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Notice

1.

13.
14.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO THE
IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas

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

. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is

prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or

transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

This document shall not be reprinted, 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.

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled

subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1  October 2020)

Corporate Headquarters Contact information
TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:

www.renesas.com
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

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

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

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

3. Input of signal during power-off state
Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/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.
Follow the guideline for input signal during power-off state as described in your product documentation.

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

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

6. Voltage application waveform at input pin
Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi. (Max.)
and Vix (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the input level
is fixed, and also in the transition period when the input level passes through the area between Vi (Max.) and Vi1 (Min.).

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

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

evaluation test for the given product.



How to Use This Manual

1. Objective and Target Users

This manual was written to explain the hardware functions and electrical characteristics of this LSI to the target users,

i.e. those who will be using this LSI in the design of application systems. Target users are expected to understand the

fundamentals of electrical circuits, logic circuits, and microcomputers.

This manual is organized in the following items: an overview of the product, descriptions of the CPU, system control

functions, and peripheral functions, electrical characteristics of the device, and usage notes.

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

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

The list of revisions is a summary of major points of revision or addition for earlier versions. It does not cover all

revised items. For details on the revised points, see the actual locations in the manual.

The following documents have been prepared for reference.

B Documents related to RZ/N1

Document Name

Document Number

RZ/N1D Group, RZ/N1S Group, RZ/N1L Group DATASHEET RO1DS0323EJ****
RZ/N1D Group, RZ/N1S Group, RZ/N1L Group User's Manual: System Introduction, RO1UHO750EJ****
Multiplexing, Electrical and Mechanical Information

RZ/N1D Group, RZ/N1S Group, RZ/N1L Group User’s Manual: System Control and Peripheral | RO1TUHO751EJ****
RZ/N1D Group, RZ/N1S Group, RZ/N1L Group User’s Manual: Peripherals RO1UHO752EJ****

(this manual)

RZ/N1D Group, RZ/N1S Group, RZ/N1L Group User’s Manual: R-IN Engine and Ethernet RO1UHO753EJ****
Peripherals

RZ/N1D Group, RZ/N1S Group, RZ/N1L Group User’'s Manual: PWMTimer RO1UH0913EJ****




2. Description of Registers

Each register description includes a bit chart, illustrating the arrangement of bits, and a table of bits, describing the

meanings of the bit settings. The standard format and notation for bit charts and tables are described below.

X.X.X  [Register Name]

()
XXX XX :
\
b13 b12 b11 b10 b9 b8 b7 b6

Address: X
Bt b15 b4 b5 b4 b3 b2 b1 b0
— — — [Bit Field] — — [Bit Field] — | B | B | B
Value after resdt 0 0 0 ) 0 1 0 0 0 0 0 0 0 0 1 1 0
Table X.X [Register Name] Register Contents
Bit Position Bit Name Function R/W
b12 to b8 [Bit Field] [Description] R/W
b5 to b4 [Bit Field] [Description] R/W
2'b00: Hi-Z (3)
2'b01: L Output
Others: Prohibited
b2 [Bit] [Description] R/W
1'b0: H-Z
1’b1: Output (defult)
b1 [Bit] [Description] R/W
1b0: H-Z (1)
1’b1: Output (defult)
b0 [Bit] [Description] R/W
1'b0: H-Z
1’b1: Output
(1) R/W: The bit or field is readable and writable.
R/(W):  The bit or field is readable and writable. However, writing to this bit or field has some
limitations. For details on the limitations, see the description or notes of respective registers.
R: The bit or field is readable. Writing to this bit or field has no effect.
W: The bit or field is writable. Reading to this bit or field is not guaranteed.

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

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




3. List of Abbreviations and Acronyms

Abbreviation Full Form
AHB Arm Advanced High-performance Bus
APB Arm Advanced Peripheral Bus
AXI Arm Advanced eXtensible Interface
bps bits per second
CA7 Arm Cortex-A7 module
CM3 Arm Cortex-M3 module
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
Hi-Z High Impedance
HSR High-availability Seamless Redundancy
HW-RTOS Hard Ware Real Time OS
I/O Input/Output
INTC Interrupt Controller
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connect
NoC Network-on-Chip
PLL Phase Locked Loop
PWM Pulse Width Modulation
UART Universal Asynchronous Receiver/Transmitter
oTP One Time Programmable
PTP Precision Time Protocol
PRP Parallel Redundancy Protocol
SoC System On Chip

4. Description of the Access Size

Access size:
8 bits = Byte
16 bits = Halfword
32 bits = Word

CAN (Controller Area Network): An automotive network specification developed by Robert Bosch GmbH of Germany
Arm is a registered trademark of Arm Limited (or its subsidiaries) in the EU and/or elsewhere. All rights reserved.
All trademarks and registered trademarks are the property of their respective owners.



Table of Contents

SECHON T UART .ot e e e e e et e e e e e e e e e eeaeeas 20
1.1 OVBIVIBW ...ttt ettt h et e b et ettt esa bt e e eb et e eat e e et et e am bt e e be e e be e e sare e e aneeenareeaa 20
1.2 SIGNAI INTEITACES ...ttt sr e 22
1.3 LT o 111 (=Tl 1Y = T o R PP PERPR 23

1.3.1 Register Map UART 1 ..ttt sttt e e et e e e s anbe e e e s anbeeeeeas 23
1.3.2 Register Map UART 2. ..ttt e e e e e e st e e e e e e e e e e nnenneeas 24
1.3.3 Register Map UART ...ttt ettt e et e e et e e e enb e e e e s anteeeeeaneeeeeaans 25
1.3.4 Register Map UART 4 ...ttt ettt e et e e et e e e s aareeeeens 26
1.3.5 Register Map UART G ... et e et e e e e e e et e e e e e e e e e nenneeas 27
1.3.6 RegiSter Map UART 6.ttt st e e et e e e s enteeeesanreeeeeans 28
1.3.7 REGIStEr MaP UART 7 ..ttt e et e e e s anbe e e e e aabeeeeeans 29
1.3.8 Register Map UART 8 ... ittt e e e e e e st e e e e e e e e e anenneeas 30
1.4 ReGISTEr DESCIIPLION .....eeiiiiieie ettt e e eb e e s e b e e e nes 31
1.4.1 rUart_DLL — DiviSOr LatCh (LOW) ....ccoiueiiiiiiiiee e 31
1.4.2 rUart_DLH — Divisor Latch (High)........eeoiii e 32
14.3 rUart_IIR — Interrupt Identification REQISter...........coviiiiiiiiiiiii e 33
1.4.4 rUart_RBR_THR — Receive Buffer/Transmit Holding Register.............ccccooviiiiiiinnen. 34
145 rUart_IER — Interrupt Enable Register ..., 35
1.4.6 rUart_FCR — FIFO Control REGISTEr.......ccoiueiiiiiiiiie et 37
1.4.7 rUart_LCR — Line Control REGISIEr .........coouiiiiiiie e 39
1.4.8 rUart_ MCR — Modem Control REGISIEr ..........ccoiiiiiiiii e 41
1.4.9 rUart_LSR — Line Status REGISTEr.........coiiiiiii e 43
1.4.10 rUart_ MSR — Modem Status Register..........coooiiiiiiiiii e 46
1.4.11  rUart_SCR — Scratchpad RegiSter .........oo i 48
1.4.12 rUart_SRBR_STHR — Shadow Receive Buffer/Transmit Holding Register...................... 49
1.4.13 rUart_FAR — FIFO ACCeSS REGISTEI ....ccoiiiiiiiiie e 50
1414 rUart_ TFR — Transmit FIFO Read..........oo oo 51
1.4.15 rUart RFW — Receive FIFO WILE.........coiiiieeeee e 52
1.4.16  rUart_USR — UART Status RegISter ...........ooiiiiiiiiiiie e 53
1.4.17  rUart_TFL — Transmit FIFO LeVel ........ooo e 55
1.4.18 rUart RFL — ReCEIVE FIFO LEVEL.......c.coiiiiiiiieee e 56
1.4.19 rUart_SRR — Software Reset Register...........oociiiiiiii e 57
1.4.20 rUart_ SRTS — Shadow Request t0 Send........ oo 58
1.4.21 rUart_SBCR — Shadow Break Control Register..........ccccccuiiiiiiiiiiiiiiee e 59
1.4.22 rUart_SFE — Shadow FIFO ENable..........cccooiiiiiiiii e 60
1.4.23 rUart_SRT — Shadow RCVR THGQEr......ccuiiiiiiiiiee ittt 61
1.4.24 rUart_STET — Shadow TX EMPLY TrQQEr......cccuiiiiiiiiee et seee e e e e snieee e 62
1.4.25 UG _HTX — Halt TX .ot et e e st e et e e sneeeeneeeees 63
1.4.26 rUart_ DMASA — DMA Software ACKNOWIEAJE ........c.ueeiiiiiiiiiiiiiiec e 64
1.4.27 rUart_TO — Time-Out Counter Configuration Register.............ccccevviiiiiiiiiineiiiiee e 65



1.5

Section 2 SPI

2.1
22
23

24

1.4.28 rUart_ CTRLTO — Time-Out Control REGISIEr.........cccuviiiiiiieeiiiee e 67
1.4.29 rUart STATUSTO — Time-Out Counter Status Register...........cccccceveiiiiiiiiieieee e, 69
1.4.30 rUart_ TDMACR — DMA Control Register in Transmit Mode..........cccccoiiiiiiiiiiiineees 71
1.4.31 rUart_ RDMACR — DMA Control Register in Receive Mode ............cccccevviiiiiiiiieeiiiieeens 73
L0 0= =1 (o] o IS 75
1.5.1 Main Function BIOCKS DeSCIIPLON........ciiiiiiiiiiiiee et e e e 75
1.5.1.1 UART (RS232) Serial ProtOCOI .......cceei ittt a e 75
1.51.2 Baud Rate Tolerance to 19200 baud...........cooceiiiiiiiiiiiiiiee e 76
1.5.1.3 FIFO ManagemENT........ccoiiiiieiii ettt e e e e e e e e e e e e e e e nnnaeees 77
1514 107 oY1 1Y, =T 0 F= o =Y 4 4T o | RSP 77
1.5.1.5 Back to Back Character Stream TranSmiSSiON..........cccovcviieeeiiieeeeiiiieeesiieeeesieeeeens 77
1.5.1.6 11 (=T 5 1 o SRS 78
1.51.7 AULO FIOW CONIOI ..o e e e e e 80
1.5.1.8 Programmable THRE interrupt ..........oooiiiiiiii e 82
1.5.1.9 DMA Management (Only UART4, 5, 6, 7, 8) ...ccooeoiiieieeee ettt 84
1.5.1.10 Transceiver & Receiver Time-Out for MODBUS Management..............ccccceevvieeene 90
1.5.2 USAQGE NOLES ...t e e e et et e e e e e s ettt e e e e e e s nenteeeeeeeeeannenneeas 96
.................................................................................................................... 97

L0 1YY TSR 97
SIGNAI INTEITACES ...t ettt e e e rate e e e s aate e e e e snbeeeeeans 99
T o 1] (=T 1V =T o U PUP PSP 100
2.3.1 Register Map SPI1 (IMASEEI) ....cc.veiiieiiiiie ettt e e seee e e snnee e e snneee s 100
23.2 Register Map SPI2 (MASEEI) .......ueiiiiiiiiie et 101
233 Register Map SPI3 (MASEEI) .......ueiiiiiiiiei et 102
2.3.4 Register Map SPI4 (IMASEEI) .....c.ueiiiiiiiiie ettt e e e e s e e e snneees 103
2.3.5 Register Map SPIS (SIAVE) ....cooiuiiiiiiiiie et 104
2.3.6 Register Map SPIG (SIAVE) ......couuiiiiiiiiii e 105
RegiSter DESCIIPLION ......oiiiiiiiie et e ettt e e st e e e sa et e e e sabeeeeeanbeeeesanbeeeeaans 106
241 rSpi_CTRLRO — Control REGISEr O.......coviiiiiiieiiiie et 106
242 rSpi_CTRLR1 — Control Register 1 .... ... 108
243 rSpi_SSIENR — Enable Register....... ..o 109
244 rSpi_ MWCR — Microwire Control RegiSter.........ccuuiiiiiiiiiiiiii e 110
24.5 rSpi_SER — Slave Enable RegiSter.........coouiiiiiiiie e 111
246 rSpi_ BAUDR — Baud Rate Select .........oooo e 113
247 rSpi_ TXFTLR — Transmit FIFO Threshold Level ...........ccccoooiiiiiiiiiiiiiiieceeciieeee e, 114
248 rSpi_RXFTLR — Receive FIFO Threshold Level ... 115
249 rSpi_TXFLR — Transmit FIFO Level Register ... 116
2410 rSpi_RXFLR — Receive FIFO Level REGIStEr.........cccviiiiiiiiiieiiiie e 117
2411 rSPI_SR — Status REGISIEr ..o 118
2412 rSpi_IMR — Interrupt Mask RegiSter...........ueeeiiiieeiee e 120
2413 rSpi_ISR — Interrupt Status ReGISTEr..........eeiiiiiie e 121
2414 rSpi_RISR — Raw Interrupt Status Register ..o, 122
2415 rSpi_TXOICR — Transmit FIFO Overflow Interrupt Clear Register ............ccccccoieiiinee. 123



2416 rSpi_RXOICR — Receive FIFO Overflow Interrupt Clear Register...........ccccccevevverevinnen.. 124

2417 rSpi_ RXUICR — Receive FIFO Underflow Interrupt Clear Register............cccccceeeevnnnneen. 125
2418 rSpi_ICR — Interrupt Clear REGISter .......ooueiiiiie e 126
2419 rSpi_ DMACR — DMA Control REGISIEr.........cciiiiiiiiiiiii et 127
2420 rSpi DMATDLR — DMA Transmit Data Level ..........ccccveeeieiiiiiiiieee e 128
2421 rSpi_ DMARDLR — DMA Receive Data Level...........ccccoiiiiiiiiiiiiiec e 129
2.4.22 rSPi_DR — Data REGISIEI.....ccii ittt e e e 130
2.4.23 rSpi_ RX_SAMPLE_DLY — RXD Sample Delay Register..........ccccccceveiiiiiiiieeieeeeeeie, 131
2.4.24 rSpi_ TDMACR — DMA Control Register in Transmit Mode ...........ccccceivieiiniienenieen, 132
2.4.25 rSpi_ RDMACR — DMA Control Register in Receive Mode...........c.ccccvvviviiieeiiiiieeeeeen, 134

25 L0 0= =1 (o] o SR 136
251 GENEral AESCIIPLON ....cei et e e e e e e e e et re e e e e e e s e senrareeeeaeeeaaanes 136
252 Typical Connection between SPI Master & Slave ..o 137
253 Control Slave Select Line by Hardware or Software Mode ..........cccccoeiiviiiiinecncieee e, 138
254 Programmable Prescaler CIOCK ..........oiiiiiiiiiiiiee e a e 139
255 Data Input Sample Delay ........oooueeiiiiiie e 140
256 Transmit & Receive FIFO & CONtrol .........oooiiiiiiiiiie e 141
25.7 Interruption ManagemeENnt.............uiiiiiii i e 141
2.5.8 L= 1053 (= 1, T 1= SRR 143
2581 Transmit and Receive MOde.............uviiiiiiii e 143

2582 Transmit ONlY MOGE........cooiiiiii e e 143

2583 ReCEIVE ONIY MOGE.....cooiiiiiiiiiiee e 143

2584 EEPROM REAA MOE.........eiiieiieiiie ettt 144

259 Motorola Serial Peripheral INterface ..........ccuvvveeiiiii i 145
2.5.10 Texas Instruments Synchronous Serial Protocol...........ccocuiiiiiiiiiiiiie e, 148
2.5.11 National SemicoNdUCIOr MICIOWIIE ........c.cicuiiiieiiiiieeiiite e et e e st e s e e seee e e sneeeaeenneees 149
2512 DIMA CONMIOL.. ..ttt ettt st e bt et 155
25121 Overview on DMA OPeration ...........cooiiieiiiiiiiiee e 156

2.512.2 Transmit Watermark Level and Transmit FIFO Underflow ..........ccccooocciiiiinennnnnis 156

2.5.12.3 Choosing the Transmit Watermark Level ...........ccccoveeiiiiiiiiciiiee e, 156

2.5.12.4 Selecting DEST_MSIZE and Transmit FIFO Overflow..........cccccovcveiiiiiieeiiiiieeens 158

2.5.12.5 Receive Watermark Level and Receive FIFO Overflow..........ccccoccveeiviiieeiiiiienens 158

2.5.12.6  Choosing the Receive Watermark Level ...........coceeiiiiiiiiiiieeee e 159

2.5.12.7 Selecting SRC_MSIZE and Receive FIFO Underflow...........ccccooviiiiiiiiiiiiiiiinenns 159

26 USGE NOLES .o a e e e e a bt e e e aa bt e e e e b bt e e e e aabe e e e s anbeeeesanbeeeeean 160
2.6.1 Programming ConSIAeration .............ocuuiiiiiiiiiiiiiee e 160
26.1.1 Programming Master SPI in Motorola & Texas Mode ............ccccciiiiiiiiiieeeninenn, 160

26.1.2 Programming Master SPI in National Semiconductor Mode .............cccoceeiennnneen. 163

2.6.1.3 Programming Slave SPIin Motorola & Texas Mode ..........ccccooieiciiiiiiinecceee 165

26.1.4 Programming Slave SPI in National Semiconductor Mode ..............cccccvvveeeeeeeienn, 167

RS T= T3 170 o G T 1 168
3.1 OVBIVIBW ...ttt h ettt h oottt ea et e b et e b et e et et e eae e e sab e e ettt e nnr e e e nneeenanees 168
3.2 ST (oo L= 1 [ 0] (=T = Tot =T ST PRR 169

3.3 LYo 1) (=T gl 1Y = o PP PRR 170



3.4

3.5

3.3.1 D] O I =T [ (=Y g - T o RS PRRRTRRR 170

3.3.2 [2C2 REGISTEN MAP ....eeiieiiieiie ettt e et e e e ente e e e s et e e e s anteeaeeanreeeeean 171

T [y (=Tl =TT or o] (o] o PP 172
3.4.1 [C_CON — 12C Control REGISLEr .......ceiiiiiiiie e 172
3.4.2 IC_TAR — 12C Target Address RegiSter.........cuviiiiiiiri i 174
3.4.3 IC_SAR — I2C Slave Address ReGISIEr .........coviiiiiiiciiieiie e 175
3.4.4 IC_DATA_CMD — 12C Rx/Tx Data Buffer and Command Register ...........ccccceeeeeircnnnnen. 176
3.4.5 IC_SS_SCL_HCNT — Standard mode 12C Clock SCL High Count Register................... 178
3.4.6 IC_SS SCL_LCNT — Standard mode 12C Clock SCL Low Count Register .................... 179
3.4.7 IC_FS_SCL_HCNT — Fast mode 12C Clock SCL High Count Register........cc...ceouuueee. 179
3.4.8 IC_FS_SCL_LCNT — Fast mode 12C Clock SCL Low Count Register..........ccccccoecvveenne 180
3.4.9 IC_INTR_STAT — I2C Interrupt Status Register ..........cccoeeeiiiiiiiiiiee e 181
3.4.10 IC_INTR_MASK — I2C Interrupt Mask Register..........ccocviiiiiiiiiiiiee e 182
3.4.11 IC_RAW_INTR_STAT — 12C Raw Interrupt Status Register..........ccccceevviiriiiiieeiiciines 184
3.412 IC_RX TL — 12C Receive FIFO Threshold Register............ccccvvviieieeiiiiiciieeece e 187
3.4.13 IC_TX_TL — 12C Transmit FIFO Threshold Register...........cccoiiiiiiiiiiiiee e 188
3.4.14 IC_CLR_INTR — Clear Combined and Individual Interrupt Register............cccccceevveienene 188
3.4.15 IC_CLR_RX UNDER — Clear RX_UNDER Interrupt Register ............ccccovvvveeveeeiiicnnneen. 189
3.4.16 IC_CLR_RX_OVER — Clear RX_OVER Interrupt Register ...........cccccviiiiiiiiiniiiinee 189
3.4.17 IC_CLR_TX_OVER — Clear TX_OVER Interrupt Register ..........ccccceeviiiiriiiiiiee e 190
3.4.18 IC_CLR_RD_REQ — Clear RD_REQ Interrupt Register..........ccccoviiiiiiiiiiiiiiiee e 190
3.4.19 IC_CLR_TX_ABRT — Clear TX_ABRT Interrupt Register ........cccooceeiiiiiiiiieieee 191
3.4.20 IC_CLR_RX_DONE — Clear RX_DONE Interrupt Register...........ccccevviiiriiiiiieeiiiiieeens 191
3.4.21 IC_CLR_ACTIVITY — Clear ACTIVITY Interrupt Register..........ccccceeeiiiiciiiiiieeeeeee, 192
3.4.22 IC_CLR_STOP_DET — Clear STOP_DET Interrupt Register..........ccccovoiiiiiiiiiiiinens 192
3.4.23 IC_CLR_START_DET — Clear START_DET Interrupt Register...........cccccevviiveeiiiinnenns 193
3.4.24 IC_CLR _GEN_CALL — Clear GEN_CALL Interrupt Register ............cceoecvvveeereeeecicrnnee, 193
3.4.25 IC_ENABLE — I12C ENable REGIStEr .........eeiiiiiiiee ettt 194
3.4.26 IC_STATUS — I12C Status REGISIEN .....cccuveiieiiiiiee et e e 195
3.4.27 IC_TXFLR —12C Transmit FIFO Level ReQIiSter ........ccccvvieiiiiiiieiiee e 197
3.4.28 IC_RXFLR — I12C Receive FIFO Level Register ... 198
3.4.29 IC_SDA_HOLD — 12C SDA Hold Time Length Register ..........ccccoeciieeiiiiiei e 199
3.4.30 IC_TX_ABRT_SOURCE — I2C Transmit Abort Source Register...........cccovvevveeeeiicnnnnen. 200
3.4.31 IC_SLV_DATA NACK_ONLY — Generate Slave Data NACK Register..........cccceeuvneeee. 202
3.4.32 IC_SDA_SETUP — I12C SDA Setup REGISIEN ......cocviiiiiiiiiee et 203
3.4.33 IC_ACK GENERAL_CALL — I12C ACK General Call Register ..........ccccecvvvveeeeeeecicinnne, 204
3.4.34 IC_ENABLE_STATUS — I12C Enable Status Register..........cccceevviiiiiiiiiiiiei e 205
3.4.35 IC_FS_SPKLEN — I12C Sm, Fm Spike Suppression Limit............ccccccoeeviiiiiieieceeeiinne. 207
3.436 IC_CLR RESTART _DET — Clear RESTART_DET Interrupt Register..............cccuuune. 208
3.4.37 IC_COMP_PARAM_1 — Component Parameter Register 1........cccccevvviciieieieeeeeieee, 209

OPEratioN MOMES .....oeiiieieiee et e e e e et e e e e e e s et re e e e e e e s e s ataaeeeaeeseeansnreneaaaaeas 210
3.5.1 Slave Mode OPEIatioN ...........ooiiiiiiiiiieeeee e e e e e e e et e e e e e e e eaaes 210

3.5.1.1 Initial CoNfIQUIAtioN ..........ooieeiieice e 210



3.5.1.2 Slave Transmitter Operation for a Single Byte .........cccccoviiiiiiiiniie e 211

3.5.1.3 Slave Receiver Operation for a Single Byte ..., 212

3.5.14 Slave Transfer Operation for Bulk Transfer..........ccooiiiiiii e 212

3.5.2 Master Mode OPEration ...........ooeiii i e e 214
3.5.2.1 Initial CoNfiIUIatioN ..........ooiiiiiie e 214

3522 Dynamic IC_TAR or IC_10BITADDR_MASTER Update..........ccccccoemriiriniinrennne 214

3.5.23 Master Transmit and Master RECEIVE.........cooviiiiiiiiiiiiie e 215

3.5.3 Disabling the 12C CONMIOIIET............uviiieee e a e 216
3.5.31 Yo=Y [ - SRS 216

3.54 ADOrtiNG the 12C TranSfer......ooi i 217
3.541 0 ToT =Y o [ = SRR 217

3.6 Programming the 12C CONMIOIIET ...........uiiiiiiiie et e e et e e et e e e snreeee e e 218
3.6.1 ST o1 (RS 10T o] o] £oTS X o o SRR 218
3.6.2 [2C_SCLK Frequency Configuration.............coccuieieiiiiiee et seee e e snreee e e 219
3.6.2.1 Minimum High and LOW COUNES.........cooiiiiiiiiiiiie e 219

3.6.3 ST 7N o] o R 81 = SRS 221
3.6.3.1 SDA Hold Timings in RECEIVET .......ooiuuiiiiiiii e 221

3.6.3.2 SDA Hold Timings in TranSmMitter ............ccooiiiiiei i 222

L= Ter (1o g I A = F= T [ €1 o [ L 223
4.1 OVEBIVIBW ...ttt ettt e e e e e ettt eeee e e e e s tabeeeeaeeeesaaatsseeeaeeeeeasstaaeeeeeeesaanssrennaaaeeas 223
4.2 ST (oo L= 1 [ 0] (=T = Tot=T ST PRR 225
4.3 LYo 1) (=Tl 1Y = o PP PRR 226
431 Register Map BGPIOT ...ttt e e e e e snnee e e anneee s 226
4.3.2 Register Map BGPIO2 ..ottt a e e e e e e e e e e e nnnaees 226
43.3 Register Map BGPIOJ ... ...ttt e e s 227

4.4 [T [ (Tl D=t Tor o] 1o o APPSR 228
4.4.1 rGPIO_swporta_dr — GPIO Port A Data Output Register ..........cccccevviiiiiiiee e, 228
4.4.2 rGPIO_swporta_ddr — GPIO Port A Data Direction Register...........cccccceeiiiiiiiiieeneeiiins 228
443 rGPIO_swportb_dr — GPIO Port B Data Output Register ...........ccccoviiiiiiiiiiie 229
444 rGPIO_swportb_ddr — GPIO Port B Data Direction Register.........ccccocccveiiineinieneeee, 229
445 rGPIO_inten — GPIO Port A Interrupt Enable Register ..o 230
446 rGPIO_intmask — GPIO Port A Interrupt Mask Register ... 230
4.4.7 rGPIO_inttype_level — GPIO Port A Interrupt Level Register ........cccoccocveviiiie i, 231
44.8 rGPIO _int_polarity — GPIO Port A Interrupt Polarity Register...........ccccccovvviiiiiieneieins 231
449 rGPIO_intstatus — GPIO Port A Interrupt Status ..o, 232
4410 rGPIO_raw_intstatus — GPIO Port A Raw Interrupt Status (Premasking) ..........ccccc........ 232
4411 rGPIO_porta_eoi — GPIO Port A Clear Interrupt Register ..........cccoovveeieeiiiiiiiiiieeeee e, 233
4412 rGPIO_ext_porta — GPIO Port A Data Input Register.........ccccoviiiiiiiiiieee e 233
4413 rGPIO_ext_portb — GPIO Port B Data Input Register..........ccceveieiiiiciiee e 234
4.4.14 rGPIO_Is_sync — GPIO Port A Level-Sensitive Synchronization Enable Register.......... 234

4.5 (O] 01=T =1 (o] o WU 235
451 Main Functions BIOCKS DeSCHPON ........ooiiuiiiiiiiiei e 235
451.1 Data & CONMrOl FIOW......cc.veiiiiiiiiie et a e e snneee s 235

451.2 Interruption (ONlY POt A) ...t 235



451.3 Programmable Interrupts Routed on Cortex-A7 and M3...........cccoociiieviiieeenieenn, 236

4514 Trigger Synchronous OpPeration............ccooiiiiiiiiiiiie e 237

4.6 {0 LST=To =T N o] (=PTSRS 239
461 Programming ConSIAEration .............ocuiiiiiiiiiiiiiee e 239
Y= Tex (o] ST N a1 =1 o Yo O 240
5.1 OVBIVIBW ...ttt h et h ettt ettt ea b e e e b et e b et e e et e e e ene e e st e e et e e e nnre e e neeennreas 240
5.2 SIGNAI INTEITACES ...ttt ettt e es 241
5.3 [T o 1) (=Tl 1Y = o R PRSPPI 242
5.3.1 TIMERT REGISEEr MAP ...t 242
5.3.2 TIMER2 ReGISIEr IMAP ...t e e e ee e e e 242

54 RegIiStEr DESCIIPLION ......eiiiiiiiie ittt e e ea e e e rab e e e e e rabe e e e e anbeeeeeans 243
5.4.1 rTimerLoadCount_[n] — Preset Value of Sub-timer[n] (N = 0..5) ....cccooiiiiiiiiiiiie 243
542 rTimerLoadCount_[n] — Preset Value of Sub-timer[n] (n =6..7) ..cccccociiiriiiies 244
54.3 rTimerCurrentCount_[n] — Current Value of Sub-timer[n] (n = 0..5).....ccccceeeveiiiinee 245
54.4 rTimerCurrentCount_[n] — Current Value of Sub-timer[n] (n = 6..7).....cccccooiiiiiiiiinenne 245
54.5 rTimerControl_[n] — Control Mode of Sub-timer[n] (N = 0..7) ..o 246
5.4.6 rTimerClearlnt_[n] — Clears the Interruption of Sub-timer[n] (N = 0..7) c...occovveeiiiineenee. 247
547 rTimerStatusint0_[n] — Interruption Status before Masking of Sub-timer[n] (n = 0..7)......248
548 rTimerStatusint1_[n] — Interruption Status after Masking of Sub-timer[n] (n =0..7) ........ 249
549 rTimerAllClearint — Clear All INtEITUPT ... 250
5.4.10 rTimerAllStatusint0 — All Interrupts Status before Masking ...........cccccviiiiiiiiiiininnns 251
5.4.11  rTimerAllStatusint1 — All Interrupts Status after Masking..........ccccccoeeiiiiiiiine 252
5.4.12 rTimer_DMA_Pending — TIMER DMA Requests Status..........cccceeiveeiiiiire i 253
5.4.13 rTimer_DMA_PendingOvf — TIMER DMA Overflow Status ...........ccccceiiiiiiiiiiniinines 254
5414 rTimer_DMA_PendingCIlrOvf — TIMER DMA Overflow Clear ...........ccooiioieiiiiniiiee. 255

5.5 L@ 01T = o o PR 256
5.5.1 [ (= Tor= [ o 0o T[] (= RS 256
55.2 CoUNLEr 16 OF 32 BitS ..ot e e e e e e s e e e e e e e s e s enenaeeeeeeeeennnes 256
553 11 (=5 ] ) [ o S 259
554 1Y N O 3¢ RS 260

5.6 USGE NOLES .ttt a et e e a bt e e e e aa b et e e s aa bt e e e e aabe e e e s anbeeeesanneeeeaan 261
L= Tex 1o G T O N RPN 262
6.1 L YT TSR 262
6.2 ST (o [ E= L L] (=T =TT = SRR 264
6.3 T o 1] (=T 1V =T o RO UP PSP 265
6.3.1 ReGISter Map (CANT) .. ..ttt e e e e e e s e e e e e e s e reneeaaeeeennnnneees 265
6.3.2 Register Map (CANZ2).....oo ittt ettt e ettt e e s bttt e e snne e e e anneeens 266

6.4 AT 1) (Tl D=t Tor o] (o] o APPSR 267
6.4.1 rCan_MOD — Configuration Mode RegiSter ...........ooiiiiiiiii e 267

6.4.2 rCan_CMR — Command REQGISIEN ........cooieiiiiiiiiiiieee e 269



6.5

6.4.3 rCan_SR — Controller Status REGIStEr ..........eiviiiiiie e 271
6.4.4 rCan_IR — INterrupt REGISIEN ... 273
6.4.5 rCan_IER — Interrupt Event REgISter........ooouiiiiiii e 275
6.4.6 rCan_BTRO — Bus Timing ReGISTEr O........ccuiiiiiiiiieeiie et 276
6.4.7 rCan_BTR1 — Bus Timing ReGISter 1.......cooiiiiiiiie e 277
6.4.8 rCan_OCR — Output Control RISt ..........uuiiiiiiii e 278
6.4.9 rCan_ALC — Arbitration Lost Capture Register...........ccccveiiiiiiiiiiie e 279
6.4.10 rCan_ECC — Error Code Capture RegiSter..........coccuuiiiiiiiiiiiceeeee e 280
6.4.11  rCan_EWLR — Error Warning Limit Register............cccoiiiiiiiiii e 282
6.4.12 rCan_RXERR — Receive Error Counter Register...........cccccviiiiiiiiiiii e 283
6.4.13 rCan_TXERR — Transmit Error Counter Register..........cccccoovviiiiiiiee e 284
6.4.14 rCan_WrTransmitBuffer — Write Transmit Buffer Register.............ccccoiiiiiiniiiis 286
6.4.15 rCan_RdReceiveBuffer — Read Receive Buffer Register ..........ccccocvviviiiiiiiiiiei e 287
6.4.16 rCan_ACR[n] — Acceptance Code Filter [n] Register (N =0..3) ..coooeeeiiiiiiiiiieeeeeeeeee, 288
6.4.17 rCan_AMR[n] — Acceptance Mask Filter [n] Register (N = 0..3) .....cccceeiiiiiiiiiiiieeiiieeee 289
6.4.18 rCan_RMC — Receive Message Counter REgIStEr .........c..coiviiiiieiiiiiie e 290
6.4.19 rCan_RBSA — Receive Buffer Start Address Register..........cccoovvvvieiiiiicciieeee e, 291
6.4.20 rCan_ReceiveFifo — Receive FIFO RegiSter..........ccviiiiiiiiiiiiiiiiee e 292
6.4.21 rCan_RdTransmitBuffer — Read Transmit Buffer Register ............cccccovviiiiiiiiini i 293
6.4.22 rCan_SyncTransmitBuffer — Sync Frame Transmit Buffer Register............cccccccoevunnnen. 294
6.4.23 rCan_SyncPeriod — Time Window Sync Frame Transmission Register..............c.cc.c...... 295
6.4.24 rCan_SyncStatusint — Sync Frame Interrupt Status Register...........ccccccovviiiiiieeinienenns 297
6.4.25 rCan_SyncMaskint — Sync Frame Mask Interrupt Register.........ccccccovvviiiiiiieccicicinne, 299
6.4.26 rCan_SyncClearlnt — Sync Frame Clear Interrupt Register...........cccccoviiiiiiiiiininees 300
6.4.27 rCan_SyncStatus — Sync Frame Status Configuration Register............ccccccovvveeiiienens 301
6.4.28 rCan_SyncClearSetRunStop — Sync Frame Generation Register.............cccccceeeeivnnnnnen. 303
6.4.29 rCan_SyncPassiveError — Sync Passive Error Detection Register ..........cccccoceeiiienene 304
(O] 01=1 =1 (o] o TP 305
6.5.1 Main Features DescCription ...........ooooviiiiiiiiie 305
6.5.2 OPEratioN MOGE .....ceiiieeiiieeee et e e e e e e e e e e e e e s se b e be e e e e e e e e saaraseeeaaeeaaaanes 305
6.5.3 LI = 10T 45T T SRS 306
6.5.4 RECEPHON ..o 307
6.5.5 L=l =T et=T o) o] o [PPSO PRPRRN 308
6.5.6 1 1=T=T oI 1Y (o o [ PSP 309
6.5.7 AcCCePtanCe FiltEriNG .......oooii i e e e 309
6.5.8 INtEITUPLS GENEIALION .....eeiiiie e e e e e e e e et e e e e e e e enrneees 312
6.5.8.1 RECEIVE INTEITUPLS .....eeiiiieie i e e e e e s e e e e e e e e e nnnes 312
6.5.8.2 Transmit INEEITUPES ... e 313
6.5.8.3 Error Warning INTerrupts .......oeveeiiiiiicee et 313
6.5.84 Data Overrun INTEITUPES .........cuviiiiiiee e 313
6.5.8.5 WaKeUD INTEITUPES.....oeeieieieieeeeeeeee ettt e e e eesesesesesesasssesesssssnsnsnnnnns 314
6.5.8.6 Error Passive INterrupts ... 314
6.5.8.7 Arbitration LOSS INTerrupPES........ooiiiiiiiii e 314

6.5.8.8 BUS Error INTEITUPES.....coiieee s 315



6.5.8.9 Transmit “Sync frame” INTErrUPES .......ccvvi i 315

6.5.8.10  Transmit Overrun “Sync frame” Interrupts ..., 316

6.5.9 BUS ArDItratioN......cooi it a e a e e e e 317
T 0t O B = ol o =1 T | 1 o SRR 318
6.5.11  Transmit BUffer LayOUL..........cooociiiiiiiiec et e e e e 320
6.5.11.1  Descriptor Field of the Transmit Buffer.............ccoooiii e 321

6.5.11.2  Frame FOrmat (FF) ... 321

6.5.11.3 Remote ReqUEST (RTR) ......c.uuuiiiiiiie it a e e e 321

6.5.11.4 Data Length Code (DLC) ....cccuiiiiiiiieeeiiiie ettt e et e e s sntae e e e snneeae e e 321

T O T o 1= Y0111 = T 1 ) TP RRRUPRR 322

B.5.11.6  Data Field......oooiiiiie e 322

6.5.12  Receive BUfer LayOuUL........cooo ittt e e e e e e e e e e e 323
6.5.13  Bit Period and Bus Timing Parameters. ... 324
6.5.14  RESEEMOUE.......coiiiiiii e et 327
6.5.15  Synchronization Frame ... e e e 328
6.5.15.1  CANopen Synchronous Frame Configuration ...........cccccceeiiiiiieiiiiiee e 328

6.5.15.2 CANopen Emission of “Sync Frame” ... 333

6.5.16  Difference between CAN Controllers and Reference Philips SJA1000 Devices............... 336

6.6 SPECIAI NOLICE ...ttt e e st e e nne e as 337
Section 7 ADC Controller and 12bit A/D CONVEErS...........uuuuuuuuieeiiiiiiiiieiieiieieeenenennnnnnnes 338
71 OVBIVIBW ...ttt h ettt h oottt ea et e b et e b et e et et e eae e e sab e e ettt e nnr e e e nneeenanees 338
7.1.1 ANAIOG BUFFEI ...t 340

7.2 SIGNAI INTEITACES ...ttt e et e s st e e e anneee s 341
7.3 T o151 (=T 1V =T o SO RO UP PSP 342
7.3.1 =To = (=T 1Y =T o 3 5L R RRR 342
7.3.2 REGIStEr Map ADC2 ..ottt ettt e e et e e s bt e e anr e e e anaeee s 343

7.4 [T 1) (Tl D=t Tor o] 110 o APPSR 344
7.4.1 Register Description ADCT ... 344
7411 rADC_INTSTATUSO — Interrupt Status Before Masking..........ccccccceeveviieeeencnnennn. 344

741.2 rADC_INTSTATUS1 — Interrupt Status After Masking..........ccccccevviieeivieeneninnenn. 345

7413 rADC_INTCLR — Clear Interrupt ... 346

7414 rADC_INTMASK — Mask INterrupt ........c..oooiiiiii e 347

7415 rADC_INTOVFSTATUSO — Interrupt Overflow Before Masking .............ccccoeueeeen. 348

74.1.6 rADC_INTOVFSTATUS1 — Interrupt Overflow After Masking ............ccccccceeeeennes 349

7417 rADC_INTCLROVF — Clear Interrupt Overflow.............ccooeeiviiieiiiiiiiiiiieeeee e, 350

7418 rADC_INTOVFMASK — Mask Interrupt Overflow...........cccoccvvieeiiiiiiiiiiiiieee e, 351

7419 rADC_PENDING — Start of Operation Pending ............coooiiiiiiiiies 352

7.4.1.10 rADC_PENDINGOVF — Start of Operation Pending Overflow ...........ccccccoeeeenn. 354

7.4.1.11 rADC_PENDINGCLROVF — Clear Start of Operation Overflow............ccccceeennee 355

7.4.1.12 rADC_CONTROL — ADC CONtrol.........uuiiiiiieeiiiiciiiiiee e et e e e e e e e e 356

7.4.1.13 TrADC_FORCE — ADC REQUESL......ceiiiiiiieiiiiiie ettt sieee et e sneeee e 357

7.4.1.14 rADC_SETFORCE — Set ADC REQUESL ........coeiiiiiieiiiiiee et 358

7.4.1.15 rADC_CLRFORCE — Clear ADC ReqUEST........ccccciiiieiiieree e 359

7.4.1.16 rADC_PRIORITY — ADC Priority MOde..........cccoiiiiieiieiii e 360

7.4.1.17 rADC_CONFIG — ADC Configuration ............cccceeiiieriieniir e 362

7.4.1.18 rADC_ACQS — ADC Control Sample and Hold ............ccccooiiiiiiiiieiiiiiee e 364

7.4.1.19 rADC_MASKLOCK|[n] — Mask Data Locked [N] (N =0..3)..ccceeveiiiiiieeiiiiieeeiiieeene 365



7.4.1.20 rADC_VC[n] — ADC Control Register for Virtual Channel [n] (n = 0..15)............... 366

7.41.21 rADC1_DATA[n] — ADC1 Conversion Data of Virtual Channel [n] (n = 0..15)...... 371

7.4.1.22 rADC1_DATALOCK[n] — ADC1 DatalLock[n] Register (n = 0..15)......ccccevrrerennen. 372

7.4.2 Register Description ADC2 ...........iii ittt e e e e snne e e anneee s 373
7421 rADC2_DATA[n] — ADC2 Conversion Data of Virtual Channel [n] (n = 0..15)...... 373

7422 rADC2_DATALOCK]|n] — ADC2 DatalLock[n] Register (n = 0..15)......ccccerruennee 374

7.5 L0 0= =1 (o] o SR 375
7.5.1 Virtual Channel ADC_VC Principle Operation .............ccooeiiiiiiiiieiiiiiee e 376
752 Electric ADC Model and Acquisition Sample ..o 381
7.5.3 Trigger Selection and Event Management ...........ccoeiiiiie e 383
754 Physical Channel SEIECHON ...........oiiiiiii e 384
7.5.5 ADC Operation PrIOFIY .......cooiiiiiiiiiiie ittt rare e e 385
7.5.6 Simultaneous Sample and Hold..............ooooiiiiiiiii e 388
7.5.7 End of Command (EOC) and Interrupt Operation ...........cccceeiiiiiiiiiiiiiee e 390
7.5.8 Data Copy in Data LOCK REGISTEN.........uiiiiiiiiie e 391
7.5.9 LI 011 e PRSPPI 393
7.5.9.1 Basic A/D Conversion 0n 3 Channels...........cooooiiiciiiiiie e 393

7.59.2 Sample & Hold following by A/D Conversion on One Channel ............ccccccuvveeee... 394

7.5.9.3 Sample & Hold following by A/D Conversion on 3 Channels ............ccccceevvieeeenee. 396

7594 POWEE DOWN ...ttt ettt e e e e e ettt e e e e e e e ntneeeeaeeeaaannns 398

7.5.9.5 A/D ConVersion Rate ... 399

4 0 L B 11 N o) o 1 o SR 400
7.5.10.1  Overview on DMA OPEration ...........ccociiuiiiiiiee et eeaee e e 401

7.6 (O LT To [T N\ o) (=PRSS 402
7.6.1 LTS} (T 1o o S 402

S T=Ter (o] TR S I O B @] o1 (o] | =T 403
8.1 OVBIVIBW ...ttt h ettt h oottt ea et e b et e b et e et et e eae e e sab e e ettt e nnr e e e nneeenanees 403
8.2 ST (oo L= 1 [ 0] (=T = Tot =T ST PRR 405
8.3 LYo 1) (=Tl 1Y = o PRSP 406
8.3.1 Coding Palette (Palette RegiSters) Map ......c.c.coooiiiiiiiiiiiiee e 406

8.4 RegIiStEr DESCIIPLION .....eeiiiiiiiie ettt ettt e e e st e e e e aab e e e e s aabe e e e e anbeeeeeans 407
8.4.1 rLcd_ CR1 — Control REGISIEr 1 ... ... 407
8.4.2 rLed_HTR — Horizontal Timing Register ... 410
8.4.3 rLed_VTR1 — Verticall Timing Register..........uuiiiiiiii e 411
8.4.4 rLecd VTR2 — Vertical2 Timing ReGIiSter.......cc..uvviiiiiiiiieee e 412
8.4.5 rLecd_PCTR — Pixel Clock Timing REGIStEr ........c.uviiiiiiiiie e 413
8.4.6 rLcd_ISR — Interrupt Status Register Before Masking ..........cccoooceviviini e 414
8.4.7 rLed IMR — Interrupt Mask REGISIEN ......ooooiieiieiieeee e 416
8.4.8 rLed_IVR — Interrupt Status Register After Masking .........occooviiiiiiiieeee 417
8.4.9 rLcd_ISCR — Interrupt Scan Compare RegiSter.........ccuiviiiiiiiiiiiie e 419
8.4.10 rLcd _DBAR — DMA Start Base Address of Frame Buffer Memory ..........ccccccveeeeevinnnee. 420
8.4.11 rLcd_DCAR — DMA Current Base Address on GOING .......cccoiueeeeiiiiieeiiiiiee e 421
8.4.12 rLcd_DEAR — DMA ENd AQArESS......cccoiiiiieeiiiie ettt e et ee e e nnteeae e 422



8.4.13 rLcd_PWMFR_0 — PWMO Frequency Register ... 423
8.4.14 rLcd PWMDCR_0 — PWMO Duty Cycle ReGISter.........ccoeiiiiiiiiiiiiiieeeeccieeeee e 424
8.4.15 rLcd_HVTER — Horizontal and Vertical Timing Extension Register............ccccocceiiieens 425
8.4.16 rLcd_HPPLOR — Horizontal Pixels-Per-Line Override Control ............ccccovveeeieiieiinnnnen. 426
8.4.17 rLcd PWMFR_1— PWM1 Frequency RegiSter .........ccvvviieiiiiciieieee e 427
8.4.18 rLcd_PWMDCR_1 — PWM1 Duty Cycle ReQiISter.........cccoeiiiiiiiiiieeie e 428
8.4.19 rLcd _GPIOR — BIINK CONLIOl ......uviiiiiieeiiiiiieee et 429
8.4.20 rLcd_CIR — Core Identification REGISter...........ccoiiiiiiiiiiiiiii e 430
8.4.21  Coding Palette (Palette registers) Description ..o 431
8.4.21.1 rLcd_PAL_RGB_555 — Coding Palette when RGB 5:5:5 Mode .........cccccccvvveenn. 431

8.4.21.2 rLcd_PAL_RGB_565 — Coding Palette when RGB 5:6:5 Mode .........ccccccceeeenne. 432

8.4.21.3 rLcd_PAL_BGR_555 — Coding Palette when BGR 5:5:5 Mode ............cccoeceeeenn. 433

8.4.21.4 rLcd_PAL_BGR_565 — Coding Palette when BGR 5:6:5 Mode ............cccoccueeee. 434

8.5 L0 0= =1 (o] o SR 435
8.5.1 Main Features DeSCripliON ........cccuiiiiiiee e e e e e e 435
8.5.2 Bandwidth Limitation ..........coooioo e 436
8.5.3 TimMING @Nd CONIIOL ..o e e e e et e e e e nee e e e enaeeeeennees 437
8.5.4 DMA Controller and Memory INterface ............ooevveiiiiiiiiiiiiee e 439
8.5.5 Frame Buffer Organization..............ooo i 439
8.5.6 1T o101 | = SR SPRRSTRRR 439
8.5.7 D I 0T o= Lod PP PRRR 439
8.5.8 Palette LOOKUD TabI@ ....cooiiiieiiee et e e s 442
8.5.9 Output FIFO and FOrMAter .........coouiiiiiieiee e 443
8.5.10 Initializing Configuration REGISIErS..........cccuvuiiiiiiei e 446
SRS B B 1 (=T 4 0 o] €T SRS PPPRR 446
8.5.12  POWET SEOUENCING .. ..eiiiiiiiieeeiiiiee e eieee e et ee e e sttt e e e e atteeeesastaeeesasteeeesantaeeesanteeeesanteeeeeanseeaenns 447
8.5.13  Frame Buffer 24 bpp Packed WOrd ............c..uiiiiiiiiiiiee et 448
8.5.14  Pulse Width MOAUIALION .........oiiiiiiiie et eee e e e sneeeseeeens 449
8.5.15  BlINK FUNCHON. ... et e e e e e e e e e e e e eeeas 449
St TR LT 1 4T 2= 11 o) o PSPPSR 451
Section 9 SemMaPROre ....... .. a e 452
9.1 L YT TSR 452
9.2 SIGNAI INTEITACES ... et e et e e aaneee s 452
9.3 LYo 115 (=T gl 1Y = T SR 453
9.4 RegIiStEr DESCIIPLION .....eiiiiiiiiie ettt e e ea et e e e rab e e e e e aabe e e e e anbeeeeaans 454
9.4.1 rSemaphoreLockCPU[m]_[n] — Semaphore Lock CPU[m] Register [n].........ccccecuerernee 454
94.2 rSemaphoreStatusCPU[m]_[n] — Semaphore Status CPU[m] Register [n]........ccc.cceceee. 455

9.5 L@ 01T = o o PR 456
9.5.1 Semaphore [N] (N = 0..83) ...t e e e s re e e s tee e e e sneeeeeennteeeeennees 456
9.5.2 CPU Identify and Address DECOTING .......coiiiuuiiiiiiiiie it 457

9.6 (0 LT To L3 N\ o) (=PTSRS 458



Section 10  Medium Speed External Bus Interface (MSEBI) ... 459
T0O.T  OVEIVIEW ..ttt ettt a e ettt ettt ea et e b et e ea et e sttt e en et e sb e e e be e e sar e e e aneeenareena 459
(0 Bt I TS T g F= T ] (=1 = Lo =TSSR 462
10.1.2  MSEBI Master Address Mapping of CS[n] from CPU............ccoccoiiiiiieiiicceeee e, 462
10.1.3  Multiplexed Signal INterface...........ooo i 463
10.1.3.1 Mode32 MURIPIEXEN ... 465

10.1.3.2  Mode16 MUHRIPIEXET ........eeeeieeeiee ettt e e e e e e e e 467

10.1.3.3  MOdE8 MUIIPIEXET........eeeeieiee ettt e e e e e e e e e e s ennneeaeeaeeeas 469

LK = To 11 =T g 1Y =T o PSPPSR 471
10.2.1 Register Map MSEBI Master from CPU.........coooiiiiiiiiiee e 471
10.2.2 Register Map MSEBI Master from DMA ........ooo i 471
10.2.3  Register Map MSEBI Slave from CPU...........cooiiiiiiiiiiiie et 471
10.2.4 Register Map MSEBI Slave from MSEBI ..........ocuoiiiiiiiee e 472
10.3  ReGIStEr DESCIIPLION ...t e e e e e e e e e e e e e st r e e e e e e s e nanrreaeaaaeeas 473
10.3.1  Register Description MSEBI Master from CPU .........ccooiiiiiiiiiie e 473

10.3.1.1  rMSEBIM_CYCLESIZE_CS[n]_N — Chip Select CycleSize Register (n = 0..3)...473
10.3.1.2 rMSEBIM_SETUPHOLD_CS[n]_N — Chip Select SetupHold Register

LT T 3 TR 475
10.3.1.3 rMSEBIM_TDMACR_CS[n]_N — DMA Transmit Control and Status Register

(T Tt 1 TS 477
10.3.1.4 rMSEBIM_RDMACR_CS[n]_N — DMA Receive Control and Status Register

LT Tt 1 T TSP U PPN 479
10.3.1.5 rMSEBIM_ADDRDMA_READ_CS[n]_N — DMA Read Address Register

T Tt 1 TSR 481
10.3.1.6 rMSEBIM_ADDRDMA_CURRENTREAD_CS[n]_N — DMA Current Read

Address Register (N = 0..71) . e 482
10.3.1.7 rMSEBIM_ADDRDMA_ WRITE_CS[n]_N — DMA Write Address Register

LT O Tt 1 T TSP PPN 483
10.3.1.8 rMSEBIM_ADDRDMA_CURRENTWRITE_CS[n]_N — DMA Current Write

Address Register (N = 0..71) ..o 484
10.3.1.9 rMSEBIM_DMATDLR_CS[n]_N — DMA Transmit Data Level Register

(T Tt 1 TS 485
10.3.1.10 rMSEBIM_DMARDLR_CS[n]_N — DMA Receive Data Level Register

LT Tt 1 T TSP P PP 487
10.3.1.11 rMSEBIM_CONFIG_CS[n]_N — Chip Select Config Register (n =0..3)............... 489
10.3.1.12 rMSEBIM_CONFIG — Common Config Register ..........cccccciiiiiiiiiieiieeeeeen 493
10.3.1.13 rMSEBIM_CPU_FIFOREAD_FLUSH — Flush Receive FIFO Register ................ 495

10.3.2 Register Description MSEBI Master from DMA ........ocuiiiiiii e 496

10.3.2.1 rMSEBIM_DMA_FIFOREAD_CS[n]_N — DMA Receive FIFO (64 KB)

(T Tt 1 TS 496
10.3.2.2 rMSEBIM_DMA_FIFOWRITE_CS[n]_N — DMA Transmit FIFO (64 KB)

(LT O Tt 1 T O PSSO U PP P PPN 497

10.3.3  Register Description MSEBI Slave from CPU ..........cccciiiiiiiiriiiiie e 498

10.3.3.1 rMSEBIS_CYCLESIZE_CS[n]_N — Chip Select CycleSize Register (n = 0..3)....498
10.3.3.2 rMSEBIS_SETUPHOLD_CS[n]_N — Chip Select SetupHold Register (n = 0..3).500
10.3.3.3 rMSEBIS_MMU_ADDR_CS[n]_N — MMU Base Address Register (n = 0..3)....... 501
10.3.34 rMSEBIS_MMU_ADDR_MASK_CS[n]_N — MMU Address Mask Register

(N2 0:.3) e e e ee e ee oo e e et e e e e 502



10.3.3.5 rMSEBIS_DMATX_REQ_CS[n]_N — DMA Transmit Request Register

LT O ) TSR 503

10.3.3.6 rMSEBIS_DMARX REQ_CS[n]_N — DMA Receive Request Register
(LTI O ) TP 504

10.3.3.7 rMSEBIS_DMATDLR_CS[n]_N — DMA Transmit Data Level Register
T O TR 505
10.3.3.8 rMSEBIS_DMARDLR_CS[n]_N — DMA Receive Data Level Register (n = 0..1) .507
10.3.3.9 rMSEBIS_CONFIG_CS[n]_N — Chip Select Config Register (n = 0..3)................ 508
10.3.3.10 rMSEBIS_CONFIG — Common Config Register...........ccccceiiiiiiniiiiiiiiieeeeeeen 512
10.3.3.11 rMSEBIS_STATUS_INTO — Interrupt Status Register ..........ccccccoviieiiniiinininnen. 515
10.3.3.12 rMSEBIS_STATUS_INT1 — Masked Interrupt Status Register ............ccccvveeee.n. 516
10.3.3.13 rMSEBIS_MASK_INT — Interrupt Mask Register..........cccccceviiiiiiiien e, 517
10.3.3.14 rMSEBIS_CLR_INT — Interrupt Clear Register.........c.cccovviiiiiiiiiiiei e, 518
10.3.3.15 rMSEBIS_EOB_ADDR — End Of Block Address Register...........ccccceevirvreeicnnnenn. 519
10.3.4 Register Description MSEBI Slave from MSEBI ............cooiiiiiiiiiii e 520
10.3.4.1 rMSEBIS_INT — Slave Interrupt RegISter..........ccoviiiiiiiiiiiieiee e 520
10.3.4.2 rMSEBIS_STATUS — Slave Status Register ..........ccccviiiiiiiiiini e 522
10.3.4.3 rMSEBIS_ID _CS[n]_ N — Slave ID Register (N = 0..3) ..c..coeevierieiiieeecieee e, 524
LR © o= =1 (o] o S REE 525
O o B LY o 1= I T (= 7T SRS 525
10.4.1.1  AHB Slave INterface. .......oooi oo 525
10.4.1.2 AHB Master Interface (MSEBI Slave only) .........ccoooiiiiiiiieiiiieeee e, 525
10.4.2 Use Case Device CONNECHION .........uiiiiiii it e e e e e e e e e eneeeees 526
10.4.2.1  One Device, Mode32, SYNChIONOUS ...........uuiiiiiie i 527
10.4.2.2 One Device, Mode16, SYNCArONOUS .........c..uuiiiiiie i e eeeeee e 528
10.4.2.3 One Device, Mode8, SYNChIONOUS .........cceuiiiiiiie e a e eeeee e 529
10.4.2.4 Three Devices, Mode8/16/32, SYNChroNOUS ..........ccccuviiiiieeeiiiiiieieeee e 530
10.4.2.5 Three Devices, Mode8/16/32, ASYNChrONOUS............cceeviuiieeiiiiiieiiiee e 531
10.4.2.6 Three Devices, Mode8/16/32, Mixed Synchronous and Asynchronous................. 532
10.4.2.7 One Device, Mode8, Asynchronous, ALE in Parallel Mode ..........cc.cccooiien. 533
10.4.3  Main Principle of Phase ADDRESS CONTROL and DATA ......ccoiiiiiieee e 534
10.4.3.1  Address Latch Phase ALE (ADDRESS)........cccuiiiiiiiiieiiiie e 534
10.4.3.2 Control Latch Phase CLE (CONTROL) ......cccociuiiiiiiiiieeiieee e ceee e 540
10.4.3.3 Data Phase SETUP + VALID + HOLD (DATA) ....ccoueiieeeeee et 540
10.4.4  MSEBI TiMING ...utiiiiiiiiiee ettt e et e e et e e e et e e e saa e e e e stseeassasaeeeansaeaeanneeeas 543
10.4.41  Asynchronous Mode, One ALE ... e 543
10.4.4.2  Asynchronous Mode, No ALE MSEBI Master Only........cccccooiiieiiiiiieniiiieee e, 548
10.4.4.3  Asynchronous Mode, TWO ALE ... 550
10.4.4.4  Synchronous Mode, No Burst, One ALE ...........coooiiiiiiiiie e, 555
10.4.4.5 Synchronous Mode, No Burst, NOALE .........cccooiiiiiiii e 562
10.4.4.6  Synchronous Mode, No Burst, Multiple ALE ..........ccccoiiiiiiiiieee e 564
10.4.4.7 Synchronous Mode, Burst, One ALE ... 568
10.4.4.8 Synchronous Mode, Burst, NOALE ... 573
10.4.5  MSEBI INTEITUPL. ..ottt e e st e e e e e e anneee s 575
10.4.5.1  MSEBI Interrupt: OVEIVIEW ..........eiiiiiiieeiiie e a e 575
10.4.5.2 MSEBI Interrupt: End of Block Detection by the Master.............cccocccciiiiiiinnen. 576
10.4.5.3 MSEBI Interrupt: End of Block Detection by the Slave............ccccccoiiiiinen. 580
10.4.6  MSEBI MaSIEr MOAE .......oeeiiiie ittt e e e e e e e et r e e e e e e enrnreees 583
10.4.6.1  MaSter MOAE OVEIVIEW .......coiiiiiiiiiiiee ettt e e e e e e e e eennneeaeeaee s 583
10.4.6.2 MSEBI Master: Burst MOAE ..........ouiiiiiiiieieee et e e 584

10.4.6.3 MSEBI Master: DMA CONtrOl.......c.oooiiiiiiieee e e e e eeaanes 595



10.4.7  MSEBI SIQVe MOTE.......c.oiiiiiiiiiii et 605

10.4.7.1  Slave ModE OVEIVIEW ..........oiiiiiiiiiiiiie ettt 605
10.4.7.2 MSEBI Slave: BUrSt MOE .........cooiiiiiiiiiiiii et 607
10.4.7.3 MSEBI Slave: Detection of Request Initiator..............ccccooeiiiiiiiiiiii e, 619
10.4.7.4 MSEBI Slave: Register Access by Master..........cooocuiiiiiiiiiiiiice e 619
10.4.7.5 MSEBI Slave: Chip select Configuration Status ............ccccceiiiiiiiie, 620
10.4.7.6 MSEBI Slave: Addressing MOde.........c.ooiiiiiiiiiiiiee e 621
10.4.7.7 MSEBI Slave: Write ProtecCt..........cccoooiiiiiiii e 622
10.4.7.8 MSEBI Slave: Configuration Registers & Synchronization..............ccccccocevennnenn. 622

(O T U Et= Vo L= N (o] (=TRSO 623
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Section 1 UART

Portions Copyright © 2014 Synopsys. Used with permission. All rights reserved. Synopsys & DesignWare are
registered trademarks of Synopsys.

1.1 Overview

The PGO (Peripheral Group 0) Subsystem and PG1 (Peripheral Group 1) Subsystem of RZ/N1 provide a total of 8
blocks of UART.

Each UART has the same features except DMA capability:
e UART f (Full) in PG1 : UART4, UARTS, UART6, UART7, UARTS
e UART r (Reduce) in PGO : UARTI1, UART2, UART3

Each UART is configured with following features:
¢ Functionality based on the 16550 UART, as follows:

— Programmable character properties, such as number of data bits per character (5 to 8), optional parity bit (with odd
or even select) and number of stop bits (1, 1.5 or 2)

— Generation and detection of line breaks

— Prioritized interrupt identification
e Separate 16x8 (16 x 8-bit width) transmit and 16X8 receive FIFOs
* RS485 & MODBUS® enhanced features
e Programmable FIFO enable/disable

e There are 2 possible sources for the UART clock (UART_SCLK)
1. Programmable frequency, 7.81 MHz to 83.33 MHz from MAIN PLL via a programmable integer divider
2. Fixed 48 MHz from USBPLL

The programmable integer divider which belongs to PGO is shared by UART1..3, and the one which belongs to PG1
is shared by UART4..8.

® Programmable baud rate generator, up to UART SCLK/16

¢ False start bit detection

® Programmable hardware flow control

e Shadow registers to reduce Software overhead and also include a Software programmable reset
¢ Auto Flow Control mode as specified in the 16750 standard

¢ Transmit Holding Register Empty (THRE) interrupt mode

¢ Busy functionality

e [Loopback mode that enables greater testing of Modem Control and Auto Flow Control features
¢ Additional FIFO status registers

® Modem and status lines are independently controlled

® Two Receiver Time-Out provide support in handling the interframe time in MODBUS link

¢ Two Transceiver Time-Out provide support in handling the interframe time in MODBUS link

RO1UHO0752EJ0120 Rev.1.20 RENESAS Page 20 of 637
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¢ Half-Duplex Management on “Two-Wire” interface by signal “DE (Data Enable)”

¢ Supports TXD, RXD, CTS N, RTS N, DTR N, DSR N, DCD N, RI N (multiplexed on GPIO pins)

UART Full (UART4..8) has the additional features:

¢ DMA Coupling

— Peripheral flow controller mode

— 2 DMA channels available (one for transmit, one for receive)

UARTr (Reduce)
- uRRT RO [ 1 [ 1
Receiver
OART XD
UART_DTR_N | & = 5
RXFIFO RXFIFO shift Logic | |UARTRTS N| & 3 £
Control 16w x 8b Control UARTfCTSiN' 5 5 o
I UART DR _N | & (| & +H» O >
TX FIFO TX FIFO UART DCOD_N| & 2 3
Control 16w x 8b UARTRLN | 32 2 H
L o o i
Programmable
Baud clock
Network g
Regist
On 2 cglsters Control
Chip
Figure 1.1 UART Reduce Synoptic (UART1..3)
UARTT (full)
- UART_RXD ]
Receiver
OART XD
RXDMA UART_DTR N | =1 5
> B
Control 'é::tlfg RXFIFO Shift Logic UART RTS N_| & 3 £
16w x 8b Control UARTCTS N | & 5 @
DMAC I UART DR N | 3 3 Q gN
TXFIFO TX FIFO UART DOO_N| £ g 3
TX DMA Control 16w x 8b UARTRLN | 2 2 %
Control o o Bl
Programmable
Baud clock
Network E
Regist
On 8 cgisters Control
Chip
Figure 1.2 UART Full Synoptic (UARTA4..8)
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1.2  Signal Interfaces

Input

Signal Name Output Description
Clock
UART[m]_PCLK Input Internal bus clock (APB)
UART[m]_SCLK Input Serial reference clock
Interrupt
UART[m]_Int Output Level sensitive interrupt output, Active High
External Signal
UART[m]_RXD Input Receive data
UART[m]_TXD Output Transmit data
UART[m]_CTS_N Input Clear to Send Modem Status
UART[m]_DSR_N Input Data Set Ready Modem Status
UART[m]_DCD_N Input Data Carrier Detect Modem Status
UART[m]_RI_N Input Ring Indicator Modem Status
UART[m]_DTR_N Output Modem Control Data Terminal Ready
UART[m]_RTS_N Output Modem Control Request to Send in Full-Duplex Mode

Transmit Data Enable in Half-Duplex Mode

Note: m=1.8.
Index removed style is mainly used in this chapter.
Ex) UART_PCLK
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1.3 Register Map

1.3.1 Register Map UART 1

Table 1.1 Register Map UART 1
Address Register Symbol Register Name
4006 0000h (bUart_DLAB = 0) rUart. RBR_THR Receive Buffer/Transmit Holding Register
(bUart_DLAB = 1) rUart_DLL Divisor Latch (Low)
4006 0004h (bUart_DLAB = 0) rUart_IER Interrupt Enable Register
(bUart_DLAB = 1) rUart_DLH Divisor Latch (High)
4006 0008h (when written) rUart_FCR FIFO Control Register
(when read) rUart_IIR Interrupt Identification Register
4006 000Ch rUart_LCR Line Control Register
4006 0010h rUart_ MCR Modem Control Register
4006 0014h rUart_LSR Line Status Register
4006 0018h rUart_ MSR Modem Status Register
4006 001Ch rUart_SCR Scratchpad Register
4006 0030h rUart_SRBR_STHR Shadow Receive Buffer/Transmit Holding Register*’
4006 0070h rUart_FAR FIFO Access Register
4006 0074h rUart_TFR Transmit FIFO Read
4006 0078h rUart_ RFW Receive FIFO Write
4006 007Ch rUart_USR UART Status Register
4006 0080h rUart_TFL Transmit FIFO Level
4006 0084h rUart_RFL Receive FIFO Level
4006 0088h rUart_SRR Software Reset Register
4006 008Ch rUart_SRTS Shadow Request to Send
4006 0090h rUart_SBCR Shadow Break Control Register
4006 0098h rUart_SFE Shadow FIFO Enable
4006 009Ch rUart_SRT Shadow RCVR Trigger
4006 00AOh rUart_STET Shadow TX Empty Trigger
4006 00A4h rUart_HTX Halt TX
4006 0100h rUart_TO Time-Out Counter Configuration Register
4006 0104h rUart_CTRLTO Time-Out Control Register
4006 0108h rUart_STATUSTO Time-Out Counter Status Register

Note 1.  This address is assigned from 4006 0030h to 4006 006Ch
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1.3.2 Register Map UART 2

Table 1.2 Register Map UART 2
Address Register Symbol Register Name
4006 1000h (bUart_DLAB = 0) rUart. RBR_THR Receive Buffer/Transmit Holding Register
(bUart_DLAB = 1) rUart_DLL Divisor Latch (Low)
4006 1004h (bUart_DLAB = 0) rUart_IER Interrupt Enable Register
(bUart_DLAB = 1) rUart_DLH Divisor Latch (High)
4006 1008h (when written) rUart_FCR FIFO Control Register
(when read) rUart_IIR Interrupt Identification Register
4006 100Ch rUart_LCR Line Control Register
4006 1010h rUart_ MCR Modem Control Register
4006 1014h rUart_LSR Line Status Register
4006 1018h rUart_ MSR Modem Status Register
4006 101Ch rUart_SCR Scratchpad Register
4006 1030h rUart_SRBR_STHR Shadow Receive Buffer/Transmit Holding Register*’
4006 1070h rUart_FAR FIFO Access Register
4006 1074h rUart_TFR Transmit FIFO Read
4006 1078h rUart_ RFW Receive FIFO Write
4006 107Ch rUart_USR UART Status Register
4006 1080h rUart_TFL Transmit FIFO Level
4006 1084h rUart_RFL Receive FIFO Level
4006 1088h rUart_SRR Software Reset Register
4006 108Ch rUart_SRTS Shadow Request to Send
4006 1090h rUart_SBCR Shadow Break Control Register
4006 1098h rUart_SFE Shadow FIFO Enable
4006 109Ch rUart_SRT Shadow RCVR Trigger
4006 10A0h rUart_STET Shadow TX Empty Trigger
4006 10A4h rUart_HTX Halt TX
4006 1100h rUart_TO Time-Out Counter Configuration Register
4006 1104h rUart_CTRLTO Time-Out Control Register
4006 1108h rUart_STATUSTO Time-Out Counter Status Register

Note 1.  This address is assigned from 4006 1030h to 4006 106Ch
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1.3.3 Register Map UART 3

Table 1.3 Register Map UART 3
Address Register Symbol Register Name
4006 2000h (bUart_DLAB = 0) rUart. RBR_THR Receive Buffer/Transmit Holding Register
(bUart_DLAB = 1) rUart_DLL Divisor Latch (Low)
4006 2004h (bUart_DLAB = 0) rUart_IER Interrupt Enable Register
(bUart_DLAB = 1) rUart_DLH Divisor Latch (High)
4006 2008h (when written) rUart_FCR FIFO Control Register
(when read) rUart_IIR Interrupt Identification Register
4006 200Ch rUart_LCR Line Control Register
4006 2010h rUart_ MCR Modem Control Register
4006 2014h rUart_LSR Line Status Register
4006 2018h rUart_ MSR Modem Status Register
4006 201Ch rUart_SCR Scratchpad Register
4006 2030h rUart_SRBR_STHR Shadow Receive Buffer/Transmit Holding Register*’
4006 2070h rUart_FAR FIFO Access Register
4006 2074h rUart_TFR Transmit FIFO Read
4006 2078h rUart_ RFW Receive FIFO Write
4006 207Ch rUart_USR UART Status Register
4006 2080h rUart_TFL Transmit FIFO Level
4006 2084h rUart_RFL Receive FIFO Level
4006 2088h rUart_SRR Software Reset Register
4006 208Ch rUart_SRTS Shadow Request to Send
4006 2090h rUart_SBCR Shadow Break Control Register
4006 2098h rUart_SFE Shadow FIFO Enable
4006 209Ch rUart_SRT Shadow RCVR Trigger
4006 20A0h rUart_STET Shadow TX Empty Trigger
4006 20A4h rUart_HTX Halt TX
4006 2100h rUart_TO Time-Out Counter Configuration Register
4006 2104h rUart_CTRLTO Time-Out Control Register
4006 2108h rUart_STATUSTO Time-Out Counter Status Register

Note 1.  This address is assigned from 4006 2030h to 4006 206Ch
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1.3.4 Register Map UART 4

Table 1.4 Register Map UART 4
Address Register Symbol Register Name
5000 0000h (bUart_DLAB = 0) rUart. RBR_THR Receive Buffer/Transmit Holding Register
(bUart_DLAB = 1) rUart_DLL Divisor Latch (Low)
5000 0004h (bUart_DLAB = 0) rUart_IER Interrupt Enable Register
(bUart_DLAB = 1) rUart_DLH Divisor Latch (High)
5000 0008h (when written) rUart_FCR FIFO Control Register
(when read) rUart_IIR Interrupt Identification Register
5000 000Ch rUart_LCR Line Control Register
5000 0010h rUart_ MCR Modem Control Register
5000 0014h rUart_LSR Line Status Register
5000 0018h rUart_ MSR Modem Status Register
5000 001Ch rUart_SCR Scratchpad Register
5000 0030h rUart_SRBR_STHR Shadow Receive Buffer/Transmit Holding Register*’
5000 0070h rUart_FAR FIFO Access Register
5000 0074h rUart_TFR Transmit FIFO Read
5000 0078h rUart_ RFW Receive FIFO Write
5000 007Ch rUart_USR UART Status Register
5000 0080h rUart_TFL Transmit FIFO Level
5000 0084h rUart_RFL Receive FIFO Level
5000 0088h rUart_SRR Software Reset Register
5000 008Ch rUart_SRTS Shadow Request to Send
5000 0090h rUart_SBCR Shadow Break Control Register
5000 0098h rUart_SFE Shadow FIFO Enable
5000 009Ch rUart_SRT Shadow RCVR Trigger
5000 00AQh rUart_STET Shadow TX Empty Trigger
5000 00A4h rUart_HTX Halt TX
5000 00A8h rUart_ DMASA DMA Software Acknowledge
5000 0100h rUart_TO Time-Out Counter Configuration Register
5000 0104h rUart_CTRLTO Time-Out Control Register
5000 0108h rUart_STATUSTO Time-Out Counter Status Register
5000 010Ch rUart_ TDMACR DMA Control Register in Transmit Mode
5000 0110h rUart_ RDMACR DMA Control Register in Receive Mode

Note 1.  This address is assigned from 5000 0030h to 5000 006Ch
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RZ/N1D Group, RZ/N1S Group, RZ/N1L Group

Section 1 UART

1.3.5 Register Map UART 5

Table 1.5 Register Map UART 5
Address Register Symbol Register Name
5000 1000h (bUart_DLAB = 0) rUart. RBR_THR Receive Buffer/Transmit Holding Register
(bUart_DLAB = 1) rUart_DLL Divisor Latch (Low)
5000 1004h (bUart_DLAB = 0) rUart_IER Interrupt Enable Register
(bUart_DLAB = 1) rUart_DLH Divisor Latch (High)
5000 1008h (when written) rUart_FCR FIFO Control Register
(when read) rUart_IIR Interrupt Identification Register
5000 100Ch rUart_LCR Line Control Register
5000 1010h rUart_ MCR Modem Control Register
5000 1014h rUart_LSR Line Status Register
5000 1018h rUart_ MSR Modem Status Register
5000 101Ch rUart_SCR Scratchpad Register
5000 1030h rUart_SRBR_STHR Shadow Receive Buffer/Transmit Holding Register*’
5000 1070h rUart_FAR FIFO Access Register
5000 1074h rUart_TFR Transmit FIFO Read
5000 1078h rUart_ RFW Receive FIFO Write
5000 107Ch rUart_USR UART Status Register
5000 1080h rUart_TFL Transmit FIFO Level
5000 1084h rUart_RFL Receive FIFO Level
5000 1088h rUart_SRR Software Reset Register
5000 108Ch rUart_SRTS Shadow Request to Send
5000 1090h rUart_SBCR Shadow Break Control Register
5000 1098h rUart_SFE Shadow FIFO Enable
5000 109Ch rUart_SRT Shadow RCVR Trigger
5000 10A0h rUart_STET Shadow TX Empty Trigger
5000 10A4h rUart_HTX Halt TX
5000 10A8h rUart_ DMASA DMA Software Acknowledge
5000 1100h rUart_TO Time-Out Counter Configuration Register
5000 1104h rUart_CTRLTO Time-Out Control Register
5000 1108h rUart_STATUSTO Time-Out Counter Status Register
5000 110Ch rUart_ TDMACR DMA Control Register in Transmit Mode
5000 1110h rUart_ RDMACR DMA Control Register in Receive Mode

Note 1.  This address is assigned from 5000 1030h to 5000 106Ch
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Section 1 UART

1.3.6 Register Map UART 6

Table 1.6 Register Map UART 6
Address Register Symbol Register Name
5000 2000h (bUart_DLAB = 0) rUart. RBR_THR Receive Buffer/Transmit Holding Register
(bUart_DLAB = 1) rUart_DLL Divisor Latch (Low)
5000 2004h (bUart_DLAB = 0) rUart_IER Interrupt Enable Register
(bUart_DLAB = 1) rUart_DLH Divisor Latch (High)
5000 2008h (when written) rUart_FCR FIFO Control Register
(when read) rUart_IIR Interrupt Identification Register
5000 200Ch rUart_LCR Line Control Register
5000 2010h rUart_ MCR Modem Control Register
5000 2014h rUart_LSR Line Status Register
5000 2018h rUart_ MSR Modem Status Register
5000 201Ch rUart_SCR Scratchpad Register
5000 2030h rUart_SRBR_STHR Shadow Receive Buffer/Transmit Holding Register*’
5000 2070h rUart_FAR FIFO Access Register
5000 2074h rUart_TFR Transmit FIFO Read
5000 2078h rUart_ RFW Receive FIFO Write
5000 207Ch rUart_USR UART Status Register
5000 2080h rUart_TFL Transmit FIFO Level
5000 2084h rUart_RFL Receive FIFO Level
5000 2088h rUart_SRR Software Reset Register
5000 208Ch rUart_SRTS Shadow Request to Send
5000 2090h rUart_SBCR Shadow Break Control Register
5000 2098h rUart_SFE Shadow FIFO Enable
5000 209Ch rUart_SRT Shadow RCVR Trigger
5000 20A0h rUart_STET Shadow TX Empty Trigger
5000 20A4h rUart_HTX Halt TX
5000 20A8h rUart_ DMASA DMA Software Acknowledge
5000 2100h rUart_TO Time-Out Counter Configuration Register
5000 2104h rUart_CTRLTO Time-Out Control Register
5000 2108h rUart_STATUSTO Time-Out Counter Status Register
5000 210Ch rUart_ TDMACR DMA Control Register in Transmit Mode
5000 2110h rUart_ RDMACR DMA Control Register in Receive Mode

Note 1.  This address is assigned from 5000 2030h to 5000 206Ch
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RZ/N1D Group, RZ/N1S Group, RZ/N1L Group

Section 1 UART

1.3.7 Register Map UART 7

Table 1.7 Register Map UART 7
Address Register Symbol Register Name
5000 3000h (bUart_DLAB = 0) rUart. RBR_THR Receive Buffer/Transmit Holding Register
(bUart_DLAB = 1) rUart_DLL Divisor Latch (Low)
5000 3004h (bUart_DLAB = 0) rUart_IER Interrupt Enable Register
(bUart_DLAB = 1) rUart_DLH Divisor Latch (High)
5000 3008h (when written) rUart_FCR FIFO Control Register
(when read) rUart_IIR Interrupt Identification Register
5000 300Ch rUart_LCR Line Control Register
5000 3010h rUart_ MCR Modem Control Register
5000 3014h rUart_LSR Line Status Register
5000 3018h rUart_ MSR Modem Status Register
5000 301Ch rUart_SCR Scratchpad Register
5000 3030h rUart_SRBR_STHR Shadow Receive Buffer/Transmit Holding Register*’
5000 3070h rUart_FAR FIFO Access Register
5000 3074h rUart_TFR Transmit FIFO Read
5000 3078h rUart_ RFW Receive FIFO Write
5000 307Ch rUart_USR UART Status Register
5000 3080h rUart_TFL Transmit FIFO Level
5000 3084h rUart_RFL Receive FIFO Level
5000 3088h rUart_SRR Software Reset Register
5000 308Ch rUart_SRTS Shadow Request to Send
5000 3090h rUart_SBCR Shadow Break Control Register
5000 3098h rUart_SFE Shadow FIFO Enable
5000 309Ch rUart_SRT Shadow RCVR Trigger
5000 30A0h rUart_STET Shadow TX Empty Trigger
5000 30A4h rUart_HTX Halt TX
5000 30A8h rUart_ DMASA DMA Software Acknowledge
5000 3100h rUart_TO Time-Out Counter Configuration Register
5000 3104h rUart_CTRLTO Time-Out Control Register
5000 3108h rUart_STATUSTO Time-Out Counter Status Register
5000 310Ch rUart_ TDMACR DMA Control Register in Transmit Mode
5000 3110h rUart_ RDMACR DMA Control Register in Receive Mode

Note 1.  This address is assigned from 5000 3030h to 5000 306Ch
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RZ/N1D Group, RZ/N1S Group, RZ/N1L Group

Section 1 UART

1.3.8 Register Map UART 8

Table 1.8 Register Map UART 8
Address Register Symbol Register Name
5000 4000h (bUart_DLAB = 0) rUart. RBR_THR Receive Buffer/Transmit Holding Register
(bUart_DLAB = 1) rUart_DLL Divisor Latch (Low)
5000 4004h (bUart_DLAB = 0) rUart_IER Interrupt Enable Register
(bUart_DLAB = 1) rUart_DLH Divisor Latch (High)
5000 4008h (when written) rUart_FCR FIFO Control Register
(when read) rUart_IIR Interrupt Identification Register
5000 400Ch rUart_LCR Line Control Register
5000 4010h rUart_ MCR Modem Control Register
5000 4014h rUart_LSR Line Status Register
5000 4018h rUart_ MSR Modem Status Register
5000 401Ch rUart_SCR Scratchpad Register
5000 4030h rUart_SRBR_STHR Shadow Receive Buffer/Transmit Holding Register*’
5000 4070h rUart_FAR FIFO Access Register
5000 4074h rUart_TFR Transmit FIFO Read
5000 4078h rUart_ RFW Receive FIFO Write
5000 407Ch rUart_USR UART Status Register
5000 4080h rUart_TFL Transmit FIFO Level
5000 4084h rUart_RFL Receive FIFO Level
5000 4088h rUart_SRR Software Reset Register
5000 408Ch rUart_SRTS Shadow Request to Send
5000 4090h rUart_SBCR Shadow Break Control Register
5000 4098h rUart_SFE Shadow FIFO Enable
5000 409Ch rUart_SRT Shadow RCVR Trigger
5000 40A0h rUart_STET Shadow TX Empty Trigger
5000 40A4h rUart_HTX Halt TX
5000 40A8h rUart_ DMASA DMA Software Acknowledge
5000 4100h rUart_TO Time-Out Counter Configuration Register
5000 4104h rUart_CTRLTO Time-Out Control Register
5000 4108h rUart_STATUSTO Time-Out Counter Status Register
5000 410Ch rUart_ TDMACR DMA Control Register in Transmit Mode
5000 4110h rUart_ RDMACR DMA Control Register in Receive Mode

Note 1.  This address is assigned from 5000 4030h to 5000 406Ch
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Section 1 UART

1.4

1.4.1

Register Description

rUart_DLL — Divisor Latch (Low)
¢ Dependencies: bUart DLAB bit=1

Address: 4006 0000h (UART1)
4006 1000h (UART2)
4006 2000h (UART3)
5000 0000h (UART4)
5000 1000h (UARTS5)
5000 2000h (UART6)
5000 3000h (UART?7)
5000 4000h (UARTS)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — bUart_DLL
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.9 rUart_DLL Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 to b0 bUart_DLL Lower 8 bits of a 16-bit. R/W

Divisor Latch register that contains the baud rate divisor for the UART.

This register may only be accessed when the bUart_DLAB bit is set (rUart_LCR
register) and the UART is not busy, bUart_BUSY bit is zero (rUart_USR register).

The baud clock is equal to UART_SCLK frequency divided by sixteen times the value
of the baud rate divisor, as follows:

baud clock = UART_SCLK / (16 % baud rate divisor).

Note) If the baud rate divisor (bUart_DLL and bUart_DLH) is set to zero, the baud

clock is disabled and no serial communications occur.

Caution) Also, once the bUart_DLL or bUart_DLH is set, at least 8 clock cycles of the

slowest clock should be allowed to pass before transmitting or receiving
data.
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RZ/N1D Group, RZ/N1S Group, RZ/N1L Group Section 1 UART

1.4.2 rUart_DLH — Divisor Latch (High)
¢ Dependencies: bUart DLAB bit=1

Address: 4006 0004h (UART1)
4006 1004h (UART2)
4006 2004h (UART3)
5000 0004h (UART4)
5000 1004h (UART5)
5000 2004h (UART6)
5000 3004h (UART7)
5000 4004h (UART8)

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

Value after reset 0 0 0 0

Bit b15 b14 b13 b12 b11 b10 b9

b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — bUart_DLH
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.10 rUart_DLH Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 to b0 bUart_ DLH Upper 8 bits of a 16-bit. R/W

Divisor Latch register that contains the baud rate divisor for the UART.

This register may only be accessed when the bUart_DLAB bit is set (rUart_LCR
register) and the UART is not busy, bUart_BUSY bit is zero (rUart_USR register).

Refer to Section 1.4.1, rUart_DLL — Divisor Latch (Low) for a detailed description
of the baud clock.
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Section 1 UART

1.4.3

rUart_IIR — Interrupt Identification Register

e When these addresses read

Bit

Value after reset

Bit

Value after reset

Address:

b31

b30

4006 0008h (UART1)
4006 1008h (UART2)
4006 2008h (UART3)

5000 1008h (UARTS5)
5000 2008h (UARTS6)
5000 3008h (UART7)
5000 4008h (UARTS8)

b29

(
(
(
5000 0008h (UART4)
(
(
(
(

b28

b27

b26

b25

b24

b23

b22

b21

b20

b19

b18 b17 b16

b7

b6

b3

b2 b1 b0

bUart_FIFOSE

bUart_IID

0

0

0 0 1

Table 1.11 rUart_IIR Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7, b6 bUart_FIFOSE FIFOs Enabled. R
This is used to indicate whether the FIFOs are enabled or disabled.

2’b00 = disabled

2’b11 = enabled
b5, b4 Reserved R
b3 to b0 bUart_IID Interrupt ID. R

This indicates the highest priority pending interrupt which can be one of the following

types:
4’b0000 = modem status
4’b0001 = no interrupt pending

4’b0010 = THR empty
4’b0100 = received data available
4’b0101 = receiver time out

4’'b0110 = receiver line status
4’b0111 = busy detect
4’1100 = character timeout
The interrupt priorities are split into six levels that are detailed in See Table 1.41,

Interrupt Control Functions.

Note) Bit 3 of bUart_IID indicates an interrupt can only occur when the FIFOs are
enabled and used to distinguish a Character Timeout condition interrupt.
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14.4 rUart_RBR_THR — Receive Buffer/Transmit Holding Register
¢ Dependencies: bUart DLAB bit=0

Address: 4006 0000h (UART1)

4006 1000h (UART2)

4006 2000h (UART3)
5000 0000h (UART4)
5000 1000h (UART5)
5000 2000h (UART6)
5000 3000h (UART7)
5000 4000h (UART8)

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

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

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

— — — — — — — — bUart_RBR_THR

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

Table 1.12 rUart_RBR_THR Register Contents

Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 to b0 bUart RBR_THR When reading this register — Receive Buffer Register (rUart_RBR) R/W

® Data byte received on the serial input port UART_RXD.
The data in this register is valid only if the Data Ready (bUart_DR) bit in the Line
Status Register (rUart_LSR) is set.

® |f FIFOs are disabled (bUart_FIFOE = 0), the data in the rUart_RBR must be read
before the next data arrives, otherwise it is overwritten, resulting in an over-run
error.

® |f FIFOs are enabled (bUart_FIFOE = 1), this register accesses the head of the
receive FIFO. If the receive FIFO is full and this register is not read before the next
data character arrives, then the data already in the FIFO is preserved, but any
incoming data are lost and an overrun error occurs.

When writing to this register — Transmit Holding Register (rUart_THR)

® Data to be transmitted on the serial output port UART_TXD.

® |f FIFOs are disabled (bUart_FIFOE = 0) and bUart_THRE is set, writing a single
character to the rUart_THR clears the bUart_ THRE. Any additional writes to the
rUart_THR before the bUart_ THRE is set again causes the rUart_THR data to be
overwritten.

® |f FIFOs are enabled (bUart_FIFOE = 1) and bUart_THRE is set, 16 number of
characters of data may be written to the rUart_THR before the FIFO is full.
Any attempt to write data when the FIFO is full results in the write data being lost.
See Section 1.5.1.8, Programmable THRE interrupt.

RO1UHO0752EJ0120 Rev.1.20 RENESAS Page 34 of 637
Dec 29, 2021



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group Section 1 UART

1.4.5 rUart_IER — Interrupt Enable Register
¢ Dependencies: bUart DLAB bit=0

Address: 4006 0004h (UART1)

4006 1004h (UART2)

4006 2004h (UART3)
5000 0004h (UART4)
5000 1004h (UART5)
5000 2004h (UART6)
5000 3004h (UART7)
5000 4004h (UART8)

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

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

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

bUart_ElbUart_EbUart EloUart B\, p bUart_ElpUart_EjpUart_ElpUart_E
— — — — | TIMEO|TIMEO | TIMEO | TIMEO TIME — — — DSSI Lsl” | TBEI | RBFI
UT3 uT2 UT1 uUTo

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.13 rUart_IER Register Contents (1/2)

Bit Position Bit Name Function R/W
b31 to b12 Reserved R

b11 bUart ETIMEOUT3 Enable Receiver or Transceiver Time-Out n (with n = 0..3) interrupt. R/W

Enable Transceiver Time-Out n withn =3

This is used to enable/disable the generation of Receiver (with n = 0..1) or Transceiver
Time-Out n (with n = 2..3) interrupt.
This is the sixth highest priority interrupt.
For each Time-Out n with n = 0..3, we have:
1’b0 = disabled
1’b1 = enabled
See Section 1.5.1.10(1), Receiver Time-Out.
See Section 1.5.1.10(2), Transceiver Time-Out.

b10 bUart ETIMEOUT2 Enable Transceiver Time-Out n with n = 2 R/W
See description detailed above
b9 bUart ETIMEOUT1 Enable Receiver Time-Out n with n =1 R/W
See description detailed above
b8 bUart_ ETIMEOUTO Enable Receiver Time-Out n withn =0 R/W
See description detailed above
b7 bUart_PTIME Programmable THRE Interrupt Mode Enable. R/W
This is used to enable/disable the generation of THRE Interrupt.
1’b0 = disabled
1’b1 = enabled
See Section 1.5.1.8, Programmable THRE interrupt.
b6 to b4 Reserved R
b3 bUart_EDSSI Enable Modem Status Interrupt. R/W

This is used to enable/disable the generation of Modem Status Interrupt.
This is the fourth highest priority interrupt.

1’b0 = disabled
1’b1 = enabled
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Table 1.13 rUart_IER Register Contents (2/2)

Bit Position Bit Name Function R/W

b2 bUart_ELSI Enable Receiver Line Status Interrupt. R/W
This is used to enable/disable the generation of Receiver Line Status Interrupt.
This is the highest priority interrupt.
1'b0 = disabled
1’b1 = enabled
b1 bUart_ETBEI Enable Transmit Holding Register Empty Interrupt. R/W
This is used to enable/disable the generation of Transmit Holding Register Empty
Interrupt.
This is the third highest priority interrupt.
1’b0 = disabled
1’b1 = enabled
b0 bUart_ERBFI Enable Received Data Available Interrupt. R/W

This is used to enable/disable the generation of Received Data Available Interrupt and
the Character Timeout Interrupt (if FIFOs enabled).

This is the second highest priority interrupt.
1’b0 = disabled
1’b1 = enabled
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1.4.6

e When these addresses written

Bit

Value after reset

Bit

Value after reset

rUart_FCR — FIFO Control Register

Address: 4006 0008h (UART1)
4006 1008h (UART2)
4006 2008h (UART3)
5000 0008h (UART4)
5000 1008h (UART5)
5000 2008h (UART6)
5000 3008h (UART7)
5000 4008h (UART8)
b31  b30 b29  b28  b27 b26  b25 b24  b23  b22 b21  b20 b19  bi8  b17  b16
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14  b13  b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bUart_XpUart_RlbUart_F
— — — — — — — — | bUart.RCVR | bUart_TET — | FIFOR | FIFGR | IFOE
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 1.14 rUart_FCR Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7, b6 bUart RCVR Receive FIFOs trigger.
This is used to select the trigger level in the receive FIFO at which the Received Data
Available Interrupt is generated.
The following trigger levels are supported:
2'b00 = 1 character in the FIFO
2'b01 = FIFO 1/4 full
2'b10 = FIFO 1/2 full
2’b11 = FIFO 2 less than full
b5, b4 bUart_ TET Transmit FIFOs Empty trigger. w
This is used to select the empty threshold level at which the THRE Interrupts are
generated when the mode is active.
The following trigger levels are supported:
2’b00 = FIFO empty
2'b01 = 2 characters in the FIFO
2'b10 = FIFO 1/4 full
2’b11 = FIFO 1/2 full
b3 Reserved R
b2 bUart_XFIFOR Transmit FIFO Reset. w
This resets the control portion of the transmit FIFO and treats the FIFO as empty by
writing 1b to this bit.
Note) This bit is “self-clearing”. It is not necessary to clear this bit.
b1 bUart_ RFIFOR Receive FIFO Reset. w
This resets the control portion of the receive FIFO and treats the FIFO as empty by
writing 1b to this bit.
Note) This bit is “self-clearing”. It is not necessary to clear this bit.
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Table 1.14 rUart_FCR Register Contents (2/2)

Bit Position Bit Name Function R/W

b0 bUart_FIFOE FIFO Enable.
This enables/disables the transmit and receive FIFOs.
Whenever the value of this bit is changed both the transmit and receive controller
portion of FIFOs is reset.
1’b0 = Disable
1’b1 = Enable
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1.4.7 rUart_LCR — Line Control Register

Address: 4006 000Ch (UART1)
4006 100Ch (UART2)
4006 200Ch (UART3)
5000 000Ch (UART4)
5000 100Ch (UART5)
5000 200Ch (UART®6)
5000 300Ch (UART7)
5000 400Ch (UART8)

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

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

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

i i B B B B B B bULaAr|t3_ D bUaCrt_B ﬁgféta—rﬁ bUSg_E bUg,r\tl_P bL_JraortFTS bUart_DLS
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.15 rUart_LCR Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 bUart_DLAB Divisor Latch Access Bit. R/W

Writeable only when UART is not busy (bUart_BUSY = 0).

This bit is used to enable reading and writing of the baud rate divisor (bUart_DLL and
bUart_DLH) to set the baud rate of the UART.

This bit must be cleared after initial baud rate setup in order to access other registers.
1’b0 = Divisor Latch Access disable
1’b1 = Divisor Latch Access enable

b6 bUart BC Break Control Bit. R/W
This is used to cause a break condition to be transmitted to the receiving device.

If set to one the serial output is forced to the spacing (logic 0) state. When not in
Loopback Mode, as determined by bUart_LB, the UART_TXD line is forced low until
the bUart_BC is cleared.

When in Loopback Mode, the break condition is internally looped back to the receiver.

b5 bUart_StickParity Stick Parity bit. R/W
Writeable only when UART is not busy (bUart_BUSY = 0).
This bit is used to force parity value.

® \When bUart_PEN, bUart_EPS, and bUart_StickParity are set to 1, the parity bit is
transmitted and checked as logic 0.

® When bUart_PEN and bUart_StickParity are set to 1 and bUart_EPS is a logic 0,
then parity bit is transmitted and checked as a logic 1.

® \When set to 0, Stick Parity is disabled.
b4 bUart_EPS Even Parity Select. R/W
Writeable only when UART is not busy (bUart_BUSY = 0).

This is used to select between even and odd parity, when parity is enabled
(bUart_PEN = 1).
® |f set to one, an even number of logic 1s is transmitted or checked.

® |f set to zero, an odd number of logic 1s is transmitted or checked.

b3 bUart_PEN Parity Enable. R/W
Writeable only when UART is not busy (bUart_BUSY = 0)

This bit is used to enable and disable parity generation and detection in transmitted
and received serial character respectively.

1’b0 = parity disabled
1’b1 = parity enabled
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Table 1.15 rUart_LCR Register Contents (2/2)

Bit Position Bit Name Function R/W

b2 bUart_STOP Number of stop bits. R/W
Writeable only when UART is not busy (bUart_BUSY = 0).
This is used to select the number of stop bits per character that the peripheral
transmits and receives.
® |f set to zero, one stop bit is transmitted in the serial data.

® |f set to one and the data bits are set to 5 (bUart_DLS = 0) one and a half stop bits
is transmitted. Otherwise, two stop bits are transmitted.

Note that regardless of the number of stop bits selected, the receiver checks only the
first stop bit.

1’b0 = 1 stop bit
1’b1 = 1.5 stop bits when bUart_DLS is zero, else 2 stop bit

Note) The STOP bit duration implemented by UART may appear longer due to the
idle time inserted between characters for some configurations and baud rate
divisor values in the transmit direction. For details on idle time between
transmitted transfers, refer to Section 1.5.1.5, Back to Back Character
Stream Transmission.

b1, b0 bUart_ DLS Data Length Select. R/W
Writeable only when UART is not busy (bUart_BUSY = 0).

This is used to select the number of data bits per character that the peripheral
transmits and receives.

The number of bit that may be selected areas follows:

2’b00 = 5 bits
2’b01 = 6 bits
2’b10 = 7 bits
2’b11 = 8 bits
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1.4.8 rUart_MCR — Modem Control Register
Address: 4006 0010h (UART1)
4006 1010h (UART2)
4006 2010h (UART3)
5000 0010h (UART4)
5000 1010h (UARTS)
5000 2010h (UART6)
5000 3010h (UART7)
5000 4010h (UART8)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bUart_AlbUart_L| bUart_ | bUart_ |pUart_RlbUart_D|
- - - - - - - - - - FCE B OUT2 | OUT1 TS TR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.16 rUart_ MCR Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 to b6 Reserved R
b5 bUart AFCE Auto Flow Control Enable. R/W
When FIFOs are enabled (bUart_FIFOE bit is set) and the Auto Flow Control Enable
(bUart_AFCE bit is set), Auto Flow Control features are enabled as described in
Section 1.5.1.7, Auto Flow Control.
1’b0 = Auto Flow Control Mode disabled
1’b1 = Auto Flow Control Mode enabled
b4 bUart_LB LoopBack Bit. R/W
This is used to put the UART into a diagnostic mode for test purposes.
Data on the UART_TXD line is held high, while serial data output is looped back to the
UART_RXD line, internally. In this mode, all the interrupts are fully functional. Also, in
loopback mode, the modem control inputs (UART_DSR_N, UART_CTS_N,
UART_RI_N, UART_DCD_N) are disconnected and the modem control outputs
(UART_DTR_N, UART_RTS_N, UART_OUT1_N, UART_OUT2_N) are looped back
to the inputs, internally.
1’b0 = Loop back mode disable
1’b1 = Loop back mode enable
b3 bUart_OUT2 This is used to directly control the user-designated Output2 (UART_OUT2_N) output. R/W
The value written to this location is inverted and driven out on UART_OUT2_N, that is:
1’b0 = UART_OUT2_N de-asserted (logic 1)
1’b1 = UART_OUT2_N asserted (logic 0)
Caution) This output pin is not connected on pinout. It uses in Loopback mode.
Note) In Loopback mode (bUart_LB = 1), the UART_OUT2_N output is held inactive
high while the value of this location is internally looped back to an input.
b2 bUart_OUT1 This is used to directly control the user-designated Output1 (UART_OUT1_N) output. R/W

The value written to this location is inverted and driven out on UART_OUT1_N, that is:
1’b0 = UART_OUT1_N de-asserted (logic 1)
1’b1 = UART_OUT1_N asserted (logic 0)

Caution) This output pin is not connected on pinout. It uses in Loopback mode.

Note) In Loopback mode (bUart_LB = 1), the UART_OUT1_N output is held inactive
high while the value of this location is internally looped back to an input.
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Table 1.16 rUart_MCR Register Contents (2/2)
Bit Position Bit Name Function R/W

b1 bUart_RTS Request to Send. R/W
This is used to directly control the Request to Send (UART_RTS_N) output.
The Request to Send (UART_RTS_N) output is used to inform the modem or data set
that the UART is ready to exchange data.
When Auto RTS Flow Control is not enabled (bUart_AFCE = 0), the UART_RTS_N
signal is set low by programming bUart_RTS to a high.
In Auto Flow Control, (bUart_AFCE = 1) and FIFOs enable (bUart_FIFOE = 1), the
UART_RTS_N output is controlled in the same way, but it is gated by the receive
FIFO almost-full trigger, where “almost full” refers to two available slots in the FIFO
(UART_RTS_N is inactive high when above the threshold).
The UART_RTS_N signal is de-asserted when bUart_RTS is set low.
See Section 1.5.1.7, Auto Flow Control.

Note) In Loopback mode (bUart_LB = 1), the UART_RTS_N output is held inactive
high while the value of this location is internally looped back to an input.

b0 bUart DTR Data Terminal Ready. R/W

This is used to directly control the Data Terminal Ready (UART_DTR_N) output.
The value written to this location is inverted and driven out on UART_DTR_N, that is:

1’b0 = UART_DTR_N de-asserted (logic 1)

1’b1 = UART_DTR_N asserted (logic 0)
The Data Terminal Ready output is used to inform the modem or data set that the
UART is ready to establish communications.
Note) In Loopback mode (bUart_LB = 1), the UART_DTR_N output is held inactive

high while the value of this location is internally looped back to an input.
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1.4.9

rUart_LSR — Line Status Register

Address: 4006 0014h (UART1)
4006 1014h (UART2)
4006 2014h (UART3)
5000 0014h (UART4)
5000 1014h (UART5)
5000 2014h (UARTS6)
5000 3014h (UART7)
5000 4014h (UARTS)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
B i B B B B B __ |pUart_RbUart_T|bUart_TjpbUart_BlbUart_F|pbUart_P| bUart_ jpUart_D
FE EMT | HRE | E E OE R
Value after reset 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0
Table 1.17 rUart_LSR Register Contents (1/3)
Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 bUart_RFE Receiver FIFO Error bit. R
This bit is only relevant if FIFOs are enabled (bUart_FIFOE = 1).
This is used to indicate if there is at least one parity error, framing error, or break
indication in the receive FIFO.
1’b0 = no error in Receive FIFO
1’b1 = error in Receive FIFO
This bit is cleared when the rUart_LSR is read and the character with the error is at
the top of the receive FIFO and there are no subsequent errors in the FIFO.
b6 bUart TEMT Transmitter Empty bit. R
If FIFOs enabled (bUart_FIFOE = 1), this bit is set whenever the Transmitter Shift
Register and the Transmit FIFO are both empty.
If FIFOs are disabled, this bit is set whenever the Transmit Holding Register
(rUart_THR) and the Transmitter Shift Register are both empty.
b5 bUart THRE Transmit Holding Register Empty bit. R

If THRE mode is disabled (bUart_PTIME = 0) and regardless of FIFO’s being enabled
or not, this bit indicates that the rUart_THR or Transmit FIFO is empty.
This bit is set whenever data is transferred from the rUart_THR or Transmit FIFO to

the Transmitter Shift Register and no new data has been written to the rUart_THR or
Transmit FIFO.

This also causes a THRE Interrupt to occur, if the THRE Interrupt is Enabled
(bUart_ETBEI).
If THRE mode and FIFO are enabled (bUart_PTIME = 1 and bUart_FIFOE = 1
respectively), the functionality is switched to indicate the transmit FIFO is full, and no

longer controls THRE interrupts, which are then controlled by the bUart_TET threshold

setting.

For more details, see Section 1.5.1.8, Programmable THRE interrupt.
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Table 1.17 rUart_LSR Register Contents (2/3)

Bit Position Bit Name Function R/W
b4 bUart_BI Break Interrupt bit. R
This is used to indicate the detection of a break sequence on the serial input data.

It is set whenever the serial input, UART_RXD, is held in a logic “0” state for longer
than the sum of start time + data bits + parity + stop bits.

A break condition on serial input causes one and only one character, consisting of all
zeros, to be received by the UART.

In the FIFO mode (bUart_FIFOE = 1), the character associated with the break
condition is carried through the FIFO and is revealed when the character is at the top
of the FIFO.

Reading the rUart_LSR clears the bUart_BI bit.

In the non-FIFO mode, the bUart_BI indication occurs immediately and persists until
the rUart_LSR is read.

Note) If a FIFO is full when a break condition is received, a FIFO overrun occurs. The
break condition and all the information associated with it-parity and framing
errors-is discarded any information that a break character was received is lost.

b3 bUart_FE Framing Error bit. R
This is used to indicate the occurrence of a framing error in the receiver. A framing
error occurs when the receiver does not detect a valid STOP bit in the received data.
In the FIFO mode (bUart_FIFOE = 1), since the framing error is associated with a
character received, it is revealed when the character with the framing error is at the
top of the FIFO.

When a framing error occurs, the UART tries to resynchronize. It does this by
assuming that the error was due to the start bit of the next character and then
continues receiving the other bit i.e. data, and/or parity and stop.
It should be noted that the Framing Error bUart_FE bit is set if a break interrupt has
occurred, as indicated by Break Interrupt bUart_BI bit. This happens because the
break character implicitly generates a framing error by holding the UART_RXD input
to logic 0 for longer than the duration of a character.

1’b0 = no framing error

1’b1 = framing error
Reading the rUart_LSR clears the rUart_FE bit.

b2 bUart_PE Parity Error bit. R
This is used to indicate the occurrence of a parity error in the receiver if the Parity
Enable bUart_PEN bit is set.

In the FIFO mode (bUart_FIFOE = 1), since the parity error is associated with a
character received, it is revealed when the character with the parity error arrives at the
top of the FIFO.
It should be noted that the Parity Error bUart_PE bit is set if a break interrupt has
occurred, as indicated by Break Interrupt bUart_BI bit and parity generation and
detection are enabled (bUart_PEN=1) and the parity is set to odd (bUart_EPS = 0).
1’b0 = no parity error
1’b1 = parity error
Reading the rUart_LSR clears the bUart_PE bit.

b1 bUart_ OE QOverrun error bit. R
This is used to indicate the occurrence of an overrun error. This occurs if a new data
character was received before the previous data was read.

In the non-FIFO mode (bUart_FIFOE = 0), the bUart_OE bit is set when a new
character arrives in the receiver before the previous character was read from the
rUart_RBR. When this happens, the data in the rUart_RBR is overwritten.
In the FIFO mode, an overrun error occurs when the FIFO is full and a new character
arrives at the receiver. The data in the FIFO is retained and the data in the receive
shift register is lost.

1’b0 = no overrun error

1’b1 = overrun error
Reading the rUart_LSR clears the bUart_OE bit.
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Table 1.17 rUart_LSR Register Contents (3/3)

Bit Position Bit Name Function R/W

b0 bUart_DR Data Ready bit. R
This is used to indicate that the receiver contains at least one character in the
rUart_RBR or the receive FIFO.
1’b0 = no data ready
1’b1 = data ready
This bit is cleared when the rUart_RBR is read in non-FIFO mode, or when the receive
FIFO is empty, in FIFO mode.
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1.4.10 rUart_MSR — Modem Status Register
Address: 4006 0018h (UART1)
4006 1018h (UART2)
4006 2018h (UART3)
5000 0018h (UART4)
5000 1018h (UART5)
5000 2018h (UART6)
5000 3018h (UART7)
5000 4018h (UART8)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
. . . - . . . __ [|pUart_DpUart_RpUart_DpbUart_CpUart_D|bUart_T|bUart_DjpUart_D
CD | SR TS DCD ERI DSR | CTS
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.18 rUart_MSR Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 bUart_ DCD Data Carrier Detect. R
This is used to indicate the current state of the modem control line UART_DCD_N.
This bit is the complement of UART_DCD_N.
When the Data Carrier Detect input (UART_DCD_N) is asserted, it is an indication
that the carrier has been detected by the modem or data set.
1’b0 = UART_DCD_N input is de-asserted (logic 1)
1’b1 = UART_DCD_N input is asserted (logic 0)
In Loopback Mode (bUart_LB = 1), bUart_DCD is the same as bUart_OUT2.
b6 bUart_RI Ring Indicator. R
This is used to indicate the current state of the modem control line UART_RI_N. This
bit is the complement of UART_RI_N.
When the Ring Indicator input (UART_RI_N) is asserted, it is an indication that a
telephone ringing signal has been received by the modem or data set.
1’b0 = UART_RI_N input is de-asserted (logic 1)
1’b1 = UART_RI_N input is asserted (logic 0)
In Loopback Mode (bUart_LB = 1), bUart_RI is the same as bUart_OUT1.
b5 bUart DSR Data Set Ready. R

This is used to indicate the current state of the modem control line UART_DSR_N.
This bit is the complement of UART_DSR_N.

When the Data Set Ready input (UART_DSR_N) is asserted, it is an indication that
the modem or data set is ready to establish communications with the UART.

1’b0 = UART_DSR_N input is de-asserted (logic 1)
1’b1 = UART_DSR_N input is asserted (logic 0)
In Loopback Mode (bUart_LB = 1), bUart_DSR is the same as bUart_DTR.
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Table 1.18 rUart_MSR Register Contents (2/2)
Bit Position Bit Name Function R/W

b4 bUart_CTS Clear to Send. R

This is used to indicate the current state of the modem control line UART_CTS_N.
This bit is the complement of UART_CTS_N.

When the Clear to Send input (UART_CTS_N) is asserted, it is an indication that the
modem or data set is ready to exchange data with the UART.

1’b0 = UART_CTS_N input is de-asserted (logic 1)
1’b1 = UART_CTS_N input is asserted (logic 0)
In Loopback Mode (bUart_LB = 1), bUart_CTS is the same as bUart_RTS.
b3 bUart_DDCD Delta Data Carrier Detect. R

This is used to indicate that the modem control line UART_DCD_N has changed since
the last time the rUart_MSR was read.

1’b0 = no change on UART_DCD_N since last read of rUart_ MSR
1’b1 = change on UART_DCD_N since last read of rUart_ MSR

Reading the rUart_MSR clears the bUart_DDCD bit. In Loopback Mode (bUart_LB =
1), bUart_DDCD reflects changes on bUart_OUT2.

Note) If the bUart_DDCD bit is not set and the UART_DCD_N signal is asserted (low)
and a reset occurs (Software or otherwise), then the bUart_DDCD bit is set
when the reset is removed.

b2 bUart_TERI Trailing Edge of Ring Indicator. R

This is used to indicate that a change on the input UART_RI_N (from an active-low to
an inactive-high state) has occurred since the last time the rUart_ MSR was read.

1’b0 = no change on UART_RI_N since last read of rUart_ MSR
1’b1 = change on UART_RI_N since last read of rUart_ MSR
Reading the rUart_MSR clears the bUart_TERI bit. In Loopback Mode (bUart_LB = 1),
bUart_TERI reflects when bUart_OUT1 has changed state from a high to a low.
b1 bUart DDSR Delta Data Set Ready. R

This is used to indicate that the modem control line UART_DSR_N has changed since
the last time the rUart_MSR was read.

1’b0 = no change on UART_DSR_N since last read of rUart_ MSR
1’b1 = change on UART_DSR_N since last read of rUart_ MSR

Reading the rUart_MSR clears the bUart_DDSR bit. In Loopback Mode (bUart_LB =
1), bUart_DDSR reflects changes on bUart_DTR.

Note) If the bUart_DDSR bit is not set and the UART_DSR_N signal is asserted (low)
and a reset occurs (Software or otherwise), then the bUart_DDSR bit is set
when the reset is removed.

b0 bUart DCTS Delta Clear to Send. R

This is used to indicate that the modem control line UART_CTS_N has changed since
the last time the rUart_MSR was read.

1’b0 = no change on UART_CTS_N since last read of rUart_ MSR
1’b1 = change on UART_CTS_N since last read of rUart_ MSR

Reading the rUart_MSR clears the bUart_DCTS bit. In Loopback Mode (bUart_LB =
1), bUart_DCTS reflects changes on bUart_RTS.

Note) If the bUart_DCTS bit is not set and the UART_CTS_N signal is asserted (low)
and a reset occurs (Software or otherwise), then the bUart_DCTS bit is set
when the reset is removed.
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1.4.11 rUart_SCR — Scratchpad Register

Address: 4006 001Ch (UART1)
4006 101Ch (UART2)
4006 201Ch (UART3)
5000 001Ch (UART4)
5000 101Ch (UART5)
5000 201Ch (UART®6)
5000 301Ch (UART7)
5000 401Ch (UARTS)

Bit b31 b30 b29 b28 b27 b26 b25

b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — bUart_SCR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.19 rUart_SCR Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 to b0 bUart_ SCR This register is for programmers to use as a temporary storage space. It has no R/W
defined purpose in the UART.
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1.4.12

rUart_SRBR_STHR — Shadow Receive Buffer/Transmit Holding Register

® Dependencies: bUart DLAB bit =0

Address: 4006 0030h (UART1)
4006 1030h (UART2)
4006 2030h (UART3)
5000 0030h (UART4)
5000 1030h (UART5)
5000 2030h (UART6)
5000 3030h (UART7)
5000 4030h (UART8)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — bUart_ SRBR_STHR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.20 rUart_SRBR_STHR Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 to b0 bUart SRBR_STHR  When reading this register - Shadow Receive Buffer Register (rUart_SRBR) R/W

® This is a shadow register for the rUart_RBR and has been allocated sixteen 32-bit
locations so as to accommodate burst accesses from the master.
This register contains the data byte received on the serial input port UART_RXD.
The data in this register is valid only if the Data Ready (bUart_DR bit) in the Line
Status Register (rUart_LSR) is set.

If FIFOs are disabled (bUart_FIFOE = 0), the data in the rUart_RBR must be read
before the next data arrives, otherwise it is overwritten, resulting in an overrun
error.

If FIFOs are enabled (bUart_FIFOE = 1), this register accesses the head of the
receive FIFO. If the receive FIFO is full and this register is not read before the next

data character arrives, then the data already in the FIFO are preserved, but any
incoming data is lost.

An overrun error also occurs.

When writing to this register - Shadow Transmit Holding Register (rUart_STHR)

® This is a shadow register for the rUart_THR and has been allocated sixteen 32-bit
locations so as to accommodate burst accesses from the master.

This register contains data to be transmitted on the serial output port UART_TXD.
Data should only be written to the rUart_THR when the THR Empty (bUart_THRE)
bit in rUart_LSR register is set.

If FIFOs are disabled (bUart_FIFOE = 0) and bUart_THRE is set, writing a single
character to the rUart_THR clears the bUart_ THRE. Any additional writes to the
rUart_THR before the bUart_ THRE is set again causes the rUart_THR data to be
overwritten.

If FIFOs are enabled (bUart_FIFOE = 1) and bUart_THRE is set, 16 number of
characters of data may be written to the rUart_THR before the FIFO is full. Any
attempt to write data when the FIFO is full results in the write data being lost.
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1.4.13 rUart_FAR — FIFO Access Register

Address: 4006 0070h (UART1)
4006 1070h (UART2)
4006 2070h (UART3)
5000 0070h (UART4)
5000 1070h (UART5)
5000 2070h (UARTS6)
5000 3070h (UART7)
5000 4070h (UARTS)

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

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

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

. . . - . . . - . . . . . o __ |bUart_F|
AR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.21 rUart_FAR Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 bUart_FAR FIFO access registers. R/W
This register is use to enable a FIFO access mode for testing, so that the receive
FIFO can be written by the master and the transmit FIFO can be read by the master
when FIFOs are enabled.
When FIFOs are not enabled it allows the rUart_RBR to be written by the master and
the rUart_THR to be read by the master.
1’b0 = FIFO access mode disabled
1’b1 = FIFO access mode enabled
Note) When the FIFO access mode is enabled/disabled, the control portion of the
receive FIFO and transmit FIFO is reset and the FIFOs are treated as empty.
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1.4.14

rUart_TFR — Transmit FIFO Read

Address: 4006 0074h (UART1)
4006 1074h (UART2)
4006 2074h (UART3)
5000 0074h (UART4)
5000 1074h (UART5)
5000 2074h (UART6)
5000 3074h (UART7)
5000 4074h (UART8)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — bUart_TFR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.22 rUart_TFR Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 to b0 bUart_TFR Transmit FIFO Read. R

These bits are only valid when FIFO access mode is enabled (bUart_FAR = 1).

When FIFOs are enabled (bUart_FIFOE), reading this register gives the data at the
top of the transmit FIFO. Each consecutive read pops the transmit FIFO and gives the

next data value that is currently at the top of the FIFO.

When FIFOs are not enabled, reading this register gives the data in the rUart_THR

register.
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1.4.15 rUart_RFW — Receive FIFO Write

Address: 4006 0078h (UART1)
4006 1078h (UART2)
4006 2078h (UART3)
5000 0078h (UART4)
5000 1078h (UART5)
5000 2078h (UARTS6)
5000 3078h (UART7)
5000 4078h (UARTS)

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

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

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

bUart RbUart R

_ _ _ _ _ — FFE | FPE bUart_RFWD

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.23 rUart_RFW Register Contents

Bit Position Bit Name Function R/W
b31 to b10 Reserved R
b9 bUart_RFFE Receive FIFO Framing Error.

This bit is only valid when FIFO access mode is enabled (bUart_FAR = 1).

When FIFOs are enabled, this bit is used to write framing error detection information
to the receive FIFO.

When FIFOs are not enabled, this bit is used to write framing error detection
information to the rUart_RBR register.

Note) This bit also active a Break Condition in the Receive FIFO.

b8 bUart_RFPE Receive FIFO Parity Error. w

This bit is only valid when FIFO access mode is enabled (bUart_FAR = 1).

When FIFOs are enabled, this bit is used to write parity error detection information to
the receive FIFO.

When FIFOs are not enabled, this bit is used to write parity error detection information
to the rUart_RBR register.

b7 to b0 bUart RFWD Receive FIFO Write Data. w

These bits are only valid when FIFO access mode is enabled (bUart_FAR = 1).
When FIFOs are enabled, the data that is written to the bUart RFWD is pushed into
the receive FIFO. Each consecutive write pushes the new data to the next write
location in the receive FIFO.

When FIFOs are not enabled, the data that is written to the bUart RFWD is pushed
into the rUart_RBR register.
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1.4.16

Bit

Value after reset

Bit

Value after reset

Table 1.24

rUart_USR — UART Status Register

Address: 4006 007Ch (UART1)
4006 107Ch (UART2)
4006 207Ch (UART3)
5000 007Ch (UART4)
5000 107Ch (UART5)
5000 207Ch (UART®6)
5000 307Ch (UART7)
5000 407Ch (UARTS)
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
. . . . . . . . . o __ |pUart_RpUart_RbUart_T|bUart_T|bUart_B
FF FNE FE FNF | USY
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0

rUart_USR Register Contents (1/2)

Bit Position

Bit Name

Function

R/W

b31 to b5

Reserved

b4

bUart_RFF

Receive FIFO Full.

This is used to indicate that the receive FIFO is completely full.
1’b0 = Receive FIFO not full

1’b1 = Receive FIFO Full

This bit is cleared when the Receive FIFO is no longer full.

b3

bUart_ RFNE

Receive FIFO Not Empty.
This is used to indicate that the receive FIFO contains one or more entries.
1’b0 = Receive FIFO is empty

1’b1 = Receive FIFO is not empty
This bit is cleared when the Receive FIFO is empty.

b2

bUart_TFE

Transmit FIFO Empty.

This is used to indicate that the transmit FIFO is completely empty.

1’b0 = Transmit FIFO is not empty

1’b1 = Transmit FIFO is empty
This bit is cleared when the Transmit FIFO is no longer empty.

b1

bUart_TFNF

Transmit FIFO Not Full.
This is used to indicate that the transmit FIFO in not full.

1’b0 = Transmit FIFO is full
1’b1 = Transmit FIFO is not full

This bit is cleared when the Transmit FIFO is full.
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Table 1.24 rUart_USR Register Contents (2/2)
Bit Position Bit Name Function R/W

b0 bUart_BUSY UART Busy. R

This bit indicates that a serial transfer is in progress, when cleared, indicates that the
UART is idle or inactive.

1’b0 = UART is idle or inactive
1’b1 = UART is busy (actively transferring data)

This bit will be set under any of the following conditions:

® Transmission in progress on serial interface

® Transmit data present in rUart_THR, when FIFO access mode is not being used
(bUart_FAR = 0) and the baud rate divisor is non-zero ({rUart_DLH, rUart_DLL} !=
0) when the divisor latch access bit is 0 (bUart_DLAB = 0)

® Reception in progress on the interface

® Receive data present in rUart_RBR, when FIFO access mode is not being used
(bUart_FAR = 0)

Note) |t is possible for the bUart_BUSY bit to be cleared even though a new character
may have been sent from another device.
That is, if the UART has no data in rUart_RBR and bUart_THR and there is no
transmission in progress and a start bit of a new character has just reached the
UART.
This is due to the fact that a valid start is not seen until the middle of the bit
period and this duration is dependent on the baud rate divisor that has been
programmed.
The assertion of this bit is also delayed by several cycles of the slower clock
UART_SCLK and UART_PCLK.
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1.4.17 rUart_TFL — Transmit FIFO Level
Address: 4006 0080h (UART1)
4006 1080h (UART2)
4006 2080h (UART3)
5000 0080h (UART4)
5000 1080h (UART5)
5000 2080h (UART6)
5000 3080h (UART?7)
5000 4080h (UART8)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — bUart_TFL
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.25 rUart_TFL Register Contents
Bit Position Bit Name Function R/W
b31 to b5 Reserved R
b4 to b0 bUart_TFL Transmit FIFO Level. R

This indicates the number of data entries in the transmit FIFO.
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1.4.18 rUart_RFL — Receive FIFO Level
Address: 4006 0084h (UART1)
4006 1084h (UART2)
4006 2084h (UART3)
5000 0084h (UART4)
5000 1084h (UART5)
5000 2084h (UART6)
5000 3084h (UART7)
5000 4084h (UART8)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — bUart_RFL
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.26 rUart_RFL Register Contents
Bit Position Bit Name Function R/W
b31 to b5 Reserved R
b4 to b0 bUart_RFL Receive FIFO Level. R

This indicates the number of data entries in the receive FIFO.
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1.4.19 rUart_SRR — Software Reset Register

Address: 4006 0088h (UART1)
4006 1088h (UART2)
4006 2088h (UART3)
5000 0088h (UART4)
5000 1088h (UART5)
5000 2088h (UARTS6)
5000 3088h (UART7)
5000 4088h (UART8)

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

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

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

bUart XpUart RbUart_U
FR | FR R

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

Table 1.27 rUart_SRR Register Contents

Bit Position Bit Name Function R/W
b31 to b3 Reserved R
b2 bUart_XFR Transmit FIFO Reset.

This is a shadow register for the Transmit FIFO Reset bit (bUart_XFIFOR). This can
be used just to reset the transmit FIFO by writing 1b to this bit.
This resets the control portion of the transmit FIFO and treats the FIFO as empty.

Note) This bit is ‘self-clearing’. It is not necessary to clear this bit.

b1 bUart_RFR Receive FIFO Reset. W

This is a shadow register for the receive FIFO Reset bit (bUart_RFIFOR). This can be
used just to reset the receive FIFO by writing 1b to this bit.
This resets the control portion of the receive FIFO and treats the FIFO as empty.

Note) This bit is ‘self-clearing’. It is not necessary to clear this bit.

b0 bUart_UR UART Reset. W

This asynchronously resets the UART and synchronously removes the reset assertion
by writing 1b to this bit. Both UART_SCLK and UART_PCLK domains are reset.
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1.4.20 rUart_SRTS — Shadow Request to Send

Address: 4006 008Ch (UART1)
4006 108Ch (UART2)
4006 208Ch (UART3)
5000 008Ch (UART4)
5000 108Ch (UART5)
5000 208Ch (UART®6)
5000 308Ch (UART7)
5000 408Ch (UARTS)

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

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

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

bUart
_SRTS

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

Table 1.28 rUart_SRTS Register Contents

Bit Position Bit Name Function R/W
b31 to b1 Reserved R

b0 bUart_SRTS Shadow Request to Send. R/W
This is a shadow register for the bUart_RTS bit. This can be used to remove the
burden of having to performing a read-modify-write on the rUart_ MCR. This is used to
directly control the Request to Send (UART_RTS_N) output. The Request to Send
(UART_RTS_N) output is used to inform the modem or data set that the UART is
ready to exchange data.

When Auto RTS Flow Control is not enabled (bUart_AFCE = 0), the UART_RTS_N
signal is set low by programming bUart_RTS to a high.

In Auto Flow Control, (bUart_AFCE = 1) and FIFOs enable (bUart_FIFOE = 1), the
UART_RTS_N output is controlled in the same way, but it is gated by the receive
FIFO almost-full trigger, where “almost full” refers to two available slots in the FIFO
(UART_RTS_N is inactive high when above the threshold).

Note) In Loopback mode (bUart_LB = 1), the UART_RTS_N output is held inactive-
high while the value of this location is internally looped back to an input.
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1.4.21 rUart_SBCR — Shadow Break Control Register

Address: 4006 0090h (UART1)
4006 1090h (UART2)
4006 2090h (UART3)
5000 0090h (UART4)
5000 1090h (UART5)
5000 2090h (UARTS6)
5000 3090h (UART7)
5000 4090h (UART8)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
. . . - . . . - . . . . . o o bUart
_SBCR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.29 rUart_SBCR Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 bUart_ SBCR Shadow Break Control Bit. R/W
This is a shadow register for the Break bit (bUart_BC), this can be used to remove the
burden of having to performing a read modify write on the rUart_LCR. This is used to
cause a break condition to be transmitted to the receiving device.
If set to one the serial output is forced to the spacing (logic 0) state. When not in
Loopback Mode, as determined by bUart_LB, the UART_TXD line is forced low until
the Break bit is cleared.
When in Loopback Mode, the break condition is internally looped back to the receiver.
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1.4.22

rUart_SFE — Shadow FIFO Enable

Address: 4006 0098h (UART1)
4006 1098h (UART2)
4006 2098h (UART3)
5000 0098h (UART4)
5000 1098h (UART5)
5000 2098h (UART6)
5000 3098h (UART?7)
5000 4098h (UART8)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
. . . - . . . - . . . . . o __ |bUart_§
FE
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.30 rUart_SFE Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 bUart_SFE Shadow FIFO Enable. R/W

This is a shadow register for the FIFO enable bit (bUart_FIFOE). This can be used to
remove the burden of having to store the previously written value to the rUart_FCR in
memory and having to mask this value so that only the FIFO enable bit gets updated.
This enables/disables the transmit and receive FIFOs. If this bit is set to zero

(disabled) after being enabled then both the transmit and receive controller portion of
FIFOs are reset.
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1.4.23 rUart_SRT — Shadow RCVR Trigger

Address: 4006 009Ch (UART1)
4006 109Ch (UART2)
4006 209Ch (UART3)
5000 009Ch (UART4)
5000 109Ch (UART5)
5000 209Ch (UART®6)
5000 309Ch (UART7)
5000 409Ch (UARTS)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — — — — | bUart_SRCVR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.31 rUart_SRT Register Contents
Bit Position Bit Name Function R/W
b31 to b2 Reserved R
b1, b0 bUart_ SRCVR Shadow Receive FIFO Trigger. R/W

This is a shadow register for the receive FIFO trigger bits (bUart_RCVR). This can be
used to remove the burden of having to store the previously written value to the
rUart_FCR in memory and having to mask this value so that only the Receive FIFO
trigger bit gets updated.
This is used to select the trigger level in the receive FIFO at which the Received Data
Available Interrupt is generated.
The following trigger levels are supported:

2’'b00 = 1 character in the FIFO

2'b01 = FIFO 1/4 full

2’10 = FIFO 1/2 full

2’b11 = FIFO 2 less than full
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1.4.24 rUart_STET — Shadow TX Empty Trigger

Address: 4006 00AOh (UART1)
4006 10A0h (UART2)
4006 20A0h (UART3)
5000 00AOh (UART4)
5000 10A0h (UART5)
5000 20A0h (UARTS6)
5000 30A0h (UART7)
5000 40A0h (UARTS)

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

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

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

— — — — — — — — — — — — — — bUart_STET
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.32 rUart_STET Register Contents
Bit Position Bit Name Function R/W
b31 to b2 Reserved R
b1, b0 bUart_STET Shadow Transmit Empty Trigger. R/W

This is a shadow register for the Transmit empty trigger bits (bUart_TET).
This can be used to remove the burden of having to store the previously written value
to the rUart_FCR in memory and having to mask this value so that only the Transmit
empty trigger bit gets updated.
This is used to select the empty threshold level at which the THRE Interrupts are
generated when the mode is active.
The following trigger levels are supported:

2'b00 = FIFO empty

2'b01 = 2 characters in the FIFO

2'b10 = FIFO 1/4 full

2'b11 = FIFO 1/2 full
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1.4.25

rUart_HTX — Halt TX

Address: 4006 00A4h (UART1)
4006 10A4h (UART2)
4006 20A4h (UART3)
5000 00A4h (UART4)
5000 10A4h (UARTS5)
5000 20A4h (UART6)
5000 30A4h (UART7)
5000 40A4h (UARTS)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
. . . - . . . - . . . . . o __ |pUart_H
X
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.33 rUart_HTX Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 bUart_ HTX Halt Transmission R/W

This register is used to halt transmissions for testing, so that the transmit FIFO can be

filled by the master when FIFOs are enabled.
1’b0 = Halt Transmission disabled
1’b1 = Halt Transmission enabled

Note) If FIFOs are not enabled, the setting of the bUart_HTX register has no effect on
operation.
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1.4.26

rUart_DMASA — DMA Software Acknowledge
® Only for UARTA4..8

Address: 5000 00A8h (UART4)
5000 10A8h (UARTS5)
5000 20A8h (UART6)
5000 30A8h (UART7)
5000 40A8h (UARTS)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
_ _ _ _ _ _ _ _ _ _ _ _ _ _ __ pUart_D|
MASA
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.34 rUart_DMASA Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 bUart DMASA

This register is used to perform a DMA Software acknowledge if a transfer needs to be W

terminated due to an error condition. An ACK response is executed by writing 1b to
this bit.

For example, if the DMA disables the channel, then the UART should clear its request.
This causes the transmit and receive request signals to de-assert.

Note) This bit is “self-clearing”. It is not necessary to clear this bit.
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1.4.27 rUart_TO — Time-Out Counter Configuration Register

The Time-Out delay period during which the receiver or transceiver waits for a new character.

Address: 4006 0100h (UART1)
4006 1100h (UART2)
4006 2100h (UART3)
5000 0100h (UARTA4)
5000 1100h (UARTS)
5000 2100h (UART)
5000 3100h (UART?)
5000 4100h (UARTS)

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

bUart_TO3 bUart_TO2
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

bUart_TO1 bUart_TOO0
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 1.35 rUart_TO Register Contents (1/2)

Bit Position Bit Name Function R/W

b31 to b24 bUart_TO3 bUart_TO[n] withn =0..3 R/W
Time-Out n value withn =3
There are 4 Time-Out
® Two for reception bUart_TOO0..1, dedicated for idle condition (Silent Interval
Detection) on UART_RXD
® Two for transmission bUart_TO2..3, dedicated for idle condition (Silent Interval
Detection) on UART_TXD

For each Time-Out (n = 0..3), we have:
8'h0:
- The Time-Out is disabled.
8'h1..8’hff:
- The Time-Out is enabled and the Time-out delay is bUart_TO[n] x
“Baud clock period”.
See Section 1.5.1.1, UART (RS232) Serial Protocol.
See Section 1.5.1.10(2), Transceiver Time-Out.
See Section 1.5.1.10(1), Receiver Time-Out.
The baud clock is set by the baud rate divisor (bUart_DLL and bUart_DLH).

The time-out delay period is the time during which the receiver or transceiver waits for
a new character on UART_RXD (Time-Out n with n = 0..1) or UART_TXD (Time-Out n
with n = 2..3 output).

If the bUart_TOI[n] field is programmed at 0, the clocking of Time-Out Counter is
stopped, the counter keeps current value. The bUart_ TIMEOUTInt[n] bit in
rUart_STATUSTO keeps current value.

Otherwise, the receiver counter [n] with n = 0..1 or the transceiver counter [n] with n =
2..3 loads an 8-bit counter with the value programmed in bUart_TOI[n].
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Table 1.35 rUart_TO Register Contents (2/2)
Bit Position Bit Name Function R/W

This counter [n] is decremented at each bit period and reloaded each time a new
character is received (n = 0..1) or transmitted (n = 2..3).

If the counter [n] reaches 0, the bUart_TIMEOUTInt[n] bit in the Time-Out Counter
Status Register (rUart_STATUSTO) rises and activates an interruption (if not
masked). When the counter reaches 0, it remains locked until reception of a LOAD
command.

See Figure 1.14, Receiver Time-Out Synoptic.

See Figure 1.15, Transceiver Time-Out Synoptic.

See Figure 1.16, Receiver & Transceiver Time-Out0..3, Timing Description.
See Section 1.5.1.10(1), Receiver Time-Out.

See Section 1.5.1.10(2), Transceiver Time-Out.

b23 to b16 bUart_TO2 Time-Out n value with n =2 R/W
See description detailed above

b15 to b8 bUart_TO1 Time-Out n value with n = 1 R/W
See description detailed above

b7 to b0 bUart_TOO0 Time-Out n value withn =0 R/W

See description detailed above
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1.4.28 rUart_CTRLTO — Time-Out Control Register

Address: 4006 0104h (UART1)
4006 1104h (UART2)
4006 2104h (UART3)
5000 0104h (UARTA4)
5000 1104h (UARTS)
5000 2104h (UART)
5000 3104h (UART?)
5000 4104h (UARTS)

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

— — — — — — — — bUart_ TG

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

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

bUart_EjbUart_RbUart_RbUart_RpUart_RJbUart_SbUart_SbUart_S[bUart_S

— — — — — — rt]earti):agFRil nableD |[EARMT|EARMT|EARMT|EARMT| TARTT | TARTT | TARTT | TARTT
XD E 03 02 o1 (o]0] 03 02 o1 o0
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.36 rUart_CTRLTO Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 to b24 Reserved R
b23 to b16 bUart TG Time-Guard value R/W

Not available in this LSI.
Keep the initial value.

b15 to b10 Reserved R
b9 bUart_EnableFiltering Allows the filtering of UART_RXD in Half-Duplex mode R/W
RXD Not available in this LSI.
Keep the initial value.
b8 bUart_EnableDE Allow the multiplexing of external pin UART_RTS_N. R/W

Not available in this LSI.
Keep the initial value.
b7 bUart REARMTO3 bUart REARMTOIn] with n = 0..3, Rearm Time-out R/W
Rearm Time-Out n value withn =3
For each Time-Out (n = 0..3), we have:
0 = No effect
1 = Restart the Time-Out counter

After activation of bUart_ REARMTO[n] (n = 0..3) (Rising edge detection), the counter
starts counting down immediately from the bUart_TOI[n] (n = 0..3).

See Figure 1.14, Receiver Time-Out Synoptic.
See Figure 1.15, Transceiver Time-Out Synoptic.
See Section 1.5.1.10(1), Receiver Time-Out.

See Section 1.5.1.10(2), Transceiver Time-Out.

b6 bUart REARMTO2 Rearm Time-Out n value with n =2 R/W
See description detailed above

b5 bUart REARMTO1 Rearm Time-Out n value with n = 1 R/W
See description detailed above

b4 bUart REARMTOO Rearm Time-Out n value withn =0 R/W

See description detailed above
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Table 1.36 rUart_CTRLTO Register Contents (2/2)

Bit Position Bit Name Function R/W
b3 bUart_STARTTO3 bUart_STARTTO[n] with n = 0..3, Start Time-out R/W
Start Time-Out n value with n=3
For each Time-Out (n = 0..3), we have:
0 = No effect
1 = Starts an initialization of the Time-Out Counter

After activation of bUart_ STARTTOI[n] (n = 0..3) (Rising edge detection), initializes the
Time-Out counter and turns it in the locked state.

See Figure 1.14, Receiver Time-Out Synoptic.
See Figure 1.15, Transceiver Time-Out Synoptic.
See Section 1.5.1.10(1), Receiver Time-Out.

See Section 1.5.1.10(2), Transceiver Time-Out.

b2 bUart STARTTO2 Start Time-Out n value with n =2 R/W
See description detailed above

b1 bUart STARTTO1 Start Time-Out n value with n = 1 R/W
See description detailed above

b0 bUart_ STARTTOO Start Time-Out n value withn=0 R/W

See description detailed above
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1.4.29 rUart_STATUSTO — Time-Out Counter Status Register

The Software driver (application) reads this register during interrupt service routine or polling to determine the status of
each Time-Out.

Address: 4006 0108h (UART1)
4006 1108h (UART2)
4006 2108h (UART3)
5000 0108h (UART4)
5000 1108h (UARTS)
5000 2108h (UARTG6)
5000 3108h (UART7)
5000 4108h (UART8)

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

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

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

bUart_T|bUart_T|bUart_T|bUart_T|

L | _ | _ | _ | _ | _ pbuartp[IMEOU|IMEQU|IMEGU|iMECU [SpaiTlobar rloLar Tib ar. ”
E |TStatus|TStatus|TStatus|TStatus Tnt3 | Tint2 | Tint1 | Tinto

3 2 1 0
Value after reset 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0
Table 1.37 rUart_STATUSTO Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 to b9 Reserved R
b8 bUart_DE This register gives the internal value of the Transmit Data Enable. R
Not available in this LSI. Ignore the read value.
b7 bUart_ TIMEOUTStatu bUart_ TIMEOUTStatus[n] with n = 0..3, Time-Out Detection Status R
s3 Time-Out n Detection Status with n =3
This register is usually read by the Software driver during an interrupt service routine

or polling.
There are 4 Time-Out (bUart_TO[n] with n = 0.3)

® Two for reception bUart_TOO0..1, dedicated for idle condition (Silent Interval
Detection) on UART_RXD

® Two for transmission bUart_TO2..3, dedicated for idle condition (Silent Interval
Detection) on UART_TXD

For each Time-Out n with n = 0..3, we have:
1’b0 = The Time-Out Counter[n] value is different of “0”.
1’b1 = The Time-Out Counter[n] value is equal of “0”".

See Section 1.5.1.10, Transceiver & Receiver Time-Out for MODBUS
Management.

See Figure 1.14, Receiver Time-Out Synoptic.

See Figure 1.15, Transceiver Time-Out Synoptic.

See Figure 1.16, Receiver & Transceiver Time-Out0..3, Timing Description.
See Section 1.5.1.10(1), Receiver Time-Out.

See Section 1.5.1.10(2), Transceiver Time-Out.

b6 bUart_ TIMEOUTStatu Time-Out n Detection Status with n = 2 R
s2 See description detailed above
b5 bUart_ TIMEOUTStatu Time-Out n Detection Status with n =1 R
s1 See description detailed above
b4 bUart_ TIMEOUTStatu Time-Out n Detection Status withn =0 R
sO See description detailed above
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Table 1.37 rUart_STATUSTO Register Contents (2/2)

Bit Position Bit Name Function R/W

b3 bUart_ TIMEOUTInt3  bUart_TIMEOUTInt[n] with n = 0..3, Time-Out Detection Interruption R/W
Time-Out n Detection Interruption with n = 3

This register is usually read by the Software driver during an interrupt service routine
or polling. Most of the fields in this register cause the host to be interrupted.

There are 4 Time-Out (bUart_TO[n] with n=0.3)

® Two for reception bUart_TOO0..1, dedicated for idle condition (Silent Interval
Detection) on UART_RXD

® Two for transmission bUart_TO2..3, dedicated for idle condition (Silent Interval
Detection) on UART_TXD

For each Time-Out n with n = 0..3, we have:

1’b0 = There has not been a Time-Out since the last Start Time-out command.
There is not active interruption from Time-Out.

1’b1 = There has been a Time-Out since the last Start Time-Out command. When
this bit is high, the interrupt signal, UART_Int, is high. Each field (bits[3:0]) can
be masked by masking the appropriate bit in rUart_IER register. See Section
1.5.1.6, Interrupts.

In this register, the bits are not cleared when read. Writing 1’b1 to (unreserved) bits in
this register (bits[3:0]) clears them and writing 1’b0 has no effect.

Each Time-Out n with n = 0..3 can be started or reset by appropriate bit in
rUart_CTRLTO register

See Section 1.5.1.10, Transceiver & Receiver Time-Out for MODBUS
Management.

See Figure 1.14, Receiver Time-Out Synoptic.

See Figure 1.15, Transceiver Time-Out Synoptic.

See Figure 1.16, Receiver & Transceiver Time-Out0..3, Timing Description.
See Section 1.5.1.10(1), Receiver Time-Out.

See Section 1.5.1.10(2), Transceiver Time-Out.

b2 bUart_TIMEOUTInt2  Time-Out n Detection Interruption with n = 2 R/W
See description detailed above

b1 bUart_ TIMEOUTInt1  Time-Out n Detection Interruption with n = 1 R/W
See description detailed above

b0 bUart_ TIMEOUTInt0  Time-Out n Detection Interruption with n = 0 R/W

See description detailed above
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1.4.30 rUart_TDMACR — DMA Control Register in Transmit Mode
® Only for UARTA4..8
CAUTION

Only these UARTs can manage DMA request with DMA controller.

Address: 5000 010Ch (UART4)
5000 110Ch (UART5)
5000 210Ch (UART®6)
5000 310Ch (UART7)
5000 410Ch (UART8)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
— — — bUart CURRENT_DEST_BLOCK_SIZE
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bUart DEST B [bUart_T
bUart_DEST_BLOCK_SIZE URST SIZE | DMAE
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 1.38 rUart_TDMACR Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 to b29 Reserved R
b28 to b16 bUart CURRENT_DE Current remaining of DEST_BLOCK_SIZE. R
ST_BLOCK_SIZE This field is decremented each time the block transfer ends.
bUart CURRENT_DEST_BLOCK_SIZE is reloaded with bUart DEST_BLOCK_SIZE
value, when the firmware:
Set “1” on bUart_ TDMAE (rising edge)
b15 to b3 bUart DEST_BLOCK DEST_BLOCK_SIZE R/W

_SIZE

Destination Block Transfer Size in Transmit FIFO.

UART is the flow controller. Thus, the user must write this field before or at the same
time the DMA mode is enabled. The number programmed into DEST_BLOCK_SIZE
indicates the total number of single transactions to perform for each block transfer.
The size of single transaction is one byte.
Once the transfer starts, the read of bUart_ DEST_BLOCK_SIZE gives the total
number of data bytes to be written in the Transmit FIFO in order to end the block
transfer.

13'd0 = 0 byte to transfer or end of block transfer

13'd1 = 1 byte to transfer

13'd2 = 2 bytes to transfer

13'd8191 = 8191 bytes to transfer
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Table 1.38 rUart_TDMACR Register Contents (2/2)

Bit Position Bit Name Function R/W
b2, b1 bUart DEST BURST DEST BURST SIZE RIW
_SIZE Destination Burst Transaction Size in Transmit FIFO.

UART is the flow controller. Thus, the user must write this field before or at the same
time the DMA mode is enabled. Number of data byte, to be written to the Transmit
FIFO every time a transmit burst transaction request are made on DMA request.

2’b00 = 1 byte
2'b01 = 4 bytes
2'b10 = 8 bytes
2’b11 = Reserved, not used
b0 bUart TDMAE Transmit DMA Enables/Disables. R/W
1’b0 = Disable the DMA in Transmit mode
1’b1 = Enable the DMA in Transmit mode
The bUart_ TDMAE is automatically cleared by hardware to disable the DMA in
Transmit mode after the last transfer in Transmit FIFO has completed
(DEST_BLOCK_SIZE bytes written in Transmit FIFO).
Software can therefore poll this bit to determine when this channel is free for a new
DMA transfer.
When disable, no DMA request is asserted.
When enable, UART manages the DMA request with DMA controllers.

Caution) If this bit is clear during a DMA transfer, the current transfer (Burst or
Single) is finished before the stop of DMA mode. To complete the DMA
Block transfer, write the bUart DEST_BLOCK_SIZE with the
bUart_ CURRENT_DEST_BLOCK_SIZE, and bUart DEST_BURST_SIZE
with the appropriate value.
The bUart CURRENT_DEST_BLOCK_SIZE value will be consistent only
when the current transfer is finished.
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1.4.31 rUart_RDMACR — DMA Control Register in Receive Mode
® Only for UARTA4..8
CAUTION

Only these UARTs can manage DMA request with DMA controller.

Address: 5000 0110h (UART4)
5000 1110h (UART5)
5000 2110h (UARTS6)
5000 3110h (UART7)
5000 4110h (UARTS)

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

— — — bUart CURRENT_SRC_BLOCK_SIZE

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bUart_SRC_BU |pUart_R
bUart_SRC_BLOCK_SIZE RST_SIZE DMAE

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

Table 1.39 rUart_RDMACR Register Contents (1/2)

Bit Position Bit Name Function R/W

b31 to b29 Reserved R

b28 to b16 bUart CURRENT_SR Current remaining of SRC_BLOCK_SIZE. R
C_BLOCK_SIZE This field is decremented each time the block transfer ends.

bUart CURRENT_SRC_BLOCK_SIZE is reloaded with bUart SRC_BLOCK_SIZE
value, when the firmware:

Set “1” on bUart_ RDMAE (rising edge)
b15 to b3 bUart_SRC_BLOCK_ SRC_BLOCK_SIZE R/W

SIZE Source Block Transfer Size in Receive FIFO.

UART is the flow controller. Thus, the user must write this field before or at the same
time the DMA mode is enabled. The number programmed into SRC_BLOCK_SIZE
indicates the total number of single transactions to perform for each block transfer.
The size of single transaction is one byte.

13'd0 = 0 byte to transfer or end of block transfer

13'd1 = 1 byte to transfer

13'd2 = 2 bytes to transfer

13'd8191 = 8191 bytes to transfer

RO1UHO0752EJ0120 Rev.1.20 RENESAS Page 73 of 637
Dec 29, 2021



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group Section 1 UART

Table 1.40 rUart_RDMACR Register Contents (2/2)

Bit Position Bit Name Function R/W
b2, b1 bUart SRC_BURST_ SRC_BURST_SIZE R/W
SIZE Source Burst Transaction Size in Receive FIFO.

UART is the flow controller. Thus, the user must write this field before or at the same
time the DMA mode is enabled. Number of data byte, to be read to the Receive FIFO
every time a receive burst transaction request are made on DMA request.

2'b00 = 1 byte
2'b01 = 4 bytes
2'b10 = 8 bytes
2’b11 = Reserved, not used
b0 bUart RDMAE Receive DMA Enables/Disables. R/W
1’b0 = Disable the DMA in Receive mode
1’b1 = Enable the DMA in Receive mode

The bUart_ RDMAE is automatically cleared by hardware to disable the DMA in
Receive mode after the last transfer in Receive FIFO has completed
(SRC_BLOCK_SIZE bytes read in Receive FIFO). Software can therefore poll this bit
to determine when this channel is free for a new DMA transfer.

When disable, no DMA request is asserted.
When enable, UART manages the DMA request with DMA controllers.

Caution) If this bit is clear during a DMA transfer, the current transfer (Burst or
Single) is finished before the stop of DMA mode. To complete the DMA
Block transfer, write the bUart SRC_BLOCK_SIZE with the
bUart_ CURRENT_SRC_BLOCK_SIZE, and bUart_SRC_BURST_SIZE
with the appropriate value.
The bUart CURRENT_SRC_BLOCK_SIZE value will be consistent only
when the current transfer is finished.
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1.5 Operation
1.5.1 Main Function Blocks Description

1.5.1.1 UART (RS232) Serial Protocol

Because the serial communication between the UART and the selected device is asynchronous, additional bits (start and
stop) are added to the serial data to indicate the beginning and end. Utilizing these bits allows two devices to be
synchronized. This structure of serial data accompanied by start and stop bits is referred to as a character, as shown in
figure below.

Bit
Time

)] i
Serial Data Start f Data bits /v/\ 5-8 X Parity/ Stop « 1,15,2 \
X :

4

One Character

A

Figure 1.3 Serial Data Format

An additional parity bit may be added to the serial character. This bit appears after the last data bit and before the stop
bit(s) in the character structure to provide the UART with the ability to perform simple error checking on the received
data.

The UART Line Control Register (rUart LCR) is used to control the serial character characteristics. The individual bits
of the data word are sent after the start bit, starting with the least significant bit (LSB). These are followed by the
optional parity bit, followed by the stop bit(s), which can be 1, 1.5 or 2.

CAUTION

® For details on idle time between transmitted transfers, refer to Section 1.5.1.5, Back to Back Character Stream
Transmission.

® The STOP bit duration implemented by UART can appear longer due to:
a) ldle time inserted between characters for some configurations
b) Baud rate divisor values in the transmit direction

All the bits in the transmission are transmitted for exactly the same time duration; the exception to this is the half-stop
bit when 1.5 stop bits are used. This duration is referred to as a Bit Period or Bit Time; one Bit Time equals a baud
clock period. Internal operation is performed with the base clock (16 times frequency of the baud clock).

To ensure stability on the line, the receiver samples the serial input data at approximately the midpoint of the Bit Time
once the start bit has been detected. Because the exact number of base clocks is known for which each bit was
transmitted, calculating the midpoint for sampling is not difficult; that is, a baud clock after the midpoint sample of the
start bit.

Together with serial input de-bouncing, this sampling helps to avoid the detection of false start bits. Short glitches are
filtered out by de-bouncing, and no transition is detected on the line. If a glitch is wide enough to avoid filtering by de-
bouncing, a falling edge is detected. However, a start bit is detected only if the line is again sampled low after half a bit

time has elapsed.
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The figure below shows the sampling points of the first couple of bits in a serial character.

Serial Dataln  \ Start / Data Bit0 (LSB)  \ Data Bit1 /
pasecocc - e A e e

(16 times frequency

& » & » & »
of the baud ClOCk) < 3 P < 16 P < 16 >

Figure 1.4 Receiver Serial Data Sample

As part of the standard 16550, a baud clock module provides timing information. The baud clock of the UART is
controlled by UART SCLK and the baud rate divisor (rUart DLH and rUart DLL). The baud clock is equal to
UART SCLK frequency divided by sixteen times the value of the baud rate divisor, as follows:

UART_SCLK

Baud clock = 16 X baud rate divisor

1.5.1.2 Baud Rate Tolerance to 19200 baud
Evaluation of tolerance on baud rate in reception at 19200 baud (UART_SCLK: 48 MHz)

Configuration UART baud rate in reception:
® The firmware must write rUart DLL & rUart DLH registers a value of 16°d156

— (48/16)/156 =0.0192307 — 19230 baud

— We have an error of +0.16% on baud rate configuration

Maximum configuration UART baud rate in transmission with reception:

® The firmware must write rUart DLL & rUart DLH registers a value of 16°d151
— (48/16)/151 — 19867 baud

— We have an error of +3.47% on baud rate configuration

Minimum configuration UART baud rate in transmission with reception:

® The firmware must write rUart DLL & rUart DLH registers a value of 16°d161
— (48/16)/161 — 18633 baud

— We have an error of —2.95% on baud rate configuration
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1.5.1.3 FIFO Management

Two separates FIFOs (16 X 8 bits) are available to buffer transmit and receive data to reduce CPU interrupts with
programmable FIFO enable/disable. This means that the CPU does not have to access the UART each time a single byte
of data is received.

The programmable FIFO Access mode is available for test purposes, which allows the receive FIFO to be written by the
CPU and the transmit FIFO to be read by the CPU.

The FIFO Access mode can be enabled with the FIFO Access Register, (rUart_FAR register). Once enabled, the control
portions of the transmit and receive FIFOs are reset and the FIFOs are treated as empty.

Data can be written to the transmit FIFO as normal, however no serial transmission occurs in this mode (normal
operation halted) and hence no data leave the FIFO. The data that has been written to the transmit FIFO can be read
back with the Transmit FIFO Read (rUart_TFR register), which when read gives the current data at the top of the
transmit FIFO.

Similarly, data can be read from the receive FIFO as normal. Since the normal operation of the UART is halted in this
mode, data must be written to the receive FIFO so it may be read back.

Data is written to the receive FIFO with the Receive FIFO Write (rUart RFW register). The upper two bits of the 10-bit
register (bUart RFFE & bUart RFPE) are used to write framing error and parity error detection information to the
receive FIFO.

Setting bUart RFFE to indicate a framing error and bUart RFPE to indicate a parity error. Although these bits cannot
be read back via the Receive Buffer Register they can be checked by reading the Line Status Register and checking the
corresponding bits when the data in question is at the top of the receive FIFO.

1.5.1.4 Clock Management

UART uses two asynchronous domain clocks

e UART PCLK APB clock domain in Subsystem
e UART SCLK Serial reference clock

A synchronization module is implemented for synchronization of all control and data across the two system clock
boundaries. It generates an additional latency between two domain clocks.

Here are a few things to keep in mind:

® There is slightly more time required after initial serial control register programming before serial data can be
transmitted or received.

¢ The serial clock modules must have time to see new register values and reset their respective state machines. This
total time is guaranteed to be no more than eight clock cycles of the slower of the two system clocks. Therefore, no
data should be transmitted or received before this maximum time expires, after initial configuration.

1.5.1.5 Back to Back Character Stream Transmission
This section describes:

e Scenarios under which the UART is capable of transmitting back to back characters on the serial interface, with no
idle time between them

e Worst case idle time that exists between back to back characters

When the Transmit FIFO contains multiple data entries, the UART transmits the characters in the FIFO back to back on
the serial bus. However, because synchronization of all control and data across the two system clock boundaries. We
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have an additional latency between two domain clocks. This delay can cause an IDLE period between the end of the
current STOP bit and the beginning of the next START bit; this appears as an extended STOP bit duration on the serial
bus.

Because synchronization delay between the transmitter in the UART SCLK domain and the TX FIFO in the

UART PCLK domain when querying if another character is ready for transmission. The transmitter begins the
handshake one base clock (16 times frequency of the baud clock) before the end of the current STOP bit. The duration
of the synchronization delay (sync_delay) is given by the following equations:

sync_delay =4 x UART SCLK + 5 x UART PCLK periods

If the sync_delay duration is longer than one base clock (16 times frequency of the baud clock) period, an IDLE period
will be inserted between the end of a STOP bit and the beginning of the next START bit. To prevent insertion of the
IDLE period, the following condition must be true:

sync_delay < base clock period

— The worst case timing of the inserted IDLE period is given by:
worst_case_idle_duration = sync_delay + (15 x base clock period)
The worst case idle duration can be added to the programmed STOP bit duration to give the overall STOP bit
period

1.5.1.6 Interrupts

The assertion of the UART _Int occurs whenever one of the several prioritized interrupt types are enabled and active.
The following interrupt types can be enabled with the rUart IER register:

® Receiver Line Status

® Received Data Available

¢ Character Timeout (in FIFO mode only)

¢ Transmit Holding Register Empty at/below threshold (in Programmable THRE interrupt mode)
® Modem Status

¢ Busy Detect Indication

e Receiver Time Out0..1 on UART_RXD

® Transceiver Time Out2..3 on UART TXD

These interrupt types are covered in more detail in Table 1.41, Interrupt Control Functions.

When an interrupt occurs, the master accesses the rUart_IIR register to determine the source of the interrupt before
dealing with it accordingly.

In the FIFO mode (bUart_FIFOE = 1), the Receiver Line Status interrupt with the following sources: break Interrupt,
framing error, parity error is revealed when the character with the error arrives at the top of the FIFO.
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Table 1.41 Interrupt Control Functions
Priority  Interrupt

bUart_IID  Level Type Interrupt Source Interrupt Enable Interrupt Reset Control

4’0001 — None None — —

4’b0110 Highest Receiver Overrun/parity/framing errors or break bUart_ELSI Reading the Line Status
Line Status interrupt Register.

In the FIFO mode (bUart_FIFOE set to one),
the Receiver Line Status interrupt with the
following sources: break Interrupt, framing
error, parity error is revealed when the
character with the error arrives at the top of
the FIFO.

4’0100 Second Received Receiver data available (FIFOs disabled) or  bUart_ERBFI Reading the Receive
Data Receive FIFO trigger level reached (FIFOs Buffer Register (FIFOs
available enabled). disabled) or the FIFO

drops below the trigger
level (FIFOs enabled).

4’1100 Second Character No characters in or out of the Receive FIFO  bUart_ERBFI Reading the Receive
Timeout during the last 4-character times and there is Buffer Register.
Indication at least 1 character in it during this time. (in

FIFO mode only)

4’b0010 Third Transmit Transmit Holding Register empty bUart_ETBEI Reading the Interrupt
Holding (Programmable THRE Mode disabled) or bUart PTIME Identification Register (if
Register Transmit FIFO level at or below threshold - THRE is the source of
empty (ProgrammableTHRE Mode enabled) interrupt) or writing into
or After a clear on THRE interrupt by reading Transmit Holding Register
Transmit Interrupt Identification Register, although the (FIFOs or Programmable
FIFO level  interrupt source is always true, an internal THRE Mode disabled) or
atorbelow Mask will de-assert the THRE interrupt. This Transmit FIFO level
threshold  interrupt will be re-asserted at the start of above threshold (FIFOs

each transfer if the interrupt source is always and Programmable THRE
true. Mode enabled).

4’b0000 Fourth Modem Clear to send or data set ready or ring bUart_EDSSI Reading the Modem
Status indicator or data carrier detect. Status Register.

Note) If auto flow control mode is enabled, a
change in bUart_CTS (bUart_DCTS

set) does not cause an interrupt.

4b0111 Fifth

Busy Detect Master has tried to write to the Line Control

Reading the UART Status

Indication Register while the UART is busy Register.
(bUart_BUSY is set to one).
4'b0101 Sixth Receiver This feature detects an idle condition on the  bUart ETIMEOUT[n] Reading the Time-Out
Transceiver UART_RXD or UART_TXD line. When a (n=0..3) Counter Status Register
Time-Out Time-Out is detected, the (rUart_STATUSTO).

bUart_TIMEOUTInt[n] (n = 0..3) bit in the
status register (rUart_STATUSTO) rises and
generates an interrupt, thus indicating to the

driver an end of frame.

See Section 1.5.1.10, Transceiver &
Receiver Time-Out for MODBUS

Management.
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1.51.7 Auto Flow Control

The UART can be configured to have a 16750 compatible Auto RTS and Auto CTS serial data flow control mode
available. Auto Flow Control mode can be enabled with bUart AFCE bit in the Modem Control Register (rUart MCR).

Auto RTS becomes active when the following occurs:
e bUart RTS and bUart AFCE bit of rUart MCR register are both set
e FIFOs are enabled (bUart FIFOE bit is set)

When Auto RTS is enabled (active), the UART RTS N output is forced inactive (high) when the FIFO is almost full,
where “almost full” refers to two available slots in the FIFO. When UART_RTS N is connected to the UART CTS N
input of another UART device, the other UART stops sending serial data until the receive FIFO has available space
(until it is completely empty).

The selectable receive FIFO threshold values are:
L
e 1/4
° 12

e “2 less than full”

Since one additional character may be transmitted to the UART after UART RTS N has become inactive (due to data
already having entered the transmitter block in the other UART), setting the threshold to “2 less than full” allows
maximum use of the FIFO with a safety zone of one character.

Once the receive FIFO becomes completely empty by reading the Receiver Buffer Register (rUart RBR),
UART _ RTS N again becomes active (low), signaling the other UART to continue sending data.

It is important to note that even if everything else is selected and the rUart MCR register is set correctly, if the FIFOs
are disabled through bUart FIFOE, Auto Flow Control is also disabled. When Auto RTS is disabled, UART RTS N is
controlled solely by bUart RTS.

The figure below shows a timing diagram of Auto RTS operation.

This character
was received because UART_RTS_N was not detected before
next character entered the sending-UART’ s transmitter

| £C
UART RXD \ start/  Character T | stop N\ start/ Character T+1 | stop -~
- - -

UART_RTS_N /

Receive FIFO Read

1 2 3
T = Receive FIFO Threshold Value
Figure 1.5 Auto RTS Timing
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Auto CTS becomes active when the following occurs:
e bUart AFCE bit of rUart MCR register is set
e FIFOs are enabled (bUart FIFOE bit is set)

When Auto CTS is enabled (active), the UART transmitter is disabled whenever the UART CTS_N input becomes
inactive (high). This prevents overflowing the FIFO of the receiving UART.

If the UART _CTS N input is not inactivated before the middle of the last STOP bit, another character is transmitted
before the transmitter is disabled. While the transmitter is disabled, the transmit FIFO can still be written to, and even
overflowed.

Therefore, when using this mode, the following happens:
e The UART status register can be read to check if the transmit FIFO is full (bUart TFNF = 0).
e The current FIFO level can be read via the rUart TFL register.

e The Programmable THRE Interrupt mode must be enabled to access the “FIFO full” status via the Line Status
Register (rUart_ LSR).

When using the “FIFO full” status, Software can poll this before each write to the Transmitter FIFO. See Section
1.5.1.8, Programmable THRE interrupt for details. When the UART CTS_N input becomes active (low) again,
transmission resumes.

It is important to note that even if everything else is selected, if the FIFOs are disabled via bUart FIFOE, Auto Flow
Control is also disabled. When Auto CTS is disabled, the transmitter is unaffected by UART CTS N.

A timing diagram showing Auto CTS operation can be seen in figure below.

< < -
UART_TXD \_start / Data Bits [stop 2 \ start / Data Bits [ stop 55 \_start / DataBits [stop

Disabled
UART_CTS_N
Figure 1.6 Auto CTS Timing
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1.5.1.8 Programmable THRE interrupt

The UART have a Programmable THRE Interrupt mode available to increase system performance and can be enabled
via the Interrupt Enable Register (bUart PTIME of rUart IER).

When FIFOs and the Programmable THRE Mode are enabled, THRE Interrupts mode (when also enabled) and UART
DMA request are active at, and below, a programmed transmit FIFO empty threshold level, as opposed to empty, as
shown in the flowchart in figure below.

For the THRE interrupt to be controlled as shown
here, the following conditions must be true: CLEARINTR <
FIFOs Enable

-- bUart_FIFOE ==1 (rUart_FCR register)
Programmable THRE mode Enabled

-- bUart_PTIME ==1 (rUart_IER register)

A

FIFO LEVEL >
TX Emtpy Trigger?

THRE Interrupt Enable (see bUart_ETBEI) Transmit
FIFO Level (rUart_TFL register)

Transmit FIFO Empty Trigger (bUart_TET)

THRE Interrupt
Enabled?

Under the condition that there are no other
pending interrupts, the interrupt signal UART _int is SETINTR

asserted

FIFO LEVEL >
TX Emtpy Trigger or
Uart_IIR Read?

Figure 1.7 Flowchart of Interrupt Generation, Programmable THRE Interrupt Mode & FIFO Enable

This threshold trigger level (Transmit FIFOs Empty trigger) is programmed into bUart TET bits. The available empty
thresholds are: empty, 2, 1/4 and 1/2. See rUart_FCR register for threshold setting details.

Selection of the best threshold value depends on the system’s ability to begin a new transmission sequence in a timely
manner. However, one of these thresholds should prove optimum in increasing system performance by preventing the
transmit FIFO from running empty.

In addition to the interrupt change, bUart THRE bit in Line Status Register (rUart LSR register) also switches function
from indicating transmit FIFO empty to FIFO full. This allows Software to fill the FIFO each transmit sequence by
polling bUart THRE before writing another character. The flow then allows the transmit FIFO to be filled whenever an
interrupt occurs and there is data to transmit, rather than waiting until the FIFO is completely empty. Waiting until the
FIFO is empty causes a reduction in performance whenever the system is too busy to respond immediately. Further
system efficiency is achieved when this mode is enabled in combination with Auto Flow Control.
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Even if everything else is selected and enabled, if the FIFOs are disabled using the bUart FIFOE bit, the Programmable
THRE Interrupt mode is also disabled. When not selected or disabled, THRE interrupts and the bUart THRE bit

function normally, signifying an empty THR or FIFO.

The figure below illustrates the flowchart of THRE interrupt generation when not in programmable THRE interrupt

mode.

For the THRE interrupt to be controlled as
shown here, one or more of the following
conditions must be true:

FIFOs Disable

-- bUart_FIFOE ==0 (rUart_FCR register)
Programmable THRE mode Disable

-- bUart_PTIME ==0 (rUart_IER register)

THRE Interrupt Enable (see bUart_ETBEI)
Transmit FIFO Empty (see bUart_THRE)

Under the condition that there

the interrupt signal UART_Int is
asserted

are no other pending interrupts,

CLEARINTR

THRE Interrupt
Enabled?

A

*1

SETINTR

FIFO Not Empty
orrUart_IIR Read?

Figure 1.8 Flowchart of Interrupt Generation, Programmable THRE Interrupt Mode or FIFO Disable

After a clear on THRE interrupt by reading rUart IIR, although the interrupt source is always true, an internal mask will

de-assert the THRE interrupt. This interrupt will be re-asserted at the start of each transfer if the interrupt source is

always true.

If the FIFOs are disabled via bUart FIFOE (rUart FCR register), the Programmable THRE Interrupt mode is also

disabled.

When Programmable THRE Interrupt mode are disabled, THRE interrupts and bUart THRE bit in Line Status Register

(rUart_LSR register) function normally (both reflecting an empty rUart THR or Transmit FIFO).
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1.5.1.9 DMA Management (Only UART4, 5, 6, 7, 8)

(1) Overview on DMA Operation

These UARTS uses two DMA channels, one for the transmit data and one for the receive data. DMA controller must be
configured in peripheral flow controller mode.

These UARTS are configured to have additional DMA interface signals to indicate when data is ready to be read or
when the transmit FIFO is empty:

¢ Transmit DMA request is asserted under the following conditions:

— When the Transmit Holding Register (rUart THR) is empty in non FIFO mode, in this mode the
DEST BURST_SIZE must be programmed to 2°b00 (1 byte).

— When the transmit FIFO is empty in FIFO mode with Programmable THRE interrupt mode disabled

— When the transmit FIFO is at, or below the programmed threshold with Programmable THRE interrupt mode
enabled.

e Receive DMA request is asserted under the following conditions:

— When there is a single character available in the Receive Buffer Register (rUart RBR) in non FIFO mode, in
this mode the SRC_BURST _SIZE must be programmed to 2°b00 (1 byte).

— When the Receiver FIFO is at or above the programmed trigger level in FIFO mode

With the presence of the DMA additional handshaking signals, the UART does not have to rely on internal status and
level values to recognize the completion of a request and hence remove the request. Instead, the de-assertion of the
DMA transmit and receive request is controlled by the assertion of the DMA acknowledge respectively.

When the UART is configured to have the additional DMA signals, the data flow (transfer lengths) responsibility falls
on the UART and is controlled by the programmed burst transaction lengths & block size.

The extra handshaking signals are explained in the DMA flow below for a UART that is configured with FIFOs and
Programmable THRE interrupt mode.

DMA controller must be configured in peripheral flow controller mode, because UART is a peripheral flow controller.

The UART must be programmed by the processor with the number of data items (block size) that are to be transmitted
or received by the UART. This is programmed into the DEST BLOCK SIZE/SRC BLOCK _SIZE field of the

rUart TDMACR & rUart RDMACR registers of UART for Transmit FIFO and Receive FIFO, respectively. The block
is broken into a number of transactions, each initiated by a request from the UART.

The DMA Controller & the UART must also be programmed with the number of data byte by burst transaction (in this
case, UART FIFO entries) to be transferred for each DMA request. This is also known as the burst transaction length,
and is programmed into:

DMA controller:

The DEST MSIZE/SRC_MSIZE fields of the DMA CTL[n] register for Transmit FIFO and Receive FIFO,
respectively.

UART:

The DEST BURST _SIZE/SRC_BURST _SIZE fields of the rUart. TDMACR & rUart RDMACR registers of UART
for Transmit FIFO and Receive FIFO, respectively.
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CAUTION

The burst transaction size must have the same values on DMA controller and UART.

(2) Transmit Watermark Level and Transmit FIFO Underflow

During UART serial transfers, transmit FIFO requests are made to the DMA whenever the number of entries in the
transmit FIFO is less than or equal to the decoded level of the Transmit Empty Trigger (bUart TET) of the rUart FCR
register.

This is known as the watermark level. The DMA responds by writing a burst of data to the transmit FIFO buffer, of
length CTL[n].DEST MSIZE = DEST BURST SIZE.

Data should be fetched from the DMA often enough for the transmit FIFO to perform serial transfers continuously. That
is, when the FIFO begins to empty another DMA request should be triggered. Otherwise the FIFO runs out of data
(underflow). To prevent this condition, a software must set the watermark level correctly.

(3) Choosing the Transmit Watermark Level
Consider the example where the assumption is made:

DEST BURST SIZE =DMAC.CTL[n].DEST MSIZE =FIFO_DEPTH — bUart TET

Here the number of data items to be transferred in a DMA burst is equal to the empty space in the Transmit FIFO.
Consider two different watermark level settings.

Casel: bUart_TET = 01, which decodes to 2 characters in the FIFO

FIFO_DEPTH: 16

FIFO_DEPTH - decoded level
Transmit FIFO EMPTY of bUart_TET =14

Watermark level
DMA

bUart_TET =01 Data In Controller

Data Out ¢ FULL
UART Transmit FIFO

FIFO_DEPTH: 16

Transmit FIFO watermark level = decoded level of bUart_TET = 2

DEST_BURST_SIZE= DMAC.CTL[n].DEST_MSIZE = FIFO_DEPTH - bUart_TET = 14 (Size of burst transaction)
DEST_BLOCK_SIZE = 56 (Block size to transfer)

Figure 1.9 Case 1: Transmit Watermark Level

Therefore, the number of burst transactions needed equals the block size divided by the number of data items per burst:

DEST BLOCK_SIZE/DEST BURST SIZE = 56/14 = 4.

The number of burst transactions in the DMA block transfer is 4. But the watermark level, decoded level of bUart TET,
is quite low. Therefore, the probability of an UART underflow is high where the UART serial transmit line needs to
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transmit data, but where there is no data left in the transmit FIFO. This occurs because the DMA has not had time to
service the DMA request before the transmit FIFO becomes empty.

Case2: bUart_TET = 11, which decodes to FIFO 1/2 full, 8 characters in the FIFO

FIFO_DEPTH: 16 FIFO_DEPTH - decoded level
EMPTY of bUart_TET =8

Transmit FIFO
Watermark level

DMA
- ]
FULL bUart_TET =11 Data ln Controller

B
Data Out

UART Transmit FIFO

FIFO_DEPTH: 16

Transmit FIFO watermark level = decoded level of bUart_TET = 8

DEST_BURST_SIZE= DMAC.CTL[n].DEST_MSIZE = FIFO_DEPTH - bUart_TET = 8 (Size of burst transaction)
DEST_BLOCK_SIZE = 56 (Block size to transfer)

Figure 1.10 Case 2: Transmit Watermark Level

Number of burst transactions in Block n:

DEST BLOCK_SIZE/DEST BURST SIZE = 56/8 =7

In this block transfer, there are 7 destination burst transactions in a DMA block transfer. But the watermark level,
decoded level of bUart TET, is high. Therefore, the probability of an UART underflow is low because the DMA
controller has plenty of time to service the destination burst transaction request before the UART transmit FIFO
becomes empty.

Thus, the second case has a lower probability of underflow at the expense of more burst transactions per block. This
provides a potentially greater amount of request bursts per block and worse bus utilization than the former case.

Therefore, the goal in choosing a watermark level is to minimize the number of transactions per block, while at the
same time keeping the probability of an underflow condition to an acceptable level. In practice, this is a function of the
ratio of the rate at which the UART transmits data to the rate at which the DMA can respond to destination burst
requests.

For example, promoting the channel to the highest priority channel in the DMA, and promoting the DMA master
interface to the highest priority master in the bus layer, increases the rate at which the DMA controller can respond to
burst transaction requests. This in turn allows the user to decrease the watermark level, which improves bus utilization
without compromising the probability of an underflow occurring.
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(4) Selecting DEST_MSIZE and Transmit FIFO Overflow

It may cause overflow when there is not enough space in the UART transmit FIFO to service the destination burst
request.

Therefore, for optimal operation, we must configure:
¢ DMAC.CTL[n].DEST MSIZE =DEST BURST SIZE=4
e Set bUart TET =2’b11, FIFO 1/2 full
or
¢ DMAC.CTL[n].DEST MSIZE = DEST BURST SIZE =8
e Set bUart TET =2’b11, FIFO 1/2 full

CAUTION

The transmit FIFO is not full at the end of a DMA burst transfer if the UART has successfully transmitted one data item or
more on the UART serial transmit line during the transfer.

(5) Receive Watermark Level and Receive FIFO Overflow

During UART serial transfers, receive FIFO requests are made to the DMAC whenever the number of entries in the
receive FIFO is at or above the decoded level of Receiver Trigger (bUart RCVR) of the rUart FCR. This is known as
the watermark level.

The DMAC responds by reading a burst of data in the receive FIFO buffer of length CTL[n].SRC_MSIZE =
SRC _BURST SIZE.

Data should be fetched by the DMAC often enough for the receive FIFO to accept serial transfers continuously. That is,
when the FIFO begins to fill, another DMA transfer is requested. Otherwise, the FIFO fills with data (overflow). To
prevent this condition, you must correctly set the watermark level.

(6) Choosing the Receive Watermark Level

Similar to choosing the transmit watermark level described earlier, the receive watermark level, decoded level of
bUart RCVR, should be set to minimize the probability of overflow. It is a tradeoff between the number of DMA burst
transactions required per block versus the probability of an overflow occurring.

(7) Selecting SRC_MSIZE and Receive FIFO Underflow

It may cause underflow when there is not enough data to service the source burst request.

Therefore, for optimal operation, we must configure:
¢ DMAC.CTL[n].SRC_MSIZE = SRC BURST SIZE =4
e Set bUart RCVR=2"b01, FIFO 1/4 full
or
¢ DMAC.CTL[n].SRC_MSIZE = SRC_BURST SIZE =8
e Set bUart RCVR=2"b10, FIFO 1/2 full
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CAUTION

The receive FIFO is not empty at the end of the source burst transaction if the UART has successfully received one data
item or more on the UART serial receive line during the burst.

FIFO_DEPTH: 16
EMPTY
Receive FIFO —
Hatermarkjevel Data Out > Controller
> FULL decoded level
Data In of bUart_RCVR

UART Receive FIFO

Figure 1.11 Case3: Receive Watermark Level

(8) Potential Deadlock Condition in UART with DMA Coupling on Receive Mode

If the DMA burst transaction length is identical to the UART Receive FIFO threshold (bUart RCVR bit in
bUart RCVR bit of the rUart FCR register), there is risk of a deadlock condition occurring when a character is received
after UART RTS N is de-asserted.

The UART de-asserts UART _RTS N when the Receive FIFO threshold is reached. However, it is possible the
component at the other end of the line starts transmitting a new character before it detects the de-assertion of its
UART _CTS N input. When this happens, the character transmission completes normally, which means an extra
character will be received and pushed into the Receive FIFO (unless it is already full).

At the same time that UART RTS N is de-asserted, the UART asserts receive DMA request, requesting a DMA burst
transaction from the DMA controller. After the DMA controller completes this burst transaction (with length equal to
the Receive FIFO threshold), there is one character left in the Receive FIFO, preventing UART RTS N from being

asserted again.

The UART asserts single transaction DMA request, requesting a DMA single transaction to the DMA controller.
However, unless it is operating in the single transaction region, the DMAC ignores single transaction requests.

A deadlock condition is then reached:

e The UART does not receive any extra characters because the UART RTS N signal is de-asserted. No data can be
pushed into the Receive FIFO to fill it up to the threshold level again and generate a new burst transaction request
from the DMAC, only single transaction requests can be generated.

e Unless it has reached the single transaction region, the DMAC ignores single transaction requests and does not
read from the Rx FIFO. The Receive FIFO cannot be emptied, which prevents the UART RTS N signal from
being asserted again.

This deadlock condition can be avoided if:

e The Receive FIFO threshold level is set to a value smaller than the DMA burst transaction size. This ensures that
the Receive FIFO is always empty after a DMA burst transaction completes, regardless of whether or not one extra
character is received and UART RTS N is asserted accordingly.
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e The DMA block size is set to a value smaller than twice the DMA burst transaction length. This guarantees that the
DMAC enters the single transaction region after the DMA burst transaction completes. It then accepts single
transaction requests from the UART, allowing the Receive FIFO to be emptied.

This deadlock condition is not expected to occur frequently under normal operating conditions.

A timeout interrupt would be generated in this case, which can be used to detect the occurrence of this deadlock
condition.
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1.5.1.10 Transceiver & Receiver Time-Out for MODBUS Management
MODBUS Serial Line protocol is a Master-Slave protocol. This protocol takes place at level 2 of the OSI model.

A master-slave type system has one node (the master node) that issues explicit commands to one of the “slave” nodes
and processes responses. Slave nodes will not typically transmit data without a request from the master node, and do not
communicate with other slaves.

At the physical level, MODBUS over Serial Line systems may use different physical interfaces (RS485, RS232).
Transmit Data Enable (DE) signals are controlled by software using UART [m] RTS N or GPIO.

Two Wire interface is the most common. As an add-on option, a TIA/ETIA-485 (RS485) Four Wire interface may also
be implemented. A TIA/EIA-232-E (RS232) serial interface may also be used as an interface, when only short point to

point communication is required.

See typical two-wire interface in figure below.

1200 1200
— DE
ol —] B/ )\ ()() 18
(( — DI
PE—] AN B A Y B A A
RO— R R —RO
T Sl EDES
R R
T I
DI DE RORE DI DE RORE

Figure 1.12 Typical Half-Duplex RS485 Network

A MODBUS message is placed by the transmitting device into a frame that has a known beginning and ending point.
This allows devices that receive a new frame to begin at the start of the message, and to know when the message is
completed. Partial messages must be detected and errors must be set as a result.

In RTU mode, message frames are separated by a silent interval of at least 3.5-character times. In the following
sections, this time interval is called t3.5. See figure below.

The entire message frame must be transmitted as a continuous stream of characters.

If a silent interval of more than 1.5-character times (t1.5) occurs between two characters, the message frame is declared
incomplete and should be discarded by the receiver.

[Remark]

The implementation of RTU reception driver may imply the management of a lot of interruptions due to the t1.5 and
t3.5 timers. With high communication baud rates, this leads to a heavy CPU load.

Consequently, these two timers must be strictly respected when the baud rate is equal or lower than 19200 baud. For
baud rates greater than 19200 baud, fixed values for the 2 timers should be used: it is recommended to use a value of
750 ps for the inter character time out (t1.5) and a value of 1.750 ms for inter frame delay (t3.5).
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Frame 1 Frame 2 Frame 3
to
| | | | (B
1 1 1 1 '<_h>' 1
—— e—— 1 35char
at least 3.5 char at least 3.5 char [ »!
3.5 ‘" 45char '
‘ MODBUS message o
Start Address | Function Data End
= 3.5 char 8 bits 8 bits N x 8 bits 16 bits =3.5char
RTU Message Frame
Frame 1 OK

< 1.5char

Frame 2 NOK
A

Figure 1.13

CAUTION

MODBUS Frame & Constraint Timing

To work properly this equation must be true:
UART_PCLK = 4 x (UART_SCLK / baud rate divisor)

If UART_PCLK = 7.5 MHz and UART_SCLK = 83.33 MHz then

® The minimum baud rate divisor value = (83.33/7.5) x 4 = 45

® The maximum Baud rate is then UART_SCLK/(16 x 45) = 115 Kbaud
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(1) Receiver Time-Out

Receiver Time-Out provides support in handling the interframe time (t1.5, t3.5) in MODBUS link.
There are two Receiver Time-Out.

This feature detects an idle condition (Silent Interval Detection) on the UART RXD line.

The Time-Out delay period (during which the receiver waits for a new character) is programmed in the bUart_TO[n] (n
= 0..1) field of the Time-Out Register (rUart_TO). This time is equal to rUart TO[n] x “Baud clock period”.

When a Time-Out is detected (0 value on Time-Out Counter[n] with n = 0..1), the bUart TIMEOUTInt[n] (n = 0..1) bit
in the status register (rtUart STATUSTO) rises and can generate an interrupt (if not masked), thus indicating to the
driver an end of frame.

See Section 1.5.1.1, UART (RS232) Serial Protocol.
The baud clock is set by the baud rate divisor (bUart DLL and bUart DLH).

CAUTION

If the rUart_DLL and/or rUart_DLH registers are written during a busy state, the Time-Out functionality will not work
properly until the rUart_DLL and rUart_DLH registers are written during a no busy state.

If the bUart_ TO[n] (n =0..1) field is programmed at 0, the Receiver Time-Out is disabled and no Time-Out is detected.
The bUart TIMEOUTInt[n] (n = 0..1) bit in rUart STATUSTO remains at 0.

Otherwise, the counter [n] loads an 8-bit counter with the value programmed in bUart_ TO[n] (n = 0..1). This counter is
decremented at each bit period and reloaded each time a new character is received. If the counter reaches 0, the

bUart TIMEOUTInt[n] (n = 0..1) bit in the status register (rUart STATUSTO) rises and activates an interrupt (if not
masked).

When the counter reaches 0, it remains locked until reception of a LOAD command (See synoptic below). The

bUart TIMEOUTStatus[n] (n = 0..1) bit in the status register (rUart STATUSTO) is available to have a status on
Time-Out Counter[n] (n = 0..1). This register is usually read by the Software driver during an interrupt service routine
or polling:

e 1’b0: The Time-Out Counter value is different of “0”.

¢ 1’bl: The Time-Out Counter value is equal of “0”.
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bUart_REARMTO[n] Rise Edge i
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Figure 1.14 Receiver Time-Out Synoptic

When bUart STARTTOI[n] (n=0..1) is set to 1 (Rising edge detection), the Time-Out counter is decremented to 0 by
UART_ PCLK and it stops counting until a first character is received. This feature enables waiting for the start of the
next frame when the idle state on UART RXD is detected.

When a start bit of a character is detected or bUart REARMTO[n] (n=0..1) is set to 1 (Rising edge detection), the
Time-Out counter starts counting down from the value of bUart TO[n] (n = 0..1).

See details in Figure 1.16, Receiver & Transceiver Time-Out0..3, Timing Description.
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(2) Transceiver Time-Out

Transceiver Time-Out provides support in handling the interframe time (t1.5, t3.5) in MODBUS link.
There are two Transceiver Time-Out.

This feature detects an idle condition (Silent Interval Detection) on the UART TXD line.

The Time-Out delay period (during which the transceiver waits for a new character) is programmed in the bUart TO[n]
(n=2..3) field of the Time-Out Register (rUart_TO). This time is equal to rUart TO[n] x “Baud clock period”.

When a Time-Out is detected (0 value on Time-Out Counter[n] with n = 2..3), the bUart TIMEOUTInt[n] (n = 2..3) bit
in the status register (rUart_ STATUSTO) rises and can generate an interrupt (if not masked), thus indicating to the

driver an end of frame.

If the bUart TO[n] (n = 2..3) field is programmed at 0, the clocking of Time-Out Counter is stopped, the counter keeps
current value. The bUart TIMEOUTInt[n] (n =2..3) bit in rUart STATUSTO keeps current value.

Otherwise, the counter [n] loads an 8-bit counter with the value programmed in bUart TO[n] (n = 2..3). This counter is
decremented at each bit period and reloaded each time a new character is transmitted. If the counter reaches 0, the
bUart TIMEOUTInt[n] (n = 2..3) bit in the status register (rUart STATUSTO) rises and activates an interrupt (if not
masked).

When the counter [n] reaches 0, it remains locked until reception of a LOAD command (See synoptic below). The
bUart TIMEOUTStatus[n] (n = 2..3) bit in the status register (rUart STATUSTO) is available to have a status on
Time-Out Counter [n] (n = 2..3):

® 1’b0: The Time-Out Counter value is different of “0”.

® 1’bl: The Time-Out Counter value is equal of “0”.

When the counter reaches 0,
it remains locked
until reception of
a LOAD command

bUart_TO[n]
with n=2..3

Y

‘ b BN bUart_TIMEOUTStatus[n]
D Q its with n=2..3

Baud Clock

1 Logic
Time-Out
bUart_STARTTO[n] Rise Edge A Counter 4 ]
with n=2..3 > cx aR —UART_PCLK—{> cK iUartTimeOut(n]
On Reset LOAD with n=2..3
these registers =
are cleared to 0 0 Logic —
Y
Pulse generation when the bUart_TIMEOUTInt[n]
« STARTBIT » with n=2..3
of character is detected

on JART_TXD

iUartLoadTimeOut[n]
with n=2..3

Set when Rising edge detection
on iUartTimeOut[n] with n=2..3

o

bUart_REARMTO[n]
with n=2..3

Rise Edge
detection

Figure 1.15 Transceiver Time-Out Synoptic

When bUart STARTTOI[n] (n=2..3) is set to 1 (Rising edge detection), the Time-Out counter is decremented to 0 by
UART PCLK and it stops counting until a first character is transmitted. This feature enables waiting for the start of the
next frame when the idle state on UART TXD is detected.
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When a start bit of a character is detected or bUart REARMTO[n] (n=2..3) is set to 1 (Rising edge detection), the
Time-Out counter starts counting down from the value of bUart TO[n] (n = 2..3).

See details in Figure 1.16, Receiver & Transceiver Time-Out0..3, Timing Description.

(3) Time-out counter timing
The figure below describes the timing of Time-Out Counter[n] (n = 0..3).

When the start bit of a character is detected, the Time-Out counter loads the value of rUart_TO register and starts
counting down.

« START BIT » of character is detected on

UART_TXD (Transceiver Time-Out2..3)
or
UART_RXD (Receiver Time-Out0..1)

v
Bt o
Time i

N i
Serial Data Staht Data bits /v/\ 5-8 X Parity/ Stop (51‘ 15,2 \
(€ H

One Character

A

A

Acknowledge by CPU

bUART_TIMEOUTInt[n]
I |

bUART_TIMEOUTStatus[n] ] State of iUartTimeOut[n] '7

Zero Detection on Counter
iUartTimeOut[n]
|
I Bit Time :4—»: [
|
[0 0o 0o 12 1m 10 9 8 7 6 5 la |3 2 1,0 0 0
Time-Out Counter[n] i_l Initialized to 12 by the LOAD command I I | T

iUartLoadTimeOut[n] I LOAD command

When the counter reaches 0, it remains locked
until reception of a LOAD command

Figure 1.16 Receiver & Transceiver Time-Out0..3, Timing Description
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1.5.2 Usage Notes

When we will use “Two Wire” interface, we have need to manage the “DE (Data Enable)” signal in Half-Duplex mode.

Data Enable signal can be connected using internal UART RTS N signal. The output from internal iUART DE signal

is not available.

bUart_EnableDE

UART_RTS_N
driven by
UART
UART_RTS_N
iUART_DE
—

Figure 1.17 UART_RTS_N Management in Half-Duplex Mode
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Section 2 SPI

Portions Copyright © 2014 Synopsys. Used with permission. All rights reserved. Synopsys & DesignWare are
registered trademarks of Synopsys.

21  Overview
The RZ/N1 provides 4 blocks dedicated for SPI Master and 2 blocks dedicated for SPI slave.
® Master mode
- SPII1, SPI2, SPI3, SP14 only
® Slave mode
- SPIS5, SPI6 only
¢ Transmit FIFO (TX FIFO) 16 words of 16 bits
¢ Receive FIFO (RX FIFO) 16 words of 16 bits.
e Serial clock bit rate, dynamic control of the serial bit rate of the data transfer.
— Master mode only
® Programmable data-size for frames (from 4 to 16 bits)
¢ Slave selects number
— 4 (SPI Master mode, SPI1, SPI2, SPI3, SPI4)
— 1 (SPI Slave mode, SPIS, SPI6)
¢ Selectable serial interface operation
— Motorola SPI
— Texas Instruments Synchronous Serial Protocol
— National Semiconductor Microwire
® DMA coupling
— Peripheral flow controller mode

— 2 DMA channel available (One for transmit, one for receive)
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2.2 Signal Interfaces

Signal Name | Input Output ‘ Description
Clock
SPI[m]_PCLK Input Internal bus clock (APB)
SPI[m]_SCLK Input Serial reference clock*"
Interrupt
SPI[m]_Int Output Level sensitive interrupt output, Active High
External Signal (SPI Master Mode)
SPI[m]_CLK (M) Output Serial clock
SPI[m]_MOSI (M) Output Master transmit data
SPIIm]_MISO (M) Input Master receive data
SPI[m]_SS_N[3:0] (M) Output Slave selection (Chip select), Active Low
External Signal (SPI Slave Mode)
SPIIm]_CLK (S) Input Serial clock
SPI[m]_MOSI (S) Input Slave receive data
SPIIm]_MISO (S) Output Slave transmit data
SPI[m]_SS_N (S) Input Slave selection (Chip select), Active Low
Note: m=1..6.
Index removed style is used in this chapter.
Ex) SPI_PCLK

Note 1.  Input frequency from 7.81 MHz to 125 MHz
Different frequency settings are possible for SPI[m]_SCLK (m = 1..4) and SPI[m]_SCLK (m = 5..6).
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2.3 Register Map

2.31 Register Map SPI1 (Master)
Table 2.1 Register Map SPI1 (Master)

Address Register Symbol Register Name

5000 5000h rSpi_CTRLRO Control Register 0

5000 5004h rSpi_CTRLR1 Control Register 1

5000 5008h rSpi_SSIENR Enable Register

5000 500Ch rSpi_ MWCR Microwire Control Register

5000 5010h rSpi_SER Slave Enable Register

5000 5014h rSpi_BAUDR Baud Rate Select

5000 5018h rSpi_TXFTLR Transmit FIFO Threshold Level

5000 501Ch rSpi_RXFTLR Receive FIFO Threshold Level

5000 5020h rSpi_TXFLR Transmit FIFO Level Register

5000 5024h rSpi_RXFLR Receive FIFO Level Register

5000 5028h rSpi_SR Status Register

5000 502Ch rSpi_IMR Interrupt Mask Register

5000 5030h rSpi_ISR Interrupt Status Register

5000 5034h rSpi_RISR Raw Interrupt Status Register

5000 5038h rSpi_TXOICR Transmit FIFO Overflow Interrupt Clear Register
5000 503Ch rSpi_RXOICR Receive FIFO Overflow Interrupt Clear Register
5000 5040h rSpi_RXUICR Receive FIFO Underflow Interrupt Clear Register
5000 5048h rSpi_ICR Interrupt Clear Register

5000 504Ch rSpi_ DMACR DMA Control Register

5000 5050h rSpi_ DMATDLR DMA Transmit Data Level

5000 5054h rSpi_ DMARDLR DMA Receive Data Level

5000 5060h rSpi_DR Data Register

5000 50F0h rSpi_RX_SAMPLE_DLY RXD Sample Delay Register

5000 5100h rSpi_TDMACR DMA Control Register in Transmit Mode

5000 5104h rSpi_ RDMACR DMA Control Register in Receive Mode
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2.3.2 Register Map SPI2 (Master)
Table 2.2 Register Map SPI2 (Master)

Address Register Symbol Register Name

5000 6000h rSpi_CTRLRO Control Register 0

5000 6004h rSpi_CTRLR1 Control Register 1

5000 6008h rSpi_SSIENR Enable Register

5000 600Ch rSpi_ MWCR Microwire Control Register

5000 6010h rSpi_SER Slave Enable Register

5000 6014h rSpi_BAUDR Baud Rate Select

5000 6018h rSpi_TXFTLR Transmit FIFO Threshold Level

5000 601Ch rSpi_RXFTLR Receive FIFO Threshold Level

5000 6020h rSpi_TXFLR Transmit FIFO Level Register

5000 6024h rSpi_RXFLR Receive FIFO Level Register

5000 6028h rSpi_SR Status Register

5000 602Ch rSpi_IMR Interrupt Mask Register

5000 6030h rSpi_ISR Interrupt Status Register

5000 6034h rSpi_RISR Raw Interrupt Status Register

5000 6038h rSpi_TXOICR Transmit FIFO Overflow Interrupt Clear Register
5000 603Ch rSpi_RXOICR Receive FIFO Overflow Interrupt Clear Register
5000 6040h rSpi_RXUICR Receive FIFO Underflow Interrupt Clear Register
5000 6048h rSpi_ICR Interrupt Clear Register

5000 604Ch rSpi_ DMACR DMA Control Register

5000 6050h rSpi_ DMATDLR DMA Transmit Data Level

5000 6054h rSpi_ DMARDLR DMA Receive Data Level

5000 6060h rSpi_DR Data Register

5000 60FO0h rSpi_RX_SAMPLE_DLY RXD Sample Delay Register

5000 6100h rSpi_TDMACR DMA Control Register in Transmit Mode

5000 6104h rSpi_ RDMACR DMA Control Register in Receive Mode
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233 Register Map SPI3 (Master)
Table 2.3 Register Map SPI3 (Master)

Address Register Symbol Register Name

5000 7000h rSpi_CTRLRO Control Register 0

5000 7004h rSpi_CTRLR1 Control Register 1

5000 7008h rSpi_SSIENR Enable Register

5000 700Ch rSpi_ MWCR Microwire Control Register

5000 7010h rSpi_SER Slave Enable Register

5000 7014h rSpi_BAUDR Baud Rate Select

5000 7018h rSpi_TXFTLR Transmit FIFO Threshold Level

5000 701Ch rSpi_RXFTLR Receive FIFO Threshold Level

5000 7020h rSpi_TXFLR Transmit FIFO Level Register

5000 7024h rSpi_RXFLR Receive FIFO Level Register

5000 7028h rSpi_SR Status Register

5000 702Ch rSpi_IMR Interrupt Mask Register

5000 7030h rSpi_ISR Interrupt Status Register

5000 7034h rSpi_RISR Raw Interrupt Status Register

5000 7038h rSpi_TXOICR Transmit FIFO Overflow Interrupt Clear Register
5000 703Ch rSpi_RXOICR Receive FIFO Overflow Interrupt Clear Register
5000 7040h rSpi_RXUICR Receive FIFO Underflow Interrupt Clear Register
5000 7048h rSpi_ICR Interrupt Clear Register

5000 704Ch rSpi_ DMACR DMA Control Register

5000 7050h rSpi_ DMATDLR DMA Transmit Data Level

5000 7054h rSpi_ DMARDLR DMA Receive Data Level

5000 7060h rSpi_DR Data Register

5000 70FOh rSpi_RX_SAMPLE_DLY RXD Sample Delay Register

5000 7100h rSpi_TDMACR DMA Control Register in Transmit Mode

5000 7104h rSpi_RDMACR DMA Control Register in Receive Mode
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234 Register Map SPI4 (Master)
Table 2.4 Register Map SPI4 (Master)

Address Register Symbol Register Name

5000 8000h rSpi_CTRLRO Control Register 0

5000 8004h rSpi_CTRLR1 Control Register 1

5000 8008h rSpi_SSIENR Enable Register

5000 800Ch rSpi_ MWCR Microwire Control Register

5000 8010h rSpi_SER Slave Enable Register

5000 8014h rSpi_BAUDR Baud Rate Select

5000 8018h rSpi_TXFTLR Transmit FIFO Threshold Level

5000 801Ch rSpi_RXFTLR Receive FIFO Threshold Level

5000 8020h rSpi_TXFLR Transmit FIFO Level Register

5000 8024h rSpi_RXFLR Receive FIFO Level Register

5000 8028h rSpi_SR Status Register

5000 802Ch rSpi_IMR Interrupt Mask Register

5000 8030h rSpi_ISR Interrupt Status Register

5000 8034h rSpi_RISR Raw Interrupt Status Register

5000 8038h rSpi_TXOICR Transmit FIFO Overflow Interrupt Clear Register
5000 803Ch rSpi_RXOICR Receive FIFO Overflow Interrupt Clear Register
5000 8040h rSpi_RXUICR Receive FIFO Underflow Interrupt Clear Register
5000 8048h rSpi_ICR Interrupt Clear Register

5000 804Ch rSpi_ DMACR DMA Control Register

5000 8050h rSpi_ DMATDLR DMA Transmit Data Level

5000 8054h rSpi_ DMARDLR DMA Receive Data Level

5000 8060h rSpi_DR Data Register

5000 80FO0h rSpi_RX_SAMPLE_DLY RXD Sample Delay Register

5000 8100h rSpi_TDMACR DMA Control Register in Transmit Mode

5000 8104h rSpi_ RDMACR DMA Control Register in Receive Mode
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2.3.5 Register Map SPI5 (Slave)
Table 2.5 Register Map SPI5 (Slave)

Address Register Symbol Register Name

5000 9000h rSpi_CTRLRO Control Register 0

5000 9008h rSpi_SSIENR Enable Register

5000 900Ch rSpi_ MWCR Microwire Control Register

5000 9018h rSpi_TXFTLR Transmit FIFO Threshold Level

5000 901Ch rSpi_RXFTLR Receive FIFO Threshold Level

5000 9020h rSpi_TXFLR Transmit FIFO Level Register

5000 9024h rSpi_RXFLR Receive FIFO Level Register

5000 9028h rSpi_SR Status Register

5000 902Ch rSpi_IMR Interrupt Mask Register

5000 9030h rSpi_ISR Interrupt Status Register

5000 9034h rSpi_RISR Raw interrupt Status Register

5000 9038h rSpi_TXOICR Transmit FIFO Overflow Interrupt Clear Register
5000 903Ch rSpi_RXOICR Receive FIFO Overflow Interrupt Clear Register
5000 9040h rSpi_RXUICR Receive FIFO Underflow Interrupt Clear Register
5000 9048h rSpi_ICR Interrupt Clear Register

5000 904Ch rSpi_ DMACR DMA Control Register

5000 9050h rSpi_ DMATDLR DMA Transmit Data Level

5000 9054h rSpi_ DMARDLR DMA Receive Data Level

5000 9060h rSpi_DR Data Register

5000 9100h rSpi_TDMACR DMA Control Register in Transmit Mode

5000 9104h rSpi_ RDMACR DMA Control Register in Receive Mode
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2.3.6 Register Map SPI6 (Slave)
Table 2.6 Register Map SPI6 (Slave)
Address Register Symbol Register Name
5000 AOOOh rSpi_CTRLRO Control Register 0
5000 AO08h rSpi_SSIENR Enable Register
5000 AOOCh rSpi_ MWCR Microwire Control Register
5000 A018h rSpi_TXFTLR Transmit FIFO Threshold Level
5000 A0O1Ch rSpi_RXFTLR Receive FIFO Threshold Level
5000 A020h rSpi_TXFLR Transmit FIFO Level Register
5000 A024h rSpi_RXFLR Receive FIFO Level Register
5000 A028h rSpi_SR Status Register
5000 A02Ch rSpi_IMR Interrupt Mask Register
5000 AO30h rSpi_ISR Interrupt Status Register
5000 A034h rSpi_RISR Raw Interrupt Status Register
5000 A038h rSpi_TXOICR Transmit FIFO Overflow Interrupt Clear Register
5000 AO3Ch rSpi_RXOICR Receive FIFO Overflow Interrupt Clear Register
5000 A040h rSpi_RXUICR Receive FIFO Underflow Interrupt Clear Register
5000 A048h rSpi_ICR Interrupt Clear Register
5000 A04Ch rSpi_ DMACR DMA Control Register
5000 A050h rSpi_ DMATDLR DMA Transmit Data Level
5000 A054h rSpi_ DMARDLR DMA Receive Data Level
5000 A060h rSpi_DR Data Register
5000 A100h rSpi_TDMACR DMA Control Register in Transmit Mode
5000 A104h rSpi_ RDMACR DMA Control Register in Receive Mode
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24

2.4.1

Register Description

rSpi_CTRLRO — Control Register 0

This register controls the serial data transfer. It is impossible to write to this register when the SPI controller is enabled
by bSpi_SSIENR.

Address: 5000 5000h (SPI1)
5000 6000h (SPI2)
5000 7000h (SPI3)
5000 8000h (SPI4)
5000 9000h (SPI5)
5000 AOOOh (SPI6)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
) bSpi_S|bSpi_S ) bSpi_S|bSpi_S ) )
bSpi_CFS RL |LV OE bSpi_TMOD cPOL | cPA bSpi_FRF bSpi_DFS
Value after reset 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1
Table 2.7 rSpi_CTRLRO Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 to b16 Reserved Read as 0 R
b15 to b12 bSpi_CFS Control Frame Size R/W
Selects the length of the control word for the Microwire frame format.
4’b0000: 1-bit control word
4’b0001: 2-bit control word
4’b1110: 15-bit control word
4’b1111: 16-bit control word
b11 bSpi_SRL Shift Register Loop R/W
Used for testing purposes only. When set, connects the transmit shift register output to
the receive shift register input. Can be used in both SPI slave and master.
0: Normal Mode Operation
1: Test Mode Operation
When SPI slave is configured as Test Mode, the SPI_CLK and SPI_SS_N signals
must be provided by an external source. In this mode, the slave cannot generate
these signals because there is nothing to which to loop back.
b10 bSpi_SLV_OE Slave Output Enable (SPI slave only) R/W

This bit enables or disables the setting of the SPI_MISO output from the SPI slave.
When bSpi_SLV_OE = 1, the SPI_MISO output can never be active, a floating state is

always present.

This is useful when the master transmits in broadcast mode (master transmits data to
all slave devices). Only one slave may respond with data on the master SPI_MISO

line.
This bit is enabled after reset and must be disabled by Software (when broadcast
mode is used), if you do not want this device to respond with data.

1’b0: Slave SPI_MISO is enabled

1’b1: Slave SPI_MISO is disabled
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Table 2.7 rSpi_CTRLRO Register Contents (2/2)
Bit Position Bit Name Function R/W

b9, b8 bSpi_TMOD Transfer Mode R/W

Selects the mode of transfer for serial communication. This field does not affect the
duplex setting. Only indicates whether the receive or transmit data are valid.

In Transmit Only Mode, data received from the external device is not valid and is not
stored in the receive FIFO memory, it is overwritten on the next transfer.

In Receive Only Mode, transmitted data are not valid. After the first write to the
transmit FIFO, the same control word is retransmitted for the duration of the transfer.

In Transmit and Receive Mode, both transmit and receive data are valid. The transfer
continues until the transmit FIFO is empty. Data received from the external device are
stored into the receive FIFO memory, where it can be accessed by the host processor.
In EEPROM Read Mode, receive data is not valid while control data is being
transmitted. When all control data is sent to the EEPROM, receive data becomes valid
and transmit data becomes invalid. All data in the transmit FIFO is considered control
data in this mode.This transfer mode is only valid when the SPI controller is a master.

2’b00: Transmit and Receive
2’b01: Transmit Only

2’b10: Receive Only

2’b11: EEPROM Read

b7 bSpi_SCPOL Serial Clock Polarity R/W
Valid when the frame format (bSpi_FRF) is set to Motorola SPI.

Used to select the polarity of the inactive serial clock, which is held inactive when the
SPI controller is not actively transferring data on the serial bus.

1’b0: Inactive state of the serial clock is low
1’b1: Inactive state of the serial clock is high

b6 bSpi_SCPH Serial Clock Phase R/W

Valid when the frame format (bSpi_FRF) is set to Motorola SPI. The serial clock phase
selects the relationship of the serial clock with the slave select signal.

When bSpi_SCPH = 0, data are captured on the first edge of the serial clock.

When bSpi_SCPH = 1, the serial clock starts toggling one cycle after the slave select
line is activated, and data are captured on the second edge of the serial clock.

1’b0: The first serial clock toggles at middle of the data bit
1’b1: The first serial clock toggles at start of the data bit

b5, b4 bSpi_FRF Frame Format R/W
2’b00: Motorola Serial Peripheral Interface
2'b01: Texas Instruments Synchronous Serial Protocol
2’b10: National Semiconductor Microwire
2'b11: Reserved

b3 to b0 bSpi_DFS Data Frame Size R/W
Selects the data frame length. When the data frame size is programmed to be less
than 16 bits, the receive data are automatically right-justified by the receive logic, with
the upper bits of the receive FIFO zero padded.
You must right-justify transmit data before writing into the transmit FIFO. The transmit
logic ignores the upper unused bits when transmitting the data.

4’b0000: Reserved - undefined operation
4’b0001: Reserved - undefined operation
4’b0010: Reserved - undefined operation
4’'b0011: 4-bit serial data transfer
4’'b0100: 5-bit serial data transfer

4’b1110: 15-bit serial data transfer
4’b1111: 16-bit serial data transfer
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242 rSpi_CTRLR1 — Control Register 1

It is impossible to write to this register when the SPI controller is enabled by bSpi  SSIENR.
CAUTION

This register exists in SPI Master only. Data size is up to 64 KB in continuous transfer regardless of frame size.

Address: 5000 5004h
5000 6004h
5000 7004h
5000 8004h

SPI1)
SPI2)
SPI3)
SPI4)

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

Value after reset 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bSpi_NDF

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.8 rSpi_CTRLR1 Register Contents
Bit Position Bit Name Function R/W
b31 to b16 Reserved Read as 0. R
b15 to b0 bSpi_NDF Number of Data Frames R/W

When bSpi_TMOD = 2'b10 or bSpi_TMOD = 2'b11, this register field sets the number
of data frames to be continuously received by SPI controller.

The SPI controller continues to receive serial data until the number of data frames

received is equal to this register value plus 1, which enables you to receive up to 64
KB of data in a continuous transfer.
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243 rSpi_SSIENR — Enable Register
Address: 5000 5008h (SPI1)
5000 6008h (SPI2)
5000 7008h (SPI3)
5000 8008h (SPI4)
5000 9008h (SPI5)
5000 A008h (SPI6)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
. . . - . . . - . . . . . o __ |bSpi_S
SIENR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.9 rSpi_SSIENR Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved Read as 0. R
b0 bSpi_SSIENR SPI controller Enable R/W

Enables and disables all SPI operations.

When disabled, all serial transfers are halted immediately. Transmit and receive FIFO
buffers are cleared. It is impossible to program some of the SPI control registers when

enabled.

1’b0: Disable
1’b1: Enable
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244 rSpi_MWCR — Microwire Control Register

It is impossible to write to this register when the SPI controller is enabled by bSpi  SSIENR.

Address: 5000 500Ch (SPI1)
5000 600Ch (SPI2)
5000 700Ch (SPI3)
5000 800Ch (SPI4)
5000 900Ch (SPI5)
5000 AOOCh (SPIB)

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

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

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

bSpi_M|bSpi_M|bSpi_M
WHS DD |WMOD

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

Table 2.10 rSpi_ MWCR Register Contents

Bit Position Bit Name Function R/W

b31 to b3 Reserved Read as 0. R

b2 bSpi_ MWHS Microwire Handshaking (SPI master only) R/W
Used to enable and disable the “busy/ready” handshaking interface for the Microwire
protocol.

When enabled, the SPI controller checks for a ready status from the target slave, after
the transfer of the last data/control bit, before clearing the BUSY status in the rSpi_SR
register.

0: handshaking interface is disabled
1: handshaking interface is enabled
b1 bSpi_MDD Microwire Control R/W
Defines the direction of the data word when the Microwire serial protocol is used.

0: the data word is received by the SPI controller from the external serial device.
1: the data word is transmitted from the SPI controller to the external serial device.

b0 bSpi_ MWMOD Microwire Transfer Mode R/W

Defines whether the Microwire transfer is sequential or no-sequential. When
sequential mode is used, only one control word is needed to transmit or receive a
block of data words.

When non-sequential mode is used, there must be a control word for each data word
that is transmitted or received.

0: non-sequential transfer
1: sequential transfer
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rSpi_SER — Slave Enable Register

Do not write to this register when SPI controller is busy. See Section 2.5.3, Control Slave Select Line by

Hardware or Software Mode.

CAUTION

This register exists in SPI Master only

Bit

Value after reset

Bit

Value after reset

Address: 5000 5010h (SPI1)
5000 6010h (SPI2)
5000 7010h (SPI3)
5000 8010h (SPI4)
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — bSpi_CtrISS bSpi_SoftwareSS bSpi_HardwareSS
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 2.11 rSpi_SER Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 to b12 Reserved Read as 0. R
b11 to b8 bSpi_CtrlSS Slave Select Mode Enable R/W
The register enables the individual slave select output lines from the SPI master. Up to
4 slave select output signals are available on the SPI master.
Each bSpi_CtrISS[3:0] in register allow the control of slave respective select lines
SPI_SS_NI[3:0] from the SPI master in hardware or Software mode.
0: Hardware mode
» These lines SPI_SS_N[3:0] are controlled by bSpi_HardwareSS[3:0] bits
respectively from serializer module and activated when a serial transfer begins.
1: Software mode
*» These lines SPI_SS_NJ[3:0] are directly controlled by bSpi_SoftwareSS[3:0] bits
respectively.
b7 to b4 bSpi_SoftwareSS Software mode: Slave Select Enable Flag R/W

The register enables the individual slave select output lines from the SPI master. Up to
4 slave select output signals are available on the SPI master.

Each bSpi_SoftwareSS[3:0] in this register corresponds to a slave respective select
line SPI_SS_NI[3:0] from the SPI master.

This mode are activated when bSpi_CtrlISS[3:0] is set to 1 respectively for each line.
The corresponding slave select SPI_SS_N[3:0] line from the master are directly
connected to a peripheral device and is controlled by bSpi_SoftwareSS[3:0]
respectively.

Caution) You should select one slave in bSpi_HardwareSS[3:0] to start transfer.
1: Selected
0: Not Selected
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Table 2.11 rSpi_SER Register Contents (2/2)

Bit Position Bit Name Function R/W

b3 to b0 bSpi_HardwareSS Hardware mode: Slave Select Enable Flag R/W
The register enables the individual slave select output lines from the SPI master. Up to
4 slave select output signals are available on the SPI master.

Each bSpi_HardwareSS[3:0] in this register corresponds to a respective slave select
line SPI_SS_NI[3:0] from the SPI master.

This mode are activated when bSpi_CtrISS[3:0] is clear to 0 respectively for each line.
In this mode, when a bit in this register is set to 1, the corresponding slave select
SPI_SS_NI[3:0] are respectively and activated when a serial transfer begins. These
lines are controlled by the serializer module.

It should be noted that setting or clearing bits in this register have no effect on the
corresponding slave select outputs until a transfer is started. Before beginning a
transfer, you should enable the bit in this register that corresponds to the slave device
with which the master wants to communicate. When not operating in broadcast mode
(master transmits data to all slave devices), only one bit in this field should be set.

1: Selected
0: Not Selected
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246 rSpi_BAUDR — Baud Rate Select

It is impossible to write to this register when the SPI controller is enabled by bSpi  SSIENR.
CAUTION

This register exists in SPI Master only.

Address: 5000 5014h
5000 6014h
5000 7014h
5000 8014h

SPI1)
SPI2)
SPI3)
SPI4)

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

Value after reset 0 0 0 0

Bit b15 b14 b13 b12 b11 b10 b9

b8 b7 b6 b5 b4 b3 b2 b1 b0
bSpi_SCKDV
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.12 rSpi_BAUDR Register Contents
Bit Position Bit Name Function R/W
b31 to b16 Reserved Read as 0. R
b15 to b0 bSpi_SCKDV SPI Clock Divider R/W

The 16-bit field in this register defines the SPI_CLK divider value.

The LSB for this field is always set to 0 and is unaffected by a write operation, which

ensures an even value is held in this register. If the value is 0, the serial output clock
(SPI_CLK) is disabled.

The frequency of the SPI_CLK is derived from the following equation:

Frequency (SPI_CLK) = Frequency (SPI_SCLK) / bSpi_SCKDV
Where bSpi_SCKDV is any even value between 2 and 65534.
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247 rSpi_TXFTLR — Transmit FIFO Threshold Level
This register controls the threshold value for the transmit FIFO memory.
Do not write to this register when the SPI controller is enabled by bSpi SSIENR.
Address: 5000 5018h (SPI1)
5000 6018h (SPI2)
5000 7018h (SPI3)
5000 8018h (SPI4)
5000 9018h (SPI5)
5000 A018h (SPI6)
Bit b31 b30 b29  b28  b27  b26  b25 b24  b23  b22  b21  b20 b19  b18  bi7  b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13  b12 b1l  b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 bo
— — — — — — — — — — — — bSpi_TFT
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.13 rSpi_TXFTLR Register Contents
Bit Position Bit Name Function R/W
b31 to b4 Reserved Read as 0. R
b3 to b0 bSpi_TFT Transmit FIFO Threshold R/W

Controls the level of entries (or below) at which the transmit FIFO controller triggers an

interrupt.

If you attempt to set this value greater than or equal to the depth of the FIFO, this field

is not written and retains its current value.

When the number of transmit FIFO entries is less than or equal to this value, the
transmit FIFO empty interrupt is triggered.

4'd0: iSpi_TXE_Int is asserted when 0 data entries are present in transmit FIFO.
4'd1: iSpi_TXE_lInt is asserted when 1 or less data entries are present in transmit

FIFO.

4’d14: iSpi_TXE_Int is asserted when 14 or less data entries are present in
transmit FIFO.

4'd15: iSpi_TXE_Int is asserted when 15 or less data entries are present in
transmit FIFO.
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2.4.8

rSpi_RXFTLR — Receive FIFO Threshold Level

This register controls the threshold value for the receive FIFO memory.
Do not write to this register when the SPI controller is enabled by bSpi_SSIENR.

Address: 5000 501Ch (SPI1)
5000 601Ch (SPI2)
5000 701Ch (SPI3)
5000 801Ch (SP14)
5000 901Ch (SPI5)
5000 AO1Ch (SPI6)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — — bSpi_RFT
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.14 rSpi_RXFTLR Register Contents
Bit Position Bit Name Function R/W
b31 to b4 Reserved Read as 0. R
b3 to b0 bSpi_RFT Receive FIFO Threshold R/W

Controls the level of entries (or above) at which the receive FIFO controller triggers an
interrupt.

If you attempt to set this value greater than the depth of the FIFO, this field is not
written and retains its current value.

When the number of receive FIFO entries is greater than or equal to this value + 1, the
receive FIFO full interrupt is triggered.

4'd0: iSpi_RXF_Int is asserted when 1 or more data entries are present in receive
FIFO.

4’d1: iSpi_RXF_Int is asserted when 2 or more data entries are present in receive
FIFO.

4’d14: iSpi_RXF_Int is asserted when 15 or more data entries are present in

receive FIFO.
4'd15: iSpi_RXF_Int is asserted when 16 or more data entries are present in
receive FIFO.
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249 rSpi_TXFLR — Transmit FIFO Level Register
This register contains the number of valid data entries in the transmit FIFO memory.
Address: 5000 5020h (SPI1)
5000 6020h (SPI2)
5000 7020h (SPI3)
5000 8020h (SP14)
5000 9020h (SPI5)
5000 A020h (SPI6)
Bit b31 b30 b29 b28  b27  b26  b25  b24  b23  b22  b21  b20 b19  b18  b17  b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14  b13  b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — bSpi_TXTFL
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.15 rSpi_TXFLR Register Contents
Bit Position Bit Name Function R/W
b31 to b5 Reserved Read as 0. R
b4 to b0 bSpi_TXTFL Transmit FIFO Level R

The number of valid data entries in the transmit FIFO.
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2.410

time.

rSpi_RXFLR — Receive FIFO Level Register

This register contains the number of valid data entries in the receive FIFO memory. This register can be read at any

Address: 5000 5024h (SPI1)
5000 6024h (SPI2)
5000 7024h (SPI3)
5000 8024h (SPI4)
5000 9024h (SPI5)
5000 A024h (SPI6)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — bSpi_RXTFL
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.16 rSpi_RXFLR Register Contents
Bit Position Bit Name Function R/W
b31 to b5 Reserved Read as 0. R
b4 to b0 bSpi_RXTFL Receive FIFO Level R

The number of valid data entries in the receive FIFO.
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2411 rSpi_SR — Status Register

The status register may be read at any time.

Address: 5000 5028h (SPI1)
5000 6028h (SPI2)
5000 7028h (SPI3)
5000 8028h (SP14)
5000 9028h (SPI5)
5000 A028h (SPI16)

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

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

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

bSpi_T |bSpi_R|bSpi_R|bSpi_T|bSpi_T |bSpi_B
XE FF FNE FE FNF | USY

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0

Table 2.17 rSpi_SR Register Contents (1/2)

Bit Position Bit Name Function R/W
b31 to b6 Reserved Read as 0. R
b5 bSpi_TXE Transmission Error. (SPI slave only) R

Set if the transmit FIFO is empty when a transfer is started.
Data from the previous transmission is resent on the SPI_MISO line.
This bit is cleared when read.

0: No error

1: Transmission error

b4 bSpi_RFF Receive FIFO Full R
When the receive FIFO is completely full, this bit is set.
When the receive FIFO contains one or more empty location, this bit is cleared.
0: Receive FIFO is not full
1: Receive FIFO is full

b3 bSpi_RFNE Receive FIFO Not Empty R

Set when the receive FIFO contains one or more entries and is cleared when the
receive FIFO is empty.

This bit can be polled by Software to completely empty the receive FIFO.
0: Receive FIFO is empty
1: Receive FIFO is not empty

b2 bSpi_TFE Transmit FIFO Empty R
When the transmit FIFO is completely empty, this bit is set.

When the transmit FIFO contains one or more valid entries, this bit is cleared. This bit
does not request an interrupt.

0: Transmit FIFO is not empty
1: Transmit FIFO is empty

b1 bSpi_TFNF Transmit FIFO Not Full R

Set when the transmit FIFO contains one or more empty locations and is cleared
when the FIFO is full.

0: Transmit FIFO is full
1: Transmit FIFO is not full
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Table 2.17 rSpi_SR Register Contents (2/2)

Bit Position Bit Name Function R/W
b0 bSpi_BUSY SPI Busy Flag R
When set, indicates that a serial transfer is in progress, when cleared indicates that
the SPI controller is idle or disabled.
0: SPI controller is idle or disabled
1: SPI controller is actively transferring data
RO1UH0752EJ0120 Rev.1.20 RENESAS Page 119 of 637

Dec 29, 2021



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group Section 2 SPI

2412 rSpi_IMR — Interrupt Mask Register

Address: 5000 502Ch (SPI1)
5000 602Ch (SPI2)
5000 702Ch (SPI3)
5000 802Ch (SPI4)
5000 902Ch (SPI5)
5000 A02Ch (SPI6)

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

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

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

bSpi_R|bSpi_R|bSpi_R|bSpi_T|bSpi_T
XFIM | XOIM | XUIM | XOIM | XEIM

Value after reset 0 0 0 0 0 0 0 0 0 0 1/0 1 1 1 1 1

Table 2.18 rSpi_IMR Register Contents

Bit Position Bit Name Function R/W
b31 to b6 Reserved Read as 0. R

b5 Reserved Reset value is 1 for SPI master, 0 for SPI slave. Keep initial value. R/W
b4 bSpi_RXFIM Receive FIFO Full Interrupt Mask R/W

1’b0: iSpi_RXF_Int interrupt is masked
1’b1: iSpi_RXF_Int interrupt is not masked

b3 bSpi_RXOIM Receive FIFO Overflow Interrupt Mask R/W
1’b0: iSpi_RXO_Int interrupt is masked
1’b1: iSpi_RXO_Int interrupt is not masked

b2 bSpi_RXUIM Receive FIFO Underflow Interrupt Mask R/W
1’b0: iSpi_RXU_lInt interrupt is masked
1’b1: iSpi_RXU_lInt interrupt is not masked

b1 bSpi_TXOIM Transmit FIFO Overflow Interrupt Mask R/W
1’b0: iSpi_TXO_Int interrupt is masked
1’b1: iSpi_TXO_Int interrupt is not masked

b0 bSpi_TXEIM Transmit FIFO Empty Interrupt Mask R/W
1’b0: iSpi_TXE_Int interrupt is masked
1’b1: iSpi_TXE_Int interrupt is not masked
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2413 rSpi_ISR — Interrupt Status Register

This register reports the status of the SPI interrupts after they have been masked.

Address: 5000 5030h (SPI1)
5000 6030h (SPI2)
5000 7030h (SPI3)
5000 8030h (SP14)
5000 9030h (SPI5)
5000 A030h (SPI6)

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

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

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

bSpi_R|[bSpi_R|bSpi_R|bSpi_T [bSpi_T
XFIS | XOIS | XUIS | XOIsS | XEIS

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

Table 2.19 rSpi_ISR Register Contents

Bit Position Bit Name Function R/W
b31 to b5 Reserved Read as 0. R
b4 bSpi_RXFIS Receive FIFO Full Interrupt Status R

1’b0: iSpi_RXF_Int interrupt not active after masking
1’b1: iSpi_RXF_Int interrupt active after masking

b3 bSpi_RXOIS Receive FIFO Overflow Interrupt Status R
1’b0: iSpi_RXO_Int interrupt not active after masking
1’b1: iSpi_RXO_lInt interrupt active after masking

b2 bSpi_RXUIS Receive FIFO Underflow Interrupt Status R
1’b0: iSpi_RXU_Int interrupt not active after masking
1’b1: iSpi_RXU_lInt interrupt active after masking

b1 bSpi_TXOIS Transmit FIFO Overflow Interrupt Status R
1'b0: iSpi_TXO_Int interrupt not active after masking
1’b1: iSpi_TXO_Int interrupt active after masking

b0 bSpi_TXEIS Transmit FIFO Empty Interrupt Status R
1’b0: iSpi_TXE_Int interrupt not active after masking
1’b1: iSpi_TXE_Int interrupt active after masking
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2414 rSpi_RISR — Raw Interrupt Status Register

This register reports the status of the SPI interrupts prior to masking.

Address: 5000 5034h (SPI1)
5000 6034h (SPI2)
5000 7034h (SPI3)
5000 8034h (SP14)
5000 9034h (SPI5)
5000 A034h (SPI6)

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

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

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

bSpi_R|[bSpi_R|bSpi_R|bSpi_T [bSpi_T
XFIR | XOIR | XUIR | XOIR | XEIR

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

Table 2.20 rSpi_RISR Register Contents

Bit Position Bit Name Function R/W
b31 to b5 Reserved Read as 0. R
b4 bSpi_RXFIR Receive FIFO Full Interrupt Status R

1’b0: iSpi_RXF_Int interrupt not active prior to masking
1’b1: iSpi_RXF_Int interrupt active prior to masking

b3 bSpi_RXOIR Receive FIFO Overflow Interrupt Status R
1’b0: iSpi_RXO_Int interrupt not active prior to masking
1’b1: iSpi_RXO_lInt interrupt active prior to masking

b2 bSpi_RXUIR Receive FIFO Underflow Interrupt Status R
1’b0: iSpi_RXU_Int interrupt not active prior to masking
1’b1: iSpi_RXU_lInt interrupt active prior to masking

b1 bSpi_TXOIR Transmit FIFO Overflow Interrupt Status R
1’b0: iSpi_TXO_Int interrupt not active prior to masking
1’b1: iSpi_TXO_Int interrupt active prior to masking

b0 bSpi_TXEIR Transmit FIFO Empty Interrupt Status R
1’b0: iSpi_TXE_Int interrupt not active prior to masking
1’b1: iSpi_TXE_Int interrupt active prior to masking
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2415 rSpi_TXOICR — Transmit FIFO Overflow Interrupt Clear Register

Address: 5000 5038h (SPI1)
5000 6038h (SPI2)
5000 7038h (SPI3)
5000 8038h (SP14)
5000 9038h (SPI5)
5000 A038h (SPI6)

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

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

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

. . . - . . . - . . . . . o _|bSpi_T
XOICR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.21 rSpi_TXOICR Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved Read as 0. R
b0 bSpi_TXOICR Clear Transmit FIFO Overflow Interrupt R
This register reflects the status of the interrupt.
A read from this register clears the iSpi_TXO_lInt interrupt, writing has no effect.
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2416 rSpi_RXOICR — Receive FIFO Overflow Interrupt Clear Register

Address: 5000 503Ch (SPI1)
5000 603Ch (SPI2)
5000 703Ch (SPI3)
5000 803Ch (SPI4)
5000 903Ch (SPI5)
5000 AO3Ch (SPI6)

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

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

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

. . . - . . . - . . . . . o __ |bSpi_R
XOICR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.22 rSpi_RXOICR Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved Read as 0. R
b0 bSpi_RXOICR Clear Receive FIFO Overflow Interrupt R
This register reflects the status of the interrupt.
A read from this register clears the iSpi_RXO_Int interrupt, writing has no effect.
RO1UH0752EJ0120 Rev.1.20 RENESAS Page 124 of 637

Dec 29, 2021



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group Section 2 SPI

2417 rSpi_RXUICR — Receive FIFO Underflow Interrupt Clear Register

Address: 5000 5040h (SPI1)
5000 6040h (SPI2)
5000 7040h (SPI3)
5000 8040h (SP14)
5000 9040h (SPI5)
5000 A040h (SPI16)

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

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

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

. . . - . . . - . . . . . o __ |bSpi_R
XUICR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.23 rSpi_RXUICR Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved Read as 0. R
b0 bSpi_RXUICR Clear Receive FIFO Underflow Interrupt R
This register reflects the status of the interrupt.
A read from this register clears the iSpi_RXU_Int interrupt, writing has no effect.
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2418 rSpi_ICR — Interrupt Clear Register
Address: 5000 5048h (SPI1)
5000 6048h (SPI2)
5000 7048h (SPI3)
5000 8048h (SPI4)
5000 9048h (SPI5)
5000 A048h (SPI6)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
. . . - . . . - . . . . . o __ |bSpi_IC
R
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.24 rSpi_ICR Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved Read as 0. R
b0 bSpi_ICR Clear Interrupts R

This register is set if any of the interrupts below are active.

A read clears the interrupts iSpi_TXO_Int, iSpi_RXU_Int and iSpi_RXO_Int interrupts.

Writing to this register has no effect.
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2.419 rSpi_DMACR — DMA Control Register

Address: 5000 504Ch (SPI1)
5000 604Ch (SPI2)
5000 704Ch (SPI3)
5000 804Ch (SPI4)
5000 904Ch (SPI5)
5000 A04Ch (SPI6)

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

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

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

. . . - . . . - . . . . . | bSpi_T|bSpi_R
DMAE | DMAE
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.25 rSpi_ DMACR Register Contents
Bit Position Bit Name Function R/W
b31 to b2 Reserved Read as 0. R
b1 bSpi_ TDMAE Transmit DMA Enable R/W

This bit enables/disables the transmit FIFO DMA channel.
0: Transmit DMA disabled
1: Transmit DMA enabled

b0 bSpi_RDMAE Receive DMA Enable R/W

This bit enables/disables the receive FIFO DMA channel
0: Receive DMA disabled
1: Receive DMA enabled
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Section 2 SPI
2420 rSpi_DMATDLR — DMA Transmit Data Level
Address: 5000 5050h (SPI1)
5000 6050h (SPI2)
5000 7050h (SPI3)
5000 8050h (SPI4)
5000 9050h (SPI5)
5000 A050h (SPI6)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — — bSpi_DMATDLR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.26 rSpi_ DMATDLR Register Contents
Bit Position Bit Name Function R/W
b31 to b4 Reserved Read as 0. R
b3 to b0 bSpi_ DMATDLR Transmit Data Level R/W

This field controls the level at which a DMA request is made by the transmit logic.
It is equal to the watermark level that is, the DMA request is generated when the

number of valid data entries in the transmit FIFO is equal to or below this field value,
and bSpi_TDMAE-= 1.

4’d0: DMA request is asserted when 0 data entries are present in the transmit

FIFO

4’d1: DMA request is asserted when 1 or less data entries are present in the
transmit FIFO

4'd14: DMA request is asserted when 14 or less data entries are present in the

transmit FIFO

4'd15: DMA request is asserted when 15 or less data entries are present in the

transmit FIFO
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2.4.21

rSpi_DMARDLR — DMA Receive Data Level

Address: 5000 5054h (SPI1)
5000 6054h (SPI2)
5000 7054h (SPI3)
5000 8054h (SPI4)
5000 9054h (SPI5)
5000 A054h (SPI6)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — — bSpi_DMARDLR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.27 rSpi_ DMARDLR Register Contents
Bit Position Bit Name Function R/W
b31 to b4 Reserved Read as 0. R
b3 to b0 bSpi_DMARDLR Receive Data Level R/W

This field controls the level at which a DMA request is made by the receive logic. The
watermark level = bSpi_ DMARDLR+1 that is, DMA request is generated when the
number of valid data entries in the receive FIFO is equal to or above this field value +

1, and bSpi_RDMAE = 1.

4’d0: DMA request is asserted when 1 or more data entries are present in the

receive FIFO

4’d1: DMA request is asserted when 2 or more data entries are present in the

receive FIFO

4'd14: DMA request is asserted when 15 or more data entries are present in the

receive FIFO

4’d15: DMA request is asserted when 16 or more data entries are present in the

receive FIFO
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2.4.22

rSpi_DR — Data Register

The SPI data register is a 16-bit read/write buffer for the transmit / receive FIFOs. When the register is read, data in the
receive FIFO buffer is accessed. When it is written to, data are moved into the transmit FIFO buffer, a write can occur
only when bSpi_SSIENR = 1. FIFOs are reset when bSpi_ SSIENR = 0.

NOTE

The rSpi_DR register in the SPI controller occupies thirty-six 32-bit locations of the memory map to facilitate AHB burst
transfers. Writing to any of these address locations has the same effect as pushing the data from the APB bus into the
transmit FIFO. Reading from any of these locations has the same effect as popping data from the receive FIFO onto the
APB bus. The FIFO buffers on the SPI controller are not addressable.
If the Data Register (DR) is accessed from an AHB master (such as a DMA controller or a processor), the AHB transfer
type may be a burst. During AHB burst transfers, the address increments after each beat of the burst.

Address: 5000 5060h (SPI1)
5000 6060h (SPI2)
5000 7060h (SPI3)
5000 8060h (SPI4)
5000 9060h (SPI5)
5000 A060h (SPI6)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bSpi_DR
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.28 rSpi_DR Register Contents
Bit Position Bit Name Function R/W
b31 to b16 Reserved Read as 0. R
b15 to b0 bSpi_DR Data Register R/W

When writing to this register, you must right-justify the data. Read data are
automatically right-justified.

Read: Receive FIFO buffer
Write: Transmit FIFO buffer

Caution)

In DMA mode, bSpi_ TDMAE and bSpi_TDMAE1 or/and bSpi_ RDMAE and

bSpi_RDMAE1 set to 1, the DMA controller must be programmed with following
parameters:

® Only one address is used for rSpi_DR register. (12’h060 for example)
The DMA is configured in 16 bits word mode only.

RO1UHO752EJ0120 Rev.1.20

Dec 29, 2021

RENESAS

Page 130 of 637



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group

Section 2 SPI

2.4.23

CAUTION

rSpi_RX_SAMPLE_DLY — RXD Sample Delay Register

This register exists in SPI Master only.

Address: 5000 50FOh (SPI1)
5000 60FOh (SPI2)
5000 70FOh (SPI3)
5000 80FOh (SP14)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — —_ — bSpi_RX_Sample_Delay
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.29 rSpi_RX_SAMPLE_DLY Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved Read as 0. R
b7 to b0 bSpi_RX_Sample_De Receive Data (SPI_MISO) Sample Delay

lay

This register is used to delay the sample of the SPI_MISO input signal. Each value

R/wW

represents a single SPI_SCLK delay on the sample of the SPI_MISO signal.

See Section 2.5.5, Data Input Sample Delay.

Note) If this register is programmed with a value that exceeds the depth of the internal
shift registers (64), a zero (0) delay will be applied to the SPI_MISO sample.
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2.4.24

Bit

Value after reset

Bit

Address:

5000 5100h (SPI1)
5000 6100h (SPI2)
5000 7100h (SPI3)
5000 8100h (SP14)
5000 9100h (SPI5)
5000 A100h (SPI6)

rSpi_TDMACR — DMA Control Register in Transmit Mode

b31 b30 b29

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

bSpi_ CURRENT DEST BLOCK_SIZE

b15 b14 b13

0 0 0 0 0 0 0 0 0

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

bSpi_DEST_BLOCK_SIZE bSpi_DEST_BU| bSpi_T

RST_SIZE |DMAE1
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.30 rSpi_TDMACR Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 Reserved Read as 0. R
b30, b29 Reserved Keep initial value R/W
b28 to b16 bSpi_ CURRENT_DE Current remaining of DEST_BLOCK_SIZE R
ST_BLOCK_SIZE This field is decremented each time the block transfer ends.
bSpi_ CURRENT_DEST_BLOCK_SIZE is reloaded with
bSpi_DEST_BLOCK_SIZE value, when the firmware:
Set “1” on bSpi_TDMAE1 (rising edge)
b15 to b3 bSpi_DEST_BLOCK_ DEST_BLOCK_SIZE R/W
SIZE Destination Block Transfer Size in Transmit FIFO.
SPI controller is the flow controller. Therefore, the user must write this field before or
at the same time the DMA mode is enabled.
The number programmed into DEST_BLOCK_SIZE indicates the total number of
single transactions to perform for each block transfer.
The size of single transaction is one 16 bits word.
Once the transfer starts, the read of bSpi_DEST_BLOCK_SIZE gives the total number
of data bytes to be written in the Transmit FIFO in order to end the block transfer.
13'd0: 0 word to transfer or end of block transfer
13'd1: 1 word to transfer
13'd2: 2 words to transfer
13'd8191: 8191 words to transfer
b2, b1 bSpi_DEST BURST_ DEST_BURST_SIZE R/W

SIZE

Destination Burst Transaction Size in Transmit FIFO.

The SPI controller is the flow controller. Therefore, the user must write this field before
or at the same time the DMA mode is enabled.

2’b00: 1 word

2'b01: 4 words

2'b10: 8 words

2'b11: Reserved, not used
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Table 2.30 rSpi_TDMACR Register Contents (2/2)

Bit Position Bit Name Function R/W

b0 bSpi_TDMAE1 Transmit DMA Enables/Disables R/W
0: Disable the DMA in Transmit mode
1: Enable the DMA in Transmit mode

The bSpi_TDMAE1 is automatically cleared by hardware to disable the DMA in
Transmit mode after the last transfer in Transmit FIFO has completed
(DEST_BLOCK_SIZE words written in Transmit FIFO)

Software can therefore poll this bit to determine when this channel is free for a new
DMA transfer.

Caution)

® Prior to enable this bit, software must enable the bSpi_ TDMAE of the rSpi_DMACR
register to enable the DMA mode. After that, the DMA mode is controlled only with
the bSpi_TDMAE1.

® |f this bit is clear during a DMA transfer, the current transfer (Burst or Single) is
finished before the stop of DMA mode. To complete the DMA Block transfer, write
the bSpi_DEST_BLOCK_SIZE with the bSpi_CURRENT_DEST_BLOCK_SIZE,
and bSpi_ DEST_BURST_SIZE with the appropriate value.
The bSpi_CURRENT_DEST_BLOCK_SIZE value will be consistent only when the
current transfer is finished.
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2.4.25

Bit

Value after reset

Bit

Address:

5000 5104h (SPI1)
5000 6104h (SPI2)
5000 7104h (SPI3)
5000 8104h (SPI4)
5000 9104h (SPI5)
5000 A104h (SPI6)

rSpi_RDMACR — DMA Control Register in Receive Mode

b31 b30 b29

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

bSpi_ CURRENT_SRC_BLOCK_SIZE

b15 b14 b13

0 0 0 0 0 0 0 0 0 0 0

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

bSpi_SRC_BLOCK_SIZE bSpi_SRC_BUR| bSpi_R

ST_SIZE DMAE1
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2.31 rSpi_RDMACR Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 Reserved Read as 0. R
b30, b29 Reserved Keep initial value R/W
b28 to b16 bSpi_CURRENT_SR Current remaining of SRC_BLOCK_SIZE R
C_BLOCK_SIZE This field is decremented each time the block transfer ends.
bSpi_ CURRENT_SRC_BLOCK_SIZE is reloaded with bSpi_SRC_BLOCK_SIZE
value, when the firmware:
Set “1” on bSpi_RDMAE1 (rising edge)
b15 to b3 bSpi_SRC_BLOCK_S SRC_BLOCK_SIZE R/W
IZE Source Block Transfer Size in Receive FIFO.
SPI controller is the flow controller.
The user must write this field before or at the same time the DMA mode is enabled.
The number programmed into SRC_BLOCK_SIZE indicates the total number of single
transactions to perform for each block transfer.
The size of single transaction is one 16 bits word.
13'd0: 0 word to transfer or end of block transfer
13'd1: 1 word to transfer
13'd2: 2 words to transfer
13'd8191: 8191 words to transfer
b2, b1 bSpi_SRC_BURST_S SRC_BURST_SIZE R/W

IZE

Source Burst Transaction Size in Receive FIFO.
The SPI controller is the flow controller.
The user must write this field before or at the same time the DMA mode is enabled.
2’'b00: 1 word
2’b01: 4 words
2’b10: 8 words
2’b11: Reserved, not used
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Table 2.31 rSpi_RDMACR Register Contents (2/2)

Bit Position Bit Name Function R/W

b0 bSpi_RDMAE1 Receive DMA Enables/Disables R/W
0: Disable the DMA in Receive mode
1: Enable the DMA in Receive mode

The bSpi_RDMAE1 is automatically cleared by hardware to disable the DMA in
Receive mode after the last transfer in Receive FIFO has completed
(SRC_BLOCK_SIZE words read in Receive FIFO)

Software can therefore poll this bit to determine when this channel is free for a new
DMA transfer.

Caution)

® Prior to enable this bit, Software must enable the bSpi_RDMAE of the
rSpi_DMACR register to enable the DMA mode. After that, the DMA mode is
controlled only with the bSpi_ RDMAE1.

® |f this bit is clear during a DMA transfer, the current transfer (Burst or Single) is
finished before the stop of DMA mode. To complete the DMA Block transfer, write
the bSpi_SRC_BLOCK_SIZE with the bSpi_ CURRENT_SRC_BLOCK_SIZE, and
bSpi_SRC_BURST_SIZE with the appropriate value.
The bSpi_ CURRENT_SRC_BLOCK_SIZE value will be consistent only when the
current transfer is finished.
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2.5 Operation

251 General description

A serial master or serial slave peripheral device connecting the SPI controller must have at least one of the following
interfaces:

® Motorola Serial Peripheral Interface

— A four-wire, full-duplex serial protocol from Motorola. There are four possible combinations for the serial clock
phase and polarity. The clock phase (bSpi_SCPH) determines whether the serial transfer begins with the falling
edge of the slave select signal or the first edge of the serial clock. The slave select line is held high when the SPI
controller is idle or disabled. For more information, refer to Section 2.5.9, Motorola Serial Peripheral
Interface.

e Texas Instruments Serial Protocol (SSP)

— A four-wire, full-duplex serial protocol. The slave select line used for SPI and Microwire protocols doubles as the
frame indicator for the SSP protocol. For more information, refer to Section 2.5.10, Texas Instruments
Synchronous Serial Protocol.

e National Semiconductor Microwire

— A half-duplex serial protocol, which uses a control word transmitted from the serial master to the target serial
slave. For more information, refer to Section 2.5.11, National Semiconductor Microwire.

You can program the bSpi_FRF (frame format) in the Control Register 0 (rSpi_ CTRLRO) to select which protocol is
used. The serial protocols supported by SPI controller allow for serial slaves to be selected or addressed using either
hardware or Software.

When implemented in hardware, serial slaves are selected under the control of dedicated hardware select lines. The
number of select lines generated from the serial master is equal to the number of serial slaves present on the bus. The
serial master device asserts the select line of the target serial slave before data transfer begins. This architecture is
illustrated in Section 2.5.2, Typical Connection between SPI Master & Slave.

When implemented in Software, the input select line of each serial slave should originate either from a single slave
select output signal on the serial master (you must configure the master to have one slave select output). The main
program in the Software domain controls selection of the target slave device, this architecture is illustrated in Section
2.5.2, Typical Connection between SPI Master & Slave. Software would use rSpi_SSIENR register in all slaves
in order to control which slave is to respond to the serial transfer request from the master device.
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2.5.2 Typical Connection between SPI Master & Slave

The SPI controller enables serial communication between serial master with serial slave peripheral devices. SPI master
initiates and controls all serial transfers.

The figure below shows an example of connection between SPI master and all other SPI slave devices. The serial clock,
generated and controlled by the SPI master is driven out on the SPI_CLK line. When the SPI controller is disabled
(bSpi_SSIENR = 0), no serial transfers can occur and SPI_CLK is held in “inactive” state, as defined by the serial
protocol under which it operates.

SPI Master SPI Slave
SPI_CLK »| SPI_CLK
SPI_MOSI »| SPI_MOSI
SPI_MISO [« Y SPI_MISO
SPI_SS_N[0] »| SPI_SS_N
SP1 Slave
» | SPI_CLK
» | SPI_MOSI
SPI_MISO
SPI_SS_N[1] »[SPI_SS N
SPI_SS_N[2]
SPI_SS_N[3]

Figure 2.3 Typical Connection between SPI Master & Slave
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253 Control Slave Select Line by Hardware or Software Mode

The SPI controller enables serial communication between serial master with serial slave peripheral devices can be
controlled in two basics modes:

¢ Select line controlled in hardware mode from serializer module
¢ Select line controlled in Software mode
See following bits in rSpi_SER registers:
¢ bSpi_CtrISS[3:0]
¢ bSpi_HardwareSS[3:0]
® bSpi_SoftwareSS[3:0]
CAUTION

o |f software slave select control bits (bSpi_SoftwareSS[3:0]) are controlled in software mode, these bits should be

toggled properly when SPI_SS_N (M) must toggle between two SPI data frames (the length of each data frame ranges
from 4 to 16 bits).

® SPI_SS_N (S) needs toggle between two SPI data frames, when frame format is Motorola SPI and bSpi_SCPH in
rSpi_CTRLRO register is 0.

SPI Master => Shift logics Control

Serializer » SPI_CLK
Control » SPI_MOSI
< SPI_MISO
g
S Ly SPI_SS_NI[3]
< :
c » SPI_SS_N[O]
]

AN 4&[&

bSpi_HardwareSs[3] | bSpi_SoftwareSS[3] | |bSpi_CtrISS[3]

bSpi_SoftwareSS[0] bSpi_CtrlSS[0]

bSpi_HardwareSS[0]

Figure 2.4 Control Slave Select Line by Hardware or Software Mode
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254 Programmable Prescaler Clock

The frequency of the SPI_SCLK (serial reference clock, 125 MHz max) must be less than or equal to the frequency of
SPI _PCLK (APB), which guarantees that control signals from the serial reference clock SPI_SCLK domain are
synchronized to the SPI PCLK domain. When SPI PCLK and SPI SCLK are asynchronous, synchronization logic
transfers control signals from one clock domain to the other.

The recommended frequency ratio restriction between the serial clock (SPI_CLK) and the serial reference clock
(SPI_SCLK) are described as:

® Master:
SPI SCLK >2 x (maximum SPI CLK out)

e Slave (receive only):
SPI SCLK > 8 x (maximum SPI CLK in)

e Slave:
SPI SCLK > 10 x (maximum SPI CLK in)

CAUTION

Actual maximum Frequency (SPI_CLK) should be set within AC spec of the SPI.
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255 Data Input Sample Delay

The SPI master includes additional logic in order to delay the default sample time of the SPI_MISO (M) signal. This
additional logic can help to increase the maximum achievable frequency on the serial bus.

Round trip routing delays on the SPI_CLK (M) signal from the master and the SPI_MISO signal from the slave can
mean that the timing of the SPI_MISO signal -as seen by the master- has moved away from the normal sampling time.

The figure below illustrates this situation.

dly=5

dly=0 ¢ diy=6 Baud-rate=4
' H :dly:7
ssuse [T LU UL oo oL
spi_cukm) | [ I e
spI_mosi(M) { M:§B X 5 X X X X

v YVY
SPI_MISO(M) { mse X X X

Routing delay
Master -> Slave

Routing delay
Slave -> Master

SPI_CLK(S) I e L e
spi_mosi(s) —  wmsB X X X X
spi_Miso(s) ———  wmsB X X X X

Sampling delay
in Slave

Figure 2.5 SPI Data Input Sample Delay

CAUTION

The reference for dly = 0 depends on the type of format. The figure above was given for a capture on the second edge of
serial clock (e.g. Motorola Format with bSpi_SCPH = 1)

The slave uses the SPI_CLK (S) signal from the master as a strobe in order to drive SPI_MISO (S) signal data onto the
serial bus. Routing and sampling delays on the SPI CLK (M) signal by the slave device can mean that the SPI MISO
has not stabilized to the correct value before the master samples this signal. The figure SPI Data Input Sample Delay
shows an example of how a routing delay on the SPI_MISO signal can result in an incorrect value at the default time
when the master samples the port.

User can dynamically program a delay value in order to move the sampling time of the SPI_MISO signal from the
default.

The sample delay logic has a resolution of one SPI_SCLK cycle. Software can “train” the serial bus by coding a loop
that continually reads from the slave and increments the master’s “Data Input Sample Delay” value until the correct
data is received by the master.
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2.5.6 Transmit & Receive FIFO & Control

The depth of both transmit and receive FIFO buffers is 16 words. The width of both transmit and receive FIFO buffers
is fixed at 16 bits. Data frames that are less than 16 bits in size must be right justified when written into the transmit
FIFO buffer. The shift control logic automatically right justifies receive data in the receive FIFO buffer.

Each data entry in the FIFO buffers contains a single data frame. It is impossible to store multiple data frames in a
single FIFO location, for example, you may not store two 8-bit data frames in a single FIFO location. If an 8-bit data
frame is required, the upper 8 bits of the FIFO entry are ignored or unused when the serial shifter transmits the data.

The transmit and receive FIFO buffers are cleared when the SPI controller is disabled (bSpi_SSIENR = 0) or when it is
reset the SPI module.

The transmit FIFO is loaded by CPU write commands to the SPI data register (rSpi_DR). Data are popped (removed)
from the transmit FIFO by the shift control logic into the transmit shift register. The transmit FIFO generates a FIFO
empty interrupt request (iISpi_ TXE Int) when the number of entries in the FIFO is less than or equal to the FIFO
threshold value.

The threshold value, set through the rSpi_ TXFTLR, determines the level of FIFO entries at which an interrupt is
generated. The threshold value allows you to provide early indication to the processor that the transmit FIFO is nearly
empty. A transmit FIFO overflow interrupt (iSpi_TXO Int) is generated if you attempt to write data into an already full
transmit FIFO.

Data are popped from the receive FIFO by APB read commands to the SPI data register (rSpi_DR). The receive FIFO is
loaded from the receive shift register by the shift control logic. The receive FIFO generates a FIFO full interrupt request
(iSpi_RXF _Int) when the number of entries in the FIFO is greater than or equal to the FIFO threshold value plus 1. The
threshold value, set through rSpi RXFTLR, determines the level of FIFO entries at which an interrupt is generated.

The threshold value allows you to provide early indication to the processor that the receive FIFO is nearly full. A
receive FIFO overflow interrupt (iSpi RXO_Int) is generated when the receive shift logic attempts to load data into a
completely full receive FIFO. However, this newly received data are lost. A receive FIFO underflow interrupt
(iSpi_RXU _Int) is generated if you attempt to read from an empty receive FIFO. This alerts the processor that the read
data are invalid.

25.7 Interruption Management

The SPI controller supports combined and individual interrupt requests, each of which can be masked. The combined
interrupt request is the OR’ed result of all other SPI interrupts after masking.

The SPI interrupts are described as follows:
¢ Transmit FIFO Empty Interrupt (iSpi TXE Int)
— Set when the transmit FIFO is equal to or below its threshold value and requires service to prevent an under run.

— The threshold value, set through a Software programmable register, determines the level of transmit FIFO entries
at which an interrupt is generated.

— This interrupt is cleared by hardware when data are written into the transmit FIFO buffer, bringing it over the
threshold level.

e Transmit FIFO Overflow Interrupt (iSpi_TXO_Int)

— Set when a CPU access attempts to write into the transmit FIFO after it has been completely filled. When set, data
written from the CPU is discarded.

— This interrupt remains set until you read the transmit FIFO overflow interrupt clear register (rSpi_ TXOICR).

e Receive FIFO Full Interrupt (iSpi RXF Int)
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— Set when the receive FIFO is equal to or above its threshold value plus 1 and requires service to prevent an
overflow.

— The threshold value, set through a Software programmable register, determines the level of receive FIFO entries at
which an interrupt is generated.

— This interrupt is cleared by hardware when data are read from the receive FIFO buffer, bringing it below the
threshold level.

e Receive FIFO Overflow Interrupt (iSpi RXO_Int)

— Set when the receive logic attempts to place data into the receive FIFO after it has been completely filled. When
set, newly received data are discarded.

— This interrupt remains set until you read the receive FIFO overflow interrupt clear register (rSpi_ RXOICR).
e Receive FIFO Underflow Interrupt (iSpi RXU_Int)

— Set when a CPU access attempts to read from the receive FIFO when it is empty.

— When set, zeros are read back from the receive FIFO.

— This interrupt remains set until you read the receive FIFO underflow interrupt clear register (rSpi_ RXUICR).
¢ Combined Interrupt Request (SPI_Int)

— OR’ed result of all the above interrupt requests after masking.

— To mask this interrupt signal, it must mask all other SPI interrupt requests.
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2.5.8 Transfer Mode

There are four possible transfer modes for performing SPI serial transactions:

e Transmit & Receive. See Section 2.5.8.1, Transmit and Receive Mode.
e Transmit only. See Section 2.5.8.2, Transmit Only Mode.

® Receive only. See Section 2.5.8.3, Receive Only Mode.

e EEPROM read. See Section 2.5.8.4, EEPROM Read Mode.

The transfer mode is set by writing bSpi_ TMOD in the Control Register 0 (rSpi_ CTRLRO).
CAUTION
® The transfer mode setting does not affect the duplex of the serial transfer.

® bSpi_TMOD is ignored for Microwire transfers, which are controlled by the rSpi_ MWCR register.

2.5.81 Transmit and Receive Mode
When bSpi_ TMOD = 2°b00, both transmit and receive logic are valid.

The data transfer occurs as normal according to the selected frame format (serial protocol). Transmit data are popped
from the transmit FIFO and sent through the SPI_MOSI line to the target device, which replies with data on the
SPI_MISO line. The receive data from the target device is moved from the receive shift register into the receive FIFO at
the end of each data frame.

2.5.8.2 Transmit Only Mode
When bSpi_ TMOD = 2’b01, the receive data are invalid and should not be stored in the receive FIFO.

The data transfer occurs as normal, according to the selected frame format (serial protocol). Transmit data are popped
from the transmit FIFO and sent through the SPI_MOSI line to the target device, which replies with data on the
SPI_MISO line. At the end of the data frame, the receive shift register does not load its newly received data into the
receive FIFO. The data in the receive shift register is overwritten by the next transfer. You should mask interrupts
originating from the receive logic when this mode is entered.

258.3 Receive Only Mode
When bSpi TMOD = 2°b10, the transmit data are invalid.

When the SPI controller is a slave, the transmit FIFO is never popped in Receive Only mode. The SPI_MISO output
remains at a constant logic level during the transmission. The data transfer occurs as normal according to the selected
frame format (serial protocol).

The receive data from the target device is moved from the receive shift register into the receive FIFO at the end of each
data frame. You should mask interrupts originating from the transmit logic when this mode is entered.
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2.5.84 EEPROM Read Mode

This transfer mode is only valid for master mode.

When bSpi_ TMOD = 2’b11, the transmit data is used to transmit an opcode and/or an address to the EEPROM device.
Typically, this takes three data frames (8-bit opcode followed by 8-bit upper address and 8-bit lower address). During
the transmission of the opcode and address, no data is captured by the receive logic (as long as the SPI master is
transmitting data on its SPI_MOSI line, data on the SPI_MISO line is ignored). The SPI master continues to transmit
data until the transmit FIFO is empty.

Therefore, you should ONLY have enough data frames in the transmit FIFO to supply the opcode and address to the
EEPROM. If more data frames are in the transmit FIFO than are needed, then read data is lost.

When the transmit FIFO becomes empty (all control information has been sent), data on the receive line (SPI_MISO) is
valid and is stored in the receive FIFO. The SPI_MOSI output is held at a constant logic level. The serial transfer
continues until the number of data frames received by the SPI master matches the value of the bSpi NDF in the

rSpi_ CTRLRI register + 1

CAUTION
o EEPROM read mode is only valid for master mode.

® EEPROM read mode is not supported when the SPI controller is configured to be in the Texas Instruments Serial
Protocol.
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259 Motorola Serial Peripheral Interface
The Motorola Serial Peripheral Interface is a serial link with four-wire, full-duplex.
There are four possible combinations for the serial clock phase and polarity:

® The clock phase (bSpi_SCPH) determines whether the serial transfer begins with the falling edge of the slave select
signal or the first edge of the serial clock. The slave select line is held high when the SPI link is idle or disabled. With
the Motorola format, the clock polarity (bSpi_SCPOL) configuration bit determines whether the inactive state of the
serial clock is high or low. To transmit data, both SPI peripherals must have identical serial clock phase
(bSpi_SCPH) and clock polarity (bSpi_SCPOL) values. The data frame can be 4 to 16 bits in length. When
bSpi_ SCPH = 0, data transmission begins on the falling edge of the slave select signal. The first data bit is captured
by the master and slave peripherals on the first edge of the serial clock, therefore, valid data must be present on the
SPI MISO and SPI MOSI lines prior to the first serial clock edge.
The figure below shows the timing diagram for a single SPI data transfer when bSpi SCPH = 0. The serial clock is
shown for bSpi_ SCPOL = 0 and bSpi_SCPOL = 1.

Motorola Mode
Serial Format Single Transfer bSpi_SCPH=0

bSPI_SCPOL=0, SPI_CLK

bSPI_SCPOL=1, SPI_CLK

spi_most  —(wmsBY X | X X X XD
spimiso —{msB X X | X X Xuse XO)

«————— 4 b
SPI_SS_N[0] -I 4 - 16 bits

Figure 2.6 Motorola Mode, Single Transfer, bSPI_SCPH =0
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e When bSpi_SCPH = 0, this SPI slave starts data transmission on the falling edge of the slave select signal, continuous
data transfers require the slave select signal to toggle before beginning the next data frame. This SPI master toggles
out select lines controlled in hardware mode between data frames, and the serial clock is held to its default value

while the slave select signal is not active.
The figure below shows the timing diagram for continuous SPI data transfer when bSpi SCPH = 0.

Motorola Mode
Serial Format Continuous Transfer bSpi_SCPH=0

bSPI_SCPOL=0, SPI_CLK

bSPI_SCPOL=1, SPI_CLK

SPI_MISO

LB\ | /msBX
SPI_SS_N[O0] |—|

Figure 2.7

Motorola Mode, Continuous Transfer, bSpi_SCPH =0

e When bSpi_ SCPH = 1, both master and slave peripherals begin transmitting data on the first serial clock edge after
the slave select line is activated. The first data bit is captured on the second (trailing) serial clock edge. Data are
propagated by the master and slave peripherals on the leading edge of the serial clock. During continuous data frame

transfers, the slave select line may be held active low until the last bit of the last frame has been captured.
The figure below shows the timing diagram for a single SPI data transfer when bSpi_ SCPH = 1.

Motorola Mode
Serial Format Single Transfer bSpi_SCPH=1

bSPI_SCPOL=0, SPI_CLK

bSPI_SCPOL=1, SPI_CLK

SPI_MOSI CXMSBX X X X XLSB }—
SPI_MISO CXMSBX X X X XLsB —

€ 4-16bits

Y
1

SPI_SS_N[O] '|

Figure 2.8 Motorola Mode, Single transfer, bSpi_SCPH = 1
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e Continuous data frames are transferred in the same way as single frames, with the MSB of the next frame following
directly after the LSB of the current frame. The slave select signal is held active for the duration of the transfer.
The figure below shows the timing diagram for continuous SPI data transfer when bSpi SCPH = 1.

Motorola Mode
Serial Format Continuous Transfer bSpi_SCPH=1

bSPI_SCPOL=0, SPI_CLK

bSPI_SCPOL=1, SPI_CLK

SPI_MISO CX'V'SB
SPI_MISO
0 s

SPI_SS_NI[0] —|

L$B X MsBX LSB

Figure 2.9 Motorola Mode, Continuous Transfer, bSpi_SCPH =1
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2510 Texas Instruments Synchronous Serial Protocol
Data transfers begin by asserting the frame indicator line SPI_SS N[O0] for one serial clock period.

Data to be transmitted are driven onto the SPI_MOSI line one serial clock cycle later, similarly data from the slave are
driven onto the SPI_MISO line. Data are propagated on the rising edge of the serial clock SPI_CLK and captured on the
falling edge. The length of the data frame ranges from 4 to 16 bits.

The figure below shows the timing diagram for a single Texas serial transfer.

Texas Mode
Serial Format Single Transfer

SPI_CLK

SPI_MOSI/MISO

Figure 2.10 Texas Mode, Single Transfer

Continuous data frames are transferred in the same way as single data frames. The frame indicator is asserted for one
clock period during the same cycle as the LSB from the current transfer, indicating that another data frame follows.
The figure below shows the timing for a continuous Texas serial transfer.

Texas Mode
Serial Format Continuous Transfer

SPI_CLK

SPI_MOSI/MISO

Figure 2.11 Texas Mode, Continuous Transfer
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2.5.11 National Semiconductor Microwire

In this mode, when the SPI controller is a master, data transmission begins with the falling edge of the slave select
signal SPI_SS NJ[0]. One-half serial clock SPI_CLK period later, the first bit of the control is sent out on the
SPI_MOSI line.

The length of the control word can be in the range 1 to 16 bits and is set by writing bSpi_CFS (bits 15:12) in
rSpi_ CTRLRO register. The remainder of the control word is transmitted (propagated on the falling edge of SPI_CLK)
by the SPI master. During this transmission, no data are present on the serial master’s SPI_MISO line.

The direction of the data word is controlled by the bSpi MDD (bit 1) in the Microwire Control Register (rSpi. MWCR)
When bSpi MDD = 0, this indicates that the SPI master receives data from the external serial slave. One clock cycle
after the LSB of the control word is transmitted, the slave peripheral responds with a dummy 0 bit, followed by the data
frame, which can be 4 to 16 bits in length. Data are propagated on the falling edge of the serial clock and captured on
the rising edge.

The slave select signal is held active low during the transfer and is de-asserted one-half clock cycle later, after the data
are transferred. The figure below shows the timing diagram for a single SPI master read from an external serial slave.

National Semiconductor Mode
Serial Format Single Transfer, Receive data

SPI_CLK l l i

<«— Control word —p

spI_mosI  —(MsB LSB ) I
——— 4-16 bits \—}
LSB ——
-

SPI_MISO

0 /MsB
SPI_SS_N[0] ] ((

Figure 2.12 National Semiconductor Mode, Single Transfer, Receive Data

| Wy
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Continuous transfers from the Microwire protocol can be sequential or non-sequential, and are controlled by the
bSpi MWMOD (bit 0) in the rSpi MWCR.

No sequential continuous transfers occur as illustrated in figure below, with the control word for the next transfer
following immediately after the LSB of the current data word.

National Semiconductor Mode
Serial Format Continuous No Sequential Transfer, Receive data

SPI_CLK [

< Control WordG

SPI_MOSI (mss Y|

< Control Word1 P

SPI_MISO

SPI_SS_N[0] '|

Figure 2.13 National Semiconductor Mode, Continuous No Sequential Transfer, Receive Data

During sequential continuous transfers, only one control word is transmitted from the SPI master. The transfer is started
in the same manner as with no sequential read operations, but the cycle is continued to read further data. The slave
device automatically increments its address pointer to the next location and continues to provide data from that location.
Any number of locations can be read in this manner, the SPI master terminates the transfer when the number of words
received is equal to the value in the rSpi CTRLR1 register plus 1.

The timing diagram in figure below and example show a continuous sequential read of two data frames from the
external slave device.

National Semiconductor Mode
Serial Format Sequential Continuous Transfer, Receive data

SPI_CLK I I |

< Control Word 0 »

SPI_MOSI (mss X | <8 ) |7
<«— Data Word0 ~—)»»<€— Data Word1 -+
SPI_MISO LSB Xmss LSB )—

\ 0 /MSB

SPI_SS_NI[0] ]

Figure 2.14 National Semiconductor Mode, Sequential Continuous Transfer, Receive Data
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When bSpi_ MDD = 1, this indicates that the SPI master transmits data to the external serial slave. Immediately after the
LSB of the control word is transmitted, the SPI master begins transmitting the data frame to the slave peripheral. The
figure below shows the timing diagram for a single serial master write to an external serial slave.

CAUTION
The SPI controller does not support continuous sequential Microwire writes, where bSpi_MDD = 1 and bSpi_ MWMOD =
1.
National Semiconductor Mode
Serial Format Single Transfer, Transmit data
SPI_CLK l | ) ) i | | | ) ) l |
<«4— Controlword —)»€¢———— Data Word) —————p
—<xj\ % s Xwse XX DX OXese)
SPI_MISO
SPI_SS_NI[0] ] / / / / [_
1 1
Figure 2.15 National Semiconductor Mode, Single Transfer, Transmit Data

Continuous transfers occur as shown in figure below, with the control word for the next transfer following immediately
after the LSB of the current data word.

National Semiconductor Mode
Serial Format No Sequential Continuous Transfer, Transmit data

< Control WordO 94— Data Word0 —)>< Control Word1 J»<€— Data Word1 +3»

SPI_MOSI  —(msB <8 XMSBX:\%XBB X iss EXBB XMSBX%%XLSB)—
s (]

SPI_SS_N[0] ]

-

Figure 2.16 National Semiconductor Mode, Continuous No Sequential Transfer, Transmit Data
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The Microwire handshaking interface can also be enabled for SPI master write operations to external serial slave
devices. To enable the handshaking interface, you must write 1 into the bSpi MWHS (bit 2) on the rSpi. MWCR
register. When bSpi MWHS is set to 1, the SPI master checks for a ready status from the slave device before
completing the transfer, or transmitting the next control word for continuous transfers.

The figure below shows an example of a continuous Microwire transfer with the handshaking interface enabled.

National Semiconductor Mode
Serial Format No Sequential Continuous Transfer, Transmit data
With Handshaking

et b liaNall) Ny l] Eal] No EEENESE

<« Control Word 0 P>« Data Word 0 ~J» <« Control Word 1 < Data Word 1 P> Start Bit

spl_most (| m-@u @ e
SPI_MISO (( ( ooy e\ —

L

SPI_SS_NI[O] ]

Figure 2.17 National Semiconductor Mode, Continuous No Sequential Transfer, Transmit Data, Handshaking

After the first data word has been transmitted to the serial slave device, the SPI master polls the SPI_MISO input
waiting for a ready status from the slave device. Upon reception of the ready status, the SPI master begins transmission
of the next control word. After transmission of the last data frame has completed, the SPI master transmits a start bit to
clear the ready status of the slave device before completing the transfer.

To transmit a control word (not followed by data) to a serial slave device from the SPI master, there must be only one
entry in the transmit FIFO buffer. It is impossible to transmit two control words in a continuous transfer, as the shift
logic in the SPI treats the second control word as a data word. When the SPI master transmits only a control word, the
bSpi MDD (bit 1 of rSpi MWCR register) must be set to 1.

RO1UHO0752EJ0120 Rev.1.20 RENESAS Page 152 of 637
Dec 29, 2021



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group Section 2 SPI

National Semiconductor Mode
Serial Format Control Word Transfer
With Handshaking

seck [ L ’ [ ] e

<4— Control Word0 —»

SPI_MOSI —( s X X X LS8 X Wsatioty—

Sp1_Miso sy /R —
L o

SPI_SS_NI[0] ]

j W

Figure 2.18 National Semiconductor Mode, Control Word Transfer, Handshaking

When the SPI controller is a slave, data transmission begins with the falling edge of the slave select signal

(SPI_SS NJ0]). One-half serial clock (SPI_CLK) period later, the first bit of the control is present on the SPI_MOSI
line. The length of the control word can be in the range of 1 to 16 bits and is set by writing bSpi_CFS in the

rSpi CTRLRO register.

The bSpi_CFS must be set to the size of the expected control word from the serial master. The remainder of the control
word is received (captured on the rising edge of SPI_CLK) by SPI slave. During this reception, no data are driven on
the serial slave’s SPI MISO line.

The direction of the data word is controlled by the bSpi MDD (bit 1) in the rSpi MWCR register. When bSpi MDD =
0, this indicates that the SPI slave is to receive data from the external serial master. Immediately after the control word
is transmitted, the serial master begins to drive the data frame onto the SPI slave SPI_ MOSI line. Data are propagated
on the falling edge of the serial clock and captured on the rising edge. The slave select signal is held active low during
the transfer and is de-asserted one-half clock cycle later after the data are transferred.

The figure below shows the timing diagram for single SPI slave read from an external serial master.

National Semiconductor Mode
Serial Format Single Transfer, Recieve data
SPI Slave Mode

SPI_CLK

SPI_MISO { |
<4— Control word —)p»€¢—————— Data WordO —_—)

spi_Mosi— M5B tse XmsBY X )(:(]/)( XLSB)O—

SPI_SS_N[O]]

Figure 2.19 National Semiconductor Mode, Single Transfer, Receive Data, SPI controller in Slave Mode
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When bSpi_ MDD = 1, this indicates that the SPI slave transmits data to the external serial master. Immediately after the
LSB of the control word is transmitted, the SPI slave transmits a dummy 0 bit, followed by the 4 to 16 bits data frame
on the SPI_MISO line.

The figure below shows the timing diagram for a single SPI slave write to an external serial master.

National Semiconductor Mode
Serial Format Single Transfer, Transmit data
SPISlave Mode

SPI_CLK |||||||'|||||

<«——— Data Word) ————p

SPI_MISO X XLSB X))
4— Control word —}
sPI_mMosI—MsBX | [LsB
SPI_SS_N[O]-l / / E‘
()

Figure 2.20 National Semiconductor Mode, Single Transfer, Transmit Data, SPI controller in Slave Mode

Continuous transfers for a SPI slave occur in the same way as those specified for the SPI master. The SPI slave does not
support the handshaking interface, as there is never a busy period.
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2.5.12 DMA Control

The SPI controller has DMA capability. It has a request interface to a DMA Controller to request and control transfers.
The APB bus is used to perform the data transfer to or from the DMA. The DMA always transfers data using DMA
burst transactions if possible, for efficiency.

CAUTION

In this mode, DMA controller must be configured in peripheral flow controller mode.

The SPI controller uses two DMA channels, one for the transmit data and one for the receive data. The SPI controller
has these DMA registers:

¢ rSpi DMACR: Control register to enable DMA operation.
¢ rSpi. TDMACR, rSpi RDMACR: Control register to:
— Configuration of DMA operation (block size & burst transaction size).
— Start & stop of DMA transfer.
¢ rSpi DMATDLR: Register to set the transmit FIFO level at which a DMA request is made.
¢ r1Spi DMARDLR: Register to set the receive FIFO level at which a DMA request is made.
To enable the DMA Controller interface on the SPI controller & Enables the transmit request interface:
e Writing a 1 into the bSpi TDMAE of rSpi DMACR register
e Writing a 1 into the bSpi TDMAEI! of rSpi TDMACR register
To enable the DMA Controller interface on the SPI controller & Enables the receive request interface:
e Writing a 1 into the bSpi RDMAE of rSpi DMACR register
e Writing a | into the bSpi RDMAEI! of rSpi RDMACR register
To configure the block size and burst transaction length:

® Programming the block size into the DEST BLOCK SIZE/SRC BLOCK SIZE field of the rSpi TDMACR &
rSpi RDMACR registers for Transmit FIFO and Receive FIFO, respectively.

® Programming the burst transaction length into the DEST BURST SIZE/SRC_BURST SIZE field of the
rSpi TDMACR & rSpi RDMACR registers for Transmit FIFO and Receive FIFO, respectively.
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2.5.121 Overview on DMA Operation

The SPI controller must be programmed by the processor with the number of data items (block size) that are to be
transmitted or received by the SPI controller. This is programmed into the DEST BLOCK_ SIZE/SRC BLOCK _SIZE
field of the rSpi TDMACR & rSpi RDMACR registers of SPI controller for Transmit FIFO and Receive FIFO,
respectively. The block is broken into a number of transactions, each initiated by a request from the SPI controller.

The DMA Controller & the SPI controller must also be programmed with the number of data byte by burst transaction
to be transferred for each DMA request. This is also known as the burst transaction length, and is programmed into:

DMA controller:

the DEST MSIZE/SRC MSIZE fields of the DMAC.CTL[n] register for Transmit FIFO and Receive FIFO,
respectively.

SPI controller:

The DEST BURST _SIZE/SRC BURST SIZE field of the rSpi TDMACR & rSpi RDMACR registers of SPI
controller for Transmit FIFO and Receive FIFO, respectively.

CAUTION
® The burst transaction size must have the same values on DMA Controller and SPI controller.

® The source and destination transfer width settings in the DMA Controller, DMAC.CTL[n].SRC_TR_WIDTH and
DMAC.CTL[n].DST_TR_WIDTH should be set to 3'b001 because the SPI FIFOs are 16 bits width.

2.5.12.2 Transmit Watermark Level and Transmit FIFO Underflow

During SPI serial transfers, transmit FIFO requests are made to the DMA controller whenever the number of entries in
the transmit FIFO is less than or equal to the DMA transmit data level register rSpi DMATDLR value, this is known as
the watermark level. The DMA responds by writing a burst of data to the transmit FIFO buffer, of length
DMAC.CTL[n].DEST MSIZE = DEST BURST SIZE.

Data should be fetched from the DMA often enough for the transmit FIFO to perform serial transfers continuously, that
is, when the FIFO begins to empty another DMA request should be triggered. Otherwise the FIFO will run out of data
(underflow). To prevent this condition, the user must set the watermark level correctly.

2.5.12.3 Choosing the Transmit Watermark Level
Consider the example where the assumption is made:

e DEST BURST SIZE = DMAC.CTL[n].DEST MSIZE =FIFO_DEPTH — bSpi DMATDLR

¢ Here the number of data items to be transferred in a DMA burst is equal to the empty space in the Transmit FIFO.
Consider two different watermark level settings:

e DEST BLOCK SIZE /DEST BURST SIZE =42/14=3

e The number of burst transactions in the DMA block transfer is 3. But the watermark level, bSpi DMATDLR, is
quite low. Therefore, the probability of an SPI underflow is high where the SPI serial transmit line needs to
transmit data, but where there is no data left in the transmit FIFO. This occurs because the DMA controller has not
had time to service the DMA request before the transmit FIFO becomes empty.

RO1UHO0752EJ0120 Rev.1.20 RENESAS Page 156 of 637
Dec 29, 2021



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group Section 2 SPI

In the figure below, the number of burst transactions needed equals the block size divided by the number of data items
per burst.

Casel: Transmit Watermark Level

FIFO_DEPTH: 16

Transmit FIFO EMPTY FIFO_DEPTH — bSpi_DMATDLR = 14
Watermark level
DMA

bSpi_DMATDLR =2 Data In Controller

Data Out ¢ FULL
SPI Transmit FIFO

FIFO_DEPTH: 16

Transmit FIFO watermark level = bSpi_DMATDLR =2

DEST_BURST_SIZE= DMAC.CTL[n].DEST_MSIZE = FIFO_DEPTH — bSpi_DMATDLR = 14 (Size of burst transaction)
DEST_BLOCK_SIZE = 42 (Block size to transfer)

Figure 2.21 SPI Case1: Transmit Watermark Level

In the second case, the number of burst transactions in Block:
e DEST BLOCK_SIZE / DEST BURST SIZE =42/2 =21

¢ In this block transfer, there are 21 destination burst transactions in a DMA block transfer. But the watermark level,
bSpi DMATDLR is very high. Therefore, the probability of an SPI underflow is low because the DMA controller
has plenty of time to service the destination burst transaction request before the SPI transmit FIFO becomes empty.

¢ Thus, the second case has a lower probability of underflow at the expense of more burst transactions per block.
This provides a potentially greater amount of request bursts per block and worse bus utilization than the former
case.

Case2: Transmit Watermark Level

Transmit FIFO
Watermark level

EMPTY t FIFO_DEPTH — bSpi_DMATDLR = 2

>

FIFO_DEPTH: 16 FULL . DMA
bSpi_DMATDLR = 14
Data In Controller

-
Data Out

SPI Transmit FIFO

FIFO_DEPTH: 16

Transmit FIFO watermark level = bSpi_DMATDLR = 14

DEST_BURST_SIZE= DMAC.CTL[n].DEST_MSIZE = FIFO_DEPTH — bSpi_DMATDLR = 2 (Size of burst transaction)
DEST_BLOCK_SIZE = 42 (Block size to transfer)

Figure 2.22 SPI Case2: Transmit Watermark Level
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Therefore, the goal in choosing a watermark level is to minimize the number of transactions per block, while at the
same time keeping the probability of an underflow condition to an acceptable level. In practice, this is a function of the
ratio of the rate at which the SPI controller transmits data to the rate at which the DMA controller can respond to
destination burst requests.

For example, promoting the channel to the highest priority channel in the DMA, and promoting the DMA master
interface to the highest priority master in the bus layer, increases the rate at which the DMA controller can respond to
burst transaction requests. This in turn allows the user to decrease the watermark level, which improves bus utilization
without compromising the probability of an underflow occurring.

2.5.12.4 Selecting DEST_MSIZE and Transmit FIFO Overflow
It may cause underflow when there is not enough space in the SPI transmit FIFO to service the destination burst request.
Therefore, for optimal operation, we must configure:

¢ DMAC.CTL[n].DEST MSIZE = DEST BURST SIZE =4

e Set bSpi DMATDLR =8

or

e DMAC.CTL[n].DEST _MSIZE = DEST _BURST SIZE = 8

e Set bSpi DMATDLR = 8

2.5.12.5 Receive Watermark Level and Receive FIFO Overflow

During SPI serial transfers, receive FIFO requests are made to the DMA controller whenever the number of entries in
the receive FIFO is at or above the DMA Receive Data Level Register; that is bSpi DMARDLR+I.

This is known as the watermark level. The DMA controller responds by reading a burst of data to the receive FIFO
buffer of length SRC_ BURST SIZE = DMAC.CTL[n].SRC_MSIZE.

Data should be fetched by the DMA often enough for the receive FIFO to accept serial transfers continuously; that is,
when the FIFO begins to fill, another DMA transfer is requested. Otherwise, the FIFO will fill with data (overflow). To
prevent this condition, the user must correctly set the watermark level.
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25.12.6 Choosing the Receive Watermark Level

Similar to choosing the transmit watermark level described earlier, the receive watermark level, bSpi DMARDLR+1,
should be set to minimize the probability of overflow, as shown in figure below.

It is a tradeoff between the number of DMA burst transactions required per block versus the probability of an overflow

occurring.
Case3: Receive Watermark Level
EMPTY
Receive FIFO OMA
Wat k level
arermaricieve Data Out > Controller
FULL
e bSpi_DMARDLR+1
DataIn
SPI Receive FIFO

Figure 2.23 SPI Case3: Receive Watermark Level
2.512.7 Selecting SRC_MSIZE and Receive FIFO Underflow
It may cause underflow when there is not enough data to service the source burst request.
Therefore, for optimal operation, we must configure:

¢ DMAC.CTL[n].SRC_MSIZE = SRC BURST SIZE =4

e Set bSpi DMARDLR =3

or

¢ DMAC.CTL[n].SRC_MSIZE = SRC_BURST SIZE =8

e Set bSpi DMARDLR =7
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2.6 Usage Notes

2.6.1 Programming Consideration
CAUTION

® The BUSY status is not set when the data are written into the transmit FIFO. This bit gets set only when the target
slave has been selected and the transfer is underway.

e After writing data into the transmit FIFO, the shift logic does not begin the serial transfer until a positive edge of the
SPI_CLK signal is present. The delay in waiting for this positive edge depends on the baud rate of the serial transfer.

e Before polling the BUSY status, you should first poll the bSpi_TFE status (waiting for 1) or wait for rSpi_ BAUDR x
SPI_PCLK clock cycles.

® By polling the BUSY status (rSpi_SR.bSpi_BUSY), it is possible to determine when the serial transfer has completed.

2.6.1.1 Programming Master SPI in Motorola & Texas Mode

The sections Motorola Serial Peripheral Interface and Texas Instruments Synchronous Serial Protocol describe serial
protocols, respectively. They include timing diagrams and provide information as to how data are structured in the
transmit and receive the FIFOs before and after the serial transfer.

When the transfer mode is Transmit and Receive Mode or Transmit Only Mode (bSpi_TMOD = 2’b00 or bSpi_ TMOD
=2’b01, respectively), transfers are terminated by the shift control logic when the transmit FIFO is empty.

For continuous data transfers, you must ensure that the transmit FIFO buffer does not become empty before all the data
have been transmitted. The transmit FIFO threshold level (rSpi_ TXFTLR) is used to early interrupt (iSpi_TXE _Int) the
processor indicating that the transmit FIFO buffer is nearly empty. When a DMA is used for APB accesses, the transmit
data level (rSpi DMATDLR) can be used to early request the DMA Controller, indicating that the transmit FIFO is
nearly empty. The FIFO can then be refilled with data to continue the serial transfer. The user may also write a block of
data (at least two FIFO entries) into the transmit FIFO before enabling a serial slave by bSpi HardwareSS. This ensures
that serial transmission does not begin until the number of data frames that make up the continuous transfer are present
in the transmit FIFO.

When the transfer mode is Receive Only Mode (bSpi_ TMOD = 2°b10), a serial transfer is started by writing one
“dummy” data word into the transmit FIFO when a serial slave is selected. The SPI_ MOSI output from the SPI is held
at a constant logic level for the duration of the serial transfer. The transmit FIFO is popped only once at the beginning
and may remain empty for the duration of the serial transfer. The end of the serial transfer is controlled by the “number
of data frames” (bSpi_NDF) field in the Control Register 1 (rSpi CTRLR1)

If, for example, you want to receive 24 data frames from a serial slave peripheral, you should program the bSpi NDF
field with the value 23, the receive logic terminates the serial transfer when the number of frames received is equal to
the bSpi NDF value + 1. This transfer mode increases the bandwidth of the APB bus as the transmit FIFO never needs
to be serviced during the transfer. The receive FIFO buffer should be read each time the receive FIFO generates a FIFO
full interrupt request to prevent an overflow.

When the transfer mode is EEPROM Read Mode (bSpi TMOD = 2’b11), a serial transfer is started by writing the
opcode and/or address into the transmit FIFO when a serial slave (EEPROM) is selected. The opcode and address are
transmitted to the EEPROM device, after which read data is received from the EEPROM device and stored in the
receive FIFO. The end of the serial transfer is controlled by the bSpi_ NDF in the Control Register 1 (rSpi_CTRLR1).
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CAUTION

EEPROM read mode is not supported when the SPI controller is configured to be in the Texas mode.

The receive FIFO threshold level (rSpi_ RXFTLR) can be used to give early indication that the receive FIFO is nearly
full. When a DMA is used for APB accesses, the receive data level (bSpi DMARDLR) can be used to early request the
DMA Controller, indicating that the receive FIFO is nearly full.

A typical Software flow for completing a serial transfer from the SPI master is outlined as follows:
1. If the SPI controller is enabled, disable it by writing 0 to the SPI Enable (bSpi_SSIENR).
2. Set up the SPI control registers for the transfer; these registers can be set in any order.

— Write Control Register 0 (rSpi_ CTRLRO)
(For Motorola transfers, the serial clock polarity and serial clock phase parameters must be set identical to target
slave device.)

— If the transfer mode is Receive Only Mode, write Control Register 1 (rSpi_ CTRLR1) with the number of frames
in the transfer minus 1. For example, if you want to receive four data frames, write this register with 3.

— Write rSpi BAUDR
To set the baud rate for the transfer.

— Write rSpi_ TXFTLR and rSpi_ RXFTLR registers
To set FIFO threshold levels.

— Write rSpi_IMR register
To set up interrupt masks.

— You can write rSpi_SER register
Can be written here to enable the target slave for selection. If a slave is enabled here, the transfer begins as soon
as one valid data entry is present in the transmit FIFO. If no slaves are enabled prior to writing to the Data
Register (bSpi_DR), the transfer does not begin until a slave is enabled.

3. Enable the SPI controller by writing 1 to the bSpi SSIENR
4.  Write data for transmission to the target slave into the transmit FIFO (write rSpi_DR).
— If no slaves were enabled in the rSpi_SER register at this point, enable it now to begin the transfer.

5. Poll the bSpi_BUSY status to wait for completion of the transfer. The bSpi BUSY status cannot be polled
immediately, for more information, see Section 2.6.1, Programming Consideration.

— If a transmit FIFO empty interrupt request is made, write the transmit FIFO (write rSpi_DR).
— If a receive FIFO full interrupt request is made, read the receive FIFO (read rSpi_DR).
6. The transfer is stopped by the shift control logic when the transmit FIFO is empty.

— If the transfer mode is Receive Only Mode (bSpi_ TMOD = 2°b10), the transfer is stopped by the shift control
logic when the specified number of frames have been received.

— When the transfer is done, the BUSY status is reset to 0.
7.  If the transfer mode is not Transmit Only Mode (bSpi_TMOD !=2"b01), read the receive FIFO until it is empty.
8. Disable the SPI controller by writing 0 to bSpi SSIENR.

The figure below shows a typical Software flow for starting a SPI master Motorola & Texas mode transfer. The
diagram also shows the hardware flow inside the serial master component.
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2.6.1.2 Programming Master SPI in National Semiconductor Mode

National Semiconductor Microwire describes the Microwire serial protocol in detail, including timing diagrams and
explaining how data are structured in the transmit and receive FIFOs before and after a serial transfer. Microwire serial
transfers from the SPI master are controlled by the Microwire Control Register (rSpi MWCR). The bSpi. MWHS
enables and disables the Microwire handshaking interface. The bSpi_ MDD controls the direction of the data frame (the
control frame is always transmitted by the master and received by the slave). The bSpi MWMOD defines whether the
transfer is sequential or non-sequential.

All Microwire transfers are started by the SPI master when there is at least one control word in the transmit FIFO and a
slave is enabled. When the SPI master transmits the data frame (bSpi_ MDD = 1), the transfer is terminated by the shift
logic when the transmit FIFO is empty.

When the SPI master receives the data frame (bSpi MDD = 0), the termination of the transfer depends on the setting of
the bSpi MWMOD. If the transfer is non-sequential (bSpi MWMOD = 0), it is terminated when the transmit FIFO is
empty after shifting in the data frame from the slave. When the transfer is sequential (bSpi MWMOD = 1), it is
terminated by the shift logic when the number of data frames received is equal to the value in the rSpi CTRLR1
register + 1.

When the handshaking interface on the SPI master is enabled (bSpi MWHS = 1), the status of the target slave is polled
after transmission. Only when the slave reports a ready status does the SPI master complete the transfer and clear its
BUSY status. If the transfer is continuous, the next control/data frame is not sent until the slave device returns a ready
status.

A typical Software flow for completing a Microwire serial transfer from the SPI master is outlined as follows:
1. If the SPI controller is enabled, disable it by writing 0 to bSpi_ SSIENR.
2. Set up the SPI control registers for the transfer. These registers can be set in any order.

— Write rSpi_CTRLRO to set transfer parameters.
If the transfer is sequential and the SPI master receives data, write rfSpi CTRLR1 with the number of frames in
the transfer minus 1; for instance, if you want to receive four data frames, write this register with 3.

— Write rSpi BAUDR
To set the baud rate for the transfer.

— Write rSpi_ TXFTLR and rSpi RXFTLR registers
To set FIFO threshold levels.

— Write rSpi_IMR register
To set up interrupt masks.

= You can write rSpi_SER register
To enable the target slave for selection. If a slave is enabled here, the transfer begins as soon as one valid data
entry is present in the transmit FIFO. If no slaves are enabled prior to writing to the rSpi_DR register, the
transfer does not begin until a slave is enabled.

3. Enable the SPI controller by writing 1 to the bSpi SSIENR register.

4. If the SPI master transmits data, write the control and data words into the transmit FIFO (write rSpi_DR).
— If the SPI master receives data, write the control word(s) into the transmit FIFO.
— If no slaves were enabled in the rSpi_SER register at this point, enable now to begin the transfer.

5. Poll the bSpi_BUSY status to wait for completion of the transfer. The bSpi_ BUSY status cannot be polled
immediately, for more information, see Section 2.6.1, Programming Consideration.

— If a transmit FIFO empty interrupt request is made, write the transmit FIFO (write rSpi_DR).
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— If a receive FIFO full interrupt request is made, read the receive FIFO (read rSpi_DR).

6. The transfer is stopped by the shift control logic when the transmit FIFO is empty. If the transfer mode is
sequential and the SPI master receives data, the transfer is stopped by the shift control logic when the specified
number of data frames is received. When the transfer is done, the BUSY status is reset to 0.

7.  If the SPI master receives data, read the receive FIFO until it is empty.

8. Disable the SPI controller by writing 0 to bSpi SSIENR.

The figure below shows a typical Software flow for starting a SPI master Nation Semiconductor Microwire serial
transfer. The diagram also shows the hardware flow inside the serial master component.
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2.6.1.3 Programming Slave SPI in Motorola & Texas Mode

The sections Motorola Serial Peripheral Interface and Texas Instruments Synchronous Serial Protocol describe serial
protocols, respectively. The sections also provide timing diagrams and information on how data are structured in the
transmit and receive FIFOs before and after the serial transfer.

If the SPI slave is Receive Only Mode (bSpi TMOD = 10), the transmit FIFO need not contain valid data because the
data currently in the transmit shift register is resent each time the slave device is selected. You should mask the transmit
FIFO empty interrupt when this mode is used.

If the SPI slave transmits data to the master, you must ensure that data exists in the transmit FIFO before a transfer is
initiated by the serial master device. If the master initiates a transfer to the SPI slave when no data exists in the transmit
FIFO, an error flag (bSpi_TXE) is set in the SPI status register, and the previously transmitted data frame is resent on
SPI_MISO.

For continuous data transfers, you must ensure that the transmit FIFO buffer does not become empty before all the data
have been transmitted. The transmit FIFO threshold level register (rSpi_ TXFTLR) can be used to early interrupt
(iSpi_TXE Int) the processor, indicating that the transmit FIFO buffer is nearly empty.

When a DMA Controller is used for APB accesses, the DMA transmit data level register (rfSpi DMATDLR) can be
used to early request the DMA Controller, indicating that the transmit FIFO is nearly empty. The FIFO can then be

refilled with data to continue the serial transfer. The receive FIFO buffer should be read each time the receive FIFO
generates a FIFO full interrupt request to prevent an overflow. The receive FIFO threshold level register

(rSpi_ RXFTLR) can be used to give early indication that the receive FIFO is nearly full.

When a DMA Controller is used for APB accesses, the DMA receive data level register (rfSpi DMARDLR) can be used
to early request the DMA controller, indicating that the receive FIFO is nearly full.

A typical Software flow for completing a continuous serial transfer from a serial master to the SPI slave is described as
follows:

1. If the SPI controller is enabled, disable it by writing 0 to bSpi_ SSIENR.
2. Set up the SPI control registers for the transfer. These registers can be set in any order.

— Write rSpi_ CTRLRO
For SPI transfers bSpi_SCPH and bSpi_SCPOL must be set identical to the master device.

— Write rSpi_ TXFTLR and rSpi RXFTLR registers
To set FIFO threshold levels.

— Write rSpi_IMR register
To set up interrupt masks.

3. Enable the SPI controller by writing 1 to the bSpi_SSIENR register.

4. If the transfer mode is Transmit and Receive Mode (bSpi_TMOD = 2°b00) or Transmit Only Mode (bSpi_TMOD
=2’b01), write data for transmission to the master into the transmit FIFO (Write rSpi_DR). If the transfer mode is
Receive Only Mode (bSpi_ TMOD = 2’b10), there is no need to write data into the transmit FIFO; the current
value in the transmit shift register is retransmitted.

5. The SPI slave is now ready for the serial transfer. The transfer begins when the SPI slave is selected by a serial
master device.

6.  When the transfer is underway, the bSpi_BUSY status can be polled to return the transfer status.
— If a transmit FIFO empty interrupt request is made, write the transmit FIFO (write rSpi_DR).

— If a receive FIFO full interrupt request is made, read the receive FIFO (read rSpi_DR).
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7. The transfer ends when the serial master removes the select input to the SPI slave.

— When the transfer is completed, the bSpi BUSY status is reset to 0.
8.  If the transfer mode is not Transmit Only Mode (bSpi_ TMOD != 2’b01), read the receive FIFO until empty.
9. Disable the SPI controller by writing 0 to bSpi_ SSIENR.

The figure below shows a typical Software flow for a SPI slave Motorola & Texas mode serial transfer. The diagram
also shows the hardware flow inside the serial- slave component.
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Figure 2.26 SPI Controller in Slave Mode, Motorola & Texas Mode
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26.1.4 Programming Slave SPI in National Semiconductor Mode

National Semiconductor Microwire describes the Microwire serial protocol in detail, including timing diagrams and
information on how data are structured in the transmit and receive FIFOs before and after a serial transfer.

When SPI slave, the Microwire protocol operates in much the same way as the SPI protocol. There is no decode of the
control frame by SPI slave device.

See Figure 2.26, SPI Controller in Slave Mode, Motorola & Texas Mode.
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Section 3 12C

Portions Copyright © 2014 Synopsys.

registered trademarks of Synopsys.

3.1 Overview
® 2 units

® Two speeds:

— Standard mode (0 to 100 kb/s)

— Fast mode (up to 400 kb/s)

e Separate 8§x8bits transmit and 8x8bits receive FIFOs

e Master or slave 12C operation

® 7- or 10-bit addressing

e 7- or 10-bit combined format transfers

e Bulk transmit mode

e Transmit and receive buffers

¢ Interrupt or polled mode operation

® Programmable SDA hold time (tup;paT)

e Serial reference clock

— Programmable frequency up to 83.33 MHz

— 12C1 and 12C2 share a same programmable integer divider

The figure below shows the interfaces of both 12C modules and its connections to other blocks.

Used with permission. All rights reserved. Synopsys & DesignWare are

12C[m] (m=1or2)
_____________ -i |_ ~ 7 T Master/Slave ||
| State machine || ~ —
| | ] T 5
| ) =
';X F'F‘bJ I2cm]_scL | 2 2 3
Network 2 wx8 - : j : g g «
. Shift Logic ) P o i
On _<Q Registers T Control [g[12C[m]_SDA £ %— = S
. S TX FIFO I z £ :
Chip 8w x 8b I = S ™
— | ° o ®
| ©]
Control | : Clock |
: | generator |
Bus Clock domain | | External clock domain :
Figure 3.1 12C Interfaces and Connections
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3.2 Signal Interfaces

Signal Name ‘ Input Output | Description

Clock

12C[m]_PCLK Input Internal bus clock (APB)

12C[m]_SCLK Input Serial reference clock

Interrupt

12C[m]_Int Output Level sensitive interrupt output, Active High
External Signal

12C[m]_SCL 1/0 Serial clock (SCL)

12C[m]_SDA 110 Serial data (SDA)

Note: m=1or2.
Index removed style is mainly used in this chapter.
Ex) 12C_PCLK

RO1UHO0752EJ0120 Rev.1.20 RENESAS Page 169 of 637
Dec 29, 2021



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group

Section 3 12C

3.3 Register Map

3.3.1 12C1 Register Map

Table 3.1 12C1 Register Map

Address Register Symbol Register Name

4006 3000h IC_CON I12C Control Register

4006 3004h IC_TAR 12C Target Address Register

4006 3008h IC_SAR 12C Slave Address Register

4006 3010h IC_DATA_CMD 12C Rx/Tx Data Buffer and Command Register
4006 3014h IC_SS_SCL_HCNT Standard mode 12C Clock SCL High Count Register
4006 3018h IC_SS_SCL_LCNT Standard mode 12C Clock SCL Low Count Register
4006 301Ch IC_FS_SCL_HCNT Fast mode 12C Clock SCL High Count Register
4006 3020h IC_FS_SCL_LCNT Fast mode 12C Clock SCL Low Count Register
4006 302Ch IC_INTR_STAT 12C Interrupt Status Register

4006 3030h IC_INTR_MASK 12C Interrupt Mask Register

4006 3034h IC_RAW_INTR_STAT 12C Raw Interrupt Status Register

4006 3038h IC_RX_TL 12C Receive FIFO Threshold Register

4006 303Ch IC_TX_TL 12C Transmit FIFO Threshold Register

4006 3040h IC_CLR_INTR Clear Combined and Individual Interrupt Register
4006 3044h IC_CLR_RX_UNDER Clear RX_UNDER Interrupt Register

4006 3048h IC_CLR_RX_OVER Clear RX_OVER Interrupt Register

4006 304Ch IC_CLR_TX_OVER Clear TX_OVER Interrupt Register

4006 3050h IC_CLR_RD_REQ Clear RD_REQ Interrupt Register

4006 3054h IC_CLR_TX_ABRT Clear TX_ABRT Interrupt Register

4006 3058h IC_CLR_RX_DONE Clear RX_DONE Interrupt Register

4006 305Ch IC_CLR_ACTIVITY Clear ACTIVITY Interrupt Register

4006 3060h IC_CLR_STOP_DET Clear STOP_DET Interrupt Register

4006 3064h IC_CLR_START_DET Clear START_DET Interrupt Register

4006 3068h IC_CLR_GEN_CALL Clear GEN_CALL Interrupt Register

4006 306Ch IC_ENABLE 12C Enable Register

4006 3070h IC_STATUS I12C Status Register

4006 3074h IC_TXFLR 12C Transmit FIFO Level Register

4006 3078h IC_RXFLR 12C Receive FIFO Level Register

4006 307Ch IC_SDA_HOLD I12C SDA Hold Time Length Register

4006 3080h IC_TX_ABRT_SOURCE I12C Transmit Abort Source Register

4006 3084h IC_SLV_DATA _NACK_ONLY Generate Slave Data NACK Register

4006 3094h IC_SDA_SETUP I12C SDA Setup Register

4006 3098h IC_ACK_GENERAL_CALL I12C ACK General Call Register

4006 309Ch IC_ENABLE_STATUS I12C Enable Status Register

4006 30A0h IC_FS_SPKLEN 12C Sm, Fm Spike Suppression Limit

4006 30A8h IC_CLR_RESTART_DET Clear RESTART_DET Interrupt Register

4006 30F4h IC_COMP_PARAM_1 Component Parameter Register 1
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3.3.2 12C2 Register Map

Table 3.2 12C2 Register Map

Address Register Symbol Register Name

4006 4000h IC_CON 12C Control Register

4006 4004h IC_TAR I12C Target Address Register

4006 4008h IC_SAR 12C Slave Address Register

4006 4010h IC_DATA_CMD I12C Rx/Tx Data Buffer and Command Register
4006 4014h IC_SS_SCL_HCNT Standard mode 12C Clock SCL High Count Register
4006 4018h IC_SS_SCL_LCNT Standard mode 12C Clock SCL Low Count Register
4006 401Ch IC_FS_SCL_HCNT Fast mode 12C Clock SCL High Count Register
4006 4020h IC_FS_SCL_LCNT Fast mode 12C Clock SCL Low Count Register
4006 402Ch IC_INTR_STAT 12C Interrupt Status Register

4006 4030h IC_INTR_MASK 12C Interrupt Mask Register

4006 4034h IC_RAW_INTR_STAT 12C Raw Interrupt Status Register

4006 4038h IC_RX_TL 12C Receive FIFO Threshold Register

4006 403Ch IC_TX_TL 12C Transmit FIFO Threshold Register

4006 4040h IC_CLR_INTR Clear Combined and Individual Interrupt Register
4006 4044h IC_CLR_RX_UNDER Clear RX_UNDER Interrupt Register

4006 4048h IC_CLR_RX_OVER Clear RX_OVER Interrupt Register

4006 404Ch IC_CLR_TX_OVER Clear TX_OVER Interrupt Register

4006 4050h IC_CLR_RD_REQ Clear RD_REQ Interrupt Register

4006 4054h IC_CLR_TX_ABRT Clear TX_ABRT Interrupt Register

4006 4058h IC_CLR_RX_DONE Clear RX_DONE Interrupt Register

4006 405Ch IC_CLR_ACTIVITY Clear ACTIVITY Interrupt Register

4006 4060h IC_CLR_STOP_DET Clear STOP_DET Interrupt Register

4006 4064h IC_CLR_START_DET Clear START_DET Interrupt Register

4006 4068h IC_CLR_GEN_CALL Clear GEN_CALL Interrupt Register

4006 406Ch IC_ENABLE I12C Enable Register

4006 4070h IC_STATUS I12C Status Register

4006 4074h IC_TXFLR 12C Transmit FIFO Level Register

4006 4078h IC_RXFLR 12C Receive FIFO Level Register

4006 407Ch IC_SDA_HOLD I12C SDA Hold Time Length Register

4006 4080h IC_TX_ABRT_SOURCE 12C Transmit Abort Source Register

4006 4084h IC_SLV_DATA _NACK_ONLY Generate Slave Data NACK Register

4006 4094h IC_SDA_SETUP I12C SDA Setup Register

4006 4098h IC_ACK_GENERAL_CALL I12C ACK General Call Register

4006 409Ch IC_ENABLE_STATUS I12C Enable Status Register

4006 40A0h IC_FS_SPKLEN 12C Sm, Fm Spike Suppression Limit

4006 40A8h IC_CLR_RESTART_DET Clear RESTART_DET Interrupt Register

4006 40F4h IC_COMP_PARAM_1 Component Parameter Register 1
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3.4 Register Description

3.41 IC_CON — 12C Control Register

Address: 4006 3000h (12C1)
4006 4000h (12C2)

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

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
RX_FIF STOP. IC_10BIT|IC_10BI
0 FUL|TXEMIpeT [F(IC_SLAIIC_RES| 5he I TADDR MASTE
— — — — — — - PTY_C —|VE_DIS| TART SPEED R_MOD
L_HLD_| TRL ADDRE ABLE EN ASTER r|_SLAV “E
CTRL SSED d_only E
Value after reset 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 1
Table 3.3 IC_CON Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 to b10 Reserved R
b9 RX_FIFO_FULL_HLD This bit controls whether the 12C controller should hold the bus when the Rx FIFO is R/W
_CTRL physically full to its RX_BUFFER_DEPTH (depth = 8).
0: Disable bus hold
1: Enable bus hold
b8 TX_EMPTY_CTRL This bit controls the generation of the TX_EMPTY interrupt, as described in the R/W
IC_RAW_INTR_STAT register.
b7 STOP_DET_IFADDR In slave mode: R/W
ESSED 1: Issues the STOP_DET interrupt only when it is addressed.
0: Issues the STOP_DET irrespective of whether it's addressed or not.
Note) During a general call address, this slave does not issue the STOP_DET
interrupt if STOP_DET_IF_ADDRESSED = 1’b1, even if the slave responds to
the general call address by generating ACK.
The STOP_DET interrupt is generated only when the transmitted address
matches the slave address (SAR).
b6 IC_SLAVE_DISABLE This bit controls whether I2C controller has its slave disabled. R/W
If this bit is set (slave is disabled), the 12C controller functions only as a master and
does not perform any action that requires a slave.
0: Slave is enabled
1: Slave is disabled
The slave disabled after reset is applied.
Note) Software should ensure that if this bit is written with 0, then bit 0 should also be
written with a 0.
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Table 3.3 IC_CON Register Contents (2/2)
Bit Position Bit Name Function R/W
b5 IC_RESTART_EN Determines whether RESTART conditions may be sent when acting as a master. R/W

Some older slaves do not support handling RESTART conditions; however, RESTART
conditions are used in several 12C controller operations.

0: Disable
1: Enable

When RESTART is disabled, the master is prohibited from performing the following
functions:

® Change direction within a transfer (split)

® Send a START BYTE

® Combined format transfers in 7-bit addressing modes
® Read operation with a 10-bit address

® Send multiple bytes per transfer

By replacing RESTART condition followed by a STOP and a subsequent START
condition, split operations are broken down into multiple 12C controller transfers. If the
above operations are performed, it will result in setting bit 6 (TX_ABRT) of the
IC_RAW_INTR_STAT register.

b4 IC_10BITADDR_MAS Read only bit showing the bit addressing mode: the function of this bit is handled by bit R
TER_rd_only 12 of IC_TAR register
0: 7-bit addressing
1: 10-bit addressing
b3 IC_10BITADDR_SLA When acting as a slave, this bit controls whether the 12C controller responds to 7- or R/W
VE 10-bit addresses.

0: 7-bit addressing. The 12C controller ignores transactions that involve 10-bit
addressing; for 7-bit addressing, only the lower 7 bits of the IC_SAR register are
compared.

1: 10-bit addressing. The 12C controller responds to only 10-bit addressing
transfers that match the full 10 bits of the IC_SAR register.

b2, b1 SPEED These bits control at which speed the 12C controller operates; its setting is relevant R/W
only if one is operating the 12C controller in master mode. Hardware protects against
illegal values being programmed by software.

1: Standard mode (<100 kb/s)
2: Fast mode (<400 kb/s)

b0 MASTER_MODE This bit controls whether the 12C controller master is enabled. R/W
0: Master disabled
1: Master enabled

Note) Software should ensure that if this bit is written with “1” then bit 6 should also
be written with a “1”.
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3.4.2 IC_TAR — I12C Target Address Register
All bits can be dynamically updated as long as any set of the following conditions are true:
12C controller is not enabled (IC_ENABLEJ[0] is set to 0);

or

12C controller is enabled (IC_ ENABLE[0]=1);
AND

12C controller is not engaged in any Master (tx, rx) operation (IC_STATUS[5]=0);
AND

12C controller is enabled to operate in Master mode (IC_CON[0]=1);
AND

there are NO entries in the TX FIFO (IC_STATUS|[2]=1)

Address: 4006 3004h (12C1)
4006 4004h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
IC_10BIT GC_OR
— — — |ADDR.M SP'IE_C'A _STAR IC_TAR
ASTER T
Value after reset X X X 1 0 0 0 0 0 1 0 1 0 1 0 1
Table 3.4 IC_TAR Register Contents
Bit Position Bit Name Function R/W
b31 to b13 Reserved R
b12 IC_10BITADDR_MAS This bit controls whether the 12C controller starts its transfers in 7- or 10-bit addressing R/W
TER mode when acting as a master.
0: 7-bit addressing
1: 10-bit addressing
b11 SPECIAL This bit indicates whether software performs a General Call or START BYTE R/W

command.
0: Ignore bit 10 GC_OR_START and use IC_TAR normally
1: Perform special 12C command as specified in GC_OR_START bit
b10 GC_OR_START If bit 11 (SPECIAL) is set to 1, then this bit indicates whether a General Call or START R/W
byte command is to be performed by the 12C controller.

0: General Call Address after issuing a General Call, only writes may be
performed. Attempting to issue a read command results in setting bit 6
(TX_ABRT) of the IC_RAW_INTR_STAT register. The 12C controller remains in
General Call mode until the SPECIAL bit value (bit 11) is cleared.

1: START BYTE

b9 to b0 IC_TAR This is the target address for any master transaction. When transmitting a General R/W

Call, these bits are ignored. To generate a START BYTE, the CPU needs to write only
once into these bits.

If the IC_TAR and IC_SAR are the same, loopback exists but the FIFOs are shared
between master and slave, so full loopback is not feasible. Only one direction

loopback mode is supported (simplex), not duplex. A master cannot transmit to itself; it
can transmit to only a slave.
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3.4.3 IC_SAR — I2C Slave Address Register
Address: 4006 3008h (12C1)
4006 4008h (12C2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — IC_SAR
Value after reset X X X X X X 0 0 0 1 0 1 0 1 0 1
Table 3.5 IC_SAR Register Contents
Bit Position Bit Name Function R/W
b31 to b10 Reserved R
b9 to b0 IC_SAR The IC_SAR holds the slave address when the 12C controller is operating as a slave. R/W
For 7-bit addressing, only IC_SAR[6:0] is used.

This register can be written only when the 12C interface is disabled, which

corresponds to the IC_ENABLE[0] register being set to 0. Writes at other times have

no effect.

Note) This value cannot be any of the reserved address locations: that is, 0x00 to

0x07, or 0x78 to Ox7f. The correct operation of the device is not guaranteed if
you program the IC_SAR or IC_TAR to a reserved value.
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344 IC_DATA_CMD — 12C Rx/Tx Data Buffer and Command Register

This is the register the CPU writes to when filling the TX FIFO and the CPU reads from when retrieving bytes from RX
FIFO

Address: 4006 3010h (12C1)
4006 4010h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
RESTA
— — — — — RT STOP | CMD DAT
Value after reset X X X X X 0 0 0 0 0 0 0 0 0 0 0
Table 3.6 IC_DATA_CMD Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 to b11 Reserved R
b10 RESTART This bit controls whether a RESTART is issued before the byte is sent or received. w

1: If IC_RESTART_EN is 1, a RESTART is issued before the data is sent/received
(according to the value of CMD), regardless of whether or not the transfer
direction is changing from the previous command; if IC_RESTART_ENis 0, a
STOP followed by a START is issued instead.

0: If IC_RESTART_EN is 1, a RESTART is issued only if the transfer direction is
changing from the previous command; if IC_RESTART_EN is 0, a STOP
followed by a START is issued instead.

b9 STOP This bit controls whether a STOP is issued after the byte is sent or received. w

1: STOP is issued after this byte, regardless of whether or not the Tx FIFO is
empty. If the Tx FIFO is not empty, the master immediately tries to start a new
transfer by issuing a START and arbitrating for the bus.

0: STOP is not issued after this byte, regardless of whether or not the Tx FIFO is
empty. If the Tx FIFO is not empty, the master continues the current transfer by
sending/receiving data bytes according to the value of the CMD bit. If the Tx
FIFO is empty, the master holds the SCL line low and stalls the bus until a new
command is available in the Tx FIFO.

b8 CMD This bit controls whether a read or a write is performed. W
This bit does not control the direction when the 12C controller acts as a slave. It
controls only the direction when it acts as a master.

1: Read

0: Write
When a command is entered in the TX FIFO, this bit distinguishes the write and read
commands. In slave-receiver mode, this bit is a “don’t care” because writes to this
register are not required. In slave-transmitter mode, a “0” indicates that CPU data is to
be transmitted and as DAT or IC_DATA_CMD[7:0].
When programming this bit, you should remember the following: attempting to perform
a read operation after a General Call command has been sent results in a TX_ABRT
interrupt (bit 6 of the IC_RAW_INTR_STAT register), unless bit 11 (SPECIAL) in the
IC_TAR register has been cleared.

If a “1” is written to this bit after receiving a RD_REQ interrupt, then a TX_ABRT
interrupt occurs.

Note) It is possible that while attempting a master 12C read transfer on 12C controller,
a RD_REQ interrupt may have occurred simultaneously due to a remote 12C
master addressing the 12C controller. In this type of scenario, 12C controller
ignores the IC_DATA_CMD write, generates a TX_ABRT interrupt, and waits to
service the RD_REQ interrupt.
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Table 3.6 IC_DATA_CMD Register Contents (2/2)
Bit Position Bit Name Function R/W
b7 to b0 DAT This register contains the data to be transmitted or received on the 12C bus. R/W

If you are writing to this register and want to perform a read, bits 7:0 (DAT) are ignored
by the 12C controller. However, when you read this register, these bits return the value
of data received on the 12C controller interface.
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3.45 IC_SS_SCL_HCNT — Standard mode 12C Clock SCL High Count Register
Address: 4006 3014h (12C1)
4006 4014h (12C2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
IC_SS_SCL_HCNT
Value after reset 0 0 0 0 0 0 0 1 0 1 0 0 1 1 1 0
Table 3.7 IC_SS_SCL_HCNT Register Contents
Bit Position Bit Name Function R/W
b31 to b16 Reserved R
b15 to b0 IC_SS _SCL_HCNT This register must be set before any 12C bus transaction can take place to ensure R/W

proper I/O timing. This register sets the SCL clock high-period count for Standard
mode.

This register can be written only when the 12C interface is disabled which corresponds
to the IC_ENABLE[0] register being set to 0. Writes at other times have no effect.

The minimum valid value is 6; hardware prevents values less than this being written,
and if attempted results in 6 being set.

Note) This register must not be programmed to a value higher than 65525, because

12C controller uses a 16-bit counter to flag an 12C bus idle condition when this
counter reaches a value of IC_SS_SCL_HCNT + 10.

RO1UHO0752EJ0120 Rev.1.20 RENESAS Page 178 of 637
Dec 29, 2021



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group

Section 3 12C
3.4.6 IC_SS_SCL_LCNT — Standard mode 12C Clock SCL Low Count Register
Address: 4006 3018h (12C1)
4006 4018h (12C2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
IC_SS_SCL_LCNT
Value after reset 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0
Table 3.8 IC_SS_SCL_LCNT Register Contents
Bit Position Bit Name Function R/W
b31 to b16 Reserved R
b15 to b0 IC_SS _SCL_LCNT This register must be set before any 12C bus transaction can take place to ensure R/W
proper I/O timing. This register sets the SCL clock low period count for Standard
mode.
This register can be written only when the 12C interface is disabled which corresponds
to the IC_ENABLE[0] register being set to 0. Writes at other times have no effect.
The minimum valid value is 8; hardware prevents values less than this being written,
and if attempted, results in 8 being set.
3.4.7

IC_FS_SCL_HCNT — Fast mode 12C Clock SCL High Count Register

Address: 4006 301Ch (12C1)
4006 401Ch (12C2)

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

Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
IC_FS_SCL_HCNT
Value after reset 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0
Table 3.9 IC_FS_SCL_HCNT Register Contents
Bit Position Bit Name Function R/W
b31 to b16 Reserved R
b15 to b0 IC_FS_SCL_HCNT This register must be set before any 12C bus transaction can take place to ensure R/W
proper I/O timing. This register sets the SCL clock high-period count for Fast mode.
This register can be written only when the 12C interface is disabled, which
corresponds to the IC_ENABLE[0] register being set to 0. Writes at other times have
no effect.
The minimum valid value is 6; hardware prevents values less than this being written,
and if attempted results in 6 being set.
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3.4.8 IC_FS_SCL_LCNT — Fast mode 12C Clock SCL Low Count Register
Address: 4006 3020h (12C1)
4006 4020h (12C2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
IC_FS_SCL_LCNT
Value after reset 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1
Table 3.10 IC_FS_SCL_LCNT Register Contents
Bit Position Bit Name Function R/W
b31 to b16 Reserved R
b15 to b0 IC_FS_SCL_LCNT This register must be set before any 12C bus transaction can take place to ensure R/W

proper I/O timing. This register sets the SCL clock low period count for Fast mode.

This register can be written only when the 12C interface is disabled, which

corresponds to the IC_ENABLE[0] register being set to 0. Writes at other times have
no effect.

The minimum valid value is 8; hardware prevents values less than this being written,

and if attempted results in 8 being set.
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349 IC_INTR_STAT — I2C Interrupt Status Register

Each bit in this register has a corresponding mask bit in the IC_ INTR_MASK register. These bits are cleared by reading
the matching interrupt clear register. The unmasked raw versions of these bits are available in the
IC_ RAW _INTR STAT register.

Address: 4006 302Ch (12C1)
4006 402Ch (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

| EﬁMng %EES R_GEN Efsgé R_STO|R_ACTIIR_RX_|R_TX_|R_RD_|R_TX_|R_TX_|R_RX_|R_RX_|R_RX_
_ON_ —| caLL|RT-PE|pDET| VITY | DONE | ABRT | REQ |EMPTY| OVER | FULL | OVER |UNDER
HOLD | DET |- T |-
Value after reset X X 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 3.11 IC_INTR_STAT Register Contents

Bit Position Bit Name Function R/W
b31 to b14 Reserved Refer to Section 3.4.11, IC_RAW_INTR_STAT — I12C Raw Interrupt Status R
b13 R_MASTER_ON_HO Register for detailed descriptions of these bits. R
LD
b12 R_RESTART_DET R
b11 R_GEN_CALL R
b10 R_START_DET R
b9 R_STOP_DET R
b8 R_ACTIVITY R
b7 R_RX_DONE R
b6 R_TX_ABRT R
b5 R_RD_REQ R
b4 R_TX_EMPTY R
b3 R_TX_OVER R
b2 R_RX_FULL R
b1 R_RX_OVER R
b0 R_RX_UNDER R
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3.410 IC_INTR_MASK — I12C Interrupt Mask Register

These bits mask their corresponding interrupt status bits. A value of 0 prevents a bit from generating an interrupt.

Address: 4006 3030h (12C1)
4006 4030h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X
Bit b15 bi4 b13  b12  b11  b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 bo
_ _ "é'ﬁ'\"ng '\%EES M_GEN '\Igfsgé M_STO|M_ACTIM_RX_|M_TX_[M_RD_|M_TX_|M_TX_|M_RX_|[M_RX_|M_RX_
_ON_ ~|_eaLL|~'=PE|PTDET| VITY | DONE | ABRT | REQ |EMPTY| OVER | FULL | OVER |UNDER
HOLD | DET |- T |P-
Value after reset X X 0 0 1 0 0 0 1 1 1 1 1 1 1 1

Table 3.12 IC_INTR_MASK Register Contents (1/2)

Bit Position Bit Name Function R/W
b31 to b14 Reserved R
b13 M_MASTER_ON_HO Mask bit for the R_MASTER_ON_HOLD interrupt in IC_INTR_STAT register. R/W
LD 0: Disable interrupt
1: Enable interrupt
b12 M_RESTART_DET Mask bit for the R_RESTART_DET interrupt in IC_INTR_STAT register. R/W

0: Disable interrupt
1: Enable interrupt

b11 M_GEN_CALL Mask bit for the R_GEN_CALL interrupt in IC_INTR_STAT register. R/W
0: Disable interrupt
1: Enable interrupt

b10 M_START_DET Mask bit for the R_START_DET interrupt in IC_INTR_STAT register. R/W
0: Disable interrupt

1: Enable interrupt

b9 M_STOP_DET Mask bit for the R_STOP_DET interrupt in IC_INTR_STAT register. R/W
0: Disable interrupt
1: Enable interrupt

b8 M_ACTIVITY Mask bit for the R_ACTIVITY interrupt in IC_INTR_STAT register. R/W
0: Disable interrupt
1: Enable interrupt

b7 M_RX_DONE Mask bit for the R_RX_DONE interrupt in IC_INTR_STAT register. R/W
0: Disable interrupt
1: Enable interrupt

b6 M_TX_ABRT Mask bit for the R_TX_ABRT interrupt in IC_INTR_STAT register. R/W
0: Disable interrupt
1: Enable interrupt

b5 M_RD_REQ Mask bit for the R_RD_REQ interrupt in IC_INTR_STAT register. R/W
0: Disable interrupt

1: Enable interrupt
b4 M_TX_EMPTY Mask bit for the R_TX_EMPTY interrupt in IC_INTR_STAT register. R/W

0: Disable interrupt
1: Enable interrupt

RO1UHO0752EJ0120 Rev.1.20 RENESAS Page 182 of 637
Dec 29, 2021



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group Section 3 12C

Table 3.12 IC_INTR_MASK Register Contents (2/2)

Bit Position Bit Name Function R/W

b3 M_TX_OVER Mask bit for the R_TX_OVER interrupt in IC_INTR_STAT register. R/W
0: Disable interrupt
1: Enable interrupt

b2 M_RX_FULL Mask bit for the R_RX_FULL interrupt in IC_INTR_STAT register. R/W
0: Disable interrupt
1: Enable interrupt

b1 M_RX_OVER Mask bit for the R_RX_OVER interrupt in IC_INTR_STAT register. R/W
0: Disable interrupt
1: Enable interrupt

b0 M_RX_UNDER Mask bit for the R_RX_UNDER interrupt in IC_INTR_STAT register. R/W

0: Disable interrupt
1: Enable interrupt
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3.411 IC_RAW_INTR_STAT — I2C Raw Interrupt Status Register

Unlike the IC_ INTR STAT register, these bits are not masked so they always show the true status of the I2C controller.

Address: 4006 3034h (12C1)
4006 4034h (12C2)

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

b16

Value after reset X X X X X X X X X X X X X X X

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

b0

MASTE|RESTA RAW_INT,
— — |R_ON_|RT DE|CEN-CISTARTISTOP_ o ooy

HOLD ALL | _DET | DET ™ NE RT Q PTY ER LL ER

—

RX_DO|TX_AB|RD_RE|TX_EM|TX_OV|RX_FU|RX_OV|RX_UN

DER

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

Table 3.13 IC_RAW_INTR_STAT Register Contents (1/3)

Bit Position Bit Name Function

R/W

b31to b14 Reserved

R

b13 MASTER_ON_HOLD If this bit is set to 1b, it indicates that the master is holding the bus and TX FIFO is
empty.

R

b12 RESTART_DET If this bit is set to 1b, it indicates that a RESTART condition has occurred on the 12C

interface when I2C controller is operating in Slave mode and the slave is being
addressed.

Note) Following are exceptions where the RESTART_DET interrupt will not get
generated. In the case of Start byte transfer, where the RESTART comes
before the Address field as per the 12C protocol defined format, the Slave is still
not in the addressed mode and hence will not generate the RESTART_DET
interrupt.

R

b11 GEN_CALL Set only when a General Call address is received and it is acknowledged. It stays set
until it is cleared either by disabling 12C controller or when the CPU reads bit 0 of the
IC_CLR_GEN_CALL register. 12C controller stores the received data in the Rx buffer.

R

b10 START_DET If this bit is set to 1b, it indicates that a START or RESTART condition has occurred

on the 12C interface regardless of whether 12C controller is operating in slave or
master mode.

R

b9 STOP_DET The behavior of the STOP_DET interrupt status differs based on the
STOP_DET_IFADDRESSED selection in the IC_CON register.
When STOP_DET_IFADDRESSED =0
If this bit is set to 1b, it indicates that a STOP condition has occurred on the 12C

interface regardless of whether 12C controller is operating in slave or master
mode.

In slave mode, a STOP_DET interrupt is generated irrespective of whether the
slave is addressed or not.

When STOP_DET_IFADDRESSED =1
In Master Mode (MASTER_MODE = 1’b1), if this bit is set to 1b, it indicates that
a STOP condition has occurred on the 12C interface.
In Slave Mode (MASTER_MODE = 1°b0), STOP_DET interrupt is generated
only if the slave is addressed.

Note) During a general call address, this slave does not issue a STOP_DET interrupt
if STOP_DET_IFADDRESSED = 1'b1, even if the slave responds to the
general call address by generating ACK. The STOP_DET interrupt is generated
only when the transmitted address matches the slave address (SAR).
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Table 3.13 IC_RAW_INTR_STAT Register Contents (2/3)

Bit Position Bit Name Function R/W
b8 RAW_INTR_ACTIVIT This bit captures 12C controller activity and stays set until it is cleared. There are four R
Y ways to clear it:

® Disabling the 12C controller

® Reading the IC_CLR_ACTIVITY register
® Reading the IC_CLR_INTR register

® System reset

Once this bit is set, it stays set unless one of the four methods is used to clear it. Even
if the 12C controller module is idle, this bit remains set until cleared, indicating that
there was activity on the bus.

b7 RX_DONE When the 12C controller is acting as a slave-transmitter, this bit is set to 1 if the master R
does not acknowledge a transmitted byte. This occurs on the last byte of the
transmission, indicating that the transmission is done.

b6 TX_ABRT If this bit is set to 1b, it indicates that 12C controller, as an 12C transmitter, is unableto R
complete the intended actions on the contents of the transmit FIFO. This situation can
occur both as an 12C master or an 12C slave, and is referred to as a “transmit abort”.
When this bit is set to 1, the IC_TX_ABRT_SOURCE register indicates the reason
why the transmit abort takes places.

Note) The 12C controller flushes/resets/empties only the TX_FIFO whenever there is
a transmit abort caused by any of the events tracked by the
IC_TX_ABRT_SOURCE register. The Tx FIFO remains in this flushed state
until the IC_CLR_TX_ABRT register is read. Once this read is performed, the
Tx FIFO is then ready to accept more data bytes from the APB interface. Both
Tx FIFO and Rx FIFO will flush on Transmit Abort.

b5 RD_REQ This bit is set to 1 when 12C controller is acting as a slave and another I12C master is R
attempting to read data from 12C controller. The 12C controller holds the 12C bus in a
wait state (SCL = 0) until this interrupt is serviced, which means that the slave has
been addressed by a remote master that is asking for data to be transferred. The
processor must respond to this interrupt and then write the requested data to the
IC_DATA_CMD register. This bit is set to 0 just after the processor reads the
IC_CLR_RD_REQ register.

b4 TX_EMPTY The behavior of the TX_EMPTY interrupt status differs based on the R
TX_EMPTY_CTRL selection in the IC_CON register.

When TX_EMPTY_CTRL = 0:

This bit is set to 1 when the transmit buffer is at or below the threshold value set in
the IC_TX_TL register.

When TX_EMPTY_CTRL = 1:

This bit is set to 1 when the transmit buffer is at or below the threshold value set in
the IC_TX_TL register and the transmission of the address/data from the
internal shift register for the most recently popped command is completed.

It is automatically cleared by hardware when the buffer level goes above the
threshold. When IC_ENABLEJO0] is set to 0, the TX FIFO is flushed and held in reset.
There the TX FIFO looks like it has no data within it, so this bit is set to 1, provided
there is activity in the master or slave state machines. When there is no longer any
activity, then with IC_ENABLE_STATUS.IC_EN = 0, this bit is set to 0.

b3 TX_OVER Set during transmit if the transmit buffer is filled to its depth of 8 and the processor R
attempts to issue another 12C command by writing to the IC_DATA_CMD register.
When the module is disabled, this bit keeps its level until the master or slave state
machines go into idle, and when IC_ENABLE_STATUS.IC_EN goes to 0, this interrupt
is cleared.

b2 RX_FULL Set when the receive buffer reaches or goes above the RX_TL threshold in the R
IC_RX_TL register. It is automatically cleared by hardware when buffer level goes
below the threshold. If the module is disabled (IC_ENABLE[0] = 0), the RX FIFO is
flushed and held in reset; therefore the RX FIFO is not full. So, this bit is cleared once
the IC_ENABLE bit 0 is programmed with a 0, regardless of the activity that continues.
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Table 3.13 IC_RAW_INTR_STAT Register Contents (3/3)

Bit Position Bit Name Function R/W

b1 RX_OVER Set if the receive buffer is completely filled to its depth of 8 and an additional byte is R
received from an external I12C device. The 12C controller acknowledges this, but any
data bytes received after the FIFO is full are lost. If the module is disabled
(IC_ENABLE]0] = 0), this bit keeps its level until the master or slave state machines go
into idle, and when IC_ENABLE_STATUS.IC_EN goes to 0, this interrupt is cleared.

Note) If IC_CONJ[9] bit (RX_FIFO_FULL_HLD_CTRL) is programmed to HIGH, then
the RX_OVER interrupt will never occur, because the Rx FIFO will never
overflow.

b0 RX_UNDER Set to 1b if the processor attempts to read the receive buffer when it is empty by R
reading from the IC_DATA_CMD register. If the module is disabled (IC_ENABLE[0] =
0), this bit keeps its level until the master or slave state machines go into idle, and
when IC_ENABLE_STATUS.IC_EN goes to 0, this interrupt is cleared.
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3.412 IC_RX_TL — 12C Receive FIFO Threshold Register
Address: 4006 3038h (12C1)
4006 4038h (12C2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — RX_TL
Value after reset X X X X X X X X 0 0 0 0 0 0 0 0
Table 3.14 IC_RX_TL Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 to b0 RX_TL Receive FIFO Threshold Level R/W

Controls the level of entries (or above) that triggers the RX_FULL interrupt (bit 2 in
IC_RAW_INTR_STAT register). The valid range is 0-255, with the additional
restriction that hardware does not allow this value to be set to a value larger than the
depth of the buffer. If an attempt is made to do that, the actual value set will be the

maximum depth of the buffer.

A value of 0 sets the threshold for 1 entry, and a value of 255 sets the threshold for

256 entries.
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3.413 IC_TX_TL — I12C Transmit FIFO Threshold Register

Address: 4006 303Ch (12C1)
4006 403Ch (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

— — — — — — — — TX_TL

Value after reset X X X X X X X X 0 0 0 0 0 0 0 0
Table 3.15 IC_TX_TL Register Contents

Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 to b0 TX_TL Transmit FIFO Threshold Level R/W

Controls the level of entries (or below) that trigger the TX_EMPTY interrupt (bit 4 in
IC_RAW_INTR_STAT register). The valid range is 0-255, with the additional
restriction that it may not be set to value larger than the depth of the buffer. If an
attempt is made to do that, the actual value set will be the maximum depth of the
buffer.

A value of 0 sets the threshold for 0 entries, and a value of 255 sets the threshold for
255 entries.

3.414 IC_CLR_INTR — Clear Combined and Individual Interrupt Register

Address: 4006 3040h (12C1)
4006 4040h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ |CLRLIN
TR
Value after reset X X X X X X X X X X X X X X X 0

Table 3.16 IC_CLR_INTR Register Contents

Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 CLR_INTR Read this register to clear the combined interrupt, all individual interrupts, and the R

IC_TX_ABRT_SOURCE register. This bit does not clear hardware clearable interrupts
but software clearable interrupts. Refer to Bit 9 of the IC_TX_ABRT_SOURCE register
for an exception to clearing IC_TX_ABRT_SOURCE.
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3.415 IC_CLR_RX_UNDER — Clear RX_UNDER Interrupt Register

Address: 4006 3044h (12C1)
4006 4044h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

CLR R
— — — — — — — — — — — — — — — |X_UND
ER
Value after reset X X X X X X X X X X X X X X X 0
Table 3.17 IC_CLR_RX_UNDER Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 CLR_RX_UNDER Read this register to clear the RX_UNDER interrupt (bit 0) of the R

IC_RAW_INTR_STAT register.

3.416 IC_CLR_RX _OVER — Clear RX_OVER Interrupt Register

Address: 4006 3048h (12C1)
4006 4048h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
CLR_R
— — — — — — — — — — — — — — — |X_OVE
R
Value after reset X X X X X X X X X X X X X X X 0

Table 3.18 IC_CLR_RX_OVER Register Contents

Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 CLR_RX_OVER Read this register to clear the RX_OVER interrupt (bit 1) of the IC_RAW_INTR_STAT R
register.
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3.417 IC_CLR_TX_OVER — Clear TX_OVER Interrupt Register

Address: 4006 304Ch (12C1)
4006 404Ch (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

CLR_T
— — — — — — — — — — — — — — — |X_OVE
R
Value after reset X X X X X X X X X X X X X X X 0
Table 3.19 IC_CLR_TX_OVER Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 CLR_TX_OVER Read this register to clear the TX_OVER R

interrupt (bit 3) of the IC_RAW_INTR_STAT register.

3.418 IC_CLR_RD_REQ — Clear RD_REQ Interrupt Register

Address: 4006 3050h (12C1)
4006 4050h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

CLR R
- - - - - - - - - - - - - - ~ |D_REQ
Value after reset X X X X X X X X X X X X X X X 0
Table 3.20 IC_CLR_RD_REQ Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 CLR_RD_REQ Read this register to clear the RD_REQ interrupt (bit 5) of the IC_RAW_INTR_STAT R
register.
RO1UHO0752EJ0120 Rev.1.20 RENESAS Page 190 of 637

Dec 29, 2021



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group Section 3 12C

3.419 IC_CLR_TX_ABRT — Clear TX_ABRT Interrupt Register

Address: 4006 3054h (12C1)
4006 4054h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

CLR_T
— — — — — — — — — — — — — — — |X_ABR
T
Value after reset X X X X X X X X X X X X X X X
Table 3.21 IC_CLR_TX_ABRT Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 CLR_TX_ABRT Read this register to clear the TX_ABRT interrupt (bit 6) of the IC_RAW_INTR_STAT R

register, and the IC_TX_ABRT_SOURCE register. This also releases the TX FIFO
from the flushed/reset state, allowing more writes to the TX FIFO.

Refer to Bit 9 of the IC_TX_ABRT_SOURCE register for an exception to clearing
IC_TX_ABRT_SOURCE.

3.420 IC_CLR_RX_DONE — Clear RX_DONE Interrupt Register

Address: 4006 3058h (12C1)
4006 4058h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

CLR R
— — — — — — — — — — — — — — — |X_DON
E
Value after reset X X X X X X X X X X X X X X X 0
Table 3.22 IC_CLR_RX_DONE Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 CLR_RX_DONE Read this register to clear the RX_DONE interrupt (bit 7) of the IC_RAW_INTR_STAT R
register.
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3.421 IC_CLR_ACTIVITY — Clear ACTIVITY Interrupt Register

Address: 4006 305Ch (12C1)
4006 405Ch (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

CLR_A
— — — — — — — — — — — — — — — |cTiviT
Y
Value after reset X X X X X X X X X X X X X X X 0
Table 3.23 IC_CLR_ACTIVITY Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 CLR_ACTIVITY Reading this register clears the ACTIVITY interrupt if the 12C controller is not active R

anymore. If the I2C module is still active on the bus, the ACTIVITY interrupt bit
continues to be set. It is automatically cleared by hardware if the module is disabled
and if there is no further activity on the bus. The value read from this register to get
status of the ACTIVITY interrupt (bit 8) of the IC_RAW_INTR_STAT register.

3.422 IC_CLR_STOP_DET — Clear STOP_DET Interrupt Register

Address: 4006 3060h (12C1)
4006 4060h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

CLR S
— — — — — — — — — — — — — — — |TOoP D
ET
Value after reset X X X X X X X X X X X X X X X 0
Table 3.24 IC_CLR_STOP_DET Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 CLR_STOP_DET Read this register to clear the STOP_DET interrupt (bit 9) of the R
IC_RAW_INTR_STAT register.
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3.4.23 IC_CLR_START_DET — Clear START_DET Interrupt Register

Address: 4006 3064h (12C1)
4006 4064h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

CLR_S
— — — — — — — — — — — — — — — |TART_
DET

Value after reset X X X X X X X X X X X X X X X 0
Table 3.25 IC_CLR_START_DET Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 CLR_START_DET Read this register to clear the START_DET interrupt (bit 10) of the R

IC_RAW_INTR_STAT register.

3.424 IC_CLR_GEN_CALL — Clear GEN_CALL Interrupt Register

Address: 4006 3068h (12C1)
4006 4068h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
CLR_G
— — — — — — — — — — — — — — — |EN_CA
LL
Value after reset X X X X X X X X X X X X X X X 0

Table 3.26 IC_CLR_GEN_CALL Register Contents

Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 CLR_GEN_CALL Read this register to clear the GEN_CALL interrupt (bit 11) of the R

IC_RAW_INTR_STAT register.
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3.4.25 IC_ENABLE — I12C Enable Register

Address: 4006 306Ch (12C1)
4006 406Ch (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

— — — — — — — — — — — — — — |ABORT ENQBL
Value after reset X X X X X X X X X X X X X X 0 0
Table 3.27 IC_ENABLE Register Contents
Bit Position Bit Name Function R/W
b31 to b2 Reserved R
b1 ABORT When set, the controller initiates the transfer abort. R/W

0: ABORT not initiated or ABORT done
1: ABORT operation in progress

The software can abort the 12C transfer in master mode by setting this bit. The
software can set this bit only when ENABLE is already set; otherwise, the controller
ignores any write to ABORT bit. The software cannot clear the ABORT bit once set. In
response to an ABORT, the controller issues a STOP and flushes the Tx FIFO after
completing the current transfer, then sets the TX_ABORT interrupt after the abort
operation. The ABORT bit is cleared automatically after the abort operation.

b0 ENABLE Controls whether the 12C controller is enabled. R/W
0: Disables 12C controller (TX and RX FIFOs are held in an erased state)
1: Enables 12C controller

Software can disable 12C controller while it is active. However, it is important that care

be taken to ensure that 12C controller is disabled properly.

When 12C controller is disabled, the following occurs:

® The TX FIFO and RX FIFO get flushed.

® Status bits in the IC_INTR_STAT register are still active until I2C controller goes
into IDLE state.

If the module is transmitting, it stops as well as deletes the contents of the transmit

buffer after the current transfer is complete. If the module is receiving, the 12C

controller stops the current transfer at the end of the current byte and does not
acknowledge the transfer.
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3.4.26 IC_STATUS — I2C Status Register

This is a read-only register used to indicate the current transfer status and FIFO status. The status register may be read
at any time. None of the bits in this register request an interrupt.

When the I2C controller is disabled by writing 0 in bit 0 of the IC_ENABLE register:
e Bits 1 and 2 are set to 1
® Bits 3 and 4 are set to 0
When the master or slave state machines goes to idle and IC_ ENABLE STATUS.IC_EN =0:

e Bits 5 and 6 are set to 0

Address: 4006 3070h (12C1)
4006 4070h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
SLV_A|MST_A IC_STAT
— — — — — — — — — |CTIVIT|CTIVIT| RFF | RFNE | TFE | TFNF |US_ACTI
Y Y VITY
Value after reset X X X X X X X X X 0 0 0 0 1 1 0

Table 3.28 IC_STATUS Register Contents (1/2)

Bit Position Bit Name Function R/W
b31 to b7 Reserved R
b6 SLV_ACTIVITY Slave FSM Activity Status. R

When the Slave Finite State Machine (FSM) is not in the IDLE state, this bit is set.
0: Slave FSM is in IDLE state so the Slave part of 12C controller is not Active
1: Slave FSM is not in IDLE state so the Slave part of 12C controller is Active
b5 MST_ACTIVITY Master FSM Activity Status. R
When the Master Finite State Machine (FSM) is not in the IDLE state, this bit is set.
0: Master FSM is in IDLE state so the Master part of 12C controller is not Active
1: Master FSM is not in IDLE state so the Master part of 12C controller is Active

Note) IC_STATUSIO] - that is, IC_STATUS_ACTIVITY bit - is the OR of
SLV_ACTIVITY and MST_ACTIVITY bits.

b4 RFF Receive FIFO Completely Full. R
When the receive FIFO is completely full, this bit is set.
When the receive FIFO contains one or more empty location, this bit is cleared.
0: Receive FIFO is not full
1: Receive FIFO is full

b3 RFNE Receive FIFO not empty. R

This bit is set when the receive FIFO contains one or more entries; it is cleared when
the receive FIFO is empty.

0: Receive FIFO is empty
1: Receive FIFO is not empty
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Table 3.28

IC_STATUS Register Contents (2/2)

Bit Position

Bit Name

Function

R/W

b2

TFE

Transmit FIFO Completely Empty.
When the transmit FIFO is completely empty, this bit is set.

When it contains one or more valid entries, this bit is cleared. This bit field does not

request an interrupt.
0: Transmit FIFO is not empty
1: Transmit FIFO is empty

b1

TFNF

Transmit FIFO Not Full.

Set when the transmit FIFO contains one or more empty locations, and is cleared

when the FIFO is full.
0: Transmit FIFO is full
1: Transmit FIFO is not full

b0

IC_STATUS_ACTIVIT 12C Activity Status.

Y

0: 12C controller is not Active
1: 12C controller is Active
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3.4.27 IC_TXFLR — I2C Transmit FIFO Level Register

This register contains the number of valid data entries in the transmit FIFO buffer. It is cleared whenever:
¢ The 12C controller is disabled
e There is a transmit abort that is, TX ABRT bit is set in the IC_ RAW_INTR_STAT register
® The slave bulk transmit mode is aborted

The register increments whenever data is placed into the transmit FIFO and decrements when data is taken from the
transmit FIFO.

Address: 4006 3074h (12C1)
4006 4074h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

— — — — — — — — — — — — TXFLR
Value after reset X X X X X X X X X X X X 0 0 0 0
Table 3.29 IC_TXFLR Register Contents
Bit Position Bit Name Function R/W
b31 to b4 Reserved R
b3 to b0 TXFLR Transmit FIFO Level. R
Contains the number of valid data entries in the transmit FIFO.
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3.4.28 IC_RXFLR — I2C Receive FIFO Level Register

This register contains the number of valid data entries in the receive FIFO buffer. It is cleared whenever:
¢ The 12C controller is disabled
® Whenever there is a transmit abort caused by any of the events tracked in IC_TX ABRT SOURCE

The register increments whenever data is placed into the receive FIFO and decrements when data is taken from the
receive FIFO.

Address: 4006 3078h (12C1)
4006 4078h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

— — — — — — — — — — — — RXFLR

Value after reset X X X X X X X X X X X X 0 0 0 0
Table 3.30 IC_RXFLR Register Contents

Bit Position Bit Name Function R/W

b31 to b4 Reserved R

b3 to b0 RXFLR Receive FIFO Level. R

Contains the number of valid data entries in the receive FIFO.
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3.4.29

IC_SDA_HOLD — I12C SDA Hold Time Length Register

The bits [15:0] of this register are used to control the hold time of SDA during transmit in both slave and master mode
(after SCL goes from HIGH to LOW). The bits [23:16] of this register are used to extend the SDA transition (if any)
whenever SCL is HIGH in the receiver in either master or slave mode. Writes to this register succeed only when
IC_ENABLEJ[0]=0. The values in this register are in units of I2C_SCLK period. The value programmed in
IC_SDA_TX HOLD must be greater than the minimum hold time in each mode — one cycle in master mode, seven
cycles in slave mode — for the value to be implemented. The programmed SDA hold time during transmit

(IC_SDA_TX HOLD) cannot exceed at any time the duration of the low part of SCL. Therefore, the programmed value
cannot be larger than N SCL_ LOW-2, where N_SCL_LOW is the duration of the low part of the SCL period measured

in I2C_SCLK cycles.

Address:

4006 307Ch (12C1)
4006 407Ch (12C2)

Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
— — — — — — — — IC_SDA_RX_HOLD
Value after reset X X X X X X X X 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
IC_SDA_TX_HOLD
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Table 3.31 IC_SDA_HOLD Register Contents
Bit Position Bit Name Function R/W
b31 to b24 Reserved R
b23 to b16 IC_SDA_RX_HOLD  Sets the required SDA hold time in units of I2C_SCLK period, when 12C controller acts R/W
as a receiver.
b15 to b0 IC_SDA_TX_HOLD Sets the required SDA hold time in units of I2C_SCLK period, when I12C controller acts R/W

as a transmitter.
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3.4.30 IC_TX_ABRT_SOURCE — I2C Transmit Abort Source Register

This register has 32 bits that indicate the source of the TX ABRT bit. Except for Bit 9, this register is cleared whenever
the IC_CLR_TX ABRT register or the IC_CLR INTR register is read. To clear Bit 9, the source of the

ABRT _SBYTE NORSTRT must be fixed first; RESTART must be enabled (IC_CON][5] = 1), the SPECIAL bit must
be cleared (IC_TAR[11]), or the GC_OR_START bit must be cleared (IC_TAR[10]).

Once the source of the ABRT SBYTE NORSTRT is fixed, then this bit can be cleared in the same manner as other bits
in this register. If the source of the ABRT SBYTE NORSTRT is not fixed before attempting to clear this bit, Bit 9

clears for one cycle and is then re-asserted.

Address: 4006 3080h (12C1)
4006 4080h (12C2)

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

ABRT_
TX_FLUSH_CNT — — — — — — |USER_
ABRT
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
ABRT_|ABRT_SLIABRT_SL| ) orp | |ABRT_|ABRT_10[ABRT_SB ABRT_SB ABRT_ | ABRT_G |ABRT_TX|ABRT_10|ABRT_10|ABRT_7B
SLVRD| V_ARBL \VFLUSH | o=~ IMASTE|B_RD_N|YTE NO| — N¥TEACK — |GCALL CALL_NO DATA_N|ADDR2_|ADDR1_| _ADDR_
_INTX | OST | TXFIFO R_DIS [ORSTRT| RSTRT DET _READ| ACK | OACK | NOACK | NOACK | NOACK
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 3.32 IC_TX_ABRT_SOURCE Register Contents (1/2)
Bit Position Bit Name Function R/W
b31 to b23 TX_FLUSH_CNT This field indicates the number of Tx FIFO Data Commands which are flushed dueto R
TX_ABRT interrupt.
It is cleared whenever 12C controller is disabled.
Role of 12C controller: Master-Transmitter or Slave-Transmitter
b22 to b17 Reserved R
b16 ABRT_USER_ABRT This is a master-mode-only bit. R
1: Master has detected the transfer abort (IC_ENABLE[1]).
Role of 12C controller: Master-Transmitter
b15 ABRT_SLVRD_INTX 1: When the processor side responds to a slave mode request for data to be R
transmitted to a remote master and user writes a 1 in CMD (bit 8) of
IC_DATA_CMD register.
Role of 12C controller: Slave-Transmitter
b14 ABRT_SLV_ARBLOS 1: Slave lost the bus while transmitting data to a remote master. R
T IC_TX_ABRT_SOURCE[12] is set at the same time.
Note) Even though the slave never “owns” the bus, something could go wrong on the
bus. This is a fail-safe check. For instance, during a data transmission at the
low-to-high transition of SCL, if what is on the data bus is not what is supposed
to be transmitted, then 12C controller no longer own the bus.
Role of 12C controller: Slave-Transmitter
b13 ABRT_SLVFLUSH_T 1: Slave has received a read command and some data exists in the TX FIFO so R
XFIFO the slave issues a TX_ABRT interrupt to flush old data in TX FIFO.
Role of 12C controller: Slave-Transmitter
b12 ARB_LOST 1: Master has lost arbitration, or if IC_TX_ABRT_SOURCE][14] is also set, then the R

slave transmitter has lost arbitration.
Role of 12C controller: Master-Transmitter or Slave-Transmitter
b11 ABRT_MASTER_DIS 1: User tries to initiate a Master operation with the Master mode disabled. R
Role of 12C controller: Master-Transmitter or Master-Receiver
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Table 3.32 IC_TX_ABRT_SOURCE Register Contents (2/2)
Bit Position Bit Name Function
b10 ABRT_10B_RD_NOR 1: The restart is disabled (IC_RESTART_EN bit (IC_CON][5]) =0) and the master
STRT sends a read command in 10-bit addressing mode.
Role of 12C controller: Master-Receiver
b9 ABRT_SBYTE_NOR To clear Bit 9, the source of the ABRT_SBYTE_NORSTRT must be fixed first; restart
STRT must be enabled (IC_CON[5]=1), the SPECIAL bit must be cleared (IC_TAR[11]), or
the GC_OR_START bit must be cleared (IC_TAR[10]). Once the source of the
ABRT_SBYTE_NORSTRT is fixed, then this bit can be cleared in the same manner as
other bits in this register. If the source of the ABRT_SBYTE_NORSTRT is not fixed
before attempting to clear this bit, bit 9 clears for one cycle and then gets reasserted.
1: The restart is disabled (IC_RESTART_EN bit (IC_CONI5]) =0) and the user is
trying to send a START Byte.
Role of 12C controller: Master
b8 Reserved
b7 ABRT_SBYTE_ACKD 1: Master has sent a START Byte and the START Byte was acknowledged (wrong
ET behavior).
Role of 12C controller: Master
b6 Reserved
b5 ABRT_GCALL_READ 1: 12C controller in master mode sent a General Call but the user programmed the
byte following the General Call to be a read from the bus.
Role of 12C controller: Master-Transmitter
b4 ABRT_GCALL_NOA 1: 12C controller in master mode sent a General Call and no slave on the bus
CK acknowledged the General Call.
Role of 12C controller: Master-Transmitter
b3 ABRT_TXDATA_NOA 1: This is a master-mode only bit. Master has received an acknowledgement for
CK the address, but when it sent data byte(s) following the address, it did not
receive an acknowledge from the remote slave(s).
Role of 12C controller: Master-Transmitter
b2 ABRT_10ADDR2_NO 1: Master is in 10-bit address mode and the second address byte of the 10-bit
ACK address was not acknowledged by any slave.
Role of 12C controller: Master-Transmitter or Master-Receiver
b1 ABRT_10ADDR1_NO 1: Master is in 10-bit address mode and the first 10-bit address byte was not
ACK acknowledged by any slave.
Role of 12C controller: Master-Transmitter or Master-Receiver
b0 ABRT_7B_ADDR_NO 1: Master is in 7-bit addressing mode and the address sent was not acknowledged

ACK

by any slave.
Role of 12C controller: Master-Transmitter or Master-Receiver
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3.4.31 IC_SLV_DATA_NACK_ONLY — Generate Slave Data NACK Register
The register is used to generate a NACK for the data part of a transfer when I2C controller is acting as a slave-receiver.
A write can occur on this register if both of the following conditions are met:

¢ [2C controller is disabled (IC_ENABLE[0] = 0)

e Slave part is inactive (IC_STATUS[6] = 0)

Address: 4006 3084h (12C1)
4006 4084h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

— — — — — — — — — — — — — — — | NACK
Value after reset X X X X X X X X X X X X X X X 0
Table 3.33 IC_SLV_DATA_NACK_ONLY Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 NACK Generate NACK. R/W
This NACK generation only occurs when 12C controller is a slave-receiver. If this
register is set to a value of 1, it can only generate a NACK after a data byte is
received; hence, the data transfer is aborted and the data received is not pushed to
the receive buffer.
When the register is set to a value of 0, it generates NACK/ACK, depending on normal
criteria.
1: Generate NACK after data byte received
0: Generate NACK/ACK normally
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3.4.32 IC_SDA_SETUP — I12C SDA Setup Register

This register controls the amount of time delay (in terms of number of [2C_SCLK periods) introduced in the rising edge
of SCL, relative to SDA changing, when I12C controller services a read request in a slave-transmitter operation. The
relevant 12C requirement is tsu,pat as detailed in the I2C Bus Specification. This register must be programmed with a
value equal to or greater than 2.

Writes to this register succeed only when IC_ENABLE[0] = 0.

Address: 4006 3094h (12C1)
4006 4094h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

— — — — — — — — SDA_SETUP
Value after reset X X X X X X X X 0 1 1 0 0 1 0 0

Table 3.34 IC_SDA_SETUP Register Contents

Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 to b0 SDA_SETUP SDA Setup. R/W

It is recommended that if the required delay is 1000 ns, then for an 12C_SCLK
frequency of 10 MHz, IC_SDA_SETUP should be programmed to a value of 11.
IC_SDA_SETUP must be programmed with a minimum value of 2.
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3.4.33 IC_ACK_GENERAL_CALL — I2C ACK General Call Register

The register controls whether I2C controller responds with an ACK or NACK when it receives an 12C General Call
address.

NOTE

This register is applicable only when the 12C controller is in slave mode.

Address: 4006 3098h (12C1)
4006 4098h (12C2)

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

Value after reset 0 0 0 0 0

Bit b15 b14 b13 b12 b11 b10 b9 b8

ACK_G
— — — — — — — — — — — — — — — |EN_CA
LL

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Table 3.35 IC_ACK_GENERAL_CALL Register Contents

Bit Position Bit Name Function R/W
b31 to b1 Reserved R

b0 ACK_GEN_CALL ACK General Call R/W

When set to 1, I12C controller responds with a ACK when it receives a General Call.
Otherwise, 12C controller responds with a NACK.
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3.4.34 IC_ENABLE_STATUS — I12C Enable Status Register

The register is used to report the 12C controller hardware status when the IC_ENABLE[0] register is set from 1 to 0;
that is, when I12C controller is disabled.

If IC_ENABLE[0] has been set to 1, bits 2:1 are forced to 0, and bit 0 is forced to 1.
If IC_ENABLE[0] has been set to 0, bits 2:1 is only be valid as soon as bit 0 is read as “0”.
NOTE

When IC_ENABLE[0] has been written with “0”, a delay occurs for bit 0 to be read as “0” because disabling the 12C
controller depends on 12C bus activities.

Address: 4006 309Ch (12C1)
4006 409Ch (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

SLV_R|sLv_DIs
X_DAT | ABLED_
- - - ~  |A_LOS|WHILE_B IC_EN

T usy
Value after reset X X X X X X X X X X X X X 0 0 0

Table 3.36 IC_ENABLE_STATUS Register Contents (1/2)

Bit Position Bit Name Function R/W
b31 to b3 Reserved R

b2 SLV_RX_DATA_LOS Slave Received Data Lost. R

T This bit indicates if a Slave-Receiver operation has been aborted with at least one
data byte received from an 12C transfer due to the setting bit 0 of IC_ENABLE from 1
to 0.
When read as 1, the 12C controller is deemed to have been actively engaged in an
aborted 12C transfer (with matching address) and the data phase of the 12C transfer
has been entered, even though a data byte has been responded with a NACK.

Note)

® |f the remote 12C master terminates the transfer with a STOP condition before the
12C controller has a chance to NACK a transfer, and IC_ENABLE[0] has been set
to 0, then this bit is also set to 1.
When read as 0, the 12C controller is deemed to have been disabled without being
actively involved in the data phase of a Slave-Receiver transfer.

® The CPU can safely read this bit when IC_EN (bit 0) is read as 0.

RO1UHO0752EJ0120 Rev.1.20 RENESAS Page 205 of 637
Dec 29, 2021



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group Section 3 12C

Table 3.36 IC_ENABLE_STATUS Register Contents (2/2)

Bit Position Bit Name Function R/W
b1 SLV_DISABLED_WHI Slave Disabled While Busy (Transmit, Receive). R
LE_BUSY This bit indicates if a potential or active Slave operation has been aborted due to the

setting bit 0 of the IC_ENABLE register from 1 to 0. This bit is set when the CPU
writes a 0 to the IC_ENABLE register while: (a) 12C controller is receiving the address
byte of the Slave-Transmitter operation from a remote master; OR, (b) address and
data bytes of the Slave-Receiver operation from a remote master.

When read as 1, 12C controller is deemed to have forced a NACK during any part of
an 12C transfer, irrespective of whether the 12C address matches the slave address
set in 12C controller (IC_SAR register) OR if the transfer is completed before
IC_ENABLE is set to 0 but has not taken effect.

Note)

® |f the remote 12C master terminates the transfer with a STOP condition before the
12C controller has a chance to NACK a transfer, and IC_ENABLE[0] has been set
to 0, then this bit will also be set to 1. When read as 0, 12C controller is deemed to
have been disabled when there is master activity, or when the 12C bus is idle.

® The CPU can safely read this bit when IC_EN (bit 0) is read as 0.

b0 IC_EN 12C interface Status. R
When read as 1, 12C controller is deemed to be in an enabled state.
When read as 0, 12C controller is deemed completely inactive.

Note) The CPU can safely read this bit anytime. When this bit is read as 0, the CPU

can safely read SLV_RX_DATA_LOST (bit 2) and
SLV_DISABLED_WHILE_BUSY (bit 1).
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3.4.35 IC_FS_SPKLEN — I2C Sm, Fm Spike Suppression Limit

This register is used to store the duration, measured in [2C_SCLK cycles, of the longest spike that is filtered out by the
spike suppression logic when the component is operating in Standard mode or Fast mode. The relevant [2C requirement
is tsp as detailed in the I2C Bus Specification. This register must be programmed with a minimum value of 1.

Address: 4006 30A0h (12C1)
4006 40A0h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

— — — — — — — — IC_FS_SPKLEN

Value after reset X X X X X X X X 0 0 0 0 0 1 0 1
Table 3.37 IC_FS_SPKLEN Register Contents

Bit Position Bit Name Function R/W
b31 to b8 Reserved R
b7 to b0 IC_FS_SPKLEN This register must be set before any 12C bus transaction can take place to ensure R/W

stable operation. This register sets the duration, measured in 12C_SCLK cycles, of the
longest spike in the SCL or SDA lines that will be filtered out by the spike suppression
logic.

This register can be written only when the 12C interface is disabled which corresponds
to the IC_ENABLE[0] register being set to 0. Writes at other times have no effect.

The minimum valid value is 1; hardware prevents values less than this being written,
and if attempted results in 1 being set.
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3.436 IC_CLR_RESTART_DET — Clear RESTART_DET Interrupt Register

Address: 4006 30A8h (12C1)
4006 40A8h (12C2)

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

Value after reset X X X X X X X X X X X X X X X X

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

CLR R
— — — — — — — — — — — — — — — |ESTAR
T_DET
Value after reset X X X X X X X X X X X X X X X 0
Table 3.38 IC_CLR_RESTART_DET Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved R
b0 CLR_RESTART_DET Read this register to clear the RESTART_DET interrupt (bit 12) of R
IC_RAW_INTR_STAT register.
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3.4.37 IC_COMP_PARAM_1 — Component Parameter Register 1

This is a constant read-only register that contains encoded information about the I12C controller parameter settings.

Address: 4006 30F4h (12C1)
4006 40F4h (12C2)

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

— — — — — — — — TX_BUFFER_DEPTH

Value after reset X X X X X X X X 0 0 0 0 0 1 1 1
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
RX_BUFFER_DEPTH égg_EED'j I_Ilj";\\/ISA 'NI)R B?\J_TC_:\C/) MAXM(%EEED AP\?VTS{A.;A
PARAMS| — = ALUES = =
Value after reset 0 0 0 0 0 1 1 1 1 0 1 0 1 0 1 0
Table 3.39 IC_COMP_PARAM_1 Register Contents
Bit Position Bit Name Function R/W
b31 to b24 Reserved R
b23 to b16 TX_BUFFER_DEPTH The value of this register is derived from the depth of transmit buffer. R
0x7: The buffer depth is 8.
b15 to b8 RX_BUFFER_DEPTH The value of this register is derived from the depth of receive buffer. R
0x7: The buffer depth is 8.
b7 ADD_ENCODED_PA The value of this register shows if encoded information has been added. R
RAMS 1: The capability of reading these encoded parameters via software has been
included.
b6 HAS_DMA The value of this register shows if the DMA handshaking interface signals is available. R
0: Not available
b5 INTR_IO The value of this register shows if the interrupts are individual or combined to a single R
one.
1: Combined
b4 HC_COUNT_VALUE The value of this register shows if the *CNT registers are writable or read-only. R
S 0: Writable
b3, b2 MAX_SPEED_MODE The value of this register shows the maximum 12C mode supported by the 12C R
controller.
2: Fast mode
b1, b0 APB_DATA_WIDTH  The value of this register shows the width of the APB data bus to which the 12C R
controller is attached.
2: 32 bits
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3.5 Operation Modes

It is important to note that the I2C controller should only be set to operate as an 12C Master, or I2C Slave, but not both
simultaneously. This is achieved by ensuring that bit 6 (IC_SLAVE DISABLE) and 0 (MASTER _MODE) of the
IC_CON register are never set to 0 and 1, respectively.

3.51 Slave Mode Operation

3.5.11 Initial Configuration
To use the 12C controller as a slave, perform the following steps:
(1) Disable the 12C controller by writing a “0” to bit 0 of the IC_ENABLE register.

(2) Write to the IC_SAR register (bits 9:0) to set the slave address. This is the address to which the I12C controller
responds.

(3) Write to the IC_CON register to specify which type of addressing is supported (7- or 10-bit by setting bit 3).
Enable the 12C controller in slave only mode by writing a “0” into bit 6 (IC_SLAVE DISABLE) and a “0” to bit 0
(MASTER_MODE).

NOTE

Slaves and masters do not have to be programmed with the same type of addressing 7- or 10-bit address. For
instance, a slave can be programmed with 7-bit addressing and a master with 10-bit addressing, and vice versa.

(4) Enable the 12C controller by writing a “1” in bit 0 of the IC_ENABLE register.

CAUTION

® |t is recommended that the I12C Slave be brought out of reset only when the 12C bus is IDLE. De-asserting the reset
when a transfer is ongoing on the bus causes internal synchronization flip-flops used to synchronize SDA and SCL to
toggle from a reset value of 1 to the actual value on the bus. This can result in SDA toggling from 1 to 0 while SCL is
1, thereby causing a false START condition to be detected by the 12C Slave.

® This scenario can also be avoided by configuring the 12C controller with IC_SLAVE_DISABLE = 1 and
MASTER_MODE = 1 so that the Slave interface is disabled after reset. It can then be enabled by programming
IC_CONIJ0] = 0 and IC_CON([6] = 0 after the internal SDA and SCL have synchronized to the value on the bus; this
takes approximately 6 12C_SCLK cycles after reset de-assertion.
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3.5.1.2 Slave Transmitter Operation for a Single Byte

When another [12C master device on the bus addresses the 12C controller and requests data, the I2C controller acts as a
slave transmitter and the following steps occur:

(5) The other I2C master device initiates an I2C transfer with an address that matches the slave address in the IC_SAR
register of the 12C controller.

(6) The I2C controller acknowledges the sent address and recognizes the direction of the transfer to indicate that it is
acting as a slave transmitter.

(7) The I2C controller asserts the RD_REQ interrupt (bit 5 of the IC_ RAW_INTR_STAT register) and holds the SCL
line low. It is in a wait state until software responds.
If the RD_REQ interrupt has been masked, due to IC_ INTR_MASK]5] register (M_RD_REQ bit field) being set
to 0, then it is recommended that a hardware and/or software timing routine be used to instruct the CPU to perform
periodic reads of the IC_ RAW_INTR_STAT register.

e Reads that indicate IC_ RAW_INTR _STAT[5] (R_RD_REQ bit field) being set to 1 must be treated as the
equivalent of the RD_REQ interrupt being asserted.

e Software must then act to satisfy the I2C transfer.

¢ The timing interval used should be in the order of 10 times the fastest SCL clock period the 12C controller can
handle. For example, for 400 kb/s, the timing interval is 25 ps.

NOTE

The value of 10 is recommended here because this is approximately the amount of time required for a single byte
of data transferred on the 12C bus.

(8) Ifthere is any data remaining in the Tx FIFO before receiving the read request, then the I2C controller asserts a
TX_ ABRT interrupt (bit 6 of the IC RAW _INTR_STAT register) to flush the old data from the TX FIFO.

NOTE

Because the Tx FIFO is forced into a flushed/reset state whenever a TX_ABRT event occurs, it is necessary for
software to release the 12C controller from this state by reading the IC_CLR_TX_ABRT register before attempting
to write into the Tx FIFO. See IC_RAW_INTR_STAT register for more details.

If the TX_ ABRT interrupt has been masked, due to of IC_ INTR _MASK]6] register (M_TX ABRT bit field)
being set to 0, then it is recommended that re using the timing routine (described in the previous step), or a similar
one, be used to read the IC_ RAW_INTR_STAT register.

e Reads that indicate bit 6 (R_TX ABRT) being set to 1 must be treated as the equivalent of the TX _ABRT
interrupt being asserted.

e There is no further action required from software.

¢ The timing interval used should be similar to that described in the previous step for the
IC_RAW_INTR_STAT[5] register.

(9) Software writes to the IC DATA CMD register with the data to be written (by writing a “0” in bit 8).

(10) Software must clear the RD REQ and TX ABRT interrupts (bits 5 and 6, respectively) of the
IC_ RAW_INTR_STAT register.

(11) The I2C controller releases the SCL and transmits the byte.
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(12) The master may hold the 12C bus by issuing a RESTART condition or release the bus by issuing a STOP
condition.

3.51.3 Slave Receiver Operation for a Single Byte

When another [12C master device on the bus addresses the 12C controller and is sending data, the I2C controller acts as a
slave receiver and the following steps occur:

(1) The other I2C master device initiates an 12C transfer with an address that matches the 12C slave address in the
IC_SAR register.

(2) The I2C controller acknowledges the sent address and recognizes the direction of the transfer to indicate that the
12C controller is acting as a slave receiver.

(3) I2C controller receives the transmitted byte and places it in the receive buffer.

(4) I2C controller asserts the RX FULL interrupt IC_RAW _INTR_STAT[2] register).
If the RX FULL interrupt has been masked, due to setting IC_ INTR_MASK][2] register to 0 or setting IC RX TL
to a value larger than 0, then it is recommended that a timing routine (similarly to “Slave Transmitter Operation
for a Single Byte”) be implemented for periodic reads of the IC STATUS register. Reads of the IC STATUS
register, with bit 3 (RFNE) set at 1, must then be treated by software as the equivalent of the RX FULL interrupt
being asserted.

(5) Software may read the byte from the IC DATA CMD register (bits 7:0).

(6) The other master device may hold the 12C bus by issuing a RESTART condition, or release the bus by issuing a
STOP condition.

3.51.4 Slave Transfer Operation for Bulk Transfer

In the standard 12C protocol, all transactions are single byte transactions and the programmer responds to a remote
master read request by writing one byte into the slave’s TX FIFO. When a slave (slave transmitter) is issued with a read
request (RD_REQ) from the remote master (master receiver), at a minimum there should be at least one entry placed
into the slave transmitter’s TX FIFO. 12C controller is designed to handle more data in the TX FIFO so that subsequent
read requests can take that data without raising an interrupt to get more data. Ultimately, this eliminates the possibility
of significant latencies being incurred between raising the interrupt for data each time had there been a restriction of
having only one entry placed in the TX FIFO.

This mode only occurs when I12C controller is acting as a slave transmitter. If the remote master acknowledges the data
sent by the slave transmitter and there is no data in the slave’s TX FIFO, the 12C controller holds the I2C SCL line low
while it raises the read request interrupt (RD REQ) and waits for data to be written into the TX FIFO before it can be
sent to the remote master.

If the RD_REQ interrupt is masked, due to bit 5 (M_RD REQ) of the IC_ INTR_MASK register being set to 0, then it
is recommended that a timing routine be used to activate periodic reads of the [IC RAW INTR STAT register. Reads
of IC_ RAW INTR_STAT that return bit 5 (RD_REQ) set to 1 must be treated as the equivalent of the RD REQ
interrupt referred to in this section. This timing routine is similar to that described in “Slave Transmitter Operation for a
Single Byte”.

The RD_REQ interrupt is raised upon a read request, and like interrupts, must be cleared when exiting the interrupt
service handling routine (ISR). The ISR allows you to either write 1 byte or more than 1 byte into the Tx FIFO. During
the transmission of these bytes to the master, if the master acknowledges the last byte, then the slave must raise the
RD_REQ again because the master is requesting for more data.

If the programmer knows in advance that the remote master is requesting a packet of n bytes, the Tx FIFO could be
written with n number bytes and the remote master receives it as a continuous stream of data. For example, the 12C
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slave continues to send data to the remote master as long as the remote master is acknowledging the data sent and there
is data available in the Tx FIFO. There is no need to hold the SCL line low or to issue RD REQ again.

If the remote master is to receive n bytes from the I2C controller but the programmer wrote a number of bytes larger
than n to the Tx FIFO, then when the slave finishes sending the requested n bytes, it clears the Tx FIFO and ignores any

excess bytes.

The 12C controller generates a transmit abort (TX_ ABRT) event to indicate the clearing of the Tx FIFO in this example.
At the time an ACK/NACK is expected, if a NACK is received, then the remote master has all the data it wants. At this

time, a flag is raised within the slave’s state machine to clear the leftover data in the Tx FIFO. This flag is transferred to
the processor bus clock domain where the FIFO exists and the contents of the Tx FIFO is cleared at that time.
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3.5.2 Master Mode Operation

3.5.21 Initial Configuration

To use the 12C controller as a master perform the following steps:

(1) Disable the I2C controller by writing 0 to bit 0 of the IC_ENABLE register.

(2) Write to the IC_CON register to set the maximum speed mode supported for slave operation (bits 2:1).

(3) Write to the IC_TAR register the address of the 12C device to be addressed. It also indicates whether a General
Call or a START BYTE command is going to be performed by I12C controller. 7-bit or 10-bit addressing is
controlled by the IC_10BITADDR_MASTER bit field (bit 12).

(4) Enable the I2C controller by writing a 1 to bit 0 of the IC_ENABLE register.

(5) Now write the transfer direction and data to be sent to the [IC_ DATA CMD register. If the IC DATA _CMD
register is written before the I2C controller is enabled, the data and commands are lost as the buffers are kept
cleared when I2C controller is not enabled.

3.5.2.2 Dynamic IC_TAR or IC_10BITADDR_MASTER Update

The 12C controller supports dynamic updating of the IC_TAR (bits 9:0) and IC_10BITADDR_MASTER (bit 12) bit
fields of the IC_TAR register. You can dynamically write to the IC_TAR register provided the software ensures that
there are no other commands in the Tx FIFO that use the existing TAR address. If the software does not ensure this,
then IC_TAR should be re programmed only if the following conditions are met:

¢ [2C controller is not enabled (IC_ENABLE[0] = 0);
OR
12C controller is enabled (IC_ENABLE[0] = 1); AND
12C controller is not engaged in any Master (tx, rx) operation (IC_STATUSJ[5] = 0); AND
12C controller is enabled to operate in Master mode (IC_CON[0] = 1); AND
there are NO entries in the Tx FIFO (IC_STATUS[2] = 1);

You can change the TAR address dynamically without losing the bus, only if the following conditions are met.

® [2C controller is enabled (IC_ENABLE[0]=1); AND
12C controller is enabled to operate in Master mode (IC_CON[0] = 1); AND
there are NO entries in the Tx FIFO and the master is in HOLD state (IC_INTR _STAT[13]=1);

NOTE

I12C controller uses the TAR address if either of the following conditions is true:

® The command has either RESTART or STOP bit set.

® The direction is changed in commands with a read command following a write command or vice versa.

The updated TAR address comes into effect only when the next START or RESTART occurs on the bus.
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3.5.2.3 Master Transmit and Master Receive

The I2C controller supports switching back and forth between reading and writing dynamically. To transmit data, write
the data to be written to the lower byte of the I2C Rx/Tx Data Buffer and Command Register (IC_DATA CMD). The
CMD bit [8] should be written to 0 for I2C write operations. Subsequently, a read command may be issued by writing
“don’t cares” to the lower byte of the IC_DATA_CMD register, and a 1 should be written to the CMD bit. The 12C
controller master continues to initiate transfers as long as there are commands present in the transmit FIFO. If the
transmit FIFO becomes empty the master checks to see if [IC DATA CMD[9] is set to 1. If set to 1, it issues a STOP
condition after completing the current transfer; if set to 0, it holds SCL low until next command is written to the
transmit FIFO.
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3.5.3 Disabling the 12C controller

The IC ENABLE STATUS register is used to allow software to unambiguously determine when the 12C controller has
been completely disabled in response to bit 0 of the IC_ENABLE register being set from 1 to 0.

NOTE

The 12C Master can be disabled only if the current command being processed -- when the IC_ENABLE de-assertion
occurs -- has the STOP bit set to 1.

When an attempt is made to disable the 12C Master while processing a command without the STOP bit set, the 12C
Master continues to remain active, holding the SCL line low until a new command is received in the Tx FIFO.

3.5.3.1 Procedure

(1) Define a timer interval (ti2c_poll) equal to the 10 times the signaling period for the highest 12C transfer speed
used in the system and supported by I2C controller. For example, if the highest [2C transfer mode is 400 kb/s,
then this ti2c_poll is 25 ps.

(2) Define a maximum time out parameter, MAX T POLL_COUNT, such that if any repeated polling operation
exceeds this maximum value, an error is reported.

(3) Execute a blocking thread/process/function that prevents any further I2C master transactions to be started by
software, but allows any pending transfers to be completed.
This step can be ignored if I12C controller is programmed to operate as an 12C slave only.

(4) The variable POLL_COUNT is initialized to zero.
(5) Set bit 0 of the IC_ENABLE register to 0.

(6) Read the IC ENABLE STATUS register and test the IC_EN bit (bit 0). Increment POLL_COUNT by one. If
POLL COUNT >=MAX T POLL COUNT, exit with the relevant error code.

(7) IfIC_ENABLE STATUSJ[O0] s 1, then sleep for ti2c_poll and proceed to the previous step. Otherwise, exit with a
relevant success code.
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3.54 Aborting the 12C Transfer

The ABORT control bit of the IC_ ENABLE register allows the software to relinquish the 12C bus before completing
the issued transfer commands from the Tx FIFO. In response to an ABORT request, the controller issues the STOP
condition over the 12C bus, followed by Tx FIFO flush. Aborting the transfer is allowed only in master mode of
operation.

3.5.4.1 Procedure

(1) Stop filling the Tx FIFO (IC_DATA_ CMD) with new commands.

(2) Setbit 1 of the IC_ENABLE register (ABORT) to 1.

(3) Wait for the TX_ABRT interrupt.

(4) Read the IC_ TX ABRT SOURCE register to identify the source as ABRT USER_ABRT.
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3.6 Programming the 12C Controller

3.6.1 Spike Suppression

The 12C controller contains programmable spike suppression logic that match requirements imposed by the I2C Bus
Specification for Standard mode/Fast mode (tsp).

This logic is based on counters that monitor the input signals (SCL and SDA), checking if they remain stable for a
predetermined amount of 2C_SCLK cycles before they are sampled internally. There is one separate counter for each
signal (SCL and SDA). The number of I2C_SCLK cycles can be programmed by the user and should be calculated
taking into account the frequency of [2C_SCLK and the relevant spike length specification.

Each counter is started whenever its input signal changes its value. Depending on the behavior of the input signal, one

of the following scenarios occurs:

¢ The input signal remains unchanged until the counter reaches its count limit value. When this happens, the internal
version of the signal is updated with the input value, and the counter is reset and stopped. The counter is not restarted
until a new change on the input signal is detected.

¢ The input signal changes again before the counter reaches its count limit value. When this happens, the counter is
reset and stopped, but the internal version of the signal is not updated. The counter remains stopped until a new
change on the input signal is detected.

The 12C Bus Specification calls a maximum spike length of 50ns for the Standard mode and Fast mode:

IC_FS SPKLEN register holds the maximum spike length for Standard mode and Fast mode.

The register is 8 bits width and accessible through the APB interface for read and write purposes; however, it can be
written to only when the 12C controller is disabled. The minimum value that can be programmed into the register is 1;
attempting to program a value smaller than 1 results in the value 1 being written.

As an example, for a 10 ns [2C_SCLK period the count limit value to be used is 5 (50 ns spike suppression). Because
the minimum value that can be programmed into the IC_FS SPKLEN registers is 1, the spike length specification can
be exceeded by a long pulse of I2C_SCLK. Consider the simple example of a 10 MHz (100 ns period) [2C_SCLK; in
this case, the minimum spike length that can be programmed is 100 ns, which means that spikes up to this length are

suppressed.
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3.6.2 12C_SCLK Frequency Configuration

When the 12C controller is configured as a master, the *CNT registers must be set before any 12C bus transaction can
take place in order to ensure proper I/O timing. The *CNT registers are:

¢ IC_SS_SCL_HCNT
¢ IC_SS SCL LCNT
¢ IC_FS_SCL_HCNT
¢ IC_FS_SCL _LCNT
NOTE

It is not necessary to program any of the *CNT registers if the 12C controller is enabled to operate only as an 12C slave,
since these registers are used only to determine the SCL timing requirements for operation as an 12C master.

3.6.21 Minimum High and Low Counts

When the I2C controller operates as an [2C master, in both transmit and receive transfers:

¢ [C SS SCL LCNT and IC_FS SCL _LCNT register values must be larger than IC FS SPKLEN + 7.
¢ [C_SS SCL HCNT and IC FS SCL_HCNT register values must be larger than IC_FS SPKLEN + 5.

Details regarding the 12C controller high and low counts are as follows:

® The minimum value of IC_FS_SPKLEN + 7 for the * LCNT registers is due to the time required for the [2C
controller to drive SDA after a negative edge of SCL.

® The minimum value of IC_FS SPKLEN + 5 for the * HCNT registers is due to the time required for the 12C
controller to sample SDA during the high period of SCL.

e The I2C controller adds one cycle to the programmed * LCNT value in order to generate the low period of the SCL
clock; this is due to the counting logic for SCL low counting to (* LCNT + 1).

® The I2C controller adds IC_FS SPKLEN + 7 cycles to the programmed * HCNT value in order to generate the high
period of the SCL clock; this is due to the following factors:

— The counting logic for SCL high counts to (¥ HCNT+1).
— The digital filtering applied to the SCL line incurs a delay of IC_FS SPKLEN + 2 12C_SCLK cycles.
— This filtering includes metastability removal and the programmable spike suppression on SDA and SCL edges.

— Whenever SCL is driven 1 to 0 by the 12C controller -- that is, completing the SCL high time -- an internal logic
latency of three [2C_SCLK cycles is incurred. Consequently, the minimum SCL low time of which the 12C
controller is capable is nine (9) [2C_SCLK periods (7 + 1 + 1), while the minimum SCL high time is thirteen (13)
12C_SCLK periods (6 + 1 + 3 + 3).

NOTE

The total high time and low time of SCL generated by the I12C controller master is also influenced by the rise time and fall
time of the SCL line, as shown in the illustration and equations in Figure below. It should be noted that the SCL rise and
fall time parameters vary, depending on external factors such as Characteristics of 10 driver, Pull-up resister value, Total
capacitance on SCL line, and so on. These characteristics are beyond the control of the 12C controller.
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SCL_High_time = [(HCNT + IC_*_SPKLEN + 7) * 12C_SCLK] + SCL_Fall_time
SCL_Low_time = [(LCNT + 1) * 12C_SCLK] — SCL_Fall_time + SCL_Rise_time

Figure 3.2 SCL High and Low Time

The table below lists the minimum [2C_SCLK values for all modes with high and low count values. SCL_Rise time
and SCL_Fall time are not considered.

Table 3.40 Minimum High and Low Counts

Minimum
Speed 12C_SCLK Freq  Minimum SCL Low Time SCL High Time
Modes (MHz) IC_FS_SPKLEN IC_*_SCL_LCNT (us) IC_*_SCL_HCNT (us)
Standard mode 2.7 1 12 4.7 6 5.2
Fast mode 12 1 15 1.33 6 1.16

Note: 12C_SCLK must be faster than or equal to 12C_PCLK.
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3.6.3 SDA Hold Time

The I2C protocol specification requires 300 ns of hold time on the SDA signal (tup;pat) in Standard mode and Fast
mode.

Board delays on the SCL and SDA signals can mean that the hold time requirement is met at the [2C master, but not at
the 12C slave (or vice versa). As each application encounters differing board delays, the 12C controller contains a
software programmable register (IC_SDA HOLD) to enable dynamic adjustment of the SDA hold time.

The bits [15:0] are used to control the hold time of SDA during transmit in both slave and master mode (after SCL goes
from HIGH to LOW).

The bits [23:16] are used to extend the SDA transition (if any) whenever SCL is HIGH in the receiver (in either master
or slave mode).

If different SDA hold times are required for different speed modes, the IC_ SDA HOLD register must be reprogrammed
when the speed mode is being changed. The IC_ SDA HOLD register can be programmed only when the 12C controller
is disabled (IC_ENABLE[0] = 0).

3.6.3.1 SDA Hold Timings in Receiver

When 12C controller acts as a receiver, according to the I2C protocol, the device should internally hold the SDA line to
bridge undefined gap between logic 1 and logic 0 of SCL.

IC_SDA RX HOLD can be used to alter the internal hold time which I12C controller applies to the incoming SDA line.
Each value in the IC_SDA RX HOLD register represents a unit of one [2C_SCLK period. The minimum value of
IC_SDA RX HOLD is 0. This hold time is applicable only when SCL is HIGH. The receiver does not extend the SDA
after SCL goes LOW internally.

The Figure below shows the 12C protocol as receiver with IC_ SDA RX HOLD programmed to greater than or equal to
3.IfIC_SDA RX HOLD is greater than 3, I2C controller does not hold SDA beyond 3 12C_SCLK cycles, because
SCL goes LOW internally.

pesa LT LT LT L L L L] L
|
|

Scl_int i
(internal SCL after filter logic) J :

Sda_post_spk_suppresion

(internal signal after filter logic)

|

Sda_int '

(SDA signal after filter and hold) :
|

|

L

[ >l

IC_SDA_RX_HOLD >=3 |

Figure 3.3 SDA Hold Timings in the Receiver

The maximum values of IC SDA RX HOLD that can be programmed in the register for the respective speed modes
are derived from the following equations:

Standard mode

Maximum IC_SDA_RX _HOLD =IC_SS_SCL _HCNT - IC_FS_SPKLEN — 3
Fast mode

Maximum IC_SDA_RX HOLD =IC_FS_SCL _HCNT - IC_FS SPKLEN — 3
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The above maximum value is applicable in Master mode. In Slave mode, make sure the IC_ SDA RX HOLD does not
exceed the maximum SCL fall time (t¢ in Standard mode and Fast mode).

3.6.3.2 SDA Hold Timings in Transmitter

The IC_SDA_TX HOLD register can be used to alter the timing of the generated SDA signal by the 12C controller.
Each value in the IC_SDA TX HOLD register represents a unit of one [2C_SCLK period.

When the 12C controller is operating in Master Mode, the minimum tip;pat timing is one I2C_SCLK period. Therefore,
even when IC_SDA_TX HOLD has a value of zero, the 12C controller will drive SDA one [2C_SCLK cycle after
driving SCL to logic 0. For all other values of IC_ SDA TX HOLD, the following is true:

® Drive on SDA occurs IC_SDA_TX HOLD I2C_SCLK cycles after driving SCL to logic 0

When the I2C controller is operating in Slave Mode, the minimum typ;par timing is IC_FS SPKLEN + 7 I2C_SCLK
periods. This delay allows for synchronization and spike suppression on the SCL sample. Therefore, even when
IC_SDA_TX HOLD has a value less than IC_FS_SPKLEN + 7, the 12C controller drives SDA IC_FS_SPKLEN + 7
12C_SCLK cycles after SCL has transitioned to logic 0. For all other values of IC_ SDA TX HOLD, the following is
true:

¢ Drive on SDA occurs IC_ SDA_TX HOLD I2C_SCLK cycles after SCL has transitioned to logic 0.

NOTE

The programmed SDA hold time cannot exceed at any time the duration of the low part of SCL. Therefore, the
programmed value cannot be larger than N_SCL_LOW-2, where N_SCL_LOW is the duration of the low part of the SCL
period measured in 12C_SCLK cycles.
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Section 4 Basic GPIO

Portions Copyright © 2014 Synopsys. Used with permission. All rights reserved. Synopsys & DesignWare are
registered trademarks of Synopsys.

41 Overview

RZ/N1 provides 3 Basic GPIO (BGPIO) modules.

The BGPIO supports the following features:

e Up to six ports which are separately configurable:
= BGPIOI port A, BGPIO1 port B, BGPIO2 port A, BGPIO2 port B, BGPIO3 port A, BGPIO3 port B

e Separate data registers and data direction registers for each signal

¢ Independently controllable signal bits

¢ Configurable interrupt mode for BGPIO1 port A, BGPIO2 port A and BGPIO3 port A only (32 interrupts by port)
— This can be programmed to accept external signals as interrupt sources on any of the bits of the signal

— The type of interrupt is programmable with one of the following settings:
a. Active high and level
b. Active low and level
c. Rising edge
d. Falling edge

¢ All interrupts from BGPIO1, 2, 3 port A are routed by a programmable wrapper to extract 8 interrupts directly routed
to Cortex®-A7 and Cortex®-M3

¢ Trigger synchronous operation with dedicated wrapper circuit allowing real time operation controlled by interrupts.
The status of the GPIO signal is updated in synchronization with an interrupt from an on-chip peripheral function.
The trigger synchronous control mode can be enable/disable via register setting.

BGPIO[m] (m=1..3) ——
BGPIO[m]A_OEN
Interrupt | [——————3» 9}
Detection | | BGPIOIMIA OUT | & 8 £
Network 8 portA | JGPIOIMIAIN f;:—;% <> é% <> 2 L >
On > é Registers BePomBOEN (2 3| (23| |3
Chip i BGPIO[m]B_OUT | © ] &
portB —> o
BGPIO[m]B_IN
Figure 4.1 BGPIO Summary Synoptic
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Metastability

bGPIO_ext_port[n]

Control

D Q—

> CK

BGPIO[m][x]_IN[n]

bGPIO_port_dr[n]

D Q P Trigger >
+  |BGPIO[m][x]_OUT[n]
> CK Synchro
APB
bGPIO_port_ddr[n]
D »
e BGPIO[m][x]_OEN[n]
S > cK
BGPIO[m]_PCLK m=1.3,n=0..31,x=AorB
Figure 4.2 BGPIO Synoptic (Port Management)
bGPIO_porta_eoi[n] bGPIO_int_polarity[n]
N Metastability Rise Edge bGPIO_raw_intstatus[n]
Control Detect
| ™~ bGPIO_intstatus[n]
Fall Edge
Detect
I BGPIO_Int[n]
Active High
Detect
bGPIO_intmask[n]
Active Low
bGPIO_inten[n], Detect ||
bGPIO_Is_sync
bGPIO_inttype_level[n] n=0.31
|
APB

Figure 4.3

BGPIO Synoptic (Interrupt Management)
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4.2 Signal Interfaces

Table 4.1 BGPIO Signal Interface

Signal Name

Input
Output

Description

Clock

BGPIO[m]_PCLK

‘ Input

| Internal bus clock (APB)

Interrupt

BGPIO[m]_Int[31:0]

‘ Output

‘ Level sensitive interrupt output of port A, Active High

External GPIO Pin Interface Signal

BGPIO1A_OEN[31:0]
BGPIO1B_OEN[31:0]
BGPIO2A_OEN[31:0]
BGPIO2B_OEN[31:0]
BGPIO3A_OEN[31:0]
BGPIO3B_OEN[9:0]

Output

GPIO output enable

BGPIO1A_IN[31:0]
BGPIO1B_IN[31:0]
BGPIO2A_IN[31:0]
BGPIO2B_IN[31:0]
BGPIO3A_IN[31:0]
BGPIO3B_IN[9:0]

Input

GPIO input

BGPIO1A_OUT[31:0]
BGPIO1B_OUT[31:0]
BGPIO2A_OUT[31:0]
BGPIO2B_OUT[31:0]
BGPIO3A_OUT[31:0]
BGPIO3B_OUT[9:0]

Output

GPIO output

GPIO Trigger Control Signal

CFG_GPIOT_PTEN1A[31:0]
CFG_GPIOT_PTEN1B[31:0]
CFG_GPIOT_PTEN2A[31:0]
CFG_GPIOT_PTEN2B[31:0]
CFG_GPIOT_PTEN3A[31:0]
CFG_GPIOT_PTEN3B[9:0]

Input

GPIO trigger Enable

GPIO_TRIGGER[3:0]

Input

GPIO trigger signal

Note: m=1..3

Output enable, input, output are routed by 10 Multiplexing logic.
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4.3.1 Register Map BGPIO1

Table 4.2 Basic GPIO1 Register Map

Address Register Symbol Register Name

5000 BOOOh rGPIO_swporta_dr GPIO Port A Data Output Register

5000 BO04h rGPIO_swporta_ddr GPIO Port A Data Direction Register

5000 BOOCh rGPIO_swportb_dr GPIO Port B Data Output Register

5000 BO10h rGPIO_swportb_ddr GPIO Port B Data Direction Register

5000 BO30h rGPIO_inten GPIO Port A Interrupt Enable Register

5000 B034h rGPIO_intmask GPIO Port A Interrupt Mask Register

5000 B0O38h rGPIO_inttype_level GPIO Port A Interrupt Level Register

5000 BO3Ch rGPIO_int_polarity GPIO Port A Interrupt Polarity Register

5000 B040h rGPIO_intstatus GPIO Port A Interrupt Status

5000 B044h rGPIO_raw_intstatus GPIO Port A Raw Interrupt Status (Premasking)
5000 B0O4Ch rGPIO_porta_eoi GPIO Port A Clear Interrupt Register

5000 BO50h rGPIO_ext_porta GPIO Port A Data Input Register

5000 B054h rGPIO_ext_portb GPIO Port B Data Input Register

5000 B060h rGPIO_Is_sync GPIO Port A Level-Sensitive Synchronization Enable Register
4.3.2 Register Map BGPIO2

Table 4.3 Basic GPIO2 Register Map

Address Register Symbol Register Name

5000 C000h rGPIO_swporta_dr GPIO Port A Data Output Register

5000 C004h rGPIO_swporta_ddr GPIO Port A Data Direction Register

5000 CO0Ch rGPIO_swportb_dr GPIO Port B Data Output Register

5000 C010h rGPIO_swportb_ddr GPIO Port B Data Direction Register

5000 C030h rGPIO_inten GPIO Port A Interrupt Enable Register

5000 C034h rGPIO_intmask GPIO Port A Interrupt Mask Register

5000 C038h rGPIO_inttype_level GPIO Port A Interrupt Level Register

5000 C03Ch rGPIO_int_polarity GPIO Port A Interrupt Polarity Register

5000 C040h rGPIO_intstatus GPIO Port A Interrupt Status

5000 C044h rGPIO_raw_intstatus GPIO Port A Raw Interrupt Status (Premasking)
5000 C04Ch rGPIO_porta_eoi GPIO Port A Clear Interrupt Register

5000 C050h rGPIO_ext_porta GPIO Port A Data Input Register

5000 C054h rGPIO_ext_portb GPIO Port B Data Input Register

5000 C060h rGPIO_Is_sync GPIO Port A Level-Sensitive Synchronization Enable Register
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43.3 Register Map BGPIO3

Table 4.4 Basic GPIO3 Register Map

Address Register Symbol Register Name

5000 D0O0Oh rGPIO_swporta_dr GPIO Port A Data Output Register

5000 D004h rGPIO_swporta_ddr GPIO Port A Data Direction Register

5000 DOOCh rGPIO_swportb_dr GPIO Port B Data Output Register

5000 D010h rGPIO_swportb_ddr GPIO Port B Data Direction Register

5000 D030h rGPIO_inten GPIO Port A Interrupt Enable Register

5000 D034h rGPIO_intmask GPIO Port A Interrupt Mask Register

5000 D038h rGPIO_inttype_level GPIO Port A Interrupt Level Register

5000 DO3Ch rGPIO_int_polarity GPIO Port A Interrupt Polarity Register

5000 D040h rGPIO_intstatus GPIO Port A Interrupt Status

5000 D044h rGPIO_raw_intstatus GPIO Port A Raw Interrupt Status (Premasking)
5000 D04Ch rGPIO_porta_eoi GPIO Port A Clear Interrupt Register

5000 D050h rGPIO_ext_porta GPIO Port A Data Input Register

5000 D054h rGPIO_ext_portb GPIO Port B Data Input Register

5000 DO60h rGPIO_Is_sync GPIO Port A Level-Sensitive Synchronization Enable Register
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4.4 Register Description

441 rGPIO_swporta_dr — GPIO Port A Data Output Register

Address: 5000 BOOOh (BGPIO1)
5000 C0O00h (BGPIO2)
5000 DO0Oh (BGPIO3)

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

bGPIO_port_dr

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

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

bGPIO_port_dr
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 4.5 rGPIO_swporta_dr Register Contents
Bit Position Bit Name Function R/W
b31 to b0 bGPIO_port_dr For each n bit, with n = 0..31, values written to this register are output on the external R/W
pins BGPIO[m]A[n] if the corresponding data direction bits for port are set to output

mode
The value read back is equal to the last value written to this register.

4.4.2 rGPIO_swporta_ddr — GPIO Port A Data Direction Register

Address: 5000 B0OO4h (BGPIO1)
5000 C004h (BGPIO2)
5000 D004h (BGPIO3)

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

bGPIO_port_ddr

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

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

bGPIO_port_ddr

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

Table 4.6 rGPIO_swporta_ddr Register Contents

Bit Position Bit Name Function R/W

b31 to b0 bGPIO_port_ddr For each n bit, with n = 0..31, values written to this register independently control the = R/W
direction of the corresponding data bit in external pins BGPIO[m]A[n]

1’b0: Input (default after reset)
1’b1: Output
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443 rGPIO_swportb_dr — GPIO Port B Data Output Register

Address: 5000 BOOCh (BGPIO1)
5000 COOCh (BGPIO2)
5000 DOOCh (BGPIO3)

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

bGPIO_port_dr

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

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

bGPIO_port_dr
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 4.7 rGPIO_swportb_dr Register Contents
Bit Position Bit Name Function R/W
b31 to b0 bGPIO_port_dr For each n bit, with n = 0..31, values written to this register are output on the external R/W
pins BGPIO[m]BIn] if the corresponding data direction bits for port are set to output
mode

The value read back is equal to the last value written to this register.

4.4.4 rGPIO_swportb_ddr — GPIO Port B Data Direction Register

Address: 5000 B010h (BGPIO1)
5000 C010h (BGPIO2)
5000 D010h (BGPIO3)

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

bGPIO_port_ddr

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

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

bGPIO_port_ddr

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 4.8 rGPIO_swportb_ddr Register Contents
Bit Position Bit Name Function R/W
b31 to b0 bGPIO_port_ddr For each n bit, with n = 0..31, values written to this register independently control the =~ R/W
direction of the corresponding data bit in external pins BGPIO[m]B[n]
1’b0: Input (default after reset)
1’b1: Output
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4.4.5 rGPIO_inten — GPIO Port A Interrupt Enable Register

Address: 5000 B030h (BGPIO1)
5000 CO30h (BGPIO2)
5000 DO30h (BGPIO3)

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

bGPIO_inten

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

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

bGPIO_inten
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 4.9 rGPIO_inten Register Contents
Bit Position Bit Name Function R/W
b31 to b0 bGPIO_inten Allows each n bit of port A, with n = 0..31, to be configured for interrupts. By default, R/W

the generation of interrupts is disabled.
Whenever a 1 is written to a bit of this register, it configures the corresponding bit on
port A to become an interrupt, otherwise, the port A operates as a normal GPIO
signal.
Interrupts are disabled on the corresponding bits of port A if the corresponding data
direction register is set to Output.

1’b0: Configure port A bit as normal GPIO signal (default)

1’b1: Configure port A bit as interrupt

4.4.6 rGPIO_intmask — GPIO Port A Interrupt Mask Register

Address: 5000 B034h (BGPIO1)
5000 C034h (BGPIO2)
5000 D034h (BGPIO3)

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

bGPIO_intmask

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

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

bGPIO_intmask

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

Table 4.10 rGPIO_intmask Register Contents

Bit Position Bit Name Function R/W

b31 to b0 bGPIO_intmask For each n bit, with n=0..31, controls whether an interrupt on port A can create an R/W
interrupt for the interrupt controller by not masking it. By default, all interrupts bits are
unmasked. Whenever a 1 is written to a bit in this register, it masks the interrupt
generation capability for this signal otherwise interrupts are allowed through. The
unmasked status can be read as well as the resultant status after masking.

1’b0: Interrupt bits are unmasked (default)
1’b1: Mask interrupt
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4.4.7 rGPIO_inttype_level — GPIO Port A Interrupt Level Register

Address: 5000 B038h (BGPIO1)
5000 C038h (BGPIO2)
5000 D038h (BGPIO3)

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

bGPIO_inttype_levell

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

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

bGPIO_inttype_levell

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

Table 4.11 rGPIO_inttype_level Register Contents

Bit Position Bit Name Function R/W

b31 to b0 bGPIO _inttype_levell For each n bit, with n = 0..31, controls the type of interrupt that can occur on port A. R/W

Whenever a 0 is written to a bit of this register, it configures the interrupt type to be
level-sensitive, otherwise, it is edge-sensitive.

1'b0: Level-sensitive (default)
1’b1: Edge-sensitive

44.8 rGPIO_int_polarity — GPIO Port A Interrupt Polarity Register

Address: 5000 BO3Ch (BGPIO1)
5000 C0O3Ch (BGPIO2)
5000 DO3Ch (BGPIO3)

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

bGPIO_int_polarity

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

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

bGPIO_int_polarity

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

Table 4.12 rGPIO_int_polarity Register Contents

Bit Position Bit Name Function R/W

b31 to b0 bGPIO_int_polarity For each n bit, with n = 0..31, controls the polarity of edge or level sensitivity that can ~ R/W
occur on input of port A. Whenever a 0 is written to a bit of this register, it configures
the interrupt type to falling-edge or active-low sensitive, otherwise, it is rising-edge or
active-high sensitive.
1’b0: Active-low (default)

1’b1: Active-high
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4.4.9 rGPIO_intstatus — GPIO Port A Interrupt Status

Address: 5000 B040h (BGPIO1)
5000 C040h (BGPIO2)
5000 D040h (BGPIO3)

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

bGPIO_intstatus

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

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

bGPIO_intstatus

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

Table 4.13 rGPIO_intstatus Register Contents

Bit Position Bit Name Function R/W

b31 to b0 bGPIO_intstatus For each n bit, with n = 0..31, interrupt status of port A. R
1’b0: No Interrupt
1’b1: Interrupt generated

4410 rGPIO_raw_intstatus — GPIO Port A Raw Interrupt Status (Premasking)

Address: 5000 B044h (BGPIO1)
5000 C044h (BGPIO2)
5000 D044h (BGPIO3)

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

bGPIO_raw_intstatus

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

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

bGPIO_raw_intstatus

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

Table 4.14 rGPIO_raw_intstatus Register Contents

Bit Position Bit Name Function R/W
b31 to b0 bGPIO_raw_intstatus For each n bit, with n = 0..31, raw interrupt of status of port A (premasking bits). R
1’b0: No interrupt requested
1’b1: Interrupt requested
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4411 rGPIO_porta_eoi — GPIO Port A Clear Interrupt Register

Address: 5000 B0O4Ch (BGPIO1)
5000 C04Ch (BGPI102)
5000 D04Ch (BGPIO3)

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

bGPIO_porta_eoi

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

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

bGPIO_porta_eoi

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

Table 4.15 rGPIO_porta_eoi Register Contents

Bit Position Bit Name Function R/W

b31 to b0 bGPIO_porta_eoi For each n bit, with n = 0..31, controls the clearing of edge type interrupts from port A. W
When a 1 is written into a corresponding bit of this register, the interrupt is cleared.

All interrupts are cleared when port A is not configured for interrupts.
1’b0: No interrupt clear (default)
1’b1: Clear interrupt

4412 rGPIO_ext_porta — GPIO Port A Data Input Register

Address: 5000 BO50h (BGPIO1)
5000 C050h (BGPIO2)
5000 D0O50h (BGPIO3)

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

bGPIO_ext_port

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

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

bGPIO_ext_port

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

Table 4.16 rGPIO_ext_porta Register Contents

Bit Position Bit Name Function R/W
b31 to b0 bGPIO_ext_port For each n bit, with n = 0..31, when port is configured as Input, then reading this R
location reads the values on the external pins BGPIO[m]A[n]
When the data direction of port is set as Output, reading this location reads the data
output register for port except if the BGPIO is in trigger mode because of the flip-flops
present on the path in that case.
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4413

rGPIO_ext_portb — GPIO Port B Data Input Register

Address: 5000 B054h (BGPIO1)
5000 CO54h (BGPIO2)
5000 D054h (BGPIO3)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
bGPIO_ext_port
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bGPIO_ext_port
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 4.17 rGPIO_ext_portb Register Contents
Bit Position Bit Name Function R/W
b31 to b0 bGPIO_ext_port For each n bit, with n = 0..31, when port is configured as Input, then reading this R
location reads the values on the external pins BGPIO[m]BI[n]
When the data direction of port is set as Output, reading this location reads the data
output register for port except if the BGPIO is in trigger mode because of the flip-flops
present on the path in that case.
4414 rGPIO_lIs_sync — GPIO Port A Level-Sensitive Synchronization Enable
Register
Address: 5000 BO60h (BGPIO1)
5000 C060h (BGPI102)
5000 D0O60h (BGPIO3)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
. _ o - . - - - _ o o . o o __ [bGPIO_|
Is_sync
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 4.18 rGPIO_Is_sync Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved Read as 0. R
b0 bGPIO_Is_sync Writing a 1 to this register results in all level-sensitive interrupts being synchronized to R/W
clock.

1’b0: No synchronization to BGPIO_PCLK (default)

1’b1: Synchronize to BGPIO_PCLK

Caution) In order to prevent glitches on the interrupt lines to the interrupt controller,
the firmware must configure this bit with 32’h1 value.

RO1UHO752EJ0120 Rev.1.20

Dec 29, 2021

RENESAS

Page 234 of 637



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group Section 4 Basic GPIO

4.5 Operation
4.5.1 Main Functions Blocks Description

4511 Data & Control Flow

The BGPIO controls the external output data and direction of external I/O. It also can read back the data on external
inputs using memory mapped registers.

Each bit in each port A and port B is individually controllable. The data and control flow for a signal are shown in
Figure 4.2, BGPIO Synoptic (Port Management).

e Port direction control

rGPIO_swporta_ddr.bGPIO port_ddr[n] and rGPIO_swportb_ddr.bGPIO port ddr[n]
¢ Port output data

rGPIO_swporta_dr.bGPIO_port dr[n] and rGPIO_swportb_dr.bGPIO port dr[n]
¢ Port input data (read only)

rGPIO_ext porta.bGPIO_ext port[n] and rGPIO ext portb.bGPIO ext port[n]

CAUTION

Valid BGPIO ports and registers depend on the device, RZ/N1D, N1S or N1L
Bit9 to 0 of the register related to the BGPIO3 port B are available only for RZ/N1D-400.

4.51.2 Interruption (Only Port A)

The port A can be programmed to accept external signals as interrupt sources on any of the bits of the signal. The type
of interrupt is programmable with one of the following settings:

e Active high and level
¢ Active low and level
¢ Rising edge
¢ Falling edge

For each n bit of port A, with n = 0..31, the interrupts can be masked by programming the bGPIO_intmask[n] register.
The interrupt status can be read before masking (called raw status) and after masking.

Whenever the port A is configured for interrupts, the data direction must be set to Input and the mode must be set to
Software for interrupts to be latched. If the data direction register is reprogrammed to Output mode, then any pending
interrupts are not lost. However, no new interrupts are generated.

Figure 4.3, BGPIO Synoptic (Interrupt Management) shows how the interrupts are generated and how the data
flows.

For edge detected interrupts, the interrupt can be cleared by writing a 1 to the bGPIO_porta_eoi[n] bit for the
corresponding bit to disable the interrupt. This write also clears the interrupt status and raw status registers. It is
recommended that the interrupt source is cleared prior to writing to the bGPIO porta_eoi[n] register. Writing to the
bGPIO_porta_eoi[n] bit has no effect on level sensitive interrupts.
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If level sensitive interrupts cause an interrupt, then software can poll the bGPIO_raw _intstatus[n] register until the
interrupt source disappears, or it can write to the bGPIO_intmask[n] register to mask the interrupt.

If a software reads the bGPIO _intstatus[n] register to find multiple pending interrupt requests, then it is up to the
processor to prioritize these pending interrupt requests.

There are no restrictions on the number of edge detected interrupts that can be cleared simultaneously by writing
multiple 1’s to the bGPIO porta_eoi[n] register.

A case may arise where a software writes 1 in order to clear an existing interrupt during the same clock cycle in which a
new interrupt is detected. In such a case, writing to the interrupt clear register clears only the first interrupt. The second
interrupt is not lost, since setting an interrupt has a higher priority than clearing it.

4513 Programmable Interrupts Routed on Cortex-A7 and M3

All interrupts from BGPIO1, 2, 3 port A are routed by GPIO interrupt multiplexer in system control to extract 8
interrupts GPIO_Int[7:0] directly routed to Cortex-A7 and M3. The multiplexer is set by rGPIOs_Level2 Gpio Int [n]
of Config Sys2.

For each interrupt GPIO_Int[n] with n=10..7:
¢ Selects an interrupt source from 3x32 possible interrupt sources (port A only)

— BGPIO! Int[31:0] or BGPIO2 Int[31:0] or BGPIO3 Int[31:0]

BGPIO1_Int[31:0
BGPIO1 _Int[31:0] GPIO
(PortA) Interrupt
Multiplexer GPIO_Int[7:0] Cortex-A7
BGPIO2 BGPIO2_Int[31:0] l Cortex-M3
(Port A) Extract |
Interrupt
8 from 3x32
BGPIO3 BGPIO3_Int[31:0]
(Port A)

Figure 4.4 Programmable Interrupts Routed on Cortex-A7 and M3
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451.4 Trigger Synchronous Operation

Trigger Synchronous operation managed with dedicated wrapper circuit allows real time operation by interrupt sources
configured in system controller. The GPIO data signal (input, output) of the GPIO pin is updated in synchronization
with an interrupt source from an on-chip peripheral function. The trigger synchronous control mode can be
enable/disable via register setting. Note the GPIO output enable is always directly connected (no synchronization
feature).

See Figure 4.5, Synchronization Principle and Capture on Event.
¢ Trigger synchronous control mode disable (Transparent mode):

— The GPIO data signals are directly driven per BGPIO signals, no capture and latch, internal input/output signals
and output enable signals are directly connected

= The bit[n] in System Control CFG_GPIOT PTEN_mj register should be set to “0” in this case
a. With m: 1, 2, 3 — Depending on reference port BGPIO1, BGP1IO2, BGPIO3
b. With j: A, B — Depending on if current port is A or B
c. With n =0..31 — Bit number of current port addressing

¢ Trigger synchronous control mode enable:

— The BGPIO internal input signals and output signals are updated in synchronization with an interrupt
(GPIO_TRIGGER([3:0] signals) from an on-chip peripheral function selected inside System Controller.

— The rising edge detection of GPIO_TRIGGER[3:0] signal starts a capture on output and input signals
synchronized with BGPIO_PCLK

— The BGPIO internal input signals and output signals are latched and not changed from last capture event if the
rising edge of GPIO_TRIGGER[3:0] signal is not detected

— The bit[n] in System Control CFG_GPIOT PTEN_mj register should be set to “1” in this case

— The capture and latch functions are not available on output enable signals (directly connected)

System Controller Basics GPIO

BGPIO3B Trigger selection logic|

BGPIO3A Trigger selection logic|
BGPIO2B Trigger selection logic| 10bits BGPIO3B wrapper |
32bits BGPIO3A wrapper. |
32bits BGPIO2B wrapper |
32bits BGPIO2A wrapper |
32bits BGPIO1B wrapper |
— 32bits BGPIOLA wrapper

[INT_ReQi3:0] | BGPIO2A Trigger selection logic|
BGPIO18 Trigger selection logic|
BGPIO1A Trigger selection logic

iGpiola_port_ext[n]

BGPIO1A | iGpiola_port_dr[n]

CFG_GPIOT_PTEN3B[9:0] iGpiola_port_ddr[n]

CFG_GPIOT_PTEN3A[31:0] GPIO
CFG_GPIOT_PTEN2B[31:0] L Trigger ¢
CFG_GPIOT_PTEN2A[31:0] BGPIOL_PCLK N
CFG_GPIOT_PTEN1B[31:0] —_— s
CFG_GPIOT_PTEN1A[31:0] yne ||

— CFG_GPIOT_PTEN1A.PORTEN[31:0]

Internal Z | | GPIO_TRIGGER[3:0] Same connectivity principle all ports:
Logics BGPIO1A with n=0..31
BGPI01B with n=0..31
BGPI02A with n=0..31
BGPIO2B with n=0..31
BGPIO3A with n=0..31
BGPIO3B with n=0..9

Figure 4.5 Synchronization Principle and Capture on Event
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Table 4.19 Trigger Synchronous Operation Allocation Line

BGPIO GPIO Trigger PTEN

Signal Name Signal Name Signal Name

BGPIO1A

BGPIO1A[7:0] GPIO_TRIGGERI0] CFG_GPIOT_PTEN1A.PORTEN [7:0]
BGPIO1A[15:8] GPIO_TRIGGER[1] CFG_GPIOT_PTEN1A.PORTEN [15:8]

BGPIO1A[23:16]

GPIO_TRIGGER[2]

CFG_GPIOT_PTEN1A.PORTEN [23:16]

BGPIO1A[31:24]

GPIO_TRIGGER[3]

CFG_GPIOT_PTEN1A.PORTEN [31:24]

BGPIO1B
BGPIO1B[7:0] GPIO_TRIGGER[0] CFG_GPIOT_PTEN1B.PORTEN [7:0]
BGPIO1B[15:8] GPIO_TRIGGER[1] CFG_GPIOT_PTEN1B.PORTEN [15:8]

BGPIO1B[23:16]

GPIO_TRIGGER[2]

CFG_GPIOT_PTEN1B.PORTEN [23:16]

BGPIO1B[31:24]

GPIO_TRIGGER[3]

CFG_GPIOT_PTEN1B.PORTEN [31:24]

BGPIO2A
BGPIO2A[7:0] GPIO_TRIGGER[0] CFG_GPIOT_PTEN2A.PORTEN [7:0]
BGPIO2A[15:8] GPIO_TRIGGER[1] CFG_GPIOT_PTEN2A.PORTEN [15:8]

BGPIO2A[23:16]

GPIO_TRIGGER[2]

CFG_GPIOT_PTEN2A.PORTEN [23:16]

BGPIO2A[31:24]

GPIO_TRIGGER[3]

CFG_GPIOT_PTEN2A.PORTEN [31:24]

BGPIO2B
BGPIO2B[7:0] GPIO_TRIGGER[0] CFG_GPIOT_PTEN2B.PORTEN [7:0]
BGPIO2B[15:8] GPIO_TRIGGER[1] CFG_GPIOT_PTEN2B.PORTEN [15:8]

BGPIO2B[23:16]

GPIO_TRIGGER[2]

CFG_GPIOT_PTEN2B.PORTEN [23:16]

BGPIO2B[31:24]

GPIO_TRIGGER[3]

CFG_GPIOT_PTEN2B.PORTEN [31:24]

BGPIO3A
BGPIO3A[7:0] GPIO_TRIGGER[0] CFG_GPIOT_PTEN3A.PORTEN [7:0]
BGPIO3A[15:8] GPIO_TRIGGER[1] CFG_GPIOT_PTEN3A.PORTEN [15:8]

BGPIO3A[23:16]

GPIO_TRIGGER[2]

CFG_GPIOT_PTEN3A.PORTEN [23:16]

BGPIO3A[31:24]

GPIO_TRIGGER[3]

CFG_GPIOT_PTEN3A.PORTEN [31:24]

BGPIO3B

BGPIO3BI[7:0] GPIO_TRIGGERI0] CFG_GPIOT_PTEN3B.PORTEN [7:0]
BGPIO3B[9:8] GPIO_TRIGGER[1] CFG_GPIOT_PTEN3B.PORTEN [10:8]
Table 4.20 Trigger Synchronous Operation Basics Function

GPIO Trigger Mode GPIO Trigger Status of BGPIO Signals
CFG_GPIOT_PTEN[m]A GPIO_TRIGGER[3:0] BGPIO[m]A

CFG_GPIOT_PTEN[m]B BGPIO[m]B

1'b0

1’bx

Transparent mode

1b1

On rising edge detection

Trigger synchronous control mode, Event capture

1'b1

No rising detection

Trigger synchronous control mode, no change from last event capture

Note: m=1..3
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4.6 Usage Notes

4.6.1 Programming Consideration

Programming the BGPIO registers for interrupt capability, edge sensitive or level sensitive interrupts, and interrupt
polarity should be completed prior to enable the interrupts on BGPIO1 port A, BGPIO2 port A and BGPIO3 port A in
order to prevent glitches on the interrupt lines to the interrupt controller.

CAUTION
® |n order to prevent glitches, programming the bGPIO_Is_sync bit with “32’h1” value in rGPIO_ls_sync register.

e \Writing to the interrupt clear register clears an edge-detected interrupt and has no effect on a level-sensitive interrupt.
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Section 5 Timer Block

The Peripheral Group1 (PG1) Subsystem includes 2 timer blocks which have 8 Sub-timers.

5.1 Overview

® 2 units

® 6 programmable timers 16 bits, Sub-timer (0..5)

¢ 2 programmable timers 32 bits, Sub-timer (6..7)

e Each Sub-timer generates single interrupt

e Pre-scaler selectable between 2 time bases

— 25MHzor 1 MHz
e 2 Function modes

— Auto-reload mode:

An interrupt is activated at pre-set value time. A counter is automatically cleared and restarts.

— Single-shot mode:

An interrupt is activated at pre-set value time. A counter is stopped and disabled.

¢ DMA Coupling

— DMAC flow controller mode is used

— Start a DMA transaction at interrupt timing

— Available only on Sub-timer (6..7)

DMAC

TIMER[m]_PCLK

DMA

|

TIMER[m] (m=1,2)

Control

A\ 4

» Prescaler

32-bit Counter x 2ch
(Sub-timer6..7)

| 16-bit Counter x 6¢ch

1MHzor (Sub-timer0..5)
25MHz
Network
o gl el
Chip | g - = Registers Control
(bridge) | ™ ™
Figure 5.1 TIMER Interfaces and Connections
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5.2 Signal Interfaces

Input
Signal Name Output Description
Clock
TIMER[m]_PCLK ‘ Input ‘ Internal bus clock (APB) and prescaler input clock, 25 MHz
Interrupt
TIMER[m]_Int[7:0] ‘ Output ‘ Level sensitive interrupt output for each Sub-timer, Active High

Note: m=1or2
Index removed description style is used in this chapter.
Ex) TIMER_PCLK

RO1UHO0752EJ0120 Rev.1.20 RENESAS Page 241 of 637
Dec 29, 2021



RZ/N1D Group, RZ/N1S Group, RZ/N1L Group

Section 5 Timer Block

5.3 Register Map

5.3.1 TIMER1 Register Map

Table 5.1

TIMER1 Register Map

Address

Register Symbol

Register Name

5100 1000h + 20h x n

rTimerLoadCount_[n] (n = 0..7)

Preset Value of Sub-timer[n]

5100 1004h + 20h x n

rTimerCurrentCount_[n] (n = 0..7)

Current Value of Sub-timer[n]

5100 1008h + 20h x n

rTimerControl_[n] (n =0..7)

Control Mode of Sub-timer[n]

5100 100Ch + 20h x n

rTimerClearint_[n] (n = 0..7)

Clears the Interruption of Sub-timer[n]

5100 1010h + 20h x n

rTimerStatusInt0_[n] (n =0..7)

Interruption Status before Masking of Sub-timer[n]

5100 1014h + 20h x n

rTimerStatusiInt1_[n] (n = 0..7)

Interruption Status after Masking of Sub-timer[n]

5100 1100h rTimerAllClearint Clear All Interrupt

5100 1104h rTimerAllStatusIntO All Interrupts Status before Masking
5100 1108h rTimerAllStatusint1 All Interrupts Status after Masking
5100 110Ch rTimer_DMA_Pending TIMER DMA Requests Status

5100 1110h rTimer_DMA_PendingOvf TIMER DMA Overflow Status

5100 1114h rTimer_DMA_PendingCIrOvf TIMER DMA Overflow Clear

5.3.2 TIMER2 Register Map

Table 5.2

TIMER2 Register Map

Address

Register Symbol

Register Name

5100 2000h + 20h x n

rTimerLoadCount_[n] (n = 0..7)

Preset Value of Sub-timer[n]

5100 2004h + 20h x n

rTimerCurrentCount_[n] (n = 0..7)

Current Value of Sub-timer[n]

5100 2008h + 20h x n

rTimerControl_[n] (n = 0..7)

Control Mode of Sub-timer[n]

5100 200Ch + 20h x n

rTimerClearint_[n] (n = 0..7)

Clears the Interruption of Sub-timer[n]

5100 2010h + 20h x n

rTimerStatusInt0_[n] (n = 0..7)

Interruption Status before Masking of Sub-timer[n]

5100 2014h + 20h x n

rTimerStatusiInt1_[n] (n = 0..7)

Interruption Status after Masking of Sub-timer[n]

5100 2100h rTimerAllClearint Clear All Interrupt

5100 2104h rTimerAllStatusIntO All Interrupts Status before Masking
5100 2108h rTimerAllStatusint1 All Interrupts Status after Masking
5100 210Ch rTimer_DMA_Pending TIMER DMA Requests Status

5100 2110h rTimer_DMA_PendingOvf TIMER DMA Overflow Status

5100 2114h rTimer_DMA_PendingCIrOvf TIMER DMA Overflow Clear
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5.4

5.4.1

Register Description

rTimerLoadCount_[n] — Preset Value of Sub-timer[n] (n = 0..5)

Address: 5100 1000h + 20h x n (TIMER1)
5100 2000h + 20h x n (TIMER2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bTimerLoadCount
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.3 rTimerLoadCount_[n] Register Contents
Bit Position Bit Name Function R/W
b31 to b16 Reserved Not used. R
b15 to b0 bTimerLoadCount Preset value R/W

The timer counts up from zero until preset value.

Caution)

® The preset value must be different from 0. If preset value = 0, the timer doesn’t run.

® \When the timer runs (bTimerEnable set “1”), if the CPU writes the new preset
value, it is immediately recognized.

® \When timer mode is auto-reload, the periodic cycle is (bTimerLoadCount + 1).
See Section 5.6, Usage Notes if the firmware modifies bTimerLoadCount when timer

is running.
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5.4.2 rTimerLoadCount_[n] — Preset Value of Sub-timer[n] (n = 6..7)
Address: 5100 1000h + 20h x n (TIMER1)
5100 2000h + 20h x n (TIMER2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
bTimerLoadCount
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bTimerLoadCount
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.4 rTimerLoadCount_[n] Register Contents
Bit Position Bit Name Function R/W
b31 to b0 bTimerLoadCount Preset value R/W

The timer counts up from zero until preset value.

Caution)

® The preset value must be different from 0. If preset value = 0, the timer doesn’t run.

® \When the timer runs (bTimerEnable set “1”), if the CPU writes the new preset
value, it is immediately recognized.

® \When timer mode is auto-reload, the periodic cycle is (bTimerLoadCount + 1).

See Section 5.6, Usage Notes if the firmware modifies bTimerLoadCount when timer

is running.
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5.4.3 rTimerCurrentCount_[n] — Current Value of Sub-timer[n] (n = 0..5)
Address: 5100 1004h + 20h x n (TIMER1)
5100 2004h + 20h x n (TIMER2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bTimerCurrentCount
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.5 rTimerCurrentCount_[n] Register Contents
Bit Position Bit Name Function R/W
b31 to b16 Reserved Not used. R
b15 to b0 bTimerCurrentCount  Current value of timer R
When the current value of one timer equals preset value then:
An interruption is triggered.
The timer is cleared if bTimerEnable is set to 1.
5.4.4 rTimerCurrentCount_[n] — Current Value of Sub-timer[n] (n =6..7)
Address: 5100 1004h + 20h x n (TIMER1)
5100 2004h + 20h x n (TIMER2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
bTimerCurrentCount
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bTimerCurrentCount
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.6 rTimerCurrentCount_[n] Register Contents
Bit Position Bit Name Function R/W
b31 to b0 bTimerCurrentCount  Current value of timer R

When the current value of one timer equals preset value then:
An interruption is triggered.

The timer is cleared if bTimerEnable is set to 1.
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5.4.5 rTimerControl_[n] — Control Mode of Sub-timer[n] (n = 0..7)

Address: 5100 1008h + 20h x n (TIMER1)
5100 2008h + 20h x n (TIMER2)

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

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

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

bTimer bTimer | bTimer | bTimer bTimer

- - - - - - - - - - —  |PMAEN|\, skint| Enable | Mode |Presca!
able er

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

Table 5.7 rTimerControl_[n] Register Contents

Bit Position Bit Name Function R/W
b31 to b5 Reserved Not used. R
b4 bTimerDMAEnable DMA channel Enable R/W

1: DMA channel enable
0: DMA channel disable
+ All current DMA request are forced in idle state, after DMA acknowledge
reception for current access.
Note)

® Only implemented on rTimerControl_6 and 7.
® Not used and Reserved on rTimerControl_0..5.

b3 bTimerMaskInt Interruption mask of Sub-timer R/W
0: Masked
1: Not Masked

b2 bTimerEnable 0: Disable timer and keep a current value R/W
+ Stops the timer, it does not increment bTimerCurrentCount keeps the same
value.
1: Reset and start timer
» Sample status of bTimerMode and bTimerPrescaler
* Reset the prescaler counter
* Reset bTimerCurrentCount
« Start the timer in increment mode

Caution) To rearm timer, the user must disable timer by writing “0” on bTimerEnable
and enable timer by writing “1” on bTimerEnable.

b1 bTimerMode This bit allows to select the operation mode of the timer, according to the encoding R/W
below:

0: Single-shot
* The timer is incremented up to preset value.
+ At preset value time, an interruption is activated, the timer is stopped and
disabled.

1: Auto-reload
» The timer is incremented up to preset value.
* At preset value time, an interruption is activated, the timer is automatically
cleared and restarts.

bTimerMode is sampled when the firmware set “1” on bTimerEnable (rising edge).

b0 bTimerPrescaler This bit controls the prescaler configuration, according to encoding below: R/W
1: Time base 1 MHz (1 us)
0: Time base 25 MHz
bTimerPrescaler is sampled when the firmware set “1” on bTimerEnable (rising edge).
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5.4.6 rTimerClearint_[n] — Clears the Interruption of Sub-timer[n] (n =0..7)

Address: 5100 100Ch + 20h x n (TIMER1)
5100 200Ch + 20h x n (TIMER2)

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

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

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

. . . - . . . - . . . . . o __ | bTimer
Clearint
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.8 rTimerClearlnt_[n] Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved Not used. R
b0 bTimerClearInt Reading from this register returns zero (0) and clears the interruption of timer. R
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5.4.7 rTimerStatusint0_[n] — Interruption Status before Masking of Sub-timer[n]
(n=0..7)
Address: 5100 1010h + 20h x n (TIMER1)
5100 2010h + 20h x n (TIMER2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bTimer
— — — — — — — — — — — — — — — |Statusln|
t0
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.9 rTimerStatusintO_[n] Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved Not used. R
b0 bTimerStatusIntO An interruption is generated on rising edge of TIMER _Int[n] R

Interruption status before masking of Sub-timer.
0: CPU interruption is not active on Sub-timer
1: Interruption bit has been set on Sub-timer
Reading from this register does not clear any active interrupts.
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5.4.8 rTimerStatusint1_[n] — Interruption Status after Masking of Sub-timer[n]
(n=0..7)
Address: 5100 1014h + 20h x n (TIMER1)
5100 2014h + 20h x n (TIMER2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bTimer
— — — — — — — — — — — — — — — |Statusln|
t1
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.10 rTimerStatusint1_[n] Register Contents
Bit Position Bit Name Function R/W
b31 to b1 Reserved Not used. R
b0 bTimerStatusint1 An interruption is generated on rising edge of TIMER _Int[n] R

Interruption status after masking of Sub-timer.
0: CPU interruption is not active on Sub-timer or interrupt is masked
1: CPU interruption bit has been set on Sub-timer and not masked
Reading from this register does not clear any active interrupts.
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5.4.9 rTimerAllClearint — Clear All Interrupt
Address: 5100 1100h (TIMER1)
5100 2100h (TIMER2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — bTimerAllClearint
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.11 rTimerAllClearint Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved Not used. R
b7 to b0 bTimerAllClearint

Reading this register returns all zeroes (0) and clears all active interruptions.
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5.4.10 rTimerAllStatusint0 — All Interrupts Status before Masking
Address: 5100 1104h (TIMER1)
5100 2104h (TIMER2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — bTimerAllStatusInt0
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.12 rTimerAllStatusIntO Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved Not used. R
b7 to b0 bTimerAllStatusint0

Interruption status before masking of all Sub-timers. R
With following bit allocation:

Bit7: Dedicated for Sub-timer7

Bit0: Dedicated for Sub-timer0
For each bit
0: The corresponding Sub-timer CPU interruption is not active

1: The potential corresponding Sub-timer CPU interruption has been set,
depending on bTimerMaskInt bit

Reading from this register does not clear any active interrupts.
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5.4.11 rTimerAllStatusint1 — All Interrupts Status after Masking
Address: 5100 1108h (TIMER1)
5100 2108h (TIMER2)
Bit b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — bTimerAllStatusInt1
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.13 rTimerAllStatusint1 Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved Not used. R
b7 to b0 bTimerAllStatusint1 Interruption status after masking of all Sub-timers.

R
With following bit allocation:
Bit7: Dedicated for Sub-timer7

Bit0: Dedicated for Sub-timer0
For each bit
0: The corresponding Sub-timer CPU interruption is not active
1: The corresponding Sub-timer CPU interruption has been set
Reading from this register does not clear any active interrupts.
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5.4.12

rTimer_DMA_Pending — TIMER DMA Requests Status

DMA feature is only implemented on Sub-timer 6 and 7.

TIMER DMA requests are started and run until detection end of DMA transfer.

Bit

Value after reset

Bit

Address: 5100 110Ch (TIMER1)
5100 210Ch (TIMER2)

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

b7 b6 b5 b4 b3 b2 b1 b0

bTimer_D|bTimer_D
— — — — |MA_Runn|MA_Runn| — —

ing_7 ing_6
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.14 rTimer_DMA_Pending Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved Not used. R
b7 bTimer_DMA_Runnin DMA running status of Sub-timer7 R
9.7 Sub-timer7 counts up from a programmed value and generate an interrupt when the
count reaches the preset value.
When a rising edge of interrupt is detected, a TIMER DMA requests are started and
run until detection end of DMA transfer.
1: DMA requests are running
0: No TIMER DMA request on same channel
Note)
® The bit will be automatically cleared when end of DMA transfer is detected on this
channel.
® |f contention exists where this bit receives both a request to set and a request to
clear on the same cycle, regardless of the source of either, this
bTimer_DMA_Running_7 bit will be clear and the request to set will be ignored. In
this case a DMA request process is not restarted.
® |n this case the overflow bTimer_DMA_RunningOvf_7 bit in the
rTimer_DMA_PendingOvf register will be set regardless of whether this bit was
previously set or not.
b6 bTimer_DMA_Runnin Same as bTimer_DMA_Running_7 R
g_6
b5 to b0 Reserved Not used. R
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5.413 rTimer_DMA_PendingOvf — TIMER DMA Overflow Status

DMA feature is only implemented on Sub-timer 6 and 7.

Indicates that a new TIMER DMA requests was generated with a previous request was already running.

Address: 5100 1110h (TIMER1)
5100 2110h (TIMER2)

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

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bTimer_D|bTimer_D
— — — — — — — — |MA_Runn|MA_Runn| — — — — — —
ingOvf_7 | ingOvf_6
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.15 rTimer_DMA_PendingOvf Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved Not used. R
b7 bTimer_DMA_Runnin Overflow with TIMER DMA is running on DMA requests of Sub-timer7. R
govf_7

Indicates that a new TIMER DMA requests was generated with a previous request
was already running on Sub-timer7.

1: TIMER DMA overflow on DMA requests
0: No TIMER DMA overflow

Note)
® An overflow condition does not stop TIMER DMA transfer from being processed. It
simply is an indication that a DMA request was missed.

® This means that the first DMA transfer block will be processed normally until the
DMA finish occurred but the second DMA transfer block triggered is not processed.

b6 bTimer_DMA_Runnin Same as bTimer_DMA_RunningOvf_7 R
gOvf_6
b5 to b0 Reserved Not used. R
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5.414 rTimer_DMA_PendingCIlrOvf — TIMER DMA Overflow Clear

DMA feature is only implemented on Sub-timer 6 and 7.

Address: 5100 1114h (TIMER1)
5100 2114h (TIMER2)

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

Value after reset 0 0 0 0

Bit b15 b14 b13 b12 b11 b10

b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
bTimer_D|bTimer_D
_ _ _ _ _ _ _ _ |MA_Runn|MA_Runn| _ _ _ _ _
ingCIrOvf | ingCIrOvf
7 6
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5.16 rTimer_DMA_PendingCIrOvf Register Contents
Bit Position Bit Name Function R/W
b31 to b8 Reserved Not used. R
b7 bTimer_DMA_Runnin Clear Overflow with TIMER DMA is running on DMA requests of Sub-timer7.
gCIrOvf_7 1: Clear Overflow bit
0: No Action
Note)
® |f software tries to write 1 to bTimer_DMA_RunningCIrOvf_7 bit on the same clock
cycle that hardware tries to set the overflow bTimer_DMA_RunningOvf_7 bit in the
rTimer_DMA_PendingOvf register, then hardware has priority and the
bTimer_DMA_RunningOvf_7 bit will be set.
® \When read, this bit returns “0”.
b6 bTimer_DMA_Runnin Same as bTimer_DMA_RunningCIrOvf_7 w
gCIrOvf_6
b5 to b0 Reserved Not used. R
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5.5 Operation

5.5.1 Prescaler Counter

Each sub-timer has an independent clock input that it is connected to 25 MHz or 1 MHz. The prescaler counter builds a
clock in order to increment the timer.

2 clocks can be selected by a signal bTimerPrescaler:

25 MHz:
e Each sub-timer uses directly TIMER PCLK (25 MHz)

1 MHz (using prescaler counter):
e The divider by 25 builds a new clock from TIMER PCLK (25 MHz).

e The divider is a counter in up mode (counting from 0 to 24)

e Set bTimerEnable to “1”, initialize the prescaler counter on reset value (0) and after that starting a new cycle (0, 1,
2..22,23,24)

¢ A rise edge on bTimerEnable resets the prescaler counter to “0”

5.5.2 Counter 16 or 32 Bits

Sub-timers count up from 0 until a programmed value and generate an interruption when the count reaches the preset
value. On each Sub-timer, a single interruption is generated, which is active whenever any of the individual timer
interrupts is active. All interruption status registers can be accessed at any time.

The preset value for each Sub-timer is loaded into a dedicated rTimerLoadCount_[n] register.

Two events can clear the timer:

e Enable timer after reset or disabled

e Timer counts up to preset value

Two functions mode are implemented:
¢ Auto-reload mode:

— The timer is incremented up to preset value.

— At preset value time an interruption is activated, the timer is automatically cleared and restarts.
¢ Single-shot mode:

— The timer is incremented up to preset value.

— At preset value time an interruption is activated, the timer is stopped and disabled.
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bTimerCurrentCount

bTimerLoadCount

Count up by
prescaled clock
(1IMHz or 25MHz)

» Time

T

bTimerEnable=1

Timer Interrupt

A

CPU acknowledge

A

CPU acknowledge

Figure 5.2 Timer Mode (bTimerMode) is auto-reload

bTimerCurrentCount

Count up by
prescaled clock
(1MHz or 25MHz)

bTimerLoadCount

- Time

T

bTimerEnable=1

Timer Interrupt

A

CPU acknowledge

Figure 5.3 Timer Mode (bTimerMode) is single-shot
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It can disable or enable a timer.

[Disable]

e Stops timer increment, bTimerCurrentCount keeps the same value.
[Enable]

® Clears the prescaler counter.

® Clears the current counter bTimerCurrentCount.

e Restart timer increment.

bTimerCurrentCount
A

» Time

bTimerEnable

Figure 5.4 bTimerEnable Off and On
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5.5.3 Interruption

Timers count up to a programmed value and generate an interruption when the count reaches the preset value. On each

Sub-timer, single interruption is generated, which is active whenever any of the individual timer interrupts is active.

An interruption can be acknowledged only on CPU read in bTimerClearInt bit.

An example for bTimerLoadCount = 5 case is shown as below.

Timer Interrupt

bTimerCurrentCount

A

O B N W » U

bTimerLoadCount=5

P> Time

CPU acknowledge

A

A

CPU acknowledge

Figure 5.5

Timer Interruption
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5.5.4 DMA Control

The TIMER has optional DMA capability. It has a handshaking interface to a DMA Controller to request and control
transfers. In this mode, DMA controller must be configured in DMAC flow controller mode. The DMA always
transfers data using DMA burst transactions if possible, for efficiency.

TIMER has two DMA channel to transfer a memory block from source to destination.

For each timer block, the TIMER DMA flow control is managed by these followings DMA bits:
¢ bTimerDMAEnable bit in rTimerControl [n] register (n =6 or 7)

— Enable or disable DMA channel of Sub-timer[n] (n =6 or 7)
e Interrupt of Sub-timer[n] (n =6 or 7)

— Sub-timer[n] counts up from a programmed value and generate an interrupt when the count reaches the preset
value.

— When a rising edge of interrupt is detected, a TIMER DMA request is started and run until detection end of DMA
transfer.

¢ bTimer DMA Running [n] (n= 6 or 7) bit in rTimer DMA_Pending register

— TIMER DMA request is started and run until detection end of DMA transfer.

To enable the DMA Controller interface on the TIMER and enable the handshaking interface:

® DMA controller must be configured.
— Source and destination addresses
— Burst size on source and destination
— Block size to transfer
- DMAC flow controller mode
— Channel allocation
— Only one block
— Interrupt setting
¢ Set bTimerDMAEnable bit in rTimerControl [n] register (n = 6 or 7) to enable TIMER DMA channel.

— When a rising edge of Timer interrupt is detected on Sub-timer[n], a TIMER DMA request is started and run until
detection end of DMA transfer.

¢ bTimer DMA Running [n] (n=6 or 7) bit in rTimer DMA Pending register gives a current status on DMA
transaction in running.

CAUTION

DMA Controller must be configured in DMAC flow controller mode, because TIMER do not know the size of block
transferred.
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5.6 Usage Notes
CAUTION

In order to avoid potential synchronization problems when initializing, loading, and enabling a TIMER module, you should
follow the basic procedure below.

(1) Initialize the Sub-timer through the rTimerControl [n]
¢ Disable the Sub-timer by writing a “0” of bTimerEnable.

e Masking of interruption of Sub-timer by writing a “0” of bTimerMaskInt

(2) Reset a potential interruption of Sub-timer through the rTimerClearInt [n]

¢ Cleans the interruption by reading a “0” of bTimerClearInt

(3) Initialize the Sub-timer value through the rTimerLoadCount [n]
® Write a value on 16/32 bits of bTimerLoadCount.

® Warning, 0 is strictly forbidden, the Sub-timer does not run.

(4) Initialize the Sub-timer through the rTimerControl [n] register

e Select timer mode
e Select prescaler mode

¢ No Masking interruption of Sub-timer by writing a “1” to bTimerMaskInt.

¢ Enable the Sub-timer by writing a “1” to bTimerEnable.

CAUTION

Warning if the firmware modifies bTimerLoadCount when Sub-timer is running:
® For example, when Sub-timer is enabled with bTimerCurrentCount = “6” and bTimerLoadCount = “10”.
e |f the firmware loads a new value to bTimerLoadCount = “5”, then preset is detected and an interruption is triggered.

® |t means that when Sub-timer is enabled and the firmware loads a new value into bTimerLoadCount which is less than
bTimerCurrentCount and different from zero, preset is detected and an interruption is triggered.

e After this, the behavior of Sub-timer depends on bTimerMode (auto-reload mode or single-shot mode).
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Section 6 CAN

6.1 Overview

RZ/N1 has two instances of CAN controller with “Sync frame” transmission mechanism.

For CAN 2.0:

e Supports full CAN 2.0 — both 2.0A (equivalent to CAN 1.2) and 2.0B
e Supports both 11-bit and 29-bit identifiers

e Supports bit rates from less than 125 Kbps to more than 1 Mbps

® 64 bytes Receive FIFO

¢ Acceptance filtering

e Software-driven bit-rate detection (offering hot plug in support)

¢ Single-shot transmission option, listen only mode, reception of “own” messages
e Arbitration lost interrupt with data of bit position

e Read/write error counters

e Last error register

® Programmable error limit warning

¢ Broadly compatible with Philips STA1000 in its PeliCAN mode

Additional features:

Transmission periodic “Sync frame” for CANopen®.

® Programmable time base (in bit period unit) to configure:
— Period of “Sync frame” emission (the emission of the “Sync frame” can be deactivated)
— Mask frame time

— Passive error detection system

Specification 2.0A (which is equivalent to CAN 1.2) covers standard message formats (11-bit identifier). Specification
2.0B covers both standard and extended message formats (both 11-bit and 29-bit identifiers).

The CAN controller is broadly compatible with a Philips STA1000 working in its PeliCAN mode but with some
exceptions (detailed in Difference between CAN Controllers and Reference Philips SJA1000 Devices chapter).

This specification should be read in conjunction with the BOSCH CAN specification version 2.0 (hereafter referred to
as the CAN 2.0 specification).
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CAUTION

e The CAN 