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Evaluation board/kit and Development tool important notice
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This evaluation board/kit or development tool is designed for use with engineering evaluation, demonstration, or develop-
ment purposes only. Do not use it for other purposes. It is not intended to meet the design requirements of finished products.
This evaluation board/kit or development tool is intended for use by an electronic engineer and is not a consumer product.
The user should use it properly and in a safe manner. Seiko Epson does not assume any responsibility or liability of any kind
of damage and/or fire caused by its use. The user should cease to use it when any abnormal issue occurs even during proper
and safe use.

Parts used for this evaluation board/kit or development tool may be changed without any notice.

NOTICE : PLEASE READ CAREFULLY BELOW BEFORE USING THIS DOCUMENT

The contents of this document are subject to change without notice.
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This document may not be copied, reproduced, or used for any other purpose, in whole or in part, without the consent of the
Seiko Epson Corporation (“Epson”).
Before purchasing or using Epson products, please contact our sales representative for the latest information and always be
sure to check the latest information published on Epson’s official web sites and other sources.
Information provided in this document such as application circuits, programs, usage, etc., are for reference purposes only.
Using the application circuits, programs, usage, etc. in the design of your equipment or systems is your own responsibility.
Epson makes no guarantees against any infringements or damages to any third parties’ intellectual property rights or any
other rights resulting from the information. This document does not grant you any licenses, intellectual property rights or any
other rights with respect to Epson products owned by Epson or any third parties.
Epson is committed to constantly improving quality and reliability, but semiconductor products in general are subject to
malfunction and failure. By using Epson products, you shall be responsible for your hardware. Software and systems must
be designed well enough to prevent death or injury as well as any property damage even if any of the malfunctions or
failures might be caused by Epson products. When designing your products using Epson products, please be sure to check
and comply with the latest information regarding Epson products (this document, specifications, data sheets, manuals,
Epson’s web site, etc.). When using the information included above materials such as product data, charts, technical contents,
programs, algorithms and application circuit examples, you shall evaluate your products both on a stand-alone basis as well
as within your overall systems. You shall be solely responsible for deciding whether or not to adopt and use Epson products.
Epson has prepared this document and programs provided in this document carefully to be accurate and dependable, but
Epson does not guarantee that the information and the programs are always accurate and complete. Epson assumes no
responsibility for any damages which you incur due to misinformation in this document and the programs.
No dismantling, analysis, reverse engineering, modification, alteration, adaptation, reproduction, etc., of Epson products is
allowed.
Epson products have been designed, developed and manufactured to be used in general electronic applications (office
equipment, communications equipment, measuring instruments, home electronics, etc.) and applications individually listed
in this document (“General Purpose”). Epson products are NOT intended for any use beyond the General Purpose uses that
requires particular/higher quality or reliability in order to refrain from causing any malfunction or failure leading to death,
injury, serious property damage or severe impact on society, including, but not limited to those listed below. Therefore, you
are advised to use Epson products only for General Purpose uses. Should you desire to buy and use Epson products for a
particular purpose other than a General Purpose use, Epson makes no warranty and disclaims with respect to Epson products,
whether express or implied, including without limitation any implied warranty of merchantability or fitness for any particular
purpose. Please be sure to contact our sales representative and obtain approval in advance.
[Particular purpose]

Space equipment (artificial satellites, rockets, etc.)

Transportation vehicles and their control equipment (automobiles, aircraft, trains, ships, etc.)

Medical equipment (other than applications individually listed in this document) / Relay equipment to be placed on ocean floor

Power station control equipment / Disaster or crime prevention equipment / Traffic control equipment / Financial equipment

Other applications requiring similar levels of reliability as those listed above
Epson products listed in this document and our associated technologies shall not be used in any equipment or systems that
laws and regulations in Japan or any other countries prohibit to manufacture, use or sell. Furthermore, Epson products and
our associated technologies shall not be used for developing weapons of mass destruction, or any other military purposes or
applications. If exporting Epson products or our associated technologies, you shall comply with the Foreign Exchange and
Foreign Trade Control Act in Japan, Export Administration Regulations in the U.S.A. (EAR) and other export-related laws
and regulations in Japan and any other countries and follow the required procedures as provided by the relevant laws and
regulations.
Epson assumes no responsibility for any damages (whether direct or indirect) caused by or in relation with your non-
compliance with the terms and conditions in this document.
Epson assumes no responsibility for any damages (whether direct or indirect) incurred by any third party that you assign,
transfer, loan, etc., Epson products to.
For more details or other concerns about this document, please contact our sales representative.
Company names and product names listed in this document are trademarks or registered trademarks of their respective
companies.
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PREFACE

Preface

This is a technical manual for designers and programmers who develop a product using the SIC31W74. This
document describes the functions of the IC, embedded peripheral circuit operations, and their control methods.

Notational conventions and symbols in this manual

Register address
Peripheral circuit chapters do not provide control register addresses. Refer to “Peripheral Circuit Area” in
the “Memory and Bus” chapter or “List of Peripheral Circuit Control Registers” in the Appendix.

Register and control bit names
In this manual, the register and control bit names are described as shown below to distinguish from signal
and pin names.
XXX register: Represents a register including its all bits.
XXX.YYY bit: Represents the one control bit YY'Y in the XXX register.
XXX.ZZZ|1:0] bits: Represents the two control bits ZZZ1 and ZZZ0 in the XXX register.

Register table contents and symbols
Initial: Value set at initialization

Reset: Initialization condition. The initialization condition depends on the reset group (HO, H1, or SO).
For more information on the reset groups, refer to “Initialization Conditions (Reset Groups)” in the
“Power Supply, Reset, and Clocks” chapter.

R/W: R= Read only bit
W= Write only bit
WP = Write only bit with a write protection using the SYSPROT.PROT[15:0] bits
R/W = Read/write bit
R/WP = Read/write bit with a write protection using the SYSPROT.PROT[15:0] bits

Control bit read/write values
This manual describes control bit values in a hexadecimal notation except for one-bit values (and except
when decimal or binary notation is required in terms of explanation). The values are described as shown
below according to the control bit width.
1 bit: Oorl
2 to 4 bits:  0x0 to Oxf
5to 8 bits:  0x00 to Oxff
9 to 12 bits: 0x000 to Oxfff
13 to 16 bits: 0x0000 to Oxffff

Decimal: 0 t0 9999...
Binary: 0b0000... to Ob1111...

Channel number

Multiple channels may be implemented in some peripheral circuits (e.g., 16-bit timer, etc.). The peripheral
circuit chapters use ‘n’ as the value that represents the channel number in the register and pin names regard-
less of the number of channel actually implemented. Normally, the descriptions are applied to all channels.
If there is a channel that has different functions from others, the channel number is specified clearly.
Example) T16_nCTL register of the 16-bit timer

If one channel is implemented (Ch.0 only): T16_nCTL =T16_0CTL only

If two channels are implemented (Ch.0 and Ch.1): T16_nCTL =T16_0OCTL and T16_1CTL

For the number of channels implemented in the peripheral circuits of this IC, refer to “Features” in the
“Overview” chapter.

Low power mode
This manual describes the low power modes as HALT mode and SLEEP mode. These terms refer to sleep
mode and deep sleep mode in the Cortex®-MO+ processor, respectively.
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1 OVERVIEW

1 Overview

The SIC31W74 is a 32-bit MCU with an Arm® Cortex®-MO+ processor included that features low-power opera-
tion. It incorporates a lot of serial interface circuits and is suitable for various kinds of battery-driven controller ap-
plications.

1.1 Features

Table 1.1.1 Features

Model | S1C31W74

CPU

CPU Arm® 32-bit RISC processor Cortex®-M0+

Other Serial-wire debug ports (SW-DP) and a micro trace buffer (MTB) included
Embedded Flash memory

Capacity 512K bytes (for both instructions and data)

Erase/program count 1,000 times (min.) * When being programmed by the dedicated flash loader
Other On-board programming function

Flash programming voltage can be generated internally.

Embedded RAMs

General-purpose RAM 128K bytes (shared with MTB)

Display RAM 704 bytes

Instruction cache 512 bytes

DMA Controller (DMAC)

Number of channels 4 channels

Data transfer path Memory to memory, memory to peripheral, and peripheral to memory
Transfer mode Basic, ping-pong, scatter-gather

DMA trigger source UART2, SPIA, QSPI, 12C, USB, T16B, SNDA, and software

Clock generator (CLG)

System clock source 4 sources (I0OSC/OSC1/0SC3/EXOSQC)

System clock frequency (operating frequency) |Vb1 voltage mode = mode0: 21 MHz (max.)

Vb1 voltage mode = mode1: 2.1 MHz (max.)

I0SC oscillator circuit (boot clock source) Vb1 voltage mode = mode0: 20/16/12/8/2/1 MHz (typ.) software selectable

Vb1 voltage mode = mode1: 2/1 MHz (typ.) software selectable

10 ps (max.) starting time (time from cancelation of SLEEP state to vector table read

by the CPU)
OSC1 oscillator circuit 32.768 kHz (typ.) crystal oscillator
Oscillation stop detection circuit included
OSC3 oscillator circuit 20.5 MHz (max.) crystal/ceramic oscillator
EXOSC clock input 21 MHz (max.) square or sine wave input
Other Configurable system clock division ratio

Configurable system clock used at wake up from SLEEP state
Operating clock frequency for the CPU and all peripheral circuits is selectable.

1/0 port (PPORT)
Number of general-purpose I/O ports 71 bits (max.)
Pins are shared with the peripheral 1/0.
Number of input interrupt ports 67 bits (max.)
Number of ports that support universal port |24 bits
multiplexer (UPMUX) A peripheral circuit 1/0 function selected via software can be assigned to each port.
Timers
Watchdog timer (WDT2) Generates NMI or watchdog timer reset.
Programmable NMl/reset generation cycle
Real-time clock (RTCA) 128-1 Hz counter, second/minute/hour/day/day of the week/month/year counters
Theoretical regulation function for 1-second correction
Alarm and stopwatch functions
16-bit timer (T16) 4 channels
Generates the SPIA and QSPI master clocks.
16-bit PWM timer (T16B) 2 channels

Event counter/capture function
PWM waveform generation function
Number of PWM output or capture input ports: 2 ports/channel

Supply voltage detector (SVD2)

Number of channels 2 channels
Detection level 32 levels (1.7t0 4.3 V)
Other Intermittent operation mode

Generates an interrupt or reset (Ch.0) according to the detection level evaluation.
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Serial interfaces
UART (UART2) 2 channels

Baud-rate generator included, IrDA1.0 supported

Open drain output, signal polarity, and baud rate division ratio are configurable.

Synchronous serial interface (SPIA) 1 channel

2 to 16-bit variable data length

The 16-bit timer (T16) can be used for the baud-rate generator in master mode.

Quad synchronous serial interface (QSPI) 1 channel

Supports single, dual, and quad transfer modes.

Low CPU overhead memory mapped access mode that can directly read data from
the external flash memory with XIP (eXecute-In-Place) mode.

12C (12C) *1 2 channels

Baud-rate generator included

USB 2.0 FS device controller (USB)

Number of transceiver/receiver channels 1 channel
Transfer rate FS (12 Mbps)
Clock source 48 MHz crystal oscillator or OSC3 (12 MHz) + PLL selectable
Number of endpoints 4 endpoints (3 general-purpose endpoints and endpoint 0)
Power supply Voltage regulators for USB included
Sound generator (SNDA)
Buzzer output function 512 Hz to 16 kHz output frequencies
One-shot output function
Melody generation function Pitch: 128 Hz to 16 kHz = C3 to C6

Duration: 7 notes/rests (Half note/rest to thirty-second note/rest)

Tempo: 16 tempos (30 to 480)

Tie/slur may be specified.

IR remote controller (REMC2)

Number of transmitter channels 1 channel
Other EL lamp drive waveform can be generated (by the hardware) for an application
example.
LCD driver (LCD32B)
LCD output 88SEG x 1-16COM (max.), 80SEG x 17-24COM (max.), 72SEG x 25-32COM (max.)
LCD contrast 16 levels
Other 1/5 or 1/4 bias power supply included, external voltage can be applied.
R/F converter (RFC)
Conversion method CR oscillation type with 24-bit counters
Number of conversion channels 1 channel (Up to two sensors can be connected.)
Supported sensors DC-bias resistive sensors, AC-bias resistive sensors
Reset
#RESET pin Reset when the reset pin is set to low.
Power-on reset Reset at power on.
Brownout reset Reset when the power supply voltage drops (when Vob < 1.45 V (typ.) is detected).
Key entry reset Reset when the P00 to P01/P02/P03 keys are pressed simultaneously
(can be enabled/disabled using a register).
Watchdog timer reset Reset when the watchdog timer overflows (can be enabled/disabled using a register).
Supply voltage detector reset Reset when the supply voltage detector detects the set voltage level
(can be enabled/disabled using a register).
Interrupt
Non-maskable interrupt 6 systems (Reset, NMI, HardFault, SVCall, PendSV, SysTic)
Programmable interrupt External interrupt: 1 system

Internal interrupt: 23 systems

Power supply voltage
Vb operating voltage 1.8t03.6V

Vop operating voltage for Flash programming (2.4 to 3.6 V (when Vrp is supplied externally)
2.4 10 3.6 V (when Vrp is generated internally)
Vo operating voltage when LCD driver is used |2.5 to 3.6 V

Operating temperature

Operating temperature range |—40 to 85 °C
Current consumption (Typ. value)
SLEEP mode *2 0.4 pA
I0SC = OFF, OSC1 = OFF, OSC3 = OFF
0.9 pA
I0SC = OFF, OSC1 = ON, OSC3 = OFF, RTC = ON
HALT mode *3 1.7 YA
OSC1 =32 kHz
7.7 A

OSC1 =32 kHz, LCD = ON (no panel load)
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Current consumption (Typ. value)

RUN mode 250 pA/MHz
Vb1 voltage mode = mode0, CPU = I0SC
150 yA/MHz
Vb1 voltage mode = mode1, CPU = I0SC
Shipping form
14 VFBGA8H-181 (P-VFBGA-181-0808-0.50, 8 x 8 mm, t = 1.0 mm, 0.5 mm pitch)
2 Die form (pad pitch: 80 um (min.))

1 The input filter in 12C (SDA and SCL inputs) does not comply with the standard for removing noise spikes less than 50 ns.
%2 SLEEP mode refers to deep sleep mode in the Cortex®-MO0+ processor. The RAM retains data even in SLEEP mode.

*3  HALT mode refers to sleep mode in the Cortex®-MO+ processor.
*4  Shown in parentheses is a JEITA package name.

1.2 Block Diagram

K__ Cache controller MTB
Cache RAM RAM
512 bytes 128K bytes
SWCLK O¢—j CPU core, interrpt controller, and debuger i 4
SWD Oe—» (Cortex®-M0+)
Flash memory — Display RAM
512K bytes BN 704 bytes
— a
Vep o
<
DMA controller a le—>] USB_DP
® [0 USB_DM
1 H USB2.0FS —Veus
System clock 16-bit peripheral bus device controller —1 USB_XI
H 1 (UsB) 0O USB_XO
DMA request signal & I 1 USB33VOUT
Interrupt signal g uss1svouT
Clock generator <« P00-07 < Quad
(CLG) >0 P10-17 synchronous «—{] QSDIO00-03
105C [0 P20-27 ' T % | serialinterface [« QSPICLKO
FOUT ¢ oscillator [+—»0 P30-37 — (@SP) [« #QSPISSO
/O port [« P40-47 [—=— 1Ch.
[« P50-57
835; os?:ﬁlz :or > (PPORT) <« P60-67 ¢ Synchronous [«—{1 SDIO
O0— [« P70-77 serial interface —»] SDO0
0SC3 0 0SC3 >0 Pao-81 | (SPIA) [0 SPICLKO
0504 oscillator [« P90 1Ch. [« #SPISSO
«—»{] PD0-D3
EXOSC AN Pe >0 SDAO-1
EXOSC input circuit Watchdog timer v Szc? (¢ SCLO-1
(WDT2) .
Svel t ron IR remote
ystem reset controller _ controller —» REMO
(SRC) Real-time clock RTC1S (REMC2) CLPLS
(RTCA) = e—— =
Power-on reset 1Ch.
(POR)
#RESET C—>|
Supply voltage -
Brownout reset detector — EXSVDO Soul}ég;r;rator o 5;28&.
(BOR) | (SvD2) —O VBUS_MON =
2 Ch. (EXSVD1)
—>»0 COMO0-31
Voo O Power generator 16-bit timer LCD driver | T SEG0-87
Ves O (PWGA) (T16) (LCD32B) D LFRO
Vo1 O— > 4 Ch. B —{Vei-s
— Cpi-5
—»0 TOUT00-01
. . —»0 TOUT10-11 — RFINO
al 16-b|1(-|r’1VZI\BII)t|mer r— CAP00-01 R/F converter —{ REFO
< 2Ch [«— CAP10-11 (RFC) — SENAO
: [«— EXCL00-01 H 1Ch. — SENBO
le—0 EXCL10-11 | >0 RFCLKOO
}---
AT g usio-t
‘g—I; 2 Ch. —» USOUTO-1

Figure 1.2.1 S1C31W74 Block Diagram
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1.3 Pins

1.3.1 Pin Configuration Diagram

VFBGA8H-181
A1 Corner Top View Bottom View A1 Corner
Al Q O00000000O00O00OO0 |A
B| R_Index 0000000000000 0 |B
o] O00000000O0O0O00OO0 |C
D O000000O00O0000 |D
E O000000O00O0OO0O0OO0 |E
F O0000 O00O00O0 |F
G O0000 O0O00O0 |G
H 00000 OO0OO0OO0O0 |H
J 00000 O000O0 |J
K O000000000OOO0OO0 |K
L O000000O000OOO00O0 |L
M O000000O000OOO0O0 |M
N O000000OO00OOOO0OO |N
P O000000OO0O0OOOO0OO0 |P
1234567891011121314 14131211109 8 7 6 5 4 3 2 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14
N.C. Crs Cra SEG14 |SEG19 |SEG23 |SEG27 |SEG31 |SEG35 |SEG39 [SEG44 [SEG45 |SEG47 |N.C.
A
Ves Ve Crs SEG15 |SEG18 [SEG22 |SEG26 [SEG30 |SEG34 |SEG38 [SEG43 |SEG46 [SEG48 |SEGS50
B
[SEG13 |Ves V2 Ce1 SEG17 |SEG21 |SEG25 |SEG29 |SEG33 |SEG37 [SEG42 [SEG49 |SEG51 |SEG52
C
ISEG10 P70 SEG12 [Cez SEG16 |SEG20 |SEG24 |SEG28 |SEG32 |SEG36 [SEG53 |SEG54 [SEG55 |P67
SEG9 SEG56
D
P75 P73 P71 SEG11  |Ves Voo Voo Vss SEG40 |SEG41 |P66 P65 P64 P63
g[sEe4  |sEe  sEGe SEG57 |SEG58 [SEG59 |SEG60
P81 P76 P77 P72 Vss Vss P56 P62 P61 P60 P57
F[SEGO  |SEG3  |sEG2  [SEG7 SEG65 |SEG61 |SEG62 |SEG63  |SEG64
COM12 |[COM15 |COM14 |P80 P74 P51 P55 P54 P53 P52
G SEG1  [SEGS SEG70 |SEG66 [SEG67 |SEG68  |SEG69
COM8 |COM11 |COM10 |COM13 |Vss Top View Voo P50 Pa7 Pa6 P45
H SEG71 |COM31 |COM30 |COM29
SEG72 |SEG73 [SEG74
COM4 |[COM7 |COM6 |COM9  |Vss P40 P44 P43 P42 P41
J COM24 |cOM28  |COM27  |COM26  |COM25
SEG79 |SEG75 [SEG76 |SEG77 |SEG78
COM0 [COM3  |COM2 |COM5  |Voo Voo P17 P22 Vss P37 P33 P34 P36 P35
K RTC1S  |QSDIO01 UPMUX |UPMUX |UPMUX [UPMUX |UPMUX
UPMUX COM23 |COM19 |[COM20 |COM22 |COM21
SEG80 |SEG84 |SEG83 |SEG81 |SEG82
USB XI |USB18 |COM1 |Vss Vss P12 P16 P21 P23 Voo P27 P30 P32 P31
L vouT EXCLOO |CLPLS  |QSDIO00 |QSDIO02 EXSVDO |LFRO  |UPMUX |RFCLKOO]
UPMUX  |UPMUX JEOVIX jlcomis  [ZEVEX
SEGs7 |SEG85 |sEGse
USB_XO |Vss Veus  |Vaus P00 Vss P11 P15 P20 P26 SWCLK [TEST  |Vep 0SC2
M SDIo #BZOUT |REMO  |QSPICLKO|(ENVPP) [PDO
UPMUX UPMUX  [UPMUX EXOSC
Vss Vss USB33  |P90 PO1 P03 PO5 P10 P14 P24 SWD  |Vor #RESET |OSC1
N VOUT  [EXSVD1 [SDOO  [#SPISSO |[SENAO |[BZOUT |FOUT  |[EXCLO1 |PD1
(VBUS_ |UPMUX |UPMUX [UPMUX |UPMUX |UPMUX |QSDIO03
MON)
N.C. USB_DM |USB_DP |Vss P02 P04 P06 PO7 P13 P25 PD2 PD3 Vss N.C.
P SPICLKO [SENBO |REFO  |RFINO  |[EXCL10 [EXCL11 |0SC3  |0SC4
UPMUX |[UPMUX [UPMUX |UPMUX |UPMUX [#QSPISSO
Figure 1.3.1.1 S1C31W?74 Pin Configuration Diagram (VFBGA8H-181)
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1.3.2 Pad Configuration Diagram

1 OVERVIEW
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Port function OOO000 00000000 00000000 DO000000 00000000 O O 00 O 0O 1
orsignal Pad NERIRNE]  22-eLIeY £2385883% 33533858 83395838 5 8 83 8 I8
assignment  name NNNANNNS  SETTCTEE DE228222 2289
2Eg4 gEglﬂ %128
EG46 SEG46 129 Die No. CRXXXXXxx 80[] [Vss Vss
SEG45 SEG45 |[]130 79[ |Vor Vo1
43 43 132
SEG42 SEG42 |[]133 Pos e
PD1 SWD/PD1
gEgM gEgM %134 PDO SWCLK/PDO
EG40 EG40 135
P26 P26(ENVPP)/EXOSC
SEa% SES M P25 PSfENCL/OSHISS0
P24 P24/EXCL01/QSDIO03
P23 P23/QSDIO02
SEG37 SEGS37 |[]138 P22 P22/QSDIO01
SEG36 SEG36 [ [] 139 P21 P21/QSDIO00
SEG35 SEGS5 [[] 140 P20 P20/QSPICLKO
SEG34 SEG34 [[] 141 P17 P17/RTC1S/UPMUX
De o pecas
15 15/
ggggg ggggg %13% P14 P14/FOUT/UPMUX
SEG31 SEG31 [[] 144 Y P13 P13/EXCL10/UPMUX
SEG30 SEG30 | (145 P12 P12/EXCLOO/UPMUX
P11 P11/4#BZOUT/UPMUX
P10 P10/BZOUT/UPMUX £
SEG29 SEG29 [[] 146 P07 PO7/RFINO/UPMUX £
SEG28 SEG28 [[] 147 P06 P0OB/REFO/UPMUX <
SEG27 SEG27 |[] 148 (0, 0) P05 PO5/SENAO/UPMUX Q
SEG26 SEG26 | []149 v P04 P04/SENBO/UPMUX <
P03 POS;gSPCISSO/UPMUX
P02 P02/SPICLKO/UPMUX
S SEoa [HIE Pt PO TG0 UPMUX
SEG23 SEGos | 152 P00 POO/SDIO/UPMUX
SEG22 SEG22 [[]153 Vbp Vop
Vss Vss
SEG21 SEG21 [[]154
SEG20 SEG20 |[] 155 49 [ | P90 P9Y0/EXSVD1(VBUS_MON)
SEG19 SEG19 |[] 156
SEG18 SEG18|[J157 43D Vss Vss
SEG17 SEG17 [[] 158
SEG16 SEG16 | (] 159 47 ] |veus Veus
SEG15 SEG15 [[] 160
SEG14 SEG14 [[ 161 ASD USB33VOUT USB33VOUT
Vop voo | 162 45[] |usB_DP USB_DP
gm gm %wea 44[] |vss Vss
P2 P2 164
& e I b 43[] |usB_DM USB_DM
Cra Cra [ [] 166
Cps Crs [ 167
O rNNTNORDOS —ADY LOR® 20-a 9ILE K ® 29 & o
faovo orool CERTRCR®2R SARY KBQRE 35 8388 B 8 39T ¢
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Figure 1.3.2.1 S1C31W74 Pad Configuration Diagram
Pad opening: Pad No. 1-36, 83-127 X=68pum, Y =80 pum
Pad No. 49-78, 128-167 X =80 pum, Y = 68 ym
Pad No. 37,38, 81,82 X=76pum,Y =90 um
Pad No. 43-45,79,80 X=90pum,Y =76 ym
Pad No. 46-48 X=85um,Y =122 ym
Pad No. 39-42 X=122 pym, Y =85 um
Chip thickness: 400 pm
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1 OVERVIEW

Table 1.3.2.1 S1C31W74 Pad Coordinates

No. X pym Y pm No. X pm Y pm No. X pm Y pym No. X pm Y ym

1 -2,424.0| -2,334.5| 43 2,649.5| -1,898.0f 81 2,272.2| 2,329.5| 128 | -2,654.5| 2,056.0
2 -2,344.0| -2,334.5| 44 2,649.5| -1,768.0| 82 2,172.2| 2,329.5| 129 | -2,654.5| 1,976.0
3 -2,264.0| -2,334.5| 45 2,649.5| -1,638.0/ 83 2,004.0| 2,334.5| 130 | -2,654.5| 1,896.0
4 -2,184.0| -2,334.5| 46 2,652.0| -1,477.0] 84 1,864.0/ 2,334.5| 131 -2,654.5| 1,756.0
5 -2,104.0| -2,334.5| 47 2,652.0| -1,337.0] 85 1,764.0/ 2,334.5| 132 | -2,654.5| 1,676.0
6 -1,944.0| -2,334.5| 48 2,652.0| -1,057.0] 86 1,544.0) 2,334.5| 133 | -2,654.5| 1,596.0
7 -1,839.0| -2,334.5| 49 2,654.5| -900.0f 87 1,384.0| 2,334.5| 134 | -2,654.5| 1,396.0
8 -1,759.0| -2,334.5| 50 2,654.5 -690.0/ 88 1,204.0/ 2,334.5| 135 | -2,654.5| 1,316.0
9 -1,679.0| -2,334.5| 51 2,654.5 -610.0/ 89 1,124.0/ 2,334.5| 136 | -2,654.5| 1,236.0
10 -1,699.0| -2,334.5| 52 2,654.5 -490.0, 90 1,044.0/ 2,334.5| 137 | -2,654.5| 1,156.0
11 -1,464.0| -2,334.5| 53 2,654.5 -410.0/ 91 964.0 2,334.5| 138 | -2,654.5 956.0
12 -1,384.0| -2,334.5| 54 2,654.5 -330.0f 92 884.0| 2,334.5| 139 | -2,654.5 876.0
13 -1,304.0| -2,334.5| 55 2,654.5 -250.0/, 93 804.0| 2,334.5| 140 | -2,654.5 796.0
14 -1,224.0| -2,334.5| 56 2,654.5 -170.0, 94 724.0 2,334.5| 141 -2,654.5 716.0
15 -1,144.0| -2,334.5| 57 2,654.5 -90.0 95 644.0 2,334.5| 142 | -2,654.5 516.0
16 -1,064.0| -2,334.5| 58 2,654.5 -10.0] 96 464.0| 2,334.5| 143 | -2,654.5 436.0
17 -984.0| -2,334.5] 59 2,654.5 70.0f 97 384.0| 2,334.5| 144 | -2,654.5 356.0
18 -904.0| -2,334.5| 60 2,654.5 150.0] 98 304.0/ 2,334.5| 145 | -2,654.5 276.0
19 -824.0| -2,334.5| 61 2,654.5 230.0f 99 224.0] 2,334.5| 146 | -2,654.5 76.0
20 -744.0| -2,334.5| 62 2,654.5 310.0{ 100 144.0| 2,334.5| 147 | -2,654.5 -4.0
21 -584.0| -2,334.5| 63 2,654.5 390.0{ 101 64.0) 2,334.5| 148 | -2,654.5 -84.0
22 -504.0| -2,334.5| 64 2,654.5 470.0f 102 -16.0] 2,334.5| 149 | -2,654.5 -164.0
23 -424.0| -2,334.5| 65 2,654.5 550.0{ 108 -96.0f 2,334.5| 150 | -2,654.5 -364.0
24 -344.0| -2,334.5| 66 2,654.5 630.0f 104 -276.0] 2,334.5| 151 -2,654.5 -444.0
25 -164.0| -2,334.5| 67 2,654.5 710.0| 105 -356.0) 2,334.5| 152 | -2,654.5 -524.0
26 -84.0] -2,334.5| 68 2,654.5 790.0/ 106 -436.0) 2,334.5] 153 | -2,654.5 -604.0
27 -4.0| -2,334.5| 69 2,654.5 870.0f 107 -516.0| 2,334.5| 154 | -2,654.5 -804.0
28 76.0] -2,334.5| 70 2,654.5 950.0f 108 -596.0| 2,334.5| 155 | -2,654.5 -884.0
29 256.0] -2,334.5| 71 2,654.5| 1,030.0f 109 -676.0 2,334.5| 156 | -2,654.5 -964.0
30 336.0| -2,334.5| 72 2,654.5 1,110.0] 110 -756.0f 2,334.5| 157 | -2,654.5| -1,044.0
31 416.0] -2,334.5| 73 2,654.5| 1,190.0f 111 -836.0] 2,334.5] 158 | -2,654.5| -1,244.0
32 496.0| -2,334.5| 74 2,654.5| 1,270.0/ 112 | -1,016.0] 2,334.5] 159 | -2,654.5| -1,324.0
33 676.0] -2,334.5| 75 2,654.5| 1,390.0f 113 | -1,096.0| 2,334.5| 160 | -2,654.5| -1,404.0
34 756.0| -2,334.5| 76 2,654.5| 1,470.0] 114 | -1,176.0] 2,334.5| 161 -2,654.5| -1,484.0
35 836.0| -2,334.5| 77 2,654.5| 1,550.0f 115 | -1,256.0| 2,334.5| 162 | -2,654.5| -1,624.0
36 916.0] -2,334.5| 78 2,654.5| 1,630.0f 116 | -1,336.0| 2,334.5| 163 | -2,654.5| -1,784.0
37 1,205.0] -2,329.5| 79 2,649.5| 1,852.2| 117 | -1,416.0] 2,334.5| 164 | -2,654.5| -1,864.0
38 1,475.0] -2,329.5| 80 2,649.5| 1,952.2| 118 | -1,496.0| 2,334.5| 165 | -2,654.5| -1,944.0
39 1,640.0] -2,332.0| - - - 119 | -1,576.0] 2,334.5| 166 | -2,654.5| -2,024.0
40 1,780.0] -2,332.0] - - - 120 | -1,816.0] 2,334.5| 167 | -2,654.5| -2,104.0
41 1,920.0] -2,332.0] - - - 121 -1,896.0| 2,334.5| - - -

42 2,200.0| -2,332.0f - - - 122 | -1,976.0f 2,334.5| - - -

- - - - - - 123 | -2,056.0f 2,334.5| - - -

- - - - - - 124 | -2,136.0] 2,334.5] - - -

- - - - - - 125 | -2,216.0] 2,334.5| - - -

- - - - - - 126 | -2,296.0f 2,334.5| - - -

- - - - - - 127 | -2,376.0] 2,334.5| - - -
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1.3.3 Pin Descriptions

Symbol meanings
Assigned signal: The signal listed at the top of each pin is assigned in the initial state. The pin function must be
switched via software to assign another signal (see the “I/O Ports” chapter).

1/0:

Initial state:

|

o}
/0
P

A
Hi-Z

| (Pull-up)

= Input
= Output
= Input/output
= Power supply
= Analog signal
= High impedance state

= Input with pulled up

1 OVERVIEW

| (Pull-down) = Input with pulled down

Hi-Z
OH)
ow

Tolerant fail-safe structure:

4

= High impedance state
= High level output
= Low level output

Table 1.3.3.1 Pin description

= Over voltage tolerant fail-safe type I/0 cell included (see the “I/O Ports” chapter)

Tolerant
Pin name |Assigned signal| I/0 | Initial state | fail-safe Function
structure
Vop Vop P - - Power supply (+)
Vss Vss P - - GND
Vpp Vpp P - - Power supply for Flash programming
Vb1 Vb1 A - - Vb1 regulator output
Vci-5 Vci-5 P - - LCD panel driver power supply
Cpi-5 Cpi-5 A - - LCD power supply booster capacitor connect pins
0OSCH1 0OSCH1 A - - OSC1 oscillator circuit input
0SC2 0SC2 A - - OSC1 oscillator circuit output
TEST TEST I |l (Pull-down) - Test mode enable input
#RESET #RESET | | (Pull-up) - Reset input
P00 P00 1/0 Hi-Z - 1/0 port
SDIo | Synchronous serial interface Ch.0 data input
UPMUX 1/0 User-selected 1/0O (universal port multiplexer)
PO1 PO1 1/0 Hi-Z - 1/0 port
SDO0 (0] Synchronous serial interface Ch.0 data output
UPMUX 1/0 User-selected 1/0 (universal port multiplexer)
P02 P02 1/0 Hi-Z - 1/0 port
SPICLKO 1/0 Synchronous serial interface Ch.0 clock input/output
UPMUX 1/0 User-selected 1/0 (universal port multiplexer)
P03 P03 /0 Hi-Z - 1/0 port
#SPISSO | Synchronous serial interface Ch.0 slave-select input
UPMUX 1/0 User-selected 1/0 (universal port multiplexer)
P04 P04 /0 Hi-Z - 1/0 port
SENBO A R/F converter Ch.0 sensor B oscillator pin
UPMUX 1/0 User-selected I/0O (universal port multiplexer)
P05 P05 110 Hi-Z - 1/0 port
SENAO A R/F converter Ch.0 sensor A oscillator pin
UPMUX 1/0 User-selected I/0O (universal port multiplexer)
P06 P06 1/0 Hi-Z - 1/0 port
REFO A R/F converter Ch.0 reference oscillator pin
UPMUX 1/0 User-selected I/0O (universal port multiplexer)
P07 P07 1/0 Hi-Z - 1/0 port
RFINO A R/F converter Ch.0 oscillation input
UPMUX 1/0 User-selected I/0O (universal port multiplexer)
P10 P10 110 Hi-Z - 1/0 port
BZOUT O Sound generator output
UPMUX 1/0 User-selected I/O (universal port multiplexer)
P11 P11 1/0 Hi-Z - 1/0 port
#BZOUT 6] Sound generator inverted output
UPMUX 1/0 User-selected I/O (universal port multiplexer)
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1 OVERVIEW

Tolerant
Pin name |Assigned signal| I/0 | Initial state | fail-safe Function
structure

P12 P12 1/0 Hi-Z - 1/0 port

EXCLO0 | 16-bit PWM timer Ch.0 event counter input 0

UPMUX 1/0 User-selected I/0O (universal port multiplexer)
P13 P13 1/0 Hi-Z - 1/0 port

EXCL10 | 16-bit PWM timer Ch.1 event counter input 0

UPMUX 1/0 User-selected I/0O (universal port multiplexer)
P14 P14 1/0 Hi-Z - I/0 port

FOUT o Clock external output

UPMUX 1/0 User-selected I/O (universal port multiplexer)
P15 P15 1/0 Hi-Z - 1/0 port

REMO O IR remote controller transmit data output

UPMUX 1/0 User-selected I/0 (universal port multiplexer)
P16 P16 1/0 Hi-Z - 1/0 port

CLPLS 0] IR remote controller clear pulse output

UPMUX 1/0 User-selected I/O (universal port multiplexer)
P17 P17 1/0 Hi-Z - 1/0 port

RTC1S 0] Real-time clock 1-second cycle pulse output

UPMUX 1/0 User-selected I/O (universal port multiplexer)
P20 P20 1/0 Hi-Z - 1/0 port

QSPICLKO 1/0 Quad synchronous serial interface Ch.0 clock input/output
P21 P21 1/0 Hi-Z - 1/0 port

QSDIO00 1/0 Quad synchronous serial interface Ch.0 data input/output
P22 P22 1/0 Hi-Z - 1/0 port

QSDIO01 1/0 Quad synchronous serial interface Ch.0 data input/output
P23 P23 1/0 Hi-Z - 1/0 port

QSDIO02 1/0 Quad synchronous serial interface Ch.0 data input/output
P24 P24 1/0 Hi-Z - 1/0 port

EXCLO1 | 16-bit PWM timer Ch.0 event counter input 1

QSDIO03 1/0 Quad synchronous serial interface Ch.0 data input/output
P25 P25 1/0 Hi-Z - 1/0 port

EXCL11 | 16-bit PWM timer Ch.1 event counter input 1

#QSPISSO 1/0 Quad synchronous serial interface Ch.0 slave-select input/output
P26 P26 (ENVPP) 1/0 Hi-Z - 1/0 port (Flash programming control signal output)

EXOSC | Clock generator external clock input
P27 P27 1/0 Hi-Z 4 1/0 port

EXSVDO A Supply voltage detector Ch.0 external voltage detection input
P30 P30 1/0 Hi-Z 4 1/0 port

LFRO (0] LCD frame signal monitor output

UPMUX 1/0 User-selected 1/0 (universal port multiplexer)

COM16 A LCD common output

SEG87 A LCD segment output
P31 P31 /0 Hi-Z 4 I/0 port

RFCLKOO O R/F converter Ch.0 clock monitor output

UPMUX 1/0 User-selected 1/0O (universal port multiplexer)

COM17 A LCD common output

SEG86 A LCD segment output
P32 P32 1/0 Hi-Z v 1/0 port

UPMUX 1/0 User-selected I/O (universal port multiplexer)

COM18 A LCD common output

SEG85 A LCD segment output
P33 P33 1/0 Hi-Z v 1/0 port

UPMUX 1/0 User-selected I/0 (universal port multiplexer)

COM19 A LCD common output

SEG84 A LCD segment output
P34 P34 1/0 Hi-Z v I/0 port

UPMUX 1/0 User-selected 1/0O (universal port multiplexer)

COM20 A LCD common output

SEG83 A LCD segment output
P35 P35 1/0 Hi-Z v 1/0 port

UPMUX 1/0 User-selected I/O (universal port multiplexer)

COM21 A LCD common output

SEG82 A LCD segment output
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Tolerant
Pin name |Assigned signal| I/0 | Initial state | fail-safe Function
structure

P36 P36 /0 Hi-Z v I/0 port

UPMUX 1/0 User-selected I/0O (universal port multiplexer)

COM22 A LCD common output

SEG81 A LCD segment output
P37 P37 1/0 Hi-Z v I/0 port

UPMUX 1/0 User-selected I/0O (universal port multiplexer)

COM23 A LCD common output

SEG80 A LCD segment output
P40 P40 1/0 Hi-Z v I/0 port

COM24 A LCD common output

SEG79 A LCD segment output
P41 P41 1/0 Hi-Z v 1/0 port

COM25 A LCD common output

SEG78 A LCD segment output
P42 P42 1/0 Hi-Z v 1/0 port

COM26 A LCD common output

SEG77 A LCD segment output
P43 P43 1/0 Hi-Z v 1/0 port

COom27 A LCD common output

SEG76 A LCD segment output
P44 P44 1/0 Hi-Z v 1/0 port

COM28 A LCD common output

SEG75 A LCD segment output
P45 P45 1/0 Hi-Z 4 1/0 port

COM29 A LCD common output

SEG74 A LCD segment output
P46 P46 1/0 Hi-Z 4 1/0 port

COM30 A LCD common output

SEG73 A LCD segment output
P47 P47 1/0 Hi-Z 4 1/0 port

COM31 A LCD common output

SEG72 A LCD segment output
P50 P50 1/0 Hi-Z 4 1/0 port

SEG71 A LCD segment output
P51 P51 1/0 Hi-Z 4 1/0 port

SEG70 A LCD segment output
P52 P52 1/0 Hi-Z '4 1/0 port

SEG69 A LCD segment output
P53 P53 /0 Hi-Z '4 1/0 port

SEG68 A LCD segment output
P54 P54 1/0 Hi-Z 4 1/0 port

SEG67 A LCD segment output
P55 P55 /0 Hi-Z 4 1/0 port

SEG66 A LCD segment output
P56 P56 /0 Hi-Z 4 1/0 port

SEG65 A LCD segment output
P57 P57 1/0 Hi-Z v 1/0 port

SEG64 A LCD segment output
P60 P60 /0 Hi-Z v I/0 port

SEG63 A LCD segment output
P61 P61 1/0 Hi-Z v I/0 port

SEG62 A LCD segment output
P62 P62 1/0 Hi-Z v I/0 port

SEG61 A LCD segment output
P63 P63 /0 Hi-Z v I/0 port

SEG60 A LCD segment output
P64 P64 110 Hi-Z v 1/0 port

SEG59 A LCD segment output
P65 P65 1/0 Hi-Z v 1/0 port

SEG58 A LCD segment output
P66 P66 1/0 Hi-Z v I/0 port

SEG57 A LCD segment output
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Tolerant
Pin name |Assigned signal| I/0 | Initial state | fail-safe Function
structure
P67 P67 1/0 Hi-Z v 1/0 port
SEG56 A LCD segment output
P70 P70 1/0 Hi-Z v 1/0 port
SEG9 A LCD segment output
P71 P71 1/0 Hi-Z v I/0 port
SEG8 A LCD segment output
P72 P72 1/0 Hi-Z v I/0 port
SEG7 A LCD segment output
P73 P73 1/0 Hi-Z v 1/0 port
SEG6 A LCD segment output
P74 P74 1/0 Hi-Z v I/0 port
SEG5 A LCD segment output
P75 P75 1/0 Hi-Z v 1/0 port
SEG4 A LCD segment output
P76 P76 1/0 Hi-Z v 1/0 port
SEG3 A LCD segment output
P77 P77 1/0 Hi-Z v 1/0 port
SEG2 A LCD segment output
P80 P80 1/0 Hi-Z v 1/0 port
SEG1 A LCD segment output
P81 P81 1/0 Hi-Z v 1/0 port
SEGO A LCD segment output
P90 P90 1/0 Hi-Z v 1/0 port
EXSVD1 A Supply voltage detector Ch.1 external voltage detection input
(VBUS_MON) (VBus voltage detection input)
PDO SWCLK | | (Pull-up) - Serial-wire debugger clock input
PDO 110 1/0 port
PD1 SWD 1/0 | | (Pull-up) - Serial-wire debugger data input/output
PD1 1/0 1/0 port
PD2 PD2 1/0 Hi-Z - 1/0 port
0OSC3 A OSC3 oscillator circuit input
PD3 PD3 1/0 Hi-Z - 1/0 port
0SC4 A OSC3 oscillator circuit output
COMO0-15 COMO0-15 A Hi-Z - LCD common output
SEG10-55 |SEG10-55 A Hi-Z - LCD segment output
USB_DP USB_DP 1/0 | - USB D+ signal input/output
USB_DM USB_DM 1/0 | - USB D- signal input/output
VBus VBus P - - USB Vsus input (5 V input allowed)
USB_XI USB_XI A - - USBOSC oscillator circuit input
USB_XO USB_XO A - - USBOSC oscillator circuit output
USB18VOUT |USB18VOUT P - - USB 1.8 V regulator output
USB33VOUT |USB33VOUT P - - USB 3.3 V regulator output

Note: In the peripheral circuit descriptions, the assigned signal name is used as the pin name.

Universal port multiplexer (UPMUX)

The universal port multiplexer (UPMUX) allows software to select the peripheral circuit input/output function

to be assigned to each pin from those listed below.

Table 1.3.3.2 Peripheral Circuit Input/output Function Selectable by UPMUX

Peripheral circuit Signal to be assigned| 1/0 Channel number n Function
12C SCLn /0 |n=0,1 12C Ch.n clock input/output
(12C) SDAn I/0 12C Ch.n data input/output
UART USINn I [n=0,1 UART2 Ch.n data input
(UART2) usouTn ] UART2 Ch.n data output
16-bit PWM timer TOUTNO/CAPNO /0 |n=0,1 T16B Ch.n PWM output/capture input 0
(T16B) TOUTn1/CAPn1 I/0 T16B Ch.n PWM output/capture input 1

Note: Do not assign a function to two or more pins simultaneously.
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2 POWER SUPPLY, RESET, AND CLOCKS

2 Power Supply, Reset, and Clocks

The power supply, reset, and clocks in this IC are managed by the embedded power generator, system reset control-
ler, and clock generator, respectively.

2.1 Power Generator (PWGA)

2.1.1 Overview

PWGA is the power generator that controls the internal power supply system to drive this IC with stability and low

power. The main features of PWGA are outlined below.

¢ Embedded Vb1 regulator
- The Vb1 regulator generates the Vb1 voltage to drive internal circuits, this makes it possible to keep current

consumption constant independent of the Vbp voltage level.

- The Vb1 regulator supports two operation modes, normal mode and economy mode, and setting the Vb1
regulator into economy mode at light loads helps achieve low-power operations.

- The Vb1 regulator supports two voltage modes, modeO and model, and setting the Vb1 regulator into model

during low-speed operation helps achieve low-power operations.

Figure 2.1.1.1 shows the PWGA configuration.

VDD
Cpwi1
+

PWGA

[REGMODE[1:0]] |
v

REGSEL |
v

L]

VD1

regulator

VD1

Vss -

REGDIS

2.1.2 Pins

Internal circuits

Figure 2.1.1.1 PWGA Configuration

Table 2.1.2.1 lists the PWGA pins.

Table 2.1.2.1 List of PWGA Pins

Pin name 1/0 Initial status Function
Vob P - Power supply (+)
Vss P - GND
Vb1 A - Vb1 regulator output pin

For the Vpp operating voltage range and recommended external parts, refer to “Recommended Operating Condi-

tions, Power supply voltage Vpp” in the “Electrical Characteristics” chapter and the “Basic External Connection

Diagram” chapter, respectively.
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2 POWER SUPPLY, RESET, AND CLOCKS

2.1.3 Vb1 Regulator Operation Mode

The Vb1 regulator supports two operation modes, normal mode and economy mode. Setting the Vb1 regulator into
economy mode at light loads helps achieve low-power operations. Table 2.1.3.1 lists examples of light load condi-
tions in which economy mode can be set.

Table 2.1.3.1 Examples of Light Load Conditions in which Economy Mode Can be Set

Light load condition Exceptions
SLEEP mode (when all oscillators are stopped, or OSC1 only is active) |When a clock source except for
HALT mode (when OSC1 only is active) OSCH1 is active
RUN mode (when OSC1 only is active)

The Vb1 regulator also supports automatic mode in which the hardware detects a light load condition and automati-
cally switches between normal mode and economy mode. Use the Vb1 regulator in automatic mode when no spe-
cial control is required.

2.1.4 Vb1 Regulator Voltage Mode

The Vb1 regulator supports two voltage modes, mode0 and model.
When the IC runs with a low-speed clock, setting the Vb1 regulator into model reduces power consumption.

When the voltage mode is switched, the system clock source automatically stops operating and it resumes operating
after the voltage has stabilized. Table 2.1.4.1 shows the stop period of the system clock.

Table 2.1.4.1 System Clock Stop Period After Switching Voltage Mode

System clock Stop period
I0SC 4,096 cycles
0OSC1 Number of cycles set using the CLGOSC1.0SC1WT[1:0] bits

Procedure to switch from mode0 to mode1

1. Set the MODEN bits of the peripheral circuits to 0. (Stop using peripheral circuits)
2. Write 0x0096 to the SYSPROT.PROT(15:0] bits. (Remove system protection)
3. Switch the system clock to a low-speed clock (OSC1,I0SC 2 MHz or 1 MHz).
4. Stop OSC3 and EXOSC.
5. Configure the following PWGACTL register bits.

- Set the PWGACTL.REGSEL bit to 0. (Switch to model)

- Set the PWGACTL.REGDIS bit to 1. (Discharge)

- Set the PWGACTL.REGMODE]1:0] bits to 0x2. (Set to normal mode)
6. Configure the following PWGACTL register bits after the system clock supply has resumed.

- Set the PWGACTL.REGDIS bit to 0. (Stop discharging)

- Set the PWGACTL.REGMODE]1:0] bits to 0x0. (Set to automatic mode)

7. Write a value other than 0x0096 to the SYSPROT.PROT([15:0] bits. (Set system protection)

Procedure to switch from mode1 to mode0

1. Set the MODEN bits of the peripheral circuits to 0. (Stop using peripheral circuits)
2. Write 0x0096 to the SYSPROT.PROT[15:0] bits. (Remove system protection)
Configure the following PWGACTL register bits.
- Set the PWGACTL.REGSEL bit to 1. (Switch to mode0)
- Set the PWGACTL.REGMODE]1:0] bits to 0x2. (Set to normal mode)
4. Set the PWGACTL.REGMODE]1:0] bits to 0x0
after the system clock supply has resumed. (Set to automatic mode)

Switch the system clock to a high-speed clock.
6. Write a value other than 0x0096 to the SYSPROT.PROT([15:0] bits. (Set system protection)
Note: After the voltage mode has been switched, correct the RTC, as the RTC operating clock is also
stopped for the period set using the CLGOSC1.0SC1WT[1:0] bits.
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2 POWER SUPPLY, RESET, AND CLOCKS

2.2 System Reset Controller (SRC)

2.2.1 Overview

SRC is the system reset controller that resets the internal circuits according to the requests from the reset sources to
archive steady IC operations. The main features of SRC are outlined below.

* Embedded reset hold circuit maintains reset state to boot the system safely while the internal power supply is un-
stable after power on or the oscillation frequency is unstable after the clock source is initiated.

¢ Supports reset requests from multiple reset sources.
- #RESET pin
- POR and BOR
- Reset request from the CPU
- Key-entry reset
- Watchdog timer reset
- Supply voltage detector reset
- Peripheral circuit software reset (supports some peripheral circuits only)

e The CPU registers and peripheral circuit control bits will be reset with an appropriate initialization condition ac-
cording to changes in status.

Figure 2.2.1.1 shows the SRC configuration.

SRC Boot clock
VoD Reset request IOSCCLK
signals
#RESET [ Noise filter
Internal reset signals
Reset
SYSRST_HO N . _—
Reset hold » To CPU and peripheral circuits
BOR cireuit SYSRST_H1 » To CPU and peripheral circuits
Reset request from CPU
Key-entry reset
Watchdog timer reset
Supply voltage detector reset
v
Software reset 0 SYSRST_S0.0 » To peripheral circuit 0
s Reset :
Software reset n decoder | | SYSRST_S0_n » To peripheral circuit n

Figure 2.2.1.1 SRC Configuration

2.2.2 Input Pin

Table 2.2.2.1 shows the SRC pin.

Table 2.2.2.1 SRC Pin
Pin name 1/0 Initial status Function
#RESET | | (Pull-up) Reset input

The #RESET pin is connected to the noise filter that removes pulses not conforming to the requirements. An inter-
nal pull-up resistor is connected to the #RESET pin, so the pin can be left open. For the #RESET pin characteris-
tics, refer to “#RESET pin characteristics” in the “Electrical Characteristics” chapter.
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2.2.3 Reset Sources
The reset source refers to causes that request system initialization. The following shows the reset sources.

#RESET pin
Inputting a reset signal with a certain low level period to the #RESET pin issues a reset request.

POR and BOR

POR (Power On Reset) issues a reset request when the rise of Vbp is detected. BOR (Brownout Reset) issues a re-
set request when a certain Vpp voltage level is detected. Reset requests from these circuits ensure that the system
will be reset properly when the power is turned on and the supply voltage is out of the operating voltage range.
Figure 2.2.3.1 shows an example of POR and BOR internal reset operation according to variations in VDD.

]’VHST* VRsT+
VRsT- VRsT VRsT \ /

Internal state RST] RUN RST | RUN rsT I RST [ RN

VRsT-: Reset detection voltage VRsT+: Reset canceling voltage Indefinite (operating limit) RESET state CPU RUN state
Figure 2.2.3.1 Example of Internal Reset by POR and BOR

VoD

Vss

For the POR and BOR electrical specifications, refer to “POR/BOR characteristics” in the “Electrical Charac-
teristics” chapter.

Reset request from the CPU

The CPU issues a reset request by writing 1 to the AIRCR.SYSRESETREQ bit in the Cortex®-M0+ Ap-
plication Interrupt and Reset Control Register. For more information, refer to the “ARM®v6-M Architecture
Reference Manual.”

Key-entry reset
Inputting a low level signal of a certain period to the I/O port pins configured to a reset input issues a reset re-
quest. This function must be enabled using an I/O port register. For more information, refer to the “I/O Ports”
chapter.

Watchdog timer reset

Setting the watchdog timer into reset mode will issue a reset request when the counter overflows. This helps re-
turn the runaway CPU to a normal operating state. For more information, refer to the “Watchdog timer” chapter.

Supply voltage detector reset

By enabling the low power supply voltage detection reset function, the supply voltage detector will issue a reset
request when a drop in the power supply voltage is detected. This makes it possible to put the system into reset
state if the IC must be stopped under a low voltage condition. For more information, refer to the “Supply Volt-
age Detector” chapter.

Peripheral circuit software reset

Some peripheral circuits provide a control bit for software reset (MODEN or SFTRST). Setting this bit initial-
izes the peripheral circuit control bits. Note, however, that the software reset operations depend on the periph-
eral circuit. For more information, refer to “Control Registers” in each peripheral circuit chapter.

Note: The MODEN bit of some peripheral circuits does not issue software reset.

2.2.4 Initialization Conditions (Reset Groups)

A different initialization condition is set for the CPU registers and peripheral circuit control bits, individually. The
reset group refers to an initialization condition. Initialization is performed when a reset source included in a reset
group issues a reset request. Table 2.2.4.1 lists the reset groups. For the reset group to initialize the registers and con-
trol bits, refer to the “CPU and Debugger” chapter or “Control Registers” in each peripheral circuit chapter.
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Table 2.2.4.1 List of Reset Groups

Reset group Reset source Reset cancelation timing
HO #RESET pin Reset state is maintained for the reset
POR and BOR hold time trsTr after the reset request is

Reset request from the CPU canceled.
Key-entry reset

Supply voltage detector reset
Watchdog timer reset

H1 #RESET pin
POR and BOR
Reset request from the CPU
SO Peripheral circuit software reset |Reset state is canceled immediately

(MODEN and SFTRST bits. The |after the reset request is canceled.
software reset operations de-
pend on the peripheral circuit.

2.3 Clock Generator (CLG)

2.3.1 Overview

CLG is the clock generator that controls the clock sources and manages clock supply to the CPU and the peripheral
circuits. The main features of CLG are outlined below.

* Supports multiple clock sources.
- IOSC oscillator circuit that oscillates with a fast startup and no external parts required
- High-precision and low-power OSC1 oscillator circuit that uses a 32.768 kHz crystal resonator
- OSC3 oscillator circuit that supports up to 20.5 MHz crystal/ceramic resonators
- EXOSC clock input circuit that allows input of square wave and sine wave clock signals up to 21 MHz

e The system clock (SYSCLK), which is used as the operating clock for the CPU and bus, and the peripheral cir-
cuit operating clocks can be configured individually by selecting the suitable clock source and division ratio.

* The 8 MHz clock output from the IOSC oscillator circuit is used as the boot clock for fast booting.

* Controls the oscillator and clock input circuits to enable/disable according to the operating mode, RUN or
SLEEP mode.

* Provides a flexible system clock switching function at SLEEP mode cancelation.
- The clock sources to be stopped in SLEEP mode can be selected.
- SYSCLK to be used at SLEEP mode cancelation can be selected from all clock sources.
- The oscillator and clock input circuit on/off state can be maintained or changed at SLEEP mode cancelation.

¢ Provides the FOUT function to output an internal clock for driving external ICs or for monitoring the internal
State.

Figure 2.3.1.1 shows the CLG configuration.
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CLG
(2]
I0SC a
oscillator [HOSCCLK Divider g
circuit o
CLKSRC[1:0] g
CLKDIV[1:0] g
. 0OSC1 WUPSRCI1:0] =
| (] 0SCH WUPDIV[1:0]
1F L
~ Lt oscillator F2SC1CK 31 Divider WUPMD
1t 1 [« circuit v
0osc2 Ly l«—{ System
—3 sgllggti(()r clock  [2YSSEK iy 16 CPU and bus
. 0sC3 g controller
}—l—D——b 0OSC3
= oscillator (253K ol pivider SLEEP, WAKE-UP
[ [« circuit
T Xtald/ OSC4
Ceramic3 EXOSCEN
EXOSC EXGSC EXOSCCLK
clock input
circuit
FOUT FOUT " Peripheral circuit 1
[ e output 3 celector CLKSRCIx:0]
circuit > CLKDIV[x:.0]
m Peripheral circuit n
N
—3 ng;‘;r CLKSRC[x0]
> CLKDIV[x:.0]
Figure 2.3.1.1 CLG Configuration
2.3.2 Input/Output Pins
Table 2.3.2.1 lists the CLG pins.
Table 2.3.2.1 List of CLG Pins
Pin name 1/0* Initial status* Function
0OSC1 A - OSCH1 oscillator circuit input
0SC2 A - OSC1 oscillator circuit output
OSC3 A - OSC3 oscillator circuit input
OSC4 A - OSC3 oscillator circuit output
EXOSC | | EXOSC clock input
FOUT O O (L) FOUT clock output

# Indicates the status when the pin is configured for CLG.

If the port is shared with the CLG input/output function and other functions, the CLG function must be assigned to
the port. For more information, refer to the “I/O Ports” chapter.
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2.3.3 Clock Sources

I0SC oscillator circuit

The IOSC oscillator circuit features a fast startup and no external parts are required for oscillating. Figure 2.3.3.1
shows the configuration of the IOSC oscillator circuit.

10SC oscillator circuit
(2}
a [ IOSCEN | [IOSCFQ[2:0]]
£ v
©
o Clock [ Oscillation
g ; stabilization » I0OSCCLK
5 oscillator - L
2 ? waiting circuit
Auto- IOSCSTAIE [ —» IOSCSTAIF
oscillator OSC1CLK trimming IOSCTEDIE Interrupt ) —» IOSCTEDIF . :
- - IOSCTERIE (| control circuit[» IOSCTERIF H H
circuit : H
? CPU
(OSCSTM

Figure 2.3.3.1 I0SC Oscillator Circuit Configuration

The IOSC oscillator circuit output clock IOSCCLK is used as SYSCLK at booting. The IOSCCLK frequency
can be selected using the CLGIOSC.IOSCFQ[2:0] bits. The IOSC oscillator circuit is equipped with an auto-
trimming function that automatically adjusts the frequency. This helps reduce frequency deviation due to
unevenness in manufacturing quality, temperature, and changes in voltage. For more information on the auto-
trimming function and the oscillation characteristics, refer to “IOSC oscillation auto-trimming function” in this
chapter and “IOSC oscillator circuit characteristics” in the “Electrical Characteristics” chapter, respectively.

OSC1 oscillator circuit
The OSCI oscillator circuit is a high-precision and low-power oscillator circuit that uses a 32.768 kHz crystal
resonator. Figure 2.3.3.2 shows the configuration of the OSC1 oscillator circuit.

0SC1 oscillator circuit 3
[OSC1BUP| INVIN[1:0] [INV1B[1:0]  [OSDRB| [OSDEN| g
7 7 A S g
estart ]
—_— ianal - c
ST Ol | s ot :
v P OSCIWT[1:0] £
Extern_?l ggte DDInlernal variable i GaiTI-controIIed #
capacitor Ca1 oscillation 1At
— 0sc1 % gate capacitor Cait inverter L Osgl!latlpn
- [} Noise filter stabilization » OSC1CLK
é % CGil1[2:0] waiting circuit
= X'tall Vss v
Veo Interrupt control
. OSC1STPIE circuit OSC1STPIF
} [} T —— i OSC1STAIE OSC1STAIF
= drai 0Ssc2 eedbacl Drain
Eﬁs;:;é?gé? VSSI resistor RF1 resistor Rp1 ‘ » CPU
Internal drain capacitor Coit
OSCH1 oscillator circuit
voltage regulator

Figure 2.3.3.2 OSC1 Oscillator Circuit Configuration

This oscillator circuit includes a gain-controlled oscillation inverter and a variable gate capacitor allowing use
of various crystal resonators with ranges from cylinder type through surface-mount type.

The oscillator circuit also includes a feedback resistor and a drain resistor, so no external parts are required ex-
cept for a crystal resonator. The embedded oscillation stop detector, which detects oscillation stop and restarts
the oscillator, allows the system to operate in safety under adverse environments that may stop the oscillation.
The oscillation startup control circuit operates for a set period of time after the oscillation is enabled to assist
the oscillator in initiating, this makes it possible to use a low-power resonator that is difficult to start up. For the
recommended parts and the oscillation characteristics, refer to the “Basic External Connection Diagram” chap-
ter and “OSC1 oscillator circuit characteristics” in the “Electrical Characteristics” chapter, respectively.

Note: Depending on the circuit board or the crystal resonator type used, an external gate capacitor Ca1
and a drain capacitor Cb1 may be required.

S1C31W74 TECHNICAL MANUAL Seiko Epson Corporation 2-7
(Rev. 1.1)




2 POWER SUPPLY, RESET, AND CLOCKS

OSC3 oscillator circuit
The OSC3 oscillator circuit is a crystal/ceramic oscillator that generates a high-speed clock. Figure 2.3.3.3
shows the configuration of the OSC3 oscillator circuit.

OSC3 oscillator circuit 3
©
©
OSC3EN S
Internal gate OSC3BINV[1:0] [0sCawT(2:0] g
External gate capacitor Caiac Gain- Q
i controlled ATPYH <
capacitor Ces 0SC3 inverter Noise Osc.ll.latlgn
V}_l—& - T N stabilization » OSC3CLK
= Xtald/ /10 r;g”pheral T waiting circuit
. I Ceramic3 port function 4 { yes
Exter%l drain OSC4 Rl Fegdback Drain resistor OSC3STAIE
capacitor Cos Internal drain ] resistor Rrs Ros
capacitor Cpiac : Vss Interrupt
—»  control CPU
circuit
OSC3STAIF

Figure 2.3.3.3 OSC8 Oscillator Circuit Configuration

This oscillator circuit includes a feedback resistor and a drain resistor, so no external part is required except
for a crystal/ceramic resonator. The embedded gain-controlled inverter allows selection of the resonator from a

wide frequency range.
For the recommended parts and the oscillation characteristics, refer to the “Basic External Connection Dia-

gram” chapter and the “Electrical Characteristics” chapter, respectively.

EXOSC clock input
EXOSC is an external clock input circuit that supports square wave and sine wave clocks. Figure 2.3.3.4 shows
the configuration of the EXOSC clock input circuit.

EXOSC clock
input circuit

m EXO’%C Input control
VAVAN circuit

Figure 2.3.3.4 EXOSC Clock Input Circuit

Internal data bus

» EXOSCCLK

EXOSC has no oscillation stabilization waiting circuit included, therefore, it must be enabled when a stabilized
clock is being supplied. For the input clock characteristics, refer to “EXOSC external clock input characteris-
tics” in the “Electrical Characteristics” chapter.

2.3.4 Operations

Oscillation start time and oscillation stabilization waiting time

The oscillation start time refers to the time after the oscillator circuit is enabled until the oscillation signal is ac-
tually sent to the internal circuits. The oscillation stabilization waiting time refers to the time it takes the clock
to stabilize after the oscillation starts. To avoid malfunctions of the internal circuits due to an unstable clock
during this period, the oscillator circuit includes an oscillation stabilization waiting circuit that can disable sup-
plying the clock to the system until the designated time has elapsed. Figure 2.3.4.1 shows the relationship be-
tween the oscillation start time and the oscillation stabilization waiting time.
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System supply waiting time
Oscillation start time

Oscillator circuit enable
(*OSC+EN)

Oscillation waveform

Digitized oscillation waveform I
Oscillator circuit output clock W
(*OSC#CLK)
Oscillation stabilization waiting completion flag
(xOSC=+STAIF)

Oscillation stabilization waiting time
Figure 2.3.4.1 Oscillation Start Time and Oscillation Stabilization Waiting Time

The oscillation stabilization waiting times for the OSC1 and OSC3 oscillator circuits can be set using the
CLGOSC1.0SC1WT][1:0] bits and CLGOSC3.0OSC3WT][2:0] bits, respectively. To check whether the oscilla-
tion stabilization waiting time is set properly and the clock is stabilized immediately after the oscillation starts
or not, monitor the oscillation clock using the FOUT output function.

The oscillation stabilization waiting time for the IOSC oscillator circuit is fixed at 16 IOSCCLK clocks.

The oscillation stabilization waiting time for the OSC1 oscillator circuit should be set to 16,384 OSC1CLK
clocks or more.

The oscillation stabilization waiting time for the OSC3 oscillator circuit should be set to 1,024 OSC3CLK
clocks or more.

When the oscillation stabilization waiting operation has completed, the oscillator circuit sets the oscillation sta-
bilization waiting completion flag and starts clock supply to the internal circuits.

Note: The oscillation stabilization waiting time is always expended at start of oscillation even if the os-
cillation stabilization waiting completion flag has not be cleared to 0.

When the oscillation startup control circuit in the OSC1 oscillator circuit is enabled by setting the CLGOSC1.0S-
C1BUP bit to 1, it uses the high-gain oscillation inverter for a set period of time (startup boosting operation) after
the oscillator circuit is enabled (by setting the CLGOSC.OSCIEN bit to 1) to reduce oscillation start time. Note,
however, that the oscillation operation may become unstable if there is a large gain differential between normal
operation and startup boosting operation. Furthermore, the oscillation start time being actually reduced depends
on the characteristics of the resonator used. Figure 2.3.4.2 shows an operation example when the oscillation start-
up control circuit is used.

(1) CLGOSC1.0SC1BUP bit = 0 (startup boosting operation disabled)

Oscillator circuit enable
(CLGOSC.OSC1EN)

Oscillation inverter INV1N[1:0] setting gain

Normal operation

(2) CLGOSC1.0SC1BUP bit = 1 (startup boosting operation enabled)
Oscillator circuit enable
(CLGOSC.OSC1EN)

Oscillation inverter INV1B[1:0] setting gain \ INV1N[1:0] setting gain

Oscillation waveform

Startup boosting Normal operation
operation

Figure 2.3.4.2 Operation Example when the Oscillation Startup Control Circuit is Used
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Oscillation start procedure for the IOSC oscillator circuit

Follow the procedure shown below to start oscillation of the IOSC oscillator circuit.

1. Write 1 to the CLGINTFIOSCSTAIF bit. (Clear interrupt flag)

2. Write 1 to the CLGINTE.IOSCSTAIE bit. (Enable interrupt)

3. Write 0x0096 to the SYSPROT.PROT[15:0] bits. (Remove system protection)

4. Configure the CLGIOSC.IOSCFQI[2:0] bits. (Select frequency)

5. Write a value other than 0x0096 to the SYSPROT.PROT[15:0] bits. (Set system protection)
6. Write 1 to the CLGOSC.IOSCEN bit. (Start oscillation)

7. IOSCCLK can be used if the CLGINTF.IOSCSTAIF bit = 1 after an interrupt occurs.

Oscillation start procedure for the OSC1 oscillator circuit
Follow the procedure shown below to start oscillation of the OSC1 oscillator circuit.
1. Write 1 to the CLGINTF.OSC1STAIF bit. (Clear interrupt flag)
2. Write 1 to the CLGINTE.OSC1STAIE bit. (Enable interrupt)
3. Write 0x0096 to the SYSPROT.PROT[15:0] bits. (Remove system protection)
4. Configure the following CLGOSCI1 register bits according to the resonator used:

- CLGOSCI.INVINJ1:0] bits (Set oscillation inverter gain)
- CLGOSCI1.CGI1[2:0] bits (Set internal gate capacitor)
- CLGOSCI1.0SCIWT][1:0] bits (Set oscillation stabilization waiting time)
In addition to the above, configure the following bits when using the oscillation startup control circuit (see
Figure 2.3.4.2):
- CLGOSCI1.INV1BJ[1:0] bits (Set oscillation inverter gain for startup boosting period)
- Set the CLGOSC1.0SCIBUPbit to 1. (Enable oscillation startup control circuit)
5. Write a value other than 0x0096 to the SYSPROT.PROT[15:0] bits. (Set system protection)
6. Write 1 to the CLGOSC.OSCIEN bit. (Start oscillation)

7. OSCICLK can be used if the CLGINTF.OSCISTAIF bit = 1 after an interrupt occurs.

The setting values of the CLGOSCI.INVINJ[1:0], CLGOSC1.CGI1[2:0], CLGOSCI1.0SCIWT[1:0], and
CLGOSCI1.INV1BJ[1:0] bits should be determined after performing evaluation using the populated circuit board.

Oscillation start procedure for the OSC3 oscillator circuit
Follow the procedure shown below to start oscillation of the OSC3 oscillator circuit.
1. Write 1 to the CLGINTF.OSC3STAIF bit. (Clear interrupt flag)
2. Write 1 to the CLGINTE.OSC3STAIE bit. (Enable interrupt)
3. Write 0x0096 to the SYSPROT.PROT[15:0] bits. (Remove system protection)
4

Configure the following CLGOSC3 register bits.
- CLGOSC3.0SC3WT][2:0] bits (Set oscillation stabilization waiting time)
- CLGOSC3.0SC3INV[1:0] bits (Set oscillation inverter gain)

Write a value other than 0x0096 to the SYSPROT.PROT[15:0] bits. (Set system protection)
Assign the OSC3 oscillator input/output functions to the ports. (Refer to the “I/O Ports” chapter.)
Write 1 to the CLGOSC.OSC3EN bit. (Start oscillation)

OSC3CLK can be used if the CLGINTF.OSC3STAIF bit = 1 after an interrupt occurs.

The setting values of the CLGOSC3.0SC3INV[1:0] and CLGOSC3.0SC3WT[2:0] bits should be determined
after performing evaluation using the populated circuit board.

® =N oW

System clock switching

The CPU boots using IOSCCLK as SYSCLK. After booting, the clock source of SYSCLK can be switched ac-
cording to the processing speed required. The SYSCLK frequency can also be set by selecting the clock source
division ratio, this makes it possible to run the CPU at the most suitable performance for the process to be ex-
ecuted. The CLGSCLK.CLKSRCJ[1:0] and CLGSCLK.CLKDIV[1:0] bits are used for this control.

The CLGSCLK register bits are protected against writings by the system protect function, therefore, the system protec-
tion must be removed by writing 0x0096 to the SYSPROT.PROT/[15:0] bits before the register setting can be altered.
For the transition between the operating modes including the system clock switching, refer to “Operating Mode.”
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Clock control in SLEEP mode

Whether the clock sources being operated are stopped or not when the CPU enters SLEEP mode (deep sleep
mode) can be selected in each source individually. This allows the CPU to fast switch between SLEEP mode
and RUN mode, and the peripheral circuits to continue operating without disabling the clock in SLEEP mode.
The CLGOSC.IOSCSLPC, CLGOSC.OSCISLPC, CLGOSC.OSC3SLPC, and CLGOSC.EXOSCSLPC bits
are used for this control. Figure 2.3.4.3 shows a control example.

(1) When the CLGOSC.OSC1SLPC bit = 1 Oscillation stabilization waiting time
SYSCLK SLEEP mode I0SCCLK
(CPU operating clock) I0SCCLK ‘ (CPU stop, CLK stop)  |(Unstable) I0SCCLK
i
Executing the WFI/WFE instruction Interrupt
(SLEEPDEEP bit = 1) (Wake-up)
Real-time clock OSC1CLK
operating clock OSC1CLK (CLK stop) (Unstable) OSC1CLK
* The real-time clock is turned off in
SLEEP mode as the clock stops.
(2) When the CLGOSC.OSC1SLPC bit=0
SYSCLK SLEEP mode I0SCCLK
(CPU operating clock) I0SCCLK (CPU stop, CLK stop)  |(Unstable) I0SCCLK
Executing the WFI/WFE instruction Interrupt
(SLEEPDEEP bit = 1) (Wake-up)

Real-time clock

. OSC1CLK
operating clock

# The real-time clock keeps operating in
SLEEP mode as the clock is being supplied.

Figure 2.3.4.3 Clock Control Example in SLEEP Mode

The SYSCLK condition (clock source and division ratio) at wake-up from SLEEP mode to RUN mode can also
be configured. This allows flexible clock control according to the wake-up process. Configure the clock using
the CLGSCLK.WUPSRC[1:0] and CLGSCLK.WUPDIV[1:0] bits, and write 1 to the CLGSCLK.WUPMD bit
to enable this function.

(1) When the CLGSCLK.WUPMD bit = 0 Oscillation stabilization waiting time
SYSCLK SLEEP mode OSC1CLK
(CPU operating clock) OSCiCLK (CPU stop, CLK stop) (Unstable) OSC1CLK
Executing the WFI/WFE instruction Interrupt
(SLEEPDEEP bit = 1) (Wake-up)
" CLGSCLK.CLKSRC[1:0] = 0x1 (OSC1) * Starting up with the same clock as one !
CLGSCLK.WUPSRC[1:0] = 0x1 (OSC1) that used before SLEEP mode was entered.

(2) When the CLGSCLK.WUPMD bit = 1 and the CLGSCLK.WUPSRCJ[1:0] bits = 0x0

SYSCLK SLEEP mode IOSCCLK
(CPU operating clock) OSC1CLK (CPU stop, CLK stop)  |(Unstable) I0SCCLK
Executing the WFI/WFE instruction Interrupt
(SLEEPDEEP bit = 1) (Wake-up)
“CLGSCLK.CLKSRC[1:0] = 0x1 (OSC1) " CLGSCLK.CLKSRC[1:0] = 0x0 (IOSC)
CLGSCLK.WUPSRC[1:0] = 0x0 (I0SC) CLGSCLK.WUPSRC[1:0] = 0x0 (I0SC)

* Switching to IOSC that features fast
initiation allows high-speed processing.

Figure 2.3.4.4 Clock Control Example at SLEEP Cancelation

Clock external output (FOUT)

The FOUT pin can output the clock generated by a clock source or its divided clock to outside the IC. This al-
lows monitoring the oscillation frequency of the oscillator circuit or supplying an operating clock to external
ICs. Follow the procedure shown below to start clock external output.

1. Assign the FOUT function to the port.  (Refer to the “I/O Ports” chapter.)
2. Configure the following CLGFOUT register bits:

- CLGFOUT.FOUTSRC[1:0] bits (Select clock source)
- CLGFOUT.FOUTDIV|[2:0] bits (Set clock division ratio)
- Set the CLGFOUT.FOUTEN bitto 1. (Enable clock external output)
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10SC oscillation auto-trimming function

The auto-trimming function adjusts the IOSCCLK clock frequency selected using the CLGIOSC.JIOSCFQ/[2:0]
bits by trimming the clock with reference to the high precision OSC1CLK clock generated by the OSC1 oscil-

lator circuit. Follow the procedure shown below to enable the auto-trimming function.

1.

After enabling the OSCI oscillation, check if the stabilized clock is supplied (CLGINTF.OSC1STAIF bit =
1).

After enabling the IOSC oscillation, check if the stabilized clock is supplied (CLGINTFIOSCSTAIF bit = 1).
Write 0x0096 to the SYSPROT.PROT([15:0] bits. (Remove system protection)

If the SYSCLK clock source is IOSC, set the CLGSCLK.CLKSRC]J1:0] bits to a value other than 0x0
(I0SC).

Configure the following CLGINTF register bits:

- Write 1 to the CLGINTEIOSCTEDIF bit. (Clear interrupt flag)

- Write 1 to the CLGINTEIOSCTERIF bit. (Clear interrupt flag)

Configure the following CLGINTF register bits:

- Set the CLGINTE.IOSCTEDIE bit to 1. (Enable interrupt)

- Set the CLGINTE.IOSCTERIE bit to 1. (Enable interrupt)

Write 1 to the CLGIOSC.IOSCSTM bit. (Enable IOSC oscillation auto-trimming)

Write a value other than 0x0096 to the SYSPROT.PROT[15:0] bits. (Set system protection)

The trimmed IOSCCLK can be used if the CLGINTFIOSCTEDIF bit = 1 after an interrupt occurs. If the
CLGINTFIOSCTERIF bit = 1, an error has occurred during the auto-trimming operation (the clock has not
been adjusted).

After the trimming operation has completed, the CLGIOSC.IOSCSTM bit automatically reverts to 0. Although
the trimming time depends on the temperature, an average of several 10 ms is required. When IOSCCLK is being
used as the system clock or a peripheral circuit clock, do not use the auto-trimming function.

OSC1 oscillation stop detection function

The oscillation stop detection function restarts the OSC1 oscillator circuit when it detects oscillation stop under

adverse environments that may stop the oscillation. Follow the procedure shown below to enable the oscillation

stop detection function.

1.

2
3.
4.
5

Note:

After enabling the OSCI oscillation, check if the stabilized clock is supplied (CLGINTF.OSC1STAIF bit = 1).
Write 1 to the CLGINTF.OSC1STPIF bit. (Clear interrupt flag)

Write 1 to the CLGINTE.OSC1STPIE bit. (Enable interrupt)

Write 0x0096 to the SYSPROT.PROT[15:0] bits. (Remove system protection)

Set the following CLGOSCT1 register bits:
- Set the CLGOSC1.0SDRB bit to 1. (Enable OSCI restart function)
- Set the CLGOSC1.0SDEN bit to 1. (Enable oscillation stop detection function)

Write a value other than 0x0096 to the SYSPROT.PROT[15:0] bits. (Set system protection)

The OSC1 oscillation stops if the CLGINTF.OSC1STPIF bit = 1 after an interrupt occurs.
If the CLGOSC1.0SDRB bit = 1, the hardware restarts the OSC1 oscillator circuit.

Enabling the oscillation stop detection function increase the oscillation stop detector current (losp1).
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2 POWER SUPPLY, RESET, AND CLOCKS

2.4 Operating Mode

2.4.1 Initial Boot Sequence

Figure 2.4.1.1 shows the initial boot sequence after power is turned on.

VbD /

Reset request from POR  Undefined Cancel reset request

IREAAIA pEpEpEgingt
(Initial SYSCLK) SR W I &

Internal reset signal TE— e t
SYSRST, HO, H1 ) ancel reset reques

Reset hold time trRsTR
Cortex®-MO0+ core /1

program counter (PC) // --

+1: Reset vector (reset handler start address)
+2: Address (reset vector + 2)

Figure 2.4.1.1 Initial Boot Sequence

Note: The reset cancelation time at power-on varies according to the power rise time and reset request
cancelation time.

For the reset hold time trSTR, refer to “Reset hold circuit characteristics” in the “Electrical Characteristics” chapter.

2.4.2 Transition between Operating Modes
State transitions between operating modes shown in Figure 2.4.2.1 take place in this IC.

RUN mode

RUN mode refers to the state in which the CPU is executing the program. A transition to this mode takes place
when the system reset request from the system reset controller is canceled. RUN mode is classified into “IOSC
RUN,” “OSC1 RUN,” “OSC3 RUN,” and “EXOSC RUN” by the SYSCLK clock source.

HALT mode

When the Cortex®-MO0+ core executes the WFI or WFE instruction with the SLEEPDEEP bit of the
Cortex®-MO0+ System Control Register set to 0, it suspends program execution and stops operating. This state
is referred to HALT mode in this IC. In this mode, the clock sources and peripheral circuits keep operating.
This mode can be set while no software processing is required and it reduces power consumption as compared
with RUN mode. HALT mode is classified into “IOSC HALT,” “OSC1 HALT,” “OSC3 HALT,” and “EXOSC
HALT” by the SYSCLK clock source.

SLEEP mode

When the Cortex®-M0+ core executes the WFI or WFE instruction with the SLEEPDEEP bit of the
Cortex®-M0+ System Control Register set to 1, it suspends program execution and stops operating. This state is
referred to SLEEP mode in this IC. In this mode, the clock sources stop operating as well.

However, the clock source in which the CLGOSC.IOSCSLPC/OSC1SLPC/OSC3SLPC/EXOSCSLPC bit is set
to O keeps operating, so the peripheral circuits with the clock being supplied can also operate. By setting this
mode when no software processing and peripheral circuit operations are required, power consumption can be
less than HALT mode.

The RAM retains data even in SLEEP mode.
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WFI/WFE instruction
(SLEEPDEEP = 1)

3 -
Transition takes place automatically by the \fo({’ -
initial boot sequence after a request from @ HALT/SLEEP
the reset source is canceled. cancelation signal
(wake-up)

=0x2

CLGSCLK.CLKSRCI[1:0]

(=)
x
o
n
g
5
o
(7]
X
-
3
X
-
[&]
[%2]
(O]
-
[&]
o
\«"c}\o
NI
&S
NV 8 @
RS
A
St
(€
@(\

# In RUN and HALT modes, the clock sources not used
as SYSCLK can be all disabled.

Figure 2.4.2.1 Operating Mode-to-Mode State Transition Diagram

Canceling HALT or SLEEP mode
The conditions listed below generate the HALT/SLEEP cancelation signal to cancel HALT or SLEEP mode and
put the CPU into RUN mode.
¢ Interrupt request from a peripheral circuit
¢ NMI from the watchdog timer
¢ Reset request
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2.5 Interrupts

2 POWER SUPPLY, RESET, AND CLOCKS

CLG has a function to generate the interrupts shown in Table 2.5.1.

Table 2.5.1 CLG Interrupt Functions

Interrupt Interrupt flag Set condition Clear condition
IOSC oscillation stabiliza-| CLGINTEIOSCSTAIF  [When the IOSC oscillation stabilization waiting Writing 1
tion waiting completion operation has completed after the oscillation starts
OSC1 oscillation stabili- |CLGINTE.OSC1STAIF [When the OSC1 oscillation stabilization waiting Writing 1
zation waiting completion operation has completed after the oscillation starts
OSC3 oscillation stabili- |CLGINTE.OSC3STAIF [When the OSC3 oscillation stabilization waiting Writing 1
zation waiting completion operation has completed after the oscillation starts
OSC1 oscillation stop CLGINTE.OSC1STPIF |When OSC1CLK is stopped, or when the CLGOSC.| Writing 1
OSC1EN or CLGOSC1.0SDEN bit setting is al-
tered from 1 to 0.
I0SC oscillation auto- CLGINTFIOSCTEDIF [When the IOSC oscillation auto-trimming opera- Writing 1
trimming completion tion has completed
I0SC oscillation auto- CLGINTFEIOSCTERIF  [When the IOSC oscillation auto-trimming opera- Writing 1
trimming error tion has terminated due to an error

CLG provides interrupt enable bits corresponding to each interrupt flag. An interrupt request is sent to the CPU

only when the interrupt flag, of which interrupt has been enabled by the interrupt enable bit, is set. For more infor-

mation on interrupt control, refer to the “Interrupt” chapter.

2.6 Control Registers

PWGA Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PWGACTL 15-8 |- 0x00 - R -
7-6 |- 0x0 - R
5 |REGDIS 0 HO R/WP
4 |REGSEL 1 HO R/WP
3-2 |- 0x0 - R
1-0 |REGMODE[1:0] 0x0 HO R/WP

Bits 156 Reserved

This bit enables the Vb1 regulator discharge function.

This bit controls the Vb1 regulator voltage mode.

Bit 5 REGDIS
1 (R/WP): Enable
0 (R/WP): Disable
Bit 4 REGSEL
1 (R/WP): mode0
0 (R/WP): model
Bits 3-2 Reserved
Bits -0 REGMODE[1:0]

These bits control the Vb1 regulator operating mode.

Table 2.6.1 Internal Regulator Operating Mode

PWGACTL.REGMODE[1:0] bits Operating mode
0x3 Economy mode
0x2 Normal mode
0Ox1 Reserved
0x0 Automatic mode
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CLG System Clock Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
CLGSCLK 15 |WUPMD 0 HO R/WP |-
14 |- 0 - R
13-12|WUPDIV[1:0] 0x0 HO R/WP
11-10|- 0x0 - R
9-8 |WUPSRC[1:0] 0x0 HO R/WP
7-6 |- 0x0 - R
5-4 |CLKDIV[1:0] 0x0 HO R/WP
3-2 |- 0x0 - R
1-0 |CLKSRCJ1:0] 0x0 HO R/WP

Bit 15 WUPMD
This bit enables the SYSCLK switching function at wake-up.
1 (R/WP): Enable
0 (R/WP): Disable

When the CLGSCLK.WUPMD bit = 1, setting values of the CLGSCLK.WUPSRC[1:0] bits and the
CLGSCLK.WUPDIV[1:0] bits are loaded to the CLGSCLK.CLKSRC[1:0] bits and the CLGSCLK.
CLKDIV[1:0] bits, respectively, at wake-up from SLEEP mode to switch SYSCLK. When the CLG-
SCLK.WUPMD bit = 0, the CLGSCLK.CLKSRC[1:0] and CLGSCLK.CLKDIV[1:0] bits are not
altered at wake-up.

Bit 14 Reserved
Bits 13—12 WUPDIV[1:0]

These bits select the SYSCLK division ratio for resetting the CLGSCLK.CLKDIV[1:0] bits at wake-up.
This setting is ineffective when the CLGSCLK.WUPMD bit = 0.

Bits 11-10 Reserved

Bits 9-8 @ WUPSRC[1:0]
These bits select the SYSCLK clock source for resetting the CLGSCLK.CLKSRC[1:0] bits at wake-up.
When a currently stopped clock source is selected, it will automatically start oscillating or clock input
at wake-up. However, this setting is ineffective when the CLGSCLK.WUPMD bit = 0.

Table 2.6.2 SYSCLK Clock Source and Division Ratio Settings at Wake-up

CLGSCLK. - o CLG:XC:LK.WU PSRC[‘:).)((); bits o
WUPDIV[1:0] bits I0SCCLK 0SC1CLK 0SC3CLK EXOSCCLK
0x3 1/8 Reserved 1/16 Reserved
0x2 1/4 Reserved 1/8 Reserved
0x1 1/2 1/2 1/2 Reserved
0x0 11 11 11 11

Bits 7-6 Reserved

Bits 5-4 CLKDIV[1:0]
These bits set the division ratio of the clock source to determine the SYSCLK frequency.

Bits 3-2 Reserved

Bits 1-0 CLKSRCJ[1:0]
These bits select the SYSCLK clock source.
When a currently stopped clock source is selected, it will automatically start oscillating or clock input.
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Table 2.6.3 SYSCLK Clock Source and Division Ratio Settings

CLGSCLK. CLGSCLK.CLKSRC[1:0] bits
CLKDIV[1:0] bits 0x0 Ox1 0x2 0x3
10SCCLK OSC1CLK OSC3CLK EXOSCCLK
0x3 1/8 Reserved 1/16 Reserved
0x2 1/4 Reserved 1/8 Reserved
0x1 1/2 1/2 1/2 Reserved
0x0 11 1/1 1 11

CLG Oscillation Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
CLGOSC 15-12|- 0x0 - R -

11 |EXOSCSLPC 1 HO R/W

10 |OSC3SLPC 1 HO R/W

9 |OSC1SLPC 1 HO R/W

8 |IOSCSLPC 1 HO R/W

7-4 |- 0x0 - R

3 |EXOSCEN 0 HO R/W

2 |OSC3EN 0 HO R/W

1 OSC1EN 0 HO R/W

0 |[IOSCEN 1 HO R/W

Bits 15-12 Reserved

Bit 11 EXOSCSLPC

Bit 10 OSC3SLPC

Bit9 OSC1SLPC

Bit 8 I0SCSLPC
These bits control the clock source operations in SLEEP mode.
1 (R/W): Stop clock source in SLEEP mode
0 (R/W): Continue operation state before SLEEP

Each bit corresponds to the clock source as follows:
CLGOSC.EXOSCSLPC bit: EXOSC clock input

CLGOSC.OSC3SLPC bit:  OSC3 oscillator circuit
CLGOSC.OSCISLPC bit:  OSCT1 oscillator circuit
CLGOSC.IOSCSLPC bit:  IOSC oscillator circuit

Bits 7-4 Reserved

Bit 3 EXOSCEN
Bit 2 OSC3EN
Bit 1 OSC1EN
Bit0 IOSCEN

These bits control the clock source operation.
1(R/W):  Start oscillating or clock input
O(R/W):  Stop oscillating or clock input

Each bit corresponds to the clock source as follows:
CLGOSC.EXOSCEN bit: EXOSC clock input
CLGOSC.OSC3EN bit:  OSC3 oscillator circuit
CLGOSC.OSCIEN bit:  OSC1 oscillator circuit
CLGOSC.IOSCEN bit:  IOSC oscillator circuit
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CLG IOSC Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
CLGIOSC 15-8 |- 0x00 - R -
7-5 |- 0x0 - R
4 |IOSCSTM 0 HO R/WP
3 |- 0 - R
2-0 |IOSCFQ[2:0] 0x4 HO R/WP
Bits 15-5 Reserved
Bit 4 IOSCSTM

Notes:

Bit 3
Bits 2-0

This bit controls the IOSCCLK auto-trimming function.

1 (WP):  Start trimming

0 (WP):  Stop trimming

1 (R): Trimming is executing.

0 (R): Trimming has finished. (Trimming operation inactivated.)
This bit is automatically cleared to O when trimming has finished.

+ Do not use IOSCCLK as the system clock or peripheral circuit clocks while the CLGIOSC.
IOSCSTM bit = 1.

+ The auto-trimming function does not work if the OSC1 oscillator circuit is stopped. Make
sure the CLGINTR.OSC1STAIF bit is set to 1 before starting the trimming operation.

+ Be sure to avoid altering the CLGIOSC.IOSCFQ[2:0] bits while the auto-trimming is being
executed.

Reserved

I0SCFQ[2:0]
These bits select the IOSCCLK frequency.

Table 2.6.4 I0SCCLK Frequency Selection

CLGIOSC. I0SCCLK frequency

10SCFQ[2:0] bits Vb1 voltage mode = mode0 | Vb1 voltage mode = mode1
0x7 20 MHz
0x6 16 MHz
0x5 12 MHz . -
Oxd 8 MHz Setting prohibited
0x3
0x2 Reserved
0x1 2 MHz 2 MHz
0x0 1 MHz 1 MHz

CLG OSC1 Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
CLGOSCH1 15 |- 0 - R -
14 |OSDRB 1 HO R/WP
13 |OSDEN 0 HO R/WP
12 |OSC1BUP 1 HO R/WP
1 |- 0 - R
10-8 |CGI1[2:0] 0x0 HO R/WP
7-6 |INV1B[1:0] 0x2 HO R/WP
5-4 |[INVIN[1:0] Ox1 HO R/WP
32 |- 0x0 - R
1-0 |OSC1WTI[1:0] 0x2 HO R/WP
Bit 15 Reserved
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Bit 14

Bit 13

Note:

Bit 12

Bit 11
Bits 10-8

Bits 7-6

Note:

Bits 54

Bits 3—-2

2 POWER SUPPLY, RESET, AND CLOCKS

OSDRB

This bit enables the OSC1 oscillator circuit restart function by the oscillation stop detector when
OSCl oscillation stop is detected.

1 (R/WP): Enable (Restart the OSC1 oscillator circuit when oscillation stop is detected.)

0 (R/WP): Disable

OSDEN

This bit controls the oscillation stop detector in the OSC1 oscillator circuit.
1 (R/WP): OSC1 oscillation stop detector on

0 (R/WP): OSC1 oscillation stop detector off

Do not write 1 to the CLGOSC1.0SDEN bit before stabilized OSC1CLK is supplied. Furthermore,
the CLGOSC1.0SDEN bit should be set to 0 when the CLGOSC.OSC1EN bit is set to 0.

OSC1BUP

This bit enables the oscillation startup control circuit in the OSC1 oscillator circuit.
1 (R/WP): Enable (Activate booster operation at startup.)

0 (R/WP): Disable

Reserved
CGI1[2:0]

These bits set the internal gate capacitance in the OSC1 oscillator circuit.

Table 2.6.5 OSCH1 Internal Gate Capacitance Setting

CLGOSC1.CGlI1[2:0] bits

Capacitance

0x7

0x6

0x5

0x4

0x3

0x2

0x1

0x0

Max.
i

Min.

For more information, refer to “OSC1 oscillator circuit characteristics, Internal gate capacitance Caci1”
in the “Electrical Characteristics” chapter.

INV1BI[1:0]
These bits set the oscillation inverter gain that will be applied at boost startup of the OSC1 oscillator
circuit.

Table 2.6.6 Setting Oscillation Inverter Gain at OSC1 Boost Startup

CLGOSC1.INV1BJ[1:0] bits Inverter gain
0x3 Max.
0x2 1
0x1 I
0x0 Min.

The CLGOSC1.INV1BJ[1:0] bits must be set to a value equal to or larger than the CLGOSC1.
INV1INI[1:0] bits.

INV1N[1:0]
These bits set the oscillation inverter gain applied at normal operation of the OSC1 oscillator circuit.

Table 2.6.7 Setting Oscillation Inverter Gain at OSC1 Normal Operation

CLGOSC1.INV1N[1:0] bits Inverter gain
0x3 Max.
0x2 1
0x1 I
0x0 Min.

Reserved
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Bits 1-0

OSC1WT[1:0]

These bits set the oscillation stabilization waiting time for the OSC1 oscillator circuit.

Table 2.6.8 OSC1 Oscillation Stabilization Waiting Time Setting

CLGOSC1.0SC1WT[1:0] bits Oscillation stabilization waiting time
0x3 65,536 clocks
0x2 16,384 clocks
0x1 4,096 clocks
0x0 Reserved

CLG OSC3 Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
CLGOSC3 15-8 |- 0x00 - R -

7-6 |- 0x0 - R

5-4 |OSCSINV[1:0] 0x3 HO R/WP

3 |- 0 - R

2-0 [OSC3WT[2:0] 0x6 HO R/WP

Bits 156 Reserved

Bits 54

Bit3
Bits 2-0

OSC3INV[1:0]
These bits set the oscillation inverter gain when crystal/ceramic oscillator is selected as the OSC3 os-
cillator type.

Table 2.6.9 OSC83 Oscillation Inverter Gain Setting

CLGOSC3.0SC3INV[1:0] bits Inverter gain
0x3 Max.
0x2 1
0x1 |
0x0 Min.

Reserved

OSC3WT[2:0]
These bits set the oscillation stabilization waiting time for the OSC3 oscillator circuit.

Table 2.6.10 OSC3 Oscillation Stabilization Waiting Time Setting

CLGOSC3.0SC3WT[2:0] bits Oscillation stabilization waiting time
0x7 65,536 clocks
0x6 16,384 clocks
0x5 4,096 clocks
0x4 1,024 clocks
0x3 256 clocks
0x2 64 clocks
0x1 16 clocks
0x0 4 clocks

CLG Interrupt Flag Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
CLGINTF 15-9 |- 0x00 - R -
8 |IOSCTERIF 0 HO R/W |Cleared by writing 1.
7 |- 0 - R -
6 |(reserved) 0 HO R
5 |OSC1STPIF 0 HO R/W [Cleared by writing 1.
4 |IOSCTEDIF 0 HO R/W
3 |- 0 - R -
2 |OSCS3STAIF 0 HO R/W |Cleared by writing 1.
1 |OSC1STAIF 0 HO R/W
0 |[IOSCSTAIF 0 HO R/W
Bits 15-9, 7,6, 3 Reserved
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Bit 8
Bit 5
Bit 4
Bit 2
Bit 1
Bit 0

Note:

2 POWER SUPPLY, RESET, AND CLOCKS

IOSCTERIF

OSC1STPIF

IOSCTEDIF

OSC3STAIF

OSC1STAIF

IOSCSTAIF

These bits indicate the CLG interrupt cause occurrence statuses.
1 (R): Cause of interrupt occurred

0 (R): No cause of interrupt occurred
1 (W): Clear flag

0 (W): Ineffective

Each bit corresponds to the interrupt as follows:

CLGINTF.IOSCTERIF bit: I0SC oscillation auto-trimming error interrupt
CLGINTF.OSCISTPIF bit: OSC1 oscillation stop interrupt

CLGINTF.IOSCTEDIF bit: I0SC oscillation auto-trimming completion interrupt
CLGINTF.OSC3STAIF bit: OSC3 oscillation stabilization waiting completion interrupt
CLGINTF.OSCISTAIF bit: OSC1 oscillation stabilization waiting completion interrupt
CLGINTF.IOSCSTALIF bit: I0SC oscillation stabilization waiting completion interrupt

The CLGINTFEIOSCSTAIF bit is 0 after system reset is canceled, but IOSCCLK has already
been stabilized.

CLG Interrupt Enable Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
CLGINTE 15-9 |- 0x00 - R -

8 |[IOSCTERIE 0 HO R/W

7 |- 0 - R

6 |(reserved) 0 HO R

5 |OSC1STPIE 0 HO R/W

4 |IOSCTEDIE 0 HO R/W

3 |- 0 - R

2 |OSC3STAIE 0 HO R/W

1 OSC1STAIE 0 HO R/W

0 |IOSCSTAIE 0 HO R/W

Bits 15-9, 7,6, 3 Reserved

Bit 8 IOSCTERIE

Bit 5 OSC1STPIE

Bit 4 IOSCTEDIE

Bit 2 OSC3STAIE

Bit 1 OSC1STAIE

Bit0 IOSCSTAIE
These bits enable the OSC1 oscillation stop and IOSC oscillation auto-trimming completion inter-
rupts.
1 (R/W): Enable interrupts
0 (R/W): Disable interrupts
Each bit corresponds to the interrupt as follows:
CLGINTE.IOSCTERIE bit: IOSC oscillation auto-trimming error interrupt
CLGINTE.OSCISTPIE bit: OSCI oscillation stop interrupt
CLGINTE.IOSCTEDIE bit: IOSC oscillation auto-trimming completion interrupt
CLGINTE.OSC3STAIE bit: OSC3 oscillation stabilization waiting completion interrupt
CLGINTE.OSCISTAIE bit: OSC1 oscillation stabilization waiting completion interrupt
CLGINTE.IOSCSTAIE bit: IOSC oscillation stabilization waiting completion interrupt
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CLG FOUT Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
CLGFOUT 15-8 |- 0x00 - R -
7 |- 0 - R
6-4 |[FOUTDIV[2:0] 0x0 HO R/W
3-2 |[FOUTSRC[1:0] 0x0 HO R/W
1 - 0 - R
0 |[FOUTEN 0 HO R/W
Bits 15—-7 Reserved
Bits 6-4 FOUTDIV[2:0]

These bits set the FOUT clock division ratio.

Bits 3-2 FOUTSRCI1:0]
These bits select the FOUT clock source.
Table 2.6.11 FOUT Clock Source and Division Ratio Settings
CLGFOUT. CLGFOUT.FOUTSRC[1:0] bits
FOUTDIV[2:0] bits 0x0 Ot 2 Ox3
i 10SCCLK OSC1CLK OSC3CLK SYSCLK
0x7 1/128 1/32,768 1/128 Reserved
0x6 1/64 1/4,096 1/64 Reserved
0x5 1/32 1/1,024 1/32 Reserved
0x4 1/16 1/256 1/16 Reserved
0x3 1/8 1/8 1/8 Reserved
0x2 1/4 1/4 1/4 Reserved
0x1 1/2 1/2 1/2 Reserved
0x0 11 1/1 11 1/1
Note: When the CLGFOUT.FOUTSRC[1:0] bits are set to 0x3, the FOUT output will be stopped in
SLEEP/HALT mode as SYSCLK is stopped.
Bit 1 Reserved
Bit 0 FOUTEN
This bit controls the FOUT clock external output.
1 (R/W): Enable external output
0 (R/W): Disable external output
Note: Since the FOUT signal generated is out of sync with writings to the CLGFOUT.FOUTEN bit, a
glitch may occur when the FOUT output is enabled or disabled.
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3 CPU and Debugger

3.1 Overview

This IC incorporates a Cortex®-M0+ CPU manufactured by Arm Ltd.

3.2 CPU

The following shows the system configuration of the Cortex®-M0+ CPU embedded in this IC:
¢ Cortex®-MO+ core

¢ 32-bit single-cycle multiplier

¢ Nested vectored interrupt controller (NVIC)
¢ System timer (Systick)

o Serial-wire debug port (SW-DP)

¢ Micro trace buffer (MTB)

¢ Number of hardware break points: 4

¢ Number of watch points: 2

3.3 Debugger

This IC includes a serial-wire debug port (SW-DP).

3.3.1 List of Debugger Input/Output Pins

Table 3.3.3.1 lists the debug pins.
Table 3.3.1.1 List of Debug Pins

Pin name 1/0 Initial state Function
SWCLK O (0] On-chip debugger clock input pin
Input a clock from a debugging tool.
SWD 1/0 | On-chip debugger data input/output pin
Used to input/output debugging data.

The debugger input/output pins are shared with general-purpose I/O ports and are initially set as the debug pins. If
the debugging function is not used, these pins can be switched to general-purpose 1/O port pins. For details, refer to
the “I/O Ports” chapter.

3.3.2 External Connection

Figure 3.3.2.1 shows a connection example between this IC and a debugging tool when performing debugging.

VbD

S1C31 MCU Debugging
tool
SWCLK SWCLK
SWD SWD

Figure 3.3.2.1 External Connection

For the recommended pull-up resistor value, refer to “Recommended Operating Conditions, Debug pin pull-up re-
sistors RpBG1-2” in the “Electrical Characteristics” chapter. RpBG1 and RpBaG2 are not required when using the debug
pins as general-purpose 1/O port pins.
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3.4 Reference Documents

Arm Ltd. provides various documents for developing a system with a Cortex®-M0+ CPU included. For detailed
information on the Cortex®-M0+ CPU that are not described in this manual, refer to the following documents:

1. ARM®v6-M Architecture Reference Manual

2. Cortex®-MO+Technical Reference Manual

3. Cortex®-MO+ Devices Generic User Guide

These documents can be downloaded from the document site of Arm Ltd.

https://developer.arm.com/documentation
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4 Memory and Bus

4.1 Overview

4 MEMORY AND BUS

This IC supports up to 4G bytes of accessible memory space for both instructions and data.

The features are listed below.
¢ Embedded Flash memory that supports on-board programming

* Write-protect function to protect system control registers

Figure 4.1.1 shows the memory map.

Oxffff ffff

Reserved
0x£f024 0000
0x£023 ffff MTB area (256K bytes)
0xf020 0000 (Device size: 32 bits)
0xf0lf ffff

Reserved
0x£f000 1000
0x£000 Offf System ROM table area (4K bytes)
0x£f000 0000 (Device size: 32 bits)
Oxefff £fff|Reserved area for Cortex®-MO+ (256M bytes)
0xe000 0000 (Device size: 32 bits)
Oxdfff ffff

Reserved
0x4000 3000
0x4000 2£££ Peripheral circuit area (4K bytes)
0x4000 2000 (Device size: 32 bits)
0x4000 1fff Peripheral circuit area (8K bytes)
0x4000 0000 (Device size: 16 bits)
O0x3fff ffff

Reserved
0x2040 0400
0x2040 03ff USB area (1K bytes)
0x2040 0000 (Device size: 16 bits)
0x203f ffff

Reserved

0x2020 0400
0x2020 O03ff

Display data RAM area (704 bytes)
0x2020 0000 (Device size: 16 bits)
0x201f ffff

Reserved
0x2002 0000
0x2001 ffff

RAM area (128K bytes)
(Device size: 32 bits)
0x2000 0000
Ox1fff ffff

Reserved
0x0018 0000

0x0017 ffff

Memory mapped access area
for external Flash memory (1M bytes)
(Device size: 32 bits)

0x0008 0000
0x0007 ffff

Flash area (512K bytes)
(Device size: 32 bits)

0x0000 0000

Figure 4.1.1 Memory Map
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4.2 Bus Access Cycle

The CPU uses the system clock for bus access operations. First, “Bus access cycle,” “Device size,” and “Access
size” are defined as follows:

* Bus access cycle: One system clock period = 1 cycle
¢ Device size: Bit width of the memory and peripheral circuits that can be accessed in one cycle

e Access size: Access size designated by the CPU instructions (e.g., LDR Rt, [Rn] — 32-bit data transfer)

Table 4.2.1 lists numbers of bus access cycles by different device size and access size. The peripheral circuits can
be accessed with an 8- or 16-bit instruction.

Table 4.2.1 Number of Bus Access Cycles
Number of bus access
cycles

8 bits 8 bits 1

16 bits 2

32 bits 4

16 bits 8 bits 1

16 bits 1
2
1
1
1

Device size Access size

32 bits
32 bits 8 bits
16 bits
32 bits

4.3 Flash Memory

The Flash memory is used to store application programs and data. Address 0x0 in the Flash area is defined as the
vector table base address by default, therefore a vector table must be located beginning from this address. For more
information on the vector table, refer to “Vector Table” in the “Interrupt” chapter.

4.3.1 Flash Memory Pin

Table 4.3.1.1 shows the Flash memory pin.
Table 4.3.1.1 Flash Memory Pin

Pin name 1/0 Initial status Function
Vpp P - Flash programming power supply
(ENVPP) O or Hi-Z Hi-Z Flash programming control signal output

For the Vpp voltage, refer to “Recommended Operating Conditions, Flash programming voltage Vpp” in the “Elec-
trical Characteristics” chapter.

Notes: - Always leave the Vrp pin open except when programming the Flash memory.

+ The ENVPP pin outputs a control signal to the Bridge Board (S5U1C31001L) during Flash
programming. Although this pin can be used as a general-purpose input/output port, take an
effect of this signal on external circuits into consideration.

4.3.2 Flash Bus Access Cycle Setting

There is a limit of frequency to access the Flash memory with no wait cycle, therefore, the number of bus access
cycles for reading must be changed according to the system clock frequency. The number of bus access cycles for
reading can be configured using the FLASHCWAIT.RDWAIT([1:0] bits. Select a setting for higher frequency than
the system clock.
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4 MEMORY AND BUS

4.3.3 Flash Programming

The Flash memory supports on-board programming, so it can be programmed using a flash loader. The Vpp voltage
can be supplied from either an external power supply or the internal voltage booster.

Be sure to connect Cvpp between the Vss and Vpp pins for stabilizing the voltage when the Vpp voltage is supplied
externally or for generating the voltage when the internal power supply is used.

The Vpp pin must be left open except when programming the Flash memory. However, it is not necessary to discon-
nect the wire when using Bridge Board (SSU1C31001L) to supply the Vpp voltage, as Bridge Board controls the
power supply so that it will be supplied during Flash programming only.

Notes: * When programming the Flash memory, 2.4 V or more Vbp voltage is required.

+ Be sure to avoid using the Vpp pin output for driving external circuits.

4.4 RAM

The RAM can be used to execute the instruction codes copied from another memory as well as storing variables or

other data. This allows higher speed processing and lower power consumption than Flash memory.

4.5 Display Data RAM

The embedded display data RAM is used to store display data for the LCD driver. Areas unused for display data in
the display data RAM can be used as a general-purpose RAM. For specific information on the display data RAM,
refer to “Display Data RAM” in the “LCD Driver” chapter.

4.6 Peripheral Circuit Control Registers

The control registers for the peripheral circuits are located in the 12K-byte area beginning with address 0x4000
0000. Table 4.6.1 shows the control register map. For details of each control register, refer to “List of Peripheral
Circuit Registers” in the appendix or “Control Registers” in each peripheral circuit chapter.

Table 4.6.1 Peripheral Circuit Control Register Map

Peripheral circuit Address Register name
System register (SYS) 0x4000 0000 |SYSPROT System Protect Register
Power generator (PWGA) 0x4000 0020 |PWGACTL PWGA Control Register
Clock generator(CLG) 0x4000 0040 |[CLGSCLK CLG System Clock Control Register
0x4000 0042 |CLGOSC CLG Oscillation Control Register
0x4000 0044 |CLGIOSC CLG IOSC Control Register
0x4000 0046 |[CLGOSC1 CLG OSC1 Control Register
0x4000 0048 |[CLGOSC3 CLG OSC3 Control Register
0x4000 004c |CLGINTF CLG Interrupt Flag Register
0x4000 004e |CLGINTE CLG Interrupt Enable Register
0x4000 0050 |[CLGFOUT CLG FOUT Control Register
Cache controller (CACHE) 0x4000 0080 |CACHECTL CACHE Control Register
Watchdog timer (WDT2) 0x4000 00a0 |[WDT2CLK WDT2 Clock Control Register
0x4000 00a2 [WDT2CTL WDT2 Control Register
0x4000 00a4 |WDT2CMP WDT2 Counter Compare Match Register
Real-time clock (RTCA) 0x4000 00c0 |RTCACTLL RTCA Control Register (Low Byte)
0x4000 00c1 |[RTCACTLH RTCA Control Register (High Byte)
0x4000 00c2 [RTCAALM1 RTCA Second Alarm Register
0x4000 00c4 |RTCAALM2 RTCA Hour/Minute Alarm Register
0x4000 00c6 |[RTCASWCTL RTCA Stopwatch Control Register
0x4000 00c8 |[RTCASEC RTCA Second/1Hz Register
0x4000 00ca |RTCAHUR RTCA Hour/Minute Register
0x4000 00cc |RTCAMON RTCA Month/Day Register
0x4000 00ce [RTCAYAR RTCA Year/Week Register
0x4000 00d0 |RTCAINTF RTCA Interrupt Flag Register
0x4000 00d2 |RTCAINTE RTCA Interrupt Enable Register
Supply voltage detector 0x4000 0100 [SVD2_0CLK SVD2 Ch.0 Clock Control Register
(SVD2) Ch.0 0x4000 0102 |SVD2_0CTL SVD2 Ch.0 Control Register
0x4000 0104 |SVD2_OINTF SVD2 Ch.0 Status and Interrupt Flag Register
0x4000 0106 [SVD2_OINTE SVD2 Ch.0 Interrupt Enable Register
S1C31W74 TECHNICAL MANUAL Seiko Epson Corporation 4-3
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Peripheral circuit

Address

Register name

16-bit timer (T16) Ch.0 0x4000 0160 |T16_0CLK T16 Ch.0 Clock Control Register
0x4000 0162 [T16_0MOD T16 Ch.0 Mode Register
0x4000 0164 |T16_0CTL T16 Ch.0 Control Register
0x4000 0166 [T16_0TR T16 Ch.0 Reload Data Register
0x4000 0168 [T16_0TC T16 Ch.0 Counter Data Register
0x4000 016a [T16_O0INTF T16 Ch.0 Interrupt Flag Register
0x4000 016¢ [T16_0INTE T16 Ch.0 Interrupt Enable Register
Flash controller (FLASHC) 0x4000 01b0 |FLASHCWAIT FLASHC Flash Read Cycle Register
I/O ports (PPORT) 0x4000 0200 |PPORTPODAT PO Port Data Register
0x4000 0202 |PPORTPOIOEN PO Port Enable Register
0x4000 0204 [PPORTPORCTL PO Port Pull-up/down Control Register
0x4000 0206 |PPORTPOINTF PO Port Interrupt Flag Register
0x4000 0208 |PPORTPOINTCTL PO Port Interrupt Control Register
0x4000 020a |PPORTPOCHATEN |PO Port Chattering Filter Enable Register
0x4000 020c |[PPORTPOMODSEL [P0 Port Mode Select Register
0x4000 020e [PPORTPOFNCSEL [P0 Port Function Select Register
I/0 ports (PPORT) 0x4000 0210 [PPORTP1DAT P1 Port Data Register
0x4000 0212 |PPORTP1I0EN P1 Port Enable Register
0x4000 0214 |PPORTP1RCTL P1 Port Pull-up/down Control Register
0x4000 0216 [PPORTP1INTF P1 Port Interrupt Flag Register

0x4000 0218

PPORTP1INTCTL

P1 Port Interrupt Control Register

0x4000 021a [PPORTP1CHATEN |P1 Port Chattering Filter Enable Register
0x4000 021c |PPORTP1MODSEL |P1 Port Mode Select Register

0x4000 021e |PPORTP1FNCSEL |P1 Port Function Select Register
0x4000 0220 |PPORTP2DAT P2 Port Data Register

0x4000 0222 |PPORTP2IOEN P2 Port Enable Register

0x4000 0224 [PPORTP2RCTL P2 Port Pull-up/down Control Register
0x4000 0226 |PPORTP2INTF P2 Port Interrupt Flag Register

0x4000 0228 |PPORTP2INTCTL P2 Port Interrupt Control Register
0x4000 022a |PPORTP2CHATEN  |P2 Port Chattering Filter Enable Register

0x4000 022c |PPORTP2MODSEL |P2 Port Mode Select Register

0x4000 022e [PPORTP2FNCSEL |P2 Port Function Select Register
0x4000 0230 |PPORTP3DAT P3 Port Data Register

0x4000 0232 |PPORTP3IOEN P3 Port Enable Register

0x4000 0234 |PPORTP3RCTL P3 Port Pull-up/down Control Register

0x4000 0236 |PPORTP3INTF P3 Port Interrupt Flag Register

0x4000 0238 [PPORTP3INTCTL P3 Port Interrupt Control Register
0x4000 023a [PPORTP3CHATEN |P3 Port Chattering Filter Enable Register
0x4000 023c |[PPORTP3MODSEL |P3 Port Mode Select Register

0x4000 023e |PPORTP3FNCSEL  |P3 Port Function Select Register
0x4000 0240 |PPORTP4DAT P4 Port Data Register

0x4000 0242 |PPORTP4IOEN P4 Port Enable Register

0x4000 0244 |PPORTP4RCTL P4 Port Pull-up/down Control Register

0x4000 0246

PPORTP4INTF

P4 Port Interrupt Flag Register

0x4000 0248

PPORTP4INTCTL

P4 Port Interrupt Control Register

0x4000 024a [PPORTP4CHATEN |P4 Port Chattering Filter Enable Register
0x4000 024c |PPORTP4MODSEL  |P4 Port Mode Select Register

0x4000 024e |[PPORTP4FNCSEL |P4 Port Function Select Register
0x4000 0250 |PPORTP5DAT P5 Port Data Register

0x4000 0252 |PPORTPSIOEN P5 Port Enable Register

0x4000 0254 [PPORTP5RCTL P5 Port Pull-up/down Control Register
0x4000 0256 |PPORTPS5INTF P5 Port Interrupt Flag Register

0x4000 0258 |PPORTP5INTCTL P5 Port Interrupt Control Register
0x4000 025a |PPORTP5CHATEN  |P5 Port Chattering Filter Enable Register
0x4000 025¢ |[PPORTP5MODSEL |P5 Port Mode Select Register

0x4000 025e |[PPORTP5FNCSEL  [P5 Port Function Select Register
0x4000 0260 |PPORTPEDAT P6 Port Data Register

0x4000 0262 |PPORTP6IOEN P6 Port Enable Register

0x4000 0264 |PPORTP6RCTL P6 Port Pull-up/down Control Register
0x4000 0266 |PPORTP6INTF P6 Port Interrupt Flag Register

0x4000 0268 [PPORTP6INTCTL P6 Port Interrupt Control Register
0x4000 026a |[PPORTP6CHATEN |P6 Port Chattering Filter Enable Register
0x4000 026¢c |PPORTP6MODSEL |P6 Port Mode Select Register

0x4000 026e |PPORTPBFNCSEL  |P6 Port Function Select Register
0x4000 0270 |PPORTP7DAT P7 Port Data Register
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Peripheral circuit

Address

Register name

I/O ports (PPORT)

0x4000 0272

PPORTP7IOEN

P7 Port Enable Register

0x4000 0274

PPORTP7RCTL

P7 Port Pull-up/down Control Register

0x4000 0276 |PPORTP7INTF P7 Port Interrupt Flag Register

0x4000 0278 |PPORTP7INTCTL P7 Port Interrupt Control Register
0x4000 027a |PPORTP7CHATEN |P7 Port Chattering Filter Enable Register
0x4000 027c |PPORTP7MODSEL |P7 Port Mode Select Register

0x4000 027e [PPORTP7FNCSEL |P7 Port Function Select Register
0x4000 0280 |PPORTP8DAT P8 Port Data Register

0x4000 0282 |PPORTP8IOEN P8 Port Enable Register

0x4000 0284 |PPORTP8RCTL P8 Port Pull-up/down Control Register

0x4000 0286

PPORTPS8INTF

P8 Port Interrupt Flag Register

0x4000 0288

PPORTP8INTCTL

P8 Port Interrupt Control Register

0x4000 028a |PPORTP8CHATEN |P8 Port Chattering Filter Enable Register
0x4000 028c [PPORTP8MODSEL |P8 Port Mode Select Register

0x4000 028e |PPORTP8FNCSEL |P8 Port Function Select Register
0x4000 0290 |PPORTP9DAT P9 Port Data Register

0x4000 0292 |PPORTPOIOEN P9 Port Enable Register

0x4000 0294 |PPORTP9RCTL P9 Port Pull-up/down Control Register
0x4000 0296 |PPORTPOINTF P9 Port Interrupt Flag Register

0x4000 0298

PPORTPOINTCTL

P9 Port Interrupt Control Register

0x4000 029a [PPORTPOCHATEN |P9 Port Chattering Filter Enable Register
0x4000 029c |PPORTPOMODSEL |P9 Port Mode Select Register
0x4000 029e |PPORTPOFNCSEL  |P9 Port Function Select Register
0x4000 02d0 |PPORTPDDAT Pd Port Data Register
0x4000 02d2 |PPORTPDIOEN Pd Port Enable Register
0x4000 02d4 |PPORTPDRCTL Pd Port Pull-up/down Control Register
0x4000 02dc |PPORTPDMODSEL |Pd Port Mode Select Register
0x4000 02de |PPORTPDFNCSEL |Pd Port Function Select Register
0x4000 02e0 |PPORTCLK P Port Clock Control Register
0x4000 02e2 [PPORTINTFGRP P Port Interrupt Flag Group Register
Universal port multiplexer 0x4000 0300 |UPMUXPOMUXO0 P00-01 Universal Port Multiplexer Setting Register
(UPMUX) 0x4000 0302 |UPMUXPOMUX1 P02-03 Universal Port Multiplexer Setting Register
0x4000 0304 |UPMUXPOMUX2 P04-05 Universal Port Multiplexer Setting Register
0x4000 0306 [UPMUXPOMUX3 P06-07 Universal Port Multiplexer Setting Register
0x4000 0308 |UPMUXP1MUXO0 P10-11 Universal Port Multiplexer Setting Register
0x4000 030a |UPMUXP1MUX1 P12-13 Universal Port Multiplexer Setting Register
0x4000 030c |UPMUXP1MUX2 P14-15 Universal Port Multiplexer Setting Register
0x4000 030e [UPMUXP1MUX3 P16-17 Universal Port Multiplexer Setting Register
0x4000 0318 |UPMUXP3MUXO0 P30-31 Universal Port Multiplexer Setting Register
0x4000 031a |UPMUXP3MUX1 P32-33 Universal Port Multiplexer Setting Register
0x4000 031c |UPMUXP3MUX2 P34-35 Universal Port Multiplexer Setting Register
0x4000 031e |UPMUXP3MUX3 P36-37 Universal Port Multiplexer Setting Register
UART (UART2) Ch.0 0x4000 0380 |UART2_0CLK UART2 Ch.0 Clock Control Register
0x4000 0382 |UART2_OMOD UART2 Ch.0 Mode Register
0x4000 0384 |UART2_0BR UART2 Ch.0 Baud-Rate Register
0x4000 0386 [UART2_OCTL UART2 Ch.0 Control Register
0x4000 0388 [UART2_0TXD UART2 Ch.0 Transmit Data Register
0x4000 038a [UART2_0RXD UART2 Ch.0 Receive Data Register
0x4000 038c |UART2_OINTF UART2 Ch.0 Status and Interrupt Flag Register
0x4000 038e |UART2_OINTE UART2 Ch.0 Interrupt Enable Register
0x4000 0390 |UART2_0 UART2 Ch.0 Transmit Buffer Empty DMA Request
TBEDMAEN Enable Register
0x4000 0392 (UART2_0 UART2 Ch.0 Receive Buffer One Byte Full DMA
RB1FDMAEN Request Enable Register
16-bit timer (T16) Ch.1 0x4000 0320 |T16_1CLK T16 Ch.1 Clock Control Register
0x4000 03a2 |T16_1MOD T16 Ch.1 Mode Register
0x4000 03a4 [T16_1CTL T16 Ch.1 Control Register
0x4000 03a6 |T16_1TR T16 Ch.1 Reload Data Register
0x4000 03a8 [T16_1TC T16 Ch.1 Counter Data Register
0x4000 03aa [T16_1INTF T16 Ch.1 Interrupt Flag Register
0x4000 03ac |T16_1INTE T16 Ch.1 Interrupt Enable Register
Synchronous serial interface | 0x4000 03b0 [SPIA_OMOD SPIA Ch.0 Mode Register
(SPIA) Ch.0 0x4000 03b2 [SPIA_OCTL SPIA Ch.0 Control Register
0x4000 03b4 |SPIA_OTXD SPIA Ch.0 Transmit Data Register
0x4000 03b6 |SPIA_ORXD SPIA Ch.0 Receive Data Register
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Peripheral circuit Address Register name
Synchronous serial interface | 0x4000 03b8 [SPIA_OINTF SPIA Ch.0 Interrupt Flag Register
(SPIA) Ch.0 0x4000 03ba |SPIA_OINTE SPIA Ch.0 Interrupt Enable Register
0x4000 03bc |SPIA_OTBEDMAEN [SPIA Ch.0 Transmit Buffer Empty DMA Request Enable
Register
0x4000 03be |SPIA_ORBFDMAEN |SPIA Ch.0 Receive Buffer Full DMA Request Enable
Register
12C (12C) Ch.0 0x4000 03c0 |I2C_0CLK 12C Ch.0 Clock Control Register
0x4000 03c2 |12C_0MOD 12C Ch.0 Mode Register
0x4000 03c4 |12C_0BR 12C Ch.0 Baud-Rate Register
0x4000 03c8 |I12C_00ADR 12C Ch.0 Own Address Register
0x4000 03ca |12C_0CTL 12C Ch.0 Control Register
0x4000 03cc |I2C_0TXD 12C Ch.0 Transmit Data Register
0x4000 03ce |I12C_0RXD 12C Ch.0 Receive Data Register
0x4000 03d0 |I2C_OINTF 12C Ch.0 Status and Interrupt Flag Register
0x4000 03d2 |I2C_OINTE 12C Ch.0 Interrupt Enable Register
0x4000 03d4 |I2C_OTBEDMAEN 12C Ch.0 Transmit Buffer Empty DMA Request Enable

Register

0x4000 03d6

12C_ORBFDMAEN

12C Ch.0 Receive Buffer Full DMA Request Enable
Register

16-bit PWM timer (T16B)
Ch.0

0x4000 0400 |T16B_0CLK T16B Ch.0 Clock Control Register

0x4000 0402 |T16B_0CTL T16B Ch.0 Counter Control Register

0x4000 0404 [T16B_OMC T16B Ch.0 Max Counter Data Register

0x4000 0406 [T16B_0TC T16B Ch.0 Timer Counter Data Register

0x4000 0408 [T16B_0CS T16B Ch.0 Counter Status Register

0x4000 040a |T16B_OINTF T16B Ch.0 Interrupt Flag Register

0x4000 040c [T16B_O0INTE T16B Ch.0 Interrupt Enable Register

0x4000 040e |T16B_OMZDMAEN |T16B Ch.0 Counter Max/Zero DMA Request Enable

Register

0x4000 0410

T16B_0CCCTLO

T16B Ch.0 Compare/Capture 0 Control Register

0x4000 0412

T16B_0CCRO

T16B Ch.0 Compare/Capture 0 Data Register

0x4000 0414

T16B_0CCODMAEN

T16B Ch.0 Compare/Capture 0 DMA Request Enable
Register

0x4000 0418

T16B_0CCCTLA

T16B Ch.0 Compare/Capture 1 Control Register

0x4000 041a

T16B_0CCR1

T16B Ch.0 Compare/Capture 1 Data Register

0x4000 041c

T16B_0CC1DMAEN

T16B Ch.0 Compare/Capture 1 DMA Request Enable
Register

16-bit PWM timer (T16B)
Ch.1

0x4000 0440 [T16B_1CLK T16B Ch.1 Clock Control Register

0x4000 0442 |T16B_1CTL T16B Ch.1 Counter Control Register

0x4000 0444 |T16B_1MC T16B Ch.1 Max Counter Data Register

0x4000 0446 [T16B_1TC T16B Ch.1 Timer Counter Data Register

0x4000 0448 [T16B_1CS T16B Ch.1 Counter Status Register

0x4000 044a |T16B_1INTF T16B Ch.1 Interrupt Flag Register

0x4000 044c |T16B_1INTE T16B Ch.1 Interrupt Enable Register

0x4000 044e [T16B_1MZDMAEN [T16B Ch.1 Counter Max/Zero DMA Request Enable

Register

0x4000 0450

T16B_1CCCTLO

T16B Ch.1 Compare/Capture 0 Control Register

0x4000 0452

T16B_1CCRO

T16B Ch.1 Compare/Capture 0 Data Register

0x4000 0454

T16B_1CCODMAEN

T16B Ch.1 Compare/Capture 0 DMA Request Enable
Register

0x4000 0458

T16B_1CCCTLA1

T16B Ch.1 Compare/Capture 1 Control Register

0x4000 045a

T16B_1CCR1

T16B Ch.1 Compare/Capture 1 Data Register

0x4000 045¢

T16B_1CC1DMAEN

T16B Ch.1 Compare/Capture 1 DMA Request Enable
Register

16-bit timer (T16) Ch.3 0x4000 0480 |T16_3CLK T16 Ch.3 Clock Control Register
0x4000 0482 [T16_3MOD T16 Ch.3 Mode Register
0x4000 0484 [T16_3CTL T16 Ch.3 Control Register
0x4000 0486 |T16_3TR T16 Ch.3 Reload Data Register
0x4000 0488 [T16_3TC T16 Ch.3 Counter Data Register
0x4000 048a [T16_3INTF T16 Ch.3 Interrupt Flag Register
0x4000 048¢c [T16_3INTE T16 Ch.3 Interrupt Enable Register

UART (UART2) Ch.1 0x4000 0600 |UART2_1CLK UART2 Ch.1 Clock Control Register
0x4000 0602 [UART2_1MOD UART2 Ch.1 Mode Register
0x4000 0604 |UART2_1BR UART2 Ch.1 Baud-Rate Register
0x4000 0606 |UART2_1CTL UART2 Ch.1 Control Register
0x4000 0608 [UART2_1TXD UART2 Ch.1 Transmit Data Register
0x4000 060a [UART2_1RXD UART2 Ch.1 Receive Data Register
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Peripheral circuit

Address

Register name

UART (UART2) Ch.1 0x4000 060c |UART2_1INTF UART2 Ch.1 Status and Interrupt Flag Register
0x4000 060e |UART2_1INTE UART2 Ch.1 Interrupt Enable Register
0x4000 0610 |UART2_1 UART2 Ch.1 Transmit Buffer Empty DMA Request
TBEDMAEN Enable Register
0x4000 0612 |UART2_1 UART2 Ch.1 Receive Buffer One Byte Full DMA
RB1FDMAEN Request Enable Register
16-bit timer (T16) Ch.2 0x4000 0680 |T16_2CLK T16 Ch.2 Clock Control Register
0x4000 0682 |T16_2MOD T16 Ch.2 Mode Register
0x4000 0684 |T16_2CTL T16 Ch.2 Control Register
0x4000 0686 |T16_2TR T16 Ch.2 Reload Data Register
0x4000 0688 |T16_2TC T16 Ch.2 Counter Data Register
0x4000 068a |T16_2INTF T16 Ch.2 Interrupt Flag Register
0x4000 068c [T16_2INTE T16 Ch.2 Interrupt Enable Register
Quad synchronous serial 0x4000 0690 [QSPI_OMOD QSPI Ch.0 Mode Register
interface (QSPI) Ch.0 0x4000 0692 |QSPI_0CTL QSPI Ch.0 Control Register
0x4000 0694 |QSPI_0TXD QSPI Ch.0 Transmit Data Register
0x4000 0696 |QSPI_ORXD QSPI Ch.0 Receive Data Register
0x4000 0698 |QSPI_OINTF QSPI Ch.0 Interrupt Flag Register
0x4000 069a |[QSPI_OINTE QSPI Ch.0 Interrupt Enable Register

0x4000 069c

QSPI_O0TBEDMAEN

QSPI Ch.0 Transmit Buffer Empty DMA Request Enable
Register

0x4000 069e

QSPI_ORBFDMAEN

QSPI Ch.0 Receive Buffer Full DMA Request Enable
Register

0x4000 06a0

QSPI_OFRLDMAEN

QSPI Ch.0 FIFO Data Ready DMA Request Enable
Register

0x4000 06a2

QSPI_OMMACFG1

QSPI Ch.0 Memory Mapped Access Configuration
Register 1

0x4000 06a4

QSPI_ORMADRH

QSPI Ch.0 Remapping Start Address High Register

0x4000 06a6

QSPI_OMMACFG2

QSPI Ch.0 Memory Mapped Access Configuration
Register 2

0x4000 0628 |QSPI_OnMB QSPI Ch.0 Mode Byte Register
[2C (12C) Ch.1 0x4000 06c0 [I2C_1CLK 12C Ch.1 Clock Control Register
0x4000 06¢2 |12C_1MOD I12C Ch.1 Mode Register
0x4000 06¢c4 (I12C_1BR I12C Ch.1 Baud-Rate Register
0x4000 06¢8 |12C_10ADR I12C Ch.1 Own Address Register
0x4000 06¢a (I2C_1CTL 12C Ch.1 Control Register
0x4000 06¢c |12C_1TXD I12C Ch.1 Transmit Data Register
0x4000 06¢ce |12C_1RXD I12C Ch.1 Receive Data Register
0x4000 06d0 |I2C_1INTF I12C Ch.1 Status and Interrupt Flag Register
0x4000 06d2 |I2C_1INTE I12C Ch.1 Interrupt Enable Register

0x4000 06d4

12C_1TBEDMAEN

I12C Ch.1 Transmit Buffer Empty DMA Request Enable
Register

0x4000 06d6

12C_1RBFDMAEN

I12C Ch.1 Receive Buffer Full DMA Request Enable
Register

Sound generator (SNDA) 0x4000 0700 |[SNDACLK SNDA Clock Control Register
0x4000 0702 |SNDASEL SNDA Select Register
0x4000 0704 |[SNDACTL SNDA Control Register
0x4000 0706 |[SNDADAT SNDA Data Register
0x4000 0708 |SNDAINTF SNDA Interrupt Flag Register
0x4000 070a |[SNDAINTE SNDA Interrupt Enable Register
0x4000 070c |SNDAEMDMAEN SNDA Sound Buffer Empty DMA Request Enable
Register
IR remote controller (REMC2) | 0x4000 0720 |REMC2CLK REMC?2 Clock Control Register
0x4000 0722 |REMC2DBCTL REMC2 Data Bit Counter Control Register
0x4000 0724 |REMC2DBCNT REMC? Data Bit Counter Register
0x4000 0726 |REMC2APLEN REMC?2 Data Bit Active Pulse Length Register
0x4000 0728 |REMC2DBLEN REMC2 Data Bit Length Register
0x4000 072a |REMC2INTF REMC? Status and Interrupt Flag Register
0x4000 072c |REMC2INTE REMC2? Interrupt Enable Register
0x4000 0730 |REMC2CARR REMC2 Carrier Waveform Register
0x4000 0732 |REMC2CCTL REMC2 Carrier Modulation Control Register
LCD driver (LCD32B) 0x4000 0800 [LCD32BCLK LCD32B Clock Control Register
0x4000 0802 |LCD32BCTL LCD32B Control Register
0x4000 0804 |LCD32BTIM1 LCD32B Timing Control Register 1
0x4000 0806 |LCD32BTIM2 LCD32B Timing Control Register 2
0x4000 0808 |LCD32BPWR LCD32B Power Control Register
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Peripheral circuit

Address

Register name

LCD driver (LCD32B) 0x4000 080a |LCD32BDSP LCD32B Display Control Register
0x4000 080c [LCD32BCOMCO LCD32B COM Pin Control Register 0
0x4000 080e |LCD32BCOMCH LCD32B COM Pin Control Register 1
0x4000 0810 |LCD32BINTF LCD32B Interrupt Flag Register
0x4000 0812 |LCD32BINTE LCD32B Interrupt Enable Register

R/F converter (RFC) Ch.0 0x4000 0840 |RFC_0CLK RFC Ch.0 Clock Control Register
0x4000 0842 |RFC_0OCTL RFC Ch.0 Control Register
0x4000 0844 |RFC_OTRG RFC Ch.0 Oscillation Trigger Register
0x4000 0846 |RFC_OMCL RFC Ch.0 Measurement Counter Low Register
0x4000 0848 |RFC_OMCH RFC Ch.0 Measurement Counter High Register
0x4000 084a |[RFC_OTCL RFC Ch.0 Time Base Counter Low Register
0x4000 084c [RFC_OTCH RFC Ch.0 Time Base Counter High Register
0x4000 084e |[RFC_OINTF RFC Ch.0 Interrupt Flag Register
0x4000 0850 |[RFC_OINTE RFC Ch.0 Interrupt Enable Register

USB 2.0 FS device controller | 0x2040 0002 [USBCTL USB Control Register

(usB) 0x2040 0003 [USBTRCTL USB Transceiver Control Register
0x2040 0004 |USBSTAT USB Status Register
0x2040 0008 |USBEPCTL USB Endpoint Control Register
0x2040 0009 |USBGPEPFIFOCLR |USB General-Purpose Endpoint FIFO Clear Register
0x2040 000a |[USBFIFORDCYC USB FIFO Read Cycle Setup Register

0x2040 000e |USBREV USB Revision Number Register

0x2040 0010 |USBEPOSETUPO USB EPO Setup Data Register 0

0x2040 0011 |USBEPOSETUP1 USB EPO Setup Data Register 1

0x2040 0012 |USBEPOSETUP2 USB EPO Setup Data Register 2

0x2040 0013 |USBEPOSETUP3 USB EPO Setup Data Register 3

0x2040 0014 |USBEPOSETUP4 USB EPO Setup Data Register 4

0x2040 0015 |USBEPOSETUPS USB EPO Setup Data Register 5

0x2040 0016 |USBEPOSETUP6 USB EPO Setup Data Register 6

0x2040 0017 |USBEPOSETUP7 USB EPO Setup Data Register 7

0x2040 0018 |USBADDR USB Address Register

0x2040 001a |USBEPOCFG USB EPO Configuration Register

0x2040 001b |USBEPOSIZE USB EPO Maximum Packet Size Register
0x2040 001c |USBEPOICTL USB EPO IN Transaction Control Register

0x2040 001d [USBEPOOCTL USB EPO OUT Transaction Control Register
0x2040 0020 |USBEPaCTL USB EPa Control Register

0x2040 0022 |USBEPbCTL USB EPb Control Register

0x2040 0024 [USBEPcCTL USB EPc Control Register

0x2040 0030 |USBEPaCFG USB EPa Configuration Register

0x2040 0031 |USBEPaMAXSZ USB EPa Maximum Packet Size Register
0x2040 0032 |USBEPbCFG USB EPb Configuration Register

0x2040 0033 [USBEPbMAXSZ USB EPb Maximum Packet Size Register
0x2040 0034 |USBEPcCFG USB EPc Configuration Register

0x2040 0035 |USBEPcMAXSZ USB EPc Maximum Packet Size Register
0x2040 0040 [USBRDFIFOSEL USB Read FIFO Select Register

0x2040 0041 |USBWRFIFOSEL USB Write FIFO Select Register

0x2040 0042 |USBFIFORWEN USB FIFO Read/Write Enable Register
0x2040 0046 |[USBREMDATCNT  |USB Remaining FIFO Data Count Register
0x2040 0048 |USBREMSPCCNT |USB Remaining FIFO Space Count Register
0x2040 004a |USBDBGRAMADDR |USB Debug RAM Address Register

0x2040 0050 |USBMAININTF USB Main Interrupt Flag Register

0x2040 0051 [USBSIEINTF USB SIE Interrupt Flag Register

0x2040 0052 |USBGPEPINTF USB General-Purpose Endpoint Interrupt Flag Register
0x2040 0053 [USBEPOINTF USB EPO Interrupt Flag Register

0x2040 0054 |USBEPaINTF USB EPa Interrupt Flag Register

0x2040 0055 |USBEPbINTF USB EPb Interrupt Flag Register

0x2040 0056 |USBEPCINTF USB EPc Interrupt Flag Register

0x2040 0060 |[USBMAININTE USB Main Interrupt Enable Register
0x2040 0061 |USBSIEINTE USB SIE Interrupt Enable Register

0x2040 0062 |USBGPEPINTE USB General-Purpose Endpoint Interrupt Enable Register
0x2040 0063 [USBEPOINTE USB EPO Interrupt Enable Register

0x2040 0064 |USBEPaINTE USB EPa Interrupt Enable Register

0x2040 0065 |USBEPbINTE USB EPb Interrupt Enable Register

0x2040 0066 |USBEPCINTE USB EPc Interrupt Enable Register

0x2040 0100 [USBFIFODAT USB FIFO Data Register

0x2040 0104 |USBDBGRAMDAT  |USB Debug RAM Data Register
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4 MEMORY AND BUS

Peripheral circuit Address Register name
USB 2.0 FS device controller | 0x4000 0970 |USBMISCCTL USB Misc Control Register
(USB) 0x4000 0974 |USBMISCWRDMAEN |USB FIFO Write DMA Request Enable Register
0x4000 0976 |USBMISCRDDMAEN |USB FIFO Read DMA Request Enable Register
Supply voltage detector 0x4000 0980 [SVD2_1CLK SVD2 Ch.1 Clock Control Register
(SvD2) Ch.1 0x4000 0982 |SVD2_1CTL SVD2 Ch.1 Control Register
0x4000 0984 |SVD2_1INTF SVD2 Ch.1 Status and Interrupt Flag Register
0x4000 0986 |SVD2_1INTE SVD2 Ch.1 Interrupt Enable Register
DMA controller (DMAC) 0x4000 1000 |DMACSTAT DMAC Status Register
0x4000 1004 |DMACCFG DMAC Configuration Register
0x4000 1008 |[DMACCPTR DMAC Control Data Base Pointer Register
0x4000 100c [DMACACPTR DMAC Alternate Control Data Base Pointer Register
0x4000 1014 |[DMACSWREQ DMAC Software Request Register
0x4000 1020 [DMACRMSET DMAC Request Mask Set Register
0x4000 1024 |[DMACRMCLR DMAC Request Mask Clear Register
0x4000 1028 |DMACENSET DMAC Enable Set Register
0x4000 102¢c |DMACENCLR DMAC Enable Clear Register
0x4000 1030 [DMACPASET DMAC Primary-Alternate Set Register
0x4000 1034 |DMACPACLR DMAC Primary-Alternate Clear Register
0x4000 1038 [DMACPRSET DMAC Priority Set Register
0x4000 103c [DMACPRCLR DMAC Priority Clear Register
0x4000 104c [DMACERRIF DMAC Error Interrupt Flag Register
0x4000 2000 |DMACENDIF DMAC Transfer Completion Interrupt Flag Register
0x4000 2008 |IDMACENDIESET DMAC Transfer Completion Interrupt Enable Set Register
0x4000 200c |DMACENDIECLR DMAC Transfer Completion Interrupt Enable Clear Register
0x4000 2010 |DMACERRIESET DMAC Error Interrupt Enable Set Register
0x4000 2014 |DMACERRIECLR DMAC Error Interrupt Enable Clear Register

4.6.1 System-Protect Function

The system-protect function protects control registers and bits from writings. They cannot be rewritten unless write
protection is removed by writing 0x0096 to the SYSPROT.PROT([15:0] bits. This function is provided to prevent
deadlock that may occur when a system-related register is altered by a runaway CPU. See “Control Registers” in
each peripheral circuit to identify the registers and bits with write protection.

Note: Once write protection is removed using the SYSPROT.PROT[15:0] bits, write enabled status is
maintained until write protection is applied again. After the registers/bits required have been al-
tered, apply write protection.

4.7 Instruction Cache

This IC includes an instruction cache. Enabling the cache function translates into reduced current consumption, as
the Flash memory access frequency is decreased.

This function is enabled by setting the CACHECTL.CACHEEN bit to 1. Setting this bit to O clears the instruction
codes stored in the cache.

4.8 Memory Mapped Access Area For External Flash Memory

This area is used to read data from the external Flash memory via the quad synchronous serial interface. For more
information, refer to the “Quad Synchronous Serial Interface” chapter.
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4.9 Control Registers

System Protect Register

Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |

|[sYsPROT

| 15-0 [PROT[15:0] [oxo000] HO | RW |- |

Bits 15-0 PROT[15:0]

These bits protect the control registers related to the system against writings.
0x0096 (R/W): Disable system protection
Other than 0x0096 (R/W): Enable system protection

While the system protection is enabled, any data will not be written to the affected control bits (bits
with “WP” or “R/WP” appearing in the R/W column).

CACHE Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
CACHECTL 15-8 |- 0x00 - R |-
7-2 |- 0x00 - R
1 |- 1 - R
0 |CACHEEN 0 HO R/W
Bits 15-1 Reserved
Bit 0 CACHEEN
This bit enables the instruction cache function.
1 (R/W): Enable instruction cache
0 (R/W): Disable instruction cache
FLASHC Flash Read Cycle Register
| Register name | Bit | Bit name Initial | Reset | R/W | Remarks
FLASHCWAIT 15-8 |- 0x00 - R |-
7-2 |- 0x00 - R
1-0 |RDWAITI[1:0] 0x1 HO R/WP

Bits 15-2 Reserved

Bits 1-0 RDWAIT[1:0]
These bits set the number of bus access cycles for reading from the Flash memory.
Table 4.9.1 Setting Number of Bus Access Cycles for Flash Read
System clock frequency
FLASHC\!VAIT. Number of bus PWGACTL. PWGACTL.
RDWAIT[1:0] bits access cycles REGSEL bit = 0 REGSEL bit = 1
0x3 4
0x2 3 2.1 MHz (max.) 21 MHz (max)
0x1 2 16.8 MHz (max.)
0x0 1 1.05 MHz (max.) 8.4 MHz (max.)
Notes: - Be sure to set the FLASHCWAIT.RDWAIT[1:0] bits before the system clock is configured.
+ When the FLASHCWAIT.RDWAIT[1:0] bit setting is altered from 0x2 to 0x1, add two NOP
instructions immediately after that.
Program example: FLASHC->WAIT_b.RDWAIT = 1;
asm(“NOP™);
asm(“NOP™);
CLG->0SC_b.IOSCEN = 0;
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5 INTERRUPT

S Interrupt

5.1 Overview

This IC includes a nested vectored interrupt controller (NVIC). For detailed information on the NVIC, refer to the
documents introduced in Section 3.4, such as “ARM®v6-M Architecture Reference Manual.”
Figure 5.1.1 shows the configuration of the interrupt system.

HALT/SLEEP
Clock cancelation signal
generator
CPU Peripheral circuit
IRQO
Interrupt request
NVIC Peripheral circuit
IRQn
Interrupt request
< NMI Watchdog timer

Figure 5.1.1 Configuration of Interrupt System

5.2 Vector Table

The vector table contains the vectors to the interrupt handler routines (handler routine start address) that will be
read by the CPU to execute the handler when an interrupt occurs.
Table 5.2.1 shows the vector table.

Table 5.2.1 Vector Table
VTOR initial value = 0x0

Interrupt IRQ

number | number
- - VTOR + 0x00 |(Stack pointer initial value) - -
1 - VTOR + 0x04 |Reset + Low input to the #RESET pin -3

+ Power-on reset

» Key reset

+ Watchdog timer overflow *1

+ Supply voltage detector Ch.0 reset

2 -14 VTOR + 0x08 [NMI Watchdog timer overflow *1 -2

Vector address | Hardware interrupt name Cause of hardware interrupt Priority

3 -13 VTOR + 0x0c |HardFault + Bus error -1
+ Undefined instruction
» Unaligned address etc.

4-10 - - Reserved - -
1" -5 VTOR + 0x2c  |SVCall SVC instruction Configurable
12-13 - - Reserved - -
14 -2 VTOR + 0x38 |PendSV -
15 -1 VTOR + 0x3c |SysTick SysTick timer underflow
16 0 VTOR + 0x40 |[DMA controller interrupt + DMA transfer completion
+ DMA transfer error
17 1 VTOR + 0x44 [Supply voltage detector » Power supply voltage drop detection
Ch.0 interrupt + Power supply voltage rise detection
18 2 VTOR + 0x48 |Port interrupt Port input Configurable
19 3 VTOR + 0x4c |Clock generator interrupt |+ I0SC oscillation stabilization waiting completion
+ OSC1 oscillation stabilization waiting completion
» OSC3 oscillation stabilization waiting completion
+ OSC1 oscillation stop
+ 10SC oscillation auto-trimming completion
+ 10SC oscillation auto-trimming error
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Interrupt
number

IRQ
number

Vector address

Hardware interrupt name

Cause of hardware interrupt

Priority

20

4

VTOR + 0x50

Real-time clock interrupt

+ 1-day, 1-hour, 1-minute, and 1-second

+ 1/32-second, 1/8-second, 1/4-second, and
1/2-second

+ Stopwatch 1 Hz, 10 Hz, and 100 Hz

+ Alarm

» Theoretical regulation completion

21

VTOR + 0x54

16-bit timer Ch.0 interrupt

Underflow

22

VTOR + 0x58

UART Ch.0 interrupt

+ End of transmission

+ Framing error

« Parity error

+ Overrun error

» Receive buffer two bytes full
+ Receive buffer one byte full
+ Transmit buffer empty

23

VTOR + 0x5¢c

16-bit timer Ch.1 interrupt

Underflow

24

VTOR + 0x60

Synchronous serial
interface Ch.0 interrupt

» End of transmission

+ Receive buffer full

+ Transmit buffer empty
+ Overrun error

25

VTOR + 0x64

I2C Ch.0 interrupt

End of data transfer

+ General call address reception
NACK reception

+ STOP condition

START condition

+ Error detection

Receive buffer full

+ Transmit buffer empty

26

10

VTOR + 0x68

16-bit PWM timer Ch.0
interrupt

+ Capture overwrite
» Compare/capture
Counter MAX
+ Counter zero

27

1

VTOR + Ox6¢c

16-bit PWM timer Ch.1
interrupt

+ Capture overwrite
» Compare/capture
Counter MAX
+ Counter zero

28

12

VTOR + 0x70

UART Ch.1 interrupt

+ End of transmission

» Framing error

+ Parity error

+ Overrun error

+ Receive buffer two bytes full
 Receive buffer one byte full
+ Transmit buffer empty

29

13

VTOR + 0x74

16-bit timer Ch.2 interrupt

Underflow

30

14

VTOR + 0x78

Quad synchronous serial
interface Ch.0 interrupt

» End of transmission

* Receive buffer full

+ Transmit buffer empty
« Overrun error

31

15

VTOR + 0x7¢c

I2C Ch.1 interrupt

+ End of data transfer

+ General call address reception
» NACK reception

+ STOP condition

+ START condition

« Error detection

+ Receive buffer full

+ Transmit buffer empty

32

16

VTOR + 0x80

IR remote controller
interrupt

» Compare AP
+ Compare DB

33

17

VTOR + 0x84

LCD driver interrupt

Frame

34

18

VTOR + 0x88

16-bit timer Ch.3 interrupt

Underflow

Configurable

5-2
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5 INTERRUPT

Interrupt IRQ

number | number
35 19 VTOR + 0x8c |USB interrupt « EPO setup completion

+ NonJ detection

» Reset detection

+ Suspend detection

+ SOF reception

+ J detection

» Automatic address setting completion

+ EPO/a/b/c ACK reception

« EP0/a/b/c ACK transmission

+ EPO/a/b/c NAK reception

+ EP0/a/b/c NAK transmission

« EPO/a/b/c STALL reception

» EP0/a/b/c STALL transmission

» EPa/b/c short packet reception

Vector address | Hardware interrupt name Cause of hardware interrupt Priority

Configurable

36 20 VTOR + 0x90 |[Supply voltage detector « Power supply voltage drop detection
Ch.1 interrupt » Power supply voltage rise detection
37 21 VTOR + 0x94 [Sound generator interrupt [+ Sound buffer empty
» Sound output completion
38 22 VTOR + 0x98 |R/F converter Ch.0 inter- |+ Reference oscillation completion
rupt » Sensor A oscillation completion
+ Sensor B oscillation completion
» Measurement counter overflow error
» Time base counter overflow error
39-47 - - Reserved -

#1 Either reset or NMI can be selected as the watchdog timer interrupt via software.

5.2.1 Vector Table Offset Address (VTOR)

The Cortex®-MO0+ Vector Table Offset Register (VTOR) is provided to set the offset (start) address of the vector
table in which interrupt vectors are programmed. “VTOR” described in Table 5.2.1 means the value set to this reg-
ister. After an initial reset, VTOR is set to address 0x0. Therefore, even when the vector table location is changed,
it is necessary that at least the reset vector be written to this address. For more information on VTOR, refer to the
documents introduced in Section 3.4, such as “Cortex®-MO0+ Devices Generic User Guide.”

5.2.2 Priority of Interrupts

The priorities of SVCall, PendSV, and SysTick are configurable to the desired levels using the Cortex®-MO+ Sys-
tem Handler Priority Registers (SHPR2 and SHPR3). The priorities of the interrupt number 16 or later are con-
figurable to the desired levels using the Cortex®-MO+ Interrupt Priority Registers (NVIC_IPR0-7). The priority
value can be set within a range of 0 to 192 (a lower value has a higher priority). The priorities of reset, NMI, and
HardFault are fixed at the predefined values. For more information, refer to the documents introduced in Section 3.4,
such as “Cortex®-MO+ Devices Generic User Guide.”

5.3 Peripheral Circuit Interrupt Control

The peripheral circuit that generates interrupts includes an interrupt enable bit and an interrupt flag for each inter-
rupt cause.

Interrupt flag: The flag is set to 1 when the interrupt cause occurs. The clear condition depends on the periph-
eral circuit.

Interrupt enable bit: By setting this bit to 1 (interrupt enabled), an interrupt request will be sent to the CPU when
the interrupt flag is set to 1. When this bit is set to O (interrupt disabled), no interrupt request
will be sent to the CPU even if the interrupt flag is set to 1. An interrupt request is also sent to
the CPU if the status is changed to interrupt enabled when the interrupt flag is 1.

For specific information on causes of interrupts, interrupt flags, and interrupt enable bits, refer to the respective pe-
ripheral circuit descriptions.

Note: To prevent occurrence of unnecessary interrupts, the corresponding interrupt flag should be
cleared before setting the interrupt enable bit to 1 (interrupt enabled) and before terminating the
interrupt handler routine.
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54 NMI

The watchdog timer embedded in this IC can generate a non-maskable interrupt (NMI). This interrupt takes prece-

dence over other interrupts and is unconditionally accepted by the CPU.
For detailed information on generating NMI, refer to the “Watchdog Timer” chapter.
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6 DMA CONTROLLER (DMAC)

6 DMA Controller (DMAC)

6.1 Overview

The main features of the DMAC are outlined below.

Figure 6.1.1 shows the configuration of the DMAC.

Supports byte, halfword, and word transfers.

Each DMAC channel can be configured to different transfer conditions independently.

Supports memory-to-memory, memory-to-peripheral circuit, and peripheral circuit-to-memory transfers.

Supports hardware DMA requests from peripheral circuits and software DMA requests.

Priority level for each channel is selectable from two levels.
DMA transfers are allowed even if the CPU is placed into HALT mode.

Table 6.1.1 DMAC Channel Configuration of S1C31W74

Item

S1C31W74

Number of channels

4 channels (Ch.0 to Ch.3)

Transfer source memories

Internal Flash memory, external Flash memory, RAM, and display data RAM

Transfer destination memories

RAM and display data RAM

Transfer source peripheral circuits

UART, SPIA, QSPI, 12C, T16B, and USB

Transfer destination peripheral circuits

UART, SPIA, QSPI, 12C, T16B, USB, and SNDA

DMAC
Ch.n
MSTEN [1—»[ CHNLS[4:0]
° CPTRn_|—» :
—» STATE[3:0]
2 RMSETn |—»|
»MSTENSTAT| i e ;
2 RMCLRn ) > ACPTRn Flash memory, |
° ENSETn |—» DMA transfer RAM, etc C
< ENCLRn |—» control circuit Bus matrix i i 77 meeeereesed
g PASETn |
= PACLRn |—»|
PRSETn <—| SWREQn Peripheral circuit
PRCLRn >
( DMA transfer request
T [
CPU Peripheral circuit
ENDIESETn —»|
ENDIECLRN|—» ":‘elm{m . ENDIFn -~ DMA transfer request
ERRIESET Ls coOntrol circui S
ERRIECLR —»
Figure 6.1.1 DMAC Configuration
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6 DMA CONTROLLER (DMAC)

6.2 Operations

6.2.1 Initialization

The DMAC should be initialized with the procedure shown below.
1. Set the data structure base address to the DMACCPTR register.
2. Configure the data structure for the channels to be used.

- Set the control data.

- Set the transfer source end pointer.
- Set the transfer destination end pointer.

Set the DMACCFG.MSTEN bitto 1. (Enable DMAC)

4. Configure the DMACRMSET and DMACRMCLR registers.
(Configure masks for DMA transfer requests from peripheral circuits)
5. Configure the DMACENSET and DMACENCLR registers. (Enable channels used)
6. Configure the DMACPASET and DMACPACLR registers.  (Select data structure used)
7. Configure the DMACPRSET and DMACPRCLR registers.  (Set priorities)
8 Set the following registers when using the interrupt:
- Write 1 to the interrupt flags in the DMACENDIF
and DMACERRIF registers. (Clear interrupt flags)
- Configures the DMACENDIESET/DMACENDIECLR
and DMACERRIESET/DMACERRIECLR registers. (Enable/disable interrupts)

9. Set the DMA request enable bits of the peripheral circuits that use DMA transfer to 1.
10. To issue a software DMA request to Ch.n, write 1 to the DMACSWREQ.SWREQr bit.

6.3 Priority

If DMA requests are issued to two or more channels, the DMA transfers are performed in order from the highest-
priority channel. The channel of which the priority level is set to 1 by the DMACPRSET.PRSET% bit has the high-
est priority. If two or more channels have been set to the same priority level, the smaller channel number takes
precedence.

6.4 Data Structure

To perform DMA transfers, a data structure that contains basic transfer control information must be provided. The
data structure consists of two blocks, primary data structure and alternate data structure, and one of them is used
according to the DMA transfer mode.

The data structure can be located at an arbitrary address in the RAM area by setting the base address to the DMAC-
CPTR.CPTR[31:0] bits.

The data structure for each channel consists of a transfer source end pointer, a transfer destination end pointer, and
control data. An area of 16 bytes x 2 is allocated in the RAM for each channel.

The whole size of the data structure and the alternate data structure base address depend on the number of channels
implemented.

Table 6.4.1 Data Structure Size According to Number of Channels Implemented

Number of channels | Data structure Primary data structure Alternate data structure
implemented size base address base address
1 32 bytes DMACCPTR.CPTRI[31:0] (CPTR[4:0] = 0x00) |DMACCPTR.CPTR[31:0] + 0x010
2 64 bytes DMACCPTR.CPTRI[31:0] (CPTR[5:0] = 0x00) |DMACCPTR.CPTR[31:0] + 0x020
3to4 128 bytes DMACCPTR.CPTRI[31:0] (CPTR[6:0] = 0x00) |DMACCPTR.CPTR[31:0] + 0x040
5t08 256 bytes DMACCPTR.CPTRI[31:0] (CPTR[7:0] = 0x00) |DMACCPTR.CPTR[31:0] + 0x080
9to 16 512 bytes DMACCPTR.CPTRI[31:0] (CPTR[8:0] = 0x000) DMACCPTR.CPTR[31:0] + 0x100
17 to 32 1,024 bytes | DMACCPTR.CPTR[31:0] (CPTR[9:0] = 0x000) |DMACCPTR.CPTR[31:0] + 0x200
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Alternate data structure Primary data structure
Ch.31 (alternate Ch.31 (primar
( ) lox3z0 (primary) |1 g
Ch.30 (alternate) Ch.30 (primary)
0x3e0 - 0x1e0
Ch.29 (alternate) Ch.29 (primary)
0x3d0 - 0x1d0
Ch.28 (alternate) Ch.28 (primary)
0x3c0 - 0x1cO
Ch.27 (alternate) Ch.27 (primary)
0x3b0 - 0x1b0
Ch.26 (alternate) Ch.26 (primary)
0x3a0 - 0x1a0
Ch.25 (alternate) Ch.25 (primary)
0x390 - 0x190
Ch.24 (alternate) Ch.24 (primary)
0x380 - 0x180
Ch.23 (alternate) Ch.23 (primary)
0x370 - 0x170
Ch.22 (alternate) Ch.22 (primary)
0x360 - 0x160
Ch.21 (alternate) Ch.21 (primary)
0x350 - 0x150
Ch.20 (alternate) Ch.20 (primary)
0x340 - 0x140
Ch.19 (alternate) Ch.19 (primary)
0x330 - 0x130
Ch.18 (alternate) Ch.18 (primary)
0x320 - 0x120
Ch.17 (alternate) Ch.17 (primary)
0x310 - 0x110
Ch.16 (alternate) Ch.16 (primary)
0x300 - 0x100
Ch.15 (alternate) Ch.15 (primary)
0x2£0 - 0x0£f0
Ch.14 (alternate) Ch.14 (primary)
0x2e0 - 0x0e0
Ch.13 (alternate) Ch.13 (primary)
0x2d0 - 0x0d0
Ch.12 (alternate) Ch.12 (primary)
0x2c0 - 0x0c0
Ch.11 (alternate) Ch.11 (primary)
0x2b0 - 0x0Db0
Ch.10 (alternate) Ch.10 (primary)
0x2a0 - 0x0a0
Ch.9 (alternate) Ch.9 (primary)
0x290 - 0x090
Ch.8 (alternate) Ch.8 (primary)
0x280 - 0x080
Ch.7 (alternate) Ch.7 (primary)
0x270 - 0x070
Ch.6 (alternate) Ch.6 (primary)
0x260 - 0x060
Ch.5 (alternate) Ch.5 (primary)
0x250 - 0x050
Ch.4 (alternate) Ch.4 (primary)
0x240 - 0x040 -
Ch.3 (alternate) Ch.3 (primary) Reserved
0x230 - 0x030 .- 0x00c
Ch.2 (alternate) Ch.2 (primary) Control data
0x220 - 0x020 — - 0x008
Ch.1 (alternate) Ch.1 (primary) e Transfer destination end pointer
Ch.0 (alternate) 0x210 Ch.0 (primary) 0x010 Transfer source end pointer 0004
0x200 pimary)  |oxo000 P 0x000
Offset
Base address set with the DMACCPTR register
Figure 6.4.1 Data Structure Address Map (when 32 channels are implemented)
Alternate data structure Primary data structure
Ch.3 (alternate Ch.3 (primar Reserved
( ) 0x070 (b - Y) 0x030 .~ 0x00c
Ch.2 (alternate) Ch.2 (primary) Control data
0x060 - 0x020 — - 0x008
Ch.1 (alternate) Ch.1 (primary) e Transfer destination end pointer
Ch.0 (alternate) 0x050 Ch.0 (primary) 0x010 Transfer source end pointer 0x004
0x040 0x000 0x000
Offset

Base address set with the DMACCPTR register
Figure 6.4.2 Data Structure Address Map (when 4 channels are implemented)

The alternate data structure base address can be determined from the DMACACPTR.ACPTR[31:0] bits.

6.4.1 Transfer Source End Pointer

Set the source data end address. The address of data to be transferred should be set as it is if the transfer source ad-
dress is not incremented.

6.4.2 Transfer Destination End Pointer

Set the address to which the last transfer data is written. The address for writing transfer data should be set as it is if
the transfer destination address is not incremented.
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6.4.3 Control Data

Set the DMA transfer information. Figure 6.4.3.1 shows the constituent elements of the control data.

31,30 29 28|27 26 25 24|23 22 21 20|19 18 17 16|15 14 13 12[11 10 9 8|7 6 5 4|3 2 1 0

dst_inc [dst_size| src_inc [src_size| R_power n_minus_1 cycle_ctrl

|:| Reserved

Figure 6.4.3.1 Constituent Elements of Control Data

dst_inc

Set the increment value of the transfer destination address. The setting value must be equal to or larger than the
transfer data size when the address is incremented.

Table 6.4.3.1 Increment Value of Transfer Destination Address

dst_inc Increment value
0x3 No increment
0x2 +4
0x1 +2
0x0 +1

dst_size
Set the size of the data to be written to the transfer destination. It should be the same value as the src_size.

Table 6.4.3.2 Size of Data Written to Transfer Destination

dst_size Data size
0x3 Reserved
0x2 Word
0x1 Halfword
0x0 Byte

src_inc

Set the increment value of the transfer source address. The setting value must be equal to or larger than the
transfer data size when the address is incremented.

Table 6.4.3.3 Increment Value of Transfer Source Address

src_inc Increment value
0x3 No increment
0x2 +4
0x1 +2
0x0 +1

src_size
Set the size of the data to be read from the transfer source. It should be the same value as the dst_size.

Table 6.4.3.4 Size of Data Read from Transfer Source

src_size Data size
0x3 Reserved
0x2 Word
0x1 Halfword
0x0 Byte

R_power
Set the arbitration cycle during successive data transfer.
Arbitration cycle (2R) = 2R_power
When the DMAC is performing a successive transfer, it suspends the data transfer at the cycle set with R_pow-

er. If DMA requests have been issued at that point, the DMAC re-arbitrates them according to their priorities
and then performs a DMA transfer for the channel with the highest priority.
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If the arbitration cycle setting value is larger than the number of successive data transfers, successive data trans-
fers will not be suspended.

n_minus_1
Set the number of DMA transfers to be executed successively.
Number of successive transfers (N) = n_minus_1 + 1
When the set number of successive transfers has completed, a transfer completion interrupt occurs.

cycle_ctrl

Set the DMA transfer mode. For detailed information on each transfer mode, refer to Section 6.5, “DMA Trans-
fer Mode.”

Table 6.4.3.5 DMA Transfer Mode

cycle_ctrl DMA transfer mode

0x7 Peripheral scatter-gather transfer
(for alternate data structure)

0x6 Peripheral scatter-gather transfer
(for primary data structure)

0x5 Memory scatter-gather transfer
(for alternate data structure)

0x4 Memory scatter-gather transfer
(for primary data structure)

0x3 Ping-pong transfer

0x2 Auto-request transfer

0x1 Basic transfer

0x0 Stop

6.5 DMA Transfer Mode

6.5.1 Basic Transfer

This is the basic DMA transfer mode. In this mode, DMA transfer starts when a DMA transfer request from a pe-
ripheral circuit or a software DMA request is issued, and it continues until it is completed for the set number of suc-
cessive transfers or it is suspended at the arbitration cycle. To resume the DMA transfer suspended at the arbitration
cycle, a DMA transfer request must be reissued.

When the set number of successive transfers has completed, a transfer completion interrupt occurs.

DMA transfer

operation (DMA transfer 1XDMA transfer 2)——(DMA transfer 3YDMA transfer 4 )—--- DMA transfer 7 DMA transfer 8)—
A N
DMACENDIF.ENDIFn
DMA transfer request DMA transfer request DMA transfer request

Figure 6.5.1.1 Basic Transfer Operation Example (N = 8, 2 = 2)

6.5.2 Auto-Request Transfer

Similar to the basic transfer, DMA transfer starts when a DMA transfer request from a peripheral circuit or a soft-
ware DMA request is issued, and it continues until it is completed for the set number of successive transfers or it is
suspended at the arbitration cycle. The DMAC resumes the DMA transfer suspended at the arbitration cycle with-
out a DMA transfer request being reissued.

When the set number of successive transfers has completed, a transfer completion interrupt occurs.

DMA transfer

operation (DMA transfer 1XDMA transfer 2)——DMA transfer 3YDMA transfer 4 )—-- DMA transfer 7{DMA transfer 8)—
4
DMACENDIF.ENDIFn [
DMA transfer reﬁuest
Figure 6.5.2.1 Auto-Request Transfer Operation Example (N = 8, 2R = 2)
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6.5.3 Ping-Pong Transfer

In ping-pong transfer mode, the DMAC performs basic transfers repeatedly while switching between the primary
data structure and alternate data structure. The data structures are referred alternately, and DMA transfer is termi-
nated when the control data with cycle_ctrl set to 0x0 is referred. A transfer completion interrupt occurs each time a
transfer using a data structure is completed.

Transfer using primary data structure Transfer using alternate data structure
(cycle_ctrl = 0x3, 2R =4, N = 6)
o Task A

DMA transfer request

DMA transfer request ——P--------------

o DMA transfer
" completion interrupt

cycle_ctrl = 0x3, 2R =4, N = 12)
Task B

DMA transfer request
DMA transfer request ——pr--------------

DMA transfer request ——p--------------

o DMA transfer

" completion interrupt
(cycle_ctrl =0x3,2R =2, N =2)

Task C

DMA transfer request »

o DMA transfer
" completion interrupt

(cycle_ctrl = 0x3, 2R =4, N = 5)
Task D

DMA transfer request »

DMA transfer request ——pp-------------- o DMA transfer
" completion interrupt

(cycle_ctrl =0x3,2R =4, N=7)
R Task E

DMA transfer request

DMA transfer request ——--------------

o DMA transfer
" completion interrupt

(cycle_ctrl = 0x0)

Termination

Figure 6.5.3.1 Ping-Pong Transfer Operation Example

DMA transfer procedure

1. Start data transfer by following the procedure shown in Section 6.2.1, “Initialization.” In Step 2 of the ini-
tialization procedure, set Task A and Task B to the primary data structure and the alternate data structure,
respectively.

2. Set Task C to the primary data structure after a DMA transfer completion interrupt has occurred by Task A.
3. Set Task D to the alternate data structure when a DMA transfer completion interrupt has occurred by Task B.
4. Repeat Steps 2 and 3.
5. Setcycle_ctrl to 0x0 after a DMA transfer completion interrupt has occurred by the next to last task.
6. The DMA transfer is completed when a DMA transfer completion interrupt occurs by the last task.
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(Rev. 1.1)



6.5.4 Memory Scatter-Gather Transfer

6 DMA CONTROLLER (DMAC)

In scatter-gather transfer mode, first the DMAC, using the primary data structure, copies a data structure from the

data structure table, which has been prepared with multiple data structures included in advance, to the alternate data
structure, and then it performs DMA transfer using the alternate data structure. The DMAC performs this operation
repeatedly. By programming the transfer mode of the data structure located at the end of the table as a basic transfer,
the DMA transfer can be terminated with a transfer completion interrupt. This mode requires a DMA transfer request

only for starting the first data transfer. Subsequent data transfers are performed by auto-requests.

Reserved

Control data

Transfer destination end pointer

Transfer source end pointer

Reserved

Control data

Transfer destination end pointer

Transfer source end pointer

Reserved

Control data

Transfer destination end pointer

Transfer source end pointer

Reserved

Control data

Transfer destination end pointer

Transfer source end pointer

Data structure for Task D

Data structure for Task C

Data structure for Task B

Data structure for Task A

Figure 6.5.4.1 Example of Data Structure Table for Scatter-Gather Transfer

Transfer using primary data structure

DMA transfer request

(cycle_ctrl = 0x4, 2R =4, N = 16)

. | Task A setting

Auto-re uest

Task B setting

AUtO-re uest

Auto-request —— Pt --------------
Auto-request —— Pt --------------
Auto-request —— Pt --------------

puto-request
Task C setting

Copy the data structure for
Task C to the alternate data structure.

Auto-

Auto.re uest

request

Transfer using alternate data structure

Copy the data structure for
Task A to the alternate data structure.

(cycle_ctrl = 0x5, 2R =4, N = 3)
Task A

Auto-re uest

Copy the data structure for
Task B to the alternate data structure.

(cycle_ctrl = 0x5, 2R =2, N = 8)
Task B

(cycle_ctrl = 0x5, 2R = 8, N = 5)
Task C

Auto-request
Task D setting

Copy the data structure for
Task D to the alternate data structure.

(cycle_ctrl = 0x1, 2R =4, N = 4)
Task D

o DMA transfer
" completion interrupt

Figure 6.5.4.2 Memory Scatter-Gather Transfer Operation Example
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DMA transfer procedure

1. Configure the data structure table for scatter-gather transfer.
Set the cycle_ctrl for the last task to Ox1 and those for other tasks to 0x5.

2. Start data transfer by following the procedure shown in Section 6.2.1, “Initialization.” In Step 2 of the ini-
tialization procedure, configure the primary data structure with the control data shown below.

Transfer source end pointer = Data structure table end address
Transfer destination end pointer = Alternate data structure end address
dst_inc = 0x2

dst_size = 0x2

src_inc = 0x2

src_size = 0x2

R_power = 0x2

n_minus_1 = Number of tasks x 4 - 1

cycle_ctrl = 0x4

3. The DMA transfer is completed when a DMA transfer completion interrupt occurs.

6.5.5 Peripheral Scatter-Gather Transfer

In memory scatter-gather transfer mode, the second and subsequent DMA transfers are performed by auto-requests.
On the other hand, in peripheral scatter-gather transfer mode, all DMA transfers are performed by a DMA transfer
request issued by a peripheral circuit or a software DMA request.

Transfer using primary data structure Transfer using alternate data structure
(cycle_ctrl = 0x6, 2R =4, N = 16)
DMA transfer request p|laskiAisetling

Copy the data structure for
Task A to the alternate data structure.
(cycle_ctrl = 0x7, 2R =4, N = 3)

Task A

Data transfer using the alternate data structure starts
immediately after data transfer using the primary data structure

has completed without arbitration.

Task B setting|

DMA transfer request »
Copy the data structure for

Task B to the alternate data structure.
(cycle_ctrl = 0x7, 2R =2, N = 8)

Task B

DMA transfer request ——{ --------------
DMA transfer request ——pr--------------
DMA transfer request ——--------------

|

Task C setting|

DMA transfer request »
Copy the data structure for

Task C to the alternate data structure.
(cycle_ctrl = 0x7, 2R =8, N = 5)

Task C

=

Task D setting|

DMA transfer request »

Copy the data structure for
Task D to the alternate data structure.
(cycle_ctrl =0x1,2R =4, N =4)

Task D

o DMA transfer
" completion interrupt

Figure 6.5.5.1 Peripheral Scatter-Gather Transfer Operation Example
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DMA transfer procedure

1. Configure the data structure table for scatter-gather transfer.
Set the cycle_ctrl for the last task to Ox1 and those for other tasks to 0x7.

2. Start data transfer by following the procedure shown in Section 6.2.1, “Initialization.” In Step 2 of the ini-
tialization procedure, configure the primary data structure with the control data shown below.

Transfer source end pointer = Data structure table end address
Transfer destination end pointer = Alternate data structure end address
dst_inc = 0x2

dst_size = 0x2

src_inc = 0x2

src_size = 0x2

R_power = 0x2

n_minus_1 = Number of tasks x 4 - 1

cycle_ctrl = 0x6

3. Issue a DMA transfer request in each task using a peripheral circuit or via software.

4. The DMA transfer is completed when a DMA transfer completion interrupt occurs.

6.6 DMA Transfer Cycle

A DMA transfer requires several clock cycles to execute. Figure 6.6.1 shows a detailed DAM transfer cycle. Note
that the number of clock cycles for a DMA transfer may be increased due to a conflict with an access from the CPU

or the Flash bus access cycle setting.

svsolk _[ | LML LML LML
Transfer cycle __IDLE _X_rc X.rsp Xrdp }(RD YWD} wc YIDLEX rc Xrsp)

t rc:  Read control data
DMA transfer request rsp: Read transfer source end pointer
rdp: Read transfer destination end pointer
RD: Read data from transfer source
WD: Write data to transfer destination
wc:  Write control data

Figure 6.6.1 DMA Transfer Cycle

6.7 Interrupts

The DMAC has a function to generate the interrupts shown in Table 6.7.1.

Table 6.7.1 DMAC Interrupt Function
Interrupt Interrupt flag Set condition Clear condition
DMA transfer completion [DMACENDIF.ENDIFn |When DMA transfers for a set number of Writing 1
successive transfers have completed
DMA transfer error DMACERRIFERRIF  |When an AHB bus error has occurred Writing 1

The DMAC provides interrupt enable bits corresponding to each interrupt flag. An interrupt request is sent to the
CPU only when the interrupt flag, of which interrupt has been enabled by the interrupt enable bit, is set. For more
information on interrupt control, refer to the “Interrupt” chapter.
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6.8 Control Registers

DMAC Status Register
| Register name | Bit Bit name | Initial | Reset | R/W | Remarks
DMACSTAT 31-24|- 0x00 - R -
23-21|- 0x0 - R
20-16|CHNLS[4:0] * HO R # Number of channels implemented - 1
15-8 |- 0x00 - R -
7-4 |STATE[3:0] 0x0 HO R
3-1 |- 0x0 - R
0 |MSTENSTAT 0 HO R

Bits 31-21 Reserved
Bits 20—-16 CHNLS[4:0]

These bits show the number of DMAC channels implemented in this IC.

Number of channels implemented = CHNLS + 1

Bits 15-8 Reserved

Bits 7-4 STATE[3:0]
These bits indicates the DMA transfer status.
Table 6.8.1 DMA Transfer Status
DMACSTAT.STATE[3:0] bits DMA transfer status
0xf-0xbf Reserved
Oxa Peripheral scatter-gather transfer is in progress.
0x9 Transfer has completed.
0x8 Transfer has been suspended.
0x7 Control data is being written.
0x6 Standby for transfer request to be cleared.
0x5 Transfer data is being written.
0x4 Transfer data is being read.
0x3 Transfer destination end pointer is being read.
0x2 Transfer source end pointer is being read.
0x1 Control data is being read.
0x0 Idle
Bits 3-1 Reserved
Bit 0 MSTENSTAT
This bit indicates the DMA controller status.
1 (R): DMA controller is operating.
0 (R): DMA controller is idle.
DMAC Configuration Register
| Register name Bit | Bit name | Initial | Reset | R/W | Remarks
DMACCFG 31-24|- 0x00 - R -
23-16|- 0x00 - R
15-8 |- 0x00 - R -
7-1 |- 0x00 - R
0 |[MSTEN - - W
Bits 31-1 Reserved
Bit 0 MSTEN
This bit enables the DMA controller.
1 (W): Enable
0 (W): Disable
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DMAC Control Data Base Pointer Register

6 DMA CONTROLLER (DMAC)

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
DMACCPTR 31-0 |CPTR[31:0] 0x0000 HO R/W |-
0000

Bits 31-0 CPTR[31:0]
These bits set the leading address of the data structure.

Depending on the number of channels implemented, low-order bits are configured for read only.

Table 6.8.2 CPTR Writable/Read-Only Bits Depending On Number of Channel Implemented

Number of channel Writable bits Read-only bits
implemented

1 CPTR[31:5] CPTRI4:0]

2 CPTR[31:6] CPTR[5:0]

34 CPTR[31:7] CPTR[6:0]

58 CPTR[31:8] CPTR[7:0]

9-16 CPTR[31:9] CPTRI8:0]
17-32 CPTR[31:10] CPTR[9:0]

DMAC Alternate Control Data Base Pointer Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
[DMACACPTR | 31-0 [ACPTR[31:0] | - | HO | R |- |
Bits 31-0 ACPTR[31:0]

These bits show the alternate data structure base address.
DMAC Software Request Register
| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
[DMACSWREQ | 31-0 [SWREQ[31:0] | - 1 - 1T w - |

Bits 31-0 SWREQ [31:0]

These bits issue a software DMA transfer request to each channel.

1 (W): Issue a software DMA transfer request
0 (W): Ineffective

Each bit corresponds to a DMAC channel (e.g. bit n corresponds to Ch.n). The high-order bits for the

unimplemented channels are ineffective.

DMAC Request Mask Set Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
DMACRMSET 31-0 |RMSET[31:0] 0x0000 HO R/W |-
0000

Bits 31-0 RMSET[31:0]

These bits mask DMA transfer requests from peripheral circuits.

1 (W): Mask DMA transfer requests from peripheral circuits

0 (W): Ineffective

1 (R): DMA transfer requests from peripheral circuits have been disabled.

0 (R): DMA transfer requests from peripheral circuits have been enabled.

Each bit corresponds to a DMAC channel. The high-order bits for the unimplemented channels are

ineffective.
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DMAC Request Mask Clear Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks

[DMACRMCLR | 31-0 [RMCLR[31:0] [ - 1 - 1 w |-

Bits 31-0 RMCLR[31:0]
These bits cancel the mask state of DMA transfer requests from peripheral circuits
1 (W): Cancel mask state of DMA transfer requests from peripheral circuits
(The DMACRMSET register is cleared to 0.)
0 (W): Ineffective

Each bit corresponds to a DMAC channel. The high-order bits for the unimplemented channels are

ineffective.

DMAC Enable Set Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
DMACENSET 31-0 |[ENSET[31:0] 0x0000 HO RW |-
0000

Bits 31-0 ENSET[31:0]
These bits enable each DMAC channel.
1 (W): Enable DMAC channel
0 (W): Ineffective
1 (R): Enabled
0 (R): Disabled

These bits are cleared after the DMA transfer has completed.

Each bit corresponds to a DMAC channel. The high-order bits for the unimplemented channels are

ineffective.

DMAC Enable Clear Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks

[DMACENCLR | 31-0 [ENCLR[31:0] | - 1 - 1T w [-

Bits 31-0 ENCLR[31:0]
These bits disable each DMAC channel.
1 (W): Disable DMAC channel (The DMACENSET register is cleared to 0.)
0 (W): Ineffective

Each bit corresponds to a DMAC channel. The high-order bits for the unimplemented channels are

ineffective.

DMAC Primary-Alternate Set Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
DMACPASET 31-0 |PASET[31:0] 0x0000 HO R/W |-
0000

Bits 31-0 PASET[31:0]
These bits enable the alternate data structures.
1 (W): Enable alternate data structure
0 (W): Ineffective
1 (R): The alternate data structure has been enabled.
0 (R): The primary data structure has been enabled.

Each bit corresponds to a DMAC channel. The high-order bits for the unimplemented channels are

ineffective.
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DMAC Primary-Alternate Clear Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
[DMACPACLR | 31-0 [PACLR[31:0] | - 1 - 1T w [- |

Bits 31-0 PACLR[31:0]
These bits disable the alternate data structures.
1 (W): Disable alternate data structure (The DMACPASET register is cleared to 0.)
0 (W): Ineffective

Each bit corresponds to a DMAC channel. The high-order bits for the unimplemented channels are
ineffective.

DMAC Priority Set Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
DMACPRSET 31-0 |PRSET[31:0] 0x0000 HO RW |-
0000

Bits 31-0 PRSET[31:0]
These bits increase the priority of each channel.
1 (W): Increase priority
0 (W): Ineffective
1 (R): Priority = High
0 (R): Priority = Normal

Each bit corresponds to a DMAC channel. The high-order bits for the unimplemented channels are
ineffective.

DMAC Priority Clear Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
[DMACPRCLR | 31-0 [PRCLR[31:0] | - 1 - 1T w [- |

Bits 31-0 PRCLR[31:0]
These bits decrease the priority of each channel.
L(W): Decrease priority (The DMACPRSET register is cleared to 0.)
0 (W): Ineffective

Each bit corresponds to a DMAC channel. The high-order bits for the unimplemented channels are
ineffective.

DMAC Error Interrupt Flag Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
DMACERRIF 31-24|- 0x00 - R -
23-16|- 0x00 - R
15-8 |- 0x00 - R
7-1 |- 0x00 - R
0 |[ERRIF 0 HO R/W [Cleared by writing 1.

Bits 31-1 Reserved
Bit 0 ERRIF

This bit indicates the DMAC error interrupt cause occurrence status.
1 (R): Cause of interrupt occurred

0 (R): No cause of interrupt occurred

1 (W): Clear flag

0 (W): Ineffective
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DMAC Transfer Completion Interrupt Flag Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
DMACENDIF 31-0 |ENDIF[31:0] 0x0000 HO R/W  |Cleared by writing 1.
0000

Bits 31-0 ENDIF[31:0]

These bits indicate the DMA transfer completion interrupt cause occurrence status of each DMAC
channel.

1 (R): Cause of interrupt occurred

0 (R): No cause of interrupt occurred

1 (W): Clear flag

0 (W): Ineffective

Each bit corresponds to a DMAC channel. The high-order bits for the unimplemented channels are
ineffective.

DMAC Transfer Completion Interrupt Enable Set Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
DMACENDIESET | 31-0 |ENDIESET[31:0] 0x0000 HO R/W |-
0000

Bits 31-0 ENDIESET[31:0]

These bits enable DMA transfer completion interrupts to be generated from each DMAC channel.
1 (W): Enable interrupt

0 (W): Ineffective

1 (R): Interrupt has been enabled.

0 (R): Interrupt has been disabled.

Each bit corresponds to a DMAC channel. The high-order bits for the unimplemented channels are
ineffective.

DMAC Transfer Completion Interrupt Enable Clear Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |

[DMACENDIECLR [31-0[ENDIECLR[31:0] | - | - | w |- |

Bits 31-0 ENDIECLR[31:0]

These bits disable DMA transfer completion interrupts to be generated from each DMAC channel.
1 (W): Disable interrupt (The DMACENDIESET register is cleared to 0.)
0 (W): Ineffective

Each bit corresponds to a DMAC channel. The high-order bits for the unimplemented channels are
ineffective.

DMAC Error Interrupt Enable Set Register
| Register name | Bit | Bit name | Initial Reset | R/W | Remarks
DMACERRIESET |31-24|- 0x00 - R -
23-16|- 0x00 - R
15-8 |- 0x00 - R
7-1 |- 0x00 - R
0 |ERRIESET 0 HO R/W
Bits 31-1 Reserved
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Bit 0 ERRIESET
This bit enables DMA error interrupts.
Enable interrupt
Ineffective
Interrupt has been enabled.
Interrupt has been disabled.

1 (W):
0 (W):
1 (R):
0 (R):

DMAC Error Interrupt Enable Clear Register

6 DMA CONTROLLER (DMAC)

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
DMACERRIECLR |31-24|- 0x00 - R
23-16|- 0x00 - R
15-8 |- 0x00 - R
7-1 |- 0x00 - R
0 |ERRIECLR - - W

Bits 31-1 Reserved

Bit 0 ERRIECLR

This bit disables DMA error interrupts.
Disable interrupt (The DMACERRIESET register is cleared to 0.)
Ineffective

1 (W):
0 (W):
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7 1/0 PORTS (PPORT)

7 1/0 Ports (PPORT)

7.1 Overview

PPORT controls the I/0 ports. The main features are outlined below.

¢ Allows port-by-port function configurations.

- Each port can be configured with or without a pull-up or pull-down resistor.
- Each port can be configured with or without a chattering filter.
- Allows selection of the function (general-purpose I/O port (GPIO) function, up to four peripheral I/O func-

tions) to be assigned to each port.

* Ports, except for those shared with debug pins, are initially placed into Hi-Z state.
(No current passes through the pin during this Hi-Z state.)

Note: ‘x’, which is used in the port names Pxy, register names, and bit names, refers to a port group (x
=0,1,2,--,d)and ‘y’ refers to a port number (y=0, 1, 2, ---, 7).

Figure 7.1.1 shows the configuration of PPORT.

Table 7.1.1 Port Configuration of S1IC31W74

ltem

S1C31W74

Port groups included

PO[7:0], P1[7:0], P2[7:0], P3[7:0], P4[7:0], P5[7:0],
P6[7:0], P7[7:0], P8[1:0], P90, Pd[3:0]

Ports with general-purpose 1/0O function (GPIO)

PO[7:0], P1[7:0], P2[7:0], P3[7:0], P4[7:0], P5[7:0],
P6[7:0], P7[7:0], P8[1:0], P90, Pd[3:0]

Ports with interrupt function

PO[7:0], P1[7:0], P2[7:0], P3[7:0], P4[7:0], P5[7:0],
P8[7:0], P7[7:0], P8[1:0], P90

Ports for debug function

Pd[1:0]

Key-entry reset function

Supported (P0[3:0])

PPORT
Pxy =
PXSELy
PxyMUX[1:0]
Peripheral 1/O function 0 I/O control >
Peripheral I/O function 1 1/O control > 3
—>
Peripheral I/O function 2 1/O control > /O cell
Peripheral I/O function 3 1/0 control > GPIO/ | control signal |
peripheral I/O
g PxOUTy GPIO function sf:vﬂztr:?r?g Output signal
:; PxOENy General-purpose circuit
5 PXIENy 1/0 control N
T
£ PXxPDPUy 1/0 cell [IPxy
£ PXRENy
xCHATEN
""""""""""""""" < CLKSRC[1:0]
Clock < CLKDIV[3:0] Chattering Input signal
generator @l filter
- CLK_PPORT
Key-entry Key-ent Interrupt
System reset | reset signal rese)tlcon?rlol [ PxEDGEy control circuit
controller - [
circuit le| PxINT
""""""""""""""" [ [ PxFy Je———
——————————————————————— KRSTCFG[1:0] [ PrEy ]
CPU <
| =
| =]
I:l Exist only in the ports that supports the interrupt function.
Figure 7.1.1 PPORT Configuration
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7.2 1/0 Cell Structure and Functions

Figure 7.2.1 shows the I/O cell Configuration.

VoD VoD
Pull-up/down Pull-up/down Pull-up/down Pull-up/down
Control signal control Control signal control
& : &
Vss Rinu/ Vss Rinu/
VoD RIND VoD RIND
Input signal «ﬁi + No diode is Input signal #ﬁi VDD
Input control signal —: connected at  |nput control signal —
VoD the Vb side. Vop
Output signal ﬁ [ IPxy Output signal ﬁ [ IPxy
Output control signal — % Output control signal — %
. Analog signal| | . Analog signal| |
LCD/analog signal control Vss LCD/analog signal control Vss
Analog control signal —; Analog control signal —
Over voltage tolerant fail-safe type 1/0 cell Standard I/0 cell

Figure 7.2.1 1/0 Cell Configuration
Refer to “Pin Descriptions” in the “Overview” chapter for the cell type, either the over voltage tolerant fail-safe
type I/O cell or the standard I/O cell, included in each port.

7.2.1 Schmitt Input

The input functions are all configured with the Schmitt interface level. When a port is set to input disable status
(PPORTPxIOEN.PxIENy bit = 0), unnecessary current is not consumed if the Pxy pin is placed into floating status.

7.2.2 Over Voltage Tolerant Fail-Safe Type 1/0 Cell

The over voltage tolerant fail-safe type I/O cell allows interfacing without passing unnecessary current even if a
voltage exceeding Vb is applied to the port. Also unnecessary current is not consumed when the port is externally
biased without supplying Vpp. However, be sure to avoid applying a voltage exceeding the recommended maxi-
mum operating power supply voltage to the port.

7.2.3 Pull-Up/Pull-Down

The GPIO port has a pull-up/pull-down function. Either pull-up or pull-down may be selected for each port indi-
vidually. This function may also be disabled for the port that does not require pulling up/down.

When the port level is switched from low to high through the pull-up resistor included in the I/O cell or from high
to low through the pull-down resistor, a delay will occur in the waveform rising/falling edge depending on the time
constant by the pull-up/pull-down resistance and the pin load capacitance. The rising/falling time is commonly de-
termined by the following equation:

tPR = -RINU x (CIN + CB0ARD) X In(1 - VT+/VDD) (Eq.7.1)
tpF = -RIND % (CIN + CBOARD) x In(1 - VT-/VDD)
Where

tPR: Rising time (port level = low — high) [second]

tPF: Falling time (port level = high — low) [second]

VT4 High level Schmitt input threshold voltage [V]

VT Low level Schmitt input threshold voltage [V]

RiNnu/RinD: Pull-up/pull-down resistance [€2]
CiN: Pin capacitance [F]
CBoARD:  Parasitic capacitance on the board [F]
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7.2.4 CMOS Output and High Impedance State

The 1/0 cells except for analog output can output signals in the Vbp and Vss levels. Also the GPIO ports may be
put into high-impedance (Hi-Z) state.

7.3 Clock Settings

7.3.1 PPORT Operating Clock

When using the chattering filter for entering external signals to PPORT, the PPORT operating clock CLK_PPORT
must be supplied to PPORT from the clock generator.
The CLK_PPORT supply should be controlled as in the procedure shown below.
1. Enable the clock source in the clock generator if it is stopped (refer to “Clock Generator” in the “Power Supply,
Reset, and Clocks” chapter).
Write 0x0096 to the SYSPROT.PROT([15:0] bits. (Remove system protection)
Set the following PPORTCLK register bits:
- PPORTCLK.CLKSRC[1:0] bits (Clock source selection)
- PPORTCLK.CLKDIV[3:0] bits (Clock division ratio selection = Clock frequency setting)
4. Write a value other than 0x0096 to the SYSPROT.PROT[15:0] bits. (Set system protection)

Settings in Step 3 determine the input sampling time of the chattering filter.

7.3.2 Clock Supply in SLEEP Mode

When using the chattering filter function during SLEEP mode, the PPORT operating clock CLK_PPORT must be
configured so that it will keep suppling by writing 0 to the CLGOSC xxxxSLPC bit for the CLK_PPORT clock
source.

If the CLGOSC xxxxSLPC bit for the CLK_PPORT clock source is 1, the CLK_PPORT clock source is deacti-
vated during SLEEP mode and it disables the chattering filter function regardless of the PPORTPxCHATEN .Px-
CHATENY) bit setting (chattering filter enabled/disabled).

7.3.3 Clock Supply During Debugging

The CLK_PPORT supply during debugging should be controlled using the PPORTCLK.DBRUN bit.

The CLK_PPORT supply to PPORT is suspended when the CPU enters debug state if the PPORTCLK.DBRUN
bit = 0. After the CPU returns to normal operation, the CLK_PPORT supply resumes. The PPORT chattering filter
stops operating when the CLK_PPORT supply is suspended. If the chattering filter is enabled in PPORT, the input
port function is also deactivated. However, the control registers can be altered. If the PPORTCLK.DBRUN bit = 1,
the CLK_PPORT supply is not suspended and the chattering filter will keep operating in a debug state.

7.4 Operations

7.4.1 Initialization

After a reset, the ports except for the debugging function are configured as shown below.
e Portinput:  Disabled

e Port output:  Disabled

e Pull-up: Off

e Pull-down: Off

¢ Port pins: High impedance state

¢ Port function: Configured to GPIO

This status continues until the ports are configured via software. The debugging function ports are configured for
debug signal input/output.
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Initial settings when using a port for a peripheral I/0 function

When using the Pxy port for a peripheral I/O function, perform the following software initial settings:

1.

w R W

Set the following PPORTPXIOEN register bits:

- Set the PPORTPxIOEN.PxIENy bit to 0. (Disable input)
- Set the PPORTPxIOEN .PxOEN)y bit to 0. (Disable output)
Set the PPORTPxMODSEL.PxSELy bit to 0. (Disable peripheral 1/O function)

Initialize the peripheral circuit that uses the pin.
Set the PPORTPXxFNCSEL.PxyMUX][1:0] bits. (Select peripheral I/0 function)
Set the PPORTPXMODSEL.PxSELy bit to 1. (Enable peripheral I/0 function)

For the list of the peripheral I/O functions that can be assigned to each port of this IC, refer to “Control Register

and Port Function Configuration of this IC.” For the specific information on the peripheral I/O functions, refer

to the respective peripheral circuit chapter.

Initial settings when using a port as a general-purpose output port
(only for the ports with GPIO function)

When using the Pxy port pin as a general-purpose output pin, perform the following software initial settings:

1.
2.

Set the PPORTPxIOEN.PxOENYy bit to 1. (Enable output)
Set the PPORTPxMODSEL .PxSELy bit to 0. (Enable GPIO function)

Initial settings when using a port as a general-purpose input port
(only for the ports with GPIO function)

When using the Pxy port pin as a general-purpose input pin, perform the following software initial settings:

1.
2.

Write 0 to the PPORTPxINTCTL.PxIEy bit. * (Disable interrupt)

When using the chattering filter, configure the PPORT operating clock (see “PPORT Operating Clock™) and
set the PPORTPxCHATEN PxCHATEN)y bit to 1. *

When the chattering filter is not used, set the PPORTPXxCHATEN.PxCHATENYy bit to O (supply of the
PPORT operating clock is not required).

Configure the following PPORTPxRCTL register bits when pulling up/down the port using the internal
pull-up or down resistor:

- PPORTPxRCTL.PxPDPUy bit (Select pull-up or pull-down resistor)

- Set the PPORTPxRCTL.PXRENY bit to 1. (Enable pull-up/down)

Set the PPORTPxRCTL .PxRENY bit to O if the internal pull-up/down resistors are not used.
Set the PPORTPxMODSEL .PxSELy bit to 0. (Enable GPIO function)

Configure the following bits when using the port input interrupt: *

- Write 1 to the PPORTPxINTFE.PxIFy bit. (Clear interrupt flag)

- PPORTPxINTCTL.PxEDGE} bit (Select interrupt edge (input rising edge/falling edge))
- Set the PPORTPxINTCTL.PxIEy bit to 1. (Enable interrupt)

Set the following PPORTPXIOEN register bits:

- Set the PPORTPxIOEN .PxOEN)y bit to 0. (Disable output)

- Set the PPORTPxIOEN.PxIENy bit to 1. (Enable input)

* Steps 1 and 5 are required for the ports with an interrupt function. Step 2 is required for the ports with a chat-

tering filter function.

Table 7.4.1.1 lists the port status according to the combination of data input/output control and pull-up/down
control.
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Table 7.4.1.1 GPIO Port Control List

PPORTPxIOEN. | PPORTPxIOEN. | PPORTPxRCTL.| PPORTPxRCTL. Input Output Pull-up/pull-down

PxIENy bit PxOENy bit PxRENYy bit PxPDPUy bit condition
0 0 0 x Disabled Off (Hi-Z) =1
0 0 1 0 Disabled Pulled down
0 0 1 1 Disabled Pulled up
1 0 0 x Enabled Disabled Off (Hi-Z) =2
1 0 1 0 Enabled Disabled Pulled down
1 0 1 1 Enabled Disabled Pulled up
0 1 0 X Disabled Enabled Off
0 1 1 0 Disabled Enabled Off
0 1 1 1 Disabled Enabled Off
1 1 1 0 Enabled Enabled Off
1 1 1 1 Enabled Enabled Off

+1: Initial status. Current does not flow if the pin is placed into floating status.
+2: Use of the pull-up or pull-down function is recommended, as undesired current will flow if the port input is set to floating status.

Note: If the PPORTPXMODSEL.PxSELy bit for the port without a GPIO function is set to 0, the port
goes into initial status (refer to “Initial Settings”). The GPIO control bits are configured to a read-
only bit always read out as 0.

7.4.2 Port Input/Output Control

Peripheral I/0 function control

The port for which a peripheral I/O function is selected is controlled by the peripheral circuit. For more infor-
mation, refer to the respective peripheral circuit chapter.

Setting output data to a GPIO port
Write data (1 = high output, 0 = low output) to be output from the Pxy pin to the PPORTPxDAT.PxOUTY bit.

Reading input data from a GPIO port
The data (1 = high input, 0 = low input) input from the Pxy pin can be read out from the PPORTPxDAT.PxINy bit.

Note: The PPORTPxDAT.PxINy bit retains the input port status at 1 clock before being read from the CPU.

Chattering filter function

Some ports have a chattering filter function and it can be controlled in each port. This function is enabled by
setting the PPORTPxCHATEN .PxCHATENYy bit to 1. The input sampling time to remove chattering is deter-
mined by the CLK_PPORT frequency configured using the PPORTCLK register in common to all ports. The
chattering filter removes pulses with a shorter width than the input sampling time.

2t03

Input sampling time = second Eq.7.2
P png CLK_PPORT frequency [Hz] [ ] (Eq.-72)

Make sure the Pxy port interrupt is disabled before altering the PPORTCLK register and PPORTPxCHATEN.
PxCHATENY bit settings. A Pxy port interrupt may erroneously occur if these settings are altered in an inter-
rupt enabled status. Furthermore, enable the interrupt after a lapse of four or more CLK_PPORT cycles from
enabling the chattering filter function.

If the clock generator is configured so that it will supply CLK_PPORT to PPORT in SLEEP mode, the chatter-
ing filter of the port will function even in SLEEP mode. If CLK_PPORT is configured to stop in SLEEP mode,
PPORT inactivates the chattering filter during SLEEP mode to input pin status transitions directly to itself.

Key-entry reset function
This function issues a reset request when low-level pulses are input to all the specified ports simultaneously.
Make the following settings when using this function:
1. Configure the ports to be used for key-entry reset as general-purpose input ports (refer to “Initial settings
when using a port as a general-purpose input port (only for the ports with GPIO function)”).
2. Configure the input pin combination for key-entry reset using the PPORTCLK.KRSTCFG[1:0] bits.
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Note: When enabling the key-entry reset function, be sure to configure the port pins to be used for it
as general-purpose input pins before setting the PPORTCLK.KRSTCFG[1:0] bits.

PPORT issues a reset request immediately after all the input pins specified by the PPORTCLK.KRSTCFG[1:0]
are set to a low level if the chattering filter function is disabled (initial status). To issue a reset request only
when low-level signals longer than the time configured are input, enable the chattering filter function for all the
ports used for key-entry reset.

The pins configured for key-entry reset can also be used as general-purpose input pins.

7.5 Interrupts

When the GPIO function is selected for the port with an interrupt function, the port input interrupt function can be
used.

Table 7.5.1 Port Input Interrupt Function

Interrupt Interrupt flag Set condition Clear condition
Port input PPORTPXINTF.PxIFy Rising or falling edge of the input signal |Writing 1
interrupt PPORTINTFGRP.PxINT |Setting an interrupt flag in the port group |Clearing PPORTPXINTF.PxIFy

Interrupt edge selection

Port input interrupts will occur at the falling edge of the input signal when setting the PPORTPXINTCTL.
PxEDGEYy bit to 1, or the rising edge when setting to 0.

Interrupt enable

PPORT provides interrupt enable bits (PPORTPXINTCTL.PxIEy bit) corresponding to each interrupt flag. An
interrupt request is sent to the CPU only when the interrupt flag, of which interrupt has been enabled by the in-
terrupt enable bit, is set. For more information on interrupt control, refer to the “Interrupt” chapter.

Interrupt check in port group unit

When interrupts are enabled in two or more port groups, check the PPORTINTFGRP.PxINT bit in the interrupt
handler first. It helps minimize the handler codes for finding the port that has generated an interrupt. If this bit
is set to 1, an interrupt has occurred in the port group. Next, check the PPORTPxINTF.PxIFy bit set to 1 in the
port group to determine the port that has generated an interrupt. Clearing the PPORTPXINTF.PxIFy bit also
clears the PPORTINTFGRP.PxINT bit. If the port is set to interrupt disabled status by the PPORTPxINTCTL.
PxIEy bit, the PPORTINTFGRP.PxINT bit will not be set even if the PPORTPxINTF.PxIFy bit is set to 1.

7.6 Control Registers

This section describes the same control registers of all port groups as a single register. For the register and bit con-
figurations in each port group and their initial values, refer to “Control Register and Port Function Configuration of
this IC.”

Px Port Data Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTPxDAT 15-8 |PxOUT[7:0] 0x00 HO R/W |-
7-0 |PxIN[7:0] 0x00 HO R

x1: This register is effective when the GPIO function is selected.

#2: The bit configuration differs depending on the port group.

«3: The initial value may be changed by the port.

Bits 15-8 PxOUT[7:0]
These bits are used to set data to be output from the GPIO port pins.
1 (R/W):  Output high level from the port pin
0 (R/W): Output low level from the port pin
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When output is enabled (PPORTPxIOEN.PxOENy bit = 1), the port pin outputs the data set here. Al-
though data can be written when output is disabled (PPORTPxIOEN.PxOENYy bit = 0), it does not affect
the pin status. These bits do not affect the outputs when the port is used as a peripheral I/O function.

Bits 7-0  PxIN[7:0]
The GPIO port pin status can be read out from these bits.
1 (R): Port pin = High level
0 (R): Port pin = Low level

The port pin status can be read out when input is enabled (PPORTPxIOEN.PxIENYy bit = 1). When in-
put is disabled (PPORTPxIOEN.PxIENy bit = 0), these bits are always read as 0.
When the port is used for a peripheral I/O function, the input value cannot be read out from these bits.

Px Port Enable Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTPXIOEN 15-8 |PxIEN[7:0] 0x00 HO R/W |-
7-0 |PxOEN][7:0] 0x00 HO R/W

#1: This register is effective when the GPIO function is selected.
#2: The bit configuration differs depending on the port group.
Bits 15—-8 PxIEN[7:0]

These bits enable/disable the GPIO port input.

1 (R/W): Enable (The port pin status is input.)

0 (R/W): Disable (Input data is fixed at 0.)

When both data output and data input are enabled, the pin output status controlled by this IC can be

read.
These bits do not affect the input control when the port is used as a peripheral I/O function.

Bits 7-0 PxOEN[7:0]
These bits enable/disable the GPIO port output.
1 (R/W): Enable (Data is output from the port pin.)
0 (R/W): Disable (The port is placed into Hi-Z.)

These bits do not affect the output control when the port is used as a peripheral I/O function.

Px Port Pull-up/down Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTPxRCTL 15-8 |PxPDPU[7:0] 0x00 HO R/W |-
7-0 [PxRENJ7:0] 0x00 HO R/W

#1: This register is effective when the GPIO function is selected.
#2: The bit configuration differs depending on the port group.
Bits 15-8 PxPDPU[7:0]
These bits select either the pull-up resistor or the pull-down resistor when using a resistor built into
the port.
1 (R/W): Pull-up resistor
0 (R/W): Pull-down resistor

The selected pull-up/down resistor is enabled when the PPORTPXRCTL.PXRENy bit = 1.

Bits 7-0 PxREN[7:0]
These bits enable/disable the port pull-up/down control.
1 (R/W): Enable (The built-in pull-up/down resistor is used.)
0 (R/W): Disable (No pull-up/down control is performed.)

Enabling this function pulls up or down the port when output is disabled (PPORTPxIOEN.PxOENYy bit =
0). When output is enabled (PPORTPxIOEN.PxOENy bit = 1), the PPORTPxRCTL .PxRENy bit setting
is ineffective regardless of how the PPORTPxIOEN .PxIENYy bit is set and the port is not pulled up/down.
These bits do not affect the pull-up/down control when the port is used as a peripheral I/O function.
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Px Port Interrupt Flag Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTPXINTF 15-8 |- 0x00 - R -
7-0 |PxIF[7:0] 0x00 HO R/W [Cleared by writing 1.

#1: This register is effective when the GPIO function is selected.
#2: The bit configuration differs depending on the port group.

Bits 15-8 Reserved

Bits 7-0  PxIF[7:0]
These bits indicate the port input interrupt cause occurrence status.
1 (R): Cause of interrupt occurred
0 (R): No cause of interrupt occurred
1 (W): Clear flag
0 (W): Ineffective

Px Port Interrupt Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTPXINTCTL | 15-8 |PxEDGE[7:0] 0x00 HO RW |-
7-0 |PxIE[7:0] 0x00 HO R/W

#1: This register is effective when the GPIO function is selected.

x2: The bit configuration differs depending on the port group.

Bits 15-8 PxEDGE[7:0]
These bits select the input signal edge to generate a port input interrupt.
1 (R/W): An interrupt will occur at a falling edge.
0 (R/W): An interrupt will occur at a rising edge.

Bits 7-0  PxIE[7:0]
These bits enable port input interrupts.

1 (R/W): Enable interrupts
0 (R/W): Disable interrupts

Note: To prevent generating unnecessary interrupts, the corresponding interrupt flag should be cleared
before enabling interrupts.

Px Port Chattering Filter Enable Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTPXCHATEN | 15-8 |- 0x00 - R -
7-0 |PxCHATEN][7:0] 0x00 HO R/W

#1: The bit configuration differs depending on the port group.
Bits 15-8 Reserved
Bits 7-0 PxCHATEN([7:0]
These bits enable/disable the chattering filter function.

1 (R/W): Enable (The chattering filter is used.)
0 (R/W): Disable (The chattering filter is bypassed.)

Px Port Mode Select Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTPxMODSEL | 15-8 |- 0x00 - R -
7-0 |PxSEL[7:0] 0x00 HO R/W

#1: The bit configuration differs depending on the port group.
#2: The initial value may be changed by the port.

Bits 15-8 Reserved
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Bits 7-0 PxSEL[7:0]
These bits select whether each port is used for the GPIO function or a peripheral I/O function.
1 (R/W): Use peripheral I/O function
0 (R/W): Use GPIO function

Px Port Function Select Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTPxFNCSEL [15-14|Px7MUX[1:0] 0x0 HO R/W |-
13-12|Px6MUX[1:0] 0x0 HO R/W
11-10|Px5MUX[1:0] 0x0 HO R/W
9-8 |Px4MUX][1:0] 0x0 HO R/W
7-6 |Px3MUX][1:0] 0x0 HO R/W
5-4 |Px2MUX[1:0] 0x0 HO R/W
3-2 [Px1MUX[1:0] 0x0 HO R/W
1-0 |PxOMUX[1:0] 0x0 HO R/W

#1: The bit configuration differs depending on the port group.
#2: The initial value may be changed by the port.

Bits 15-14 Px7MUX[1:0]

Bits 1-0 PxOMUX][1:0]
These bits select the peripheral I/O function to be assigned to each port pin.

Table 7.6.1 Selecting Peripheral /0 Function

PPORTPxFNCSEL.PxyMUX[1:0] bits Peripheral I/0 function
0x3 Function 3
0x2 Function 2
0x1 Function 1
0x0 Function O

This selection takes effect when the PPORTPxMODSEL.PxSELy bit=1.

P Port Clock Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTCLK 15-9 |- 0x00 - R -

8 |DBRUN 0 HO R/WP

7-4 |CLKDIV[3:0] 0x0 HO R/WP

3-2 |KRSTCFG[1:0] 0x0 HO R/WP

1-0 |CLKSRCI1:0] 0x0 HO R/WP

Bits 15-9 Reserved

Bit 8 DBRUN
This bit sets whether the PPORT operating clock is supplied during debugging or not.
1 (R/WP): Clock supplied during debugging
0 (R/WP): No clock supplied during debugging
Bits 7-4 CLKDIV[3:0]
These bits select the division ratio of the PPORT operating clock (chattering filter clock).

Bits 3-2 KRSTCFG[1:0]
These bits configure the key-entry reset function.

Table 7.6.2 Key-Entry Reset Function Settings

PPORTCLK.KRSTCFG[1:0] bits key-entry reset
0x3 Reset when PO[3:0] inputs = all low
0x2 Reset when P0[2:0] inputs = all low
0x1 Reset when PO[1:0] inputs = all low
0x0 Disable
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Bits 1-0

CLKSRCI[1:0]

These bits select the clock source of PPORT (chattering filter).

The PPORT operating clock should be configured by selecting the clock source using the PPORT-
CLK.CLKSRC[1:0] bits and the clock division ratio using the PPORTCLK.CLKDIV|[3:0] bits as
shown in Table 7.6.3. These settings determine the input sampling time of the chattering filter.

Table 7.6.3 Clock Source and Division Ratio Settings

PPORTCLK.CLKSRCI1:0] bits
PPORTCLI;;tCsLKDIV[:i:O] 0x0 oxi 0x2 0x3
10SC 0SC1 0SC3 EXOSC

Oxf 1/32,768 11

Oxe 1/16,384

Oxd 1/8,192

Oxc 1/4,096

0xb 1/2,048

Oxa 1/1,024

0x9 1/512

0x8 1/256

0x7 1/128

0x6 1/64

0x5 1/32

0x4 1/16

0x3 1/8

0x2 1/4

0x1 1/2

0x0 11

(Note) The oscillation circuits/external input that are not supported in this IC cannot be
selected as the clock source.

P Port Interrupt Flag Group Register
| Register name | Bit | Bit name Initial | Reset | R/W | Remarks
PPORTINTFGRP |15-13|- 0x0 - R -
12 |PCINT 0 HO R
11 |PBINT 0 HO R
10 [PAINT 0 HO R
9 |POINT 0 HO R
8 |[P8INT 0 HO R
7 |P7INT 0 HO R
6 |[PGINT 0 HO R
5 |[P5INT 0 HO R
4 |P4INT 0 HO R
3 |P3INT 0 HO R
2 |P2INT 0 HO R
1 |P1INT 0 HO R
0 [POINT 0 HO R

#1: Only the bits corresponding to the port groups that support interrupts are provided.
Bits 15-13 Reserved

Bits 12-0 PxINT

These bits indicate that Px port group includes a port that has generated an interrupt.
1 (R): A port generated an interrupt
0 (R): No port generated an interrupt

The PPORTINTFGRP.PXINT bit is cleared when the interrupt flag for the port that has generated an
interrupt is cleared.
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7.7 Control Register and Port Function Configuration of this IC

This section shows the PPORT control register/bit configuration in this IC and the list of peripheral I/O functions

selectable for each port.

7.7.1 PO Port Group

The PO port group supports the GPIO and interrupt functions.

Table 7.7.1.1 Control Registers for PO Port Group

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTPODAT 15-8 |POOUTI[7:0] 0x00 HO R/W |-
(PO Port Data
Reai 7-0 [POIN[7:0] 0x00 HO R
egister)
PPORTPOIOEN 15-8 |POIEN[7:0] 0x00 HO R/W |-
PO Port Enabl
(R For mnave 7-0 |POOEN[7:0] 0x00 | HO | RW
egister)
PPORTPORCTL 15-8 |POPDPU[7:0] 0x00 HO R/W |-
(PO Port Pull-up/down
c . 7-0 [POREN[7:0] 0x00 HO R/W
ontrol Register)
PPORTPOINTF 15-8 |- 0x00 - R -
(PO Port Interrupt - —
Flag Register) 7-0 |POIF[7:0] 0x00 HO R/W  |Cleared by writing 1.
PPORTPOINTCTL | 15-8 |POEDGE[7:0] 0x00 HO R/W |-
(PO Port Interrupt -
Control Register) 7-0 |POIE[7:0] 0x00 HO R/W
PPORTPOCHATEN | 15-8 |- 0x00 - R -
(PO Port Chattering
Filter Enable 7-0 [POCHATENJ7:0] 0x00 HO R/W
Register)
PPORTPOMODSEL | 15-8 |- 0x00 - R -
PO Port Mode Select
(R rort Mode St 7220 |PoSEL[7:0] 0x00 | HO | RW
egister)
PPORTPOFNCSEL |[15-14|P07MUX][1:0] 0x0 HO R/W |-
(PO Port Function 13-12|PO6MUX[1:0] 0x0 HO R/W
Select Register) 11-10|PO5SMUX][1:0] 0x0 Ho R/W
9-8 |P04MUX[1:0] 0x0 HO R/W
7-6 |PO3MUX[1:0] 0x0 HO R/W
5-4 |P02MUX[1:0] 0x0 HO R/W
3-2 |PO1MUX[1:0] 0x0 HO R/W
1-0 |POOMUX[1:0] 0x0 HO R/W
Table 7.7.1.2 PO Port Group Function Assignment
POSELy =0 POSELy = 1
Port POyMUX = 0x0 POyMUX = Ox1 POyMUX = 0x2 POyMUX = 0x3
name GPIO (Function 0) (Function 1) (Function 2) (Function 3)
Peripheral Pin Peripheral Pin Peripheral Pin Peripheral Pin
P00 P00 SPIA Ch.0 SDIo UPMUX 1 - - - -
P01 P01 SPIA Ch.0 SDO0 UPMUX #1 - - - -
P02 P02 SPIA Ch.0 | SPICLKO UPMUX 1 - - - -
P03 P03 SPIACh.0 | #SPISSO UPMUX #1 - - - -
P04 P04 RFC Ch.0 SENBO UPMUX 1 - - - -
P05 P05 RFC Ch.0 SENAO UPMUX 1 - - - -
P06 P06 RFC Ch.0 REFO UPMUX #1 - - - -
P07 P07 RFC Ch.0 RFINO UPMUX 1 - - - -
«1: Refer to the “Universal Port Multiplexer” chapter.
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7 1/0 PORTS (PPORT)

7.7.2 P1 Port Group

The P1 port group supports the GPIO and interrupt functions.

Table 7.7.2.1 Control Registers for P1 Port Group

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTP1DAT 15-8 |P10OUT[7:0] 0x00 HO R/W |-
(P1 Port Data
Reai 7-0 |P1IN[7:0] 0x00 HO R
egister)
PPORTP1I0EN 15-8 |P1IEN[7:0] 0x00 HO R/W |-
(P1 Port Enable
Regi 7-0 |P10EN([7:0] 0x00 HO R/W
egister)
PPORTP1RCTL 15-8 |P1PDPU[7:0] 0x00 HO R/W |-
(P1 Port Pull-up/down
c ) 7-0 [P1REN[7:0] 0x00 HO R/W
ontrol Register)
PPORTP1INTF 15-8 |- 0x00 - R -
(P1 Port Interrupt - —
Flag Register) 7-0 |P1IF[7:0] 0x00 HO R/W  [Cleared by writing 1.
PPORTP1INTCTL | 15-8 |P1EDGE[7:0] 0x00 HO R/W |-
(P1 Port Interrupt -
Control Register) 7-0 |P1IE[7:0] 0x00 HO R/W
PPORTP1CHATEN| 15-8 |- 0x00 - R -
(P1 Port Chattering
Filter Enable 7-0 |P1CHATEN][7:0] 0x00 HO R/W
Register)
PPORTP1MODSEL| 15-8 |- 0x00 - R -
P1 Port Mode Select
(R rort Mode St 720 |P1SEL[7:0] 0x00 | HO | RW
egister)
PPORTP1FNCSEL [15-14|P17MUX][1:0] 0x0 HO R/W |-
(P1 Port Function 13-12|P16MUX[1:0] 0x0 HO R/W
Select Register) 11-10|P15MUX][1:0] 0x0 Ho R/W
9-8 |P14MUX[1:0] 0x0 HO R/W
7-6 |P13MUX[1:0] 0x0 HO R/W
5-4 [P12MUX[1:0] 0x0 HO R/W
3-2 [P11MUX[1:0] 0x0 HO R/W
1-0 |P10MUX[1:0] 0x0 HO R/W
Table 7.7.2.2 P1 Port Group Function Assignment
P1SELy = 0 P1SELy =1
Port P1yMUX = 0x0 P1yMUX = Ox1 P1yMUX = 0x2 P1yMUX = 0x3
name GPIO (Function 0) (Function 1) (Function 2) (Function 3)
Peripheral Pin Peripheral Pin Peripheral Pin Peripheral Pin
P10 P10 SNDA BZOUT UPMUX 1 - - - -
P11 P11 SNDA #BZOUT UPMUX 1 - - - -
P12 P12 T16B Ch.0 | EXCLOO UPMUX 1 - - - -
P13 P13 T16B Ch.1 EXCL10 UPMUX 1 - - - -
P14 P14 CLG FOUT UPMUX 1 - - - -
P15 P15 REMC2 REMO UPMUX 1 - - - -
P16 P16 REMC2 CLPLS UPMUX 1 - - - -
P17 P17 RTCA RTC1S UPMUX 1 - - - -

+1: Refer to the “Universal Port Multiplexer” chapter.
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7 1/0 PORTS (PPORT)

7.7.3 P2 Port Group

The P2 port group supports the GPIO and interrupt functions.
Table 7.7.3.1 Control Registers for P2 Port Group

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTP2DAT 15-8 |P20UTI[7:0] 0x00 HO R/W |-
(P2 Port Data
Redi 7-0 [P2IN[7:0] 0x00 HO R
egister)
PPORTP2IOEN 15-8 |P2IEN[7:0] 0x00 HO R/W |-
P2 Port Enabl
(R ror snable 7-0 |P20EN[7:0] 0x00 | HO | RW
egister)
PPORTP2RCTL 15-8 |P2PDPU[7:0] 0x00 HO R/W |-
(P2 Port Pull-up/down
c . 7-0 [P2REN[7:0] 0x00 HO R/W
ontrol Register)
PPORTP2INTF 15-8 |- 0x00 - R -
(P2 Port Interrupt - "
Flag Register) 7-0 |P2IF[7:0] 0x00 HO R/W  [Cleared by writing 1.
PPORTP2INTCTL | 15-8 |P2EDGE[7:0] 0x00 HO R/W |-
(P2 Port Interrupt -
Control Register) 7-0 |P2IE[7:0] 0x00 HO R/W
PPORTP2CHATEN | 15-8 |- 0x00 - R -
(P2 Port Chattering
Filter Enable 7-0 |[P2CHATENI7:0] 0x00 HO R/W
Register)
PPORTP2MODSEL | 15-8 |- 0x00 - R -
P2 Port Mode Select
fq rort Mode St 720 |PasEL[7:0] 0x00 | HO | RW
egister)
PPORTP2FNCSEL |[15-14|P27MUX][1:0] 0x0 HO R/W |-
(P2 Port Function 13-12|P26MUX[1:0] 0x0 HO R/W
Select Register) 11-10|{P25MUX[1:0] 0x0 HO R/W
9-8 |P24MUX[1:0] 0x0 HO R/W
7-6 |P23MUX[1:0] 0x0 HO R/W
5-4 |P22MUX[1:0] 0x0 HO R/W
3-2 [P21MUX[1:0] 0x0 HO R/W
1-0 |P20MUX][1:0] 0x0 HO R/W
Table 7.7.3.2 P2 Port Group Function Assignment
P2SELy = 0 P2SELy = 1
Port P2yMUX = 0x0 P2yMUX = 0x1 P2yMUX = 0x2 P2yMUX = 0x3
name GPIO (Function 0) (Function 1) (Function 2) (Function 3)
Peripheral Pin Peripheral Pin Peripheral Pin Peripheral Pin
P20 P20 - - QSPI Ch.0 | QSPICLKO - - - -
P21 P21 - - QSPICh.0 | QSDIO00 - - - -
P22 P22 - - QSPICh.0 | QSDIOO01 - - - -
P23 P23 - - QSPICh.0 | QSDIO02 - - - -
P24 P24 T16B Ch.0 | EXCLO1 QSPICh.0 | QSDIO03 - - - -
P25 P25 T16B Ch.1 EXCL11 QSPI Ch.0 | #QSPISSO - - - -
P26 P26 CLG EXOSC - - - - - -
P27 P27 - - - - SVD2 Ch.0 | EXSVDO - -
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7 1/0 PORTS (PPORT)

7.7.4 P3 Port Group

The P3 port group supports the GPIO and interrupt functions.

Table 7.7.4.1 Control Registers for P3 Port Group

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTP3DAT 15-8 |P3OUTI[7:0] 0x00 HO R/W |-
(P3 Port Data
Reai 7-0 [P3IN[7:0] 0x00 HO R
egister)
PPORTP3IOEN 15-8 |P3IEN[7:0] 0x00 HO R/W |-
P3 Port Enabl
(R ror Enable 7-0 |P3OEN[7:0] 0x00 | HO | RW
egister)
PPORTP3RCTL 15-8 |P3PDPU[7:0] 0x00 HO R/W |-
P3 Port Pull-up/d
(C o R oW 7 | P3REN[7:0] 0x00 | HO | RW
ontrol Register)
PPORTP3INTF 15-8 |- 0x00 - R -
(P3 Port Interrupt - —
Flag Register) 7-0 |P3IF[7:0] 0x00 HO R/W  |Cleared by writing 1.
PPORTP3INTCTL | 15-8 |P3EDGE[7:0] 0x00 HO R/W |-
(P3 Port Interrupt -
Control Register) 7-0 |P3IE[7:0] 0x00 HO R/W
PPORTP3CHATEN| 15-8 |- 0x00 - R -
(P3 Port Chattering
Filter Enable 7-0 [P3CHATENJ7:0] 0x00 HO R/W
Register)
PPORTP3MODSEL | 15-8 |- 0x00 - R -
P3 Port Mode Select
fq For Wode SEeC 7720 [PBSEL[7:0] 0x00 | HO | RW
egister)
PPORTP3FNCSEL |15-14|P37MUX][1:0] 0x0 HO R/W |-
(P3 Port Function 13-12|P36MUX[1:0] 0x0 HO R/W
Select Register) 11-10|P35MUX[1:0] 0x0 HO R/W
9-8 |P34MUX[1:0] 0x0 HO R/W
7-6 |P33MUX[1:0] 0x0 HO R/W
5-4 |P32MUX[1:0] 0x0 HO R/W
3-2 [P31MUX[1:0] 0x0 HO R/W
1-0 |P30MUX[1:0] 0x0 HO R/W
Table 7.7.4.2 P3 Port Group Function Assignment
P3SELy =0 P3SELy =1
Port P3yMUX = 0x0 P3yMUX = 0x1 P3yMUX = 0x2 P3yMUX = 0x3
name GPIO (Function 0) (Function 1) (Function 2) (Function 3)
Peripheral Pin Peripheral Pin Peripheral Pin Peripheral Pin
P30 P30 LCD32B LFRO UPMUX #1 - - LCD32B coM16/
SEG87
P31 P31 RFC Ch.0 | RFCLKOO UPMUX #1 - - LCD32B com17/
SEG86
P32 P32 - - UPMUX #1 - - LCD32B cOoM18/
SEG85
P33 P33 - - UPMUX 1 - - LCD32B CcomM19/
SEG84
P34 P34 - - UPMUX #1 - - LCD32B COM20/
SEG83
P35 P35 - - UPMUX 1 - - LCD32B com21/
SEG82
P36 P36 - - UPMUX #1 - - LCD32B CcOomM22/
SEG81
P37 P37 - - UPMUX 1 - - LCD32B COoMm23/
SEG80

+1: Refer to the “Universal Port Multiplexer” chapter.
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7.7.5 P4 Port Group

The P4 port group supports the GPIO and interrupt functions.

Table 7.7.5.1 Control Registers for P4 Port Group

7 1/0 PORTS (PPORT)

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTP4DAT 15-8 |P40OUTI[7:0] 0x00 HO R/W |-
P4 Port Dat
(R ror e 7-0 |P4IN[7:0] 0x00 | HO R
egister)
PPORTP4I0OEN 15-8 |P4IEN[7:0] 0x00 HO R/W |-
P4 Port Enabl
(R ror snable 7-0 |P4OEN[7:0] 0x00 | HO | RW
egister)
PPORTP4RCTL 15-8 |P4PDPU[7:0] 0x00 HO R/W |-
P4 Port Pull-up/d
(C o R oW 7 0 | P4REN[7:0] 0x00 | HO | RW
ontrol Register)
PPORTP4INTF 15-8 |- 0x00 - R -
(P4 Port Interrupt - .
Flag Register) 7-0 |P4IF[7:0] 0x00 HO R/W |Cleared by writing 1.
PPORTP4INTCTL | 15-8 |PAEDGE[7:0] 0x00 HO R/W |-
(P4 Port Interrupt -
Control Register) 7-0 |P4IE[7:0] 0x00 HO R/W
PPORTP4CHATEN| 15-8 |- 0x00 - R -
(P4 Port Chattering
Filter Enable 7-0 [P4CHATENI7:0] 0x00 HO R/W
Register)
PPORTP4MODSEL | 15-8 |- 0x00 - R -
P4 Port Mode Select
fq For Mg SEEC 70 |P4SEL[7:0] 0x00 | HO | RMW
egister)
PPORTP4FNCSEL |[15-14|P47MUX][1:0] 0x3 HO R -
(P4 Port Function 13-12|P46MUX[1:0] 0x3 HO R
Select Register) 11-10|P45MUX[1:0] 0x3 HO R
9-8 |P44MUX[1:0] 0x3 HO R
7-6 |P43MUX[1:0] 0x3 HO R
5-4 |P42MUX[1:0] 0x3 HO R
3-2 [P41MUX[1:0] 0x3 HO R
1-0 |P40MUX[1:0] 0x3 HO R
Table 7.7.5.2 P4 Port Group Function Assignment
P4SELy =0 P4SELy =1
Port P4yMUX = 0x0 P4yMUX = 0x1 P4yMUX = 0x2 P4yMUX = 0x3
name GPIO (Function 0) (Function 1) (Function 2) (Function 3)
Peripheral Pin Peripheral Pin Peripheral Pin Peripheral Pin
P40 P40 - - - - - - LCD32B COM24/
SEG79
P41 P41 - - - - - - LCD32B | COM25/
SEG78
P42 P42 - - - - - - LCD32B COM26/
SEG77
P43 P43 - - - - - - LCD32B com27/
SEG76
P44 P44 - - - - - - LCD32B CcOoM28/
SEG75
P45 P45 - - - - - - LCD32B | COM29/
SEG74
P46 P46 - - - - - - LCD32B COMB30/
SEG73
P47 P47 - - - - - - LCD32B COM31/
SEG72
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7 1/0 PORTS (PPORT)

7.7.6 P5 Port Group

The P5 port group supports the GPIO and interrupt functions.

Table 7.7.6.1 Control Registers for P5 Port Group

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTP5DAT 15-8 |P50UTI[7:0] 0x00 HO R/W |-
P5 Port Dat
(R For b 7-0 |P5IN[7:0] 0x00 | HO R
egister)
PPORTP5IOEN 15-8 |P5IEN[7:0] 0x00 HO R/W |-
P5 Port Enabl
(R For Enabie 7-0 |P5OEN[7:0] 0x00 | HO | RW
egister)
PPORTP5RCTL 15-8 |P5PDPU[7:0] 0x00 HO R/W |-
P5 Port Pull-up/d
(C o R NN 70 |PSREN[7:0] 0x00 | HO | RW
ontrol Register)
PPORTPS5INTF 15-8 |- 0x00 - R -
(P5 Port Interrupt - "
Flag Register) 7-0 |P5IF[7:0] 0x00 HO R/W  |Cleared by writing 1.
PPORTPS5INTCTL | 15-8 |P5EDGE[7:0] 0x00 HO R/W |-
(P5 Port Interrupt -
Control Register) 7-0 |P5IE[7:0] 0x00 HO R/W
PPORTP5CHATEN | 15-8 |- 0x00 - R -
(P5 Port Chattering
Filter Enable 7-0 [P5CHATENJ7:0] 0x00 HO R/W
Register)
PPORTP5MODSEL | 15-8 |- 0x00 - R -
P5 Port Mode Select
fq For Mg SEEC 70 |PsSEL[7:0] 0x00 | HO | RMW
egister)
PPORTP5FNCSEL [15-14|P57MUX][1:0] 0x3 HO R -
(P5 Port Function 13-12|P56MUX[1:0] 0x3 HO R
Select Register) 11-10|P55MUX][1:0] 0x3 HO R
9-8 |P54MUX[1:0] 0x3 HO R
7-6 |P53MUX[1:0] 0x3 HO R
5-4 |P52MUX[1:0] 0x3 HO R
3-2 [P51MUX[1:0] 0x3 HO R
1-0 |P50MUX[1:0] 0x3 HO R
Table 7.7.6.2 P5 Port Group Function Assignment
P5SELy = 0 P5SELy = 1
Port P5yMUX = 0x0 P5yMUX = 0x1 P5yMUX = 0x2 P5yMUX = 0x3
name GPIO (Function 0) (Function 1) (Function 2) (Function 3)
Peripheral Pin Peripheral Pin Peripheral Pin Peripheral Pin
P50 P50 - - - - - - LCD32B SEG71
P51 P51 - - - - - - LCD32B SEG70
P52 P52 - - - - - - LCD32B SEG69
P53 P53 - - - - - - LCD32B SEG68
P54 P54 - - - - - - LCD32B SEG67
P55 P55 - - - - - - LCD32B SEG66
P56 P56 - - - - - - LCD32B SEG65
P57 P57 - - - - - - LCD32B SEG64
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7.7.7 P6 Port Group

The P6 port group supports the GPIO and interrupt functions.

7 1/0 PORTS (PPORT)

Table 7.7.7.1 Control Registers for P6 Port Group

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTP6DAT 15-8 |P6OUTI[7:0] 0x00 HO R/W |-
(P6 Port Data
Redi 7-0 |P6IN[7:0] 0x00 HO R
egister)
PPORTP6IOEN 15-8 |P6IEN[7:0] 0x00 HO R/W |-
P6 Port Enabl
(R ror Enable 7-0 |P6OEN[7:0] 0x00 | HO | RW
egister)
PPORTP6RCTL 15-8 |P6PDPU[7:0] 0x00 HO R/W |-
P6 Port Pull-up/d
(C o R oW 7 0 | PEREN[7:0] 0x00 | HO | RW
ontrol Register)
PPORTP6INTF 15-8 |- 0x00 - R -
(P6 Port Interrupt - "
Flag Register) 7-0 |P6IF[7:0] 0x00 HO R/W  [Cleared by writing 1.
PPORTP6INTCTL | 15-8 |P6EDGE[7:0] 0x00 HO R/W |-
(P6 Port Interrupt -
Control Register) 7-0 |P6IE[7:0] 0x00 HO R/W
PPORTP6CHATEN | 15-8 |- 0x00 - R -
(P6 Port Chattering
Filter Enable 7-0 |P6CHATEN][7:0] 0x00 HO R/W
Register)
PPORTP6MODSEL | 15-8 |- 0x00 - R -
P6 Port Mode Select
fq rort Mode St 720 |PeSEL[7:0] 0x00 | HO | RW
egister)
PPORTP6FNCSEL [15-14|P67MUX][1:0] 0x3 HO R -
(P6 Port Function 13-12|P66MUX[1:0] 0x3 HO R
Select Register) 11-10|P65MUX][1:0] 0x3 HO R
9-8 |P64MUX[1:0] 0x3 HO R
7-6 |P63MUX[1:0] 0x3 HO R
5-4 |P62MUX[1:0] 0x3 HO R
3-2 [P61MUX[1:0] 0x3 HO R
1-0 |P60MUX][1:0] 0x3 HO R
Table 7.7.7.2 P6 Port Group Function Assignment
P6SELy = 0 P6SELy = 1
Port P6yMUX = 0x0 P6yMUX = Ox1 P6yMUX = 0x2 P6yMUX = 0x3
name GPIO (Function 0) (Function 1) (Function 2) (Function 3)
Peripheral Pin Peripheral Pin Peripheral Pin Peripheral Pin
P60 P60 - - - - - - LCD32B SEG63
P61 P61 - - - - - - LCD32B SEG62
P62 P62 - - - - - - LCD32B SEG61
P63 P63 - - - - - - LCD32B SEG60
P64 P64 - - - - - - LCD32B SEG59
P65 P65 - - - - - - LCD32B SEG58
P66 P66 - - - - - - LCD32B SEG57
P67 P67 - - - - - - LCD32B SEG56
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7 1/0 PORTS (PPORT)

7.7.8 P7 Port Group

The P7 port group supports the GPIO and interrupt functions.

Table 7.7.8.1 Control Registers for P7 Port Group

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTP7DAT 15-8 |P7OUTI[7:0] 0x00 HO R/W |-
(P7 Port Data
Redi 7-0 |P7IN[7:0] 0x00 HO R
egister)
PPORTP7IOEN 15-8 |P7IEN[7:0] 0x00 HO R/W |-
P7 Port Enabl
(R ror =nable 7-0 |P7OEN[7:0] 0x00 | HO | RW
egister)
PPORTP7RCTL 15-8 |P7PDPU[7:0] 0x00 HO R/W |-
P7 Port Pull-up/d
(C o R oW 7 o | P7REN[7:0] 0x00 | HO | RW
ontrol Register)
PPORTP7INTF 15-8 |- 0x00 - R -
(P7 Port Interrupt - "
Flag Register) 7-0 |P7IF[7:0] 0x00 HO R/W  |Cleared by writing 1.
PPORTP7INTCTL | 15-8 |P7EDGE[7:0] 0x00 HO R/W |-
(P7 Port Interrupt -
Control Register) 7-0 |P7IE[7:0] 0x00 HO R/W
PPORTP7CHATEN| 15-8 |- 0x00 - R -
(P7 Port Chattering
Filter Enable 7-0 |P7CHATEN][7:0] 0x00 HO R/W
Register)
PPORTP7MODSEL | 15-8 |- 0x00 - R -
P7 Port Mode Select
fq rort Mode St 720 |P7SELT:0] 0x00 | HO | RW
egister)
PPORTP7FNCSEL |15-14|P77MUX[1:0] 0x3 HO R -
(P7 Port Function 13-12|P76MUX[1:0] 0x3 HO R
Select Register) 11-10|P75MUX[1:0] 0x3 HO R
9-8 |P74MUX[1:0] 0x3 HO R
7-6 |P73MUX[1:0] 0x3 HO R
5-4 |P72MUX[1:0] 0x3 HO R
3-2 [P71MUX[1:0] 0x3 HO R
1-0 |P70MUX][1:0] 0x3 HO R
Table 7.7.8.2 P7 Port Group Function Assignment
P7SELy =0 P7SELy = 1
Port P7yMUX = 0x0 P7yMUX = Ox1 P7yMUX = 0x2 P7yMUX = 0x3
name GPIO (Function 0) (Function 1) (Function 2) (Function 3)
Peripheral Pin Peripheral Pin Peripheral Pin Peripheral Pin
P70 P70 - - - - - - LCD32B SEG9
P71 P71 - - - - - - LCD32B SEG8
P72 P72 - - - - - - LCD32B SEG7
P73 P73 - - - - - - LCD32B SEG6
P74 P74 - - - - - - LCD32B SEG5
P75 P75 - - - - - - LCD32B SEG4
P76 P76 - - - - - - LCD32B SEG3
P77 P77 - - - - - - LCD32B SEG2
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7 1/0 PORTS (PPORT)

7.7.9 P8 Port Group

The P8 port group consists of two ports PSO—P81 and they support the GPIO and interrupt functions.
Table 7.7.9.1 Control Registers for P8 Port Group

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTP8DAT 15-10|- 0x00 - R -
(P8 Port Data 9-8 |P8OUT[1:0] 0x0 HO R/W
Register) 7-2 |- 0x00 - R
1-0 |P8IN[1:0] 0x0 HO R
PPORTP8IOEN 15-10|- 0x00 - R -
(P8 Port Enable 9-8 |P8IEN[1:0] 0x0 HO R/W
Register) 7-2 |- 0x00 - R
1-0 [P8OENI[1:0] 0x0 HO R/W
PPORTP8RCTL 15-10|- 0x00 - R -
(P8 Port Pull-up/down| 9-8 |P8PDPU[1:0] 0x0 HO R/W
Control Register) 7-2 |- 0x00 - R
1-0 |P8REN[1:0] 0x0 HO R/W
PPORTP8INTF 15-8 |- 0x00 - R -
(P8 Port Interrupt 7-2 |- 0x00 - R
Flag Register) 1-0 |P8IF[1:0] 0x0 HO R/W |Cleared by writing 1.
PPORTPSINTCTL |15-10|- 0x00 - R -
(P8 Port Interrupt 9-8 |P8EDGE[1:0] 0x0 HO R/W
Control Register) 7-2 |- 0x00 - R
1-0 |P8IE[1:0] 0x0 HO R/W
PPORTP8CHATEN | 15-8 |- 0x00 - R -
(P8 Port Chattering 7-2 |- 0x00 - R
Filter Enable Register)| 1-0 |P8CHATEN[1:0] 0x0 HO R/W
PPORTP8MODSEL| 15-8 |- 0x00 - R -
(P8 Port Mode Select | 7—2 |- 0x00 - R
Register) 1-0 |P8SEL[1:0] 0x0 HO R/W
PPORTP8FNCSEL | 15-8 |- Oxff - R -
(P8 Port Function 7-4 |- Oxff - R
Select Register) 3-2 |P81MUX[1:0] 0x3 HO R
1-0 [P8OMUX[1:0] 0x3 HO R
Table 7.7.9.2 P8 Port Group Function Assignment
P8SELy =0 P8SELy = 1
Port P8yMUX = 0x0 P8yMUX = Ox1 PSyMUX = 0x2 P8yMUX = 0x3
name GPIO (Function 0) (Function 1) (Function 2) (Function 3)
Peripheral Pin Peripheral Pin Peripheral Pin Peripheral Pin
P80 P80 - - - - - - LCD32B SEG1
P81 P81 - - - - - - LCD32B SEGO
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7 1/0 PORTS (PPORT)

7.7.10 P9 Port Group

The P9 port group consists of one port P90 and it supports the GPIO and interrupt functions.

Table 7.7.10.1 Control Registers for P9 Port Group

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTPODAT 15-9 |- 0x00 - R -
(P9 Port Data 8 |P9OUTO 0 HO R/W
Register) 7-1 |- 0x00 - R
0 |P9INO 0 HO R
PPORTP9IOEN 15-9 |- 0x00 - R -
(P9 Port Enable 8 |P9IENO 0 HO R/W
Register) 7-1 |- 0x00 - R
0 [P9OENO 0 HO R/W
PPORTP9RCTL 15-9 |- 0x00 - R -
(P9 Port Pull-up/down| 8 |POPDPUO 0 HO R/W
Control Register) 7-1 |- 0x00 - R
0 |P9RENO 0 HO R/W
PPORTPOINTF 15-8 |- 0x00 - R -
(P9 Port Interrupt 7-1 |- 0x00 - R
Flag Register) 0 |PaIFo 0 HO R/W |Cleared by writing 1.
PPORTPOINTCTL | 15-9 |- 0x00 - R -
(P9 Port Interrupt 8 |P9EDGEO 0 HO R/W
Control Register) 7-1 |- 0x00 - R
0 |P9IEO 0 HO R/W
PPORTPOCHATEN | 15-8 |- 0x00 - R -
(P9 Port Chattering 7-1 |- 0x00 - R
Filter Enable Register)| o [P9CHATENO 0 HO R/W
PPORTPOMODSEL | 15-8 |- 0x00 - R -
(P9 Port Mode Select | 71 |- 0x00 - R
Register) 0 |P9SELO 0 HO R/W
PPORTPO9FNCSEL | 15-8 |- Oxff - R -
(P9 Port Function 7-2 |- 0x3f - R
Select Register) 1-0 |P9OMUX[1:0] 0x0 HO R/W
Table 7.7.10.2 P9 Port Group Function Assignment
P9SELy =0 P9SELy = 1
Port P9yMUX = 0x0 P9yMUX = Ox1 P9yMUX = 0x2 P9yMUX = 0x3
name GPIO (Function 0) (Function 1) (Function 2) (Function 3)
Peripheral Pin Peripheral Pin Peripheral Pin Peripheral Pin
P90 P90 - - - - SVD2 Ch.1 | EXSVD1 - -
(VBUS_MON)
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7.7.11 Pd Port Group

The Pd port group consists of four ports PA0O—Pd3 and two ports PdO—Pd1 are configured as debugging function
ports at initialization. These four ports support the GPIO function.

Table 7.7.11.1 Control Registers for Pd Port Group

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTPDDAT 15-12|- 0x0 - R -
(Pd Port Data 11-8 |PDOUTI[3:0] 0x0 HO R/W
Register) 7-4 |- 0x0 _ R
3-0 |PDIN[3:0] X HO R
PPORTPDIOEN 15-12|- 0x0 - R -
(Pd Port Enable 11-8 |PDIEN[3:0] 0x0 HO R/W
Register) 7-4 |- 0x0 - R
3-0 |PDOENI3:0] 0x0 HO R/W
PPORTPDRCTL |15-12|- 0x0 - R -
(Pd Port Pull-up/down| 11-8 |PDPDPU[3:0] 0x0 HO R/W
Control Register) 7-4 |- 0x0 - R
3-0 |PDREN[3:0] 0x0 HO R/W
PPORTPDINTF 15-0 |- 0x0000 - R -
PPORTPDINTCTL
PPORTPDCHATEN
PPORTPDMODSEL| 15-8 |- 0x00 - R -
(Pd Port Mode Select| 7-4 |- 0x0 - R
Register) 3-0 |PDSELJ[3:0] 0x3 HO R/W
PPORTPDFNCSEL| 15-8 |- 0x00 - R -
(Pd Port Function 7-6 |PD3MUX[1:0] 0x0 HO R/W
Select Register) 5-4 |PD2MUX[1:0] 0x0 HO R/W
3-2 |PD1MUX[1:0] 0x0 HO R/W
1-0 [PDOMUX][1:0] 0x0 HO R/W
Table 7.7.11.2 Pd Port Group Function Assignment
PdSELy =0 PdSELy = 1
Port PdyMUX = 0x0 PdyMUX = 0x1 PdyMUX = 0x2 PdyMUX = 0x3
name GPIO (Function 0) (Function 1) (Function 2) (Function 3)
Peripheral Pin Peripheral Pin Peripheral Pin Peripheral Pin
Pd0 Pd0 CPU SWCLK - - - - - -
Pd1 Pd1 CPU SWD - - - - - -
Pd2 Pd2 - - - - CLG OSC3 - -
Pd3 Pd3 - - - - CLG 0OSsc4 - -
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7.7.12 Common Registers between Port Groups

Table 7.7.12.1 Control Registers for Common Use with Port Groups

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
PPORTCLK 15-9 |- 0x00 - R -
(P Port Clock Control 8 DBRUN 0 HO R/WP
Register) 7-4 |CLKDIV[3:0] 0x0 HO R/WP
3-2 |KRSTCFG[1:0] 0x0 HO R/WP
1-0 |CLKSRCJ1:0] 0x0 HO R/WP
PPORTINTFGRP [15-10|- 0x00 - R -
(P Port Interrupt Flag 9 |POINT 0 HO R
Group Register) 8 |P8INT 0 HO R
7 |P7INT 0 HO R
6 |[P6INT 0 HO R
5 |[P5INT 0 HO R
4 |P4INT 0 HO R
3 |P3INT 0 HO R
2 |P2INT 0 HO R
1 P1INT 0 HO R
0 |POINT 0 HO R
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8 UNIVERSAL PORT MULTIPLEXER (UPMUX)

8 Universal Port Multiplexer (UPMUX)

8.1 Overview

UPMUX is a multiplexer that allows software to assign the desired peripheral I/O function to an I/O port. The main
features are outlined below.

¢ Allows programmable assignment of the 12C, UART, and 16-bit PWM timer peripheral I/O functions to the
PO[7:0], P1[7:0], and P3[7:0] ports.

* The peripheral I/O function assigned via UPMUX is enabled by setting the PPORTPxFNCSEL.PxyMUX]1:0] bits
to Ox1.

Note: ‘x’, which is used in the port names Pxy, register names, and bit names, refers to a port group (x
=0, 1, 3) and ‘y’ refers to a port number (y =0, 1, 2, -, 7).

Figure 8.1.1 shows the configuration of UPMUX.

B UPMUX
o)
§ PxyPPFNC[2:0] [ S A
— PxyPERICHI[1:0] ;
[ Input data :
c - H
N PxyPERISEL[2:0] selector | _
£
L
Output data
selector |
Data, 1/0 control
Function 1 selection
1
| =
| =

Figure 8.1.1 UPMUX Configuration

8.2 Peripheral Circuit I/0 Function Assignment

An I/O function of a peripheral circuit supported may be assigned to peripheral 1/O function 1 of an I/O port listed
above. The following shows the procedure to assign a peripheral I/O function and enable it in the I/O port:

1. Configure the PPORTPxIOEN register of the I/O port.

- Set the PPORTPxIOEN.PxIENYy bit to 0. (Disable input)
- Set the PPORTPxIOEN.PxOENY bit to 0. (Disable output)

2. Set the PPORTPxMODSEL.PxSELy bit of the I/O port to 0. (Disable peripheral 1/0 function)
Set the following UPMUXPxMUXn register bits (n = 0 to 3).
- UPMUXPxMUXn.PxyPERISEL[2:0] bits (Select peripheral circuit)
- UPMUXPxMUXn.PxyPERICH[1:0] bits (Select peripheral circuit channel)
- UPMUXPxMUXn.PxyPPENC[2:0] bits (Select function to assign)

4. Initialize the peripheral circuit.
Set the PPORTPxFNCSEL .PxyMUX]1:0] bits of the I/O port to 0x1. (Select peripheral I/O function 1)
Set the PPORTPxMODSEL .PxSELy bit of the I/O port to 1. (Enable peripheral I/O function)
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8.3 Control Registers

Pxy-xz Universal Port Multiplexer Setting Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
UPMUXPxMUXn |15-13|PxzPPFNC[2:0] 0x0 HO R/W |-
12-11|PxzPERICH[1:0] 0x0 HO R/W
10-8 |PxzPERISEL[2:0] 0x0 HO R/W
7-5 |PxyPPFNCI[2:0] 0x0 HO R/W
4-3 |PxyPERICH[1:0] 0x0 HO R/W
2-0 |PxyPERISEL[2:0] 0x0 HO R/W

x1: ‘X’ in the register name refers to a port group number and ‘n’ refers to a register number (0-3).
x2: ‘X’ in the bit name refers to a port group number, ‘y’ refers to an even port number (0, 2, 4, 6), and ‘Z’ refers to an
odd port number (z =y + 1).
Bits 15-13 PxzPPFNC[2:0]
Bits 7-5 PxyPPFNC[2:0]
These bits specify the peripheral I/O function to be assigned to the port. (See Table 8.3.1.)
Bits 12-11 PxzPERICH[1:0]

Bits 4-3 PxyPERICHI[1:0]
These bits specify a peripheral circuit channel number. (See Table 8.3.1.)

Bits 10-8 PxzPERISEL[2:0]
Bits 2-0 PxyPERISEL[2:0]
These bits specify a peripheral circuit. (See Table 8.3.1.)

Table 8.3.1 Peripheral I/0O Function Selections

UPMUXPxMUXn.PxyPERISEL[2:0] bits (Peripheral circuit)
UPMUXPxMUXn. 0x0 Ox1 0x2 0x3 0x4 0x5 0x6 0x7
PxyPPFNC[2:0] bits None * 12C Reserved UART2 T16B Reserved | Reserved | Reserved
(Peripheral 1/0 UPMUXPxMUXn.PxyPERICH[1:0] bits (Peripheral circuit channel)
function) - 0x0-0x1 - 0x0-0x1 0x0-0x1 - - -
— Ch.0-1 - Ch.0-1 Ch.0-1 — — —
0x0 None * None * None * None * None * None * None * None *
TOUTNO/
0ox1 SCLn USINn CAPNO
TOUTNn1/
0x2 SDAn USOUTn CAPP1
0x3 Reserved Reserved Reserved Reserved Reserved
0x4
0x5 Reserved Reserved Reserved
0x6
0x7

# “None” means no assignment. Selecting this will put the Pxy pin into Hi-Z status when peripheral 1/0 function 1 is
selected and enabled in the I/0 port.

Note: Do not assign a peripheral input function to two or more I/0O ports. Although the 1/0 ports output
the same waveforms when an output function is assigned to two or more I/O port, a skew oc-
curs due to the internal delay.
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9 Watchdog Timer (WDT?2)

9.1 Overview

WDT?2 restarts the system if a problem occurs, such as when the program cannot be executed normally.
The features of WDT?2 are listed below.

¢ Includes a 10-bit up counter to count NMI/reset generation cycle.
¢ A counter clock source and clock division ratio are selectable.
¢ Can generate a reset or NMI in a cycle given via software.

¢ Can generate a reset at the next NMI generation cycle after an NMI is generated.

Figure 9.1.1 shows the configuration of WDT2.

WDT2
MODI[1:0] Mode setting circuit

WDTRUN[3:0]
WDTCNTRST}|—

: » NMI
STATNMI

. Reset
" request

Internal data bus

O U

g CLK_WDT2 10-bit counter % Comparator

Clock ; CLKSRCI[1:0]
ock generator CLKDIV[1:0] CMP[9:0]
< DBRUN

Figure 9.1.1 WDT2 Configuration

9.2 Clock Settings

9.2.1 WDT2 Operating Clock

When using WDT2, the WDT2 operating clock CLK_WDT?2 must be supplied to WDT?2 from the clock generator.
The CLK_WDT2 supply should be controlled as in the procedure shown below.

1. Write 0x0096 to the SYSPROT.PROTY[15:0] bits. (Remove system protection)

2. Enable the clock source in the clock generator if it is stopped (refer to “Clock Generator” in the “Power Supply,
Reset, and Clocks” chapter).

3. Set the following WDT2CLK register bits:
WDT2CLK.CLKSRC[1:0] bits (Clock source selection)
WDT2CLK.CLKDIV[1:0] bits (Clock division ratio selection = Clock frequency setting)

4. Write a value other than 0x0096 to the SYSPROT.PROT([15:0] bits. (Set system protection)

9.2.2 Clock Supply in DEBUG Mode

The CLK_WDT?2 supply during DEBUG mode should be controlled using the WDT2CLK.DBRUN bit.

The CLK_WDT?2 supply to WDT?2 is suspended when the CPU enters DEBUG mode if the WDT2CLK.DBRUN
bit = 0. After the CPU returns to normal mode, the CLK_WDT?2 supply resumes. Although WDT?2 stops operating
when the CLK_WDT2 supply is suspended, the register retains the status before DEBUG mode was entered.

If the WDT2CLK.DBRUN bit = 1, the CLK_WDT?2 supply is not suspended and WDT2 will keep operating in
DEBUG mode.
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9.3 Operations

9.3.1 WDT2 Control

Activating WDT2
WDT?2 should be initialized and started up with the procedure listed below.
1. Write 0x0096 to the SYSPROT.PROTY[15:0] bits. (Remove system protection)
2. Configure the WDT?2 operating clock.
3. Set the WDT2CTL.MODJ1:0] bits. (Select WDT2 operating mode)
4. Set the WDT2CMP.CMP[9:0] bits. (Set NMI/reset generation cycle)
5. Write 1 to the WDT2CTL.WDTCNTRST bit. (Reset WDT2 counter)
6. Write a value other than Oxa to the WDT2CTL.WDTRUN][3:0] bits. (Start up WDT2)
7. Write a value other than 0x0096 to the SYSPROT.PROT[15:0] bits. (Set system protection)

NMl/reset generation cycle
Use the following equation to calculate the WDT2 NMI/reset generation cycle.
twpr=—CMP+1 (Eq.9.1)
CLK_WDT2
Where

twpT: NMI/reset generation cycle [second]
CLK_WDT2: WDT?2 operating clock frequency [Hz]
CMP: Setting value of the WDT2CMP.CMP|[9:0] bits

Example) twpt = 2.5 seconds when CLK_WDT?2 = 256 Hz and the WDT2CMP.CMP[9:0] bits = 639

Resetting WDT2 counter
To prevent an unexpected NMl/reset to be generated by WDT?2, its embedded counter must be reset periodi-
cally via software while WDT?2 is running.
1. Write 0x0096 to the SYSPROT.PROT][15:0] bits. (Remove system protection)
2. Write 1 to the WDT2CTL.WDTCNTRST bit. (Reset WDT?2 counter)
3. Write a value other than 0x0096 to the SYSPROT.PROT[15:0] bits. (Set system protection)

A location should be provided for periodically processing this routine. Process this routine within the twpT
cycle. After resetting, WDT?2 starts counting with a new NMlI/reset generation cycle.

Occurrence of counter compare match

If WDT?2 is not reset within the twpT cycle for any reason and the counter reaches the setting value of the
WDT2CMP.CMP[9:0] bits, a compare match occurs to cause WDT?2 to issue an NMI or reset according to the
setting of the WDT2CTL.MODI1:0] bits.

If an NMI is issued, the WDT2CTL.STATNMI bit is set to 1. This bit can be cleared to 0 by writing 1 to the
WDT2CTL.WDTCNTRST bit. Be sure to clear the WDT2CTL.STATNMI bit in the NMI handler routine,

If a compare match occurs, the counter is automatically reset to 0 and it continues counting.

Deactivating WDT2
WDT?2 should be stopped with the procedure listed below.
1. Write 0x0096 to the SYSPROT.PROT][15:0] bits. (Remove system protection)
2. Write Oxa to the WDT2CTL.WDTRUN][3:0] bits. (Stop WDT?2)

3. Write a value other than 0x0096 to the SYSPROT.PROT[15:0] bits. (Set system protection)
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9.3.2 Operations in HALT and SLEEP Modes

During HALT mode
WDT?2 operates in HALT mode. HALT mode is therefore cleared by an NMI or reset if it continues for more than the
NMI/reset generation cycle and the CPU executes the interrupt handler. To disable WDT2 in HALT mode, stop WDT?2
by writing Oxa to the WDT2CTL.WDTRUN][3:0] bits before before setting to HALT mode. Reset WDT2 before re-
suming operations after HALT mode is cleared.

During SLEEP mode

WDT?2 operates in SLEEP mode if the selected clock source is running. SLEEP mode is cleared by an NMI or reset if
it continues for more than the NMI/reset generation cycle and the CPU executes the interrupt handler. Therefore, stop
WDT? by setting the WDT2CTL.WDTRUN]J3:0] bits before setting to SLEEP mode.
If the clock source stops in SLEEP mode, WDT?2 stops. To prevent generation of an unnecessary NMI or reset after
clearing SLEEP mode, reset WDT?2 before executing the slp instruction. WDT?2 should also be stopped as required us-
ing the WDT2CTL.WDTRUN][3:0] bits.

9.4 Control Registers

WDT2 Clock Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
WDT2CLK 15-9 |- 0x00 - R -
8 |DBRUN 0 HO R/WP
7-6 |- 0x0 - R
5-4 |CLKDIV[1:0] 0x0 HO R/WP
3-2 |- 0x0 - R
1-0 |CLKSRCI1:0] 0x0 HO R/WP
Bits 159 Reserved
Bit 8 DBRUN

This bit sets whether the WDT2 operating clock is supplied in DEBUG mode or not.
1 (R/WP): Clock supplied in DEBUG mode
0 (R/WP): No clock supplied in DEBUG mode

Bits 7-6  Reserved
Bits 5-4 CLKDIV[1:0]
These bits select the division ratio of the WDT?2 operating clock (counter clock). The clock frequency
should be set to around 256 Hz.
Bits 3-2 Reserved
Bits 1-0 CLKSRCJ[1:0]
These bits select the clock source of WDT?2.
Table 9.4.1 Clock Source and Division Ratio Settings
WDT2CLK. WDT2CLK.CLKSRC[1:0] bits
CLKDIV[1:0] bits 0x0 Oxt 0x2 0x3
’ 10SC 0SC1 0SC3 EXOSC
0x3 1/65,536 1/128 1/65,536 11
0x2 1/32,768 1/32,768
0x1 1/16,384 1/16,384
0x0 1/8,192 1/8,192
(Note) The oscillation circuits/external input that are not supported in this IC cannot be
selected as the clock source.
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WDT2 Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
WDT2CTL 15-11|- 0x00 - R -
10-9 |MODI[1:0] 0x0 HO R/WP
8 |STATNMI 0 HO R
7-5 |- 0x0 - R
4 |WDTCNTRST 0 HO WP |Always read as 0.
3-0 [WDTRUNI3:0] Oxa HO R/WP |-

Bits 15-11 Reserved
Bits 10-9 MODI[1:0]

Bit 8

Bits 7-5
Bit 4

Bits 3-0

These bits set the WDT?2 operating mode.
Table 9.4.2 Operating Mode Setting

WDT2CTL.

MOD[1:0] bits Operating mode Description

0x3 Reserved

0x2 RESET after NMI mode |If the WDT2CTL.STATNMI bit is not cleared to 0 after an NMI
has occurred due to a counter compare match, WDT2 issues
a reset when the next compare match occurs.

0x1 NMI mode WDT2 issues an NMI when a counter compare match occurs.

0x0 RESET mode WDT2 issues a reset when a counter compare match occurs.

STATNMI

This bit indicates that a counter compare match and NMI have occurred.
1 (R): NMI (counter compare match) occurred

0 (R): NMI not occurred

When the NMI generation function of WDT?2 is used, read this bit in the NMI handler routine to con-
firm that WDT?2 was the source of the NMI.
The WDT2CTL.STATNMI bit set to 1 is cleared to 0 by writing 1 to the WDT2CTL.WDTCNTRST bit.

Reserved

WDTCNTRST

This bit resets the 10-bit counter and the WDT2CTL.STATNMI bit.
1 (WP): Reset

0 (WP): Ignored

0 (R): Always 0 when being read

WDTRUN[3:0]

These bits control WDT? to run and stop.
Oxa (WP): Stop

Values other than Oxa (WP): Run

Oxa (R): Idle

0x0 (R): Running

Always 0x0 is read if a value other than Oxa is written.
Since an NMI or reset may be generated immediately after running depending on the counter value,
WDT2 should also be reset concurrently when running WDT2.
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WDT2 Counter Compare Match Register

9 WATCHDOG TIMER (WDT2)

Remarks

| Register name | Bit | Bit name | Initial | Reset | R/W
WDT2CMP 15-10|- 0x00 - R
9-0 |CMPI[9:0] 0x3ff HO R/WP

Bits 15-10 Reserved
Bits 9-0 CMP[9:0]

These bits set the NMI/reset generation cycle.
The value set in this register is compared with the 10-bit counter value while WDT?2 is running, and

an NMI or reset is generated when they are matched.
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10 REAL-TIME CLOCK (RTCA)

10 Real-Time Clock (RTCA)

10.1 Overview

RTCA is a real-time clock with a perpetual calendar function. The main features of RTCA are outlined below.

dar (day, day of the week, month, and year with leap year supported).

required.

24-hour or 12-hour mode is selectable.

Includes a 1 Hz counter to count 128 to 1 Hz.

Figure 10.1.1 shows the configuration of RTCA.

Capable of controlling the starting and stopping of the time-of-day clock.

Provides a 30-second correction function to adjust time using a time signal.

Includes a BCD stopwatch counter with 1/100-second counting supported.

Includes a BCD real-time clock counter to implement a time-of-day clock (second, minute, and hour) and calen-

Provides a hold function for reading correct counter values by suspending the real-time clock counter operation.

Provides a theoretical regulation function to correct clock error due to frequency tolerance with no external parts

i"Ciock generator {RTCA » |RTC1S
i f "
OSC1  Jfoscy 4158 N RTC | RTC | RTC | RTC | RTC | RTC | RTC | RTC Real-time
; Loscillator RTCTAMISO] | b 128HZ| 64HZ | 32HZ | 16HZ | 8HZ | 4HZ | 2HZ | 1HZ clock
RTCTRMBSY |4 4 4 4 4 4 4 4 4 counter
RTCHLD | count i i I I i I i I
RTORST L»! cqntrgl L, | 128 | 64 32 16 8 4 2 1 5| | Dayof le»| RTCWK2:0)
RTCRUN Ll circuit Hz | Hz | Hz | Hz | Hz | Hz | Hz | Hz |[{ second week
1 Hz counter si RTCYH[3:0]
ignal Year
RTCBSY |+ oar [N o i)
BCD | BCD RTCMOH
Month [+
Stopwatch 100[3:0] 10[3:0] JRTCMOL(3:0]
N RTCDH[1:0]
o D2y reoiia
control 17100] 1/10 39
ircuit [ AM/
e circuit s s RTCAPA || 1 pM. [€T* FRTCAP
E M.
e Stopwatch counter RTCHHATT0] | | e [Thour Ly RTCHHT0]
< SWIE | Ls[ swiF /RTCHLA[B0] ] . /RTCHL[3:0]
3 SWIOE  |-» [ swiolF RTCMIHA20]| | omparator e Vinuto lel_y| FTOMIH20]
3 SWI00E || |-» swioolF /RTCMILA[3:0] /RTCMIL[3:0]
£ ALARMIE |- |- ALARMIF RTCSHALZO] | | e ISecondle || FTCSHIZ0I
TIDAVIE || |-» TIDAVIF /RTCSLA[3:0] /RTCSL[3:0]
TIHURE | |-» TIHURIF
TIMNE | b TIMINF
TISECE |-» [ _TISECF
T1_2SECIE |- "e't""‘l’ |-» T1_2SECIF
T1_4SECIE |5 °O" ri |-»[ T1_asECIF
T1 8SECIE - Ul |y 77 gsECIF
T1_30SECIE | |-» T1_32SECIF
Stopwatch counter interrupt
CcPU ‘1 Hz counter interrupt
Alarm interrupt
Real-time clock counter interrupt

Figure 10.1.1 RTCA Configuration

10.2 Output Pin and External Connection

10.2.1 Output Pin

Table 10.2.1.1 shows the RTCA pin.
Table 10.2.1.1 RTCA Pin

Function
1-second signal monitor output pin

1/0*
O

Initial status*

ow

Pin name
RTC1S

* Indicates the status when the pin is configured for RTCA.

If the port is shared with the RTCA output function and other functions, the RTCA function must be assigned to the
port. For more information, refer to the “I/O Ports” chapter.
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10.3 Clock Settings

10.3.1 RTCA Operating Clock

RTCA uses CLK_RTCA, which is generated by the clock generator from OSCI1 as the clock source, as its operating
clock. RTCA is operable when OSCl is enabled.

To continue the RTCA operation during SLEEP mode with OSC1 being activated, the CLGOSC.OSCI1SLPC bit
must be set to 0.

10.3.2 Theoretical Regulation Function

The time-of-day clock loses accuracy if the OSC1 frequency fosci has a frequency tolerance from 32.768 kHz. To
correct this error without changing any external part, RTCA provides a theoretical regulation function. Follow the
procedure below to perform theoretical regulation.
1. Measure fosci and calculate the frequency tolerance correction value
“m [ppm] = -{(fosc1 - 32,768 [Hz]) / 32,768 [Hz]} x 106.”
2. Determine the theoretical regulation execution cycle time “n seconds.”
Determine the value to be written to the RTCACTLH.RTCTRM[6:0] bits from the results in Steps 1 and 2.
4. Write the value determined in Step 3 to the RTCACTLH.RTCTRM][6:0] bits periodically in n-second cycles us-
ing an RTCA alarm or second interrupt.

5. Monitor the RTC1S signal to check that every n-second cycle has no error included.

The correction value for theoretical regulation can be specified within the range from -64 to +63 and it should be
written to the RTCACTLH.RTCTRM][6:0] bits as a two’s-complement number. Use Eq. 10.1 to calculate the cor-
rection value.

m
106

RTCTRM][6:0] = x 256 x n  (However, RTCTRM[6:0] is an integer after rounding off to -64 to +63.)  (Eq. 10.1)

Where
n: Theoretical regulation execution cycle time [second] (time interval to write the correct value to the
RTCACTLH.RTCTRM][6:0] bits periodically via software)
m: OSCI1 frequency tolerance correction value [ppm]
Figure 10.3.2.1 shows the RTC1S signal waveform.

Theoretical regulation execution cycle time n [s]

32,768/fosc1 [s] \x  32,768/fosct £ AT [s]

RTC1S _ [] 1 1 1

RTCACTLH.RTCTRMBSY

A 4

Writing to the RTCACTLH.RTCTRM([6:0] bits 1 t Theoretical regulation
« AT = correction time set in the RTCACTLH.RTCTRM[6:0] bits completion interrupt

Figure 10.3.2.1 RTC1S Signal Waveform

Table 10.3.2.1 lists the frequency tolerance correction rates when the theoretical regulation execution cycle time n
is 4,096 seconds as an example.

Table 10.3.2.1 Correction Rates when Theoretical Regulation Execution Cycle Time n = 4,096 Seconds

RTCACTLH.RTCTRM[6:0]| Correction Correction rate |[RTCACTLH.RTCTRM[6:0]| Correction Correction rate

bits (two’s-complement) | value (decimal) [ppm] bits (two’s-complement) | value (decimal) [ppm]
0x00 0 0.0 0x40 -64 -61.0
0x01 1 1.0 0x41 -63 -60.1
0x02 2 1.9 0x42 -62 -59.1
0x03 3 2.9 0x43 -61 -58.2
0x3e 62 59.1 O0x7e -2 -1.9
0x3f 63 60.1 Ox7f -1 -1.0

Minimum resolution: 1 ppm, Correction rate range: -61.0 to 60.1 ppm

10-2 Seiko Epson Corporation S1C31W74 TECHNICAL MANUAL
(Rev. 1.1)



10 REAL-TIME CLOCK (RTCA)

Notes: < The theoretical regulation affects only the real-time clock counter and 1 Hz counter. It does

not affect the stopwatch counter.

« After a value is written to the RTCACTLH.RTCTRMI[6:0] bits, the theoretical regulation cor-
rection takes effect on the 1 Hz counter value at the same timing as when the 1 Hz counter
changes to 0x7f. Also an interrupt occurs depending on the counter value at this time.

10.4 Operations

10.4.1 RTCA Control

Follow the sequences shown below to set time to RTCA, to read the current time and to set alarm.

Time setting

7.

Set RTCA to 12H or 24H mode using the RTCACTLL.RTC24H bit.
Write 1 to the RTCACTLL.RTCRUN bit to enable for the real-time clock counter to start counting up.

Check to see if the RTCACTLL.RTCBSY bit = 0 that indicates the counter is ready to rewrite. If the
RTCACTLL.RTCBSY bit = 1, wait until it is set to 0.

Write the current date and time in BCD code to the control bits listed below.
RTCASEC.RTCSH[2:0]/RTCSL[3:0] bits (second)

RTCAHUR .RTCMIH[2:0]/RTCMIL[3:0] bits (minute)

RTCAHUR .RTCHH[1:0]/RTCHL][3:0] bits (hour)

RTCAHUR .RTCAP bit (AM/PM) (effective when RTCACTLL.RTC24H bit = 0)
RTCAMON.RTCDH[1:0]/RTCDL[3:0] bits (day)
RTCAMON.RTCMOH/RTCMOL[3:0] bits (month)
RTCAYAR.RTCYH[3:0]/RTCYL[3:0] bits (year)

RTCAYAR.RTCWK][2:0] bits (day of the week)

Write 1 to the RTCACTLL.RTCAD]J bit (execute 30-second correction) using a time signal to adjust the
time. (For more information on the 30-second correction, refer to “Real-Time Clock Counter Operations.”)

Write 1 to the real-time clock counter interrupt flags in the RTCAINTF register to clear them.

Write 1 to the interrupt enable bits in the RTCAINTE register to enable real-time clock counter interrupts.

Time read

1
2.
3.
4

Check to see if the RTCACTLL.RTCBSY bit = 0. If the RTCACTLL.RTCBSY bit = 1, wait until it is set to 0.
Write 1 to the RTCACTLL.RTCHLD bit to suspend count-up operation of the real-time clock counter.
Read the date and time from the control bits listed in “Time setting, Step 4” above.

Write O to the RTCACTLL.RTCHLD bit to resume count-up operation of the real-time clock counter. If a
second count-up timing has occurred in the count hold state, the hardware corrects the second counter for
+1 second (for more information on the +1 second correction, refer to “Real-Time Clock Counter Opera-
tions”).

Alarm setting

1.
2.

Write O to the RTCAINTE.ALARMIE bit to disable alarm interrupts.

Write the alarm time in BCD code to the control bits listed below (a time within 24 hours from the current
time can be specified).

RTCAALMI1.RTCSHA[2:0]/RTCSLA[3:0] bits (second)

RTCAALM2.RTCMIHA[2:0]/RTCMILA[3:0] bits (minute)

RTCAALM2.RTCHHA[1:0]/RTCHLA[3:0] bits (hour)

RTCAALM2 RTCAPA bit (AM/PM) (effective when RTCACTLL.RTC24H bit = 0)

Write 1 to the RTCAINTF.ALARMIF bit to clear the alarm interrupt flag.

Write 1 to the RTCAINTE.ALARMIE bit to enable alarm interrupts.
When the real-time clock counter reaches the alarm time set in Step 2, an alarm interrupt occurs.
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10.4.2 Real-Time Clock Counter Operations

The real-time clock counter consists of second, minute, hour, AM/PM, day, month, year, and day of the week coun-
ters and it performs counting up using the RTC1S signal. It has the following functions as well.

Recognizing leap years

The leap year recognizing algorithm used in RTCA is effective only for Christian Era years. Years within O to
99 that can be divided by four without a remainder are recognized as leap years. If the year counter = 0x00,
RTCA assumes it as a common year. If a leap year is recognized, the count range of the day counter changes
when the month counter is set to February.

Corrective operation when a value out of the effective range is set

When a value out of the effective range is set to the year, day of the week, or hour (in 24H mode) counter, the
counter will be cleared to O at the next count-up timing. When a such value is set to the month, day, or hour (in
12H mode) counter, the counter will be set to 1 at the next count-up timing.

Note: Do not set the RTCAMON.RTCMOL[3:0] bits to 0x0 if the RTCAMON.RTCMOH bit = 0.

30-second correction

This function is provided to set the time-of-day clock by the time signal. Writing 1 to the RTCACTLL.RTC-
ADJ bit clears the second counter and adds 1 to the minute counter if the second counter represents 30 to 59
seconds, or clears the second counter with the minute counter left unchanged if the second counter represents 0
to 29 seconds.

+1 second correction

If a second count-up timing occurred while the RTCACTLL.RTCHLD bit = 1 (count hold state), the real-time
clock counter counts up by +1 second (performs +1 second correction) after the counting has resumed by writ-
ing 0 to the RTCACTLL.RTCHLD bit.

Note: If two or more second count-up timings occurred while the RTCACTLL.RTCHLD bit = 1, the
counter is always corrected for +1 second only.

10.4.3 Stopwatch Control

Follow the sequences shown below to start counting of the stopwatch and to read the counter.

Count start
1. Write 1 to the RTCASWCTL.SWRST bit to reset the stopwatch counter.
2. Write 1 to the stopwatch interrupt flags in the RTCAINTF register to clear them.
3. Write 1 to the interrupt enable bits in the RTCAINTE register to enable stopwatch interrupts.
4. Write 1 to the RTCASWCTL.SWRUN bit to start stopwatch count up operation.

Counter read

1. Read the count value from the RTCASWCTL.BCD10[3:0] and BCD100[3:0] bits.

2. Read again.
i. If the two read values are the same, assume that the count values are read correctly.
ii. If different values are read, perform reading once more and compare the read value with the previous one.

10.4.4 Stopwatch Count-up Pattern

The stopwatch consists of 1/100-second and 1/10-second counters and these counters perform counting up in incre-
ments of approximate 1/100 and 1/10 seconds with the count-up patterns shown in Figure 10.4.4.1.
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26/256 seconds

1/100-second {0 YT Y2 Y3 (4 Y5 ) 6 )7\ 8 (8 0 ) T ) 2 Y3 4 (5 6 )7 EYS)
counter 3/256 |2/256] 3/256 |2/256] 3/256 |2/256] 3/256 |2/256] 3/256 |2/256] 3/256 | 3/256 | 3/256 |2/256| 3/256 |2/256| 3/256 |2/256| 3/256 |2/256
~ S 3 S 3 S 3 S 3 S 3 S 3 S 3 S 3 S 3 S J S 3 S 3 S 3 S 3 S 3 S 3 S 3 S 3 S 3,,<S,
1/10-second 0 ¥ T X 2 ¥ 83 Y 4 X 5 ¥ 6 Y 7 X 8 Y 9
counter 26/256s | 26/256s | 25/2565 | 25/256s | 26/256s | 26/2565 | 25/256s | 252565 | 26/2565 | 26/256

26/256 x 6 + 25/256 x 4 = 1 second

Figure 10.4.4.1 Stopwatch Count-Up Patterns

10.5 Interrupts

RTCA has a function to generate the interrupts shown in Table 10.5.1.

Table 10.5.1 RTCA Interrupt Function

Interrupt Interrupt flag Set condition Clear condition

Alarm RTCAINTE.ALARMIF Matching between the RTCAALM1-2 register Writing 1
contents and the real-time clock counter contents
1-day RTCAINTET1DAYIF Day counter count up Writing 1
1-hour RTCAINTET1HURIF Hour counter count up Writing 1
1-minute RTCAINTET1MINIF Minute counter count up Writing 1
1-second RTCAINTE.T1SECIF Second counter count up Writing 1
1/2-second RTCAINTFE.T1_2SECIF |See Figure 10.5.1. Writing 1
1/4-second RTCAINTFE.T1_4SECIF |See Figure 10.5.1. Writing 1
1/8-second RTCAINTFE.T1_8SECIF |[See Figure 10.5.1. Writing 1
1/32-second RTCAINTFE.T1_32SECIF |See Figure 10.5.1. Writing 1
Stopwatch 1 Hz RTCAINTESWA1IF 1/10-second counter overflow Writing 1
Stopwatch 10 Hz RTCAINTF.SW10IF 1/10-second counter count up Writing 1
Stopwatch 100 Hz RTCAINTE.SW100IF 1/100-second counter count up Writing 1
Theoretical regulation [RTCAINTERTCTRMIF |At the end of theoretical regulation operation Writing 1
completion

1 Hz counter
256 Hz

128 Hz
64 Hz
32 Hz
16 Hz

8 Hz

4 Hz
2Hz

1Hz

Interrupt flags
1/32-second interrupt

1/8-second interrupt
1/4-second interrupt
1/2-second interrupt
1-second interrupt
1-minute interrupt
1-hour interrupt

1-day interrupt

R N Ry

; t
%

t ' t t
; t
*

At counter count-up timing

Figure 10.5.1 RTCA Interrupt Timings

*

Notes: < 1-second to 1/32-second interrupts occur after a lapse of 1/256 second from change of the
1 Hz counter value.

+ An alarm interrupt occurs after a lapse of 1/256 second from matching between the AM/PM (in
12H mode), hour, minute, and second counter value and the alarm setting value.
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RTCA provides interrupt enable bits corresponding to each interrupt flag. An interrupt request is sent to the CPU
only when the interrupt flag, of which interrupt has been enabled by the interrupt enable bit, is set. For more infor-
mation on interrupt control, refer to the “Interrupt” chapter.

10.6 Control Registers

RTCA Control Register (Low Byte)

| Register name | Bit | Bit name Initial | Reset | R/W | Remarks
RTCACTLL 7 |- 0 - R -
6 |RTCBSY 0 HO R
5 |RTCHLD 0 HO R/W  [Cleared by setting the
RTCACTLL.RTCRST bit to 1.
4 |RTC24H 0 HO R/W |-
3 |- 0 - R
2 |RTCADJ 0 HO R/W |Cleared by setting the
RTCACTLL.RTCRST bit to 1.
1 |RTCRST 0 HO R/W |-
0 [RTCRUN 0 HO R/W
Bit7 Reserved
Bit 6 RTCBSY
This bit indicates whether the counter is performing count-up operation or not.
1 (R): In count-up operation
0 (R): Idle (ready to rewrite real-time clock counter)
This bit goes 1 when performing 1-second count-up, +1 second correction, or 30-second correction. It
retains 1 for 1/256 second and then reverts to 0.
Bit 5 RTCHLD
This bit halts the count-up operation of the real-time clock counter.
1 (R/W): Halt real-time clock counter count-up operation
0 (R/W): Normal operation
Writing 1 to this bit halts the count-up operation of the real-time clock counter, this makes it possible
to read the counter value correctly without changing the counter. Write O to this bit to resume count-
up operation immediately after the counter has been read. Depending on these operation timings, the
+1 second correction may be executed after the count-up operation resumes. For more information on
the +1 second correction, refer to “Real-Time Clock Counter Operations.”
Note: When the RTCACTLH.RTCTRMBSY bit = 1, the RTCACTLL.RTCHLD bit cannot be rewritten
to 1 (as fixed at 0).
Bit 4 RTC24H
This bit sets the hour counter to 24H mode or 12H mode.
1 (R/W): 24H mode
0 (R/W): 12H mode
This selection changes the count range of the hour counter. Note, however, that the counter value is
not updated automatically, therefore, it must be programmed again.
Note: Be sure to avoid writing to this bit when the RTCACTLL.RTCRUN bit = 1.
Bit 3 Reserved
Bit 2 RTCADJ
This bit executes the 30-second correction time adjustment function.
1 (W): Execute 30-second correction
0 (W): Ineffective
1 (R): 30-second correction is executing.
0 (R): 30-second correction has finished. (Normal operation)
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Bit 1

Bit0
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Writing 1 to this bit executes 30-second correction and an enabled interrupt occurs even if the RT-
CACTLL.RTCRUN bit = 0. The correction takes up to 2/256 seconds. The RTCACTLL.RTCAD] bit
is automatically cleared to O when the correction has finished. For more information on the 30-second
correction, refer to “Real-Time Clock Counter Operations.”

+ Be sure to avoid writing to this bit when the RTCACTLL.RTCBSY bit = 1.
+ Do not write 1 to this bit again while the RTCACTLL.RTCADJ bit = 1.

RTCRST

This bit resets the 1 Hz counter, the RTCACTLL.RTCADJ bit, and the RTCACTLL.RTCHLD bit.
1 (W): Reset

0 (W): Ineffective

1 (R): Reset is being executed.

0 (R): Reset has finished. (Normal operation)

This bit is automatically cleared to O after reset has finished.

RTCRUN

This bit starts/stops the real-time clock counter.
1 (R/W): Running/start control

0 (R/W): Idle/stop control

When the real-time clock counter stops counting by writing O to this bit, the counter retains the value
when it stopped. Writing 1 to this bit again resumes counting from the value retained.

RTCA Control Register (High Byte)

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
RTCACTLH 7 |RTCTRMBSY 0 HO R -
6-0 |[RTCTRMI6:0] 0x00 HO W Read as 0x00.
Bit 7 RTCTRMBSY
This bit indicates whether the theoretical regulation is currently executed or not.
1 (R): Theoretical regulation is executing.
0 (R): Theoretical regulation has finished (or not executed).

Bits 60

Notes:

This bit goes 1 when a value is written to the RTCACTLH.RTCTRM][6:0] bits. The theoretical regula-
tion takes up to 1 second for execution. This bit reverts to 0 automatically after the theoretical regula-
tion has finished execution.

RTCTRM[6:0]

Write the correction value for adjusting the 1 Hz frequency to these bits to execute theoretical regula-

tion. For a calculation method of correction value, refer to “Theoretical Regulation Function.”

« When the RTCACTLH.RTCTRMBSY bit = 1, the RTCACTLH.RTCTRM][6:0] bits cannot be
rewritten.

+ Writing 0x00 to the RTCACTLH.RTCTRM][6:0] bits sets the RTCACTLH.RTCTRMBSY bit to
1 as well. However, no correcting operation is performed.

RTCA Second Alarm Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
RTCAALM1 15 |- 0 - R -
14-12|RTCSHA[2:0] 0x0 HO R/W
11-8 |RTCSLA[3:0] 0x0 HO R/W
7-0 |- 0x00 - R
Bit 15 Reserved
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Bits 14-12 RTCSHA[2:0]

Bits 11-8 RTCSLA[3:0]
The RTCAALM1.RTCSHA[2:0] bits and the RTCAALM1.RTCSLA[3:0] bits set the 10-second digit
and 1-second digit of the alarm time, respectively. A value within O to 59 seconds can be set in BCD
code as shown in Table 10.6.1.

Table 10.6.1 Setting Examples in BCD Code

Setting value in BCD code Alarm (second) settin
RTCAALM1.RTCSHAJ[2:0] bits RTCAALM1.RTCSLA[3:0] bits ng
0x0 0x0 00 seconds
0x0 Ox1 01 second
0x0 0x9 09 seconds
0x1 0x0 10 seconds
0x5 0x9 59 seconds

Bits 7-0 Reserved

RTCA Hour/Minute Alarm Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
RTCAALM2 15 |- 0 - R -
14 |RTCAPA 0 HO R/W
13-12|RTCHHA[1:0] 0x0 HO R/W
11-8 |RTCHLA[3:0] 0x0 HO R/W
7 |- 0 - R
6-4 |RTCMIHA[2:0] 0x0 HO R/W
3-0 [RTCMILA[3:0] 0x0 HO R/W

Bit 15 Reserved

Bit 14 RTCAPA
This bit sets A.M. or P.M. of the alarm time in 12H mode (RTCACTLL.RTC24H bit = 0).
1 (R/W): PM.
0 (R/W): AM.

This setting is ineffective in 24H mode (RTCACTLL.RTC24H bit = 1).

Bits 13-12 RTCHHA[1:0]

Bits 11-8 RTCHLA[3:0]
The RTCAALM2 RTCHHA[1:0] bits and the RTCAALM?2 RTCHLA[3:0] bits set the 10-hour digit
and 1-hour digit of the alarm time, respectively. A value within 1 to 12 o’clock in 12H mode or O to
23 in 24H mode can be set in BCD code.

Bit 7 Reserved

Bits 6-4 RTCMIHA[2:0]

Bits 3-0 RTCMILA[3:0]
The RTCAALM2.RTCMIHA[2:0] bits and the RTCAALM2.RTCMILA[3:0] bits set the 10-minute
digit and 1-minute digit of the alarm time, respectively. A value within 0 to 59 minutes can be set in
BCD code.

RTCA Stopwatch Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
RTCASWCTL 15-12|BCD10[3:0] 0x0 HO R -
11-8 |BCD100[3:0] 0x0 HO R
7-5 |- 0x0 - R
4 |SWRST 0 HO W Read as 0.
3-1 |- 0x0 - R -
0 |SWRUN 0 HO R/W
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Bits 15-12 BCD10[3:0]

Bits 11-8

Note:

Bits 7-5
Bit 4

Bits 3—1
Bit 0

Note:

BCD100[3:0]
The 1/10-second and 1/100-second digits of the stopwatch counter can be read as a BCD code from
the RTCASWCTL.BCD10[3:0] bits and the RTCASWCTL.BCD100[3:0] bits, respectively.

The counter value may not be read correctly while the stopwatch counter is running. The
RTCASWCTL.BCD10[3:0]/BCD100[3:0] bits must be read twice and assume the counter
value was read successfully if the two read results are the same.

Reserved

SWRST

This bit resets the stopwatch counter to 0x00.
1 (W): Reset

0 (W): Ineffective

0 (R): Always 0 when being read

When the stopwatch counter in running status is reset, it continues counting from count 0x00. The
stopwatch counter retains 0x00 if it is reset in idle status.

Reserved

SWRUN

This bit starts/stops the stopwatch counter.
1 (R/W): Running/start control

0 (R/W): Idle/stop control

When the stopwatch counter stops counting by writing O to this bit, the counter retains the value when
it stopped. Writing 1 to this bit again resumes counting from the value retained.

The stopwatch counter stops in sync with the stopwatch clock after 0 is written to the
RTCASWCTL.SWRUN bit. Therefore, the counter value may be incremented (+1) from the
value at writing 0.

RTCA Second/1Hz Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
RTCASEC 15 |- 0 - R -
14-12|RTCSH[2:0] 0x0 HO R/W
11-8 |RTCSL[3:0] 0x0 HO R/W
7 |RTC1HZ 0 HO R Cleared by setting the
6 |RTC2HZ 0 HO R RTCACTLL.RTCRST bit to 1.
5 |RTC4HZ 0 HO R
4 |RTC8HZ 0 HO R
3 |RTC16HZ 0 HO R
2 |RTC32HZ 0 HO R
1 RTC64HZ 0 HO R
0 |RTC128HZ 0 HO R

Bit 15

Reserved

Bits 14-12 RTCSH[2:0]

Bits 11-8

Note:

RTCSL[3:0]

The RTCASEC.RTCSH]2:0] bits and the RTCASEC.RTCSL[3:0] bits are used to set and read the
10-second digit and the 1-second digit of the second counter, respectively. The setting/read values are
a BCD code within the range from O to 59.

Be sure to avoid writing to the RTCASEC.RTCSH[2:0[/RTCSL[3:0] bits while the RTCACTLL.
RTCBSY bit = 1.
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Bit 7
Bit 6
Bit 5
Bit 4
Bit 3
Bit 2
Bit 1
Bit0

Note:

RTC1HZ

RTC2HZ

RTC4HZ

RTC8HZ

RTC16HZ

RTC32HZ

RTC64HZ

RTC128HZ

1 Hz counter data can be read from these bits.
The following shows the correspondence between the bit and frequency:
RTCASEC.RTC1HZ bit: 1 Hz
RTCASEC.RTC2HZ bit: 2Hz
RTCASEC.RTC4HZ bit: 4 Hz
RTCASEC.RTCS8HZ bit: 8 Hz
RTCASEC.RTCI16HZ bit: 16 Hz
RTCASEC.RTC32HZ bit: 32 Hz
RTCASEC.RTC64HZ bit: 64 Hz
RTCASEC.RTC128HZ bit: 128 Hz

The counter value may not be read correctly while the 1 Hz counter is running. These bits
must be read twice and assume the counter value was read successfully if the two read
results are the same.

RTCA Hour/Minute Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
RTCAHUR 15 |- 0 - R -
14 |RTCAP 0 HO R/W
13-12|RTCHH[1:0] Ox1 HO R/W
11-8 |RTCHL][3:0] 0x2 HO R/W
7 |- 0 - R
6-4 |[RTCMIH[2:0] 0x0 HO R/W
3-0 |RTCMIL[3:0] 0x0 HO R/W
Bit 15 Reserved
Bit 14 RTCAP
This bit is used to set and read A.M. or P.M. data in 12H mode (RTCACTLL RTC24H bit = 0).
1 (R/W): PM.
0 (R/W): AM.

In 24H mode (RTCACTLL.RTC24H bit = 1), this bit is fixed at O and writing 1 is ignored. However,
if the RTCAHUR .RTCAP bit = 1 when changed to 24H mode, it goes O at the next count-up timing of
the hour counter.

Bits 13-12 RTCHH[1:0]

Bits 11-8

Note:

Bit 7

RTCHL[3:0]

The RTCAHUR .RTCHH] 1:0] bits and the RTCAHUR .RTCHL|[3:0] bits are used to set and read the
10-hour digit and the 1-hour digit of the hour counter, respectively. The setting/read values are a BCD
code within the range from 1 to 12 in 12H mode or 0 to 23 in 24H mode.

Be sure to avoid writing to the RTCAHUR.RTCHH[1:0)/RTCHL[3:0] bits while the RTCACTLL.
RTCBSY bit = 1.

Reserved
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Bits 3-0

Note:
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RTCMIH[2:0]

RTCMIL[3:0]

The RTCAHUR.RTCMIH[2:0] bits and the RTCAHUR .RTCMIL[3:0] bits are used to set and read
the 10-minute digit and the 1-minute digit of the minute counter, respectively. The setting/read values
are a BCD code within the range from 0 to 59.

Be sure to avoid writing to the RTCAHUR.RTCMIH[2:0]/RTCMIL[3:0] bits while the
RTCACTLL.RTCBSY bit = 1.

RTCA Month/Day Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
RTCAMON 15-13|- 0x0 - R -
12 |[RTCMOH 0 HO R/W

11-8 |RTCMOL[3:0] 0x1 HO R/W

7-6 |- 0x0 - R

5-4 |RTCDH[1:0] 0x0 HO R/W

3-0 |RTCDLJ[3:0] 0x1 HO R/W
Bits 15-13 Reserved
Bit 12 RTCMOH
Bits 11-8 RTCMOL[3:0]

Notes:

Bits 7-6

Bits 5-4
Bits 3-0

Note:

The RTCAMON.RTCMOH bit and the RTCAMON RTCMOL|[3:0] bits are used to set and read the
10-month digit and the 1-month digit of the month counter, respectively. The setting/read values are a
BCD code within the range from 1 to 12.

+ Be sure to avoid writing to the RTCAMON.RTCMOH/RTCMOL[3:0] bits while the
RTCACTLL.RTCBSY bit = 1.

+ Be sure to avoid setting the RTCAMON.RTCMOH/RTCMOL[3:0] bits to 0x00.
Reserved

RTCDHI[1:0]

RTCDL[3:0]

The RTCAMON RTCDH]| 1:0] bits and the RTCAMON.RTCDL|[3:0] bits are used to set and read the
10-day digit and the 1-day digit of the day counter, respectively. The setting/read values are a BCD
code within the range from 1 to 31 (to 28 for February in a common year, to 29 for February in a leap
year, or to 30 for April/June/September/November).

Be sure to avoid writing to the RTCAMON.RTCDHJ[1:0]/RTCDL[3:0] bits while the
RTCACTLL.RTCBSY bit = 1.

RTCA Year/Week Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
RTCAYAR 15-11|- 0x00 - R -
10-8 |RTCWK]|2:0] 0x0 HO R/W
7-4 |RTCYH[3:0] 0x0 HO R/W
3-0 [RTCYL[3:0] 0x0 HO R/W
Bits 15—11 Reserved
Bits 10-8 RTCWK][2:0]

These bits are used to set and read day of the week.
The day of the week counter is a base-7 counter and the setting/read values are 0x0 to 0x6. Table 10.6.2
lists the correspondence between the count value and day of the week.
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10 REAL-TIME CLOCK (RTCA)

Table 10.6.2 Correspondence between the count value and day of the week

RTCAYAR.RTCWK][2:0] bits Day of the week
0x6 Saturday
0x5 Friday
0x4 Thursday
0x3 Wednesday
0x2 Tuesday
0x1 Monday
0x0 Sunday

Note: Be sure to avoid writing to the RTCAYAR.RTCWAK][2:0] bits while the RTCACTLL.RTCBSY bit

Bits 7-4
Bits 3—-0

Note:

=1.

RTCYH[3:0]

RTCYL[3:0]

The RTCAYAR RTCYH]3:0] bits and the RTCAYAR.RTCYL|[3:0] bits are used to set and read the
10-year digit and the 1-year digit of the year counter, respectively. The setting/read values are a BCD
code within the range from O to 99.

Be sure to avoid writing to the RTCAYAR.RTCYH[3:0)/RTCYL[3:0] bits while the RTCACTLL.

RTCBSY bit

=1.

RTCA Interrupt Flag Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
RTCAINTF 15 |RTCTRMIF 0 HO R/W |Cleared by writing 1.
14 [SWIIF 0 HO R/W
13 [SW10IF 0 HO R/W
12 |SW100IF 0 HO R/W
11-9 |- 0x0 - R -
8 |ALARMIF 0 HO R/W  |Cleared by writing 1.
7 |T1DAYIF 0 HO R/W
6 |T1HURIF 0 HO R/W
5 |T1MINIF 0 HO R/W
4 |T1SECIF 0 HO R/W
3 |T1_2SECIF 0 HO R/W
2 |T1_4SECIF 0 HO R/W
1 |T1_8SECIF 0 HO R/W
0 |T1_32SECIF 0 HO R/W
Bit 15 RTCTRMIF
Bit 14 SW1IF
Bit 13 SW10IF
Bit 12 SW100IF
These bits indicate the real-time clock interrupt cause occurrence status.
1 (R): Cause of interrupt occurred
0 (R): No cause of interrupt occurred

1 (W): Clear flag
0 (W): Ineffective

The following shows the correspondence between the bit and interrupt:
RTCAINTFE.RTCTRMIF bit: Theoretical regulation completion interrupt

RTCAINTE.SW1IF bit: Stopwatch 1 Hz interrupt
RTCAINTE.SW10IF bit: Stopwatch 10 Hz interrupt
RTCAINTE.SW100IF bit: ~ Stopwatch 100 Hz interrupt
Bits 11-9 Reserved
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Bit 8 ALARMIF

Bit 7 T1DAYIF

Bit 6 T1HURIF

Bit 5 T1MINIF

Bit 4 T1SECIF

Bit 3 T1_2SECIF

Bit 2 T1_4SECIF

Bit 1 T1_8SECIF

Bit 0 T1_32SECIF
These bits indicate the real-time clock interrupt cause occurrence status.
1 (R): Cause of interrupt occurred
0 (R): No cause of interrupt occurred
1 (W): Clear flag
0 (W): Ineffective

The following shows the correspondence between the bit and interrupt:

RTCAINTF. ALARMIF bit:

Alarm interrupt

RTCAINTE.T1DAYIF bit:  1-day interrupt
RTCAINTE.TIHURIF bit:  1-hour interrupt
RTCAINTE.TIMINIF bit:  1-minute interrupt
RTCAINTE.T1SECIF bit: 1-second interrupt

RTCAINTE.T1_2SECIF bit:
RTCAINTFE.T1_4SECIF bit:
RTCAINTE.T1_8SECIF bit:

1/2-second interrupt
1/4-second interrupt
1/8-second interrupt

RTCAINTE.T1_32SECIF bit: 1/32-second interrupt

RTCA Interrupt Enable Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
RTCAINTE 15 |RTCTRMIE 0 HO R/W |-
14 |SWI1IE 0 HO R/W
13 |SW10IE 0 HO R/W
12 |[SW100IE 0 HO R/W
11-9 |- 0x0 - R
8 |ALARMIE 0 HO R/W
7 |T1DAYIE 0 HO R/W
6 |T1HURIE 0 HO R/W
5 |T1MINIE 0 HO R/W
4 |T1SECIE 0 HO R/W
3 |T1_2SECIE 0 HO R/W
2 |T1_4SECIE 0 HO R/W
1 T1_8SECIE 0 HO R/W
0 |(T1_32SECIE 0 HO R/W
Bit 15 RTCTRMIE
Bit 14 SWH1IE
Bit 13 SW10IE
Bit 12 SW100IE

These bits enable real-time clock interrupts.
1 (R/W): Enable interrupts
0 (R/W): Disable interrupts

The following shows the correspondence between the bit and interrupt:
RTCAINTE.RTCTRMIE bit: Theoretical regulation completion interrupt
RTCAINTE.SWI1IE bit:
RTCAINTE.SW1O0IE bit:

Stopwatch 1 Hz interrupt
Stopwatch 10 Hz interrupt

RTCAINTE.SW100IE bit:

Stopwatch 100 Hz interrupt

S1C31W74 TECHNICAL MANUAL
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Bits 11-9 Reserved

Bit 8 ALARMIE
Bit7 T1DAYIE

Bit 6 T1HURIE
Bit5 T1MINIE

Bit 4 T1SECIE

Bit 3 T1_2SECIE
Bit 2 T1_4SECIE
Bit 1 T1_8SECIE
Bit 0 T1_32SECIE

These bits enable real-time clock interrupts.
1 (R/W): Enable interrupts
0 (R/W): Disable interrupts

The following shows the correspondence between the bit and interrupt:
RTCAINTE.ALARMIE bit:  Alarm interrupt

RTCAINTE.T1DAYIE bit:  1-day interrupt

RTCAINTE. TIHURIE bit:  1-hour interrupt

RTCAINTE.TIMINIE bit: 1-minute interrupt
RTCAINTE.T1SECIE bit: 1-second interrupt
RTCAINTE.T1_2SECIE bit: 1/2-second interrupt
RTCAINTE.T1_4SECIE bit: 1/4-second interrupt
RTCAINTE.T1_8SECIE bit: 1/8-second interrupt
RTCAINTE.T1_32SECIE bit: 1/32-second interrupt

10-14 Seiko Epson Corporation S1C31W74 TECHNICAL MANUAL
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11 SUPPLY VOLTAGE DETECTOR (SVD2)

11 Supply Voltage Detector (SYD2)

11.1 Overview

SVD?2 is a supply voltage detector to monitor the power supply voltage on the VDb pin or the voltage applied to an
external pin. The main features are listed below.

* Power supply voltage to be detected:
* Detectable voltage level:
¢ Detection mode:

¢ Detection results:

e Interrupt:

* Supports intermittent operations:

Selectable from Vpp and an external power supply (EXSVDn)

Selectable from among 32 levels (1.7 to 4.3 V)

Selectable from power supply voltage drop detection mode and power sup-

ply voltage rise detection mode

- In power supply voltage drop detection mode, whether the power supply
voltage is lower than the detection voltage level or not can be read, and an
interrupt or a reset can be generated when drop of power supply voltage is
detected.

- In power supply voltage rise detection mode, whether the power supply volt-
age is equal to or higher than the detection voltage level or not can be read,
and an interrupt can be generated when a rise of the power supply voltage is
detected.

2 systems (Power supply voltage drop detection and power supply voltage
rise detection interrupts)

- Three detection cycles are selectable.

- Power supply voltage drop detection mode provides the power supply volt-
age drop detection count function to generate an interrupt/reset when drop of
power supply voltage is successively detected the number of times specified.

- Power supply voltage rise detection mode provides the power supply voltage
rise detection count function to generate an interrupt when rise of the power
supply voltage is successively detected the number of times specified.

- Continuous operation is also possible.

Figure 11.1.1 shows the configuration of SVD2.
Table 11.1.1 SVD2 Channel Configuration of S1C31W74

ltem

S1C31W74

Number of channels

2 channels (Ch.0 and Ch.1)

Reset generation function

Available (Ch.0 only)

SVD2 Ch.n

MODEN

CLK_SVD2_n, | sampling timing

CLKSRC[1:0] generator

%Clock generator

CLKDIV[2:0]

DBRUN

EXSVDn[ |

Voltage

Internal data bus

comparator » SVDDT

circuit

SVDSCH0] Detection SVDIF
result counter

SVDIE

Interrupt/reset

To system reset circuit <«
To CPU <

control circuit

Figure 11.1.1 SVD2 Configuration
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11.2 Input Pin and External Connection

11.2.1 Input Pin

Table 11.2.1.1 shows the SVD2 input pin.

Table 11.2.1.1 SVD2 Input Pin
Pin name 1/0* Initial status* Function
EXSVDn A A (Hi-2) SVD2 Ch.n external voltage detection input pin

# Indicates the status when the pin is configured for SVD2.

If the port is shared with the EXSVDn pin and other functions, the EXSVDn function must be assigned to the port
before SVD2 Ch.n can be activated. For more information, refer to the “I/O Ports” chapter.

11.2.2 External Connection

SVD
analog block
External power EXSVDnﬁ
supply, ete. T RExsvD
Vss

Figure 11.2.2.1 Connection between EXSVDn Pin and External Power Supply

RExT resistance value must be determined so that it will be sufficiently smaller than the EXSVDn input impedance
RExsvp. For the EXSVDn pin input voltage range and the EXSVDr input impedance, refer to “Supply Voltage De-
tector Characteristics” in the “Electrical Characteristics” chapter.

11.3 Clock Settings

11.3.1 SVD2 Operating Clock
When using SVD2 Ch.n, the SVD2 Ch.n operating clock CLK_SVD2_n must be supplied to SVD2 Ch.n from the

clock generator.

The CLK_SVD2_n supply should be controlled as in the procedure shown below.

1. Write 0x0096 to the SYSPROT.PROT][15:0] bits. (Remove system protection)

2. Enable the clock source in the clock generator if it is stopped (refer to “Clock Generator” in the “Power Supply,
Reset, and Clocks” chapter).

3. Set the following SVD2_nCLK register bits:
- SVD2_nCLK.CLKSRC[1:0] bits (Clock source selection)
- SVD2_nCLK.CLKDIV[2:0] bits (Clock division ratio selection = Clock frequency setting)

4. Write a value other than 0x0096 to the SYSPROT.PROT[15:0] bits. (Set system protection)
The CLK_SVD2_n frequency should be set to around 32 kHz.

11.3.2 Clock Supply in SLEEP Mode

When using SVD2 Ch.n during SLEEP mode, the SVD2 Ch.n operating clock CLK_SVD2_n must be configured
so that it will keep supplying by writing 0 to the CLGOSC xxxxSLPC bit for the CLK_SVD2_n clock source.

If the CLGOSC xxxxSLPC bit for the CLK_SVD2_n clock source is 1, the CLK_SVD2_n clock source is deac-
tivated during SLEEP mode and SVD2 Ch.n stops with the register settings maintained at those before entering
SLEEP mode. After the CPU returns to normal mode, CLK_SVD2_n is supplied and the SVD2 Ch.n operation re-
sumes.

11-2 Seiko Epson Corporation S1C31W74 TECHNICAL MANUAL
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11.3.3 Clock Supply During Debugging

The CLK_SVD2_n supply during debugging should be controlled using the SVD2_nCLK.DBRUN bit.

The CLK_SVD2_n supply to SVD2 Ch.n is suspended when the CPU enters debug state if the SVD2_nCLK.DB-
RUN bit = 0. After the CPU returns to normal operation, the CLK_SVD2_n supply resumes. Although SVD2 Ch.n
stops operating when the CLK_SVD2_n supply is suspended, the registers retain the status before the debug state
was entered. If the SVD2_nCLK.DBRUN bit = 1, the CLK_SVD2_n supply is not suspended and SVD2 Ch.n will
keep operating in a debug state.

11.4 Operations

11.4.1 SVD2 Control

Starting detection
SVD2 Ch.n should be initialized and activated with the procedure listed below.
1. Write 0x0096 to the SYSPROT.PROT[15:0] bits. (Remove system protection)
2. Configure the operating clock using the SVD2_nCLK.CLKSRC[1:0] and SVD2_nCLK.CLKDIV[2:0] bits.
3. Set the following SVD2_nCTL register bits:
- SVD2_nCTL.VDSEL bit
- SVD2_nCTL.SVDF bit
- SVD2_nCTL.SVDSC[1:0] bits
- SVD2_nCTL.SVDCJ[4:0] bits
- SVD2_nCTL.SVDRE[3:0] bits
- SVD2_nCTL.SVDMDI1:0] bits

4. Set the following bits when using the interrupt:

(Select detection voltage (Vpp or EXSVDn))

(Select detection mode (voltage drop or rise))

(Set power supply voltage drop/rise detection counter)
(Set SVD detection voltage Vsvb)

(Select reset/interrupt mode)

(Set intermittent operation mode)

- Write 1 to the SVD2_nINTE.SVDIF bit. (Clear SVD2 Ch.n interrupt flag)
- Set the SVD2_nINTE.SVDIE bit to 1. (Enable SVD2 Ch.n interrupt)
5. Set the SVD2_nCTL.MODEN bit to 1. (Enable SVD2 Ch.n detection)

6. Write a value other than 0x0096 to the SYSPROT.PROT[15:0] bits.  (Set system protection)

Terminating detection

Follow the procedure shown below to stop SVD2 Ch.n operation.

1. Write 0x0096 to the SYSPROT.PROT[15:0] bits. (Remove system protection)

2. Write 0 to the SVD2_nCTL.MODEN bit. (Disable SVD2 Ch.n detection)

3. Write a value other than 0x0096 to the SYSPROT.PROT][15:0] bits.  (Set system protection)

Reading detection results
The following four detection results can be obtained by reading the SVD2_nINTE.SVDDT bit:

Table 11.4.1.1 Detection Results

SVD2_nCTL.SVDF bit |SVD2_nINTE.SVDDT bit Detection results
0 0 Power supply voltage (Vob or EXSVDn) = SVD detection voltage Vsvb
0 1 Power supply voltage (Vob or EXSVDn) < SVD detection voltage Vsvp
1 0 Power supply voltage (Vob or EXSVDn) < SVD detection voltage Vsvp
1 1 Power supply voltage (Vob or EXSVDn) = SVD detection voltage Vsvb

Before reading the SVD2_nINTE.SVDDT bit, wait for at least SVD circuit enable response time after 1 is writ-
ten to the SVD2_nCTL.MODEN bit (refer to “Supply Voltage Detector Characteristics, SVD circuit enable
response time tsvDEN” in the “Electrical Characteristics” chapter).

After the SVD2_nCTL.SVDC[4:0] bits setting value is altered to change the SVD detection voltage Vsvb when
the SVD2_nCTL.MODEN bit = 1, wait for at least SVD circuit response time before reading the SVD2_nINTF.
SVDDT bit (refer to “Supply Voltage Detector Characteristics, SVD circuit response time tsvd” in the “Electrical
Characteristics” chapter).
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4.2 SVD2 Operations

ntinuous operation mode

SVD2 Ch.n operates in continuous operation mode by default (SVD2_nCTL.SVDMD[1:0] bits = 0x0). In this
mode, SVD2 Ch.n operates continuously while the SVD2_nCTL.MODEN bit is set to 1 and it keeps loading
the detection results to the SVD2_nINTE.SVDDT bit. During this period, the current detection results can be
obtained by reading the SVD2_nINTFE.SVDDT bit as necessary. Furthermore, an interrupt (if the SVD2_nCTL.
SVDRE]3:0] bits = 0xa) or a reset (if the SVD2_nCTL.SVDRE][3:0] bits = Oxa and the SVD2_nCTL.SVDF
bit = 0) can be generated when the SVD2_rnINTE.SVDDT bit is set to 1 (power supply voltage drop or rise is
detected). This mode can keep detecting power supply voltage drop or rise after the voltage detection masking
time has elapsed even if the IC is placed into SLEEP status or accidental clock stoppage has occurred.

Intermittent operation mode

SVD2 Ch.n operates in intermittent operation mode when the SVD2_nCTL.SVDMDI[1:0] bits are set to 0x1 to
0x3. In this mode, SVD2 Ch.n turns on at an interval set using the SVD2_nCTL.SVDMD]1:0] bits to perform
detection operation and then it turns off while the SVD2_nCTL.MODEN bit is set to 1. During this period, the
latest detection results can be obtained by reading the SVD2_nINTE.SVDDT bit as necessary. Furthermore, in
power supply drop detection mode, an interrupt or a reset can be generated when SVD2 Ch.n has successively
detected drop of power supply voltage the number of times specified by the SVD2_nCTL.SVDSC[1:0] bits. In
power supply rise detection mode, an interrupt can be generated when SVD2 Ch.n has successively detected
rise of the power supply voltage the number of the specified times.

(1) When the SVD2_nCTL.SVDF bit = 0 (power supply voltage drop detection mode) and the SVD2_nCTL.
SVDMD[1:0] bits = 0x0 (continuous operation mode)

VoD Ve ~—__—Vew
SVD2_nCTLMODEN __ |
Voltage detection operating status [ DET
SVD2_nINTE.SVDDT

Power supply voltage drop 4
detection interrupt

(2) When the SVD2_nCTL.SVDF bit = 0 (power supply voltage drop detection mode) and the SVD2_nCTL.
SVDMD[1:0] bits = 0x0 (intermittent operation mode)

VoD VsvD \/ﬁ
SVD2_nCTL.MODEN |
Voltage detection operating status [ [DET DET
SVD2_nINTE.SVDDT

Power supply voltage drop Y
detection interrupt

(8) When the SVD2_nCTL.SVDF bit = 1 (power supply voltage rise detection mode) and the SVD2_nCTL.

SVDMD[1:0] bits = 0x0 (continuous operation mode)

VDD Vsvpi—" =L Vsw

SVD2_nCTL.MODEN
Voltage detection operating status |:| DET

SVD2_nINTF.SVDDT
Power supply voltage rise K
detection interrupt

(4) When the SVD2_nCTL.SVDF bit = 1 (power supply voltage rise detection mode) and the SVD2_nCTL.
SVDMD[1:0] bits = 0x0 (intermittent operation mode)

VDD Vsvp——" ~~L_Vswp
SVD2_nCTLMODEN |
Voltage detection operating status [ [oET] DET
SVD2_nINTE.SVDDT

Power supply voltage rise A
detection interrupt
Vsvp: Level set using the SVD2_nCTL.SVDC[4:0] bits

[_1: Voltage detection masking time
[DET]: Voltage detection operation

Figure 11.4.2.1 SVD2 Operations
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11.5 SVD2 Interrupt and Reset

11.5.1 SVD2 Interrupt

Setting the SVD2_nCTL.SVDRE[3:0] bits to a value other than Oxa allows use of the power supply voltage drop or
r rize detection interrupt function.

Table 11.5.1.1 Power Supply Voltage Drop/Rise Detection Interrupt Function

Interrupt Interrupt flag Set condition Clear condition
Power supply voltage|SVD2_nINTE.SVDIF |In continuous operation mode Writing 1
drop detection When the SVD2_nINTF.SVDDT bit is set to 1
or In intermittent operation mode
Power supply voltage When drop or rise of the power supply voltage is
rise detection successively detected the specified number of times

SVD2 provides the interrupt enable bit (SVD2_nINTE.SVDIE bit) corresponding to the interrupt flag (SVD2_
nINTE.SVDIF bit). An interrupt request is sent to the CPU only when the SVD2_nINTFE.SVDIF bit is set while the
interrupt is enabled by the SVD2_nINTE.SVDIE bit. For more information on interrupt control, refer to the “Inter-
rupt” chapter.

Once the SVD2_nINTE.SVDIF bit is set, it will not be cleared even if the power supply voltage subsequently re-
turns to a value equal to or higher than the SVD detection voltage VsvD (when voltage drop is detected) or to a
lower value (when voltage rise is detected). An interrupt may occur due to a temporary power supply voltage drop,
check the power supply voltage status by reading the SVD2_nINTE.SVDDT bit in the interrupt handler routine.

11.5.2 SVD2 Reset

Setting the SVD2_nCTL.SVDRE[3:0] bits to Oxa allows use of the SVD2 reset issuance function.

The reset issuing timing is the same as that of the SVD2_nINTE.SVDIF bit being set when voltage drop is detected.
After a reset has been issued, SVD2 Ch.n enters continuous operation mode even if it was operating in intermittent
operation mode, and continues operating. Issuing an SVD?2 reset initializes the port assignment. However, when
EXSVDn is being detected, the input of the port for the EXSVDnr pin is sent to SVD2 Ch.n so that SVD2 Ch.n will
continue the EXSVDn detection operation.

If the power supply voltage reverts to the normal level, the SVD2_nINTFE.SVDDT bit goes 0 and the reset state is
canceled. After that, SVD2 Ch.n resumes operating in the operation mode set previously via the initialization rou-
tine.

During reset state, the SVD2 control bits are set as shown in Table 11.5.2.1.

Table 11.5.2.1 SVD2 Control Bits During Reset State

Control register Control bit Setting
SVD2_nCLK |[DBRUN Reset to the initial values.
CLKDIV[2:0]
CLKSRC[1:0]
SvD2_nCTL |VDSEL The set value is retained.

SVDSC[1:0] Cleared to 0. (The set value becomes invalid as SVD2 Ch.n
enters continuous operation mode.)

SVDCI4:0] The set value is retained.

SVDRE[3:0] The set value (0xa) is retained.

SVDF Cleared to 0 to set power supply voltage drop detection mode.
SVDMD[1:0] |Cleared to 0 to set continuous operation mode.
MODEN The set value (1) is retained.
SVD2_nINTF |SVDIF The status (1) before being reset is retained.
SVD2_nINTE |SVDIE Cleared to 0.
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11.6 Control Registers

SVD2 Ch.n Clock Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
SVD2_nCLK 15-9 |- 0x00 - R -
8 |DBRUN 1 HO R/WP
7 |- 0 - R
6-4 |CLKDIV[2:0] 0x0 HO R/WP
3-2 |- 0x0 - R
1-0 |CLKSRCJ1:0] 0x0 HO R/WP
Bits 159 Reserved
Bit 8 DBRUN

Bit 7
Bits 6-4

Bits 3-2
Bits 1-0

Note:

This bit sets whether the SVD2 Ch.n operating clock is supplied during debugging or not.
1 (R/WP): Clock supplied during debugging
0 (R/WP): No clock supplied during debugging

Reserved

CLKDIV[2:0]
These bits select the division ratio of the SVD2 Ch.n operating clock.

Reserved

CLKSRC[1:0]
These bits select the clock source of SVD2 Ch.n.

Table 11.6.1 Clock Source and Division Ratio Settings

SVD2_ n6LK. SVD2_nCLK.CLKSRC[1:0] bits
CLKDIV[2:0] bits 0x0 Ox1 0x2 0x3
10SC 0OSC1 0OSC3 EXOSC
0x6, 0x7 Reserved 1 Reserved 11
0x5 1/512 1/512
0x4 1/256 1/256
0x3 1/128 1/128
0x2 1/64 1/64
0x1 1/32 1/32
0x0 1/16 1/16

(Note) The oscillation circuits/external input that are not supported in this IC cannot be
selected as the clock source.

The clock frequency should be set to around 32 kHz.

SVD2 Ch.n Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
SVD2_nCTL 15 |VDSEL 0 H1 R/WP |-
14-13|SVDSC[1:0] 0x0 HO R/WP | Writing takes effect when the
SVD2_nCTL.SVDMDI[1:0] bits are not
0x0.
12-8 |SVDC[4:0] Ox1e H1 R/WP |-
7-4 |SVDRE[3:0] 0x0 H1 R/WP |Reset will not be issued when the
SVD2_nCTL.SVDF bit = 1.
3 |SVDF 0 HO R/W |-
2-1 |SVDMDI[1:0] 0x0 HO R/W
0 |MODEN 0 H1 R/W
Bit 15 VDSEL
This bit selects the power supply voltage to be detected by SVD2 Ch.n.
1 (R/WP): Voltage applied to the EXSVDn pin
0 (R/'WP): Vbp
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Bits 14-13 SVDSC[1:0]

These bits set the condition to generate an interrupt/reset in intermittent operation mode (SVD2_
nCTL.SVDMDI1:0] bits = 0x1 to 0x3).

Table 11.6.2 Interrupt/Reset Generating Condition in Intermittent Operation Mode

SVD2_nCTL.SVDSC[1:0] bits Interrupt generating condition Reset generating condition

0x3 Power supply voltage drop/rise is |Power supply voltage drop is
successively detected eight times. [successively detected eight times.

0x2 Power supply voltage drop/rise is |Power supply voltage drop is
successively detected four times. [successively detected four times.

0x1 Power supply voltage drop/rise is |Power supply voltage drop is
successively detected twice. successively detected twice.

0x0 Power supply voltage drop/rise is |Power supply voltage drop is
successively detected once. successively detected once.

Bits 12-8

Bits 7-4

Bit 3

Bits 2—1

Bit 0

This setting is ineffective in continuous operation mode (SVD2_nCTL.SVDMDI1:0] bits = 0x0).

SVDCI4:0]
These bits select an SVD detection voltage Vsvp for detecting voltage drop or rise from among 32
levels.

Table 11.6.3 Setting of SVD Detection Voltage Vsvp

SVD2_nCTL.SVDCJ[4:0] bits SVD detection voltage Vsvp [V]
0x1f High
Ox1e 1
0x1d
0x02
0x01 |
0x00 Low

For more information, refer to “Supply Voltage Detector Characteristics, SVD detection voltage
Vsvp” in the “Electrical Characteristics” chapter.

SVDRE[3:0]

These bits enable/disable the reset issuance function when power supply voltage drop is detected.
Oxa (R/WP): Enable (Issue reset)

Other than Oxa (R/WP): Disable (Generate interrupt)

For more information on the SVD2 reset issuance function, refer to “SVD2 Reset.”

SVDF

This bit selects a detection mode.

1 (R/W): Power supply voltage rise detection mode
0 (R/W): Power supply voltage drop detection mode

SVDMDI[1:0]
These bits select intermittent operation mode and its detection cycle.

Table 11.6.4 Intermittent Operation Mode Detection Cycle Selection
SVD2_nCTL.SVDMDI1:0] bits Operation mode (detection cycle)
0x3 Intermittent operation mode (CLK_SVD2_n/512)
0x2 Intermittent operation mode (CLK_SVD2_n/256)
0x1 Intermittent operation mode (CLK_SVD2_n/128)
0x0 Continuous operation mode

For more information on intermittent and continuous operation modes, refer to “SVD2 Operations.”

MODEN

This bit enables/disables for SVD2 Ch.n to operate.
1 (R/W): Enable (Start detection operations)

0 (R/W): Disable (Stop detection operations)

After this bit has been altered, wait until the value written is read out from this bit without subsequent
operations being performed.
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11 SUPPLY VOLTAGE DETECTOR (SVD2)

Notes: < Writing 0 to the SVD2_nCTL.MODEN bit resets the SVD2 Ch.n hardware. However, the reg-
ister values set and the interrupt flag are not cleared. The SVD2_nCTL.MODEN bit is actually
set to 0 after this processing has finished. If 1 is written to the SVD2_nCTL.MODEN bit con-
tinuously without waiting for the bit being read as 0 at this time, writing 0 may be ignored and

a

. T
S

malfunction may occur as the hardware restarts without resetting.

he SVD2 Ch.n internal circuit is initialized if the SVD2_nCTL.SVDSC[1:0] bits, SVD2_nCTL.
VDRE[3:0] bits, or SVD2_nCTL.SVDMD[1:0] bits are altered while SVD2 Ch.n is in operation

after 1 is written to the SVD2_nCTL.MODEN bit.

SVD2 Ch.n Status and Interrupt Flag Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
SVD2_nINTF 15-9 |- 0x00 - R -
8 |SvDDT X - R
7-1 |- 0x00 - R
0 |[SVDIF 0 HA1 R/W [Cleared by writing 1.
Bits 159 Reserved
Bit 8 SVDDT

Bits 7-1
Bit 0

Note:

The power supply voltage detection results can be read out from this bit.

Power supply voltage drop detection mode (SVD2_nCTL.SVDF bit = 0)
1 (R): Power supply voltage (Vpp or EXSVDn) < SVD detection voltage Vsvb
0 (R): Power supply voltage (Vpp or EXSVDn) = SVD detection voltage Vsvb

Power supply voltage rise detection mode (SVD2_nCTL.SVDF bit = 1)
1 (R): Power supply voltage (Vpp or EXSVDn) = SVD detection voltage Vsvb
0 (R): Power supply voltage (Vpp or EXSVDn) < SVD detection voltage Vsvb

Reserved

SVDIF

This bit indicates the power supply voltage drop or rise detection interrupt cause occurrence status.
1 (R): Cause of interrupt occurred

0 (R): No cause of interrupt occurred

1 (W): Clear flag

0 (W): Ineffective

The SVD2 Ch.n internal circuit is initialized if the interrupt flag is cleared while SVD2 Ch.n is
in operation after 1 is written to the SVD2_nCTL.MODEN bit.

SVD2 Ch.n Interrupt Enable Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
SVD2_nINTE 15-8 |- 0x00 - R -
7-1 |- 0x00 - R
0 |SVDIE 0 HO R/W
Bits 15—-1 Reserved
Bit 0 SVDIE

Notes:

This bit enables power supply voltage drop or rise detection interrupts.
1 (R/W): Enable interrupts
0 (R/W): Disable interrupts

+ If the SVD2_nCTL.SVDRE[3:0] bits are set to Oxa in power supply voltage drop detection
mode, no power supply voltage drop detection interrupt will occur, as a reset is issued at
the same timing as an interrupt.

+ To prevent generating unnecessary interrupts, the corresponding interrupt flag should be
cleared before enabling interrupts.

11-8
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12 16-BIT TIMERS (T16)

12 16-bit Timers (T16)

12.1 Overview

T16 is a 16-bit timer. The features of T16 are listed below.

¢ 16-bit presettable down counter

* Provides a reload data register for setting the preset value.

¢ A clock source and clock division ratio for generating the count clock are selectable.
* Repeat mode or one-shot mode is selectable.

¢ Can generate counter underflow interrupts.
Figure 12.1.1 shows the configuration of a T16 channel.

Table 12.1.1 T16 Channel Configuration of S1C31W74

Item S1C31W74
Number of channels 4 channels (Ch.0-Ch.3)
Event counter function Not supported (No EXCLm pins are provided.)
Peripheral clock output [Ch.1 — Synchronous serial interface Ch.0 master clock
(Outputs the counter Ch.2 — Quad synchronous serial interface Ch.0 master clock
underflow signal.)

T16 Ch.n
3
TRND Reload register }?,
> T TR[15:0 ©
PRESET 1 T|m:irrcooi?trol [15:0] %
PRUN |» u v g
> ) o)
Timer counter =
CLK_T16_n TC[15:0]
Underflow
CLKSRCI1:0]
Clock generator CLKDIV[3:0]
< DBRUN
< MODEN [ UFIE |
v
To CPU < Interrupt gontrol
circuit
UFIF
(To peripheral circuit) <

Figure 12.1.1 Configuration of a T16 Channel

12.2 Input Pin

Table 12.2.1 shows the T16 input pin.

Table 12.2.1 T16 Input Pin
Pin name 1/0* Initial status* Function
EXCLm | | (Hi-2) External event signal input pin

* Indicates the status when the pin is configured for T16.

If the port is shared with the EXCLm pin and other functions, the EXCLm input function must be assigned to the
port before using the event counter function. The EXCLm signal can be input through the chattering filter. For more
information, refer to the “I/O Ports” chapter.

S1C31W74 TECHNICAL MANUAL Seiko Epson Corporation 121
(Rev. 1.1)



12 16-BIT TIMERS (T16)

12.3 Clock Settings

12.3.1 T16 Operating Clock

When using T16 Ch.n, the T16 Ch.n operating clock CLK_T16_n must be supplied to T16 Ch.n from the clock
generator. The CLK_T16_n supply should be controlled as in the procedure shown below.
1. Enable the clock source in the clock generator if it is stopped (refer to “Clock Generator” in the “Power Supply,
Reset, and Clocks” chapter).
2. Set the following T16_nCLK register bits:
- T16_nCLK.CLKSRC[1:0] bits  (Clock source selection)
- T16_nCLK.CLKDIV[3:0] bits  (Clock division ratio selection = Clock frequency setting)

12.3.2 Clock Supply in SLEEP Mode

When using T16 during SLEEP mode, the T16 operating clock CLK_T16_n must be configured so that it will keep
supplying by writing 0 to the CLGOSC .xxxxSLPC bit for the CLK_T16_n clock source.

If the CLGOSC .xxxxSLPC bit for the CLK_T16_n clock source is 1, the CLK_T16_n clock source is deactivated
during SLEEP mode and T16 stops with the register settings and counter value maintained at those before entering
SLEEP mode. After the CPU returns to normal mode, CLK_T16_n is supplied and the T16 operation resumes.

12.3.3 Clock Supply During Debugging

The CLK_T16_n supply during debugging should be controlled using the T16_nCLK.DBRUN bit.

The CLK_T16_n supply to T16 Ch.n is suspended when the CPU enters debug state if the T16_nCLK.DBRUN bit
= 0. After the CPU returns to normal operation, the CLK_T16_n supply resumes. Although T16 Ch.n stops operat-
ing when the CLK_T16_n supply is suspended, the counter and registers retain the status before the debug state
was entered. If the T16_nCLK.DBRUN bit = 1, the CLK_T16_n supply is not suspended and T16 Ch.n will keep
operating in a debug state.

12.3.4 Event Counter Clock

The channel that supports the event counter function counts down at the rising edge of the EXCLm pin input signal
when the T16_nCLK.CLKSRC][1:0] bits are set to 0x3.

EXCLm pin input M il N
Counter x X x-1 X x-2 X  x-3 X

Figure 12.3.4.1 Count Down Timing

Note that the EXOSC clock is selected for the channel that does not support the event counter function.

12.4 Operations

12.4.1 Initialization

T16 Ch.n should be initialized and started counting with the procedure shown below.

1. Configure the T16 Ch.n operating clock (see “T16 Operating Clock™).

2. Setthe T16_nCTL.MODEN bitto 1.  (Enable count operation clock)
3. Set the T16_nMOD.TRMD bit. (Select operation mode (Repeat mode or One-shot mode))
4. Setthe T16_nTR register. (Set reload data (counter preset data))
5. Set the following bits when using the interrupt:
- Write 1 to the T16_nINTF.UFIF bit. (Clear interrupt flag)
- Set the T16_nINTE.UFIE bitto 1.  (Enable underflow interrupt)
12-2 Seiko Epson Corporation S1C31W74 TECHNICAL MANUAL
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12 16-BIT TIMERS (T16)

6. Set the following T16_nCTL register bits:
- Set the T16_nCTL.PRESET bit to 1. (Preset reload data to counter)
- Set the T16_nCTL.PRUN bitto 1. (Start counting)

12.4.2 Counter Underflow

Normally, the T16 counter starts counting down from the reload data value preset and generates an underflow sig-
nal when an underflow occurs. This signal is used to generate an interrupt and may be output to a specific periph-
eral circuit as a clock (T16 Ch.n must be set to repeat mode to generate a clock). The underflow cycle is determined
by the T16 Ch.n operating clock setting and reload data (counter initial value) set in the T16_nTR register.

The following shows the equations to calculate the underflow cycle and frequency:

T= TR +1 fr = fcLK _T16_n (Eq. 12.1)
fcLk_T16 2 TR + 1
Where
T: Underflow cycle [s]
fr: Underflow frequency [Hz]
TR: T16_nTR register setting

fcLk_T16_n: T16 Ch.n operating clock frequency [Hz]

12.4.3 Operations in Repeat Mode

T16 Ch.n enters repeat mode by setting the T16_nMOD.TRMD bit to 0.

In repeat mode, the count operation starts by writing 1 to the T16_nCTL.PRUN bit and continues until O is written.
A counter underflow presets the T16_nTR register value to the counter, so underflow occurs periodically. Select
this mode to generate periodic underflow interrupts or when using the timer to output a trigger/clock to the periph-
eral circuit.

Oxffff
Underflow cycle
c T16_nTR
ounter register setting
0x0000 » Time
Software control PRESET = 1 PRUN =0
Underflow interrupt 4 4 4 4

Figure 12.4.3.1 Count Operations in Repeat Mode

12.4.4 Operations in One-shot Mode

T16 Ch.n enters one-shot mode by setting the T16_nMOD.TRMD bit to 1.

In one-shot mode, the count operation starts by writing 1 to the T16_nCTL.PRUN bit and stops after the T16_nTR
register value is preset to the counter when an underflow has occurred. At the same time the counter stops, the T16_
nCTL.PRUN bit is cleared automatically. Select this mode to stop the counter after an interrupt has occurred once,

such as for checking a specific lapse of time.
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Oxffff
Underflow cycle
c T16_nTR

ounter register setting

0x0000 » Time
Software control ~ [PRESET =1 PRUN = 1 [PRUN = 1] [PRUN = 1]

PRUN =0

Underflow interrupt 4 4 4

Figure 12.4.4.1 Count Operations in One-shot Mode

12.4.5 Counter Value Read

The counter value can be read out from the T16_nTC.TC[15:0] bits. However, since T16 operates on CLK_T16_n,
one of the operations shown below is required to read correctly by the CPU.

- Read the counter value twice or more and check to see if the same value is read.

- Stop the timer and then read the counter value.

12.5 Interrupt

Each T16 channel has a function to generate the interrupt shown in Table 12.5.1.

Table 12.5.1 T16 Interrupt Function
Interrupt Interrupt flag Set condition Clear condition
Underflow T16_nINTF.UFIF When the counter underflows Writing 1

T16 provides interrupt enable bits corresponding to each interrupt flag. An interrupt request is sent to the CPU only
when the interrupt flag, of which interrupt has been enabled by the interrupt enable bit, is set. For more information
on interrupt control, refer to the “Interrupt” chapter.

12.6 Control Registers

T16 Ch.n Clock Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
T16_nCLK 15-9 |- 0x00 - R -

8 |DBRUN 0 HO R/W

7-4 |CLKDIV[3:0] 0x0 HO R/W

3-2 |- 0x0 - R

1-0 |CLKSRCJ1:0] 0x0 HO R/W

Bits 15-9 Reserved

Bit 8 DBRUN
This bit sets whether the T16 Ch.n operating clock is supplied during debugging or not.
1 (R/W): Clock supplied during debugging
0 (R/W): No clock supplied during debugging
Bits 7-4 CLKDIV[3:0]
These bits select the division ratio of the T16 Ch.n operating clock (counter clock).

Bits 3-2 Reserved
Bits 1-0 CLKSRC[1:0]
These bits select the clock source of T16 Ch.n.
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12 16-BIT TIMERS (T16)

Table 12.6.1 Clock Source and Division Ratio Settings

T16.nOLK. T16_nCLK.CLKSRC[1:0] bits
CLKDIV[3:0] bits 0x0 Ox1 0x2 0x3
10SC 0SC1 0SC3 EXOSC/EXCLm
Oxf 1/32,768 1/1 1/32,768 11
Oxe 1/16,384 1/16,384
Oxd 1/8,192 1/8,192
Oxc 1/4,096 1/4,096
Oxb 1/2,048 1/2,048
Oxa 1/1,024 1/1,024
0x9 1/512 1/512
0x8 1/256 1/256 1/256
Ox7 1/128 1/128 1/128
0x6 1/64 1/64 1/64
0x5 1/32 1/32 1/32
Ox4 1/16 1/16 1/16
0x3 1/8 1/8 1/8
0x2 1/4 1/4 1/4
0x1 1/2 1/2 1/2
0x0 11 11 11

(Note 1) The oscillation circuits/external input that are not supported in this IC cannot be

selected as the clock source.
(Note 2) When the T16_nCLK.CLKSRC[1:0] bits are set t

0 0x3, EXCLm is selected for the

channel with an event counter function or EXOSC is selected for other channels.

T16 Ch.n Mode Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
T16_nMOD 15-8 |- 0x00 - R -
7-1 |- 0x00 - R
0 |[TRMD 0 HO R/W
Bits 15-1 Reserved
Bit0 TRMD

This bit selects the T16 operation mode.
1 (R/W): One-shot mode
0 (R/W): Repeat mode

For detailed information on the operation mode, refer to “Operations in One-shot Mode” and

“Operations in Repeat Mode.”

T16 Ch.n Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
T16_nCTL 15-9 |- 0x00 - R -

8 |PRUN 0 HO R/W

7-2 |- 0x00 - R

1 PRESET 0 HO R/W

0 |[MODEN 0 HO R/W
Bits 15-9 Reserved
Bit 8 PRUN

This bit starts/stops the timer.
1 (W): Start timer

0 (W): Stop timer

1 (R): Timer is running
0 (R): Timer is idle
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12 16-BIT TIMERS (T16)

By writing 1 to this bit, the timer starts count operations. However, the T16_nCTL.MODEN bit must
be set to 1 in conjunction with this bit or it must be set in advance. While the timer is running, writing
0 to this bit stops count operations. When the counter stops due to a counter underflow in one-shot
mode, this bit is automatically cleared to 0.

Bits 7-2 Reserved

Bit 1 PRESET
This bit presets the reload data stored in the T16_nTR register to the counter.
1 (W): Preset
0 (W): Ineffective
1 (R): Presetting in progress
0 (R): Presetting finished or normal operation
By writing 1 to this bit, the timer presets the T16_nTR register value to the counter. However, the

T16_nCTL.MODEN bit must be set to 1 in conjunction with this bit or it must be set in advance. This
bit retains 1 during presetting and is automatically cleared to O after presetting has finished.

Bit 0 MODEN
This bit enables the T16 Ch.n operations.
1 (R/W): Enable (Start supplying operating clock)
0 (R/W): Disable (Stop supplying operating clock)

T16 Ch.n Reload Data Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
[T16_nTR | 15-0 [TR[15:0] | oxttf | Ho | mRw |- |

Bits 15-0 TR[15:0]
These bits are used to set the initial value to be preset to the counter.
The value set to this register will be preset to the counter when 1 is written to the T16_nCTL.PRESET
bit or when the counter underflows.

Notes: < The T16_nTR register cannot be altered while the timer is running (T16_nCTL.PRUN bit = 1),
as an incorrect initial value may be preset to the counter.

+ When one-shot mode is set, the T16_nTR.TR[15:0] bits should be set to a value equal to or
greater than 0x0001.

T16 Ch.n Counter Data Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
[T16_nTC | 15-0 [TC[15:0] | oxiif [ HO | R |- |

Bits 15—0 TC[15:0]
The current counter value can be read out from these bits.

T16 Ch.n Interrupt Flag Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
T16_nINTF 15-8 |- 0x00 - R -
-1 |- 0x00 - R
0 |UFIF 0 HO R/W [Cleared by writing 1.

Bits 15-1 Reserved

Bit 0 UFIF
This bit indicates the T16 Ch.n underflow interrupt cause occurrence status.
1 (R): Cause of interrupt occurred
0 (R): No cause of interrupt occurred
1 (W): Clear flag
0 (W): Ineffective
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T16 Ch.n Interrupt Enable Register

12 16-BIT TIMERS (T16)

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
T16_nINTE 15-8 |- 0x00 - R
-1 |- 0x00 - R
0 |UFIE 0 HO R/W

Bits 15-1 Reserved
Bit 0 UFIE

This bit enables T16 Ch.n underflow interrupts.

1 (R/W): Enable interrupts
0 (R/W): Disable interrupts

Note: To prevent generating unnecessary interrupts, the corresponding interrupt flag should be
cleared before enabling interrupts.
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13 UART (UART?2)

13.1 Overview

13 UART (UART2)

The UART?2 is an asynchronous serial interface. The features of the UART?2 are listed below.

¢ Includes a baud rate generator for generating the transfer clock.
¢ Supports 7- and 8-bit data length (LSB first).

¢ Odd parity, even parity, or non-parity mode is selectable.

¢ The start bit length is fixed at 1 bit.
» The stop bit length is selectable from 1 bit and 2 bits.

* Supports full-duplex communications.

¢ Includes a 2-byte receive data buffer and a 1-byte transmit data buffer.

¢ Includes an RZI modulator/demodulator circuit to support IrDA 1.0-compatible infrared communications.

¢ Can detect parity error, framing error, and overrun error.

e Can generate receive buffer full (1 byte/2 bytes), transmit buffer empty, end of transmission, parity error, framing
error, and overrun error interrupts.

e Can issue a DMA transfer request when a receive buffer one byte full or a transmit buffer empty occurs.

¢ Input pin can be pulled up with an internal resistor.

¢ The output pin is configurable as an open-drain output.

Figure 13.1.1 shows the UART?2 configuration.
Table 13.1.1 UART2 Channel Configuration of S1C31W74

Item

S1C31W74

Number of channels

2 channels (Ch.0 and Ch.1)

UART2 Ch.n
< BRDIV
"""""""""""""""""" CLK_UART2 n ) Baud rate < BRT[7:0]
: CLKSRC[1:0] generator < FMD[3:0]
i Clock generator CLKDIV[1:0] v
: DBRUN <t CHLN
7777777777777777777777777777777777 MODEN < PREN
. . < PRMD
Transmit/receive
control circuit < STPB
> RBSY
> TBSY
< SFTRST
[}
3
©
o
b5 Receive data buffer Shift register |« RZI demodulator |« ] USINn
£ RXD[7:0] N
I B INVRX
Transmit data buffer »  Shift register » Rzl modulator i »[ ] USOUTH
TXD[7:0] Lyl
\
y |
<+
TENDIE » TENDIF
FEIE > Interrupt > FEIF
PEIE > control circuit »  PEIF
OEIE > > OEF
RB2FIE > » RB2FIF
RB1FIE » RB1FIF
TBEIE »  TBEIF
L
g 5| DMArequest TBEDMAENx
DMA controller control circuit RB1FDMAENXx
Figure 13.1.1 UART2 Configuration
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13 UART (UART2)

13.2 Input/Output Pins and External Connections

13.2.1 List of Input/Output Pins

Table 13.2.1.1 lists the UART?2 pins.
Table 13.2.1.1 List of UART2 Pins

Pin name 1/0* Initial status* Function
USINn | | (Hi-2) UART2 Ch.n data input pin
USOUTn O O (High) UART2 Ch.n data output pin

# Indicates the status when the pin is configured for the UART2.

If the port is shared with the UART?2 pin and other functions, the UART2 input/output function must be assigned to
the port before activating the UART2. For more information, refer to the “I/O Ports” chapter.

13.2.2 External Connections

Figure 13.2.2.1 shows a connection diagram between the UART?2 in this IC and an external UART device.

S1C31 UART2 External UART
Figure 13.2.2.1 Connections between UART2 and an External UART Device

13.2.3 Input Pin Pull-Up Function

The UART?2 includes a pull-up resistor for the USINz pin. Setting the UART2_nMOD .PUEN bit to 1 enables the
resistor to pull up the USIN# pin.

13.2.4 Output Pin Open-Drain Output Function

The USOUTn pin supports the open-drain output function. Default configuration is a push-pull output and it is
switched to an open-drain output by setting the UART2_nMOD.OUTMD bit to 1.

13.2.5 Input/Output Signal Inverting Function

The UART?2 can invert the signal polarities of the USIN#z pin input and the USOUTr pin output by setting the
UART2_nMOD.INVRX bit and the UART2_nMOD.INVTX bit, respectively, to 1.

Note: Unless otherwise specified, this chapter shows input/output signals with non-inverted wave-
forms (UART2_nMOD.INVRX bit = 0, UART2_nMOD.INVTX bit =0).

13.3 Clock Settings

13.3.1 UART2 Operating Clock

When using the UART2 Ch.n, the UART2 Ch.n operating clock CLK_UART2_n must be supplied to the UART2
Ch.n from the clock generator. The CLK_UART?2_#n supply should be controlled as in the procedure shown below.
1. Enable the clock source in the clock generator if it is stopped (refer to “Clock Generator” in the “Power Supply,
Reset, and Clocks” chapter).
2. Set the following UART2_nCLK register bits:
- UART2_nCLK.CLKSRC[1:0] bits (Clock source selection)
- UART2_nCLK.CLKDIV/[1:0] bits (Clock division ratio selection = Clock frequency setting)

The UART?2 operating clock should be selected so that the baud rate generator will be configured easily.
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13.3.2 Clock Supply in SLEEP Mode

When using the UART?2 during SLEEP mode, the UART?2 operating clock CLK_UART2_n must be configured so
that it will keep supplying by writing O to the CLGOSC xxxxSLPC bit for the CLK_UART2_n clock source.

13.3.3 Clock Supply During Debugging

The CLK_UART?2_n supply during debugging should be controlled using the UART2_nCLK.DBRUN bit.

The CLK_UART2_n supply to the UART2 Ch.n is suspended when the CPU enters debug state if the UART2_
nCLK.DBRUN bit = 0. After the CPU returns to normal mode, the CLK_UART?2_n supply resumes. Although the
UART?2 Ch.n stops operating when the CLK_UART?2_n supply is suspended, the output pin and registers retain the
status before the debug state was entered. If the UART2_nCLK.DBRUN bit = 1, the CLK_UART2_n supply is not
suspended and the UART?2 Ch.n will keep operating in a debug state.

13.3.4 Baud Rate Generator

The UART?2 includes a baud rate generator to generate the transfer (sampling) clock. The transfer rate is determined
by the UART2_nMOD.BRDIV, UART2_nBR.BRT[7:0], and UART2_nBR.FMDI3:0] bit settings. Use the follow-
ing equations to calculate the setting values for obtaining the desired transfer rate.

bps = — CLR-UART? BRT = BRDIV x (M - FMD) -1 (Eq. 13.1)
BRT+1 oo bps
BRDIV
Where
bps: Transfer rate [bit/s]
CLK_UART?2: UART?2 operating clock frequency [Hz]
BRDIV: Baud rate division ratio (1/16 or 1/4) = Selected by the UART2_nMOD.BRDIV bit
BRT: UART2_nBR.BRT][7:0] setting value (0 to 255)
FMD: UART2_nBR.FMD|[3:0] setting value (0 to 15)

For the transfer rate range configurable in the UART?, refer to “UART Characteristics, Transfer baud rates UBRTI
and UBrt2” in the “Electrical Characteristics” chapter.

13.4 Data Format

The UART?2 allows setting of the data length, stop bit length, and parity function. The start bit length is fixed at one
bit.

Data length

With the UART2_nMOD.CHLN bit, the data length can be set to seven bits (UART2_nMOD.CHLN bit = 0) or
eight bits (UART2_nMOD.CHLN bit = 1).

Stop bit length

With the UART2_nMOD.STPB bit, the stop bit length can be set to one bit (UART2_nMOD.STPB bit = 0) or
two bits (UART2_nMOD.STPB bit = 1).

Parity function
The parity function is configured using the UART2_nMOD.PREN and UART2_nMOD.PRMD bits.

Table 13.4.1 Parity Function Setting

UART2_nMOD.PREN bit | UART2_nMOD.PRMD bit Parity function
1 1 QOdd parity
1 0 Even parity
0 * Non parity

S1C31W74 TECHNICAL MANUAL
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UART2_nMOD register
CHLN bit  STPBbit PREN bit

0 0 0 st /DO D1[D2fD3fD4fD5[D6) sp:

0 0 1

0 1 0
0 1 1
1 0 0
1 0 1
1 1 0

st: start bit, sp: stop bit, p: parity bit

Figure 13.4.1 Data Format

13.5 Operations

13.5.1 Initialization

The UART2 Ch.n should be initialized with the procedure shown below.

1.
2.

Assign the UART2 Ch.n input/output function to the ports. (Refer to the “I/O Ports” chapter.)
Set the UART2_nCLK.CLKSRC[1:0] and UART2_nCLK.CLKDIV[1:0] bits. (Configure operating clock)

Configure the following UART2_nMOD register bits:

- UART2_nMOD .BRDIV bit (Select baud rate division ratio (1/16 or 1/4))

- UART2_nMOD.INVRX bit (Enable/disable USIN# input signal inversion)

- UART2_nMOD.INVTX bit (Enable/disable USOUTn output signal inversion)
- UART2_nMOD.PUEN bit (Enable/disable USIN#z pin pull-up)

- UART2_nMOD.OUTMD bit  (Enable/disable USOUTn pin open-drain output)
- UART2_nMOD.IRMD bit (Enable/disable IrDA interface)

- UART2_nMOD.CHLN bit (Set data length (7 or 8 bits))

- UART2_nMOD .PREN bit (Enable/disable parity function)

- UART2_nMOD .PRMD bit (Select parity mode (even or odd))

- UART2_nMOD.STPB bit (Set stop bit length (1 or 2 bits))

Set the UART2_nBR.BRT[7:0] and UART2_nBR.FMD[3:0] bits. (Set transfer rate)

Set the following UART2_nCTL register bits:
- Set the UART2_nCTL.SFTRST bitto 1. (Execute software reset)
- Set the UART2_nCTL.MODEN bit to 1. (Enable UART?2 Ch.n operations)

Set the following bits when using the interrupt:

- Write 1 to the interrupt flags in the UART2_nINTF register. (Clear interrupt flags)

- Set the interrupt enable bits in the UART2_nINTE register to 1. * (Enable interrupts)

% The initial value of the UART2_nINTE.TBEIF bit is 1, therefore, an interrupt will occur immediately after
the UART2_nINTE.TBEIE bit is set to 1.

Configure the DMA controller and set the following UART?2 control bits when using DMA transfer:

- Write 1 to the DMA transfer request enable bits in the
UART2_nTBEDMAEN and UART2_nRB1FDMAEN registers. (Enable DMA transfer requests)
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13.5.2 Data Transmission

A data sending procedure and the UART2 Ch.n operations are shown below. Figures 13.5.2.1 and 13.5.2.2 show a
timing chart and a flowchart, respectively.

Data sending procedure

1. Check to see if the UART2_nINTFE.TBEIF bit is set to 1 (transmit buffer empty).
2. Write transmit data to the UART2_nTXD register.

3. Wait for a UART? interrupt when using the interrupt.

4. Repeat Steps 1 to 3 (or 1 and 2) until the end of transmit data.

UART2 data sending operations
The UART2 Ch.n starts data sending operations when transmit data is written to the UART2_nTXD register.
The transmit data in the UART2_nTXD register is automatically transferred to the shift register and the
UART?2_nINTE.TBEIF bit is set to 1 (transmit buffer empty).
The USOUTn pin outputs a start bit and the UART2_nINTF.TBSY bit is set to 1 (transmit busy). The shift reg-
ister data bits are then output successively from the LSB. Following output of MSB, the parity bit (if parity is
enabled) and the stop bit are output.

Even if transmit data is being output from the USOUTn pin, the next transmit data can be written to the
UART2_nTXD register after making sure the UART2_nINTFE.TBEIF bit is set to 1.

If no transmit data remains in the UART2_nTXD register after the stop bit has been output from the USOUTn
pin, the UART2_nINTE.TBSY bit is cleared to O and the UART2_nINTE.TENDIF bit is set to 1 (transmission
completed).

usouTn st /D0J1)D2J03)D4)0s)oefo7) /s st foolo1) | st jDoj1) [ Jo7)p Ysp
i | \\
A A

UART2_nINTF.TBEIF

UART2_nINTF.TBSY |
UART2_nINTF.TENDIF F
A
Data (W) — UART2_nTXD Data (W) — UART2_nTXD |
Software operations
Data (W) — UART2_nTXD | 1 (W) - UART2_nINTF.TENDIF |

(st: start bit, sp: stop bit, p: parity bit)
Figure 13.5.2.1 Example of Data Sending Operations

(__ Data transmission )

Read the UART2_nINTFE.TBEIF bit

UART2_nINTETBEIF =1 ?

YES |«
Write transmit data to
the UART2_nTXD register

Transmit data remained?

NO

Wait for an interrupt request
(UART2_nINTETBEIF = 1)

( End )

Figure 13.5.2.2 Data Transmission Flowchart
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Data transmission using DMA

By setting the UART2_nTBEDMAEN.TBEDMAENX bit to 1 (DMA transfer request enabled), a DMA trans-
fer request is sent to the DMA controller and transmit data is transferred from the specified memory to the
UART2_nTXD register via DMA Ch.x when the UART2_nINTFE.TBEIF bit is set to 1 (transmit buffer empty).
This automates the data sending procedure described above.

The transfer source/destination and control data must be set for the DMA controller and the relevant DMA
channel must be enabled to start a DMA transfer in advance so that transmit data will be transferred to the
UART?2_nTXD register. For more information on DMA, refer to the “DMA Controller” chapter.

Table 13.5.2.1 DMA Data Structure Configuration Example (for Data Transmission)

Item Setting example
End pointer |Transfer source Memory address in which the last transmit data is stored
Transfer destination |UART2_nTXD register address
Control data |dst_inc 0x3 (no increment)
dst_size 0x0 (byte)
src_inc 0x0 (+1)
src_size 0x0 (byte)
R_power 0x0 (arbitrated for every transfer)
n_minus_1 Number of transfer data
cycle_ctrl 0x1 (basic transfer)

13.5.3 Data Reception

A data receiving procedure and the UART2 Ch.n operations are shown below. Figures 13.5.3.1 and 13.5.3.2 show a

timing chart and flowcharts, respectively.

Data receiving procedure (read by one byte)

Wait for a UART?2 interrupt when using the interrupt.

Check to see if the UART2_nINTE.RBI1FIF bit is set to 1 (receive buffer one byte full).
Read the received data from the UART2_nRXD register.

Repeat Steps 1 to 3 (or 2 and 3) until the end of data reception.

B OW OO =

Data receiving procedure (read by two bytes)

1. Wait for a UART?2 interrupt when using the interrupt.
Check to see if the UART2_nINTFE.RB2FIF bit is set to 1 (receive buffer two bytes full).
Read the received data from the UART2_nRXD register twice.

Sl

Repeat Steps 1 to 3 (or 2 and 3) until the end of data reception.

UART2 data receiving operations

The UART2 Ch.n starts data receiving operations when a start bit is input to the USINz pin.

After the receive circuit has detected a low level as a start bit, it starts sampling the following data bits and
loads the received data into the receive shift register. The UART2_nINTF.RBSY bit is set to 1 when the start bit
is detected.

The UART2_nINTE.RBSY bit is cleared to O and the receive shift register data is transferred to the receive data
buffer at the stop bit receive timing.

The receive data buffer consists of a 2-byte FIFO and receives data until it becomes full. When the receive data
buffer receives the first data, it sets the UART2_nINTE.RBI1FIF bit to 1 (receive buffer one byte full). If the sec-
ond data is received without reading the first data, the UART2_nINTF.RB2FIF bit is set to 1 (receive buffer two
bytes full).

Seiko Epson Corporation S1C31W74 TECHNICAL MANUAL
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] data 1 data 2 data 3 data 4 L
USINn stfoo - feJsohstfpo - JpYepdstfoo - YeJsostfool - oo
UART2_nINTF.RB1FIF \ X \ L o
UART2_nINTF.RB2FIF (7‘
UART2_nINTF.RBSY | H L] 1| L
UART2_nRXD — data 1] UART2_nRXD — data 3]

Software operations
UART2_nRXD — data 2]

(st: start bit, sp: stop bit, p: parity bit)
Figure 13.5.3.1 Example of Data Receiving Operations

((Data reception (1 byte read) ) (Data reception (2 bytes read))
Te Te

<
Wait for an interrupt request
(UART2_nINTF.RB2FIF = 1)

<
Wait for an interrupt request
(UART2_nINTF.RB1FIF = 1)

Read receive data (1 byte) from
the UART2_nRXD register

Read receive data (1 byte) from
the UART2_nRXD register

Read receive data (1 byte) from
the UART2_nRXD register

— —
NO
C End D)

Figure 13.5.3.2 Data Reception Flowcharts

Data reception using DMA

By setting the UART2_nRB1FDMAEN.RB1FDMAENXx bit to 1 (DMA transfer request enabled), a DMA
transfer request is sent to the DMA controller and the received data is transferred from the UART2_nRXD reg-
ister to the specified memory via DMA Ch.x when the UART2_nINTF.RBI1FIF bit is set to 1 (receive buffer
one byte full).

This automates the procedure (read by one byte) described above.

The transfer source/destination and control data must be set for the DMA controller and the relevant DMA
channel must be enabled to start a DMA transfer in advance. For more information on DMA, refer to the “DMA
Controller” chapter.

Table 13.5.3.1 DMA Data Structure Configuration Example (for Data Reception)

Item Setting example

End pointer |Transfer source UART2_nRXD register address

Transfer destination [Memory address to which the last received data is stored
Control data |dst_inc 0x0 (+1)

dst_size 0x0 (byte)

src_inc 0x3 (no increment)

src_size 0x0 (byte)

R_power 0x0 (arbitrated for every transfer)

n_minus_1 Number of transfer data

cycle_ctrl 0x1 (basic transfer)

13.5.4 IrDA Interface

This UART?2 includes an RZI modulator/demodulator circuit enabling implementation of IrDA 1.0-compatible in-

frared communication function simply by adding simple external circuits.
Set the UART2_nMOD.IJRMD bit to 1 to use the IrDA interface.
Data transfer control is identical to that for normal interface even if the IrDA interface function is enabled.
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S1C31 UART2 Infrared communication module
Figure 13.5.4.1 Example of Connections with an Infrared Communication Module

The transmit data output from the UART2 Ch.n transmit shift register is output from the USOUTn pin after the low
pulse width is converted into 3/16 by the RZI modulator in SIR method.

< T >

Modulator input (shift register output)

Modulator output (USOUTn) 3 3 | : :
: —> - E Tq: ' ! «— E T

Figure 13.5.4.2 IrDA Transmission Signal Waveform

The received IrDA signal is input to the RZI demodulator and the low pulse width is converted into the normal
width before input to the receive shift register.

LS

>
Demodulator input (USINN) ‘ ‘
Demodulator output (shift register input) [ \ f

Figure 13.5.4.3 IrDA Receive Signal Waveform
Notes: - Set the baud rate division ratio to 1/16 when using the IrDA interface function.

+ The low pulse width (T2) of the IrDA signal input must be CLK_UART2_n x 3 cycles or longer.

13.6 Receive Errors

Three different receive errors, framing error, parity error, and overrun error, may be detected while receiving data.
Since receive errors are interrupt causes, they can be processed by generating interrupts.

13.6.1 Framing Error

The UART?2 determines loss of sync if a stop bit is not detected (when the stop bit is received as 0) and assumes
that a framing error has occurred. The received data that encountered an error is still transferred to the receive data
buffer and the UART2_nINTF.FEIF bit (framing error interrupt flag) is set to 1 when the data becomes ready to
read from the UART2_nRXD register.

Note: Framing error/parity error interrupt flag set timings
These interrupt flags will be set after the data that encountered an error is transferred to the re-
ceive data buffer. Note, however, that the set timing depends on the buffer status at that point.

+ When the receive data buffer is empty
The interrupt flag will be set when the data that encountered an error is transferred to the re-
ceive data buffer.

+ When the receive data buffer has a one-byte free space
The interrupt flag will be set when the first data byte already loaded is read out after the data
that encountered an error is transferred to the second byte entry of the receive data buffer.

13-8 Seiko Epson Corporation S1C31W74 TECHNICAL MANUAL
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13.6.2 Parity Error

If the parity function is enabled, a parity check is performed when data is received. The UART2 checks matching
between the data received in the shift register and its parity bit, and issues a parity error if the result is a non-match.
The received data that encountered an error is still transferred to the receive data buffer and the UART2_nINTF.
PEIF bit (parity error interrupt flag) is set to 1 when the data becomes ready to read from the UART2_nRXD regis-
ter (see the Note on framing error).

13.6.3 Overrun Error

If the receive data buffer is still full (two bytes of received data have not been read) when a data reception to the
shift register has completed, an overrun error occurs as the data cannot be transferred to the receive data buffer.
When an overrun error occurs, the UART2_nINTF.OEIF bit (overrun error interrupt flag) is set to 1.

13.7 Interrupts

The UART?2 has a function to generate the interrupts shown in Table 13.7.1.

Table 13.7.1 UART2 Interrupt Function
Set condition
When the UART2_nINTFE.TBEIF bit = 1
after the stop bit has been sent
Refer to the “Receive Errors.”

Clear condition
Writing 1 or software reset

Interrupt
End of transmission

Interrupt flag
UART2_nINTETENDIF

Framing error UART2_nINTE.FEIF Writing 1, reading received
data that encountered an
error, or software reset
Writing 1, reading received
data that encountered an
error, or software reset
Writing 1 or software reset
Reading received data or

software reset

Parity error UART2_nINTEPEIF  |Refer to the “Receive Errors.”

UART2_nINTE.OEIF
UART2_nINTE.RB2FIF

Refer to the “Receive Errors.”

When the second received data byte is
loaded to the receive data buffer in which
the first byte is already received

When the first received data byte is load-
ed to the emptied receive data buffer

QOverrun error
Receive buffer two
bytes full

Receive buffer
one byte full

UART2_nINTERB1FIF Reading data to empty
the receive data buffer or
software reset

Writing transmit data

UART2_nINTETBEIF |[When transmit data written to the trans-
mit data buffer is transferred to the shift

register

Transmit buffer empty

The UART?2 provides interrupt enable bits corresponding to each interrupt flag. An interrupt request is sent to the
CPU only when the interrupt flag, of which interrupt has been enabled by the interrupt enable bit, is set. For more
information on interrupt control, refer to the “Interrupt” chapter.

13.8 DMA Transfer Requests

The UART?2 has a function to generate DMA transfer requests from the causes shown in Table 13.8.1.

Table 13.8.1 DMA Transfer Request Causes of UART2

Cause to request DMA

Set condition Clear condition

DMA transfer request flag

transfer
Receive buffer Receive buffer one byte full flag|When the first received data|Reading data to empty
one byte full (UART2_nINTF.RB1FIF) byte is loaded to the emptied|the receive data buffer or

receive data buffer

software reset

Transmit buffer empty

Transmit buffer empty flag
(UART2_nINTF.TBEIF)

When transmit data written
to the transmit data buffer is
transferred to the shift register

Writing transmit data

S1C31W74 TECHNICAL MANUAL
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The UART?2 provides DMA transfer request enable bits corresponding to each DMA transfer request flag shown
above for the number of DMA channels. A DMA transfer request is sent to the pertinent channel of the DMA con-
troller only when the DMA transfer request flag, of which DMA transfer has been enabled by the DMA transfer
request enable bit, is set. The DMA transfer request flag also serves as an interrupt flag, therefore, both the DMA
transfer request and the interrupt cannot be enabled at the same time. After a DMA transfer has completed, disable
the DMA transfer to prevent unintended DMA transfer requests from being issued. For more information on the

DMA control, refer to the “DMA Controller” chapter.

13.9 Control Registers

UART2 Ch.n Clock Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
UART2_nCLK 15-9 |- 0x00 - R -

8 |DBRUN 0 HO R/W

7-6 |- 0x0 - R

5-4 |CLKDIV[1:0] 0x0 HO R/W

3-2 |- 0x0 - R

1-0 |CLKSRCI1:0] 0x0 HO R/W

Bits 15-9 Reserved

Bit 8

Bits 7-6
Bits 5-4

Bits 3-2
Bits 1-0

DBRUN

This bit sets whether the UART2 operating clock is supplied in DEBUG mode or not.
Clock supplied in DEBUG mode
No clock supplied in DEBUG mode

1 (R/W):
0 (R/W):

Reserved
CLKDIVI[1:0]

These bits select the division ratio of the UART2 operating clock.

Reserved
CLKSRC[1:0]

These bits select the clock source of the UART?2.

Table 13.9.1 Clock Source and Division Ratio Settings

UART2 nCLK. UART2_nCLK.CLKSRC[1:0] bits
CLKDIV[1:0] bits 0x0 Oxt Ox2 0x3
10SC 0sci 0sc3 EXOSC
0x3 1/8 1/1 1/8 11
0x2 1/4 1/4
0Ox1 1/2 1/2
0x0 11 1/1

(Note) The oscillation circuits/external input that are not supported in this IC cannot be
selected as the clock source.

Note: The UART2_nCLK register settings can be altered only when the UART2_nCTL.MODEN bit = 0.
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UART2 Ch.n Mode Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
UART2_nMOD 15-11|- 0x00 - R -

10 |BRDIV 0 HO R/W

9 |INVRX 0 HO R/W

8 [INVTX 0 HO R/W

7 |- 0 - R

6 |PUEN 0 HO R/W

5 |OUTMD 0 HO R/W

4 |IRMD 0 HO R/W

3 |CHLN 0 HO R/W

2 |PREN 0 HO R/W

1 PRMD 0 HO R/W

0 |[STPB 0 HO R/W

Bits 15-11 Reserved

Bit 10 BRDIV
This bit sets the UART2 operating clock division ratio for generating the transfer (sampling) clock
using the baud rate generator.

1 (R/W): 1/4
0 (R/W): 1/16
Bit 9 INVRX

This bit enables the USINr input inverting function.
1 (R/W): Enable input inverting function
0 (R/W): Disable input inverting function

Bit 8 INVTX
This bit enables the USOUTr output inverting function.
1 (R/W): Enable output inverting function
0 (R/W): Disable output inverting function

Bit 7 Reserved

Bit 6 PUEN
This bit enables pull-up of the USIN#% pin.
1 (R/W): Enable pull-up
0 (R/W): Disable pull-up

Bit5 OUTMD
This bit sets the USOUTn pin output mode.
1 (R/W): Open-drain output
0 (R/W): Push-pull output

Bit 4 IRMD
This bit enables the IrDA interface function.
1 (R/W): Enable IrDA interface function
0 (R/W): Disable IrDA interface function

Bit 3 CHLN
This bit sets the data length.
1 (R/W): 8 bits
0 (R/W): 17 bits
Bit 2 PREN
This bit enables the parity function.
1 (R/W): Enable parity function
0 (R/W): Disable parity function
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Bit 1 PRMD
This bit selects either odd parity or even parity when using the parity function.
1 (R/W): Odd parity
0 (R/W): Even parity
Bit 0 STPB
This bit sets the stop bit length.
1 (R/W): 2 bits
0 (R/W): 1bit

Note: The UART2_nMOD register settings can be altered only when the UART2_nCTL.MODEN bit = 0.

UART2 Ch.n Baud—Rate Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
UART2_nBR 15-12|- 0x0 - R -

11-8 |FMD[3:0] 0x0 HO R/W

7-0 |BRT[7:0] 0x00 HO R/W

Bits 15-12 Reserved

Bits 11-8 FMD[3:0]
Bits 7-0 BRT[7:0]
These bits set the UART?2 transfer rate. For more information, refer to “Baud Rate Generator.”

Notes: < The UART2_nBR register settings can be altered only when the UART2_nCTL.MODEN bit = 0.

« Do not set the UART2_nBR.FMDI3:0] bits to a value other than 0 to 3 when the UART2_
nMOD.BRDIV bit = 1.

UART2 Ch.n Control Register

| Register name | Bit | Bit name | Initial | Reset| R/W | Remarks
UART2_nCTL 15-8 |- 0x00 - R -
72 |- 0x00 - R
1 SFTRST 0 HO R/W
0 |MODEN 0 HO R/W

Bits 15-2 Reserved

Bit 1 SFTRST
This bit issues software reset to the UART?2.
1 (W): Issue software reset
0 (W): Ineffective
1 (R): Software reset is executing.
0 (R): Software reset has finished. (During normal operation)

Setting this bit resets the UART?2 transmit/receive control circuit and interrupt flags. This bit is auto-
matically cleared after the reset processing has finished.

Bit0 MODEN
This bit enables the UART?2 operations.
1 (R/W): Enable UART? operations (The operating clock is supplied.)
0 (R/W): Disable UART? operations (The operating clock is stopped.)

Note: If the UART2_nCTL.MODEN bit is altered from 1 to O while sending/receiving data, the data
being sent/received cannot be guaranteed. When setting the UART2_nCTL.MODEN bit to 1
again after that, be sure to write 1 to the UART2_nCTL.SFTRST bit as well.
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UART2 Ch.n Transmit Data Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
UART2_nTXD 15-8 |- 0x00 - R -
7-0 |TXDI[7:0] 0x00 HO R/W

Bits 15-8 Reserved

Bits 7-0

TXDI[7:0]
Data can be written to the transmit data buffer through these bits. Make sure the UART2_nINTF.
TBEIF bit is set to 1 before writing data.

UART2 Ch.n Receive Data Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
UART2_nRXD 15-8 |- 0x00 - R -
7-0 |RXDI[7:0] 0x00 HO R

Bits 15-8 Reserved

Bits 7-0

RXD[7:0]
The receive data buffer can be read through these bits. The receive data buffer consists of a 2-byte
FIFO, and older received data is read first.

UART2 Ch.n Status and Interrupt Flag Register
| Register name | Bit | Bit name Initial | Reset | R/W | Remarks
UART2_nINTF 15-10|- 0x00 - R -
9 |RBSY 0 HO/S0 R
8 |TBSY 0 HO/S0 R
7 |- 0 - R
6 |TENDIF 0 HO/S0 R/W |Cleared by writing 1.
5 |FEIF 0 HO/S0 R/W  [Cleared by writing 1 or reading the
4 |PEIF 0 HO0/S0 R/W [UART2_nRXD register.
3 |OEIF 0 HO0/S0 R/W |Cleared by writing 1.
2 |RB2FIF 0 HO0/S0 R Cleared by reading the UART2_nRXD
1 |RB1FIF 0 HO/S0 R register.
0 |[TBEIF 1 HO0/S0 R Cleared by writing to the UART2_
nTXD register.

Bits 15-10 Reserved

Bit9 RBSY
This bit indicates the receiving status. (See Figure 13.5.3.1.)
1 (R): During receiving
0 (R): Idle
Bit 8 TBSY
This bit indicates the sending status. (See Figure 13.5.2.1.)
1 (R): During sending
0 (R): Idle
Bit7 Reserved
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Bit 6
Bit 5
Bit 4
Bit 3
Bit 2
Bit 1
Bit0

TENDIF

FEIF

PEIF

OEIF

RB2FIF

RB1FIF

TBEIF

These bits indicate the UART?2 interrupt cause occurrence status.
1 (R): Cause of interrupt occurred

0 (R): No cause of interrupt occurred
1 (W): Clear flag

0 (W): Ineffective

The following shows the correspondence between the bit and interrupt:
UART2_nINTFE.TENDIF bit: End-of-transmission interrupt
UART?2_nINTFE.FEIF bit: Framing error interrupt
UART2_nINTF.PEIF bit: Parity error interrupt
UART2_nINTF.OEIF bit: ~ Overrun error interrupt
UART2_nINTF.RB2FIF bit: Receive buffer two bytes full interrupt
UART2_nINTF.RBI1FIF bit: Receive buffer one byte full interrupt
UART2_nINTETBEIF bit:  Transmit buffer empty interrupt

UART2 Ch.n Interrupt Enable Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
UART2_nINTE 15-8 |- 0x00 - R -

7 |- 0 - R

6 |TENDIE 0 HO R/W

5 |FEIE 0 HO R/W

4 |PEIE 0 HO R/W

3 |OEIE 0 HO R/W

2 |RB2FIE 0 HO R/W

1 RB1FIE 0 HO R/W

0 |[TBEIE 0 HO R/W

Bits 157 Reserved

Bit 6 TENDIE

Bit 5 FEIE

Bit 4 PEIE

Bit 3 OEIE

Bit 2 RB2FIE

Bit 1 RB1FIE

Bit 0 TBEIE
These bits enable UART?2 interrupts.
1 (R/W): Enable interrupts
0 (R/W): Disable interrupts
The following shows the correspondence between the bit and interrupt:
UART?2_nINTE.TENDIE bit: End-of-transmission interrupt
UART2_nINTE.FEIE bit: ~ Framing error interrupt
UART2_nINTE.PEIE bit: Parity error interrupt
UART2_nINTE.OEIE bit: ~ Overrun error interrupt
UART2_nINTE.RB2FIE bit: Receive buffer two bytes full interrupt
UART2_nINTE.RBIFIE bit: Receive buffer one byte full interrupt
UART?2_nINTE.TBEIE bit: Transmit buffer empty interrupt
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UART2 Ch.n Transmit Buffer Empty DMA Request Enable Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
UART2_nT 15-0 |TBEDMAEN[15:0] 0x0000 HO R/W |-

BEDMAEN

Bits 15-0 TBEDMAEN[15:0]

These bits enable the UART?2 to issue a DMA transfer request to the corresponding DMA controller
channel (Ch.0-Ch.15) when a transmit buffer empty state has occurred.

1 (R/W): Enable DMA transfer request

0 (R/W): Disable DMA transfer request

Each bit corresponds to a DMA controller channel. The high-order bits for the unimplemented chan-
nels are ineffective.

UART2 Ch.n Receive Buffer One Byte Full DMA Request Enable Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
UART2_n 15-0 |[RB1FDMAEN[15:0] 0x0000 HO R/W |-

RB1FDMAEN

Bits 15-0 RB1FDMAENI[15:0]

These bits enable the UART?2 to issue a DMA transfer request to the corresponding DMA controller
channel (Ch.0-Ch.15) when a receive buffer one byte full state has occurred.

1 (R/W): Enable DMA transfer request

0 (R/W): Disable DMA transfer request

Each bit corresponds to a DMA controller channel. The high-order bits for the unimplemented chan-
nels are ineffective.
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14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

14 Synchronous Serial Interface (SPIA)

14.1 Overview

SPIA is a synchronous serial interface. The features of SPIA are listed below.

e Supports both master and slave modes.

¢ Data length: 2 to 16 bits programmable

» Either MSB first or LSB first can be selected for the data format.

* Clock phase and polarity are configurable.

* Supports full-duplex communications.

¢ Includes separated transmit data buffer and receive data buffer registers.

* Can generate receive buffer full, transmit buffer empty, end of transmission, and overrun interrupts.
e Can issue a DMA transfer request when a receive buffer full or a transmit buffer empty occurs.

e Master mode allows use of a 16-bit timer to set baud rate.

» Slave mode is capable of being operated with the external input clock SPICLK# only.

¢ Slave mode is capable of being operated in SLEEP mode allowing wake-up by an SPIA interrupt.

e Input pins can be pulled up/down with an internal resistor.
Figure 14.1.1 shows the SPIA configuration.
Table 14.1.1 SPIA Channel Configuration of S1C31W74

Item S1C31W74
Number of channels 1 channel (Ch.0)
Internal clock input Ch.0 < 16-bit timer Ch.1
SPIA Ch.n VDD%
—>
16-bit timer NOCLKDIV \_’ 2 [ ]sDIn
Clook CLK_T16_m »{ | sDOn
generator Shift register
Timer
Underflow
Transmit data buffer
Clock/shift register | | TXD[15:0]
control circuit
» Voo
3 MODEN Receive data buffer
g SFTRST > | RXD[15:0]
S LSBFST > — o
g CPHA > < ;s »[ ] SPICLKn
2 CPOL > <
c Vo,
Pull-up/down control %
PUEN circuit |
) Ly Vss
pree—— s (Used only in slave mode) Q [ #SPISSn
CcPU ) Interrupt T
‘ .......................... TENDIE con[rol C|rC “ TENDIF
RBFIE ! RBFIF
.......................... TBElE TBElF
i DMA
i controller DMA request |«
o reui
TBEDMAEN control circuit ~ ¢—
Figure 14.1.1 SPIA Configuration
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14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

14.2 Input/Output Pins and External Connections

14.2.1 List of Input/Output Pins
Table 14.2.1.1 lists the SPIA pins.

Table 14.2.1.1 List of SPIA Pins

Pin name 1/0* Initial status* Function
SDIn | | (Hi-2) SPIA Ch.n data input pin
SDOn O or Hi-Z Hi-Z SPIA Ch.n data output pin
SPICLKn lorO I (Hi-2) SPIA Ch.n external clock input/output pin
#SPISSn | | (Hi-2) SPIA Ch.n slave select signal input pin

# Indicates the status when the pin is configured for SPIA.

If the port is shared with the SPIA pin and other functions, the SPIA input/output function must be assigned to the
port before activating SPIA. For more information, refer to the “I/O Ports” chapter.

14.2.2 External Connections

SPIA operates in master mode or slave mode. Figures 14.2.2.1 and 14.2.2.2 show connection diagrams between
SPIA in each mode and external SPI devices.

#SPISS
SDO
SDI
SPICLK

#SPISS
SDO
SDI
SPICLK

A 4

S1C31 SPIA (master mode)

External SPI slave devices

#SPISS
SDO
SDI
SPICLK

A 4

Figure 14.2.2.1 Connections between SPIA in Master Mode and External SPI Slave Devices

S1C31 SPIA (slave mode)
#SPISSO
#SPISS1
#SPISS2
SDI
SDO
SPICLK

External SPI master device

External SPI slave devices

Figure 14.2.2.2 Connections between SPIA in Slave Mode and External SPI Master Device
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14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

14.2.3 Pin Functions in Master Mode and Slave Mode

The pin functions are changed according to the master or slave mode selection. The differences in pin functions be-
tween the modes are shown in Table 14.2.3.1.

Table 14.2.3.1 Pin Function Differences between Modes

Pin Function in master mode | Function in slave mode
SDIn Always placed into input state.
SDOn Always placed into output state. This pin is placed into output state while a low level

is applied to the #SPISSn pin or placed into Hi-Z
state while a high level is applied to the #SPISSn

pin.
SPICLKn [Outputs the SPI clock to external devices. Inputs an external SPI clock.
Output clock polarity and phase can be configured|Clock polarity and phase can be designated accord-
if necessary. ing to the input clock.
#SPISSn [Not used. Applying a low level to the #SPISSn pin enables

This input function is not required to be assigned to|SPIA to transmit/receive data. While a high level is
the port. To output the slave select signal in master|applied to this pin, SPIA is not selected as a slave
mode, use a general-purpose I/O port function. device. Data input to the SDIn pin and the clock
input to the SPICLKn pin are ignored. When a high
level is applied, the transmit/receive bit count is
cleared to 0 and the already received bits are dis-
carded.

14.2.4 Input Pin Pull-Up/Pull-Down Function

The SPIA input pins (SDIn in master mode or SDIn, SPICLK#n, and #SPISSn pins in slave mode) have a pull-up or
pull-down function as shown in Table 14.2.4.1. This function is enabled by setting the SPIA_nMOD PUEN bit to 1.

Table 14.2.4.1 Pull-Up or Pull-Down of Input Pins

Pin Master mode Slave mode
SDIn Pull-up Pull-up
SPICLKn - SPIA_nMOD.CPOL bit = 1: Pull-up

SPIA_nMOD.CPOL bit = 0: Pull-down
#SPISSn - Pull-up

14.3 Clock Settings

14.3.1 SPIA Operating Clock

Operating clock in master mode

In master mode, the SPIA operating clock is supplied from the 16-bit timer. The following two options are pro-
vided for the clock configuration.

Use the 16-bit timer operating clock without dividing
By setting the SPIA_nMOD.NOCLKDIV bit to 1, the operating clock CLK_T16_m, which is configured
by selecting a clock source and a division ratio, for the 16-bit timer channel corresponding to the SPIA
channel is input to SPIA as CLK_SPIAxn. Since this clock is also used as the SPI clock SPICLK#n without
changing, the CLK_SPIAn frequency becomes the baud rate.
To supply CLK_SPIA#n to SPIA, the 16-bit timer clock source must be enabled in the clock generator. It
does not matter how the T16_mCTL.MODEN and T16_mCTL.PRUN bits of the corresponding 16-bit
timer channel are set (1 or 0).
When setting this mode, the timer function of the corresponding 16-bit timer channel may be used for an-
other purpose.

Use the 16-bit timer as a baud rate generator
By setting the SPIA_nMOD.NOCLKDIV bit to 0, SPIA inputs the underflow signal generated by the corre-
sponding 16-bit timer channel and converts it to the SPICLK#7. The 16-bit timer must be run with an appro-
priate reload data set. The SPICLKn frequency (baud rate) and the 16-bit timer reload data are calculated
by the equations shown below.

S1C31W74 TECHNICAL MANUAL Seiko Epson Corporation 14-3
(Rev. 1.1)




14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

fcLk_spia fcLk_spia
fsmcu(:m RLD = ook x2 1 (Eq. 14.1)
Where
fspicLk:  SPICLKn frequency [Hz] (= baud rate [bps])
fcLk_spia: SPIA operating clock frequency [Hz]

RLD: 16-bit timer reload data value

For controlling the 16-bit timer, refer to the “16-bit Timers” chapter.

Operating clock in slave mode
SPIA set in slave mode operates with the clock supplied from the external SPI master to the SPICLK# pin. The
16-bit timer channel (including the clock source selector and the divider) corresponding to the SPIA channel is
not used. Furthermore, the SPIA_nMOD.NOCLKDIV bit setting becomes ineffective.
SPIA keeps operating using the clock supplied from the external SPI master even if all the internal clocks halt
during SLEEP mode, so SPIA can receive data and can generate receive buffer full interrupts.

14.3.2 Clock Supply During Debugging

In master mode, the operating clock supply during debugging should be controlled using the T16_mCLK.DBRUN
bit.

The CLK_T16_m supply to SPIA Ch.n is suspended when the CPU enters debug state if the T16_mCLK.DBRUN
bit = 0. After the CPU returns to normal operation, the CLK_T16_m supply resumes. Although SPIA Ch.n stops
operating when the CLK_T16_m supply is suspended, the output pins and registers retain the status before the de-
bug state was entered. If the T16_mCLK.DBRUN bit = 1, the CLK_T16_m supply is not suspended and SPIA Ch.n
will keep operating in a debug state.

SPIA in slave mode operates with the external SPI master clock input from the SPICLK# pin regardless of whether
the CPU is placed into debug state or normal operation state.

14.3.3 SPI Clock (SPICLKn) Phase and Polarity

The SPICLKn phase and polarity can be configured separately using the SPIA_nMOD.CPHA bit and the SPIA_
nMOD.CPOL bit, respectively. Figure 14.3.3.1 shows the clock waveform and data input/output timing in each set-

ting.
SPIA_nMOD register Cycle No. 1 2 3 4 5 6 7 8

CPOLbit  CPHA bit
1 1 sPictkn [ [ \ [ [ ./ [ [
1 0 spictkn 1\ [ L
0 1 sickkn_ [\ [\
0 0 sPiclkn [\ [\ L
X X SDIn MSB LSB
X X (Master mode) SDOn MSB LSB
X 1 (Slave mode) SDON MSB LSB
X 0 (Slave mode) SDOnj MSB LSB

‘Writing data to the SPIA_nTXD register‘
Figure 14.3.3.1 SPI Clock Phase and Polarity (SPIA_nMOD.LSBFST bit = 0, SPIA_nMOD.CHLN[3:0] bits = 0x7)
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14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

14.4 Data Format

The SPIA data length can be selected from 2 bits to 16 bits by setting the SPIA_nMOD.CHLN[3:0] bits. The input/
output permutation is configurable to MSB first or LSB first using the SPIA_nMOD.LSBFST bit. Figure 14.4.1
shows a data format example when the SPIA_nMOD.CHLN[3:0] bits = 0x7, the SPIA_nMOD.CPOL bit = 0 and
the SPIA_nMOD.CPHA bit = 0.

Cycle No. 1 2 3 4 5 6 7 8
SPIA_LnMOD.  SPICLKn [\ [V [V v L
LeBrSTh SDOn Dw7 Dw6 Dw5 Dw4 Dw3 Dw2 Dw1 DwO
° SDIn Dr7 Dr6 Dr5 Dr4 Dr3 Dr2 Dr1 Dr0
SDOn DwO Dw1 Dw2 Dw3 Dw4 Dw5 Dw6 Dw7
1 { SDIn Dr0 Dr1 Dr2 Dr3 Dr4 Dr5 Dr6 Dr7
y
[Writing Dw([7:0] to the SPIA_nTXD register] [Loading Dr[7:0] to the SPIA_nRXD register]

Figure 14.4.1 Data Format Selection Using the SPIA_nMOD.LSBFST Bit
(SPIA_nMOD.CHLN[3:0] bits = 0x7, SPIA_nMOD.CPOL bit = 0, SPIA_nMOD.CPHA bit = 0)

14.5 Operations

14.5.1 Initialization

SPIA Ch.n should be initialized with the procedure shown below.
1. <Master mode only> Generate a clock by controlling the 16-bit timer and supply it to SPIA Ch.n.
2. Configure the following SPIA_nMOD register bits:

- SPIA_nMOD.PUEN bit (Enable input pin pull-up/down)

- SPIA_nMOD.NOCLKDIV bit (Select master mode operating clock)
- SPIA_nMOD.LSBFST bit (Select MSB first/LLSB first)

- SPIA_nMOD.CPHA bit (Select clock phase)

- SPIA_nMOD.CPOL bit (Select clock polarity)

- SPIA_nMOD.MST bit (Select master/slave mode)

Assign the SPIA Ch.n input/output function to the ports. (Refer to the “I/O Ports” chapter.)
4. Set the following SPIA_nCTL register bits:

- Set the SPIA_nCTL.SFTRST bitto 1. (Execute software reset)

- Set the SPIA_nCTL.MODEN bit to 1. (Enable SPIA Ch.n operations)
5. Set the following bits when using the interrupt:

- Write 1 to the interrupt flags in the SPIA_nINTF register. (Clear interrupt flags)

- Set the interrupt enable bits in the SPIA_nINTE register to 1. *  (Enable interrupts)

* The initial value of the SPIA_nINTF.TBEIF bit is 1, therefore, an interrupt will occur immediately after the
SPIA_nINTE.TBEIE bitis set to 1.

6. Configure the DMA controller and set the following SPIA control bits when using DMA transfer:
- Write 1 to the DMA transfer request enable bits
in the SPIA_nTBEDMAEN and SPIA_nRBFDMAEN registers. (Enable DMA transfer requests)

S1C31W74 TECHNICAL MANUAL Seiko Epson Corporation 14-5
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14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

14.5.2 Data Transmission in Master Mode

A data sending procedure and operations in master mode are shown below. Figures 14.5.2.1 and 14.5.2.2 show a

timi

ng chart and a flowchart, respectively.

Data sending procedure

Assert the slave select signal by controlling the general-purpose output port (if necessary).
Check to see if the SPIA_nINTF.TBEIF bit is set to 1 (transmit buffer empty).

Write transmit data to the SPIA_nTXD register.

Wait for an SPIA interrupt when using the interrupt.

Repeat Steps 2 to 4 (or 2 and 3) until the end of transmit data.

A AW N =

Negate the slave select signal by controlling the general-purpose output port (if necessary).

Data sending operations

SPIA Ch.n starts data sending operations when transmit data is written to the SPIA_nTXD register.

The transmit data in the SPIA_nTXD register is automatically transferred to the shift register and the SPIA_
nINTE.TBEIF bit is set to 1. If the SPIA_nINTE.TBEIE bit = 1 (transmit buffer empty interrupt enabled), a
transmit buffer empty interrupt occurs at the same time.

The SPICLK# pin outputs clocks of the number of the bits specified by the SPIA_nMOD.CHLN][3:0] bits and
the transmit data bits are output in sequence from the SDOr pin in sync with these clocks.

Even if the clock is being output from the SPICLK#n pin, the next transmit data can be written to the SPIA_
nTXD register after making sure the SPIA_nINTF.TBEIF bit is set to 1.

If transmit data has not been written to the SPIA_nTXD register after the last clock is output from the SPI-
CLKn pin, the clock output halts and the SPIA_nINTF.TENDIF bit is set to 1. At the same time SPIA issues an
end-of-transmission interrupt request if the SPIA_nINTE.TENDIE bit = 1.

12345678 12345¢6738 123456738

seckn [T UUUUUUUyT Uy
SDOn [TT T T TTTTTITTTITIT] [T T TTTT]
SPIA_nINTF.TBEIF ﬁ‘J ‘J

A 4

SPIA_nINTF.TENDIF [ ]

Data (W) — SPIA_nTXD] Data (W) — SPIA_nTXD]

Software operations
Data (W) — SPIA_nTXD] 1 (W) - SPIA_nINTF.TENDIF ]

Figure 14.5.2.1 Example of Data Sending Operations in Master Mode (SPIA_nMOD.CHLN[3:0] bits = 0x7)
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14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

(__ Datatransmission )

Assert the slave select signal output from
a general-purpose port

<&
<

Read the SPIA_nINTF.TBEIF bit

SPIA_nINTETBEIF =17

YES ¢
Write transmit data to
the SPIA_nTXD register

Transmit data remained?

NO Wait for an interrupt request
(SPIA_nINTETBEIF = 1)

—
~—

Negate the slave select signal output from
a general-purpose port

— T—

Figure 14.5.2.2 Data Transmission Flowchart in Master Mode

—
~—

Data transmission using DMA

By setting the SPIA_nTBEDMAEN.TBEDMAENX bit to 1 (DMA transfer request enabled), a DMA transfer
request is sent to the DMA controller and transmit data is transferred from the specified memory to the SPIA_
nTXD register via DMA Ch.x when the SPIA_nINTFE.TBEIF bit is set to 1 (transmit buffer empty).

This automates the procedure from Step 2 to Step 5 described above.

The transfer source/destination and control data must be set for the DMA controller and the relevant DMA
channel must be enabled to start a DMA transfer in advance so that transmit data will be transferred to the
SPIA_nTXD register. For more information on DMA, refer to the “DMA Controller” chapter.

Table 14.5.2.1 DMA Data Structure Configuration Example (for 16-bit Data Transmission)

Item Setting example

End pointer |Transfer source Memory address in which the last transmit data is stored
Transfer destination |SPIA_nTXD register address

Control data |dst_inc 0x3 (no increment)
dst_size 0x1 (haflword)
src_inc 0x1 (+2)
src_size 0x1 (halfword)
R_power 0x0 (arbitrated for every transfer)
n_minus_1 Number of transfer data
cycle_ctrl 0x1 (basic transfer)
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14.5.3 Data Reception in Master Mode

A data receiving procedure and operations in master mode are shown below. Figures 14.5.3.1 and 14.5.3.2 show a
timing chart and flowcharts, respectively.

Data receiving procedure

Assert the slave select signal by controlling the general-purpose output port (if necessary).
Check to see if the SPIA_nINTF.TBEIF bit is set to 1 (transmit buffer empty).

Write dummy data (or transmit data) to the SPIA_nTXD register.

Wait for a transmit buffer empty interrupt (SPIA_nINTF.TBEIF bit = 1).

Write dummy data (or transmit data) to the SPIA_nTXD register.

Wait for a receive buffer full interrupt (SPIA_nINTE.RBFIF bit = 1).

Read the received data from the SPIA_nRXD register.

Repeat Steps 5 to 7 until the end of data reception.

© ® NN kW=

Negate the slave select signal by controlling the general-purpose output port (if necessary).

=z
o
-
(1]

: To perform continuous data reception without stopping SPICLKn, Steps 7 and 5 operations must
be completed within the SPICLKn cycles equivalent to “Data bit length - 1” after Step 6.

Data receiving operations

SPIA Ch.n starts data receiving operations simultaneously with data sending operations when transmit data (may
be dummy data if data transmission is not required) is written to the SPIA_nTXD register.

The SPICLK#7 pin outputs clocks of the number of the bits specified by the SPIA_nMOD.CHLN[3:0] bits. The
transmit data bits are output in sequence from the SDOn pin in sync with these clocks and the receive data bits
input from the SDIxn pin are shifted into the shift register.

When the last clock is output from the SPICLK#7 pin and receive data bits are all shifted into the shift register,
the received data is transferred to the receive data buffer and the SPIA_nINTF.RBFIF bit is set to 1. At the
same time SPIA issues a receive buffer full interrupt request if the SPIA_nINTE.RBFIE bit = 1. After that, the
received data in the receive data buffer can be read through the SPIA_nRXD register.

Note: If data of the number of the bits specified by the SPIA_nMOD.CHLN[3:0] bits is received when
the SPIA_nINTE.RBFIF bit is set to 1, the SPIA_nRXD register is overwritten with the newly re-
ceived data and the previously received data is lost. In this case, the SPIA_nINTE.OEIF bit is set.

12345678 1234567812345678
seicekn _ JUITUUULIUL. . fyiviuvdiut
sbon _ [T T TTT[T]] [TTTTTTTITTTTITITT]
soin [ [T T T1T] [TTTTTTTITTTTITITT]
SPIA_nINTF.TBEIF || | J—
SPIA_nINTF.RBFIF ] ] L
SPIA_nINTF.TENDIF [ 1
Data (W) — SPIA_nTXD] ‘[Data (W) - SPIA_nTXD] [SPIA_nRXD — Data (R)]
Software operations SPIA_nRXD — Data (R) [Data (W) — SPIA_nTXD] [SPIA_nRXD — Data (R)]

1 (W) — SPIA_nINTF.TENDIF
Figure 14.5.3.1 Example of Data Receiving Operations in Master Mode (SPIA_nMOD.CHLN][3:0] bits = 0x7)

14-8 Seiko Epson Corporation S1C31W74 TECHNICAL MANUAL
(Rev. 1.1)
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C Data reception D) C Data reception D)
Assert the slave select signal output from Assert the slave select signal output from
a general-purpose port a general-purpose port
T¢ [”

I Il

’ Read the SPIA_nINTFE.TBEIF bit ‘ ’ Read the SPIA_nINTF.TBEIF bit ‘

SPIA_nINTETBEIF =1 ? SPIA_nINTETBEIF =1 ?

YES [« YES
Write dummy data (or transmit data) to Write dummy data (or transmit data) to
the SPIA_nTXD register the SPIA_nTXD register

Wait for an interrupt request Wait for an interrupt request
(SPIA_nINTF.RBFIF = 1) (SPIA_nINTETBEIF = 1)

¢

[«
Read receive data from Write dummy data (or transmit data) to

the SPIA_nRXD register the SPIA_nTXD register
within theSPICLKn

Receive data remained?
cycles equivalent to

NO Read receive data from “Data bit length - 17 from
Negate the slave select signal output from| ) the SPIA_nRXD register an interrupt request

a general-purpose port
Receive data remained?

C End D)
NO

Negate the slave select signal output from
a general-purpose port

( [
C End D

(A) Intermittent data reception (B) Continuous data reception

Execute this sequence

Wait for an interrupt request
(SPIA_nINTF.RBFIF = 1)

(

)

Figure 14.5.3.2 Data Reception Flowcharts in Master Mode

Data reception using DMA

For data reception, two DMA controller channels should be used to write dummy data to the SPIA_nTXD reg-
ister as a reception start trigger and to read the received data from the SPIA_nRXD register.

By setting the SPIA_nTBEDMAEN.TBEDMAENUx! bit to 1 (DMA transfer request enabled), a DMA transfer
request is sent to the DMA controller and dummy data is transferred from the specified memory to the SPIA_
nTXD register via DMA Ch.xs when the SPIA_nINTFE.TBEIF bit is set to 1 (transmit buffer empty).

By setting the SPIA_nRBFDMAEN.RBFDMAENGx2 bit to 1 (DMA transfer request enabled), a DMA transfer
request is sent to the DMA controller and the received data is transferred from the SPIA_nRXD register to the
specified memory via DMA Ch.x2 when the SPIA_nINTFE.RBFIF bit is set to 1 (receive buffer full).

This automates the procedure from Step 2 to Step 8 described above.

The transfer source/destination and control data must be set for the DMA controller and the relevant DMA
channel must be enabled to start a DMA transfer in advance. For more information on DMA, refer to the “DMA
Controller” chapter.

Table 14.5.3.1 DMA Data Structure Configuration Example (for Writing 16-bit Dummy Transmit Data)

Item Setting example

End pointer |Transfer source Memory address in which dummy data is stored
Transfer destination |SPIA_nTXD register address

Control data |dst_inc 0x3 (no increment)
dst_size 0x1 (haflword)
src_inc 0x3 (no increment)
src_size 0x1 (halfword)
R_power 0x0 (arbitrated for every transfer)
n_minus_1 Number of transfer data
cycle_ctrl 0x1 (basic transfer)
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Table 14.5.3.2 DMA Data Structure Configuration Example (for 16-bit Data Reception)

Item Setting example

End pointer |Transfer source SPIA_nRXD register address

Transfer destination [Memory address to which the last received data is stored
Control data |dst_inc 0x1 (+2)

dst_size 0x1 (haflword)

src_inc 0x3 (no increment)

src_size 0x1 (halfword)

R_power 0x0 (arbitrated for every transfer)

n_minus_1 Number of transfer data

cycle_ctrl 0x1 (basic transfer)

14.5.4 Terminating Data Transfer in Master Mode

A procedure to terminate data transfer in master mode is shown below.

1. Wait for an end-of-transmission interrupt (SPIA_nINTE.TENDIF bit = 1).
2. Set the SPIA_nCTL.MODEN bit to O to disable the SPIA Ch.n operations.
3. Stop the 16-bit timer to disable the clock supply to SPIA Ch.n.

14.5.5 Data Transfer in Slave Mode

A data sending/receiving procedure and operations in slave mode are shown below. Figures 14.5.5.1 and 14.5.5.2

show a timing chart and flowcharts, respectively.

Data sending procedure

1
2
3.
4

Note:

Check to see if the SPIA_nINTF.TBEIF bit is set to 1 (transmit buffer empty).

Write transmit data to the SPIA_»nTXD register.

Wait for a transmit buffer empty interrupt (SPIA_nINTF.TBEIF bit = 1).

Repeat Steps 2 and 3 until the end of transmit data.

Transmit data must be written to the SPIA_nTXD register after the SPIA_nINTETBEIF bit is set
to 1 by the time the sending SPIA_nTXD register data written is completed. If no transmit data is

written during this period, the data bits input from the SDIn pin are shifted and output from the
SDOn pin without being modified.

Data receiving procedure

1.
2.
3.

Wait for a receive buffer full interrupt (SPIA_nINTF.RBFIF bit = 1).
Read the received data from the SPIA_nRXD register.
Repeat Steps 1 and 2 until the end of data reception.

Data transfer operations

The following shows the slave mode operations different from master mode:

Slave mode operates with the SPI clock supplied from the external SPI master to the SPICLK# pin.
The data transfer rate is determined by the SPICLKn frequency. It is not necessary to control the 16-bit timer.

SPIA can operate as a slave device only when the slave select signal input from the external SPI master to the
#SPISSn pin is set to the active (low) level.

If #SPISSn = high, the software transfer control, the SPICLK# pin input, and the SDIn pin input are all inef-
fective. If the #SPISSn signal goes high during data transfer, the transfer bit counter is cleared and data in the
shift register is discarded.

Slave mode starts data transfer when SPICLK# is input from the external SPI master after the #SPISS#n signal
is asserted. Writing transmit data is not a trigger to start data transfer. Therefore, it is not necessary to write
dummy data to the transmit data buffer when performing data reception only.

14-10
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14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

¢ Data transmission/reception can be performed even in SLEEP mode, it makes it possible to wake the CPU up
using an SPIA interrupt.

Other operations are the same as master mode.

Notes: - If data of the number of bits specified by the SPIA_nMOD.CHLNI3:0] bits is received when
the SPIA_nINTF.RBFIF bit is set to 1, the SPIA_nRXD register is overwritten with the newly
received data and the previously received data is lost. In this case, the SPIA_nINTF.OEIF bit
is set.

« When the clock for the first bit is input from the SPICLKn pin, SPIA starts sending the data
currently stored in the shift register even if the SPIA_nINTF.TBEIF bit is set to 1.

#SPISSn | [
12 3 1234567 812345©6 78 123 456 7 8
SPICLKn
SDOn [ ] [ TTTTTTITTITTITITITITIT] [TTTTTT
SDin [T] [ TTTTTTTITTITTTITT] [T TTTTT]
SPIA_nINTF.TBEIF J | | |
SPIA_nINTF.RBFIF | | I

[Data (W) - SPIA_nTXD| [Data (W) — SPIA_nTXD] |[Data (W) — SPIA_nTXD]

[SPIA_nRXD — Data (R)] [SPIA_nRXD — Data (R)]
Figure 14.5.5.1 Example of Data Transfer Operations in Slave Mode (SPIA_nMOD.CHLN][3:0] bits = 0x7)

Software operations [

(__Data transmission ) ( Data reception )}
1

< <
Il Il

Read the SPIA_nINTF.TBEIF bit Wait for an interrupt request

(SPIA_nINTE.RBFIF = 1)
SPIA_nINTETBEIF =17

Read receive data from
YES <
Write transmit data to

the SPIA_nRXD register
the SPIA_nTXD register

Transmit data remained?

NO

( End )

Wait for an interrupt request
(SPIA_nINTE.TBEIF = 1)

( End ) |

Figure 14.5.5.2 Data Transfer Flowcharts in Slave Mode

14.5.6 Terminating Data Transfer in Slave Mode

A procedure to terminate data transfer in slave mode is shown below.

1. Wait for an end-of-transmission interrupt (SPIA_nINTE.TENDIF bit = 1). Or determine end of transfer via the
received data.

2. Set the SPIA_nCTL.MODEN bit to O to disable the SPIA Ch.n operations.
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14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

14.6 Interrupts

SPIA has a function to generate the interrupts shown in Table 14.6.1.

Table 14.6.1 SPIA Interrupt Function

Interrupt Interrupt flag Set condition Clear condition
End of transmission |SPIA_nINTETENDIF |When the SPIA_nINTE.TBEIF bit = 1 after data|Writing 1
of the specified bit length (defined by the SPIA_
nMOD.CHLN[3:0] bits) has been sent
Receive buffer full SPIA_nINTERBFIF |When data of the specified bit length is received|Reading the SPIA_
and the received data is transferred from the shift{nRXD register
register to the received data buffer
Transmit buffer empty |SPIA_nINTETBEIF |When transmit data written to the transmit data|Writing to the SPIA _
buffer is transferred to the shift register nTXD register
Overrun error SPIA_nINTF.OEIF When the receive data buffer is full (when the re-|Writing 1
ceived data has not been read) at the point that
receiving data to the shift register has completed

SPIA provides interrupt enable bits corresponding to each interrupt flag. An interrupt request is sent to the CPU
only when the interrupt flag, of which interrupt has been enabled by the interrupt enable bit, is set. For more infor-
mation on interrupt control, refer to the “Interrupt” chapter.

The SPIA_nINTF register also contains the BSY bit that indicates the SPIA operating status.

Figure 14.6.1 shows the SPIA_nINTF.BSY and SPIA_nINTE.TENDIF bit set timings.

Master mode
SPIA_nMOD register

CPOL bit CPHA bit 7 8
1 1
SPICLKn
0 0 \
SDOn X
SPIA_nINTF.BSY
SPIA_nINTF.TENDIF
Iy
Writing data to the SPIA_nTXD register]

Slave mode

#SPISSn _\

SPIA_nINTF.BSY _/
SPIA_nMOD register ‘
CPOLbit  CPHAbit [ SPICLKn

1 1

SDOn

SPICLKn

SDOn

SPIA_nINTF.TENDIF

A

Writing data to the SPIA_nTXD register]
Figure 14.6.1 SPIA_nINTE.BSY and SPIA_nINTETENDIF Bit Set Timings (when SPIA_nMOD.CHLN][3:0] bits = 0x7)
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14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

14.7 DMA Transfer Requests

The SPIA has a function to generate DMA transfer requests from the causes shown in Table 14.7.1.

Table 14.7.1

DMA Transfer Request Causes of SPIA

Cause to request
DMA transfer

DMA transfer request flag

Set condition

Clear condition

Receive buffer
full

Receive buffer full flag
(SPIA_nINTF.RBFIF)

When data of the specified bit length is received and the
received data is transferred from the shift register to the
received data buffer

Reading the
SPIA_nRXD
register

Transmit buffer
empty

Transmit buffer empty flag
(SPIA_nINTF.TBEIF)

When transmit data written to the transmit data buffer is
transferred to the shift register

Writing to the
SPIA_nTXD
register

The SPIA provides DMA transfer request enable bits corresponding to each DMA transfer request flag shown
above for the number of DMA channels. A DMA transfer request is sent to the pertinent channel of the DMA con-
troller only when the DMA transfer request flag, of which DMA transfer has been enabled by the DMA transfer
request enable bit, is set. The DMA transfer request flag also serves as an interrupt flag, therefore, both the DMA

transfer request and the interrupt cannot be enabled at the same time. After a DMA transfer has completed, disable

the DMA transfer to prevent unintended DMA transfer requests from being issued. For more information on the
DMA control, refer to the “DMA Controller” chapter.

14.8 Control Registers

SPIA Ch.n Mode Register

| Registername | Bit | Bit name | Initial | Reset | R/W | Remarks
SPIA_nMOD 15-12|- 0x0 - R -
11-8 |CHLN[3:0] 0x7 HO R/W
7-6 |- 0x0 - R
5 |PUEN 0 HO R/W
4 INOCLKDIV 0 HO R/W
3 |LSBFST 0 HO R/W
2 |CPHA 0 HO R/W
1 |CPOL 0 HO R/W
0 |MST 0 HO R/W

Bits 15-12 Reserved

Bits 11-8 CHLN[3:0]
These bits set the bit length of transfer data.

Table 14.8.1 Data Bit Length Settings

SPIA_nMOD.CHLNI3:0] bits Data bit length
Oxf 16 bits
Oxe 15 bits
Oxd 14 bits
Oxc 13 bits
Oxb 12 bits
Oxa 11 bits
0x9 10 bits
0x8 9 bits
0x7 8 bits
0x6 7 bits
0x5 6 bits
0x4 5 bits
0x3 4 bits
0x2 3 bits
0x1 2 bits
0x0 Setting prohibited
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14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

Bits 7-6
Bit5

Bit 4

Bit 3

Bit 2
Bit 1

Bit 0

Reserved

PUEN

This bit enables pull-up/down of the input pins.
1 (R/W): Enable pull-up/down

0 (R/W): Disable pull-up/down

For more information, refer to “Input Pin Pull-Up/Pull-Down Function.”

NOCLKDIV

This bit selects SPICLK# in master mode. This setting is ineffective in slave mode.

1 (R/W): SPICLKn frequency = CLK_SPIAn frequency ( = 16-bit timer operating clock frequency)
0 (R/W): SPICLKn frequency = 16-bit timer output frequency / 2

For more information, refer to “SPIA Operating Clock.”

LSBFST

This bit configures the data format (input/output permutation).
1 (R/W): LSB first

0 (R/W): MSB first

CPHA

CPOL

These bits set the SPI clock phase and polarity. For more information, refer to “SPI Clock (SPICLKn)
Phase and Polarity.”

MST

This bit sets the SPIA operating mode (master mode or slave mode).
1 (R/W): Master mode

0 (R/W): Slave mode

Note: The SPIA_nMOD register settings can be altered only when the SPIA_nCTL.MODEN bit = 0.

SPIA Ch.n Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
SPIA_nCTL 15-8 |- 0x00 - R -
7-2 |- 0x00 - R
1 |SFTRST 0 HO R/W
0 |MODEN 0 HO R/W
Bits 15-2 Reserved
Bit 1 SFTRST
This bit issues software reset to SPIA.
1 (W): Issue software reset
0 (W): Ineffective
1 (R): Software reset is executing.
0 (R): Software reset has finished. (During normal operation)

Bit0

Setting this bit resets the SPIA shift register and transfer bit counter. This bit is automatically cleared
after the reset processing has finished.

MODEN

This bit enables the SPIA operations.

1 (R/W): Enable SPIA operations (In master mode, the operating clock is supplied.)
0 (R/W): Disable SPIA operations (In master mode, the operating clock is stopped.)

Note: If the SPIA_nCTL.MODEN bit is altered from 1 to O while sending/receiving data, the data being
sent/received cannot be guaranteed. When setting the SPIA_nCTL.MODEN bit to 1 again after
that, be sure to write 1 to the SPIA_nCTL.SFTRST bit as well.

14-14

Seiko Epson Corporation S1C31W74 TECHNICAL MANUAL
(Rev. 1.1)



14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

SPIA Ch.n Transmit Data Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
[SPIA_nTXD | 15-0 [TXD[15:0] [oxo000] HO | RW |- |

Bits 15-0 TXDI[15:0]
Data can be written to the transmit data buffer through these bits.
In master mode, writing to these bits starts data transfer.
Transmit data can be written when the SPIA_nINTE.TBEIF bit = 1 regardless of whether data is being
output from the SDOr pin or not.
Note that the upper data bits that exceed the data bit length configured by the SPIA_nMOD.
CHLN][3:0] bits will not be output from the SDOn pin.

Note: Be sure to avoid writing to the SPIA_nTXD register when the SPIA_nINTETBEIF bit = 0. Other-
wise, transfer data cannot be guaranteed.

SPIA Ch.n Receive Data Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
[SPIA_nRXD | 15-0 [RXD[15:0] [oxo000] Ho | R |- |

Bits 15-0 RXD[15:0]
The receive data buffer can be read through these bits. Received data can be read when the SPIA
nINTF.RBFIF bit = 1 regardless of whether data is being input from the SDIn pin or not. Note that the
upper bits that exceed the data bit length configured by the SPIA_nMOD.CHLN[3:0] bits become 0.

SPIA Ch.n Interrupt Flag Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
SPIA_nINTF 15-8 |- 0x00 - R -
7 |BSY 0 HO R
6-4 |- 0x0 - R
3 |OEIF 0 HO0/S0 R/W [Cleared by writing 1.
2 |TENDIF 0 HO/S0 R/W
1 |RBFIF 0 HO0/S0 R Cleared by reading the
SPIA_nRXD register.
0 |[TBEIF 1 HO0/S0 R Cleared by writing to the
SPIA_nTXD register.

Bits 15-8 Reserved

Bit 7 BSY
This bit indicates the SPIA operating status.
1 (R): Transmit/receive busy (master mode), #SPISSn = Low level (slave mode)
0 (R): Idle

Bits 6-4 Reserved

Bit 3 OEIF

Bit 2 TENDIF

Bit 1 RBFIF

Bit 0 TBEIF
These bits indicate the SPIA interrupt cause occurrence status.
1 (R): Cause of interrupt occurred
0 (R): No cause of interrupt occurred

1 (W): Clear flag (OEIF, TENDIF)
0 (W): Ineffective
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14 SYNCHRONOUS SERIAL INTERFACE (SPIA)

The following shows the correspondence between the bit and interrupt:
SPIA_nINTF.OEIF bit: ~ Overrun error interrupt
SPIA_nINTE.TENDIF bit: End-of-transmission interrupt
SPIA_nINTE.RBFIF bit: Receive buffer full interrupt
SPIA_nINTE.TBEIF bit: Transmit buffer empty interrupt

SPIA Ch.n Interrupt Enable Register

| Register name | Bit | Bit name | Initial | Reset| R/W | Remarks
SPIA_nINTE 15-8 |- 0x00 - R -
7-4 |- 0x0 - R
3 |OEIE 0 HO R/W
2 |TENDIE 0 HO R/W
1 RBFIE 0 HO R/W
0 |TBEIE 0 HO R/W

Bits 15-4 Reserved

Bit 3 OEIE
Bit 2 TENDIE
Bit 1 RBFIE
Bit0 TBEIE

These bits enable SPIA interrupts.
1 (R/W): Enable interrupts
0 (R/W): Disable interrupts

The following shows the correspondence between the bit and interrupt:
SPIA_nINTE.OEIE bit: ~ Overrun error interrupt
SPIA_nINTE.TENDIE bit: End-of-transmission interrupt
SPIA_nINTE.RBFIE bit:  Receive buffer full interrupt
SPIA_nINTE.TBEIE bit: Transmit buffer empty interrupt

SPIA Ch.n Transmit Buffer Empty DMA Request Enable Register

| Register name | Bit | Bit name | Initial | Reset R/W | Remarks |
|[SPIA_nTBEDMAEN]| 15-0 [TBEDMAEN[15:0] |0x0000| HO | RW |- |

Bits 15-0 TBEDMAEN[15:0]
These bits enable the SPIA to issue a DMA transfer request to the corresponding DMA channel (Ch.0—
Ch.15) when a transmit buffer empty state has occurred.
1 (R/W): Enable DMA transfer request
0 (R/W): Disable DMA transfer request

Each bit corresponds to a DMA controller channel. The high-order bits for the unimplemented chan-
nels are ineffective.

SPIA Ch.n Receive Buffer Full DMA Request Enable Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
|SPIA_nRBFDMAEN] 15-0 [RBFDMAEN[15:0] | 0x0000] HO | RW |- |

Bits 15-0 RBFDMAENI[15:0]
These bits enable the SPIA to issue a DMA transfer request to the corresponding DMA channel (Ch.0—
Ch.15) when a receive buffer full state has occurred.
1 (R/W): Enable DMA transfer request
0 (R/W): Disable DMA transfer request

Each bit corresponds to a DMA controller channel. The high-order bits for the unimplemented chan-
nels are ineffective.
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15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

15 Quad Synchronous Serial Interface

(QSPI)

15.1 Overview

The QSPI is a quad synchronous serial interface. The features of the QSPI are listed below.

Supports both master and slave modes.

Supports single, dual, and quad transfer modes.

Data length: 2 to 16 clocks programmable.

Data line drive length: 1 to 16 clocks programmable (for output direction only).

Either MSB first or LSB first can be selected for the data format.

Clock phase and polarity are configurable.

Supports full-duplex communications.

Includes separated transmit data buffer and receive data buffer registers.

Can generate receive buffer full, transmit buffer empty, end of transmission, and overrun interrupts.
Master mode allows use of a 16-bit timer to set baud rate.

Slave mode is capable of being operated with the external input clock QSPICLKr only.

Slave mode is capable of being operated in SLEEP mode allowing wake-up by a QSPI interrupt.
Input pins can be pulled up/down with an internal resistor.

Low CPU overhead memory mapped access mode that can access the external Flash memory with XIP (eXecute-
In-Place) mode in the same manner as the embedded system memory.

- Memory mapped access size: 8, 16, and 32-bit access.

- 1M-byte external Flash memory mapped access area that allows programmable re-mapping.

- Configurable 3 or 4-byte address cycle length.

- Single, dual, or quad transfer mode is configurable for each address, mode byte/dummy, and data cycle.
- Programmable mode bytes for both XIP mode activation and termination.

- Configurable mode byte/dummy output cycle length.

Can issue a DMA transfer request when a receive buffer full, a transmit buffer empty, or a memory mapped ac-
cess (32-bit read) occurs.

Figure 15.1.1 shows the QSPI configuration.

Table 15.1.1 QSPI Channel Configuration of S1IC31W74

Item S1C31W74
Number of channels 1 channel (Ch.0)
Internal clock input Ch.0 < 16-bit timer Ch.2
Memory mapped access area 1M-byte area beginning with address 0x0008_0000
for external Flash memory
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QSPI Ch.n Voo %
—>
16-bit timer NOCLKDIV ‘f
CLK_T16_m L
Clock - -
generator : ) 4!4\( > ] QSDION[3:0]
Ti Shift registers
imer
Underflow [ Vop
BSY - § Transmit data buffer %
MODEN _|—»{ Clock/shift TXD[15:0] >
SFTRST _|—»{register control g »[] QsPICLKn
CHDL[3:0] —»{ circuit L >
CHLN[3:0] —»f Receive data buffer
TMOD[1:0] —»] RXD[15:0]
B TCSH[3:0] |—» LSBFST |—»f Vss
= RMADR[31:20] - —»f CPHA —»| <
= DUMDL[3:0] —»{ _lemory CPOL < Voo
= DUMLN[3:0] amapped access|
g DATTMODIT:0 control circuit Pull-up/
o O] —» ull-up/down >
S DUMTMOD[1:0]—{ PUEN control circuit | (T
ADRTMOD[1:0] |—{
ADRCYC >, ———— "l/oandshave
MMAEN —> DIR —>
XIPACTIZ:0] |—»] MST | Select °°.:‘"°' >[ ] #QsPissn
XIPEXT[7:0] —»| MSTSSO —»  creu
MMABSY  «— 4—‘
— e
CPU < -
OEIE  —>» Interrupt > OEIF
TENDIE _— control circuit » TENDIF
| RBFIE |—» > RBFIF
TBEIE |—»| > TBEIE
DMA bl
controller [FRLDMAENA DMA request
'RBFDMAENA control circuit
[TBEDMAENx—»{

Figure 15.1.1 QSPI Configuration

15.2 Input/Output Pins and External Connections

15.2.1 List of Input/Output Pins

Table 15.2.1.1 lists the QSPI pins.
Table 15.2.1.1 List of QSPI Pins

Pin name 1/0* Initial status* Function
QSDION[3:0] lorO | (Hi-2) QSPI Ch.n data input/output pin
QSPICLKn lorO I (Hi-2) QSPI Ch.n external clock input/output pin
#QSPISSn | or O | (Hi-2) QSPI Ch.n slave select signal input/output pin

# Indicates the status when the pin is configured for the QSPI.

If the port is shared with the QSPI pin and other functions, the QSPI input/output function must be assigned to the
port before activating the QSPI. For more information, refer to the “I/O Ports” chapter.

15.2.2 External Connections

The QSPI operates in master or slave mode. The memory mapped access mode is available only in master mode.
When QSPI Ch.n is operating in memory mapped access mode, the #QSPISS#n output is controlled by the internal
state machine. In this case, only one external QSPI device can be connected.

When QSPI Ch.n is operating in register access master mode, the #QSPISSn output is directly controlled by a reg-
ister bit. In this case, GPIO pins other than #QSPISSn can also be used as the slave select output ports to connect
the QSPI to more than one external QSPI device.

Figures 15.2.2.1 to 15.2.2.7 show connection diagrams between the QSPI in each mode and external QSPI devices.
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#QSPISSn
QSDIOn3

#QSPISS
QSDIO3

S1C31 QSPI QSDIOn2 QSDIO2  External QSPI
(memory mapped .
access mode) ~ QSDION1 Qspio1  slave device
QSDIOn0 QSDIO0

QSPICLKn

QSPICLK

Figure 15.2.2.1 Connections between QSPI in Memory Mapped Access Mode
and an External QSPI Slave Device

#QSPISSn

Px1

S1C31 QSPI Px2
(register access
master mode) ~ QSDION1

QSDIOnO
QSPICLKn

#SPISS

Sbo External single-I/O
sSDI SPI slave devices

SPICK

Figure 15.2.2.2 Connections between QSPI in Register Access Master Mode
and External Single-I/O SPI (Legacy SPI) Slave Devices

#QSPISSn

Px1

S1C31 QSPI Px2
(register access
master mode) ~ QSDION

QSDIOn0
QSPICLKn

#SPISS

A

SDIO1 External dual-1/0
SDIOO SPI slave devices

SPICK

Figure 15.2.2.3 Connections between QSPI in Register Access Master Mode
and External Dual-I/O SPI Slave Devices
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#QSPISS
QSDIO3
QSDIO2
QSDIO1
QSDIO0
QSPICLK

A 4

#QSPISSn
Px1

Px2

S1C31 QSPI QSDION3
(register access
master mode) ~ QSDION2

QSDIOn1
QSDIOn0
QSPICLKn

#QSPISS
QSDIO3

QSDIo2 External QSPI
QSDIO1 slave devices

QSDIOO0
QSPICLK

#QSPISS
QSDIO3
QSDIO2
QSDIO1
QSDIO0
QSPICLK

Figure 15.2.2.4 Connections between QSPI in Register Access Master Mode
and External QSPI Slave Devices

#QSPISSn

sic3tQspl  QSDIOnt
(slave mode) QSDIOnO

QSPICLKn

#SPISSO
#SPISS1

#SPISS2  External single-1/0
sSDO SPI master device

SDI
SPICK

External single-1/0
SPI slave devices

Figure 15.2.2.5 Connections between QSPI in Slave Mode and External Single-1/0O SPI (Legacy SPI) Master Device
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S1C31 QSPI
(slave mode)

External dual-1/0
SPI slave devices

15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

#QSPISSn
QSDIOn1
QSDIOn0

QSPICLKn

#SPISSO
#SPISS1

#SPISS2  External duale-1/0

SDIOA SPI master device

SDIO0

SPICK

Figure 15.2.2.6 Connections between QSPI in Slave Mode and External Dual-I/O SPI Master Device

S1C31 QSPI
(slave mode)

External QSPI
slave devices

#QSPISSn
QSDIOn3
QSDIOn2 ]
QSDIOmM
QSDIOnO

QSPICLKn

#QSPISS

#QSPISSO
#QSPISS1

#QSPISS2

QSDIO3
QSDIO2

QSDIO3

External QSPI
master device

QSDIO2

QSDIO1

QSDIO1

QSDIO0

QSDIO0

QSPICLK

#QSPISS
QSDIO3
QSDIO2
QSDIO1
QSDIO0

QSPICLK

QSPICLK

Figure 15.2.2.7 Connections between QSPI in Slave Mode and External QSPI Master Device
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15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

15.2.3 Pin Functions in Master Mode and Slave Mode

The pin functions are changed according to the transfer direction, transfer mode, and master/slave mode selections.

The differences in pin functions between the modes are shown in Table 15.2.3.1.

Table 15.2.3.1 Pin Function Differences between Modes

Function in master mode

Function in slave mode

Quad transfer mode

Single transfer mode| Dual transfer mode

Quad transfer mode

These pins are

placed into input
or output state
according to the
QSPI_nCTL.DIR bit
setting.

Always placed into Hi-Z state.

Always placed into
input state.

This pin is placed
into output state
while a low level
is applied to the
#QSPISSn pin or
placed into Hi-Z
state while a high
level is applied to
the #QSPISSn pin.

These pins are
placed into output
state while a low
level is applied
to the #QSPISSn
pin and the QSPI_
nCTL.DIR bit is set
to 0 (output), or
placed into Hi-Z
state while a high
level is applied to
the #QSPISSn pin
or the QSPI_nCTL.
DIR bit is set to 1
(input).

These pins are
placed into output
state while a low
level is applied
to the #QSPISSn
pin and the QSPI_
nCTL.DIR bit is set
to 0 (output), or
placed into Hi-Z
state while a high
level is applied to
the #QSPISSn pin
or the QSPI_nCTL.
DIR bit is set to 1

(input).

Inputs an external QSPI clock.

Clock polarity and phase can be designated according to
the input clock.

Pin Single transfer mode| Dual transfer mode

QSDION[3:2] |Always placed into Hi-Z state.

QSDIOn1 Always placed into|[These pins are
input state. placed into input

QSDION0  |Always placed into|or output state
output state. according to the

QSPI_nCTL.DIR bit
setting.

QSPICLKn |Outputs the QSPI clock to external devices.
Output clock polarity and phase can be configured if nec-
essary.

#QSPISSn

This pin is used to output the slave select signal in mas-
ter mode. In memory mapped access mode, this pin is
controlled by the internal state machine. In register ac-
cess mode, this pin is controlled by a register bit. When
connecting more than one external slave device, general-
purpose I/0 ports can be used to output the extra slave

Applying a low level to the #QSPISSn pin enables the
QSPI to transmit/receive data. While a high level is applied
to this pin, the QSPI is not selected as a slave device. Data
input to the QSDION pins and the clock input to the QSPI-
CLKn pin are ignored. When a high level is applied, the
transmit/receive bit count is cleared to 0 and the already

select signals.

received bits are discarded.

15.2.4 Input Pin Pull-Up/Pull-Down Function

The QSPI pins (QSDIO~n[3:0] pins in master mode or QSDIO#n[3:0] pins, QSPICLK#, and #QSPISS# pins in slave
mode) have a pull-up or pull-down function as shown in Table 15.2.4.1. This function is enabled by setting the

QSPI_nMOD.PUEN bit to 1.

Table 15.2.4.1 Pull-Up or Pull-Down of QSPI Pins

Pin Master mode Slave mode
QSDION[3:0] Pull-up Pull-up
QSPICLKn - QSPI_nMOD.CPOL bit = 1: Pull-up
QSPI_nMOD.CPOL bit = 0: Pull-down
#QSPISSn - Pull-up

15.3 Clock Settings

15.3.1 QSPI Operating Clock

Operating clock in master mode

In master mode, the QSPI operating clock is supplied from the 16-bit timer. The following two options are pro-

vided for the clock configuration.

Use the 16-bit timer operating clock without dividing
By setting the QSPI_nMOD.NOCLKDIV bit to 1, the operating clock CLK_T16_m, which is configured
by selecting a clock source and a division ratio, for the 16-bit timer channel corresponding to the QSPI
channel is input to the QSPI as CLK_QSPIx. Since this clock is also used as the QSPI clock QSPICLKn
without changing, the CLK_QSPIxn frequency becomes the baud rate.
To supply CLK_QSPIn to the QSPI, the 16-bit timer clock source must be enabled in the clock generator.
It does not matter how the T16_mCTL.MODEN and T16_mCTL.PRUN bits of the corresponding 16-bit
timer channel are set (1 or 0).
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15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

When setting this mode, the timer function of the corresponding 16-bit timer channel may be used for an-
other purpose.

Use the 16-bit timer as a baud rate generator
By setting the QSPI_nMOD.NOCLKDIV bit to 0, the QSPI inputs the underflow signal generated by the
corresponding 16-bit timer channel and converts it to the QSPICLK#. The 16-bit timer must be run with an
appropriate reload data set. The QSPICLK# frequency (baud rate) and the 16-bit timer reload data are cal-
culated by the equations shown below.

fcLk_Qspr fcLk_Qspr
f _ RLD=— % Eq. 15.1
K = S RLD + 1) fQSPICLK x 2 (Eq-15.1)

Where
fospicLk: QSPICLK# frequency [Hz] (= baud rate [bps])
fcLk_ospr: QSPI operating clock frequency [Hz]
RLD: 16-bit timer reload data value

For controlling the 16-bit timer, refer to the “16-bit Timers” chapter.

Operating clock in slave mode

The QSPI set in slave mode operates with the clock supplied from the external SPI/QSPI master to the QSPI-
CLKn pin. The 16-bit timer channel (including the clock source selector and the divider) corresponding to the
QSPI channel is not used. Furthermore, the QSPI_nMOD.NOCLKDIV bit setting becomes ineffective.

The QSPI keeps operating using the clock supplied from the external SPI/QSPI master even if all the internal
clocks halt during SLEEP mode, so the QSPI can receive data and can generate receive buffer full interrupts.

15.3.2 Clock Supply During Debugging

In master mode, the operating clock supply during debugging should be controlled using the T16_mCLK.DBRUN
bit.

The CLK_T16_m supply to QSPI Ch.n is suspended when the CPU enters debug state if the T16_mCLK.DBRUN
bit = 0. After the CPU returns to normal operation, the CLK_T16_m supply resumes. Although QSPI Ch.n stops
operating when the CLK_T16_m supply is suspended, the output pins and registers retain the status before the de-
bug state was entered. If the T16_mCLK.DBRUN bit = 1, the CLK_T16_m supply is not suspended and QSPI Ch.n
will keep operating in a debug state.

The QSPI in slave mode operates with the external SPI/QSPI master clock input from the QSPICLK# pin regard-
less of whether the CPU is placed into debug state or normal operation state.

15.3.3 QSPI Clock (QSPICLKn) Phase and Polarity

The QSPICLK#7 phase and polarity can be configured separately using the QSPI_nMOD.CPHA bit and the QSPI_
nMOD.CPOL bit, respectively. Figure 15.3.3.1 shows the clock waveform and data input/output timing in each set-

ting.
QSPI_nMOD register Cycle No. 1 2 3 4 5 6 7 8
CPOL bit CPHA bit P
1 1 QSPICLKn k_/—\_/—\_/—\_/—\_/—\_/—\_/—\_/i
1 0 QSPICLKn T VY A VS R VY N VO R Y A VU N VY N W
0 1 aspictkn__ [\ [\ [\ W
0 0 QSPICLKn 4/—\_/—\_/—\_/—\_/—\_/—\_/—\_/—\;
(Input)
X X QSDIOn MSB LSB
(Master mode, output)
X X QSDIOn MSB LSB
(Slave mode, output)
X 1 QSDIOn MSB LSB
(Slave mode, output)
X 0 QSDIOn X MSB LSB

[Writing data to the QSPI_nTXD register|
Figure 15.3.3.1 QSPI Clock Phase and Polarity (QSPI_nMOD.LSBFST bit = 0, QSPI_nMOD.CHLN[3:0] bits = 0x7)
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15.4 Data Format

The QSPI data length can be selected from 2 to 16 clocks by setting the QSPI_nMOD.CHLN[3:0] bits. The input/
output permutation is configurable to MSB first or LSB first using the QSPI_nMOD.LSBFST bit. Figures 15.4.1 to
15.4.3 show data format examples in different transfer modes (QSPI_nMOD.TMODI1:0]) when the QSPI_nMOD.
CPOL bit = 0 and the QSPI_nMOD.CPHA bit = 0.

Cycle No. 1 2 3 4 5 6 7 8
@sPLaMoD. a@sPictkn___ [\ [ L[ L[/ L/ L -
LeersTe QSDIOn0 Dw7 Dwé Dw5 Dw4 Dw3 Dw2 Dwi1 DwO
° { QSDION1 Dr7 Dr6 Dr5 Dr4 Dr3 Dr2 Dr1 Dr0
QSDIOn0 DwO0 Dw1 Dw2 Dw3 Dw4 Dw5 Dw6 Dw7
1 { QSDIOn1 Dr0 Dr1 Dr2 Dr3 Dr4 Dr5 Dr6 Dr7
4
[ Writing Dw[7:0] to the QSPI_nTXD register | [ Loading Dr[7:0] to the QSPI_nRXD register |

Figure 15.4.1 Data Format Selection for Single Transfer Mode Using the QSPI_nMOD.LSBFST Bit

(QSPI_nMOD.TMOD[1:0] bits = 0x0, QSPI_nMOD.CHDL[3:0] bits = 0x7, QSP|_nMOD.CHLN(3:0] bits = 0x7,
QSPI_nMOD.CPOL bit = 0, QSPI_nMOD.CPHA bit = 0)

Cycle No. 1 2 3 4 5 6 7 8
QSPLAMOD. asPictkn__ [\ [\ [ /L [ L L) -
LeRrST e QSDIOnN1 Dw15 Dw13 Dw11 Dw9 Dw7 Dw5 Dw3 Dwi1
QSDIOn0 Dw14 Dw12 Dw10 Dw8 Dw6 Dw4 Dw2 DwO
° QSDIOn1 Dr15 Dr13 Dri1 Dr9 Dr7 Dr5 Dr3 Dr1
QSDIOn0 Dri4 Dr12 Dr10 Dr8 Dr6 Dr4 Dr2 Dr0
QSDIOn1 DwO Dw2 Dw4 Dw6 Dw8 Dw10 Dw12 Dw14,
QSDIOn0 Dw1 Dw3 Dw5 Dw7 Dw9 Dw11 Dw13 Dw15
1 QSDIOn1 Dr0 Dr2 Dr4 Dr6 Dr8 Dr10 Dr12 Dr14
QSDIOn0 Dr1 Dr3 Dr5 Dr7 Dr9 Dri1 Dr13 Dr15
4
[Writing Dw[15:0] to the QSPI_nTXD register]| [Loading Dr[15:0] to the QSPI_nRXD register|
Figure 15.4.2 Data Format Selection for Dual Transfer Mode Using the QSPI_nMOD.LSBFST Bit
(QSPI_nMOD.TMODI[1:0] bits = 0x1, QSPI_nMOD.CHDL[3:0] bits = 0x7, QSPI_nMOD.CHLN[3:0] bits = 0x7,
QSPI_nMOD.CPOL bit = 0, QSPI_nMOD.CPHA bit = 0)
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Cycle No. 1 2 3 4
QSPI_AMOD. QSPICLKn__ ¢+ [\ [\ [ -
LSBFST bit
QSDIOn3 Dw15 Dw11 Dw7 Dw3
QSDIOn2 Dw14 Dw10 Dw6 Dw2
QSDIOnN1 Dwi13 Dw9 Dw5 Dw1
QSDIOn0 Dw12 Dw8 Dw4 DwO
° QSDIOn3 Dr15 Dri1 Dr7 Dr3
QSDIOn2 Dr14 Dr10 Dr6 Dr2
QSDIOnN1 Dr13 Dr9 Dr5 Dr1
QSDIOn0 Dr12 Dr8 Dr4 Dr0
QSDIOn3 DwO Dw4 Dw8 Dw12
QSDIOn2 Dwi1 Dw5 Dw9 Dw13
QSDIOn1 Dw2 Dw6 Dw10 Dw14
QSDION0 Dw3 Dw7 Dw11 Dw15
1 QSDIOn3 Dro Dr4 Dr8 Dr12
QSDIOn2 Dr1 Dr5 Dr9 Dr13
QSDIOn1 Dr2 Dr6 Dr10 Dr14
QSDIOn0 Dr3 Dr7 Dri1 Dr15
A
[Writing Dw{[15:0] to the QSPI_nTXD register| [Loading Dr{15:0] to the QSPI_nRXD register]

Figure 15.4.3 Data Format Selection for Quad Transfer Mode Using the QSPI_nMOD.LSBFST Bit
(QSPI_nMOD.TMODI1:0] bits = 0x2, QSPI_nMOD.CHDL[3:0] bits = 0x3, QSPI_nMOD.CHLNI[3:0] bits = 0x3,
QSPI_nMOD.CPOL bit = 0, QSPI_nMOD.CPHA bit = 0)

15.5 Operations

15.56.1 Register Access Mode

Data can be read from or written to the external SPI/QSPI device by accessing the registers in both master and
slave modes.

In single transfer mode, transmit data are always output from the QSDIO#0 pin and receive data are always input
to the QSDIOn1 pin (the QSDIOn[3:2] pins are not used). The operations are backward compatible with legacy SPI
(e.g., synchronous serial interface of this MCU).

In dual transfer mode, transmit data are output from the QSDIOn[1:0] pins when the transfer direction is set to out-
put (QSPI_nCTL.DIR bit = 0). Receive data are input from the QSDIO#n[1:0] pins when the transfer direction is set
to input (QSPI_nCTL.DIR bit = 1). The QSDIOn[3:2] pins are not used. The number of data transfer clocks is con-
figured using the QSPI_nMOD.CHLN]3:0] bits. Since two data lines are used for data transfer, the data bit length
(number of clocks) is obtained by dividing the number of transfer data bits by two.

In quad transfer mode, transmit data are output from the QSDIO#[3:0] pins when the transfer direction is set to
output (QSPI_nCTL.DIR bit = 0). Receive data are input from the QSDIO#n[3:0] pins when the transfer direction
is set to input (QSPI_nCTL.DIR bit = 1). The number of data transfer clocks is configured with the QSPI_nMOD.
CHLN][3:0] bits. Since four data lines are used for data transfer, the data bit length (number of clocks) is obtained
by dividing the number of transfer data bits by four.
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LENGTH = [clocks] (Eq.15.2)
Where

LENGTH: Data bit length [clocks]

BIT: Number of transfer data bits

N: 1 (single transfer mode), 2 (dual transfer mode), or 4 (quad transfer mode)

15.5.2 Memory Mapped Access Mode

Memory mapped access mode is a low CPU overhead operation mode used with master mode to read data from
an external Flash memory, which supports XIP (eXecute-In-Place) mode. Once the external Flash memory enters
XIP mode and a read command is executed, the same read command operation can be performed by controlling the
slave select signal (inactive to active) and sending a new address to be accessed without the command being resent.
This may reduce command re-execution overhead and random access time.

An XIP session consists of a command cycle, an address cycle, a dummy cycle, and consecutive data cycles, and
it begins with an XIP specific read command similar to a general read command. Unlike a general read command,
one or more data lines must be driven to send XIP activation or termination confirmation bit(s) at the beginning of
the dummy cycle of an XIP session

In an XIP session, to start reading from a non-sequential Flash memory address, which is not continuous to the pre-
vious read address, assert the slave signal again after negating it once. After that, just send an address cycle to spec-
ify the new read start address and a dummy cycle including an XIP activation (continuation) confirmation bit(s),
as the command cycle is not needed in this XIP session. The Flash memory performs read operations the same as
the read command previously executed to execute a data cycle that includes a given number of data stored from the
newly specified address.

To terminate an XIP session, first assert the slave signal again after negating it once. Then, send an address cycle
with the address bits set to all high (suggested by most Flash memory manufacturers) and a dummy cycle including
an XIP termination confirmation bit(s) at the beginning of the cycle on one or more data lines. After that, negate the
slave select signal.

Figures 15.5.2.1 and 15.5.2.2 show Spansion S25FL128S Quad I/O Read command sequences as XIP operation ex-
amples.

cs# '\
0 1 i 2} 3}4i5:6]|7. 8] 16 0 17 1 18 | 19 1 20 | 21 | 22 | 23
SCLK '\
8 cycles 6 cycles 4 cycles 2 cycles 2 cycles
Instruction 24-bit address Dummy Data 1 Data 2
100 {7 Y8 5 &) 82 1) o] A o a0
101 21 5 L1 5 )1
102 22 6 (26 )2
103 23 7 (373
The QSPI treats the dummy cycle as 6 cycles including 1 driving cycle.
(QSPI_nMMACFG2.DUMDL{[3:0] bits = 0x0, QSPI_nMMACFG2.DUMLN[3:0] bits = 0x5)
The QSPI treats the data cycle as 2 cycles including 2 driving cycles.
(QSPI_nMOD.CHDL[3:0] bits = 0x1, QSPI_nMOD.CHLN[3:0] bits = 0x1)
Figure 15.5.2.1 XIP Example - Spansion S25FL128S Quad I/0 Read Command Sequence
(3-byte address, Oxeb [ExtAdd = 0], LC = 0b00)
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15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

|

CS#

sow LU

2 cycles 2 cycles
Data N Data N+1

6 cycles 2 cycles 4 cycles 2 cycles 2 cycles
24-bit address Mode Dummy Data 1 Data 2

oo\\) 4 Yo 4o 4 )04 )2° )0 4o
IO1\‘L)(1 5 | 1 5 1 ) 5 5 1 )5 )1
02 Jf 6 26 )2 6 [ 2 |6 )2 6 2 6|2
o3 ] 7373 7 3 7 )3 AEREAE

The QSPI treats the dummy cycle as 6 cycles including 1 driving cycle.
(QSPI_nMMACFG2.DUMDL([3:0] bits = 0x0, QSPI_nMMACFG2.DUMLN[3:0] bits = 0x5)

The QSPI treats the data cycle as 2 cycles including 2 driving cycles.
(QSPI_nMOD.CHDL[3:0] bits = 0x1, QSPI_nMOD.CHLN[3:0] bits = 0x1)

Figure 15.5.2.2 XIP Example - Spansion S25FL128S Continuous Quad 1/0 Read Command Sequence
(3-byte address, LC = 0b00)

In memory mapped access mode, the QSPI automates toggling of the slave select signal and executing address,
dummy, and data cycles so that the CPU will be able to read the external Flash memory mapped to the system
memory area. This further reduces CPU overhead.

The transfer mode can be configured for address, dummy, and data cycles individually. The address cycle supports
24 and 32-bit addresses. The QSPI considers that the mode cycle (or XIP activation/termination confirmation) is a
part of the dummy cycle, so a mode cycle is sent out on the I/O data line in a dummy cycle.

The memory mapped access area for external Flash memory in the system memory area is used to map the external
Flash memory and to access from the CPU. Up to 4G-byte Flash memory can be accessed from this area using a
remapping register. Once the external Flash memory is set into XIP mode and a read command is sent in register
access mode, the CPU can directly read external Flash memory data through this area. When a read access to a non-
sequential address occurs in memory mapped access mode, the QSPI automatically executes a new address and
dummy cycles. When memory mapped access mode is disabled by setting a register, the QSPI executes an address
cycle and a dummy cycle including a mode byte that specifies to terminate XIP mode.

Memory mapped access mode supports 8, 16, and 32-bit read accesses.

The 32-bit access is mainly used to read data in a large memory block sequentially. In this access, up to two 32-
bit data are prefetched into the internal FIFO. Therefore, zero-wait read access is possible if the desired data has
already been fetched in the FIFO.

The 8 and 16-bit accesses are mainly used to read data in a small memory block or to read data from non-sequential
addresses. Prefetching is not performed as it is unnecessary in non-sequential read. Therefore, overhead of a couple
of clocks occurs between accesses.

The QSPI allows incorporating 8 and 16-bit accesses into 32- bit accesses. Prefetching data into FIFO is only per-
formed immediately after a 32-bit read. An 8 or 16-bit read at the sequential address after a 32-bit read allows zero-
wait read if the desired data has already been fetched in the FIFO.

15.5.3 Initialization

QSPI Ch.n should be initialized with the procedure shown below.
1. <Master mode only> Generate a clock by controlling the 16-bit timer and supply it to QSPI Ch.n.
2. Configure the following QSPI_nMOD register bits:

- QSPI_nMOD.PUEN bit (Enable input pin pull-up/down)
- QSPI_nMOD.NOCLKDIV bit (Select master mode operating clock)
- QSPI_nMOD.LSBFST bit (Select MSB first/LLSB first)
- QSPI_nMOD.CPHA bit (Select clock phase)
- QSPI_nMOD.CPOL bit (Select clock polarity)
- QSPI_nMOD .MST bit (Select master/slave mode)
S1C31W74 TECHNICAL MANUAL Seiko Epson Corporation 15-11
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15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

3. Configure the following register bits when using memory mapped access mode:
- QSPI_nMMACFGI1.TCSH[3:0] bits (Set slave select signal negation period)
- QSPI_nRMADRH.RMADR[31:20] bits  (Set remapping address)
- QSPI_nMMACFG2.DUMDL][3:0] bits (Select dummy cycle drive length)
- QSPI_nMMACFG2.DUMLN]3:0] bits (Select dummy cycle length)
- QSPI_nMMACFG2.DATTMOD]1:0] bits (Select data cycle transfer mode)
- QSPI_nMMACFG2.DUMTMODI1:0] bits (Select dummy cycle transfer mode)
- QSPI_nMMACFG2.ADRTMOD]1:0] bits (Select address cycle transfer mode)

- QSPI_nMMACFG2.ADRCYC bit (Select 24 or 32-bit address cycle)
- QSPI_nMB XIPACT[7:0] bits (Set XIP activation mode byte)
- QSPI_nMB XIPEXT]|7:0] bits (Set XIP termination mode byte)

4. Assign the QSPI Ch.n input/output function to the ports. (Refer to the “I/O Ports” chapter.)

Set the following QSPI_nCTL register bits:
- Set the QSPI_nCTL.SFTRST bitto 1. (Execute software reset)
- Set the QSPI_nCTL.MODEN bit to 1. (Enable QSPI Ch.n operations)

6. Set the following bits when using the interrupt:
- Write 1 to the interrupt flags in the QSPI_nINTF register. (Clear interrupt flags)
- Set the interrupt enable bits in the QSPI_nINTE register to 1. * (Enable interrupts)

% The initial value of the QSPI_nINTF.TBEIF bit is 1, therefore, an interrupt will occur immediately after the
QSPI_nINTE.TBEIE bit is set to 1.

7. Configure the DMA controller and set the following QSPI control bits when using DMA transfer:
- Write 1 to the DMA transfer request enable bits in the QSPI_nTBEDMAEN, QSPI_nRBFDMAEN,
and QSPI_nFRLDMAEN registers. (Enable DMA transfer requests)

15.5.4 Data Transmission in Master Mode

A data sending procedure and operations in master mode are shown below. Figures 15.5.4.1 and 15.5.4.2 show a
timing chart and a flowchart, respectively.

Data sending procedure
1. Set the QSPI_nCTL.DIR bit to 0 when QSPI Ch.n is set to dual or quad transfer mode. (This setting is not
necessary in single transfer mode.)

2. Assert the slave select signal for the external slave device to be accessed by controlling the QSPI_nCTL.
MSTSSO bit or the general-purpose output port used for an extra slave select signal output (if necessary).

Check to see if the QSPI_nINTF.TBEIF bit is set to 1 (transmit buffer empty).
Write transmit data to the QSPI_nTXD register.

Wait for a QSPI interrupt when using interrupt.

Repeat Steps 3 to 5 (or 3 and 4) until the end of transmit data.

NNk w

Negate the slave select signal that has been asserted in Step 2 by controlling the QSPI_nCTL.MSTSSO bit
or the general-purpose output port (if necessary).

Data sending operations

QSPI Ch.n starts data sending operations when transmit data is written into the QSPI_nTXD register.

The transmit data in the QSPI_nTXD register is automatically transferred to the shift register and the QSPI_
nINTE.TBEIF bit is set to 1. If the QSPI_nINTE.TBEIE bit = 1 (transmit buffer empty interrupt enabled), a
transmit buffer empty interrupt occurs at the same time.

The QSPICLK# pin outputs clocks for the number of cycles specified by the QSPI_nMOD.CHLN[3:0] bits and
the transmit data bits are output in sequence from the QSDIOn pins, according to the transfer mode specified
by the QSPI_nMOD.TMOD[1:0] bits, in sync with these clocks.

Even if the clock is being output from the QSPICLK# pin, the next transmit data can be written to the QSPI_
nTXD register after making sure the QSPI_nINTFE.TBEIF bit is set to 1.
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If transmit data has not been written to the QSPI_nTXD register after the last clock is output from the QSPI-
CLKn pin, the clock output halts and the QSPI_nINTE.TENDIF bit is set to 1. At the same time QSPI issues an
end-of-transmission interrupt request if the QSPI_nINTE.TENDIE bit = 1.

1 2 3 4 1 2 3 4 1 2 3 4

aspickn [\ \ S\ S\ UL
QSDION[3:0] | O B O O O L L X

QSPI_nINTF.TBEIF _‘\‘_/ \ / \/

A A

QSPI_nINTF.TENDIF [ [

Data (W) — QSPI_nTXD] Data (W) — QSPI_nTXD]

Software operations
Data (W) — QSPI_nTXD] 1 (W) > QSPI_nINTF.TENDIF |

Figure 15.5.4.1 Example of Data Sending Operations in Master Mode
(QSPI_nMOD.CHDL][3:0] bits = QSPI_nMOD.CHLN[3:0] bits = 0x3)

(__ Datatransmission )

Set the transfer direction to output Not necessary
(QSPI_nCTL.DIR = 0) in single transfer mode

Assert the slave select signal output from
the #QSPISSn pin (QSPI_nCTL.MSTSSO
= 0) or a general-purpose port
T

I

Read the QSPI_nINTF.TBEIF bit

QSPI_nINTETBEIF =1 ?

YES [¢
Write transmit data to
the QSPI_nTXD register

Transmit data remained?

Wait for an interrupt request
(QSPI_nINTE.TBEIF = 1)

Negate the slave select signal output from
the #QSPISSn pin (QSPI_nCTL.MSTSSO
= 1) or a general-purpose port

( El\d )

Figure 15.5.4.2 Data Transmission Flowchart in Master Mode

Data transmission using DMA
By setting the QSPI_nTBEDMAEN.TBEDMAENX bit to 1 (DMA transfer request enabled), a DMA transfer
request is sent to the DMA controller and transmit data is transferred from the specified memory to the QSPI_
nTXD register via DMA Ch.x when the QSPI_nINTFE.TBEIF bit is set to 1 (transmit buffer empty).
This automates the procedure from Step 3 to Step 6 described above.
The transfer source/destination and control data must be set for the DMA controller and the relevant DMA
channel must be enabled to start a DMA transfer in advance so that transmit data will be transferred to the
QSPI_nTXD register. For more information on DMA, refer to the “DMA Controller” chapter.
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Table 15.5.4.1 DMA Data Structure Configuration Example (for 16-bit Data Transmission)

Item Setting example
End pointer |Transfer source Memory address in which the last transmit data is stored
Transfer destination |QSPI_nTXD register address
Control data |dst_inc 0x3 (no increment)
dst_size 0x1 (haflword)
src_inc 0x1 (+2)
src_size 0x1 (halfword)
R_power 0x0 (arbitrated for every transfer)
n_minus_1 Number of transfer data
cycle_ctrl 0x1 (basic transfer)

15.5.5 Data Reception in Register Access Master Mode

A data receiving procedure and operations in register access master mode are shown below. Figures 15.5.5.1 and
15.5.5.2 show a timing chart and flowcharts, respectively.

Data receiving procedure
1. Set the QSPI_nCTL.DIR bit to 1 when QSPI Ch.n is set to dual or quad transfer mode. (This setting is not
necessary in single transfer mode.)

2. Assert the slave select signal for the external slave device to be accessed by controlling the QSPI_nCTL.
MSTSSO bit or the general-purpose output port used for an extra slave select signal output (if necessary).

Check to see if the QSPI_nINTF.TBEIF bit is set to 1 (transmit buffer empty).
Write dummy data (or transmit data) to the QSPI_nTXD register.

Wait for a transmit buffer empty interrupt (QSPI_nINTE.TBEIF bit = 1).
Write dummy data (or transmit data) to the QSPI_nTXD register.

Wait for a receive buffer full interrupt (QSPI_nINTE.RBFIF bit = 1).

Read the received data from the QSPI_nRXD register.

A S AT

Repeat Steps 6 to 8 until the end of data reception.

10. Negate the slave select signal that has been asserted in Step 2 by controlling the QSPI_nCTL.MSTSSO bit
or the general-purpose output port (if necessary).

Note: To perform continuous data reception without stopping QSPICLKn, Steps 8 and 6 operations
must be completed within the QSPICLKn cycles equivalent to “Data bit length - 1” after Step 7.

Data receiving operations

In single transfer mode (QSPI_nMOD.TMOD][1:0] bits = 0), QSPI Ch.n operates similar to legacy SPI devices.
The data receiving operation starts simultaneously with a data sending operation when transmit data (may be
dummy data if data transmission is not required) is written to the QSPI_»nTXD register. Transmit data are out-
put from the QSDIO#0 pin and receive data are input from the QSDIO=n1 pin.

In dual or quad transfer mode (QSPI_nMOD.TMODI1:0] bits = 1 or 2), transmit data are not sent at data recep-
tion. Writing dummy data to the QSPI_»nTXD register triggers the QSPI Ch.n to start supplying the data transfer
clock from the QSPICLK pin to the slave device.

The QSPICLK~# pin outputs the number of clocks specified by the QSPI_nMOD.CHLN]3:0] bits. The re-
ceive data bits input from the QSDIOn pins, according to the transfer mode specified by the QSPI_nMOD.
TMODI1:0] bits, are shifted into the shift register in sync with these clocks.

When the last clock is output from the QSPICLK# pin and receive data bits are all shifted into the shift register,
the received data is transferred to the receive data buffer and the QSPI_nINTF.RBFIF bit is set to 1. At the same
time QSPI Ch.n issues a receive buffer full interrupt request if the QSPI_nINTE.RBFIE bit = 1. After that, the
received data in the receive data buffer can be read through the QSPI_nRXD register.

Note: If data of the number of the bits specified by the QSPI_nMOD.CHLN[3:0] bits and QSPI_nMOD.
TMODI[1:0] bits is received when the QSPI_nINTFE.RBFIF bit is set to 1, the QSPI_nRXD register is
overwritten with the newly received data and the previously received data is lost. In this case, the
QSPI_nINTF.OEIF bit is set.
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1 2 3 4

1 2 3 4

QSPICLKn [ R R A R S R U U U A U A W A
aspiomzo) [ L ) ¥ ¥ [ [ X

X

QSPI_nINTF.TBEIF ~ \_/
A

QSPI_nINTF.RBFIF

QSPI_nINTF.TENDIF

—

A

—

Data (W) — QSPI_nTXD]

Software operations

[Data (W) — QSPI_nTXD]

[QSPI_nRXD — Data (R)]

QSPI_nRXD —s Data (R)
1 (W) — QSPI_nINTF.TENDIF

[Data (W) — QSPI_nTXD] [QSPI_nRXD — Data (R)]

Figure 15.5.5.1 Example of Data Receiving Operations in Register Access Master Mode
(QSPI_nMOD.CHDL][3:0] bits = QSPI_nMOD.CHLNI3:0] bits = 0x3)

C D)

Set the transfer direction to input
(QSPI_nCTL.DIR = 1)

Data reception

the #QSPISSn pin (QSPI_nCTL.MSTSSO|

Assert the slave select signal output from
= 0) or a general-purpose port
T¢

<

’ Read the QSPI_nINTF.TBEIF bit ‘

QSPI_nINTETBEIF =1 ?

YES <
Write dummy data (or transmit data) to
the QSPI_nTXD register

Wait for an interrupt request
(QSPI_nINTF.RBFIF = 1)

Read receive data from
the QSPI_nRXD register

the #QSPISSn pin (QSPI_nCTL.MSTSSO|

Negate the slave select signal output from|
= 1) or a general-purpose port

C

End

D)

(A) Intermittent data reception
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|

|

C D

Set the transfer direction to input
(QSPI_nCTL.DIR = 1)

Data reception

Assert the slave select signal output from
the #QSPISSn pin (QSPI_nCTL.MSTSSO|
= 0) or a general-purpose port
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the QSPI_nTXD register

Wait for an interrupt request
(QSPI_nINTF.RBFIF = 1)

Read receive data from
the QSPI_nRXD register

Negate the slave select signal output from
the #QSPISSn pin (QSPI_nCTL.MSTSSO|
= 1) or a general-purpose port

C D)

(B) Continuous data reception

End

Execute this sequence
within the QSPICLKn
cycles equivalent to
“Data bit length - 1” from
an interrupt request

Figure 15.5.5.2 Data Reception Flowcharts in Register Access Master Mode

Data reception using DMA

For data reception, two DMA controller channels should be used to write dummy data to the QSPI_nTXD reg-
ister as a reception start trigger and to read the received data from the QSPI_nRXD register.

By setting the QSPI_nTBEDMAEN.TBEDMAENXx! bit to 1 (DMA transfer request enabled), a DMA transfer
request is sent to the DMA controller and dummy data is transferred from the specified memory to the QSPI_
nTXD register via DMA Ch.x7 when the QSPI_nINTFE.TBEIF bit is set to 1 (transmit buffer empty).
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15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

By setting the QSPI_nRBFDMAEN.RBFDMAENGX: bit to 1 (DMA transfer request enabled), a DMA transfer
request is sent to the DMA controller and the received data is transferred from the QSPI_nRXD register to the
specified memory via DMA Ch.x2 when the QSPI_nINTF.RBFIF bit is set to 1 (receive buffer full).

This automates the procedure from Step 3 to Step 9 described above.

The transfer source/destination and control data must be set for the DMA controller and the relevant DMA
channel must be enabled to start a DMA transfer in advance. For more information on DMA, refer to the “DMA
Controller” chapter.

Table 15.5.5.1 DMA Data Structure Configuration Example (for Writing 16-bit Dummy Transmit Data)

Item Setting example
End pointer |Transfer source Memory address in which dummy data is stored
Transfer destination |QSPI_nTXD register address
Control data |dst_inc 0x3 (no increment)
dst_size 0x1 (haflword)
src_inc 0x3 (no increment)
src_size 0x1 (halfword)
R_power 0x0 (arbitrated for every transfer)
n_minus_1 Number of transfer data
cycle_ctrl 0x1 (basic transfer)

Table 15.5.5.2 DMA Data Structure Configuration Example (for 16-bit Data Reception)

Item Setting example

End pointer |Transfer source QSPI_nRXD register address

Transfer destination [Memory address to which the last received data is stored
Control data |dst_inc 0x1 (+2)

dst_size 0x1 (haflword)

src_inc 0x3 (no increment)

src_size 0x1 (halfword)

R_power 0x0 (arbitrated for every transfer)

n_minus_1 Number of transfer data

cycle_ctrl 0x1 (basic transfer)

The following shows an example of the control procedure including the DMA controller operations:

1. Configure the primary data structure for the DMA channel (Ch.x) used for writing dummy bytes to the
QSPIL_nTXD register as shown in Table 15.5.5.1.

2. Configure the primary data structure for the DMA channel (Ch.y) used for reading data from the QSPI_
nRXD register as shown in Table 15.5.5.2.

Enable both the DMA channels using the DMA controller register.

Increase the priority of the DMA channel used for reading data using the DMA controller register.
Clear the channel request masks for both the DMA channels using the DMA controller register.
Clear the DMA transfer completion interrupt flags using the DMA controller register.

N AW

Enable only the DMA transfer completion interrupt of the DMA channel used for reading using the DMA
controller register.

®

Clear pending DMA interrupts in the CPU.

Enable pending DMA interrupts in the CPU.

10. Enable the QSPI to issue DMA transfer requests to both the DMA channels using the QSPI_nTBEDMAEN.
TBEDMAENx and QSPI_nRBFDMAEN.RBFDMAENY bits.

11. Assert the slave select signal by controlling the QSPI_nCTL.MSTSSO bit, or the general-purpose output
port used for an extra slave select signal output (if necessary).

12. Issue a software DMA transfer request to the DMA channel used for writing dummy bytes by setting the
DMA controller register. This operation is required to read the first data and to set the receive buffer full
status flag. Once the receive buffer full status flag is set, a hardware DMA request is generated, and the
DMA controller transfers data from the QSPI_nRXD register and then writes another dummy byte to the
QSPI_nTXD register, allowing the QSPI to read the next data.

13. Wait for a DMA interrupt.
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15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

14. Disable the DMA requests to be sent to both the DMA channels using the QSPI_»TBEDMAEN.TBED-
MAENx and QSPI_nRBFDMAEN RBFDMAENYy bits.

15. Set the channel request masks for both the DMA channels using the DMA controller register.
16. Disable both the DMA channels using the DMA controller register.

17. Negate the slave select signal by controlling the QSPI_nCTL.MSTSSO bit or the general-purpose output
port (if necessary).

15.5.6 Data Reception in Memory Mapped Access Mode

A data receiving procedure, and 32-bit and 8/16-bit received data read operations in memory mapped access mode
are shown below. Figures 15.5.6.1 to 15.5.6.7 show their timing charts and a flowchart.

Data receiving procedure

QSPI Flash memories of different manufacturers have a different XIP operation mode setup procedure. The
procedure described below assumes that the external Flash memory has already been placed into XIP operation
mode.

1. Send a read command that supports XIP mode to the external Flash memory.
For the sending procedure, see Steps 1 to 5 of the data sending procedure described in Section 15.5.4, “Data
Transmission in Master Mode.” The slave select signal that has been asserted should be left unchanged.

2. Set the QSPI_nMADRH RMADR|[31:20] bits. (Remap external Flash memory)
Write 1 to the QSPI_nMMACFG2.MMAEN bit. (Enable memory mapped access mode)

4. Read the memory mapped access area for external Flash memory with an 8, 16, or 32-bit memory read in-
struction.
This operation directly reads data within the 1M-byte external Flash memory area remapped to the memory
mapped access area for external Flash memory at Step 2.

5. Repeat Step 4 as needed.
When reading an address outside the remapped area, start from Step 2 again after setting the QSPI_nM-
MACFG2.MMAEN bit to 0 once.

Data receiving operations (32-bit read)

In memory mapped access mode, the internal state machine detects the address in the memory mapped access
area from which data is read. If it is the first read operation after the QSPI has entered memory mapped access
mode, the state machine generates an address cycle and a dummy cycle (including the XIP activation confirma-
tion bit(s)). At the same time, it pulls the HREADY signal on the internal system bus down to low.

The address cycle can be configured for 24 or 32-bit addresses and it consists of two transfer cycles. The
state machine determines actual Flash memory address from the memory mapped access area start address,
the read address in that area, and the external Flash memory remapping start address set using the QSPI_
nRMADRH[31:20] bits. The first transfer cycle is an 8-bit transfer that sends the high-order 8 bits of the ad-
dress (when 24-bit address cycle is configured) or a 16-bit transfer that sends the high-order 16 bits of the ad-
dress (when 32-bit address cycle is configured). The second cycle is fixed at 16-bit transfer that sends the low-
order 16 bits of the address.

A dummy cycle follows. The XIP activation confirmation byte set in the QSPI_nMB XIPACT][7:0] bits is sent
at the beginning of the cycle.

Then, the state machine starts fetching data from the external Flash memory. Once 32-bit data has been fetched
into the internal FIFO, the FIFO read level is incremented (FIFO data ready). At this time, the HREADY signal
reverts to high and the data fetched into the FIFO is sent to the internal system bus. The state machine prefetch-
es two more 32-bit data from the continuous address and stores it into the FIFO.

If the address in the memory mapped access area that is continuous to the previous read address is read when
the FIFO contains the prefetched data (FIFO data ready status), the prefetched data is sent to the internal system
bus with the HREADY signal held high (zero-wait read).
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If an address in the memory mapped access area that is not continuous to the previous read address is read, the
HREADY signal is pulled down to low immediately and the FIFO read level is cleared to O (empty status). The
#QSPISSn signal is negated once for the period set in the QSPI_nMMACFG1.TCSH[3:0] bits and then asserted

again. After that a new address cycle, dummy cycle, and data cycle are executed.

The beginning and the end of each address, dummy, or data cycle take a couple of HCLK clocks for handshak-

_/—\_/—/_\\_/(U—\_/—\J—\J—\_/—\J—\_/—\_/—\J—\_/—\_/—\J—\_/—\J—\

ing.
HCLK
HSEL
HADDR
HTRANS
HSIZE
HREADY
HRDATA

fifo_read_level

QSPI_nMOD register
CPOL bit CPHA bit

QSDIOnN[3:0]

HCLK
HSEL
HADDR
HTRANS
HSIZE
HREADY
HRDATA

fifo_read_level

QSPI_nMOD register
CPOL bit CPHA bit

|
|
|

I
L2 il
L2 J

Address cycle
h|gh -order 8/16 b|ts

—— Dummy cycle ——»!

4«—— Datacycle 1 —>e¢—

0
Address cycle Dummy
Iow order 16 b|ts cycle
2
Data cycle 2 | Data cycle 3
prefetchlng prefetchlng

QSPICLKn
O ,,,,,,,,,,,,,,,,,,,
QSDIOnN[3:0]
Figure 15.5.6.1 Data Receiving Operation in Memory Mapped Access Mode - First 32-bit Read
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Figure 15.5.6.2 Data Receiving Operation in Memory Mapped Access Mode - 32-bit Sequential Read
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Figure 15.5.6.3 Data Receiving Operation in Memory Mapped Access Mode - 32-bit Non-Sequential Read
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Data receiving operations (8/16-bit read)

The 8 and 16-bit read operations are the same as the 32-bit read operation except that data are not prefetched

J—U—/_\UPJ—\J—\J—\J—\J—\J—\J—\J—\J—\J—\J—\J—\J—\

into the FIFO.
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HADDR
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HSIZE
HREADY

HRDATA

,_///

—

/

. Address cycle Address cycle Dummy
QSPI—”MOD reglstt.er hlgh -order 8/16 b|ts Iow order 16 blts cycle
CPOL bit CPHA bit
1 1 e >
QSPICLKn
0 0 oo >
QSDIOnN[3:0]
HCLK [\
HSEL
||
HADDR il
||
HTRANS \|
|
HSIZE 1|
HREADY J i
J
HRDATA /[ n
QSPI_nMOD register —— Dummy cycle ——»4¢—————Data cycle———»!
CPOL bit CPHA bit
1 ,,,,,,,,,,,,,,,,,,,
QSPICLKn
0 ,,,,,,,,,,,,,,,,,,,
QSDIOnN[3:0]
Figure 15.5.6.4 Data Receiving Operation in Memory Mapped Access Mode - First 8/16-bit Read
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Figure 15.5.6.5 Data Receiving Operation in Memory Mapped Access Mode - 8/16-bit Sequential Read
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Figure 15.5.6.6 Data Receiving Operation in Memory Mapped Access Mode - 8/16-bit Non-Sequential Read
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( Data read )

Assert the slave select signal output
from the #QSPISSn pin
(QSPI_nCTL.MSTSSO = 0)

Te

Read the QSPI_nINTE.TBEIF bit

QSPI_nINTETBEIF =1 ?

YES
Write an XIP read command to
the QSPI_nTXD register

Wait for an interrupt request
(QSPI_nINTETBEIF = 1)

Remap external Flash memory
(QSPI_nMADRH.RMADR[31:20])
|
Enable memory mapped access mode
(QSPI_nMMACF2.MMAEN = 1)
Te

<
Read data from the memory mapped
access area

Read data remained?

NO

Disable memory mapped access mode
(QSPI_nMMACF2.MMAEN = 0)

The slave select signal (#QSPISSn) is
negated by the state machine.

( ELd )

Figure 15.5.6.7 Data Reception Flowchart in Memory Mapped Access Mode

—
~—

Data reception using DMA

In memory mapped access mode, DMA transfer from the external Flash memory to the internal memory is al-
lowed only for the 32-bit sequential read using the internal FIFO. A non-sequential read and 8/16-bit reads can-
not issue a DMA transfer request as they cannot use the FIFO.

By setting the QSPI_nFRLDMAEN.FRLDMAENXx bit to 1 (DMA transfer request enabled), a DMA transfer
request is sent to the DMA controller and the external Flash memory data is transferred to the specified internal
memory via DMA Ch.x when the FIFO read level is incremented (FIFO data ready flag is set). This function al-
lows high-speed data block transfer as it does not need to execute read commands and uses the data pre-fetched
into the FIFO.

Note, however, that the first data read must be performed via software or a software triggered DMA.

The transfer source/destination and control data must be set for the DMA controller and the relevant DMA
channel must be enabled to start a DMA transfer in advance. For more information on DMA, refer to the “DMA
Controller” chapter.
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Table 15.5.6.1 DMA Data Structure Configuration Example
(for 32-bit Sequential Read in Memory Mapped Access Mode)

Item Setting example

End pointer |Transfer source External Flash memory transfer start address

Transfer destination [Memory area start address from which the read data are stored
Control data |dst_inc 0x2 (+4)

dst_size 0x2 (word)

src_inc 0x2 (+4)

src_size 0x2 (word)

R_power 0x0 (arbitrated for every transfer)

n_minus_1 Number of receive data

cycle_ctrl 0x1 (basic transfer)

The following shows an example of the control procedure including the DMA controller operations:

® N s w D

10.
11.
12.
13.

Configure the primary data structure for the DMA channel (Ch.x) as shown in Table 15.5.6.1.

Enable the DMA channel using the DMA controller register.

Clear the channel request mask for the DMA channel using the DMA controller register.

Clear the DMA transfer completion interrupt flag using the DMA controller register.

Enable the DMA transfer completion interrupt of the DMA channel using the DMA controller register.
Clear pending DMA interrupts in the CPU.

Enable pending DMA interrupts in the CPU.

Enable the QSPI to issue DMA transfer requests to the DMA channel using the QSPI_nFRLDMAEN.
FRLDMAENLX bit.

Issue a software DMA transfer request to the DMA channel by setting the DMA controller register. This op-
eration is required to kickstart the first data fetching.

Wait for a DMA interrupt.

Disable DMA requests to be sent to the DMA channel using the QSPI_nFRLDMAEN.FRLDMAEN bit.
Set the channel request masks for the DMA channel using the DMA controller register.

Disable the DMA channels using the DMA controller register.

15.5.7 Terminating Memory Mapped Access Operations

A procedure to terminate memory mapped access operations is shown below.

Write O to the QSPI_nMMACFG2 MMAEN bit. (Disable memory mapped access mode)
The slave select signal is negated. Note that the slave signal control via software is disabled by the state ma-
chine in memory mapped access mode.

1.

2.

Wait until the QSPI_rnINTEMMABSY bit is set to 0 (memory mapped access operation not busy).

15.56.8 Terminating Data Transfer in Master Mode

A procedure to terminate data transfer in master mode is shown below.

1.

Wait for an end-of-transmission interrupt (QSPI_nINTE.TENDIF bit = 1).

2. Set the QSPI_nCTL.MODEN bit to O to disable the QSPI Ch.n operations.
3. Stop the 16-bit timer to disable the clock supply to QSPI Ch.n.
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15.5.9 Data Transfer in Slave Mode

A data sending/receiving procedure and operations in slave mode are shown below. Figures 15.5.9.1 and 15.59.2
show a timing chart and flowcharts, respectively.

Data sending procedure

1. Check to see if the QSPI_nINTF.TBEIF bit is set to 1 (transmit buffer empty).
2. Write transmit data to the QSPI_nTXD register.
3. Wait for a transmit buffer empty interrupt (QSPI_nINTE.TBEIF bit = 1).
4. Repeat Steps 2 and 3 until the end of transmit data.
Note: Transmit data must be written to the QSPI_nTXD register after the QSPI_nINTETBEIF bit is set
to 1 by the time the sending QSPI_nTXD register data written is completed. If no transmit data is

written during this period, the data bits input from the QSDIOn pins are shifted and output from
the QSDIOn pins without being modified.

Data receiving procedure

1. Wait for a receive buffer full interrupt (QSPI_nINTF.RBFIF bit = 1).
2. Read the received data from the QSPI_nRXD register.
3. Repeat Steps 1 and 2 until the end of data reception.

Data transfer operations
The following shows the slave mode operations different from master mode:
¢ Slave mode operates with the QSPI clock supplied from the external QSPI master to the QSPICLK# pin. The
data transfer rate is determined by the QSPICLK# frequency. It is not necessary to control the 16-bit timer.

* QSPI can operate as a slave device only when the slave select signal input from the external QSPI master
to the #QSPISSn pin is set to the active (low) level. If #QSPISS#n = high, the software transfer control, the
QSPICLK~ pin input, and the QSDIOn pins input are all ineffective. If the #QSPISSn signal goes high dur-
ing data transfer, the transfer bit counter is cleared and data in the shift register is discarded.

¢ Slave mode starts data transfer when QSPICLKr is input from the external QSPI master after the #QSPISSn
signal is asserted. Writing transmit data is not a trigger to start data transfer. Therefore, it is not necessary to
write dummy data to the transmit data buffer when performing data reception only.

* Data transmission/reception can be performed even in SLEEP mode, it makes it possible to wake the CPU up
using a QSPI interrupt.

Other operations are the same as master mode.

Notes: - If data of the number of cycles specified by the QSPI_nMOD.CHLNI[3:0] bits is received when
the QSPI_nINTE.RBFIF bit is set to 1, the QSPI_nRXD register is overwritten with the newly re-
ceived data and the previously received data is lost. In this case, the QSPI_nINTE.OEIF bit is set.

+ When the clock for the first bit is input from the QSPICLKn pin, QSPI starts sending the data
currently stored in the shift register even if the QSPI_nINTETBEIF bit is set to 1.

#Qspissn [\ [
1 2 1 2 3 4 1 2 3 4 1 2 3 4
aspictkn [\ M\ SIS\ VL
aspion30] || \ | D O O I O B O B O
QSPI_nINTF.TBEIF \ / \ / \ /

QSPI_nINTF.RBFIF / \ / \ /

A

[Data (W) - QSPI_nTXD]| [Data (W) - QSPI_nTXD] Data (W) - QSPI_nTXD]

Software operations
[QSPI_nRXD — Data (R)] [QSPI_nRXD — Data (R)]

Figure 15.5.9.1 Example of Data Transfer Operations in Slave Mode
(QSPI_nMOD.CHDL][3:0] bits = QSPI_nMOD.CHLN[3:0] bits = 0x3)
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C
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QSPI_nINTETBEIF =1 ?

I
Read receive data from
YES [«
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the QSPI_nRXD register
the QSPI_nTXD register

Receive data remained?
Transmit data remained?

NO
NO

End )

Wait for an interrupt request
(QSPI_nINTETBEIF = 1)

End )
Figure 15.5.9.2 Data Transfer Flowcharts in Slave Mode

15.5.10 Terminating Data Transfer in Slave Mode

A procedure to terminate data transfer in slave mode is shown below.

1. Wait for an end-of-transmission interrupt (QSPI_nINTF.TENDIF bit = 1). Or determine end of transfer via the
received data.

2. Set the QSPI_nCTL.MODEN bit to 0 to disable the QSPI Ch.n operations.

15.6 Interrupts

The QSPI has a function to generate the interrupts shown in Table 15.6.1.

Table 15.6.1 QSPI Interrupt Function

Set condition
When the QSPI_nINTF.TBEIF bit = 1 after data
of the specified bit length (defined by the QSPI_
nMOD.CHLNI3:0] bits) has been sent

Clear condition
Writing 1

Interrupt
End of transmission

Interrupt flag
QSPI_nINTETENDIF

Receive buffer full

QSPI_nINTF.RBFIF

When data of the specified bit length is received
and the received data is transferred from the shift
register to the received data buffer

Reading of the
QSPI_nRXD
register

Transmit buffer empty

QSPI_nINTETBEIF

When transmit data written to the transmit data
buffer is transferred to the shift register

Writing to the
QSPI_nTXD register

Overrun error

QSPI_nINTE.OEIF

When the receive data buffer is full (when the re-

Writing 1

ceived data has not been read) at the point that
receiving data to the shift register has completed

The QSPI provides interrupt enable bits corresponding to each interrupt flag. An interrupt request is sent to the
CPU only when the interrupt flag, of which interrupt has been enabled by the interrupt enable bit, is set. For more
information on interrupt control, refer to the “Interrupt” chapter.

The QSPI_nINTF register also contains the BSY and MMABSY bits that indicate the QSPI operating status in reg-
ister access and memory mapped access modes, respectively. Figure 15.6.1 shows the QSPI_nINTE.BSY, QSPI_

nINTFMMABSY and QSPI_rINTE.TENDIF bit set timings.
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(low-order 16 bits) "1

oV B A R
- / Jl Jl Jl Jl Jl ;
1 (W) > QSPI_nMMACFG2.MMAEN | [0 (W) > QSPI_nMMACFG2.MMAEN |

Figure 15.6.1 QSPI_nINTE.BSY, QSPI_nINTEMMABSY, and QSPI_nINTETENDIF Bit Set Timings
(when QSPI_nMOD.CHDL[3:0] bits = QSPI_nMOD.CHLN][3:0] bits = 0x3)

QSPI_nMOD register
CPOL bit CPHA bit

#QSPISSn

QSPICLKn

QSDION[3:0]

QSPI_nINTF.MMABSY

15.7 DMA Transfer Requests

The QSPI has a function to generate DMA transfer requests from the causes shown in Table 15.7.1.

Table 15.7.1 DMA Transfer Request Causes of QSPI

Cause to request

DMA transfer Clear condition

DMA transfer request flag Set condition

Receive buffer full

Receive buffer full flag
(QSPI_nINTF.RBFIF)

When data of the specified bit length is re-
ceived and the received data is transferred from
the shift register to the received data buffer

Reading of the QSPI_
nRXD register

Transmit buffer
empty

Transmit buffer empty flag
(QSPI_nINTF.TBEIF)

When transmit data written to the transmit data
buffer is transferred to the shift register

Writing to the QSPI_
nTXD register

Memory mapped
access FIFO data
ready

Memory mapped access
FIFO data ready flag
(internal signal)

When a 32-bit data is prefetched into the FIFO
in memory mapped access mode

When the FIFO read
level is cleared to 0
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15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

The QSPI provides DMA transfer request enable bits corresponding to each DMA transfer request flag shown
above for the number of DMA channels. A DMA transfer request is sent to the pertinent channel of the DMA con-
troller only when the DMA transfer request flag, of which DMA transfer has been enabled by the DMA transfer
request enable bit, is set. The receive buffer full and transmit buffer empty DMA transfer request flags also serve as
interrupt flags, therefore, both the DMA transfer request and the interrupt cannot be enabled at the same time. After
a DMA transfer has completed, disable the DMA transfer to prevent unintended DMA transfer requests from being

issued. For more information on the DMA control, refer to the “DMA Controller” chapter.

15.8 Control Registers

QSPI Ch.n Mode Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
QSPI_nMOD 15-12|CHDL[3:0] 0x7 HO R/W |-
11-8 |CHLNI[3:0] 0x7 HO R/W
7-6 |TMOD[1:0] 0x0 HO R/W
5 |PUEN 0 HO R/W
4 INOCLKDIV 0 HO R/W
3 |LSBFST 0 HO R/W
2 |CPHA 0 HO R/W
1 CPOL 0 HO R/W
0 |MST 0 HO R/W
Bits 15-12 CHDL[3:0]

Bits 11-8

These bits set the number of clocks to drive the serial output data lines.

Table 15.8.1 Data Line Drive Length Settings

QSPI_nMOD.CHDL[3:0] bits

Data line drive length

Oxf 16 clocks
Oxe 15 clocks
Oxd 14 clocks
Oxc 13 clocks
Oxb 12 clocks
Oxa 11 clocks
0x9 10 clocks
0x8 9 clocks
0x7 8 clocks
0x6 7 clocks
0x5 6 clocks
0x4 5 clocks
0x3 4 clocks
0x2 3 clocks
0x1 2 clocks
0x0 1 clock

These bits must be set to a value smaller than or equal to the QSPI_nMOD.CHLN[3:0] bit setting.
Note: When using the QSPI in slave mode, the QSPI_nMOD.CHDL[3:0] bits should be set to the

same value as the QSPI_nMOD.CHLN[3:0] bits.

CHLN[3:0]

These bits set the number of clocks for data transfer.
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15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

Table 15.8.2 Setting of Number of Data Transfer Clocks

QSPI_nMOD.CHLN[3:0] bits Number of data transfer clocks
Oxf 16 clocks
Oxe 15 clocks
Oxd 14 clocks
Oxc 13 clocks
0xb 12 clocks
Oxa 11 clocks
0x9 10 clocks
0x8 9 clocks
0x7 8 clocks
0x6 7 clocks
0x5 6 clocks
0x4 5 clocks
0x3 4 clocks
0x2 3 clocks
0x1 2 clocks
0x0 Setting prohibited
Bits 7-6 TMOD[1:0]
These bits select a transfer mode.
Table 15.8.3 Transfer Mode
QSPI_nMOD.
TMOD[1:0] bits Transfer mode
0x3 Reserved
0x2 Quad transfer mode
The QSDION([3:0] pins are configured as input or out-
put pins according to the QSPI_nMOD.DIR bit setting.
0x1 Dual transfer mode
The QSDION([1:0] pins are configured as input or out-
put pins according to the QSPI_nMOD.DIR bit setting.
The QSDION[3:2] pins are not used.
0x0 Single transfer mode
The QSDION0 and QSDION1 pins are configured as an
output pin and an input pin, respectively.
The QSDION[3:2] pins are not used.
Bit 5 PUEN
This bit enables pull-up/down of the pins that are configured as an input or are not used.
1 (R/W): Enable pull-up/down
0 (R/W): Disable pull-up/down
For more information, refer to “Input Pin Pull-Up/Pull-Down Function.”
Bit 4 NOCLKDIV
This bit selects QSPICLK# in master mode. This setting is ineffective in slave mode.
1 (R/W): QSPICLKn frequency = CLK_QSPIn frequency ( = 16-bit timer operating clock frequency)
0 (R/W):  QSPICLKn# frequency = 16-bit timer output frequency / 2
For more information, refer to “QSPI Operating Clock.”
Bit 3 LSBFST
This bit configures the data format (input/output permutation).
1 (R/W): LSB first
0 (R/W): MSB first
Bit 2 CPHA
Bit 1 CPOL
These bits set the QSPI clock phase and polarity. For more information, refer to “QSPI Clock (QSPI-
CLKn) Phase and Polarity.”
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Bit 0

15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

MST

This bit sets the QSPI operating mode (master mode or slave mode).
1 (R/W): Master mode

0 (R/W): Slave mode

Note: The QSPI_nMOD register settings can be altered only when the QSPI_nCTL.MODEN bit = 0.

QSPI Ch.n Control Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
QSPI_nCTL 15-8 |- 0x00 - R -
7-4 |- 0x0 - R
3 |DIR 0 HO R/W
2 |MSTSSO 1 HO R/W
1 SFTRST 0 HO R/W
0 |[MODEN 0 HO R/W
Bits 15-4 Reserved
Bit 3 DIR

Bit 2

Bit 1

Bit0

This bit sets the data transfer direction on the QSDIO#[3:0] lines when the QSPI_nMOD.TMOD[1:0]
bits are set to 1 or 2.

1 (R/W): Input

0 (R/W):  Output

MSTSSO

This bit controls and indicates the #QSPISS# pin status.
1 (R/W): #QSPISSrn = high (The device is deselected.)
0 (R/W): #QSPISSn = low (The device is selected.)

In memory mapped access mode, the #QSPISS~ pin is automatically controlled by the internal state
machine. Reading this bit allows monitoring of the current #QSPISS# pin output status at any time.

SFTRST

This bit issues software reset to QSPI.

1 (W): Issue software reset

0 (W): Ineffective

1 (R): Software reset is executing.

0 (R): Software reset has finished. (During normal operation)

Setting this bit resets the QSPI shift register and transfer bit counter. This bit is automatically cleared
after the reset processing has finished.

MODEN

This bit enables the QSPI operations.

1 (R/W): Enable QSPI operations (The operating clock is supplied.)
0 (R/W): Disable QSPI operations (The operating clock is stopped.)

Note: If the QSPI_nCTL.MODEN bit is altered from 1 to 0 while sending/receiving data, the data being
sent/received cannot be guaranteed. When setting the QSPI_nCTL.MODEN bit to 1 again after
that, be sure to write 1 to the QSPI_nCTL.SFTRST bit as well.
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15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

QSPI Ch.n Transmit Data Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
|QsPI_nTXD | 15-0 [TXD[15:0] [oxo000] HO | RW |- |

Bits 15-0 TXDI[15:0]
Data can be written to the transmit data buffer through these bits. Writing to these bits starts data
transfer. Transmit data can be written when the QSPI_nINTFE.TBEIF bit = 1 regardless of whether data
is being output from the QSDIOn pins or not.
Note that the upper data bits that exceed the data bit length configured by the QSPI_nMOD.
CHLN][3:0] bits will not be output from the QSDIOn pin.

Note: Be sure to avoid writing to the QSPI_nTXD register when the QSPI_nINTETBEIF bit = 0. Other-
wise, transfer data cannot be guaranteed.

QSPI Ch.n Receive Data Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
|QSPI_nRXD | 15-0 [RXD[15:0] [oxo000] Ho | R |- |

Bits 15-0 RXD[15:0]
The receive data buffer can be read through these bits. Received data can be read when the QSPI_
nINTF.RBFIF bit = 1 regardless of whether data is being input from the QSDIO# pin or not.
Note that the upper bits that exceed the data bit length configured by the QSPI_nMOD.CHLN][3:0]
bits become 0.

QSPI Ch.n Interrupt Flag Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
QSPI_nINTF 15-8 |- 0x00 - R -
7 |BSY 0 HO R
6 |[MMABSY 0 HO R
5-4 |- 0x0 - R
3 |OEIF 0 HO0/S0 R/W [Cleared by writing 1.
2 |TENDIF 0 HO/S0 R/W
1 |RBFIF 0 HO0/S0 R Cleared by reading the
QSPI_nRXD register.
0 |TBEIF 1 HO0/S0 R Cleared by writing to the
QSPI_nTXD register.

Bits 15-8 Reserved

Bit 7 BSY
This bit indicates the QSPI operating status.
1 (R): Transmit/receive busy
0 (R): Idle
Bit 6 MMABSY
This bit indicates the QSPI memory mapped access operating status.
1 (R): Memory mapped access state machine busy
0 (R): Idle

Bits 5-4 Reserved
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15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

Bit 3 OEIF

Bit 2 TENDIF

Bit 1 RBFIF

Bit 0 TBEIF
These bits indicate the QSPI interrupt cause occurrence status.
1 (R): Cause of interrupt occurred
0 (R): No cause of interrupt occurred

1 (W): Clear flag (OEIF, TENDIF)
0 (W): Ineffective

The following shows the correspondence between the bit and interrupt:
QSPI_nINTE.OEIF bit: ~ Overrun error interrupt
QSPI_nINTE.TENDIF bit: End-of-transmission interrupt
QSPI_nINTE.RBFIF bit:  Receive buffer full interrupt
QSPI_nINTETBEIF bit: Transmit buffer empty interrupt

QSPI Ch.n Interrupt Enable Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
QSPI_nINTE 15-8 |- 0x00 - R -
7-4 |- 0x0 - R
3 |OEIE 0 HO R/W
2 |TENDIE 0 HO R/W
1 RBFIE 0 HO R/W
0 |TBEIE 0 HO R/W

Bits 15-4 Reserved

Bit 3 OEIE
Bit 2 TENDIE
Bit 1 RBFIE
Bit0 TBEIE

These bits enable QSPI interrupts.
1 (R/W): Enable interrupts
0 (R/W): Disable interrupts

The following shows the correspondence between the bit and interrupt:
QSPI_nINTE.OEIE bit: ~ Overrun error interrupt
QSPI_nINTE.TENDIE bit: End-of-transmission interrupt
QSPI_nINTE.RBFIE bit:  Receive buffer full interrupt
QSPI_nINTE.TBEIE bit:  Transmit buffer empty interrupt

QSPI Ch.n Transmit Buffer Empty DMA Request Enable Register

| Register name | Bit | Bit name | Initial | Reset R/W | Remarks |
|QSPI_nTBEDMAEN] 15-0 [TBEDMAEN[15:0] [ 0x0000] HO | RW |- |

Bits 15-0 TBEDMAENI[15:0]
These bits enable the QSPI to issue a DMA transfer request to the corresponding DMA channel (Ch.0—
Ch.15) when a transmit buffer empty state has occurred.
1 (R/W): Enable DMA transfer request
0 (R/W): Disable DMA transfer request

Each bit corresponds to a DMA controller channel. The high-order bits for the unimplemented chan-
nels are ineffective.
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QSPI Ch.n Receive Buffer Full DMA Request Enable Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
|QSPI_nRBFDMAEN]| 15-0 [RBFDMAEN[15:0] [0x0000] - | RW |- |

Bits 15-0 RBFDMAEN[15:0]
These bits enable the QSPI to issue a DMA transfer request to the corresponding DMA channel (Ch.0-
Ch.15) when a receive buffer full state has occurred.
1 (R/W): Enable DMA transfer request
0 (R/W): Disable DMA transfer request

Each bit corresponds to a DMA controller channel. The high-order bits for the unimplemented chan-
nels are ineffective.

QSPI Ch.n FIFO Data Ready DMA Request Enable Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks |
|QSPI_nFRLDMAEN] 15-8 [FRLDMAEN[15:0] | 0x0000] HO | RW |- |

Bits 15-0 FRLDMAENI[15:0]
These bits enable the QSPI to issue a DMA transfer request to the corresponding DMA channel (Ch.0-
Ch.15) when data is prefetched into the FIFO (FIFO data ready).
1 (R/W): Enable DMA transfer request
0 (R/W): Disable DMA transfer request

Each bit corresponds to a DMA controller channel. The high-order bits for the unimplemented chan-
nels are ineffective.

QSPI Ch.n Memory Mapped Access Configuration Register 1

| Register name | Bit | Bit name | Initial | Resetl R/W | Remarks
QSPI_nMMACFG1| 15-8 |- 0x00 - R -

7-4 |- 0x0 - R

3-0 |TCSH[3:0] 0x0 HO R/W

Bits 15-4 Reserved

Bits 3-0 TCSH[3:0]
When non-sequential reading from a Flash memory address, which is not continuous to the previous
read address, occurs in memory mapped access mode, the #QSPISS# signal is reasserted after negated
once. Then the new address is sent to the Flash memory before reading data.
The QSPI_nMMACFG1.TCSH[3:0] bits specify the period to negate the #QSPISS# signal at this time
in a number of clocks.

Table 15.8.4 #QSPISSn Inactive Period between Non-Sequential Readings

QSPI_nMMACFG1.TCSH[3:0] bits #QSPISSn Inactive Period
Oxf 16 clocks
Oxe 15 clocks
Oxd 14 clocks
0xc 13 clocks
Oxb 12 clocks
Oxa 11 clocks
0x9 10 clocks
0x8 9 clocks
0x7 8 clocks
0x6 7 clocks
0x5 6 clocks
0x4 5 clocks
0x3 4 clocks
0x2 3 clocks
0x1 2 clocks
0x0 1 clock

Note: These bits specify a number of system clocks.
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QSPI Ch.n Rema

ping Start Address High Register

15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

| Register name | Bit Bit name | Initial | Reset | R/W | Remarks
QSPI_nRMADRH | 15-4 |RMADR([31:20] 0x000 HO R/W |-
3-0 |- 0x0 - R

Bits 15-4 RMADR[31:20]
These bits specify the high-order 12 bits of the external Flash memory area start address (assumed as

32 bits) to be remapped to the system memory area allocated for memory mapped access mode. When

the external Flash memory is read using the memory mapped access function, the value specified here

is added, as an offset, to the relative address in the memory mapped access area to generate the exter-

nal Flash memory address to actually be accessed.

Note: Make sure the QSPI_nMMACFG2.MMAEN = 0 when altering the QSPI_nRMADRH.
RMADR[31:20] bits.

Memory mapped
access area

Bits 3-0 Reserved

C31 system memory

RMADR =N

External flash memory

Ox N fffff
0x _N _00000 4

RMADR =0

0x000fffff

0x00000000 _v

Offset =N

(N = QSPI_nRMADRH.RMADR[31:20] setting value)
Figure 15.8.1 External Flash Memory Remapping

QSPI Ch.n Memory Mapped Access Configuration Register 2
[

| Register name | Bit | Bit name | Initial | Reset | R/W Remarks
QSPI_nMMACFG2 |15-12|DUMDL][3:0] 0x7 HO R/W |-
11-8 |DUMLN[3:0] 0x7 HO R/W
7-6 |DATTMODI[1:0] 0x0 HO R/W
5-4 |DUMTMODI[1:0] 0x0 HO R/W
3-2 |ADRTMOD[1:0] 0x0 HO R/W
1 ADRCYC 0 HO R/W
0 [MMAEN 0 HO R/W

Bits 15-12 DUMDL[3:0]
These bits set the number of clocks for driving the serial data lines during the dummy cycle output

when accessing the external Flash memory in the memory mapped access mode. This setting is re-

quired to output the XIP confirmation bit to Micron Flash memories or to output the mode byte to

Spansion Flash memories.
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Bits

Bits

Table 15.8.5 Settings of Data Line Drive Length during Dummy Cycle

QSPI_nMMACFG2.DUMDL[3:0] bits Data line drive length
Oxf 16 clocks
Oxe 15 clocks
Oxd 14 clocks
Oxc 13 clocks
Oxb 12 clocks
Oxa 11 clocks
0x9 10 clocks
0x8 9 clocks
0x7 8 clocks
0x6 7 clocks
0x5 6 clocks
0x4 5 clocks
0x3 4 clocks
0x2 3 clocks
0x1 2 clocks
0x0 1 clock

These bits must be set to a value smaller than or equal to the QSPI_nMMACFG2.DUMLN][3:0] bit
setting.

11-8 DUMLN[3:0]
These bits set the dummy cycle length in a number of clocks when accessing the external Flash mem-
ory in the memory mapped access mode.

Table 15.8.6 Dummy Cycle Length Settings

QSPI_nMMACFG2.DUMLN[3:0] bits Dummy cycle length
Oxf 16 clocks
Oxe 15 clocks
Oxd 14 clocks
0xc 13 clocks
Oxb 12 clocks
Oxa 11 clocks
0x9 10 clocks
0x8 9 clocks
0x7 8 clocks
0x6 7 clocks
0x5 6 clocks
0x4 5 clocks
0x3 4 clocks
0x2 3 clocks
0x1 2 clocks
0x0 Setting prohibited

7-6 DATTMODI1:0]
These bits select the transfer mode for the data cycle when accessing the external Flash memory in the
memory mapped access mode.

Table 15.8.7 Transfer Mode for Data, Dummy, and Address Cycles

QSPI_nMMACFG2.DATTMODI[1:0] bits
QSPI_nMMACFG2.DUMTMODI[1:0] bits Transfer mode
QSPI_nMMACFG2.ADRTMODI[1:0] bits
0x3 Reserved
0x2 Quad transfer mode
The QSDION[3:0] pins are used.
0x1 Dual transfer mode
The QSDION([1:0] pins are used. The QSDION[3:2] pins are not used.
0x0 Single transfer mode
The QSDION([1:0] pins are used. The QSDION[3:2] pins are not used.
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Bits 5-4

Bits 3-2

Bit 1

Bit0

Note:

15 QUAD SYNCHRONOUS SERIAL INTERFACE (QSPI)

DUMTMODI[1:0]
These bits select the transfer mode for the dummy cycle when accessing the external Flash memory in
the memory mapped access mode.

ADRTMODI1:0]
These bits select the transfer mode for the address cycle when accessing the external Flash memory in
the memory mapped access mode.

ADRCYC

This bit selects the address mode from 24 and 32 bits when accessing the external Flash memory in
the memory mapped access mode.

1 (R/W): 32-bit address mode (4-byte address cycle)

0 (R/W): 24-bit address mode (3-byte address cycle)

MMAEN

This bit enables memory mapped access mode for accessing the external Flash memory.
1 (R/W): Enable memory mapped access mode

0 (R/W): Disable memory mapped access mode (register access mode)

When this bit is altered from 1 to 0, the QSPI sends extra address and dummy cycles to the external
Flash memory. The address cycle outputs either a three or four-byte address according to the QSPI_
nMMACFG2.ADRCYC bit setting, with all address bits set to 1. The dummy cycle is output accord-
ing to the QSPI_nMMACFG2.DUMLN][3:0] and QSPI_nMMACFG2.DUMDL[3:0] bit settings, with
a mode byte for terminating the XIP session of the external Flash memory that has been configured
using the QSPI_nMB .XIPEXT[7:0] bits.

Slave mode does not support memory mapped access mode, therefore, setting the QSPI_
nMMACFG2.MMAEN bit to 1 does not take effect when the QSPI_nMOD.MST bit = 0.

QSPI Ch.n Mode Byte Register

| Register name | Bit | Bit name | Initial | Reset | R/W | Remarks
QSPI_nMB 15-8 | XIPACTI[7:0] 0x00 HO R/W |-

7-0 [XIPEXT[7:0] 0x00 HO R/W
Bits 15-8 XIPACT[7:0]

Bits 7-0

These bits configure the mode byte for activating an XIP session of the external Flash memory to be
accessed in memory mapped access mode.

XIPEXT[7:0]
These bits configure the mode byte for terminating the XIP session of the external Flash memory be-
ing accessed in memory mapped access mode.

Note: In memory mapped access mode, the mode byte is always output from the LSB first. When us-
ing a Flash memory that expects the mode byte to be output from the MSB first, write the mode
byte to this register in reverse bit order.
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16 I*C (I120)

16.1 Overview

16 I12C (12C)

The 12C is a subset of the I2C bus interface. The features of the I12C are listed below.

¢ Functions as an I2C bus master (single master) or a slave device.

¢ Supports standard mode (up to 100 kbit/s) and fast mode (up to 400 kbit/s).

* Supports 7-bit and 10-bit address modes.

* Supports clock stretching.

* Includes a baud rate generator for generating the clock in master mode.

¢ No clock source is required to run the 12C in slave mode, as it can run with the I12C bus signals only.

* Slave mode is capable of being operated in SLEEP mode allowing wake-up by an interrupt when an address
match is detected.

¢ Master mode supports automatic bus clear sending function.

¢ Can generate receive buffer full, transmit buffer empty, and other interrupts.

¢ Can issue a DMA transfer request when a receive buffer full or a transmit buffer empty occurs.

e The input filter for the SDA and SCL inputs does not comply with the standard for removing noise spikes less

than 50 ns.

Figure 16.1.1 shows the I12C configuration.

Table 16.1.1 12C Channel Configuration of S1C31W74

Item

S1C31W74

Number of channels

2 channels (Ch.0 and Ch.1)

12C Ch.n
DMA Receg;g[e;t%]buffer Shift register "] sbAn
controller | DMA request | ' —
;‘;Egmalé: control circuit
----------------------- Transmit data buffer . .
< TXD[7:0] Shift register
CPU v
BYTEENDIE|—»| BYTEENDIF s
GCIE —> GCIF
NACKIE |—» Interrupt NACKIF
STOPIE _ |— control circuit STOPIF
STARTIE —» » STARTIF
ERRIE —» » ERRIF
RBFIE  —» > RBFIF
» TBEIE  —» TBEIF
=3
Qo
2 T— Transmit/receive
° SFTRST control circuit
©
=4
g GRDRID | s
= OADR[9:0] Slave mode |
GCEN > controller SDALOW
= = e
TXNACK R
TXSTART » Mastermode : |
TXSTOP controller
[]scLn
CLKSRCI[1:0] \
CLKDIV[1:0] Do—»
C'OC'; DBRUN Baud rate sclo
generator MODEN [ BRT[6:0] |» generator
Vss
CLK_I2Cn
Figure 16.1.1 12C Configuration
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16 I2C (12C)

16.2 Input/Output Pins and External Connections

16.2.1 List of Input/Output Pins

Table 16.2.1.1 lists the I2C pins.
Table 16.2.1.1 List of 12C Pins

Pin name 1/0* Initial status* Function
SDAn 1/0 | I2C bus serial data input/output pin
SCLn 1/0 | 12C bus clock input/output pin

# Indicates the status when the pin is configured for the 12C.

If the port is shared with the I2C pin and other functions, the I2C input/output function must be assigned to the port
before activating the 12C. For more information, refer to the “I/O Ports” chapter.

16.2.2 External Connections

Figure 16.2.2.1 shows a connection diagram between the 12C in this IC and external I2C devices.

The serial data (SDA) and serial clock (SCL) lines must be pulled up with an external resistor.

When the I2C is set into master mode, one or more slave devices that have a unique address may be connected to the
I2C bus. When the I12C is set into slave mode, one or more master and slave devices that have a unique address may be
connected to the I2C bus.

SDAn SCLn

2

Serial data (SDA) 12C bus

Serial clock (SCL) I I
External External
12C device I2C device

Figure 16.2.2.1 Connections between 12C and External I°C Devices

Notes: < The SDA and SCL lines must be pulled up to a Vop of this IC or lower voltage. However, if the
12C input/output ports are configured with the over voltage tolerant fail-safe type I/O, these
lines can be pulled up to a voltage exceeding the Vop of this IC but within the recommended
operating voltage range of this IC.

+ The internal pull-up resistors for the 1/O ports cannot be used for pulling up SDA and SCL.

* When the 12C is set into master mode, no other master device can be connected to the 12C
bus.
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16.3 Clock Settings

16.3.1 12C Operating Clock

Master mode operating clock

When using the I2C Ch.n in master mode, the I12C Ch.n operating clock CLK_I2Cr must be supplied to the 12C
Ch.n from the clock generator. The CLK_I2Cn supply should be controlled as in the procedure shown below.

1. Enable the clock source in the clock generator if it is stopped (refer to “Clock Generator” in the “Power Supply,
Reset, and Clocks” chapter).

2. Set the following I2C_nCLK register bits:
- 12C_nCLK.CLKSRCJ1:0] bits (Clock source selection)
- 12C_nCLK.CLKDIV[1:0] bits (Clock division ratio selection = Clock frequency setting)

When using the I2C in master mode during SLEEP mode, the 12C Ch.n operating clock CLK_I2Cr must be
configured so that it will keep supplying by writing 0 to the CLGOSC xxxxSLPC bit for the CLK_I2Cn clock
source.

The I12C operating clock should be selected so that the baud rate generator will be configured easily.

Slave mode operating clock
The I12C set to slave mode uses the SCL supplied from the I2C master as its operating clock. The clock setting
by the I12C_nCLK register is ineffective.
The 12C keeps operating using the clock supplied from the external 12C master even if all the internal clocks
halt during SLEEP mode, so the I2C can receive data and can generate receive buffer full interrupts.

16.3.2 Clock Supply During Debugging

In master mode, the CLK_I2Cn supply during debugging should be controlled using the [2C_nCLK.DBRUN bit.
The CLK_I2Cn supply to the I2C Ch.n is suspended when the CPU enters debug state if the [2C_nCLK.DBRUN
bit = 0. After the CPU returns to normal operation, the CLK_I2Crn supply resumes. Although the 12C Ch.n stops
operating when the CLK_I12Cn supply is suspended, the output pin and registers retain the status before debug state
was entered. If the [2C_nCLK.DBRUN bit = 1, the CLK_I2Cn supply is not suspended and the 12C Ch.n will keep
operating in debug state.

In slave mode, the I2C Ch.n operates with the external I2C master clock input from the SCLn pin regardless of
whether the CPU is placed into debug state or normal operation state.

16.3.3 Baud Rate Generator

The I2C includes a baud rate generator to generate the serial clock SCL used in master mode. The I2C set to slave
mode does not use the baud rate generator, as it operates with the serial clock input from the SCL#~ pin.

Setting data transfer rate (for master mode)
The transfer rate is determined by the 12C_nBR.BRT[6:0] bit settings. Use the following equations to calculate
the setting values for obtaining the desired transfer rate.
fcLk_12¢n fcLk_12Cn

bps = k20 BRT = — " _3 Eq. 16.1
PS = = BRT+3) x2 bps x 2 (Eq- 16.1)

bps: Data transfer rate [bit/s]
fcLk_12ca: 12C operating clock frequency [Hz]
BRT: 12C_nBR.BRT[6:0] bits setting value (1 to 127)

% The equations above do not include SCL rising/falling time and delay time by clock stretching (see Fig-
ure 16.3.3.1).

Note: The I12C bus transfer rate is limited to 100 kbit/s in standard mode or 400 kbit/s in fast mode. Do
not set a transfer rate exceeding the limit.
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16 I2C (12C)

Baud rate generator clock output and operations for supporting clock stretching

Figure 16.3.3.1 shows the clock generated by the baud rate generator and the clock waveform on the I2C bus.

SCLO (internal signal)

SCLn (external pin)

SCL rising/falling period —* - > -
Clock stretching period by another 12C device >
Baud rate generator counting suspended period — > > -
Baud rate generator counting period —* > > » -~

Period in which the internal and external statuses are not matched
Figure 16.3.3.1 Baud Rate Generator Output Clock and SCLn Output Waveform

The baud rate generator output clock SCLO is compared with the SCL# pin status and the results are returned

to the baud rate generator. If a mismatch has occurred between SCLO and SCLn pin levels, the baud rate gen-

erator suspends counting. This extends the clock to control data transfer during the SCL signal rising/falling

period and clock stretching period in which SCL is fixed at low by a slave device.

16.4 Operations

16
The

4.1 Initialization

12C Ch.n should be initialized with the procedure shown below.

When using the 12C in master mode

1. Configure the operating clock and the baud rate generator using the I2C_nCLK and I2C_nBR registers.
2. Assign the 12C Ch.n input/output function to the ports. (Refer to the “I/O Ports” chapter.)

3. Set the following bits when using the interrupt:
- Write 1 to the interrupt flags in the I2C_nINTF register. (Clear interrupt flags)
- Set the interrupt enable bits in the [2C_nINTE register to 1. (Enable interrupts)

4. Set the following I2C_nCTL register bits:

- Set the I2C_nCTL.MST bit to 1. (Set master mode)
- Set the I2C_nCTL.SFTRST bit to 1. (Execute software reset)
- Set the I2C_nCTL.MODEN bit to 1. (Enable I2C Ch.n operations)

When using the 12C in slave mode

1. Set the following [2C_nMOD register bits:

- 12C_nMOD.OADRI10 bit (Set 10/7-bit address mode)

- 12C_nMOD.GCEN bit (Enable response to general call address)
2. Set its own address to the I2C_nOADR.OADR[9:0] (or OADR[6:0]) bits.

Assign the 12C Ch.n input/output function to the ports. (Refer to the “I/O Ports” chapter.)
4. Set the following bits when using the interrupt:

- Write 1 to the interrupt flags in the I2C_nINTF register. (Clear interrupt flags)

- Set the interrupt enable bits in the I2C_nINTE register to 1. (Enable interrupts)

5. Set the following I12C_nCTL register bits:

- Set the I2C_nCTL.MST bit to 0. (Set slave mode)
- Set the I2C_nCTL.SFTRST bit to 1. (Execute software reset)
- Set the I2C_nCTL.MODEN bit to 1. (Enable I2C Ch.n operations)
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16.4.2 Data Transmission in Master Mode

A data sending procedure in master mode and the 12C Ch.n operations are shown below. Figures 16.4.2.1 and 16.4.2.2

show an operation example and a flowchart, respectively.

Data sending procedure

1.
2.

10

Issue a START condition by setting the I2C_nCTL.TXSTART bit to 1.

Wait for a transmit buffer empty interrupt (I2C_nINTF.TBEIF bit = 1) or a START condition interrupt (12C_
nINTE.STARTIF bit = 1).

Clear the I2C_nINTF.STARTIF bit by writing 1 after the interrupt has occurred.

Write the 7-bit slave address to the [2C_nTXD.TXD[7:1] bits and O that represents WRITE as the data trans-
fer direction to the I2C_nTXD.TXDO bit.

(When DMA is used) Configure the DMA controller and set a DMA transfer request enable bit in the I12C_
nTBEDMAEN register to 1 (DMA transfer request enabled). (This automates the data sending procedure
Steps 5,6, and 8.)

(When DMA is not used) Wait for a transmit buffer empty interrupt (I2C_nINTFE.TBEIF bit = 1) generated
when an ACK is received.

(When DMA is not used) Write transmit data to the [2C_nTXD register.

If a NACK reception interrupt (I2C_nINTENACKIF bit = 1) has occurred, go to Step 9 or 1 after clearing
the I2C_nINTF.NACKIF bit.

(When DMA is not used) Repeat Steps 5 and 6 until the end of transmit data.

Issue a STOP condition by setting the [2C_nCTL.TXSTOP bit to 1.

. Wait for a STOP condition interrupt (I2C_nINTFE.STOPIF bit = 1).

Clear the I2C_nINTFE.STOPIF bit by writing 1 after the interrupt has occurred.

Data sending operations

Generating a START condition

The I2C Ch.n starts generating a START condition when the [2C_nCTL.TXSTART bit is set to 1. When the
generating operation has completed, the I2C Ch.n clears the [2C_nCTL.TXSTART bit to O and sets both the
12C_nINTFE.STARTIF and I2C_nINTF.TBEIF bits to 1.

Sending slave address and data

If the I2C_nINTE.TBEIF bit = 1, a slave address or data can be written to the [2C_nTXD register. The 12C
Ch.n pulls down SCL to low and enters standby state until data is written to the [2C_nTXD register. The
writing operation triggers the I12C Ch.n to send the data to the shift register automatically and to output
eight clock pulses and data bits to the I2C bus.

When the slave device returns an ACK as the response, the [2C_nINTFE.TBEIF bit is set to 1. After this
interrupt occurs, the subsequent data may be sent or a STOP/repeated START condition may be issued to
terminate transmission. If the slave device returns NACK, the I12C_nINTF.NACKIF bit is set to 1 without
setting the I2C_nINTF.TBEIF bit.

Generating a STOP/repeated START condition

After the [2C_nINTE.TBEIF bit is set to 1 (transmit buffer empty) or the I2C_nINTF.NACKIF bit is set to
1 (NACK received), setting the I2C_nCTL.TXSTOP bit to 1 generates a STOP condition. When the bus
free time (tBUF defined in the 12C Specifications) has elapsed after the STOP condition has been generated,
the I2C_nCTL.TXSTOP bit is cleared to 0 and the I2C_nINTE.STOPIF bit is set to 1.

When setting the I2C_nCTL.TXSTART bit to 1 while the I2C_nINTFE.TBEIF bit = 1 (transmit buffer emp-
ty) or the I2C_nINTF.NACKIF bit = 1 (NACK received), the I2C Ch.n generates a repeated START condi-
tion. When the repeated START condition has been generated, the I2C_nINTE.STARTIF and [12C_nINTF.
TBEIF bits are both set to 1 same as when a START condition has been generated.
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16 I2C (12C)

Standby state (SCL = low)

[TXSTART = 1] /[SaddrW — TXD[7:0]] [Data 1 - TXD[7:0]]  [Data 2 — TXD[7:0]| [DataN - TXD[7:0] ~ [TXSTOP =1
12C bus [ Saddr/W Data 1 Data2 NI
3 Ly Ly 3
TXSTART =0 TBEIF =1 | [TBEIF=1 ! [TBEIF= TXSTOP =0
STARTIE =1 | | STOPIF = 1
TBEIF = 1 | |
¥ Y

A,
[NACKIF = 1] [TXSTOP =0 [TBEIF =1] [TXSTART =0
STOPIF = 1 STARTIF = 1
TBEIF = 1

TXSTART =1
TXSTOP =1

[NACKIF = 1] [TXSTART =0
STARTIF =1 v
TBEIF =1 TBEIF =1 TXSTART =0
STARTIF =1
TXSTART = 1 -'S-)_lfg;?:_' 10 TBEIF =1
TXSTOP = 1 -
l:‘ Software bit operations b Hardware bit operations

TXSTART =0 Il Operations by 12C (master mode) [_] Operations by the external slave
STARTIF = 1
TBEIF = 1 S: START condition, Sr: Repeated START condition, P: STOP condition,

A: ACK, A: NACK, Saddr/W: Slave address + W(0), Data n: 8-bit data

Figure 16.4.2.1 Example of Data Sending Operations in Master Mode

(__ Datatransmission )

|
Write 1 to the 12C_nCTL.TXSTART bit

Wait for an interrupt request
(I2C_nINTETBEIF = 1)

Write slave address and WRITE (0) to
the 12C_nTXD register

[€
<

Wait for an interrupt request
(I2C_nINTETBEIF = 1 or I2C_nINTENACKIF = 1)

Last data sent?

No <

Write 1 to the 12C_nCTL.TXSTOP bit Write data to the 12C_nTXD register

Wait for an interrupt request
(I2C_nINTE.STOPIF = 1)

— T—

Figure 16.4.2.2 Master Mode Data Transmission Flowchart
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Data transmission using DMA

By setting the 2C_nTBEDMAEN.TBEDMAENX bit to 1 (DMA transfer request enabled), a DMA transfer
request is sent to the DMA controller and transmit data is transferred from the specified memory to the 12C_
nTXD register via DMA Ch.x when the [2C_nINTE.TBEIF bit is set to 1 (transmit buffer empty).

This automates the data sending procedure Steps 5, 6, and 8 described above.

The transfer source/destination and control data must be set for the DMA controller and the relevant DMA

channel must be enabled to start a DMA transfer in advance so that transmit data will be transferred to the 12C_
nTXD register. For more information on DMA, refer to the “DMA Controller” chapter.

Table 16.4.2.1 DMA Data Structure Configuration Example (for Data Transmission)

Item Setting example
End pointer |Transfer source Memory address in which the last transmit data is stored
Transfer destination [I12C_nTXD register address
Control data |dst_inc 0x3 (no increment)
dst_size 0x0 (byte)
src_inc 0x0 (+1)
src_size 0x0 (byte)
R_power 0x0 (arbitrated for every transfer)
n_minus_1 Number of transfer data
cycle_ctrl 0x1 (basic transfer)

16.4.3 Data Reception in Master Mode

A data receiving procedure in master mode and the 12C Ch.n operations are shown below. Figures 16.4.3.1 and
16.4.3.2 show an operation example and a flowchart, respectively.

Data receiving procedure

1.
2.

When receiving one-byte data, write 1 to the [2C_nCTL.TXNACK bit.

Issue a START condition by setting the I2C_nCTL.TXSTART bit to 1.

Wait for a transmit buffer empty interrupt (I2C_nINTFE.TBEIF bit = 1) or a START condition interrupt (1I2C_
nINTE.STARTIF bit = 1).

Clear the [2C_nINTE.STARTIF bit by writing 1 after the interrupt has occurred.

Write the 7-bit slave address to the [2C_nTXD.TXD[7:1] bits and 1 that represents READ as the data trans-
fer direction to the I2C_nTXD.TXDO bit.

(When DMA is used) Configure the DMA controller and set a DMA transfer request enable bit in the I12C_

nRBFDMAEN register to 1 (DMA transfer request enabled). (This automates the data receiving procedure

Steps 6, 8, and 10.)

(When DMA is not used) Wait for a receive buffer full interrupt (I2C_nINTF.RBFIF bit = 1) generated

when a one-byte reception has completed.

Perform one of the operations below when the last or next-to-last data is received.

i.  When the next-to-last data is received, write 1 to the I2C_nCTL.TXNACK bit to send a NACK after
the last data is received, and then go to Step 8.

ii. When the last data is received, read the received data from the [2C_nRXD register and set the 12C_
nCTL.TXSTOP to 1 to generate a STOP condition. Then go to Step 11.

(When DMA is not used) Read the received data from the [2C_nRXD register.

If a NACK reception interrupt (12C_nINTFE.NACKIF bit = 1) has occurred, clear the 12C_nINTE.NACKIF

bit and issue a STOP condition by setting the I2C_nCTL.TXSTOP bit to 1. Then go to Step 11 or Step 2 if

making a retry.

. (When DMA is not used) Repeat Steps 6 to 8 until the end of data reception.
11.

Wait for a STOP condition interrupt (I2C_nINTE.STOPIF bit = 1).
Clear the I2C_nINTE.STOPIF bit by writing 1 after the interrupt has occurred.
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16 I2C (12C)

Data receiving operations

Generating a START condition

It is the same as the data transmission in master mode.

Sending slave address
It is the same as the data transmission i

n master mode. Note, however, that the 12C_nTXD.TXDO bit must

be set to 1 that represents READ as the data transfer direction to issue a request to the slave to send data.

Receiving data

After the slave address has been sent, the slave device sends an ACK and the first data. The I12C Ch.n sets

the I2C_nINTF.RBFIF bit to 1 after the

data reception has completed. Furthermore, the I2C Ch.n returns an

ACK. To return a NACK, such as for a response after the last data has been received, write 1 to the 12C_
nCTL.TXNACK bit before the I2C_nINTF.RBFIF bit is set to 1.

The received data can be read out from

the I12C_nRXD register after a receive buffer full interrupt has oc-

curred. The 12C Ch.n pulls down SCL to low and enters standby state until data is read out from the 12C_

nRXD register.

This reading triggers the I2C Ch.n to start subsequent data reception.

Generating a STOP or repeated START condition
It is the same as the data transmission in master mode.

Standby state (SCL = low)

[TXSTART = 1]/ [Saddr/R — TXD[7:0] |

TXNACK = 1 TXSTOP =1
RXD[7:0] — Data 1 RXD[7:0] — Data (N-1)| |RXD[7:0] — Data N

A 4 Y

12C bus §) Saddr/R Al Data 1 A Data 2 A I | Data N q II
Y | y
TXSTART =0 RBFIF =1 ’RBFIF =1 | [TXSTOP = o‘

STARTIF =1 TXNACK =0 ‘ STOPIF =1
TBEIF =1
TXSTART =1
RXD[7:0] — Data N
Y Y
[NACKIF = 1] [TXSTOP =0 i y
STOPIF =1 RBFIF = 1 TXSTART =0
TXNACK =0 | [STARTIF =1
TBEIF =1
TXSTART =1
TXSTOP =1
MCKIF =1| [TXSTART =0 RXDI[7:0] — Data N
STARTIF =1
TBEIF = 1
Y
TXSTART =1 RBFIF = 1 TXSTART =0
TXSTOP =1 TXNACK =0 STARTIF =1
! \ Txstop=o| LIBEF=1
STOPIF =1
NACKIF = 1 TXSTART =0
TxsTOP =0 [STARTIF =1 l:‘ Software bit operations h Hardware bit operations
. Operations by 12C (master mode) E] Operations by the external slave
S: START condition, Sr: Repeated START condition, P: STOP condition,
A: ACK, A:NACK, Saddr/R: Slave address + R(1), Data n: 8-bit data
Figure 16.4.3.1 Example of Data Receiving Operations in Master Mode
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Data reception

NO

One-byte reception?

’ Write 1 to the 12C_nCTL.TXNACK bit ‘

L

’ Write 1 to the 12C_nCTL.TXSTART bit ‘

Wait for an interrupt request
(I2C_nINTE.TBEIF = 1)

Write slave address and READ(1) to
the 12C_nTXD register
N|

|
Wait for an interrupt request

(I2C_nINTE.RBFIF = 1 or I2C_nINTENACKIF = 1)‘

12C_nINTERBFIF =1 ?

YES

Receive last data next?

[

’ Write 1 to the 12C_nCTL.TXNACK bit ‘ NO

Last data received?

YES

NO

Read receive data from the 12C_nRXD register| |Read receive data from the 12C_nRXD register

L ] l
’ Write 1 to the 12C_nCTL.TXSTOP bit ‘ ’ Write 1 to the 12C_nCTL.TXSTOP bit
Te T
¢
Wait for an interrupt request
(I2C_nINTE.STOPIF = 1)

End
Figure 16.4.3.2 Master Mode Data Reception Flowchart

Data reception using DMA

By setting the I2C_nRBFDMAEN.RBFDMAENX bit to 1 (DMA transfer request enabled), a DMA transfer
request is sent to the DMA controller and the received data is transferred from the 12C_nRXD register to the
specified memory via DMA Ch.x when the [2C_nINTF.RBFIF bit is set to 1 (receive buffer full).

This automates the data receiving procedure Steps 6, 8, and 10 described above.

The transfer source/destination and control data must be set for the DMA controller and the relevant DMA
channel must be enabled to start a DMA transfer in advance. For more information on DMA, refer to the “DMA
Controller” chapter.

Table 16.4.3.1 DMA Data Structure Configuration Example (for Data Reception)

Item Setting example
End pointer |Transfer source 12C_nRXD register address
Transfer destination [Memory address to which the last received data is stored
Control data |dst_inc 0x0 (+1)
dst_size 0x0 (byte)
src_inc 0x3 (no increment)
src_size 0x0 (byte)
R_power 0x0 (arbitrated for every transfer)
n_minus_1 Number of receive data
cycle_ctrl 0x1 (basic transfer)
S1C31W74 TECHNICAL MANUAL Seiko Epson Corporation 16-9

(Rev. 1.1)



16 12C (12C)

16.4.4 10-bit Addressing in Master Mode

A 10-bit address consists of the first address that contains two high-order bits and the second address that contains

eight low-order bits.

7-bit address
D7 D6 D5 D4 D3 D2 Di DO
(A6 J A5 ) A4 Y A3 ) A2 | A1) Ao [RW)

Slave address 0: WRITE (Master — Slave)
1: READ (Slave — Master)

10-bit address

D7 D6 D5 D4 D3 D2 Di DO
Firstaddress (1 J 1 J 1 X 1 ) o [ A9 ) A8 JrRW)

%—/
Two high-order slave address bits

D7 D6 D5 D4 D3 D2 D1 DO
Second address { A7 | A6 | A5 \ A4 [ A3 | A2 A1 ) A0)

Eight low-order slave address bits
Figure 16.4.4.1 10-bit Address Configuration

The following shows a procedure to start data transfer in 10-bit address mode when the I2C Ch.n is placed into
master mode (see the 7-bit mode descriptions above for control procedures when a NACK is received or sending/
receiving data). Figure 16.4.4.2 shows an operation example.

Starting data transmission in 10-bit address mode

1.
2.

4
5
6.
7

Issue a START condition by setting the [2C_nCTL.TXSTART bit to 1.

Wait for a transmit buffer empty interrupt (I2C_nINTFE.TBEIF bit = 1) or a START condition interrupt (12C_
nINTE.STARTIF bit = 1).
Clear the I2C_nINTFE.STARTIF bit by writing 1 after the interrupt has occurred.

Write the first address to the I2C_nTXD.TXD[7:1] bits and O that represents WRITE as the data transfer di-
rection to the [2C_nTXD.TXDO bit.

Wait for a transmit buffer empty interrupt (I2C_nINTE.TBEIF bit = 1).
Write the second address to the I2C_nTXD. TXDJ[7:0] bits.
Wait for a transmit buffer empty interrupt 12C_nINTE.TBEIF bit = 1).

Perform data transmission.

Starting data reception in 10-bit address mode

1 to 6. These steps are the same as the data transmission starting procedure described above.

7. Issue arepeated START condition by setting the I2C_nCTL.TXSTART bit to 1.

8. Wait for a transmit buffer empty interrupt (I2C_nINTF.TBEIF bit = 1) or a START condition interrupt (I12C_
nINTE.STARTIF bit = 1).
Clear the [2C_nINTFE.STARTIF bit by writing 1 after the interrupt has occurred.

9. Write the first address to the [2C_nTXD.TXD[7:1] bits and 1 that represents READ as the data transfer di-
rection to the [2C_nTXD.TXDO bit.

10. Perform data reception.
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16 I12C (12C)

At start of data transmission

Standby state (SCL = low)

[TXSTART = 1] / [1stAddr/W — TXD[7:0]| [2ndAddr — TXD[7:0]  [Data 1 — TXD[7:0]|

12C bus B 1stAddr/W 2ndAddr Data1 NS
Y Y
TXSTART =0 TBEIF = 1 TBEIF = 1 TBEIF =1
STARTIF =1
TBEIF = 1

At start of data reception

Standby state (SCL = low)

[TXSTART = 1] / [1stAddr/W — TXD[7:0]| [2ndAddr — TXD[7:0]] [TXSTART = 1] [1stAddr/R — TXD[7:0] | RXD[7:0] - Data 1

12C bus B 1stAddr/W 2ndAddr Sr ICCIGE Al Data 1 A Data 2

Y
TXSTART =0 TBEIF =1 TBEIF = 1| [TXSTART =0
STARTIF =1 STARTIF =1
TBEIF = 1 TBEIF =1
l:‘ Software bit operations T:‘ Hardware bit operations

. Operations by 12C (master mode) D Operations by the external slave

S: START condition, Sr: Repeated START condition, P: STOP condition,
A: ACK, A:NACK, 1stAddr/W: 1st address + W(0), 1stAddr/R: 1st address + R(1),
2ndAddr: 2nd address, Data n: 8-bit data

Figure 16.4.4.2 Example of Data Transfer Starting Operations in 10-bit Address Mode (Master Mode)

16.4.5 Data Transmission in Slave Mode

A data sending procedure in slave mode and the I2C Ch.n operations are shown below. Figures 16.4.5.1 and 16.4.5.2
show an operation example and a flowchart, respectively.

Data sending procedure

1.

Wait for a START condition interrupt (I12C_nINTF.STARTIF bit = 1).

Clear the I2C_nINTFE.STARTIF bit by writing 1 after the interrupt has occurred.

Check to see if the [2C_nINTE. TR bit = 1 (transmission mode).

(Start a data receiving procedure if the I2C_nINTE.TR bit =0.)

Write transmit data to the I2C_nTXD register.

Wait for a transmit buffer empty interrupt (I2C_nINTE.TBEIF bit = 1), a NACK reception interrupt (I12C_
nINTENACKIF bit = 1), or a STOP condition interrupt (I2C_nINTF.STOPIF bit = 1).

i. Go to Step 3 when a transmit buffer empty interrupt has occurred.

ii. Go to Step 5 after clearing the I2C_nINTFE.NACKIF bit when a NACK reception interrupt has occurred.
iii. Go to Step 6 when a STOP condition interrupt has occurred.

Wait for a STOP condition interrupt (I2C_nINTE.STOPIF bit = 1) or a START condition interrupt (12C_
nINTE.STARTIF bit = 1).

i. Go to Step 6 when a STOP condition interrupt has occurred.

ii. Go to Step 2 when a START condition interrupt has occurred.

Clear the I2C_nINTFE.STOPIF bit and then terminate data sending operations.
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Data sending operations
START condition detection and slave address check

While the 12C_nCTL.MODEN bit = 1 and the [2C_nCTL.MST bit = 0 (slave mode), the I2C Ch.n monitors
the 12C bus. When the I12C Ch.n detects a START condition, it starts receiving of the slave address sent from
the master. If the received address is matched with the own address set to the I2C_nOADR.OADR[6:0] bits
(when the 12C_nMOD.OADRI10 bit = 0 (7-bit address mode)) or the [2C_nOADR.OADR[9:0] bits (when the
12C_nMOD.OADRI10 bit = 1 (10-bit address mode)), the [2C_nINTE.STARTIF bit and the 12C_nINTFE.BSY
bit are both set to 1. The I12C Ch.n sets the 2C_nINTFE.TR bit to the R/W bit value in the received address. If
this value is 1, the I2C Ch.n sets the I2C_nINTFE.TBEIF bit to 1 and starts data sending operations.

Sending the first data byte

After the valid slave address has been received, the I2C Ch.n pulls down SCL to low and enters standby
state until data is written to the I2C_nTXD register. This puts the I2C bus into clock stretching state and the
external master into standby state. When transmit data is written to the 12C_nTXD register, the 12C Ch.n
clears the I2C_nINTF.TBEIF bit and sends an ACK to the master. The transmit data written in the 12C_
nTXD register is automatically transferred to the shift register and the I12C_nINTFE.TBEIF bit is set to 1.
The data bits in the shift register are output in sequence to the I2C bus.

Sending subsequent data

If the I2C_nINTF.TBEIF bit = 1, subsequent transmit data can be written during data transmission. If the
[12C_nINTE.TBEIF bit is still set to 1 when the data transmission from the shift register has completed, the
12C Ch.n pulls down SCL to low (sets the I2C bus into clock stretching state) until transmit data is written
to the 12C_nTXD register.

If the next transmit data already exists in the I2C_nTXD register or data has been written after the above,
the I2C Ch.n sends the subsequent eight-bit data when an ACK from the external master is received. At the
same time, the I2C_nINTE.BYTEENDIF bit is set to 1. If a NACK is received, the I2C_nINTEF.NACKIF bit
is set to 1 without sending data.

STOP/repeated START condition detection

[ I S| Saddr/R A Data 1 ] h Data 2 Data3 | - AlP

While the 12C_nCTL.MST bit = 0 (slave mode) and the I2C_nINTF.BSY = 1, the I2C Ch.n monitors the 12C
bus. When the I2C Ch.n detects a STOP condition, it terminates data sending operations. At this time, the
12C_nINTE.BSY bit is cleared to 0 and the I2C_nINTE.STOPIF bit is set to 1. Also when the 12C Ch.n detects
a repeated START condition, it terminates data sending operations. In this case, the 2C_nINTF.STARTIF bit
issetto 1.

Clock stretching by 12C

Data 1 - TXD[7:0]] [Data 2 — TXD[7:0]] [Data 3 — TXD[7:0]| Data N — TXD[7:0]

BSY=1] [TR=1 TBEIF =1 TBEIF = 1 TBEIF = 1 NACKIF = 1 BSY =0
STARTIF =1 BYTEENDIF=1| [BYTEENDIF=1| |BYTEENDIF=1| |STOPIF =1
TBEIF = 1 i

SCEL 70l Data transmission continued

BSY =1
STARTIF = 1
TBEIF =1
l:‘ Software bit operations T:‘ Hardware bit operations
. Operations by the external master |:| Operations by 12C (slave mode)
TR =0
S: START condition, Sr: Repeated START condition, P: STOP condition, BSY =1
A: ACK, A:NACK, Saddr/R: Slave address + R(1), Saddr/W: Slave address + W(0), STARTIF = 1
Data n: 8-bit data
Figure 16.4.5.1 Example of Data Sending Operations in Slave Mode
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16 I12C (12C)

(__Data transmission )
Te

I
Wait for an interrupt request
(I2C_nINTE.TBEIF = 1 or I2C_nINTENACKIF = 1)

Write data to the 12C_nTXD register

C End D)

Figure 16.4.5.2 Slave Mode Data Transmission Flowchart

16.4.6 Data Reception in Slave Mode

A data receiving procedure in slave mode and the I2C Ch.n operations are shown below. Figures 16.4.6.1 and 16.4.6.2

show an operation example and a flowchart, respectively.

Data receiving procedure

1.
2.

When receiving one-byte data, write 1 to the [2C_nCTL.TXNACK bit.

Wait for a START condition interrupt (I2C_nINTF.STARTIF bit = 1).

Check to see if the I2C_nINTF.TR bit = O (reception mode).

(Start a data sending procedure if 2C_nINTFE.TR bit=1.)

Clear the I2C_nINTF.STARTIF bit by writing 1.

Wait for a receive buffer full interrupt (I2C_nINTF.RBFIF bit = 1) generated when a one-byte reception has

completed or an end of transfer interrupt (I2C_nINTEBYTEENDIF bit = 1).
Clear the I2C_nINTF.BYTEENDIF bit by writing 1 after the interrupt has occurred.

If the next receive data is the last one, write 1 to the I2C_nCTL.TXNACK bit to send a NACK after it is
received.

Read the received data from the 12C_nRXD register.

Repeat Steps 5 to 7 until the end of data reception.

Wait for a STOP condition interrupt (I2C_nINTFE.STOPIF bit = 1) or a START condition interrupt (12C_
nINTE.STARTIF bit = 1).

i. Go to Step 10 when a STOP condition interrupt has occurred.

ii. Go to Step 3 when a START condition interrupt has occurred.

10. Clear the [2C_nINTFE.STOPIF bit and then terminate data receiving operations.

Data receiving operations
START condition detection and slave address check

It is the same as the data transmission in slave mode.

However, the I2C_nINTE.TR bit is cleared to 0 and the I2C_nINTE.TBEIF bit is not set.

If the I2C_nMOD.GCEN bit is set to 1 (general call address response enabled), the I2C Ch.n starts data re-
ceiving operations when the general call address is received.

Slave mode can be operated even in SLEEP mode, it makes it possible to wake the CPU up using an inter-
rupt when an address match is detected.

Receiving the first data byte

After the valid slave address has been received, the I12C Ch.n sends an ACK and pulls down SCL to low
until 1 is written to the 12C_nINTE.STARTIF bit. This puts the I12C bus into clock stretching state and the
external master into standby state. When 1 is written to the I2C_nINTE.STARTIF bit, the I2C Ch.n releases
SCL and receives data sent from the external master into the shift register. After eight-bit data has been
received, the I12C Ch.n sends an ACK and pulls down SCL to low. The received data in the shift register is
transferred to the receive data buffer and the I2C_nINTF.RBFIF and 12C_nINTF.BYTEENDIF bits are both
set to 1. After that, the received data can be read out from the I12C_nRXD register.

S1C31W74 TECHNICAL MANUAL Seiko Epson Corporation 16-13
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Receiving subsequent data

When the received data is read out from the [2C_nRXD register after the I2C_nINTF.RBFIF bit has been set
to 1, the 12C Ch.n clears the I2C_nINTF.RBFIF bit to 0, releases SCL, and receives subsequent data sent
from the external master. After eight-bit data has been received, the I12C Ch.n sends an ACK and pulls down
SCL to low. The received data in the shift register is transferred to the receive data buffer and the 12C_
nINTERBFIF and I2C_nINTF.BYTEENDIF bits are both set to 1.

To return a NACK after eight-bit data is received, such as when terminating data reception, write 1 to the
12C_nCTL.TXNACK bit before the data reception is completed. The [2C_nCTL.TXNACK bit is automati-
cally cleared to O after a NACK has been sent.

STOP/repeated START condition detection
It is the same as the data transmission in slave mode.

Clock stretching by 12C

[STARTIF = 1] [RXD[7:0] > Data 1| [RXD[7:0] — Data (N -1)] [RXD[7:0] - Data N

12C bus IR AN

Y
BSY =1 TR=0 RBFIF =1
STARTIF =1 BYTEENDIF =1

Data2 NI Data N P

BYTEENDIF =1 BYTEENDIF =1 STOPIF =1

'

RBFIF = 1 ‘ ‘RBFIF=1 ‘ BSY =0 ‘

TXNACK =1

RXD([7:0] - Data (N -1)| [RXD[7:0] - Data N|
. Data N P

Y Y

RBFIF = 1 RBFIF = 1 BSY =0
BYTEENDIF =1| |BYTEENDIF=1| | |[TXNACK=0
| |STOPIF=1
l:‘ Software bit operations T:‘ Hardware bit operations

. Operations by the external master |:| Operations by 12C (slave mode)
S: START condition, Sr: Repeated START condition, P: STOP condition,

A: ACK, A:NACK, Saddr/W: Slave address + W(0), Data n: 8-bit data

Figure 16.4.6.1 Example of Data Receiving Operations in Slave Mode

C Data reception D)

One-byte reception?

YES
’ Write 1 to the 12C_nCTL.TXNACK bit ‘

[«

Wait for an interrupt request
(I2C_nINTFE.STARTIF = 1)

’ Write 1 to the I2C_nINTF.STARTIF bit ‘

T«
<

Wait for an interrupt request
(I2C_nINTF.RBFIF = 1)

Last data received next?

YES
’ Write 1 to the 12C_nCTL.TXNACK bit ‘

Read receive data from the 12C_nRXD register

Last data received?

YES
C End D
Figure 16.4.6.2 Slave Mode Data Reception Flowchart
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16 I12C (12C)

16.4.7 Slave Operations in 10-bit Address Mode

The I2C Ch.n functions as a slave device in 10-bit address mode when the I2C_nCTL.MST bit = 0 and the 12C_
nMOD.OADRI0 bit = 1.

The following shows the address receiving operations in 10-bit address mode. Figure 16.4.7.1 shows an operation
example. See Figure 16.4.4.1 for the 10-bit address configuration.

10-bit address receiving operations
After a START condition is issued, the master sends the first address that includes the two high-order slave ad-
dress bits and the R/W bit (= 0). If the received two high-order slave address bits are matched with the 12C_
nOADR.OADR][9:8] bits, the I2C Ch.n returns an ACK. At this time, other slaves may returns an ACK as the
two high-order bits may be matched.
Then the master sends the eight low-order slave address bits as the second address. If this address is matched
with the I2C_nOADR.OADR]7:0] bits, the I2C Ch.n returns an ACK and starts data receiving operations.
If the master issues a request to the slave to send data (data reception in the master), the master generates a re-
peated START condition and sends the first address with the R/W bit set to 1. This reception switches the 12C
Ch.n to data sending mode.

At start of data reception Clock stretching by 12C
(e NIEM S| 1stAddr/W 2ndAddr Data 2 s

A4 A
TR=0 RBFIF = 1
STARTIF = 1 BYTEENDIF = 1

At start of data transmission Clock stretching by 12C

STARTIF = 1 Data 1 — TXD[7:0]] [Data 2 — TXD[7:0]]

(oW S| 1stAddr/W 2ndAddr Sr|  1stAddr/R A Datail | Data2 | -
A4 A4
TR=0 TR=1 TBEIF =1 TBEIF =1
STARTIF = 1 STARTIF = 1 BYTEENDIF = 1
TBEIF =1
l:] Software bit operations T:] Hardware bit operations

. Operations by the external master E] Operations by 12C (slave mode)

S: START condition, Sr: Repeated START condition, P: STOP condition,
A: ACK, A: NACK, 1stAddr/W: 1st address + W(0), 1stAddr/R: 1st address + R(1),
2ndAddr: 2nd address, Data n: 8-bit data

Figure 16.4.7.1 Example of Data Transfer Starting Operations in 10-bit Address Mode (Slave Mode)

16.4.8 Automatic Bus Clearing Operation

The I2C Ch.n set into master mode checks the SDA state immediately before generating a START condition. If SDA is
set to a low level at this time, the I2C Ch.n automatically executes bus clearing operations that output up to ten clocks
from the SCLn pin with SDA left free state.

When SDA goes high from low within nine clocks, the I2C Ch.n issues a START condition and starts normal opera-
tions. If SDA does not change from low when the 12C Ch.n outputs the ninth clock, it is regarded as an automatic
bus clearing failure. In this case, the 12C Ch.n clears the 2C_nCTL.TXSTART bit to 0 and sets both the 12C_nINTF.
ERRIF and I2C_nINTFE.STARTIF bits to 1.
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Normal operations START
condition L Slave address + R/W N
e >
SDA TW /I G O G O O D O ey
SCL
SDA check START
When SDA = LOW is detected conrtririrtrion
SDA (i A I N D O

SDA check (n<9)

Bus clearing operation

SDA ((

o
so. AL UL

Y

STARTIF =1

SCL 1\ /2] Lo\

STARTIF =1
ERRIF =1

Figure 16.4.8.1 Automatic Bus Clearing Operation

16.4.9 Error Detection

The 12C includes a hardware error detection function.
Furthermore, the [2C_nINTF.SDALOW and 12C_nINTF.SCLLOW bits are provided to allow software to check
whether the SDA and SCL lines are fixed at low. If unintended low level is detected on SDA or SCL, a software recov-
ery processing, such as I2C Ch.n software reset, can be performed.

The table below lists the hardware error detection conditions and the notification method.

Table 16.4.9.1 Hardware Error Detection Function

No. Error detecting period/timing 2C bus line mon!t'ored and Notification method
error condition
1 |While the 12C Ch.n controls SDA to high for sending address, SDA = low 12C_nINTF.ERRIF = 1
data, or a NACK
2 |<Master mode only> When 1 is written to the 12C_nCTL.TX- SCL = low 12C_nINTE.ERRIF =1
START bit while the 12C_nINTFE.BSY bit = 0 12C_nCTL.TXSTART =0
12C_nINTE.STARTIF = 1
3 [<Master mode only> When 1 is written to the 12C_nCTL.TX- SCL = low 12C_nINTE.ERRIF = 1
STOP bit while the 12C_nINTE.BSY bit = 0 12C_nCTL.TXSTOP =0
12C_nINTE.STOPIF = 1
4 |<Master mode only> When 1 is written to the 12C_nCTL. SDA 12C_nINTRERRIF = 1
TXSTART bit while the 12C_nINTFE.BSY bit = 0 (Refer to “Au-| Automatic bus clearing (I2C_nCTL.TXSTART =0
tomatic Bus Clearing Op