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Notice

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

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

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

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended 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; and industrial robots etc.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor 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
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas
Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any
application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred
by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas
Electronics.

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

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

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

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

It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise
places the product with a third party, to notify such third party in advance of the contents and conditions set forth in this
document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of
unauthorized use of Renesas Electronics products.

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(2012.4)




(1) Voltage
application
waveform at input

pin:

(2) Handling of
unused input pins:

(3) Precaution
against ESD:

(4) Status before
initialization:

(5) Power ON/OFF
sequence:

(6) Input of signal
during power off
state:

Notes for CMOS devices

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 VIL
(MAX) and VIH (MIN) due to noise, etc., 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 VIL (MAX) and VIH (MIN).

Unconnected CMOS device inputs can be cause of malfunction. If an input pin
is unconnected, it is possible that an internal input level may be generated due
to noise, etc., causing malfunction. CMOS devices behave differently than
Bipolar or NMOS devices. Input levels of CMOS devices must be fixed high or
low by using pull-up or pull-down circuitry. Each unused pin should be
connected to power supply or GND via a resistor if there is a possibility that it
will be an output pin. All handling related to unused pins must be judged
separately for each device and according to related specifications governing
the device.

A strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must be
taken to stop generation of static electricity as much as possible, and quickly
dissipate it when it has occurred. Environmental control must be adequate.
When it is dry, a humidifier should be used. It is recommended to avoid using
insulators that 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 should be grounded. The operator should be grounded using a
wrist strap. Semiconductor devices must not be touched with bare hands.
Similar precautions need to be taken for PW boards with mounted
semiconductor devices.

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

In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply
after switching on the internal power supply. When switching the power supply
off, as a rule, switch off the external power supply and then the internal power
supply. Use of the reverse power on/off sequences may result in the
application of an overvoltage to the internal elements of the device, causing
malfunction and degradation of internal elements due to the passage of an
abnormal current. The correct power on/off sequence must be judged
separately for each device and according to related specifications governing
the device.

Do not input signals or an I/O pull-up power supply while the device is not
powered. The current injection that results from input of such a signal or 1/0
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.
Input of signals during the power off state must be judged separately for each
device and according to related specifications governing the device.



How to Use This Manual

Readers This manual is intended for users who wish to understand the functions of the
RH850/F1H and design application systems using the RH850/F1H
microcontrollers

Purpose This manual is intended to give users an understanding of the hardware
functions of the RH850/F1H shown in the Organization below.

Organization This manual is divided into two parts: Hardware (this manual) and Software
(RH850G3M User’s Manual: Software).

| Hardware | Software |

Pin functions Overview

CPU function Processor Model

On-chip peripheral functions Register Reference

Flash memory programming Exceptions and Interrupts

Memory Management
Instruction Reference
Reset

Appendix

How to read this Itis assumed that the readers of this manual have general knowledge in the fields of
manual electrical engineering, logic circuits, and microcontrollers.

To understand the overall functions of the RH850/F1H
— Read this manual according to the Contents.
To understand the details of an instruction function

— See RH850G3M User’s Manual: Software available separately.

The “yy bit of the xxx register” is described as the “xx.yyy bit” in this manual.

Note with caution that if “xx.yyy” is described as is in a program, however, the compiler/
assembler cannot recognize it correctly.



Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representation: xxx (overscore over pin or signal name)
Memory map address: Higher addresses on the top and lower addresses on the bottom
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numeric representation:  Binary ... Xxxx or Xxxxg
Decimal ... xxxx
Hexadecimal ... XXXXy
Prefix indicating power of 2 (address space, memory capacity):
K (kilo): 210 = 1,024
M (mega): 220 = 1,0242
G (giga): 2%0 = 1,0243



Description of Registers

Each register description includes the register access, register address, and register value after a reset,
a bit chart illustrating the arrangement of bits and a table of bits, describing the meaning of the bit
settings.

The standard format for bit charts and tables is shown below.

______ 27 26 25 24 23 22 21 20 19 18 17 16
. csiGn csiGn
B - CSIGNDLS[3:0] — == = =[S - S
Value after reset 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0
RW R R RW | RW RW |RW iRMW: R R R R R RW R RW
Bt 15| 14 13 | 12 1 10 9 8 7 6 5 4 3 2 1 0
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R

(4) ® © O (8)

Table 14.19 CSIGnCFGO Register Contents (1/2)

Bit Position _Bit Name Function
31,30 '

29, 28 CSIGnPS[1:0] Specifies parity.
CSIGn CSIGn
Ps1 PS0 Transmission Reception
0 0 No parity transmitted No parity is waited for.
0 1 Add parity bit fixed at 0 Parity bit is waited for but not

judged.

1 0 Add odd parity Odd parity bit is waited for.
1 1 Add even parity Even parity bit is waited for.

27 to 24 CSIGnDLS Specifies data length.

[3:0] 0: Data length is 16 bits

1: Data length is 1 bit
2: Data length is 2 bits

15: Data length is 15 bits
CAUTION

Do not set bits CSIGNCFG0.CSIGnDLS[3:0] to value 1 to 6 when the
extended data length function is disabled with bit CSIGnCTL1.CSIGnEDLE set
to 0.

It is forbidden to transmit two consecutive data with a data length of less than 7
bits.

019 Reserved When read, the value after reset is returi
the value after res:

(1) Access

The register can be accessed in the bit unit indicated here.

(2) Address

This is the register address.
For base address, see description of base address in each section.



(3) Value after a reset (in hexadecimal notation)

This is the value of all bits of the register after a reset. Values for bytes are given as numbers in the
range from 0 to 9 and letters from A to F or as X where they are undefined.

(4) Bit position

This is the bit number.
The bits are numbered from 31 to 0 for 32-bit registers, 15 to 0 for 16-bit registers, and 7 to O for 8-
bit registers.

(5) Bit name

Bit name or field name is indicated.

If it is required to clearly identify the digits of a bit field, this is done by using a form such as
CSIGNnDLS[3:0] in the example above.

Reserved bits are indicated by a dash (—).

(6) Value after a reset (in binary notation)

This is the bit value after a reset.

0 : The value after a reset is 0.
1 : The value after a reset is 1.

— : The value after a reset is undefined.

(7) RIW
This is the bit attribute of all bits of the register.

R/W : The bit or field is readable and writable.

R : The bit or field is readable.
Note that all reserved bits are indicated as R. When written, the value specified in the bit chart or the
value after a reset should be written.

W . This bit or field is writable. When read, the value is undefined. If a value is indicated in the bit chart,
the value is returned.

(8) Function

This is function of the bit.

All trademarks and registered trademarks are the property of their respective owners.
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Section 1 Overview

1.1 RH850/F1H Product Features

The features of the RH850/F1H are described below.

The RH850/F1H is a 32-bit single-chip microcontroller with two G3M cores. The key features of the
F1H are low power consumption, high computational processing power, and a wide variety of internal
peripheral functions. To reduce supply current in a variety of applications, a wide range of power
reducing measures are available. For example, there is a Low Power Sampler (LPS), that can poll
signals input to the analog and digital input pins without using the CPU, and DeepSTOP mode, in
which the power supply to the most circuits of the microcontroller can be turned off.

Applications

The RH850/F1H is ideal for automotive electronics such as BCM (Body Control Module), gateway,
HVAC, lighting modules, and many others.
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RH850/F1H PREMIUM 100 pin Version

Section 1 Overview

111 RH850/F1H Functions
Table 1.1 Overview of Product (1/2)
RH850/F1H
Product Name 100 pin for PREMIUM
Memory See Table 1.2, Product Lineup.
External memory interface (MEMC) Not provided
CPU CPU System G3M (Dual Core)
CPU Frequency 120 MHz Max.
FPU Double-Precision
Flash Cache 8 KB /4 way
Protection Memory Protection Unit i
Function (MPU) Provided
Internal Peripheral-device )
Guard (IPG) Not provided
Processor Element Guard .
(PEG) Provided
DMA 32c¢h
Operating | Main Oscillator (MainOSC) 8 to 24 MHz
clock Low Speed Internal Oscillator (LS IntOSC) 240 kHz (typ.)
High Speed Internal Oscillator (HS IntOSC) 8 MHz (typ.)
PLL for CPU clock (with SSCG) 120 MHz (Max.)
for Peripheral clock 80 MHz (Max.)
Sub Oscillator (SubOSC) Not provided
1/0 port 76
A/D ADCO Physical input channels 15 ch(12 bit resolution: 15 ch)
converter
External multiplexer support
for channel number Not provided
extension
Channels with T&H Not provided
ADC1 Physical input channels Not provided
External multiplexer support
for channel number Not provided
extension
Channels with T&H Not provided
Timer Timer Array Unit D (TAUD) 1 unit (16 bit resolution timers x 16 channels /unit)
Timer Array Unit B (TAUB) 1 unit (16 bit resolution timers x 16 channels /unit)
Timer Array Unit J (TAUJ) 2 units (32 bit resolution timers x 4 channels /unit)
Operating System Timer (OSTM) 10 units
Real-Time Counter (RTCA) Not provided
Encoder Timer (ENCA) Not provided
Window Watchdog Timer A (WDTA) 3 units
Serial Clocked Serial Interface G (CSIG) 1ch
interfaces
Clocked Serial Interface H (CSIH) 3ch
LIN Master Interface (RLIN2) 4 ch
LIN/UART Interface (RLIN3) 2ch
12C Interface (RIIC) 1ch
CAN Interface (RSCAN) RS-CANFD:6 ch + RS-CAN: 2 ch
FlexRay Interface (FLXA) Not provided
EthernetAVB (ETNB) Not provided
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Table 1.1 Overview of Product (2/2)
RH850/F1H
Product Name 100 pin for PREMIUM
External | Maskable (INTP) 14 ch
Interrupts
Non-maskable (NMI) 1ch
Other Clock Monitors (CLMA) For PLL, HS IntOSC, MainOSC
functions
Data CRC (DCRA) 4 ch
Low-Voltage Indicator (LVI) Provided
Power-On-Clear (POC) Provided
Core Voltage Monitors (CVM) Provided
For Code Flash, Data Flash, Local RAM, Global RAM, Retention
Error Correction Coding (ECC) RAM, Cache RAM,
Tag RAM, CSIH, RS-CAN, RS-CANFD
Low Power Sampling (LPS) Provided
PWM diagnosis (PWM-Diag) 15 ch
Motor Control Not provided
Key Return (KR) 6 ch
CLOCK OUTPUT (FOUT) Not provided
RESET OUTPUT (RESETOUT) Provided
ICUMB*2 Provided
On-Chip debug (OCD) Provided
Boundary Scan Provided
Volt *
st?pslgle Internal supply Vpoc Tto55V
Input/output buffer supplies VPOC*1 to5.5V
A/D Converter supplies 3.0to55V
Package | Operating —40°C to +105°C: LQFP
Temperature
(Ta) —40°C to +125°C: Not provided

Note 1. Vpc is the voltage level of power-on-clear circuit.
Refer to the data sheet for detailed specifications of electrical values.
Note 2.  ICUMB: Intelligent Cryptographic Unit Master B
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Section 1 Overview

Table 1.2 Product Lineup

Memory Part Name
CPU1 CPU2
(Core #1) (Core #2) Global memory Operating Temperature (Ta)
Retention .

Pin Code Global RAM Line
count | Flash Local RAM | Local RAM | Data Flash | RAM (RRAM) -40 °C to +105 °C -40 °C to +125 °C Name
100pin | 3MB 256 KB 128 KB 64 KB 64 KB 64 KB R7F7015303AFP Not provided PREMIUM

4 MB 256 KB 128 KB 64 KB 64 KB 64 KB R7F7015313AFP Not provided
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Internal Block Diagram

Code flash
(4 MB (Max.))

?

Flash interface

1 System control
MainOSC
Local RAM Local RAM
@soke) [“|| see || mrer | [ ses || e | (128 KB) LS Intosc
MEV HS IntOSC
lcache | MPU | MPU | > icache | [ Hs inosc |
FPU FPU PLLA STBC
Global RAM
(64 KB) /
Retention RAM | CLMA | | CVM |
- CPU1 (PE1) (64 KB) CPU2 (PE2) DMA (3¢ch)
Debug
— FF 1t ]
v v LvI POC LPS
System Interconnect
A A Peripheral
v 4 Group 5
P-Bus
A Peripheral A Peripheral A Peripheral A Peripheral
v Group 0 v Group 1 L Group 2 ] Group 3
Data flash WDTA OSTM ’ ADCAO ‘ ’ Flash ‘
64 KB (3 units) PWM-Diag (10 units) controller
’ INTC2 ‘ TAUD (15 ch) CSIH RLIN3 DCRA
(1 unit) (3 ch) (2 ch) (4 ch)
TAUB CSIG RLIN2
DMA reg (1 units) (1ch) ’ (4 ch) ‘ ’ Port ‘
ICUMB TAUJ RS-CAN RS-CANFD RIIC
Zoniy o | e &
KR
(6 ch)

Figure 1.1

Internal Block Diagram (RH850/F1H 100 pin for PREMIUM)
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Section 2 Pin Function

This section describes the pin and port functions.
Section 2.1 to Section 2.5 describe the pin connections and respective pins.

Section 2.6 to Section 2.13 describe the general port functions.

2.1 Pin Connection Diagram
+TON— O %d
N|‘_|°|$8‘°|L°|v|m|N|‘_|‘_|‘_|F|‘_|‘_|°’|°°|'\|©|8>>8$
220000 - -ooo00000005099
nw
[ R W T T O Y o Y Y Y B n B B n B B n I a Y IR T H R R TA R TN
OCOONOULITONTONDONOULTOANTTOOD0NWO
OO OO GO0 00 0 0000 00000 MNMNMNMN
P10 3 == 17 75 |——EVCC
P10 4 2 74 |~ P20 4
P10_5 3 O 73 |~ P20 5
P10_15 4 72 |——1sovss
P11_0 =] 5 71 ——IsovcL
P00 =] 6 70 |—Evss
PO_1 7 69 |~ P9 1
PO 2 8 68 | P90
PO_3 9 67 |~ APO_1
Evcc—] 10 66 |~ AP0 2
PO_4 11 65 |~ APO_3
PO 5 12 64 |~ AP0 4
PO_6 13 63 | == AP0 5
PO_11 14 62 |- AP0 _6
PO_12 15 61 |~ APO7
PO_13 16 60 |~ APO_8
PO_14 =] 17 59 |~ AP0 9
EVSS—| 18 58 |~ AP0_10
P8 2 19 57 | == APO_11
P8_10 20 56 |=—= APO_12
P8_11 21 55 |~ AP0_13
P8_12 22 54 |~ APO_14
JPO_5 23 53 |~ APO_15
JPO 4 24 52 |—— AOVREF
JPO_3 25 51 |——Aovss
OMNODOTTANMTODONODDOTTANMNMITOWONOOO
ANANANNOOOOOOOOOOTSTITITTITTITITTITO
AN~ Ol [p ] NT—OONOMNUO ™M O WMNWOD
ololo%§ggg><><grlolololgoolooloolcolooloolooloolcol
%%%LULUOO(D _IED_D_D_LUELD_D_D_D_&D_D_D_
14 ==m |.|_
<<
Figure 2.1 Pin Connection Diagram (100-Pin LQFP)
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Table 2.1 Pin Assignment 100-Pin LQFP (1/3)

Pin No. Pin Name

N

P10_3 / TAUDOI7 / TAUDOO7 / RIICOSCL / KROI1 / PWGA3O / ADCAOTRG1 / CSIH1SSI

2 P10_4 / TAUDOI9 / TAUDOOS / RLIN21RX / KROI2 / ADCAOTRG2 / CSIGOSSI / CAN6RX / INTP6
3 P10_5/ TAUDOI11 / TAUDOO11 / RLIN21TX / KROI3 / CSIGORY! / CSIGORYO / CAN6TX
4 P10_15 / RLIN22RX / TAUBOI9 / TAUB0OO9
5 P11_0/ CSIH2RYI/ CSIH2RYO / RLIN22TX / TAUBOI11 / TAUBOO11
6 PO_0/TAUDOI2 / TAUD0OO2 / RLIN20RX / CANOTX / PWGA100 / CSIHOSSI / DPO / RESETOUT
7 PO_1/TAUDOI4 / TAUDOO4 / CANORX / INTPO / RLIN20TX / PWGA110 / CSIHOSI / APO
8 PO_2/ TAUDOI6 / TAUDOO6 / CAN1RX / INTP1 / RLIN30TX / PWGA120 / CSIHOSC / DPO
9 PO_3/ TAUDOI8 / TAUDOOS / RLIN3ORX / INTP10 / CAN1TX / DPIN1 / PWGA130 / CSIHOSO
10 EVCC
11 PO_4 /RLIN31RX / INTP11/ CAN2TX / PWGA100 / CSIH1SI / SELDPO / DPINS
12 PO_5/ CAN2RX / INTP2 / RLIN31TX / DPIN9 / SELDP1 / CSIH1SO
13 PO_6/INTP2/ DPIN10 / SELDP2 / CSIH1SC
14 PO_11/RIICOSDA/ DPIN12 / CSIH1CSS2 / TAUBOIS / TAUB0OO8
15 PO_12 / RIICOSCL / DPIN13 / TAUBOI10 / TAUB0O10 / CSIGOSI
16 PO_13/INTP12/ TAUBOI12 / TAUB0O12 / CSIGOSO / CAN5SRX / INTP5
17 PO_14 / TAUBOI14 / TAUB0O14 / CSIGOSC / CAN5TX
18 EVSS
19 P8_2/ TAUJOIO / TAUJOOO / DPIN2 / CSIHOCSSO / INTP6
20 P8_10/ DPIN14
21 P8_11/TAUJ1I2/ TAUJ102 / DPIN15
22 P8_12/ TAUJ113 / TAUJ103 / DPIN16
23 JPO_5/NMI / TAUJOI3 / TAUJOO3 / DCURDY / LPDCLKOUT
24 JPO_4 /DCUTRST
25 JPO_3/INTP3 / TAUJOI2 / TAUJOO2 / DCUTMS
26 JPO_2/INTP2/ TAUJOI1 / TAUJOO1 / DCUTCK / LPDCLK
27 JPO_1/INTP1/TAUJOIO / TAUJOOO / DCUTDO / LPDO
28 JPO_0/INTPO / DCUTDI / LPDI/ LPDIO
29 RESET
30 EVCC
31 AWOVSS
32 AWOVCL
33 REGVCC
34 X2
35 X1
36 FLMDO
37 PO_10/INTP3/CSIH1CSS1/DPIN11 / RLIN22TX / TAUBOI6 / TAUBOO6 / CANATX
38 PO_9/INTP12/ CSIH1CSS0 / DPIN7 / RLIN22RX / TAUBOI4 / TAUB0O4 / CAN4RX / INTP4
39 PO_8/RLIN21TX / DPIN6 / CSIH1SSI / TAUBOI2 / TAUBOO2 / CAN3TX
40 PO_7 / RLIN21RX / DPIN5 / CSIH1RYI / CSIH1RYO / TAUBOIO / TAUBOOO / CAN3RX / INTP3
41 EVSS
42 P8_0 / TAUJOIO / TAUJOOO / DPIN2 / PWGA140 / INTP4 / CSIHOCSS0
43 P8_1/TAUJOO1 / DPINO / INTP5 / CSIH1CSS3
44 P8_3/TAUJOI1 / TAUJOO1 / DPIN3 / CSIHOCSS1 / INTP7
45 P8_4 / TAUJOI2 / TAUJOO2 / DPIN4 / CSIHOCSS2 / INTP8
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Table 2.1 Pin Assignment 100-Pin LQFP (2/3)

Pin No. Pin Name

46 P8_5/ TAUJOI3 / TAUJOO3 / CSIHOCSS3

47 P8_6/NMI

48 P8_7

49 P8_8

50 P8_9

51 AOVSS

52 AOVREF

53 APO_15/ ADCAOI15

54 APO_14 / ADCAOI14

55 APO_13/ADCAOI13

56 APO_12 / ADCAOI12

57 APO_11/ADCAOI11

58 APO_10/ADCAOI10

59 APO_9/ADCAO0I9

60 APO_8 / ADCAOI8

61 APO_7 / ADCAOI7

62 APO_6 / ADCAO0I6

63 APO_5/ ADCAO0I5

64 APO_4 / ADCAOI4

65 APO_3 / ADCAO0I3

66 APO_2 / ADCAOI2

67 APO_1/ADCAOI1

68 P9_0/NMI/ PWGASO / TAUDOIO / TAUDOOO / ADCAOTRGO / CSIH2CSSO0 / KROI4

69 P9_1/INTP11/PWGA9O / TAUDOI2 / TAUDOO2 / KROI5 / CSIH2CSS1

70 EVSS

71 ISOVCL

72 ISOVSS

73 P20_5/ RLIN23TX

74 P20_4 / RLIN23RX

75 EvVCC

76 EVSS

77 EVCC

78 ISOVCL

79 ISOVSS

80 EVSS

81 P10_6 / TAUDOI13 / TAUD0O13 / CSIGOSO / CAN1RX / INTP1

82 P10_7 / TAUDOI15 / TAUD0OO15 / CSIGOSC / PWGA40 / CAN1TX

83 P10_8/ TAUDOI10 / TAUDOO10 / CSIGO0SI / PWGA50 / FLMD1

84 P10_9/TAUDOI12 / TAUD0O12 / RLIN30RX / INTP10 / PWGABO / CSIHORY! / CSIHORYO

85 P10_10/ TAUDOI14 / TAUDOO14 / RLIN30TX / PWGA70O / CSIHOCSS1

86 P10_11/RLIN31RX / INTP11 / CSIH1CSS0 / TAUBOI1 / TAUBOO1

87 P10_12/ RLIN31TX / CSIH1CSS1 / TAUBOI3 / TAUB0O3

88 P10_13/ CSIHOSSI / INTP12 / TAUBOI5 / TAUBOOS / CAN7TX

89 P10_14 / TAUBOI7 / TAUB0O7 / CAN7RX / INTP9

90 P11_1/CSIH2SSI / RLIN20RX / TAUBOI13 / TAUB0O13

91 P11_2/ CSIH2SO / RLIN20TX / TAUBOI15 / TAUBOO15
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Table 2.1 Pin Assignment 100-Pin LQFP (3/3)

Pin No. Pin Name

92 P11_3/CSIH2SC / CAN3RX / INTP3

93 P11_4/ CSIH2SI / CAN3TX

94 P11_5/ CAN5RX / INTP5

95 P11_6/INTP13/ CAN5TX

96 EVCC

97 EVSS

98 P10_0/TAUDOI1/ TAUDOO1 / CANORX / INTPO / PWGAQO / CSIH1SI

99 P10_1/TAUDOI3 / TAUDOO3 / CANOTX / PWGA10 / CSIH1SC / MODEQ

100 P10_2/TAUDOI5 / TAUDOOS5 / RIICOSDA / KROIO / PWGA20 / ADCAOTRGO / CSIH1SO / MODET
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2.2 Pin Description

Table 2.2 Pin Functions (1/3)

No. of Pins
Pin Name 100 pins 1/0 |Pin Function Unit
AnVREF \/ — |ADCAnN voltage supply and reference voltage ADCAN
n=0
AnVSS v — |ADCAn ground
n=0
ADCANIm \/ I |ADCAR input channel m with 12-bit resolution
n=0,
m=1to 15
ADCANTRGy \/ I |ADCAnN external trigger pin y
n=0,
y=0to2
APO_m v I0 |Analog port 0_m Port
m=1to 15
APO v O |Port output signal for analog input LPS
AWOVCL v — | Voltage regulator for AWO area capacitor connection Power
AWOVSS \/ — | Internal logic for AWO area ground
CANmMRX \/ I |CANm receive data input RS-CANn
m=0to7
CANmMTX v O |CANm transmit data output
m=0to7
CSIGnRYI \/ I |CSIGn ready (1) / busy (0) input signal CSIGn
n=0
CSIGnRYO v O |CSIGn ready (1) / busy (0) output signal
n=0
CSIGnSC \/ 10 [ CSIGn serial clock signal
n=0
CSIGnSI v | | CSIGn serial data input
n=0
CSIGnSO \/ O | CSIGn serial data output
n=0
CSIGnSSI \/ I | CSIGn SS function control input signal
n=0
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Table 2.2 Pin Functions (2/3)
No. of Pins
Pin Name 100 pins 1/0 |Pin Function Unit
CSIHNCSS0 V O | CSIHn serial peripheral chip select signal 0 CSIHn
n=0to2
CSIHNCSS1 \/ O |CSIHn serial peripheral chip select signal 1
n=0to2
CSIHNCSS2 \/ O | CSIHn serial peripheral chip select signal 2
n=0,1
CSIHNCSS3 \/ O |CSIHn serial peripheral chip select signal 3
n=0,1
CSIHNRYI \/ I |CSIHn ready (1) / busy (0) input signal
n=0to2
CSIHNRYO v O |CSIHn ready (1) / busy (0) output signal
n=0to2
CSIHnSC \/ 10 |CSIHnN serial clock signal
n=0to2
CSIHnSI v | |CSIHn serial data input
n=0to2
CSIHnSO \/ O | CSIHn serial data output
n=0to2
CSIHnSSI \/ | |CSIHn slave select input signal
n=0to2
DCURDY N O |Debug ready ocD
DCUTCK v | |Debug clock
DCUTDI N | |Debug data input
DCUTDO d O |Debug data output
DCUTMS v | |Debug mode select
DCUTRST N | |Debug reset
DPINm N | |Digital port input m LPS
m=0to 16
DPO N O |Output for digital input port
EVCC v — | Port buffer voltage supply Power
EVSS \/ — |Port buffer ground
FLMDO \/ I | Operating mode select pin 0 Mode
FLMD1 N | | Operating mode select pin 1
INTPm y | |External interrupt input m INTC
m=0to 13
ISOVCL v — | Voltage regulator for ISO area capacitor connection Power
ISOVSS v — | Internal logic for ISO area ground
JPO_m v 10 |JTAG port 0_m Port
m=0to5
KROIm \/ I |KRO key input signal KRO
m=0to5
LPDCLK \/ I |LPD clock input (4-pin) LPD
LPDCLKOUT \/ O |LPD clock output (4-pin)
LPDI V | |LPD data input (4-pin)
LPDIO v 10 [LPD data input / output (1-pin)
LPDO v O |LPD data output (4-pin)
MODEm \/ | | Sub operating mode select (Boundary scan) Mode
m=0,1
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Aug 31, 2016

Table 2.2 Pin Functions (3/3)
No. of Pins
Pin Name 100 pins 1/0 |Pin Function Unit
NMI V | | External non-maskable interrupt input INTC
PO_m N I0 |Port0_m Port
m=0to 14
P8_m v I0 |Port8 m
m=0to 12
P9 m N I0 |Port9 m
m=0,1
P10_m v 10 |Port10_m
m=0to 15
P11_m v 10 [Port 11_m
m=0to6
P20_m v 10 |Port20_m
m=4,5
PWGANO v O |PWGAN output signal PWM-Diag
n=0to 14
REGVCC V — | Voltage regulators voltage supply Power
RESET Y | |External reset input Reset
RESETOUT N O |Reset output
RIICOSCL \l 10 [RIICO serial clock RIICO
RIICOSDA \/ 10 [RIICO serial data
RLIN2mRX v I |RLIN2m receive data input RLIN2
m=0to3
RLIN2MTX v O |RLIN2m transmit data output
m=0to 3
RLIN3nRX v I |RLIN3n receive data input RLIN3
n=0,1
RLIN3NnTX N O |RLIN3n transmit data output
n=0,1
SELDPk v O |External multiplexer selection output signal k for digital port LPS
k=0to2
TAUBNImM v I | TAUBnN channel input m TAUBN
n=0,
m=0to 15
TAUBNOm v O |TAUBn channel output m
n=0,
m=0to 15
TAUDOIm v | | TAUDO channel input m TAUDO
m=0to 15
TAUDOOm N O | TAUDO channel output m
m=0to 15
TAUJnIm v I | TAUJn channel input m TAUJN
n=0,
m=0to 3,
n=1,
m=2,3
TAUJNOm N O | TAUJn channel output m
n=0,
m=0to 3,
n=1,
m=2,3
X1, X2 v — [MainOSC connections MOSC
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CAUTION

¢ When pin functions for a peripheral module are allocated to multiple pins, use the
pins from the same port group or nearby pins as the pins for a given channel.
(e.g.) When RS-CAN channel 0 is used:
CANOTX P0_0 P10_1
CANORX P0_1 P10_0
Use one of the following pin combinations:

— P0_0 and P0_1
— P10_0 and P10_1
e The combinations of P0_0 and P10_0, and P0_1 and P10_1 are not allowed.
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2.3 Pin Functions During and After Reset

Table 2.3

Pin Functions During and After Reset

Pins

During Reset**

After Reset**

JPO_ 0

High impedance

JPO_0 : High impedance

Serial programming mode: FPDR, FPDT (1 wire UART)
FPDR (2 wire UART)

Nexus I/F : DCUTDI Input

LPD (4-pin) : LPDI Input

LPD (1-pin) : LPDIO input/output

JPO_1

High impedance

JPO_1 : High impedance
Serial programming mode: FPDT
Nexus I/F : DCUTDO output
LPD (4-pin): LPDO output

LPD (1-pin) : High impedance

JPO_2

High impedance

JPO_2 : High impedance
Serial programming mode: FPCK
Nexus I/F : DCUTCK Input
LPD (4-pin) : LPDCLK Input

LPD (1-pin): High impedance

JPO_3

High impedance

JPO_3 : High impedance
Serial programming mode: High impedance
Nexus I/F : DCUTMS Input
LPD (4-pin) : High impedance
LPD (1-pin): High impedance

JPO_4

Input*3

JPO_4 : High impedance

Serial programming mode: High impedance
Nexus I/F : DCUTRST Input"1

LPD (4-pin) : High impedance

LPD (1-pin): High impedance

JPO_5

High impedance

JPO_5 : High impedance

Serial programming mode: High impedance
Nexus I/F : DCURDY output

LPD (4-pin) : LPDCLKOUT output

LPD (1-pin) : High impedance

PO_0

Output*2

Output*2

PO_1to PO_14

High impedance

High impedance

P8 to P11, P20
(Except P10_1,

P10_2 and P10_8)

High impedance

High impedance

P10_1 High impedance High impedance (FLMD = 0)
High impedance (FLMDO =1, FLMD1 = 0)
MODEO Input (FLMDO =1, FLMD1 = 1)
P10_2 High impedance High impedance (FLMD = 0)
High impedance (FLMDO =1, FLMD1 = 0)
MODE1 Input (FLMDO =1, FLMD1 = 1)
P10_8 High impedance High impedance (FLMD = 0)
FLMD1 Input (FLMDO = 1)
FLMDO Input Input
RESET Input Input
APO High impedance High impedance
Note 1.  When Nexus is enabled and no external device is connected, the level of the pin must always be fixed to low.
Note 2. RESETOUT is output. For details, see Section 2.11, Port (Special 1/0) Function Overview.
Note 3. When the power is turned on or when a reset is deasserted, the JP0O_4 pin should be driven low.
Note 4. It is shown that some pin status is high impedance during and after reset. However the output pin has a

possibility to become unstable at the transition moment (less than 12ns) of external and internal reset. After
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that, pin status will be Hi-Z. The phenomenon of unstable output period and influence of the pin level after
the unstable situation, it depends on customer board and measurement conditions.

24 Port State in Standby Mode

For the port states in standby mode, see Section 12.1.4, 1/O Buffer Control.
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2.5

Recommended Connection of Unused Pins

If the pins are not used, it is recommended to connect them as shown below.

Table 2.4 Recommended Connection of Unused Pins
Pin Recommended Connection of Unused Pins
AOVREF Connected to EVCC
AOVSS Connected to EVSS
RESET Connected to EVCC

JPO (excluding JPO_4)
PO (excluding PO_0)
P8

Input:  Open (when the PIBCn_m and PMCn_m bits are 0)
Connected to EVCC or EVSS via a resistor (when the PIBCn_m or PMCn_m
bits are 1)

P9 Output: Open

P20

JPO 4 Connected to EVSS via a resistor*

PO_0 Input:  Open (when the PIBCn_m and PMCn_m bits are 0)

Connected to EVSS via a resistor
(when the PIBCn_m or PMCn_m bits are 1)
Output: Open

P10_1,P10_2, P10_8

Input:  Open (when the PIBCn_m and PMCn_m bits are 0)
Connected to EVSS via a resistor (when the PIBCn_m or PMCn_m bits are 1)
Output: Open

P10 (excluding P10_1,

Input: Open (when the PIBCn_m and PMCn_m bits are 0)

P10_2, P10_8) Connected to EVCC or EVSS via a resistor (when the PIBCn_m or PMCn_m
P11 bits are 1)

Output: Open
APO Input: Open (when the PIBCn_m bit is 0)

Connected to AOVREF or AOVSS via a resistor (when the PIBCn_m bit is 1)
Output: Open

Nexus/LPD I/F (JPO)

DCUTDI/LPDI/LPDIO (JP0_0): Connected to EVCC via a resistor
DCUTDO/LPDO (JP0O_1): Open

DCUTCK/LPDCLK (JPO_2): Open

DCUTMS (JPO_3): Connected to EVCC via a resistor

DCUTRST (JPO_4): Connected to EVSS via a resistor*’
DCURDY/LPDCLKOUT (JPO_5):Open

Note 1.

For details, see the specifications of the development tool.
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2.6 RH850/F1H Port Features

2.6.1 Port Group

The RH850/F1H provides the following port groups, indicated by the numbers in the table below.

Table 2.5 Port Groups in RH850/F1H

No. of Pins Port Group RH850/F1H
100 pins Number 8
Name PO, P8 to P11, P20, JPO, APO

2.6.2 Port Group Index n

Throughout this section, the port groups are identified by using the index “n” (n=0, 8 to 11, 20). For
example, the port mode control register of the Pn pin is PMCn.

2.6.3 Register Base Address

Port and JTAG port base addresses are listed in the following table.

Port and JTAG port register addresses are given as offsets from the base addresses.

Table 2.6 Register Base Addresses

Base Address Name Base Address
<PORTnN_base> FFC1 0000y
<JPORTO_base> FFC2 0000y

26.4 Clock Supply

The clock supply to ports is shown in the following table.

Table 2.7 Clock Supply

Unit Name Unit Clock Name Supply Clock Name
Port Register access clock CPUCLK4
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2.7 Port Functions

The microcontroller has various pins for input/output functions, known as ports. The ports are
organized in port groups.

The RH850/F1H also has several control registers to enable pins to be used as other than general
purpose input/output pins.

For a description of the terms pin, port, or port group, see Section 2.7.2, Terms.

2.71 Functional Overview

All the port settings can be specified individually.
e The maximum number of bits (pins) in a port is 16.

e The output level of any pin can be set independently without affecting the other pins in the same
port.

o Input buffers are enabled through registers settings.
e Pin level is read by dedicated port-pin-read register (PPR)

o All possible port functions are shown in the tables listed below.
Section 2.9.2, Pin Function Configuration, Table 2.35, Table 2.37, Table 2.39, Table
2.41, Table 2.43, Table 2.45, Table 2.47 and Table 2.49.

CAUTION

Some input or output functions may be assigned to more than one port. Only activate a
given function on a single pin. Do not activate a function on multiple pins at the same

time. This also applies in cases where multiple peripheral functions are assigned to a

single multiplexed function and only one of these functions is used.

[Example]

INTPO is assigned to the following pins on this device. However, the INTPO function
should not be activated on more than one pin. After activating the function on one pin,

do not activate it on another.
e JPO_0 (1st input alternative function)
e PO0_1 (2nd, 3rd input alternative function)
e P10_0 (2nd input alternative function)

In the above case, when the 1st input alternative function (INTP0) of JP0_0 is selected,
using the 2nd input alternative function (CANORX/INTPO) of P0O_1 only for the CAN
signal is also prohibited.
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2.7.2 Terms

The following terms are used in this section:

Pin
Denotes the physical pin. Every pin is denoted by a unique pin number.

A pin can be used in several modes. Each pin is assigned a name that reflects its function, which is
determined by the selected mode.

Port group

Denotes a group of pins. All the pins of a specific port group are controlled by the same port control
register.

Port mode and ports
A pin in port mode works as a general purpose input/output pin. It is then called “port”.

The corresponding name is Pn_m. For example, PO_7 denotes port 7 of port group 0. It is referenced as
“port PO_7”.

Alternative mode

In alternative mode, a pin can be used for various non-general-purpose input/output functions, such as
the input/output pin of on-chip peripherals.

The corresponding pin name depends on the selected function. For example, pin INTPO denotes the pin
for one of the external interrupt inputs.

Note that two different names can refer to the same physical pin, for example PO_0 and INTPO. The
different names indicate the function of the pin at that time.

2721 JTAG Ports

The JTAG port groups are used for connecting a debugger for on-chip debugging. These are special
port groups provided because the microcontroller cannot be used for the user's application while on-
chip debugging is being executed. When a debugger is not connected and the microcontroller is
operating normally, these port groups can be used in the same way as the other port groups.

JTAG port group registers and bit names are prefixed by a “J”. For example, JPO denotes JTAG port
group 0, and JPM0.JPMO_m denotes the JPMO_m port mode bit of the JPMO port mode register.

NOTE

In this section, the description about all ports and their registers other than PFCEn, PFCAEn,
PIPCn, PDSCn, and PISn applies to the JTAG port unless otherwise specified.
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2.7.3 Overview of Pin Functions
Pins can operate in three modes.
e Port mode (PMCn.PMCn_m bit = 0)

A pin in port mode operates as a general purpose input/output pin. The I/O mode is selected by
setting the PMn.PMn_m bit.

e Software I/O control alternative mode (PMCn.PMCn_m bit = 1, PIPCn.PIPCn_m bit = 0)

In this mode, the pins operate as alternative functions. The I/O mode is selected by setting the
PMn.PMn_m bit.

e Direct I/O control alternative mode (PMCn.PMCn_m bit = 1, PIPCn.PIPCn_m bit = 1)

In this mode, the pins operate as alternative functions. Unlike the software I/O control alternative
mode, however, the /0O mode is directly controlled by the alternative function.

An overview of the register settings is given in the tables below.

Table 2.8 Pin Function Configuration (Overview)
Bit
Mode PMCn_m PMn_m PIPCn_m 110
Port mode 0 0 X )
1+1 [
Software 1/O control alternative mode 1 0 0 )
1 0 |
Direct 1/O control alternative mode X 1 Controlled by the
alternative function

Note 1. The input buffer must be enabled (PIBCn_m = 1).

e Software I/O control alternative mode (PIPCn.PIPCn_m = 0)

— Output (PMn_m = 0): Alternative output mode 1 to Alternative output mode 7

— Input (PMn_m = 1): Alternative input mode 1 to Alternative input mode 7
e Direct I/O control alternative mode (PIPCn.PIPCn_ m = 1)

— The I/O mode for Alternative output mode 1 to Alternative output mode 7 and Alternative
input mode 1 to Alternative input mode 7 is directly selected by the alternative function.
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Table 2.9 Alternative Mode Selection Overview (PMCn.PMCn_m Bit = 1)

Register
Mode PIPc*! | PM*! | PFCAE | PFCE | PFC o
Alternative input mode 1 (ALT-IN1) 0 1 0 0 0 |
Alternative output mode 1 (ALT-OUT1) 0 (0]
Alternative input mode 2 (ALT-IN2) 1 1 |
Alternative output mode 2 (ALT-OUT2) 0 (0]
Alternative input mode 3 (ALT-IN3) 1 1 0 |
Alternative output mode 3 (ALT-OUT3) 0 (0]
Alternative input mode 4 (ALT-IN4) 1 1 |
Alternative output mode 4 (ALT-OUT4) 0 (0]
Alternative input mode 5 (ALT-IN5) 1 1 0 0 |
Alternative output mode 5 (ALT-OUT5) 0 (0]
Alternative input mode 6 (ALT-IN6) 1 1 |
Alternative output mode 6 (ALT-OUT6) 0 (0]
Alternative input mode 7 (ALT-IN7) 1 1 0 |
Alternative output mode 7 (ALT-OUT7) 0 (0]
Other than above Setting prohibited

Note 1.  If PIPCn.PIPCn_m = 1, the I/O direction is directly controlled by the peripheral (alternative) function and PM
is ignored.

If a pin is in alternative mode (PMCn.PMCn_m = 1), one of up to seven alternative functions can be
selected for that pin by using the PFCn, PFCEn, and PFCAEn registers.
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274 Pin Data Input/Output
The registers used for data input/output are described below.
The location that is read via the PPRn register differs depending on the pin mode.
2.7.41 Output Data
In the port mode (PMCn.PMCn_m = 0), the value of the Pn.Pn_m bit is output from the Pn_m pin.
2.7.4.2 Input Data
When the PPRn register is read, either the value of the Pn_m pin, the value of the Pn.Pn_m bit, or the
value output by the alternative function is returned.
Which value is returned depends on the pin mode and setting of several control bits.
The different PPRn read modes are shown in the table below.
Table 2.10 PPRn_m Read Values
PMC PM PIBC PIPC PODC
n_m n_m n_m n_m n_m Mode PPRn_m Read Value
0 1 0 X X Port input, input buffer disabled Pn.Pn_m bit
1 X Port input, input buffer enabled Pn_m pin
0 X 0 Port push-pull output Pn.Pn_m bit*!
1 Port open-drain output
1 1 X 0 X Software I/O control alternative input Pn_m pin
0 0 Software I/O control alternative push- Internal output signal from the
pull output alternative function*'
1 Software I/O control alternative open-
drain output
X 1 0 Direct I/O control alternative input or 1/0 port in alternative mode:
push-pull output e Input: Pn_m pin
1 Direct I/O control alternative input or e Output: Internal output signal from
open-drain output the alternative function*'
Note 1.  When PBDCn_m = 1, the level of the Pn_m pin is returned by the PPRn_m bit.

The control registers in the above table have the following effects:

PMCn.PMCn_m bit

This bit selects port mode (PMCn_m = 0) or alternative mode (PMCn_m = 1).

PMn.PMn_m bit

This bit selects input (PMn_m = 1) or output (PMn_m = 0) when the port mode (PMCn_m = 0)
and software 1/O control alternative mode (PMCn_m = 1, PIPCn_m = 0) have been selected.

e PIBCn.PIBCn_m bit
This bit disables (PIBCn_m = 0) or enables (PIBCn_m = 1) the input buffer in input port mode
(PMCn_m = 0 and PMn_m = 1). If the input buffer is disabled, PPRn_m reads the Pn.Pn_m bit;
otherwise the Pn_m pin level is returned.

e PIPCn.PIPCn_m bit
This bit selects software I/0 control alternative mode or direct I/O control alternative mode.
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e PODCn.PODCn_m bit
This bit selects push-pull output (PODCn_m = 0) or open-drain output (PODCn_m = 1).

e PBDCn.PBDCn m bit
In output mode, when this bit is set to 1, the pin enters the bidirectional mode. In bidirectional
mode, the level of the signal on a Pn_m pin can be read from PPRn.PPRn_m.

CAUTION

When using Pn_m as an alternative output function (PMCn.PMCn_m =1, PMn.PMn_m =
0), the level of the Pn_m pin can be read at the PPRn.PPRn_m bit by enabling
bidirectional mode (PBDCn.PBDCn_m = 1). Note, however, that in this case, the level of
the Pn_m pin will be input to the alternative input function that the Pn_m pin is being
used as.

2.7.4.3 Writing to the Pn Register

The data to be output via port Pn_m in port mode (PMCn.PMCn_m = 0) is held in port register Pn.
Pn data can be overwritten in two ways:

e By writing data directly to the Pn register.
In this case, new data can be written directly to the Pn register.

CLINNT3

e By performing an indirect bitwise operation (a “set”, “reset”, or “not” operation) on the Pn
register.

CLINT3

An indirect bitwise operation (“set”, “reset”, or “not”) can be performed on the Pn register by

using the following two registers:

— Port set reset register PSRn
If PSRn.PSRn (m+16) bit = 1, the value of the Pn.Pn_m bit is determined by the value of the
PSRn.PSRn_m bit.
In other words, the Pn_m bit can be set or reset without writing directly to the Pn register.

— Port NOT register PNOTn
By setting PNOTn.PNOTn_m to 1, the Pn.Pn_m bit can be inverted without writing directly
to the Pn register.

LEINNT3

An indirect bitwise operation on the Pn register (“set”, “reset”, or “not”) has no effect on the bits that

do not need to be updated, allowing you to overwrite only the bit or bits that need to be overwritten.
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2.8 Schematic View of Port Control

The following figure is a schematic view of the port control functions.
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Figure 2.2 Schematic View of Port Control
CAUTION
Use documented alternative functions only.
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2.9 Port Group Configuration Registers

This section starts with an overview of all configuration registers and then describes all registers in
detail. The configuration registers are grouped as follows:

e Section 2.9.2, Pin Function Configuration
e Section 2.9.3, Pin Data Input/Output

¢ Section 2.9.4, Configuration of Electrical Characteristics

2.9.1 Overview

The following registers are used for setting the individual pins of the port groups.

For details on <PORTn_base> and <JPORTO_base>, see Section 2.6.3, Register Base Address.

Table 2.11 Port Group Configuration Registers (1/2)

Register Name | Symbol | Address

Pin function configuration

Port mode control register PMCn <PORTnN_base> + 0400y + n x 4y
JPMCO <JPORTO_base> + 0040y

Port mode control set/reset register PMCSRn <PORTnN_base> + 0900y + n x 4y
JPMCSRO <JPORTO_base> + 0090y

Port IP control register PIPCn <PORTnN_base> + 42004 + n x 4y

Port mode register PMn <PORTnN_base> + 0300y + n x 4y
APMn <PORTnN_base> + 03C8y + n x 4y
JPMO <JPORTO_base> + 0030y

Port mode set/reset register PMSRn <PORTnN_base> + 0800y + n x 4y
APMSRn <PORTnN_base> + 08C8y + n x 4y
JPMSRO <JPORTO_base> + 0080y

Port input buffer control register PIBCn <PORTnN_base> + 40004 + n x 4y
APIBCn <PORTnN_base> + 40C8y + n x 4
JPIBCO <JPORTO_base> + 0400y

Port function control register PFCn <PORTnN_base> + 0500y + n x 4y
JPFCO <JPORTO_base> + 0050y

Port function control expansion register PFCEn <PORTnN_base> + 0600y + n x 4y

Port function control additional expansion register PFCAEN <PORTnN_base> + 0A00y + n x 4

Pin data input/output

Port bidirection control register PBDCn <PORTnN_base> + 41004 + n x 4y
APBDCn <PORTnN_base> + 41C8y + n x 4y
JPBDCO <JPORTO_base> + 0410y

Port pin read register PPRn <PORTnN_base> + 0200y + n x 4y
APPRn <PORTnN_base> + 02C8y + n x 4y
JPPRO <JPORTO_base> + 0020y

Port register Pn <PORTnN_base> + 0000y + n x 4y
APn <PORTnN_base> + 00C8y + n x 4y
JPO <JPORTO_base> + 0000y
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Table 2.11 Port Group Configuration Registers (2/2)

Register Name Symbol Address

Port NOT register PNOTn <PORTnN_base> + 0700y + n x 4y
APNOTn <PORTnN_base> + 07C8y + n x 4y
JPNOTO <JPORTO_base> + 0070y

Port set/reset register PSRn <PORTnN_base> + 0100y + n x 4y
APSRn <PORTnN_base> + 01C8y + n x 4y
JPSRO <JPORTO_base> + 0010y

Configuration of electrical characteristics

Pull-up option register PUn <PORTnN_base> + 43004 + n x 4y
JPUO <JPORTO_base> + 0430y

Pull-down option register PDn <PORTnN_base> + 44004 + n x 4y
JPDO <JPORTO_base> + 0440y

Port drive strength control register PDSCn <PORTnN_base> + 46004 + n x 4y

Port open drain control register PODCn <PORTnN_base> + 4500y + n x 4y
JPODCO <JPORTO_base> + 0450y

Port input buffer selection register PISn <PORTn_base> + 4700y + n x 4y

Port input buffer selection advanced register JPISAOQ <JPORTO_base> + 04A04

Port protection

Port protection command register PPCMDn <PORTnN_base> + 4C00y + n x 4y
JPPCMDO <JPORTO_base> + 04C0y

Port protection status register PPROTSN <PORTnN_base> + 4B00y + n x 4
JPPROTSO <JPORTO_base> + 04B0y

Index n

In Table 2.11, Port Group Configuration Registers, the index “n” in register symbols denotes

the actual indices of the individual port groups. For example, PMCn generically indicates a port mode

control register for port group n (Pn). The values for n differ according to the number of pins on the

device in the way shown in Table 2.12.

Table 2.12 Number of Pins on the Device, Name of Port Groups, and Values for “n” in

Register Symbols

Number of Pins on

the Device Port Groups Values for “n”
100 pins PO, P8, P9, P10, P11, P20 0,8,9,10, 11,20
APO

JTAG port registers

JTAG port registers are not explicitly described in the following register descriptions.

All descriptions (except for those of the PFCEn register, PFCAEn register, PIPCn register, PDSCn
register, and PISn register) apply to JTAG port registers. Note, however, that the JTAG port register
base address differs from that of regular ports.

Value after reset

The values after reset depend on the ports. For the values after reset, see the register descriptions in the
following pages.
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29.2 Pin Function Configuration

29.21 PMCn/JPMCO — Port Mode Control Register

This register specifies whether the individual pins of port group n are in port mode or in alternative
mode.

Access: PMCn: This register can be read or written in 16-bit units.
JPMCQO: This register can be read or written in 8-bit units.

Address: PMCn: <PORTn_base> + 0400 + n x 4,,(n =0, 8, 9, 10, 11, 20)
JPMCO: <JPORTO_base> + OO40H*1

Value after reset: 00004

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

PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC
n_15 | n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42,
Control Registers (P9), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11), and
Table 2.48, Control Registers (P20).

Table 2.13 PMCn Register Contents

Bit Position Bit Name Function
15t00 PMCn_[15:0] Specifies the operation mode of the corresponding pin.
0: Port mode

1: Alternative mode

CAUTIONS

1. 1/Ois not controlled by only setting alternative mode (PMCn.PMCn_m bit = 1). If the alternative
function requires direct /0O control, also set the PIPCn.PIPCn_m bit to 1.

2. Ifaportis to be used as an input pin in alternative mode, the signals from some pins will pass
through a noise filter. These pins may require the setting of the FCLAOCTLm_<name>,
DNFA<name>CTL and the DNFA<name>EN register. For details, see Section 2.12, Noise Filter
& Edge/Level Detector, and Section 2.13, Description of Port Noise Filter & Edge/Level
Detection.

NOTE
The control bits of the JTAG port mode control register (JPMCO) are JPMCO_[7:0].
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29.2.2 PMCSRn/JPMCSRO0 — Port Mode Control Set/Reset Register
This register provides an alternative method to write data to the PMCn register.

The upper 16 bits of PMCSRn act as a mask which specifies whether or not the value of
PMCn.PMCn_m is set by the corresponding bit in the lower 16 bits of PMCSRn.

Access: PMCSRn: This register can be read or written in 32-bit units. Bits 31 to 16 are always read as 0000y. Reading

bits 15 to 0 returns the value of register PMCn.
JPMCSRO: This register can be read or written in 32-bit units. Bits 31 to 8 are always read as 000000

Reading bits 7 to 0 returns the value of register JPMCO.

Address: PMCSRn: <PORTn_base> + 09004 +n x4 (n =0, 8, 9, 10, 11, 20)
JPMCSRO: <JPORTO_base> + 0090,*"

Value after reset: 0000 0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC
SRn_31|SRn_30[SRn_29|SRn_28|SRn_27|SRn_26|SRn_25|SRn_24|SRn_23|SRn_22|SRn_21|SRn_20|SRn_19|SRn_18|SRn_17|SRn_16

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

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

PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC | PMC
SRn_15|SRn_14|SRn_13|SRn_12|SRn_11|SRn_10| SRn_9 | SRn_8 | SRn_7 | SRn_6 | SRn_5| SRn_4 | SRn_3 | SRn_2 | SRn_1 | SRn_0

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42,
Control Registers (P9), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11), and
Table 2.48, Control Registers (P20).

Table 214  PMCSRn Register Contents

Bit Position Bit Name Function
31to 16 PMCSRn_ Enable bits that specify whether the value of the corresponding lower bit
[31:16] PMCSRn_m (PMCSRn_[15:0]) is written to PMCn_m.

0: PMCn_m is not affected by PMCSRn_m.

1: PMCn_m is PMCSRn_m.
Example:
If PMCSRn.PMCSRn_31 = 1, the value of bit PMCSRn.PMCSRn_15 is written
to bit PMCn.PMCn_15.

15t0 0 PMCSRn_ Data bits that specify the value of PMCn_m if PMCSRn_m of the corresponding
[15:0] upper bit (PMCSRn_[31:16]) is 1.
0: PMCn_miis 0.
1: PMCn_miis 1.
NOTE

The control bits of the JTAG port mode control set/reset register (JPMCSRO0) are JPMCSRO_[31:0].
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29.2.3 PIPCn — Port IP Control Register

This register specifies whether the I/O direction of the Pn_m pin is controlled by the port mode register

PMn.PMn_m or by an alternative function.

If the Pn_m pin is operated in alternative mode (PMCn.PMCn_m = 1) and the alternative function
requires direct control of the I/O direction, then PIPCn.PIPCn_m must be set to 1 as well. This
transfers I/O control to the alternative function and overrules the PMn.PMn_m setting.

Regarding the alternative functions for which the PIPC register must be set, seec Section 2.11, Port
(Special 1/0) Function Overview

Access: This register can be read or written in 16-bit units.
Address:  p|PCn: <PORTn_base> + 4200 + n x 4y (n = 0, 10, 11)*!

Value after reset: 0000y

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

PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC
n_15 | n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/0) Function Overview: Table 2.38, Control
Registers (P0), Table 2.44, Control Registers (P10), and Table 2.46, Control Registers (P11).

Table 2.15 PIPCn Register Contents

Bit Position Bit Name Function

15t00 PIPCn_[15:0] Specifies the 1/0 mode.
0: I/O mode is selected by PMn.PMn_m (software 1/O control).
1: 1/0 mode is selected by the peripheral function (direct I/O control).
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29.24 PMn/APMn/JPMO0 — Port Mode Register

This register specifies whether the individual pins of the port group n are in input mode or in output
mode.

Access: PMn, APMn: These registers can be read or written in 16-bit units.
JPMO: This register can be read or written in 8-bit units.

Address: PMn: <PORTn_base> + 0300y + n x 4, (n =0, 8, 9, 10, 11, 20)
APMn: <PORTn_base> + 03C8; + n x 4, (n =0)

JPMO: <JPORTO_base> + 0030,*'

Value after reset: FFFFH*2

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

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

Value after reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1*3
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42, Control
Registers (P9), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11), Table 2.48,
Control Registers (P20), and Table 2.50, Control Registers (APO0).
Note 2.  The PMO register is FFFE,.
Note 3.  The PMO_O bitis 0.

Table 2.16 PMn Register Contents

Bit Position Bit Name Function

15t00 PMn_[15:0] Specifies input/output mode of the corresponding pin.
0: Output mode (output enabled)
1: Input mode (output disabled)

NOTES

1. To use a port in input port mode (PMCn.PMCn_m = 0 and PMn.PMn_m = 1), the input buffer must
be enabled (PIBCn.PIBCn_m = 1).

2. By default, PMn.PMn_m specifies the I/O direction in port mode (PMCn.PMCn_m = 0) and
alternative mode (PMCn.PMCn_m = 1), since PIPCn.PIPCn_m = 0 after reset (I/O mode is
controlled by PMn.PMn_m).

3. The control bits of the analog port register (APMn) are APMn_[15:0].
4. The control bits of the JTAG port mode register (JPMOQ) are JPMO_[7:0].
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29.25 PMSRn/APMSRn/JPMSR0O — Port Mode Set/Reset Register
This register provides an alternative method to write data to the PMn register.

The upper 16 bits of PMSRn act as a mask which specifies whether or not the value PMn.PMn_m is set
by the corresponding bit in the lower 16 bits of PMSRn.

Access: PMSRn, APMSRn: These registers can be read or written in 32-bit units. Bits 31 to 16 are always read as
0000y. Reading bits 15 to 0 returns the value of registers PMn, APMn and JPMO.
JPMSRO:This register can be read or written in 32-bit units. Bits 31 to 16 are always read as 0000y, Bits 15 to
8 are read as FF},. Reading bits 7 to 0 returns the value of register JPMO.

Address: PMSRn: <PORTn_base> + 08004 + n x4 (n =0, 8, 9, 10, 11, 20)
APMSRn: <PORTn_base> + 08C8; + n x 4., (n = 0)

JPMSRO: <JPORTO_base> + OOSOH*1

Value after reset: o0 FFFF,*2

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR
n_31 n30 | n29 | n28 | n_27 | n_26 | n_25 | n_24 | n_23 | n_22 | n_21 n_20 | n_19 | n_18 | n_17 | n_16

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

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

PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR
n_15 [ n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value after reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1%3
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42, Control
Registers (P9), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11), Table 2.48,
Control Registers (P20), and Table 2.50, Control Registers (APO0).
Note 2.  The PMSRO register is 0000 FFFE.
Note 3.  The PMSRO_0 bit is 0.

Table 2.17 PMSRn Register Contents

Bit Position Bit Name Function

3110 16 PMSRn_[31:16] Enable bits that specify whether the value of the corresponding lower bit
PMSRn_m (PMSRn_[15:0]) is written to PMn_m.
0: PMn_m is not affected by PMSRn_m.
1: PMn_m is PMSRn_m.
Example:
If PMSRn.PMSRn_31 = 1, the value of bit PMSRn.PMSRn_15 is written to bit
PMn.PMn_15.

15t00 PMSRn_[15:0] Data bits that specify the value of PMn_m if PMSRn_m of the corresponding
upper bit (PMSRn_[31:16]) is 1.
0: PMn_m is 0.
1: PMn_m s 1.

NOTES

1. The control bits of the JTAG port mode set/reset register (JPMSRO0) are JPMSRO0_[31:0].
2. The control bits of the analog port mode set/reset register (APMSRn) are APMSRn_[31:0].
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29.2.6 PIBCn/APIBCn/JPIBCO — Port Input Buffer Control Register

In input port mode (PMCn.PMCn_m = 0 and PMn.PMn_m = 1), this register enables the port pin’s
input buffer.

Access: PIBCn, APIBCn: These registers can be read or written in 16-bit units.
JPIBCO: This register can be read or written in 8-bit units.

Address:  PIBCn: <PORTn_base> + 4000 + n x 44 (n =0, 8,9, 10, 11, 20)
APIBCn: <PORTN_base> + 40C8+ n x 4 (n = 0)
JPIBCO: <JPORTO_base> + 0400,;*"

Value after reset: 00004

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

PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC
n_15 [ n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42,
Control Registers (P9), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11),
Table 2.48, Control Registers (P20), and Table 2.50, Control Registers (AP0).

Table 2.18  PIBCn Register Contents

Bit Position Bit Name Function

15t00 PIBCn_[15:0] Enables/disables the input buffer.
0: Input buffer disabled
1: Input buffer enabled

NOTES

1. When the input buffer is disabled, through current does not flow even when the pin level is Hi-Z.
Thus the pin does not need to be fixed to a high or low level externally.

2. The control bits of the JTAG port input buffer control register (JPIBCO) are JPIBCO_[7:0].

CAUTION

Settings in this register are overruled in bidirectional mode (PBDCn.PBDCn_m = 1).
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29.2.7 PFCn/JPFCO0 — Port Function Control Register
This register, together with register PFCEn and PFCAERn, specifies an alternative function of the pins.

Some alternative functions directly control the I/O of the Pn_m pin. For such alternative functions,
PIPCn.PIPCn_m must be set to 1 and the I/O is selected by the peripheral function.

For other alternative functions, input/output must be specified by PMn.PMn_m.

Access: PFCn: This register can be read or written in 16-bit units.
JPFCO: This register can be read or written in 8-bit units.

Address: PFCn: <PORTn_base> + 0500 + n x4, (n=0, 8, 9, 10, 11)
JPFCO: <JPORTO_base> + 005OH*1

Value after reset: 00004

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

PFC | PFC | PFC PFC PFC | PFC | PFC | PFC PFC PFC | PFC | PFC | PFC PFC PFC | PFC
n_15 | n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1. The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42,
Control Registers (P9), Table 2.44, Control Registers (P10), and Table 2.46, Control Registers (P11).

Table 2.19 PFCn Register Contents

Bit Position Bit Name Function

15t0 0 PFCn_[15:0] Specifies the alternative function of the pin.
For details, see Table 2.22, Setting Alternative Functions.

NOTE
The control bits of the JTAG port function control register (JPFCO0) are JPFCO_[7:0].
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29.2.8 PFCEn — Port Function Control Expansion Register
This register, together with register PFCn and PFCAERn, specifies an alternative function of the pins.

Some alternative functions directly control the I/O of the Pn_m pin. For such alternative functions,
PIPCn.PIPCn_m must be set to 1 and the I/O is specified by the peripheral function.

For other alternative functions, input/output must be specified by PMn.PMn_m.

Access: This register can be read or written in 16-bit units.
Address:  pFCEn: <PORTN_base> + 0600y + n x 4, (n =0, 8, 9, 10, 11)*'

Value after reset: 0000y

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PFCE | PFCE | PFCE | PFCE | PFCE | PFCE |PFCEn|PFCEn|PFCEn|PFCEn|PFCEn |PFCEn|PFCEn|PFCEn|PFCEn|PFCEn
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 9 _8 7 _6 5 _4 _3 2 1 0
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W  R/W R/W RIW R/W R/W RIW R/IW RIW R/IW R/W R/IW R/IW R/W RIW R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/0) Function Overview: Table 2.38, Control
Registers (P0), Table 2.40, Control Registers (P8), Table 2.42, Control Registers (P9), Table 2.44,
Control Registers (P10), and Table 2.46, Control Registers (P11).

Table 2.20 PFCEn Register Contents

Bit Position Bit Name Function

15t00 PFCEnNn_[15:0] Specifies the alternative function of the pin.
For details, see Table 2.22, Setting Alternative Functions.
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2.9.2.9 PFCAEnNn — Port Function Control Additional Expansion Register
This register selects the alternative peripheral functions together with PFCEn, PFCn registers.

Some alternative functions directly control the I/O of the Pn_m pin. For such alternative functions,
PIPCn.PIPCn_m must be set to 1 and the I/O is specified by the peripheral function.

For other alternative functions, input/output must be specified by PMn.PMn_m.

Access: This register can be read or written in 16-bit units.
Address:  pFCAEN: <PORTn_base> + 0A00y + n x 44 (n = 0, 10)*

Value after reset: 0000y

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

PFCAE |PFCAE |PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE
n_15 | n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/0) Function Overview: Table 2.38, Control
Registers (P0), and Table 2.44, Control Registers (P10).

Table 2.21 PFCAEN Register Contents

Bit Position Bit Name Function

15t00 PFCAEN_[15:0] Specifies the alternative function of the pin.
For details, see Table 2.22, Setting Alternative Functions.

Table 2.22 Setting Alternative Functions

PFCAEn_m PFCEn_m PFCn_m PMn_m Function

0 0 0 1 Alternative input mode 1
0 Alternative output mode 1

1 1 Alternative input mode 2
0 Alternative output mode 2

1 0 1 Alternative input mode 3
0 Alternative output mode 3

1 1 Alternative input mode 4
0 Alternative output mode 4

1 0 0 1 Alternative input mode 5
0 Alternative output mode 5

1 1 Alternative input mode 6
0 Alternative output mode 6

1 0 1 Alternative input mode 7

0 Alternative output mode 7
1 X Setting prohibited
X Setting prohibited
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CAUTION

o After selecting the alternative function by the PFCn_m, PFCEn_m, or PFCAEn_m bit, set the
PMCn_m bit to “1”.

o With this product, the I/O of some functions is assigned to two or more pins, but a specific pin

function can only be set to one pin at a time. Setting the same pin function to two or more pins at
the same time is prohibited.

For example, if the a/b/c pin is used as b, the b/d/e pin cannot be used as b. In this case, the b/d/e
pin must be configured as a pin function other than b.

NOTE

For more details on the assignment of each function, see Sections 2.10.1 to 2.10.8.
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293 Pin Data Input/Output

29.31 PBDCn/APBDCn/JPBDCO — Port Bidirection Control Register

This register enables the input buffer in output mode and sets the port to bidirectional mode.
In bidirectional mode, the level of the signal on a Pn_m pin can be read from PPRn.PPRn_m.

Access: PBDCn, APBDCn: These registers can be read or written in 16-bit units.
JPBDCO: This register can be read or written in 8-bit units.

Address: PBDCn: <PORTn_base> + 41004 +n x4, (n=0, 8, 9, 10, 11, 20)
APBDCn: <PORTn_base> + 41C8; + n x 4 (n = 0)

JPBDCO: <JPORTO_base> + 041OH*1

Value after reset: 0000y

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

PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC | PBDC
n_15 | n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1. The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42,
Control Registers (P9), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11),
Table 2.48, Control Registers (P20), and Table 2.50, Control Registers (AP0).

Table 2.23 PBDCn Register Contents

Bit Position Bit Name Function

15t00 PBDCn[15:0] Enables/disables bidirectional mode of the corresponding pin.
0: Bidirectional mode disabled
1: Bidirectional mode enabled

CAUTION

When the Pn_m port is used for the alternative output function (PMCn.PMCn_m = 1, PMn.PMn_m = 0),
the level of the Pn_m pin can be read from PPRn.PPRn_m by enabling the bidirectional mode
(PBDCn.PBDCn_m = 1).

However, output of that alternative output function is input to the alternative input function of the same
pin (the alternative input function set by PFCn.PFCn_m, PFCEn.PFCEn_m, and PFCAEn.PFCAEN_m).
If the alternative input function in question is being used by another pin, the alternative input function is
not guaranteed.

NOTE
The control bits of the JTAG port bidirection control register (JPBDCO) are JPBDCO_[7:0].
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29.3.2 PPRn/APPRn/JPPRO — Port Pin Read Register

This register reflects the actual level of the Pn_m pin, whether it is the value of the Pn.Pn_m bit or the

level of an alternative output function.

Access: PPRn, APPRn: These registers are read-only registers that can be read in 16-bit units.
JPPRO: This register is a read-only register that can be read in 8-bit units.

Address: PPRn: <PORTn_base> + 02004 + n x4, (n =0, 8, 9, 10, 11, 20)
APPRn: <PORTn_base> + 02C8, + n x 4 (n = 0)
JPPRO: <JPORTO_base> + 0020,4*'

Value after reset: 00004

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

PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR
n_15 [ n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42,
Control Registers (P9), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11),
Table 2.48, Control Registers (P20), and Table 2.50, Control Registers (AP0).

Table 2.24  PPRn Register Contents

Bit Position Bit Name Function
15t00 PPRn_[15:0] The Pn_m pin, Pn.Pn_m value or alternative function output.
NOTES

1. For the read values of the PPRn register, see Section 2.7.4, Pin Data Input/Output.
2. The control bits of the JTAG port pin read register (JPPRO) are JPPRO_[7:0].
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29.3.3 Pn/APn/JP0 — Port Register

This register holds the Pn.Pn_m data to be output via the related Pn_m port in output port mode
(PMCn.PMCn_m = 0 and PMn.PMn_m = 0).

Access: Pn, APn: These registers can be read or written in 16-bit units.
JPO: This register can be read or written in 8-bit units.

Address: Pn: <PORTn_base> + 0000, +n x4, (n=0, 8,9, 10, 11, 20)
APn: <PORTn_base> + 00C8 + n x 4y, (n = 0)
JPO: <JPORTO_base> + 0000*'

Value after reset: 00004

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

Pn_15 | Pn_14 | Pn_13 | Pn_12 | Pn_11 |Pn_10 | Pn_9 | Pn_8 | Pn_7 | Pn_6 | Pn_.5 | Pn_4 | Pn_.3 | Pn_2 | Pn_1 | Pn_0

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W  R/W R/W R/IW R/W R/W R/IW R/IW RIW R/W R/W RIW R/IW R/W R/IW R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42,
Control Registers (P9), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11),
Table 2.48, Control Registers (P20), and Table 2.50, Control Registers (AP0).

Table 2.25  Pn Register Contents

Bit Position Bit Name Function

15t00 Pn_[15:0] Sets the output level of the Pn_m pin(m =0 to 15).
0: Outputs low level
1: Outputs high level

NOTE
The control bits of the JTAG port register (JPO) are JPO_[7:0].
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29.34 PNOTn/APNOTn/JPNOTO — Port NOT Register

This register allows the Pn_m bit of the port register Pn to be inverted without directly writing to Pn.

Access: PNOTn, APNOTN: These registers are write-only registers that can be written in 16-bit units. When read,
0000y is returned.

JPNOTO: This register is a write-only register that can be written in 8-bit units. When read, 00y is returned.

Address:  PNOTn: <PORTn_base> + 0700y + n x 4, (n =0, 8, 9, 10, 11, 20)
APNOTN: <PORTn_base> + 07C8, + n x 4, (n = 0)
JPNOTO: <JPORTO_base> + 0070y*'

Value after reset: 00004

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

PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT | PNOT
n_15 | n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW W w w w w w w w w w w w w w w w

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42,
Control Registers (P9), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11),
Table 2.48, Control Registers (P20), and Table 2.50, Control Registers (APO).

Table 2.26 PNOTnN Register Contents

Bit Position Bit Name Function

15t00 PNOTn_[15:0] Specifies if Pn.Pn_m is inverted.
0: Pn.Pn_m is not inverted (Pn_m — Pn_m)
1: Pn.Pn_miis inverted (Pn_m — Pn_m)

NOTE
The control bits of the JTAG port NOT register are JPNOTO0_[7:0].
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2.9.3.5 PSRn/APSRn/JPSR0 — Port Set/Reset Register
This register provides an alternative method to write data to the Pn register.

The upper 16 bits of PSRn act as a mask which specifies whether or not the value Pn.Pn_m is set by the
corresponding bit in the lower 16 bits of PSRn.

Access: PSRn, APSRn: These registers can be read or written in 32-bit units. Bits 31 to 16 are always read as 0000y,.
Reading bits 15 to 0 returns the value of registers Pn and APn.
JPSRO: This register can be read or written in 32-bit units. Bits 31 to 8 are always read as 000000,. Reading
bits 7 to 0 returns the value of register JPO.
Address: PSRn: <PORTn_base> + 01004+ n x4, (n =0, 8, 9, 10, 11, 20)
APSRn: <PORTn_base> + 01C8, + n x 4, (n = 0)
JPSRO: <JPORTO_base> + 0010,4*'

Value after reset: 0000 0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR
n_31 n_30 | n_29 | n_28 | n_27 | n_26 | n_25 | n_24 | n_23 | n_22 | n_21 n_20 | n_19 | n_18 | n_17 | n_16

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

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

PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR
n_15 [ n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/0) Function Overview: Table 2.36, Control
Registers (JPO0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42,
Control Registers (P9), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11),
Table 2.48, Control Registers (P20), and Table 2.50, Control Registers (APO).

Table 2.27  PSRn Register Contents

Bit Position Bit Name Function

31to 16 PSRn_[31:16] Specifies whether the value of the corresponding lower bit PSRn_m
(PSRn_[15:0]) is written to Pn_m.
0: Pn_m is not affected by PSRn_m.
1: Pn_mis PSRn_m
Example:
If PSRn.PSRn_31 = 1, the value of bit PSRn.PSRn_15 is written to bit
Pn.Pn_15.

15t00 PSRn_[15:0] Specifies the Pn_m value if the corresponding upper bit (PSRn_[31:16])
PSRn_mis 1.
0:Pn_m=0
1:Pn_m=1

NOTE
The control bits of the JTAG port set/reset register (JPSRO) are JPSRO_[31:0].
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294 Configuration of Electrical Characteristics

2.9.41 PUn/JPUO — Pull-Up Option Register
This register specifies whether an internal pull-up resistor is connected to an input pin.

Access: PUn: This register can be read or written in 16-bit units.
JPUO: This register can be read or written in 8-bit units.

Address: PUn: <PORTn_base> + 43004 +n x4, (n=0, 8,9, 10, 11, 20)
JPUO: <JPORTO_base> + 0430H’*1

Value after reset: 0000y

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

PUn_15PUn_14|PUn_13|PUn_12|PUn_11|PUn_10| PUn_9 | PUn_8 | PUn_7 | PUn_6 | PUn_5 | PUn_4 | PUn_3 | PUn_2 | PUn_1 | PUn_0

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42,
Control Registers (P9), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11), and
Table 2.48, Control Registers (P20).

Table 2.28 PUn Register Contents

Bit Position Bit Name Function
15t00 PUn_[15:0] Specifies whether an internal pull-up resistor is connected to the corresponding
pin.

0: No internal pull-up resistor connected
1: An internal pull-up resistor connected

NOTES

1. If a pin is configured such that both an internal pull-up resistor (PUn.PUn_m = 1) and pull-down
resistor (PDn.PDn_m = 1) are connected, the pull-down resistor is automatically selected and the
pull-up resistor is not connected.

2. The pull-up resistor has no effect when the pin is operated in output mode.

3. The control bits of the JTAG pull-up option register (JPUO) are JPUO_[7:0].
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29.4.2 PDn / JPDO — Pull-Down Option Register
This register specifies whether to connect an internal pull-down resistor to an input pin.

Access: PDn: This register can be read or written in 16-bit units.
JPDO: This register can be read or written in 8-bit units.

Address: PDn: <PORTn_base> + 44004 +n x 4, (n =0, 8, 9, 10, 11)
JPDO: <JPORTO_base> + 0440,*'

Value after reset: 0000y

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

PDn_15|PDn_14|PDn_13|PDn_12|PDn_11|PDn_10| PDn_9 | PDn_8 | PDn_7 | PDn_6 | PDn_5| PDn_4 | PDn_3 | PDn_2 | PDn_1 | PDn_0

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

R/W  R/W R/W R/IW R/W R/W R/IW R/IW R/IW R/W R/W R/IW R/IW R/W R/IW R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42,
Control Registers (P9), Table 2.44, Control Registers (P10), and Table 2.46, Control Registers (P11).

Table 2.29  PDn Register Contents

Bit Position Bit Name Function
15t00 PDn_[15:0] Specifies whether to connect an internal pull-down resistor to the corresponding
pin:

0: No internal pull-down resistor connected
1: An internal pull-down resistor connected

NOTES
1. If a pin is configured such that both an internal pull-up resistor (PUn.PUn_m = 1) and pull-down
resistor (PDn.PDn_m = 1) are connected, the pull-down resistor is automatically selected and the
pull-up resistor is not connected.
2. The internal pull-down resistor has no effect when the pin is operated in output mode.
3. The control bits of the JTAG pull-down option register (JPDO) are JPDO_[7:0].
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2943 PDSCn — Port Drive Strength Control Register

This register specifies the output driver strength of the port pin. This function selects the fast mode
(high drive strength) or slow mode (low drive strength) of the output buffer. The correct write sequence
using the PPCMDn register is required in order to update this register. For details, see Section 5,
Write-Protected Registers. Regarding the alternative function that needs to set the PDSC
register,see Section 2.11.3.3, Output Buffer Control (PDSC).

Access: This register can be read or written in 32-bit units.
Address:  ppSCn: <PORTN_base> + 4600y + n x 4y (n =0, 10, 11)*!

Value after reset: 0000 0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC | PDSC
n_15 | n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1.  The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.38, Control
Registers (P0), Table 2.44, Control Registers (P10), and Table 2.46, Control Registers (P11).

Table 2.30 PDSCn Register Contents

Bit Position Bit Name Function
31to 16 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
15t00 PDSCn_[15:0] Specifies the port drive strength of the output buffer of the port pin.
0: Lower drive strength (when the frequency output from the pin is 10 MHz or
below)
1: High drive strength (when the frequency output from the pin is 40 MHz or
less)
NOTE

See Table 5.1, Write-Protection Target Registers when setting this register after returning from
DeepSTOP mode (RESF.RESF10 = 1).
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2944 PODCn/JPODCO — Port Open Drain Control Register

This register selects push-pull or open-drain as output buffer function. The correct write sequence
using the PPCMDn and JPPCMDO registers is required in order to update this register. For details, see
Section 5, Write-Protected Registers.

Access: PODCn, JPODCO: These registers can be read or written in 32-bit units.

Address: PODCn: <PORTn_base> + 4500, + n x4, (n =0, 8, 9, 10, 11, 20)
JPODCO: <JPORTO_base> + 0450,*"

Value after reset: o0 0000,*2

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC | PODC
n_15 | n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0*3
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General I/0) Function Overview: Table 2.36, Control
Registers (JP0), Table 2.38, Control Registers (P0), Table 2.40, Control Registers (P8), Table 2.42, Control
Registers (P9), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11), and Table 2.48,
Control Registers (P20).
Note 2.  The PODCO register is 0000 00014,.
Note 3.  The PODCO_O bit is 1.

Table 2.31 PODCn Register Contents

Bit Position Bit Name Function
31to 16 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
15t00 PODCn_[15:0] Specifies the output buffer function.
0: Push-pull
1: Open-drain
NOTES

1. The control bits of the JTAG port open drain control register (JPODCOQ) are JPODCO0_[15:0].

2. See Table 5.1, Write-Protection Target Registers when setting this register after returning from
DeepSTOP mode (RESF.RESF10 = 1).
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2945

PISn — Port Input Buffer Selection Register

This register specifies the input buffer characteristics.

Access: This register can be read or written in 16-bit units.
Address:  piSn: <PORTn_base> + 4700y + n x 4y (n =0, 10, 11, 20)*!
Value after reset: FFFFy
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PIS PIS PIS PIS PIS PIS PIS PIS PIS PIS PIS PIS PIS PIS PIS PIS
n_15 | n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0
Value after reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.38, Control
Registers (P0), Table 2.44, Control Registers (P10), Table 2.46, Control Registers (P11), and Table
2.48, Control Registers (P20).
Table 2.32 PISn Register Contents
Bit Position Bit Name Function
15t0 0 PISn_[15:0] Specifies the input buffer characteristic:
0: Type 1 (SHMT1)
1: Type 2 (SHMT4)
NOTE
The definition of type 1 and type 2 is given in Section 2.11.3.2, Input Buffer Control (PISn, JPISAO0).
Also see the data sheet for details of input buffer characteristics.
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29.4.6 JPISAO0 — Port Input Buffer Selection Advanced Register

This register specifies the input buffer characteristics.

Access: JPISAO: This register can be read or written in 8-bit units.
Address:  jpPISAQ: <JPORTO_base> + 04A0,*"

Value after reset: 004

Bit 7 6 5 4 3 2 1 0
— — — — JPISAO_3 JPISAO_2 — JPISA0_O
Value after reset 0 0 0 0 0 0 0 0
R/W R R R R R/W R/W R R/W

Note 1. The valid bit positions (value for the index m) vary depending on the number of pins for each device.
See the following tables in Section 2.10, Port (General 1/0) Function Overview: Table 2.36, Control
Registers (JPO)

Table 2.33 JPISAO Register Contents

Bit Position Bit Name Function

7to4,1 Reserved When read, the value after reset is returned. When writing, write the value after
reset.

3,2,0 JPISAQ_[3, 2,0] Specifies the input buffer characteristic:

0: Type 2 (SHMT4)
1: Type 5 (TTL)

NOTES

1. The definition of type 2 and type 5 is given in Section 2.11.3.2, Input Buffer Control (PISn,
JPISAO0).

2. See the data sheet for details of input buffer characteristics.

2.9.5 Port Register Protection

RHS850/F1H has Port Protection Command Registers (PPCMDn) and Port Protection Status Registers
(PPROTSn) which implement the Port Protection Cluster Function. For details on the registers, see
Section 5, Write-Protected Registers.
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29.6 Flowchart Example for Port Settings

Examples of the port settings are shown in the flowchart below.

CAUTION

If the port is set to the PIPCn.PIPCn_m bit = 0 and alternative output mode, the port
might briefly enter alternative input mode. This will occur between when the
PMCn.PMCn_m bit is set to 1 and when the PMn.PMn_m bit is set to 0. If an interrupt-
related signal is specified as an alternate function of the port, the mode will temporarily
become the alternative input mode, so either disable the interrupt in question, or
specify that the interrupt is ignored.

2.9.6.1 Batch Setting

An example of specifying batch port group settings is shown in the flowchart below.

i Alternative input mode is entered
+ when the PIPCn.PIPCn_m bit is 0
and the PMCn.PMCn_m bit is 1.

START

| Specify PIBCn.PIBCn_m bit = 0 I B

l

| Specify PBDCn.PBDCn_m bit = 0 I

[

| Specify PMn.PMn_m bit = 1 | P

[

| Specify PMCn.PMCn_m bit = 0 I

l

| Specify PIPCn.PIPCn_m bit = 0 I .

[

I Set port filters I

[

Specify PDSCn.PDSCn_m,
PBDCn.PBDCn_m,
PUn.PUn_m,
PDn.PDn_m,
PISn.PISn_m,
PISAN.PISAn_m bits"™

[

Specify PFCn.PFCn_m,
PFCEn.PFCEn_m,
PFCAEN.PFCAEN_m bits

l

| Specify PIPCn.PIPCn_m bit | >

l

| Specify Pn.Pn_m bit |

™~

| Specify PMCn.PMCn_m bit | :

»|

Ladl|

| Specify PMn.PMn_m bit | :

| Specify PIBCn.PIBCn_m bit

Note 1.  There is no PISANn.PISAn_m bit in the RH850/F1H 100 pins for PREMIUM product.

Set the initial port values.
(The port is set to input mode
and the input buffer is disabled.)

Set appropriate values.

Figure 2.3 Example of Port Settings (When Specified in Batch)
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2.9.6.2 Individual Settings

An example of specifying individual port settings is shown in the flowchart below.

Note 1.

START

| Specify PIBCn.PIBCn_m bit =

| Specify PBDCn.PBDCn_m bit =0 |

| Specify PMn.PMn_m bit = 1 |

| Specify PMCn.PMCn_m bit =0 |

| Specify PIPCn.PIPCn_m bit =

| Set port filters |

Input or output?

Input mode

o |

°|/

Port initialization:

Set the initial port values.

(The port is set to input mode
and the input buffer is disabled.)

Specify PUn.PUn_m,
PDn.PDn_m bits

Specify PISn.PISn_m,
PISAN.PISAn_m bits™

Specify PIBCn.PIBCn_m bit = 1 | | Specify PMn.PMn_m bit = 0

\
Output mode
Specify PDSCn.PDSCn_m, Port settings:
PODCn.PODCn_m, Set appropriate values.
PBDCn.PBDCn_m bits
| Specify Pn.Pn_m bit |
|

There is no PISAn.PISAn_m bit in the RH850/F1H 100 pins for PREMIUM product.

Figure 2.4

Example of Port Settings (in Port Mode)
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(a) With IP control

Note 1.

START

| Specify PIBCn.PIBCn_m bit =0 |

| Specify PBDCn.PBDCn_m bit = 0 |

| Specify PMn.PMn_m bit = 1 |

| Specify PMCn.PMCn_m bit = 0 |

| Specify PIPCn.PIPCn_m bit =0 |

| Set port filters |

Specify PUn.PUn_m,
PDn.PDn_m bits

Specify PISn.PISn_m,
PISAN.PISAn_m bits™

Specify PDSCn.PDSCn_m,
PODCn.PODCn_m,
PBDCn.PBDCn_m bits

Specify PFCn.PFCn_m,
PFCEN.PFCEn_m,
PFCAEN.PFCAEN_m bits

| Specify PIPCn.PIPCn_m bit = 1 |

| Specify PMCn.PMCn_m bit = 1 |

\

_/

J

_/

Port initialization:

Set the initial port values.

(The port is set to input mode
and the input buffer is disabled.)

Input function port settings:
Set appropriate values.

Output function port settings:
Set appropriate values.

Alternative mode (with IP control)
port settings:
Set appropriate values.

There is no PISAn.PISAn_m bit in the RH850/F1H 100 pins for PREMIUM product.

Figure 2.5

Example of Port Settings (in Alternative Mode) (1/2)
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(b) Without IP control

Note 1.

START

| Specify PIBCn.PIBCnh_m bit =

| Specify PBDCn.PBDCn_m bit = 0 |

| Specify PMn.PMn_m bit = 1 |

| Specify PMCn.PMCn_m bit =0 |

| Specify PIPCn.PIPCn_m bit =

| Set port filters |

o] )

°|/

Input or output?

Input mode

Output mode

Port initialization:

Set the initial port values.

(The port is set to input mode
and the input buffer is disabled.)

Specify PUn.PUn_m,
PDn.PDn_m bits

Specify PDSCn.PDSCn_m,
PODCNn.PODCn_m,
PBDCn.PBDCn_m bits

Specify PISn.PISn_m,
PISAN.PISAn_m bits™

Specify PFCn.PFCn_m,
PFCEN.PFCEn_m,
PFCAEN.PFCAEN_m bits

Specify PMCn.PMCn_m bit = 1 |

Specify PFCn.PFCn_m,
PFCENn.PFCEn_m,
PFCAEN.PFCAEN_m bits

| Specify PMCn.PMCn_m bit = 1

| Specify PMn.PMn_m bit = 0

Alternative input mode

Port settings:

Set appropriate values.

There is no PISAn.PISAn_m bit in the RH850/F1H 100 pins for PREMIUM product.

Figure 2.6

Example of Port Settings (in Alternative Mode) (2/2)
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210 Port (General I/O) Function Overview

This section explains the port (general I/O) functions and all the functions assigned to the ports. See the
following pages for details.

In addition, whether the port mode is alternative mode or not can be selected by PMCn register setting.
When PMCn.PMCn_m = 1, alternative functions are selected by the PFCn, PFCEn, and PFCAEn
registers.

Table 2.34 Port Function

i Device
Port Pin Name Size Direction Domain Special Alternative Function 100 pins
JTAG Port 0 JPO_0-5 6 bits In/Out AWO JTAG, LPD y
Port 0 P0_0- 14 15 bits In/Out AWO RESETOUT y
Port 8 P8 0-12 13 bits In/Out AWO \/
Port 9 P9 0-1 2 bits In/Out ISO V
Port 10 P10_0-15 16 bits In/Out ISO v
Port 11 P11_0-6 7 bits In/Out ISO \/
Port 20 P20_4- 5 2 bits In/Out ISO y
Analog Port 0 APO_1-15 15 bits In/Out AWO ADCAO (12/10-bit resolution) \/
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RH850/F1H PREMIUM 100 pin Version Section 2 Pin Function

2.10.1.2 Control Registers

Table 2.36 Control Registers (JPO0)

Register Valid Bit Offset Value after H
Register Function Size Position R/W*! | Address | Reset 100 pins
JPO JTAG port register 0 8 5-0 R/W 0000y 00y v
JPSRO JTAG port set/reset register 0 32 21-16, 5-0 R/W 0010y 0000 0000 V
JPPRO JTAG port pin read register 0 8 5-0 R 0020y 00y v
JPMO JTAG port mode register 0 8 5-0 R/W 0030y FFy v
JPMCO JTAG port mode control register 0 8 5, 3-0 R/W 0040y 00y V
JPFCO JTAG port function control register 0 8 5,31 R/W 0050y 00y v
JPNOTO JTAG port NOT register 0 8 5-0 w 0070y 00y v
JPMSRO JTAG port mode set/reset register 0 32 21-16, 5-0 R/W 0080y 0000 FFFFy v
JPMCSRO | JTAG port mode control set/reset register 0 | 32 215109-16, R/W 0090y 0000 0000y v
JPIBCO JTAG port input buffer control register 0 8 5-0 R/W 0400y 00y V
JPBDCO JTAG port bidirection control register 0 8 5-0 R/W 0410y 00y N
JPUO Pull-up option register 0 8 5-0 R/W 0430y 00y y
JPDO Pull-down option register 0 8 5-0 R/W 0440y 00y v
JPODCO JTAG port open drain control register 0 32 5-0 R/W 04504 0000 0000y v
JPISAO JTAG port input buffer selection advanced | 8 3,2,0 R/W 04A04 00y y
register 0
JPPROTSO | JTAG port protection status register 0 32 0 R 04B0y 0000 0000y v
JPPCMDO | JTAG port protection command register 0 32 7-0 w 04CO0y XxXxx xx00y y

Note 1.  The unused bits are read-only (R). When read, the value after reset is returned.
When writing to unused bits, write the value after reset.

RO1UHO0631EJ0100 Rev.1.00 RENESAS Page 90 of 2493
Aug 31, 2016



Section 2 Pin Function

RH850/F1H PREMIUM 100 pin Version

"LNOLISTIY :0 0d ‘L'L’LL'Z UopI9ds 88s
‘s|lejap J04 ‘pases|al S| }Josal ay} Joye [9A8] MO| B Jndino 0} SenuUilUOD pue Pauasse S| Josal e a|lym |eubis
1NO13ISTIY [9A8|-mo| e sjndino uid 0 0d @y} ‘uid 0~ 0d 8y} 4o} pajos|es si uonouny |NOLISTY 8YI UBYM  'Z

"19)s16a1 9y} 0] paubisse Jou aJe SuoiouUN) SANBUIS)E USYM pasjuelienbd Jou aie aouewlopad pue Joineyaq ayl 'L

SNOILNVD

N X1SNVO 0S09ISO 7L009NVL| ¥Ll09NVL vi 0d
Sd1NI _

N /X"SNVO 0S09ISO 2looganvLl| ziloganvl CLdLNI €l od

N IS0DISO| 0L009NVL| OLlogNvl €INIdd 10S0211d zl od

N 8004NvL 810dNVL| ¢SSOLHISO Z¢INIda vasoolle Ll 0d

N X1¥NVO 90049NvL 9109NVL| X1ZZNITd LINIdA| LSSOLHISO €d1NI oL od
d1NI _

N /X"YNVO y00dNvL 109NVl XHZZNITH INIdd| O0SSOLHISO CLdLNI 6 0d

N XL1ENVO 20o0dnvL zloganvy ISSIHISO 9NIda XLLZNITH 8 0d
€d1NI _

N /XHENVO 000gnvL 0109NVL| OAYLHISO| IAYLHISO SNIda XHLZNITH L 0d

N OSLHISO 2dai3as 0LNIdd Zd1NI 9 0d
C¢dl1NI _

N OSLHISO 1dai3s 6NIda XLLENITH| /XHZNVO S 0d
LLdLNI _

N 8NIda 0dai3s ISLHISO 00LVOMd LLdLNI XLZNVO| /XHLENITY ¥ 0d
OLdLNI _

N OLdLNI OSOHISO OELVOMd LNIdd XLINVO| /XHOENITH 800AdNVvL g8l0anvLl € 0d
LdLNI _

N 0oda LdLINI OSOHISO OZLVOMd XLOENITH| /XHINVO 900dNvL 9loanvit ¢ 0d
0d1NI _

N Oodv ISOHISO| OLLVYOMd O0dLNI XLO0ZNITH| /XHONVO ¥00dNvL yl0anvLl 1 0d

N 1NOL13S3y 0odd ISSOHISO| O0LVOMd XLONVO| XHO0ZNITH 200anvy zloanvyt 0 0d
suid oo} uonoung| Inding nduj| Inding nduj indino induy indino nduy indino induj indino nduy indino nduy (0=

[eroads w0oWd)

aAljeuldly yyL aAjeuIdllY 19 aAljeuldlv yig aAljeusdly Yy aAljeuIdly pig 9Aljeussly puz 9Aljeuldjy isi 8poN Mod

adlneQ (1 = W 0ONd) @POIN aARUIBYY
(0d) 0 Hod ez ®lqeL
uopoung aAneuId)lY L'Z0L'T
(od) ovod zZoLC

Page 91 of 2493

RENESAS

RO1UH0631EJ0100 Rev.1.00

Aug 31, 2016



RH850/F1H PREMIUM 100 pin Version

Section 2 Pin Function

2.10.2.2 Control Registers

Table 2.38 Control Registers (P0)

Register Valid Bit Offset Value after ﬂ
Register Function Size Position RW*! | Address | Reset 100 pins
PO Port register 0 16 14-0 R/W 0000y 0000y N
PSRO Port set/reset register 0 32 30-16, 14-0 | RIW 0100y 0000 0000y N
PPRO Port pin read register 0 16 14-0 R 02004 0000y v
PMO Port mode register 0 16 14-0 R/IW 03004 FFFEL v
PMCO Port mode control register 0 16 14-0 RIW 04004 0000y v
PFCO Port function control register 0 16 14-0 R/W 05004 0000y N
PFCEO Port function control expansion 16 14-0 R/W 0600y 0000y N
register 0
PNOTO Port NOT register 0 16 14-0 W 0700y 0000y v
PMSRO Port mode set/reset register 0 32 30-16, 14-0 | RIW 0800y 0000 FFFEy 3
PMCSRO Port mode control set/reset register 0 | 32 30-16, 14-0 | R'W 0900y 0000 0000 3
PFCAEQ Port function control additional 16 14,13,10-7, | RIW 0AQ00y 0000y N
expansion register 0 3,2
PIBCO Port input buffer control register 0 16 14-0 R/W 40004 0000y R
PBDCO Port bidirection control register 0 16 14-0 R/W 41004 0000y R
PIPCO Port IP control register 0 16 :134,213, 6,5 | RIW 42004 0000y N
PUO Pull-up option register 0 16 14-0 R/W 4300y 0000y v
PDO Pull-down option register 0 16 12-0 R/IW 4400y 0000y v
PODCO Port open drain control register 0 32 14-0 R/W 4500y 0000 0001y N
PDSCO Port drive strength control register 0 | 32 :134,213, 6,5 | RW 4600y 0000 0000y v
PISO Port input buffer selection register 0 16 ;3611, 9, R/W 47004 FFFFH N
PPROTSO | Port protection status register 0 32 0 R 4B00y 0000 0000y R
PPCMDO Port protection command register 0 32 7-0 w 4C00y xxxx xx00 N

Note 1.  The unused bits are read-only (R). When read, the value after reset is returned.
When writing to unused bits, write the value after reset.
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RH850/F1H PREMIUM 100 pin Version Section 2 Pin Function

2.10.3.2 Control Registers

Table 2.40 Control Registers (P8)

Register Valid Bit Offset Value after 7Device
Register Function Size Position RW*! | Address | Reset 100 pins
P8 Port register 8 16 12-0 R/W 0020y 0000y v
PSR8 Port set/reset register 8 32 28-16, 12-0 R/W 01204 0000 0000 D
PPR8 Port pin read register 8 16 12-0 R 02204 0000y y
PM8 Port mode register 8 16 12-0 R/W 03204 FFFFH V
PMC8 Port mode control register 8 16 12-0 R/IW 0420y 0000y D
PFC8 Port function control register 8 16 12-10, 5-0 R/W 05204 0000y y
PFCES8 Port function control expansion 16 4-0 R/W 06204 0000y V
register 8
PNOT8 Port NOT register 8 16 12-0 w 0720y 0000y v
PMSR8 Port mode set/reset register 8 32 28-16, 12-0 R/W 0820y 0000 FFFFy V
PMCSR8 Port mode control set/reset register 8 | 32 28-16, 12-0 R/W 0920 0000 0000 D
PIBC8 Port input buffer control register 8 16 12-0 R/W 4020y 0000y y
PBDC8 Port bidirection control register 8 16 12-0 R/W 41204 0000y V
PU8 Pull-up option register 8 16 12-0 R/W 4320y 0000y \
PD8 Pull-down option register 8 16 6-0 R/IW 4420, 0000y y
PODC8 Port open drain control register 8 32 12-0 R/W 45204 0000 0000y V
PPROTS8 | Port protection status register 8 32 0 R 4B20y 0000 0000y N
PPCMD8 Port protection command register 8 32 7-0 w 4C204 XXxx XX00y y

Note 1.  The unused bits are read-only (R). When read, the value after reset is returned.
When writing to unused bits, write the value after reset.
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RH850/F1H PREMIUM 100 pin Version Section 2 Pin Function

2.10.4.2 Control Registers

Table 2.42 Control Registers (P9)

Register Valid Bit Offset Value after 7Device
Register Function Size Position RW*! | Address | Reset 100 pins
P9 Port register 9 16 1,0 R/W 0024y 0000y 3
PSR9 Port set/reset register 9 32 17,16,1,0 R/W 0124, 0000 0000 N
PPR9 Port pin read register 9 16 1,0 R 0224y 0000y \/
PM9 Port mode register 9 16 1,0 R/W 0324y, FFFFy v
PMC9 Port mode control register 9 16 1,0 R/W 0424, 0000y 3
PFC9 Port function control register 9 16 1,0 R/W 0524y 0000y N
PFCE9 Port function control expansion 16 1,0 R/W 0624y 0000y v
register 9
PNOT9 Port NOT register 9 16 1,0 w 0724y 0000 v
PMSR9 Port mode set/reset register 9 32 17,16,1,0 | RIW 0824 0000 FFFFy v
PMCSR9 Port mode control set/reset register 9 | 32 17,16,1,0 R/W 0924y 0000 0000 N
PIBC9 Port input buffer control register 9 16 1,0 R/W 4024y 0000y v
PBDC9 Port bidirection control register 9 16 1,0 R/IW 4124y 0000y v
PU9 Pull-up option register 9 16 1,0 R/W 4324, 0000y 3
PD9 Pull-down option register 9 16 1,0 R/W 4424, 0000y N
PODC9 Port open drain control register 9 32 1,0 R/W 4524 0000 0000y v
PPROTS9 | Port protection status register 9 32 0 R 4B24, 0000 0000 3
PPCMD9 Port protection command register 9 32 7-0 W 4C24y XXxx Xx00y N

Note 1.  The unused bits are read-only (R). When read, the value after reset is returned.
When writing to unused bits, write the value after reset.
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RH850/F1H PREMIUM 100 pin Version Section 2 Pin Function

2.10.5.2 Control Registers

Table 2.44 Control Registers (P10)

Register Valid Bit Offset Value after 7Device

Register Function Size Position RW*! | Address | Reset 100 pins
P10 Port register 10 16 15-0 R/W 0028y 0000y 3
PSR10 Port set/reset register 10 32 31-16, 15-0 R/W 0128y 0000 0000y v
PPR10 Port pin read register 10 16 15-0 R 0228 0000y \/
PM10 Port mode register 10 16 15-0 R/W 0328y FFFFy v
PMC10 Port mode control register 10 16 15-0 R/W 0428y 00004 3
PFC10 Port function control register 10 16 15-0 R/W 0528 0000y \/
PFCE10 Port function control expansion 16 15-0 R/IW 0628, 0000y v

register 10
PNOT10 Port NOT register 10 16 15-0 W 0728, 0000y v
PMSR10 Port mode set/reset register 10 32 31-16, 15-0 R/W 0828, 0000 FFFFy
PMCSR10 I:grt mode control set/reset register 32 31-16, 15-0 R/W 0928y 0000 0000
PFCAE10 Port function control additional 16 14,13, 5-0 R/IW 0A28, 0000y v

expansion register 10
PIBC10 Port input buffer control register 10 16 15-0 RIW 4028y 0000y \/
PBDC10 Port bidirection control register 10 16 15-0 R/IW 4128y 0000y v
PIPC10 Port IP control register 10 16 7,6,2,1 R/W 4228, 0000y N
PU10 Pull-up option register 10 16 15-0 R/W 4328y 0000y v
PD10 Pull-down option register 10 16 15-0 R/IW 4428, 0000y v
PODC10 Port open drain control register 10 32 15-0 R/W 4528, 0000 0000y R
PDSC10 Port drive strength control register 10 | 32 7,6,2,1 R/W 4628y 0000 0000y \/
PIS10 Port input buffer selection register 10 | 16 152—12), 9, 6, R/W 4728y FFFFy v
PPROTS10 | Port protection status register 10 32 0 R 4B28y 0000 0000y \/
PPCMD10 | Port protection command register 10 | 32 7-0 w 4C28, Xxxx Xx00y

Note 1.  The unused bits are read-only (R). When read, the value after reset is returned.
When writing to unused bits, write the value after reset.
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RH850/F1H PREMIUM 100 pin Version Section 2 Pin Function

2.10.6.2 Control Registers

Table 2.46 Control Registers (P11)

Register Valid Bit Offset Value after 7Device
Register Function Size Position R/W*! | Address | Reset 100 pins
P11 Port register 11 16 6-0 R/W 002Cy 0000y 3
PSR11 Port set/reset register 11 32 22-16, 6-0 R/W 012CH 0000 0000 3
PPR11 Port pin read register 11 16 6-0 R 022Cy 0000y \/
PM11 Port mode register 11 16 6-0 R/IW 032Cy FFFFy v
PMC11 Port mode control register 11 16 6-0 R/W 042CH 0000y 3
PFC11 Port function control register 11 16 3-0 R/W 052Cy 0000y N
PFCE11 Port function control expansion 16 2-0 R/IW 062Cy 0000y v
register 11

PNOT11 Port NOT register 11 16 6-0 w 072Cy 0000y v
PMSR11 Port mode set/reset register 11 32 22-16, 6-0 R/IW 082Cy 0000 FFFFy
PMCSR11 I131ort mode control set/reset register 32 22-16, 6-0 R/W 092CH 0000 0000 3
PIBC11 Port input buffer control register 11 16 6-0 RIW 402Cy 0000y v
PBDC11 Port bidirection control register 11 16 6-0 R/W 412Cy 0000y 3
PIPC11 Port IP control register 11 16 3,2 R/W 422Cy 0000y N
PU11 Pull-up option register 11 16 6-0 RIW 432Ch 0000y v
PD11 Pull-down option register 11 16 4-0 R/W 442Cy 0000y 3
PODC11 Port open drain control register 11 32 6-0 R/W 452Cy 0000 0000y N
PDSC11 Port drive strength control register 11 | 32 3,2 RIW 462CH 0000 0000y v
PIS11 Port input buffer selection register 11 16 6,5, 3,1 R/W 472Cy FFFFH N
PPROTS11 | Port protection status register 11 32 0 R 4B2Cy 0000 0000y \/
PPCMD11 Port protection command register 11 32 7-0 W 4C2Cy Xxxxx xx00y v

Note 1.  The unused bits are read-only (R). When read, the value after reset is returned.
When writing to unused bits, write the value after reset.
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RH850/F1H PREMIUM 100 pin Version Section 2 Pin Function

2.10.7.2 Control Registers

Table 2.48 Control Registers (P20)

Register Valid Bit Offset Value after ﬂ
Register Function Size Position R/W*! | Address | Reset 100 pins
P20 Port register 20 16 54 R/W 0050y 0000y N
PSR20 Port set/reset register 20 32 21,20,5,4 | RIW 0150y 0000 0000y N
PPR20 Port pin read register 20 16 54 R 02504 0000y N
PM20 Port mode register 20 16 54 R/W 03504 FFFFH N
PMC20 Port mode control register 20 16 54 R/W 0450y 0000y N
PNOT20 Port NOT register 20 16 54 w 0750y 0000y N
PMSR20 Port mode set/reset register 20 32 21,20,5,4 R/W 0850y 0000 FFFFy N
PMCSR20 | Port mode control set/reset register 20 | 32 21,20,5,4 | RIW 0950y 0000 0000y N
PIBC20 Port input buffer control register 20 16 54 R/W 40504 0000y N
PBDC20 Port bidirection control register 20 16 54 R/W 4150y 0000y N
PU20 Pull-up option register 20 16 54 R/W 4350y 0000y ~
PODC20 Port open drain control register 20 32 54 R/W 4550y 0000 0000y N
PIS20 Port input buffer selection register 20 16 4 R/W 4750y FFFFH N
PPROTS20 | Port protection status register 20 32 0 R 4B50y 0000 0000y N
PPCMD20 | Port protection command register 20 32 7-0 W 4C50y XXXX Xx00y N

Note 1.  The unused bits are read-only (R). When read, the value after reset is returned.
When writing to unused bits, write the value after reset.
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2.10.8.2 Control Registers

Table 2.50 Control Registers (AP0)

Register Valid Bit Offset Value after 7Device
Register | Function Size Position R/W*! | Address | Reset 100 pins
APO Analog port register 0 16 15-1 R/W | 00C8y 0000y v
APSRO Analog port set/reset register 0 32 31-17, 151 R/W 01C8y 0000 0000 y
APPRO Analog port pin read register 0 16 15-1 R 02C8y 0000y y
APMO Analog port mode register 0 16 15-1 R/W | 03C8y FFFFy v
APNOTO | Analog port NOT register 0 16 15-1 w 07C8y 0000y y
APMSRO0 | Analog port mode set/reset register 0 32 31-17, 15-1 R/W 08C8y 0000 FFFFy v
APIBCO | Analog port input buffer control register 0 | 16 15-1 R/W | 40C8y 0000y v
APBDCO | Analog port bidirection control register 0 | 16 15-1 R/W 41C8y 0000y y

Note 1.  The unused bits are read-only (R). When read, the value after reset is returned.
When writing to unused bits, write the value after reset.
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211 Port (Special I/0) Function Overview

This section describes the port (special I/0) functions.

2111 Special I/O after Reset

The special port function after reset release is shown below.

21111 PO0_0: RESETOUT

The PO_0 pin outputs low level while a reset is asserted and continues to output low level after the reset
is released due to the initial value of the registers as follows. This pin can be used as RESETOUT
function.

e PO0.PO_0=0: low level
e PMO.PMO_0 = 0: output port
e PODCO0.PODCO 0 = 1: open-drain output

When the PO_0 pin setting is updated with another value, the pin operates by new setting.

P0_0 continues to output a low level until | | The occurrence of any

the port output level is changed or the reset changes P0O_0 to
port is switched to an alternate function. low-level output. —
(« L (( '
/ )] ))

EVCC/REGVCC / :
(1 ¥
RESET ) R \

PO_0 {)() : /-() General- *—:

! E purpose I/OE !
{L 1 ' /L \. T :
RESETOUT N— [Ny [ RESETOUT
A A A
/ RESET is asserted.
Execution of user

program started. P0O_0O was set to 1.

Figure 2.7 P0_0 Pin (RESETOUT Signal) Operation while a Reset is asserted and
released
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211.1.2 JP0_0 to JPO_5: Debug Interface

If the OPJTAG[1:0] setting is the combination below, the pins of the JTAG port group can be used as a
debug interface after reset is deasserted, as shown below.

Table 2.51 Debug Interface

OPJTAG1 OPJTAGO Mode JPO_O JPO_1 JPO_2 JPO_3 JP0_4 JPO_5
1 1 Nexus I/F DCUTDI DCUTDO DCUTCK DCUTMS DCUTRST DCURDY
input output input input input output

0 1 LPD LPDI LPDO LPDCLK Port/ Port/ LPDCLK

(4-pin) input output input alternative alternative OUT output
function function

1 0 LPD LPDIO Port/ Port/ Port/ Port/ Port/

(1-pin) input/output  alternative alternative alternative alternative alternative
function function function function function

Consequently, the port and alternative functions on these pins cannot be used while the debugger is
connected.

NOTE
For the OPJTAGI1:0] settings, see Section 37.9.2, OPBT0 — Option Byte 0.
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2.11.1.3 FPDR (JP0_0), FPDT (JPO_1), FPCK (JP0_2): Flash Programmer

These pins are used for connecting a flash programmer. See Flash Programmer's Manual for details.

2.11.1.4 Mode Pins

The FLMDO pin in combination with the P10_8: FLMDI1 pin can select serial programming mode. In
addition, the P10_1: MODEQ pin in combination with the P10_2: MODEI pin can select boundary
scan mode. For details on the mode selection, see Section 6, Operating Mode.
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211.2 A/D Input Alternative I/O

The following ports are permanently connected to A/D input functions. (However, an analog input to
the A/D is controlled by the A/D module.)

Table 2.52 A/D Input Alternative Pins

Device
Port AD Input | 100 pins
APO_1 ADCAO0I1 3
APQ_2 ADCAOI2 d
AP0_3 ADCAOQI3 v
APO_4 ADCAO0I4 y
APQ_5 ADCAOI5 d
AP0O_6 ADCAO0I6 v
APO_7 ADCAOQI7 v
AP0O_8 ADCAO0I8 v
AP0_9 ADCAO0I9 v
APO_10 ADCAO0I10 d
APO_11 ADCAOI11 v
APO_12 ADCAO0I12 3
APO_13 ADCAO0I13 v
APO_14 ADCAO0I14 3
APO_15 ADCAO0I15 d
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2.11.3 Special I/0 Control

2.11.3.1 Direct I/0 Control (PIPC)
Some alternative functions take over the input and output control of the ports.

The following table lists all alternative functions where PIPCn.PIPCn_m must be set to 1. For details,
see Section 2.9.2.3, PIPCn — Port IP Control Register.

Table 2.53 Alternative Modes that Require Setting PIPCn.PIPCn_m =1

Alternative Power Device Reference
Function | Function Name | Port Name | Supply Area | Control 100 pins | Section
CSIG CSIG0SO PO_13 AWO Serial data output control N Section 15
P10_6 ISO signal N
CSIGO0SC PO_14 AWO Master (1) / slave (0) N
P10_7 1SO mode signal N
CSIH CSIHOSO PO_3 AWO Serial data output control N Section 16
signal
CSIHOSC PO_2 AWO Master (1) / slave (0) N
mode signal
CSIH1SO PO_5 AWO Serial data output control v
P10 2 ISO signal N
CSIH1SC PO_6 AWO Master (1) / slave (0) \
P10_1 1SO mode signal N
CSIH2SO P11_2 I1ISO Serial data output control v
signal
CSIH2SC P11_3 1ISO Master (1) / slave (0) N
mode signal
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2.11.3.2 Input Buffer Control (PISn, JPISAOQ)

The port input buffer characteristics (type 1/type 2) of this device can be selected using the PISn
register. The applicable pins are shown in the following table.

The JTAG port input buffer characteristics (type 2/type 5) of this device can be selected using the
JPISAO register. The applicable pins are shown in Table 2.55.

The pins not listed in the table only support type 2 (SHMT4).

Table 2.54 Input Buffer Characteristics Selection

Input Buffer Selection Device
Type 1 Type 2
Port Name (PISn_m = 0) (PISn_m = 1) 100 pins
PO 0 SHMT1 SHMT4 N
PO_1 SHMT1 SHMT4 V
PO 2 SHMT1 SHMT4 N
PO_3 SHMT1 SHMT4 V
PO_4 SHMT1 SHMT4 N
P0_5 SHMT1 SHMT4 V
PO_6 SHMT1 SHMT4 N
PO_7 SHMT1 SHMT4 V
PO 9 SHMT1 SHMT4 N
PO_11 SHMT1 SHMT4 V
PO_12 SHMT1 SHMT4 N
PO_13 SHMT1 SHMT4 V
P10_0 SHMT1 SHMT4 N
P10_2 SHMT1 SHMT4 V
P10_3 SHMT1 SHMT4 N
P10_4 SHMT1 SHMT4 V
P10_6 SHMT1 SHMT4 N
P10_9 SHMT1 SHMT4 V
P10_11 SHMT1 SHMT4 J
P10_12 SHMT1 SHMT4 V
P10_13 SHMT1 SHMT4 J
P10_14 SHMT1 SHMT4 V
P10_15 SHMT1 SHMT4 J
P11_1 SHMT1 SHMT4 V
P11_3 SHMT1 SHMT4 N
P11_5 SHMT1 SHMT4 V
P11_6 SHMT1 SHMT4 N
P20_4 SHMT1 SHMT4 V
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Table 2.55 JTAG port Input Buffer Characteristics Selection

Input Buffer Selection Device
Type 2 Type 5
Port Name Type 1 (JPISAO0_m = 0) (JPISA0_m =1) 100 pins
JPO_0 — SHMT4 TTL #2354 v
JPO_2 — SHMT4 TTL**2+3 V
JPO_3 — SHMT4 TTL*12 v
JPO_4 — SHMT4 a2 q

Note 1. TTL is selected for Boundary scan mode without JPISAO register setting.

Note 2. TTL is selected for Nexus in normal operating mode without JPISAOQ register setting.
Note 3. TTL is selected for LPD (4-pin) in normal operating mode without JPISAOQ register setting.
Note 4. TTL is selected for LPD (1-pin) in normal operating mode without JPISAOQ register setting.

NOTES

1. For the SHMT1, SHMT4 and TTL pin characteristics, see the data sheet.
2. For the input buffer after reset, type 2 (SHMT4) is selected.
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2.11.3.3 Output Buffer Control (PDSC)

The port output driver strength (slow mode/fast mode) can be selected using the PDSCn register. The
applicable pins are shown in the following table. Only slow mode is supported for ports other than
those listed below.

Table 2.56 Pins with Selectable Output Driving Ability

Device

Port Name 100 pins
Po_2*!
PO_3*"
Po_5*'
PO_6*"
PO_7
PO_13
PO_14
P10_0
P10_1*2
P10_2*2
P10_3
P10_4
P10_5
P10_6
P10_7
P11_2*2
P11_3*2

< | 2| 2| 2| < <& < < < | < < < < | < < < <=

Note 1.  Set fast mode if the load capacitance of CSIH is 100 pF.
Note 2.  Set fast mode if the load capacitance of CSIH is 50 pF.

R0O1UH0631EJ0100 Rev.1.00 RENESAS Page 112 of 2493
Aug 31, 2016



RH850/F1H PREMIUM 100 pin Version Section 2 Pin Function

212 Noise Filter & Edge/Level Detector

The input signals at some pins are passed through a filter to remove noise and glitches. The RH850/
F1H supports both analog and digital filters.

It also supports the function for edge and level detection after the signals have passed through a filter.

The first part of this section provides an overview of port input pins that are equipped with a filter and
the filter type, noise filter & edge/level detection control registers and bits, and register addresses.

For details on the digital/analog filter function and noise filter & edge/level detection control registers,
see Section 2.13, Description of Port Noise Filter & Edge/Level Detection.

NOTE

In this section, <name> in the noise filter control register represents the peripheral function
connected to a filter.

2121 Port Filter Assignment

A list of the input pins that incorporate an analog or digital filter is provided below.

2.12.1.1 Input Pins that Incorporate Analog Filter Type A

The input pins of analog filter type A incorporate an analog filter and edge/level detection function.
Edge/level detection is controlled by the following registers.

o Filter control register FCLAOCTLm_<name> (m =0 to 7)
A dedicated FCLAOCTLm_<name> register is provided for each pin in a port that incorporates an
analog filter.

Table 2.57 Input Pins that Incorporate Analog Filter Type A

FCLAOCTL Register Configuration Device
Input Signal Register Address 100 pins
NMI FCLAOCTLO_NMI FFC3 40004 J
INTPO FCLAOCTLO_INTPL FFC3 40204 \/
INTP1 FCLAOCTL1_INTPL FFC3 4024y J
INTP2 FCLAOCTL2_INTPL FFC3 4028 \/
INTP3 FCLAOCTL3_INTPL FFC3 402Cy J
INTP4 FCLAOCTL4_INTPL FFC3 40304 \/
INTP5 FCLAOCTL5_INTPL FFC3 4034y J
INTP6 FCLAOCTL6_INTPL FFC3 4038, \/
INTP7 FCLAOCTL7_INTPL FFC3 403Cy J
INTP8 FCLAOCTLO_INTPH FFC3 40404 \/
INTP9 FCLAOCTL1_INTPH FFC3 4044y J
INTP10 FCLAOCTL2_INTPH FFC3 4048 \/
INTP11 FCLAOCTL3_INTPH FFC3 404Cy J
INTP12 FCLAOCTL4_INTPH FFC3 40504 \/
INTP13 FCLAOCTL5_INTPH FFC3 4054y J
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2.12.1.2 Input Pins that Incorporate Analog Filter Type B

The input pins of analog filter type B incorporate an analog filter. Edge/level detection is controlled by
the registers for individual peripheral functions.

Table 2.58 Input Pins that Incorporate Analog Filter Type B

Device
Input Signal Edge/Level Detection W
TAUJOIO Edge detection*" V
TAUJOI Edge detection*' V
TAUJOI2 Edge detection*" V
TAUJOI3 Edge detection*' V
TAUJ1I2 Edge detection*" v
TAUJ1I3 Edge detection* V
KROIO Low level detection J
KROI1 Low level detection J
KROI2 Low level detection J
KROI3 Low level detection J
KROI4 Low level detection J
KROI5 Low level detection J

Note 1.  For details on edge detection for TAUJ, see Section 27.3.3.4, TAUJNCMURmM — TAUJn Channel Mode
User Register

2.12.1.3 Input Pins that Incorporate Analog Filter Type C

The input pins of analog filter type C only incorporate an analog filter function.

Table 2.59 Input Pins that Incorporate Analog Filter Type C

Input Signal
FLMDO
FLMD1
MODEO
MODE1
RESET
DCUTDI

DCUTRST
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2.12.1.4 Input Pins that Incorporate Digital Filter Type D
The input pins of digital filter type D incorporate a digital filter and edge detection function. The digital
filter and edge detection are controlled by the following registers.
e Filter control register FCLAOCTLm_<name> (m = 0 to 2)
Each port with a digital filter has a special FCLAOCTLm_<name> register.
o Digital noise elimination control register DNFA<name>CTL
Each DNFA<name>CTL control register controls digital filter processing for three input signals
per group.
o Digital noise elimination enable register DNFA<name>EN
The setting of the DNFA<name>ENL[2:0] bits in DNFA<name>EN enables or disables digital
noise elimination for three input signals per group.
Table 2.60 Input Pins that Incorporate Digital Filter Type D
Digital Noise Elimination
Device Control Register Digital Noise Elimination Enable Register Filter Control Register
100 Control Control Control
Input Pin pins  |Register Address Register Control Bit Address Register Address
ADCAOTRGO [V DNFA FFC3 00A0y [DNFA DNFAADCTLO |FFC3 00A4, [FCLAOCTLO |FFC3 4060y
ADCTLOCTL ADCTLOEN  [ENLO (FFC3 00ACy) |_ADCO
ADCAOTRG1 |V gjé\lT'T_%/ENL) DNFAADCTLO FCLAOCTL1 |FFC3 4064
ENL1 _ADCO
ADCAOTRG2 [V DNFAADCTLO FCLAOCTL2 |FFC3 4068,
ENL2 _ADCO
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2.12.1.5 Input Pins that Incorporate Digital Filter Type E

The input pins of digital filter type E incorporate a digital filter. The digital filter is controlled by the
following registers. Edge detection is controlled by the registers for individual peripheral functions.

e Digital noise elimination control register DNFA<name>CTL
Each DNFA<name>CTL control register controls digital filter processing for up to 16 input
signals per group.

e Digital noise elimination enable register DNFA<name>EN
The setting of the DNFA<name>ENL[7:0] and DNFA<name>ENH[7:0] bits in DNFA<name>EN
enables or disables digital noise elimination for up to 16 input signals per group.
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Table 2.61 Input Pins that Incorporate Digital Filter Type E
Digital Noise Elimination Edge
Device Control Register Digital Noise Elimination Enable Register Detection
Control Control Register
Input Pin 100 pins |Register Address Register Control Bit Address Name
TAUDOIO v DNFA FFC3 00004 |[DNFA DNFATAUDOIENLO FFC3 0004y *
TAUDOI J TAUDOICTL (TS‘,EJJFD: =N I ONFATAUDOIENLY f:F,:FC%%%%C?HH)/
TAUDOI2 V B’?\lllJ:ROIENH/ DNFATAUDOIENL2
TAUDOI3 V TAUDOIENL) | DNFATAUDOIENL3
TAUDOI4 v DNFATAUDOIENL4
TAUDOI5 \/ DNFATAUDOIENLS
TAUDOI6 v DNFATAUDOIENL6
TAUDOI7 v DNFATAUDOIENL7
TAUDOI8 \/ DNFATAUDOIENHO
TAUDOI9 N DNFATAUDOIENH1
TAUDOI10 v DNFATAUDOIENH2
TAUDOI11 \/ DNFATAUDOIENH3
TAUDOI12 N DNFATAUDOIENH4
TAUDOI13 v DNFATAUDOIENH5
TAUDOI14 \/ DNFATAUDOIENH6
TAUDOI15 N DNFATAUDOIENH7
TAUBOIO N DNFA FFC3 0020 |[DNFA DNFATAUBOIENLO FFC3 0024, *2
TAUBOI J TAUBOICTL (TS}EJJ,:BQ BN ONFATAUBOIENLT f:F,:F(;%So%%zé:')/
TAUBOI2 v B?IL;%OIENH/ DNFATAUBOIENL2
TAUBOI3 d TAUBOIENL) | DNFATAUBOIENL3
TAUBOI4 Y DNFATAUBOIENL4
TAUBOI5 v DNFATAUBOIENL5S
TAUBOI6 V DNFATAUBOIENL6
TAUBOI7 Y DNFATAUBOIENL7
TAUBOI8 N DNFATAUBOIENHO
TAUBOI9 \/ DNFATAUBOIENH1
TAUBOI10 Y DNFATAUBOIENH2
TAUBOI11 N DNFATAUBOIENH3
TAUBOI12 \/ DNFATAUBOIENH4
TAUBOI13 V DNFATAUBOIENH5
TAUBOI14 N DNFATAUBOIENH6
TAUBOI15 \/ DNFATAUBOIENH7
Note 1.  For the setting for TAUD edge detection, see Section 26.3.3.4, TAUDNnCMURmM — TAUDn Channel Mode

User Register.

Note 2.

User Register

For the setting for TAUB edge detection, see Section 25.3.3.4, TAUBNnCMURmM — TAUBnN Channel Mode
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212.2 Clock Supply for Port Filters

The following table shows the clock supply for each filter type in each port domain.

Table 2.62 Clock Supply for Port Filters

Setting Register

Peripheral
Function Port Domain*" Filter Type Filter Clock Source Clock Selection Clock Selection
ADCAO Always-On area Digital filter DNFATCKI CKSC_AADCAS_CTL CKSC_AADCAD_CTL
type D
TAUDO Isolated area Digital filter DNFATCKI CKSC_IPERI1S_CTL —
type E
TAUBO Isolated area Digital filter DNFATCKI CKSC_IPERI2S_CTL —
type E
Note 1.  Power domain
NOTE
For the Setting Register, see Section 11.4.3, Clock Selector Control Register.
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213 Description of Port Noise Filter & Edge/Level Detection

External signals pass through different types of filters according to the use of each external input
signal.

NOTE

In this section, <name> in the noise filter control register represents the peripheral function
connected to a filter.

2131 Overview

2.13.1.1 Analog Filter Types

Analog filters have fixed characteristics.

e Type A: An analog filter with edge detection or level detection.
Used for external interrupt signals.

e Type B: An analog filter
Edge detection is performed by each peripheral function. Used for the timer input signals,
asynchronous Hi-Z control input signals, and key return input signals.

e Type C: An analog filter only
Used for the external RESET input and mode signals.
2.13.1.2 Digital Filter Types
The digital filter characteristics can be adjusted to suit the application.

e Type D: A digital filter with edge detection.
Used for the A/D converter external trigger pin.

o Type E: A digital filter. Edge detection is performed by each peripheral function.
Used for the timer input signals and encoder input signals.
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2.13.2 Analog Filters

2.13.2.1 Analog Filter Characteristic

See the data sheet for the input conditions for signals input to pins that incorporate an analog filter.

2.13.2.2 Analog Filter Control Registers

A dedicated FCLAOCTLm_<name> register or control register in the peripheral macro is provided for

input pins that incorporate an analog filter.

The assignment of the input signals to the control registers and their addresses are given in Table 2.57,
Input Pins that Incorporate Analog Filter Type A, in Section 2.12.1, Port Filter

Assignment.

2.13.2.3 Analog Filter in Standby Mode

Analog filters for the wake-up capability from DeepSTOP mode are located in the Always-On-Area
(AWO). Analog filters in the AWO area always operate.

The behavior of an analog filter in standby mode and its wake-up capability depend on the filter type.

Refer to the description below for the type of analog filters.

(1) Analog Filter Type A

A block diagram of analog filter type A is shown below.

FCLAOCTLm_<name>.FCLAOINTLmM_<name>

EMCLK
Input signal @————| Analog filter ¢—=|Level detection 1
INTC
Edge detection 0
Figure 2.8 Block Diagram of Analog Filter Type A
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After passing an external signal through the filter to eliminate noise and glitch, an output signal is
generated according to whether an event is detected; that is whether a specified level is detected or
whether a change in the level (an edge) occurs.

Whether a level or an edge is detected is selected by the control bit
FCLAOCTLm_<name>.FCLAOINTLm <name>.

e FCLAOINTLm_ <name> bit = 0: Edge detection

Whether a rising or falling edge is detected can be specified by setting the
FCLAOCTLm_<name>.FCLAOINTRm_<name> and
FCLAOCTLm_<name>.FCLAOINTFm_<name> bits.

e FCLAOINTLm <name> bit= 1: Level detection

The detection of a high level or low level can be specified by setting
FCLAOCTLm_<name>.FCLAOINTRm_<name> bit.

The table below summarizes the detection conditions of the analog filter.

Table 2.63 Analog Filter Event Detection Conditions

FCLAOINTLm_<name> FCLAOINTFm_<name> FCLAOINTRm_<name> Edge Detection Level Detection
0 0 0 No edge detected Disabled

0 1 Rising edge

1 0 Falling edge

1 1 Rising and falling

edges

1 X 0 Disabled Low level

X 1 High level

Analog filter type A in standby mode

The output signal of an analog filter type A can always be used as a standby mode wake-up signal.

(2) Analog filter type B
A block diagram of analog filter type B is shown below.

Peripheral function

Input signal @—> Analog filter > Edge detection ——>

Figure 2.9 Block Diagram of Analog Filter Type B

Analog filter type B in standby mode

The output signal of an analog filter type B can always be used as a standby mode wake-up signal.
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(3) Analog filter type C
A block diagram of analog filter type C is shown below.

Input signal @—> Analog filter — > Peripheral function

Figure 210  Block Diagram of Analog Filter Type C
The generated signals are always input signals that have passed through an analog filter.

Analog filter type C in standby mode

Pins equipped with type C analog filters in this product do not support the input of event signals to
trigger wake-up from standby.
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2.13.3 Digital Filters

2.13.3.1 Digital Filter Characteristic

The digital filters allow the filter characteristics to be adjusted according to the needs of the
application.

The input signal is sampled with the sampling frequency f.

If a specified number of successive samples yield the same (high or low) level, the signal level is
judged as valid and the filter output signal is set accordingly.

If an external signal level change is detected within the specified number of samples (same level
samples), the signal level is judged as noise and the filter output signal does not change.

The length of an external signal pulse to be judged as noise depends on the sampling frequency and the
specified number of same level samples.

Both parameters can be specified:

e DNFA<name>CTL.DNFA<name>PRS[2:0] select the sampling frequency base on
f.= fDNFATCKI / 2DNFA<name>PRS[2;O]
S

where fynpaTck 1S the frequency of the DNFATCKI clock.

e DNFA<name>CTL.DNFA<name>NFSTS[1:0] determines the number of same level samples (2
to 5):

s = DNFA<name>NFSTS[1:0] + 2
External signal pulse shorter than the following are suppressed at all times.
s x 1/fs

External signal pulses longer than the following are always judged as valid and are passed on to the
filter output.

(s+1) x1/fs
External signal pulses in the following range may be suppressed or judged as valid.

sx 1/fsto(s+ 1) x 1/fs

The filter operation is illustrated in the figure below with DNFA<name>NFSTS[1:0] =01y, 1.e.s=3
same level samples.

1 | 1
Sampling points : : :
1 | 1
vy

1 1
1 1
1 1
1 1
1 1
1 1
Input signal ' '

Digital filter output I—I—I—l—l_

Figure 2.11 Digital Filter Function

- - - - - - -
- - - - — — —
- - - - - - -
— - - - — - -
- ------
- - - - - - -
- - - - - - -
- -- - - - -
- ------
—_— - - - - -
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2.13.3.2 Digital Filter Groups

The input signals equipped with digital filters are ordered in groups of up to 16 signals.

The digital filter characteristics, specified by DNFA<name>CTL.DNFA<name>PRS[2:0] and
DNFA<name>NFSTS[1:0] apply to the signals group.

However, the digital filter for each signal can be enabled or disabled separately by
DNFA<name>EN.DNFA<name>ENLm (m = 0 to 7) and DNFA<name>EN.DNFA<name>ENHm (m
=0to 7).

CAUTIONS

1. When the output signal from the digital filter is input to an alternative function,
allow at least the following interval to elapse after the digital filter is enabled
(DNFA<name>EN.DNFA<name>ENLm (m=0to 7) =1 and
DNFA<name>EN.DNFA<name>ENHmM (m = 0 to 7) = 1) for the port pin to switch to
the alternative function.

s = DNFA<name>NFSTS[1:0] + 2
s x 1/fs + 2 x 1/fDNFATCKI

2. When a digital filter's output signal is used as an interrupt signal, only enable the
digital filter (DNFA<name>EN.DNFA<name>ENLmMm (m=0to 7) =1 and
DNFA<name>EN.DNFA<name>ENHmM (m = 0 to 7) = 1) while interrupts are
disabled. Furthermore, only enable interrupts after enabling the digital filter,
waiting for the time below to elapse, and then clearing the interrupt request flag.

s x 1/fs + 3 x 1/fDNFATCKI

2.13.3.3 Digital Filter in Standby Mode

Digital filters for the wake-up capability from DeepSTOP mode are located in the Always-On-Area
(AWO). Digital filters on the Always-On-Area (AWO) are always operating.

Digital noise elimination requires the clock supply DNFATCKI to operate. Pins equipped with digital
filters in this product do not support the input of event signals to trigger wake-up from standby.

2.13.3.4 Digital Filter Control Registers

For each group consisting of up to 16 digital filters, the digital noise elimination control register
DNFA<name>CTL and digital noise elimination enable register DNFA<name>EN are used to set all
the filters in the same group (<name> = peripheral function group).

The DNFA<name>CTL register specifies the characteristics of the digital noise elimination filter for
the digital filter of <name>.

The DNFA<name>EN register enables/disables each filter by setting the corresponding bit in
DNFA<name>EN.DNFA<name>ENLm (m = 0 to 7) and DNFA<name>EN.DNFA<name>ENHm (m
=0to 7).

The edge detection setup is done via the filter dedicated control register and the registers for individual
peripheral functions.

The FCLAOCTLO ADCn registers are ordered in groups of 3 registers with the same index n. The
register index nis O or 1.
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The assignment of the input signals to the control registers and their addresses are given in Table 2.60,
Input Pins that Incorporate Digital Filter Type D and Table 2.61, Input Pins that
Incorporate Digital Filter Type E in Section 2.12.1, Port Filter Assignment.

CAUTION

Do not change any control register settings while the corresponding digital filter is
enabled by DNFA<name>EN.DNFA<name>ENLm (m=0to 7) =1 and
DNFA<name>EN.DNFA<name>ENHm (m = 0 to 7) = 1. Otherwise an unintended filter
output may be generated.

(1) Digital filter type D
A block diagram of digital filter type D is shown below.

DNFA<name>EN.DNFA<name>ENLm
Input signal @——| Digital filter Edge detection 1
fy Peripheral
function
q2 0
DNFATCKI——|  Prescaler
Figure 2.12 Block Diagram of Digital Filter Type D
The generated signal depends on the register setting, as shown in the following table.
Table 2.64 Output Options for Digital Filter Type D
DNFA<name>EN.DNFA<name>ENLm Signals Output to Peripheral Functions
0 Fixed to low level
1 Input signal passed through filter
(2) Digital filter type E
A block diagram of digital filter type E is shown below.
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DNFA<name>EN.DNFA<name>ENLm and
DNFA<name>EN.DNFA<name>ENHm

Input signal @——{ Digital filter ) Peripheral function

fS Edge detection |——>

“ 0

DNFATCKI —— Prescaler

Figure 2.13  Block Diagram of Digital Filter Type E

The generated signal depends on the register setting, as shown in the following table.

Table 2.65 Output Options for Digital Filter Type E
DNFA<name>EN.DNFA<name>ENLm and

DNFA<name>EN.DNFA<name>ENHm Signals Output to Peripheral Functions
0 Fixed to low level
1 Input signal passed through filter

2.13.4 Filter Control Registers

The analog and digital filters are controlled and operated by the following registers:

Table 2.66 List of Filter Registers

Register Name Symbol Address
Filter control register m FCLAOCTLm_<name> The addresses are shown in the
Digital noise elimination control register DNFA<name>CTL ta_bles n S_ectlon 2424, Port
Filter Assignment.
Digital noise elimination enable register DNFA<name>EN
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2.13.41 FCLAOCTLmM_<name> — Filter Control Register
Access: This register can be read or written in 8-bit units.
Address: The allocation of input signals to FCLAOCTLm_<name> registers and the address of each register are shown
in the tables in Section 2.12.1, Port Filter Assignment.
Value after reset: 004
Bit 7 6 5 4 3 2 1 0
FCLAOINTLm | FCLAOINTFm | FCLAOINTRm
- - - - - _<name> _<name> _<name>
Value after reset 0 0 0 0 0 0
R/IW R R R R R R/W R/W R/W
Table 2.67 FCLAOCTLm_<name> Register Contents
Bit Position Bit Name Function
7t03 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
2 FCLAOINTLmM Detection Mode Selection
_<name> 0: Edge detection
1: Level detection
Note: This bit is only valid for analog filter type A.
1 FCLAOINTFm ¢ In level detection mode (FCLAOINTLm_<name> = 1): This bit has no effect.
—<name> « In edge detection mode (FCLAOINTLm_<name> = 0): Falling edge
detection control
0: Falling edge detection disabled
1: Falling edge detection enabled
Note: This bit is only valid for analog filter type A and digital filter type D.
However, digital filter type D is placed in edge detection mode.
0 FCLAOINTRm ¢ In level detection mode (FCLAOINTLmM_<name> = 1): Detected level
_<name> selection
0: Low level detection
1: High level detection
o In edge detection mode (FCLAOINTLm_<name> = 0): Rising edge detection
control
0: Rising edge detection disabled
1: Rising edge detection enabled
Note: This bit is only valid for analog filter type A and digital filter type D.
However, digital filter type D is placed in edge detection mode.
CAUTION

Digital filter type D: When writing, always set bit2 to "0".
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2.13.4.2 DNFA<name>CTL — Digital Noise Elimination Control Register

This register is used to specify the filter characteristics of the digital noise elimination filter.

NOTE

This register is only valid for digital filter type D and digital filter type E.

Access: This register can be read or written in 8-bit units.

Address: For the correspondence between the DNFA<name>CTL register and input signals, and the addresses of
individual registers, see Table 2.60, Input Pins that Incorporate Digital Filter Type D and Table 2.61, Input
Pins that Incorporate Digital Filter Type E in Section 2.12.1, Port Filter Assignment.

Value after reset: 00y

Bit 7 6 5 4 3 2 1 0
— DNFA<name>NFSTS[1:0] — — DNFA<name>PRS[2:0]
Value after reset 0 0 0 0 0 0 0 0
R/W R R/W R/W R R R/W R/W R/W

Table 2.68 DNFA<name>CTL Register Contents

Bit Position Bit Name

Function

7 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
6,5 DNFA<name> The DNFA<name>NFSTS[1:0] bits specify the number of samples used to
NFSTS[1:0] judge whether an external signal pulse is valid.

DNFA<name>NFSTS[1:0] Number of Samples
00g 2
01g 3
10g 4
11g 5

4,3 Reserved When read, the value after reset is returned. When writing, write the value after

reset.
2to0 DNFA<name> Digital filter sampling clock selection
PRS[2:0] DNFA<name>PRS[2:0] Sampling Clock Frequency
000g DNFATCKI/1
001g DNFATCKI/2
010g DNFATCKI/4
011g DNFATCKI/8
100g DNFATCKI/16
101g DNFATCKI/32
110g DNFATCKI/64
111 DNFATCKI/128
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2.13.4.3 DNFA<name>EN — Digital Noise Elimination Enable Register
This register enables and disables digital noise elimination for a specified input signal.
NOTE

This register is only valid for digital filter type D and digital filter type E.

Access: This register can be read or written in 16-bit units.
The higher- and lower-order bytes (DNFA<name>ENH[7:0] and DNFA<name>ENL[7:0]) are accessible in 8-
or 1-bit units respectively by setting DNFA<name>ENH and DNFA<name>ENL.

Address: For the correspondence between the DNFA<name>EN register and input signals, and the addresses of
individual registers, see Section 2.12.1, Port Filter Assignment: Table 2.61, Input Pins that Incorporate
Digital Filter Type E and Table 2.60, Input Pins that Incorporate Digital Filter Type D.

Value after reset: 0000y

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

DNFA | DNFA | DNFA | DNFA | DNFA | DNFA | DNFA | DNFA | DNFA | DNFA | DNFA | DNFA | DNFA | DNFA | DNFA | DNFA
<name>(<name=>|<name>(<name=>|<name>|<name=>|(<name>|<name=>(<name>|<name>(<name=>|<name><name=>|<name><name=><name>|
ENH7 | ENH6 | ENH5 | ENH4 | ENH3 | ENH2 | ENH1 | ENHO | ENL7 | ENL6 | ENL5 | ENL4 | ENL3 | ENL2 | ENL1 | ENLO

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Table 2.69 DNFA<name>EN Register Contents

Bit Position Bit Name Function
15t00 DNFA<name> Digital Noise Elimination Enable/Disable Control
ENHI[7:0] 0: Digital noise elimination disabled
DNFA<name> 1: Digital noise elimination enabled
ENL[7:0]
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Section3  CPU System
3.1 Overview
3.1.1 Block Configuration

Figure 3.1 shows the block configuration diagram of RH850/F1H.

Code flash
(4MB (Max.))

T

Flash interface

Local RAM Local RAM
_>
(256 KB) * INTC1 INTC1 (128 KB)
MEV
Icache |<— | SEG | | MPU | | SEG | | MPU —>| Icache |
Global RAM
(64 KB) /
Retention RAM
- CPU1 (PE1) (64 KB) CPU2 (PE2) DMA
Debug
=] | R

A

System interconnect

Slave guard

v

| P-Bus
Data flash Peripheral Peripheral Peripheral Peripheral
(64 KB) Group 1 Group 2 Group 3 Group 5
INTC2
DMA reg.
Peripheral
Group 0

Figure 3.1

CPU1 (PE1)

The RH850 G3M Core is used as the main CPU.

CPU2 (PE2)

The RH850 G3M Core is used as an enhanced performance CPU.

Local RAM

Each CPU has a high-speed accessible local RAM.

Block Configuration Diagram of RH850/F1H for PREMIUM
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Global RAM / Retention RAM

The global RAM is a RAM for data sharing among CPUs and with DMAC. A part of the global RAM
area functions as a retention RAM.

Code Flash

The code flash memory is included for program storage. CPU1 and CPU2 share the code flash and they
are connected with each other via the flash interface.

Data Flash

The data flash memory can be rewritten by the CPUs. It has a greater write endurance than the code
flash memory.

P-Bus

These buses connect the peripheral IPs. The P-Bus is divided into five peripheral groups, 0 to 3, and 5.

INTC1, INTC2

INTCI1 is an interrupt controller exclusive to each CPU. INTC2 is a common interrupt controller that
CPU1 and CPU?2 share. The PE to which an interrupt request is bound can be specified by a register
setting.

DMA
The DMA transfer module (DMAC) is included.

Slave Guard

The slave guard is a function to prevent unauthorized access from a specific bus master, and consists of
the following guard structures:

(1) PE Guard (PEG)
The PE guard is a function to prevent unauthorized access to the resources in the PE from an
external master. After reset is released, access from other than the own PE is prohibited.

(2) Global RAM Guard (GRG)

The global RAM guard is a function to prevent unauthorized access to the global RAM and
retention RAM from an external master. The global RAM is in the unprotected state (accessible
from all bus masters) after reset is released. See Section 34, Functional Safety.

(3) Peripheral Guard (PBG)

The peripheral guard is a function to prevent unauthorized access to peripheral modules by an
external master. Peripheral devices, with the exception of certain groups, are in the unprotected
state (accessible from all bus masters) after reset is released. See Section 34, Functional
Safety.
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3.2 CPU

3.21 Core Functions

3.211 Features
Table 3.1 lists features of the RH850 G3M core.

Table 3.1 Features of the RH850 G3M Core

Item Feature

CPU e Advanced 32-bit architecture for embedded control
o 32-bit internal data bus
o Thirty-two 32-bit general-purpose registers
e RISC-type instruction set
— Long-/short-format load/store instructions
— Three-operand instructions
— Instruction set based on C language
e CPU operating modes
— User mode and supervisor mode
o Address space: 4-Gbyte linear address space for both data and instructions

e Instructions: A snooze instruction (SNOOZE) is included for temporary suspension by
switching the CPU clock signal off for 32 clock cycles.

Coprocessor o Floating-point operation coprocessor (FPU)

Supports single precision (32 bits) and double precision (64 bits).

Supports data types and exceptions conforming to IEEE754.

Rounding mode: Neighborhood, 0 direction, +« direction, and —~ direction

Handling of denormalized numbers: Rounding down to 0 or exception notification to
conform to IEEE754

Exception/ e 16 interrupt priority levels settable for each channel
Interrupt « Vector selection method selectable according to performance request or memory usage
— Direct branching exception vectors
— Indirect branching exception vectors referring to the address table

o Supports the high-speed save/return processing of the context by the dedicated instructions
(PUSHSP and POPSP) at the generation of an interrupt

Memory e Memory protection function (MPU): 16 areas settable
Management
Cache ¢ Instruction cache
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3.21.2 Register Set

This subsection explains the program registers and system registers incorporated in this CPU.

(1) Program Registers

Program registers include the general-purpose registers (r0 to r31) and program counter (PC). The
general-purpose register r0 always retains 0, but the values of the registers rl to r31 after reset are
undefined.

Table 3.2 List of Program Registers

Program
Register Name Function Description
General-purpose | r0 Zero register Always retains “0”
registers r1 Assembler reserved register | Used as working register for generating
addresses
r2 Register for address and data variables (used when the real-time OS used does
not use this register)
r3 Stack pointer (SP) Used for generating a stack frame when a
function is called
r4 Global pointer (GP) Used for accessing a global variable in the data
area
r5 Text pointer (TP) Used as a register that indicates the start of the
text area (area where program code is placed)
r6 to r29 Register for addresses and data variables
r30 Element pointer (EP) Used as a base pointer for generating
addresses when accessing memory
r31 Link pointer (LP) Used when the compiler calls a function
Program counter | PC Retains instruction addresses during execution of programs
NOTE

For further descriptions of r1, r3 to r5, and r31 used by the assembler and/or C compiler, see
the specification of each software development environment.
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(a) General-purpose registers

A total of 32 general-purpose registers (r0 to r31) are provided. All of these registers can be used for
either data variables or address variables. Of the general-purpose registers, 10 to r5, r30, and r31 are

assumed to be used for special purposes in software development environments, so it is necessary to
note the following when using them.

1. 10,3, r30
These registers are implicitly used by instructions.

10 is a register that always retains “0”. It is used for operations that use 0 and addressing with base
address being 0.

13 is implicitly used by the PREPARE, DISPOSE, PUSHSP, and POPSP instructions.
r30 is used as a base pointer when the SLD or SST instruction accesses memory.

2. rl,r4,r5,r31
These registers are implicitly used by the assembler and C compiler.

When using these registers, register contents must first be saved so they are not lost and must be
restored after the registers are used.

3. 12

This register might be used by a real-time OS in some cases. If the real-time OS that is being used
is not using 12, r2 can be used as a register for address variables or data variables.

(b) PC - Program counter

The PC retains the address of the instruction being executed. Bit 0 is fixed to 0, and branching to an
odd number address is disabled.

PCIIIIIIIIIIII_IIIII_III_IIIIIIIIIIIValueaﬂerreset
(Instruction address during execution) *1

Table 3.3 PC Register Contents

Value after
Bit Position Bit Name Function R/W Reset
31to1 PC31to 1 These bits indicate the address of the instruction being executed. R/W *1
0 PCO This bit is fixed to 0, and branching to an odd-number address is disabled. R/W 0

Note 1.  The value after reset differs depending on the setting value of the reset vector. For details, see (q) RBASE
— Reset vector base address register.
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(2) Basic System Registers

The basic system registers are used to control CPU status and to retain exception information.

System registers are read from or written to by using the LDSR and STSR instructions and specifying

the system register number, which is made up of a register number and a selection ID.

Table 3.4 Basic System Registers
Register No. Access
(regID, sellD) Symbol Function Permission
SRO, 0 EIPC Status save registers when acknowledging El level exception SV
SR1,0 EIPSW Status save registers when acknowledging El level exception SV
SR2,0 FEPC Status save registers when acknowledging FE level exception SV
SR3, 0 FEPSW Status save registers when acknowledging FE level exception SV
SR5, 0 PSW Program status word "
SRe, 0 FPSR (Refer to FPU function registers.) CUO and SV
SR7,0 FPEPC (Refer to FPU function registers.) CUO and SV
SR8, 0 FPST (Refer to FPU function registers.) Cuo0
SR9, 0 FPCC (Refer to FPU function registers.) Cuo
SR10,0 FPCFG (Refer to FPU function registers.) Cuo0
SR11,0 FPEC (Refer to FPU function registers.) CUO and SV
SR13,0 ElC El level exception cause SV
SR14,0 FEIC FE level exception cause SV
SR16, 0 CTPC CALLT execution status save register um
SR17,0 CTPSW CALLT execution status save register UM
SR20, 0 CTBP CALLT base pointer uMm
SR28, 0 EIWR El level exception working register SV
SR29, 0 FEWR FE level exception working register SV
SR31,0 (BSEL) (Reserved for backwards compatibility with the V850E2 SV
series)*2
SRO, 1 MCFGO Machine configuration SV
SR2, 1 RBASE Reset vector base address S\
SR3, 1 EBASE Exception handler vector address SV
SR4, 1 INTBP Base address of the interrupt handler table S\
SR5, 1 MCTL CPU control SV
SRe, 1 PID Processor ID S\
SR11,1 SCCFG SYSCALL operation setting SV
SR12,1 SCBP SYSCALL base pointer S\
SRO, 2 HTCFGO Thread configuration SV
SRe, 2 MEA Memory error address S
SR7, 2 ASID Address space ID SV
SRS, 2 MEI Memory error information SV
Note 1.  The access permission differs depending on the bit. See the description of (¢) PSW — Program status

Note 2.

word in (2) Basic System Register.
Reserved for backwards compatibility with the V850E2 Series. These registers are always read as 0. Writing
to these registers are ignored.
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(a) EIPC — Status save register when acknowledging El level exception

When an EI level exception is acknowledged, the address of the instruction that was being executed

when the EI level exception occurred, or of the next instruction, is saved to the EIPC register (see
Section 4.1.3, Types of exceptions, in the RHE50G3M User s Manual: Software).

Because there is only one pair of EI level exception status save registers, when processing multiple

exceptions, the contents of these registers must be saved by a program.

Be sure to set an even-numbered address to the EIPC register. An odd-numbered address cannot be

specified.
31 0
L rrrrrrrrtrrrrrr T T T T T T 1T T 1T T
Value after reset
EIPC EIPC31-0 Undefined
Table 3.5 EIPC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 EIPC31-1 These bits indicate the return PC when an El level exception is R/W Undefined
acknowledged.
0 EIPCO This bit indicates the return PC when an El level exception is acknowledged. R/W Undefined

Always set this bit to 0. Even if it is set to 1, the value transferred to the PC
when the EIRET instruction is executed is 0.
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(b) EIPSW — Status save register when acknowledging El level exception

When an EI level exception is acknowledged, the current PSW setting is saved to the EIPSW register.

Because there is only one pair of EI level exception status save registers, when processing multiple

exceptions, the contents of these registers must be saved by a program.

CAUTION

Bits 11 to 9 cannot usually be changed since these bits are associated with debugging.

3130 29 1918 161514 11 987 6543210
I Il
U E NIElI1S|clo Value after reset
EIPSWOMOOOOOOOOOOOCU2-0\5;000DebugOPPD,_?_\YVSZ 0000 0020,
Table 3.6 EIPSW Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31 — (Reserved for future expansion. Be sure to clear to 0.) R 0
30 UM This bit saves the PSW.UM bit setting when an El level exception is R/W 0
acknowledged.
290 19 — (Reserved for future expansion. Be sure to clear to 0.) R 0
18, 17 Cu2, 1 (Reserved for future expansion. Be sure to clear to 0.) R 0
16 Cuo0 This bit saves the PSW.CUO field setting when an El level exception is R/wW 0
acknowledged.
15 EBV This bit saves the PSW.EBV bit setting when an El level exception is R/W 0
acknowledged.
14 to 12 — (Reserved for future expansion. Be sure to clear to 0.) R 0
11to9 Debug These bits store the PSW.Debug field when an El level exception is R/W 0
acknowledged.
— (Reserved for future expansion. Be sure to clear to 0.) R 0
7 NP This bit saves the PSW.NP bit setting when an El level exception is R/W 0
acknowledged.
6 EP This bit saves the PSW.EP bit setting when an El level exception is R/W 0
acknowledged.
5 ID This bit saves the PSW.ID bit setting when an El level exception is R/W 1
acknowledged.
4 SAT This bit saves the PSW.SAT bit setting when an El level exception is R/W 0
acknowledged.
3 CY This bit saves the PSW.CY bit setting when an El level exception is R/W 0
acknowledged.
2 ov This bit saves the PSW.OV bit setting when an El level exception is R/W 0
acknowledged.
1 S This bit saves the PSW.S bit setting when an El level exception is R/W 0
acknowledged.
0 4 This bit saves the PSW.Z bit setting when an El level exception is R/W 0

acknowledged.
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(c) FEPC — Status save register when acknowledging FE level exception

When an FE level exception is acknowledged, the address of the instruction that was being executed

when the FE level exception occurred, or of the next instruction, is saved to the FEPC register (see
Section 4.1.3, Types of exceptions, in the RH850G3M User s Manual: Software).

Because there is only one pair of FE level exception status save registers, when processing multiple

exceptions, the contents of these registers must be saved by a program.

Be sure to set an even-numbered address to the FEPC register. An odd-numbered address cannot be

specified.
31 0
Frrrrrrrrrr Tt 11T 1 1T T T T T T 1T T 1T/ [
Value after reset
FEPC FEPC31-0 Undifined
Table 3.7 FEPC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 FEPC31-1 These bits indicate the return PC when an FE level exception is R/W Undefined
acknowledged.
0 FEPCO This bit indicates the return PC when an FE level exception is R/wW Undefined

acknowledged.

Always set this bit to 0. Even if it is set to 1, the value transferred to the PC

when the FERET instruction is executed is 0.
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(d) FEPSW — Status save register when acknowledging FE level exception

When an FE level exception is acknowledged, the current PSW setting is saved to the FEPSW register.

Because there is only one pair of FE level exception status save registers, when processing multiple

exceptions, the contents of these registers must be saved by a program.

CAUTION

Bits 11 to 9 cannot usually be changed since these bits are associated with debugging.

313029 1918 161514 11 987 6543210
[ I
U E NIElI1S|clo Value after reset
FEPSWOMOOOOOOOOOOOCU2-08000DebugOPPD,_AFYVSZ 0000 0020,
Table 3.8 FEPSW Register Contents
Value after

Bit Position Bit Name Function R/W Reset

31 — (Reserved for future expansion. Be sure to clear to 0.) R 0

30 UM This bit saves the PSW.UM bit setting when an FE level exception is R/W 0
acknowledged.

290 19 — (Reserved for future expansion. Be sure to clear to 0.) R 0

18, 17 Cu2, 1 (Reserved for future expansion. Be sure to clear to 0.) R 0

16 Cuo This bit saves the PSW.CUO field setting when an FE level exception is R/W 0
acknowledged.

15 EBV This bit saves the PSW.EBV bit setting when an FE level exception is R/W 0
acknowledged.

14 to 12 — (Reserved for future expansion. Be sure to clear to 0.) R 0

11t 9 Debug These bits are associated with debugging. R/W 0

8 — (Reserved for future expansion. Be sure to clear to 0.) R 0

7 NP This bit saves the PSW.NP bit setting when an FE level exception is R/W 0
acknowledged.

6 EP This bit saves the PSW.EP bit setting when an FE level exception is R/W 0
acknowledged.

5 ID This bit saves the PSW.ID bit setting when an FE level exception is R/W 1
acknowledged.

4 SAT This bit saves the PSW.SAT bit setting when an FE level exception is R/W 0
acknowledged.

3 CY This bit saves the PSW.CY bit setting when an FE level exception is R/W 0
acknowledged.

2 ov This bit saves the PSW.OV bit setting when an FE level exception is R/W 0
acknowledged.

1 S This bit saves the PSW.S bit setting when an FE level exception is R/W 0
acknowledged.

0 4 This bit saves the PSW.Z bit setting when an FE level exception is R/W 0

acknowledged.
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(e) PSW — Program status word

PSW (program status word) is a set of flags that indicate the program status (instruction execution
result) and bits that indicate the operation status of the CPU (flags are bits in the PSW that are
referenced by conditional instructions (Bcond, CMOV, etc.)).

CAUTIONS

1. When the LDSR instruction is used to change the contents of bits 7 to 0 in this
register, the changed contents become valid immediately after the completion of
execution of the LDSR instruction.

2. The access permission for the PSW register differs with each bit. All bits can be
read, but some bits can only be written under certain conditions. See Table 3.9,
Access Permission for PSW Register for the access permission for each bit.

Table 3.9 Access Permission for PSW Register

Access Permission Access Permission
Bit When Reading When Writing

30 UM UM sV

16 Cuo UM AL

15 EBV UM sV

1t09 Debug UM Special”!

7 NP UM sV

6 EP UM AL

5 ID UM sV

4 SAT UM UM

3 cY UM UM

2 oV UM UM

1 S UM UM

0 z UM UM

Note 1.  The access permission for the whole PSW register is UM, so the PIE exception does not occur even if the
register is written by using an LDSR instruction when PSW.UM is 1. In this case, writing is ignored.

313029 1918 161514 11 9876543210
Il [
U E NIElI1S|clo Value after reset
PSWOMOOOOOOOOOOOCU2-03000DebugOPPDZ.FYVSZ 0000 0020,

Table 3.10 PSW Register Contents (1/2)

Value after
Bit Position Bit Name Function R/W Reset
31 — (Reserved for future expansion. Be sure to clear to 0.) R 0
30 UM This bit indicates that the CPU is in user mode (UM mode). R/W 0
0: Supervisor mode
1: User mode
291019 — (Reserved for future expansion. Be sure to clear to 0.) R 0
18,17 Ccu2,1 (Reserved for future expansion. Be sure to clear to 0.) R 0
16 Cuo This bit indicates the coprocessor use permissions. R/W 0
When the bit corresponding to the coprocessor is 0, a coprocessor use
prohibition exception is generated in response to execution of a coprocessor
instruction or access to coprocessor resources (system registers).
CUO bit 16: FPU
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Table 3.10 PSW Register Contents (2/2)

Bit Position

Bit Name

Function

Value after
Reset

15

EBV

This bit indicates the reset vector and exception vector operation. See the
descriptions of the RBASE register in (qQ) RBASE — Reset vector base
address register and the EBASE register in (r) EBASE — Exception
handler vector address register.

R/W

0

14 to 12

(Reserved for future expansion. Be sure to clear to 0.)

1Mto9

Debug

These bits are used in debugging for development tools. In normal cases,
set these bits to 0.

R/W

(Reserved for future expansion. Be sure to clear to 0.)

NP

This bit indicates that an FE-level exception is being processed. When an FE
level exception is acknowledged, this bit is set to 1, which prohibits
occurrence of multiple exceptions*2. For the exceptions disabled by the NP
bit, see Table 4.1, Exception Cause List, in the RH850G3M User’s Manual:
Software.

0: FE level exception handling is not in progress.

1: FE level exception handling is in progress.

R/W

EP

This bit indicates that an exception other than an interrupt is being serviced.
It is set to 1 when the corresponding exception occurs. This bit does not
affect acknowledging an exception request even when it is set to 1.

0: An exception other than an interrupt is not being serviced.

1: An exception other than an interrupt is being serviced.

R/W

This bit indicates that an El-level exception is being processed. It is set to 1
when an El level exception is acknowledged, disabling generation of multiple
exceptions*z. For the exceptions disabled by the ID bit, see Table 4.1,
Exception Cause List, in the RH850G3M User’s Manual: Software.
This bit is also used to disable El level exceptions from being acknowledged
in a critical section during ordinary program execution or interrupt servicing.
Itis set to 1 when the DI instruction is executed, and cleared to 0 when the EI
instruction is executed. Changes to the value of the ID bit by the El or DI
instruction will be effective from the next instruction.
0: El level exception is not being processed or the section is not a critical
section (after execution of El instruction).
1: El level exception is being processed or the section is a critical section
(after execution of DI instruction).

R/W

SATH

This bit indicates that the operation result is saturated because the result of a
saturated operation instruction operation has overflowed. This is a
cumulative flag, so when the operation result of the saturated operation
instruction becomes saturated, this bit is set to 1, but it is not cleared to 0
when the operation result for a subsequent instruction is not saturated. This
bit is cleared to 0 by the LDSR instruction. This bit is neither set to 1 nor
cleared to 0 when an arithmetic operation instruction is executed.

0: Not saturated

1: Saturated

R/wW

CcYy

This bit indicates whether a carry or borrow has occurred in the operation
result.

0: Carry and borrow have not occurred.

1: Carry or borrow has occurred.

R/W

ov'

This bit indicates whether or not an overflow has occurred during an
operation.

0: Overflow has not occurred.

1: Overflow has occurred.

R/W

This bit indicates whether or not the result of an operation is negative.
0: Result of operation is positive or 0.
1: Result of operation is negative

R/wW

This bit indicates whether or not the result of an operation is 0.
0: Result of operation is not 0.
1: Result of operation is 0.

R/W

Note 1.

The operation result of the saturation processing is determined in accordance with the contents of the OV
flag and S flag during a saturated operation. The SAT flag is set to 1 only when the OV flag is setto 1in a
saturated operation.
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Note 2.  Exceptions from certain sources are accepted regardless of the states of the ID and NP bits. For details,
see Section 3.4.4, Overwriting Context upon Acceptance of Multiple Exceptions.

FEgEEE Operation Result after
Operation Result Status SAT ov S Saturation Processing
Exceeded positive maximum value 1 1 0 7FFF FFFFy
Exceeded negative maximum value 1 1 1 8000 0000y
Positive (maximum value not exceeded) Value prior to 0 0 Operation result itself

- - operation is
Negative (maximum value not exceeded) . 1
retained.

(f) EIIC — El level exception source register

The EIIC register retains the source of any EI level exception that occurs. The value retained in this
register is an exception source code corresponding to a specific exception source.

Value after reset
ElIC EIIC31-0 0000 0000y

Table 3.11 ElIC Register Contents

Value after
Bit Position Bit Name Function R/W Reset
31t00 EIIC31-0 These bits store the exception source code when an El level exception is R/W 0

acknowledged. Regarding the stored exception source code, see Table 7.4,
El Level Maskable Interrupt Sources, and Table 4.1, Exception Cause List,
in the RH850G3M User’s Manual: Software.

The EIIC31-16 field stores detailed exception source codes defined
individually for each exception. If there is no particular definition of a function
related to the exception, these bits are set to 0.

(g) FEIC — FE level exception source register

The FEIC register retains the source of any FE level exception that occurs. The value retained in this
register is an exception code corresponding to a specific exception source.

Value after reset
FEIC FEIC31-0 0000 00004

Table 3.12  FEIC Register Contents

Value after
Bit Position Bit Name Function R/W Reset

31t00 FEIC31-0 These bits store the exception source code when an FE level exception is R/W 0
acknowledged. Regarding the stored exception source code, see Table 7.2,
FE Level Non-Maskable Interrupt Requests, Table 7.3, FE Level
Maskable Interrupt Requests, and Table 4.1, Exception Cause List, in the
RH850G3M User’s Manual: Software.
The FEIC31-16 field stores detailed exception source codes defined
individually for each exception. If there is no particular definition of a function
related to the exception, these bits are set to 0.
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(h) CTPC — Status save register when executing CALLT instruction

When a CALLT instruction is executed, the address of the next instruction after the CALLT instruction

is saved to CTPC. Be sure to set an even-numbered address to the CTPC register. An odd-numbered

address cannot be specified.

31 0
rrrrrrrrrrrtrrrtrrr T T T T T T 1T T T T 1T T
Value after reset
cTPC CTPC31-0 Undefined
Table 3.13 CTPC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 CTPC31-1 These bits indicate the PC of the instruction after the CALLT instruction. R/wW Undefined
0 CTPCO This bit indicates the PC of the instruction after the CALLT instruction. R/W Undefined
Always set this bit to 0. Even if it is set to 1, the value transferred to the PC
when the CTRET instruction is executed is 0.
(i) CTPSW — Status save register when executing CALLT instruction
When a CALLT instruction is executed, some of the PSW (program status word) settings are saved to
CTPSW.
31 543210
ctpsw |o|o|olo|ofo|ololo]ofo|o]olo]ofo|o]o|a]olo]olo|o]olo]o|R|G|Qs]|z | alue after reset
RIY|V 0000 0000,
Table 3.14  CTPSW Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 5 — (Reserved for future expansion. Be sure to clear to 0.) R 0
4 SAT This bit saves the PSW.SAT bit setting when the CALLT instruction is R/W 0
executed.
3 CcY This bit saves the PSW.CY bit setting when the CALLT instruction is R/W 0
executed.
2 ov This bit saves the PSW.OV bit setting when the CALLT instruction is R/wW 0
executed.
1 This bit saves the PSW.S bit setting when the CALLT instruction is executed. R/W 0
0 This bit saves the PSW.Z bit setting when the CALLT instruction is executed. R/W 0
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(i) CTBP — CALLT base pointer register

The CTBP register is used to specify table addresses of the CALLT instruction and generate target
addresses.

Be sure to set the CTBP register to a halfword address.

31 0
rrrrrrrrrrrrrrrrrrr T 1T 1T T T T 1T T T T/
Value after reset
CTBP CTBP31-0 Undefined
Table 3.15 CTBP Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 CTBP31-1 These bits indicate the base pointer address of the CALLT instruction. R/W Undefined
These bits indicate the first address in the table used by the CALLT
instruction.
0 CTBPO This bit indicates the base pointer address of the CALLT instruction. R 0

This bit indicates the first address in the table used by the CALLT instruction.
Always set this bit to 0.

(k) ASID — Address space ID register

This is the address space ID. This is used to identify the address space provided by the memory
management function.

31 10 9 0
1T T T T 1T 171
Value after reset
ASID|(o|0O|0O|O|0O|O|O|O|O|O|l0O|O|O|O|O|OflO|O|O|O|O|O ASID Undefined
Table 3.16 ASID Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t0 10 — (Reserved for future expansion. Be sure to clear to 0.) R 0
9to 0 ASID This field is the address space ID. R/W Undefined
() EIWR — El level exception working register
The EIWR register is used as a working register when an EI level exception has occurred.
31
L rrrrrrrrrrtrrrrr T T T
Value after reset
EIWR EIWR31-0 Undefined
Table 3.17 EIWR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 EIWR31-0 These bits constitute a working register that can be used for any purpose R/W Undefined

during the processing of an El level exception. This register can be used to
temporarily save the values of general-purpose registers, etc.
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(m) FEWR — FE level exception working register

The FEWR register is used as a working register when an FE level exception has occurred.

31 0
rrrrrrrrrrrrrrrrrrr T Tt 1T T T T 1T T 1T T/
FEWR FEWR31-0 Va'ﬂij:;;ggset
Table 3.18 FEWR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 FEWR31-0 These bits constitute a working register that can be used for any purpose R/W Undefined
during the processing of an FE level exception. This register can be used to
temporarily save the values of general-purpose registers, etc.
(n) HTCFGO — Thread configuration register
31 1918 161514 0
Il
Value after reset
HTCFGO|o0|O|0O|OfO|OflO|Of|O|O|O|O|O| PEID |[1|0O|0O|O|O|O|O|O|O|O|O|Of0O|O|O]|O E

Table 3.19 HTCFGO Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 19 — (Reserved for future expansion. Be sure to clear to 0.) R 0
18 to 16 PEID These bits indicate the processor element number. R *2
15 — (Reserved for future expansion. Be sure to set to 1.) R 1
14 to 0 — (Reserved for future expansion. Be sure to clear to 0.) R 0
Note 1. The value after reset is 0001 8000y for CPU1 (PE1) of this product and 0002 8000y for CPU2 (PE2).
Note 2. The value after reset is 001g for CPU1 (PE1) of this product and 010g for CPU2 (PE2).
(0) MEA — Memory error address register
31 0
rrrrrrrrrrrtrrrtrrr T T
Value after reset
MEA MEA Undefined
Table 3.20 MEA Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 MEA These bits store an address when a MAE (misaligned) or MPU violation R/wW Undefined

occurs.
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(p) MEI — Memory error information register

This register is used to store information about the instruction that caused the exception when a
misaligned (MAE) or memory protection (MDP) exception had occurred. This information is used
during emulation.

31 2120 16 15 11109 8 7 6 5 1
T T T T T
MEIf0|O|0O|O|0|O|0O|O|0|0O]|O REG o(ojofjojo| DS (U|0|O ITYPE

0
R | Value after reset
W Undefined

Table 3.21 MEI Register Contents

Value after
Bit Position Bit Name Function R/IW Reset

31to 21 — (Reserved for future expansion. Be sure to clear to 0.) R 0

20to 16 REG4-0 These bits indicate the number of the source or destination register R/W  Undefined
accessed by the instruction that caused the exception. For details, see Table
3.22, Instructions Causing Exceptions and Values of MEI Register.

15 to 11 — (Reserved for future expansion. Be sure to clear to 0.) R 0

10,9 DS These bits indicate the data type of the instruction that caused the R/W  Undefined
exception.*1
0: Byte (8 bits)
1: Halfword (16 bits)
2: Word (32 bits)
3: Double-word (64 bits)
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.

8 U These bits indicate the sign extension method of the instruction that caused R/W  Undefined
the exception.
0: Signed
1: Unsigned
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.

7,6 — (Reserved for future expansion. Be sure to clear to 0.) R 0

5to1 ITYPE4-0 These bits indicate the instruction that caused the exception. R/W  Undefined
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.

0 RwW This bit indicates whether the operation of the instruction that caused the R/W  Undefined
exception was read (Load-memory) or write (Store-memory).
0: Read (Load-memory)
1: Write (Store-memory)
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.

Note 1.  Even if the data is divided and access is made several times due to the specifications of the hardware, the
original data type indicated by the instruction is stored.

Table 3.22 Instructions Causing Exceptions and Values of MEI Register (1/2)

Instruction REG DS U RW ITYPE

SLD.B dst 0 (byte) 0 (signed) 0 (read) 00000g
SLD.BU dst 0 (byte) 1 (unsigned) 0 (read) 00000g
SLD.H dst 1 (halfword) 0 (signed) 0 (read) 00000g
SLD.HU dst 1 (halfword) 1 (unsigned) 0 (read) 00000g
SLD.W dst 2 (word) 0 (signed) 0 (read) 00000g
SST.B src 0 (byte) 0 (signed) 1 (write) 00000g
SST.H src 1 (halfword) 0 (signed) 1 (write) 00000g
SST.W src 2 (word) 0 (signed) 1 (write) 00000g
LD.B (disp16) dst 0 (byte) 0 (signed) 0 (read) 00001g
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Table 3.22 Instructions Causing Exceptions and Values of MEI Register (2/2)
Instruction REG DS U RW ITYPE
LD.BU (disp16) dst 0 (byte) 1 (unsigned) 0 (read) 00001g
LD.H (disp16) dst 1 (halfword) 0 (signed) 0 (read) 000015
LD.HU (disp16) dst 1 (halfword) 1 (unsigned) 0 (read) 00001
LD.W (disp16) dst 2 (word) 0 (signed) 0 (read) 00001g
ST.B (disp16) src 0 (byte) 0 (signed) 1 (write) 00001
ST.H (disp16) src 1 (halfword) 0 (signed) 1 (write) 00001g
ST.W (disp16) src 2 (word) 0 (signed) 1 (write) 00001
LD.B (disp23) dst 0 (byte) 0 (signed) 0 (read) 00010g
LD.BU (disp23) dst 0 (byte) 1 (unsigned) 0 (read) 00010g
LD.H (disp23) dst 1 (halfword) 0 (signed) 0 (read) 00010g
LD.HU (disp23) dst 1 (halfword) 1 (unsigned) 0 (read) 00010g
LD.W (disp23) dst 2 (word) 0 (signed) 0 (read) 00010g
ST.B (disp23) src 0 (byte) 0 (signed) 1 (write) 00010g
ST.H (disp23) src 1 (halfword) 0 (signed) 1 (write) 00010g
ST.W (disp23) src 2 (word) 0 (signed) 1 (write) 00010g
LD.DW (disp23) dst 3 (double-word) 0 (signed) 0 (read) 00010g
ST.DW (disp23) src 3 (double-word) 0 (signed) 1 (write) 00010g
LDL.W dst 2 (word) 0 (signed) 0 (read) 00111g
STC.W src 2 (word) 0 (signed) 1 (write) 00111g
CAXI dst 2 (word) 1 (unsigned) 0 (read)" 01000g
SET1 — 0 (byte) 1 (unsigned) 0 (read)*1 01001
CLR1 — 0 (byte) 1 (unsigned) 0 (read)" 01001g
NOT1 — 0 (byte) 1 (unsigned) 0 (read)k1 01001
TST1 — 0 (byte) 1 (unsigned) 0 (read) 01001
PREPARE — 2 (word) 1 (unsigned) 1 (write) 01100g
DISPOSE — 2 (word) 1 (unsigned) 0 (read) 011005
PUSHSP — 2 (word) 1 (unsigned) 1 (write) 01101g
POPSP — 2 (word) 1 (unsigned) 0 (read) 01101g
SWITCH — 1 (halfword) 0 (signed) 0 (read) 10000g
CALLT — 1 (halfword) 1 (unsigned) 0 (read) 100015
SYSCALL — 2 (word) 1 (unsigned) 0 (read) 10010g
CACHE — — — 0/12 101005
Interrupt (table reference)*3 — 2 (word) 1 (unsigned) 0 (read) 10101

Note 1.
Note 2.
Note 3.

NOTE

The value depends on actual operation.

This exception occurs when the instruction executes a read access.

When reading the interrupt vector by using the table reference method.

dst: destination register number, src: source register number
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(q) RBASE — Reset vector base address register

This register indicates the reset vector address when there is a reset. If the PSW.EBV bit is 0, this
vector address is also used as the exception vector address.

31 9 8 10
rrrrrrrrrrrrrr- T 1T T T 1T T —|Value after reset*’
R z
RBASE RBASE31-9 o|(ojojo|jo|0|0O]|O Z[" 0000 0000},
Table 3.23 RBASE Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t09 RBASE31-9  These bits indicate the reset vector when there is a reset. When PSW.EBV = R CPU1:
0, this address is also used as the exception vector. 0000 0000
The RBASES-0 bits are implicitly 0. 0000 0000
0000 000g
CPU2:
0000 0000
1000 0000
0000 000g*"
8to1 — (Reserved for future expansion. Be sure to clear to 0.) R 0
0 RINT When the RINT bit is set, the exception handler address for interrupt R 0

processing is reduced. For details, see Section 4.5.1 (1) Direct vector
method in the RH850G3M User’s Manual: Software.
This bit is valid when PSW.EBV = 0.

Note 1.  The value depends on the reset vector. The values set at shipment are shown in the table. When the reset
vector is modified, the address will be changed.

() EBASE — Exception handler vector address register

This register indicates the exception handler vector address. This register is valid when the PSW.EBV

bitis 1.
31 9 8 10
T rrrrr1rrr Tt 1Tt 1T T 7T 17T "1T°"T T T 1T 1T"7T"] —
EBASE EBASE31-9 olo|o|ofo|ololo|Z Va't‘f after reset
@ ndefined
Table 3.24 EBASE Register Contents
Value after
Bit Position Bit Name Function R/IW Reset
31t09 EBASE31-9  The exception handler routine address is changed to the address resulting R/W Undefined
from adding the offset address of each exception to the base address
specified for this register.
The EBASES-0 bits are implicitly 0.
8to1 — (Reserved for future expansion. Be sure to clear to 0.) R 0
0 RINT When the RINT bit is set, the offset address of the exception handler used R/W Undefined
during interrupt servicing is decremented. For details, see Section 4.5.1 (1)
Direct vector method in the RH850G3M User’s Manual: Software.
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(s) INTBP — Base address register of the interrupt handler table

This register indicates the base address of the address table when the table reference method is selected
as the interrupt handler address selection method.

31 9 8 0
rrrrrrrrrrrrr T T T T 1T 1T T
Value after reset
INTBP INTBP31-9 ojofo|jojo|j0|0|0OfO Undefined
Table 3.25  INTBP Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t09 INTBP31-9 These bits indicate the base pointer address for an interrupt prescribed inthe  R/W Undefined
expanded specifications.
The value indicated by these bits is the first address in the table used to
determine the exception handler when the interrupts (EIINTO to EIINT334)
prescribed by the expanded specifications is acknowledged.
The INTBP8-0 bits are implicitly 0.
8to0 — (Reserved for future expansion. Be sure to clear to 0.) R 0

(t) PID — Processor ID register

The PID register retains a processor identifier that is unique to the CPU. The PID register is a read-only
register.

CAUTION

The PID register indicates information used to identify the incorporated CPU core and
CPU core configuration. Usage such that the software behavior varies dynamically
according to the PID register information is not assumed.

Value after reset
PID PID 0580 0703

Table 3.26 PID Register Contents

Value after
Bit Position Bit Name Function R/W Reset
31to 24 PID Architecture Identifier R 05y
This identifier indicates the architecture of the processor.
23t0 8 Function Identifier R 8007y

This identifier indicates the functions of the processor.
These bits indicate whether or not functions defined per bit are implemented
(1: implemented, 0: not implemented).

Bits 23 to 11: Reserved

Bit 10: Double-precision floating-point operation function

Bit 9: Single-precision floating-point operation function

Bit 8: Memory protection function (MPU)

7to0 Version Identifier R 034
This identifier indicates the version of the processor.
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(u) SCCFG — SYSCALL operation setting register

This register is used to specify operations related to the SYSCALL instruction. Be sure to set an
appropriate value to this register before using the SYSCALL instruction.

31 8 7 0
T T T
Value after reset
SCCFG|o|0|0|0|0O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OfO]|O SIZE Undefined
Table 3.27 SCCFG Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t08 — (Reserved for future expansion. Be sure to clear to 0.) R 0
7to0 SIZE These bits specify the maximum number of entries of a table that the R/W Undefined

SYSCALL instruction references. The maximum number of entries the
SYSCALL instruction references is 1 if SIZE is 0, and 256 if SIZE is 255.
By setting the maximum number of entries appropriately in accordance with
the number of functions branched by the SYSCALL instruction, the memory
area can be effectively used.

If vectors exceeding the maximum number of entries are specified by the
SYSCALL instruction, the first entry is selected. Place an error processing
routine at the first entry.

(v) SCBP — SYSCALL base pointer register

The SCBP register is used to specify a table address of the SYSCALL instruction and generate a target
address. Be sure to set an appropriate value to this register before using the SYSCALL instruction.

Be sure to set a word address to the SCBP register.

31 0
rrrrrrrtrrrrrrtrrrr T 1T T 1T 1 T 1T 1T T" 1T T T 1T/
Value after reset
SCBP SCBP31-0 Undefined
Table 3.28 SCBP Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to02 SCBP31-2 These bits indicate the base pointer address of the SYSCALL instruction. R/W Undefined
These bits indicate the first address in the table used by the SYSCALL
instruction.
1,0 SCBP1-0 These bits indicate the base pointer address of the SYSCALL instruction. R 0
These bits indicate the first address in the table used by the SYSCALL
instruction.
Always set these bits to 0.
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(w) MCFGO — Machine configuration register

This register indicates the CPU configuration.

31 24 23 16 15 3210
[

L
Value after reset
MCFGO [0|0|0|0|0|0|0|0 SPID ofofo|o|o|ojojofofolo]o]o|1]ofof PP

Table 3.29 MCFGO Register Contents

Value after

Bit Position Bit Name Function R/W Reset
31to 24 — (Reserved for future expansion. Be sure to clear to 0.) R 0

2310 16 SPID Bit 23 to 18: The RH850/F 1H does not support these bits. (Reserved for R/W *2

future expansion. Be sure to set to 0.)
Bit 17, 16:  These bits indicate the system protection number.

15t0 3 — (Reserved for future expansion. Be sure to clear to 0.) R 0

2 — (Reserved for future expansion. Be sure to set to 1.) R 1

1,0 — (Reserved for future expansion. Be sure to clear to 0.) R 0

Note 1. The value after reset is 0001 0004y for CPU1 (PE1) of this product and 0002 0004y for CPU2 (PE2).
Note 2. The value after reset is 01 for CPU1 (PE1) of this product and 02 for CPU2 (PE2).

(x) MCTL — Machine control register

This register is used to control the CPU.

3130 10
M| U | Value after reset
MCTL10000000000000OOOOOOOOOOOOOOOOAé 8000 0002,
Table 3.30 MCTL Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31 — (Reserved for future expansion. Be sure to set to 1.) R 1
30to 2 — (Reserved for future expansion. Be sure to clear to 0.) R 0
1 MA This bit specifies the operation when a misaligned access occurs. R/W 1
0: An exception occurs when a misaligned access has occurred.*!
1: Hardware operates normally.*?
0 uiC This bit is used to control the interrupt enable/disable operation in user R/W 0

mode. When this bit is set to 1, executing the EI/DI instruction becomes
possible in user mode.

Note 1.  For the double-word format only, a misaligned access exception does not occur when data is placed at the
word boundary rather than the double-word boundary (where the lower 3 bits of the address = 0).

Note 2.  For the double-word format only, a misaligned access exception occur when data is not placed at the word
boundary.
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(3) Interrupt Function Registers

Table 3.31 Interrupt Function System Registers

Register No.
(regID, sellD) Symbol Function Access Permission
SR7,1 FPIPR FPI exception interrupt priority setting SV
SR10, 2 ISPR Priority of interrupt being serviced SV
SR11, 2 PMR Interrupt priority masking SV
SR12, 2 ICSR Interrupt control status SV
SR13, 2 INTCFG Interrupt function setting SV
(a) FPIPR — FPI exception interrupt priority setting register
This register is used to set the interrupt priority of FPI exception.
31 5 0
reieR [ 0] 0] 0] 0] 0] 0] 0| 0| 0] o] o]o]o|o|o|olo]olo]o]o]o]o]o]o]o]o| rrpr |Velueaterreset
0000 00004
Table 3.32 FPIPR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to5 — (Reserved for future expansion. Be sure to clear to 0.) R 0
4t00 FPIPR These bits specify the priority of the floating-point operation exception R/W 0
interrupt (FPI, indicating imprecision). Values from 0 to 16 should be used;
setting a value of 17 or higher are prohibited.
FPI exceptions are handled according to this interrupt priority. When
generated at the same time as another interrupt with the same priority level,
the FPI exception takes priority.
CAUTION
A set value of more than 16 is treated as 16.
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(b) ISPR — Priority of interrupt being serviced register

This register retains the priority of the EIINTn interrupt being serviced. This priority value is then used

to perform priority ceiling processing when multiple interrupts are generated.

31

ISPR|0O|0|0|O

16 15 0
T

ololo|o|o|lo|0o|0O|O|O]O ISP15-0 Value after reset

0000 0000y

Table 3.33  ISPR Register Contents

Bit Position Bit Name

Value after
Function R/W Reset

31to 16 —

(Reserved for future expansion. Be sure to clear to 0.) R 0

15t0 0 ISP15-0

These bits indicate the acknowledgment status of an EIINTn interrupt with a R™ 0
priority*1 that corresponds to the relevant bit position.
0: An interrupt request for an interrupt whose priority corresponds to the
relevant bit position has not been acknowledged.
1: An interrupt request for an interrupt whose priority corresponds to the
relevant position is being serviced by the CPU core.

The bit positions correspond to the following priority levels:

Bit Priority

0 Priority O (highest)

1 Priority 1

14 Priority 14

15 Priority 15

When an interrupt request (EIINTn) is acknowledged, the bit corresponding
to the acknowledged interrupt request is automatically set to 1. If PSW.EP is
0 when the EIRET instruction is executed, the bit with the highest priority
amzong the ISP15-0 bits that are set (0 is the highest priority) is cleared to
0.*

While a bit in this register is set to 1, the same or lower priority interrupts
(EIINTn) and FPI exceptions*3 are masked. Priority level judgment is
therefore not performed when the system is determining whether to
acknowledge an exception, meaning that exceptions will not be
acknowledged.

When performing software-based priority control using the PMR register, be
sure to clear this register by using the INTCFG.ISPC bit.

Note 1.

Note 2.

Note 3.

Note 4.

For details, see Section 4.1.5, Interrupt Exception Priority and Priority Masking, in the RH850G3M User’s
Manual: Software.

Interrupt acknowledgment and auto-updating of values when the EIRET instruction is executed are disabled
by setting (1) to the INTCFG.ISPC bit. It is recommended to enable auto-updating of values, so in normal
cases, the INTCFG.ISPC bit should be cleared to 0.

Since FPI exceptions have the same level of priority as EIINTn interrupts, they are affected by the ISPR
setting in the same way as interrupts. The priority of FPI exceptions is set by the FPIPR register.

This is R or R/W, depending on the setting of the INTCFG.ISPC bit. It is recommended to use this register
as a read-only (R) register.

RO1UH0631EJ0100 Rev.1.00 RENESAS Page 153 of 2493

Aug 31, 2016



RH850/F1H PREMIUM 100 pin Version Section 3 CPU System

(c) PMR — Interrupt priority masking register

This register is used to mask the specified interrupt priority.

31 16 15 0
Tt T 1T T 1T 1T T T 1T/
Value after reset
PMR|0|0|0|0O|O|OfO|lO|lO|lO|O|0O|0O|0O|O]|O PM15-0 0000 0000,
Table 3.34 PMR Register Contents
Value after

Bit Position Bit Name Function R/W Reset
31to 16 — (Reserved for future expansion. Be sure to clear to 0.) R 0
15t00 PM15-0 These bits mask an interrupt request with a priority level that corresponds to  R/W 0

the relevant bit position.
0: Servicing of an interrupt request with a priority that corresponds to the
relevant bit position is enabled.
1: Servicing of an interrupt request with a priority that corresponds to the
relevant bit position is disabled.

The bit positions correspond to the following priority levels:

Bit Priority

0 Priority 0 (highest)

1 Priority 1

14 Priority 14

15 Priority 15 and priority 16 (lowest)

While a bit in this register is set to 1, interrupts (EIINTn) and FPI
exceptions"1 with the priority corresponding to that bit are masked. Priority
level judgment is therefore not performed when the system is determining
whether to acknowledge an exception, meaning that exceptions will not be
acknowledged*2.

Note 1.  Since FPI exceptions are specified as the same level of priority as that of interrupts (EIINTn), it is affected
by the PMR like interrupts. The priority of FPI exceptions is set by the FPIPR register.

Note 2.  Specify the masks by setting the bits to 1 in order from the lowest-priority bit. For example, FF00y can be
set, but FOFOy or 00FFy cannot.

(d) ICSR — Interrupt control status register

This register indicates the interrupt control status in the CPU.

31 210
D_ —
o | @] Value after reset
ICSR00000000OOOOOOOOOOOOOOOOOOOOOOEE 0000 0000},
Table 3.35 ICSR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t02 — (Reserved for future expansion. Be sure to clear to 0.) R 0
1 PMFP This bit indicates that an FPI exception with the priority level masked by the R 0
PMR register exists.
0 PMEI This bit indicates that an interrupt (EIINTn) with the priority level masked by R 0
the PMR register exists.
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(e) INTCFG — Interrupt function setting register

This register is used to specify settings related to the CPU’s internal interrupt function.

31 1

Value after reset

0
O
INTCFG0000000000000000000000000000000(0_5 0000 0000},

Table 3.36 INTCFG Register Contents

Value after
Bit Position Bit Name Function R/IW Reset

31to1 — (Reserved for future expansion. Be sure to clear to 0.) R 0

0 ISPC This bit specifies how the ISPR register is updated. R/W 0
0: The ISPR register is automatically updated. Updates triggered by the
program (via execution of an LDSR instruction) are ignored.
1: The ISPR register is not automatically updated. Updates triggered by the
program (via execution of an LDSR instruction) are performed.

If this bit is cleared to 0, the bits of the ISPR register are automatically set to
1 when an interrupt (EIINTn) is acknowledged, and cleared to 0 when the
EIRET instruction is executed. In this case, updating by the program (via
execution of an LDSR instruction) is ignored.

If this bit is set to 1, the bits of the ISPR register are not updated by the
acknowledgment of an interrupt (EIINTnN) or by execution of the EIRET
instruction. In this case, the bits can be updated by an LDSR instruction
executed by the program.

In normal cases, the ISPC bit should be cleared. When performing software-
based priority control, however, set this bit to 1 and perform priority control
by using the PMR register.
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(4) FPU Function Registers

()

(a) Floating-point operation registers

The FPU uses the CPU general-purpose registers (r0 to r31). There are no register files used only for

floating-point operations.

e Single-precision floating-point instruction

Thirty-two 32-bit registers can be specified. These registers correspond to the general-purpose

registers 10 to r31.

e Double-precision floating-point instruction

Sixteen 64-bit registers can be specified. These registers correspond to register pairs in the form of
a pair of general-purpose registers ({rl, r0}, {r3, 12} ... {31, r30}). Each register pair is specified
in the instruction format with an even numbered register. Because r0 is a zero register (always
holds “0”), in principle {r1, r0} should not be used by a double-precision floating-point

instruction.

(b) Floating-point system registers

The FPU can use the following system registers to control floating-point operations. Reading from/

writing to a floating-point system register is performed by specifying the system register number,
which consists of the register number and selection identifier, by using the LDSR and STSR
instructions. For details of the registers, see Section 3.4.2, Floating-Point Function System Registers in
the RH850G3M User's Manual: Software.

Table 3.37  FPU System Registers

Register No. Access
(regID, sellD) Symbol Function Permission
SR6, 0 FPSR Floating-point operation setting/status CUO and SV
SR7,0 FPEPC Floating-point operation exception program counter CUO and SV
SR8, 0 FPST Floating-point status Cuo

SR9, 0 FPCC Floating-point operation comparison result Cuo

SR10, 0 FPCFG Floating-point function setting Cuo0
SR11,0 FPEC Floating-point operation exception control CUO and SV

MPU function registers

The MPU function system registers are read from or written to by using the LDSR and STSR

instructions and specifying the system register number, which is made up of a register number and

selection ID.

Table 3.38 MPU Function System Registers (1/3)

Register No. Access
(reglD, sellD) Symbol Function Permission
SRO, 5 MPM Memory protection operation mode setting SV

SR1, 5 MPRC MPU region control SV

SR4, 5 MPBRGN MPU base region number SV

SR5, 5 MPTRGN MPU end region number SV

SR8, 5 MCA Memory protection setting check address SV

SR9, 5 MCS Memory protection setting check size SV

SR10, 5 MCC Memory protection setting check command SV
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Table 3.38 MPU Function System Registers (2/3)

Register No. Access
(reglD, sellD) Symbol Function Permission
SR11,5 MCR Memory protection setting check result SV
SRO, 6 MPLAOQ Protection area lower limit address SV
SR1, 6 MPUAO Protection area upper limit address SV
SR2, 6 MPATO Protection area attribute SV
SR4, 6 MPLA1 Protection area lower limit address SV
SR5, 6 MPUA1 Protection area upper limit address SV
SRe, 6 MPAT1 Protection area attribute SV
SR8, 6 MPLA2 Protection area lower limit address SV
SR9, 6 MPUA2 Protection area upper limit address SV
SR10, 6 MPAT2 Protection area attribute SV
SR12,6 MPLA3 Protection area lower limit address SV
SR13,6 MPUA3 Protection area upper limit address SV
SR14, 6 MPAT3 Protection area attribute SV
SR16, 6 MPLA4 Protection area lower limit address SV
SR17, 6 MPUA4 Protection area upper limit address SV
SR18, 6 MPAT4 Protection area attribute SV
SR20, 6 MPLAS Protection area lower limit address SV
SR21, 6 MPUAS Protection area upper limit address SV
SR22, 6 MPATS Protection area attribute SV
SR24, 6 MPLAG Protection area lower limit address SV
SR25, 6 MPUAG Protection area upper limit address SV
SR26, 6 MPAT6 Protection area attribute SV
SR28, 6 MPLA7 Protection area lower limit address SV
SR29, 6 MPUA7 Protection area upper limit address SV
SR30, 6 MPAT7 Protection area attribute SV
SRO, 7 MPLAS8 Protection area lower limit address SV
SR1,7 MPUAS8 Protection area upper limit address SV
SR2,7 MPAT8 Protection area attribute SV
SR4,7 MPLA9 Protection area lower limit address SV
SR5,7 MPUA9 Protection area upper limit address SV
SRe, 7 MPAT9 Protection area attribute SV
SR8, 7 MPLA10 Protection area lower limit address SV
SR9, 7 MPUA10 Protection area upper limit address SV
SR10, 7 MPAT10 Protection area attribute SV
SR12,7 MPLA11 Protection area lower limit address SV
SR13,7 MPUA11 Protection area upper limit address SV
SR14,7 MPAT11 Protection area attribute SV
SR16, 7 MPLA12 Protection area lower limit address SV
SR17,7 MPUA12 Protection area upper limit address SV
SR18, 7 MPAT12 Protection area attribute SV
SR20, 7 MPLA13 Protection area lower limit address SV
SR21,7 MPUA13 Protection area upper limit address SV
SR22,7 MPAT13 Protection area attribute SV
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Table 3.38 MPU Function System Registers (3/3)

Register No. Access
(reglD, sellD) Symbol Function Permission
SR24, 7 MPLA14 Protection area lower limit address SV

SR25,7 MPUA14 Protection area upper limit address SV

SR26, 7 MPAT 14 Protection area attribute SV

SR28, 7 MPLA15 Protection area lower limit address SV

SR29,7 MPUA15 Protection area upper limit address SV

SR30, 7 MPAT15 Protection area attribute SV

(a) MPM — Memory protection operation mode register

The memory protection mode register is used to define the basic operating state of the memory

protection function.

31 210
S | M| Value after reset
MPM|0|0|0|0|0|0|0|0|0O|0O]|O o(ojo|o0|0O|0O|0O|O|O|0O]|O OXEOOOOOOOOH
Table 3.39 MPM Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to2 — (Reserved for future expansion. Be sure to clear to 0.) R 0
1 SVP In SV mode (when PSW.UM = 0), this bit is used to specify whether to R/W 0
restrict access according to the SX, SW, and SR bits of the MPAT register
for each protection area.*!
0: As usual, implicitly enable all access in SV mode.
1: Restrict access according to the SX, SW, and SR bits even in SV
mode.*?
0 MPE This bit is used to specify whether to enable or disable the MPU function. R/W 0

0: Disable
1: Enable

Note 1.

Note 2.

If the SVP bit is set to 1, access will be restricted in accordance with the setting for each protection area,
even in SV mode. Therefore, specify the protection area beforehand so that the access from the program
which set the SVP bit is not restricted.
If access is restricted in SV mode, execution of MDP exceptions or the MIP exception handling itself might
not be possible depending on the settings. Be careful to specify settings so that access by the exception

handler and to the memory area necessary for exception handling is permitted.
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(b) MPRC — MPU region control register

Bits used to perform special memory protection function operations are located in this register.

31 16 15 0
E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|Value after reset
MPRC 101010/ 0/0]0/00]0/0/0/010|000|514/13/12(11|10/9|8|7|6|5|4[3|2|T[0| 00000000,
Table 3.40 MPRC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 16 — (Reserved for future expansion. Be sure to clear to 0.) R 0
15t00 E15-0 These are the enable bits for each protection area. Bit En is a copy of bit R/W 0

MPATN.E (where n = 15 to 0).
The number of protection area for this product is 16.

(c) MPBRGN — MPU base region register

This register indicates the minimum usable MPU area number.

31 5 4 0

MPBRGN [ 0| 0|0|o|0|o[o|o|ofo|o]o|ofo]o|ofo]o]o|ofo]o|ofo]o]o|o| mPBRGN |VAleafterreset

0000 00004
Table 3.41 MPBRGN Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to5 — (Reserved for future expansion. Be sure to clear to 0.) R 0
4t00 MPBRGN These bits indicate the smallest number of an MPU area. R 00000g

(d) MPTRGN — MPU end region register

This register indicates the maximum usable MPU area number + 1.

31 5 4 0

Value after reset
MPTRGN |O|O|O|O|lOfO|lO|O|O|0O|0O|0O|O|O|O|O|O|O|OfOfO|O|O|O|0|0|0| MPTRGN 0000 0010y,

Table 3.42 MPTRGN Register Contents

Value after
Bit Position Bit Name Function R/W Reset
31to5 — (Reserved for future expansion. Be sure to clear to 0.) R 0
4t00 MPTRGN These bits indicate the largest number of an MPU area plus one. R 104
These bits always indicate the maximum number of MPU areas that the
hardware provides.
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(e) MCA — Memory protection setting check address register

This register is used to specify the base address of the area for which a memory protection setting

check is to be performed.

rrrrrrrrtrrtrrrrtrrrrr T 1T T 1T 7 T 1T 1T T 1T 1T 1T 1TT"/
Value after reset
MCA MCA31-0 Undefined

Table 3.43  MCA Register Contents

Value after
Bit Position Bit Name Function R/W Reset
31to 0 MCA31-0 These bits are used to specify the start address of the memory area subject R/W Undefined

to a memory protection setting check in bytes.

(f) MCS — Memory protection setting check size register

This register is used to specify the size of the area for which a memory protection setting check is to be

performed.

rrrrrrrrrtrrrrtrtrrrrrrr 71T T T 1T 1 T 1T T°T 1T T 1T 1T T/
Value after reset
MCS MCS31-0 Undefined

Table 3.44  MCS Register Contents

Value after
Bit Position Bit Name Function R/W Reset
31t00 MCS31-0 These bits specify the size of the memory area subject to a memory R/W Undefined

protection setting check in bytes. Checking areas whose address values are
lower than the address value in the MCA register is not possible because the
specified size is handled as an unsigned integer.

Do not set 0000 0000y, in the MCS register.

(g) MCC — Memory protection setting check command register

This register is used to specify the base address of the area where memory protection settings are
checked.

rrrrrrrrrtrrrrtrtrrrrrrr 71T T T 1T 1 T 1T T°T 1T T 1T 1T T/
Value after reset
MCC MCC31-0 0000 0000,

Table 3.45 MCC Register Contents

Value after
Bit Position Bit Name Function R/W Reset

31t00 MCC31-0 When any value is written to the MCC register, a memory protection setting  R/W 0
check starts. Setting the MCA and MCS registers and then writing to this
register leads to storage of the check results in the MCR register.
Since writing any value to this register starts the check, no extra registers are
required if rO is used as the source register.
The result of checking is reflected in MCR according to each area setting
regardless of the setting of the PSW.UM bit.
The value read from the MCC register is always 0000 0000,.
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(h) MCR — Memory protection setting check result register
This register is used to store the results of a memory protection setting check.

Be sure to clear bits 31 t0 9, 7 and 6 to 0.

CAUTION

If the area for which checking is specified crosses 0000 0000 or 7FFF FFFFy, the area
is judged to have been specified incorrectly, and the MCR.OV bit is set to 1. Therefore,
when referring to the results of checking, check the MCR.OV bit and confirm that the
result is valid (OV = 0) before using any results of checking.

31 9 87 6543210
o) S|S|S|U|U|U|[Value after reset
MCR|O(0|0|0|0|0O|O(0[0|0|0|0|O(O(0|0|0|0|0|O(O0[0|0|y|O0|O0|X[W|R|X|W|R Undefined
E|E|E[E|E]E
Table 3.46 MCR Register Contents
Value after

Bit Position Bit Name Function R/IW Reset

31t09 — (Reserved for future expansion. Be sure to clear to 0.) R 0

8 ov If the specified area includes 0000 0000y or 7FFF FFFFy, 1 is stored in this R/W Undefined
bit. In other cases, 0 is stored in this bit.

7,6 — (Reserved for future expansion. Be sure to clear to 0.) R 0

5 SXE If the specified area is contained within one of the protection areas and R/W Undefined
execution is permitted for that area in supervisor mode, 1 is stored in this bit.
In other cases, 0 is stored in this bit.

4 SWE If the specified area is contained within one of the protection areas and R/W Undefined
writing to that area is permitted in supervisor mode, 1 is stored in this bit. In
other cases, 0 is stored in this bit.

3 SRE If the specified area is contained within one of the protection areas and R/W Undefined
reading from that area is permitted in supervisor mode, 1 is stored in this bit.
In other cases, 0 is stored in this bit.

2 UXE If the specified area is contained within one of the protection areas and R/W Undefined
execution is permitted for that area in user mode, 1 is stored in this bit. In
other cases, 0 is stored in this bit.

1 UWE If the specified area is contained within one of the protection areas and R/W Undefined
writing to that area is permitted in user mode, 1 is stored in this bit. In other
cases, 0 is stored in this bit.

0 URE If the specified area is contained within one of the protection areas and R/W Undefined
reading from that area is permitted in user mode, 1 is stored in this bit. In
other cases, 0 is stored in this bit.
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(i) MPLANn — Protection area lower limit address register

These registers indicate the lower limit address of area n (where n = 0 to 15). The number of the
protection areas in this product is 16.

31 210
rrrrrrrrrrrrrrrrrr Tt T 1T T T 1T 1T
Value after reset
MPLAR MPLAn 010" Undefined
Table 3.47  MPLAnN Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t02 MPLA31-2 These bits indicate the minimum address of area n. R/W Undefined
The MPLA1-0 bits are implicitly set to 0.

1,0 — Reserved for future expansion. Be sure to clear to 0. R 0

(i) MPUAnN — Protection area upper limit address register

These registers indicate the upper limit address of area n (where n = 0 to 15).

31 210
rrrrrrrrrrrrrrrrr1r T T T 1T T T T T 1T T/
Value after reset
MPUAN MPUAn 0101 Undefined
Table 3.48 MPUAnN Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t02 MPUA31-2 These bits indicate the upper limit address of area n. R/W Undefined
The MPUA1-0 bits are implicitly set to 1.
1,0 — (Reserved for future expansion. Be sure to clear to 0.) R 0
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(k) MPATn — Protection area attribute register

These registers indicate the attributes of area n (where n =0 to 15).

31 26 25 16 15 8 76 543210
T T 1T T T 171
s|s|s|u|ululValue after reset
MPATn |O|(O|O|0O|0O|O ASID 0/{0|0|0|0|0|0|0|E|G|IXIWIRIXIWIR Undefined
Table 3.49 MPATnN Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 26 — (Reserved for future expansion. Be sure to clear to 0.) R 0
2510 16 ASID These bits indicate the ASID value to be used as the area match condition. = R/W Undefined
15to 8 — (Reserved for future expansion. Be sure to clear to 0.) R 0
7 E This bit indicates whether area n is enabled or disabled. R/wW 0
0: Area n is disabled.
1: Area n is enabled.
6 G 0: Areas match only if ASIDs are equal. R/W Undefined
1: Areas match even if ASIDs are not equal.
When this bit is 0, MPATn.ASID = ASID.ASID is the condition for an area
match. When this bit is 1, areas may match even if the values of
MPATN.ASID and ASID.ASID are not equal.
5 SX This bit indicates the execution privilege for supervisor mode.*! R/W Undefined
0: Execution is disabled.
1: Execution is enabled.
4 Sw This bit indicates whether writing is enabled in supervisor mode.*! R/W Undefined
0: Writing is disabled.
1: Writing is enabled.
3 SR This bit indicates whether reading is enabled in supervisor mode.*’ R/W Undefined
0: Reading is disabled.
1: Reading is enabled.
2 UXx This bit indicates the execution privilege for user mode. R/W Undefined
0: Execution is disabled.
1: Execution is enabled.
1 uw This bit indicates whether writing is enabled in user mode. R/W Undefined
0: Writing is disabled.
1: Writing is enabled.
0 UR This bit indicates whether reading is enabled in user mode. R/W Undefined

0: Reading is disabled.
1: Reading is enabled.

Note 1.  If access is restricted in SV mode, execution of MDP exceptions or the MIP exception handling itself might
not be possible depending on the settings. Be careful to specify settings so that access by the exception
handler and to the memory area necessary for exception handling is permitted.
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(6) Cache Operation Function Registers

Reading and writing of the cache control system registers is performed by issuing an LDSR and STSR
instructions specifying the system register number, which consists of the register number and selection
identifier.

Table 3.50  Cache Operation Function Registers

Register No. Access
(regID, sellD) Symbol Function Permission
SR16, 4 ICTAGL Instruction cache tag Lo access SV

SR17, 4 ICTAGH Instruction cache tag Hi access SV

SR18, 4 ICDATL Instruction cache data Lo access SV

SR19, 4 ICDATH Instruction cache data Hi access SV

SR24, 4 ICCTRL Instruction cache control SV

SR26, 4 ICCFG Instruction cache configuration SV

SR28, 4 ICERR Instruction cache error SV

(a) ICTAGL — Instruction cache tag Lo access register

This register is used for CISTI and CILDI instructions for the instruction cache. This register stores the
value to be stored in the tag RAM of the instruction cache by the execution of a CISTI instruction and
the value read from the tag RAM of the instruction cache by the execution of a CILDI instruction.

31||II||II||III||II||II109 65|43210
ICTAGL LPN olofo|o|tru|o|L|o|v Va'ﬂij:;;gzset
Table 3.51 ICTAGL Register Contents
Value after

Bit Position Bit Name Function R/IW Reset

31t0 10 LPN These bits retain the values of bits 24 to 11, i.e. the physical page numbers. R/W Undefined
When writing, always write 0 to bits 31 to 25 and 10.

9to 6 — (Reserved for future expansion. Be sure to clear to 0.) R 0

54 LRU These bits indicate the LRU information of the specified cache line. The R/W Undefined
CISTl instruction cannot alter the value of the LRU information.

3 — (Reserved for future expansion. This bit should be set to 0.) R 0

2 L This bit retains the lock information. R/W Undefined

1 — (Reserved for future expansion. This bit should be set to 0.) R 0

0 \% This bit retains whether the specified cache line is enabled or disabled. R/W Undefined
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(b) ICTAGH — Instruction cache tag Hi access register

This register is used for a CISTI or CILDI instruction for the instruction cache. This register stores the
value to be stored in the instruction cache tag RAM by the execution of a CISTI instruction and the
value read from the instruction cache tag RAM by the execution of a CILDI instruction.

31 30 29 28 27 24 23 16 15 8 7 6 5 210
Tt rr 7 T T T T T [
w|P[W|P “ « | Value after reset
ICTAGH | p olT!T 0/0|0]|0 DATAECC TAGECC 0 0/{0|0]|0 Undefined
Note 1.  Undefined
Table 3.52 ICTAGH Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31 WD When this bit is set to 1, executing a CISTI instruction updates the cache R/W Undefined
data RAM.
30 PD When this bit is set to 1, the value in the DATAECC field of this register is R/W Undefined
written to the ECC field of the data RAM on execution of a CISTI instruction.
When this bit is cleared to 0, the ECC is automatically generated from the
written data.
29 WT When this bit is set to 1, executing a CISTI instruction updates the cache R/wW Undefined
data RAM.
28 PT When this bit is set to 1, the value in the TAGECC field is written to the ECC  R/W Undefined
of the tag RAM on execution of a CISTI execution. When this bit is cleared to
0, the ECC is automatically generated from the written data.
27to 24 — (Reserved for future expansion. Be sure to clear to 0.) R 0
23t0 16 DATAECC These bits retain the ECC of the data RAM. R/W Undefined
15to0 8 TAGECC These bits retain the ECC of the tag RAM. Be sure to clear bit 15 to 0. R/W Undefined
7 — (Reserved for future expansion. This bit should be set to 0.) R 0
6 — (Reserved for future expansion. This bit should be set to 0.) R Undefined
5to2 — (Reserved for future expansion. Be sure to clear to 0.) R 0
1,0 — (Reserved for future expansion. Be sure to clear to 0.) R Undefined

(c) ICDATL — Instruction cache data Lo access register

This register is used for a CISTI or CILDI instruction for the instruction cache. This register stores the
value to be stored in the instruction cache data RAM by the execution of a CISTI instruction and the
value read from the instruction cache data RAM by the execution of a CILDI instruction.

31 0
rrrrrrrrrrrrrrrrrrrrrrr Tt 1T T 1T 1T T T T T 1T T T/
Value after reset
ICDATL DATAL Undefined
Table 3.53 ICDATL Register Contents
Value after
Bit Position Bit Name Function R/IW Reset
31t00 DATAL These bits retain the values of bits 31 to 0 or of bits 95 to 64 from the R/W Undefined
instruction data of the block within the specified cache lines. The offset of the
index specifies the bit numbers to be retained.
Index offset = 0000: bits 31 to 0
Index offset = 1000: bits 95 to 64
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(d) ICDATH — Instruction cache data Hi access register

This register is used for a CISTI or CILDI instruction for the instruction cache. This register stores the
value to be stored in the instruction cache data RAM by the execution of a CISTI instruction and the
value read from the instruction cache data RAM by the execution of a CILDI instruction.

31 0
rrrrrrrrrtrrrrtrrtrrr 1t 7t > T 1T T T 1T 7 T 1T T T 1T T 1T 1T T/
Value after reset
ICDATH DATAH Undefined
Table 3.54 ICDATH Register Contents
Value after
Bit Position Bit Name Function R/IW Reset
31t00 DATAH These bits retain the values of bit 63 to 32 or those of bit 127 to 96 from the  R/W Undefined

instruction data of the block within the specified cache lines. The index offset
specifies the bit numbers to be retained.

Index offset = 0000: bits 63 to 32

Index offset = 1000: bits 127 to 96

(e) ICCTRL — Instruction cache control register

This register controls the instruction cache.

31 18 17 16 15 9 8 7 3210
ololo]olololo]oolo]o]o]olo|Z[1]0lo]o]o]olo]o]S0]olo]o]o]B|E|E|value aterreset
ICCTRL w Q £d| | 00010003,
o O Q|| 2
Table 3.55 ICCTRL Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t0 18 — (Reserved for future expansion. Be sure to clear to 0.) R 0
17 D1EIV This bit selects the operation in response to 1-bit errors in the data RAM. R/wW 0
0: The error is corrected and then processing continues, but the entry that
had an error is retained.
1: The error is not corrected, the entry is cleared, and fetching is repeated.
Even if this bit is set, this bit retains the previous read value until the setting
is reflected in the instruction cache.
16 — (Reserved for future expansion. Be sure to set to 1.) R 1
15t09 — (Reserved for future expansion. Be sure to clear to 0.) R 0
8 ICHCLR Setting this bit to 1 clears the whole instruction cache in a single operation. ~ R/W 0
After this bit has been set to 1, it will be read as 1 until clearing is completed.
The bit is cleared to 0 once clearing of the cache is completed.
7t03 — (Reserved for future expansion. Be sure to clear to 0.) R 0
2 ICHEIV Setting this bit to 1 specifies that the instruction cache is automatically R/wW 0
disabled (ICHEN bit is cleared to 0) when a cache error occurs.
1 ICHEMK Setting this bit to 1 masks cache error exception R/W 1
notifications for the CPU when a cache error occurs.
0 ICHEN This bit disables or enables the instruction cache. R 1
0: Instruction cache is disabled.
1: Instruction cache is enabled.
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(f) ICCFG — Instruction cache configuration register

This register shows the configuration of the instruction cache.

31 17 16 15 14 8 7 4 3210
L T [
Value after reset
ICCFG|o|0|0O|0O|0O|O|O|O|O|O|O|O|O|O|O|1]|0 ICHSIZE ICHLINE | ICHWAY 0001 0844,
Table 3.56 ICCFG Register Contents
Value after
Bit Position Bit Name Function R/W Reset
311017 — (Reserved for future expansion. Be sure to clear to 0.) R 0
16 — (Reserved for future expansion. Be sure to set to 1.) R 1
15 — (Reserved for future expansion. This bit should be set to 0.) R 0
14t0 8 ICHSIZE These bits indicate the capacity (in Kbytes) of the instruction cache. R 084
000 1000: 8 Kbytes
7to4 ICHLINE These bits indicate the number of lines per 1 way of the instruction cache. R 44
0100: 128 lines
3to0 ICHWAY These bits indicate the number of ways of the instruction cache. R 4y
0100: 4 ways
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(g) ICERR — Instruction cache error register
This register stores cache error data of the instruction cache.

Once the ICHERR bit is set to 1, subsequent cache error data is not stored in this register until the
ICHERR bit is cleared to 0. During execution of CILDI, cache error is not stored.

313029 28 27 26 25 24 232221201918 17 16 1514 13 12 543210
ICERR wl _ | 2| ol 2 o| w ! e g | value aft t
Zlo|Z|9|m| D olwlolo|S|D| L E alalo|icHE ICHEIX | Q|| o || VAuE aler rese
= S0l FlQlo s sS|s i w| Undefined
O |W| Q|| wwuw w| G| &| 5| w| w ol=|=| |9
Table 3.57 ICERR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31 CISTW This bit indicates that there was an error in the specification of the way R/W 0
subject to writing by a CISTI instruction. The write operation will complete
and the entry information will be updated, but the V bit will be cleared when
the corresponding bit is next read (because it will be judged that there is no
corresponding data in the cache; i.e., that a cache miss occurred). The
setting of this bit does not cause an exception notification to be sent to the
CPU.
30 — (Reserved for future expansion. This bit should be set to 0.) R 0
29 ESMH Error status: Multi-hit R/W Undefined
28 ESPBSE Error status: WAY error R/W Undefined
27 ESTE1 Error status: 1-bit error in the tag RAM R/W Undefined
26 ESTE2 Error status: 2-bit error in the tag RAM R/W Undefined
25 ESDC Error status: 1-bit correction in the data RAM R/W Undefined
24 ESDE Error status: 2-bit error in the data RAM R/W Undefined
23,22 — (Reserved for future expansion. Be sure to clear to 0.) R 0
21 ERMMH Error exception notification mask: Multi-hit R/W 0
20 ERMPBSE Error exception notification mask: WAY error R/W 0
19 ERMTE1 Error exception notification mask: 1-bit error in the tag RAM R/W 0
18 ERMTEZ2 Error exception notification mask: 2-bit error in the tag RAM R/W 0
17 ERMDC Error exception notification mask: 1-bit correction in the data RAM R/W 0
16 ERMDE Error exception notification mask: 2-bit error in the data RAM R/W 0
15 — (Reserved for future expansion. This bit should be set to 0.) R 0
14,13 ICHEWY These bits retain the number of the way where a cache error occurred. R/W Undefined
12to 5 ICHEIX These bits retain the index of the way where a cache error occurred. R/W Undefined
4 ICHERQ Setting of this bit to 1 indicates that the CPU is being notified of a cache error R/W 0
exception. If cache error exceptions are masked, however, the CPU is not
notified of an exception even when this bit is set to 1.
3 ICHED This bit indicates that an error occurred in the data RAM. R/W 0
2 ICHET This bit indicates that an error occurred in the tag RAM. R/W 0
1 — (Reserved for future expansion. This bit should be set to 0.) R 0
0 ICHERR This bit is set to 1 when a cache error occurs. R/W 0
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(7) Data Buffer Operation Function Registers

The data buffer control system registers are provided for each physical CPU operating.

Table 3.58 Data Buffer Operation Function Registers

Register No. Access
(reglD, sellD) Symbol Function Permission
SR24,13 CDBCR Data buffer control register SV

(a) CDBCR — Data buffer control register

This register controls the data buffer.

31 2

Value after reset
CDBCR000000000000000000000000000000

CDBCLR|—
CDBEN |=

0000 0001
Table 3.59 CDBCR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t02 — (Reserved for future expansion. Be sure to clear to 0.) R 0
1 CDBCLR When this bit is set to 1, all of the data buffer are cleared. This bit is always W 0
read as 0.
0 CDBEN This bit disables or enables the data buffer. R/W 1
0: Data buffer is disabled.
1: Data buffer is enabled.
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3.2.2 Instruction Cache and Data Buffer

3.2.21 Features
A 8-Kbyte 4-way set-associative instruction cache is provided between CPUn (n = 1, 2) and the code
flash. The instruction cache and the code flash are connected by a 128-bit dedicated bus to minimize
penalties caused by a cache miss. Also a data buffer is mounted between CPUn and the code flash to
achieve high-speed data access. The 32-MB area from 0000 0000y to 01FF FFFFy; in the address space

is intended for the instruction cache and data buffer.

PE
/\ CPUn

o [¢ Instruction cache [
g

Code Flash |4 g
g
[T Data buffer

Figure 3.2 Instruction Cache and Data Buffer
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3.2.2.2 Instruction Cache Function

The 8-Kbyte 4-way set-associative cache includes four ways consisting of 128-entry blocks of four
words per line, amounting to 8-Kbyte capacity in total. The ways are divided into two groups, Way
Group 0 consisting of Way0 and Way1 and Way Group 1 consisting of Way2 and Way3. The Way
Group is selected and used by decoding the address information to be accessed. If a cache miss occurs,
each line is refilled by a replace algorithm using LRU. When instructions are fetched from the code
flash area, instruction codes are stored in the instruction cache.

31 25 24 11 10 4 3 0
Addresses | 0000000 | | | |

Way Group 1 (Way2 and Way3) A

[T T s [ ool LRU

4 Way Group 0 (Way0 and Way1)

| IRV P N [

oIv L| TAG |Ecc [T

Entry selection Tag arra

Address 24 to 11

{ITAG} | ]
127 \|1 bit)1 bit] 14 bits | 7 bits |
| SED/DED B SEC/DED SEC/DED
I Comparing ITAG |—>| Way selection |
- /
Hit signal in Hit signal in Read-out data in Read-out data in
Way Group0 ¢ Way Group 1 Way Group0 ¥ Way Group 1
R |
Way group selection Way group selection
Hit signal Read-out data
Figure 3.3 Instruction Cache Configuration
Tag Array

V bit This bit indicates whether valid data is stored in the cache line. Setting of this bit to 1 makes
the cache line data valid. The V bit is initialized to 0 by reset.

L bit This bit indicates whether a cache line is locked or not. Setting of this bit to 1 locks the cache
line and it cannot be replaced with new data. The L bit is valid only when the V bitis 1, and it is
not initialized by reset.

TAG Among 32 bits in the operable addresses of the data line to be cached, bits 24 to 11 are stored
in the TAG bits. The TAG bits are not initialized by reset.

ECC The ECC of the tag array is stored in this bit. The ECC bit is not initialized by reset.
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Data Array
DATH_H, The 128-bit cache line data is stored in 32-bit units as follows: bits [127:96], [95:64], [63:32],
DATH_L, and [31:0] are stored in DATH_H, DATL_H, DATH_L, and DATL_L, respectively. In the CISTI
DATL_H, or CILDI operation executed by a CACHE instruction, the ICDATH register is used for DATH_H
DATL_L and DATH_L and the ICDATL register is used for DATL_H and DATL_L.

ECC_H,ECC_L The ECC of the data in bits [127:64] and [63:0] is stored in ECC_H and ECC_L, respectively.

LRU
LRU The LRU information in the same Way Group is stored in this data array. The LRU is initialized
by reset.
CAUTION

When an instruction is fetched from an applicable line after issuing a CISTI instruction
for writing test data to the tag array of the instruction cache, the tag information must
be written in Way Group units. For example, when writing tag information to a line on
the Way0 side of Way Group 0, also write tag information for the same line to Way1, and
then execute the instruction fetch.

o When writing to Way Group 0 (Way0 and Way1), write a value such that the
exclusive OR of the ICTAGL.LPN bit is 0.

¢ When writing to Way Group 1 (Way2 and Way3), write a value such that the
exclusive OR of the ICTAGL.LPN bit is 1.

Fetching an instruction after a value that does not follow the above rule has been
written to the tag array causes a way error, which sets the ICERR.ESPBSE bit to 1.
Fetching an instruction after the same tag information has been written to the same
lines of both ways in a way group causes a multi-hit error, which sets the ICERR.ESMH
bit to 1.

3.2.2.3 Data Buffer Function

A four-line buffer with 128 bits per line is mounted as a data buffer. Data of 128 bits per line read from
the code flash is stored in the data buffer. When the same address is subsequently accessed, the data is
read out from the data buffer, so the code flash does not need to be accessed again.
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3.2.3

3.2.31

Inter-Processor Interrupts

Four registers (IPIR_CHn) are provided for communicating four channels of interrupts between the

CPUs (PEs).

IPIR _CHO to IPIR _CH3 are assigned to CHO to CH3 of user interrupts (EIINT). An interrupt for
specific PEs (including own PE) can be requested by manipulating the bits corresponding to each PE.

Inter-Processor Interrupt Control Registers

These registers are located in the CPU Peripheral of each PE. Each PE has the IPIR_CHO to IPIR_CH3

registers and cannot access the registers in other PEs.

Table 3.60 List of Registers

(RS EED Value after
Address Register Name Symbol R/W 8 16 32 Reset
FFFE EC80y | Inter-PE interrupt register 0 | IPIR_CHO | RIW \ v v 0000 0000
FFFE EC84y | Inter-PE interrupt register 1 IPIR_CH1 |RMW S v v 0000 0000
FFFE EC88y | Inter-PE interrupt register 2 | IPIR_CH2 | RIW \ v v 0000 0000
FFFE EC8Cy | Inter-PE interrupt register 3 | IPIR_CH3 | RIW S v v 0000 0000
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Access:

Address:

(1) IPIR_CHn — Inter-PE interrupt register n (n = 0 to 3)

IPIR_CHn can be read or written in 32-bit units.
IPIR_CHnL can be read or written in 16-bit units.
IPIR_CHnLL can be read or written in 8-bit units.

IPIR_CHn: FFFE EC80H + n x 4y,
IPIR_CHnL: FFFE EC80H + n x 4y,
IPIR_CHnLL: FFFE EC80H + n x 4

Value after reset: 0000 0000
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — — — — — — — PE2 | PE1
Value after reset 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R/W R/W
Table 3.61 IPIR_CHn Register Contents
Bit Position Bit Name Function
31to2 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
PE2 Inter-PE Interrupt Request to PE2
Writing 1 to this bit enables an interrupt request to PE2. This bit is automatically
cleared to 0 when the interrupt request has been notified.
0: Inter-PE interrupt request output is not specified or an interrupt request is
not being output.
1: Interrupt request output is specified or an interrupt request is being output.
PE1 Inter-PE Interrupt Request to PE1

Writing 1 to this bit enables an interrupt request to PE1. This bit is automatically
cleared to 0 when the interrupt request has been notified.
0: Inter-PE interrupt request output is not specified or an interrupt request is
not being output.
1: Interrupt request output is specified or an interrupt request is being output.
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3.24 Reliability Functions

3.2.41 PE Guard Function (PEG)

(1) Overview of the PEG Function

The PEG is a constituent of the Slave Guard function and prevents unauthorized access to the resources
in the CPU (PE) from an external master. This function protects access to the local RAM in the PE. In
the initial state after a reset, access by masters other than own PE is disabled. Setting the registers listed
in (3), List of PEG Protection Setting Registers, enables access by masters other than own PE.
(1) Detecting PE guard violation
If an external master makes an unauthorized access to the resource area in a PE for which PE
guard is set, the access is detected as a PE guard violation.
(2) Blocking unauthorized access
When a PE guard violation is detected, unauthorized access to the internal resources of the PE are
blocked to prevent unauthorized modification of the contents of PE resources.
(3) Notifying occurrence of violation

When a PE guard violation is detected, INTGUARD and SYSERR exception are generated.

(2) Protection by SPID
e Setting PEG Protection

— Up to four areas can be set depending on the local RAM address of the own PE.
— The area range is specified by the base address and the mask bit (4 Kbytes to 192 Kbytes).
— “Read enable” and “write enable” can be set for each area.
— “Enable” or “disable” can be selected based on the system protection identifier (SPID) for
each area.
e Procedure for permitting access by using the system protection identifier (SPID) (see Figure 3.4)

1. Is the area subject to access is the local RAM area? If so, go to step 2.

2. Is the area subject to access is within the range of valid areas 0, 1, 2, or 3? If so, go to step 3.
Otherwise, return an error response.

3. Are all the conditions below for the relevant area satisfied? If so, permit access.
— The system protection identifier (SPID) is enabled.
— Required operations (read/write) are enabled.
Otherwise, return an error response.
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Normal access l

’ Decide enabled areas out of four areas (in parallel)

udging whether
the method
is valid

SPID match method is valid

Local RAM area?

YES YES

Protection
permitted?
(SPID No.)

YES—

Protection
permitted?
(SPID No.)

YES YES

YES
4

Protection
permitted?
(SPID No.)

YES

YES
4

Protection
permitted?
(SPID No.)

YES

Operation

Operation Operation Operation
permitted? NO—]| permitted? NO—] permitted? NO—| permitted? NO—]
R/W enabled R/W enabled R/W enabled R/W enabled
YES YES YES YES
’ ‘ Area OK ‘ ‘ ’ ‘ Area: NG ‘ ‘ ’ ‘ Area OK ‘ ‘ ’ ‘ Area: NG ‘ ‘ ’ ‘ Area OK ‘ ‘ ’ ‘ Area: NG ‘ ‘ ’ ‘ Area OK ‘ ‘ ’ ‘ Area: NG ‘ ‘

[ I I

I

I [ I

True when
any area
is OK
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I Permitted

Figure 3.4

Access Permission by the System Protection Identifier (SPID)
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(3) List of PEG Protection Setting Registers

Specify the necessary settings in the registers below to protect PE resources from unauthorized access
by an external master.

e Whether to permit access to the local RAM in the PE can be specified.

o For accesses to the register set, no access restriction is provided independently for the PEG
function.

e PEG protection is enabled by the following procedure:
1. Set the PE guard protection area n mask setting register (PEGGnMK) (n =0 to 3).
2. Set the PE guard protection area n base setting register (PEGGnBA) (n =0 to 3).

Table 3.62 List of Registers

Address | Size eI D I Value after
Offset (Byte) | Register Name Abbreviation | Right | R'W | 1 8 |16 | 32 | reset

+00Cy |2 PE guard SPID master decision control PEGSP — RW |— |V [N |— | 0000y

register
+080y 4 PE guard area 0 mask setting register PEGGOMK — RW |— |N [N [+ |00000000,
+084y, 4 PE guard area 0 base setting register PEGGOBA — RW |— |V [~ [+ |0000 0000,
+090y 4 PE guard area 1 mask setting register PEGG1MK — RW |— |N [N [+ | 00000000,
+094, 4 PE guard area 1 base setting register PEGG1BA — RW |— |V [~ [+ |0000 0000,
+0A0y 4 PE guard area 2 mask setting register PEGG2MK — RW |— |N [N [+ | 00000000,
+0A4y 4 PE guard area 2 base setting register PEGG2BA — RW |— |v [~ [+ |0000 0000,
+0B0y 4 PE guard area 3 mask setting register PEGG3MK — RW |— [N [~ [+ | 00000000,
+0B4y 4 PE guard area 3 base setting register PEGG3BA — RW |— |v [~ [+ |0000 0000,
Note: Base address: FFFE E600y
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(4) Register Set

(a) PEGSP — PE guard SPID master decision control register

This register is used to enable or disable access by an external master to the resources in the PE. The

initial value of the SPEN bit is 0, which disables access to PE resources by an external master. Setting
the SPEN bit to 1 enables access by an external master under the conditions set by PEGGnMK (n=0 to
3) and PEGGnBA (n =0 to 3).

Access: PEGSP can be read or written in 16-bit units.

PEGSPL can be read or written in 8-bit units.

Address: PEGSP: FFFE E60Cy,

PEGSPL: FFFE E60Cy

Value after reset: 0000

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — — — — — — — — | SPEN
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R/W
Table 3.63 PEGSP Register Contents
Bit Position Bit Name Function
15t01 Reserved. When read, the value after reset is returned. When writing, write the value after
reset.
0 SPEN This bit enables or disables detection of accesses by an external master having
SPID.

0: Accesses by the external master having SPID is disabled.
1: Accesses by the external master having SPID is enabled.

RO1UH0631EJ0100 Rev.1.00

Aug 31, 2016

RENESAS Page 178 of 2493



RH850/F1H PREMIUM 100 pin Version Section 3 CPU System

(b) PEGGNMK — PE guard protection area n mask setting register (n = 0 to 3)

In combination with the PEGGnBA register (n = 0 to 3), this register specifies a range or ranges within
PE guard protection area n. Setting a GnMASK bit to 1 masks the corresponding address bit of the
PEGGnBA register and places the corresponding area or areas within the range of PE guard protection
area n. Note that the minimum setting unit for PE guard protection area n is 4 KB.

Ex.) With the settings of PEGGnBA[31:12] = FEBF6y and PEGGnMK([31:12] = 00008y, the PE guard
protection area n is specified within the ranges of FEBF 6000y to FEBF 6FFF; and FEBF E000y
to FEBF EFFFy.

Access: PEGGNMK can be read or written in 32-bit units.
PEGGNMKL and PEGGnMKH can be read or written in 16-bit units.
PEGGNMKLH, PEGGNMKHL, and PEGGnMKHH can be read or written in 8-bit units.

Address: PEGGnMK: FFFE E680, + n x 10y,
PEGGNMKL: FFFE E680, + n x 10y,
PEGGNMKH: FFFE E680y + n x 10,4 + 25,
PEGGNMKLH: FFFE E680, + n x 10,4 + 1y,
PEGGNMKHL: FFFE E680 + n x 10y + 25,
PEGGNMKHH: FFFE E680y + n x 10y + 34

Value after reset: 0000 0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

GnMASK[31:16]

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

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

GnMASK[15:12] — — — — — — — — — _ — —

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W  R/W R/W R/W R/W R R R R R R R R R R R R

Table 3.64 PEGGnMK Register Contents

Bit Position Bit Name Function

31to 12 GnMASK[31:12] These bits determine whether to mask the base address bits PEGGnBA[31:12]
that specify the range of PE guard protection area n.
0: Target address bits are compared when determining the PE guard area.
1: Target address bits are not compared when determining the PE guard area.

1Mto0 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
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(c) PEGGNnBA — PE guard protection area n base setting register (n = 0 to 3)

In combination with the PEGGnMK register (n = 0 to 3), this register specifies a range or ranges within

PE guard protection area n and sets the access enable conditions for the specified area. Setting the
GnEN bit to 1 validates the access enable conditions specified by this register and the PEGGnMK

register.
Access: PEGGNBA can be read or written in 32-bit units.
PPEGGNBAL and PEGGnBAH can be read or written in 16-bit units.
PEGGNBALL, PEGGnBALH, PEGGnBAHL, and PEGGnBAHH can be read or written in 8-bit units.
Address: PEGGnBA: FFFE E684y + n x 10y,

PEGGNBAL: FFFE E684y + n x 10y,
PEGGNnBAH: FFFE E684y + n x 10y + 2y,
PEGGNBALL: FFFE E684 + n x 10y,
PEGGNBALH: FFFE E684y + n x 10y + 1,
PEGGNnBAHL: FFFE E684y + n x 10y + 2y,
PEGGnBAHH: FFFE E684 + n x 10, + 3y

Value after reset: 0000 0000
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
GnBASE[31:16]

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

GnBASE[15:12] — — — — — |GnSP2|GnSP1 — — GnWR | GnRD | GnEN
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W  R/W R/W R/W R/W R R R R R R/W R/W R R R/W R/W R/W
Table 3.65 PEGGnBA Register Contents
Bit Position Bit Name Function
311012 GnBASE These bits set a base address that specifies PE guard protection area n.
[31:12]
11to7 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
6 GnSP2 Enables accesses to PE guard protection area n by the external master having
SPID =2 (CPU2).
0: Access by the external master having SPID = 2 is disabled.
1: Access by the external master having SPID = 2 is enabled.
5 GnSP1 Enables accesses to PE guard protection area n by the external master having
SPID =1 (CPU1).
0: Access by the external master having SPID = 1 is disabled.
1: Access by the external master having SPID = 1 is enabled.
4,3 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
2 GnWR Enables write access to PE guard protection area n.
0: Write access is disabled.
1: Write access is enabled.
1 GnRD Enables read access to PE guard protection area n.
0: Read access is disabled.
1: Read access is enabled.
0 GnEN Enables settings for access enable conditions for PE guard protection area n.

0: Settings for access enable conditions are disabled.
1: Settings for access enable conditions are enabled.
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CAUTION

The GnEN bit is cleared by writing to the PEGGnMK register.
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3.2.5

3.2.5.1

Rel

iability Functions

System Error Notification Control Function (SEG)

(1)

Errors caused by an instruction fetch or data access can be the sources of system error exceptions. A
system error exception is an FE level exception from which return or recovery is not possible.

For source codes (FEIC) of the system error exceptions and error handling, see Table 3.68, Error
Factor Codes and Handling of G3M Core System Error Exceptions.

SEG (SysErrGen) controls the notification and recording of the error due to data access. Errors due to
instruction-fetch access are not notified via SEG, but SEG is notified of errors that have occurred on the
instruction cache RAM (data and tag). For details, see (2) Register Set, (a) SEGCONT — Error
notification control register, and (3) SEG Function, (b) Supplementary notes on SYSERR
exception.

Multiple error occurrence inputs are categorized according to error factor, and are processed
sequentially from the highest-priority error factor, generating an FE-level asynchronous exception
(SYSERR).

The bit position of the SEGFLAG register becomes the error factor priority. Error factors of lower-
order bits take precedence over error factors of higher-order bits.

Error information is recorded only once regardless of error frequency.

The error with the highest priority among the error factors is valid when errors occur simultaneously.
Recorded error information is not overwritten by subsequent errors.

List of SEG Function Control Registers

Table 3.66 List of Registers

Address
Offset*’

Size
(Byte)

Operable Bit Value
Register Name Abbreviation | Right | RIW 1 8 16 | 32 | after reset

+00,

Error notification control register SEGCONT — RW* | — | — [V |— | 0000y

+02y

Error occurrence retention register SEGFLAG — RW* | — | — [¥ | — | 0000y

Note 1. Base address: FFFE E980y
Note 2.  Write access in user mode is ignored.

NOTE
e |f an access is made with an address offset or operable bits other than those specified
above, SYSERR exception is generated.

o Write access is only possible in supervisor mode (UM = 0). Attempting to write in other
modes leads to generate SYSERR exception. In above cases, VCIF flag set.

¢ No restriction is provided for read accesses.

o Read accesses to ranges permitted by other protection systems are enabled at any time.
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(2) Register Set
(a) SEGCONT — Error notification control register
This register is used to enable (= 1) or disable (= 0) notification of SysErr request in response to error

flags that store the error occurrence status for each factor.

Access: SEGCONT can be read or written in 16-bit units.
Address: SEGCONT: FFFE E9804

Value after reset: 0000y

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
— — — — — — VPGE — — TCME | ROME | VCIE — ICCE — —

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R/W R R R/W R/W R/W R R/W R R

Table 3.67 SEGCONT Register Contents (1/2)

Bit Position Bit Name Function

15t0 10 Reserved When read, the value after reset is returned. When writing, write the value after
reset.

9 VPGE Notification that the following P-Bus error was returned:

e P-Bus guard error in write access

8,7 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
6 TCME Notification that one of the following errors occurred during data access to the

local RAM by the own PE:
e An uncorrectable ECC error
e Detection of an access to the following area
PE1
— FECO0 0000y to FEDB FFFFy
— FEAO 0000y to FEBB FFFFy
PE2
— FECO0 0000y to FEDB FFFFy
— FEB80 00004 to FE9B FFFFy

5 ROME Notification that the following error occurred during access to the code flash
while the table was being referenced by a table reference interrupt:

e An uncorrectable ECC error
e An address parity error
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Table 3.67 SEGCONT Register Contents (2/2)

Bit Position Bit Name Function

4 VCIE « Notification that the following P-Bus errors were returned (excluding errors
in writing to P-Bus).

— Access to an unimplemented area (FFFF 7900 to FFFF 7EFFy)
— P-Bus guard error

— Read or write access to a peripheral in the following domain that is not
clocked.
C_AWO_TAUJ, C_AWO_ADCA, C_ISO_PERI1, C_ISO_PERI2,
C_ISO_LIN, C_ISO_CAN, C_ISO_CsSI.

* Notification that the following code flash error was returned:
— An uncorrectable ECC error
— Address Parity error

* Notification that the following global RAM error was returned:
— Access protection violation
— An uncorrectable ECC error

« Notification that one of the errors shown in function of TCME (bit6) occurred
during data access to the local RAM by the other PE

o Notification that access to an interconnect reserved area was detected
PE1

— FFFF 00004 to FFFF 4FFFy
— FFFE 0000y to FFFE BFFFy
— FBO00 0000y to FEQF FFFFy
— F300 0000y to F8FF FFFFy
PE2

— FFFF 00004 to FFFF 4FFFy
— FFFE 0000y to FFFE 9FFFy
— FBO00 0000y to FE7F FFFFy
— F900 0000y to FOFF FFFFy
— F300 0000y to F7FF FFFFy

* Notification that PE guard error occurred

3 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
2 ICCE Instruction Cache Error Notification Enable

The following error is handled when the instruction cache system register,
ICCTRL.ICHEMK, is set to O (the value after reset is 1):
An uncorrectable ECC error

1,0 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
RO1UH0631EJ0100 Rev.1.00 ENESAS Page 184 of 2493

Aug 31, 2016



RH850/F1H PREMIUM 100 pin Version Section 3 CPU System

Table 3.68

Error Factor Codes and Handling of G3M Core System Error Exceptions

Factor Codes

Error Contents

10 Reserved

11 Instruction fetch errors (from code flash memory)

12 Errors whose notification is enabled by the SEGCONT second bit
13 Instruction fetch errors (from other than code flash memory)

14 Errors whose notification is enabled by the SEGCONT fourth bit
15 Errors whose notification is enabled by the SEGCONT fifth bit
16 Errors whose notification is enabled by the SEGCONT sixth bit
17 Reserved

18 Reserved

19 Errors whose notification is enabled by the SEGCONT ninth bit
1A Reserved

1B Reserved

1C Reserved

1D Reserved

1E Reserved

1F Reserved
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Bit

(b) SEGFLAG — Error occurrence retention register

This register contains error flags that indicate the status of error occurrence for each factor. This flag is

set to 1 when an error occurs but is not automatically cleared to 0.

The values of this register can be both set and cleared by writing.

Access:

Address:

Value after reset: 0000y

SEGFLAG can be read or written in 16-bit units.
SEGFLAG: FFFE E982y

Value after reset

R/IW

RO1UH0631EJ0100 Rev.1.00
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15 14 13 12 1 10 9 8 7 6 5 4 2 1 0
— — — — — — | VPGF| — — | TCMF | ROMF | VCIF ICCF | — —
0 0 0 0 0 0 0 0 0 0 0
R R R R R R R/W R R R/W R/W R/W R/W R R
Table 3.69 SEGFLAG Register Contents
Bit Position Bit Name Function
15t0 10 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
9 VPGF Flag corresponding to bit 9 of the SEGCONT register
8,7 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
6 TCMF Flag corresponding to bit 6 of the SEGCONT register
5 ROMF Flag corresponding to bit 5 of the SEGCONT register
4 VCIF Flag corresponding to bit 4 of the SEGCONT register
3 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
2 ICCF Flag corresponding to bit 2 of the SEGCONT register
1,0 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
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(3) SEG Function
(a) SEG function: SYSERR request notification by error flag
e Setting an error flag takes precedence over clearing the same flag.
— A simultaneous clearing operation is ignored.
e  Priority of error factors

— The bit position of the notification-enabled SEGFLAG register becomes the error factor
priority. Error factors of lower bits take precedence over error factors of upper bits.
Notification is made from the highest-priority error factor.

— The bit position of error factors is reported as a “SYSERR factor code”.
e Conditions for starting SYSERR request notification

— Even if SEGFLAG register is set to 1, notification is not made.

— In case error notification is enabled by SEGCONT register, notification is made immediately
after SEGFLAG register is set to 1.

— After clearing of SEGFLAG register, notification is made depending on SEGFLAG register
state (re-arbitration).

¢ Finishing notification at a SYSERR request response

— Even after notification is finished, the flag is not cleared automatically.
— Notification is not made until re-arbitration is performed by setting or clearing the flag again.

— If an error flag that is prioritized higher than the error factor is set prior to a request response,
the notification information may be replaced with an upper SYSERR factor code.

(b) Supplementary notes on SYSERR exception

e The PSW.EBYV bit retains its value and the base address for the exception handler is not changed
even when a SYSERR exception is generated.

e Detection of errors in the instruction cache
Detection of an error in the instruction cache RAM does not lead to a SYSERR exception of the
type that requires re-execution by the source of the instruction fetch. The entry that caused the
error is automatically invalidated and the instruction is fetched from the code flash again, allowing
the CPU to continue with instruction execution. The error that occurred during instruction fetch
can be specified to be reported to SEG by setting the ICCTRL.ICHEMK bit to 0. Regarding errors
in the instruction cache, see Section 3.2.1.2, Register Set, (g) ICERR — Instruction
cache error register.
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3.3 Inter-CPU Functions

3.31 Processor Element Identifier

The PEID, processor element ID number, can be read from the PEID field in the HTCFGO register.
Which CPU core is executing a specific program can be checked by referring to the PEID. The
following shows the PEID of this product.

CPU Core PEID
CPU1 (PE1) 001g
CPU2 (PE2) 010g

3.3.2 Inter-Processor Interrupt Function

Each CPU has the IPIR register as a peripheral function. Setting of the IPIR register enables an El-level
interrupt request from a PE to another PE. For details, see Section 3.2.3, Inter-Processor
Interrupts.

3.33 Exclusive Control

The local RAM, global RAM, retention RAM, and exclusive control registers (GOMEVm; m =0 to 31)
are available as a resource for exclusive control. Atomic operation instructions LDL/STC, CAXI,
SETI1, CLRI1, and NOT]1 can be executed on the local RAM, global RAM, and retention RAM. CAXI,
SETI1, CLRI1, and NOT1 can be executed on the exclusive control registers (GOMEVm). Note that the
LD and ST instructions can also access these resources, but the access is not atomic.

3.3.3.1  Exclusive Control Register (GOMEVm; m = 0 to 31)

This register supports exclusive control for variables shared between PEs (common resources). (MEV:
Mutual Exclusion Variable Register)

e Thirty-two 32-bit GOMEVm registers are included.

¢ GOMEVm can be accessed in 8-, 16-, or 32-bit units.

e Access from CPU1 (PE1) and CPU2 (PE2) can be made.

e Atomic operation instructions CAXI, SET1, CLR1, and NOT1 can be executed.

CPUI (PE1) and CPU2 (PE2) each have an independent access path for the GOMEVm registers.
Therefore, when CPU1 (PE1) and CPU2 (PE2) each access different GOMEVm registers, they do not
need to wait for access. When they access the same GOMEVm register, however, waiting for access is
required.

Table 3.70 List of Registers

Access Size

Value after
Address*' | Register Name Symbol R/W 1 8 16 32 Reset
+00y Exclusive control register 0 | GOMEVO RW | — J J J 0000 0000
+04y Exclusive control register 1 | GOMEV1 RW | — J J J 0000 0000
+08y Exclusive control register 2 | GOMEV2 RW | — J J J 0000 0000
+0Cyy Exclusive control register 3 | GOMEV3 RW |— d J J 0000 0000y
+7Cy Exclusive control register 31 | GOMEV31 RW |— d J J 0000 0000y

Note 1. Base address: FFFE ECO0y
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(1) GOMEVm — Exclusive Control Register m (m =0 to 31)

Access: GOMEVm can be read or written in 32-bit units.
GOMEVmL and GOMEVmH can be read or written in 16-bit units.
GOMEVmLL, GOMEVmLH, GOMEVmHL, and GOMEVmHH can be read or written in 8-bit units.

Address: GOMEVm: FFFE EC00 + m x 4y,
GOMEVmL: FFFE ECO0y + m x 4y,
GOMEVmH: FFFE EC00 + m x 4y + 2y,
GOMEVmLL: FFFE ECO0 + m x 4y,
GOMEVMLH: FFFE ECO0, + m x 4y + 1y,
GOMEVmMHL: FFFE EC00, + m x 4 + 24,
GOMEVmHH: FFFE ECO0y; + m x 4, + 3,4

Value after reset: 0000 0000y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

GOMEVm[31:16]

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
GOMEVm[15:0]
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W  R/W R/W RIW R/W R/IW R/IW R/IW RIW R/W R/W RIW R/W R/W R/IW R/W R/W

Table 3.71 GOMEVm Register Contents

Bit Position Bit Name Function
31t00 GOMEVm These bits set the value for exclusive control.
[31: 0]
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3.3.3.2 Operations of the LDL.W and STC.W Instructions

The LDL.W and STC.W instructions can be used to perform atomic read-modify-write operations for
accurate processing in the updating of memory in multicore systems. The LDL.W and STC.W
instructions operate as follows.

e Link generation: The CPU is capable of generating links to both the local RAM and global RAM
(including the retention RAM). Executing the LDL.W instruction on the target RAM for the
operation leads to the link flag being set and a link being generated in response to reading by the
instruction. Two link flag systems are provided, one each for the following two areas of RAM.

(1) The local RAM for the given processor
(2) The global RAM (including the retention RAM)

e Success in storing: After a link has been generated, storing will only proceed in response to
executing an STC.W instruction corresponding to the generated link.

e Failure in storing: If a link is lost, storing does not proceed even when an STC.W instruction for
the corresponding address is processed. Storing also does not proceed when an STC.W instruction
that does not correspond to the link is processed.

e Condition for successful storing: If the following condition is met, the STC.W instruction is
judged to be for the address corresponding to the link.

— The address for the LDL.W instruction which generated the link matches that for the STC.W
instruction.

e Loss of the link: If any of the following occurs, the link flag is cleared and the link is lost.

— Any of the following processing by the CPU for which the link was generated:

— Execution of a STC.W instruction. The corresponding link (for (1) or (2) above) will be lost
irrespective of the success or failure of storing.

— Occurrence of an exception or the CPU executing an instruction to return from an exception
processing routine (FERET or EIRET). The link flags for both areas of RAM are cleared.

— Successive execution of LDL.W instructions for a location with the same link flags.
The link generated in response to the preceding LDL.W instruction will be lost. Do not
execute such processing.

— Execution of a storing operation other than an STC.W instruction for the address generating
the link. Do not execute such processing.

— Access as described below by another bus master:
Any storing operation, including execution of an STC.W instruction for the address
generating the link.
The corresponding link will be lost.

Success of the STC.W instruction means that the LDL.W and STS.W instructions have realized an
atomic read-modify-write operation.
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3.4 Notes

3.41 Synchronization of Store Instruction Completion and Subsequent
Instruction Execution

When a control register is updated by a store instruction, there is a time lag after the CPU executes the

store instruction and before the control register is actually updated. Therefore, if the updated content of

the control register is to be used by the instruction following the store instruction, the appropriate

synchronization is required.How to perform synchronization processing is shown below.

For the procedures to synchronize updating system registers by LDSR instruction and the subsequent

instruction execution, see APPENDIX A. Hazard Resolution Procedure for System Registers in the
RH850G3M User’s Manual: Software.

3.41.1 When the updated results in the control registers are to be used by the subsequent
instruction

Example 1:

This includes the following case: an interrupt is enabled by execution of an EI instruction after an

interrupt request is cleared by access from the control register in the INTC2 and the peripheral circuits.

Proceed as follows in this case.

1.

Execute the store instruction to update a control register (ST.W, etc.)

2. Perform a dummy read of the above control register (LD.W etc.).
3. Execute SYNCP.
4. Execute the subsequent instruction (EI).

Example 2:

When you must wait until a control register (control register A) has been completely updated before

accessing another control register (control register B), execute similar processing. This includes the

following cases: different peripheral functions are linked, or the interrupt mask for INTC is cleared

after the peripheral function is set. Note that this processing is not required if the control registers A

and B belong to the same peripheral group (Peripheral Group 0 to 5).

1.
2.
3.
4.

Execute the store instruction to update the control register A (ST.W, etc.)
Perform a dummy read of the above control register (LD.W etc.).
Execute SYNCP.

Execute the store instruction to access the control register B (ST.W, LD.W, etc.)

The same processing is also required when starting to access control registers and memory to be

protected after waiting for the completion of settings for safety functions such as memory protection,

ECC checking, and so on.

For details of the peripheral groups, see Section 1.1.2, Internal Block Diagram and Section 4.3,
Peripheral /0 Address Map.

R0O1UH0631EJ0100 Rev.1.00 RENESAS Page 191 of 2493

Aug 31, 2016



RH850/F1H PREMIUM 100 pin Version Section 3 CPU System

3.41.2 When the updated results of the control register or memory are to be used in the
instruction fetch of the subsequent instruction

(a) In case of writing the instructions to the RAM before jumping to the RAM to execute
instructions from the RAM, take the following procedure.

—_

Execute the store instruction to update a memory (ST.W, etc).
2. Perform a dummy read of the above memory (LD.W, etc).

3. Execute SYNCP.

4. Execute SYNCI.

5. Execute the subsequent instruction (branch instruction, etc).

(b) In case of updating control registers for memory protection and ECC functions before
jumping to the memory to be controlled by the registers, take the following procedure.

—_

Execute the store instruction to update a control register (ST.W, etc).
2. Perform a dummy read of the control register (LD.W, etc).
3. Execute SYNCP.
4. Execute SYNCIL.
5. Execute the subsequent instruction (branch instruction, etc).
When switching the code flash memory area:

In this case, see Section 10, Usage Notes, (7) Updating the BFASELR register in the RH850/F 1L,
RH850/FIM, RH850/F1H Flash Memory User’s Manual: Hardware Interface.

R0O1UH0631EJ0100 Rev.1.00 RENESAS Page 192 of 2493
Aug 31, 2016



RH850/F1H PREMIUM 100 pin Version Section 3 CPU System

3.4.2 Accessing Registers by Using Bit-Manipulation Instructions

Writing by using bit-manipulation instructions consists of atomic read-modify-write processing in 8-bit
units. Thus, access by a bit-manipulation instruction is only possible for registers for which reading and
writing in 8-bit units is possible. If a register includes multiple flag bits, the read-modify-write
operation may lead to the clearing of flags that were not actually targets for clearing.

343 Ensuring Coherency after Code Flash Update

The CPU has an efficient instruction cache and data buffer for the code flash area. Therefore, after
using self-programming to program the code flash memory, clear the instruction cache and data buffer
to ensure coherency. The instruction cache and data buffer can be cleared by using the ICCTRL register
and the CDBCR register, respectively.

344 Overwriting Context upon Acceptance of Multiple Exceptions

Acceptance of an exception depends on the type of exception source, regardless of the states of the ID
and NP bits in the PSW register. When multiple exceptions are generated, the contents of the system
register which hold the context information are overwritten. For the conditions for acceptance and
whether correct return or recovery is possible for each exception source, see the List of Exception
Sources in the RH850G3IM User s Manual: Software.
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3.4.5

Notes on Prefetching

CPU executes speculative instruction fetching from locations beyond the current program counter to
maintain the throughput of instruction fetches. This prefetching may result in reading from memory
areas to which no instruction codes have been stored (note 1 in Figure 3.5). Please note the following.
The CPU does not execute values read in such cases.

These notes apply to all locations where instruction fetching is possible.

e Occurrence of ECC errors due to values in memory being undefined
This prefetching may lead to an ECC error in already erased code flash or local RAM, global
RAM, or retention RAM before initialization. When instruction codes are stored to memory,
initialize the memory area with some data (note 1 in Figure 3.5).

o Detection of illegal access by the GRG
The GRG function may detect such prefetching as illegal access. To prevent prefetching being
detected as an illegal access, do not allow any region of overlap area between applicable areas
(note 1 in Figure 3.5) and areas to which access is prohibited by the GRG. Reading from an area
protected by the MPU does not cause a memory protection exception.

e Access to Access Prohibited Area
Store instruction codes to memory without allowing any overlap between applicable areas (note 1
in Figure 3.5) and an access-prohibited area.

Example of Memory for
program instruction
execution fetches
K_H (—%
e ———
Area where no
instruction codes
A are assigned
: 64 bytes*'
Branch M
/ Area where
> instruction codes
are assigned
= 1\ Execute an instruction
Area where no
L instruction codes A Execute no instruction: read-only
are assigned )
A ]
Branch\ : 64 bytes
Area where
instruction codes
are assigned
/,’\/
/\/
Note 1.  Area from final address of instruction code to final address + 64 bytes. Even if instruction codes are not

placed in this area, requests for prefetching may lead to reading from memory at the time of branching.

Figure 3.5 Area that Requires Attention Regarding Prefetching
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3.4.6 System Register Hazards

To resolve potential hazards when updating the register values of some system registers, implement the
following procedures.

¢ Instruction fetch:
When fetching instructions after updating the following registers, start to do so only after
executing the EIRET instruction, FERET instruction, or SYNCI instruction after executing the
register update instruction.

— PSW.UM, MCFGO0.SPID
When fetching instructions after updating the following registers, start to do so only after
executing the SYNCI instruction after executing the register update instruction.

— ASID, MPU: All related registers (Register number: SR*, 5-7)

e SYSCALL instruction:
When a SYSCALL instruction is to be executed after updating the register below, execute a
SYNCEP instruction after the instruction to update the register and before the SYSCALL
instruction.

— SCCFG

e Load/Store:
When executing instructions that involve load/store operations after updating the following
registers, execute the load/store instruction only after executing the SYNCP instruction after
executing the register update instruction.

— ASID, MPU protection area setting registers (Register number: SR*, 6-7)
Do not execute instructions that involve load/store operations during the instruction preceding and
the instruction following update of the following registers.

- MCTL.MA

e Interrupts:
Update the following registers in the interrupt disabled state (PSW.ID = 1).

— PSW.EBYV, EBASE, INTBP, ISPR, PMR, ICSR, INTCFG

e Instruction cache clear operation:
When the confirmation of instruction cache clear operation completed, check the read value of
ICCTRL.ICHCLR bit.

e FPU register update:
When the following register by executing the instruction is updated, execute the SYNCP
instruction after executing the instruction.

— FPU All related registers (Register number: SR6-11, 0)

e FPP/FPI exception mode change:
When the exception FPP/FPI mode is changed, update the following register after executing the
SYNCP and SYNCE instruction. For change the register, apply also the above "FPU register

update".
— FPSR.PEM
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Section4  Address Space

41 Address Space

Table 4.1 and Table 4.2 shows the address space of the RH850/F1H.

CAUTION

Do not access an address with which no register is mapped in the on-chip 1/0 register
space. In addition, do not access any access prohibited area specified in Table 4.1 and
Table 4.2. If such an address is accessed, operation is not guaranteed.

Table 4.1 Address Space (3-MB Product)

Address Address Space Type Size

0000 0000y to 0017 FFFF Code flash (bank A) 1.5MB

(0001 70004 to 0001 7FFF) (FCU firmware area (Map can be swapped by (4 KB)
FCUFAREA register))*!

0018 00004 to 007F FFFFy Access prohibited area

0080 0000y to 0097 FFFF Code flash (bank B) 1.5MB

0098 0000y to OOFF FFFFy Access prohibited area

0100 0000y, to 0100 7FFFy Code flash (extended area) 32 KB

0100 8000y to FEOD FFFFy Access prohibited area

FE9E 0000 to FE9F FFFFy Local RAM (CPU2 area) 128 KB

FEAO 0000y to FEBB FFFFy Access prohibited area

FEBC 0000y to FEBF FFFF Local RAM (CPU1 area) 256 KB

FECO 0000, to FEDB FFFFy Access prohibited area

FEDC 0000y to FEDF FFFFy Local RAM (self area*?) 256 KB

FEEO 0000y to FEEF 7FFFy Access prohibited area

FEEF 8000y to FEEF FFFFy Global RAM (bank A) 32 KB

FEFO0 0000 to FEFO FFFFy Retention RAM 64 KB

FEF1 0000y to FEFF 7FFFy Access prohibited area

FEFF 80004 to FEFF FFFFy Global RAM (bank B) 32KB

FF00 0000y to FFFD FFFFy On-chip peripheral I/O area 16 MB - 128 KB

(FF20 0000y to FF20 FFFF},) (Data Flash (Read/Write)) (64 KB)

(FFA1 2000y to FFA1 2FFFR) (FCU RAM) (4 KB)

FFFE 0000y to FFFE DFFFy Access prohibited area

FFFE EO0Oy to FFFE FFFFy On-chip peripheral I/O area (self area*3) 8 KB

FFFF 0000y to FFFF 4FFF Access prohibited area

FFFF 5000y to FFFF FFFFy On-chip peripheral I/O area 44 KB

Note 1.  For details, see the RH850/F1L, RH850/F1M, RH850/F1H Flash Memory User's Manual: Hardware
Interface.

Note 2. When a local RAM (self area) is accessed, the local RAM included in each CPU (CPU1/CPU2) can be
accessed. The self area for CPU2 is 128KB (FEDE 0000y to FEDF FFFFy).

Note 3.  When an on-chip peripheral I/O area (self area) is accessed, the on-chip peripheral 1/0 area included in
each CPU (CPU1/CPU2) can be accessed.
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Table 4.2 Address Space (4-MB Product)

Address Address Space Type Size

0000 0000y to 001F FFFFy Code flash (bank A) 2 MB

(0001 70004 to 0001 7FFF) (FCU firmware area (Map can be swapped by (4 KB)
FCUFAREA register))*!

0020 0000y to 007F FFFFy Access prohibited area

0080 0000y to 009F FFFFy Code flash (bank B) 2MB

00AO 0000 to OOFF FFFFy Access prohibited area

0100 0000y to 0100 7FFFy Code flash (extended area) 32 KB

0100 8000y to FE9OD FFFFy Access prohibited area

FE9E 00004 to FE9OF FFFFy Local RAM (CPU2 area) 128 KB

FEAO 0000y to FEBB FFFFy Access prohibited area

FEBC 0000y to FEBF FFFFy Local RAM (CPU1 area) 256 KB

FECO 0000, to FEDB FFFFy Access prohibited area

FEDC 0000y to FEDF FFFFy Local RAM (self area*?) 256 KB

FEEO 0000y to FEEF 7FFFy Access prohibited area

FEEF 8000y to FEEF FFFFy Global RAM (bank A) 32 KB

FEFO0 0000y to FEFO FFFFy Retention RAM 64 KB

FEF1 00004 to FEFF 7FFFy Access prohibited area

FEFF 8000, to FEFF FFFFy Global RAM (bank B) 32KB

FF00 0000y to FFFD FFFFy On-chip peripheral I/O area 16 MB - 128 KB

(FF20 0000y to FF20 FFFF}) (Data Flash (Read/Write)) (64 KB)

(FFA1 2000y to FFA1 2FFFy) (FCU RAM) (4 KB)

FFFE 0000y to FFFE DFFFy Access prohibited area

FFFE EO00y to FFFE FFFFy On-chip peripheral I/O area (self area*3) 8 KB

FFFF 0000y to FFFF 4FFFy Access prohibited area

FFFF 5000 to FFFF FFFFy On-chip peripheral I/O area 44 KB

Note 1.
Interface.
Note 2.

Note 3.

each CPU (CPU1/CPU2) can be accessed.

For details, see the RH850/F1L, RH850/F1M, RH850/F1H Flash Memory User's Manual: Hardware

When a local RAM (self area) is accessed, the local RAM included in each CPU (CPU1/CPU2) can be
accessed. The self area for CPU2 is 128KB (FEDE 0000y to FEDF FFFFy).
When an on-chip peripheral I/O area (self area) is accessed, the on-chip peripheral I/O area included in
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4.2 Address Space Viewed from Each Bus Master

Figure 4.1 shows address spaces viewed from each bus master.

4.2.1 Data Space Accessible by CPU1

See Figure 4.1 for the accessible spaces from CPUI.

4.2.2 Data Space Accessible by CPU2

See Figure 4.1 for the accessible spaces from CPU2.

4.2.3 Data Space Accessible by DMA

See Figure 4.1 for the accessible spaces from the DMA.
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4.2.4

Access from CPU1

Access from CPU2

Access from DMA

FFFF FFFF,
On-chip peripheral I/O area | On-chip peripheral I/O area | On-chip peripheral I/O area
FFFF 5000,
FFFF 4FFF,
Access prohibited area Access prohibited area
FFFF 0000,
FFFE FFFF,|
On-chip peripheral I/O area | On-chip peripheral I/O area Access prohibited area
FFFE E000, (self area) (self area)
FFFE DFFF,
Access prohibited area Access prohibited area
FFFE 0000,
FFFD FFFF,
On-chip peripheral I/O area | On-chip peripheral /O area | On-chip peripheral I/O area
FFAOQ 0000,
FFOF FFFF,
FF210000, Access prohibited area Access prohibited area Access prohibited area
FF20 FFFF,
Data Flash Data Flash Data Flash
FF20 0000, (64 KB) (64 KB) (64 KB)
FF1F FFFF,
FF00 0000, Access prohibited area Access prohibited area Access prohibited area
FEFF FFFF, Global RAM Global RAM Global RAM
(bank B) (bank B) (bank B)
FEFF 8000, (32KB) (32KB) (32KB)
FEFF 7FFF,
Access prohibited area Access prohibited area Access prohibited area
FEF1 0000,
FEFO FFFF,
Retention RAM Retention RAM Retention RAM
FEF0 0000, (64 KB) (64 KB) (64 KB)
FEEF FFFF,{ Global RAM Global RAM Global RAM
(bank A) (bank A) (bank A)
FEEF 8000, (32KB) (32KB) (32KB)
FEEF 7FFF,|
Access prohibited area Access prohibited area
FEEO 0000,
FEDF FFFF,| Local RAM
FEDE 0000, ezl RA (Zegzaa}g) "
" (self area) Access area
FEDD FFFF, (256 KB)
FEDC 0000, »
FEDB FFFF,| Access prohibited area
Access prohibited area
FECO0 0000,
FEBF FFFF,| Local RAM Local RAM Local RAM
(CPU1 area) (CPU1 area) (CPU1 area)
FEBC 0000, (256 KB' (256 KB (256 KB
FEBB FFFF,
Access prohibited area Access prohibited area Access prohibited area
FEAO0 0000,
FEOF FFFF, Local RAM Local RAM Local RAM
(CPU2 area) (CPU2 area) (CPU2 area)
FE9E 0000, (128 KB) (128 KB) (128 KB)
FEOD FFFF,,
Access prohibited area Access prohibited area Access prohibited area
0100 8000,
0100 7FFF, Code Flash Code Flash Code Flash
(extended area) (extended area) (extended area)
0100 0000, (32KB) (32KB) (32KB)
00FF FFFF,
Access prohibited area Access prohibited area Access prohibited area
00A0 0000,
009F FFFF, Code Flash Code Flash Code Flash
(bank B) (bank B) (bank B)
0080 0000, (2MB) (2MB) (2 MB)
007F FFFF,
Access prohibited area Access prohibited area Access prohibited area
0020 0000,
001F FFFF, Code Flash Code Flash Code Flash
(bank A) (bank A) (bank A)
0000 0000, (2MB) (2 MB) (2 MB)

Note: The following color coding is used in the map above

Fetch and
data access available

Data access available

ccess prohibited

Figure 4.1

Global RAM

Address Space Viewed from Each Bus Master (4-MB Product)

The Global RAM is divided into Bank A and Bank B. Different banks can be accessed concurrently.
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4.3

Peripheral 1/0 Address Map

Table 4.3 show the Peripheral I/O Address Map.

Table 4.3

Peripheral I/O Address Map (1/5)

Address

Peripheral Group

Peripheral 1/0

FF00 0000, to FF1F FFFF,

Access prohibited area

FF20 0000y to FF20 FFFFy 0 Data flash

FF21 0000y to FFOF FFFFy — Access prohibited area

FFAO 0000y to FFAO 001F 3 FLMD

FFAO 0020y to FFAO 7FFF — Access prohibited area

FFAO 8000y to FFAO 801F 3 SELF

FFAOQ 8020y to FFAO FFFFy — Access prohibited area

FFA1 0000y to FFA1 010Fy 3 Flash controller (except FCUAREA register)

FFA1 0110y to FFA1 1FFF — Access prohibited area

FFA1 2000, to FFA1 2FFFy 3 FCURAM

FFA1 3000y to FFA1 FFFFy — Access prohibited area

FFA2 0000y to FFA2 FFFFy 3 FACI command-issuing area

FFA3 0000y to FFBF FFFFy — Access prohibited area

FFCO0 00004 to FFCO 000F 3 FENMI

FFCO0 0010y to FFCO 00FFy — Access prohibited area

FFCO0 01004 to FFCO 010F 3 FEINT

FFCO0 0110 to FFCO OFFF — Access prohibited area

FFCO 10004 to FFCO 100F 3 SELB_INTC

FFCO 1010y to FFCO FFFFy — Access prohibited area

FFC1 00004 to FFC1 4C5Fy 3 PORT

FFC1 4C604 to FFC1 FFFFy — Access prohibited area

FFC2 00004 to FFC2 04CFy 3 PORT (JTAG)

FFC2 04D0y to FFC2 FFFFy — Access prohibited area

FFC3 00004 to FFC3 00AF 3 PORT (DNF)

FFC3 00BOy to FFC3 3FFFy — Access prohibited area

FFC3 40004 to FFC3 406F 3 FCLA

FFC3 4070y to FFC3 FFFFy — Access prohibited area

FFC4 0000y to FFC4 004F 3 P-Bus guard (PBUS00)

FFC4 0050y to FFC4 O0FFy — Access prohibited area

FFC4 01004 to FFC4 014F 3 P-Bus guard (PBUS01)

FFC4 0150y to FFC4 8FFF — Access prohibited area

FFC4 9000 to FFC4 930F 0 Global RAM Guard

FFC4 9310y to FFC5 8FFF — Access prohibited area

FFC5 9000 to FFC5 900F 0 FCUFAREA

FFC5 9010y to FFC5 97FFy — Access prohibited area

FFC5 9800 to FFC5 981F 0 DCIB

FFC5 9820y to FFC6 03FFy — Access prohibited area

FFC6 0400y to FFC6 065F 0 Instruction cache data RAM ECC

FFC6 0660y to FFC6 13FFy — Access prohibited area

FFC6 1400y to FFC6 165F 0 Instruction cache tag RAM ECC

FFC6 1660y to FFC6 1FFF — Access prohibited area
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Table 4.3

Peripheral I/O Address Map (2/5)

Address

Peripheral Group

Peripheral I/O

FFC6 2000y to FFC6 200F

0

Code flash address parity

FFC6 2010y to FFC6 21FFy

Access prohibited area

Aug 31, 2016

FFC6 2200y to FFC6 235F 0 Code flash ECC (VCI)

FFC6 2360y to FFC6 23FFy — Access prohibited area

FFC6 2400y to FFC6 255F 0 Code flash ECC (CPU1)

FFC6 2560y to FFC6 25FFy — Access prohibited area

FFC6 2600y to FFC6 275Fy 0 Code flash ECC (CPU2)

FFC6 2760y to FFC6 29FFy — Access prohibited area

FFC6 2A00y to FFC6 2A1Fy 0 Data flash ECC

FFC6 2A20y to FFC6 3FFF — Access prohibited area

FFC6 4000y to FFC6 465F 0 Global RAM ECC

FFC6 4660y to FFC6 4FFF — Access prohibited area

FFC6 5000y to FFC6 502Fy 0 Local RAM ECC TEST

FFC6 5030y to FFC6 53FFy — Access prohibited area

FFC6 5400y to FFC6 541Fy 0 Local RAM ECC (PE1)

FFC6 5420y to FFC6 55FFy — Access prohibited area

FFC6 5600y to FFC6 561Fy 0 Local RAM ECC (PE2)

FFC6 5620y to FFC6 FFFFy — Access prohibited area

FFC7 0000y to FFC7 002Fy 2 ECC CSIH0-2

FFC7 0030y to FFC7 OFFF — Access prohibited area

FFC7 1000y to FFC7 105Fy 2 ECC CAN

FFC7 1060y to FFC7 7FFFy — Access prohibited area

FFC7 8000y to FFC7 800Fy 3 SELB_READTEST

FFC7 8010y to FFC9 FFFFy — Access prohibited area

FFCA 0000y to FFCA 004F 3 RIIC

FFCA 0050y to FFCC FFFFy — Access prohibited area

FFCD 0000 to FFCD 00DFy 3 SCDS

FFCD 00EOy to FFCD FFFFy — Access prohibited area

FFCE 0000y to FFCE 007Fy 3 RLIN2

FFCE 0080y to FFCE 1FFFy — Access prohibited area

FFCE 2000y to FFCE 206F 3 RLIN3

FFCE 2070y to FFCF FFFFy — Access prohibited area

FFDO 0000y to FFDO 7CCFy 2 RSCANO

FFDO 7CDOy to FFDO 7FFFy — Access prohibited area

FFDO 8000y to FFDO 99FFy 2 RSCAN1

FFDO 9A00y to FFD6 FFFFy — Access prohibited area

FFD7 0000y to FFD7 002F 2 OSTMO

FFD7 0030y to FFD7 00FFy — Access prohibited area

FFD7 0100y to FFD7 012F 2 OSTM1

FFD7 0130y to FFD7 01FFy — Access prohibited area

FFD7 0200y to FFD7 022F 2 OSTM2

FFD7 0230y to FFD7 02FFy — Access prohibited area

FFD7 0300y to FFD7 032F 2 OSTM3

FFD7 0330y to FFD7 03FFy = Access prohibited area
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Table 4.3

Peripheral I/O Address Map (3/5)

Address

Peripheral Group

Peripheral I/O

FFD7 0400y to FFD7 042Fy

2

OSTM4

FFD7 0430y to FFD7 OFFFy

Access prohibited area

Aug 31, 2016

FFD7 1000y to FFD7 102F 2 OSTM5

FFD7 1030y to FFD7 10FFy — Access prohibited area

FFD7 11004 to FFD7 112Fy 2 OSTM6

FFD7 1130y to FFD7 11FFy — Access prohibited area

FFD7 1200y to FFD7 122F 2 OSTM7

FFD7 1230y to FFD7 12FFy — Access prohibited area

FFD7 1300y to FFD7 132F 2 OSTM8

FFD7 1330y to FFD7 13FFy — Access prohibited area

FFD7 1400y to FFD7 142F 2 OSTM9

FFD7 1430y to FFD7 FFFFy — Access prohibited area

FFD8 0000y to FFD8 107F 2 CSIHO

FFD8 1080y to FFD8 1FFF — Access prohibited area

FFD8 2000y to FFD8 307F 2 CSIH1

FFD8 3080y to FFD8 3FFF — Access prohibited area

FFD8 4000y to FFD8 507F 2 CSIH2

FFD8 5080y to FFD8 7FFF — Access prohibited area

FFD8 8000y to FFD8 901F, 2 CSIGO

FFD8 9020y to FFDD CFFFy — Access prohibited area

FFDD D000y to FFDD DO4Fy 1 P-Bus guard (PBUS02)

FFDD D050y to FFE1 FFFFy — Access prohibited area

FFE2 0000y to FFE2 029F 1 TAUD

FFE2 02A0y to FFE2 3FFFy — Access prohibited area

FFE2 40004 to FFE2 400F 1 SELB_TAUDO

FFE2 4010 to FFE2 FFFFy — Access prohibited area

FFE3 0000y to FFE3 029F 1 TAUBO

FFE3 02A0y to FFE4 FFFFy — Access prohibited area

FFES5 0000y to FFE5 00AF, 1 TAUJO

FFES 00BOy to FFES OFFF — Access prohibited area

FFES5 1000y to FFE5 10AF 1 TAUJ1

FFES 10B0Oy to FFE6 FFFFy — Access prohibited area

FFE7 0000y to FFE7 005F 1 PWSA

FFE7 0060 to FFE7 OFFFy — Access prohibited area

FFE7 1000y to FFE7 13AF 1 PWGA

FFE7 13B0y to FFE7 27FFy — Access prohibited area

FFE7 2800y to FFE7 281Fy 1 PWBA

FFE7 2820y to FFE7 2FFFy — Access prohibited area

FFE7 3000y to FFE7 3003y 1 SLPWGA

FFE7 3004, to FFEC FFFFy — Access prohibited area

FFED 0000y to FFED 000F 1 WDTAO

FFED 0010y to FFED OFFF — Access prohibited area

FFED 1000y to FFED 100F 1 WDTA1

FFED 1010y to FFED 1FFFy = Access prohibited area
RO1UHO0631EJ0100 Rev.1.00 RENESAS Page 202 of 2493



RH850/F1H PREMIUM 100 pin Version

Section 4 Address Space

Table 4.3

Peripheral I/O Address Map (4/5)

Address

Peripheral Group

Peripheral I/O

FFED 2000y to FFED 200F 4

1

WDTA2

FFED 2010y to FFF1 FFFFy

Access prohibited area

FFF2 0000 to FFF2 051F 3 ADCAO0

FFF2 0520y to FFF6 FFFFy — Access prohibited area

FFF7 0000y to FFF7 002F 3 DCRAO

FFF7 0030y to FFF7 OFFFy — Access prohibited area

FFF7 10004 to FFF7 102F 3 DCRA1

FFF7 1030y to FFF7 1FFFy — Access prohibited area

FFF7 20004 to FFF7 202F 3 DCRA2

FFF7 2030y to FFF7 2FFFy — Access prohibited area

FFF7 30004 to FFF7 302F 3 DCRA3

FFF7 3030y to FFF7 7FFFy — Access prohibited area

FFF7 8000, to FFF7 800F 3 KR

FFF7 8010y to FFF7 FFFFy — Access prohibited area

FFF8 0000y to FFF8 000F 5 Write protected register

FFF8 0010y to FFF8 00FF — Access prohibited area

FFF8 01004 to FFF8 011Fy 5 STBC

FFF8 0120y to FFF8 03FF — Access prohibited area

FFF8 0400 to FFF8 040F 5 STBC (WUFO0)

FFF8 0410y to FFF8 051Fy — Access prohibited area

FFF8 0520 to FFF8 052F 5 STBC (WUF20)

FFF8 0530y to FFF8 075F — Access prohibited area

FFF8 0760y to FFF8 OAOF 5 Reset controller / Supply Voltage Monitor (LVI,

VLVI)

FFF8 0A10 to FFF8 OAFFy — Access prohibited area

FFF8 0BOOy to FFF8 0BOF 5 STBC (IOHOLD)

FFF8 0B10y to FFF8 OFFF — Access prohibited area

FFF8 1000y to FFF8 271Fy 5 Clock controller

FFF8 2720y to FFF8 2FFFy — Access prohibited area

FFF8 3000y to FFF8 304F 5 LPS

FFF8 3050y to FFF8 30FF — Access prohibited area

FFF8 3100y to FFF8 311Fy 5 Supply Voltage Monitor (CVM)

FFF8 3120y to FFF8 31FF — Access prohibited area

FFF8 3200y to FFF8 320Fy 5 Write protected register

FFF8 3210 to FFF8 7FFFy — Access prohibited area

FFF8 8000y to FFF8 800Fy 5 Write protected register

FFF8 8010 to FFF8 810F — Access prohibited area

FFF8 8110 to FFF8 811Fy 5 STBC (WUFISO)

FFF8 8120y to FFF8 8FFFy — Access prohibited area

FFF8 9000y to FFF8 ACOFy 5 Clock controller

FFF8 AC10 to FFF8 BFFFy — Access prohibited area

FFF8 C000y to FFF8 CO1Fy 5 CLMAO

FFF8 C020, to FFF8 COFFy — Access prohibited area

FFF8 C100y to FFF8 C10F 5 CLMATEST
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Table 4.3

Peripheral I/O Address Map (5/5)

Address

Peripheral Group

Peripheral I/O

FFF8 C110y to FFF8 C1FFy,

Access prohibited area

FFF8 C200y to FFF8 C20F

5

Write protected register

FFF8 C210y to FFF8 CFFFy

Access prohibited area

FFF8 D000y to FFF8 DO1F

CLMA1

FFF8 D020y to FFF8 DFFFy,

Access prohibited area

FFF8 E000y to FFF8 EO01Fy

CLMA2

FFF8 E020, to FFF8 FFFFy

Access prohibited area

FFF9 0000y to FFF9 004Fy

P-Bus guard (PBUS06)

FFF9 0050 to FFF9 3FFFy,

Access prohibited area

FFF9 40004 to FFF9 404Fy

P-Bus guard (PBUS03)

FFF9 4050, to FFF9 40FF,

Access prohibited area

FFF9 41004 to FFF9 414Fy

P-Bus guard (PBUS04)

FFF9 4150, to FFF9 41FF

Access prohibited area

FFF9 4200y to FFF9 424Fy

P-Bus guard (PBUS05)

FFF9 4250, to FFFE DFFFy

Access prohibited area

FFFE EO00y to FFFE E5FFy

Access prohibited area

FFFE E600y to FFFE E6BFy

self

PEG

FFFE E6COy to FFFE E97Fy

Access prohibited area

FFFE E980y to FFFE E98Fy

self

SEG

FFFE E990y to FFFE E9FFy

Access prohibited area

FFFE EAOOy to FFFE EB7Fy

self

INTC1

FFFE EB80y to FFFE EBFFy

Access prohibited area

FFFE ECO0y to FFFE EC7Fy

self

MEV

FFFE EC80y to FFFE EC8Fy

self

IPIR

FFFE EC90y, to FFFF 4FFFy

Access prohibited area

FFFF 5000y to FFFF 7FFFy

Access prohibited area

FFFF 8000y to FFFF 8BFFy

DMA

FFFF 8C00y to FFFF AFFFy

Access prohibited area

FFFF BO0Oy to FFFF BD3By

INTC2

FFFF BD3Cy to FFFF FFFFy

Access prohibited area
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Section 5  Write-Protected Registers

This section contains a generic description of the write-protected registers.

The first part in this section describes the features specific to the write-protected registers, and the
ensuing sections describe the various registers.

5.1 Overview

51.1 Functional Overview

The RH850/F1H products require a special procedure using write-protected registers to set important
registers that affect the system, such as clock, reset, and port-related registers. The settings of protected
registers are protected against unauthorized writing by programs by requiring this special procedure.
For details about the protected registers, see Section 5.1.5, Write-Protection Target Registers.
Write-protected registers are managed in units of protected registers called register protection clusters.

5.1.2 Writing Procedure to Write-Protected Registers
Write access to a write-protected register is enabled by using the following protection unlock sequence:
1. Write the fixed value 0000 00A5y to the protection command register.
2. Write the desired value to the protected register.
3. Write the bit-wise inversion of the desired value to the protected register.
4. Write the desired value to the protected register.

5. Verify that the desired value has been written to the protected register.
Verify successful write of the desired value to the protected register by verifying that the error
monitor bit in the protection status register is “0”.
In case the write was not successful, indicated by the error monitor bit set to “1”, the entire
sequence has to be restarted at step 1.

If another register (second register) is accessed between step 1 and step 4 of the above sequence for
writing to a write-protected register (first register), the protection mechanism operates as follows:

o Ifthe second register belongs to the same cluster, the write to the protected register fails (the error
monitor bit is set to 1). The entire sequence has to be restarted at step 1.

o [fthe second register does not belong to the same cluster, the protection unlock sequence is not
disrupted and the write to the first register completes successfully.
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51.3 Interrupt during Write Protection Unlock

If an interrupt occurs during the protection unlock sequence, the protection mechanism operates as
follows:

(1) If an interrupt request is accepted during the protection unlock sequence and write access to a
register of the same cluster is performed

The protection unlock sequence is disrupted, so the write operation to the protected register cannot
be completed upon returning from the interrupt service routine. Figure 5.1 shows an execution
example.

Main routine Interrupt service routine

(Write data = 0000 00A5H)

Step2: write to “cluster A” protected register
(Write data = expected value)

Step3: write to “cluster A” protected register Write to “cluster A” register
(Write data = inverted data of expected value)

Step4: write to “cluster A” protected register l

Step1: write to “cluster A” protection command register l

(Write data = expected value)
Step5: Verify the read error monitor bit

Figure 5.1 Example of Interruption of Register Protection Unlock Sequence

(2) If an interrupt request is accepted during the protection unlock sequence and write access to a
register of a different cluster is performed

The protection unlock sequence is not disrupted, so the write operation to the protected register is
completed upon returning from the interrupt service routine. Figure 5.2 shows an execution
example.

Main routine Interrupt service routine

(Write data = 0000 00A5H)

Step2: write to “cluster A” protected register
(Write data = expected value)

Step3: write to “cluster A” protected register Write to “non-cluster A” register
(Write data = inverted data of expected value)

Step4: write to “cluster A” protected register l

Step1: write to “cluster A” protection command register l

(Write data = expected value)

Step5: Verify the read error monitor bit

Figure 5.2 Example of Successful Protection Unlock Sequence

For more information on RH850/F1H register protection clusters, see Section 5.1.5, Write-
Protection Target Registers.
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5.1.4 Emulation Break during Write Protection Unlock Sequence

If an emulation break occurs during the protection unlock sequence, e.g. because of a breakpoint hit,
the register protection is suspended until normal operation is resumed.

Even if any register of the same cluster is accessed during the break, the protection unlock sequence is
not disrupted and the error monitor bit is not set to 1.

5.1.5 Write-Protection Target Registers

The registers that are protected through the write-protection control registers are listed below.

Table 5.1 Write-Protection Target Registers (1/2)

Protection Control Register

Protection Target Command

Protection Target Register Register Status Register | Protection Cluster

Clock controller MOSCE PROTCMDO PROTSO Control protection cluster 0
ROSCE

CKSC_AWDTAD_CTL
CKSC_ATAUJS_CTL
CKSC_ATAUJD_CTL
CKSC_AADCAS_CTL
CKSC_AADCAD_CTL
Stand-by function STBCOPSC
STBCOSTPT

IOHOLD

Reset function LVICNT

SWRESA

Clock Controller PLLOE PROTCMD1 PROTS1 Control protection cluster 1
PLL1E
CKSC_CPUCLKS_CTL
CKSC_CPUCLKD_CTL
CKSC_IPERI1S_CTL
CKSC_IPERI2S_CTL
CKSC_ILINS_CTL
CKSC_ILIND_CTL
CKSC_ICANS_CTL
CKSC_ICANOSCD_CTL
CKSC_ICSIS_CTL
CKSC_IIICS_CTL

Clock Monitor CLMAOCTLO CLMAOPCMD CLMAOPS Clock Monitor control protection
cluster 0
CLMA1CTLO CLMA1PCMD CLMA1PS Clock Monitor control protection
cluster 1
CLMA2CTLO CLMA2PCMD CLMA2PS Clock Monitor control protection
cluster 2
CLMATEST PROTCMDCLMA | PROTSCLMA Clock Monitor test protection cluster
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Table 5.1 Write-Protection Target Registers (2/2)

Protection Control Register
Protection Target Command
Protection Target Register Register Status Register | Protection Cluster
Port*’ JPODC0*2 JPPCMDO JPPROTSO Port protection cluster 0
PODCO0*2 PPCMDO PPROTSO0
PODC8*2 PPCMD8 PPROTSS8
PDSC0*2 PPCMDO PPROTSO0
PODC9 PPCMD9 PPROTS9 Port protection cluster 1
PODC10 PPCMD10 PPROTS10
PODC11 PPCMD11 PPROTS11
PODC20 PPCMD20 PPROTS20
PDSC10 PPCMD10 PPROTS10
PDSC11 PPCMD11 PPROTS11
Core Voltage Monitor CVMF PROTCMDCVM PROTSCVM Core Voltage Monitor protection
CVMDIAG cluster
Self-programming FLMDCNT FLMDPCMD FLMDPS Self-programming protection cluster
function

Note 1.  Each port group has its own protection command register and status register. For details, see (1) Port
protection clusters on the next page.

Note 2.  Follow the procedure below when writing to the PODCn (n =0, 8), JPODCO, or PDSCO register of the port
protection cluster 0 after returning from DeepSTOP mode (RESF.RESF10 = 1). The following shows an

example when writing to the PODCO register.

1. Write 0000 0000y twice to the protection command register PPCMDO.

2. Section 5.1.2, Writing Procedure to Write-Protected Registers.
Write sequence protection error by the protection status register PROTS0 should be checked during
processing of the procedure 2. If attempting in the procedure 1, a write sequence protection error occurs.

CAUTION

The RH850/F1H is a dual-core product; it is equipped with two CPUs (CPU1 and CPU2).
Even if the CPU1 and CPU2 access different registers, a conflict may arise when the
write operation includes writing to the same PROT register. Such cases may disorder
the protection unlock procedure, resulting in the error monitor bit being set to “1”.

To avoid this, when registers in the same protection cluster are to be set (see Table
5.1), do not allow the settings to be made by different CPU cores. For example, for
control protection cluster 0, CPU1 should not be used to set the STBCOPSC register if
CPU2 is to be used to set the LVICNT register.
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(1) Port protection clusters

The following port control registers have write protection function:
e Port open drain control registers (PODCn, JPODCO)
e Port drive strength control registers (PDSCn)

The write protected port registers are divided into two port protection clusters as shown in the
following table:

Table 5.2 Port Protection Clusters

Port Protection Cluster Port Group

0 JPO, PO, P8

1 P9, P10, P11, P20
NOTE

Each port group n has its own port protection command register PPCMDn and port protection
status register PPROTSn.

However, any port protection command registers of the same port protection cluster can be
used in the protection unlock sequence. For instance, PPCMD1 can be used to unlock the
protection of PODC2.
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5.2 Registers

5.21 List of Registers

The following table lists the write-protection control registers.

Table 5.3 List of Write-Protection Control Registers
Register Name Symbol Address
Control protection clusters
Protection command register 0 PROTCMDO FFF8 0000y
Protection command register 1 PROTCMD1 FFF8 80004
Protection status register 0 PROTSO FFF8 0004y
Protection status register 1 PROTS1 FFF8 8004y
Clock monitor control and test protection cluster
Protection command register 0 CLMAOPCMD FFF8 C010y4
Protection command register 1 CLMA1PCMD FFF8 D010y
Protection command register 2 CLMA2PCMD FFF8 E010y
Protection status register 0 CLMAOPS FFF8 C014y
Protection status register 1 CLMA1PS FFF8 D014y
Protection status register 2 CLMA2PS FFF8 E014y
Protection command register PROTCMDCLMA | FFF8 C200y
Protection status register PROTSCLMA FFF8 C204
Port protection cluster 0
Protection command registers JPPCMDO FFC2 04C0y
PPCMDO FFC1 4C00y
PPCMD8 FFC1 4C20y
Protection status registers JPPROTSO0 FFC2 04B0y
PPROTSO0 FFC1 4B00y
PPROTS8 FFC1 4B20y
Port protection cluster 1
Protection command registers PPCMD9 FFC1 4C24,
PPCMD10 FFC1 4C28y
PPCMD11 FFC1 4C2Cy
PPCMD20 FFC1 4C50y
Protection status registers PPROTS9 FFC1 4B24,
PPROTS10 FFC1 4B28y
PPROTS11 FFC1 4B2Cy
PPROTS20 FFC1 4B50y
Core Voltage Monitor protection cluster
Protection command register PROTCMDCVM FFF8 32004
Protection status register PROTSCVM FFF8 3204y
Self-programming protection cluster
Protection command register FLMDPCMD FFAO0 0004y
Protection error status register FLMDPS FFAO0 0008y
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5.2.2 Details of Control Protection Cluster Registers

5.2.21 PROTCMDn — Protection Command Register

This register is used to initiate the write protection unlock sequence for write-protected registers.

Index n

An index “n” denotes the number of protection command registers. For details, see Table 5.1, Write-

Protection Target Registers.

Access: This register is a write-only register that can be written in 32-bit units.

Address: See Table 5.3, List of Write-Protection Control Registers.

Value after reset:  XXXX XX00y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset — — — — — — — — — — — — — — — —
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — PCMDn([7:0]
Value after reset — — — — — — — — 0 0 0 0 0 0 0 0
RW R R R R R R R R w w w w w w w w
Table 5.4 PROTCMDn Register Contents
Bit Position Bit Name Function
31t08 Reserved When writing to these bits, write 0.
7t00 PCMDn[7:0] Protection command register bits to enable writing to protection target registers

of control protection cluster
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5.2.2.2 PROTSn — Protection Status Register

This register indicates the status of the protection unlock sequence performed by PROTCMDn.

Index n

An index “n” denotes the number of protection command registers. For details, see Table 5.1, Write-
Protection Target Registers.

Access: This register is a read-only register that can be read in 32-bit units.
Address: See Table 5.3, List of Write-Protection Control Registers.
Value after reset: 0000 0000y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. o . . . o o . . . o . . . __ |PROTS
nERR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R

Table 5.5 PROTSn Register Contents

Bit Position Bit Name Function
31to1 Reserved When read, the value after reset is returned.
0 PROTSnERR Write sequence protection error monitor

0: No protection error occurred
1: Protection error occurred
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5.2.3 Details of Clock Monitor Protection Cluster Registers

5.2.31 CLMAnPCMD — CLMAnN Protection Command Register
This register is a protection command register for the CLMAnCTLO register.
Index n

An index “n” denotes the number of protection command registers. For details, see Table 5.1, Write-
Protection Target Registers.

Access: This register is a write-only register that can be written in 8-bit units.
Address: See Table 5.3, List of Write-Protection Control Registers.

Value after reset: 00,

Bit 7 6 5 4 3 2 1

0
CLMANREG[7:0]
Value after reset 0 0 0 0 0 0 0 0
R/W w W w w w w w w
Table 5.6 CLMANPCMD Register Contents
Bit Position Bit Name Function
7t00 CLMANREG[7:0] Protection command register bits to enable writing to the CLMANnCTLO register
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5.2.3.2 CLMANPS — CLMAnN Protection Status Register
This register is used to verify whether the write-protected register (CLMAnCTLO) has been
successfully written or not.
Index n
An index “n” denotes the number of protection command registers. For details, see Table 5.1, Write-

Protection Target Registers.

Access: This register is a read-only register that can be read in 8-bit units.
Address: See Table 5.3, List of Write-Protection Control Registers.

Value after reset: 00,

Bit 7 6 5 4 3 2 1 0
—_ —_ — — — — — CLMANPRERR
Value after reset 0 0 0 0 0 0 0
R/W R R R R R R R R

Table 5.7 CLMANPS Register Contents

Bit Position Bit Name Function
7t01 Reserved When read, the value after reset is returned.
0 CLMANPRERR  Write protection sequence error monitor

0: No protection error occurred
1: Protection error occurred
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5.2.3.3

PROTCMDCLMA — Clock Monitor Test Protection Command Register

This register is a protection command register for the CLMATEST register.

Access: This register is a write-only register that can be written in 32-bit units.
Address: See Table 5.3, List of Write-Protection Control Registers.
Value after reset: ~ XXXX XX00y
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset — — — — — — — — — — — — — — — —
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — CLMATREG[7:0]
Value after reset — — — — — — — — 0 0 0 0 0 0 0 0
RW R R R R R R R R w w w w W w w w
Table 5.8 PROTCMDCLMA Register Contents
Bit Position Bit Name Function
31t08 Reserved When writing to these bits, write “0”.
7t00 CLMATREG][7:0] Protection command register bits to enable writing to the CLMATEST register
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5.2.3.4 PROTSCLMA — Clock Monitor Test Protection Status Register

This register is used to verify whether the write-protected register (CLMATEST) has been successfully
written or not.

Access: This register is a read-only register that can be read in 32-bit units.
Address: See Table 5.3, List of Write-Protection Control Registers.
Value after reset: 0000 0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLMAT
- - - - - - - - - - - - - - ~  |PRERR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R
Table 5.9 PROTSCLMA Register Contents
Bit Position Bit Name Function
31to1 Reserved When read, the value after reset is returned.
0 CLMATPRERR  Write protection sequence error monitor
0: No protection error occurred
1: Protection error occurred
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5.24 Details of Core Voltage Monitor Register

5.2.41 PROTCMDCVM — Core Voltage Monitor Protection Command Register

This register is a protection command register for the CVMF and CVMDIAG registers.

Access: This register is a write-only register that can be written in 32-bit units.

Address: See Table 5.3, List of Write-Protection Control Registers.

Value after reset:  XXXX XX00y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset — — — — —_ — — — — — — — — — — _
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — CVMFREG[7:0]
Value after reset — — — — — — — — 0 0 0 0 0 0 0 0
RW R R R R R R R R w w w w W w w w
Table 5.10 PROTCMDCVM Register Contents
Bit Position Bit Name Function
31t08 Reserved When writing to these bits, write 0.
7to0 CVMFREGQGJ7:0] Protection command register bits to enable writing to the CVMF and CVMDIAG
registers
R0O1UHO0631EJ0100 Rev.1.00 -IENESAS Page 217 of 2493

Aug 31, 2016



RH850/F1H PREMIUM 100 pin Version Section 5 Write-Protected Registers

5.24.2 PROTSCVM — Core Voltage Monitor Protection Status Register

This register is used to verify whether the write-protected register (CVMF, CVMDIAG) has been
successfully written or not.

Access: This register is a read-only register that can be read in 32-bit units.
Address: See Table 5.3, List of Write-Protection Control Registers.
Value after reset: 0000 0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ _ _ _ _ _ _ _ __ |CVMFP
RERR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R

Table 5.11 PROTSCVM Register Contents

Bit Position Bit Name Function
31to1 Reserved When read, the value after reset is returned.
0 CVMFPRERR Write protection sequence error monitor

0: No protection error occurred
1: Protection error occurred
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5.2.5

5.2.5.1

Index n

Details of Port Protection Cluster Registers

PPCMDn — Port Protection Command Register

PPCMDn is a protection command register for port group n.

An index “n” denotes the number of protection command registers. For details, see Table 5.1, Write-
Protection Target Registers.

Access: This register is a write-only register that can be written in 32-bit units.
Address: See Table 5.3, List of Write-Protection Control Registers.
Value after reset:  XXXX XX00y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Value after reset — — — — — — — — — — — — — — — —
RW R R R R R R R R R R R R R R R R

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

— — — — — — — — PPCMDn([7:0]
Value after reset — — — — — — — — 0 0 0 0 0 0 0 0
RW R R R R R R R R w w w w w w w w
NOTE

The protection command register for port group JPO is JPPCMDO. Its bits are JPPCMDO[7:0].

Table 5.12 PPCMDn Register Contents
Bit Position Bit Name Function
31t08 Reserved When writing to these bits, write 0.
7t00 PPCMDn([7:0] Protection command register bits that enable writing to port protection cluster
registers
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5.2.5.2 PPROTSn — Port Protection Status Register

PPROTSn is a protection status register for write-protected registers of port group n. It indicates the
status of the protection sequence operated by PPCMDn.

Index n

An index “n” denotes the number of protection command registers. For details, see Table 5.1, Write-
Protection Target Registers.

Access: This register is a read-only register that can be read in 32-bit units.
Address: See Table 5.3, List of Write-Protection Control Registers.

Value after reset: 0000 0000
XXXX XXXXy (n = 0, 8) upon returning from DeepSTOP mode (RESF.RESF10 = 1)

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PPROT
— — — — — — — — — — — — — — — | SnPRE
RR
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R
NOTE

The protection status register for port group JP0O is JPPROTSO. Its bit is JFPROTSOPRERR.

Table 5.13 PPROTSn Register Contents

Bit Position Bit Name Function

31to1 Reserved When read, the value after reset is returned.

0 PPROTSNn Write protection sequence error monitor
PRERR 0: No protection error occurred

1: Protection error occurred
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5.2.6 Details of Self-Programming Protection Cluster Registers

5.2.6.1 FLMDPCMD — FLMD Protection Command Register
FLMDPCMD is a protection command register for the FLMDCNT register.

Access: This register is a write-only register that can be written in 32-bit units.

Address: See Table 5.3, List of Write-Protection Control Registers.

Value after reset:  XXXX XX00y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset — — — — — — — — — — — — — — — —
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
_ _ — — _ — — — FLMDPC[7:0]
Value after reset — — — — — — — — 0 0 0 0 0 0 0 0
RW R R R R R R R R w w w w W w w w
Table 514  FLMDPCMD Register Contents
Bit Position Bit Name Function
31t08 Reserved When writing to these bits, write 0.
7t00 FLMDPCJ7:0] Protection command register bits that enable writing to FLMDCNT register.
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5.2.6.2 FLMDPS — FLMD Protection Error Status Register

This register is used to verify whether the write-protected register (FLMDCNT) has been successfully
written or not.

Access: This register is a read-only register that can be read in 32-bit units.
Address: See Table 5.3, List of Write-Protection Control Registers.
Value after reset: 0000 0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
_ _ _ _ _ _ _ _ _ _ _ _ _ _ __ |FLMDP
RERR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R

Table 515  FLMDPS Register Contents

Bit Position Bit Name Function
31to1 Reserved When read, the value after reset is returned.
0 FLMDPRERR Write protection sequence error monitor

0: No protection error occurred
1: Protection error occurred
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Section 6  Operating Mode

This section describes the operating mode and mode selection of the RH850/F1H.
The RH850/F1H has the operating modes shown below.
e Normal operating mode

This mode is for execution of the user program. The on-chip debug functions also use this mode.
If FLMDO is pulled up high during operation in this mode, writing to the code flash memory
through self-programming is enabled.

e Serial programming mode

The dedicated flash memory programmer enables erasing/writing to flash memory. In this mode,
PE2 core does not operate.

e Boundary scan mode

This mode allows boundary scan tests compliant with IEEE Standard 1149.1.

When an external reset or power-on-clear reset is generated, the state of the FLMDO, FLMD1,
MODEQO, and MODEI pins are used to determine the operating mode after reset is released. The
operating mode is fixed by the release of these reset factors. Table 6.1 lists the relationship between
the pin settings and the operating mode.

Table 6.1 Selection of Operating Mode
Pins
FLMD1 MODEO MODE1

FLMDO (P10_8) (P10_1) (P10_2) Operating Mode

0 X X X Normal operating mode

1 0 X X Serial programming mode

1 1 0 1 Boundary scan mode

Other than the above Setting prohibited

CAUTION

To change operating mode, restart from power-on clear reset. (Remove the power
supply once and apply it again.) In the case of only by the external reset, some
functions are not initialized after the mode transitions. For details of functions not
initialized by the external reset, see Section 9.1.1, Reset Sources.
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Section 7 Exceptions and Interrupts

71 Features

The act of branching from a currently running program to a different program in response to an event is
called an exception. This microcontroller supports the following types of exceptions.

The details on exceptions are described in the RH850G3M User s Manual: Software.

Table 7.1 List of Exception Sources
Name Symbol Source Priority ~ Saved to
Reset RESET Reset input High —
FE level non-maskable interrupt ! FENMI FENMI input A FE
System error exception SYSERR SYSERR input FE
FE level maskable interrupt ! FEINT FEINT input FE
Floating-point arithmetic exception (imprecise) FPI Execution of FPU instruction El
El level maskable int(—zrrupt*1 EIINT Interrupt controller El
Memory protection exception (execution right) MIP Memory protection violation FE
System error exception SYSERR Error input at instruction fetch FE
Reserved instruction exception RIE Execution of reserved instruction FE
Coprocessor unusable exception UCPOP Execution of coprocessor instruction/ FE
access right violation
Privileged instruction exception PIE Execution of privileged instruction FE
Misaligned exception MAE Generation of misaligned access FE
Memory protection exception (access right) MDP Memory protection violation FE
Floating-point arithmetic exception (precise) FPP Execution of FPU instruction El
System call SYSCALL Execution of SYSCALL instruction El
FE level trap FETRAP Execution of FETRAP instruction FE
El level trap 0 TRAPO Execution of TRAP instruction v El
El level trap 1 TRAP1 Execution of TRAP instruction Low El

Note 1.  These interrupt exceptions are described in this section.
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(1) Interrupt sources
The following three exceptions in Table 7.1 are called interrupts, and are described in this section.
¢ FE level non-maskable interrupt (FENMI)
An FENMI interrupt is acknowledged even if another FE level interrupt - FEINT - has been
generated.
— An FENMI interrupt is acknowledged even if the CPU system register PSW.NP = 1.
— Return from an FENMI interrupt is not possible and neither is recovery.
o FE level maskable interrupt (FEINT)
— FEINT can be acknowledged if the CPU system register PSW.NP = 0. It is masked if PSW.NP
=1.
— Return from an FEINT interrupt is possible and so is recovery.
o EI level maskable interrupt (EIINT)

An EIINT interrupt can be acknowledged if an FE level interrupt - FENMI or FEINT - has not
been generated.

— EIINT can be acknowledged if the CPU system register PSW.NP = 0.
It is masked if PSW.NP = 1, EIINT with a higher priority is being processed, or PSW.ID = 1.
— Return from an EIINT interrupt is possible and so is recovery.
— Interrupt masking can be specified for each interrupt channel.
— 16 interrupt priority levels can be specified for each interrupt channel.

— In this section, the EIINT that corresponds to interrupt channel n is indicated by “INTn”,
whereas the EIINT that corresponds to interrupt source xxx is indicated by “INTxxx”.

For the PSW register, see Table 3.10, PSW Register Contents and the RH850G3M Users
Manual: Software.

NOTE

Return: Indicates whether or not the program can resume from where it was interrupted.

Recovery: Indicates whether or not the processor status (status of processor resources
including general purpose registers and system registers) can be restored to the
status they were in when the program was interrupted.

These interrupt sources are described in Section 7.2, RH850/F1H Interrupt Sources.
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(2) Overview of interrupts
¢ Simultaneous distribution of interrupt sources to multiple cores

— A single interrupt source can be distributed to multiple CPU cores.
(Distribution target cores: CPU1/CPU2)

— Target interrupt sources: Non-maskable interrupt 1 source,
FE level interrupt 1 source,
EI level interrupts 29 sources

e Priority levels for interrupt
16 priority levels of maskable interrupts by request can be set by interrupt control register.

e Detecting methods of external interrupts (TNMI/INTPm)
A method of detecting external interrupts (TNMI and INTPm) can be selected from five types:
rising edge, falling edge, both edges, low level, and high level.

e 2 types of interrupt handler address setting
Direct branching method or table referencing method is selectable by register setting.

e Inter-processor interrupts
High-speed inter-processor interrupts are enabled.

R0O1UH0631EJ0100 Rev.1.00 RENESAS Page 226 of 2493
Aug 31, 2016



RH850/F1H PREMIUM 100 pin Version

Section 7 Exceptions and Interrupts

7.2 RH850/F1H Interrupt Sources

7.21 Interrupt Sources

7.21.1 FE Level Non-Maskable Interrupts

(1) Priority

See Table 7.1, List of Exception Sources.

(2) Return PC

Return or recovery from an FE non-maskable interrupt is not possible.

(3) Status Register

See Section 7.4.5, FNC — FE Level NMI Status Register.

(4) Return Instruction

None
Table 7.2 FE Level Non-Maskable Interrupt Requests
Interrupt Interrupt Request
n Exception | Handler
Control Register Source Address
Symbol | Name | Address Name Source Unit Priority | Code 00000...
FENMI FNC FFFE EA78y | TNMI NMI pin Port " 0EOH 0EOH
WDTAONMI WDTAO FENMI interrupt WDTAO
WDTATNMI WDTA1 FENMI interrupt WDTA1
WDTA2NMI WDTA2 FENMI interrupt WDTA2

Note 1. See Table 7.1, List of Exception Sources.

The source of the FENMI interrupt can be evaluated by a dedicated flag register. See Section 7.2.2,
FE Level Non-Maskable Interrupt Sources for details.
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7.21.2 FE Level Maskable Interrupts
(1) Priority
See Table 7.1, List of Exception Sources.
(2) Return PC
The return PC returned from an interrupt handling routine by the FERET instruction is the PC from
when the program was suspended (current PC).
(3) Status Register
See Section 7.4.6, FIC — FE Level Maskable Interrupt Status Register.
(4) Return Instruction
FERET
Table 7.3 FE Level Maskable Interrupt Requests
Interrupt Interrupt Request
Control Register g’;ﬁ:g;w“ :Z:‘::;’s
Symbol | Name | Address Name Source Unit Priority | Code 00000...
FEINT | FIC FFFE EA7Ay | INTLVIL LVI voltage detection (falling) LvI " OFOy OFOy
INTECCDEEPO ECC 2-bit error interrupt of data flash Data flash
INTECCDCNRAMO | ECC 2-bit error interrupt of RS-CAN RSCANO
(ch0-5)
INTECCDCSIHO ECC 2-bit error interrupt of CSIHO CSIHO
INTECCDCSIH1 ECC 2-bit error interrupt of CSIH1 CSIH1
INTECCDCSIH2 ECC 2-bit error interrupt of CSIH2 CSIH2
INTECCSCFLIO ECC 1-bit error correction interrupt of Code flash
code flash
INTECCRAM ECC 1-bit error interrupt of RAM RAM*8
INTOSTMO_FE*2 | OSTMO interrupt OSTMO*3+4
INTLVIH LVI voltage detection (rising) LVI
INTGUARD Guard error detection*® CPU, PBG
INTOSTM1_FE OSTM1 interrupt OSTM1
INTOSTM2_FE OSTM2 interrupt OSTM2
INTOSTM3_FE OSTMS3 interrupt OSTM3
INTOSTM4_FE OSTM4 interrupt OSTM4
INTECCDCNRAM1 | ECC 2-bit error interrupt of RS-CAN RSCAN1
(ch6,ch7)
INTOSTM5_FE*® | OSTMS5 interrupt OSTM5*6:+7
INTOSTM6_FE OSTMS6 interrupt OSTM6
INTOSTM7_FE OSTM?7 interrupt OSTM7
INTOSTM8_FE OSTMS interrupt OSTM8
INTOSTM9_FE OSTM?9 interrupt OSTM9
INTDMAERR DMA transfer error interrupt DMAC
Note 1.  See Table 7.1, List of Exception Sources.
Note 2.  AsINTOSTMO is also assigned to EIINT, using them simultaneously is prohibited. When INTOSTMO is used
as FEINT, it is generated by the TSU (timing supervision unit) function of OSTMO.
Note 3.  If OSTMO is used as the TSU function, use FEINT.
Note 4.  If OSTMO is used as other than the TSU function, use EIINT.
Note 5.  AsINTOSTM5 is also assigned to EIINT, using them simultaneously is prohibited. When INTOSTMS5 is used
as an FEINT, it is generated by the TSU (timing supervision unit) function of OSTM5.
Note 6.  If OSTMS5 functions as the TSU function, use FEINT.
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Note 7.
Note 8.

Note 9.

If OSTM5 functions as anything other than the TSU function, use EIINT.

“RAM” indicates the following areas of RAM.

Errors found in these areas are aggregated by taking the logical “or” of the respective signals:
Local RAM (CPU1, CPU2), global RAM, retention RAM, cache RAM, and cache TAG RAM
Alogical sum of the following errors:

PEG error, GRG error, and PBG error

* Timing monitor (TSU)
This prevents the illicit use of CPU time by non-trusted programs, manages properties, and controls the
intervals over which interrupts are disabled.
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7.21.3 El Level Maskable Interrupts

(1)

(2)

()

(4)

Interrupt Naming Rules

The composition of the interrupt request signal names, their assigned interrupt control registers and the
bits in these registers follow special rules.

In the following the name of the specific interrupt request is represented by <name>.
For details of the names used in IC<name>, see Table 7.4.

e Interrupt request name: INT<name>
The prefix “INT” is appended to <name>.

e Interrupt control register: IC<name>
The prefix “IC” is appended to <name>.
The 16-bit register IC<name> can also be accessed in byte units:

— Low byte (bits [7:0]) of the IC<name> register: IC<name>L
The suffix “L” is appended to the register name IC<name>.

— High byte (bits [15:8]) of the IC<name> register: IC<name>H
The suffix “H” is appended to the register name IC<name>.

o Interrupt control register bit names: CT<name>, RF<name>, MK<name>, TB<name>,
P3<name>, P2<name>, Pl<name>, P0<name>
The bit prefix “CT”, “RF”, “MK”, “TB”, “P3”, “P2”, “P1”, or “P0” is appended to the interrupt
<name>.

Example

The interrupt request from channel 2 of TAUDO channel (<name> = TAUDO0I2) is named
INTTAUDOI2

The related interrupt control registers are
ICTAUDOI2, ICTAUDOI2L, ICTAUDOI2H

The bits in this register are
CTTAUDOI2,RFTAUDOI2, MKTAUDOI2, TBTAUDOI2, P3TAUDOI2,P2TAUDO]2,
P17AUDOI2, POTAUDOI2

Priority

See Table 7.1, List of Exception Sources.

Return PC

The return PC returned from an interrupt handling routine by the EIRET instruction is the PC from
when the program was suspended (current PC).

Control Register

EI level maskable interrupt control register

See Section 7.4.2, ICxxx — El Level Interrupt Control Registers.

(5) Return Instruction
EIRET instruction
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(6) Configuration

El-level maskable interrupts are controlled by the two controllers, INTC1 and INTC2.

The interrupts are supported on a total of 335 channels with a cascade connection of INTC1 and

INTC2.

e INTCI1

CPU1 and CPU2 have their own interrupt controllers.

Each CPU accesses the INTC1 register that corresponds to respective CPUs.

INTCI controls high-speed interrupt and has the following functions:

— Priority setting

— Interrupt mask setting

e INTC2

INTC2 is a common interrupt controller that CPU1 and CPU?2 share.
INTC2 controls low-speed interrupts and has the following functions.

— Priority setting

— Interrupt mask setting

— Binding setting

Operating on the CPUCLK2 clock

EIINTO

EIINT1
EIINT2

Yvy

EIINT29

EIINT30

EINT31

EINT32 ——
EINT33 — | INTC2
EINT34 ——
EIINT35 ——
EIINT36 —— p»
EINT37 —————

EIINT329 ——————p»
EIINT330 ———
EIINT331 —————
EIINT332 ————»
EIINT333 ———
EIINT334 —————

yvvwy

Y

Operating on the CPUCLK clock

i Y
INTCA CPU1
e
]

i A 4
INTC1 CPU2
N
]

Figure 7.1

Configuration Diagram of El Level Maskable Interrupt
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CAUTION

As CPUCLK?2 is the operating clock for INTC2, the EIINT32 to EIINT334 interrupts,
which are connected to INTC2, are delayed more than the interrupts directly connected
to INTCA1.
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Table 7.4 lists EI level maskable interrupts.

Table 7.4 El Level Maskable Interrupt Sources (1/8)
s Handler Address
Interrupt Interrupt Request o é’ (Offset)*®
§ E Direct
‘:ci e 8 | Jumping to e
2 Control Register = c 2 an Address @
§ . $2 88 § RINT=[RINT=| 8§
G | Name Address Name Source Unit aF |Wo [ <= |0 1 X o
0 ICIPIRO FFFE EA00y |INTIPIRO Internal processor interrupt 0 IPIR Edge [10004 [V |*® *4 +000y
1 ICIPIR1 FFFE EA02y |INTIPIR1 Internal processor interrupt 1 IPIR Edge [10014 [V +004y
2 ICIPIR2 FFFE EAO4y |[INTIPIR2 Internal processor interrupt 2 IPIR Edge [1002y [V +008y
3 ICIPIR3 FFFE EAO06, |INTIPIR3 Internal processor interrupt 3 IPIR Edge [1003y [V +00Ch
4 ICBNO FFFE EA08, [INTBNO Broadcasting detection interrupt 0 INTC2 Edge |1004y [V +0104
5 Reserved FFFE EAOA4 1005y +014y
6 Reserved FFFE EAOCy 1006y +018y
7 Reserved FFFE EAOEY 1007y |— +01Cy
8 ICTAUDOIO FFFE EA104 |INTTAUDOIO*® Interrupt for TAUDO channel 0 TAUDO Edge |1008y [V +020y
ICCSIH2IC_1 INTCSIH2IC_1 *6 CSIH2 communication status interrupt CSIH2 Edge
9 ICTAUDOI2 FFFE EA12y |INTTAUDOI2 Interrupt for TAUDO channel 2 TAUDO Edge (1009, |V +024y
10 |ICTAUDOI4 FFFE EA14y |INTTAUDOI4*® Interrupt for TAUDO channel 4 TAUDO Edge [100A4 |V +028y
ICCSIH2IR_1 INTCSIH2IR_1*6 CSIH2 receive status interrupt CSIH2 Edge
1" ICTAUDOI6 FFFE EA16, |INTTAUDOI6*® Interrupt for TAUDO channel 6 TAUDO Edge |100By [V +02Cy
ICCSIH2IRE_1 INTCSIH2IRE_1*®  |CSIH2 communication error interrupt CSIH2 Edge
12 |ICTAUDOI8 FFFE EA18y |INTTAUDOI8*® Interrupt for TAUDO channel 8 TAUDO Edge [100Cy |V +030y
ICCSIH21JC_1 INTCSIH2IJC_1*¢  |CSIH2 job completion interrupt CSIH2 Edge
13  |ICTAUDOI10 FFFE EA1A, |INTTAUDOI10 Interrupt for TAUDO channel 10 TAUDO Edge [100Dy |V +034y
14 |ICTAUDOI12 FFFE EA1Cy |INTTAUDOI12 Interrupt for TAUDO channel 12 TAUDO Edge [100Ey |V +038y
15 |ICTAUDOI14 FFFE EA1E, |INTTAUDOI14 Interrupt for TAUDO channel 14 TAUDO Edge [100Fy |V +03Cy
16 |Reserved FFFE EA20y 1010y [— +040y
17  |Reserved FFFE EA22 1011y [— +044y
18 |ICADCAOIO FFFE EA24;; |INTADCAOIO ADCAO scan group 1 (SG1) end interrupt ADCAOQ Edge (10124 |V +048y
19 |ICADCAOI1 FFFE EA26,; |INTADCAOI1 ADCAO scan group 2 (SG2) end interrupt ADCAOQ Edge (10134 |V +04Cy
20 [ICADCAOI2 FFFE EA28y INTADCAO0I2*6 ADCAQ scan group 3 (SG3) end interrupt ADCAO Edge [|1014y [V +050y
ICCSIHOIJC_1 INTCSIHOIJC_1*6 CSIHO job completion interrupt CSIHO Edge
21 ICDCUTDI FFFE EA2A, [INTDCUTDI Dedicated interrupt for on-chip debug function Port Edge |[1015y \ +054y
22 |ICRCANGERRO |FFFE EA2C, (INTRCANGERRO CAN global error interrupt RS-CANO Level [1016y |V +058y
23 |ICRCANGRECCO |FFFE EA2E (INTRCANGRECCO |CAN receive FIFO interrupt RS-CANO Level (10174 |V +05Cy
24 |ICRCANOERR FFFE EA30 |INTRCANOERR CANO error interrupt RS-CANO Level (10184 |V +060y
25 |ICRCANOREC FFFE EA32, |INTRCANOREC CANO transmit/receive FIFO receive complete RS-CANO Level 1019y [V +064y
interrupt
26  |ICRCANOTRX FFFE EA34, |INTRCANOTRX CANO transmit interrupt RS-CANO Level [101A4 |V +068y
27 [ICCSIGoIC FFFE EA36, [INTCSIGOIC*® CSIG0 communication status interrupt CSIG0 Edge [101By [V +06CH
ICCSIH1IRE_1 INTCSIH1IRE71*6 CSIH1 communication error interrupt CSIH1 Edge
28 [ICCSIGOIR FFFE EA38y |INTCSIGOIR*® CSIGO receive status interrupt CSIGO Edge [101Cy |V +070y
ICCSIH11JC_1 INTCSIH11JC_1*® CSIH1 job interrupt CSIH1 Edge
29 |ICCSIHoIC FFFE EA3A, |INTCSIHOIC CSIHO communication status interrupt CSIHO Edge |101Dy |V +074y
30 [ICCSIHOIR FFFE EA3Cy |INTCSIHOIR CSIHO receive status interrupt CSIHO Edge [101Ey |V +078y
31 ICCSIHOIRE FFFE EA3E, |[INTCSIHOIRE CSIHO communication error interrupt CSIHO Edge [|101Fy [V +07Ch
32 [ICCSIHOIC FFFF B040y |INTCSIHOIJC*® CSIHO job completion interrupt CSIHO Edge (10204 |V +080y
ICADCAOQI2_2 INTADCAOI2_2*6 ADCAO scan group 3 (SG3) end interrupt ADCAOQ Edge
33  [ICRLIN30 FFFF B042, |INTRLIN30 RLIN30 interrupt RLIN30 Edge [1021y [V +084y
34  [ICRLIN30URO FFFF B044y |INTRLIN30URO RLIN30 transmit interrupt RLIN30 Edge (1022 |V +088y
35 [ICRLIN30UR1 FFFF B046y |INTRLIN30UR1 RLIN30 receive complete interrupt RLIN30 Edge (1023 |V +08CH
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Table 7.4 El Level Maskable Interrupt Sources (2/8)

= Handler Address
Interrupt Interrupt Request o g (Offset)*®
§ E Direct
‘:ci & 8 | Jumping to ]
; Control Register g § ..E an Address §"£
c By k=4 = o2
§ . $2 88 § RINT=|RINT=| 8§
G | Name Address Name Source Unit aF |Wo [ <= |0 1 [
36 [ICRLIN30UR2 FFFF B048y |INTRLIN30UR2 RLIN3O0 status interrupt RLIN30 Edge [1024y [V | 4 +090y
37 (ICPO FFFF BO4Ay |INTPO External interrupt Port Edge [10254 [V +094y
38 [ICP1 FFFF B04Cy |INTP1 External interrupt Port Edge (10264 |V +098y
39 |ICP2 FFFF BO4Ey |INTP2 External interrupt Port Edge [1027y |V +09Ch
40 |ICWDTAO FFFF B050y |INTWDTAO WDTAO 75% interrupt WDTAO Edge (10284 |V +0A0y
41 |ICWDTA1 FFFF B052y |INTWDTA1 WDTA1 75% interrupt WDTA1 Edge (1029 |V +0A4y
42 |ICWDTA2 FFFF BO54y |INTWDTA2 WDTA2 75% interrupt WDTA2 Edge [102A4 |V +0A8y
43 |ICP3 FFFF B056y |INTP3 External interrupt Port Edge [102By [V +0ACy
44  |ICP4 FFFF B058y |INTP4 External interrupt Port Edge [102Cy |V +0B0y
45 |ICP5 FFFF BO5Ay |INTP5S External interrupt Port Edge [102Dy [V +0B4y
46  |ICP10 FFFF BO5Cy |INTP10 External interrupt Port Edge [102E4 |V +0B8y
47 |ICP11 FFFF BOSEy |INTP11 External interrupt Port Edge |[102Fy |V +0BCh
48 |ICTAUDOI1 FFFF B060y |INTTAUDOI1 Interrupt for TAUDO channel 1 TAUDO Edge [10304 [V +0C0y
49  |ICTAUDOI3 FFFF B062y |INTTAUDOI3 Interrupt for TAUDO channel 3 TAUDO Edge (10314 |V +0C4y
50 (ICTAUDOI5 FFFF B064y |INTTAUDOI5 Interrupt for TAUDO channel 5 TAUDO Edge (10324 |V +0C8y
51  (ICTAUDOI7 FFFF B066y; |INTTAUDOI7 Interrupt for TAUDO channel 7 TAUDO Edge (10334 |V +0CCy
52  (ICTAUDOI9 FFFF B068y; |INTTAUDOI9 Interrupt for TAUDO channel 9 TAUDO Edge |[1034y |V +0D0y
53  (ICTAUDOI11 FFFF BO6Ay |INTTAUDOI11 Interrupt for TAUDO channel 11 TAUDO Edge (10354 |V +0D4y
54  (ICTAUDOI13 FFFF BO6Cy |INTTAUDOI13 Interrupt for TAUDO channel 13 TAUDO Edge (10364 |V +0D8y
55 [ICTAUDOI15 FFFF BOBEy |INTTAUDOI15 Interrupt for TAUDO channel 15 TAUDO Edge (10374 |V +0DCy
56 [ICADCAOERR FFFF BO70y |INTADCAOERR ADCAO error interrupt ADCAOQ Edge (1038 |V +0EOy
57 |ICCSIGOIRE FFFF B072, |[INTCSIGOIRE CSIG0 communication error interrupt CSIGo Edge |1039y [V +0E4y
58  [ICRLIN20 FFFF B074y |INTRLIN20 RLIN20 interrupt RLIN240 Edge [103A4 |V +0E8y
59  [ICRLIN21 FFFF BO76y |INTRLIN21 RLIN21 interrupt RLIN240 Edge |[103By |V +0ECH
60 |ICDMAO FFFF B078y |INTDMAO DMAO transfer completion DMAC Edge [103Cy [V +0F0y
61 |ICDMA1 FFFF BO7Ay |INTDMA1 DMAT1 transfer completion DMAC Edge [103Dy [V +0F4y
62 |ICDMA2 FFFF BO7Cy |INTDMA2 DMA2 transfer completion DMAC Edge [103Ey |V +0F8y
63 |ICDMA3 FFFF BO7Ey |INTDMA3 DMA3 transfer completion DMAC Edge [103Fy |V +0FCy
64 |ICDMA4 FFFF B080y |INTDMA4 DMA4 transfer completion DMAC Edge (10404 |V +100y
65 |ICDMA5 FFFF B082, |INTDMAS5 DMAGS transfer completion DMAC Edge (10414 |V +104y
66 |ICDMAG FFFF B084y |INTDMAG DMAG transfer completion DMAC Edge [1042y [V +108y
67 |ICDMA7 FFFF B086y |INTDMA7 DMAY transfer completion DMAC Edge (1043 |V +10Cy
68 |ICDMA8 FFFF B088y |INTDMA8 DMAB transfer completion DMAC Edge (1044 |V +110y
69 |ICDMA9 FFFF BO8Ay |INTDMA9 DMA9 transfer completion DMAC Edge (1045, |V +114y
70 (ICDMA10 FFFF BO8Cy |INTDMA10 DMA10 transfer completion DMAC Edge (10464 |V +118y
71 (ICDMA11 FFFF BO8Ey |INTDMA11 DMA11 transfer completion DMAC Edge (1047 |V +11Cy
72 (ICDMA12 FFFF B090y |INTDMA12 DMA12 transfer completion DMAC Edge [1048y [V +120y
73  (ICDMA13 FFFF B092y |INTDMA13 DMA13 transfer completion DMAC Edge (1049 |V +124y
74  (ICDMA14 FFFF B094y |INTDMA14 DMA14 transfer completion DMAC Edge [104Ay |V +128y
75 (ICDMA15 FFFF B096y; |INTDMA15 DMA15 transfer completion DMAC Edge |[104By |V +12Cy
76  |ICRIICOTI FFFF B098y [INTRIICOTI RIIC transmit data empty interrupt RIICO Edge [104Cy |V +130y
77 |ICRIICOTEI FFFF BO9Ay [INTRIICOTEI RIIC transmit complete interrupt RIICO Level [104Dy |V +134y
78  [ICRIICORI FFFF BO9C |INTRIICORI RIIC receive complete interrupt RIICO Edge |104Ey |V +138y
79 (ICRIICOEE FFFF BOSEy |[INTRIICOEE RIIC communication error/event interrupt RIICO Level |104Fy [V +13Ch
80 |ICTAUJOIO FFFF BOAOy |INTTAUJOIO Interrupt for TAUJO channel 0 TAUJO Edge (10504 |V +140y
81 |ICTAUJOI1 FFFF BOA2, [INTTAUJOI1 Interrupt for TAUJO channel 1 TAUJO Edge (10514 |V +144y
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Table 7.4 El Level Maskable Interrupt Sources (3/8)
s Handler Address
Interrupt Interrupt Request o g (Offset)*®
§ E Direct

‘:ci & 8 | Jumping to ]

2 Control Register = c ) an Address @

§ . $2 88 § RINT=|RINT=| 8§

G | Name Address Name Source Unit aF |Wo [ <= |0 1 X o
82 [ICTAUJOI2 FFFF BOA4y [INTTAUJOI2 Interrupt for TAUJO channel 2 TAUJO Edge [1052y [V *3 *4 +148y
83 [ICTAUJOI3 FFFF BOAGy |INTTAUJOI3 Interrupt for TAUJO channel 3 TAUJO Edge [1053y [V +14Cy
84 [ICOSTMO FFFF BOA8Y INTOSTMO*® OSTMO interrupt OSTMO Edge |1054y [V +1504
85 [ICPWGA4 FFFF BOAAY INTPWGA4*” PWGA4 interrupt PWGA4 Edge [10554 [V +154y
86 [ICPWGAS5 FFFF BOACH INTPWGAS5*” PWGAS interrupt PWGAS5 Edge [1056y |V +158y
87 |ICPWGA6 FFFF BOAEY INTPWGA6*” PWGAG interrupt PWGA6 Edge |[1057y B +15Cy
88 (ICPWGA7 FFFF BOBOy INTPWGAT7*" PWGAY interrupt PWGA7 Edge [1058y [V +160y
89 [Reserved FFFF BOB2y 1059y |[— +164y
90 [ICKRO FFFF BOB4y |[INTKRO KRO Key interrupt KRO Edge |105A4 [V +168y
91 ICQFULL FFFF BOB6y |INTQFULL PWSA queue full interrupt PWSA Edge [105By [V +16Ch
92  |ICPWGAO FFFF BOB8y [INTPWGAO PWGAO interrupt PWGAO0 Edge [105Cy [V +1704
93 [ICPWGA1 FFFF BOBAy [INTPWGA1 PWGAT1 interrupt PWGA1 Edge |105Dy B +174y
94 (ICPWGA2 FFFF BOBCy |[INTPWGA2 PWGA2 interrupt PWGA2 Edge |105Ey [V +178y
95 (ICPWGA3 FFFF BOBEy |[INTPWGA3 PWGAS interrupt PWGA3 Edge |105Fy [V +17Cy
96 (ICPWGAS8 FFFF BOCOy [INTPWGAS PWGAS interrupt PWGAS8 Edge |1060y |V +180y
97 |ICPWGA9 FFFF BOC2, |[INTPWGA9 PWGAS interrupt PWGA9 Edge [10614 [V +184y
98 |ICPWGA10 FFFF BOC4y |INTPWGA10 PWGA10 interrupt PWGA10 Edge [1062y [V +188y
99 [ICPWGA11 FFFF BOC6y [INTPWGA11 PWGA11 interrupt PWGA11 Edge [1063y B +18Cy
100 |ICPWGA12 FFFF BOC8y |INTPWGA12 PWGA12 interrupt PWGA12 Edge |1064y [V +190y
101 |ICPWGA13 FFFF BOCAy |INTPWGA13 PWGA13 interrupt PWGA13 Edge |1065y |V +194y
102 |ICPWGA14 FFFF BOCCy |INTPWGA14 PWGA14 interrupt PWGA14 Edge |1066y |V +198y
103 [Reserved FFFF BOCEy 1067y |— +19Ch
104 [Reserved FFFF BODOy 1068y |— +1A0y
105 [Reserved FFFF BOD2y 1069y |[— +1Ady
106 |Reserved FFFF BOD4y 106Ay [— +1A8y
107 |Reserved FFFF BOD6y 106By [— +1ACy
108 [Reserved FFFF BOD8y 106Cy |— +1B0y
109 [Reserved FFFF BODAy 106Dy |— +1B4y
110 |ICFLERR FFFF BODC |INTFLERR Flash sequencer end error interrupt*!! FACI Level |106Ey |V +1B8y
111 [ICFLENDNM FFFF BODEy |[INTFLENDNM Flash sequencer end interrupt*!! FACI Edge |106Fy B +1BCy
112 |ICCWEND FFFF BOEOy |INTCWEND LPSO0 port polling end interrupt LPS Edge [10704 [V +1C0y
113 |ICRCAN1ERR FFFF BOE2y |[INTRCAN1ERR CANT1 error interrupt RS-CANO Level 1071y [V +1C4y
114 |ICRCAN1TREC FFFF BOE4y |INTRCAN1REC CAN1 transmit/receive FIFO receive complete RS-CANO Level |1072y [V +1C8y

interrupt
115 [ICRCAN1TRX FFFF BOE6G |[INTRCAN1TRX CAN1 transmit interrupt RS-CANO Level [1073y B +1CCy
116 |ICCSIH1IC FFFF BOE8y |INTCSIH1IC CSIH1 communication status interrupt CSIH1 Edge |[1074y4 |V +1D0y
117 |ICCSIH1IR FFFF BOEAy |INTCSIH1IR CSIH1 receive status interrupt CSIH1 Edge [10754 [V +1D4y
118 |ICCSIH1IRE FFFF BOEC [INTCSIH1IRE*® CSIH1 communication error interrupt CSIH1 Edge |1076y |V +1D8y
ICCSIGO0IC_2 INTCSIGOIC_2*8 CSIG0 communication status interrupt CSIGO Edge
119 (ICCSIH1IJC FFFF BOEEy |INTCSIH1 1JC*8 CSIH1 job interrupt CSIH1 Edge [1077y |V +1DCy
ICCSIGOIR_2 INTCSIGOIR72*6 CSIGO receive status interrupt CSIGO Edge
120 [ICRLIN31 FFFF BOFOy |INTRLIN31 RLIN31 interrupt RLIN31 Edge [1078y B +1E0y
121 |ICRLIN31URO FFFF BOF2y [INTRLIN31URO RLIN31 transmit interrupt RLIN31 Edge [1079y [V +1E4y
122 |ICRLIN31UR1 FFFF BOF4y [INTRLIN31UR1 RLIN31 receive complete interrupt RLIN31 Edge [|107A4 |V +1E8y
123 |ICRLIN31UR2 FFFF BOF6y |INTRLIN31UR2 RLIN31 status interrupt RLIN31 Edge [107By [V +1ECq
124 [Reserved FFFF BOF8y 107Cy |— +1F0y
125 |Reserved FFFF BOFAy 107Dy |— +1Fdy
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Section 7 Exceptions and Interrupts

Table 7.4 El Level Maskable Interrupt Sources (4/8)
s Handler Address
Interrupt Interrupt Request o g (Offset)*®
§ E Direct
‘:ci & 8 | Jumping to ]
2 Control Register = c ) an Address @
§ . $2 88 § RINT=|RINT=| 8§
G | Name Address Name Source Unit aF |Wo [ <= |0 1 X o
126 |Reserved FFFF BOFCy 107Ey |— [ *4 +1F8y
127 |Reserved FFFF BOFEy 107Fy |— +1FCy
128 |ICP6 FFFF B100y |INTP6 External interrupt Port Edge |1080y [V +2004
129 (ICP7 FFFF B102y |INTP7 External interrupt Port Edge [1081y [V +204y
130 (ICP8 FFFF B104y |INTP8 External interrupt Port Edge [1082y |V +208y
131 |ICP12 FFFF B106y |INTP12 External interrupt Port Edge [1083y4 |V +20Cy
132 |ICCSIH2IC FFFF B108y |INTCSIH2IC*® CSIH2 communication status interrupt CSIH2 Edge |1084y [V +210y
ICTAUDOIO_2 INTTAUDOIO_2*® Interrupt for TAUDO channel 0 TAUDO Edge
133 |ICCSIH2IR FFFF B10Ay |INTCSIH2IR* CSIH2 communication status interrupt CSIH2 Edge |10854 |V +214y
ICTAUDOI4_2 INTTAUDOI4_2*6 Interrupt for TAUDO channel 4 TAUDO Edge
134 (ICCSIH2IRE FFFF B10Cy |INTCSIH2IRE*® CSIH2 communication error interrupt CSIH2 Edge |1086y |V +218y
ICTAUDOI6_2 INTTAUDOI6_2*6 Interrupt for TAUDO channel 6 TAUDO Edge
135 |ICCSIH21JC FFFF B10Ey INTCSIH21JC*® CSIH2 job completion interrupt CSIH2 Edge [1087y [V +21Cy
ICTAUDOI8_2 INTTAUDOI8_2*® Interrupt for TAUDO channel 8 TAUDO Edge
136 [Reserved FFFF B110y 1088y |— +2204
137 [Reserved FFFF B112y 1089y |— +224y
138 [Reserved FFFF B114y 108Ay |— +228y
139 [Reserved FFFF B116y 108By [— +22Cy
140 |Reserved FFFF B118y 108Cy [— +230y
141 |Reserved FFFF B11Ay 108Dy (— +234y
142 |ICTAUBOIO FFFF B11Cy [INTTAUBOIO Interrupt for TAUBO channel 0 TAUBO Edge |108Ey [V +238y
143 [ICTAUBOI1 FFFF B11Ey |INTTAUBOI1 Interrupt for TAUBO channel 1 TAUBO Edge |108Fy [V +23Ch
144 (ICTAUBOI2 FFFF B120y |[INTTAUBOI2 Interrupt for TAUBO channel 2 TAUBO Edge [1090y [V +2404
145 (ICTAUBOI3 FFFF B122, [INTTAUBOI3 Interrupt for TAUBO channel 3 TAUBO Edge [1091y B +244y
146 |ICTAUBOI4 FFFF B124y [INTTAUBOI4 Interrupt for TAUBO channel 4 TAUBO Edge [1092y [V +248y
147 |ICTAUBOI5 FFFF B126y |[INTTAUBOIS Interrupt for TAUBO channel 5 TAUBO Edge [1093y [V +24Cy
148 |ICTAUBOI6 FFFF B128y |[INTTAUBOI6 Interrupt for TAUBO channel 6 TAUBO Edge [1094y [V +2504
149 (ICTAUBOI7 FFFF B12Ay [INTTAUBOI7 Interrupt for TAUBO channel 7 TAUBO Edge [10954 [V +254
150 (ICTAUBOI8 FFFF B12Cy |[INTTAUBOI8 Interrupt for TAUBO channel 8 TAUBO Edge |1096y [V +258y
151 (ICTAUBOI9 FFFF B12Ey [INTTAUBOI9 Interrupt for TAUBO channel 9 TAUBO Edge [1097y N +25Cy
152 |ICTAUBOI10 FFFF B130y |INTTAUBOI10 Interrupt for TAUBO channel 10 TAUBO Edge [1098y [V +260y
153 |ICTAUBOI11 FFFF B132y [INTTAUBOI11 Interrupt for TAUBO channel 11 TAUBO Edge [1099y [V +264y
154 |ICTAUBOI12 FFFF B134y [INTTAUBOI12 Interrupt for TAUBO channel 12 TAUBO Edge |109A4 [V +268y
155 |[ICTAUBOI13 FFFF B136y |INTTAUBOI13 Interrupt for TAUBO channel 13 TAUBO Edge |109By [V +26Ch
156 [ICTAUBOI14 FFFF B138y |INTTAUBOI14 Interrupt for TAUBO channel 14 TAUBO Edge |109Cy B +270y
157 |[ICTAUBOI15 FFFF B13Ay |INTTAUBOI15 Interrupt for TAUBO channel 15 TAUBO Edge |109Dy B +274y
158 |Reserved FFFF B13Cy 109Ey [— +278y
159 [Reserved FFFF B13Ey 109Fy |— +27Ch
160 [Reserved FFFF B140y 10A04 [— +280y
161 [Reserved FFFF B142y 10A1y [— +284y
162 |[ICRLIN22 FFFF B144; [INTRLIN22 RLIN22 interrupt RLIN240 Edge |[10A2y +288y
163 |[ICRLIN23 FFFF B146, |[INTRLIN23 RLIN23 interrupt RLIN240