Symbol Bit Name Description R/W
b0 MDO MDO pin status flag 0: The MDO pin is “Low”. R
1: The MDO pin is “High”.
b1 MD1 MD1 pin status flag 0: The MD1 pin is “Low”. R
1: The MD1 pin is “High”.
b31tob2 — Reserved These bits are read as 0. R
Note 1. This value differs depending on the pin level at the time reset is released. For details, see section 6, Reset.
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3.5 Operating Mode Descriptions

3.5.1 Boot Function

After reset is released on this LSI, the boot function executes the boot processing described below. The boot processing
can extract a loader program that was stored in an external memory in advance by a user, to the internal tightly coupled
memory (TCM) area, and hand over the processing to the loader program at the start address of that program.

(1) Setting the bus controller (SPIBSC) specified by the mode setting pins (MD1 and MDO)

(2) Loading parameters for the loader from an external memory, and executing checksum

(3) Setting for speeding up the bus controller (SPIBSC) by using parameters for the loader

(4) Loading the loader program from an external memory

(5) Branching off to the start address of the loader program extracted to the tightly coupled memory (TCM)
Parameters for the loader can have configuration information that suite for the user system, such as, loader program
information, cache setting for speeding up the boot processing, and bus controller (SPIBSC) settings. Parameters for the
loader must be stored in an external memory in advance by a user.

Figure 3.1 shows the operating overview of boot processing.

External memory

This LSI (serial flash memory)

()

®  Parameters for the loader

Boot function

®) )
@)

Bus controller

(4) ® Loader program

SPIBSC

Y

Tightly coupled memory (TCM)

Parameters for the loader

\ 4

Loader program

(1) Set the bus controller specified by the operating mode.

(2) Transfer the parameters for the loader from an external memory.

(3) Configure the bus controller based on the parameters for the loader.
(4) Transfer the loader program from an external memory.

(5) Hand over the processing to the loader program in the TCM area.

Figure 3.1 Operating Overview of Boot Processing

RO1UH0521EJ0180 Rev.1.80 RENESAS Page 51 of 1085
Jan. 31, 2022



RZ/T1-M Group

3. Operating Modes

3.5.2

Parameters for the Loader

The parameters for the loader are setting parameters for boot processing, which are loaded from an external memory

during boot processing and used by the boot function. The parameters for the loader specify information, such as the

cache settings during boot processing in individual operating modes, setting of the bus controller (SPIBSC) used for

communication with an external memory, and the size of the loader program.

Figure 3.2 shows memory assignment of the loader program and parameters for the loader.

External memory Offset address
1 CACHE_FLG 0000 0000h
Parameters for the loader SSLDR_V 0000 0004h
3 SPBCR_V 0000 0008h
* DRCR_V 0000 000Ch
Loader program i SPIBSC_FLG 0000 0010h
(Maximum 24 KB) LDR_ADDR_NML 0000 0014h
U, A —> LDR_SIZE_NML 0000 0018h
DEST_ADDR_NML 0000 001Ch
0000 0020h
DUMMY1-10
Internal tightly coupled memory Internal tightly coupled memory CHECK_SUM 0000 0048h
ATCM (512 KB) 4 BTCM (32 KB)
0000 0000h 0080 0000h
«— "
Extraction destination DEST_ADDR_NML
of the loader program
0007 FFFFh 0080 7FFFh
Note 1. The parameters for the loader must be stored in the following address range:
SPI boot mode: SPI multi-I/O bus space (3000 0000h and higher)
Note 2. The loader program can be stored in any address (LDR_ADDR_NML). Note that, however, the program size
(LDR_SIZE_NML) must be multiples of 512 bytes and no more than 24 Kbytes.
Note 3. In SPI boot mode, address output is 3 bytes, so only use addresses in the range from 3000 0000h to 30FF FFFFh.
Note 4. The ATCM area is assumed to be used for storing user application programs.
Note 5. Specify the extraction destination area of the loader program so that the area falls in the range from 0080 2000h to
0080 7FFFh.
Figure 3.2 Memory Assignment of the Loader Program and Parameters for the Loader
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Table 3.3 describes parameter information for the loader in SPI boot mode.

Table 3.3 Parameter Information for the Loader in SPI Boot Mode
Offset Address Parameter Name Description
0000 0000h CACHE_FLG Selects whether to enable the 11 cache and D1 cache of Cortex-R4 at boot

processing (for speeding up).
0000 0001h: Enables the 11 and D1 caches.
Other setting values than above: Disables the 11 and D1 caches.

0000 0004h SSLDR_V Setting value of the SSL delay register (SSLDR)

This parameter value is set to the SSLDR register during the setting for speeding
up of SPIBSC in (3) of section 3.5.1, Boot Function.*1

0000 0008h SPBCR_V Setting value of the bit-rate configuration register (SPBCR)

This parameter value is set to the SPBCR register during the setting for speeding
up of SPIBSC in (3) of section 3.5.1, Boot Function.*1

0000 000Ch DRCR_V Setting value of the data read control register (DRCR)

This parameter value is set to the DRCR register during the setting for speeding
up of SPIBSC in (3) of section 3.5.1, Boot Function.*1

0000 0010h SPIBSC_FLG Selects whether to change the SPIBSC setting back to the initial value after the

boot processing finishes.

2236 0679h: Changes the SPIBSC setting value back to the initial value after
the boot processing finishes.

Other setting values than above: Retains the SPIBCS setting value used during
boot processing.*2

0000 0014h LDR_ADDR_NML Sets the start address of the loader program stored in the external memory.*3

0000 0018h LDR_SIZE_NML Specifies the size of the loader program. Note that the program size must be

multiples of 512 bytes and no more than 24 Kbytes.*3

0000 001Ch DEST_ADDR_NML Specifies the start address of the tightly coupled memory (BTCM) that is used as

the extraction destination of the loader program. Specify the extraction destination
area of the loader program so that the area falls in the range from 0080 2000h to

0080 7FFFh.
0000 0020h DUMMY1 Option (Not used in this mode.)
0000 0024h DUMMY2 Option (Not used in this mode.)
0000 0028h DUMMY3 Option (Not used in this mode.)
0000 002Ch DUMMY4 Option (Not used in this mode.)
0000 0030h DUMMY5 Option (Not used in this mode.)
0000 0034h DUMMY6 Option (Not used in this mode.)
0000 0038h DUMMY7 Option (Not used in this mode.)
0000 003Ch DUMMY8 Option (Not used in this mode.)
0000 0040h DUMMY9 Option (Not used in this mode.)
0000 0044h DUMMY10 Option (Not used in this mode.)
0000 0048h CHECK_SUM Checksum value of the parameters for the loader

This parameter specifies the sum of the higher-order 16 bits and the lower-order
16 bits of the parameters (in unsigned long (32-bit) format) in the range of the
offset addresses 0000h to 0044h.*4

Note 1.
Note 2.

Note 3.

Note 4.

For details about the SSLDR, SPBCR, and DRCR registers, see section 27, SPI Multi I/O Bus Controller (SPIBSC).

For details on the settings of the individual peripheral modules after boot processing finishes, see section 3.5.4.1, Operation
Settings in SPI Boot Mode.

LDR_ADDR_NML must be in the range from 3000 004Ch and LDR_ADDR_NML + LDR_SIZE_NML < 3100 0000h in the
external address space (SPI).

An example for calculating CHECK_SUM is given below.

If SSLDR_V = 0007 0707h,

SPBCR_V = 0000 0003h,

LDR_ADDR_NML = 3000 004Ch,

LDR_SIZE_NML = 0000 6000h,

DEST_ADDR_NML = 0080 2000h, and

others = 0000 0000h,

CHECK_SUM is calculated as below ((0000h) is omitted in the formula):

CHECK_SUM = (0007h) + (0707h) + (0003h) + (3000h) + (004Ch) + (6000h) + (0080h) + (2000h) = (0000 B7DDh)
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3.5.3 Loader Program

The loader program is a user program that is transferred from an external memory to the internal tightly coupled memory
(TCM) by the boot function, and starts its processing after the boot processing finishes. The loader program can execute
such processing that suites the user system, for example, extracting a user application program from an external memory
to the internal TCM area and executing it at high speed.
Set the loader program so that the following conditions are satisfied:

e Program size (LDR_SIZE NML): Multiples of 512 bytes and no more than 24 Kbytes

e Storage address in the external memory (LDR_ADDR _NML) in SPI boot mode: Address range from 3000 004Ch

and LDR_ADDR _NML + LDR_SIZE NML < 3100 0000h

These setting values must be stored in an external memory as parameters for the loader. For details, see section 3.5.2,
Parameters for the Loader.

3.54 SPI Boot Mode (Serial Flash)

In SPI boot mode, this LSI boots a program from an external serial flash memory connected to the SPI multi-I/O bus
space.

In this mode, the SPI multi-I/O bus controller is set to the mode of reading the external address space, and the SPBCLK,
SPBSSL, SPBMO, and SPBMI pins are enabled.

After the reset is released, this LSI executes the boot processing. The loader program stored in a serial flash memory
connected to the SPI multi-I/O bus space is extracted to the internal memory (TCM), and then the processing is executed.
Figure 3.3 shows the connection diagram of this LSI with a serial flash memory.

This LSI ; Serial flash memory
SPBCLK i ¢—| SCK o
= % RESET# p——{ Reset circuit
SPBSSL o CE#
SPBMI ; SO/SIO1
SPBMO o— SI/SIO0
Figure 3.3 Connection Diagram of This LS| with a Serial Flash Memory
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3.5.4.1

Operation Settings in SPI Boot Mode

Immediately after the boot processing starts in SPI boot mode after the reset is released, this LSI operates with the
following initial setting values, and executes processing until transferring parameters for the loader.

CPU clock (CPUCLK): 150 MHz
SPIBSC bit rate (SPBCLK): 18.75 MHz
Supported command: Read (03h)

Address output: 3 bytes
Dummy cycles: None
Data read width: 1 bit

SPI mode: CPOL = 0 (positive pulse)

CPHAR = 0 (data reception at odd edge)

CPHAT = 0 (data transmission at even edge)

After the parameters for the loader are loaded, the settings for the I1 and D1 caches of Cortex-R4 and for the SSLDR,
SPBCR, and DRCR registers are performed based on the values of parameters CACHE FLG, SSLDR V, SPBCR V,
and DRCR V, so that the processing can be speed up.

Table 3.4 describes the setting values of the individual peripheral modules and registers at the time SPI boot mode
finishes.

Also, Table 3.5 describes the setting values of Arm general-purpose registers at the time the boot processing finishes,
and Table 3.6 describes the status of the Arm CP15 registers at the time the boot finishes.

Table 3.4 Setting Values of the Individual Peripheral Modules and Registers at the Time SPI Boot Mode
Finishes
Setting Value at the Time the Boot Processing Finishes
When SPIBSC is initialized When SPIBSC is not initialized
Peripheral Module Register (SPIBSC_FLG = 2236 0679h) (SPIBSC_FLG # 2236 0679h)
Low power MSTPCRC 0000 7DFEh (Initial value) 0000 7DFEh
consumption
SPIBSC SSLDR 0007 0707h (Initial value) Setting value of SSLDR_V
SPBCR 0000 0003h (Initial value) Setting value of SPBCR_V
DRCR 0000 0000h (Initial value) Setting value of DRCR_V
1/O ports PORT6 .PMR 1Dh*1 1Dh*1
MPC.PmnPFS 1Bh*1 1Bh*1
Note 1. Bits corresponding to the SPBCLK, SPBSSL, SPBMI, and SPBMO pins
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Table 3.5 Setting Values of the Arm General-Purpose Registers at the Time the Boot Processing Finishes
Regi Setting Values for Individual Processor Modes
egister
No. Name User Mode/Current Mode IRQ FlQ Undef Abort svC
1 RO Undefined — — — — —
2 R1 Undefined — — — — —
3 R2 Undefined — — — — —
4 R3 Undefined — — — — —
5 R4 Undefined — — — — —
6 R5 Undefined — — — — —
7 R6 Undefined — — — — —
8 R7 Undefined — — — — —
9 R8 Undefined — Undefined — — —
10 R9 Undefined — Undefined — — —
11 R10 Undefined — Undefined — — —
12 R11 Undefined — Undefined — — —
13 R12 Undefined — Undefined — — —
14 R13(sp) Undefined Undefined Undefined Undefined Undefined Undefined
15 R14(Ir) Undefined Undefined Undefined Undefined Undefined Undefined
16 R15(pc) Arbitrary — — — — —
17 cpsr xxxx xx93h ([31:8] is — — — — —
undefined.)
[711=1
[6]F = 0*1
[B]T=0
[4:0]MD = 10011b(SVC)
18 spsr — Undefined Undefined Undefined Undefined Undefined

—: Non-existent register
sp: Stack pointer
Ir: Link register (which stores the return address when calling a subroutine call)

pc: Program counter
cpsr: Abbreviation of “current program status register”. It monitors or controls internal operations.

spsr: Abbreviation of “saved program status register”. It saves cpsr in the previous mode.
In this product, the non-maskable interrupt has been assigned to FIQ. The boot processing changes the [6]F bit of the CPSR
register from 1 to 0 to enable non-maskable interrupt after the boot processing finishes.

Note 1.

Note:

After the boot processing sets the [6]F bit in the CPSR register to 0, if a non-maskable interrupt (FIQ exception) occurs before
the processing reaches the branch to the loader program, the processing is jumped to the FIQ exception handler address and

goes into an infinite loop. For details, see section 3.5.7, Note.
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Table 3.6 Status of the Arm CP15 Registers at the Time the Boot Finishes

Setting Value at the
Time the Boot

Register Name Symbol Processing Finishes Remarks
System control register SCTLR 09E5 2878h*1 [24]VE = 1:
Sets the IRQ exception vector address in VIC.
System control auxiliary register ACTLR 0EO00 0020h ECC enable for TCM
(When ATCM and All areas of ATCM and BTCM are written and
BTCM are used) processed in 32-bit units during boot processing
and initialized.
Invalidate all Instruction Caches Register — — The 11 cache entry is not invalidated after the boot
processing finishes.
Invalidate all Data Caches Register — — The D1 cache entry is not invalidated after the
boot processing finishes.
MPU Memory Region Number Register RGNR 0000 0000h All MPU settings are initialized even when the
Data Region Base Address Register DRBAR 0000 0000h ;a:c:‘;'s enabled by the parameters for the
Data Region Size and Enable Register DRSR 0000 0000h
Data Region Access Control Register DRACR 0000 0000h

Note 1. When the boot processing finishes, the register is in high vector status, where V[13] = 1 (FFFF 0000h). Use the loader program
to write appropriate processing in the low vectors (0000 0000h), and then to change the register to low vector status, where

V[13] = 0 (0000 0000h).
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3.5.5 MPU Setting

The boot function uses the primary instruction cache (I1) and primary data cache (D1) of Cortex-R4 when the parameter
CACHE FLG for the loader is set to 0000 0001h.

However, the dedicated area for boot processing (FFFF 0000h to FFFF 7FFFh), which is used by the boot function, is set
as the non-cache area in the default map of Cortex-R4, so the MPU (memory protection unit) redefines the cache area
during the boot processing.

The boot function defines the high-vector area (FFFF 0000h to FFFF 7FFFh) as the cache area of Region 0, and uses
other areas for the default memory map.

When the boot processing finishes, the I1 and D1 caches are invalidated, and all areas are initialized to the default
memory map.

Figure 3.4 shows the relationship between the memory map definition during the boot processing and the default
memory map of Cortex-R4.

I Address Map |MPU Setting I Default Memory Map
i i Cache ON Cache OFF
__________ [ Instruction Data Instruction Data

0000 0000h 0000 0000h
ATCM |

0008 0000h FALEM
| |

0080 0000h IBTCM 1 Normal, Normal, Normal, Normal,

0080 8000h | \ Cacheable, WBWA cacheable, Non-cacheable, Non-cacheable,
| ' Non-shared Non-shared Non-shared Shared

3000 0000h p==
Mirror area of the |
3400 0000h SPI multi-I/O bus space

Non-cacheable,
only if HIVECS is TRUE

'
. ' 4000 0000h | Normal, Normal, Normal, Normal,
' ' Cacheable, WT cacheable, Non-cacheable, Non-cacheable,
__________ o~ INon-shared Non-shared Non-shared Shared
! ! 6000 0000h | Normal, Normal, Normal, Normal,
! ! Cacheable, Non-cacheable, Non-cacheable, Non-cacheable,
__________ SRR SO SRU Non-shared Shared Non-shared Shared
' ' 8000 0000h [ Non-shared . Non-shared
' ' Device Device
__________ g
28(1)8 88882 Peripheral modules AD00 0000R . Shared . Shared
' | Device Device
""""" C T T T C000 0000h
! ! — Strongly-ordered — Strongly-ordered
' '
; ; F000 0000h | Normal, Strongly-ordered
i i
' '

Normal,
FFFF 0000h . [Region 0] Non-cacheable, Strongly-ordered
Pedicateclarcalilly - cacheable! only if HIVECS is TRUE

e et Non-shared

FFFF 7FFFh! '

Note 1. Because SCTLR[17] BRis set to 1, the default memory map is applied to the areas for which no region is set.

Figure 3.4 Relationship Between the Memory Map Definition During the Boot Processing and the Default
Memory Map of Cortex-R4
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3.5.6 Boot-Related Information and Error Processing

The boot function determines whether the boot processing finishes normally, and retains the result in a specific address.
If the processing is determined to be an error, the boot processing is aborted, and an infinite loop is executed.

If the debugger is connected, reading the result of the boot processing that was stored in a specific address at the point of
break can determine the error source.

Table 3.7 describes the error sources and the results of the boot processing.

Table 3.7 Error Sources and Results of Boot Processing
Storage Address*1 Stored Value*! Error Sources and Results of Boot Processing
0080 09C4h 0 The boot processing finished normally.
-1 A mode error occurred.

When the setting is prohibited in the read value of the mode monitor register (MDMONR)

-2 Checksum error of the parameters for the loader
When the checksum (CHECK_SUM) of the parameters for the loader does not match

-3 Error in a parameter for the loader
When one of the following is satisfied:
- The size of the loader program is smaller than 512 bytes.
- The size of the loader program is larger than 24 Kbytes.
- The size of the loader program is not a multiple of 512 bytes.
- The destination address of the loader program is outside of the TCM area.

Note 1. The access size is 32 bits.
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357 Note

3.5.7.1 Exception Processing

Only the reset exception due to the RES#-pin reset can be accepted during the boot processing. When a reset exception
occurs, this LSI is reset, and the boot processing restarts. If an exception processing other than reset exception occurs, the
jump instruction to the relevant exception handler address repeats an infinite loop.

Table 3.8 Exception Processing During the Boot Processing
Exception Handler Address Operation During the Boot Processing
Reset exception FFFF 0000h Branched to the reset exception handler
Undefined instruction exception FFFF 0004h Branched to the undefined instruction exception handler (Infinite loop)
Software interrupt exception FFFF 0008h Branched to the software interrupt exception handler (Infinite loop)
Prefetch abort exception FFFF 000Ch Branched to the prefetch abort exception handler (Infinite loop)
Data abort exception FFFF 0010h Branched to the data abort exception handler (Infinite loop)
IRQ exception FFFF 0018h Branched to the IRQ exception handler (Infinite loop)
FIQ exception FFFF 001Ch Branched to the FIQ exception handler (Infinite loop)

Note:  Before the boot processing finishes, the register is in high vector status, where SCTLR V[13] = 1 (FFFF 0000h). Use the loader
program to write appropriate processing in the low vectors (0000 0000h), and then to change the register to low vector status,
where V[13] = 0 (0000 0000h).

3.5.7.2 Serial Flash Memory in SPI Boot Mode

In SPI boot mode, after release from the reset state, boot processing starts by reading from the serial flash memory via
the SPI multi-I/O bus controller (SPIBSC) with the initial settings given in section 3.5.4.1, Operation Settings in SPI
Boot Mode.

The setting of serial flash memory can be changed via the SPIBSC after the processing to boot up is finished. Depending
on the settings, however, reading from the serial flash memory may not be possible when boot processing needs to be
started again following a reset. Therefore, caution is required on this point.

When the active level of the signal on the RES# pin is applied to reset this LSI chip, the serial flash memory can be
simultaneously initialized by input of the same reset signal to the reset pin of the serial flash memory. Therefore, we
recommend using serial flash memory that includes a reset pin. As the reset signal of a serial flash memory in a small
package may be multiplexed with another pin function, make sure that the reset function is selected.

In addition, when an internal reset such as a software reset or ECM reset is to be generated, initialize the serial flash
memory by software in advance so that it can be connected in boot processing.
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4. Address Space

4.1 Address Space

This LSI has a 4-Gbyte address space ranging from 0000 0000h to FFFF FFFFh. That is, up to total 4 Gbytes of program
and data areas can be accessed linearly.

Figure 4.1 and Figure 4.2 show the memory maps for respective products.

Accessible areas will differ depending on the operating mode and the states of control bits.

In addition, since a non-cached access area from each bus master is assigned to the same area in this product, in access
from the Cortex-R4, a mirror area is set as a cache-enabled area. The MPU should not enable caching of areas other than
the mirror area.
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4. Address Space

Note 1. Can be cached.

Note 3. Peripheral space

0000 0000h
0008 0000h
0080 0000h
0080 8000h

0400 0000h
0408 0000h

1000 0000h

1400 0000h
2000 0000h
2008 0000h
2200 0000h

2208 0000
2400 0000

2408 0000

3000 0000h

3400 0000

/A000 0000h
A010 0000h

B011 C100h
B100 0000h

E800 0000h
E801 0000h

FFFF 0000h
FFFF 8000h

Cortex-R4 DMACO/DMAC1

0008 0000h
BTCM (32KB)* 0080 0000h [*"gTCM (32KB) 2
0080 8000h
040000000
(512 KB) (512 KB)
0408 0000h
SPI multiple 1/ bus space 1000 0000h ['op) mtiple 1O bus space
(serial flash) (64 MB) (serial flash) (64 MB)
1400 0000h
2000000
(512 KB) (512 KB)
2008 0000h

Mirror area of extended
internal SRAM (512 KB:
2000 0000h to 2007 FEFFh)™'

Mirror area of extended
internal SRAM (512 KB:
0 0000h to 0407 FFFF!

Mirror area of SPI multiple
/0 bus space
(serial flash) (64 MB)

Peripheral /O registers (1 MBD'S 000 0000h Peripheral /0 registers (1 MB)'3
/A010 0000h
B100 0000h

E801 0000h

FrFF onomn

FFFF 8000h

(For other areas, caching should not be enabled by the MPU.)
Note 2. Cortex-R4 tightly coupled memory space

Note:  Reserved areas should not be accessed.

Figure 4.1 Memory Map (1-Mbyte Extended Internal SRAM)
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4. Address Space

Note 1. Can be cached.

Note 3. Peripheral space

0000 0000h
0008 0000h
0080 0000h
0080 8000h

1000 0000h

1400 0000h

3000 0000h

3400 0000h

/A000 0000h
A010 0000h

B011 C100h
B100 0000h

E800 0000h

E801 0000h

FFFF 0000h
FFFF 8000h

Cortex-R4 DMACO/DMAC1
0008 0000h
0080 8000h

SPI multiple /O bus space 1000 0000 | sp| myttiple /O bus space
(serial flash) (64 MB) (serial flash) (64 MB)

1400 0000h

10 bus space
(serial flash) (64 MB)"'

A010 0000h

Bott 100

B100 0000h

£800.0990n

E801 0000h

FFFF 8000h

(For other areas, caching should not be enabled by the MPU.)
Note 2. Cortex-R4 tightly coupled memory space

Note:  Reserved areas should not be accessed.

Figure 4.2 Memory Map (0-Kbyte Extended Internal SRAM)
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5. I/O Registers

This section gives information on the on-chip I/O register addresses. The information is given as shown below.

(1) I/O register addresses (address order)
e Registers are listed from the lower allocation addresses.
e Registers are classified according to module symbols.

e Among the internal I/O register area, addresses not listed in the list of registers are reserved. Reserved addresses
must not be accessed. Do not access these addresses; otherwise, the operation when accessing these bits and
subsequent operations cannot be guaranteed.
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5. 1/0 Registers

5.1 I/O Register Addresses (Address Order)

Table 5.1 List of I/0 Registers (Address Order) (1/42)
Module Number Access

Address Symbol Register Name Register Symbol of Bits Size
A000 0000h PORTO Port direction register PDR 16 16
A000 0002h PORT1 Port direction register PDR 16 16
A000 0004h PORT2 Port direction register PDR 16 16
A000 0006h PORT3 Port direction register PDR 16 16
A000 0008h PORT4 Port direction register PDR 16 16
A000 000Ah PORTS Port direction register PDR 16 16
A000 000Ch PORT6 Port direction register PDR 16 16
A000 000Eh PORT7 Port direction register PDR 16 16
A000 0012h PORT9 Port direction register PDR 16 16
A000 0014h PORTA Port direction register PDR 16 16
A000 0018h PORTC Port direction register PDR 16 16
A000 001Ch PORTE Port direction register PDR 16 16
A000 0020h PORTG Port direction register PDR 16 16
A000 0040h PORTO Port output data register PODR 8 8
A000 0041h PORT1 Port output data register PODR 8 8
A000 0042h PORT2 Port output data register PODR 8 8
A000 0043h PORT3 Port output data register PODR 8 8
A000 0044h PORT4 Port output data register PODR 8 8
A000 0046h PORT6 Port output data register PODR 8 8
A000 0047h PORT7 Port output data register PODR 8 8
A000 0049h PORT9 Port output data register PODR 8 8
A000 004Ah PORTA Port output data register PODR 8 8
A000 004Ch PORTC Port output data register PODR 8 8
A000 004Eh PORTE Port output data register PODR 8 8
A000 0050h PORTG Port output data register PODR 8 8
A000 0060h PORTO Port input data register PIDR 8 8
A000 0061h PORT1 Port input data register PIDR 8 8
A000 0062h PORT2 Port input data register PIDR 8 8
A000 0063h PORT3 Port input data register PIDR 8 8
A000 0064h PORT4 Port input data register PIDR 8 8
A000 0066h PORT6 Port input data register PIDR 8 8
A000 0067h PORT7 Port input data register PIDR 8 8
A000 0069h PORT9 Port input data register PIDR 8 8
A000 006Ah PORTA Port input data register PIDR 8 8
A000 006Ch PORTC Port input data register PIDR 8 8
A000 006Eh PORTE Port input data register PIDR 8 8
A000 0070h PORTG Port input data register PIDR 8 8
A000 0080h PORTO Port mode register PMR 8 8
A000 0081h PORT1 Port mode register PMR 8 8
A000 0082h PORT2 Port mode register PMR 8 8
A000 0083h PORT3 Port mode register PMR 8 8
A000 0084h PORT4 Port mode register PMR 8 8
A000 0085h PORT5 Port mode register PMR 8 8
A000 0086h PORT6 Port mode register PMR 8 8
A000 0087h PORT7 Port mode register PMR 8 8
A000 0089h PORT9 Port mode register PMR 8 8
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Table 5.1 List of I/O Registers (Address Order) (2/42)
Module Number Access
Address Symbol Register Name Register Symbol of Bits Size
A000 008Ah PORTA Port mode register PMR 8 8
A000 008Ch PORTC Port mode register PMR 8 8
A000 008Eh PORTE Port mode register PMR 8 8
A000 0090h PORTG Port mode register PMR 8 8
A000 0100h PORTO Pull-up/pull-down control register PCR 16 16
A000 0102h PORT1 Pull-up/pull-down control register PCR 16 16
A000 0104h PORT2 Pull-up/pull-down control register PCR 16 16
A000 0106h PORT3 Pull-up/pull-down control register PCR 16 16
A000 0108h PORT4 Pull-up/pull-down control register PCR 16 16
A000 010Ah PORTS Pull-up/pull-down control register PCR 16 16
A000 010Ch PORT6 Pull-up/pull-down control register PCR 16 16
A000 010Eh PORT7 Pull-up/pull-down control register PCR 16 16
A000 0112h PORT9 Pull-up/pull-down control register PCR 16 16
A000 0114h PORTA Pull-up/pull-down control register PCR 16 16
A000 011Ch PORTE Pull-up/pull-down control register PCR 16 16
A000 0120h PORTG Pull-up/pull-down control register PCR 16 16
A000 014Ah PORT5 Driving ability control register DSCR 16 16
A000 0200h MPC Port 00 pin function control register POOPFS 8 8
A000 0208h MPC Port 10 pin function control register P10PFS 8 8
A000 0211h MPC Port 21 pin function control register P21PFS 8 8
A000 0212h MPC Port 22 pin function control register P22PFS 8 8
A000 0217h MPC Port 27 pin function control register P27PFS 8 8
A000 021Bh MPC Port 33 pin function control register P33PFS 8 8
A000 021Ch MPC Port 34 pin function control register P34PFS 8 8
A000 021Dh MPC Port 35 pin function control register P35PFS 8 8
A000 0220h MPC Port 40 pin function control register P40PFS 8 8
A000 0222h MPC Port 42 pin function control register P42PFS 8 8
A000 0224h MPC Port 44 pin function control register P44PFS 8 8
A000 0228h MPC Port 50 pin function control register P50PFS 8 8
A000 0229h MPC Port 51 pin function control register P51PFS 8 8
A000 022Ah MPC Port 52 pin function control register P52PFS 8 8
A000 022Bh MPC Port 53 pin function control register P53PFS 8 8
A000 022Ch MPC Port 54 pin function control register P54PFS 8 8
A000 022Dh MPC Port 55 pin function control register P55PFS 8 8
A000 022Eh MPC Port 56 pin function control register P56PFS 8 8
A000 0230h MPC Port 60 pin function control register P60PFS 8 8
A000 0231h MPC Port 61 pin function control register P61PFS 8 8
A000 0232h MPC Port 62 pin function control register P62PFS 8 8
A000 0233h MPC Port 63 pin function control register P63PFS 8 8
A000 0234h MPC Port 64 pin function control register P64PFS 8 8
A000 0235h MPC Port 65 pin function control register P65PFS 8 8
A000 0239h MPC Port 71 pin function control register P71PFS 8 8
A000 023Ah MPC Port 72 pin function control register P72PFS 8 8
A000 023Bh MPC Port 73 pin function control register P73PFS 8 8
A000 0248h MPC Port 90 pin function control register P90PFS 8 8
A000 0249h MPC Port 91 pin function control register P91PFS 8 8
A000 024Ah MPC Port 92 pin function control register P92PFS 8 8
A000 024Bh MPC Port 93 pin function control register P93PFS 8 8
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5. 1/0 Registers

Table 5.1 List of I/O Registers (Address Order) (3 /42)

Module Number Access
Address Symbol Register Name Register Symbol of Bits Size
A000 024Ch MPC Port 94 pin function control register P94PFS 8 8
A000 024Dh MPC Port 95 pin function control register P95PFS 8 8
A000 024Eh MPC Port 96 pin function control register P96PFS 8 8
A000 024Fh MPC Port 97 pin function control register P97PFS 8 8
A000 0253h MPC Port A3 pin function control register PA3PFS 8 8
A000 0254h MPC Port A4 pin function control register PA4PFS 8 8
A000 0255h MPC Port A5 pin function control register PASPFS 8 8
A000 0262h MPC Port C2 pin function control register PC2PFS 8 8
A000 0263h MPC Port C3 pin function control register PC3PFS 8 8
A000 0266h MPC Port C6 pin function control register PC6PFS 8 8
A000 0267h MPC Port C7 pin function control register PC7PFS 8 8
A000 0270h MPC Port EO pin function control register PEOPFS 8 8
A000 0271h MPC Port E1 pin function control register PE1PFS 8 8
A000 0272h MPC Port E2 pin function control register PE2PFS 8 8
A000 0273h MPC Port E3 pin function control register PE3PFS 8 8
A000 0274h MPC Port E4 pin function control register PE4PFS 8 8
A000 0275h MPC Port E5 pin function control register PE5PFS 8 8
A000 0276h MPC Port E6 pin function control register PE6PFS 8 8
A000 0277h MPC Port E7 pin function control register PE7PFS 8 8
A000 0282h MPC Port G2 pin function control register PG2PFS 8 8
A000 0283h MPC Port G3 pin function control register PG3PFS 8 8
A000 0284h MPC Port G4 pin function control register PG4PFS 8 8
A000 0285h MPC Port G5 pin function control register PG5PFS 8 8
A000 0286h MPC Port G6 pin function control register PG6PFS 8 8
A000 02FFh MPC Write protection register PWPR 8 8
A000 5000h SPIBSC Common control register CMNCR 32 32
A000 5004h SPIBSC SSL delay register SSLDR 32 32
A000 5008h SPIBSC Bit rate register SPBCR 32 32
A000 500Ch SPIBSC Data read control register DRCR 32 32
A000 5010h SPIBSC Data read command setting register DRCMR 32 32
A000 5014h SPIBSC Data read extended address setting register DREAR 32 32
A000 5018h SPIBSC Data read option setting register DROPR 32 32
A000 501Ch SPIBSC Data read enable setting register DRENR 32 32
A000 5020h SPIBSC SPI mode control register SMCR 32 32
A000 5024h SPIBSC SPI mode command setting register SMCMR 32 32
A000 5028h SPIBSC SPI mode address setting register SMADR 32 32
A000 502Ch SPIBSC SPI mode option setting register SMOPR 32 32
A000 5030h SPIBSC SPI mode enable setting register SMENR 32 32
A000 5038h SPIBSC SPI mode read data register 0 SMRDRO 32 8, 16, 32
A000 5040h SPIBSC SPI mode write data register 0 SMWDRO 32 8, 16, 32
A000 5048h SPIBSC Common status register CMNSR 32 32
A000 5058h SPIBSC Data read dummy cycle setting register DRDMCR 32 32
A000 5060h SPIBSC SPI mode dummy cycle setting register SMDMCR 32 32
A001 0000h VIC IRQ status register 0 IRQS0 32 32
A001 0004h VIC IRQ status register 1 IRQS1 32 32
A001 0008h VIC IRQ status register 2 IRQS2 32 32
A001 000Ch VIC IRQ status register 3 IRQS3 32 32
A001 0010h VIC IRQ status register 4 IRQS4 32 32
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Table 5.1 List of I/O Registers (Address Order) (4 /42)
Module Number Access
Address Symbol Register Name Register Symbol of Bits Size
A001 0014h VIC IRQ status register 5 IRQS5 32 32
A001 0018h VIC IRQ status register 6 IRQS6 32 32
A001 001Ch VIC IRQ status register 7 IRQS7 32 32
A001 0040h VIC Interrupt input status register 0 RAISO 32 32
A001 0044h VIC Interrupt input status register 1 RAIS1 32 32
A001 0048h VIC Interrupt input status register 2 RAIS2 32 32
A001 004Ch VIC Interrupt input status register 3 RAIS3 32 32
A001 0050h VIC Interrupt input status register 4 RAIS4 32 32
A001 0054h VIC Interrupt input status register 5 RAIS5 32 32
A001 0058h VIC Interrupt input status register 6 RAIS6 32 32
A001 005Ch VIC Interrupt input status register 7 RAIS7 32 32
A001 0080h VIC Interrupt enable register 0 IENO 32 32
A001 0084h VIC Interrupt enable register 1 IEN1 32 32
A001 0088h VIC Interrupt enable register 2 IEN2 32 32
A001 008Ch VIC Interrupt enable register 3 IEN3 32 32
A001 0090h VIC Interrupt enable register 4 IEN4 32 32
A001 0094h VIC Interrupt enable register 5 IENS 32 32
A001 0098h VIC Interrupt enable register 6 IEN6 32 32
A001 009Ch VIC Interrupt enable register 7 IEN7 32 32
A001 00AOh VIC Interrupt enable clear register 0 IECO 32 32
A001 00A4h VIC Interrupt enable clear register 1 IEC1 32 32
A001 00A8h VIC Interrupt enable clear register 2 IEC2 32 32
A001 00ACh VIC Interrupt enable clear register 3 IEC3 32 32
A001 00BOh VIC Interrupt enable clear register 4 IEC4 32 32
A001 00B4h VIC Interrupt enable clear register 5 IEC5 32 32
A001 00B8h VIC Interrupt enable clear register 6 IEC6 32 32
A001 00BCh VIC Interrupt enable clear register 7 IEC7 32 32
A001 0100h VIC Interrupt detection type selection register 0 PLSO 32 32
A001 0104h VIC Interrupt detection type selection register 1 PLS1 32 32
A001 0108h VIC Interrupt detection type selection register 2 PLS2 32 32
A001 010Ch VIC Interrupt detection type selection register 3 PLS3 32 32
A001 0110h VIC Interrupt detection type selection register 4 PLS4 32 32
A001 0114h VIC Interrupt detection type selection register 5 PLS5 32 32
A001 0118h VIC Interrupt detection type selection register 6 PLS6 32 32
A001 011Ch VIC Interrupt detection type selection register 7 PLS7 32 32
A001 0120h VIC Edge detection bit clear register 0 PICO 32 32
A001 0124h VIC Edge detection bit clear register 1 PIC1 32 32
A001 0128h VIC Edge detection bit clear register 2 PIC2 32 32
A001 012Ch VIC Edge detection bit clear register 3 PIC3 32 32
A001 0130h VIC Edge detection bit clear register 4 PIC4 32 32
A001 0134h VIC Edge detection bit clear register 5 PIC5 32 32
A001 0138h VIC Edge detection bit clear register 6 PIC6 32 32
A001 013Ch VIC Edge detection bit clear register 7 PIC7 32 32
A001 01COh VIC Interrupt priority level mask register 0 PRLMO 32 32
A001 01C4h VIC Interrupt priority level mask clear register 0 PRLCO 32 32
A001 01C8h VIC User mode enable register 0 UENO 32 32
A001 0200h VIC Interrupt address register 0 HVAO 32 32
A001 0210h VIC Interrupt service status register 0 1SS0 32 32
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Table 5.1 List of I/O Registers (Address Order) (5/42)
Module Number Access
Address Symbol Register Name Register Symbol of Bits Size
A001 0214h VIC Interrupt service status register 1 1SS1 32 32
A001 0218h VIC Interrupt service status register 2 1SS2 32 32
A001 021Ch VIC Interrupt service status register 3 1ISS3 32 32
A001 0220h VIC Interrupt service status register 4 1ISS4 32 32
A001 0224h VIiC Interrupt service status register 5 1ISS5 32 32
A001 0228h VIC Interrupt service status register 6 1ISS6 32 32
A001 022Ch VIC Interrupt service status register 7 1ISS7 32 32
A001 0230h VIC Interrupt service current register 0 ISCO 32 32
A001 0234h VIC Interrupt service current register 1 ISC1 32 32
A001 0238h VIC Interrupt service current register 2 1ISC2 32 32
A001 023Ch VIC Interrupt service current register 3 ISC3 32 32
A001 0240h VIC Interrupt service current register 4 1ISC4 32 32
A001 0244h VIC Interrupt service current register 5 ISC5 32 32
A001 0248h VIiC Interrupt service current register 6 ISC6 32 32
A001 024Ch VIC Interrupt service current register 7 ISC7 32 32
A001 0404h VIC Interrupt address storage register 1 VAD1 32 32
A001 0408h VIC Interrupt address storage register 2 VAD2 32 32
A001 040Ch VIC Interrupt address storage register 3 VAD3 32 32
A001 0410h VIC Interrupt address storage register 4 VAD4 32 32
A001 0414h VIC Interrupt address storage register 5 VAD5 32 32
A001 0418h VIC Interrupt address storage register 6 VADG6 32 32
A001 041Ch VIC Interrupt address storage register 7 VAD7 32 32
A001 0420h VIC Interrupt address storage register 8 VAD8 32 32
A001 0424h VIC Interrupt address storage register 9 VAD9 32 32
A001 0428h VvIC Interrupt address storage register 10 VAD10 32 32
A001 042Ch VIC Interrupt address storage register 11 VAD11 32 32
A001 0430h VIC Interrupt address storage register 12 VAD12 32 32
A001 0434h VIC Interrupt address storage register 13 VAD13 32 32
A001 0438h VIC Interrupt address storage register 14 VAD14 32 32
A001 043Ch VIC Interrupt address storage register 15 VAD15 32 32
A001 0440h VIC Interrupt address storage register 16 VAD16 32 32
A001 0444h VIC Interrupt address storage register 17 VAD17 32 32
A001 0448h VIC Interrupt address storage register 18 VAD18 32 32
A001 044Ch VIC Interrupt address storage register 19 VAD19 32 32
A001 0450h VIC Interrupt address storage register 20 VAD20 32 32
A001 0454h VIC Interrupt address storage register 21 VAD21 32 32
A001 0458h VIC Interrupt address storage register 22 VAD22 32 32
A001 045Ch VIC Interrupt address storage register 23 VAD23 32 32
A001 0460h VIC Interrupt address storage register 24 VAD24 32 32
A001 0464h VIC Interrupt address storage register 25 VAD25 32 32
A001 0468h VIC Interrupt address storage register 26 VAD26 32 32
A001 046Ch VIC Interrupt address storage register 27 VAD27 32 32
A001 0470h VIC Interrupt address storage register 28 VAD28 32 32
A001 0474h VIC Interrupt address storage register 29 VAD29 32 32
A001 0478h VIC Interrupt address storage register 30 VAD30 32 32
A001 047Ch VIC Interrupt address storage register 31 VAD31 32 32
A001 0480h VIC Interrupt address storage register 32 VAD32 32 32
A001 0484h VIC Interrupt address storage register 33 VAD33 32 32
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Table 5.1 List of I/O Registers (Address Order) (6 /42)
Module Number Access
Address Symbol Register Name Register Symbol of Bits Size
A001 0488h VIC Interrupt address storage register 34 VAD34 32 32
A001 048Ch VIC Interrupt address storage register 35 VAD35 32 32
A001 0490h VIC Interrupt address storage register 36 VAD36 32 32
A001 0494h VIC Interrupt address storage register 37 VAD37 32 32
A001 0498h VIC Interrupt address storage register 38 VAD38 32 32
A001 049Ch VIC Interrupt address storage register 39 VAD39 32 32
A001 04A0h VIC Interrupt address storage register 40 VAD40 32 32
A001 04A4h VIC Interrupt address storage register 41 VAD41 32 32
A001 04A8h VIC Interrupt address storage register 42 VADA42 32 32
A001 04ACh VIC Interrupt address storage register 43 VAD43 32 32
A001 04BOh VIC Interrupt address storage register 44 VAD44 32 32
A001 04B4h VIC Interrupt address storage register 45 VADA45 32 32
A001 04B8h VIC Interrupt address storage register 46 VAD46 32 32
A001 04BCh VIC Interrupt address storage register 47 VAD47 32 32
A001 04COh VIC Interrupt address storage register 48 VADA48 32 32
A001 04C4h VIC Interrupt address storage register 49 VAD49 32 32
A001 04C8h VIC Interrupt address storage register 50 VAD50 32 32
A001 04CCh VIC Interrupt address storage register 51 VAD51 32 32
A001 04DO0h VIC Interrupt address storage register 52 VAD52 32 32
A001 04D4h VIC Interrupt address storage register 53 VAD53 32 32
A001 04D8h VIC Interrupt address storage register 54 VAD54 32 32
A001 04DCh VIC Interrupt address storage register 55 VADS55 32 32
A001 04EOh VIC Interrupt address storage register 56 VAD56 32 32
A001 04E4h VIC Interrupt address storage register 57 VAD57 32 32
A001 04E8h VIC Interrupt address storage register 58 VAD58 32 32
A001 04ECh VIC Interrupt address storage register 59 VAD59 32 32
A001 04F0h VIC Interrupt address storage register 60 VAD60 32 32
A001 04F4h VIC Interrupt address storage register 61 VADG61 32 32
A001 04F8h VIC Interrupt address storage register 62 VADG2 32 32
A001 04FCh VIC Interrupt address storage register 63 VAD63 32 32
A001 0500h VIC Interrupt address storage register 64 VADG64 32 32
A001 0504h VIC Interrupt address storage register 65 VADG5 32 32
A001 0508h VIC Interrupt address storage register 66 VAD66 32 32
A001 050Ch VIC Interrupt address storage register 67 VADG67 32 32
A001 0510h VIC Interrupt address storage register 68 VADG8 32 32
A001 0514h VIC Interrupt address storage register 69 VAD69 32 32
A001 0518h VIC Interrupt address storage register 70 VAD70 32 32
A001 051Ch VIC Interrupt address storage register 71 VAD71 32 32
A001 0520h VIC Interrupt address storage register 72 VAD72 32 32
A001 0524h VIC Interrupt address storage register 73 VAD73 32 32
A001 0528h VIC Interrupt address storage register 74 VAD74 32 32
A001 052Ch VIC Interrupt address storage register 75 VAD75 32 32
A001 0530h VIC Interrupt address storage register 76 VAD76 32 32
A001 0534h VIC Interrupt address storage register 77 VAD77 32 32
A001 0538h VIC Interrupt address storage register 78 VAD78 32 32
A001 053Ch VIC Interrupt address storage register 79 VAD79 32 32
A001 0540h VIC Interrupt address storage register 80 VAD80 32 32
A001 0544h VIC Interrupt address storage register 81 VAD81 32 32
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Table 5.1 List of I/O Registers (Address Order) (7 / 42)
Module Number Access
Address Symbol Register Name Register Symbol of Bits Size
A001 0548h VIC Interrupt address storage register 82 VAD82 32 32
A001 054Ch VIC Interrupt address storage register 83 VAD83 32 32
A001 0550h VIC Interrupt address storage register 84 VAD84 32 32
A001 0554h VIC Interrupt address storage register 85 VAD85 32 32
A001 0558h VIC Interrupt address storage register 86 VAD86 32 32
A001 055Ch VIC Interrupt address storage register 87 VAD87 32 32
A001 0560h VIC Interrupt address storage register 88 VAD88 32 32
A001 05