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Evaluation board/kit and Development tool important notice

1.

2.

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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10.

11.
12.

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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1 OVERVIEW

1 Overview

1.1 Features

The main features of the SIC17F57 are listed below.

Table 1.1.1 Features

CPU

CPU core

Seiko Epson original 16-bit RISC CPU core S1C17

Multiplier/Divider (COPRO)

* 16-bit x 16-bit multiplier
+ 16-bit x 16-bit + 32-bit multiply and accumulation unit
+ 16-bit + 16-bit divider

Embedded Flash memory

Capacity 32K bytes (for both instructions and data)
Erase/program count Three times
Other + Read/program protection function

+ A programming power supply (Vpp) is required.
+ Allows on-board programming using a debugging tool such as ICDmini.

Embedded RAM

Capacity

|2K bytes

Clock generator

System clock source

3 sources (OSC3B/OSC3A/0SC1)

OSC3B oscillator circuit

2M/1M/500k Hz (typ.) internal oscillator circuit

OSCB3A oscillator circuit

4.2 MHz (max.) crystal or ceramic oscillator circuit

OSC1B oscillator circuit

32 kHz (typ.) internal oscillator circuit

OSC1A oscillator circuit

32.768 kHz (typ.) crystal oscillator circuit

Oscillation adjustment by theoretical regulation

Other

+ Core clock frequency control
+ Peripheral module clock supply control

EPD controller/driver

Number of driver outputs

Segment output: 64 pins
Top plane output: 2 pins
Back plane output: 2 pins

Drive voltage

0 V/15 V (Vss/VErD)

Other * Includes a drive power supply.
+ Includes a display data memory.
+ Output drive waveforms can be programmed.
+ Supports pin output direct control.

1/0 ports

Number of general-purpose 1/O ports

Max. 29 bits (Pins are shared with the peripheral 1/0.)

Other

+ Schmitt input
+ Pull-up control function
+ Port input interrupt: 8 bits x 2 channels

Serial interfaces

SPI 1 channel
12C master (12CM) *1 1 channel
12C slave (12CS) *1 1 channel

UART

1 channel (IrDA1.0 supported)

Timers/Counters

8-bit timer (T8)

2 channels (Generates the SPI Ch.0 and 12CM clocks.)

16-bit PWM timer (T16A2)

2 channels (PWM output, event counter, and count capture functions)

Watchdog timer (WDT)

1 channel (Generates NMI/reset.)

Clock functions

Real-time clock (RTC)

1 channel (Hour, minute, and second counters) with theoretical regulation support

Clock timer (CT)

1 channel (128 Hz to 1 Hz counters) with theoretical regulation support

Stopwatch timer (SWT)

1 channel (1/100 second and 1/10 second counters) with theoretical regulation support

Theoretical regulation function (TR)

Time adjustment function in +16/32768 to -15/32768 second units

Sound generator

Buzzer frequency

8 frequencies selectable

Volume control

8 steps adjustable

Other

+ One-shot buzzer
+ Auto envelope function
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1 OVERVIEW

Analog circuits

R/F converter (RFC)

resistive sensors.)

2 channels (24-bit CR oscillation type. Supports DC-bias resistive sensors and AC-bias

Temperature detection circuit (TEM)

1 channel (Measurement range: 0°C to 50°C)

Supply voltage detection circuit (SVD)

1 channel (Detection voltage: 13 levels)

Interrupts
Reset interrupt #RESET pin/watchdog timer
NMI Watchdog timer

Programmable interrupts

16 systems (8 levels)

Power supply voltage

Operating voltage (Vbb) 20Vto3.6V
Flash programming/erasing voltage |7 V/7.5V
(Vep)

Operating temperature

Operating temperature range |-40°C to 85°C

Current consumption (Typ value, Vob = 2.0 V to 3.6 V)

SLEEP state *2 100 nA (OSC1 = Off, RTC = Off, OSC3B = Off, OSC3A = Off)

HALT state 0.55 pA OSC1 = 32 kHz (OSC1A), RTC = Off, OSC3B = Off, OSC3A = Off)
0.5 pA OSC1 = 32 kHz (OSC1A), RTC = On, OSC3B = Off, OSC3A = Off)

Run state

1440 pA  (OSC1 = Off, RTC = Off, OSC3B = Off, OSC3A = 4 MHz ceramic)

(
(
12 A (OSC1 = 32 kHz (OSC1A), RTC = Off, OSC3B = Off, OSC3A = Off)
(0S|
770 pA (OSC1 = Off, RTC = Off, OSC3B = 2 MHz, OSC3A = Off)

Shipping form

1

Aluminum pad chip

2

Gold bump chip

*1  The input filters in I2CM/I2CS (SDA and SCL inputs) do not comply with the standard for removing noise spikes less than 50 ns.
#2 The RAM retains data even in SLEEP mode.
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1.2 Block Diagram

1 OVERVIEW

8/16 bits
Internal RAM , O7 10 DS
’ (2K bytes) ‘ 1/0 2 (0x5000-)
Flash memory 16 bits Power generator [L
(32K bytes)
< R/F converter L (>
Temperature
M detection circuit
Supply voltage
detection circuit
TESTO [)—+ Test circuit ‘ ’ EPD [
controller/driver |«
#RESET [)—% Reset circuit ‘
c MISC register
2
2
% Clock generator f »
H (with oscillators)
=
Theoretical >
regulation
8/16 bits Real-time clock
1/0 1 (0x4000-)
Interrupt controller Clock timer
8-bit timer (2 ch.) »le Stopwatch timer
SINO, SOUTO, [] )
SCLKO > |« > UART (1 ch.) »le Watchdog timer
SDI0, SDOO, - -
SPIOLKO, sl s sPI(1ch) »le 16"’“(2"(‘;'::")“"‘5’ le e,
#SPISSO -
SDAM, SCLM [l¢> « ‘—‘ 12C master —>] Sound generator > —L
SDAS, SCLS, IR N L [ 1/0 port/
4BFR [ 1> —‘ 12C slave ‘ port MUX [—>{]

CPU Core S1C17

32 bits O

] DCLK, DST2,

DSIO

L Vb1, Vosc, VE1-5,
"T Cpi-2, CB1-4, VEPD

RFINO-1, REF0-1,
1SENAO-1, SENBO-1,
RFCLKO

“: ETPO-1, EBPO-1, ESEG0-63

EPDTRG, EPDCLK

0OSC1-2, 0SC3-4
FOUTA, FOUTB

REGMON

EXCLO-1,
1CAPAO-1/TOUTAO-1,
CAPBO-1/TOUTB0O-1

1BZ, #BZ

P00-07, P10-17,
P20-27, P30-34

Figure 1.2.1 S1C17F57 Block Diagram
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1 OVERVIEW

1.3 Pins

1.3.1 Pin Configuration Diagram
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Figure 1.3.1.1 S1C17F57 Pad/Bump Configuration Diagram
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1.3.2 Pin Descriptions

1 OVERVIEW

Note: The pin names described in boldface type are default settings.

Table 1.3.2.1 Pin Descriptions

Pin No. Name 1/0 | Default status Function
1-56 ESEG8- (6] O (Hi-2) EPD segment output pins
ESEG63
57 EBP1 O O (Hi-2) EPD back plane output pin
58 ETP1 O O (Hi-2) EPD top plane output pin
59 VEPD - - EPD system power supply circuit output pin
60 VEs - - EPD system power supply circuit output pin
61 VE4 - - EPD system power supply circuit output pin
62 VE3 - - EPD system power supply circuit output pin
63 Cs4 - - Voltage boost capacitor connecting pin for EPD system power supply circuit
64 Cs3 - - Voltage boost capacitor connecting pin for EPD system power supply circuit
65 Cs2 - - Voltage boost capacitor connecting pin for EPD system power supply circuit
66 Cs1 - - Voltage boost capacitor connecting pin for EPD system power supply circuit
67 VE2 - - EPD system power supply circuit output pin
68 VE1 - - EPD system power supply circuit output pin
69 Cp2 - - Voltage boost capacitor connecting pin for EPD system power supply circuit
70 Co1 - - Voltage boost capacitor connecting pin for EPD system power supply circuit
71 VM1 - - Test output pin (Leave the pin open during normal operation.)
72 VM2 - - Test output pin (Leave the pin open during normal operation.)
73 M - - Test output pin (Leave the pin open during normal operation.)
74 Vss - - GND pin
75 0SC1 | | OSC1A oscillation input pin
76 0SC2 (6] (6] OSC1A oscillation output pin
77 Vosc - - Oscillation system voltage regulator output pin
78 0SC3 | | OSCB3A oscillation input pin
79 0SC4 (6] (6] OSCB3A oscillation output pin
80 Vbb - - Power supply pin (2.0 to 3.6 V)
81 Vb1 - - Internal logic system voltage regulator output pin
82 Vb1_F - - Flash system voltage regulator output pin
83 P00 1/0 I (Pull-up)  |I/O port pin (with port input interrupt function)
RFCLKO| O R/F clock monitor output pin
REGMON| O Theoretical regulation clock monitor output pin
84 P01 1/0 I (Pull-up)  |I/O port pin (with port input interrupt function)
EXCLO| | T16A2 Ch.0 external clock input pin
85 P02 1/0 I (Pull-up)  |I/O port pin (with port input interrupt function)
TOUTAO| O T16A2 Ch.0 TOUT A signal output pin
CAPAO| | T16A2 Ch.0 capture A trigger signal input pin
86 P03 1/0 I (Pull-up)  |I/O port pin (with port input interrupt function)
TOUTBO| O T16A2 Ch.0 TOUT B signal output pin
CAPBO| | T16A2 Ch.0 capture B trigger signal input pin
87 P04 /0 | (Pull-up)  [I/O port pin (with port input interrupt function)
EXCL1| | T16A2 Ch.1 external clock input pin
88 P05 /0 | (Pull-up)  [I/O port pin (with port input interrupt function)
TOUTA1| O T16A2 Ch.1 TOUT A signal output pin
CAPA1| | T16A2 Ch.1 capture A trigger signal input pin
89 P06 /0 | (Pull-up)  [I/O port pin (with port input interrupt function)
TOUTB1| O T16A2 Ch.1 TOUT B signal output pin
CAPB1| | T16A2 Ch.1 capture B trigger signal input pin
#BZ| O Buzzer inverted output pin
90 P07 /0 | (Pull-up)  [I/O port pin (with port input interrupt function)
BZ| O Buzzer output pin
91 P10 1/0 I (Pull-up) |I/O port pin
SPICLKO| /0 SPI Ch.0 clock input/output pin
92 P11 1/0 I (Pull-up) |I/O port pin
SDO0| O SPI Ch.0 data output pin
SDAS|1/0 12C slave data input/output pin
93 P12 /0| 1 (Pull-up) |[I/O port pin
SDIO| | SPI Ch.0 data input pin
SCLS|I/0 12C slave SCL input/output pin
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1 OVERVIEW

Pin No. Name 1/0 | Default status Function
94 P13 I/0 I (Pull-up)  |I/O port pin
#SPISSO| | SPI Ch.0 slave select signal input pin
FOUTA| O Clock output pin
95 P14 I/0 I (Pull-up) |I/O port pin
SCLKO| | UART Ch.0 external clock input pin
EPDTRG| O EPD trigger signal output pin
96 P15 /0| 1 (Pull-up) |[I/O port pin
SINO| | UART Ch.0 data input pin
SDAM| I/O0 12C master data input/output pin
97 P16 I/0 I (Pull-up) |I/O port pin
SOuTo| O UART Ch.0 data output pin
SCLM|1/0 12C master SCL input/output pin
98 P17 I/0| 1 (Pull-up) |[I/O port pin
#BFR| | 12C slave bus free request input pin
EPDCLK| O EPD clock output pin
99 P20 1/0 I (Pull-up)  |1/O port pin (with port input interrupt function)
SDAS| /0 12C slave data input/output pin
SENBO|1/0 R/F converter Ch.0 sensor B oscillation control pin
BZ| O Buzzer output pin
100 P21 1/0 I (Pull-up)  |I/O port pin (with port input interrupt function)
SCLS|1/0 12C slave SCL input/output pin
SENAO| I/0 R/F converter Ch.0 sensor A oscillation control pin
#BZ| O Buzzer inverted output pin
101 P22 1/0 | (Pull-up)  |1/O port pin (with port input interrupt function)
SDAM| I/0 12C master data input/output pin
REFO0|1/0 R/F converter Ch.0 reference oscillation control pin
102 P23 /0 | (Pull-up)  [I/O port pin (with port input interrupt function)
SCLM|1/0 12C master SCL input/output pin
RFINO| I/O R/F converter Ch.0 RFCLK input and oscillation control pin
103 Vss - - GND pin
104 P24 110 | (Pull-up)  [I/O port pin (with port input interrupt function)
RFIN1| /0 R/F converter Ch.1 RFCLK input and oscillation control pin
105 P25 110 | (Pull-up)  [I/O port pin (with port input interrupt function)
REF1|1/0 R/F converter Ch.1 reference oscillation control pin
106 P26 110 | (Pull-up)  [I/O port pin (with port input interrupt function)
SENAT1| /0 R/F converter Ch.1 sensor A oscillation control pin
107 P27 I/0 I (Pull-up)  |I/O port pin (with port input interrupt function)
SENB1|1/0 R/F converter Ch.1 sensor B oscillation control pin
108 P30 1/0 | (Pull-up)  |I/O port pin
FOUTB| O Clock output pin
#SPISSO| | SPI Ch.0 slave select signal input pin
109 P31 1/0 | (Pull-up)  |I/O port pin
EPDCLK| O EPD clock output pin
110 DSIO /0 | (Pull-up)  |On-chip debugger data input/output pin
P32|1/0 1/0 port pin
111 DST2 O ow On-chip debugger status output pin
P33|1/0 1/0 port pin
112 DCLK O O H) On-chip debugger clock output pin
P34(1/0 1/0 port pin
113 #RESET | | (Pull-up) |Initial reset input pin
114 TESTO | | (Pull-down) |Test input pin (Connect to Vss for normal operation.)
115 Vob - - Power supply pin (2.0 to 3.6 V)
116 Vep - - Flash programming/erasing power supply pin (7/7.5 V)
(Leave the pin open during normal operation.)
117 Vss - - GND pin
118 ETPO O O (Hi-2) EPD top plane output pin
119 EBPO O O (Hi-2) EPD back plane output pin
120-127 |ESEGO- (0] O (Hi-2) EPD segment output pins
ESEG7
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2 CPU

The S1C17F57 contains the S1C17 Core as its core processor.

The S1C17 Core is a Seiko Epson original 16-bit RISC-type processor.

It features low power consumption, high-speed operation, large address space, main instructions executable in one
clock cycle, and a small sized design. The S1C17 Core is suitable for embedded applications such as controllers
and sequencers for which an eight-bit CPU is commonly used.

For details of the S1C17 Core, refer to the “S1C17 Family S1C17 Core Manual.”

2.1 Features of the S1C17 Core

Processor type
» Seiko Epson original 16-bit RISC processor
¢ 0.35-0.15 pm low power CMOS process technology

Instruction set

¢ Code length: 16-bit fixed length
¢ Number of instructions: 111 basic instructions (184 including variations)
* Execution cycle: Main instructions executed in one cycle

* Extended immediate instructions: Immediate extended up to 24 bits
¢ Compact and fast instruction set optimized for development in C language

Register set
» Eight 24-bit general-purpose registers
e Two 24-bit special registers
¢ One 8-bit special register

Memory space and bus
e Up to 16M bytes of memory space (24-bit address)
* Harvard architecture using separated instruction bus (16 bits) and data bus (32 bits)

Interrupts
¢ Reset, NMI, and 32 external interrupts supported
e Address misaligned interrupt
¢ Debug interrupt
¢ Direct branching from vector table to interrupt handler routine
¢ Programmable software interrupts with a vector number specified (all vector numbers specifiable)

Power saving
e HALT (halt instruction)
¢ SLEEP (slp instruction)

Coprocessor interface
* 16-bit x 16-bit multiplier
¢ 16-bit + 16-bit divider
* 16-bit x 16-bit + 32-bit multiply and accumulation unit

S1C17F57 TECHNICAL MANUAL Seiko Epson Corporation 2-1
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2.2 CPU Registers

The S1C17 Core contains eight general-purpose registers and three special registers.

Special registers General-purpose registers

bit 23 bit 0 bit 23 bit 0

PC
SP

R7
R6
R5
R4
R3
R2
R1
RO

7 5 3

C |

6 4
I2:0] | IE |

= NDWpHOOO N

o

Figure 2.2.1 Registers

2.3 Instruction Set

The S1C17 Core instruction codes are all fixed to 16 bits in length which, combined with pipelined processing, al-
lows most important instructions to be executed in one cycle. For details, refer to the “S1C17 Family S1C17 Core

Manual.”

Table 2.3.1 List of S1C17 Core Instructions

Classification Mnemonic Function
Data transfer 1d.b 8rd, 8rs General-purpose register (byte) — general-purpose register (sign-extended)

8rd, [ 8rb] Memory (byte) — general-purpose register (sign-extended)
$rd, [8rb]+ Memory address post-increment, post-decrement, and pre-decrement
8rd, [8rb]- functions can be used.
$rd,-[ 8rb]
8rd, [%sp+imm7] |Stack (byte) — general-purpose register (sign-extended)
8rd, [imm7] Memory (byte) — general-purpose register (sign-extended)
[$rb], 8rs General-purpose register (byte) — memory
[8rb]+, 8rs Memory address post-increment, post-decrement, and pre-decrement
[8rb]-, 8rs functions can be used.
-[%rb], 8rs
[$sp+imm7], 8rs |General-purpose register (byte) — stack
[imm7], 8rs General-purpose register (byte) — memory

1d.ub 8rd, 8rs General-purpose register (byte) — general-purpose register (zero-extended)
8rd, [ 8rb] Memory (byte) — general-purpose register (zero-extended)
$rd, [8rb]+ Memory address post-increment, post-decrement, and pre-decrement
$rd, [ 8rb]- functions can be used.
grd,-[ 8rb]
8rd, [$sp+imm7] |Stack (byte) — general-purpose register (zero-extended)
$rd, [imm7] Memory (byte) — general-purpose register (zero-extended)

1d 8rd, 8rs General-purpose register (16 bits) — general-purpose register
8rd,sign7 Immediate — general-purpose register (sign-extended)
$rd, [ 8rb] Memory (16 bits) — general-purpose register
$rd, [8rb]+ Memory address post-increment, post-decrement, and pre-decrement
$rd, [ 8rb]- functions can be used.
8rd,-[ 8rb]
8rd, [$sp+imm7] |Stack (16 bits) — general-purpose register
$rd, [imm7] Memory (16 bits) — general-purpose register
[8rb], %rs General-purpose register (16 bits) — memory
[8rb]+, 8rs Memory address post-increment, post-decrement, and pre-decrement
[8rb]-,8rs functions can be used.
-[%rb], 8rs
[$sp+imm7], 8rs |General-purpose register (16 bits) — stack
[imm7], 8rs General-purpose register (16 bits) — memory

1ld.a 8rd, 8rs General-purpose register (24 bits) — general-purpose register
8rd, imm7 Immediate — general-purpose register (zero-extended)
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Classification Mnemonic Function
Data transfer 1d.a 8rd, [ 8rb] Memory (32 bits) — general-purpose register (x1)
$rd, [ $rb]+ Memory address post-increment, post-decrement, and pre-decrement
$rd, [ 8rb]- functions can be used.
8rd,-[ 8rb]
$rd, [$sp+imm7] |Stack (32 bits) — general-purpose register (1)
8rd, [ imm7] Memory (32 bits) — general-purpose register (x1)
[érb], 8rs General-purpose register (32 bits, zero-extended) — memory (x1)
[8rb]+, 8rs Memory address post-increment, post-decrement, and pre-decrement
[8rb]-, 8rs functions can be used.
-[%rb], 8rs
[$sp+imm7], 8rs |General-purpose register (32 bits, zero-extended) — stack (x1)
[imm7], 8rs General-purpose register (32 bits, zero-extended) — memory (x1)
8rd, $sp SP — general-purpose register
8rd, $pc PC — general-purpose register
8rd, [%sp] Stack (32 bits) — general-purpose register (1)
grd, [$sp]+ Stack pointer post-increment, post-decrement, and pre-decrement functions
8rd, [%sp]- can be used.
%rd,-[%sp]
[$sp]l, 8rs General-purpose register (32 bits, zero-extended) — stack (x1)
[$spl+, 8rs Stack pointer post-increment, post-decrement, and pre-decrement functions
[%sp]-, 8rs can be used.
-[%sp], 8rs
%sp, 8rs General-purpose register (24 bits) — SP
%sp, imm7 Immediate — SP
Integer arithmetic  |add 8rd, 8rs 16-bit addition between general-purpose registers
operation add/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
add/nc
add 8rd, imm7 16-bit addition of general-purpose register and immediate
add.a 8rd, 8rs 24-bit addition between general-purpose registers
add.a/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
add.a/nc
add.a %sp, 8rs 24-bit addition of SP and general-purpose register
8rd, imm7 24-bit addition of general-purpose register and immediate
$sp, imm7 24-bit addition of SP and immediate
adc 8rd, 8rs 16-bit addition with carry between general-purpose registers
adc/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
adc/nc
adc 8rd, imm7 16-bit addition of general-purpose register and immediate with carry
sub 8rd, 8rs 16-bit subtraction between general-purpose registers
sub/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
sub/nc
sub 8rd, imm7 16-bit subtraction of general-purpose register and immediate
sub.a 8rd, 8rs 24-bit subtraction between general-purpose registers
sub.a/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
sub.a/nc
sub.a $sp, 8rs 24-bit subtraction of SP and general-purpose register
8rd, imm7 24-bit subtraction of general-purpose register and immediate
$sp, imm7 24-bit subtraction of SP and immediate
sbc 8rd, 8rs 16-bit subtraction with carry between general-purpose registers
sbc/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
sbc/nc
sbc 8rd, imm7 16-bit subtraction of general-purpose register and immediate with carry
cmp 8rd, 8rs 16-bit comparison between general-purpose registers
cmp/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
cmp/nc
cmp 8rd,sign7 16-bit comparison of general-purpose register and immediate
cmp.a 8rd, 8rs 24-bit comparison between general-purpose registers
cmp.a/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
cmp.a/nc
cmp.a 8rd, imm7 24-bit comparison of general-purpose register and immediate
cme 8rd, 8rs 16-bit comparison with carry between general-purpose registers
cme/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
cme/nc
cme 8rd,sign7 16-bit comparison of general-purpose register and immediate with carry
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Classification Mnemonic Function
Logical operation |and 8rd, 8rs Logical AND between general-purpose registers
and/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
and/nc
and 8rd,sign7 Logical AND of general-purpose register and immediate
or 8rd, 8rs Logical OR between general-purpose registers
or/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
or/nc
or 8rd,sign7 Logical OR of general-purpose register and immediate
xor 8rd, 8rs Exclusive OR between general-purpose registers
xor/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
xor/nc
Xor 8rd,sign7 Exclusive OR of general-purpose register and immediate
not 8rd, 8rs Logical inversion between general-purpose registers (1's complement)
not/c Supports conditional execution (/c: executed if C = 1, /nc: executed if C = 0).
not/nc
not 8rd,sign7 Logical inversion of general-purpose register and immediate (1's complement)
Shift and swap sr 8rd, 8rs Logical shift to the right with the number of bits specified by the register
8rd, imm7 Logical shift to the right with the number of bits specified by immediate
sa 8rd, 8rs Arithmetic shift to the right with the number of bits specified by the register
8rd, imm7 Arithmetic shift to the right with the number of bits specified by immediate
sl 8rd, 8rs Logical shift to the left with the number of bits specified by the register
$rd, imm7 Logical shift to the left with the number of bits specified by immediate
swap 8rd, 8rs Bytewise swap on byte boundary in 16 bits
Immediate extension|ext imml3 Extend operand in the following instruction
Conversion cv.ab 8rd, 8rs Converts signed 8-bit data into 24 bits
cv.as 8rd, 8rs Converts signed 16-bit data into 24 bits
cv.al 8rd, 8rs Converts 32-bit data into 24 bits
cv.la 8rd, 8rs Converts 24-bit data into 32 bits
cv.ls 8rd, 8rs Converts 16-bit data into 32 bits
Branch jpr signl0 PC relative jump
jpr.d 8rb Delayed branching possible
jpa imm7 Absolute jump
jpa.d 8rb Delayed branching possible
jrgt sign7 PC relative conditional jump Branch condition: !Z & I(N A V)
jrgt.d Delayed branching possible
jrge sign7 PC relative conditional jump Branch condition: !(N ~ V)
jrge.d Delayed branching possible
jrlt sign7 PC relative conditional jump Branch condition: N A V
jrlt.d Delayed branching possible
jrle sign7 PC relative conditional jump Branch condition: Z | N AV
jrle.d Delayed branching possible
jrugt sign7 PC relative conditional jump Branch condition: !Z & IC
jrugt.d Delayed branching possible
jruge sign7 PC relative conditional jump Branch condition: !IC
jruge.d Delayed branching possible
jrult sign7 PC relative conditional jump Branch condition: C
jrult.d Delayed branching possible
jrule sign7 PC relative conditional jump Branch condition: Z | C
jrule.d Delayed branching possible
jreq sign7 PC relative conditional jump Branch condition: Z
jreq.d Delayed branching possible
jrne sign7 PC relative conditional jump Branch condition: 1Z
jrne.d Delayed branching possible
call signl0 PC relative subroutine call
call.d 8rb Delayed call possible
calla imm7 Absolute subroutine call
calla.d |[8rb Delayed call possible
ret Return from subroutine
ret.d Delayed return possible
int imm5 Software interrupt
intl imm5, imm3 Software interrupt with interrupt level setting
reti Return from interrupt handling
reti.d Delayed call possible
brk Debug interrupt
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Classification Mnemonic Function
Branch retd Return from debug processing
System control nop No operation
halt HALT mode
slp SLEEP mode
ei Enable interrupts
di Disable interrupts
Coprocessor ld.cw 8rd, 8rs Transfer data to coprocessor
control 8rd, imm7
ld.ca 8rd, 8rs Transfer data to coprocessor and get results and flag statuses
8rd, imm7
ld.cf 8rd, 8rs Transfer data to coprocessor and get flag statuses
8rd, imm7

*1 The 1d.a instruction accesses memories in 32-bit length. During data transfer from a register to a memory,
the 32-bit data in which the eight high-order bits are set to 0 is written to the memory. During reading from a
memory, the eight high-order bits of the read data are ignored.

The symbols in the above table each have the meanings specified below.

Table 2.3.2 Symbol Meanings

Symbol Description
grs General-purpose register, source
grd General-purpose register, destination
[8rb] Memory addressed by general-purpose register
[8rb]+ Memory addressed by general-purpose register with address post-incremented
[8rb]- Memory addressed by general-purpose register with address post-decremented
-[ 8rb] Memory addressed by general-purpose register with address pre-decremented
%sp Stack pointer
[$sp], [¥sp+imm7] Stack
[%spl+ Stack with address post-incremented
[%¥sp]- Stack with address post-decremented
-[%sp] Stack with address pre-decremented
imm3, imm5, imm7, imm13 Unsigned immediate (numerals indicating bit length)
sign7,signl0 Signed immediate (numerals indicating bit length)

2.4 Reading PSR

The S1C17F57 includes the MISC_PSR register for reading the contents of the PSR (Processor Status Register) in
the S1C17 Core. Reading the contents of this register makes it possible to check the contents of the PSR using the
application software. Note that data cannot be written to the PSR.

PSR Register (MISC_PSR)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
PSR Register 0x532c | D15-8 |- reserved - - — |0 when being read.
(MISC_PSR) (16 bits) | D7-5 [PSRIL[2:0] [PSR interrupt level (IL) bits 0x0 to 0x7 0x0 | R
D4 |PSRIE PSR interrupt enable (IE) bit 111 (enable) |0 [0 (disable) 0 R
D3 |PSRC PSR carry (C) flag 111 (set) 0 [0 (cleared) 0 R
D2 |PSRV PSR overflow (V) flag 111 (set) 0 [0 (cleared) 0 R
D1 |PSRZ PSR zero (2) flag 111 (set) 0 [0 (cleared) 0 R
DO |PSRN PSR negative (N) flag 1|1 (set) 0 [0 (cleared) 0 R
D[15:8] Reserved
D[7:5] PSRIL[2:0]: PSR Interrupt Level (IL) Bits
The value of the PSR IL (interrupt level) bits can be read out. (Default: 0x0)
D4 PSRIE: PSR Interrupt Enable (IE) Bit
The value of the PSR IE (interrupt enable) bit can be read out.
1 (R): 1 (interrupt enabled)
0 (R): 0 (interrupt disabled) (default)
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D3

D2

D1

Do

PSRC: PSR Carry (C) Flag Bit
The value of the PSR C (carry) flag can be read out.

1 (R):
0 (R):

1
0 (default)

PSRV: PSR Overflow (V) Flag Bit
The value of the PSR V (overflow) flag can be read out.

1 (R):
0 (R):

1
0 (default)

PSRZ: PSR Zero (Z) Flag Bit
The value of the PSR Z (zero) flag can be read out.

1 (R):
0 (R):

1
0 (default)

PSRN: PSR Negative (N) Flag Bit
The value of the PSR N (negative) flag can be read out.

1 (R):
0 (R):

1
0 (default)

2.5 Processor Information

The S1IC17F57 has the IDIR register shown below that allows the application software to identify CPU core type.

Processor ID Register (IDIR)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
Processor ID 0xffffé4 | D7-0 |IDIR[7:0] Processor ID 0x10 0x10| R

Register (8 bits) 0x10: S1C17 Core

(IDIR)

This is a read-only register that contains the ID code to represent a processor model. The SIC17 Core’s ID code is

0x10.

2-6
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3 Memory Map, Bus Control

Figure 3.1 shows the SIC17F57 memory map.

oxff

Oxff
Oxff

0x01
0x00
0x00

0x00
0x00

0x00
0x00

0x00
0x00

0x00
0x00

0x00
0x00

0x00

0x00
0x00

0x00

ffff

fc00
fbff

0000
ffff
fffa

0000

Peripheral function

(Device size)

0x56e0—-0x5fff reserved -
Reserved for core I/O area 0x56c0—0x56df Real-time clock (16 bits)
(1K bytes) 0x5680—0x56bf reserved -
0x5600—0x567£f EPD controller/driver (16 bits)
0x54c0—0x55ff reserved -
reserved 0x5480—0x54bf Flash controller (16 bits)
0x5440—0x547f reserved -
Reserved area * 0x5400—0x543f 16-bit PWM timer Ch.0-1 (16 bits)
0x53c0—0x53ff reserved -
0x53a0—-0x53bf R/F converter (16 bits)
0x5340—0x539f reserved -
0x5320—0x533f MISC registers (16 bits)
0x52c0—0x531f reserved -
Flash area 0x52a0—-0x52bf Port MUX (8 bits)
(32K bytes) 0x5240—0x529f reserved -
(Device size: 16 bits) 0x5200—0x523f P ports (8 bits)
0x51c0—0x51£ff reserved -
0x51a0—0x51bf Temperature detection circuit (8 bits)
0x5180—0x519f Sound generator (8 bits)
0x5140—0x517f reserved -
0x5120—0x513f Power generator (8 bits)
Vector table 0x5100—0x511f Supply voltage detection circuit (8 bits)
0x50a0—0x50£ff reserved -
L 0x5060—0x509f Clock generator (8 bits)
. 0x5040—0x505f Watchdog timer (8 bits)
Internal peripheral area 2 0x5020—~0x503f Stopwatch timer (8 bits)
(4K bytes) 0x5000—0x501f Clock timer (8 bits)
reserved 0x4380—0x43£f reserved -
] 0x4360—0x437£f 12C slave (16 bits)
Internal peripheral area 1 0x4340—0x435f 12C master (16 bits)
(1K bytes) 0x4320—0x433f SPICh.0 (16 bits)
0x4300—0x431£ Interrupt controller (16 bits)
L 0x4280—0x42£f reserved -
Debug RAM area (64 bytes) 0x4240—0x427£f 8-bit timer Ch.0—1 (16 bits)
0x4120—0x423f reserved -
Internal RAM area 0x4100—0x411f UART Ch.0 (8 bits)
(2K bytes) 0x4040—0x40f£f reserved -
(Device size: 32 bits) 0x4020—0x403f MISC registers (8 bits)
0x4000—0x401f reserved -

the “Theoretical Regulation” chapter.)

3.1 Bus Cycle

Oxfffc—0xffff: Flash protect bit area (See the “Protect Bits” section in this chapter.)
Figure 3.1 S1C17F57 Memory Map

= Oxfffa—Oxfffb: Reserved for the theoretical regulation function (See the “Setting Regulation Values” section in

The CPU uses the system clock for bus access operations. For more information on the system clock, see “System

Clock Switching” in the “Clock Generator (CLG)” chapter. Accessing in one bus cycle requires one system clock

in all areas. Furthermore, the number of bus accesses depends on the CPU instruction (access size) and device size.

Table 3.1.1 Number of Bus Accesses

Device size

CPU access size

Number of bus accesses

8 bits

8 bits

1

16 bits

32 bits*

16 bits

8 bits

16 bits

32 bits*

32 bits

8 bits

16 bits

32 bits*
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*

Handling the eight high-order bits during 32-bit accesses

The size of the S1C17 Core general-purpose registers is 24 bits.

During writing, the eight high-order bits are written as 0. During reading from a memory, the eight high-order
bits are ignored. However, the stack operation in an interrupt handling reads/writes 32-bit data that consists of the
PSR value as the high-order 8 bits and the return address as the low order 24 bits.

For more information, refer to the “S1C17 Core Manual.”

3.1.1 Restrictions on Access Size

The peripheral modules can be accessed with an 8-bit, 16-bit, or 32-bit instruction. However, reading for an unnec-
essary register may change the peripheral module status and it may cause a problem. Therefore, use the appropriate
instructions according to the device size.

3.1.2 Restrictions on Instruction Execution Cycles

An instruction fetch and a data access are not performed simultaneously under one of the conditions listed below.
This prolongs the instruction fetch cycle for the number of data area bus cycles.

¢ When the SIC17F57 executes the instruction stored in the Flash area and accesses data in the Flash area

e When the SIC17F57 executes the instruction stored in the internal RAM area and accesses data in the internal
RAM area

3.2 Flash Area

3.2.1 Embedded Flash Memory

The 32K-byte area from address 0x8000 to address Oxffff contains a Flash memory (4K bytes x 8 sectors) for stor-
ing application programs and data. Address 0x8000 is defined as the vector table base address, therefore a vector
table (see “Vector Table” in the “Interrupt Controller (ITC)” chapter) must be placed from the beginning of the
area. The vector table base address can be modified with the MISC_TTBRL/MISC_TTBRH registers.

3.2.2 Flash Programming

The S1C17F57 supports on-board programming of the Flash memory, it makes it possible to program the Flash
memory with the application programs/data by using the debugger through an ICDmini.

3.2.3 Protect Bits

In order to protect the memory contents, the Flash memory provides two protection features, write protection and
data read protection, that can be configured for every 4K-byte areas. The write protection disables writing data to
the configured area and erasing the sectors (except the sector that includes the protect bits). The data-read protec-
tion disables reading data from the configured area (the read value is always 0x0000). However, it does not disable
the instruction fetch operation by the CPU. The Flash memory provides the protect bits listed below. Program the
protect bit corresponding to the area to be protected to 0. The protection can only be disabled using the debugger.
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Address Bit Function Setting Init. | R/W Remarks
Oxfffc | D15-8 |reserved - - | -
(16 bits)| D7  |Flash write-protect bit for 0xf000-0xffff 1 |Writable 0 | Protected 1 |[RW
D6 Flash write-protect bit for 0xe000-0xefff 1 |Writable 0 | Protected 1 [R/W
D5  |Flash write-protect bit for 0xd000-0xdfff 1 |Writable 0 | Protected 1 |R/W
D4 |Flash write-protect bit for 0xcO00-0xcfff 1 |Writable 0 | Protected 1 |RW
D3  |Flash write-protect bit for 0xb000-0xbfff 1 |Writable 0 | Protected 1 |RW
D2 Flash write-protect bit for 0xa000-Oxafff 1 |Writable 0 | Protected 1 |RW
D1 Flash write-protect bit for 0x9000-0x9fff 1 |Writable 0 | Protected 1 |R/W
Do Flash write-protect bit for 0x8000-0x8fff 1 |Writable 0 | Protected 1 [R/W
Oxfffe | D15-8 |[reserved - - | -
(16 bits)| D7  |Flash data-read-protect bit for 0xf000-0x(ffff 1|Readable |0 |Protected 1 |RW
D6 Flash data-read-protect bit for 0xe000-Oxefff 1 |Readable 0 | Protected 1 [R/W
D5 Flash data-read-protect bit for 0Oxd000-0xdfff 1 |Readable 0 | Protected 1 |R/W
D4  |Flash data-read-protect bit for 0xc000-0xcfff 1 |Readable 0 | Protected 1 |R/W
D3  |Flash data-read-protect bit for 0xb000-0xbfff 1 |Readable 0 | Protected 1 |RW
D2 Flash data-read-protect bit for 0xa000-0xafff 1 |Readable 0 | Protected 1 |RW
D1 Flash data-read-protect bit for 0x9000-0x9fff 1 |Readable 0 |Protected 1 |R/W
DO reserved 1 1 |R/W|Always set to 1.

Notes: < Be sure not to locate the area with data-read protection into the .data and .rodata sections.

+ Be sure to set DO of address Oxfffe to 1. If it is set to 0, the program cannot be booted.

3.2.4 Flash Memory Read Wait Cycle Setting

In order to read data from the Flash memory properly, set the appropriate number of wait cycles according to the
system clock frequency using the RDWAIT[1:0]/FLASHC_WAIT register.

FLASHC Read Wait Control Register (FLASHC_WAIT)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
FLASHC Read | 0x54b0 | D15-8 |- reserved - - — |0 when being read.
Wait Control (16 bits) D7 |- reserved - X — |X when being read.
Register D6-2 |- reserved - - — |0 when being read.
(FLASHC_ D1-0 |[RDWAIT  |Flash read wait cycle RDWAIT[1:0] Wait 0x3 | R/W
WAIT) [1:0] 0x3 3 wait

0x2 2 wait

0x1 1 wait

0x0 No wait
D[1:0] RDWAIT[1:0]: Flash Read Wait Cycle Bits

Sets the number of wait cycles for reading from the Flash memory. One wait insertion prolongs bus
cycles by one system clock cycle.

Note: Set RDWAIT[1:0] to 0x0 to achieve the best performance.

3.3 Internal RAM Area

3.3.1 Embedded RAM

The S1C17F57 contains a RAM in the 2K-byte area from address 0x0 to address Ox7ff. The RAM allows high-
speed execution of the instruction codes copied into it as well as storing variables and other data.

Note: The 64-byte area at the end of the RAM (0x7c0-0x7ff) is reserved for the on-chip debugger.
When using the debug functions under application development, do not access this area from
the application program.

This area can be used for applications of mass-produced devices that do not need debugging.

The S1IC17F57 enables the RAM size used to apply restrictions to 2KB, 1KB, or 512B. For example, when using
the SIC17F57 to develop an application for a built-in ROM model, you can set the RAM size to match that of the
target model, preventing creating programs that seek to access areas outside the RAM areas of the target product.
The RAM size is selected using IRAMSZ[2:0]/MISC_IRAMSZ register.
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IRAM Size Register (MISC_IRAMSZ)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
IRAM Size 0x5326 | D15-9 |- reserved - - — |0 when being read.
Register (16bits) | D8 [DBADR  |Debug base address select 1 [ox0 [ 0 Joxfffcoo 0 |RW
(MISC_ D7 |- reserved - - | - |owhen being read.
IRAMSZ) D6-4 (IRAMACTSZ|IRAM actual size 0x3 (= 2KB) 0x3
[2:0]
D3 |- reserved - - — |0 when being read.
D2-0 (IRAMSZ[2:0]||RAM size select IRAMSZ[2:0] Size 0x3 | R'W
0x5 512B
0x4 1KB
0x3 2KB
Other reserved

D[6:4] IRAMACTSZ[2:0]: IRAM Actual Size Bits
Indicates the actual internal RAM size embedded. (Default: 0x3)

D[2:0] IRAMSZ[2:0]: IRAM Size Select Bits
Selects the internal RAM size used.

Table 3.3.1.1 Selecting Internal RAM Size

IRAMSZ[2:0] Internal RAM size
0x5 512B
0Ox4 1KB
0x3 2KB
Other Reserved

(Default: 0x3)

Note: The MISC_IRAMSZ register is write-protected. The write-protection must be overridden by writ-
ing 0x96 to the MISC_PROT register. Note that the MISC_PROT register should normally be set
to a value other than 0x96, except when writing to the MISC_IRAMSZ register. Unnecessary pro-
grams may result in system malfunctions.

3.4 Internal Peripheral Area

The I/O and control registers for the internal peripheral modules are located in the 1K-byte area beginning with ad-
dress 0x4000 and the 4K-byte area beginning with address 0x5000.
For details of each control register, see the 1/O register list in Appendix or description for each peripheral module.

3.4.1 Internal Peripheral Area 1 (0x4000-)

The internal peripheral area 1 beginning with address 0x4000 contains the I/O memory for the peripheral functions
listed below.

o MISC register (MISC, 8-bit device)

e UART (UART, 8-bit device)

e 8-bit timers (T8, 16-bit device)
 Interrupt controller (ITC, 16-bit device)
¢ SPI (SPI, 16-bit device)

¢ 12C master (I2CM, 16-bit device)

¢ 12C slave (I2CS, 16-bit device)

3.4.2 Internal Peripheral Area 2 (0x5000-)

The internal peripheral area 2 beginning with address 0x5000 contains the I/O memory for the peripheral functions
listed below.

¢ Clock timer (CT, 8-bit device)

* Stopwatch timer (SWT, 8-bit device)
* Watchdog timer (WDT, 8-bit device)
* Clock generator (CLG, 8-bit device)
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* Supply voltage detection circuit (SVD, 8-bit device)
¢ Power generator (VD1, 8-bit device)

¢ Sound generator (SND, 8-bit device)

* Temperature detection circuit (TEM, 8-bit device)
e 1/O port & port MUX (P, 8-bit device)

o MISC register (MISC, 16-bit device)

¢ R/F converter (RFC, 16-bit device)

e 16-bit PWM timers (T16A2, 16-bit device)

¢ Flash controller (FLASHC, 16-bit device)

¢ EPD controller/driver (EPD, 16-bit device)

¢ Real-time clock (RTC, 16-bit device)

3.5 S1C17 Core 1/0 Area

The 1K-byte area from address 0xfffcO0 to address Oxffffff is the I/O area for the CPU core in which the I/O regis-
ters listed in the table below are located.

Table 3.5.1 1/0 Map (S1C17 Core I/O Area)

Peripheral Address Register name Function

S1C17 Core I/O | 0xffff84 IDIR Processor ID Register Indicates the processor ID.
0xffffo0 DBRAM Debug RAM Base Register Indicates the debug RAM base address.
0xffffa0 DCR Debug Control Register Debug control
Oxffffb4 IBAR1 Instruction Break Address Register 1 Instruction break address #1 setting
0xffffb8 IBAR2 Instruction Break Address Register 2 Instruction break address #2 setting
0xffffoc IBAR3 Instruction Break Address Register 3 Instruction break address #3 setting
0xffffd0 IBAR4 Instruction Break Address Register 4 Instruction break address #4 setting

See “Processor Information” in the “CPU” chapter for more information on IDIR. See the “On-chip Debugger
(DBG)” chapter for more information on other registers.

This area includes the S1C17 Core registers, in addition to those described above. For more information on these
registers, refer to the “S1C17 Core Manual.”
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4 Power Supply

4.1 Power Supply Voltage (Vob)

The SIC17F57 operates with a voltage supplied between the Vpbp and Vss pins. Supply a voltage within the range
shown below to the Vpp pins with the Vss pins as the GND level.

Vob=2.0Vt0 3.6V (Vss = GND)

The S1C17F57 provides two or more Vpbp and Vss pins. Do not leave any power supply pins open and be sure to
connect them to + power source and GND.

4.2 Flash Programming Power Supply Voltage (Vrpr)

The Vpp voltage is used for programming/erasing the embedded Flash memory. Supply a voltage shown below to
the Vpp pin with the Vss pins as the GND level to program the Flash memory.

Vpp =7V (Vss = GND) for programming
Vpp = 7.5V (Vss = GND) for erasing

Note: Leave the Vpp pin open during normal operation.

4.3 Internal Power Supply Circuit

The S1IC17F57 has a built-in power supply circuit shown in Figure 4.3.1 to generate the operating voltages required
for the internal circuits.

Vob J\
Externai

power —-
supply N
— | Vo Vb1 regulator

I/O interface

Internal logic circuits

OSC3A/0SC3B
oscillator circuits

OSC1A/OSC1B
oscillator circuits

Pxx

0OSC3, 0SC4

— | Vosc Vosc regulator

0OSC1, 0sC2

EPD power supply circuit

VE regulator VEON
‘ l— VESEL
8 Q  l—{ HVLDVE
Q" «—{VECON[3:0]

VE1 : ;VE1 VE2
pCor | Doubler

[ coe s L | (verx2)

_VE2 : J_

X 2

DBON :
DBSRT | !

Booster BSTON :

(Ve2 x6) |

VEs

VEPD ‘ ] C ESEGxx
T EPD controller/driver ETPx, EBPx

VH regulator «—1 VHON
—— VHSEL[1:0]
«— HVLDVH
¢— VHCON[3:0]

Figure 4.3.1 Configuration of Internal Power Supply Circuit
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The internal power supply circuit consists of a Vb1 regulator, a Vosc regulator, and an EPD power supply circuit.

Note: Be sure to avoid using the outputs of the internal power supply circuit for drive external devices.

4.3.1 Vb1 and Vosc Regulators

The Vb1 and Vosc regulators generate the operating voltages for the internal logic and oscillator circuits. This regu-
lator always operates.

4.3.2 EPD Power Supply Circuit

The EPD power supply circuit generates the EPD drive voltage VEPD. VEPD is supplied to the EPD driver to gener-
ate EPD drive waveforms.

The EPD power supply circuit consists of a VE regulator, two voltage boosters (doubler and booster), and a Vi
regulator that can be controlled via software individually.

See the “Electrical Characteristics” chapter for the EPD drive voltage (VEPD) value.

VE regulator

The VE regulator generates the reference voltage for boosting (VE1 or VE2) from Vpp.
Either VEI or VE2 can be generated and one of them should be selected according to the Vbp value using
VESEL/EPD_PWRO register.

Table 4.3.2.1 Ve Regulator Output Selection

Power supply voltage Vbb VESEL VE regulator output
Vob = VE1 + 0.3V 0 (default) VE1
Vop = VE2 + 0.2 V 1 VE2

This selection determines the path to generate VEPD as follows:

1. Reference voltage = VE1
Vpbp — [VE regulator] — VEI (reference voltage) — [Doubler] — VE2 (= 2VE1) — [Booster]
— VEs (= 6VE2) — [VH regulator] — VEpPD

2. Reference voltage = Ve2
Vbp — [VE regulator] — VE2 (reference voltage) — [Booster] — VEs (= 6VE2) — [VH regulator]
— VEPD

The VE regulator is deactivated at initial reset and is activated by setting VEON/EPD_PWRO register to 1.

Doubler

The doubler generates VE2 by doubling the VE!I generated by the VE regulator.

The doubler is deactivated at initial reset and is activated by setting DBON/EPD_PWRO register to 1.

When VE2 is generated by the VE regulator, set DBON to 0 as the doubler is not required.

Between the doubler input and output can be short-circuited so that the doubler circuit cannot affect the VE
regulator output when VE2 is generated. When the doubler is not used, short between the input and output by
setting DBSRT/EPD_PWRO register to 1.

Booster

The booster multiplies the VE2 input from the VE regulator or doubler by a factor of six to generate VEs.

The booster is deactivated at initial reset and is activated by setting BSTON/EPD_PWRI1 register to 1.

The booster output can be pulled down to Vss to set the EPD drive voltage to an off level. To pull down the
output, set BSTPLD/EPD_PWRI1 to 1.

VH regulator

The VH regulator inputs the VEs generated by the booster and generates the EPD drive voltage VEPD. VEPD is
supplied to the EPD driver to generate EPD drive waveforms.

The VH regulator is deactivated at initial reset and is activated by setting VHON/EPD_PWR1 register to 1.

The VEPD output value can be selected from the three levels shown below using VHSEL[1:0]/EPD_PWRI reg-
ister. Select one in accordance with the EPD specification.
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Table 4.3.2.2 Verp Voltage Value

4 POWER SUPPLY

VHSEL[1:0] VEPD voltage
0x3 Reserved
0x2 9V type
0x1 12 V type
0x0 15V type

(Default: 0x0)

Doubler and booster clocks
The doubler and booster use a clock for boosting voltage. When using the doubler and booster, make the set-
tings shown below to supply the clock to them.

Clock source selection
Select the clock source from OSC3B, OSC3A, and OSC1 using EPDDCLKSRCI[1:0]/EPD_DCLK register
for the doubler and EPDBCLKSRC][1:0]/EPD_BCLK register for booster.

Table 4.3.2.3 Clock Source Selection

EPDDCLKSRC[1:0]
EPDBCLKSRC[1:0]

Clock source

0x3 Reserved
0x2 OSC3A
0x1 0OSCH1
0x0 0OSC3B

(Default: 0x0)

Clock division ratio selection
Select the division ratio using EPDDCLKD[2:0]/EPD_DCLK register for the doubler and EPDB-
CLKDI[2:0]/EPD_BCLK register for the booster. Set a clock frequency within the range shown below.
Doubler clock: 8 kHz to 32 kHz  Booster clock: 4 kHz to 16 kHz

Table 4.3.2.4 Clock Division Ratio Selection

EPDDCLKD[2:0] Division ratio
EPDBCLKDI[2:0] Clock source = 0SC3B Clock source = OSC3A Clock source = OSC1
0x7 to 0x6 Reserved Reserved
0x5 1/128 1/256 Reserved
0x4 1/64 1/128
0x3 1/32 1/64 1/8
0x2 1/16 1/32 1/4
0x1 Reserved 1/16 1/2
0x0 Reserved 11

(Default: 0x0)

Clock enable
The doubler clock supply is enabled with EPDDCLKE/EPD_DCLK register. The booster clock supply is
enabled with EPDBCLKE/EPD_BCLK register. The EPDDCLKE and EPDBCLKE default settings are O,
which stop the clock. Setting EPDDCLKE or EPDBCLKE to 1 feeds the clock generated as above to the
doubler or booster. If no doubler or booster operation is required, stop the clock to reduce current consump-
tion.

4.3.3 EPD Contrast Adjustment

The VE regulator and VH regulator allow software to switch the output voltage in 16 steps for adjusting the EPD
contrast. Use VECON[3:0]/EPD_PWRO register to set the VE regulator and VHCON][3:0]/EPD_PWRI1 register to
set the VH regulator.
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Table 4.3.3.1 Setting Ve Regulator Output Level (EPD Contrast Adjustment Function)

VECONI[3:0] VE regulator output level
Oxf Level 15 (high contrast)
0x7 Level 7 (default)
0x0 Level O (low contrast)

Table 4.3.3.2 Setting VH Regulator Output Level (EPD Contrast Adjustment Function)

VHCONI[3:0] VH regulator output level
Oxf Level 15 (high contrast)
0x5 Level 5 (default)
0x0 Level O (low contrast)

See the “Electrical Characteristics” chapter for the voltage values.

4.3.4 Heavy Load Protection Mode

In order to ensure a stable circuit behavior and EPD display quality even if the power supply voltage fluctuates due
to driving an external load, the regulators have a heavy load protection function.
The table below lists the control bits used for setting heavy load protection mode.

Table 4.3.4.1 Heavy Load Protection Mode Control Bits
Regulator Control bit

Vb1 regulator

Vosc regulator

VE regulator HVLDVE/EPD_PWRO register

VH regulator HVLDVH/EPD_PWR1 register

HVLD/VD1_CTL register

When the control bit is set to 1, the regulator ensures stable output.

The Vb1 and Vosc regulators should be placed into heavy load protection mode before driving a heavy load such
as a lamp or buzzer with a port output. The VE and VH regulators should be placed into heavy load protection mode
when the display has inconsistencies in density.

Note: Current consumption increases in heavy load protection mode, therefore do not set heavy load
protection mode with software if unnecessary.

4.3.5 Internal Power Supply Circuit Control Procedures

Vb1 and Vosc regulators
On/off control is not required. Set them into heavy load protection mode (HVLD/VDI1_CTL register) if neces-
sary.

EPD Power Supply Circuit
Control the EPD power supply circuit as the procedure shown below.
1. Set and enable the doubler and booster clocks. (EPD_DCLK and EPD_BCLK registers)

2. Set the following conditions using the EPD_PWRO and EPD_PWRI registers:
¢ VE regulator output (VE1 or VE2) (VESEL/EPD_PWRO register)
¢ VEpD voltage value (9/12/15 V type) (VHSEL[1:0]/EPD_PWRI1 register)
e Initial contrast setting (VECON[3:0]/EPD_PWRO register, VHCON[3:0]/EPD_PWRI1 register)

3. Turn the VE regulator on. (VEON/EPD_PWRO register = 1)
4. When the reference voltage is VE1: Turn the doubler on. (DBON/EPD_PWRO register = 1)
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When the reference voltage is VE2: Turn the doubler off. (DBON/EPD_PWRO register = 0)
Short between the doubler input and output.
(DBSRT/EPD_PWRO register = 1)

5. Turn the booster on. (BSTON/EPD_PWRI register = 1)

Steps 2 to 5 should be performed in the sequence above or simultaneously.
6. Wait at least 35 ms (booster output stabilization wait time).

7. Turn the VH regulator on. (VHON/EPD_PWRI1 register = 1)

8. Wait at least 5 ms (VEPD output stabilization wait time).

After the above procedure has been finished, display on the EPD can be started.
Set the regulators into heavy load protection mode (HVLDVE/EPD_PWRO register and HVLDVH/EPD _
PWRI1 register) if necessary.

4.4 Control Register Details

Table 4.4.1 List of Power Control Registers

Address Register name Function
0x5071 EPD_DCLK |EPD Doubler Clock Control Register Controls the EPD doubler clock.
0x5072 EPD_BCLK |EPD Booster Clock Control Register Controls the EPD booster clock.
0x5120 VD1_CTL Vb1 Control Register Controls the Vb1 regulator heavy load protection mode.
0x5600 EPD_PWRO0 |EPD Power Control Register 0 Controls the Ve regulator and doubler.
0x5602 EPD_PWR1 |EPD Power Control Register 1 Controls the VH regulator and booster.

The power control registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

EPD Doubler Clock Control Register (EPD_DCLK)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
EPD Doubler 0x5071 D7 |— reserved - - — |0 when being read.
Clock Control (8 bits) | D6-4 |EPD- EPD doubler clock division ratio | EPDD Division ratio 0x0 | R/W

Register DCLKD select CLKD

(EPD_DCLK) [2:0] 2:0) OSC3B|OSC3A| OSC1

0x5 | 1/128 | 1/256 |reserved
0x4 | 1/64 | 1/128 |reserved
0x3 | 1/32 | 1/64 | 1/8
0x2 | 116 | 1/32 | 1/4
0x1 |reserved| 1/16 1/2
0x0 |reserved|reserved| 1/1

Other reserved
D3-2 |EPDDCLK |EPD doubler clock source select EPDDCLK Clock source 0x0 | R/'W
SRC[1:0] SRC[1:0]
0x3 reserved
0x2 OSC3A
0x1 0OSsCt
0x0 0SC3B
D1 |- reserved - - — |0 when being read.
DO |EPDDCLKE [EPD doubler clock enable 1[Enable [0 [Disable 0 |[RW

Note: The doubler clock must be set up when the doubler is used (when VE1 is generated by the VE
regulator).

D7 Reserved

D[6:4] EPDDCLKD[2:0]: EPD Doubler Clock Division Ratio Select Bits
Selects the division ratio for generating the doubler clock.
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Table 4.4.2 Clock Division Ratio Selection

Division ratio
EPDDCLKD[2:0] Clock source = OSC3B Clock source = OSC3A Clock source = OSC1
0x7 to 0x6 Reserved Reserved

0x5 1/128 1/256 Reserved

0x4 1/64 1/128

0x3 1/32 1/64 1/8

0x2 1/16 1/32 1/4

0x1 Reserved 1/16 1/2

0x0 Reserved 7

(Default: 0x0)

D[3:2] EPDDCLKSRC[1:0]: EPD Doubler Clock Source Select Bits
Selects the doubler clock source.

Table 4.4.3 Clock Source Selection

EPDDCLKSRC[1:0] Clock source

0x3 Reserved

0x2 OSC3A

0x1 0SCH1

0x0 0OSC3B

(Default: 0x0)

D1 Reserved
DO EPDDCLKE: EPD Doubler Clock Enable Bit

Enables or disables the clock supply to the doubler.
1 (R/W): Enabled (on)
0 (R/W): Disabled (off) (default)

The EPDDCLKE default setting is 0, which disables the clock supply. Setting EPDDCLKE to 1 sends
the clock selected as above to the doubler. If doubler operation is not required, disable the clock sup-
ply to reduce current consumption.

EPD Booster Clock Control Register (EPD_BCLK)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
EPD Booster 0x5072 D7 |- reserved - - - 10 when being read.
Clock Control (8 bits) | D6-4 |EPDBCLKD|EPD booster clock division ratio | EPDB Division ratio 0x0 | R/'W

Register [2:0] select CLKD

(EPD_BCLK) 2:0] OSC3B|OSC3A| OSC1

0x5 | 1/128 | 1/256 |reserved
0x4 | 1/64 | 1/128 |reserved
0x3 | 1/32 | 1/64 | 1/8
ox2 | 1/16 | 1/32 | 1/4
0x1 |reserved| 1/16 1/2
0x0 |reserved|reserved| 1/1

Other reserved
D3-2 |[EPDBCLK |[EPD booster clock source select EPDBCLK Clock source 0x0 | R/W
SRC[1:0] SRC[1:0]
0x3 reserved
0x2 OSC3A
0x1 OsSC1
0x0 0SC3B
D1 |- reserved - - — |0 when being read.
D0 |EPDBCLKE |EPD booster clock enable 1|Enable [0 [Disable 0 |[RW

D7 Reserved

D[6:4] EPDBCLKDJ[2:0]: EPD Booster Clock Division Ratio Select Bits
Selects the division ratio for generating the booster clock.
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Table 4.4.4 Clock Division Ratio Selection

Division ratio
EPDBCLKD[2:0] Clock source = OSC3B Clock source = OSC3A Clock source = OSC1
0x7 to Ox6 Reserved Reserved

0x5 1/128 1/256 Reserved

0x4 1/64 1/128

0x3 1/32 1/64 1/8

0x2 1/16 1/32 1/4

0x1 Reserved 1/16 1/2

0x0 Reserved 1

(Default: 0x0)

EPDBCLKSRC[1:0]: EPD Booster Clock Source Select Bits
Selects the booster clock source.

Table 4.4.5 Clock Source Selection

EPDBCLKSRCJ[1:0] Clock source
0x3 Reserved
0x2 OSC3A
0x1 0OSCH1
0x0 0OSC3B

(Default: 0x0)
Reserved

EPDBCLKE: EPD Booster Clock Enable Bit

Enables or disables the clock supply to the booster.

1 (R/W): Enabled (on)

0 (R/W): Disabled (off) (default)

The EPDBCLKE default setting is 0, which disables the clock supply. Setting EPDBCLKE to 1 sends

the clock selected as above to the booster. If booster operation is not required, disable the clock sup-
ply to reduce current consumption.

Vb1 Control Register (VD1_CTL)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Vb1 Control 0x5120 | D7-6 |- reserved - - — |0 when being read.
Register (8 bits) D5 |HVLD Vb1 heavy load protection mode | 1 |On |O |Of'f 0 [R/W
(VD1_CTL) D4-0 |- reserved - - — |0 when being read.
D[7:6] Reserved
D5 HVLD: Vb1 Heavy Load Protection Mode Bit
Sets the Vb1 and Vosc regulators into heavy load protection mode.
1 (R/W): Heavy load protection On
0 (R/W): Heavy load protection Off (default)
The Vb1 and Vosc regulators enter heavy load protection mode by writing 1 to HVLD and they en-
sure stable Vb1 and Vosc outputs. Use the heavy load protection function when a heavy load such as
a lamp or buzzer is driven with a port output. Current consumption increases in heavy load protection
mode, therefore do not set if unnecessary.
D[4:0] Reserved
S1C17F57 TECHNICAL MANUAL Seiko Epson Corporation 4-7

(Rev. 1.1)



4 POWER SUPPLY

EPD Power Control Register 0 (EPD_PWRO0)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
EPD 0x5600 (D15-10 |- reserved - - — |0 when being read.
Power Control | (16 bits) D9 |DBSRT Ve1-Ve2 doubler short 1 |Short 0 |Open 0 |R/W
Register 0 D8 |DBON Ve doubler on/off 1|on 0 |off 0 |rW
(EPD_PWRO) D7-4 |VECON[3:0]|Ve regulator contrast setting VECONI3:0] Contrast 0x7 | R/'W
oxf High
0x0 Low
D3 |- reserved - - — |0 when being read.
D2 |HVLDVE VE heavy load protection mode 110n 0 |Off 0 |R/W
D1 |VESEL Reference voltage select 1 |Ve2 0 |Ve1 0 |RW
DO |VEON VE regulator on/off 110n 0 |Off 0 |R/W
D[15:10] Reserved
D9 DBSRT: Vei—VEe2 Doubler Short Bit
Bridges the doubler input and the output.
1 (R/W): Short
0 (R/W): Open (default)
Between the doubler input and output can be short-circuited so that the doubler circuit cannot affect
the VE regulator output when VE2 is generated. When the doubler is not used, short between the input
and output by setting DBSRT to 1.
When the doubler is activated, the input and output are not short-circuited even if DBSRT is set to 1.
D8 DBON: Ve1 Doubler On/Off Bit
Turns the doubler on or off.
1 (R/W): On
0 (R/W): Off (default)
Set DBON to 1 to turn the doubler on when VE1 is generated by the VE regulator. The doubler gener-
ates VE2 by doubling VE1.
When VE2 is generated by the VE regulator, set DBON to O as the doubler is not required.
D[7:4] VECON[3:0]: VE Regulator Contrast Setting Bits
Switches the VE regulator output voltage value to adjust the EPD contrast.
Table 4.4.6 Setting Ve Regulator Output Level (EPD Contrast Adjustment Function)
VECONI[3:0] VE regulator output level
Oxf Level 15 (high contrast)
0x7 Level 7 (default)
0x0 Level O (low contrast)
See the “Electrical Characteristics” chapter for the voltage values.
D3 Reserved
D2 HVLDVE: VE Heavy Load Protection Mode Bit
Sets the VE regulator into heavy load protection mode.
1 (R/W): Heavy load protection On
0 (R/W): Heavy load protection Off (default)
The VE regulator enters heavy load protection mode by writing 1 to HVLDVE and it ensures stable
output. Use the heavy load protection function when the display has inconsistencies in density. Cur-
rent consumption increases in heavy load protection mode, therefore do not set if unnecessary.
D1 VESEL: Reference Voltage Select Bit
Selects the VE regulator output voltage (reference voltage for boosting).
1 (R/W): Vr2
0 (R/W): VEI (default)
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Select either VE1 or VE2 to be generated by the VE regulator according to the Vpp value.

Table 4.4.7 Ve Regulator Output Selection

Power supply voltage Vbp VESEL VE regulator output
Vop = VE1 + 0.3V 0 (default) VE1
Vop = VE2 + 0.2 V 1 VE2

VEON: Ve Regulator On/Off Bit
Turns the VE regulator on or off.

1 (R/W): On

0 (R/W): Off (default)

The VE regulator is activated by setting VEON to 1 and it generates the reference voltage VE1 or VE2
for boosting.

EPD Power Control Register 1 (EPD_PWR1)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
EPD 0x5602 (D15-12 |[VHCON VH regulator contrast setting VHCONI[3:0] Contrast 0x5 | R/'W
Power Control | (16 bits) [3:0] Oxf High
Register 1 : :
(EPD_PWR1) 0x0 Low
D11-10 [VHSEL[1:0] |VH regulator range select VHSEL[1:0] Voltage 0x0 | R/'W
0x3 reserved
ox2 Y
ox1 12V
0x0 15V
D9 [HVLDVH |V heavy load protection mode | 1[On o [off 0 |rRwW
D8 |VHON VH regulator on/off 1 |On 0 |Of‘f 0 |RW
D7-2 |- reserved - - — |0 when being read.
D1 |BSTPLD Booster pull-down on/off 1 |On | 0 |Of‘f 0 |R/W
DO |[BSTON  |Booster on/off 1]on | ooff 0 |RW
D[15:12] VHCON[3:0]: Vi Regulator Contrast Setting Bits
Switches the VH regulator output voltage value to adjust the EPD contrast.
Table 4.4.8 Setting V1 Regulator Output Level (EPD Contrast Adjustment Function)
VHCONI[3:0] VH regulator output level
Oxf Level 15 (high contrast)
0x5 Level 5 (default)
0x0 Level O (low contrast)
See the “Electrical Characteristics” chapter for the voltage values.
D[11:10] VHSEL[1:0]: V4 Regulator Range Select Bits
Selects the VH regulator output voltage value (VEPD) in accordance with the EPD specification.
Table 4.4.9 Verp Voltage Value
VHSEL[1:0] VEpD voltage
0x3 Reserved
0x2 9V type
0x1 12 V type
0x0 15V type
(Default: 0x0)
D9 HVLDVH: Vi Heavy Load Protection Mode Bit
Sets the VH regulator into heavy load protection mode.
1 (R/W): Heavy load protection On
0 (R/W): Heavy load protection Off (default)
The VH regulator enters heavy load protection mode by writing 1 to HVLDVH and it ensures stable
output. Use the heavy load protection function when the display has inconsistencies in density. Cur-
rent consumption increases in heavy load protection mode, therefore do not set if unnecessary.
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D8

Note:

D[7:2]

D1

Do

Note:

VHON: Vu Regulator On/Off Bit
Turns the VH regulator on or off.

1 (R/W): On

0 (R/W): Off (default)

The VH regulator is activated by setting VHON to 1 and the EPD drive voltage VEPD is supplied to the
EPD driver.

After the VH regulator is turned on, the Vepp output voltage requires about 5 ms to stabilize.
Do not start display on the EPD in this unstable period.

Reserved

BSTPLD: Booster Pull-Down On/Off Bit
Pulls down the booster output to Vss.

1 (R/W): On

0 (R/W): Off (default)

This bit allows software to set the EPD drive voltage to an off level.

BSTON: Booster On/Off Bit
Turns the booster on or off.

1 (R/W): On

0 (R/W): Off (default)

The booster is activated by setting BSTON to 1 and it generates the VEs to be input to the VH
regulator.

After the booster is turned on, the Ves output voltage requires about 35 ms to stabilize. Do not
activate the VH regulator in this unstable period.
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5 Initial Reset

5.1 Initial Reset Sources

The S1C17F57 has three initial reset sources that initialize the internal circuits.

(1) #RESET pin (external initial reset)
(2) Key-entry reset using the PO ports (PO0-PO3 pins) (software selectable external initial reset)
(3) Watchdog timer (software selectable internal initial reset)

Figure 5.1.1 shows the configuration of the initial reset circuit.

Reset input signal

|
#RESET O

P00 (‘}V _

gg; g: PO ports Key-entry reset signal ®>Intemal reset signal

POSQV (to core and peripheral modules)
} Watchdog WDT reset signal
\ timer

Figure 5.1.1 Configuration of Initial Reset Circuit

The CPU and peripheral circuits are initialized by the active signal from an initial reset source. When the reset sig-
nal is negated, the CPU starts reset handling. The reset handling reads the reset vector (reset handler start address)
from the beginning of the vector table and starts executing the program (initial routine) beginning with the read ad-
dress.

5.1.1 #RESET Pin

By setting the #RESET pin to low level, the SIC17F57 enters initial reset state. In order to initialize the SIC17F57
for sure, the #RESET pin must be held at low for more than the prescribed time (see “Input/Output Pin Characteris-
tics” in the “Electrical Characteristics” chapter) after the power supply voltage is supplied.

When the #RESET pin at low level is set to high level, the CPU starts executing the initial reset sequence.

The #RESET pin is equipped with a pull-up resistor.

5.1.2 PO Port Key-Entry Reset

Entering low level simultaneously to the ports (PO0-P03) selected with software triggers an initial reset. For details
of the key-entry reset function, see the “I/O Ports (P)” chapter.

Note: The PO port key-entry reset function cannot be used for power-on reset as it must be enabled
with software.

5.1.3 Resetting by the Watchdog Timer

The SIC17F57 has a built-in watchdog timer to detect runaway of the CPU. The watchdog timer overflows if it is
not reset with software (due to CPU runaway) in four-second cycles. The overflow signal can generate either NMI
or reset. Write 1 to the WDTMD/WDT_ST register to generate reset (NMI occurs when WDTMD = 0).

For details of the watchdog timer, see the “Watchdog Timer (WDT)” chapter.

Notes: * When using the reset function of the watchdog timer, program the watchdog timer so that it
will be reset within four-second cycles to avoid occurrence of an unnecessary reset.

+ The reset function of the watchdog timer cannot be used for power-on reset as it must be
enabled with software.
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5.2 Initial Reset Sequence

Even if the #RESET pin input negates the reset signal after power is turned on, the CPU cannot boot up until the
oscillation stabilization waiting time (64/OSC3B clock frequency) and the internal reset hold period (32/OSC3B
clock frequency) have elapsed.

Figure 5.2.1 shows the operating sequence following cancellation of initial reset.

The CPU starts operating in synchronization with the OSC3B (internal oscillator) clock after reset state is canceled.

Note: The oscillation stabilization time described in this section does not include oscillation start time.
Therefore the time interval until the CPU starts executing instructions after power is turned on or
SLEEP mode is canceled may be longer than that indicated in the figure below.

B

<+—Reset canceled
|
|
|
|
|
\

|
|

OSCS3B clock

#RESET

Internal reset

\§ /<« Internal reset canceled
|
/

Internal data request 1 /
Internal data address / / X Boot vector
| 1/ | 1/ |
OSC3B oscillation Internal reset Booting
stabilization waiting  hold period
time

Figure 5.2.1 Operation Sequence Following Cancellation of Initial Reset

5.3 Initial Settings After an Initial Reset

The CPU internal registers are initialized as follows at initial reset.

RO-R7: 0x0

PSR:  0xO (interrupt level = 0, interrupt disabled)

SP: 0x0

PC: Reset vector stored at the beginning of the vector table is loaded by the reset handling.

The internal RAM should be initialized with software as it is not initialized at initial reset.

The internal peripheral modules are initialized to the default values (except some undefined registers). Change the
settings with software if necessary. For the default values set at initial reset, see the list of I/O registers in Appendix
or descriptions for each peripheral module.
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6 Interrupt Controller (ITC)

6.1 ITC Module Overview

The interrupt controller (ITC) honors interrupt requests from the peripheral modules and outputs the interrupt re-

quest, interrupt level and vector number signals to the S1C17 Core according to the priority and interrupt levels.
The features of the ITC module are listed below.

e Supports 16 maskable interrupt systems.

1. PO0-PO7 input interrupt (8 types)
P20-P27 input interrupt (8 types)
Stopwatch timer interrupt (3 types)

Clock timer interrupt (4 types)

RTC interrupt (10 types)

EPD interrupt (1 type)

16-bit PWM timer Ch.0 interrupt (6 types)
16-bit PWM timer Ch.1 interrupt (6 types)
8-bit timer Ch.0 interrupt (1 type)

O 0 3 N W

—
o

. 8-bit timer Ch.I interrupt (1 type)
. UART Ch.0 interrupt (4 types)

. SPI Ch.0 interrupt (2 types)

. I>C master interrupt (2 types)

—_— = = =
H Lo =

. I2C slave interrupt (3 types)

—
W

. Temperature detection circuit interrupt (1 type)
16. R/F converter interrupt (5 types)

* Supports eight interrupt levels to prioritize the interrupt sources.

The ITC enables the interrupt level (priority) for determining the processing sequence when multiple interrupts oc-
cur simultaneously to be set for each interrupt system separately.

Each interrupt system includes the number of interrupt causes indicated in parentheses above. Settings to enable or
disable interrupt for different causes are set by the respective peripheral module registers.

For specific information on interrupt causes and their control, refer to the peripheral module explanations.

Figure 6.1.1 shows the structure of the interrupt system.

S1C17 Core Interrupt controller Peripheral module
Interrupt Interrupt flag Cause of interrupt 1
P request
Interrupt Interrupt enable
Interrupt control It Tlevel Q
request nterrupt leve .
<+ Cause of interrupt n
Interrupt
level
< P
o Q
Vector
number :
< <« Peripheral module
Interrupt Cause of interrupt 1
request
< Interrupt enable
Q
Interrupt level .
Interrupt flag Cause of interrupt n
Interrupt enable

NMI Watchdog timer

«4— Debug signal
“4— Reset signal

Figure 6.1.1 Interrupt System
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6.2 Vector Table

The vector table contains the vectors to the interrupt handler routines (handler routine start address) that will be

read by the S1C17 Core to execute the handler when an interrupt occurs.
Table 6.2.1 shows the vector table of the SIC17F57.

Table 6.2.1 Vector Table

Vector No.
Software interrupt | Vector address Hardware interrupt name Cause of hardware interrupt Priority
No.
0 (0x00) TTBR + 0x00 |Reset » Low input to the #RESET pin 1
+ Watchdog timer overflow *2
1 (0x01) TTBR + 0x04 |Address misaligned interrupt Memory access instruction 2
- (0xfffc00) Debugging interrupt brk instruction, etc. 3
2 (0x02) TTBR + 0x08 |NMI Watchdog timer overflow *2 4
3 (0x03) TTBR + 0x0c |Reserved for C compiler - -
4 (0x04) TTBR + 0x10 |PO port interrupt P00-P07 port inputs High *1
5 (0x05) TTBR + 0x14 |P2 port interrupt P20-P27 port inputs 1
6 (0x06) TTBR + 0x18 |Stopwatch timer interrupt + 100 Hz timer signal
* 10 Hz timer signal
1 Hz timer signal
7 (0x07) TTBR + Ox1c |Clock timer interrupt + 32 Hz timer signal
* 8 Hz timer signal
* 2 Hz timer signal
* 1 Hz timer signal
8 (0x08) TTBR + 0x20 |RTC interrupt +32Hz, 8Hz, 4 Hz, 1 Hz
*10s,1Tm,10m, 1 h
« Half-day, one day
9 (0x09) TTBR + 0x24 reserved -
10 (Ox0a) TTBR + 0x28 |EPD interrupt Display update
11 (Ox0b) TTBR + 0x2c  |16-bit PWM timer Ch.0 interrupt + Compare A/B
« Capture A/B
+ Capture A/B overwrite
12 (0x0c) TTBR + 0x30 reserved _
13 (0x0d) TTBR + 0x34
14 (0x0e) TTBR + 0x38 |8-bit timer Ch. 0 interrupt Timer underflow
15 (0x0f) TTBR + 0x3c  |8-bit timer Ch. 1 interrupt Timer underflow
16 (0x10) TTBR + 0x40 |UART Ch.0 interrupt + Transmit buffer empty
+ End of transmission
+ Receive buffer full
* Receive error
17 (0x11) TTBR + 0x44 |I°C Slave interrupt « Transmit buffer empty
* Receive buffer full
+ Bus status
18 (0x12) TTBR + 0x48 |SPI Ch.0 interrupt « Transmit buffer empty
* Receive buffer full
19 (0x13) TTBR + Ox4c  |I°C Master interrupt « Transmit buffer empty
+ Receive buffer full
20 (0x14) TTBR + 0x50 reserved -
21 (0x15) TTBR + 0x54 |16-bit PWM timer Ch.1 interrupt + Compare A/B
« Capture A/B
+ Capture A/B overwrite
22 (0x16) TTBR + 0x58 |Temperature detection circuit interrupt|Conversion completion
23 (0x17) TTBR + 0x5¢  |R/F converter interrupt + Reference oscillation completion
« Sensor A oscillation completion
+ Sensor B oscillation completion
* Time base counter overflow error
+ Measurement counter overflow error
24 (0x18) TTBR + 0x60 reserved -
: : : |
31 (0x1f) TTBR + 0x7¢c reserved - Low *!

1 When the same interrupt level is set
x2 Either reset or NMI can be selected as the watchdog timer interrupt with software.

Vector numbers 4 to 8, 10 to 11, 14 to 19, and 21 to 23 are assigned to the maskable interrupts supported by the

S1C17F57.
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Vector table base address
The S1IC17F57 allows the base (starting) address of the vector table to be set using the MISC_TTBRL and
MISC_TTBRH registers. “TTBR” described in Table 6.2.1 means the value set to these registers. After an ini-
tial reset, the MISC_TTBRL and MISC_TTBRH registers are set to 0x8000. Therefore, even when the vector
table location is changed, it is necessary that at least the reset vector be written to the above address. Bits 7 to 0
in the MISC_TTBRL register are fixed at 0, so the vector table starting address always begins with a 256-byte
boundary address.

Vector Table Address Low/High Registers (MISC_TTBRL, MISC_TTBRH)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
Vector Table 0x5328 | D15-8 |TTBR[15:8] |Vector table base address A[15:8] 0x0-0xff 0x80 | R/'W

Address Low (16 bits) | D7-0 [TTBR[7:0] [Vector table base address A[7:0] 0x0 0x0 | R

Register (fixed at 0)

(MISC_TTBRL)

Vector Table 0x532a | D15-8 |- reserved - - — |0 when being read.
Address High | (16 bits) | D7-0 |TTBR[23:16]|Vector table base address 0x0-0xff 0x0 | R/'W

Register A[23:16]

(MISC_TTBRH)

Note: The MISC_TTBRL and MISC_TTBRH registers are write-protected. Before these registers can
be rewritten, write protection must be removed by writing data 0x96 to the MISC_PROT register.
Note that since unnecessary rewrites to the MISC_TTBRL and MISC_TTBRH registers could lead
to erratic system operation, the MISC_PROT register should be set to other than 0x96 unless the
Vector Table Base Registers must be rewritten.

6.3 Control of Maskable Interrupts

6.3.1 Interrupt Control Bits in Peripheral Modules

The peripheral module that generates interrupts includes an interrupt enable bit and an interrupt flag for each inter-
rupt cause. The interrupt flag is set to 1 when the cause of interrupt occurs. By setting the interrupt enable bit to 1
(interrupt enabled), the flag state will be sent to the ITC as an interrupt request signal, generating an interrupt re-
quest to the S1C17 Core.

The corresponding interrupt enable bits should be set to 0 for those causes for which interrupts are not desired. In
this case, although the interrupt flag is set to 1 if the interrupt cause occurs, the interrupt request signal sent to the
ITC will not be asserted.

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

Note: To prevent recurrence of the interrupt due to the same cause of interrupt, always reset the inter-
rupt flag in the peripheral module before enabling the interrupt, resetting the PSR, or executing
the reti instruction.

6.3.2 ITC Interrupt Request Processing

On receiving an interrupt signal from a peripheral module, the ITC sends the interrupt request, interrupt level, and

vector number signals to the S1IC17 Core.

Vector numbers are determined by the ITC internal hardware for each interrupt cause, as shown in Table 6.2.1.

The interrupt level is a value used by the SIC17 Core to compare with the IL bits (PSR). This interrupt level is used

in the S1C17 Core to disable subsequently occurring interrupts with the same or lower level. (See Section 6.3.3.)

The default ITC settings are level O for all maskable interrupts. Interrupt requests are not accepted by the SIC17

Core if the level is 0.

The ITC includes control bits for selecting the interrupt level, and the level can be set to between 0 (low) and 7 (high)

interrupt levels for each interrupt type.

If interrupt requests are input to the ITC simultaneously from two or more peripheral modules, the ITC outputs the

interrupt request with the highest priority to the SIC17 Core in accordance with the following conditions.

1. The interrupt with the highest interrupt level takes precedence.

2. If multiple interrupt requests are input with the same interrupt level, the interrupt with the lowest vector number
takes precedence.
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The other interrupts occurring at the same time are held until all interrupts with higher priority levels have been ac-
cepted by the S1C17 Core.

If an interrupt cause with higher priority occurs while the ITC is outputting an interrupt request signal to the SIC17
Core (before being accepted by the S1C17 Core), the ITC alters the vector number and interrupt level signals to the
setting information on the more recent interrupt. The previously occurring interrupt is held. The held interrupt is
canceled and no interrupt is generated if the interrupt flag in the peripheral module is reset with software.

Table 6.3.2.1 Interrupt Level Setting Bits

Hardware interrupt Interrupt level setting bits Register address
PO port interrupt ILVO[2:0] (D[2:0]/ITC_LVO register) 0x4306
P2 port interrupt ILV1[2:0] (D[10:8)/ITC_LVO register) 0x4306
Stopwatch timer interrupt ILV2[2:0] (D[2:0]/ITC_LV1 register) 0x4308
Clock timer interrupt ILV3[2:0] (D[10:8)/ITC_LV1 register) 0x4308
RTC interrupt ILV4[2:0] (D[2:0)/ITC_LV2 register) 0x430a
EPD interrupt ILV6[2:0] (D[2:0)/ITC_LV3 register) 0x430c
16-bit PWM timer Ch.0 interrupt ILV7[2:0] (D[10:8)/ITC_LV3 register) 0x430c
8-bit timer Ch.0 interrupt ILV10[2:0] (D[2:0)/ITC_LV5 register) 0x4310
8-bit timer Ch.1 interrupt ILV11[2:0] (D[10:8)/ITC_LV5 register) 0x4310
UART Ch.0 interrupt ILV12[2:0] (D[2:0)/ITC_LV6 register) 0x4312
I2C slave interrupt ILV13[2:0] (D[10:8)/ITC_LV6 register) 0x4312
SPI Ch.0 interrupt ILV14[2:0] (D[2:0)/ITC_LV7 register) 0x4314
I°C master interrupt ILV15[2:0] (D[10:8)/ITC_LV7 register) 0x4314
16-bit PWM timer Ch.1 interrupt ILV17[2:0] (D[10:8)/ITC_LV8 register) 0x4316
Temperature detection circuit interrupt ILV18[2:0] (D[2:0)/ITC_LV9 register) 0x4318
R/F converter interrupt ILV19[2:0] (D[10:8)/ITC_LV9 register) 0x4318

6.3.3 Interrupt Processing by the S1C17 Core

A maskable interrupt to the S1C17 Core occurs when all of the following conditions are met:

¢ The interrupt is enabled by the interrupt control bit inside the peripheral module.

e The IE (Interrupt Enable) bit of the PSR (Processor Status Register) in the S1C17 Core has been set to 1.

* The cause of interrupt that has occurred has a higher interrupt level than the value set in the IL field of the PSR.
¢ No other cause of interrupt having higher priority, such as NMI, has occurred.

If an interrupt cause that has been enabled in the peripheral module occurs, the corresponding interrupt flag is set to 1,
and this state is maintained until it is reset by the program. This means that the interrupt cause is not cleared even if
the conditions listed above are not met when the interrupt cause occurs. An interrupt occurs if the above conditions
are met.

If multiple maskable interrupt causes occurs simultaneously, the interrupt cause with the highest interrupt level and
lowest vector number becomes the subject of the interrupt request to the SIC17 Core. Interrupts with lower levels
are held until the above conditions are subsequently met.

The S1C17 Core samples interrupt requests for each cycle. On accepting an interrupt request, the S1C17 Core
switches to interrupt processing immediately after execution of the current instruction has been completed.
Interrupt processing involves the following steps:

(1) The PSR and current program counter (PC) values are saved to the stack.

(2) The PSR IE bit is reset to 0 (disabling subsequent maskable interrupts).

(3) The PSR IL bits are set to the received interrupt level. (The NMI does not affect the IL bits.)

(4) The vector for the interrupt occurred is loaded to the PC to execute the interrupt handler routine.

When an interrupt is accepted, (2) prevents subsequent maskable interrupts. Setting the IE bit to 1 in the interrupt
handler routine allows handling of multiple interrupts. In this case, since IL is changed by (3), only an interrupt
with a higher level than that of the currently processed interrupt will be accepted.

Ending interrupt handler routines using the reti instruction returns the PSR to the state before the interrupt has
occurred. The program resumes processing following the instruction being executed at the time the interrupt oc-
curred.
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6.4 NMI

In the SIC17F57, the watchdog timer can generate a non-maskable interrupt (NMI). The vector number for NMI is 2,
with the vector address set to the vector table's starting address + 8 bytes.
This interrupt takes precedence over other interrupts and is unconditionally accepted by the S1C17 Core.

For detailed information on generating NMI, see the “Watchdog Timer (WDT)” chapter.

6.5 Software Interrupts

The S1C17 Core provides the “int imm5” and “intl imm5, imm3” instructions allowing the software to gener-
ate any interrupts. The operand imm5 specifies a vector number (0-31) in the vector table. In addition to this, the
int1l instruction has the operand imm3 to specify the interrupt level (0-7) to be set to the IL field in the PSR.

The processor performs the same interrupt processing as that of the hardware interrupt.

6.6 HALT and SLEEP Mode Cancellation

HALT and SLEEP modes are cleared by the following signals, which start the CPU.
* Interrupt request signal sent to the CPU from the ITC

e NMI signal output by the watchdog timer

¢ Debug interrupt signal

* Reset signal

Notes: - If the CPU is able to receive interrupts when HALT or SLEEP mode has been cleared by an
interrupt request for the CPU from the ITC, processing branches to the interrupt handler rou-
tine immediately after cancellation. In all other cases, the program is executed following the
halt or slp instruction.

« HALT or SLEEP mode clearing due to interrupt requests cannot be masked (prohibited) using
ITC interrupt level settings.

For more information, see “Power Saving by Clock Control” in the appendix chapter. For the oscillator circuit and
system clock statuses after HALT or SLEEP mode is canceled, see the “Clock Generator (CLG)” chapter.

6.7 Control Register Details

Table 6.7.1 List of ITC Registers

Address Register name Function
0x4306 ITC_LVO |Interrupt Level Setup Register 0 Sets the PO and P2 interrupt levels.

0x4308 ITC_LV1 |Interrupt Level Setup Register 1 Sets the SWT and CT interrupt levels.

0x430a ITC_LV2 |Interrupt Level Setup Register 2 Sets the RTC interrupt level.

0x430c ITC_LV3 |Interrupt Level Setup Register 3 Sets the EPD and T16A2 Ch.0 interrupt levels.
0x4310 ITC_LV5 |Interrupt Level Setup Register 5 Sets the T8 Ch.0 and Ch.1 interrupt levels.
0x4312 ITC_LV6 |Interrupt Level Setup Register 6 Sets the UART Ch.0 and 12CS interrupt levels.
0x4314 ITC_LV7 |Interrupt Level Setup Register 7 Sets the SPI Ch.0 and I12CM interrupt levels.
0x4316 ITC_LV8 |Interrupt Level Setup Register 8 Sets the T16A2 Ch.1 interrupt level.

0x4318 ITC_LV9 |Interrupt Level Setup Register 9 Sets the TEM and RFC interrupt levels.

The ITC registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.
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Interrupt Level Setup Register x (ITC_ LVx)

‘ Register name |Address| Bit | Name | Function Setting | Init. |R/W| Remarks ‘

Interrupt Level | 0x4306 |D15-11 |— reserved - - — |0 when being read.

Setup Register x | D10-8 |ILVn[2:0] INTn (1, 3, ... 19) interrupt level Oto7 0x0 | R/'W

(ITC_LVx) 0x4318 | D7-3 |- reserved - - | - |owhen being read.
(16 bits) | D2-0 [ILVA[2:0]  [INTn (0, 2, ... 18) interrupt level 0to7 0x0 | R/W

D[15:11], D[7:3]
Reserved

D[10:8], D[2:0]

ILVn[2:0]: INTn Interrupt Level Bits (n = 0-19)
Sets the interrupt level (0 to 7) of each interrupt. (Default: 0x0)
The S1C17 Core does not accept interrupts with a level set lower than the PSR IL value.

The ITC uses the interrupt level when multiple interrupt requests occur simultaneously.

If multiple interrupt requests enabled by the interrupt enable bit occur simultaneously, the ITC sends
the interrupt request with the highest level set by the ITC_LVx registers (0x4306 to 0x4318) to the

S1C17 Core.

If multiple interrupt requests with the same interrupt level occur simultaneously, the interrupt with the

lowest vector number is processed first.

The other interrupts are held until all interrupts of higher priority have been accepted by the SIC17

Core.

If an interrupt requests of higher priority occurs while the ITC outputs an interrupt request signal to
the SIC17 Core (before acceptance by the S1IC17 Core), the ITC alters the vector number and inter-
rupt level signals to the setting details of the most recent interrupt. The immediately preceding inter-

rupt is held.

Table 6.7.2 Interrupt Level Bits

Register

Bit

Interrupt

ITC_LV0(0x4306)

ILVO[2:0] (D[2:0])

PO port interrupt

ILV1[2:0] (D[10:8])

P2 port interrupt

ITC_LV1(0x4308)

ILV2[2:0] (D[2:0])

Stopwatch timer interrupt

ILV3[2:0] (D[10:8))

Clock timer interrupt

ITC_LV2(0x430a)

ILV4[2:0] (D[2:0])

RTC interrupt

(ILv5[2:0] (D[10:8]))

Reserved

ITC_LV3(0x430c)

ILV6[2:0] (D[2:0])

EPD interrupt

ILV7[2:0] (D[10:8))

16-bit PWM timer Ch.0 interrupt

(ITC_LV4(0x430¢))

(ILV8[2:0] (D[2:0]))

Reserved

(ILV9[2:0] (D[10:8))

Reserved

ITC_LV5(0x4310)

ILV10[2:0] (D[2:0))

8-bit timer Ch.0 interrupt

ILV11[2:0] (D[10:8])

8-bit timer Ch.1 interrupt

ITC_LV6(0x4312)

ILV12[2:0] (D[2:0))

UART Ch.0 interrupt

12C slave interrupt

ITC_LV7(0x4314)

ILV14[2:0] (D[2:0))

SPI Ch.0 interrupt

(

(
ILV13[2:0] (D[10:8])

(

(

ILV15[2:0] (D[10:8])

12C master interrupt

ITC_LV8(0x4316)

(ILV16[2:0] (D[2:0)))

Reserved

ILV17[2:0] (D[10:8])

16-bit PWM timer Ch.1 interrupt

ITC_LVO(0x4318)

ILV18[2:0] (D[2:0))

Temperature detection circuit interrupt

ILV19[2:0] (D[10:8])

R/F converter interrupt
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7 Clock Generator (CLG)

7.1 CLG Module Overview

The clock generator (CLG) controls the internal oscillators and the system clocks to be supplied to the SIC17 Core,

on-chip peripheral modules, and external devices.
The features of the CLG module are listed below.

Generates the operating clocks with the built-in oscillators.

- OSC3B oscillator circuit: 2 MHz/1 MHz/500 kHz (typ.) internal oscillator circuit
- OSC3A oscillator circuit: 4.2 MHz (max.) crystal or ceramic oscillator circuit

- OSCI1B oscillator circuit: 32 kHz (typ.) internal oscillator circuit

- OSC1A oscillator circuit: 32.768 kHz (typ.) crystal oscillator circuit

Switches the system clock. The system clock source can be selected from OSC3B, OSC3A, and OSCI1 via soft-
ware.

Generates the CPU core clock (CCLK) and controls the clock supply to the core block. The CCLK frequency can
be selected from system clock x 1/1, 1/2, 1/4, and 1/8.

Controls the clock supply to the peripheral modules.
Turns the clocks on and off according to the CPU operating status (RUN, HALT, or SLEEP).

Supports quick-restart processing from SLEEP mode.
Turns OSC3B on forcibly and switches the system clock to OSC3B when SLEEP mode is canceled.

Controls two clock outputs to external devices.

Figure 7.1.1 shows the clock system and CLG module configuration.

FOUTA ¢

FOUTA C output circuit [
EPD, RFC
FOUTB ¢ : RFG,

FOUTB O utput circuit [$ gﬁgT, TEM,

Theoretical regulation 7 r RTC reset
0SC1 O——0SC1A cLe
oscillator
0SC2 O——{(32.768 kHz) 256 Hz
oscT8 oser
" dividing
oscillator signals cate
(32 kHz)
oscH HALT
L] System
0SC3 O— t())ssjlzﬁ)r OSC3A 0SC clock . [Clock gear HGate | |cck
054 O—Llre Miia maxy) 0SC38 controller (1/1-1/8) |
SLEEP, wakeup T8, 17C, SPI
PCLK ’ . !
0SC3B Gate c 12CM, 12CS, P,
oscillator
(0.5/1/2 MHz) OSC3A 0OSC3B
divider divider

Y

Figure 7.1.1 CLG Module Configuration

To reduce current consumption, control the clock in conjunction with processing and use HALT and SLEEP modes.
For more information on reducing current consumption, see “Power Saving” in the appendix chapter.
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7.2 CLG Input/Output Pins

Table 7.2.1 lists the input/output pins for the CLG module.

Table 7.2.1 List of CLG Pins

Pin name 1/0 Qty Function
0OSC1 | 1 |OSC1A oscillator input pin
Connect a crystal resonator (32.768 kHz) and a gate capacitor.
0OSC2 O 1 OSC1A oscillator output pin
Connect a crystal resonator (32.768 kHz).
OSC3 | 1 OSC3A oscillator input pin
Connect a crystal or ceramic resonator (max. 4.2 MHz), and a gate capacitor.
0OSC4 (0] 1 |OSC3A oscillator output pin
Connect a crystal or ceramic resonator (max. 4.2 MHz), and a drain capacitor.
FOUTA (0] 1 FOUTA clock output pin
Outputs a divided OSC3B, OSC3A, or OSC1 clock.
FOUTB (0] 1 FOUTB clock output pin
Outputs a divided OSC3B, OSC3A, or OSC1 clock.

The CLG output pins (FOUTA, FOUTB) are shared with I/O ports and are initially set as general purpose I/O port
pins. The pin functions must be switched using the port function select bits to use the general purpose 1/O port pins
as the CLG output pins. For detailed information on pin function switching, see the “I/O Ports (P)” chapter.

7.3 Oscillators

The CLG module contains four internal oscillator circuits (OSC3B, OSC3A, OSC1B, and OSC1A). The OSC3B
and OSC3A oscillators generate the main clock for high-speed operation of the S1C17 Core and peripheral circuits.
The OSC1B or OSCI1A oscillator generates a sub-clock for timers and low-power operations. The OSC3B clock
is selected as the system clock after an initial reset. Oscillator on/off switching and system clock selection (from
OSC3B, OSC3A, and OSC1) are controlled with software. Either the OSC1B or OSCI1A oscillator can be selected
as the OSCI clock source.

7.3.1 OSC3B Oscillator

The OSC3B oscillator initiates high-speed oscillation without external components. It initiates oscillation when

power is turned on. The S1C17 Core and peripheral circuits operate with this oscillation clock after an initial reset.

SLEEP/NORMAL>;
Clock Oscillation stabilization
generator wait circuit foscas
i $
|OSC3BFSEL[1:0]|][ OSC3BEN | [OSC3BWTI1:0]]

Figure 7.3.1.1 OSCB3B Oscillator Circuit

OSC3B oscillation frequency selection

The OSC3B oscillation frequency can be selected from three types shown below using OSC3BFSEL[1:0]/
CLG_SRC register.

Table 7.3.1.1 OSC3B Oscillation Frequency Setting

OSC3BFSEL[1:0] OSC3B oscillation frequency (typ.)
0x3 Reserved
0x2 500 kHz
Ox1 1 MHz
0x0 2 MHz

(Default: 0x0)
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OSC3B oscillation on/off

The OSC3B oscillator stops oscillating when OSC3BEN/CLG_CTL register is set to O and starts oscillating
when set to 1. The OSC3B oscillator stops oscillating in SLEEP mode.

After an initial reset, OSC3BEN is set to 1, and the OSC3B oscillator goes on. Since the OSC3B clock is used
as the system clock, the S1IC17 Core starts operating using the OSC3B clock.

Stabilization wait time at start of OSC3B oscillation

The OSC3B oscillator circuit includes an oscillation stabilization wait circuit to prevent malfunctions due
to unstable clock operations at the start of OSC3B oscillation—e.g., when the OSC3B oscillator is turned
on with software. Figure 7.3.1.2 shows the relationship between the oscillation start time and the oscillation
stabilization wait time.

System supply wait time
Oscillation start time

Oscillation enable bit
(OSC3BEN/OSC3AEN/OSC1EN)

Oscillation waveform W
Digitized oscillation waveform n
Oscillator output clock |_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_
(foscse/foscaa/fosciB/fosc1A)

Oscillation stabilization wait time

Figure 7.3.1.2 Oscillation Start Time and Oscillation Stabilization Wait Time

The OSC3B clock is not supplied to the system until the time set for this circuit has elapsed.
Use OSC3BWT](1:0]/CLG_WAIT register to select one of four oscillation stabilization wait times.

Table 7.3.1.2 OSC3B Oscillation Stabilization Wait Time Settings

OSC3BWT[1:0] Oscillation stabilization wait time
0x3 8 cycles
0x2 16 cycles
0x1 32 cycles
0x0 64 cycles

(Default: 0x0)

This is set to 64 cycles (OSC3B clock) after an initial reset. This means the CPU can start operating when the
CPU operation start time at initial reset indicated below (at a maximum) has elapsed after the reset state is can-
celed. For the oscillation start time, see the “Electrical Characteristics” chapter.

CPU operation start time at initial reset < OSC3B oscillation start time (max.) + OSC3B oscillation stabili-
zation wait time (64 cycles)

When the system clock is switched to OSC3B immediately after turning the OSC3B oscillator on, the OSC3B
clock is supplied to the system after the OSC3B clock system supply wait time indicated below (at a maximum)
has elapsed. If the power supply voltage Vpp has stabilized sufficiently, OSC3BWT([1:0] can be set to 0x3 to
reduce the oscillation stabilization wait time.

OSC3B clock system supply wait time < OSC3B oscillation start time (max.) + OSC3B oscillation sta-
bilization wait time
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7.3.2 OSC3A Oscillator

The OSC3A oscillator is a high-precision, high-speed oscillator circuit that uses either a crystal resonator or a ceramic
resonator. It can be switched for use with the OSC3B oscillator. Figure 7.3.2.1 shows the OSC3A oscillator configura-
tion.

OSCS3AEN

SLEEP/NORMAL

Oscillation stabilization
wait circuit

OSC3AWT[1:0]

—» fOSC3A

O
Vss —— Cb3 0SC4;
Figure 7.3.2.1 OSC3A Oscillator Circuit

A crystal resonator (X’tal3) or ceramic resonator (Ceramic) should be connected between the OSC3 and OSC4
pins. Additionally, two capacitors (CG3 and Cp3) should be connected between the OSC3/OSC4 pins and Vss.
For the effective frequency range and oscillation characteristics, see the “Electrical Characteristics” chapter.

OSC3A oscillation on/off
The OSC3A oscillator circuit starts oscillating when OSC3AEN/CLG_CTL register is set to 1 and stops oscil-

lating when set to 0. The OSC3A oscillator circuit stops oscillating in SLEEP mode.
After an initial reset, OSC3AEN is set to 0, and the OSC3A oscillator circuit is halted.

Stabilization wait time at start of OSC3A oscillation

The OSC3A oscillator circuit includes an oscillation stabilization wait circuit to prevent malfunctions due to
unstable clock operations at the start of OSC3A oscillation—e.g., when the OSC3A oscillator is turned on with
software. The OSC3A clock is not supplied to the system until the time set for this circuit has elapsed. Use
OSC3AWT][1:0]/CLG_WALIT register to select one of four oscillation stabilization wait times. For the oscillation
start time, see the “Electrical Characteristics” chapter.

Table 7.3.2.1 OSC3A Oscillation Stabilization Wait Time Settings

OSC3AWT[1:0] Oscillation stabilization wait time
0x3 128 cycles
0x2 256 cycles
0x1 512 cycles
0x0 1024 cycles

(Default: 0x0)
This is set to 1,024 cycles (OSC3A clock) after an initial reset.
When the system clock is switched to OSC3A immediately after the OSC3A oscillator circuit is turned on, the
OSC3A clock is supplied to the system after the OSC3A clock system supply wait time indicated below (at a
maximum) has elapsed. For the oscillation start time, see the “Electrical Characteristics” chapter.

OSC3A clock system supply wait time < OSC3A oscillation start time (max.) + OSC3A oscillation
stabilization wait time

Note: Oscillation stability will vary, depending on the resonator and other external components. Care-
fully consider the OSC3A oscillation stabilization wait time before reducing the time.

7.3.3 OSC1 Oscillator

The SIC17F57 has two low-speed oscillator circuits (OSC1A and OSC1B) and either one can be selected as the
OSCl oscillator.

The OSCI1 clock is generally used as the timer operation clock (for the real-time clock, clock timer, stopwatch tim-
er, watchdog timer, and 16-bit PWM timer) and an operation clock for the R/F converter, UART, sound generator,
temperature detection circuit, and EPD controller/driver. It can be used as the system clock instead of the OSC3B
or OSC3A clock to reduce power consumption when no high-speed processing is required.
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Theoretical regulation 1 l_ RTC reset

05010050 o B567s
0sc2 O_(32.768 kHz2) divider

To OSC1
|—> peripheral
modules
cscilator Josets | |
OSC1SE

(32 kH2) fosciB divider # L
OSC1EN | o System

Figure 7.3.3.1 OSC1 Oscillator Configuration

OSC1A oscillator

The OSC1A oscillator is a high-precision, low-speed oscillator circuit that uses a 32.768 kHz crystal resonator.
Figure 7.3.3.2 shows the OSC1A oscillator configuration.

Oscillation stabilization
wait circuit

OSC1AWT[1:0]

Vss —e— | o e e
Figure 7.3.3.2 OSC1A Oscillator Circuit

Ca1 —»fOSC1A

A crystal resonator (X’tall, typ. 32.768 kHz) should be connected between the OSC1 and OSC2 pins. Addition-
ally, two capacitors (Cc1 and Cp1) should be connected between the OSC1/0OSC2 pins and Vss.

Note: The OSC1A divider output clock may be adjusted for frequency correction by the theoretical
regulation function. Also the divider is reset by staring the RTC. These operation modifies the
256 Hz output clock cycle at that point, and this affects the count cycle of the timers that use the
256 Hz clock (CT, SWT, WDT, T16A2).

OSC1B oscillator

The OSC1B oscillator generates about 32 kHz clock without external components.

‘ RTCRUN

SLEEP/NORMAL

(

Clock Oscillation stabilization

generator wait circuit

OSC1BWT[1:0]

Figure 7.3.3.3 OSC1B Oscillator Circuit

——» fOsc1B

OSC1A/0OSC1B oscillator selection

Either OSC1A or OSCI1B can be selected as the OSC1 oscillator using OSCISEL/CLG_SRC register. When
OSCISEL is 1 (default), OSCI1B is selected. Setting OSC1SEL to 0 selects OSC1A. The OSCI1 oscillation con-
trol bits are effective only for the oscillator selected here.

OSC1 oscillation on/off

The OSC1 oscillator starts oscillating when OSC1EN/CLG_CTL register is set to 1 and stops oscillating when
set to 0.
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When RTCRUN and OSCI1EN are both set to 1, the OSC1 oscillator continues operating if the system enters
SLEEP mode.

When RTCRUN = 0, the OSC1 stops in SLEEP mode regardless of how OSCI1EN is set.

After an initial reset, OSC1EN and RTCRUN are both set to 0, and the OSC1 oscillator circuit is halted.

Table 7.3.3.1 OSC1 Oscillator Operating Status (normal operation)

OSC1EN RTCRUN 0OSC1 oscillator
1 1 On
1 0 On
0 1 Off
0 0 Off

Table 7.3.3.2 OSC1 Oscillator Operating Status (SLEEP mode)

OSC1EN RTCRUN 0OSC1 oscillator
1 1 On
1 0 Off
0 1 Off
0 0 Off

Stabilization wait time at start of OSC1 oscillation

The OSC1 oscillator circuit includes an oscillation stabilization wait circuit to prevent malfunctions due to unsta-
ble clock operations at the start of OSC1 oscillation—e.g., when the OSC1 oscillator is turned on with software.
The OSCI clock is not supplied to the system until the time set for this circuit has elapsed. Use OSCIAWT[1:0]/
CLG_WAIT register to select one of four OSCIA oscillation stabilization wait times. Use OSC1BWT[1:0]/
CLG_WAIT register for OSC1B. For the oscillation start time, see the “Electrical Characteristics” chapter.

Table 7.3.3.3 OSC1A Oscillation Stabilization Wait Time Settings

OSC1AWT[1:0]

Oscillation stabilization wait time

0x3 2048 cycles
0x2 4096 cycles
0x1 8192 cycles
0x0 16384 cycles

(Default: 0x0)

Table 7.3.3.4 OSC1B Oscillation Stabilization Wait Time Settings

OSC1BWTI[1:0]

Oscillation stabilization wait time

0x3 8 cycles
0x2 16 cycles
0x1 32 cycles
0x0 64 cycles

(Default: 0x0)

This is set to 16384 cycles (OSC1 clock) when OSCI1A is selected or 64 cycles when OSCIB is selected after
an initial reset.

When the system clock is switched to OSC1 immediately after the OSC1 oscillator circuit is turned on, the
OSCI1 clock is supplied to the system after the OSC1 clock system supply wait time indicated below (at a maxi-
mum) has elapsed. For the oscillation start time, see the “Electrical Characteristics” chapter.

OSC1 clock system supply wait time < OSC1 oscillation start time (max.) + OSC1 oscillation sta-
bilization wait time

Notes: - Oscillation stability will vary, depending on the resonator and other external components.

Carefully consider the OSC1A oscillation stabilization wait time before reducing the time.

+ Be sure to avoid turning the OSC1A or OSC1B oscillator off for at least four seconds from
start of oscillation after the oscillator is turned on. For the oscillation start time, see the “Elec-
trical Characteristics” chapter.

+ The OSC1B oscillation frequency will be higher than the value that is described in the “Elec-
trical Characteristics” chapter for about 3 ms immediately after turning the OSC1B oscillator
on.
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7.4 System Clock Switching

The figure below shows the system clock selector.

CLKSRC[1:0]

OSC3B—————¥
OSC3A > » System clock
OSC1 ———»

Figure 7.4.1 System Clock Selector

The S1C17F57 has three system clock sources (OSC3B, OSC3A, and OSC1) and it start operating with the OSC3B
clock after an initial reset. The system clock can be switched to the OSC3A clock when a high-speed clock is re-
quired for the processing, or to the OSC1 clock for power saving. Use CLKSRC[1:0]/CLG_SRC register for this
switching. Oscillator circuits other than those selected as the system clock source and not used for running periph-
eral circuits can be shut down to reduce current consumption.

Table 7.4.1 System Clock Selection

CLKSRCI[1:0] System clock source
0x3 Reserved
0x2 OSC3A
0x1 0OSC1
0x0 0OSC3B

(Default: 0x0)
The following shows system clock switching procedures:

Switching the system clock to OSC3A from OSC3B or OSC1
1. Set the OSC3A oscillation stabilization wait time if necessary. (OSC3AWT[1:0])
2. Turn the OSC3A oscillator on if it is off. (OSC3AEN = 1)
3. Select the OSC3A clock as the system clock. (CLKSRC[1:0] = 0x2)
4. Turn the OSC3B or OSC1 oscillator off if peripheral modules and FOUTA/B output circuits have not used
the OSC3B or OSC1 clock.

Switching the system clock to OSC1 from OSC3B or OSC3A
1. Set the OSC1A or OSC1B oscillation stabilization wait time if necessary. (OSC1AWT[1:0]/OSC1BWT[1:0])
2. Turn the OSC1 oscillator on if it is off. (OSCI1EN = 1)
3. Select the OSC1 clock as the system clock. (CLKSRC[1:0] = 0x1)
4. Turn the OSC3B or OSC3A oscillator off if peripheral modules and FOUTA/B output circuits have not
used the OSC3B or OSC3A clock.

Switching the system clock to OSC3B from OSC3A or OSC1
1. Set the OSC3B oscillation stabilization wait time if necessary. (OSC3BWT[1:0])
2. Turn the OSC3B oscillator on if it is off. (OSC3BEN = 1)
3. Select the OSC3B clock as the system clock. (CLKSRC[1:0] = 0x0)
4. Turn the OSC3A or OSCI1 oscillator off if peripheral modules and FOUTA/B output circuits have not used
the OSC3A or OSCI1 clock.

Notes: < The oscillator to be used as the system clock source must be operated before switching
the system clock. Otherwise, the CLG will not switch the system clock source, even if CLK-
SRC[1:0] is written to, and the CLKSRCJ1:0] value will remain unchanged.
The table below lists the combinations of clock operating status and register settings en-
abling system clock selection.

Table 7.4.2 System Clock Switching Conditions

OSC3BEN | OSC3AEN | OSC1EN System clock
1 1 1 OSC3B, OSC3A, or OSC1
1 1 0 OSC3B or OSC3A
1 0 1 OSC3B or OSC1
0 1 1 OSC3A or OSCH
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« The oscillator circuit selected as the system clock source cannot be turned off.

+ Continuous write/read access to CLKSRC[1:0] is prohibited. At least one instruction unre-
lated to CLKSRC[1:0] access must be inserted between the write and read instructions.

« When SLEEP mode is canceled, the OSC3B oscillator circuit is turned on (OSC3BEN = 1)
and is used as the system clock source (CLKSRC[1:0] = 0x0) regardless of the system clock
configured before the chip entered SLEEP mode.

Canceling HALT mode does not change the clock status configured before the chip entered
HALT mode.

7.5 CPU Core Clock (CCLK) Control

The CLG module includes a clock gear to slow down the system clock to send to the S1IC17 Core. To reduce cur-
rent consumption, operate the S1C17 Core with the slowest possible clock speed. The halt instruction can be ex-
ecuted to stop the clock supply from the CLG to the S1C17 Core for power savings.

Gear sslection H@LT
0SC3B—p™>~ N N :
OSC3A——» Mﬁﬁclﬂ?gar |, [Gate couk , §i€i7 Core™
0SC1—» (171-1/8)

Figure 7.5.1 CCLK Supply System

Clock gear settings
CCLKGR[1:0]/CLG_CCLK register is used to select the gear ratio to reduce system clock speeds.
Table 7.5.1 CCLK Gear Ratio Selection

CCLKGRI[1:0] Gear ratio
0x3 1/8
0x2 1/4
0x1 1/2
0x0 1/1

(Default: 0x0)
Clock supply control

The CCLK clock supply is stopped by executing the halt instruction. Since this does not stop the system
clock, peripheral modules will continue to operate.

HALT mode is cleared by resetting, NMI, or other interrupts. The CCLK supply resumes when HALT mode is
cleared.

Executing the s1p instruction suspends system clock supply to the CLG, thereby halting the CCLK supply as
well. Clearing SLEEP mode with an external interrupt restarts the system clock supply and the CCLK supply.

7.6 Peripheral Module Clock (PCLK) Control

The CLG module also controls the clock supply to peripheral modules.
The system clock is used unmodified for the peripheral module clock (PCLK).

On/Off+ control
0OSC3B —™ :
OSC3A System clock |Gate PCLK > Internal peripheral modules
OSC1 —»|
Figure 7.6.1 Peripheral Module Clock Control Circuit
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PCLK supply is controlled by PCKEN[1:0]/CLG_PCLK register.
Table 7.6.1 PCLK Control

PCKEN[1:0] PCLK supply
0x3 Enabled (on)
0x2 Setting prohibited
0x1 Setting prohibited
0x0 Disabled (off)

(Default: 0x3)

The default setting is 0x3, which enables the clock supply. Stop the clock supply to reduce current consumption
unless all peripheral modules (modules listed below) within the internal peripheral circuit area need to be running.

Note: Do not set PCKEN[1:0]/CLG_PCLK register to 0x2 or 0x1, since doing so will stop the operation
of certain peripheral modules.

Table 7.6.2 Peripheral Modules and Operating Clocks

Peripheral modules

Operating clock

Remarks

Interrupt controller

8-bit timer

SPI

12C master

12C slave

Power generator

P port & port MUX

MISC registers

PCLK

The PCLK supply cannot be disabled if one or more
peripheral modules in these list must be operated.
The PCLK supply can be disabled if all the periph-
eral circuits in these list can be stopped.

Real-time clock

Clock timer

Stopwatch timer

Watchdog timer

Divided OSC1 clock

The OSC1 oscillator circuit cannot be disabled if
one or more peripheral modules in these list must
be operated. The PCLK supply can be disabled.

EPD controller/driver

Sound generator

Temperature detection cir-
cuit

R/F converter

16-bit PWM timer

UART

FOUTA/FOUTB outputs

Clock selected by software
(divided OSC3B/OSC3A/
OSC1 clock)

The oscillator circuit used as the clock source can-
not be disabled (see Section 7.7 or each peripheral
module chapter). The PCLK supply can be dis-
abled.

7.7 Clock External Output (FOUTA, FOUTB)

Divided OSC3B, OSC3A, or OSCI clocks can be output to external devices.

FOUTA division ratio selection

—»{Divider >
)l | FOUTA )
OSC1 clock :(1/1—1/128) > output circuit — 1/O port (FOUTA pin)
% 4
v »/Divider Clock source On/Off
0SC3B clock »(1/1-1/128) selection control
—»{Divider
OSC3A clock »(1/1-1/128) >
) | FOUTB ]
> > _’output circuit — 1/O port (FOUTB pin)
FOUTB division ratio selection ” ?
Clock source On/Off
selection control

Figure 7.7.1 Clock Output Circuit
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There are two output systems available: FOUTA and FOUTB. The FOUTA and FOUTB output circuits have the
same functions.

Output pin setting
The FOUTA and FOUTB output pins are shared with I/O ports. The pin is configured for the I/O port by de-

fault, so the pin function should be changed using the port function select bit before the clock output can be
used. See the “I/O Ports (P)” chapter for the FOUTA/FOUTB pins and selecting pin functions.

Clock source selection

The clock source can be selected from OSC3B, OSC3A, and OSC1 using FOUTASRC[1:0]/CLG_FOUTA reg-
ister or FOUTBSRC[1:0]/CLG_FOUTB register.

Table 7.7.1 Clock Source Selection

FOUTASRC[1:0]/FOUTBSRCI[1:0] Clock source
0x3 Reserved
0x2 OSC3A
0x1 0SC1
0x0 0OSC3B

(Default: 0x0)

Clock frequency selection

Eight different clock output frequencies can be selected. Select the division ratio for the source clock using
FOUTADI2:0]/CLG_FOUTA register or FOUTBD[2:0]/CLG_FOUTB register.

Table 7.7.2 Clock Division Ratio Selection

FOUTAD[2:0]/FOUTBD[2:0] Division ratio

0x7 1/128
0x6 1/64
0x5 1/32

0x4 1/16
0x3 1/8

0x2 1/4

0x1 1/2

0x0 11

(Default: 0x0)

Clock output control

The clock output is controlled using FOUTAE/CLG_FOUTA register or FOUTBE/CLG_FOUTB register. Set-
ting FOUTAE/FOUTBE to 1 outputs the FOUTA/FOUTB clock from the FOUTA/FOUTB pin. Setting it to 0
disables output.

FOUTAE (FOUTBE) 0] 1 0

FOUTA (FOUTB) output

Figure 7.7.2 FOUTA/FOUTB Output

Notes: - Since the FOUTA/FOUTB signal is not synchronized with FOUTAE/FOUTBE writing, switching
output on or off will generate certain hazards.

+ There may be a time lag between setting FOUTAE/FOUTBE to 1 and start of FOUTA/FOUTB
signal output due to the oscillation stabilization wait time and other conditions.

7.8 Control Register Details

Table 7.8.1 List of CLG Registers

Address Register name Function
0x5060 CLG_SRC Clock Source Select Register Selects the clock source.
0x5061 CLG_CTL Oscillation Control Register Controls oscillation.
0x5064 CLG_FOUTA |FOUTA Control Register Controls FOUTA clock output.
0x5065 CLG_FOUTB |FOUTB Control Register Controls FOUTB clock output.
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Address Register name Function
0x507d CLG_WAIT Oscillation Stabilization Wait Control Register |Controls oscillation stabilization waiting time.
0x5080 CLG_PCLK PCLK Control Register Controls the PCLK supply.

0x5081 CLG_CCLK CCLK Control Register Configures the CCLK division ratio.

The CLG module registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

Clock Source Select Register (CLG_SRC)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Clock Source | 0x5060 | D7-6 (OSC3B OSC3B frequency select OSC3BFSEL[1:0]| Frequency | Ox0 | R/'W
Select Register | (8 bits) FSEL[1:0] 0x3 reserved
(CLG_SRC) 0x2 500 kHz
0x1 1 MHz
0x0 2 MHz
D5 |- reserved - - — |0 when being read.
D4 |OSC1SEL |OSC1 source select 1JosciB  [oJosciA 1 [RW
D3-2 |- reserved - - — |0 when being read.
D1-0 |CLKSRCI1:0]|System clock source select CLKSRCI1:0] | Clock source | 0x0 | R/'W
0x3 reserved
0x2 OSC3A
0x1 0OSC1
0x0 0SC3B
D[7:6] OSC3BFSEL[1:0]: OSC3B Frequency Select Bits
Selects the OSC3B oscillation frequency.
Table 7.8.2 OSC3B Oscillation Frequency Setting
OSC3BFSEL[1:0] OSC3B oscillation frequency (typ.)
0x3 Reserved
0x2 500 kHz
0x1 1 MHz
0x0 2 MHz
(Default: 0x0)
D5 Reserved
D4 OSC1SEL: OSC1 Source Select Bit
Selects the OSC1 clock source.
1 (R/'W): OSCIB (default)
0 (R/W): OSCI1A
D[3:2] Reserved
D[1:0] CLKSRC[1:0]: System Clock Source Select Bits

Selects the system clock source.

Table 7.8.3 System Clock Selection

CLKSRCI1:0] System clock source
0x3 Reserved
0x2 OSC3A
0x1 0SCH1
0x0 0OSC3B

(Default: 0x0)

Select OSC3B or OSC3A for normal (high-speed) operations. If no high-speed clock is required,

OSC1 can be set as the system clock and OSC3B and OSC3A stopped to reduce current consumption.

Notes: - The oscillator to be used as the system clock source must be operated before switching
the system clock. Otherwise, the CLG will not switch the system clock source, even if
CLKSRC[1:0] is written to, and the CLKSRC[1:0] value will remain unchanged.

The table below lists the combinations of clock operating status and register settings

enabling system clock selection.
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Table 7.8.4 System Clock Switching Conditions

OSC3BEN | OSC3AEN | OSC1EN System clock
1 1 1 OSC3B, OSC3A, or OSC1
1 1 0 OSC3B or OSC3A
1 0 1 OSC3B or OSCH1
0 1 1 OSC3A or OSC1

+ The oscillator circuit selected as the system clock source cannot be turned off.

+ Continuous write/read access to CLKSRCI[1:0] is prohibited. At least one instruction
unrelated to CLKSRC[1:0] access must be inserted between the write and read
instructions.

+ When SLEEP mode is canceled, the OSC3B oscillator circuit is turned on (OSC3BEN =
1) and is used as the system clock source (CLKSRCJ[1:0] = 0x0) regardless of the system
clock configured before the chip entered SLEEP mode.

Canceling HALT mode does not change the clock status configured before the chip
entered HALT mode.

Oscillation Control Register (CLG_CTL)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Oscillation 0x5061 | D7-3 |- reserved - - — |0 when being read.
Control Register| (8 bits) D2 |OSC3BEN |OSC3B enable 1 |Enable 0 |Disable 1 |RW
(CLG_CTL) DI |OSC1EN |OSC1 enable 1 |Enable 0 |Disable 0 |RW

DO |OSC3AEN |OSC3A enable 1 |[Enable 0 |Disable 0 |RW

D[7:3] Reserved

D2 OSC3BEN: OSC3B Enable Bit
Enables or disables OSC3B oscillator operations.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

Note: The OSC3B oscillator cannot be stopped if the OSC3B clock is being used as the system
clock.

D1 OSC1EN: OSC1 Enable Bit
Enables or disables OSC1 oscillator operations.
1 (R/W): Enabled (on)
0 (R/W): Disabled (off) (default)

Notes: + Be sure to select the OSC1 clock source (OSC1A or OSC1B) using OSC1SEL/CLG_SRC
register before starting OSC1 oscillation.

+ The OSC1 oscillator cannot be stopped if the OSC1 clock is being used as the system
clock.

DO OSC3AEN: OSC3A Enable Bit
Enables or disables OSC3A oscillator operations.
1 (R/W): Enabled (on)
0 (R/W): Disabled (off) (default)

Note: The OSC3A oscillator cannot be stopped if the OSC3A clock is being used as the system
clock.
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‘ Register name |Address| Bit | Name | Function Setting | Init. |R/W| Remarks
FOUTA Control | 0x5064 D7 |- reserved - - — |0 when being read.
Register (8 bits) | D6-4 |FOUTAD FOUTA clock division ratio select | FOUTAD[2:0] | Division ratio | 0x0 | R/W
(CLG_FOUTA) [2:0] 0x7 1/128
0x6 1/64
0x5 1/32
0x4 1/16
0x3 1/8
0x2 1/4
ox1 1/2
0x0 11
D3-2 |FOUTASRC |FOUTA clock source select FOUTASRCI1:0]| Clock source | 0x0 | R/W
[1:0] 0x3 reserved
0x2 OSC3A
0Ox1 0OSCt
0x0 0SC3B
D1 |- reserved - - — |0 when being read.
DO |[FOUTAE  [FOUTA output enable 1|Enable [0 [Disable 0 |RW
D7 Reserved
D[6:4] FOUTAD[2:0]: FOUTA Clock Division Ratio Select Bits
Selects the source clock division ratio to set the FOUTA clock frequency.
Table 7.8.5 Clock Division Ratio Selection
FOUTAD[2:0] Division ratio
0x7 1/128
0x6 1/64
0x5 1/32
0x4 1/16
0x3 1/8
0x2 1/4
0x1 1/2
0x0 11
(Default: 0x0)
D[3:2] FOUTASRCIJ1:0]: FOUTA Clock Source Select Bits
Selects the FOUTA clock source.
Table 7.8.6 FOUTA Clock Source Selection
FOUTASRCJ[1:0] Clock source
0x3 Reserved
0x2 OSC3A
0x1 0OSCH1
0x0 OSC3B
(Default: 0x0)
D1 Reserved
DO FOUTAE: FOUTA Output Enable Bit

Enables or disables FOUTA clock external output.

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

Enabled (on)
Disabled (off) (default)

Setting FOUTAE to 1 outputs the FOUTA clock from the FOUTA pin. Setting it to O stops the output.
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FOUTB Control Register (CLG_FOUTB)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
FOUTB Control | 0x5065 D7 |- reserved - - — |0 when being read.
Register (8 bits) | D6-4 |FOUTBD |FOUTB clock division ratio select | FOUTBD[2:0] | Division ratio | 0x0 | R/W
(CLG_FOUTB) [2:0] 0x7 1/128
0x6 1/64
0x5 1/32
0x4 1/16
0x3 1/8
0x2 1/4
0x1 1/2
0x0 1/1
D3-2 |FOUTBSRC |FOUTB clock source select FOUTBSRCI[1:0]| Clock source | 0x0 | R/W
[1:0] 0x3 reserved
0x2 OSC3A
0Ox1 0OsC1
0x0 0SC3B
D1 |- reserved - - — |0 when being read.
DO |[FOUTBE _ [FOUTB output enable 1|Enable [0 |Disable 0 |[rW
D7 Reserved
D[6:4] FOUTBDI[2:0]: FOUTB Clock Division Ratio Select Bits
Selects the source clock division ratio to set the FOUTB clock frequency.
Table 7.8.7 Clock Division Ratio Selection
FOUTBD[2:0] Division ratio
0x7 1/128
0x6 1/64
0x5 1/32
0x4 1/16
0x3 1/8
0x2 1/4
0x1 1/2
0x0 11
(Default: 0x0)
D[3:2] FOUTBSRC[1:0]: FOUTB Clock Source Select Bits
Selects the FOUTB clock source.
Table 7.8.8 FOUTB Clock Source Selection
FOUTBSRCI[1:0] Clock source
0x3 Reserved
0x2 OSC3A
0x1 OSC1
0x0 0OSC3B
(Default: 0x0)
D1 Reserved
DO FOUTBE: FOUTB Output Enable Bit
Enables or disables FOUTB clock external output.
1 (R/W): Enabled (on)
0 (R/W): Disabled (off) (default)
Setting FOUTBE to 1 outputs the FOUTB clock from the FOUTB pin. Setting it to O stops the output.
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Oscillation Stabilization Wait Control Register (CLG_WAIT)

‘ Register name |Address| Bit | Name | Function Setting | Init. |R/W|
Oscillation 0x507d | D7-6 |[OSC3BWT |OSC3B stabilization wait cycle OSC3BWT[1:0]| Waitcycle | 0x0 | R/W
Stabilization (8 bits) [1:0] select 0x3 8 cycles
Wait Control 0x2 16 cycles
Register 0x1 32 cycles
(CLG_WAIT) 0x0 64 cycles
D5-4 |OSC3AWT |OSC3A stabilization wait cycle OSC3AWTI[1:0]| Wait cycle | Ox0 | R/'W
[1:0] select 0x3 128 cycles
0x2 256 cycles
0x1 512 cycles
0x0 1024 cycles
D3-2 |OSC1BWT |OSC1B stabilization wait cycle OSC1BWT[1:0]| Waitcycle | Ox0 | R/W
[1:0] select 0x3 8 cycles
0x2 16 cycles
0x1 32 cycles
0x0 64 cycles
D1-0 |OSC1AWT |OSC1A stabilization wait cycle OSC1AWT[1:0]| Waitcycle | Ox0 | R/W
[1:0] select 0x3 2048 cycles
0x2 4096 cycles
0x1 8192 cycles
0x0 16384 cycles
D[7:6] OSC3BWT[1:0]: OSC3B Stabilization Wait Cycle Select Bits
An oscillation stabilization wait time is set to prevent malfunctions due to unstable clock operations
at the start of OSC3B oscillation. The OSC3B clock is not supplied to the system immediately after
OSC3B oscillation starts until the time set here has elapsed.
Table 7.8.9 OSC3B Oscillation Stabilization Wait Time Settings
OSC3BWT[1:0] Oscillation stabilization wait time
0x3 8 cycles
0x2 16 cycles
0x1 32 cycles
0x0 64 cycles
(Default: 0x0)
This is set to 64 cycles (OSC3B clock) after an initial reset. This means the CPU can start operating
when the CPU operation start time at initial reset indicated below (at a maximum) has elapsed after
the reset state is canceled.
CPU operation start time at initial reset < OSC3B oscillation start time (max.) +
OSCS3B oscillation stabilization wait time (64 cycles)
When the system clock is switched to OSC3B immediately after turning the OSC3B oscillator on,
the OSC3B clock is supplied to the system after the OSC3B clock system supply wait time indicated
below (at a maximum) has elapsed. If the power supply voltage Vpp has stabilized sufficiently, OS-
C3BWT][1:0] can be set to 0x3 to reduce the oscillation stabilization wait time.
OSC3B clock system supply wait time < OSC3B oscillation start time (max.) +
OSCS3B oscillation stabilization wait time
D[5:4] OSC3AWT[1:0]: OSC3A Stabilization Wait Cycle Select Bits

An oscillation stabilization wait time is set to prevent malfunctions due to unstable clock operation
at the start of OSC3A oscillation. The OSC3A clock is not supplied to the system immediately after
OSC3A oscillation starts until the time set here has elapsed.

Table 7.8.10 OSCB3A Oscillation Stabilization Wait Time Settings

OSC3AWTI[1:0] Oscillation stabilization wait time
0x3 128 cycles
0x2 256 cycles
0x1 512 cycles
0x0 1024 cycles

(Default: 0x0)
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Note:

This is set to 1,024 cycles (OSC3A clock) after an initial reset.

When the system clock is switched to OSC3A immediately after the OSC3A oscillator circuit is
turned on, the OSC3A clock is supplied to the system after the OSC3A clock system supply wait time
indicated below (at a maximum) has elapsed.

OSC3A clock system supply wait time < OSC3A oscillation start time (max.) + OSC3A
oscillation stabilization wait time

Oscillation stability will vary, depending on the resonator and other external components.
Carefully consider the OSC3A oscillation stabilization wait time before reducing the time.

D[3:2] OSC1BWTI[1:0]: OSC1B Stabilization Wait Cycle Select Bits
An oscillation stabilization wait time is set to prevent malfunctions due to unstable clock operation
at the start of OSCI1B oscillation. The OSCI clock is not supplied to the system immediately after
OSCI1B oscillation starts until the time set here has elapsed.
Table 7.8.11 OSC1B Oscillation Stabilization Wait Time Settings
OSC1BWT[1:0] Oscillation stabilization wait time
0x3 8 cycles
0x2 16 cycles
0x1 32 cycles
0x0 64 cycles
(Default: 0x0)
This is set to 64 cycles (OSC1 clock) after an initial reset.
When the system clock is switched to OSC1 immediately after the OSC1B oscillator circuit is turned
on, the OSC1 clock is supplied to the system after the OSC1 clock system supply wait time indicated
below (at a maximum) has elapsed.
OSC1 clock system supply wait time < OSC1B oscillation start time (max.) + OSC1B
oscillation stabilization wait time
D[1:0] OSC1AWT[1:0]: OSC1A Stabilization Wait Cycle Select Bits
An oscillation stabilization wait time is set to prevent malfunctions due to unstable clock operation
at the start of OSCIA oscillation. The OSCI clock is not supplied to the system immediately after
OSCI1A oscillation starts until the time set here has elapsed.
Table 7.8.12 OSC1A Oscillation Stabilization Wait Time Settings
OSC1AWT[1:0] Oscillation stabilization wait time
0x3 2048 cycles
0x2 4096 cycles
0x1 8192 cycles
0x0 16384 cycles
(Default: 0x0)
This is set to 16384 cycles (OSC1 clock) after an initial reset.
When the system clock is switched to OSC1 immediately after the OSC1A oscillator circuit is turned
on, the OSCI clock is supplied to the system after the OSC1 clock system supply wait time indicated
below (at a maximum) has elapsed.
OSC1 clock system supply wait time < OSC1A oscillation start time (max.) + OSC1A
oscillation stabilization wait time
Note: Oscillation stability will vary, depending on the resonator and other external components.
Carefully consider the OSC1A oscillation stabilization wait time before reducing the time.
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PCLK Control Register (CLG_PCLK)

‘ Register name |Address| Bit | Name | Function Setting | Init. |R/W| Remarks
PCLK Control | 0x5080 | D7-2 |- reserved - - — |0 when being read.
Register (8 bits) | D1-0 |PCKEN[1:0]|PCLK enable PCKEN[1:0] | PCLK supply | 0x3 | R/'W
(CLG_PCLK) 0x3 Enable

0x2 Not allowed

0x1 Not allowed

0x0 Disable

D[7:2] Reserved

D[1:0] PCKEN[1:0]: PCLK Enable Bits
Enables or disables clock (PCLK) supply to the internal peripheral modules.

Table 7.8.13 PCLK Control

PCKEN[1:0] PCLK supply
0x3 Enabled (on)
0x2 Setting prohibited
0x1 Setting prohibited
0x0 Disabled (off)

(Default: 0x3)
The PCKEN][1:0] default setting is 0x3, which enables clock supply.

Peripheral modules that use PCLK
e Interrupt controller
e 8-bit timer Ch.0 and Ch.1
e SPI Ch.0
* I2C master
* I2C slave
* Power generator
* P port & port MUX
* MISC registers

The PCLK supply cannot be disabled if one or more peripheral modules in these list must be oper-
ated. The PCLK supply can be disabled if all the peripheral circuits in these list can be stopped.
Stop the PCLK supply to reduce current consumption if all the peripheral modules listed above are
not required.

Peripheral modules/functions that do not use PCLK
* Real-time clock
¢ Clock timer
* Stopwatch timer
* Watchdog timer
e EPD controller/driver
* Sound generator
* SVD circuit
 Temperature detection circuit
* R/F converter
* 16-bit PWM timer Ch.0 and Ch.1
* UART Ch.0
* FOUTA/FOUTB outputs

These peripheral modules/functions can operate even if PCLK is stopped.

Note: Do not set PCKEN[1:0] to 0x2 or Ox1, since doing so will stop the operation of certain
peripheral modules.
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CCLK Control Register (CLG_CCLK)

‘ Register name |Address| Bit | Name | Function Setting | Init. |R/W| Remarks
CCLK Control | 0x5081 | D7-2 |- reserved - - — |0 when being read.
Register (8 bits) | D1-0 |CCLKGR[1:0]|CCLK clock gear ratio select CCLKGRI[1:0] Gear ratio 0x0 | R/'W
(CLG_CCLK) 0x3 1/8
0x2 1/4
ox1 1/2
0x0 11
D[7:2] Reserved
D[1:0] CCLKGR[1:0]: CCLK Clock Gear Ratio Select Bits
Selects the gear ratio for reducing system clock speed and sets the CCLK clock speed for operating
the S1C17 Core. To reduce current consumption, operate the S1C17 Core using the slowest possible
clock speed.
Table 7.8.14 CCLK Gear Ratio Selection
CCLKGR[1:0] Gear ratio
0x3 1/8
0x2 1/4
0x1 1/2
0x0 11
(Default: 0x0)
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8 THEORETICAL REGULATION (TR)

8 Theoretical Regulation (TR)

8.1 TR Module Overview

The S1C17F57 has a theoretical regulation function that theoretically corrects time clock errors due to deviation in
oscillation frequencies.

* Adjusts the OSC1A clock (32.768 kHz Typ.) (Note that the OSC1B clock cannot be adjusted.)
* Adjustable range: -15/32768 to +16/32768 [second] in a correction operation

¢ Peripheral modules that use the regulated clock (F256)
1. Real-time clock (RTC)
2. Clock timer (CT)
3. Stopwatch timer (SWT)
4. Watchdog timer (WDT)

5. 16-bit PWM timer (T16A2) # Only when F256 is selected as the count clock
e Software can execute theoretical regulation at any time
TR
Regulation Theoretical
value register »  regulation O REGMON
(TR_VAL) control circuit
A
A 4
oosfiﬁ;t’; OSCIA [OSCiA | iF2s6 . ToRTC, CT, SWT,
(32.768 kHz) d|\/‘|fjer (256 Hz) =~ WDT, and T16A2
CLG
— RTC reset

Figure 8.1.1 TR Module Configuration

8.2 TR Output Pin

Table 8.2.1 shows the TR output pin.

Table 8.2.1 TR Output Pin
Pin name 1/0 Qty Function
REGMON (0] 1 |Theoretical regulation monitor output pin
This pin outputs a regulated clock (F256 (256 Hz) or F1 (1 Hz)) for monitoring the
theoretical regulation results.

The TR output pin (REGMON) is shared with an I/O port and is initially set as a general-purpose I/O port pin. The
pin function must be switched using the port function select bit to use the general-purpose I/O port pin as the TR
output pin.

For detailed information on pin function switching, see the “I/O Ports (P)” chapter.

8.3 Theoretical Regulation Control

8.3.1 Setting Regulation Values

The correction value (-15/32768 to +16/32768) for theoretical regulation is specified using TRIM[4:0]/TR_VAL
register.
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Table 8.3.1.1 Regulation Value Settings

Amount of correction/ Rate * Amount of correction/ Rate *
TRIM[4:0] one adjustment (Seconds/Day) TRIM[4:0] one adjustment (Seconds/Day)
(n/32768) (n/32768)
0x10 -15 +3.955 0x00 +1 -0.264
0x11 -14 +3.691 0x01 +2 -0.527
0x12 -13 +3.428 0x02 +3 -0.791
0x13 -12 +3.164 0x03 +4 -1.055
0x14 -11 +2.900 0x04 +5 -1.318
0x15 -10 +2.637 0x05 +6 -1.582
0x16 -9 +2.373 0x06 +7 -1.846
0x17 -8 +2.109 0x07 +8 -2.109
0x18 -7 +1.846 0x08 +9 -2.373
0x19 -6 +1.582 0x09 +10 -2.637
Ox1a -5 +1.318 0x0a +11 -2.900
0x1b -4 +1.055 0x0b +12 -3.164
Ox1c -3 +0.791 0x0c +13 -3.428
Ox1d -2 +0.527 0x0d +14 -3.691
Ox1e -1 +0.264 0x0e +15 -3.955
Ox1f 0 0 0x0f +16 -4.219
* Rates when theoretical regulation is executed in 10-second cycles (Default: 0x0)

Addresses Oxfffa to Oxfffb in the Flash memory are reserved for storing the correction value. The correction value
should be programmed in this area by the user and use it for setting TRIM[4:0]. The IC will be shipped with this
area emptied, therefore, do not place any program code or data in these addresses.

8.3.2 Executing Theoretical Regulation

Writing 1 to REGTRIG/TR_CTL register starts theoretical regulation that is performed in the OSC1A clock (32.768
kHz) divider. This operation extends or reduces the cycle time of the 256 Hz clock output by the OSC1A divider
for the regulation value specified by TRIM[4:0]. Theoretical regulation is performed only once by writing 1 to
REGTRIG. To perform theoretical regulation periodically, use a timer interrupt handler to write 1 to REGTRIG.
Note that a maximum 16.6 ms of delay occurs before theoretical regulation actually starts after writing to
REGTRIG. Writing 1 to REGTRIG in this period is ineffective, so to write 1 to REGTRIG successively, an interval
at least 16.6 ms is necessary between writings.

The regulated clock (F256) will be supplied to the OSC1 peripheral circuits such as the clock timer.

Note: Use an interrupt from a peripheral timer module that runs with the regulated clock (F256) to ex-
ecute theoretical regulation. An interrupt from the timer that runs all the time should be used to
reduce current consumption.

8.3.3 Regulated Clock External Monitor

Either the 256 Hz (F256) or 1 Hz (F1) regulated clock can be output from the REGMON pin for monitoring.
RCLKFSEL/TR_CTL register is used to select the clock to be monitored from F256 and F1. When RCLKFSEL is
0 (default), F256 is selected; when RCLKFSEL is set to 1, F1 is selected.

The selected clock is output from the REGMON pin by setting RCLKMON to 1. Setting RCLKMON to 0 stops the
clock output and the REGMON pin goes low (Vss) level.

Notes: < Before the 256 Hz regulated clock can be monitored, any of the clock timer (CT), stopwatch
timer (SWT), or watchdog timer (WDT) must be turned on. Or turn the 16-bit PWM timer (T16A2)
on after F256 (256 Hz regulated clock) is selected as its clock.

+ Before the 1 Hz regulated clock can be monitored, the real-time clock (RTC) must be turned
on.
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8.4 Control Register Details

Table 8.4.1 List of TR Registers

Address Register name Function
0x5078 TR_CTL TR Control Register Controls theoretical regulation.
0x5079 TR_VAL TR Value Register Sets a regulation value.

The TR module registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

TR Control Register (TR_CTL)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
TR Control 0x5078 | D7-4 |- reserved - - — |0 when being read.
Register (8 bits) D3 |RCLKFSEL |Monitor clock frequency select 1 |1 Hz | 0 |256 Hz 0 |RW
(TR_CTL) D2 |RCLKMON |Regulated clock monitor enable | 1|Enable | 0 [Disable 0 |RW
D1 |- reserved - - — |0 when being read.
DO |REGTRIG |Regulation trigger 1 |Trigger | 0 |Ignored 0 W

D[7:4] Reserved

D3 RCLKFSEL: Monitor Clock Frequency Select Bit
Selects the regulated clock to be output from the REGMON pin for monitoring.
1 (R/W): FI1 (1 Hz)
0 (R/W): F256 (256 Hz) (default)

D2 RCLKMON: Regulated Clock Monitor Enable Bit
Controls the clock monitor output from the REGMON pin.
1 (R/W): Enabled (On)
0 (R/W): Disabled (Off) (default)

Setting RCLKMON to 1 outputs the clock selected by RCLKFSEL from the REGMON pin.
D1 Reserved

DO REGTRIG: Regulation Trigger Bit
Executes theoretical regulation.
1 (W):  Trigger
0 (W): Ignored (default)

Theoretical regulation is performed only once by writing 1 to REGTRIG.

Note that a maximum 16.6 ms of delay occurs before theoretical regulation actually starts after writ-
ing to REGTRIG. Writing 1 to REGTRIG in this period is ineffective, so to write 1 to REGTRIG suc-
cessively, an interval at least 16.6 ms is necessary between writings.

TR Value Register (TR_VAL)

‘Register namelAddressl Bit | Name | Function | Setting |Init.|R/W| Remarks
TR Value 0x5079 | D7-5 |- reserved - - — |0 when being read.
Register (8 bits) | D4-0 |TRIM[4:0] |Regulation value TRIM[4:0] Regulation | 0x0 | R/'W
(TR_VAL) i value

Oxf +16

Oxe +15

0x1 +2

0x0 +1

ox1f 0

Ox1e -1

0x11 -14

0x10 -15

D[7:5] Reserved

D[4:0] TRIM[4:0]: Regulation Value Bits
Specifies the correction value (-15/32768 to +16/32768) for theoretical regulation.
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Table 8.4.2 Regulation Value Settings

Amount of correction/ Rate * Amount of correction/ Rate *
TRIM[4:0] one adjustment (Seconds/Day) TRIM[4:0] one adjustment (Seconds/Day)
(n/32768) (n/32768)

0x10 -15 +3.955 0x00 +1 -0.264
0x11 -14 +3.691 0x01 +2 -0.527
0x12 -13 +3.428 0x02 +3 -0.791
0x13 -12 +3.164 0x03 +4 -1.055
0x14 -11 +2.900 0x04 +5 -1.318
0x15 -10 +2.637 0x05 +6 -1.582
0x16 -9 +2.373 0x06 +7 -1.846
0x17 -8 +2.109 0x07 +8 -2.109
0x18 -7 +1.846 0x08 +9 -2.373
0x19 -6 +1.582 0x09 +10 -2.637
Ox1a -5 +1.318 0x0a +11 -2.900
0x1b -4 +1.055 0x0b +12 -3.164
Ox1c -3 +0.791 0x0c +13 -3.428
0x1d -2 +0.527 0x0d +14 -3.691
Ox1e -1 +0.264 0x0e +15 -3.955
Ox1f 0 0 0xOf +16 -4.219

* Rates when theoretical regulation is executed in 10-second cycles

(Default: 0x0)

8-4

Seiko Epson Corporation

S1C17F57 TECHNICAL MANUAL

(Rev. 1.1)



9 Real-Time Clock (RTC)

9.1 RTC Module Overview

9 REAL-TIME CLOCK (RTC)

The S1C17F57 incorporates a real-time clock (RTC).
The main features of the RTC are outlined below.

¢ Contains time counters (seconds, minutes, and hours).

e The RTC operates with the OSC1A oscillator circuit even in SLEEP mode.

e Either binary or BCD data can be read from and written to the counters.

* Capable of controlling the starting and stopping of time clocks.

e 24-hour or 12-hour mode can be selected.

¢ Periodic interrupts (32 Hz, 8 Hz, 4 Hz, 1 Hz, 10 second, 1 minute, 10 minutes, 1 hour, 10 hours, half-day, and 1

day) are possible.
Figure 9.1.1 shows a block diagram of the RTC.

Reset

RTC

Controller

' CLG&TR

' |0SC1A 32 kHz |OSC1A

' |oscillator "|divider ¢

: v 4 :
! Theoretical OSC1SEL 3
3 regulation !
. [oSc1B 32 kHz [OSC1B :
' |oscillator "|divider

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

[RTCAUN]

v

Divider

1Hz

v 32 Hz, 8 Hz, 4 Hz, 1 Hz
Interrupt 10s, 1 m [Second
control counter
10 m, 1 h |Minute
counter
alf-day, 1 day |Hour counter

AM/PM

Figure 9.1.1 RTC Block Diagram

9.2 RTC Counters

Internal data bus

The RTC contains the following three counters, whose count values can be read out as either binary or BCD data
from the respective registers. Each counter can also be set to any desired time by writing data to the respective reg-

ister.

Second counter

This 7-bit binary counter counts from O to 59 seconds synchronously with the 1 Hz signal derived from the di-
vider. This counter is also used as a 3-bit (0 to 5) + 4-bit (0 to 9) BCD counter by setting BCOMD/RTC_CTL
register to 1. The counter data can be read/written using RTCSEC[6:0]/RTC_MS register. The counter is reset
to 0 when it reaches 60 seconds and outputs a carry over of 1 to the minute counter.

RTCSEC[6:0]

Binary mode |

0-59

RTCSEC[6:4]

RTCSEC[3:0]

BCD mode | 0-5 (10-second digit) |

0-9 (1-second digit)

Figure 9.2.1 Second Counter
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Minute counter

This 7-bit binary counter counts from 0 to 59 minutes with 1 carried over from the second counter. This counter
is also used as a 3-bit (0 to 5) + 4-bit (0 to 9) BCD counter by setting BCDMD/RTC_CTL register to 1. The
counter data can be read/written using RTCMIN[6:0]/RTC_MS register. The counter is reset to O when it reach-

es 60 minutes and outputs a carry over of 1 to the hour counter.

Hour counter

RTCMIN[6:0]

Binary mode |

0-59

RTCMIN[6:4]

RTCMIN[3:0]

BCD mode [ 0-5 (10-minute digit) |

0-9 (1-minute digit) |

Figure 9.2.2 Minute Counter

This 6-bit binary counter counts from 0 to 23 o’clock (24-hour mode) or from 1 to 12 o’clock (12-hour mode)

with 1 carried over from the minute counter. This counter is also used as a 2-bit (0 to 2 or 0 to 1) + 4-bit (0 to
9) BCD counter by setting BCOMD/RTC_CTL register to 1. The counter data can be read/written using RT-
CHOUR[S5:0]/RTC_H register.

24-hour mode

12-hour mode

RTCHOUR[5:0] RTCHOUR[5:0] AMPM

Binary mode | 0-23 | 1-12 [0/]

RTCHOUR[5:4] RTCHOUR[3:0] RTCHOUR[5:4] RTCHOUR[3:0] AMPM

BCD mode [0—2 (10-hour digit) | 0-9 (1-hour digit) | [0=1 (10-hour digit) | 0-9 (1-hour digit) [01]

0 (AM)/1 (PM)
Figure 9.2.3 Hour Counter
Table 9.2.1 Hour Counter Values
24-hour mode 12-hour mode
Time RTCHOURI[5:0] RTCHOUR[5:0] RTCHOURI[5:0] RTCHOUR[5:0] AMPM
(binary) (BCD) (binary) (BCD)

0 o'clock (12am) 0x0 0x00 0xc 0x12 0
1 o'clock (1am) 0x1 0x01 0x1 0x01 0
2 o'clock (2am) 0x2 0x02 0x2 0x02 0
3 o'clock (3am) 0x3 0x03 0x3 0x03 0
4 o'clock (4am) 0x4 0x04 0x4 0x04 0
5 o'clock (5am) 0x5 0x05 0x5 0x05 0
6 o'clock (6am) 0x6 0x06 0x6 0x06 0
7 o'clock (7am) 0x7 0x07 0x7 0x07 0
8 o'clock (8am) 0x8 0x08 0x8 0x08 0
9 o'clock (9am) 0x9 0x09 0x9 0x09 0
10 o'clock (10am) Oxa 0x10 Oxa 0x10 0
11 o'clock (11am) 0xb 0x11 0xb 0x11 0
12 o'clock (12pm) 0xc 0x12 0xc 0x12 1
13 o'clock (1pm) Oxd 0x13 0x1 0x01 1
14 o'clock (2pm) Oxe 0x14 0x2 0x02 1
15 o'clock (3pm) Oxf 0x15 0x3 0x03 1
16 o'clock (4pm) 0x10 0x16 0x4 0x04 1
17 o'clock (5pm) 0x11 0x17 0x5 0x05 1
18 o'clock (6pm) 0x12 0x18 0x6 0x06 1
19 o'clock (7pm) 0x13 0x19 0x7 0x07 1
20 o'clock (8pm) 0x14 0x20 0x8 0x08 1
21 o'clock (9pm) 0x15 0x21 0x9 0x09 1
22 o'clock (10pm) 0x16 0x22 Oxa 0x10 1
23 o'clock (11pm) 0x17 0x23 Oxb 0x11 1

Initial counter values

An initial reset does not initialize the counter values. Be sure to initialize the counters via software.
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9.3 RTC Control

9.3.1 Operating Clock Control

The RTC module uses the 256 Hz clock output by the CLG module as the operation clock (normally, RTC is
clocked by the F256 clock (regulated 256 Hz clock) derived from the OSC1A divider). Therefore, the OSC1 oscil-
lator must be turned on before starting the RTC. However, the clock is not supplied to the RTC module while RTC is
stopped even if the OSCI1 oscillator is on. For detailed information on clock control, see the “Clock Generator (CLG)”
and “Theoretical Regulation (TR)” chapters.

Notes: * The RTC module input clock frequency is 256 Hz only when the OSC1 clock frequency is
32.768 kHz. The frequency described in this chapter will vary accordingly for other OSC1
clock frequencies.

+ The RTC module can also be operated with the OSC1B divider clock (about 256 Hz) even if
OSC1B is selected as the OSC1 clock source in the CLG. However, the RTC cannot be used
as an accurate clock.

« The OSC1A divider is reset when the RTC starts running (when 1 is written to RTCRUN/RTC_
CTL register). This affects the count operations of the timer modules (CT, SWT, WDT, and
T16A2), as new 256 Hz cycle begins from that point.

+ After an initial reset, RTCRUN is set to 0 and the RTC idles. The OSC1 oscillator circuit is also
idle. Therefore, resetting the IC suspends the RTC operation for the period shown below.

RTC idle time = [#RESET = low period] +
[OSC3B oscillation stabilization time] +
[Time until OSC1 is started] +
[OSC1 oscillation stabilization time] +
[Time until RTC is restarted]

9.3.2 12-hour/24-hour mode selection

Whether to use the clock in 12-hour or 24-hour mode can be selected using RTC24H/RTC_CTL register.
RTC24H = 1: 12-hour mode
RTC24H = 0: 24-hour mode

The count range of the hour counter changes with this selection.

Basically, this setting should be changed while the counters are idle. RTC24H is allocated to the same address as
the control bits that start the counters. Therefore, 12-hour mode or 24-hour mode can be selected at the same time
the counters are started.

Checking A.M./P.M. with 12-hour mode selected

When 12-hour mode is selected, AMPM/RTC_H register that indicates A.M. or P.M. is enabled.
AMPM =0: A M.
AMPM = 1: PM.

For 24-hour mode, AMPM is fixed to O.
When setting the time of day, write either of the values above to this bit to specify A.M. or P.M.

9.3.3 RTC Start/Stop

The RTC starts counting when RTCRUN/RTC_CTL register is set to 1, and stops counting when this bit is set to 0.
The OSC1A divider in the CLG module is reset by writing 1 to RTCRUN and it starts division of the OSC1A clock.

9.3.4 Counter Settings

Counter values should be set in the procedure shown below.
1. Stop the RTC by writing 0 to RTCRUN/RTC_CTL register.
2. Wait until RTCST/RTC_CTL register is reset to O (the RTC actually stops operating).
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3. Write the counter values to the RTC_MS and RTC_H registers.
4. Start the RTC by writing 1 to RTCRUN/RTC_CTL register.

( Counter setting )

RTCRUN < 0

<€

) 4

RTCST = 0? No

Yes

Register write

v

RTCRUN < 1

( END D
Figure 9.3.4.1 Procedure for Setting Counters

Notes: * Do not set the counters while the RTC is running, as proper settings to the counters cannot
be guaranteed.

+ Counter values to be set must be within the effective range according to binary/BCD mode.
The counter will be undefined if a value out of the range is written.

+ Depending on the value set, an interrupt may occur immediately after starting the RTC.

9.3.5 Counter Read

If 1 is being carried over while the counters are being read, correct time may not be read.
Counter values should be read in the procedure shown below.

Read procedure 1
1. Read the RTC_MS and RTC_H registers.

2. Read the RTC_MS and RTC_H registers again.

3. If the same value is read out in Steps 1 and 2, use it as the correct time.
If different values are read out, try again from Step 1.

( Counter read )

Read the RTC_MS and
RTC_H registers (A)

Read the RTC_MS and
RTC_H registers (B)

S

Yes

Current time = A (B)

( END )
Figure 9.3.5.1 Procedure for Reading Counters

Read procedure 2
After a 1 Hz interrupt (or 10-second to 1 day interrupt) occurs, read the RTC_MS and RTC_H registers within
one second.
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9.4 RTC Interrupts

The RTC can generate interrupts in 10 different cycles listed in Table 9.4.1. To generate interrupts, set the inter-
rupt enable bits for the interrupt cycles to 1. If an interrupt enable bit is set to O (default), interrupt requests for the
cause will not be sent to the ITC.

Table 9.4.1 Interrupt Cycles and Interrupt Control Bits

Interrupt Interrupt timing Interrupt flag Interrupt enable bit
cycle (RTC_IFLG register) | (RTC_IEN register)
One day [Hour counter = 23—0 (24-hour mode) INT1D INT1DEN
Hour counter = 11pm—12am (12-hour mode)
Half-day |Hour counter = 11—12, 23—0 (24-hour mode) INTHD INTHDEN
Hour counter = 11am—12pm, 11pm—12am (12-hour mode)
1 hour |Minute counter = 59—0 INT1H INTTHEN
10 minutes |Minute counter = 9—10, 19—20, 29—30, 39—40, 4950, INT10M INT1OMEN
59—0
1 minute |Second counter = 59—0 INT1M INTTMEN
10 seconds|Second counter = 9—10, 19—20, 29—30, 39—40, 4950, INT10S INT10SEN
59—0
1Hz Divider 1 Hz signal cycles INT1HZ INT1HZEN
4 Hz Divider 4 Hz signal cycles INT4HZ INT4HZEN
8 Hz Divider 8 Hz signal cycles INT8HZ INT8BHZEN
32 Hz |Divider 32 Hz signal cycles INT32HZ INT32HZEN

When the interrupt enable bit is set to 1, the corresponding interrupt flag will be set to 1 in the timing shown above
and the interrupt request will be sent to the ITC.

Since the RTC is active even in SLEEP mode, RTC interrupt requests may be used to cancel SLEEP mode. For ex-
ample, the RTC interrupt can be used for executing periodical theoretical regulation processing when the theoretical
regulation type OSC1A oscillator is used.

For more information on interrupt processing, see the “Interrupt Controller (ITC)” chapter.

Notes: - To prevent interrupt recurrences, the interrupt flag must be reset in the interrupt handler rou-
tine after an RTC interrupt has occurred. The interrupt flag is reset by writing 1.

+ To prevent unwanted interrupts, reset the interrupt flags before enabling interrupts with the
interrupt enable bits.

9.5 Control Register Details

Table 9.5.1 List of RTC Registers

Address Register name Function
0x56¢0 RTC_CTL RTC Control Register Controls the RTC.
0x56¢2 RTC_IEN RTC Interrupt Enable Register Enables/disables interrupts.
0x56¢c4 RTC_IFLG RTC Interrupt Flag Register Displays/sets interrupt occurrence status.
0x56¢6 RTC_MS RTC Minute/Second Counter Register Minute/second counter data
0x56¢8 RTC_H RTC Hour Counter Register Hour counter data

The following describes each RTC register.

Note: When data is written to the register, the “Reserved” bits must always be written as 0 and not 1.

RTC Control Register (RTC CTL)

‘ Register name |Address| Bit | Name Function | Setting | Init. |R/W| Remarks ‘
RTC Control 0x56¢c0 | D15-9 |- reserved - - — |0 when being read.
Register (16 bits) D8 |RTCST RTC run/stop status 1 |Running | 0 |Stop 0 R
(RTC_CTL) D7-6 |- reserved - - — |0 when being read.
D5 [BCDMD  [BCD mode select 1 [BCD mode [ 0 [Binary mode| 0 |R/W
D4 |RTC24H  [24H/12H mode select 1]12H | 0]24H 0 |[RrW
D3-1 |- reserved - - — |0 when being read.
DO |RTCRUN _|RTC run/stop control 1 |Run [ 0stop 0 |[RrW
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D[15:9] Reserved

D8 RTCST: RTC Run/Stop Status Bit
Indicates the RTC operating status.
1 (R): Running
0 (R): Stop (default)

RTCST goes 1 when the RTC starts running by writing 1 to RTCRUN. RTCST reverts to O when the
count operation is actually stopped after O is written to RTCRUN. When setting counter values, write
0 to RTCRUN and make sure that RTCST is reset to 0 before writing data.

D[7:6] Reserved

D5 BCDMD: BCD Mode Select Bit
Sets the second, minute, and hour counters into BCD mode.
1 (R/W): BCD mode
0 (R/W): Binary mode (default)

By default, each counter operates as a binary counter and a binary value is read or written as counter
data. Setting BCDMD to 1 configures the counter so that two-digit BCD value can be read or written.
See Section 9.2 for the configuration of the counter in each mode.

D4 RTC24H: 24H/12H Mode Select Bit
Selects whether to use the hour counter in 24-hour or 12-hour mode.
1 (R/W): 24-hour mode
0 (R/W): 12-hour mode (default)

The count range of the hour counter changes with this selection. Basically, this setting should be
changed while the counters are idle. Since this register is assigned a control bit (DO) to start the coun-
ters, 12-hour or 24-hour mode may be selected when starting the counters.

D[3:1] Reserved

DO RTCRUN: RTC Run/Stop Control Bit
Starts or stops the RTC.
1 (R/W): Start
0 (R/W): Stop (default)

The RTCRUN default setting is 0, which stops the RTC. Setting RTCRUN to 1 enables the CLG to
send the clock to the RTC. When RTCRUN is set to 1, the OSC1A oscillator circuit does not stop
even if the IC enters SLEEP mode (the OSC1 clock will be supplied to the RTC only).

Writing 1 to RTCRUN resets the OSC1A divider in the CLG module.

RTC Interrupt Enable Register (RTC_IEN)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
RTC Interrupt | 0x56¢2 D15—10|— reserved - - — |0 when being read.
Enable Register| (16 bits) D9 |INT1 DEN [1-day interrupt enable 1 |Enable 0 [Disable 0 |R/W
(RTC_IEN) D8 |INTHDEN Half-day interrupt enable 1 |Enable 0 |Disable 0 |RW

D7 |INT1HEN 1-hour interrupt enable 1 |Enable 0 |Disable 0 |R/W

D6 |INT10MEN 10-minute interrupt enable 1 |Enable 0 [Disable 0 |R/W

D5 |INT1MEN 1-minute interrupt enable 1 |Enable 0 |Disable 0 |RW

D4 |INT1OSEN 10-second interrupt enable 1 |Enable 0 [Disable 0 |R/W

D3 |INT1HZEN 1 Hz interrupt enable 1 |Enable 0 |Disable 0 |RW

D2 |INT4HZEN 4 Hz interrupt enable 1 |Enable 0 [Disable 0 |R/W

D1 [INTBHZEN [8 Hz interrupt enable 1 |Enable 0 |Disable 0 |RW

DO |INT32HZEN 32 Hz interrupt enable 1 |Enable 0 |Disable 0 |R/W

This register is used to enable/disable RTC interrupts. When the interrupt enable bit for an interrupt cycle is set to
1, the corresponding interrupt flag will be set to 1 in the interrupt cycles and the interrupt request will be sent to the
ITC. If an interrupt enable bit is set to 0, the interrupt request will not be sent to the ITC.

1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)
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D[15:10] Reserved
D9 INT1DEN: 1-Day Interrupt Enable Bit

Enables or disables 1-day interrupt requests to the ITC.
D8 INTHDEN: Half-Day Interrupt Enable Bit

Enables or disables half-day interrupt requests to the ITC.
D7 INT1HEN: 1-Hour Interrupt Enable Bit

Enables or disables 1-hour interrupt requests to the ITC.
D6 INT10MEN: 10-Minute Interrupt Enable Bit

Enables or disables 10-minute interrupt requests to the ITC.
D5 INT1MEN: 1-Minute Interrupt Enable Bit

Enables or disables 1-minute interrupt requests to the ITC.
D4 INT10SEN: 10-Second Interrupt Enable Bit

Enables or disables 10-second interrupt requests to the ITC.
D3 INT1HZEN: 1 Hz Interrupt Enable Bit

Enables or disables 1 Hz interrupt requests to the ITC.
D2 INT4AHZEN: 4 Hz Interrupt Enable Bit

Enables or disables 4 Hz interrupt requests to the ITC.
D1 INT8HZEN: 8 Hz Interrupt Enable Bit

Enables or disables 8 Hz interrupt requests to the ITC.
DO INT32HZEN: 32 Hz Interrupt Enable Bit

Enables or disables 32 Hz interrupt requests to the ITC.

RTC Interrupt Flag Register (RTC_IFLG)

9 REAL-TIME CLOCK (RTC)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
RTC Interrupt | 0x56¢c4 |D15-10 |— reserved - - — |0 when being read.
Flag Register (16 bits) D9 |INT1D 1-day interrupt flag 1 |Cause of 0 [Cause of 0 | R/W |Reset by writing 1.
(RTC_IFLG) D8 |[INTHD Half-day interrupt flag interrupt interrupt notl o [R/W

D7 |INT1 H 1-hour interrupt flag occurred occurred 0 |R/W

D6 |INT10M 10-minute interrupt flag 0 |RW

D5 |INT1 M 1-minute interrupt flag 0 |R/W

D4 |INT1OS 10-second interrupt flag 0 |RW

D3 |INT1 HZ 1 Hz interrupt flag 0 |R/W

D2 [INT4HZ |4 Hz interrupt flag 0 |rRwW

D1 [INT8HZ 8 Hz interrupt flag 0 [RwW

Do |INT32HZ 32 Hz interrupt flag 0 |R/W

This register indicates RTC interrupt cause occurrence status. When the corresponding interrupt enable bit is set to 1,
the interrupt flag will be set to 1 in the interrupt cycles and the interrupt request will be sent to the ITC. The inter-

rupt flags are reset to 0 by writing 1.

1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored
D[15:10] Reserved
D9 INT1D: 1-Day Interrupt Flag Bit
Indicates 1-day interrupt cause occurrence status. INT1D is set to 1 at the same time the hour counter
changes from 23 to O (in 24-hour mode) or 11pm to 12am (in 12-hour mode).
D8 INTHD: Half-Day Interrupt Flag Bit

Indicates half-day interrupt cause occurrence status. INTHD is set to 1 at the same time the hour

counter changes from 11 to 12, 23 to 0 (in 24-hour mode), or 11am to 12pm, 11pm to 12am (in 12-

hour mode).
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9 REAL-TIME CLOCK (RTC)

D7

D6

D5

D4

D3

D2

D1

DO

INT1H: 1-Hour Interrupt Flag Bit
Indicates 1-hour interrupt cause occurrence status. INT1H is set to 1 at the same time the minute
counter changes from 59 to 0.

INT10M: 10-Minute Interrupt Flag Bit
Indicates 10-minute interrupt cause occurrence status. INT10M is set to 1 at the same time the minute
counter changes from 9 to 10, 19 to 20, 29 to 30, 39 to 40, 49 to 50, or 59 to O.

INT1M: 1-Minute Interrupt Flag Bit
Indicates 1-minute interrupt cause occurrence status. INT1M is set to 1 at the same time the second
counter changes from 59 to 0.

INT10S: 10-Second Interrupt Flag Bit
Indicates 10-second interrupt cause occurrence status. INT10S is set to 1 at the same time the second
counter changes from 9 to 10, 19 to 20, 29 to 30, 39 to 40, 49 to 50, or 59 to 0.

INT1HZ: 1 Hz Interrupt Flag Bit
Indicates 1 Hz interrupt cause occurrence status. INT1HZ is set to 1 in the divider 1 Hz signal cycles.

INT4HZ: 4 Hz Interrupt Flag Bit
Indicates 4 Hz interrupt cause occurrence status. INT4HZ is set to 1 in the divider 4 Hz signal cycles.

INT8HZ: 8 Hz Interrupt Flag Bit
Indicates 8 Hz interrupt cause occurrence status. INTS8HZ is set to 1 in the divider 8 Hz signal cycles.

INT32HZ: 32 Hz Interrupt Flag Bit
Indicates 32 Hz interrupt cause occurrence status. INT32HZ is set to 1 in the divider 32 Hz signal
cycles.

RTC Minute/Second Counter Register (RTC_MS)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
RTC 0x56¢c6 | D15 |- reserved - - — |0 when being read.
Minute/Second | (16 bits) | D14-8 [RTCMIN Minute counter 0x0 to 0x3b (binary mode) X |RW
Counter [6:0] 0x00 to 0x59 (BCD mode)
Register D7 |- reserved - - — |0 when being read.
(RTC_MS) D6-0 |RTCSEC Second counter 0x0 to 0x3b (binary mode) X |RW

[6:0] 0x00 to 0x59 (BCD mode)
D15 Reserved
D[14:8]  RTCMIN[6:0]: Minute Counter Bits

These bits are used to read and write data from/to the minute counter. (Default: undefined)
The effective range of the read/setting values are as follows:

e RTCMIN[6:0] = 0x0 to 0x3b (0 to 59 minutes) in binary mode (BCDMD = 0)

o RTCMIN[6:4] = 0x0 to 0x5 (10-minute digit) and RTCMIN[3:0] = 0x0 to 0x9 (1-minute digit) in
BCD mode (BCDMD = 1)

D7 Reserved
D[6:0] RTCSEC[6:0]: Second Counter Bits
These bits are used to read and write data from/to the second counter. (Default: undefined)
The effective range of the read/setting values are as follows:
e RTCSEC[6:0] = 0x0 to 0x3b (0 to 59 seconds) in binary mode (BCDMD = 0)
e RTCSEC[6:4] = 0x0 to 0x5 (10-second digit) and RTCSEC[3:0] = 0x0 to 0x9 (1-second digit) in
BCD mode (BCDMD = 1)
Notes: - For the counter read and write procedures, see Section 9.3.5, “Counter Read,” and Section
9.3.4, “Counter Settings.”
+ Do not set the counters while the RTC is running, as proper settings to the counters cannot
be guaranteed.
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9 REAL-TIME CLOCK (RTC)

« Counter values to be set must be within the effective range according to binary/BCD mode.
The counter will be undefined if a value out of the range is written.

+ Depending on the value set, an interrupt may occur immediately after starting the RTC.

RTC Hour Counter Register (RTC_H)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
RTC 0x56¢8 | D15-8 |- reserved - - — |0 when being read.
Hour Counter | (16 bits) | D7 _|[AMPM AM/PM 1]Pm [o]am X |RW
Register D6 |- reserved - - - |0 when being read.
(RTC_H) D5-0 |[RTCHOUR [Hour counter 0x0 to 0x17 (binary mode) X |RW

[5:0] 0x00 to 0x23 (BCD mode)

D[15:8] Reserved

D7 AMPM: AM/PM Bit
Indicates A.M. or PM. when 12-hour mode is selected. (Default: undefined)
1 (R/W): PM.
0 (R/W): AM.

This bit is only effective when RTC24H/RTC_CTL register is set to 1 (12-hour mode).
When 24-hour mode is selected, this bit is fixed to 0. In this case, do not write 1 to AMPM.

Note: The AMPM bit will be fixed at 0 immediately after RTC24H/RTC_CTL register is changed from
12-hour mode to 24-hour mode.

D6 Reserved

D[5:0] RTCHOUR[5:0]: Hour Counter Bits
These bits are used to read and write data from/to the hour counter. (Default: undefined)
The effective range of the read/setting values in binary mode (BCDMD = 0) are as follows:
e RTCHOUR[5:0] = 0x0 to 0x17 (0 to 23 o’clock) in 24-hour mode
¢ RTCHOUR[5:0] = 0x1 to Oxc (1 to 12 o’clock) in 12-hour mode

The effective range of the read/setting values in BCD mode (BCDMD = 1) are as follows:
* RTCHOUR[5:4] = 0x0 to 0x2 (10-hour digit) and RTCHOUR[3:0] = 0x0 to 0x9 (1-hour digit) in 24-
hour mode
* RTCHOUR[5:4] = 0x0 to 0x1 (10-hour digit) and RTCHOUR[3:0] = 0x0 to 0x9 (1-hour digit) in 12-
hour mode

Notes: - For the counter read and write procedures, see Section 9.3.5, “Counter Read,” and Section
9.3.4, “Counter Settings.”

+ Do not set the counters while the RTC is running, as proper settings to the counters cannot
be guaranteed.

+ Counter values to be set must be within the effective range according to binary/BCD mode.
The counter will be undefined if a value out of the range is written.

+ Depending on the value set, an interrupt may occur immediately after starting the RTC.
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10 1/0 PORTS (P)

10 1/0 Ports (P)

10.1 P Module Overview

The P ports are general-purpose digital inputs/outputs that allow software to control the input/output direction and

pull-up resistor. These ports are shared with internal peripheral module inputs/outputs, and the pin functions can be
switched by setting the registers. A number of port groups can generate interrupts caused by a transition of the input
signal.

The following shows the features of the P module:

e Maximum 29 /O ports (PO[7:0], P1[7:0], P2[7:0], P3[4:0]) are available.
* The number of ports for general-purpose use depends on the peripheral functions used.

¢ Each port has a pull-up resistor that can be enabled with software.

¢ Input interface level: CMOS Schmitt

* The PO and P2 ports can generate input interrupts at the signal edge selected with software.

e The PO and P2 ports include a chattering filter.

¢ Can generate an initial reset by entering low level simultaneously to the PO ports selected with software.

* All port provide a port function select bit to configure the pin function (for GPIO or peripheral functions).
Figure 10.1.1 shows the I/O port configuration.

Pull-up enable VbD

PxPUy |
Output enable !

PxOENy —»]

Peripheral I/O control —»|
Function selection

PxyMUX ——OPxy

Output data

PxOUTy F—»]

Peripheral output ——»

Input enable Vss
PxIENy |

Internal data bus

IR

Chattering filter
(PO, P2)

e PxCF1[2:0)/PxCF2[2:0] |

Peripheral module input

Figure 10.1.1 1/0O Port Configuration

Notes: < The PCLK clock must be supplied from the clock generator to access the I/0 port. The PCLK
clock is also needed to operate the PO and P2 chattering filters.

+ The “xy” in the register and bit names refers to the port number (Pxy, x =010 3,y =0to 7).
Example: PxINy/Px_IN register
PO00: POINO/PO_IN register
P17: P1IN7/P1_IN register
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10.2 Input/Output Pin Function Selection (Port MUX)

The I/O port pins share peripheral module input/output pins. Each pin can be configured for use as an I/O port or
for a peripheral module function via the corresponding port function-select bits. Pins not used for peripheral mod-

ules can be used as general-purpose /O ports.

Table 10.2.1 Input/Output Pin Function Selection

Pin function 1 Pin function 2 Pin function 3 Pin function 4 Port function select bits

PxyMUX[1:0] = 0x0 PxyMUX[1:0] = Ox1 PxyMUX[1:0] = 0x2 | PxyMUX][1:0] = 0x3

P00 RFCLKO (RFC) REGMON (TR) - POOMUX[1:0]/P00_03PMUX register
PO1/EXCLO (T16A2) - - - PO1MUX[1:0)/P00_03PMUX register
P02 TOUTAO/CAPAO (T16A2) - - P02MUX[1:0]/P00_03PMUX register
P03 TOUTBO/CAPBO (T16A2) - - PO3MUX[1:0]/P00_03PMUX register
P04/EXCL1 (T16A2) - - - P04MUX[1:0]/P04_07PMUX register
P05 TOUTA1/CAPA1 (T16A2) - - PO5MUX[1:0]/P04_07PMUX register
P06 TOUTB1/CAPB1 (T16A2) |#BZ (SND) - POB6MUX[1:0]/P04_07PMUX register
P07 BZ (SND) - - P0O7MUX[1:0]/P04_07PMUX register
P10 SPICLKO (SPI) - - P10MUX[1:0]/P10_13PMUX register
P11 SDOO (SPI) SDAS (12CS) - P11MUX[1:0)/P10_13PMUX register
P12 SDIO (SPI) SCLS (12CS) - P12MUX[1:0]/P10_13PMUX register
P13 #SPISSO (SPI) FOUTA (CLG) - P13MUX[1:0]/P10_13PMUX register
P14 SCLKO (UART) EPDTRG (EPD) - P14MUX[1:0]/P14_17PMUX register
P15 SINO (UART) SDAM (12CM) - P15MUX[1:0]/P14_17PMUX register
P16 SOUTO (UART) SCLM (12CM) - P16MUX[1:0]/P14_17PMUX register
P17 #BFR (12CS) EPDCLK (EPD) - P17MUX[1:0)/P14_17PMUX register
P20 SDAS (12CS) SENBO (RFC) BZ (SND) P20MUX[1:0]/P20_23PMUX register
P21 SCLS (12CS) SENAO (RFC) #BZ (SND) P21MUX[1:0]/P20_23PMUX register
P22 SDAM (12CM) REFO (RFC) - P22MUX[1:0]/P20_23PMUX register
P23 SCLM (12CM) RFINO (RFC) - P23MUX[1:0]/P20_23PMUX register
P24 RFIN1 (RFC) - - P24MUX[1:0]/P24_27PMUX register
P25 REF1 (RFC) - - P25MUX[1:0]/P24_27PMUX register
P26 SENAT1 (RFC) - - P26MUX[1:0]/P24_27PMUX register
P27 SENB1 (RFC) - - P27MUX[1:0]/P24_27PMUX register
P30 FOUTB (CLG) #SPISSO (SPI) - P30MUX[1:0]/P30_33PMUX register
P31 EPDCLK (EPD) - - P31MUX[1:0]/P30_33PMUX register
DSIO (DBG) P32 - - P32MUX[1:0]/P30_33PMUX register
DST2 (DBG) P33 - - P33MUX[1:0]/P30_33PMUX register
DCLK (DBG) P34 - - P34MUX[1:0]/P34PMUX register

At initial reset, each I/O port pin (Pxy) is initialized for the default function (“Pin function 1” in Table 10.2.1).

Pins PO1 and P04 can also be used as 16-bit PWM timer external clock input pins by setting them to input mode.

However, general-purpose input port function is also effective in this case.

For information on functions other than the I/O ports, see the descriptions of the peripheral modules indicated in

parentheses. The sections below describe port functions with the pins set as general-purpose I/O ports.

Note: Do not assign a peripheral function to two or more pins.

10.3 Data Input/Output

Data input/output control

The I/O ports allow selection of the data input/output direction for each bit using PxOENy/Px_OEN register
and PxIENy/Px_IEN register. PxOENy enables and disables data output, while PxXIENy enables and disables
data input.
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Table 10.3.1 Data Input/Output Status

PxOENy PxIENy PxPUy
. Port status
output control input control pull-up control

0 1 0 Functions as an input port (pull-up off).
The port pin (external input signal) value can be read out from
PxINy (input data). Output is disabled.

0 1 1 Functions as an input port (pull-up on). (Default)
The port pin (external input signal) value can be read out from
PxINy (input data). Output is disabled.

1 0 1or0 Functions as an output port (pull-up off).
Input is disabled. The value read from PxINy (input data) is O.

1 1 1or0 Functions as an output port (pull-up off).
Input is also enabled. The port pin value (output value) can be
read out from PxINy (input data).

0 0 0 The pin is placed into high-impedance status (pull-up off).
Output and input are both disabled. The value read from Px-
INy (input data) is 0.

0 0 1 The pin is placed into high-impedance status (pull-up on).
Output and input are both disabled. The value read from Px-
INy (input data) is 0.

The input/output direction of ports with a peripheral module function selected is controlled by the peripheral
module. PxOENy and PxIENy settings are ignored.

Data input
To input the port pin status and read out the value, enable input by setting PxIENy to 1 (default).
To input an external signal, PXOENy should also be set to O (default). The I/O port is placed into high-imped-
ance status and it functions as an input port (input mode). The port is pulled up if pull-up is enabled by PxPUy/
Px_PU register.
In input mode, the input pin status can be read out directly from PxINy/Px_IN register. The value read will be 1
when the input pin is at High (Vpp) level and 0 when it is at Low (Vss) level.
The port pin status is always input when PxIENy is 1, even if output is enabled (PxXOENy = 1) (output mode). In
this case, the value actually output from the port can be read out from PxINy.
When PxIENy is set to 0, input is disabled, and O will be read out from PxINy.

Data output

To output data from the port pin, enable output by setting PYxOENy to 1 (set to output mode). The I/O port then
functions as an output port, and the value set in the PxOUTy/Px_OUT register is output from the port pin. The
port pin outputs High (Vpp) level when PxOUTYy is set to 1 and Low (Vss) level when set to 0. Note that the
port will not be pulled up in output mode, even if pull-up is enabled by PxPUy.
Writing to PxOUTY is possible without affecting pin status, even in input mode.

10.4 Pull-up Control

The I/0 port contains a pull-up resistor that can be enabled or disabled individually for each bit using PxPUy/Px_
PU register. Setting PxPUy to 1 (default) enables the pull-up resistor and pulls up the port pin in input mode. It will
not be pulled up if set to 0. The PxPUy setting is ignored and not pulled up in output mode, regardless of how the
PxIENy is set.

/O ports that are not used should be set with pull-up enabled.

The PxPUy setting is also ignored if a pin function other than Pxy I/O port is selected. In this case, the pull-up resis-
tor is automatically enabled/disabled according to the pin function selected.

A delay will occur in the waveform rising edge depending on time constants such as pull-up resistance and pin load
capacitance if the port pin is switched from Low level to High level through the internal pull-up resistor. An ap-
propriate wait time must be set for the I/O port loading. The wait time set should be a value not less than that calcu-
lated from the following equation.

Wait time = RiN x (CIN + load capacitance on board) x 1.6 [s]
RN: pull-up resistance maximum value, CIN: pin capacitance maximum value
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10.5 Port Input Interrupt

The PO and P2 ports include input interrupt functions.

Select which of the 16 ports are to be used for interrupts based on requirements. You can also select whether inter-
rupts are generated for either the rising edge or falling edge of the input signals.

Figure 10.5.1 shows the port input interrupt circuit configuration.

Chattering filter

PX0 O— > PXCF1[2:0] Inte;r;r'i_toﬂag
Interrupt edge selection
l

PXEDGEOQ
Interrupt enable
[ PxIEO }

Px port
R interrupt request
. (to ITC)

Px7 O—»| PxCF2[2:0] :?D_{ 5XiET

[ PxEDGE7

[ PxIE7 }

(Px=P0 and P2)

Figure 10.5.1 Port Input Interrupt Circuit Configuration

Interrupt port selection

Select the port generating an interrupt using PxIEy/Px_IMSK register.
Setting PxIEy to 1 enables interrupt generation by the corresponding port. Setting to O (default) disables inter-
rupt generation.

Interrupt edge selection

Port input interrupts can be generated at either the rising edge or falling edge of the input signal. Select the edge
used to generate interrupts using PYEDGEy/Px_EDGE register.

Setting PxEDGEy to 1 generates port input interrupts at the input signal falling edge. Setting it to O (default)
generates interrupts at the rising edge.

Interrupt flags

The ITC is able to accept two interrupt requests from the PO and P2 ports, and the P port module contains inter-
rupt flags PxIFy/Px_IFLG register corresponding to the individual 16 ports to enable individual control of the
16 PO[7:0] and P2[7:0] port interrupts. PxIFy is set to 1 at the specified edge (rising or falling edge) of the input
signal. If the corresponding PxIEy has been set to 1, an interrupt request signal is also output to the ITC at the
same time. An interrupt is generated if the ITC and S1C17 Core interrupt conditions are satisfied.

PxIFy is reset by writing 1.

For specific information on interrupt processing, see the “Interrupt Controller (ITC)” chapter.

Notes: < The P port module interrupt flag PxIFy must be reset in the interrupt handler routine after a
port interrupt has occurred to prevent recurring interrupts.

« To prevent generating unnecessary interrupts, reset the relevant PxIFy before enabling inter-
rupts for the required port using PxIEy.

10.6 PO, P2 Port Chattering Filter Function

The PO and P2 ports include a chattering filter circuit for key entry that can be disabled or enabled with a check
time specified individually for the four Px[3:0] and Px[7:4] ports using PxCF1[2:0]/Px_CHAT register and
PxCF2[2:0]/Px_CHAT register, respectively.
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Table 10.6.1 Chattering Filter Function Settings

PxCF1[2:0]/PxCF2[2:0] Check time *
0x7 16384/frcLk (8 ms)
0x6 8192/frcLk (4 ms)
0x5 4096/frcLk (2 ms)
0x4 2048/frcLk (1 ms)
0x3 1024/frcik (512 ps)
0x2 512/frcLk (256 ps)
0x1 256/frcLk (128 ps)
0x0 No check time (off)

(Default: 0x0, * when PCLK = 2 MHz)

Notes: < An unexpected interrupt may occur after SLEEP status is canceled if the slp instruction is
executed while the chattering filter function is enabled. The chattering filter must be disabled
before placing the CPU into SLEEP status.

+ The chattering filter check time refers to the maximum pulse width that can be filtered.
Generating an input interrupt requires an input time of twice the check time.

+ The Px port interrupt must be disabled before setting the Px_CHAT register. Setting the reg-
ister while the interrupt is enabled may generate inadvertent Px port interrupt. Also the chat-
tering filter circuit requires a maximum of twice the check time for stabilizing the operation
status. Before enabling the interrupt, make sure that the stabilization time has elapsed.

10.7 PO Port Key-Entry Reset

Entering low level simultaneously to the ports (PO0-P03) selected with software triggers an initial reset. The ports
used for the reset function can be selected with the POKRST[1:0]/PO_KRST register.

Table 10.7.1 Configuration of PO Port Key-Entry Reset

POKRST[1:0] Port used for resetting
0x3 P00, P01, P02, P03
0x2 P00, P01, P02
0x1 P00, PO1
0x0 Not used

(Default: 0x0)

For example, if POKRST[1:0] is set to 0x3, an initial reset will take place when the four ports POO—P03 are set to
low level at the same time.

Notes: < The PO port key-entry reset function cannot be used for power-on reset as it must be enabled
with software.

* When using the PO port key-entry reset function, make sure that the designated input ports
will not be simultaneously set to low level while the application program is running.

10.8 Control Register Details

Table 10.8.1 List of I/O Port Control Registers

Address Register name Function
0x5200 PO_IN PO Port Input Data Register PO port input data
0x5201 PO_OUT PO Port Output Data Register PO port output data
0x5202 PO_OEN PO Port Output Enable Register Enables PO port outputs.
0x5203 PO_PU PO Port Pull-up Control Register Controls the PO port pull-up resistor.
0x5205 PO_IMSK PO Port Interrupt Mask Register Enables PO port interrupts.
0x5206 PO_EDGE PO Port Interrupt Edge Select Register Selects the signal edge for generating PO port interrupts.
0x5207 PO_IFLG PO Port Interrupt Flag Register Indicates/resets the PO port interrupt occurrence status.
0x5208 PO_CHAT PO Port Chattering Filter Control Register Controls the PO port chattering filter.
0x5209 PO_KRST PO Port Key-Entry Reset Configuration Register |Configures the PO port key-entry reset function.
0x520a PO_IEN PO Port Input Enable Register Enables PO port inputs.
0x5210 P1_IN P1 Port Input Data Register P1 port input data
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Address Register name

Function

0x5211 P1_OUT P1 Port Output Data Register

P1 port output data

0x5212 P1_OEN P1 Port Output Enable Register

Enables P1 port outputs.

0x5213 P1_PU P1 Port Pull-up Control Register

Controls the P1 port pull-up resistor.

0x521a P1_IEN P1 Port Input Enable Register

Enables P1 port inputs.

0x5220 P2_IN P2 Port Input Data Register

P2 port input data

0x5221 P2_OUT P2 Port Output Data Register

P2 port output data

0x5222 P2_OEN P2 Output Enable Register

Enables P2 port outputs.

0x5223 P2_PU P2 Port Pull-up Control Register

Controls the P2 port pull-up resistor.

0x5225 P2_IMSK P2 Port Interrupt Mask Register

Enables P2 port interrupts.

0x5226 P2_EDGE P2 Port Interrupt Edge Select Register

Selects the signal edge for generating P2 port interrupts.

0x5227 P2_IFLG P2 Port Interrupt Flag Register

Indicates/resets the P2 port interrupt occurrence status.

0x5228 P2_CHAT

P2 Port Chattering Filter Control Register

Controls the P2 port chattering filter.

0x522a P2_IEN P2 Port Input Enable Register

Enables P2 port inputs.

0x5230 P3_IN P3 Port Input Data Register

P3 port input data

0x5231 P3_OUT P3 Port Output Data Register

P3 port output data

0x5232 P3_OEN P3 Port Output Enable Register

Enables P3 port outputs.

0x5233 P3_PU P3 Port Pull-up Control Register

Controls the P3 port pull-up resistor.

0x523a P3_IEN P3 Port Input Enable Register

Enables P3 port inputs.

0x52a0 P0O0_03PMUX [PO0[3:0] Port Function Select Register

Selects the P0[3:0] port functions.

0x52a1 P04_07PMUX |PO[7:4] Port Function Select Register

Selects the P0[7:4] port functions.

0x52a2 P10_13PMUX [P1[3:0] Port Function Select Register

Selects the P1[3:0] port functions.

0x52a3 P14_17PMUX |[P1[7:4] Port Function Select Register

Selects the P1[7:4] port functions.

0x52a4 P20_23PMUX [P2[3:0] Port Function Select Register

Selects the P2[3:0] port functions.

0x52a5 P24_27PMUX |P2[7:4] Port Function Select Register

Selects the P2[7:4] port functions.

0x52a6 P30_33PMUX [P3[3:0] Port Function Select Register

Selects the P3[3:0] port functions.

0x52a7 P34PMUX P34 Port Function Select Register

Selects the P34 port functions.

The I/0 port registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

Px Port Input Data Registers (Px_IN)
\Register name|Address| Bit | Name | Function | Setting

Px Port Input 0x5200 | D7-0 |PxIN[7:0] |Px[7:0] port input data
Data Register | 0x5210
(Px_IN) 0x5220
0x5230
(8 bits)

| Init. |R/W| Remarks
1(H) 0|0 (L) x R

-

Note: P3IN[4:0] only are available for the P3 ports. Other bits are reserved and always read as O.

D[7:0] PxIN[7:0]: Px[7:0] Port Input Data Bits
The port pin status can be read out. (Default: external input status)
1 (R): High level
0 (R): Low level

PxINy corresponds directly to the Pxy pin. The pin voltage level can be read out when input is enabled
(PxIENy = 1) (even if output is also enabled (PxOENy = 1)). The value read out will be 1 when the
pin voltage is High and 0 when Low.

The value read out is O when input is disabled (PxIENy = 0).

Writing operations to the read-only PxINy is disabled.

Px Port Output Data Registers (Px_OUT)

‘RegisternamelAddressl Bit | Name | Function | Setting

Px Port Output | 0x5201 | D7-0 [PxOUT[7:0] |Px[7:0] port output data
Data Register | 0x5211
(Px_OUT) 0x5221
0x5231
(8 bits)

| Init. |R/W| Remarks
1(H oo 0 [RW

-

Note: P30OUT[4:0] only are available for the P3 ports. Other bits are reserved and always read as 0.
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D[7:0] PxOUT[7:0]: Px[7:0] Port Output Data Bits
Sets the data to be output from the port pin.
1 (R/W): High level
0 (R/W): Low level (default)
PxOUTy corresponds directly to the Pxy pins. The data written will be output unchanged from the port
pins when output is enabled (PxOENy = 1). The port pin will be High when the data bit is set to 1 and
Low when set to 0.
Port data can also be written when output is disabled (PxOENy = 0) (the pin status is unaffected).

Px Port Output Enable Registers (Px_OEN)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Px Port 0x5202 | D7-0 |PxOEN[7:0] |[Px[7:0] port output enable 1 |Enable 0 [Disable 0 |R/W
Output Enable | 0x5212
Register 0x5222
(Px_OEN) 0x5232
(8 bits)

Note: P3OEN[4:0] only are available for the P3 ports. Other bits are reserved and always read as O.

D[7:0] PxOEN[7:0]: Px[7:0] Port Output Enable Bits
Enables or disables port outputs.
1 (R/W): Enabled
0 (R/W): Disabled (default)

PxOENy is the output enable bit that corresponds directly to Pxy port. Setting to 1 enables output and
the data set in PxOUTY is output from the port pin. Output is disabled when PxOENYy is set to 0, and
the port pin is set into high-impedance status. The peripheral module determines whether output is en-
abled or disabled when the port is used for a peripheral module function.

Refer to Table 10.3.1 for more information on input/output status for ports, including settings other
than for the PxOEN register.

Px Port Pull-up Control Registers (Px_PU)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Px Port Pull-up | 0x5203 | D7-0 [PxPU[7:0] |Px[7:0] port pull-up enable 1 |Enable 0 |Disable 1 |RW
Control Register| 0x5213 (0xff)
(Px_PU) 0x5223
0x5233
(8 bits)

Note: P3PU[4:0] only are available for the P3 ports. Other bits are reserved and always read as 0.

D[7:0] PxPU[7:0]: Px[7:0] Port Pull-up Enable Bits
Enables or disables the pull-up resistor included in each port.
1 (R/W): Enabled (default)
0 (R/W): Disabled

PxPUy is the pull-up control bit that corresponds directly to the Pxy port. Setting to 1 enables the pull-
up resistor and the port pin will be pulled up when output is disabled (PxXOENy = 0). When PxPUy is
set to 0, the pin will not be pulled up.

When output is enabled (PxOENy = 1), the PxPUy setting is ignored, and the pin is not pulled up.

I/O ports that are not used should be set with pull-up enabled.

The PxPUy setting is also ignored if a pin function other than Pxy I/O port is selected. In this case, the
pull-up resistor is automatically enabled/disabled according to the pin function selected.

Px Port Interrupt Mask Registers (Px_IMSK)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks

Px Port 0x5205 | D7-0 |PxIE[7:0] Px[7:0] port interrupt enable 1 |Enable 0 |Disable 0 |R/W

Interrupt Mask | 0x5225

Register (8 bits)

(Px_IMSK)
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Note: This register is available for the PO and P2 ports.

D[7:0] PxIE[7:0]: Px[7:0] Port Interrupt Enable Bits
Enables or disables each port interrupt.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)

Setting PxIEy to 1 enables the corresponding Pxy port input interrupt, while setting to O disables the
interrupt. Status changes for the input pins with interrupt disabled do not affect interrupt occurrence.

Px Port Interrupt Edge Select Registers (Px_EDGE)

‘Registername|Address| Bit | Name | Function | Setting |Init.|R/W| Remarks

Px Port 0x5206 | D7-0 |PxEDGE[7:0] |Px[7:0] port interrupt edge select | 1 |Falling edge| O |Rising edge| 0 |R/W
Interrupt Edge | 0x5226
Select Register | (8 bits)
(Px_EDGE)

Note: This register is available for the PO and P2 ports.

D[7:0] PxEDGE[7:0]: Px[7:0] Port Interrupt Edge Select Bits
Selects the input signal edge for generating each port interrupt.
1 (R/W): Falling edge
0 (R/W): Rising edge (default)
Port interrupts are generated at the input signal falling edge when PxEDGEY is set to 1 and at the ris-
ing edge when set to 0.

Px Port Interrupt Flag Registers (Px_IFLG)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Px Port 0x5207 | D7-0 |PxIF[7:0] Px[7:0] port interrupt flag 1 |Cause of 0 [Cause of 0 | R/W [Reset by writing 1.
Interrupt Flag 0x5227 interrupt interrupt not

Register (8 bits) occurred occurred

(Px_IFLG)

Note: This register is available for the PO and P2 ports.

D[7:0] PxIF[7:0]: Px[7:0] Port Interrupt Flag Bits
These are interrupt flags indicating the interrupt cause occurrence status.
1 (R): Interrupt cause occurred
0 (R): No interrupt cause occurred (default)
1 (W): Reset flag
0 (W): Ignored

PxIFy is the interrupt flag corresponding to the individual 16 ports of PO and P2. It is set to 1 at the
specified edge (rising or falling edge) of the input signal. When the corresponding PxIEy/Px_IMSK
register has been set to 1, a port interrupt request signal is also output to the ITC at the same time. An
interrupt is generated if the ITC and S1C17 Core interrupt conditions are satisfied.

PxIFy is reset by writing 1.

Notes: - The P port module interrupt flag PxIFy must be reset in the interrupt handler routine after a
port interrupt has occurred to prevent recurring interrupts.

« To prevent generating unnecessary interrupts, reset the relevant PxIFy before enabling
interrupts for the required port using PxIEy/Px_IMSK register.
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‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Px Port 0x5208 D7 |- reserved - - — |0 when being read.
Chattering 0x5228 | D6-4 |PxCF2[2:0] |Px[7:4] chattering filter time select| PxCF2[2:0] Filter time | 0x0 | R/W
Filter Control (8 bits) 0x7 16384/frcLk
Register 0x6 8192/frcLi
(Px_CHAT) 0x5 4096/frcLi
Ox4 2048/frcLk
0x3 1024/frcLk
0x2 512/frcLk
0x1 256/fpcLk
0x0 None
D3 |- reserved - - — |0 when being read.
D2-0 |PxCF1[2:0] |Px[3:0] chattering filter time select| PxCF1[2:0] Filter time 0x0 | R/'W
0x7 16384/frcLk
0x6 8192/frcLi
0x5 4096/frcLi
Ox4 2048/frcLk
0x3 1024/frcLk
0x2 512/frcLk
0x1 256/frcLk
0x0 None

Note: This register is available for the PO and P2 ports.

D7
D[6:4]

D3
D[2:0]

Reserved

PxCF2[2:0]: Px[7:4] Chattering Filter Time Select Bits

Configures the chattering filter circuit for the Px[7:4] ports.

Reserved

PxCF1[2:0]: Px[3:0] Chattering Filter Time Select Bits

Configures the chattering filter circuit for the Px[3:0] ports.

The PO and P2 ports include a chattering filter circuit for key entry that can be disabled or enabled
with a check time specified individually for the four Px[3:0] and Px[7:4] ports using PxCF1[2:0] and
PxCF2[2:0], respectively.

Table 10.8.2 Chattering Filter Function Settings

PxCF1[2:0]/PxCF2[2:0] Check time *
0x7 16384/frcLk (8 ms)
0x6 8192/frcLk (4 ms)
0x5 4096/frcLk (2 ms)
0x4 2048/frcik (1 ms)
0x3 1024/frcik (512 ps)
0x2 512/frcLk (256 ps)
0x1 256/frcLk (128 ps)
0x0 No check time (off)

(Default: 0x0, = when PCLK = 2 MHz)

Notes: + An unexpected interrupt may occur after SLEEP status is canceled if the slp instruction
is executed while the chattering filter function is enabled. The chattering filter must be
disabled before placing the CPU into SLEEP status.

+ The chattering filter check time refers to the maximum pulse width that can be filtered.

Generating an input interrupt requires an input time of twice the check time.

« The Px port interrupt must be disabled before setting the Px_CHAT register. Setting the
register while the interrupt is enabled may generate inadvertent Px interrupt. Also the
chattering filter circuit requires a maximum of twice the check time for stabilizing the
operation status. Before enabling the interrupt, make sure that the stabilization time has
elapsed.
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PO Port Key-Entry Reset Configuration Register (PO_KRST)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
PO Port Key- 0x5209 | D7-2 |- reserved - - — |0 when being read.
Entry Reset (8 bits) | D1-0 |POKRST[1:0]|PO port key-entry reset POKRST[1:0] | Configuration | 0x0 | R/W
Configuration configuration 0x3 PO0[3:0]
Register 0x2 P0[2:0]
(PO_KRST) 0x1 PO[1:0]

0x0 Disable

D[7:2] Reserved

D[1:0] POKRSTI[1:0]: PO Port Key-Entry Reset Configuration Bits
Selects the port combination used for PO port key-entry reset.

Table 10.8.3 PO Port Key-Entry Reset Settings

POKRST[1:0] Ports used for resetting
0x3 P00, P01, P02, PO3
0x2 P00, P01, P02
0x1 P00, PO1
0x0 Not used

(Default: 0x0)

The key-entry reset function performs an initial reset by inputting Low level simultaneously to the
ports selected here. For example, if POKRST[1:0] is set to 0x3, an initial reset is performed when the
four ports POO to PO3 are simultaneously set to Low level.

Set POKRST[1:0] to 0xO when this reset function is not used.

Notes: - The PO port key-entry reset function is disabled at initial reset and cannot be used for
power-on reset.

+ When using the PO port key-entry reset function, make sure that the designated input
ports will not be simultaneously set to low level while the application program is running.

Px Port Input Enable Registers (Px_IEN)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Px Port Input 0x520a | D7-0 [PxIEN[7:0] |Px[7:0] port input enable 1 |Enable 0 |Disable 1 |RW
Enable Register| 0x521a (Oxff)
(Px_IEN) 0x522a
0x523a
(8 bits)

Note: P3IEN[4:0] only are available for the P3 ports. Other bits are reserved and always read as 0.

D[7:0] PxIEN[7:0]: Px[7:0] Port Input Enable Bits
Enables or disables port inputs.
1 (R/W): Enable (default)
0 (R/W): disable

PxIENYy is the input enable bit that corresponds directly to the Pxy port. Setting to 1 enables input and
the corresponding port pin input or output signal level can be read out from the Px_IN register. Setting
to O disables input.

Refer to Table 10.3.1 for more information on port input/output status, including settings other than
for the Px_IEN register.
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PO[3:0] Port Function Select Register (P00_03PMUX)

‘ Register name

PO[3:0] Port
Function Select
Register
(P00_03PMUX)

|Address| Bit | Name | Function | Setting | Init. | R/W| Remarks
0x52a0 | D7-6 |PO3MUX[1:0]|P03 port function select PO3MUX[1:0] Function 0x0 | R/W
(8 bits) 0x3 reserved

0x2 reserved
0x1 TOUTBO/CAPBO
0x0 P03

D5-4 |P02MUX[1:0]|P02 port function select P02MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 reserved
0x1 'TOUTAO/CAPAQ
0x0 P02

D3-2 |PO1MUX[1:0]|PO1 port function select PO1MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 reserved
0x1 reserved
0x0 P01/EXCLO

D1-0 |POOMUX[1:0]{POO port function select POOMUX[1:0] Function 0x0 | R'W
0x3 reserved
0x2 REGMON
0x1 RFCLKO
0x0 P00

The POO to PO3 port pins are shared with the peripheral module pins. This register is used to select how the pins are

used.
D[7:6] PO3MUX[1:0]: P03 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): Reserved
0x1 (R/W): TOUTBO (T16A2 Ch.0 comparator mode) or CAPBO (T16A2 Ch.0 capture mode)
0x0 (R/W): P03 port (default)
D[5:4] P02MUX[1:0]: P02 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): Reserved
0x1 (R/W): TOUTAO (T16A2 Ch.0 comparator mode) or CAPAO (T16A2 Ch.0 capture mode)
0x0 (R/W): P02 port (default)
D[3:2] P01MUX[1:0]: PO1 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): Reserved
0x1 (R/W): Reserved
0x0 (R/W): PO1 port/EXCLO (T16A2 Ch.0) (default)
To use the PO1 pin for EXCLO input, POOEN1/PO_OEN register must be set to 0 and POIEN1/PO_IEN
register must be set to 1.
D[1:0] POOMUX[1:0]: POO Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): REGMON (TR)
0x1 (R/W): RFCLKO (RFC)
0x0 (R/W): POO port (default)
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PO[7:4] Port Function Select Register (P04_07PMUX)

‘ Register name |Address| Bit | Name | Function | Setting | Init. | R/W| Remarks
PO[7:4] Port 0x52a1 | D7-6 |PO7MUX[1:0]|PO7 port function select PO7MUX[1:0] Function 0x0 [ R/W
Function Select| (8 bits) 0x3 reserved
Register 0x2 reserved
(P04_07PMUX) 0x1 BZ
0x0 P07
D5-4 |PO6MUX[1:0]|P06 port function select PO6MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 #BZ
0x1 TOUTB1/CAPB1
0x0 P06
D3-2 |PO5MUX[1:0]|PO5 port function select PO5MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 reserved
0x1 TOUTA1/CAPA1
0x0 P05
D1-0 |P04MUX[1:0]{P04 port function select P04MUX[1:0] Function 0x0 | R/W
0x3 reserved
0x2 reserved
0x1 reserved
0x0 P04/EXCLA

The P04 to PO7 port pins are shared with the peripheral module pins. This register is used to select how the pins are
used.

D[7:6] PO7MUX[1:0]: PO7 Port Function Select Bits

0x3 (R/W): Reserved
0x2 (R/W): Reserved
0x1 (R/W): BZ (SND)
0x0 (R/W): PO7 port (default)
D[5:4] P06MUX[1:0]: P06 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): #BZ (SND)
0x1 (R/W): TOUTBI1 (T16A2 Ch.1 comparator mode) or CAPB1 (T16A2 Ch.1 capture mode)
0x0 (R/W): P06 port (default)
D[3:2] PO5MUX[1:0]: P05 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): Reserved
0x1 (R/W): TOUTA1 (T16A2 Ch.1 comparator mode) or CAPA1 (T16A2 Ch.1 capture mode)
0x0 (R/W): POS port (default)
D[1:0] P04MUX[1:0]: P04 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): Reserved
0x1 (R/W): Reserved
0x0 (R/W): P04 port/EXCL1 (T16A2 Ch.1) (default)

To use the P04 pin for EXCL1 input, POOEN4/PO_OEN register must be set to 0 and POIEN4/PO_IEN
register must be set to 1.
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‘ Register name |Address| Bit | Name | Function | Setting | Init. | R/W| Remarks
P1[3:0] Port 0x52a2 | D7-6 |P13MUX[1:0]|P13 port function select P13MUX[1:0] Function 0x0 | R/W
Function Select| (8 bits) 0x3 reserved
Register 0x2 FOUTA
(P10_13PMUX) 0x1 #SPISSO
0x0 P13
D5-4 |P12MUX[1:0]|P12 port function select P12MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 SCLS
0x1 SDI0
0x0 P12
D3-2 |P11MUX[1:0]|P11 port function select P11MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 SDAS
0x1 SDO0
0x0 P11
D1-0 |P10MUX[1:0]|P10 port function select P10MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 reserved
0x1 SPICLKO
0x0 P10

The P10 to P13 port pins are shared with the peripheral module pins. This register is used to select how the pins are

used.

D[7:6] P13MUX[1:0]: P13 Port Function Select Bits

0x3 (R/W): Reserved
0x2 (R/W): FOUTA (CLG)
0x1 (R/W): #SPISSO (SPI Ch.0)
0x0 (R/W): P13 port (default)
D[5:4] P12MUX[1:0]: P12 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): SCLS (12CS)
0x1 (R/W): SDIO (SPI Ch.0)
0x0 (R/W): P12 port (default)
D[3:2] P11MUX[1:0]: P11 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): SDAS (I2CS)
0x1 (R/W): SDOO (SPI Ch.0)
0x0 (R/W): P11 port (default)
D[1:0] P10MUX[1:0]: P10 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): Reserved
0x1 (R/W): SPICLKO (SPI Ch.0)
0x0 (R/W): P10 port (default)
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P1[7:4] Port Function Select Register (P14_17PMUX)

‘ Register name |Address| Bit | Name | Function | Setting | Init. | R/W| Remarks
P1[7:4] Port 0x52a3 | D7-6 |P17MUX[1:0]|P17 port function select P17MUX[1:0] Function 0x0 [ R/W
Function Select| (8 bits) 0x3 reserved
Register 0x2 EPDCLK
(P14_17PMUX) 0x1 #BFR
0x0 P17
D5-4 |P16MUX[1:0]|P16 port function select P16MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 SCLM
0x1 SOUTO
0x0 P16
D3-2 |P15MUX[1:0]|P15 port function select P15MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 SDAM
0x1 SINO
0x0 P15
D1-0 |P14MUX[1:0]|P14 port function select P14MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 EPDTRG
0x1 SCLKO
0x0 P14

The P14 to P17 port pins are shared with the peripheral module pins. This register is used to select how the pins are
used.

D[7:6] P17MUX[1:0]: P17 Port Function Select Bits

0x3 (R/W): Reserved
0x2 (R/W): EPDCLK (EPD)
0x1 (R/W): #BFR (12CS)
0x0 (R/W): P17 port (default)
D[5:4] P16MUX[1:0]: P16 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): SCLM (I12CM)
0x1 (R/W): SOUTO (UART Ch.0)
0x0 (R/W): P16 port (default)
D[3:2] P15MUX[1:0]: P15 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): SDAM (I12CM)
0x1 (R/W): SINO (UART Ch.0)
0x0 (R/W): P15 port (default)
D[1:0] P14MUX[1:0]: P14 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): EPDTRG (EPD)
0x1 (R/W): SCLKO (UART Ch.0)
0x0 (R/W): P14 port (default)
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‘ Register name |Address| Bit | Name | Function | Setting | Init. | R/W| Remarks
P2[3:0] Port 0x52a4 | D7-6 |P23MUX[1:0]|P23 port function select P23MUX[1:0] Function 0x0 | R/W
Function Select| (8 bits) 0x3 reserved
Register 0x2 RFINO
(P20_23PMUX) 0x1 SCLM
0x0 P23
D5-4 |P22MUX[1:0]|P22 port function select P22MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 REFO
0x1 SDAM
0x0 P22
D3-2 |P21MUX[1:0]|P21 port function select P21MUX[1:0] Function 0x0 | R/'W
0x3 #BZ
0x2 SENAO
0x1 SCLS
0x0 P21
D1-0 |P20MUX[1:0]|P20 port function select P20MUX[1:0] Function 0x0 | R/'W
0x3 Bz
0x2 SENBO
0x1 SDAS
0x0 P20

The P20 to P23 port pins are shared with the peripheral module pins. This register is used to select how the pins are

used.

D[7:6] P23MUX[1:0]: P23 Port Function Select Bits

0x3 (R/W): Reserved
0x2 (R/W): RFINO (RFC)
0x1 (R/W): SCLM (I12CM)
0x0 (R/W): P23 port (default)
D[5:4] P22MUX[1:0]: P22 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): REFO (RFC)
0x1 (R/W): SDAM (I12CM)
0x0 (R/W): P22 port (default)
D[3:2] P21MUX[1:0]: P21 Port Function Select Bits
0x3 (R/W): #BZ (SND)
0x2 (R/W): SENAO (RFC)
0x1 (R/W): SCLS (I12CS)
0x0 (R/W): P21 port (default)
D[1:0] P20MUX[1:0]: P20 Port Function Select Bits
0x3 (R/W): BZ (SND)
0x2 (R/W): SENBO (RFC)
0x1 (R/W): SDAS (I2CS)
0x0 (R/W): P20 port (default)
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P2[7:4] Port Function Select Register (P24_27PMUX)

‘ Register name |Address| Bit | Name | Function | Setting | Init. | R/W| Remarks
P2[7:4] Port 0x52a5 | D7-6 |P27MUX[1:0]|P27 port function select P27MUX[1:0] Function 0x0 [ R/W
Function Select| (8 bits) 0x3 reserved
Register 0x2 reserved
(P24_27PMUX) 0x1 SENB1
0x0 P27
D5-4 |P26MUX[1:0]|P26 port function select P26MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 reserved
0x1 SENA1
0x0 P26
D3-2 |P25MUX[1:0]|P25 port function select P25MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 reserved
0x1 REF1
0x0 P25
D1-0 |P24MUX[1:0]{P24 port function select P24MUX[1:0] Function 0x0 | R/W
0x3 reserved
0x2 reserved
0x1 RFIN1
0x0 P24

The P24 to P27 port pins are shared with the peripheral module pins. This register is used to select how the pins are

used.
D[7:6] P27MUX[1:0]: P27 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): Reserved
0x1 (R/W): SENB1 (RFC)
0x0 (R/W): P27 port (default)
D[5:4] P26MUX[1:0]: P26 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): Reserved
0x1 (R/W): SENA1 (RFC)
0x0 (R/W): P26 port (default)
D[3:2] P25MUX[1:0]: P25 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): Reserved
0x1 (R/W): REF1 (RFC)
0x0 (R/W): P25 port (default)
D[1:0] P24MUX[1:0]: P24 Port Function Select Bits
0x3 (R/W): Reserved
0x2 (R/W): Reserved
0x1 (R/W): RFIN1 (RFC)
0x0 (R/W): P24 port (default)
10-16 Seiko Epson Corporation S1C17F57 TECHNICAL MANUAL
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P3[3:0] Port Function Select Register (P30_33PMUX)

10 1/0 PORTS (P)

‘ Register name |Address| Bit | Name | Function | Setting | Init. | R/W| Remarks
P3[3:0] Port 0x52a6 | D7-6 |P33MUX[1:0]|P33 port function select P33MUX[1:0] Function 0x0 | R/W
Function Select| (8 bits) 0x3 reserved
Register 0x2 reserved
(P30_33PMUX) 0Ox1 P33
0x0 DST2
D5-4 |P32MUX[1:0]|P32 port function select P32MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 reserved
0x1 P32
0x0 DSIO
D3-2 |P31MUX[1:0]|P31 port function select P31MUX[1:0] Function 0x0 | R/'W
0x3 reserved
0x2 reserved
0x1 EPDCLK
0x0 P31
D1-0 |P30MUX[1:0]{P30 port function select P30MUX[1:0] Function 0x0 | R'W
0x3 reserved
0x2 #SPISSO
0x1 FOUTB
0x0 P30

The P30 to P33 port pins are shared with the peripheral module pins. This register is used to select how the pins are

used.

D[7:6] P33MUX[1:0]: P33 Port Function Select Bits

0x3 (R/W):
0x2 (R/W):
0x1 (R/W):
0x0 (R/W):

D[5:4] P32MUX[1:0]: P32 Port Function Select Bits

0x3 (R/W):
0x2 (R/W):
0x1 (R/W):
0x0 (R/W):

D[3:2] P31MUX[1:0]: P31 Port Function Select Bits

0x3 (R/W):
0x2 (R/W):
0x1 (R/W):
0x0 (R/W):

D[1:0] P30MUX[1:0]: P30 Port Function Select Bits

0x3 (R/W):
0x2 (R/W):
0x1 (R/W):
0x0 (R/W):

Reserved

Reserved
P33 port
DST2 (DBG) (default)

Reserved

Reserved
P32 port
DSIO (DBG) (default)

Reserved

Reserved
EPDCLK (EPD)
P31 port (default)

Reserved

#SPISSO (SPI Ch.0)
FOUTB (CLG)
P30 port (default)
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P34 Port Function Select Register (P34PMUX)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
P34 Port 0x52a7 | D7-2 |- |reserved - - — |0 when being read.
Function Select| (8 bits) | D1-0 |P34MUX[1:0]{P34 port function select P34MUX[1:0] Function 0x0 | R/'W
Register 0x3 reserved
(P34PMUX) 0x2 reserved

0Ox1 P34

0x0 DCLK

The P34 port pin is shared with the peripheral module pin. This register is used to select how the pin is used.

D[7:2] Reserved

D[1:0] P34MUX[1:0]: P34 Port Function Select Bits

0x3 (R/W): Reserved
0x2 (R/W): Reserved
0x1 (R/W): P34 port
0x0 (R/W): DCLK (DBG) (default)
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11 8-BIT TIMERS (T8)

11 8-bit Timers (T8)

11.1 T8 Module Overview

The SIC17F57 includes an 8-bit timer module (T8).
The features of the T8 module are listed below.

¢ Consists of two timer channels (T8 Ch.0 and Ch.1).

» 8-bit presettable down counter with an 8-bit reload data register for setting the preset value
¢ Generates the SPI and I2C master operating clocks from the counter underflow signals.

* Generates underflow interrupt signals to the interrupt controller (ITC).

* Any desired time intervals and serial transfer rates can be programmed by selecting an appropriate count clock
and preset value.

Figure 11.1.1 shows the T8 configuration.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

! Count mode select| TRMD 8-bit timer Ch.x !
! PRESER | Timer reset !
: PRUN | Run/st trol
: Count clock select| DF[3:0] _ un/stop control : é
PCLK! Divider Control Reload data register N
CLG T (11=1/16K) ' circuit | 7] T8_TRx g B
| v . k=
ToITC « Interrupt request Ly Down counter N ﬁ
| T8_TCx g
To SPI (from Ch.0) _ ) Underflow| !
To 12C master (from Ch.1) = | Clock outputs !

Figure 11.1.1 T8 Configuration (1 Channel)

Each channel of the T8 module consists of an 8-bit presettable down counter and an 8-bit reload data register hold-
ing the preset value. The timer counts down from the initial value set in the reload data register and outputs an un-
derflow signal when the counter underflows. The underflow signal is used to generate an interrupt and an internal
serial interface clock. The underflow cycle can be programmed by selecting the count clock and reload data, en-
abling the application program to obtain time intervals and serial transfer rates as required.

Note: The letter ‘x’ in register names refers to a channel number (0 or 1).
Example: T8_CTLx register
Ch.0: T8_CTLO register
Ch.1: T8_CTL1 register
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11.2 Count Clock

The count clock is generated by dividing the PCLK clock into 1/1 to 1/16K. The division ratio can be selected from
the 15 types shown below using DF[3:0]/T8_CLKx register.

Table 11.2.1 PCLK Division Ratio Selection

DF[3:0] Division ratio DF[3:0] Division ratio
Oxf Reserved 0x7 1/128
Oxe 1/16384 0x6 1/64
Oxd 1/8192 0x5 1/32
0xc 1/4096 0x4 1/16
0xb 1/2048 0x3 1/8
Oxa 1/1024 0x2 1/4
0x9 1/512 0x1 1/2
0x8 1/256 0x0 1/1

(Default: 0x0)

Notes: - The clock generator (CLG) must be configured to supply PCLK to the peripheral modules be-
fore running the timer.

+ Make sure the counter is halted before setting the count clock.

For detailed information on the CLG control, see the “Clock Generator (CLG)” chapter.

11.3 Count Mode

The T8 module features two count modes: repeat mode and one-shot mode. These modes are selected using
TRMD/T8_CTLux register.

Repeat mode (TRMD = 0, default)

Setting TRMD to O sets T8 to repeat mode.

In this mode, once the count starts, the timer continues running until stopped by the application program. When
the counter underflows, the timer presets the reload data register value into the counter and continues the count.
Thus, the timer periodically outputs an underflow pulse. T8 should be set to this mode to generate periodic in-
terrupts at desired intervals or to generate a serial transfer clock.

One-shot mode (TRMD = 1)

Setting TRMD to 1 sets T8 to one-shot mode.

In this mode, the timer stops automatically as soon as the counter underflows. This means only one interrupt
can be generated after the timer starts. Note that the timer presets the reload data register value to the counter,
then stops after an underflow has occurred. T8 should be set to this mode to set a specific wait time.

11.4 Reload Data Register and Underflow Cycle

The reload data register T8_TRux is used to set the initial value for the down counter.

The initial counter value set in the reload data register is preset to the down counter if the timer is reset or the coun-
ter underflows. If the timer is started after resetting, it counts down from the reload value (initial value). This means
that the reload value and the input clock frequency determine the time elapsed from the point at which the timer
starts until the underflow occurs (or between underflows). The time determined is used to obtain the specified wait
time, the intervals between periodic interrupts, and the programmable serial interface transfer clock.
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One-shot mode Timer starts Underflow

v v
Counter X n ‘“ n
+
Preset by resetting the timer Preset automatically
(n = Reload data)
Repeat mode Timer+starts Undirflow Unde+rflow
Counter I G5 &1 6 € 09 C5) 6N G G a0
4 4
Preset by resetting the timer Preset automatically Preset automatically

Figure 11.4.1 Preset Timing

The underflow cycle can be calculated as follows:

. TR + 1 ct_clk
Underflow interval = W [s] Underflow cycle = TR+l [Hz]

ct_clk: Count clock frequency [Hz]
TR: Reload data (0-255)

11.5 Timer Reset

The timer is reset by writing 1 to PRESER/T8_CTLx register. The reload data is preset and the counter is initial-
ized.

11.6 Timer RUN/STOP Control

Make the following settings before starting the timer.

(1) Select the count clock. See Section 11.2.

(2) Set the count mode (one-shot or repeat). See Section 11.3.

(3) Calculate the initial counter value and set it to the reload data register. See Section 11.4.

(4) Reset the timer to preset the counter to the initial value. See Section 11.5.

(5) When using timer interrupts, set the interrupt level and enable interrupts for the relevant timer channel. See
Section 11.8.

To start the timer, write 1 to PRUN/T8_CTLux register.

The timer starts counting down from the initial value or from the current counter value if no initial value was pre-
set. When the counter underflows, the timer outputs an underflow pulse and presets the counter to the initial value.
An interrupt request is sent simultaneously to the interrupt controller (ITC).

In one-shot mode, the timer stops counting.

In repeat mode, the timer continues counting from the reloaded initial value.

Write 0 to PRUN to stop the timer via the application program. The counter stops counting and retains the current
counter value until either the timer is reset or restarted. To restart the count from the initial value, the timer should be
reset before writing 1 to PRUN.
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One-shot mode

Count clock
PRESER write

\\
PRUN < Set by software \+ Reset by hardware
Counter _ X n_ X1 J/X 1 X 0) n
Interrupt request ?

Repeat mode

Count clock WWWP
PRESER write ||
\ \

\\ \
PRUN < Set by software Reset by software »
Counter Dﬂ. Dﬂ. X
Interrupt request ? ?

Figure 11.6.1 Count Operation

11.7 T8 Output Signals

The T8 module outputs underflow pulses when the counter underflows.

These pulses are used for timer interrupt requests.
These pulses are also used to generate the serial transfer clock for the internal serial interface.

The clock generated is sent to the internal peripheral module, as shown below.
T8 Ch.0 output clock — SPI
T8 Ch.1 output clock — I2C master

Use the following equations to calculate the reload data register value for obtaining the desired transfer rate:

ct_clk

TR=———~ ]
bps x 2
t_clk

[2C master TR = =% 4
bps x 4

ct_clk: Count clock frequency (Hz)

TR:
bps:

Reload data (0-255)
Transfer rate (bits/s)

11.8 T8 Interrupts

Each channel of the T8 module outputs an interrupt request to the interrupt controller (ITC) when the counter un-

derflows.

Underflow interrupt
When the counter underflows, the interrupt flag T8IF/T8_INTx register, which is provided for each channel in
the T8 module, is set to 1. At the same time, an interrupt request is sent to the ITC if T8IE/T8_INTx register has
been set to 1 (interrupt enabled). An interrupt is generated if the ITC and SIC17 Core interrupt conditions are

Notes: < The T8 module interrupt flag T8IF must be reset in the interrupt handler routine after a T8 in-

satisfied.
If T8IE is set to O (interrupt disabled, default), no interrupt request will be sent to the ITC.
For specific information on interrupt processing, see the “Interrupt Controller (ITC)” chapter.

terrupt has occurred to prevent recurring interrupts.

+ Reset T8IF before enabling T8 interrupts with T8IE to prevent occurrence of unwanted inter-

rupt. T8IF is reset by writing 1.
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11.9 Control Register Details

11 8-BIT TIMERS (T8)

Table 11.9.1 List of T8 Registers

Address Register name Function
0x4240 T8_CLKO T8 Ch.0 Count Clock Select Register Selects a count clock.
0x4242 T8_TRO T8 Ch.0 Reload Data Register Sets reload data.
0x4244 T8_TCO T8 Ch.0 Counter Data Register Counter data
0x4246 T8_CTLO T8 Ch.0 Control Register Sets the timer mode and starts/stops the timer.
0x4248 T8_INTO T8 Ch.0 Interrupt Control Register Controls the interrupt.
0x4260 T8_CLK1 T8 Ch.1 Count Clock Select Register Selects a count clock.
0x4262 T8_TR1 T8 Ch.1 Reload Data Register Sets reload data.
0x4264 T8_TC1 T8 Ch.1 Counter Data Register Counter data
0x4266 T8_CTL1 T8 Ch.1 Control Register Sets the timer mode and starts/stops the timer.
0x4268 T8_INT1 T8 Ch.1 Interrupt Control Register Controls the interrupt.

The T8 registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

T8 Ch.x Count Clock Select Registers (T8_CLKXx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
T8 Ch.x Count | 0x4240 | D154 |- reserved - - — |0 when being read.
Clock Select 0x4260 | D3-0 |DF[3:0] Count clock division ratio select DF[3:0] Division ratio | 0x0 | R/W |Source clock =
Register (16 bits) Oxf reserved PCLK
(T8_CLKXx) Oxe 1/16384

Oxd 1/8192

Oxc 1/4096

Oxb 1/2048

Oxa 1/1024

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 172

0x0 1
D[15:4] Reserved
D[3:0] DF[3:0]: Count Clock Division Ratio Select Bits

Selects a PCLK division ratio to generate the count clock.

Table 11.9.2 PCLK Division Ratio Selection

DF[3:0] Division ratio DF[3:0] Division ratio
Oxf Reserved 0x7 1/128
Oxe 1/16384 0x6 1/64
Oxd 1/8192 0x5 1/32
Oxc 1/4096 0x4 1/16
Oxb 1/2048 0x3 1/8
Oxa 1/1024 0x2 1/4
0x9 1/512 0x1 1/2
0x8 1/256 0x0 11

Note: Make sure the counter is halted before setting the count clock.

T8 Ch.x Reload Data Registers (T8_TRx)

(Default: 0x0)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
T8 Ch.x Reload | 0x4242 | D15-8 |- reserved - - — |0 when being read.
Data Register | 0x4262 | D7-0 |TR[7:0] Reload data 0x0 to Oxff 0x0 | R/'W
(T8_TRx) (16 bits) TR7 = MSB

TRO=LSB
D[15:8] Reserved

S1C17F57 TECHNICAL MANUAL

(Rev. 1.1)

Seiko Epson Corporation
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D[7:0] TR[7:0]: Reload Data Bits
Sets the counter initial value. (Default: 0x0)

The reload data set in this register is preset to the counter when the timer is reset or the counter under-
flows. If the timer is started after resetting, it counts down from the reload value (initial value). This
means that the reload value and the input clock frequency determine the time elapsed from the point
at which the timer starts until the underflow occurs (or between underflows). The time determined is
used to obtain the desired wait time, the intervals between periodic interrupts, and the programmable

serial interface transfer clock.

T8 Ch.x Counter Data Registers (T8_TCx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
T8 Ch.x 0x4244 | D15-8 |- reserved - - — |0 when being read.
Counter Data 0x4264 | D7-0 [TC[7:0] Counter data 0x0 to Oxff Oxff
Register (16 bits) TC7 = MSB
(T8_TCx) TCO =SB
D[15:8] Reserved
D[7:0] TC[7:0]: Counter Data Bits
The counter data can be read out. (Default: Oxff)
This register is read-only and cannot be written to.
T8 Ch.x Control Registers (T8_CTLx)
‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
T8 Ch.x 0x4246 | D15-5 |- reserved - - — |Do not write 1.
Control Register| 0x4266
(T8_CTLx) (16 bits) | D4 [TRMD Count mode select 1[One shot [ 0|Repeat 0 |[rw
D3-2 |- reserved - - — |0 when being read.
D1 |PRESER  |Timer reset 1 [Reset [ 0]ignored 0 w
DO |[PRUN Timer run/stop control 1|Run | ostop 0 |RW

D[15:5] Reserved (Do not write 1.)

D4 TRMD: Count Mode Select Bit
Selects the count mode.
1 (R/W): One-shot mode
0 (R/W): Repeat mode (default)

Setting TRMD to O sets the timer to repeat mode. In this mode, once the count starts, the timer con-
tinues to run until stopped by the application program. When the counter underflows, the timer pre-
sets the counter to the reload data register value and continues the count. Thus, the timer periodically
outputs an underflow pulse. Set the timer to this mode to generate periodic interrupts or to generate a

serial transfer clock.

Setting TRMD to 1 sets the timer to one-shot mode. In this mode, the 8-bit timer stops automatically

as soon as the counter underflows. This means only one interrupt can be generated after the timer

starts. Note that the timer presets the counter to the reload data register value, then stops when an un-

derflow occurs. Set the timer to this mode to set a specific wait time.
D[3:2] Reserved

D1 PRESER: Timer Reset Bit
Resets the timer.
1 (W): Reset
0 (W): Ignored
0 (R): Always 0 when read (default)

Writing 1 to this bit presets the counter to the reload data value.
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DO PRUN: Timer Run/Stop Control Bit
Controls the timer RUN/STOP.
1 (R/W): Run
0 (R/W): Stop (default)

The timer starts counting when PRUN is written as 1 and stops when written as 0. When the timer is

stopped, the counter data is retained until reset or until the next RUN state.

T8 Ch.x Interrupt Control Registers (T8_INTx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
T8 Ch.x Inter- 0x4248 | D15-9 |- reserved - - — |0 when being read.
rupt Control 0x4268 D8 |T8IE T8 interrupt enable 1 |Enable | 0 |Disable 0 |R/W
Register (16 bits) | D7-1 |- reserved - - — |0 when being read.
(T8_INTXx) Do |[T8IF T8 interrupt flag 1|Cause of |0 |Cause of 0 |[R/W |Reset by writing 1.
interrupt interrupt not
occurred occurred

D[15:9] Reserved

D8 T8IE: T8 Interrupt Enable Bit
Enables or disables interrupts caused by counter underflows for each channel.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)

Setting T8IE to 1 enables T8 interrupt requests to the ITC; setting to O disables interrupts.

D[7:1] Reserved

DO T8IF: T8 Interrupt Flag Bit
Indicates whether the cause of counter underflow interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored

T8IF is the T8 module interrupt flag that is set to 1 when the counter underflows.
T8IF is reset by writing 1.
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12 16-bit PWM Timers (T16A2)

12.1 T16A2 Module Overview

The SIC17F57 includes a 16-bit PWM timer (T16A2) module that consists of counter blocks and comparator/
capture blocks. This timer can be used as an interval timer, PWM waveform generator, external event counter and a
count capture unit to measure external event periods.

The features of T16A2 are listed below.

e Two channels of 16-bit up counter blocks

* Two channels of comparator/capture blocks to which a counter block to be connected is selectable
* Allows selection of a count clock asynchronously with the CPU clock.

* Supports event counter function using an external clock.

e The comparator compares the counter value with two specified comparison values to generate interrupts and a
PWM waveform.

* The capture unit captures counter values using two external trigger signals and generates interrupts.

Figure 12.1.1 shows the T16A2 configuration.

16-bit PWM timer (T16A2)

Counter block Ch.0 Comparator/capture block Ch.0

1 Clock controller Ch.0

> Interrupt request

Compare A/Capture A register
control circuit| |
(
' Divider
0sc1 T (an-1izs6) 7
1

! [F16ACLKD[3:0] T16ACLKE | | : : : | | BEENETE :
16 cixol | : T16A_CCAQ Ti6A_IENO ] |
Interrupt | !
: Divider : : '
0scsB Tl a/-1/16384) [ ° ;
!
_ ; ; TOUT H—»TOUTAO
; ¥ | : ! circuit | signal " $p{control circuit+—» TOUTBO
: »@—5 : 0 : 4 [ Capture s - APAO
0SCaA : Divider 5 3 ' ' ' v | circuit |« : APBO
T 71 (1/11-1/16384) : : ' : Comparator | Compare B :
! : : HOM, TRMD, | | circuit__[‘signal [T16A_CCCTLO) |
; PRESET, PRUN | 1 ' 9 = i

/T16A_CTLO

EXCLO 3

T16ACLKSRC[1:0]
/T16A_CLKO

Compare B/Capture B register
T16A_CCBO

T Interrupt request
—r»TOUTA1

Ly Clock controller Ch.1

Counter block Ch.1

— —>ToUTB1
: 44— CAPA1
EXCLT ——»! DA

Figure 12.1.1 T16A2 Configuration

Clock controller
T16A2 includes two channels of clock controllers that generate the count clock for the counters. The clock
source and division ratio can be selected with software.

Counter block
The counter block includes a 16-bit up-counter that operates with an OSC3B, OSC3A, or OSCI1 division clock,
or the external count clock input from outside the IC. The TI6A2 module allows software to run and stop the
counter of each channel, and to reset the counter value (cleared to 0) as well as selection of the count clock. The
counter can also be reset by the compare B signal output from the comparator/capture block.
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Co

Co

mparator/capture block

The comparator/capture block provides a counter comparison function (comparator mode) and a count capture
function (capture mode). When comparator mode is selected via software, the comparator/capture block can be
used as a PWM waveform or clock generator. When capture mode is selected, this block can be used as a count
capture unit for measuring external event periods/cycles. The comparator circuit generates the compare A and B
signals that represent matching between compare A/B register values (set via software) and the counter value,
and outputs the signals to the TOUT control circuit and the interrupt control circuit. The TOUT control circuit
generates a PWM or other signal from the compare A and B signals and outputs it to the external TOUTAx and
TOUTBx pins. The capture circuit loads the counter value to the capture A or B register using the CAPAx or
CAPBx input signal that represents external events issued as a trigger. The interrupt control circuit outputs an
interrupt signal to the interrupt controller (ITC) module according to the interrupt condition that has been set.
Comparator mode and capture mode cannot be used simultaneously in the same channel.

mbination of counter block channel and comparator/capture block channel

Generally, a counter block is connected to the comparator/capture block with the same channel number. The
counter block and the comparator/capture block in different channels can also be connected. This allows a
counter to use two or more comparator/capture blocks for expanding the comparison/capturing function from
two systems to maximum four systems (details are described later).

Note: The letter ‘x’ in register and pin names refers to a channel number (0 or 1).

Example: T16A_CTLx register, TOUTAX pin
Ch.0: T16A_CTLO register, TOUTAO
Ch.1: T16A_CTL1 register, TOUTA1

12.2 T16A2 Input/Output Pins

Table 12.2.1 lists the input/output pins for the TI6A2 module.

Table 12.2.1 List of T16A2 Pins

Pin name 1/0 Qty Function
EXCLO (for Ch.0) | 2  |External clock input pins
EXCLA (for Ch.1) Inputs an external clock for the event counter function.
CAPAOQ, CAPBO  (for Ch.0) | 4 |Counter-capture trigger signal input pins (effective in capture mode)
CAPA1, CAPB1  (for Ch.1) The specified edge (falling edge, rising edge, or both) of the signal

input to the CAPAXx pin captures the counter data into the capture A
register. The CAPBXx pin input signal captures the counter data into the
capture B register.

TOUTAO, TOUTBO (for Ch.0)| O 4 |Timer generating signal output pins (effective in comparator mode)
TOUTA1, TOUTB1 (for Ch.1) Each channel has two output pins and the signals generated in differ-

ent conditions can be output.

The

T16A2 input/output pins (EXCLx, CAPAx, CAPBx, TOUTAX, and TOUTBX) are shared with I/O ports and are

initially set as general purpose I/O port pins. The pin functions must be switched using the port function select bits

to use the general purpose 1/O port pins as T16A2 input/output pins.

For

detailed information on pin function switching, see the “I/O Ports (P)” chapter.

12.3 Count Clock

The
The

clock controller includes a clock source selector, dividers, and a gate circuit for controlling the count clock.
count clock can be controlled in each channel individually.
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T16ACLKD[3:0] T16ACLKSRC[1:0]
OSC3B clock L p|Pivider :{‘ >
(1/1-1/16K) MULTIMD
OSC3A clock | p|DiVider :{‘ >
(1/1-1/16K)
Divider R g ) » Counter Ch.0
OSC1 clock ¥ (1/1-1/256) P> T16ACLKE
External clock (EXCLO) > Clock controller Ch.0

vVvVYyyvY

\ 4
N |—> Counter Ch.1

External clock (EXCL1) —
Clock controller Ch.1

Figure 12.3.1 Clock Controller

Clock source selection

The clock source can be selected from OSC3B, OSC3A, OSC1, or external clock using TI6ACLKSRC[1:0]/
T16A_CLKx register.

Table 12.3.1 Clock Source Selection

T16ACLKSRC[1:0] Clock source
0x3 External clock (EXCLx)
0x2 OSC3A
0x1 0OSC1
0x0 0OSC3B

(Default: 0x0)

When external clock is selected, the timer can be used as an event counter or for measuring pulse widths by
inputting an external clock or pulses. The table below lists the external clock input pins. It is not necessary to

switch their pin functions from general-purpose I/O port. However, do not set the I/O port to output mode.

Table 12.3.2 External Clock Input Pins

Channel External clock input pin
T16A2 Ch.0 EXCLO
T16A2 Ch.1 EXCLA

Internal clock division ratio selection

When an internal clock (OSC3B, OSC3A, or OSC1) is selected, use TI6GACLKD[3:0]/T16A_CLKx register to
select the division ratio.

Table 12.3.3 Internal Clock Division Ratio Selection

Division ratio
T16ACLKDI3:0] Clock source = OSC3B or OSC3A | Clock source = OSC1
Oxf Reserved
Oxe 1/16384 Reserved
Oxd 1/8192 Reserved
0xc 1/4096 Reserved
Oxb 1/2048 Reserved
Oxa 1/1024 Reserved
0x9 1/512 F256 (Regulated 256 Hz clock)
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

(Default: 0x0)
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Clock enable

Clock supply to the counter is controlled using TI6ACLKE/T16A_CLKx register. The TI6ACLKE default set-
ting is 0, which disables the clock supply. Setting TIGACLKE to 1 sends the clock generated as above to the
counter. If TI6A?2 is not required, disable the clock supply to reduce current consumption.

Multi-comparator/capture mode

The T16A2 module allows a counter channel to be connected to multiple comparator/capture channels (multi-
comparator/capture mode). In this case, all channels must be clocked with the Ch.0 clock. Use MULTIMD/
T16A_CLKO register to supply the Ch.0 clock to all channels. When using T16A2 in multi-comparator/capture
mode, set MULTIMD to 1. When connecting the counter and comparator/capture block in the same channel
(normal channel mode), set MULTIMD to 0 (default).

Note: Make sure the T16A2 count is stopped before setting the count clock.

12.4 T16A2 Operating Modes

The T16A2 module provides some operating modes to support various usages. This section describes the functions

of each operating mode and how to enter the mode.

12.4.1 Comparator Mode and Capture Mode

The T1I6A_CCAx and T16A_CCBux registers that are embedded in the comparator/capture block can be set to com-
parator mode or capture mode, individually. The T16A_CCAx register mode is selected using CCAMD/T16A_
CCCTLx register and the T16A_CCBux register mode is selected using CCBMD/T16A_CCCTLx register.

Comparator mode (CCAMD/CCBMD = 0, default)

The comparator mode compares the counter value and the comparison value set via software. It generates an
interrupt and toggles the timer output signal level when the values are matched. The TI6A_CCAx and T16A_
CCBux registers function as the compare A and compare B registers that are used for loading compare values in
this mode.

When the counter reaches the value set in the compare A register during counting, the comparator asserts the
compare A signal. At the same time the compare A interrupt flag is set and the interrupt signal of the timer
channel is output to the ITC if the interrupt has been enabled.

When the counter reaches the value set in the compare B register, the comparator asserts the compare B signal.
At the same time the compare B interrupt flag is set and the interrupt signal of the timer channel is output to the
ITC if the interrupt is enabled. Furthermore, the counter is reset to 0.

The compare A period (time from start of counting to occurrence of a compare A interrupt) and the compare B
period (time from start of counting to occurrence of a compare B interrupt) can be calculated as follows:

Compare A period = (CCA + 1) / ct_clk [second]
Compare B period = (CCB + 1) / ct_clk [second]

CCA: Compare A register value set (0 to 65535)
CCB: Compare B register value set (0 to 65535)
ct_clk: Count clock frequency [Hz]

The compare A and compare B signals are also used to generate a timer output waveform (TOUT). See Section
12.6, “Timer Output Control,” for more information.

To generate PWM waveform, the TI6A_CCAx and TI6A_CCBx registers must be both placed into comparator
mode.

Compare buffers
The compare buffer is used to synchronize the comparison data update timings and the counter operation.
Setting CBUFEN/T16A_CTLx register to 1 enables the compare buffer. The compare A and B signals will
be generated by comparing the counter values with the compare A and B buffer values instead of the com-
pare A and B register values. The compare A and B register values written via software are loaded to the
compare A and B buffers when the compare B signal is generated.
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Note: When writing data to the T1I6A_CCAx or T16A_CCBx register successively, data should be writ-
ten at intervals of one or more T16A2 count clock cycles.

Capture mode (CCAMD/CCBMD = 1)

The capture mode captures the counter value when an external event such as a key entry occurs (at the specified
edge of the external input signal). In this mode, the T16A_CCAx and/or T16A_CCBx registers function as the
capture A and/or capture B registers.

The table below lists the input pins of the external trigger signals used for capturing counter values. The pin
function of the corresponding ports must be switched for trigger input in advance. See the “I/O Ports (P)” chap-
ter for switching the pin function.

Table 12.4.1.1 List of Counter Capture Trigger Signal Input Pins

Trigger input pins
Channel Capture A Capture B
T16A2 Ch.0 CAPAO CAPBO
T16A2 Ch.1 CAPA1 CAPB1

The trigger edge of the signal can be selected using the CAPATRG[1:0]/T16A_CCCTLx register for capture A
and CAPBTRG[1:0]/T16A_CCCTLux register for capture B.

Table 12.4.1.2 Capture Trigger Edge Selection

CAPATRG[1:0)/ CAPBTRG[1:0] Trigger edge
0x3 Falling edge and rising edge
0x2 Falling edge
0x1 Rising edge
0x0 Not triggered

(Default: 0x0)

When a specified trigger edge is input during counting, the current counter value is loaded to the capture regis-
ter. At the same time the capture A or capture B interrupt flag is set and the interrupt signal of the timer channel
is output to the ITC if the interrupt has been enabled. This interrupt can be used to read the captured data from
the TI6A_CCAx or TI6A_CCBux register. For example, external event cycles and pulse widths can be mea-
sured from the difference between two captured counter values read.

If the captured data is overwritten by the next trigger when the capture A or capture B interrupt flag has already
been set, the overwrite interrupt flag will be set. This interrupt can be used to execute an overwrite error han-
dling. To avoid occurrence of unnecessary overwrite interrupt, the capture A or capture B interrupt flag must be
reset after the captured data has been read from the T1I6A_CCAx or TI6A_CCBx register.

Notes: < The correct captured data may not be obtained if the captured data is read at the same time
the next value is being captured. Read the capture register twice to check if the read data is
correct as necessary.

+ To capture counter data properly, both the High and Low period of the CAPx trigger signal
must be longer than the source clock cycle time.

The setting of CAPATRG[1:0] or CAPBTRG[1:0] is ineffective in comparator mode. No counter capturing op-
eration will be performed even if a trigger edge is specified.
The capture mode cannot generate/output the TOUT signal as no compare signal is generated.

12.4.2 Repeat Mode and One-Shot Mode

Each counter features two count modes: repeat mode and one-shot mode. The count mode is selected using TRMD
/T16A_CTLx register.

Repeat mode (TRMD = 0, default)

Setting TRMD to O sets the corresponding counter to repeat mode.

In this mode, once the count starts, the counter continues running until stopped by the application program. The
counter continues the count even if the counter returns to 0 due to a counter overflow. The counter should be set
to this mode to generate periodic interrupts at desired intervals or to generate a timer output waveform.
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One-shot mode (TRMD = 1)

Setting TRMD to 1 sets the corresponding counter to one-shot mode.
In this mode, the counter stops automatically as soon as the compare B signal is generated. The counter should
be set to this mode to set a specific wait time or for pulse width measurement.

12.4.3 Normal Channel Mode and Multi-Comparator/Capture Mode

One channel of the TI6A2 module basically consists of a counter block and a comparator/capture block. The
T16A2 module also allows the application to use expanded comparator/capture function by connecting two or more
comparator/capture blocks to one counter block. To support this expansion, two operating modes are provided:
normal channel mode and multi-comparator/capture mode. This operating mode can be selected using MULTIMD/
T16A_CLKO register.

Normal channel mode (MULTIMD = 0, default)

Set the T16A2 module to this mode when using it as two channels of different timers by connecting a counter
block with the comparator/capture block of the same channel. In this mode, the counters can use different count
clocks.

Each timer channel provides CCABCNT[1:0]/T16A_CTLux register to select a counter channel to be connected
to the comparator/capture block.

Table 12.4.3.1 Counter Selection

CCABCNT[1:0] Counter channel
0x3, 0x2 Reserved

0x1 Ch.1 (Counter 1)

0x0 Ch.0 (Counter 0)

(Default: 0x0)

When using the TI6A2 module in normal channel mode, be sure to connect the counter block to the compara-
tor/capture block in the same channel.

T16A2

OSC3B-»|  Clock controller Ch.0 Counter block Ch.0 Comparator/capture block Ch.0 [ > TOUTAO/TOUTBO
OSC3A | le—+— CAPAO0/CAPBO
0SC1 o P > Interrupt t
EXCLO » ' nterrupt reques
OSC3B-»  Clock controller Ch.1| ! Counter block Ch.1 | Comparator/capture block Ch.1 [T* TOUTA1/TOUTB1
OSC3A > - le-— CAPA1/CAPB1
OSC1 | - i +
EXCL1 1» nterrupt reques

Figure 12.4.3.1 Timer Configuration in Normal Channel Mode

Note: Do not connect a counter block to a comparator/capture block in a different channel in normal
channel mode (MULTIMD = 0), as normal operation cannot be guaranteed.

Multi-comparator/capture mode (MULTIMD = 1)

In order to set three or more comparison values for one counter or to capture the contents of one counter using
three or more trigger signals, two or more comparator/capture blocks can be connected to one counter. Multi-
comparator/capture mode is provided for this purpose. In this mode, any counter block can be combined with
the comparator/capture blocks using CCABCNT][1:0] described above. Note, however, that the count clock is
fixed at one type for counter Ch.0, regardless of the counter to be used. The clock settings for other channel are

ineffective.
T16A2
OSC3B-»|  Clock controller Ch.0 Counter block Ch.0 Comparator/capture block Ch.0 [ > TOUTAQ/TOUTBO
OSC3A - > le{— CAPAO/CAPBO
0SC1 | ’ P L Interrupt t
EXCLO » ' nterrupt reques
OSC3B-»' " Clock controller Ch.1! | Counter block Ch.1 | | Comparator/capture block Ch.1 | > TOUTA1/TOUTB1
OSC3A-»! S ‘ : ‘ le— CAPA1/CAPB1
0SC1 > ; boooce- |1 nterruot N
ExcLt k nterrupt reques
Figure 12.4.3.2 Timer Configuration in Multi-Comparator/Capture Mode
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12.4.4 Normal Clock Mode and Half Clock Mode

T16A2 supports half clock mode to control the duty ratio of the PWM output waveform with high accuracy. In half
clock mode, T16A2 uses the dual-edge counter, which counts at the rising and falling edges of the count clock,
to compare with the compare A register. This makes it possible to control the duty ratio with double accuracy as
compared to normal clock mode.

Use HCM/T16A_CTLx register to select half clock mode.

Normal clock mode (HCM = 0, default)

In normal clock mode, TI6A2 generates a compare A signal when the T16A_TCx register value matches the
T16A_CCAx register.

Half clock mode (HCM = 1)

In half clock mode, TI6A2 generates a compare A signal when the dual-edge counter value matches the T16A_
CCAXx register.

Notes: < T16A2 must be placed into comparator mode to set half clock mode, as it is effective only
when PWM waveform is generated.
Be sure to set T16A2 to normal clock mode (HCM = 0) under a condition shown below.
(1) When T16A2 is placed into capture mode
(2) When TOUTAMD/T16A_CCCTLx register is set to 0x2 or 0x3
(3) When TOUTBMD/T16A_CCCTLx register is set to 0x2 or 0x3

+ The dual-edge counter value cannot be read.
+ Do not use the compare A interrupt in half clock mode.

+ In half clock mode, the T16A_CCBx register setting value must be less than [T16A_CCAx set-
ting value / 2 + 0x8000].

12.5 Counter Control

12.5.1 Counter Reset
The counter can be reset to 0 by writing 1 to PRESET/T16A_CTLux register.

Normally, the counter should be reset by writing 1 to this bit before starting the count.
The counter is reset by the hardware if the counter reaches the compare B register value after the count starts.

12.5.2 Counter RUN/STOP Control

Make the following settings before starting the count operation.

(1) Switch the input/output pin functions to be used for T16A2. Refer to the “I/O Port (P)” chapter.
(2) Select operating modes. See Section 12.4.

(3) Select the clock source. See Section 12.3.

(4) Configure the timer outputs (TOUT). See Section 12.6.

(5) If using interrupts, set the interrupt level and enable the T16A2 interrupts. See Section 12.7.
(6) Reset the counter to 0. See Section 12.5.1.

(7) Set comparison data (in comparator mode). See Section 12.4.1.

Each timer channel provides PRUN/T16A_CTLux register to control the counter operation.

The counter starts counting when 1 is written to PRUN. Writing 0 to PRUN disables clock input and stops the
count.

This control does not affect the counter data. The counter data is retained even when the count is halted, allowing
resumption of the count from that data.

If PRUN and PRESET are written as 1 simultaneously, the counter starts counting after reset.
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12.5.3 Reading Counter Values

The counter value can be read from T16A2TC[15:0]/T16A_TCx register even if the counter is running. However,
the counter value should be read at once using a 16-bit transfer instruction. If data is read twice using an 8-bit trans-
fer instruction, the correct value may not be obtained due to occurrence of count up between readings.

12.5.4 Counter Operation and Interrupt Timing Charts

Comparator mode

PRUN |
PRESET ]
T16A_CCAx 0x2
T16A_CCBx 0x5

Reset Compare A Reset and Compare A Reset and
interrupt compare B interrupt compare B
interrupt interrupt

Figure 12.5.4.1 Operation Timing in Comparator Mode

Capture mode
(when CAPATRG[1:0] = 0x1, CAPBTRG[1:0] = 0x3)

PRUN |
PRESET ||
CAP(A) [
CAP(B) [
Countclock | [ L[ L[ L[ L] LITLITLITLTLT L L
TieATCx 0 [ 1 2f3) a5 6] 7 8o 10)11]12]13

T16A_CCAx | 3
T16A_CCBx | 6 11
Reset Capture A Capture B Capture B
interrupt interrupt interrupt

(and capture B overwrite
interrupt if CAPBIF = 1)

Figure 12.5.4.2 Operation Timing in Capture Mode

12.6 Timer Output Control

The timer that has been set in comparator mode can generate TOUT signals using the compare A and compare B

signals and can output it to external devices. Each timer channel provides two TOUT outputs, thus the T16A2 mod-
ule can output up to four TOUT signals. Figure 12.6.1 shows the TOUT output circuit (one timer channel).

00

TOUTAX

ompare A signal —» TOUT A
ompare B signal —»{ output
TOUTAMD[1:0] —{ control !

TOUTAINV |
ompare A signal —» TOUT B

ompare B signal —»| output
TOUTBMDI[1:0] —| control
TOUTBINV

Figure 12.6.1 TOUT Output Circuit

¥

TOUTBx

v
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Each timer channel includes two TOUT output circuits and their signal generation and output can be controlled in-
dividually. Although the output circuit and register names use letters ‘A’ and ‘B’ to distinguish two systems, it does
not mean that they correspond to compare A and B signals.

TOUT output pins

Table 12.6.1 lists correspondence between the TOUT pins and the timer channels. The pin function of the cor-
responding ports must be switched for TOUT output in advance. See the “I/O Ports (P)” chapter for switching
the pin function.

Table 12.6.1 List of TOUT Output Pins

TOUT output pin
Channel System A System B
T16A2 Ch.0 TOUTAO TOUTBO
T16A2 Ch.1 TOUTA1 TOUTB1

TOUT generation mode
TOUTAMDI1:0]/T16A_CCCTLx register (for system A) or TOUTBMDI[1:0]/T16A_CCCTLx register (for sys-
tem B) is used to set how the TOUT signal is changed by the compare A and compare B signals.

Table 12.6.2 TOUT Generation Mode

-_I;_gl:’:_l:sl%[; 1::(:)]]/ When compare A occurs|When compare B occurs
0x3 No change Toggle
0x2 Toggle No change
0x1 Rise Fall
0x0 Disable output

(Default: 0x0)
TOUTAMDI1:0] and TOUTBMD]| 1:0] are also used to turn the TOUT outputs On and Off.

TOUT signal polarity selection
By default, an active High output signal is generated. This logic can be inverted using TOUTAINV/T16A_
CCCTLx register (for system A) or TOUTBINV/T16A_CCCTLx register (for system B). Writing 1 to
TOUTAINV/TOUTBINV sets the timer to generate an active Low TOUT signal.

Resetting the counter sets the TOUT signal to the inactive level.

Figure 12.6.2 illustrates the TOUT output waveform.

Count clock

PRESET

PRUN

Counter value Z

Compare A signal

Compare B signal

TOUT(A) output

TOUTAMDI[1:0] = 0x0, TOUTAINV = 0)
TOUTAMDI[1:0] = 0x0, TOUTAINV = 1) 77

TOUTAMDI[1:0] = 0x1, TOUTAINV = 0)
TOUTAMDI[1:0] = Ox1, TOUTAINV = 1) 77

TOUTAMDI[1:0] = 0x2, TOUTAINV = 0)
TOUTAMDI[1:0] = 0x2, TOUTAINV = 1) 77

TOUTAMDI[1:0] = 0x3, TOUTAINV = 0)

TOUTAMDI1:0] = 0x3, TOUTAINV = 1)

—~ o~ e~~~ o~~~

(When T16A_CCAXx =3, T1I6A_CCBx = 5)
Figure 12.6.2 TOUT Output Waveform
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PWM waveform output timings

Normal clock mode (HCM = 0)
(When TOUTAMDI1:0] = TOUTBMDI[1:0] = 0x1 and TOUTAINV = TOUTBINV = 0)

Countclock | [ | [ | [ [ ] ( ( I A s I N N
TIATCx _n | o [ 1 [ 2 ] \\\ [ n1t [ n T o T 1
TOUTAXTOUTBx | : i Lo i S
5 5 4 4 4
T16A_CCAx 0 1 2 n-2 n-1 (n=T16A_CCBx)

Example: HCM = 0, TI6A_CCAx =1, and T1I6A_CCBx=5
(When TOUTAMDI1:0] = TOUTBMDI[1:0] = 0x1 and TOUTAINV = TOUTBINV = 0)

Countelock | [ L[ L[ [ [ [ L[ L I L[ 1L
TIATCx 5 | o [ 1 [ 2 [ 3 | 4 [ 5 T o T+
TOUTAXTOUTBX [

Figure 12.6.3 PWM Waveform Output Timings in Normal Clock Mode

Half clock mode (HCM = 1)
(When TOUTAMDI1:0] = TOUTBMD[1:0] = 0x1 and TOUTAINV = TOUTBINV = 0)

Countclock | [ | [ [ [_] ( ‘/ N S S R
TIATCx _n | o [ 1 [ 2 ] \\\ [ n1t | n T o T 1
Dual-edgecounter | 2n | - J o [ 1 [ 2 [ 3] 4] \H [on3]en2]en1]2n [ = T o [ 1]
TOUTAXTOUTBx | | e 1 I o
T S S S
T16A_CCAx 0 1 2 3 4 2n-4 2n-3 2n-2 2n-1 (n=T16A_CCBx)

Example: HCM = 1, TI6A_CCAx =1, and T16A_CCBx=5
(When TOUTAMD][1:0] = TOUTBMD[1:0] = 0x1 and TOUTAINV = TOUTBINV = 0)

Countcock [ [ [ [ [ [ L[ L[ L[ L[ L[ 1.

TIATCx 5 | o [ 1 [ =2 [ 3 [ 4 [ 5 | o T 1
Dual-edgecounter [10 [ — [ o[ 1 [ 2[3[]a4]5[6]7[8]9o 1] -Tol]1]
TOUTAxTOUTBX | |

Figure 12.6.4 PWM Waveform Output Timings in Half Clock Mode

12.7 T16A2 Interrupts

The T16A2 module can generate the following six kinds of interrupts:

* Compare A interrupt (in comparator mode)

* Compare B interrupt (in comparator mode)

* Capture A interrupt (in capture mode)

e Capture B interrupt (in capture mode)

» Capture A overwrite interrupt (in capture mode)
» Capture B overwrite interrupt (in capture mode)

Each timer channel outputs a single interrupt signal shared by the above interrupt causes to the interrupt controller
(ITC). Read the interrupt flags in the T16A2 module to identify the interrupt cause that has been occurred.
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Interrupts in comparator mode

Compare A interrupt
This interrupt request is generated when the counter matches the compare A register value during counting
in comparator mode. It sets the interrupt flag CAIF/T16A_IFLGx register in the TI6A2 module to 1.
To use this interrupt, set CAIE/T16A_IENx register to 1. If CAIE is set to O (default), interrupt requests for
this cause is not sent to the ITC.

Compare B interrupt
This interrupt request is generated when the counter matches the compare B register value during counting
in comparator mode. It sets the interrupt flag CBIF/T16A_IFLGx register in the TI6A2 module to 1.
To use this interrupt, set CBIE/T16A_IENx register to 1. If CBIE is set to O (default), interrupt requests for
this cause is not sent to the ITC.

Interrupts in capture mode

Capture A interrupt
This interrupt request is generated when the counter value is captured in the capture A register by an exter-
nal trigger during counting in capture mode. It sets the interrupt flag CAPAIF/T16A_IFLGx register in the
T16A2 module to 1.
To use this interrupt, set CAPAIE/T16A_IENx register to 1. If CAPAIE is set to O (default), interrupt re-
quests for this cause is not sent to the ITC.

Capture B interrupt
This interrupt request is generated when the counter value is captured in the capture B register by an exter-
nal trigger during counting in capture mode. It sets the interrupt flag CAPBIF/T16A_IFLGux register in the
T16A2 module to 1.
To use this interrupt, set CAPBIE/T16A_IENx register to 1. If CAPBIE is set to O (default), interrupt re-
quests for this cause is not sent to the ITC.

Capture A overwrite interrupt
This interrupt request is generated if the capture A register is overwritten by a new external trigger when
the capture A interrupt flag CAPAIF has been set (a counter value has already been loaded to the capture A
register). It sets the interrupt flag CAPAOWIF/T16A_IFLGux register in the T16A2 module to 1.
To use this interrupt, set CAPAOWIE/T16A_IENx register to 1. If CAPAOWIE is set to 0 (default),
interrupt requests for this cause is not sent to the ITC.
CAPAOWTIF will be set if the capture A register is overwritten when CAPAIF has been set regardless of
whether the capture A register has been read or not. Therefore, be sure to reset CAPAIF immediately after
the capture A register is read.

Capture B overwrite interrupt
This interrupt request is generated if the capture B register is overwritten by a new external trigger when
the capture B interrupt flag CAPBIF has been set (a counter value has already been loaded to the capture B
register). It sets the interrupt flag CAPBOWIF/T16A_IFLGx register in the T16A2 module to 1.
To use this interrupt, set CAPBOWIE/T16A_IENx register to 1. If CAPBOWIE is set to 0 (default),
interrupt requests for this cause is not sent to the ITC.
CAPBOWIF will be set if the capture B register is overwritten when CAPBIF has been set regardless of
whether the capture B register has been read or not. Therefore, be sure to reset CAPBIF immediately after
the capture B register is read.

If the interrupt flag is set to 1 when the interrupt has been enabled, the T16A2 module outputs an interrupt request
to the ITC. An interrupt is generated if the ITC and S1C17 core interrupt conditions are satisfied.

For more information on interrupt control registers and the operation when an interrupt occurs, see the “Interrupt
Controller (ITC)” chapter.
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Notes: - Reset the interrupt flag before enabling interrupts with the interrupt enable bit to prevent oc-
currence of unwanted interrupt. The interrupt flag is reset by writing 1.

+ After an interrupt occurs, the interrupt flag in the T16A2 module must be reset in the interrupt
handler routine.

12.8 Control Register Details

Table 12.8.1 List of T16A2 Registers

Address Register name Function
0x5068 T16A_CLKO T16A Clock Control Register Ch.0 Controls the T16A2 Ch.0 clock.
0x5069 T16A_CLK1 T16A Clock Control Register Ch.1 Controls the T16A2 Ch.1 clock.
0x5400 T16A_CTLO T16A Counter Ch.0 Control Register Controls the counter.
0x5402 T16A_TCO T16A Counter Ch.0 Data Register Counter data
0x5404 T16A_CCCTLO |[T16A Comparator/Capture Ch.0 Control Register Controls the comparator/capture block and TOUT.
0x5406 T16A_CCAO T16A Compare/Capture Ch.0 A Data Register Compare A/capture A data
0x5408 T16A_CCBO T16A Compare/Capture Ch.0 B Data Register Compare B/capture B data
0x540a T16A_IENO T16A Compare/Capture Ch.0 Interrupt Enable Register|Enables/disables interrupts.
0x540c T16A_IFLGO T16A Compare/Capture Ch.0 Interrupt Flag Register |Displays/sets interrupt occurrence status.
0x5420 T16A_CTLA1 T16A Counter Ch.1 Control Register Controls the counter.
0x5422 T16A_TC1 T16A Counter Ch.1 Data Register Counter data
0x5424 T16A_CCCTL1 |T16A Comparator/Capture Ch.1 Control Register Controls the comparator/capture block and TOUT.
0x5426 T16A_CCA1 T16A Compare/Capture Ch.1 A Data Register Compare A/capture A data
0x5428 T16A_CCB1 T16A Compare/Capture Ch.1 B Data Register Compare B/capture B data
0x542a T16A_IEN1 T16A Compare/Capture Ch.1 Interrupt Enable Register |Enables/disables interrupts.
0x542c T16A_IFLG1 T16A Compare/Capture Ch.1 Interrupt Flag Register |Displays/sets interrupt occurrence status.

The T16A2 registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

T16A Clock Control Registers Ch.x (T16A_CLKXx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
T16A Clock 0x5068 | D7-4 |T16ACLKD |Clock division ratio select Division ratio | 0x0 | R/'W
Control Register| 0x5069 [3:0] T16ACLKD[3:0] OSC3A
Chx (8 bits) ’ or |0SC1
(T16A_CLKx) 0sC38
Oxf reserved |reserved
Oxe 1/16384 |reserved
Oxd 1/8192 |reserved
Oxc 1/4096 |reserved
Oxb 1/2048 |reserved
Oxa 1/1024 |reserved
0x9 1/512 | F256
0x8 1/256 |1/256
Ox7 1/128 |1/128
0x6 1/64 | 1/64
0x5 1/32 | 1/32
0x4 116 | 1/16
0x3 1/8 1/8
0x2 1/4 1/4
0x1 1/2 172
0x0 11 N
D3-2 [T16ACLK [Clock source select T16ACLKSRC Clock source 0x0 | R/'W
SRC[1:0] [1:0]
0x3 External clock
0x2 OSC3A
0x1 OSC1
0x0 0OsC3B
D1 |MULTIMD |Multi-comparator/capture mode |1 [Multi 0 [Normal 0 |R/W [T16A_CLKO
select
- reserved - - - |T16A_CLK1
0 when being read.
DO |T16ACLKE [Count clock enable 1[Enable [0 [Disable 0 |RW

D[7:4] T16ACLKD[3:0]: Clock Division Ratio Select Bits
Selects the division ratio for generating the count clock when an internal clock (OSC3B, OSC3A, or
OSC1) is used.
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Table 12.8.2 Internal Clock Division Ratio Selection

Division ratio
T16ACLKD[3:0] Clock source = OSC3B or OSC3A | Clock source = 0SC1
Oxf Reserved
Oxe 1/16384 Reserved
Oxd 1/8192 Reserved
Oxc 1/4096 Reserved
0xb 1/2048 Reserved
Oxa 1/1024 Reserved
0x9 1/512 F256 (Regulated 256 Hz clock)
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 1/1

(Default: 0x0)

T16ACLKSRC[1:0]: Clock Source Select Bits
Selects the count clock source.

Table 12.8.3 Clock Source Selection
T16ACLKSRC[1:0] Clock source
0x3 External clock (EXCLx)
0x2 OSC3A
0x1 0OSCH1
0x0 0OSC3B
(Default: 0x0)

When using an external clock as the count clock, supply the clock to the EXCLx pin.

MULTIMD: Multi-Comparator/Capture Mode Select Bit (T16A_CLKO register)
Sets the T16A2 module to multi-comparator/capture mode.

1 (R/W): Multi-comparator/capture mode

0 (R/W): Normal channel mode (default)

In multi-comparator/capture mode, the clock for Ch.0 configured in the T16A_CLKO register is sup-
plied to all timer channels. In normal channel mode, different clock configured for each channel indi-
vidually is supplied to the respective counter.

Reserved (T16A_CLK1 register)

T16ACLKE: Count Clock Enable Bit

Enables or disables the count clock supply to the counter.

1 (R/W): Enabled (on)

0 (R/W): Disabled (off) (default)

The T1I6ACLKE default setting is 0, which disables the clock supply. Setting TI6ACLKE to 1 sends

the clock selected as above to the counter. If timer operation is not required, disable the clock supply
to reduce current consumption.
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T16A Counter Ch.x Control Registers (T16A_CTLx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
T16A Counter | 0x5400 | D15-7 |- reserved - - — |0 when being read.
Ch.x Control | 0x5420 [ D6 [HCM Half clock mode enable 1 [Enable 0 [Disable 0 [RW
Register (16 bits) | D5-4 |CCABCNT |Counter select CCABCNT[1:0]| Counter Ch. | 0x0 | R/'W
(T16A_CTLx) [1:0] 0x3, 0x2 reserved
ox1 Ch.1
0x0 Ch.0
D3 |CBUFEN Compare buffer enable 1 |Enable 0 [Disable 0 [R/W
D2 |[TRMD Count mode select 1 [One-shot | 0 |Repeat 0 [R/W
D1 |PRESET Counter reset 1 |Reset 0 [Ignored 0 W _ |0 when being read.
DO |PRUN Counter run/stop control 1 |Run 0 |Stop 0 [R/W
D[15:7] Reserved
D6 HCM: Half Clock Mode Enable Bit
Sets T16A2 to half clock mode.
1 (R/W): Enabled (half clock mode)
0 (R/W): Disabled (normal clock mode) (default)
Setting HCM to 1 places T16A2 into half clock mode. In half clock mode, T16A2 uses the dual-edge
counter, which counts at the rising and falling edges of the count clock, to generate a compare A signal
when the dual-edge counter value matches the T16A_CCAx register. This makes it possible to control
the duty ratio with double accuracy as compared to normal clock mode.
Setting HCM to 0 places T16A2 into normal clock mode. In normal clock mode, TI6A2 generates a
compare A signal when the T1I6A_TCx register value matches the T16A_CCAx register.
Notes: - T16A2 must be placed into comparator mode to set half clock mode, as it is effective only
when PWM waveform is generated.
Be sure to set T16A2 to normal clock mode under a condition shown below.
(1) When T16A2 is placed into capture mode
(2) When TOUTAMD/T16A_CCCTLx register is set to 0x2 or 0x3
(3) When TOUTBMD/T16A_CCCTLx register is set to 0x2 or 0x3
+ The dual-edge counter value cannot be read.
+ Do not use the compare A interrupt in half clock mode.
+ In half clock mode, the T16A_CCBx register setting value must be less than [T16A_CCAx
setting value / 2 + 0x8000].
D[5:4] CCABCNT[1:0]: Counter Select Bits
Selects a counter to be connected to the comparator/capture block of each channel in multi-compara-
tor/capture mode (MULTIMD/T16A_CLKO register = 1).
Table 12.8.4 Counter Selection
CCABCNTI[1:0] Counter channel
0x3, 0x2 Reserved
0x1 Ch.1 (Counter 1)
0x0 Ch.0 (Counter 0)
(Default: 0x0)
When using the T16A2 module in normal channel mode (TI6A2MULTIMD = 0), be sure to connect
the counter of the same channel to each comparator/capture block.
D3 CBUFEN: Compare Buffer Enable Bit
Enables or disables writing to the compare buffer.
1 (R/W): Enabled
0 (R/W): Disabled (default)
Setting CBUFEN to 1 enables the compare buffer. The compare A and B signals will be generated by
comparing the counter values with the compare A and B buffer values instead of the compare A and B
register values. The compare A and B register values written via software are loaded to the compare A
and B buffers when the compare B signal is generated.
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Setting CBUFEN to 0 disables the compare buffer. The compare A and B signals will be generated by
comparing the counter values with the compare A and B register values.

Make sure the counter is halted (PRUN = 0) before setting CBUFEN.

TRMD: Count Mode Select Bit
Selects the count mode.

1 (R/W): One-shot mode

0 (R/W): Repeat mode (default)

Setting TRMD to O sets the counter to repeat mode. In this mode, once the count starts, the counter
continues counting until stopped by the application program.

Setting TRMD to 1 sets the counter to one-shot mode. In this mode, the counter stops counting auto-
matically as soon as the compare B signal is generated.

PRESET: Counter Reset Bit

Resets the counter.

1 (W): Reset

0 (W): Ignored

0 (R): Normally O when read out (default)

Writing 1 to this bit resets the counter to 0.

PRUN: Counter Run/Stop Control Bit
Starts/stops the count.

1 (W): Run

0 (W): Stop

1 (R): Counting

0 (R): Stopped (default)

The counter starts counting when PRUN is written as 1 and stops when written as 0. The counter data
is retained even if the counter is stopped.

T16A Counter Ch.x Data Registers (T16A_TCx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
T16A Counter | 0x5402 | D15-0 [T16A2TC  |Counter data 0x0 to Oxffff 0x0| R

Ch.x Data 0x5422 [15:0] T16A2TC15 = MSB

Register (16 bits) T16A2TCO = LSB

(T16A_TCx)

D[15:0] T16A2TC[15:0]: Counter Data Bits

Counter data can be read out. (Default: 0x0)

The counter value can be read out even if the counter is running. However, the counter value should
be read at once using a 16-bit transfer instruction. If data is read twice using an 8-bit transfer instruc-
tion, the correct value may not be obtained due to occurrence of count up between readings.
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T16A Comparator/Capture Ch.x Control Registers (T16A_CCCTLx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
T16A 0x5404 |D15-14 |CAPBTRG |Capture B trigger select CAPBTRG[1:0]| Trigger edge | 0x0 | R/W
Comparator/ 0x5424 [1:0] 0x3 1 and |
Capture Ch.x (16 bits) 0x2 |
Control Register| 0x1 1
(T16A_CCCTLx) 0x0 None
D13-12 [TOUTBMD |TOUT B mode select TOUTBMDJ[1:0] Mode 0x0 | R/'W
[1:0] 0x3 cmp B: 1 or |
0x2 cmp A: 1 or |
0x1 cmp A: 1,B: |
0x0 Off
D11-10 |- reserved - - — |0 when being read.
D9 [TOUTBINV [TOUT B invert 1 [Invert 0 [Normal 0 [RW
D8 |CCBMD T16A_CCB register mode select | 1 |Capture 0 |Comparator 0 [R/W
D7-6 |CAPATRG |Capture A trigger select CAPATRG[1:0] | Trigger edge | Ox0 | R/'W
[1:0] 0x3 1and |
0x2 |
0x1 i
0x0 None
D5-4 |TOUTAMD |TOUT A mode select TOUTAMD[1:0] Mode 0x0 | R/'W
[1:0] 0x3 cmp B: 1 or |
0x2 cmp A: 1 or |
0x1 cmp A: 1, B: |
0x0 Off
D3-2 |- reserved - - — |0 when being read.
D1 |[TOUTAINV [TOUT A invert 1 [Invert [ 0[Normal 0 [RW
DO |CCAMD T16A_CCA register mode select | 1 |Capture |0 |Comparator 0 |RW

D[15:14] CAPBTRGI[1:0]: Capture B Trigger Select Bits
Selects the trigger edge(s) of the external signal (CAPBx) at which the counter value is captured in the

capture B register.

Table 12.8.5 Capture B Trigger Edge Selection
CAPBTRG[1:0]
0x3
0x2
0x1
0x0

Trigger edge
Falling edge and rising edge
Falling edge
Rising edge
Not triggered
(Default: 0x0)

CAPBTRG]I1:0] are control bits for capture mode and are ineffective in comparator mode.

TOUTBMD[1:0]: TOUT B Mode Select Bits
Configures how the TOUT B signal waveform (TOUTBx output) is changed by the compare A and

D[13:12]

compare B signals. These bits are also used to turn the TOUT B output On and Off.
Table 12.8.6 TOUT B Generation Mode

D[11:10]
D9

TOUTBMD[1:0]

When compare A occurs

When compare B occurs

0x3

No change

Toggle

0x2

Toggle

No change

0x1

Rise

Fall

0x0

Disable output

(Default: 0x0)

TOUTBMDI 1:0] are control bits for comparator mode and are ineffective in capture mode.

Reserved

TOUTBINV: TOUT B Invert Bit
Selects the TOUT B signal (TOUTBx output) polarity.

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

Inverted (active Low)
Normal (active High) (default)

Writing 1 to TOUTBINYV generates an active Low signal (Off level = High) for the TOUT B output.
When TOUTBINV is 0, an active High signal (Off level = Low) is generated.
TOUTBINV is a control bit for comparator mode and is ineffective in capture mode.
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CCBMD: T16A_CCB Register Mode Select Bit

Selects the T16A_CCBx register function (comparator mode or capture mode).
1 (R/W): Capture mode

0 (R/W): Comparator mode (default)

Writing 1 to CCBMD configures the T16A_CCBx register as the capture B register (capture mode) to
which the counter data will be loaded by the external trigger signal. When CCBMD is 0, the T16A_
CCBux register functions as the compare B register (comparator mode) for writing a comparison value
to generate the compare B signal.

CAPATRG[1:0]: Capture A Trigger Select Bits
Selects the trigger edge(s) of the external signal (CAPAx) at which the counter value is captured in the
capture A register.

Table 12.8.7 Capture A Trigger Edge Selection
CAPATRG[1:0] Trigger edge
0x3 Falling edge and rising edge
0x2 Falling edge
0x1 Rising edge
0x0 Not triggered
(Default: 0x0)

CAPATRG[1:0] are control bits for capture mode and are ineffective in comparator mode.

TOUTAMDI[1:0]: TOUT A Mode Select Bits
Configures how the TOUT A signal waveform (TOUTAx output) is changed by the compare A and
compare B signals. These bits are also used to turn the TOUT A output On and Off.

Table 12.8.8 TOUT A Generation Mode

TOUTAMDI1:0]

When compare A occurs

When compare B occurs

0x3

No change

Toggle

0x2

Toggle

No change

Ox1

Rise

Fall

D[3:2]
D1

Do

0x0 Disable output

(Default: 0x0)
TOUTAMDI 1:0] are control bits for comparator mode and are ineffective in capture mode.
Reserved

TOUTAINV: TOUT A Invert Bit

Selects the TOUT A signal (TOUTAX output) polarity.
1 (R/W): Inverted (active Low)

0 (R/W): Normal (active High) (default)

Writing 1 to TOUTAINYV generates an active Low signal (Off level = High) for the TOUT A output.
When TOUTAINV is 0, an active High signal (Off level = Low) is generated.
TOUTAINV is a control bit for comparator mode and is ineffective in capture mode.

CCAMD:T16A_CCA Register Mode Select Bit

Selects the TI6A_CCAx register function (comparator mode or capture mode).
1 (R/W): Capture mode

0 (R/W): Comparator mode (default)

Writing 1 to CCAMD configures the TI6A_CCAx register as the capture A register (capture mode) to
which the counter data will be loaded by the external trigger signal. When CCAMD is 0, the T16A _
CCAx register functions as the compare A register (comparator mode) for writing a comparison value
to generate the compare A signal.
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T16A Comparator/Capture Ch.x A Data Registers (T16A_CCAx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
T16A 0x5406 | D15-0 |CCA[15:0] |Compare/capture A data 0x0 to Oxffff 0x0 | R/'W

Comparator/ 0x5426 CCA15 = MSB

Capture Ch.x A | (16 bits) CCAO =LSB

Data Register

(T16A_CCAx)

D[15:0] CCA[15:0]: Compare/Capture A Data Bits

In comparator mode (CCAMD/ T16A_CCCTLx register = 0)

Sets a compare A data, which will be compared with the counter value, through this register.

When CBUFEN/T16A_CTLx register is set to 0, compare A data will be set to the compare A register
after a lapse of two T16A2 count clock cycles from the time when it is written to this register.

When CBUFEN is set to 1, the data written to this register is loaded to the compare A buffer. The buf-
fer contents are loaded into the compare A register when the compare B signal is generated.

The compare A register is always directly accessed when being read regardless of the CBUFEN set-
ting.

The data set is compared with the counter data. When the counter reaches the comparison value set,
the compare A signal is asserted and a cause of compare A interrupt occurs. Furthermore, the TOUT
output waveform changes when TOUTAMD[1:0]/T16A_CCCTLx register or TOUTBMD[1:0]/
T16A_CCCTLx register is set to 0x2 or Ox1. These processes do not affect the counter data and the
count up operation.

In capture mode (CCAMD = 1)

When the counter value is captured at the external trigger signal (CAPAXx) edge selected using
CAPATRG[1:0]/T16A_CCCTLx register, the captured value is loaded to this register. At the same
time a capture A interrupt can be generated, thus the captured counter value can be read out in the
interrupt handler.

T16A Comparator/Capture Ch.x B Data Registers (T16A_CCBx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
T16A 0x5408 | D15-0 |CCB[15:0] |Compare/capture B data 0x0 to Oxffff 0x0 | R/'W

Comparator/ 0x5428 CCB15 = MSB

Capture Ch.x B | (16 bits) CCBO = LSB

Data Register

(T16A_CCBx)

D[15:0] CCBJ[15:0]: Compare/Capture B Data Bits

In comparator mode (CCBMD/ T16A_CCCTLx register = 0)

Sets a compare B data, which will be compared with the counter value, through this register.

When CBUFEN/T16A_CTLx register is set to 0, compare B data will be set to the compare B register
after a lapse of two T16A2 count clock cycles from the time when it is written to this register.

When CBUFEN is set to 1, the data written to this register is loaded to the compare B buffer. The buf-
fer contents are loaded into the compare B register when the compare B signal is generated.

The compare B register is always directly accessed when being read regardless of the CBUFEN set-
ting.

The data set is compared with the counter data. When the counter reaches the comparison value set,
the compare B signal is asserted and a cause of compare B interrupt occurs. The counter is reset to 0.
Furthermore, the TOUT output waveform changes when TOUTAMDI1:0]/T16A_CCCTLx register or
TOUTBMD[1:0]/T16A_CCCTLx register is set to 0x3 or Ox1.

In capture mode (CCBMD = 1)

When the counter value is captured at the external trigger signal (CAPBx) edge selected using CAPB-
TRGI[1:0]/T16A_CCCTLx register, the captured value is loaded to this register. At the same time a
capture B interrupt can be generated, thus the captured counter value can be read out in the interrupt
handler.
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T16A Comparator/Capture Ch.x Interrupt Enable Registers (T16A_IENX)

‘ Register name

[Address| Bit |

Name

Function

Setting

[ 1nit. [ R/W |

Remarks

T16A
Comparator/
Capture Ch.x
Interrupt Enable
Register
(T16A_IENX)

0x540a | D156

reserved

0 when being read.

0x542a D5

CAPBOWIE

Capture B overwrite interrupt enable|

Enable

Disable

(16 bits) | D4

CAPAOWIE

Capture A overwrite interrupt enable|

Enable

Disable

CAPBIE

Capture B interrupt enable

Enable

Disable

Capture A interrupt enable

Enable

Disable

Compare B interrupt enable

Enable

Disable

Compare A interrupt enable

alalalalala

Enable

o|o|o|lo|o|o

Disable

o|oolo|o|Oo] |

D[15:6]
D5

D4

D3

D2

D1

Do

Reserved

CAPBOWIE: Capture B Overwrite Interrupt Enable Bit
Enables or disables capture B overwrite interrupts.
1 (R/W): Interrupt enabled

0 (R/W): Interrupt disabled (default)

Setting CAPBOWIE to 1 enables capture B overwrite interrupt requests to the ITC. Setting it to O dis-
ables interrupts.

CAPAOWIE: Capture A Overwrite Interrupt Enable Bit
Enables or disables capture A overwrite interrupts.
1 (R/W): Interrupt enabled

0 (R/W): Interrupt disabled (default)

Setting CAPAOWIE to 1 enables capture A overwrite interrupt requests to the ITC. Setting it to O dis-
ables interrupts.

CAPBIE: Capture B Interrupt Enable Bit
Enables or disables capture B interrupts.

1 (R/W): Interrupt enabled

0 (R/W): Interrupt disabled (default)

Setting CAPBIE to 1 enables capture B interrupt requests to the ITC. Setting it to O disables inter-

rupts.

CAPAIE: Capture A Interrupt Enable Bit
Enables or disables capture A interrupts.

1 (R/W): Interrupt enabled

0 (R/W): Interrupt disabled (default)

Setting CAPAIE to 1 enables capture A interrupt requests to the ITC. Setting it to O disables interrupts.

CBIE: Compare B Interrupt Enable Bit
Enables or disables compare B interrupts.

1 (R/W): Interrupt enabled

0 (R/W): Interrupt disabled (default)

Setting CBIE to 1 enables compare B interrupt requests to the ITC. Setting it to O disables interrupts.

CAIE: Compare A Interrupt Enable Bit
Enables or disables compare A interrupts.

1 (R/W): Interrupt enabled

0 (R/W): Interrupt disabled (default)

Setting CAIE to 1 enables compare A interrupt requests to the ITC. Setting it to O disables interrupts.
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T16A Comparator/Capture Ch.x Interrupt Flag Registers (T16A_IFLGXx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
T16A 0x540c | D15-6 |- reserved - - — |0 when being read.
Comparator/ 0x542¢ D5 |CAPBOWIF [Capture B overwrite interrupt flag | 1 [Cause of 0 [Cause of 0 [R/W [Reset by writing 1.
Capture Chx | (16 bits) | D4 |CAPAOWIF [Capture A overwrite interrupt flag interrupt interrupt not| 0 | R/W
Interrupt Flag D3 |CAPBIF Capture B interrupt flag occurred occurred 0 |RW
Register D2 |CAPAIF Capture A interrupt flag 0 |RW
(T16A_IFLGx) D1 |CBIF Compare B interrupt flag 0 [R/W

DO |CAIF Compare A interrupt flag 0 [R/W

D[15:6] Reserved

D5 CAPBOWIF: Capture B Overwrite Interrupt Flag Bit
Indicates whether the cause of capture B overwrite interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored

CAPBOWIF is a TI6A2 interrupt flag that is set to 1 when the capture B register is overwritten.
CAPBOWTIF is reset by writing 1.

D4 CAPAOWIF: Capture A Overwrite Interrupt Flag Bit
Indicates whether the cause of capture A overwrite interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored

CAPAOWIF is a T16A2 interrupt flag that is set to 1 when the capture A register is overwritten.
CAPAOWTIF is reset by writing 1.

D3 CAPBIF: Capture B Interrupt Flag Bit
Indicates whether the cause of capture B interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored

CAPBIF is a T16A2 interrupt flag that is set to 1 when the counter value is captured in the capture B
register.
CAPBIF is reset by writing 1.

D2 CAPAIF: Capture A Interrupt Flag Bit
Indicates whether the cause of capture A interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored

CAPAIF is a T16A2 interrupt flag that is set to 1 when the counter value is captured in the capture A
register.
CAPAIF is reset by writing 1.

D1 CBIF: Compare B Interrupt Flag Bit
Indicates whether the cause of compare B interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored
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CBIF is a T16A2 interrupt flag that is set to 1 when the counter reaches the value set in the compare B
register.
CBIF is reset by writing 1.

CAIF: Compare A Interrupt Flag Bit

Indicates whether the cause of compare A interrupt has occurred or not.

1 (R): Cause of interrupt has occurred

0 (R): No cause of interrupt has occurred (default)

1 (W): Flag is reset

0 (W): Ignored

CAIF is a TI6A2 interrupt flag that is set to 1 when the counter reaches the value set in the compare A

register.
CAIF is reset by writing 1.
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13 Clock Timer (CT)

13.1 CT Module Overview

The SIC17F57 includes a clock timer module (CT) that uses the OSC1 oscillator as its clock source. This timer can
be used for generating cyclic interrupts to implement a software clock function.
The features of the CT module are listed below.

¢ 8-bit binary counter (128 Hz to 1 Hz)
e 32 Hz,8 Hz,2 Hz, and 1 Hz interrupts can be generated.
Figure 13.1.1 shows the CT configuration.

RTC reset SLEEP/NORMAL -
Clock timer

. CLG&TR
i |OsSC1A 32 kHz ,|OSC1A CT_CNT
| |oscillator divider . Count DO D1 D2 D3 D4 D5 D6 D7
| Timer reset| CTRST
' control circuit| | ,|128| 64 |32 |16 | 8 | 4 | 2 | 1 N 3
| Theoretical Run/Stop control|  CTRUN Hz | Hz | Hz | Hz | Hz | Hz | Hz | Hz s
i regulation I 3
1 B
! CTIE32 <—‘ g
3 ‘OOSSC?IDI;EN Mgag{;? Interrupt CTIE8 > £
| == enable| CTIE2 [ Interrupt
CTIE1 _ [¥|control circuit
TolTC « Clock timer interrupt request

Figure 13.1.1 CT Configuration

The CT module consists of an 8-bit binary counter that uses the 256 Hz signal divided from the OSC1 clock as the
input clock and allows data for each bit (128 Hz to 1 Hz) to be read out by software. The clock timer can also gen-
erate interrupts using the 32 Hz, 8 Hz, 2 Hz, and 1 Hz signals. This clock timer is normally used for various timing
functions, such as a clock.

13.2 Operation Clock

The CT module uses the 256 Hz clock output by the CLG module as the operation clock (normally, the CT module
is clocked by the F256 clock (regulated 256 Hz clock) derived from the OSC1A divider). Therefore, the OSC1 os-
cillator must be turned on before starting the CT module. However, the clock is not supplied to the CT module in
SLEEP mode even if the OSC1 oscillator is on. For detailed information on clock control, see the “Clock Generator
(CLG)” and “Theoretical Regulation (TR)” chapter.

Notes: * The CT module input clock frequency is 256 Hz only when the OSC1 clock frequency is
32.768 kHz. The frequency described in this chapter will vary accordingly for other OSC1
clock frequencies.

+ The CT module can also be operated with the OSC1B divider clock (about 256 Hz) even if
OSC1B is selected as the OSC1 clock source in the CLG. However, the CT module cannot
be used as an accurate clock.

« The OSC1A divider is reset when the RTC starts running (when 1 is written to RTCRUN/RTC_
CTL register). This affects the count operations of the CT module, as new 256 Hz cycle be-
gins from that point.

13.3 Timer Reset

Reset the timer by writing 1 to CTRST/CT_CTL register. This clears the counter to 0.
Apart from this operation, the counter is also cleared by an initial reset.
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13.4 Timer RUN/STOP Control

Make the following settings before starting CT.
(1) If using interrupts, set the interrupt level and enable interrupts for the clock timer. See Section 13.5.
(2) Reset the timer. See Section 13.3.

The clock timer includes CTRUN/CT_CTL register for Run/Stop control.

The clock timer starts operating when 1 is written to CTRUN. Writing O to CTRUN disables clock input and stops
the operation.

This control does not affect the counter (CT_CNT register) data. The counter data is retained even when the count
is halted, allowing resumption of the count from that data.

If 1 is written to both CTRUN and CTRST simultaneously, the clock timer starts counting after resetting.

A cause of interrupt occurs during counting at the 32 Hz, 8 Hz, 2 Hz, and 1 Hz signal falling edges. If interrupts are
enabled, an interrupt request is sent to the interrupt controller (ITC).

0SC1/128 256 Hz
CTCNTO 128 Hz
CTCNT1 64 Hz TUUUUUUUUUUULTUUUUUTTTUUUUUUUUUU Ui ivvvvrvu i ivuu i v vy
CTCNT2 32Hz Uy gy
CTCNT3 16Hz _ [ L [ L[ LI L[ LI L /L /L7
CTCNT4  8Hz [ \ [ \ [ \ \ \ \ \ \ \ \ \ \ \
CICNT5  4Hz [ Lo [ L 7 7
CTCNT6  2Hz [ \ [ I
CTCNT7 1Hz [ [

32Hzinterrupt 4+ A A H A A A A A A A A A A A A A A A Ay
8 Hz interrupt 4 4 4 4 4 4 4 4
2 Hz interrupt 4 4
1 Hz interrupt )

Figure 13.4.1 Clock Timer Timing Chart

Notes: ° The clock timer switches to Run/Stop status synchronized with the 256 Hz signal falling edge
after data is written to CTRUN. When 0 is written to CTRUN, the timer stops after counting
an additional “+1.” 1 is retained for CTRUN reading until the timer actually stops.

Figure 13.4.2 shows the Run/Stop control timing chart.

256 Hz
CTRUN(RD) __|
CTRUNWR) || I

CT_CNT register  0x57  J0x58)0x59)0x5af0x5b)  0x5¢
Figure 13.4.2 Run/Stop Control Timing Chart

+ Executing the s1p instruction while the timer is running (CTRUN = 1) will destabilize the timer
operation during restarting from SLEEP status. When switching to SLEEP status, stop the
timer (CTRUN = 0) before executing the s1p instruction.

13.5 CT Interrupts

The CT module includes functions for generating the following four kinds of interrupts:
32 Hz, 8 Hz, 2 Hz, and 1 Hz interrupts

The CT module outputs a single interrupt signal shared by the above four interrupt causes to the interrupt controller
(ITC). The interrupt flag in the CT module should be read to identify the cause of interrupt that occurred.
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32 Hz, 8 Hz, 2 Hz, and 1 Hz interrupts
The 32 Hz, 8 Hz, 2 Hz, and 1 Hz signal falling edges set the corresponding interrupt flag in the CT module to 1.
At the same time, an interrupt request is sent to the ITC if the corresponding interrupt enable bit has been set to
1 (interrupt enabled). An interrupt is generated if the ITC and S1C17 Core interrupt conditions are satisfied.
If the interrupt enable bit is set to O (interrupt disabled, default), no interrupt request will be sent to the ITC.

Table 13.5.1 CT Interrupt Flags and Interrupt Enable Bits

Cause of interrupt Interrupt flag Interrupt enable bit
32 Hz Interrupt CTIF32/CT_IFLG register CTIE32/CT_IMSK register
8 Hz Interrupt CTIF8/CT_IFLG register CTIE8/CT_IMSK register
2 Hz Interrupt CTIF2/CT_IFLG register CTIE2/CT_IMSK register
1 Hz Interrupt CTIF1/CT_IFLG register CTIE1/CT_IMSK register

For specific information on interrupt processing, see the “Interrupt Controller (ITC)” chapter.

Notes: < The CT module interrupt flag must be reset in the interrupt handler routine after a CT interrupt
has occurred to prevent recurring interrupts.

+ Reset the interrupt flag before enabling CT interrupts with the interrupt enable bit to prevent
occurrence of unwanted interrupt. The interrupt flag is reset by writing 1.

13.6 Control Register Details

Table 13.6.1 List of CT Registers

Address Register name Function
0x5000 CT_CTL Clock Timer Control Register Resets and starts/stops the timer.
0x5001 CT_CNT Clock Timer Counter Register Counter data
0x5002 CT_IMSK Clock Timer Interrupt Mask Register Enables/disables interrupt.
0x5003 CT_IFLG Clock Timer Interrupt Flag Register Indicates/resets interrupt occurrence status.

The CT registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

Clock Timer Control Register (CT_CTL)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Clock Timer 0x5000 | D7-5 |- reserved - - — |0 when being read.
Control Register| (8 bits) D4 |CTRST Clock timer reset 1 |Reset | 0 |Ignored 0 w
(CT_CTL) D3-1 |- reserved - - -

DO |CTRUN Clock timer run/stop control 1 |Run | 0 |Stop 0 |RW

D[7:5] Reserved

D4 CTRST: Clock Timer Reset Bit
Resets the clock timer.
1 (W): Reset
0 (W): Ignored
0 (R): Always 0 when read (default)

Writing 1 to this bit resets the counter to 0x0. When reset in Run state, the clock timer restarts imme-
diately after resetting. The reset data 0x0 is retained when in Stop state.

D[3:1] Reserved

DO CTRUN: Clock Timer Run/Stop Control Bit
Controls the clock timer Run/Stop.
1 (R/W): Run
0 (R/W): Stop (default)

The clock timer starts counting when CTRUN is written as 1 and stops when written as 0. The counter
data is retained at Stop state until a reset or the next Run state.
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Clock Timer Counter Register (CT_CNT)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Clock Timer 0x5001 | D7-0 |CTCNT[7:0] |Clock timer counter value 0x0 to Oxff 0x0 | R

Counter Register| (8 bits)

(CT_CNT)

D[7:0] CTCNT[7:0]: Clock Timer Counter Value Bits
The counter data can be read out. (Default: 0x0)
This register is read-only and cannot be written to.
The bits correspond to various frequencies, as follows:
D7:1Hz,D6: 2 Hz, D5: 4 Hz, D4: 8 Hz, D3: 16 Hz, D2: 32 Hz, D1: 64 Hz, DO: 128 Hz

Note: The correct counter value may not be read out (reading is unstable) if the register is read while
counting is underway. Read the counter register twice in succession and treat the value as valid
if the values read are identical.

Clock Timer Interrupt Mask Register (CT_IMSK)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Clock Timer 0x5002 | D7-4 |- reserved - - — |0 when being read.
Interrupt Mask | (8 bits) D3 |CTIE32 32 Hz interrupt enable 1 |Enable 0 [Disable 0 |RW
Register D2 |CTIE8 8 Hz interrupt enable 1 |Enable 0 |Disable 0 |[R/W
(CT_IMSK) D1 |CTIE2 2 Hz interrupt enable 1 [Enable 0 |Disable 0 |[rRwW

DO |CTIE1 1 Hz interrupt enable 1 |[Enable 0 |Disable 0 [R/W

This register enables or disables interrupt requests individually for the 32 Hz, 8 Hz, 2 Hz, and 1 Hz signals. Setting
CTIE* to 1 enables CT interrupts for the corresponding frequency signal falling edge, while setting to O disables
interrupts.

D[7:4] Reserved

D3 CTIE32: 32 Hz Interrupt Enable Bit
Enables or disables 32 Hz interrupts.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)

D2 CTIES8: 8 Hz Interrupt Enable Bit
Enables or disables 8 Hz interrupts.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)

D1 CTIE2: 2 Hz Interrupt Enable Bit
Enables or disables 2 Hz interrupts.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)

DO CTIE1: 1 Hz Interrupt Enable Bit
Enables or disables 1 Hz interrupts.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)

Clock Timer Interrupt Flag Register (CT_IFLG)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
Clock Timer 0x5003 | D7-4 |- reserved - - — |0 when being read.
Interrupt Flag (8 bits) D3 |CTIF32 32 Hz interrupt flag 1 |Cause of 0 [Cause of 0 | R/W [Reset by writing 1.
Register D2 |CTIF8 8 Hz interrupt flag interrupt interrupt not| 0 | R/W
(CT_IFLG) D1 [CTIF2 2 Hz interrupt flag occurred occurred 0 |R/W

DO [CTIF1 1 Hz interrupt flag 0 |RW

This register indicates the occurrence state of interrupt causes due to 32 Hz, 8 Hz, 2 Hz, and 1 Hz signals. If a CT
interrupt occurs, identify the interrupt cause (frequency) by reading the interrupt flag in this register. CTIF* is a CT
module interrupt flag that is set to 1 at the falling edge of the corresponding 32 Hz, 8 Hz, 2 Hz, or 1 Hz interrupt.
CTIF* is reset by writing 1.
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D[7:4] Reserved
D3 CTIF32: 32 Hz Interrupt Flag Bit
Indicates whether the cause of 32 Hz interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored
D2 CTIF8: 8 Hz Interrupt Flag Bit
Indicates whether the cause of 8 Hz interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored
D1 CTIF2: 2 Hz Interrupt Flag Bit
Indicates whether the cause of 2 Hz interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored
DO CTIF1: 1 Hz Interrupt Flag Bit
Indicates whether the cause of 1 Hz interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored
S1C17F57 TECHNICAL MANUAL Seiko Epson Corporation 13-5
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14 Stopwatch Timer (SWT)

14.1 SWT Module Overview

The SIC17F57 includes a 1/100-second stopwatch timer module (SWT) that uses the OSC1 oscillator as its clock
source. This timer can be used to implement a software stopwatch function.
The features of the SWT module are listed below.

* Two 4-bit BCD counters (approximately 1/100 and 1/10-second counters)
* Approximately 100 Hz, approximately 10 Hz, and 1 Hz interrupts can be generated.

Figure 14.1.1 shows the SWT configuration.

RTC reset SLEEP/NORMAL s ;
e topwatch timer
I CLG&TR ! P

OSC1A 32 kHz .|OSC1A
1 |oscillator divider
: Theoretical
regulation

Count ‘ v _ ‘ _
Reset[ SWTRST | - circuilfa{ Feedback}‘»{ 1/100 s 4-bit }‘»{ 1/10's 4-bit }» N

Run/Stop control[ SWTRUN divider BCD counter BCD counter

Internal data bus

: Interrupt SIE100 > ng:gi :goHl;'Z
i [osc1B 32 kHz ,|OSC1B enable| SIE10 ¥ Interrupt THz
! |oscillator divider : SIE1 > -
— V. control circuit
To ITC « »

Interrupt request

Figure 14.1.1 SWT Configuration

The SWT module consists of two 4-bit BCD counters (1/100 and 1/10 second) that use the 256 Hz signal divided
from the OSC1 clock as the input clock and allows count data to be read out by software.

The SWT module can also generate interrupts using the 100 Hz (approximately 100 Hz), 10 Hz (approximately 10
Hz), and 1 Hz signals.

14.2 Operation Clock

The SWT module uses the 256 Hz clock output by the CLG module as the operation clock (normally, the SWT
module is clocked by the F256 clock (regulated 256 Hz clock) derived from the OSC1A divider). Therefore, the
OSCl oscillator must be turned on before starting the SWT module. However, the clock is not supplied to the SWT
module in SLEEP mode even if the OSC1 oscillator is on. For detailed information on clock control, see the “Clock
Generator (CLG)” and “Theoretical Regulation (TR)” chapter.

Notes: + The SWT module input clock frequency is 256 Hz only when the OSC1 clock frequency is
32.768 kHz. The frequency described in this chapter will vary accordingly for other OSC1
clock frequencies.

+ The SWT module can also be operated with the OSC1B divider clock (about 256 Hz) even if

OSC1B is selected as the OSC1 clock source in the CLG. However, the SWT module cannot
be used as an accurate clock.

« The OSC1A divider is reset when the RTC starts running (when 1 is written to RTCRUN/RTC_
CTL register). This affects the count operations of the SWT module, as new 256 Hz cycle be-
gins from that point.

14.3 BCD Counters

The SWT module consists of 1/100-second and 1/10-second 4-bit BCD counters.
The 1/100-second and 1/10-second counter values can be read from BCD100[3:0]/SWT_BCNT register and
BCD10[3:0]/SWT_BCNT register, respectively.

Count-up Pattern

A feedback divider is used to generate 100 Hz, 10 Hz, and 1 Hz signals from the 256 Hz clock. The counter
count-up pattern varies as shown in Figure 14.3.1.
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1/100-second counter count-up pattern 1

1/100-second counter count-up pattern 2

256 Hz | B
8 t2+v 8 t 21 3 t21 3 vt 21 3 2% 3 F 8 + 2 31 2 1371 2 1371 3 12
256 256 | 256 | 256 256 | 256 256 256 | 256 256 | 256 | 256 | 256 | 256 256 256 256 | 256 | 256 | 256
Approximate 100 Hz— H H H H H H H H H M H H H H H H H H H M
(Feedback divider output) =
1/100-second counter [__0 2 s 4 fsY 6 (7 & Yof o f 1 X2 4 6 8 J o
25 26
Approximate 10 Hz | 256 ° ’, 256 ° F
(1/100-second counter output) . =
""" - 1/10-seqond"66unter count-up pattern ...
26 2 25 26 { 25 TTEE 26 25 26 25 ¢
256 ., 256 .. 256 256 256 256 . 256 . 256 . 256 . 256
Approximate 10 Hz— i i i i i i
(1/100-second counter output) H H F F F H H H H F*

1/10-second counter :X 0 ) 1 ) 2 X 3 I 4 { 5 { 6 I 7 I 8 I 9

26 25 _
E><6-+-256><4_1s

1 Hz~
(1/10-second counter output)

Figure 14.3.1 SWT Count-Up Patterns

The feedback divider generates an approximate 100 Hz signal at 2/256-second and 3/256-second intervals from
the 256 Hz signal supplied from the CLG module.

The 1/100-second counter counts the approximate 100 Hz signal output by the feedback divider and gener-
ates an approximate 10 Hz signal at 25/256-second and 26/256-second intervals. Count-up will be pseudo
1/100-second counting at 2/256-second and 3/256-second intervals.

The 1/10-second counter counts the approximate 10 Hz signal generated by the 1/100-second counter at a ra-
tio of 4:6, and generates a 1 Hz signal. Count-up will be pseudo 1/10-second counting at 25/256-second and
26/256-second intervals.

14.4 Timer Reset

Reset the SWT module by writing 1 to SWTRST/SWT_CTL register. This clears the counter to 0.
Apart from this operation, the counter is also cleared by initial reset.

14.5 Timer RUN/STOP Control

Make the following settings before starting SWT.

(1) If using interrupts, set the interrupt level and enable interrupts for the SWT module. See Section 14.6.
(2) Reset the timer. See Section 14 4.

The SWT module includes SWTRUN/SWT_CTL register for Run/Stop control.

The timer starts operating when 1 is written to SWTRUN. Writing 0 to SWTRUN disables clock input and stops
the operation. This control does not affect the counter (SWT_BCNT register) data. The counter data is retained
even when the count is halted, allowing resumption of the count from that data. If 1 is written to both SWTRUN
and SWTRST simultaneously, the timer starts counting after resetting.

A cause of interrupt occurs during counting at the 100 Hz (approximate 100 Hz), 10 Hz (approximate 10 Hz), and 1
Hz signal falling edges. If interrupts are enabled, an interrupt request is sent to the interrupt controller (ITC).
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o1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4

BCD100[0] J u u u u L
1/100-second BCD100[1]

counter

BCD data BCD100[2] E ﬁ h
BCD100[3] ] 1
100 Hz interrupt A A A A A A A A A A A A A A A A A A AN AL
10 Hz interrupt * *

BCD10[0] \ l \ l \ l \
1/10-second BCD10[1 3 i
counter c 1l E ; : [
BCD data BCD10[2] ﬁ‘ ﬁ‘
BCD10[3]
1 Hz interrupt A A

Figure 14.5.1 SWT Timing Chart

Notes: ° The timer switches to Run/Stop status synchronized with the 256 Hz signal falling edge after
data is written to SWTRUN. When 0 is written to SWTRUN, the timer stops after counting an
additional “+1.” 1 is retained for SWTRUN reading until the timer actually stops.

Figure 14.5.2 shows the Run/Stop control timing chart.

256 Hz
SWTRUN(RD) __|
SWTRUN(WR) || I

SWT_BCNT register 27 J28)29)30])31) 32
Figure 14.5.2 Run/Stop Control Timing Chart

+ Executing the slp instruction while the timer is running (SWTRUN = 1) will destabilize the
timer operation during restarting from SLEEP status. When switching to SLEEP status, stop
the timer (SWTRUN = 0) before executing the s1p instruction.

14.6 SWT Interrupts

The SWT module includes functions for generating the following three kinds of interrupts:
100 Hz, 10 Hz, and 1 Hz interrupts

The SWT module outputs a single interrupt signal shared by the above three interrupt causes to the interrupt control-
ler (ITC). The interrupt flag in the SWT module should be read to identify the cause of interrupt that occurred.

100 Hz, 10 Hz, 1 Hz interrupts

The 100 Hz (approximate 100 Hz), 10 Hz (approximate 10 Hz), and 1 Hz signal falling edges set the corre-
sponding interrupt flag in the SWT module to 1. At the same time, an interrupt request is sent to the ITC if the
corresponding interrupt enable bit has been set to 1 (interrupt enabled). An interrupt is generated if the ITC and
S1C17 Core interrupt conditions are satisfied.

If the interrupt enable bit is set to O (interrupt disabled, default), no interrupt request will be sent to the ITC.

Table 14.6.1 SWT Interrupt Flags and Interrupt Enable Bits

Cause of interrupt Interrupt flag Interrupt enable bit

100 Hz Interrupt SIF100/SWT_IFLG register SIE100/SWT_IMSK register
10 Hz Interrupt SIF10/SWT_IFLG register SIE10/SWT_IMSK register
1 Hz Interrupt SIF1/SWT_IFLG register SIE1/SWT_IMSK register

For specific information on interrupt processing, see the “Interrupt Controller (ITC)” chapter.
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Notes: * The SWT module interrupt flag must be reset in the interrupt handler routine after a stop-
watch timer interrupt has occurred to prevent recurring interrupts.

+ Reset the interrupt flag before enabling SWT interrupts with the interrupt enable bit to pre-
vent occurrence of unwanted interrupt. The interrupt flag is reset by writing 1.

14.7 Control Register Details

Table 14.7.1 List of SWT Registers

Address Register name Function
0x5020 SWT_CTL Stopwatch Timer Control Register Resets and starts/stops the timer.
0x5021 SWT_BCNT Stopwatch Timer BCD Counter Register BCD counter data
0x5022 SWT_IMSK Stopwatch Timer Interrupt Mask Register Enables/disables interrupt.
0x5023 SWT_IFLG Stopwatch Timer Interrupt Flag Register Indicates/resets interrupt occurrence status.

The SWT registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

Stopwatch Timer Control Register (SWT_CTL)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Stopwatch 0x5020 | D7-5 |— reserved - - — |0 when being read.
Timer Control (8 bits) D4 |SWTRST Stopwatch timer reset 1 |Reset | 0 |Ignored 0 w

Register D3-1 |- reserved - - -

(SWT_CTL) DO |SWTRUN Stopwatch timer run/stop control | 1 |Run | 0 |Stop 0 |RW

D[7:5] Reserved

D4 SWTRST: Stopwatch Timer Reset Bit
Resets the SWT module.
1 (W): Reset
0 (W): Ignored
0 (R): Always 0 when read (default)

Writing 1 to this bit resets the counter to 0x0. When reset in Run state, the timer restarts immediately
after resetting. The reset data 0x0 is retained when in Stop state.

D[3:1] Reserved

DO SWTRUN: Stopwatch Timer Run/Stop Control Bit
Controls the timer Run/Stop.
1 (R/W): Run
0 (R/W): Stop (default)
The timer starts counting when SWTRUN is written as 1 and stops when written as 0. The counter
data is retained at Stop state until a reset or the next Run state.

Stopwatch Timer BCD Counter Register (SWT_BCNT)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Stopwatch 0x5021 | D7-4 |BCD10[3:0] [1/10 sec. BCD counter value Oto9 0 R

Timer BCD (8 bits)

Counter Register D3-0 |BCD100[3:0]({1/100 sec. BCD counter value Oto9 0 R

(SWT_BCNT)

D[7:4] BCD10[3:0]: 1/10 Sec. BCD Counter Value Bit
The 1/10-second counter BCD data can be read out. (Default: 0)
This register is read-only and cannot be written to.

D[3:0] BCD100[3:0]: 1/100 Sec. BCD Counter Value Bit
The 1/100-second counter BCD data can be read out. (Default: 0)
This register is read-only and cannot be written to.
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Note: The correct counter value may not be read out (reading is unstable) if the register is read while
counting is underway. Read the counter register twice in succession and treat the value as valid
if the values read are identical.

Stopwatch Timer Interrupt Mask Register (SWT_IMSK)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Stopwatch 0x5022 | D7-3 |— reserved - - — |0 when being read.
Timer Interrupt | (8 bits) D2 |SIE1 1 Hz interrupt enable 1 |Enable 0 |Disable 0 |RW

Mask Register D1 [SIE10 10 Hz interrupt enable 1 |[Enable 0 [Disable 0 [RW

(SWT_IMSK) DO |SIE100 100 Hz interrupt enable 1 |Enable 0 |Disable 0 |RW

This register enables or disables interrupt requests individually for the 100 Hz, 10 Hz, and 1 Hz signals. Setting
SIE* to 1 enables SWT interrupts for the corresponding frequency signal falling edge, while setting to O disables
interrupts.

D[7:3] Reserved

D2 SIE1: 1 Hz Interrupt Enable Bit
Enables or disables 1 Hz interrupts.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)

D1 SIE10: 10 Hz Interrupt Enable Bit
Enables or disables 10 Hz interrupts.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)

DO SIE100: 100 Hz Interrupt Enable Bit
Enables or disables 100 Hz interrupts.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)

Stopwatch Timer Interrupt Flag Register (SWT IFLG)

‘ Register name |Address| Bit | Name | Function Setting | Init. |R/W| Remarks
Stopwatch 0x5023 | D7-3 |— reserved - - — |0 when being read.
Timer Interrupt | (8 bits) D2 |SIF1 1 Hz interrupt flag 1 |Cause of 0 |Cause of 0 |[R/W [Reset by writing 1.
Flag Register D1 [sIF10 10 Hz interrupt flag interrupt interrupt not| 0 |[R/W

(SWT_IFLG) DO [SIF100 100 Hz interrupt flag occurred occurred 0 |RW

This register indicates the occurrence state of interrupt causes due to 100 Hz, 10 Hz, and 1 Hz signals. If an SWT
interrupt occurs, identify the interrupt cause (frequency) by reading the interrupt flag in this register. SIF* is an
SWT module interrupt flag that is set to 1 at the falling edge of the corresponding 100 Hz, 10 Hz, or 1 Hz interrupt.
SIF* is reset by writing 1.

D[7:3] Reserved

D2 SIF1: 1 Hz Interrupt Flag Bit
Indicates whether the cause of 1 Hz interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored

D1 SIF10: 10 Hz Interrupt Flag Bit
Indicates whether the cause of 10 Hz interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored

S1C17F57 TECHNICAL MANUAL Seiko Epson Corporation 14-5
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Do

SIF100: 100 Hz Interrupt Flag Bit

Indicates whether the cause of 100 Hz interrupt has occurred or not.

1 (R): Cause of interrupt has occurred

0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset

0 (W): Ignored

Seiko Epson Corporation
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15 Watchdog Timer (WDT)

15.1 WDT Module Overview

The SIC17F57 includes a watchdog timer module (WDT) that uses the OSC1 oscillator as its clock source. This
timer is used to detect CPU runaway.
The features of WDT are listed below.

¢ 10-bit up counter
o FEither reset or NMI can be generated if the counter overflows.
Figure 15.1.1 shows the WDT configuration.

RTC reset SLEEP/NORMAL

' CLG& TR

1 |OsC1A 32 kHz |OSC1A
' loscillator divider
! Theoretical

! regulation
OSC1B 32 kHz  |OSC1B

' loscillator divider

Watchdog timer

10-bit counter

WDTRUNI3:0]
Run/Stop control
Watchdog timer reset| WDTRST

NMl/reset mode select

Interrupt
control circuit

Figure 15.1.1 WDT Configuration

The WDT module generates an NMI or reset (selectable via software) to the CPU if not reset within 131,072/fosc1
seconds (4 seconds when fosci = 32.768 kHz).

Reset WDT via software within this cycle to prevent NMI/resets, which in turn enables runaway detection for pro-
grams that do not pass through the handler routine.

15.2 Operation Clock

The WDT module uses the 256 Hz clock output by the CLG module as the operation clock (normally, the WDT
module is clocked by the F256 clock (regulated 256 Hz clock) derived from the OSC1A divider). Therefore, the
OSCI1 oscillator must be turned on before starting the WDT module. However, the clock is not supplied to the
WDT module in SLEEP mode even if the OSC1 oscillator is on. For detailed information on clock control, see the
“Clock Generator (CLG)” and “Theoretical Regulation (TR)” chapter.

Notes: < The WDT module input clock frequency is 256 Hz only when the OSC1 clock frequency is

32.768 kHz. The frequency and time described in this chapter will vary accordingly for other
OSC1 clock frequencies.

+ The WDT module can also be operated with the OSC1B divider clock (about 256 Hz) even if
OSC1B is selected as the OSC1 clock source in the CLG.

+ The OSC1A divider is reset when the RTC starts running (when 1 is written to RTCRUN/RTC_
CTL register). This affects the count operations of the WDT module, as new 256 Hz cycle be-
gins from that point.

15.3 WDT Control

15.3.1 NMI/Reset Mode Selection

WDTMD/WDT_ST register is used to select whether an NMI signal or a reset signal is output when WDT has not
been reset within the NMI/reset generation cycle.
To generate an NMI, set WDTMD to O (default). Set to 1 to generate a reset.
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15 WATCHDOG TIMER (WDT)

15.3.2 WDT Run/Stop Control

WDT starts counting when a value other than 0b1010 is written to WDTRUN([3:0]/WDT_CTL register and stops
when 0b1010 is written.

At initial reset, WDTRUN][3:0] is set to 0b1010 to stop the watchdog timer.

Since an NMI or reset may be generated immediately after running depending on the counter value, WDT should
also be reset concurrently (before running the watchdog timer), as explained in the following section.

15.3.3 WDT Reset

To reset WDT, write 1 to WDTRST/WDT_CTL register.

A location should be provided for periodically processing the routine for resetting WDT before an NMI or reset
is generated when using WDT. Process this routine within 131,072/fosct second (4 seconds when fosc1 = 32.768
kHz) cycle.

After resetting, WDT starts counting with a new NMI/Reset generation cycle.

If WDT is not reset within the NMI/Reset generation cycle for any reason, the CPU is switched to interrupt pro-
cessing by NMI or reset, the interrupt vector is read out, and the interrupt handler routine is executed. The reset and
NMI vector addresses are TTBR + 0x0 and TTBR + 0x08.

If the counter overflows and generates an NMI without WDT being reset, WDTST/WDT_ST register is set to 1.
This bit is provided to confirm that WDT was the source of the NMI. The WDTST set to 1 is cleared to O by reset-
ting WDT.

15.3.4 Operations in HALT and SLEEP Modes

HALT mode

The WDT module operates in HALT mode, as the clock is supplied. HALT mode is therefore cleared by an NMI or
reset if it continues for more than the NMI/reset generation cycle. To disable WDT while in HALT mode, stop WDT
by writing 0b1010 to WDTRUN][3:0[/WDT_CTL register before executing the halt instruction. Reset WDT before
resuming operations after HALT mode is cleared.

SLEEP mode

The clock supplied from the CLG module is stopped in SLEEP mode, which also stops WDT. To prevent generation
of an unnecessary NMI or reset after clearing SLEEP mode, reset WDT before executing the s1p instruction. WDT
should also be stopped as required using WDTRUN][3:0].

15.4 Control Register Details

Table 15.4.1 List of WDT Registers

Address Register name Function
0x5040 WDT_CTL Watchdog Timer Control Register Resets and starts/stops the timer.
0x5041 WDT_ST Watchdog Timer Status Register Sets the timer mode and indicates NMI status.

The WDT registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

Watchdog Timer Control Register (WDT_CTL)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Watchdog 0x5040 | D7-5 |- reserved - - — |0 when being read.
Timer Control (8 bits) D4 |WDTRST |Watchdog timer reset 1 |Reset 0 |Ignored 0 W

Register D3-0 |WDTRUNI3:0]|Watchdog timer run/stop control |Other than 1010 1010 1010| R/W

(WDT_CTL) Run Stop

D[7:5] Reserved
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Note:

D[3:0]

Note:

15 WATCHDOG TIMER (WDT)

WDTRST: Watchdog Timer Reset Bit
Resets WDT.

1 (W): Reset

0 (W): Ignored

0 (R): Always 0 when read (default)

To use WDT, it must be reset by writing 1 to this bit within the NMl/reset generation cycle (4
seconds when fosc1 = 32.768 kHz). This resets the up-counter to 0 and starts counting with a
new NMI/reset generation cycle.

WDTRUN[3:0]: Watchdog Timer Run/Stop Control Bits

Controls WDT Run/Stop.
Values other than 0b1010 (R/W):  Run
0b1010 (R/W): Stop (default)

WDT must also be reset to prevent generation of an unnecessary NMI or Reset before
starting WDT.

Watchdog Timer Status Register (WDT_ST)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Watchdog 0x5041 | D7-2 |- reserved - - — |0 when being read.
Timer Status (8 bits)

Register D1 |WDTMD  |NMI/Reset mode select 1 [Reset [o]NmI 0 |RW

(WDT_ST) DO |WDTST  |NMi status 1 [NMI occurred| 0 [Not occurred] 0 | R

D[7:2] Reserved

D1 WDTMD: NMI/Reset Mode Select Bit

Do

Selects NMI or reset generation on counter overflow.
1 (R/W): Reset
0 (R/W): NMI (default)

Setting this bit to 1 outputs a reset signal when the counter overflows. Setting to O outputs an NMI
signal.

WDTST: NMI Status Bit

Indicates a counter overflow and NMI occurrence.
1 (R): NMI occurred (counter overflow)

0 (R): NMI not occurred (default)

This bit confirms that WDT was the source of the NMI. The WDTST set to 1 is cleared to O by reset-
ting WDT.

This is also set by a counter overflow if reset output is selected, but is cleared by initial reset and can-
not be confirmed.
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16 UART

16.1 UART Module Overview

The S1C17F57 includes a UART module for asynchronous communication. It includes a 2-byte receive data buffer

and 1-byte transmit data buffer allowing successive data transfer. The UART module also includes an RZI modula-

tor/demodulator circuit that enables IrDA 1.0-compatible infrared communications simply by adding basic external

circuits.

The following shows the main features of the UART:

e Number of channels: 1 channel

o Transfer rate:

¢ Transfer clock:

¢ Character length:
¢ Parity mode:
* Stop bit:

o Start bit:

150 to 230,400 bps (150 to 115,200 bps in IrDA mode)

Internal clock (baud rate generator output) or an external clock (SCLK input) can be se-
lected.

7 or 8 bits (LSB first)
Even, odd, or no parity
1 or 2 bits

1 bit fixed

* Supports full-duplex communications.

¢ Includes a 2-byte receive data buffer and a 1-byte transmit data buffer.

¢ Includes a baud rate generator with fine adjustment function.

¢ Includes an RZI modulator/demodulator circuit to support IrDA 1.0-compatible infrared communications.

¢ Can detect parity error, framing error, and overrun error during receiving.

¢ Can generate receive buffer full, transmit buffer empty, end of transmission and receive error interrupts.

Figure 16.1.1 shows the UART configuration.

,,,,,,,

Baud rate |sclk Receive data . . RZI
generator buffer (2 bytes) <+ Shift register 1« demodulator ! SINX
| [ L i
| BusF [ y A y :
Internal bus < and < » Clock/transfer control l«——1SCLKx
; control ] |
1| registers y
s L 4 A 4
' | Interrupt € Transmit data . . RZI !
ITC control | buffer (1 byte) > Shiftregister = modulator SOUTx
UART Ch.x !
Figure 16.1.1 UART Configuration
Note: The letter ‘x’ in register and pin names refers to a channel number (0).
Example: UART_CTLx register
Ch.0: UART_CTLO register
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16.2 UART Input/Output Pins

Table 16.2.1 lists the UART input/output pins.

Table 16.2.1 List of UART Pins

Pin name 1/0 Qty Function
SINO (Ch.0) | 1 UART data input pin
Inputs serial data sent from an external serial device.
SOUTO (Ch.0) O 1 UART data output pin
Outputs serial data sent to an external serial device.
SCLKO (Ch.0) | 1 UART clock input pin
Inputs the transfer clock when an external clock is used.

The UART input/output pins (SINx, SOUTx, SCLKx) are shared with I/O ports and are initially set as general pur-
pose I/O port pins. The pin functions must be switched using the port function select bits to use the general purpose
I/O port pins as UART input/output pins.

For detailed information on pin function switching, see the “I/O Ports (P)” chapter.

16.3 Baud Rate Generator

The UART module includes a baud rate generator to generate the transfer (sampling) clock. It consists of an §-bit
programmable timer with fine mode. The timer counts down from the initial value set via software and outputs an
underflow signal when the counter underflows. The underflow signal is used to generate the transfer clock. The un-
derflow cycle can be programmed by selecting the clock source and initial data, enabling the application program
to obtain serial transfer rates as required. Fine mode provides a function that minimizes transfer rate errors.

| Baud rate generator for UART Ch.x

i Division ratio UTCLKD[:0]| [UTCLKSRCIT:0] Clock source

selection selection :

OSC3B clock ——»; Divider » Baud rate register

L 1a/1=1/8) UART_BRx }

OSC3A clock —|Divider —»[}» ot ck v |

! (1/1-1/8) . Down counter !

0SCH1 clock — b UTCLKE ;

External clock (SCLKx) — > Clock enable Underflow| |
| Serial transfer clock —-— !

sclk <= cria’ ranster coe 1/16 I Control circuit !

sclk16 <« 1

Fine mode setting | FMD[3:0]

Figure 16.3.1 Baud Rate Generator

Clock source settings

The clock source can be selected from OSC3B, OSC3A, OSCI, or external clock using UTCLKSRC[1:0]/
UART_CLKUx register.

Table 16.3.1 Clock Source Selection

UTCLKSRCI[1:0] Clock source
0x3 External clock (SCLKXx)
0x2 OSC3A
0x1 0OSCA1
0x0 OSC3B

(Default: 0x0)
Note: When inputting the external clock via the SCLKXx pin, the clock duty ratio must be 50%.

When OSC3B or OSC3A is selected as the clock source, use UTCLKD[1:0]/UART_CLKx register to select the
division ratio.
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Table 16.3.2 OSC3B/OSC3A Division Ratio Selection

UTCLKD[1:0] Division ratio
0x3 1/8
0x2 1/4
0x1 1/2
0x0 11

(Default: 0x0)

Clock supply to the counter is controlled using UTCLKE/UART_CLKx register. The UTCLKE default setting
is 0, which disables the clock supply. Setting UTCLKE to 1 sends the clock selected to the counter.

Initial

counter value setting

BR[7:0]/UART_BRXx register is used to set the initial value for the down counter.
The initial counter value is preset to the down counter if the counter underflows. This means that the initial
counter value and the count clock frequency determine the time elapsed between underflows.

1.2 3 8 16

Underflowsignal/H"HH””H””H”"H””H”"H""H””H
Baud rate generator output (sclk16)

Baud rate generator output (sclk) J | | |_

Figure 16.3.2 Counter Underflow and Clock Generated

Use the following equations to calculate the initial counter value for obtaining the desired transfer rate.

Note:

bs = ct_clk
PS="TBR+ 1) x 16 + FMD}
ct_clk
BR = (=" _FMD - 16} + 1
( bps 6) 6

ct_clk: Count clock frequency (Hz)

BR: BR[7:0] setting (O to 255)

bps:  Transfer rate (bit/s)

FMD: FMD|[3:0] (fine mode) setting (0 to 15)

The UART transfer rate is capped at 230,400 bps (115,200 bps in IrDA mode). Do not set faster
transfer rates.

Fine Mode

Fine mode provides a function that minimizes transfer rate errors. The baud rate generator output clock can be
set to the required frequency by selecting the appropriate clock source and initial counter data. Note that errors
may occur, depending on the transfer rate. Fine mode extends the output clock cycle by delaying the underflow
pulse from the counter. This delay can be specified with the FMD[3:0]/UART_FMDx register. FMD[3:0] speci-
fies the delay pattern to be inserted into a 16 underflow period. Inserting one delay extends the output clock
cycle by one count clock cycle.

Table 16.3.3 Delay Patterns Specified by FMD[3:0]

FMD[3:0]

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

e
(=]

ox0 | - | - [ - [ -] -1-

oxi | - | - | - [ — | — [ -—1-

0x2 - - -

0x3 - - -

0x4 - 1=

0x5 - - -

0x6 - - -

0x7 -

0x8 -

0x9 -

Oxa -

0xb -

Oxc -

Oxd -

Oxe -

Oxf -

lvlivliv]livlivlivlivliely]
jwliwliwliw]l| |
0|0|0|0|0|0|0|0|0 000l
1|1
0000000000l I
lwlivlivlivlivlivlN NN
0|0|0|0|0|0|0|0|0|0|0/0/0|0|I
|
jwlivlivlivlivlN NN
vlivliv]iv]iv]iv]iv]iviivlivlivlivliwly}
lwliwliwll] [
lvlivliv]ivlivliv]iv]ivliv]ivlie]g
lwlivlivlivlivlivliell]
0|0|0|0|0|0|0|0|0|0|0/0 0|00l

: Indicates the insertion of a delay cycle.
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Count clock SS /)S
15 1
[

16
Underflow signal (not corrected) J_| |_|
15 .16
Underflow signal (corrected) || 29 | Delayed

sclk (not corrected) | |

_IWF‘

sclk (corrected) | |
Figure 16.3.3 Delay Cycle Insertion in Fine Mode

At initial reset, FMD[3:0] is set to 0x0, preventing insertion of delay cycles.

Note: Make sure the UART is halted (RXEN/UART_CTLx register = 0) before setting the baud rate gen-
erator.

16.4 Transfer Data Settings

Set the following conditions to configure the transfer data format.
e Data length: 7 or 8 bits

e Start bit:  Fixed at 1 bit

* Stop bit: 1 or 2 bits

e Parity bit:  Even, odd, or no parity

Note: Make sure the UART is halted (RXEN/UART_CTLx register = 0) before changing transfer data for-
mat settings.

Data length
The data length is selected by CHLN/UART_MODx register. Setting CHLN to 0 (default) configures the data
length to 7 bits. Setting CHLN to 1 configures it to 8 bits.

Stop bit
The stop bit length is selected by STPB/UART_MODx register. Setting STPB to O (default) configures the stop
bit length to 1 bit. Setting STPB to 1 configures it to 2 bits.

Parity bit
Whether the parity function is enabled or disabled is selected by PREN/UART_MODx register. Setting PREN
to 0 (default) disables the parity function. In this case, no parity bit is added to the transfer data and the data is
not checked for parity when received. Setting PREN to 1 enables the parity function. In this case, a parity bit is
added to the transfer data and the data is checked for parity when received. When the parity function is enabled,
the parity mode is selected by PMD/UART_MODx register. Setting PMD to 0 (default) adds a parity bit and
checks for even parity. Setting PMD to 1 adds a parity bit and checks for odd parity.

sampling clock (sei) | [ L[ L[ LI L] L0 L L L L L
CHLN =0, PREN =0, STPB =0 st (Do D1 D2) D3] D4)D5)D6J s2
CHLN =0, PREN =1, STPB =0 st (Do D1 D2) D3| D4 D5 D6) p | 82
CHLN =0, PREN =0, STPB = 1 st (Do D1 D2) D3| D4 D5 D6 s2 s3
CHLN =0, PREN = 1, STPB = 1 st (Do D1 D2) D3 D4 D5 D6) p |52 3
CHLN =1, PREN =0, STPB=0 s1 (Do) D1) D2 D3] D4) D5 D6 D7) s2
CHLN =1,PREN =1, STPB=0 st (Do D1 D2) D3] D4 D5 D6 D7) p | 52
CHLN =1, PREN = 0, STPB = 1 s1 (Do D1 D2) D3] D4 D5 D6) D7) s2 3
CHLN =1, PREN =1, STPB = 1 st (Do D1 D2) D3| D4 D5 D6 D7) p [ s2 3

s1: start bit, s2 & s3: stop bit, p: parity bit

Figure 16.4.1 Transfer Data Format
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16.5 Data Transfer Control

Make the following settings before starting data transfers.

(1) Select the input clock. (See Section 16.3.)

(2) Program the baud rate generator to output the transfer clock. (See Section 16.3.)
(3) Set the transfer data format. (See Section 16.4.)

(4) To use the IrDA interface, set [rDA mode. (See Section 16.8.)

(5) Set interrupt conditions to use UART interrupts. (See Section 16.7.)

Note: Make sure the UART is halted (RXEN/UART_CTLx register = 0) before changing the above set-
tings.

Enabling data transfers

Set RXEN/UART_CTLx register to 1 to enable data transfers. This puts the transmitter/receiver circuit in
ready-to-transmit/receive status.

Note: Do not set RXEN to 0 while the UART is sending or receiving data.

Data transmission control

To start data transmission, write the transmit data to TXD[7:0]/UART_TXDx register.

The data is written to the transmit data buffer, and the transmitter circuit starts sending data.

The buffer data is sent to the transmit shift register, and the start bit is output from the SOUTx pin. The data in
the shift register is then output from the LSB. The transfer data bit is shifted in sync with the sampling clock
rising edge and output in sequence via the SOUTx pin. Following output of MSB, the parity bit (if parity is en-
abled) and the stop bit are output.

The transmitter circuit includes three status flags: TDBE/UART_STx register, TRBS/UART_STx register, and
TRED/UART_STx register.

The TDBE flag indicates the transmit data buffer status. This flag switches to O when the application program
writes data to the transmit data buffer and reverts to 1 when the buffer data is sent to the transmit shift register.
An interrupt can be generated when this flag is set to 1 (see Section 16.7). Subsequent data is sent after con-
firming that the transmit data buffer is empty either by using this interrupt or by reading the TDBE flag. The
transmit data buffer size is 1 byte, but a shift register is provided separately to allow data to be written while the
previous data is being sent. Always confirm that the transmit data buffer is empty before writing transmit data.
Writing data while the TDBE flag is 0 will overwrite earlier transmit data inside the transmit data buffer.

The TRBS flag indicates the shift register status. This flag switches to 1 when transmit data is loaded from the
transmit data buffer to the shift register and reverts to 0 once the data is sent. Read this flag to check whether
the transmitter circuit is operating or at standby.

The TRED switches to 1 when the TRBS flag reverts to O from 1, indicating that transmit operation has com-
pleted. An interrupt can be generated when this flag is set to 1 (see Section 16.7). Use this interrupt for trans-
mission end processing. The TRED flag is reset to O by writing 1.

Sampling clock (sclk) [ ‘
SOUTx s1/oojp1ip2fosfp4ips)osfo7) P Js2\s1oojor) | | for) p fs2is1/poforf] | Jo7) P fs2

TDBE ~ Wry[ Wr wwr \
TRBS | )) )) I
TRED

Int t

nterrup f f f End of transmission

Transmit buffer empty interrupt request interrupt request
S1: Start bit, S2: Stop bit, P: Parity bit, Wr: Data write to transmit data buffer

Figure 16.5.1 Data Transmission Timing Chart
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Data reception control

The receiver circuit is activated by setting RXEN to 1, enabling data to be received from an external serial de-
vice.

When the external serial device sends a start bit, the receiver circuit detects its Low level and starts sampling
the following data bits. The data bits are sampled at the sampling clock rising edge, and the lead bit is loaded
into the receive shift register as LSB. Once the MSB has been received into the shift register, the received data
is loaded into the receive data buffer. If parity checking is enabled, the receiver circuit checks the received data
at the same time by checking the parity bit received immediately after the MSB.

The receive data buffer, a 2-byte FIFO, receives data until full.

Received data in the buffer can be read from RXD[7:0]/UART_RXDx register. The oldest data is read out first
and data is cleared by reading.

The receiver circuit includes two buffer status flags: RDRY/UART_STx register and RD2B/UART_STx regis-
ter.

The RDRY flag indicates that the receive data buffer still contains data. The RD2B flag indicates that the re-
ceive data buffer is full.

(1) RDRY =0,RD2B =0
The receive data buffer contents need not be read, since no data has been received.

(2) RDRY = 1,RD2B =0
One 8-bit data has been received. Read the receive data buffer contents once. This resets the RDRY flag.
The buffer reverts to state (1) above.
If the receive data buffer contents are read twice, the second data read will be invalid.

(3) RDRY =1,RD2B =1

Two 8-bit data have been received. Read the receive data buffer contents twice. The receive data buffer
outputs the oldest data first. This resets the RD2B flag. The buffer then reverts to the state in (2) above. The
second read outputs the most recent received data, after which the buffer reverts to the state in (1) above.
Even when the receive data buffer is full, the shift register can start receiving 8-bit data one more time. An
overrun error will occur if receiving is finished before the receive data buffer has been read. In this case, the
last received data cannot be read. The contents of the receive data buffer must be read out before an overrun
error occurs. For detailed information on overrun errors, refer to Section 16.6.

The volume of data received can be checked by reading these flags.

The UART allows receive buffer full interrupts to be generated once data has been received in the receive data
buffer. These interrupts can be used to read the receive data buffer. By default, a receive buffer full interrupt
occurs when the receive data buffer receives one 8-bit data (status (2) above). This can be changed by setting
RBFI/UART_CTLx register to 1 so that an interrupt occurs when the receive data buffer receives two 8-bit
data.

Three error flags are also provided in addition to the flags previously mentioned. See Section 16.6 for detailed
information on flags and receive errors.

16-6
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Sampling clock (sclk)

data1 data2 | | data3 | data4 data5 data 6
SINX \s1foof - (P Js2\s1fpo} - (P s2\s1/pa} - {PJs2ls1/poj - {Ps2\stfpa} - (P s2lstjpal.- {Pfs2
Receive data buffer 3 | datal) - | data 2 3data 2,3 data3 | data 3 4 |
RDRY +Rd
RD2B +Rd
RXDI[7:0] : ‘ data 1 ‘ data2 X ‘ data 3
Interrupt f f f f f
Receive buffer full interrupt request Overrun error
(RBFI =0) interrupt request

S1: Start bit, S2: Stop bit, P: Parity bit, Rd: Data read from RXD[7:0]
Figure 16.5.2 Data Receiving Timing Chart

Disabling data transfers
Write 0 to RXEN to disable data transfers. The data being transferred cannot be guaranteed if RXEN is set to
0 while data is being sent or received. Before setting RXEN to 0, check the data transfer status with software in
consideration of the communication procedure. The data transmit status can be checked using the TRBS flag.

Note: Setting RXEN to 0 empties the transmit data buffer, clearing any remaining data. The data being
transferred cannot be guaranteed if RXEN is set to 0 while data is being sent or received.
Make sure that the TDBE flag is 1 and the TRBS and RDRY flags are both 0 before disabling
data transfer.

16.6 Receive Errors

Three different receive errors may be detected while receiving data.
Since receive errors are interrupt causes, they can be processed by generating interrupts. For more information on
UART interrupt control, see Section 16.7.

Parity error

If PREN/UART_MODx register has been set to 1 (parity enabled), data received is checked for parity.

Data received in the shift register is checked for parity when sent to the receive data buffer. The matching is
checked against the PMD/UART_MODx register setting (odd or even parity). If the result is a non-match, a
parity error is issued, and the parity error flag PER/UART_STx register is set to 1. Even if this error occurs, the
data received is sent to the receive data buffer, and the receiving operation continues. However, the received
data cannot be guaranteed if a parity error occurs. The PER flag is reset to O by writing 1.

Framing error

A framing error occurs if the stop bit is received as 0 and the UART determines loss of sync. If the stop bit is
set to two bits, only the first bit is checked.

The framing error flag FER/UART_STx register is set to 1 if this error occurs. The received data is still trans-
ferred to the receive data buffer if this error occurs and the receiving operation continues, but the data cannot be
guaranteed, even if no framing error occurs for subsequent data receiving. The FER flag is reset to 0 by writing 1.

Overrun error

Even if the receive data buffer is full (two 8-bit data already received), the third data can be received in the shift
register. However, if the receive data buffer is not emptied (by reading out data received) by the time this data
has been received, the third data received in the shift register will not be sent to the buffer and generate an over-
run error. If an overrun error occurs, the overrun error flag OER/UART_STx register is set to 1. The receiving
operation continues even if this error occurs. The OER flag is reset to O by writing 1.
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16.7 UART Interrupts

The UART includes a function for generating the following four different types of interrupts.
* Transmit buffer empty interrupt

* End of transmission interrupt
» Receive buffer full interrupt
* Receive error interrupt

The UART channel outputs one interrupt signal shared by the four above interrupt causes to the interrupt controller
(ITC). Inspect the status flag and error flag to determine the interrupt cause occurred.

Transmit buffer empty interrupt
To use this interrupt, set TIEN/UART_CTLx register to 1. If TIEN is set to 1 while TDBE/UART_STx register
is 1 (transmit data buffer empty) or if TDBE is set to 1 (when the transmit data buffer becomes empty by load-
ing the transmit data written to it to the shift register) while TIEN is 1, an interrupt request is sent to the ITC.
An interrupt occurs if other interrupt conditions are met.
If TIEN is set to O (default), interrupt requests for this cause will not be sent to the ITC.
You can inspect the TDBE flag in the UART interrupt handler routine to determine whether the UART interrupt
is attributable to a transmit buffer empty. If TDBE is 1, the next transmit data can be written to the transmit data
buffer by the interrupt handler routine.

End of transmission interrupt

To use this interrupt, set TEIEN/UART_CTLx register to 1. If TEIEN is set to O (default), interrupt requests for
this cause will not be sent to the ITC.

When the TRBS flag is reset to 0, the UART sets TRED/UART_STx register to 1, indicating that the transmit
operation has completed. If end of transmission interrupts are enabled (TEIEN = 1), an interrupt request is sent
simultaneously to the ITC.

An interrupt occurs if other interrupt conditions are met. You can inspect the TRED flag in the UART interrupt
handler routine to determine whether the UART interrupt is attributable to an end of transmission. If TRED is 1,
the transmission processing can be terminated.

Receive buffer full interrupt

To use this interrupt, set RIEN/UART_CTLx register to 1. If RIEN is set to O (default), interrupt requests for
this cause will not be sent to the ITC.

If the specified volume of received data is loaded into the receive data buffer when a receive buffer full inter-
rupt is enabled (RIEN = 1), the UART outputs an interrupt request to the ITC. If RBFI/UART_CTLx register is O,
an interrupt request is output as soon as one received data is loaded into the receive data buffer (when RDRY/
UART_STx register is set to 1). If RBFI is 1, an interrupt request is output as soon as two received data are
loaded into the receive data buffer (Wwhen RD2B/UART_STx register is set to 1).

An interrupt occurs if other interrupt conditions are met. You can inspect the RDRY and RD2B flags in the
UART interrupt handler routine to determine whether the UART interrupt is attributable to a receive buffer full.
If RDRY or RD2B is 1, the received data can be read from the receive data buffer by the interrupt handler rou-
tine.

Receive error interrupt

To use this interrupt, set REIEN/UART_CTLx register to 1. If REIEN is set to O (default), interrupt requests
for this cause will not be sent to the ITC.

The UART sets an error flag, PER, FER, or OER/UART_STx register to 1 if a parity error, framing error, or
overrun error is detected when receiving data. If receive error interrupts are enabled (REIEN = 1), an interrupt
request is sent simultaneously to the ITC.

If other interrupt conditions are satisfied, an interrupt occurs. You can inspect the PER, FER, and OER flags in
the UART interrupt handler routine to determine whether the UART interrupt was caused by a receive error. If
any of the error flags has the value 1, the interrupt handler routine will proceed with error recovery.

For more information on interrupt processing, see the “Interrupt Controller (ITC)” chapter.
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16 UART

16.8 IrDA Interface

This UART module includes an RZI modulator/demodulator circuit enabling implementation of IrDA 1.0-compatible
infrared communication function simply by adding basic external circuits.

The transmit data output from the UART transmit shift register is input to the modulator circuit and output from the
SOUTx pin after the Low pulse has been modulated to a 3 x sclk16 cycle.
(S1: Start bit, S2 & S3: Stop bits, P: Parity bit)

Modulator input (shift register output) S1 | Do | D1 |D2|D3|D4 D5 D6 |D7 | P |S2;8S3
Modulator output (SOUTX) L L L U U
scikie || UU\UL’UUL’L"_HUUUUUUU
12 3 8 9 1011 16
Modulator input (shift register output)

Modulator output (SOUTX)

<

3 x sclk16
Figure 16.8.1 Transmission Signal Waveform

The received IrDA signal is input to the demodulator circuit and the Low pulse width is converted to 16 x sclk16
cycles before entry to the receive shift register. The demodulator circuit uses the pulse detection clock selected
separately from the transfer clock to detect Low pulses input (when minimum pulse width = 1.41 ps/115,200 bps).

(S1: Start bit, S2 & S3: Stop bits, P: Parity bit)

Demodulator input (SINx) _‘u |_| |_| |_| |_| . .
LI U D T T W I W W . S,
DO | D1 [ D2 | D3 [ D4 | D5 [ D6 | D7 [ P S2 s3

-_—
sclk16 J_ﬂ_ﬂ_[u |_||_||_||_||_|U|_”_”_“_

123 4 16

Demodulator output (shift register input) | st

Demodulator input (SINX) |

Demodulator output (shift register input)

Y

2 x scII:16 or Fnor; 16 x sclk16

Figure 16.8.2 Receive Signal Waveform

IrDA enable
To use the IrDA interface function, set IRMD/UART_EXPx register to 1. This enables the RZI modulator/de-
modulator circuit.

Note: This setting must be performed before setting other UART conditions.
Serial data transfer control

Data transfer control in IrDA mode is identical to that for normal interfaces. For detailed information on data
format settings and data transfer and interrupt control methods, refer to the preceding sections.
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16.9 Control Register Details

Table 16.9.1 List of UART Registers

Address Register name Function
0x4100 UART_STO |UART Ch.0 Status Register Indicates transfer, buffer and error statuses.
0x4101 UART_TXDO [UART Ch.0 Transmit Data Register Transmit data
0x4102 UART_RXDO |UART Ch.0 Receive Data Register Receive data
0x4103 UART_MODO [UART Ch.0 Mode Register Sets transfer data format.
0x4104 UART_CTLO [UART Ch.0 Control Register Controls data transfer.
0x4105 UART_EXPO |UART Ch.0 Expansion Register Sets IrDA mode.
0x4106 UART_BRO |UART Ch.0 Baud Rate Register Sets baud rate.
0x4107 UART_FMDO [UART Ch.0 Fine Mode Register Sets fine mode.
0x506¢c UART_CLKO |UART Ch.0 Clock Control Register Selects the baud rate generator clock.

The UART registers are described in detail below.

Notes: -

When data is written to the registers, the “Reserved” bits must always be written as 0 and
not 1.

The following UART bits should be set with transfers disabled (RXEN = 0).
- All UART_MODx register bits (STPB, PMD, PREN, CHLN)

RBFI bit in the UART_CTLx register

All UART_EXPx register bits (IRMD)

All UART_BRXx register bits (BR[7:0])

All UART_FMDx register bits (FMD[3:0])

All UART_CLKX register bits (UTCLKD[1:0], UTCLKSRC[1:0], UTCLKE)

UART Ch.x Status Register (UART_STXx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
UART Ch.x 0x4100 D7 (TRED End of transmission flag 1 [Completed | O |Not com- 0 | R/W |Reset by writing 1.
Status Regist (8 bits) pleted
(UART_STx) D6 |FER Framing error flag 1 |Error 0 |Normal 0 |[R/W
D5 |PER Parity error flag 1 |Error 0 |Normal 0 |R/W
D4 |OER Overrun error flag 1 |Error 0 |Normal 0 |RW
D3 |RD2B Second byte receive flag 1 |Ready 0 |Empty 0 R
D2 |TRBS Transmit busy flag 1 |Busy 0 |Idle 0 R [Shift register status
D1 |RDRY Receive data ready flag 1 |Ready 0 |Empty 0 R
DO |TDBE Transmit data buffer empty flag 1 |Empty 0 |Not empty 1 R
D7 TRED: End of Transmission Flag Bit
Indicates whether the transmit operation has completed or not.
1 (R): Completed
0 (R): Not completed (default)
1 (W): Reset to O
0 (W): Ignored
TRED is set to 1 when the TRBS flag is reset to O (when transmission has completed).
TRED is reset by writing 1.
D6 FER: Framing Error Flag Bit
Indicates whether a framing error has occurred or not.
1 (R): Error occurred
0 (R): No error (default)
1 (W): Reset to 0
0 (W): Ignored
FER is set to 1 when a framing error occurs. Framing errors occur when data is received with the stop
bit set to 0. FER is reset by writing 1.
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PER: Parity Error Flag Bit

Indicates whether a parity error has occurred or not.
1 (R): Error occurred

0 (R): No error (default)

1 (W): Reset to 0

0 (W): Ignored

PER is set to 1 when a parity error occurs. Parity checking is enabled only when PREN/ UART_
MODx register is set to 1 and is performed when received data is transferred from the shift register to
the receive data buffer. PER is reset by writing 1.

OER: Overrun Error Flag Bit

Indicates whether an overrun error has occurred or not.
1 (R): Error occurred

0 (R): No error (default)

1 (W): Reset to 0

0 (W): Ignored

OER is set to 1 when an overrun error occurs. Overrun errors occur if the receive data buffer is full
when data is received in the shift register. The receive data buffer is not overwritten even if this error
occurs. The shift register is overwritten as soon as the error occurs.

OER is reset by writing 1.

RD2B: Second Byte Receive Flag Bit

Indicates that the receive data buffer contains two received data.
1 (R): Second byte can be read

0 (R): Second byte not received (default)

RD2B is set to 1 when the second byte of data is loaded into the receive data buffer and is reset to 0
when the first data is read from the receive data buffer.

TRBS: Transmit Busy Flag Bit
Indicates the transmit shift register status.
1 (R): Operating

0 (R): Standby (default)

TRBS is set to 1 when transmit data is loaded from the transmit data buffer into the shift register and
is reset to O when the data transfer is completed. Inspect TRBS to determine whether the transmit cir-
cuit is operating or at standby.

RDRY: Receive Data Ready Flag Bit

Indicates that the receive data buffer contains valid received data.
1 (R): Data can be read

0 (R): Buffer empty (default)

RDRY is set to 1 when received data is loaded into the receive data buffer and is reset to 0 when all
data has been read from the receive data buffer.

TDBE: Transmit Data Buffer Empty Flag Bit
Indicates the transmit data buffer status.

1 (R): Buffer empty (default)

0 (R): Data exists

TDBE is reset to 0 when transmit data is written to the transmit data buffer and is set to 1 when the
data is transferred to the shift register.
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UART Ch.x Transmit Data Register (UART_TXDx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
UART Ch.x 0x4101 | D7-0 [TXD[7:0] |Transmit data 0x0 to Oxff (0x71) 0x0 | R/'W

Transmit Data | (8 bits) TXD7(6) = MSB

Register TXDO = LSB

(UART_TXDx)

D[7:0] TXD[7:0]: Transmit Data

Write transmit data to be set in the transmit data buffer. (Default: 0x0)

The UART starts transmitting when data is written to this register. Data written to TXD[7:0] is re-
tained until sent to the transmit data buffer.

Transmitting data from within the transmit data buffer generates a cause of transmit buffer empty in-
terrupt.

TXD7 (MSB) is invalid in 7-bit mode.

Serial converted data is output from the SOUTx pin beginning with the LSB, in which the bits set to 1
are output as High level and bits set to 0 as Low level signals.

This register can also be read.

UART Ch.x Receive Data Register (UART_RXDx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
UART Ch.x 0x4102 | D7-0 |RXD[7:0] Receive data in the receive data 0x0 to Oxff (0x7f) 0x0 [ R |Older data in the
Receive Data (8 bits) buffer buffer is read out
Register RXD7(6) = MSB first.
(UART_RXDx) RXDO = LSB

D[7:0] RXD[7:0]: Receive Data

Data in the receive data buffer is read out in sequence, starting with the oldest. Received data is placed
in the receive data buffer. The receive data buffer is a 2-byte FIFO that allows proper data reception
until it fills, even if data is not read out. If the buffer is full and the shift register also contains received
data, an overrun error will occur, unless the data is read out before reception of the subsequent data
starts.

The receive circuit includes two receive buffer status flags: RDRY/UART_STx register and RD2B/
UART_STx register. The RDRY flag indicates the presence of valid received data in the receive data
buffer, while the RD2B flag indicates the presence of two received data in the receive data buffer.

A receive buffer full interrupt occurs when the received data in the receive data buffer reaches the
number specified by RBFI/UART_CTLux register.

0 is loaded into RXD7 in 7-bit mode.

Serial data input via the SINx pin is converted to parallel, with the initial bit as LSB, the High level bit
as 1, and the Low level bit as 0. This data is then loaded into the receive data buffer.

This register is read-only. (Default: 0x0)

UART Ch.x Mode Register (UART_MODx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
UART Chx 0x4103 | D7-5 |- reserved - - — |0 when being read.
Mode Register | (8 bits) D4 |CHLN Character length select 118 bits 0 |7 bits 0 |RW
(UART_MODX) D3 |PREN Parity enable 1 |with parity | 0|No parity 0 |RW
D2 |PMD Parity mode select 1|Odd 0 |Even 0 |RW
D1 |STPB Stop bit select 12 bits 0|1 bit 0 |RW
DO |— reserved - - — |0 when being read.
D[7:5] Reserved
D4 CHLN: Character Length Select Bit
Selects the serial transfer data length.
1 (R/W): 8 bits
0 (R/W): 7 bits (default)
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PREN: Parity Enable Bit

Enables the parity function.

1 (R/W): With parity

0 (R/W): No parity (default)

PREN is used to select whether received data parity checking is performed and whether a parity bit
is added to transmit data. Setting PREN to 1 parity-checks the received data. A parity bit is automati-
cally added to the transmit data. If PREN is set to 0, no parity bit is checked or added.

PMD: Parity Mode Select Bit

Selects the parity mode.

1 (R/W): 0Odd parity

0 (R/W): Even parity (default)

Writing 1 to PMD selects odd parity; writing O to it selects even parity. Parity checking and parity bit
addition are enabled only when PREN is set to 1. The PMD setting is disabled if PREN is 0.

STPB: Stop Bit Select Bit

Selects the stop bit length.

1 (R/W): 2 bits

0 (R/W): 1 bit (default)

Writing 1 to STPB selects 2 stop bits; writing O to it selects 1 bit. The start bit is fixed at 1 bit.

Reserved

UART Ch.x Control Register (UART_ CTLx)

‘ Register name |Address| Bit | Name | Function Setting | Init. |R/W| Remarks
UART Ch.x 0x4104 D7 |TEIEN End of transmission int. enable 1 |[Enable 0 |Disable 0 |RW
Control Register| (8 bits) D6 |REIEN Receive error int. enable 1 |Enable 0 |Disable 0 |RW
(UART_CTLx) D5 |RIEN Receive buffer full int. enable 1 |[Enable 0 [Disable 0 |[RW
D4 |TIEN Transmit buffer empty int. enable | 1 |Enable 0 [Disable 0 |RW
D3-2 |- reserved - - — |0 when being read.
D1 |RBFI Receive buffer full int. condition setup| 1 |2 bytes |0 |1 byte 0 |R/W
DO |RXEN UART enable 1|Enable |0 |Disable 0 |RW
D7 TEIEN: End of Transmission Interrupt Enable Bit
Enables interrupt requests to the ITC when transmit operation has completed.
1 (R/W): Enabled
0 (R/W): Disabled (default)
Set this bit to 1 to terminate transmit processing using interrupts.
D6 REIEN: Receive Error Interrupt Enable Bit
Enables interrupt requests to the ITC when a receive error occurs.
1 (R/W): Enabled
0 (R/W): Disabled (default)
Set this bit to 1 to process receive errors using interrupts.
D5 RIEN: Receive Buffer Full Interrupt Enable Bit
Enables interrupt requests to the ITC caused when the received data quantity in the receive data buffer
reaches the quantity specified in RBFI.
1 (R/W): Enabled
0 (R/W): Disabled (default)
Set this bit to 1 to read received data using interrupts.
D4 TIEN: Transmit Buffer Empty Interrupt Enable Bit
Enables interrupt requests to the ITC caused when transmission data in the transmit data buffer is sent
to the shift register (i.e. when data transmission begins).
1 (R/W): Enabled
0 (R/W): Disabled (default)
Set this bit to 1 to write data to the transmit data buffer using interrupts.
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D[3:2] Reserved

D1 RBFI: Receive Buffer Full Interrupt Condition Setup Bit
Sets the quantity of data in the receive data buffer to generate a receive buffer full interrupt.
1 (R/W): 2 bytes
0 (R/W): 1 byte (default)

If receive buffer full interrupts are enabled (RIEN = 1), the UART outputs an interrupt request to the
ITC when the quantity of received data specified by RBFI is loaded into the receive data buffer.

If RBFI is 0, an interrupt request is output as soon as one received data is loaded into the receive data
buffer (when RDRY/UART_STx register is set to 1). If RBFI is 1, an interrupt request is output as soon
as two received data are loaded into the receive data buffer (when RD2B/UART_STx register is set to 1).

DO RXEN: UART Enable Bit
Enables data transfer by the UART.
1 (R/W): Enabled
0 (R/W): Disabled (default)

Set RXEN to 1 before starting UART transfers. Setting RXEN to O disables data transfers. Set the
transfer conditions while RXEN is 0.
Disabling transfers by writing 0 to RXEN also clears the transmit data buffer.

UART Ch.x Expansion Register (UART_EXPx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
UART Ch.x 0x4105 | D7-1 |- reserved - - — |0 when being read.
Expansion (8 bits)

Register

(UART_EXPx) DO [IRMD IrDA mode select 1/0n |0 |Off 0 [RW

D[7:1] Reserved

DO IRMD: IrDA Mode Select Bit
Switches the IrDA interface function on and off.
1 (R/W): On
0 (R/W): Off (default)
Set IRMD to 1 to use the IrDA interface. When IRMD is set to 0, this module functions as a normal
UART, with no IrDA functions.

UART Ch.x Baud Rate Register (UART_BRx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
UART Ch.x 0x4106 | D7-0 |(BR[7:0] Baud rate setting 0x0 to Oxff 0x0 | R/W

Baud Rate (8 bits)

Register

(UART_BRXx)

D[7:0] BR[7:0]: Baud Rate Setting Bits
Sets the initial counter value of the baud rate generator. (Default: 0x0)
The counter in the baud rate generator repeats counting from the value set in this register to occur-
rence of counter underflow to generate the transfer (sampling) clock.
Use the following equations to calculate the initial counter value for obtaining the desired transfer rate.

bos = ct_clk
PS= T BR+ 1) x 16 + FMD}

ct_clk
bps

ct_clk: Count clock frequency (Hz)

BR: BR][7:0] setting (0 to 255)

bps:  Transfer rate (bit/s)

FMD: FMD]I3:0] (fine mode) setting (0 to 15)

BR =

-FMD-1Q+16
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‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
UART Ch.x 0x4107 | D7-4 |- reserved - - — |0 when being read.
Fine Mode (8 bits) | D3-0 |FMDI[3:0] |Fine mode setup 0x0 to Oxf 0x0 | R/W [Set a number of times
Register to insert delay into a
(UART_FMDx) 16-underflow period.
D[7:4] Reserved

D[3:0] FMD[3:0]: Fine Mode Setup Bits

Corrects the transfer rate error. (Default: 0x0)

FMD[3:0] specifies the delay pattern to be inserted into a 16 underflow period of the baud rate gen-

erator output clock. Inserting one delay extends the output clock cycle by one count clock cycle.

Table 16.9.2 Delay Patterns Specified by FMD[3:0]

FMDI[3:0]

Underflow number

7 8 9 10

iy
N

[y
o

0x0

0x1

0x2

0x3

0x4

0x5

0x6

0x7

0x8

0x9

Oxa

Oxb

Oxc

Oxd

Oxe

|
O|0|0|0|0|0|0 |01

0|00 0|1

0|0|0|0|0|0|0|0 /0|00 0|

0|01

I
0|0|0|0|0|0|0|0|0|0|0|0|0 |01

O|0|0|0|0|0O|I

Oxf

|
O|0|0|0|0|0|0|g]|I

|
0|0|0|0|0|0|0|0|0|0|0 |01
|

O|0|0|0]|I

O|0|0|0|0 0|00 |0 |01

O|0|0|0|0|g|! |1
0|0|0|0|0|0|0|0|0|0|0|0|0 |01
|

@)

D

lw)

D

O|0|0|0|0|0|0|0|0|0 |0

D

@)

Underflow signal (corrected) J_l

Underflow signal (not corrected) J_|

D: Indicates the insertion of a delay cycle.

Count clock SS SS

1

—ﬂ Delayed

sclk (not corrected) |

sclk (corrected) |

_IWF“

Figure 16.9.1 Delay Cycle Insertion in Fine Mode

UART Ch.x Clock Control Register (UART_CLKX)
[

‘ Register name |Address| Bit | Name | Function Setting | Init. |R/W| Remarks
UART Ch.x 0x506c | D7-6 |- reserved - - — |0 when being read.
Clock Control (8 bits) | D5-4 |UTCLKD |Clock division ratio select UTCLKDI[1:0] | Division ratio | 0x0 | R/W |When the clock
Register [1:0] 0x3 1/8 source is OSC3B or
(UART_CLKXx) 0x2 1/4 OSC3A
0x1 12
0x0 1
D3-2 |UTCLKSRC |Clock source select UTCLKSRC 0x0 | R/'W
Clock source
[1:0] [1:0]
0x3 External clock
0x2 OSC3A
0x1 0OSCH
0x0 0OsC3B
D1 |- reserved - - — |0 when being read.
DO |UTCLKE [Count clock enable 1[Enable [0 [Disable 0 |RW
D[7:6] Reserved
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D[5:4] UTCLKD[1:0]: Clock Division Ratio Select Bits
Selects the division ratio for generating the count clock of the baud rate generator when OSC3B or
OSC3A is used as the clock source.
Table 16.9.3 OSC3B/OSC3A Division Ratio Selection
UTCLKD[1:0] Division ratio
0x3 1/8
0x2 1/4
0x1 1/2
0x0 1/1
(Default: 0x0)
D[3:2] UTCLKSRCI[1:0]: Clock Source Select Bits
Selects the count clock source for the baud rate generator.
Table 16.9.4 Clock Source Selection
UTCLKSRCI[1:0] Clock source
0x3 External clock (SCLKXx)
0x2 OSC3A
0x1 0OSC1
0x0 0OSC3B
(Default: 0x0)
D1 Reserved
DO UTCLKE: Count Clock Enable Bit
Enables or disables the count clock supply to the counter of the baud rate generator.
1 (R/W): Enabled (on)
0 (R/W): Disabled (off) (default)
The UTCLKE default setting is 0, which disables the clock supply. Setting UTCLKE to 1 sends the
clock selected to the counter.
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17 SPI

17.1 SPI Module Overview

The SIC17F57 includes a synchronized serial interface module (SPI).
The following shows the main features of the SPI:

Number of channels: 1 channel

Supports both master and slave modes.

Data length: 8 bits fixed

Supports both MSB first and LSB first modes.

Contains one-byte receive data buffer and one-byte transmit data buffer.

Supports full-duplex communications.

Data transfer timing (clock phase and polarity variations) is selectable from among 4 types.

Can generate receive buffer full and transmit buffer empty interrupts.

Figure 17.1.1 shows the SPI module configuration.

Internal bus €¢——» Receive data < Shift register <:—E| SDIx

1 buffer (1 byte) |
| Bus I/F 1
! and ¢ |
| control > |

| . =] SPICLKXx

i registers o — Clock/transfer control i #SPISSX
3 Interrupt |« .| Transmit data . . 3

ITC < control e # buffer (1 byte) > Shift register —»D SDOx

PCLK —— 174 } |
T8ChO —+—————» SPICh.x |

output clock ~ m-mmmm e
Figure 17.1.1 SPI Module Configuration

Note: The letter ‘x’ in register and pin names refers to a channel number (0).

Example: SPI_CTLx register
Ch.0: SPI_CTLO register

17.2 SPI Input/Output Pins

Table 17.2.1 lists the SPI pins.

Table 17.2.1 List of SPI Pins

Pin name 1/0 Qty Function

SDIO (Ch.0) | 1 |SPI data input pin

Inputs serial data from SPI bus.

SDOO (Ch.0) (0] 1 SPI data output pin

Outputs serial data to SPI bus.

SPICLKO (Ch.0) /0 1 SPI external clock input/output pin

Outputs SPI clock when SPI is in master mode.
Inputs external clock when SPI is used in slave mode.

#SPISSO0 (Ch.0) 1 |SPI slave select signal (active Low) input pin

SPI (Slave mode) is selected as a slave device by Low input to this pin.
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Note: Use an I/O (P) port to output the slave select signal when the SPI module is configured to master
mode.

The SPI input/output pins (SDILx, SDOx, SPICLKXx, #SPISSx) are shared with I/O ports and are initially set as gen-
eral purpose I/O port pins. The pin functions must be switched using the port function select bits to use the general
purpose I/O port pins as SPI input/output pins.

For detailed information on pin function switching, see the “I/O Ports (P)” chapter.

17.3 SPI Clock

The master mode SPI uses the 8-bit timer (T8) Ch.0 output clock or a PCLK/4 clock to generate the SPI clock. This
clock is output from the SPICLKX pin to the slave device while also driving the shift register.

Use MCLK/SPI_CTLx register to select whether the T8 Ch.0 output clock or PCLK/4 clock is used.

Setting MCLK to 1 selects the T8 Ch.0 output clock; setting to O selects the PCLK/4 clock.

Using the T8 Ch.0 output clock enables programmable transfer rates. For more information on T8 control, see the
“8-bit timers (T8)” chapter.

PCLK
8-bit timer Ch.0 output clock [ | [ ] [ [ ] [ ] [

or

powka [ [ L L[ L[ LI
SPI clock (SPICLKx output)

Figure 17.3.1 Master Mode SPI Clock

In slave mode, the SPI clock is input via the SPICLKx pin.

17.4 Data Transfer Condition Settings

The SPI module can be set to master or slave modes. The SPI clock polarity/phase and bit direction (MSB first/
LSB first) can also be set via the SPI_CTLx register. The data length is fixed at 8 bits.

Note: Make sure the SPI module is halted (SPEN/SPI_CTLx register = 0) before master/slave mode se-
lection and clock condition settings.

Master/slave mode selection

MSSL/SPI_CTLx register is used to set the SPI module to master mode or slave mode. Setting MSSL to 1 sets
master mode; setting it to O (default) sets slave mode. In master mode, data is transferred using the internal
clock. In slave mode, data is transferred by inputting the master device clock.

SPI clock polarity and phase settings

The SPI clock polarity is selected by CPOL/SPI_CTLux register. Setting CPOL to 1 treats the SPI clock as ac-
tive Low; setting it to O (default) treats it as active High.
The SPI clock phase is selected by CPHA/SPI_CTLx register.

As shown below, these control bits set transfer timing.
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SPICLKx (CPOL = 1, CPHA = 1) T\ [

SPICLKx (CPOL = 1, CPHA = 0) N :((\_'\_/ U
SPICLKx (CPOL = 0, CPHA = 1) v [ /_“\\\g: [ [
]|

SPICLKx (CPOL = 0, CPHA = 0) \ \ \ \ \
SDIx/SDOX X D7 (MsB) X X X XDowse) X
Fetching received data N N N 4 A 4

into shift register
Figure 17.4.1 Clock and Data Transfer Timing

MSB first/LSB first settings

Use MLSB/SPI_CTLx register to select whether the data MSB or LSB is input/output first.
MSB first is selected when MLSB is O (default); LSB first is selected when MLSB is 1.

17.5 Data Transfer Control

Make the following settings before starting data transfers.

(1) Select the SPI clock source. (See Section 17.3.)

(2) Select master mode or slave mode. (See Section 17.4.)

(3) Set clock conditions. (See Section 17.4.)

(4) Set the interrupt conditions to use SPI interrupts. (See Section 17.6.)

Note: Make sure the SPI is halted (SPEN/SPI_CTLx register = 0) before setting the above conditions.

Enabling data transfers
Set SPEN/SPI_CTLx register to 1 to enable SPI operations. This enables SPI transfers and clock input/output.

Note: Do not set SPEN to 0 when the SPI module is transferring data.

Data transmission control

To start data transmission, write the transmit data to SPTDB[7:0]/SPI_TXDx register.

The data is written to the transmit data buffer, and the SPI module starts sending data. The buffer data is sent
to the transmit shift register. In master mode, the module starts clock output from the SPICLKXx pin. In slave
mode, the module awaits clock input from the SPICLKx pin. The data in the shift register is shifted in sequence
at the clock rising or falling edge, as determined by CPHA/SPI_CTLx register and CPOL/SPI_CTLx register (see
Figure 17.4.1) and sent from the SDOx pin.

Note: Make sure that SPEN is set to 1 before writing data to the SPI_TXDx register.

The SPI module includes two status flags for transfer control: SPTBE/SPI_STx register and SPBSY/SPI_STx
register.

The SPTBE flag indicates the transmit data buffer status. This flag switches to O when the application program
writes data to the SPI_TXDx register (transmit data buffer) and reverts to 1 when the buffer data is sent to the
transmit shift register. An interrupt can be generated when this flag is set to 1 (see Section 17.6). Subsequent
data is sent after confirming that the transmit data buffer is empty either by using this interrupt or by inspecting
the SPTBE flag. The transmit data buffer size is 1 byte, but a shift register is provided separately to allow data
to be written while the previous data is being sent. Always confirm that the transmit data buffer is empty before
writing transmit data. Writing data while the SPTBE flag is 0 will overwrite earlier transmit data inside the
transmit data buffer.

In master mode, the SPBSY flag indicates the shift register status. This flag switches to 1 when transmit data is
loaded from the transmit data buffer to the shift register and reverts to O once the data is sent. Read this flag to
check whether the SPI module is operating or at standby.

In slave mode, SPBSY flag indicates the SPI slave selection signal (#SPISSx pin) status. The flag is set to 1
when the SPI module is selected as a slave module and is set to O when the module is not selected.
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Note: When the SPI module is used in master mode with CPHA set to 0, the clock may change a mini-

mum of one system clock (PCLK) cycle time from change of the first transmit data bit.

PCLK
8-bit timer output |_| |_| |_| |_|

{ Write

SPI_TXDx register

SPICLKx

SDOx X
P
Minimum 1/frcLk

Figure 17.5.1 SDOx and SPICLKx Change Timings when CPHA =0

The half SPICLKXx cycle will be secured from change of data to change of the clock for the sec-
ond and following transmit data bits and the second and following bytes during continuous
transfer.

Data reception control

In master mode, write dummy data to SPTDB[7:0]/SPI_TXDx register. Writing to the SPI_TXDx register cre-
ates the trigger for reception as well as transmission start. Writing actual transmit data enables simultaneous
transmission and reception.

This starts the SPI clock output from the SPICLKXx pin.

Note: Make sure that SPEN is set to 1 before writing data to the SPI_TXDx register.

In slave mode, the module waits until the clock is input from the SPICLKXx pin. There is no need to write to the
SPI_TXDx register if no transmission is required. The receiving operation is started by the clock input from the
master device. If data is transmitted simultaneously, write transmit data to the SPI_TXDx register before the
clock is input.

The data is received in sequence in the shift register at the rising or falling edge of the clock determined by
CPHA/SPI_CTLx register and CPOL/SPI_CTLux register. (See Figure 17.4.1.) The received data is loaded into
the receive data buffer once the 8 bits of data are received in the shift register.

The received data in the buffer can be read from SPRDB[7:0]/SPI_RXDx register.

The SPI module includes SPRBF/SPI_STx register for reception control.

The SPRBF flag indicates the receive data buffer status. This flag is set to 1 when the data received in the shift
register is loaded into the receive data buffer, indicating that the received data can be read out. It reverts to O
when the buffer data is read out from the SPI_RXDx register. An interrupt can be generated as soon as the flag
is set to 1 (see Section 17.6). The received data should be read out either by using this interrupt or by inspecting
the SPRBF flag to confirm that the receive data buffer contains valid received data. The receive data buffer is 1
byte in size, but a shift register is also provided, enabling received data to be retained in the buffer even while
the subsequent data is being received. Note that the receive data buffer should be read out before receiving the
subsequent data is complete. If receiving the subsequent data is complete before the receive data buffer contents
are read out, the newly received data will overwrite the previous received data in the buffer.

In master mode, the SPBSY flag indicating the shift register status can be used in the same way while transfer-
ring data.
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o 00 o e g i
SPEN | [
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SPIcLIxpin mmmm—
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SPBSY -
SPTBE L
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Figure 17.5.2 Data Transmission/Receiving Timing Chart (MSB first)

Disabling data transfers

After a data transfer is completed (both transmission and reception), write O to SPEN to disable data transfers.
Confirm that the SPTBE flag is 1 and the SPBSY flag is O before disabling data transfer.
The data being transferred cannot be guaranteed if SPEN is set to O while data is being sent or received.

17.6 SPI Interrupts

Each channel of the SPI module includes a function for generating the following two different types of interrupts.

* Transmit buffer empty interrupt
» Receive buffer full interrupt

The SPI channel outputs one interrupt signal shared by the two above interrupt causes to the interrupt controller (ITC).
Inspect the status flag to determine the interrupt cause occurred.

Transmit buffer empty interrupt

To use this interrupt, set SPTIE/SPI_CTLx register to 1. If SPTIE is set to O (default), interrupt requests for this
cause will not be sent to the ITC.

When transmit data written to the transmit data buffer is transferred to the shift register, the SPI module sets
SPTBE/SPI_STx register to 1, indicating that the transmit data buffer is empty. If transmit buffer empty inter-
rupts are enabled (SPTIE = 1), an interrupt request is sent simultaneously to the ITC.

An interrupt occurs if other interrupt conditions are met. You can inspect the SPTBE flag in the SPI interrupt
handler routine to determine whether the SPI interrupt is attributable to a transmit buffer empty. If SPTBE is 1,
the next transmit data can be written to the transmit data buffer by the interrupt handler routine.

Receive buffer full interrupt
To use this interrupt, set SPRIE/SPI_CTLux register to 1. If SPRIE is set to 0 (default), interrupt requests for this
cause will not be sent to the ITC.
When data received in the shift register is loaded into the receive data buffer, the SPI module sets SPRBF/SPI_
STx register to 1, indicating that the receive data buffer contains readable received data. If receive buffer full
interrupts are enabled (SPRIE = 1), an interrupt request is output to the ITC at the same time.
An interrupt occurs if other interrupt conditions are met. You can inspect the SPRBF flag in the SPI interrupt
handler routine to determine whether the SPI interrupt is attributable to a receive buffer full. If SPRBF is 1, the
received data can be read from the receive data buffer by the interrupt handler routine.

For more information on interrupt processing, see the “Interrupt Controller (ITC)” chapter.

S1C17F57 TECHNICAL MANUAL Seiko Epson Corporation 17-5
(Rev. 1.1)



17 SPI

17.7 Control Register Details

Table 17.7.1 List of SPI Registers

Address Register name Function
0x4320 SPI_STO SPI Ch.0 Status Register Indicates transfer and buffer statuses.
0x4322 SPI_TXDO SPI Ch.0 Transmit Data Register Transmit data
0x4324 SPI_RXDO SPI Ch.0 Receive Data Register Receive data
0x4326 SPI_CTLO SPI Ch.0 Control Register Sets the SPI mode and enables data transfer.

The SPI registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

SPI Ch.x Status Register (SPI_STx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
SPI Ch.x Status| 0x4320 | D15-3 |— reserved - - — |0 when being read.
Register (16 bits) D2 [SPBSY Transfer busy flag (master) 1 [Busy 0 |Idle 0
(SPI_STx) ss signal low flag (slave) 1lss=L Olss=H
D1 |SPRBF Receive data buffer full flag 1 |Full 0 |Not full 0 R
Do |SPTBE ‘Transmit data buffer empty flag 1 |Empty 0 |Not empty 1 R
D[15:3] Reserved
D2 SPBSY: Transfer Busy Flag Bit (Master Mode)/ss Signal Low Flag Bit (Slave Mode)
Master mode
Indicates the SPI transfer status.
1 (R): Operating
0 (R): Standby (default)
SPBSY is set to 1 when the SPI starts data transfer in master mode and is maintained at 1 while trans-
fer is underway. It is cleared to 0 once the transfer is complete.
Slave mode
Indicates the slave selection (#SPISSx) signal status.
1 (R): Low level (this SPI is selected)
0 (R): High level (this SPI is not selected) (default)
SPBSY is set to 1 when the master device asserts the #SPISSx signal to select this SPI module (slave
device). It is returned to O when the master device clears the SPI module selection by negating the
#SPISSx signal.
D1 SPRBF: Receive Data Buffer Full Flag Bit
Indicates the receive data buffer status.
1 (R): Data full
0 (R): No data (default)
SPRBEF is set to 1 when data received in the shift register is sent to the receive data buffer (when re-
ceiving is completed), indicating that the data can be read. It reverts to 0 once the buffer data is read
from the SPI_RXDx register.
DO SPTBE: Transmit Data Buffer Empty Flag Bit
Indicates the transmit data buffer status.
1 (R): Empty (default)
0 (R): Data exists
SPTBE is set to 0 when transmit data is written to the SPI_TXDx register (transmit data buffer), and
is set to 1 when the data is transferred to the shift register (when transmission starts).
Transmission data must be written to the SPI_TXDx register when this bit is 1.
17-6 Seiko Epson Corporation S1C17F57 TECHNICAL MANUAL

(Rev. 1.1)



17 SPI

SPI Ch.x Transmit Data Register (SPI_TXDx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
SPI Ch.x 0x4322 | D15-8 |— reserved - - — |0 when being read.
Transmit Data | (16 bits) | D7-0 |SPTDB[7:0] [SPI transmit data buffer 0x0 to Oxff 0x0 | R/'W

Register SPTDB7 = MSB

(SPI_TXDx) SPTDBO = LSB

D[15:8] Reserved

D[7:0] SPTDBJ[7:0]: SPI Transmit Data Buffer Bits
Sets transmit data to be written to the transmit data buffer. (Default: 0x0)
In master mode, transmission is started by writing data to this register. In slave mode, the contents
of this register are sent to the shift register and transmission begins when the clock is input from the
master.
SPTBE/SPI_STx register is set to 1 (empty) as soon as data written to this register has been trans-
ferred to the shift register. A transmit buffer empty interrupt is generated at the same time. The subse-
quent transmit data can then be written, even while data is being transmitted.
Serial converted data is output from the SDOx pin, with the bit set to 1 as High level and the bit set to
0 as Low level.

Note: Make sure that SPEN is set to 1 before writing data to the SPI_TXDx register to start data trans-
mission/reception.

SPI Ch.x Receive Data Register (SPI_RXDx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
SPI Ch.x 0x4324 | D15-8 |— reserved - - — |0 when being read.
Receive Data | (16 bits) | D7-0 |SPRDB[7:0]|SPI receive data buffer 0x0 to Oxff 0x0 | R

Register SPRDB7 = MSB

(SPI_RXDx) SPRDBO = LSB

D[15:8] Reserved

D[7:0] SPRDBJ7:0]: SPI Receive Data Buffer Bits
Contains the received data. (Default: 0x0)
SPRBF/SPI_STx register is set to 1 (data full) as soon as data is received and the shift register data
has been transferred to the receive data buffer. A receive buffer full interrupt is generated at the same
time. Data can then be read until subsequent data is received. If receiving the subsequent data is com-
pleted before the register has been read out, the new received data overwrites the contents.
Serial data input from the SDIx pin is converted to parallel, with the High level bit set to 1 and the
Low level bit set to 0. The data is the loaded into this register.
This register is read-only.

SPI Ch.x Control Register (SPI_CTLx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
SPI Ch.x Con- | 0x4326 (D15-10 |- reserved - - — |0 when being read.
trol Register | (16 bits) | D9 [MCLK SPI clock source select 1[t8ch.o  [o[PCLK/4 0 |[rw
(SPI_CTLx) D8 |MLSB LSB/MSB first mode select 1]LsB |o]vsB 0 |[rwW
D7-6 |- reserved - - — |0 when being read.
D5 |SPRIE Receive data buffer full int. enable| 1 [Enable 0 [Disable 0 |[R/W
D4 |SPTIE Transmit data buffer empty int. enable| 1 |Enable 0 [Disable 0 |RW
D3 |CPHA Clock phase select 1 |Data out 0 |Data in 0 [ R/W [These bits must be
D2 |CPOL Clock polarity select 1 |Active L 0 [Active H 0 | R/W [set before setting
D1 |[MSSL Master/slave mode select 1 [Master 0 [Slave 0 |R/W|SPENto1.
DO [SPEN SPI enable 1 [Enable 0 [Disable 0 [R/W

Note: Do not access to the SPI_CTLx register while SPBSY/SPI_STx register is set to 1 or SPRBF/SPI_
STx register is set to 1 (while data is being transmitted/received).

D[15:10] Reserved
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D9

D8

D[7:6]
D5

D4

D3

D2

MCLK: SPI Clock Source Select Bit
Selects the SPI clock source.

1 (R/W): 8-bit timer Ch.0

0 (R/W): PCLK/4 (default)

MLSB: LSB/MSB First Mode Select Bit

Selects whether data is transferred with MSB first or LSB first.
1 (R/W): LSB first

0 (R/W): MSB first (default)

Reserved

SPRIE: Receive Data Buffer Full Interrupt Enable Bit
Enables or disables SPI receive data buffer full interrupts.

1 (R/W): Enabled

0 (R/W): Disabled (default)

Setting SPRIE to 1 enables the output of SPI interrupt requests to the ITC due to a receive data buffer
full. These interrupt requests are generated when the data received in the shift register is transferred to
the receive data buffer (when reception is completed).

SPI interrupts are not generated by receive data buffer full if SPRIE is set to 0.

SPTIE: Transmit Data Buffer Empty Interrupt Enable Bit
Enables or disables SPI transmit data buffer empty interrupts.

1 (R/W): Enabled

0 (R/W): Disabled (default)

Setting SPTIE to 1 enables the output of SPI interrupt requests to the ITC due to a transmit data buf-
fer empty. These interrupt requests are generated when the data written to the transmit data buffer is
transferred to the shift register (when transmission starts).

SPI interrupts are not generated by transmit data buffer empty if SPTIE is set to 0.

CPHA: Clock Phase Select Bit
Selects the SPI clock phase. (Default: 0)
Set the data transfer timing together with CPOL. (See Figure 17.7.1.)

CPOL: Clock Polarity Select Bit
Selects the SPI clock polarity.

1 (R/W): Active Low

0 (R/W): Active High (default)

Set the data transfer timing together with CPHA. (See Figure 17.7.1.)

SPICLKx (CPOL = 1, CPHA = 1) Y (\_; |

SPICLKx (CPOL = 1, CPHA = 0) L A R U B

SPICLKx (CPOL = 0, CPHA = 1) U 7 v [ [ [

SPICLKx (CPOL = 0, CPHA = 0) ) ‘\\ I
SDIX/SDOx _ X D7 (MSB)X | X | 1] | X | X Do (LsB) X

Fetching received data
into shift register ' * t 1 * *

Figure 17.7.1 Clock and Data Transfer Timing

D1 MSSL: Master/Slave Mode Select Bit
Sets the SPI module to master or slave mode.
1 (R/W): Master mode
0 (R/W): Slave mode (default)
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Setting MSSL to 1 selects master mode; setting it to O selects slave mode. Master mode performs data
transfer with the internal clock. In slave mode, data is transferred by inputting the clock from the mas-
ter device.

SPEN: SPI Enable Bit

Enables or disables SPI module operation.
1 (R/W): Enabled

0 (R/W): Disabled (default)

Setting SPEN to 1 starts the SPI module operation, enabling data transfer.
Setting SPEN to 0 stops the SPI module operation.

Note: The SPEN bit should be set to 0 before setting the CPHA, CPOL, and MSSL bits.
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18 I’C Master (I2CM)

18.1 12CM Module Overview

The S1C17F57 includes an I2C master (I2CM) module that supports two-wire communications. The I2CM module
operates as an I2C bus master device and can communicate with I2C-compliant slave devices.

The following shows the main features of I2CM:

¢ Operates as an I2C bus master device (as single master only).

¢ Supports standard (100 kbps) and fast (400 kbps) modes.

* Supports 8-bit data length only (MSB first).

* 7-bit addressing mode (10-bit addressing is possible by software control.)
e Includes one-byte receive data buffer and one-byte transmit data buffer.

¢ Can generate start, repeated start, and stop conditions.

* Supports half-duplex communications.

* Supports clock stretch function.

* Includes a noise filter function to help improve the reliability of data transfers.
¢ Can generate transmit buffer empty and receive buffer full interrupts.

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 18.1.1 shows the I2CM configuration.

Internal bus 4—:> Shift register [ < ﬁSDAM
! Bus I/F Noise = :
and ¢ filter | | T !
! control » |
.| registers —» Clock/transfer control t B él)éﬂw
ITC < | Interrupt <= > Shift register >
! control !
12C master clock : 12C master | nP
(from T8 Ch.1) 8 c%
Figure 18.1.1 12CM Module Configuration
18.2 12CM Input/Output Pins
Table 18.2.1 lists the I2CM pins.
Table 18.2.1 List of I2CM Pins
Pin name 1/0 Qty Function
SDAM /0 1 I2CM data input/output pin (see Note below)
Inputs serial data from the 12C bus. Also outputs serial data to the 12C bus.
SCLM 1/0 1 I2CM clock input/output pin (see Note below)
Inputs SCL line status. Also outputs a serial clock.

The I2CM input/output pins (SDAM, SCLM) are shared with I/O ports and are initially set as general purpose 1/0O
port pins. The pin functions must be switched using the port function select bits to use the general purpose 1/O port
pins as [2CM input/output pins.

For detailed information on pin function switching, see the “I/O Ports (P)” chapter.
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18 12C MASTER (I2CM)

Note: The pins go to high impedance status when the port function is switched.
The SCLM and SDAM pins do not output a high level, so these lines should be pulled up to Vbb
with an external pull-up resistor. Be sure to avoid pulling these pins up to a voltage that exceeds

the Vop level.

[2CM |
SDAM I I

12C slave 12C slave

Figure 18.2.1 I2C Connection Example

18.3 Synchronization Clock

The I12CM module uses the internal clock (I2ZCM clock) output by the 8-bit timer (T8) Ch.1 as the synchronization
clock. This clock is output from the SCLM pin to the slave device while also driving the shift register. The clock
should be programmed to output a signal matching the transfer rate from T8 Ch.1. For more information on T8
control, see the “8-bit timers (T8)” chapter.

When the I2CM module is used to communicate with a slave device that performs clock stretching, the maximum
transfer rate is limited to 50 kbps in standard mode or 200 kbps in fast mode.

The I2CM module does not function as a slave device. The SCLM input pin is used to check the I2C bus SCL sig-
nal status. It is not used for synchronization clock input.

18.4 Settings Before Data Transfer

The I2CM module includes an optional noise filter function that can be selected via the application program.

Noise filter function
The I12CM module includes a function for filtering noise from the SDAM and SCLM pin input signals. This

function is enabled by setting NSERM/I2CM_CTL register to 1. Note that using this function requires setting
the I2CM clock (T8 Ch.1 output clock) frequency to 1/6 or less of PCLK.

18.5 Data Transfer Control

Make the following settings before starting data transfers.

(1) Configure T8 Ch.1 to output the I2CM clock. (See the T8 module chapter.)
(2) Select the option function. (See Section 18.4.)

(3) Set the interrupt conditions to use I2CM interrupts. (See Section 18.6.)

Note: Make sure the I2CM module is halted (I2CMEN/I2CM_EN register = 0) before changing the
above settings.

Enabling data transfers

Set 2CMEN/I2ZCM_EN register to 1 to enable I2CM operations. This enables I2CM transfers and clock input/
output.

Note: Do not set I2CMEN to 0 when the I2CM module is transferring data.

Starting Data transfer

To start data transfers, the I2C master (this module) must generate a start condition. The slave address is then
sent to establish communications.
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(1) Generating start condition
The start condition applies when the SCL line is maintained at High and the SDA line is pulled down to Low.

SDAM (output) __\_

SCLM (output) \

Start condition
Figure 18.5.1 Start Condition

The start condition is generated by setting STRT/I2CM_CTL register to 1.
STRT is automatically reset to O once the start condition is generated. The I2C bus is busy from this point on.

Slave address transmission

Once the start condition has been generated, the I2C master (this module) sends a bit indicating the slave address
and transfer direction for communications. I2C slave addresses are either 7-bit or 10-bit. This module uses an
8-bit transfer data register to send the slave address and transfer direction bit, enabling single transfers in 7-bit
address mode. In 10-bit mode, data is sent twice or three times under software control. Figure 18.5.2 shows the
configuration of the address data.

S

7-bit address
D7 D6 D 4 D3 D2 D1 DO

5 D
(a6 Y A5 [ A4 | A3 [ A2 [ A1 [ A0 DIR)

Slave address Transfer direction
0: master — slave (transmission)
1: slave — master (reception)

10-bit address
D5 D4 D3 D2 D1 DO

D7 D6
First transmit data {1 1)1 AQXASXE)

\%(—)
2 high order
slave address bits

D7 D6 D5 D4 D3 D2 D1 DO

Second transmit data ( A7 A5 | A4 A2 | A1

8 low order slave address bits

(When receiving data)
Issue a repeated start condition after the second data has been sent and then send the third data as shown below.
D7 D6 D5 D4 D3 D2 D1 DO

Third transmit data (1 1 1 o (Ao As) 1)

kﬁ(—)
2 high order
slave address bits

Figure 18.5.2 Transmit Data Specifying Slave Address and Transfer Direction

The transfer direction bit indicates the data transfer direction after the slave address has been sent. This is set to
0 when sending data from the master to the slave and to 1 when receiving data from the slave. To send a slave
address, set the address with the transfer direction bit to RTDT[7:0]/I2CM_DAT register. At the same time, set
TXE/I2CM_DAT register transmitting the address to 1.

After the slave address has been output, data can be sent and received as many times as required. Data must be
sent or received according to the transfer direction set together with the slave address.

Data transmission control

The procedure for transmitting data is described below. Data transmission is performed by the same procedure
as for slave address transmission.

To send byte data, set the transmit data to RTDT[7:0] and set TXE to 1 to transmit 1 byte.

When TXE is set to 1, the I2CM module begins data transmission in sync with the clock. If the previous data
is currently being transmitted, data transmission starts after this has been completed. The I2CM module first
transfers the data written to the shift register, then starts outputting the clock from the SCLM pin. TXE is reset
to O at this point and a cause of interrupt occurs, enabling the subsequent transmission data and TXE to be set.
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18 12C MASTER (I2CM)

The data bits in the shift register are shifted in sequence at the clock falling edge and output via the SDAM pin
with the MSB leading. The I2CM module outputs 9 clocks with each data transmission. In the 9th clock cycle,
the [2CM module sets the SDA line into high impedance to receive an ACK or NAK sent from the slave device.
The slave device returns ACK (0) to the master if the data is received. If the data is not received, the SDA line
is not pulled down, which the I2CM module interprets to mean a NAK (1) (transmission failed).

SDAM (output) \:\ [ b7z [ s Do |

SDAM (input) Vi | i

SCLM (output) \ 1L 2

Start condition
Figure 18.5.3 ACK and NAK

The I2CM module includes two status bits for transmission control: TBUSY/I2CM_CTL register and RTACK/
[2CM_DAT register.

The TBUSY flag indicates the data transmission status. This flag becomes 1 when transmission starts (including
slave address transmission) and reverts to 0 once data transmission ends. Inspect the flag to check whether the
[2CM module is currently transmitting or at standby.

The RTACK bit indicates whether or not the slave device returned an ACK for the previous transmission.
RTACK is 0 if an ACK was returned and 1 if ACK was not returned.

Data reception control

The procedure for receiving data is described below. When receiving data, the slave address must be sent with
the transfer direction bit set to 1.

To receive data, set RXE/I2CM_DAT register to 1 for receiving 1 byte. When TXE/I2CM_DAT register is set
to 1 for sending the slave address, RXE can also be set to 1 at the same time. If both TXE and RXE are set to 1,
TXE takes priority.

When RXE is set to 1, allowing receiving to start, the 2CM module starts outputting the clock from the SCLM
pin with the SDA line at high impedance. The data is shifted into the shift register from the MSB first in sync
with the clock.

RXE is reset to 0 when D7 is loaded.

The received data is loaded to RTDT[7:0] once the 8-bit data has been received in the shift register.

The 12CM module includes two status bits for receive control: RBRDY/I2CM_DAT register and RBUSY/
I2CM_CTL register.

The RBRDY flag indicates the received data status. This flag becomes 1 when the data received in the shift regis-
ter is loaded to RTDT[7:0] and reverts to O when the received data is read out from RTDT[7:0]. Interrupts can also
be generated once the flag value becomes 1.

The RBUSY flag indicates the receiving operation status. This flag is 1 when receiving starts and reverts to 0
when the data is received. Inspect the flag to determine whether the I2CM module is currently receiving or in
standby.

The 12CM module outputs 9 clocks with each data reception. In the 9th clock cycle, an ACK or NAK is sent
to the slave via the SDAM pin. The bit state sent can be set in RTACK/I2CM_DAT register. To send ACK, set
RTACK to 0. To send NAK, set RTACK to 1.

End of data transfers (Generating stop condition)
To end data transfers after all data has been transferred, the I2C master (this module) must generate a stop con-
dition. The stop condition applies when the SCL line is maintained at High and the SDA line is pulled up from
Low to High.
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18 12C MASTER (12CM)

SDAM (output) _/__

SCLM (output) [

Stop condition
Figure 18.5.4 Stop Condition

The stop condition is generated by setting STP/I2CM_CTL register to 1.

When STP is set to 1, the I2CM module pulls up the I2C bus SDA line from Low to High with the SCL line
maintained at High to generates a stop condition. The I2C bus subsequently switches to free state.

Before STP can be set to 1, confirm that TBUSY or RBUSY is reset to O from 1 (this indicates that the I2CM
module has finished data transmit/receive operation) and then make the wait time longer than 1/4 of the I2C
clock cycle set. The stop condition is generated as soon as data transfer (including ACK transfer) ends. STP is
reset to 0 when the stop condition is generated.

Continuing data transfer (Generating Repeated start condition)
To make it possible to continue with a different data transfer after data transfer completion, the I2C master (this
module) can generate a repeated start condition.

SDAM (output) [ U
SCLM (output) [ \

Repeated start condition
Figure 18.5.5 Repeated Start Condition

The repeated start condition is generated by setting STRT/I2CM_CTL register to 1 when the I2C bus is busy.
STRT is automatically reset to O once the repeated start condition is generated. Slave address transmission is
subsequently possible with the I2C bus remaining in the busy state.

Disabling data transfer
After the stop condition has been generated, write O to I2CMEN to disable data transfers. To determine whether
the stop condition has been generated, check to see if STP is automatically cleared to O after it is set to 1 by
polling.
When I2CMEN is set to 0 while the I2C bus is in busy status, the SCLM and SDAM output levels and transfer
data at that point cannot be guaranteed.

Timing chart

STRT setting
g Start condition I2C bus busy

ek LTI L
T8 Ch.1 output ] ] ] ]

SCLM
SDAM
STRT
Figure 18.5.6 Start Condition Generation
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Transmission end

TXE setting Transmission start Transmit data setting ACK receiving ™\
N ' N\

PCLK i
T8 Ch.1 output J
SCLM
SDAM / A6/D7 ) A5/D6 | DIR/DO \  ACK [
TXE \
|l
TBUSY \\
RTACK
RTDT[7:0] | D[7:0] D[7:0]
Interrupt / /
- 77
Figure 18.5.7 Slave Address Transmission/Data Transmission
RXE setting Receiving start ACK transmitting Receiving end
N
PCLK I
T8 Ch.1 output _ﬂ
SCLM
SDAM D7 | D6 | DO \ ACK [
RXE ‘ \
||
RBUSY
RTACK
RTDT[7:0] DI7:0]
RBRDY/ ‘ / —
Interrupt 7/
Figure 18.5.8 Data Receiving
STP setting
Ny Stop condition 12C bus free
POk T LT LT LML L L L L L L Lt
T8 Ch.1 output
SCLM
SDAM
STP

Figure 18.5.9 Stop Condition Generation

18.6 12CM Interrupts

The I2CM module includes a function for generating the following two different types of interrupts.
 Transmit buffer empty interrupt
* Receive buffer full interrupt

The I12CM module outputs one interrupt signal shared by the two above interrupt causes to the interrupt controller
ITC).
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18 12C MASTER (12CM)

Transmit buffer empty interrupt

To use this interrupt, set TINTE/I2CM_ICTL register to 1. If TINTE is set to O (default), interrupt requests for
this cause will not be sent to the ITC.

If transmit buffer empty interrupts are enabled (TINTE = 1), an interrupt request is output to the ITC as soon as
the transmit data set in RTDT[7:0]//I2CM_DAT register is transferred to the shift register.

An interrupt occurs if other interrupt conditions are satisfied.

Checking whether a transmit buffer empty interrupt has occurred or not
A transmit buffer empty interrupt has occurred if TXE/I2CM_DAT register is read as O in the procedure
shown below.
(1) Set TINTE/I2CM_ICTL register to 1.
(2) Write data to RTDT[7:0]/I2CM_DAT register.
(3) Set TXE/I2CM_DAT register to 1. (This can be performed simultaneously with Step 2 above.)
(4) An I2CM interrupt occurs.
(5) Read TXE/I2CM_DAT register.

Clearing the cause of transmit buffer empty interrupt
Write data to RTDT[7:0]/I2CM_DAT register.

Notes: - Data will not be sent if TXE/I2CM_DAT register is set to 0.

 If RTDT[7:0] contains data received from the 12C bus, it will be overwritten.

Receive buffer full interrupt

To use this interrupt, set RINTE/I2CM_ICTL register to 1. If RINTE is set to O (default), interrupt requests for
this cause will not be sent to the ITC.

If receive buffer full interrupts are enabled (RINTE = 1), an interrupt request is output to the ITC as soon as the
data received in the shift register is loaded to RTDT[7:0].

An interrupt occurs if other interrupt conditions are met.

Checking whether a receive buffer full interrupt has occurred or not
A receive buffer full interrupt has occurred if RBRDY/I2CM_DAT register is read as 1 in the procedure
shown below.
(1) Set RINTE/I2CM_ICTL register to 1.
(2) An I2CM interrupt occurs.
(3) Read RBRDY/I2CM_DAT register.

Clearing the cause of receive buffer full interrupt
Read data from RTDT[7:0]/I2CM_DAT register.

For more information on interrupt processing, see the “Interrupt Controller (ITC)” chapter.

18.7 Control Register Details

Table 18.7.1 List of I2CM Registers

Address Register name Function
0x4340 I2CM_EN 12C Master Enable Register Enables the 12C master module.
0x4342 I2CM_CTL  [I2C Master Control Register Controls the I12C master operation and indicates transfer status.
0x4344 12CM_DAT 12C Master Data Register Transmit/receive data
0x4346 I2CM_ICTL |I2C Master Interrupt Control Register Controls the 12C master interrupt.

The [2CM module registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.
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18 12C MASTER (I2CM)

I12C Master Enable Register (I2CM_EN)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
12C Master En- | 0x4340 | D15-1 |- reserved - - — |0 when being read.
able Register | (16 bits)

(I2CM_EN) DO [I2CMEN  |12C master enable 1]Enable [0 ]Disable 0 [RW

D[15:1] Reserved

DO I2CMEN: I2C Master Enable Bit

Enables or disables I2CM module operation.
1 (R/W): Enabled
0 (R/W): Disabled (default)

Setting 2CMEN to 1 starts the I22CM module operation, enabling data transfer. Setting 2CMEN to 0
stops the I2CM module operation.

I12C Master Control Register (I2CM_CTL)

‘Registername|Address| Bit | Name | Function | Setting |Init.|R/W| Remarks

12C Master
Control Regis-
ter
(I2CM_CTL)

0x4342 (D15-10 |- reserved -
(16 bits) | D9 [RBUSY  [Receive busy flag 1 [Busy [o]idle
D8 |TBUSY Transmit busy flag 1 |Busy |0 |Idle
D7-5 |- reserved -
D4 |NSERM Noise remove on/off 1 |On | 0 |Off
D3-2 |- reserved -
D1 |STP Stop control 1 |Stop | 0 |Ignored
DO |[STRT Start control 1 [Start | 0]ignored

0 when being read.

||| 3|1

0 when being read.

R/W

— |0 when being read.
R/W
R/W

ool O]l |[Oo|o||

D[15:10]
D9

D8

D[7:5]
D4

D[3:2]
D1

Reserved

RBUSY: Receive Busy Flag Bit
Indicates the I2CM receiving status.
1 (R): Operating

0 (R): Standby (default)

RBUSY is set to 1 when the I2CM starts data receiving and is maintained at 1 while receiving is un-
derway. It is cleared to O once reception is completed.

TBUSY: Transmit Busy Flag Bit
Indicates the [2CM transmission status.
1 (R): Operating

0 (R): Standby (default)

TBUSY is set to 1 when the I2CM starts data transmission and is maintained at 1 while transmission
is underway. It is cleared to 0 once transmission is completed.

Reserved

NSERM: Noise Remove On/Off Bit

Turns the noise filter function on or off.

1 (R/W): On

0 (R/W): Off (default)

The I2CM module includes a function for filtering noise from the SDAM and SCLM pin input sig-

nals. This function is enabled by setting NSERM to 1. Note that using this function requires setting
the I2CM clock (T8 Ch.1 output clock) frequency to 1/6 or less of PCLK.

Reserved

STP: Stop Control Bit
Generates the stop condition.

1 (R/W): Stop condition generated
0 (R/W): Ineffective (default)
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By setting STP to 1, the 2CM module generates the stop condition by pulling up the I2C bus SDA
line from Low to High with the SCL line maintaining at High. The 12C bus subsequently becomes
free. Note that the stop condition will be generated only if STP is 1 and TXE/[2CM_DAT register,
RXE/I2CM_DAT register, and STRT are set to 0 when data transfer is completed (including ACK
transfer). STP is automatically reset to O if the stop condition is generated.

STRT: Start Control Bit
Generates the start condition.

1 (R/W): Start condition generated
0 (R/W): Ineffective (default)

By setting STRT to 1, the 2CM module generates the start condition by pulling down the I2C bus
SDA line to Low with SCL line maintaining at High.

The repeated start condition can be generated by setting STRT to 1 when the I2C bus is busy.

STRT is automatically reset to 0 once the start condition or repeated start condition is generated. The
I2C bus subsequently becomes busy.

I12C Master Data Register (I2CM_DAT)

‘ Register name |Address| Bit | Name | Function Setting | Init. |R/W| Remarks
12C Master Data| 0x4344 |D15-12 |- reserved - - - |0 when being read.
Register (16 bits) | D11 |RBRDY Receive buffer ready flag 1 |Ready 0 [Empty 0 R
(12CM_DAT) D10 |RXE Receive execution 1 |Receive 0 |Ignored 0 |RW
D9 |TXE Transmit execution 1 |Transmit 0 |lgnored 0 [RW
D8 |RTACK Receive/transmit ACK 1 |Error 0 |ACK 0 |R/W
D7-0 |RTDT[7:0] [Receive/transmit data 0x0 to Oxff 0x0 | R/W
RTDT7 = MSB
RTDTO = LSB
D[15:12] Reserved
D11 RBRDY: Receive Buffer Ready Flag Bit
Indicates the receive buffer status.
1 (R): Receive data exists
0 (R): No receive data (default)
The RBRDY flag becomes 1 when the data received in the shift register is loaded to RTDT[7:0] and
reverts to O when the receive data is read out from RTDT[7:0]. Interrupts can also be generated once
the flag value becomes 1.
D10 RXE: Receive Execution Bit
Receives 1 byte of data.
1 (R/W): Data reception start
0 (R/W): Ineffective (default)
Setting RXE to 1 and TXE to O starts receiving for 1 byte of data. RXE can be set to 1 for subsequent
reception, even if the slave address is being sent or data is being received. RXE is reset to 0 as soon as
D7 is loaded to the shift register.
D9 TXE: Transmit Execution Bit
Transmits 1 byte of data.
1 (R/W): Data transmission start
0 (R/W): Ineffective (default)
Transmission is started by setting the transmit data to RTDT[7:0] and writing 1 to TXE. TXE can be
set to 1 for subsequent transmission, even if the slave address or data is being sent. TXE is reset to 0
as soon as the data set in RTDT[7:0] is transferred to the shift register.
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18 12C MASTER (I2CM)

D8 RTACK: Receive/Transmit ACK Bit
When transmitting data
Indicates the response bit status.
1 (R/W): Error (NAK)
0 (R/W): ACK (default)
RTACK becomes 0 when ACK is returned from the slave after 1 byte of data is sent, indicating that
the slave has received the data correctly. If RTACK is 1, the slave device is not operating or the data
was not received correctly.
When receiving data
Sets the response bit sent to the slave.
1 (R/W): Error (NAK)
0 (R/W): ACK (default)
To return an ACK after data has been received, RTACK should be set to 0 before the I2CM module
sends the response bit. To return a NAK, set RTACK to 1.

D[7:0] RTDT[7:0]: Receive/Transmit Data Bits
When transmitting data
Sets the transmit data. (Default: 0x0)
Data transmission is started by setting TXE to 1. If a slave address or data is currently being transmit-
ted, transmission begins once the previous transmission is completed. Serial converted data is output
from the SDAM pin with MSB leading and bits set to 0 as Low level. A cause of transmit buffer emp-
ty interrupt is generated as soon as the data written to this register is transferred to the shift register,
after which the subsequent transmission data can be written.
When receiving data
The received data can be read out. (Default: 0x0)
Data reception is started by setting RXE to 1. If a slave address is currently being transmitted or
data is currently being received, the new reception starts once the previous data has been transferred.
The RBRDY flag is set and a cause of receive buffer full interrupt generated as soon as reception is
completed and the shift register data is transferred to this register. Data can then be read until the sub-
sequent data has been received. If the subsequent data is received before this register is read out, the
contents are overwritten by the most recent received data. Serial data input from the SDAM pin with
MSB leading is converted to parallel, with the High level bit set to 1 and the Low level bit set to 0,
then loaded to this register.

I12C Master Interrupt Control Register (I2CM_ICTL)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks

12C Master 0x4346 | D15-2 |- reserved - - — |0 when being read.

Interrupt (16 bits) D1 |RINTE Receive interrupt enable 1 |Enable 0 |Disable 0 |[R/W

Control Register| DO |[TINTE Transmit interrupt enable 1 |Enable 0 |Disable 0 |RW

(12CM_ICTL)

D[15:2] Reserved

D1 RINTE: Receive Interrupt Enable Bit
Enables or disables I2CM receive buffer full interrupts.
1 (R/W): Enabled
0 (R/W): Disabled (default)
Setting RINTE to 1 enables the output of I2CM interrupt requests to the ITC due to a receive data
buffer full. These interrupt requests are generated when the data received in the shift register is trans-
ferred to RTDT[7:0]/I2CM_DAT register (when reception is completed).
I2CM interrupts are not generated by receive data buffer full if RINTE is set to 0.
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TINTE: Transmit Interrupt Enable Bit

Enables or disables I2CM transmit buffer empty interrupts.
1 (R/W): Enabled

0 (R/W): Disabled (default)

Setting TINTE to 1 enables the output of [2CM interrupt requests to the ITC due to a transmit buffer
empty. These interrupt requests are generated when the data written to RTDT[7:0] is transferred to the
shift register.

I2CM interrupts are not generated by transmit buffer empty if TINTE is set to 0.
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19 12C SLAVE (12CS)

19 I2C Slave (I12CS)

19.1 12CS Module Overview

The S1C17F57 includes an I2C slave (I2CS) module that supports two-wire communications. The 12CS module op-
erates as an I2C bus slave device and can communicate with an [2C-compliant master device.

The following shows the main features of 12CS:

e QOperates as an I2C bus slave device.

¢ Supports standard (100 kbps) and fast (400 kbps) modes.

* Supports 8-bit data length only (MSB first).

* Supports 7-bit addressing mode.

e Includes one-byte receive data buffer and one-byte transmit data buffer.

¢ Can detect start and stop conditions.

* Supports half-duplex communications.

* Supports clock stretch function.

* Supports forced bus release function.

¢ Includes a noise filter function to help improve the reliability of data transfers.
¢ Can generate transmit buffer empty, receive buffer full, and bus status interrupts.

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 19.1.1 shows the I2CS configuration.

Internal bus <—»] Shift register -] | SDAS
' | BuslF Noise | et
3 and ¢ filter | |- !
i | control e E |} D: SCLS
. | registers » Clock/transfer control ; [
} < N E— O#BFR
H Interrupt <= Shift register >
ITC ! control (« 9 1 3 =
! I12C Slave | D %)
Figure 19.1.1 12CS Module Configuration
Note: The 12CS module does not support general call address and 10-bit address mode.
19.2 12CS Input/Output Pins
Table 19.2.1 lists the I2CS pins.
Table 19.2.1 List of I2CS Pins
Pin name 1/0 Qty Function
SDAS /0 1 I12CS data input/output pin (see Note below)
Inputs serial data from the I12C bus. Also outputs serial data to the I12C bus.
SCLS /0 1 I12CS clock input/output pin (see Note below)

Inputs SCL line status from the I2C bus. Also outputs a low level to put the I12C
bus into clock stretch status.

#BFR 1 12C bus free request input pin

A Low pulse input to this pin requests the 12CS to release the 12C bus. When the
bus free request input has been enabled with software, a Low pulse initializes the
communication process of the 12CS module and sets the SDAS and SCLS pins
into high impedance.
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The I2CS input/output pins (SDAS, SCLS, #BFR) are shared with I/O ports and are initially set as general purpose
I/O port pins. The pin functions must be switched using the port function select bits to use the general purpose I/O
port pins as I2CS input/output pins. For detailed information on pin function switching, see the “I/O Ports (P)” chap-
ter.
Note: The pins go to high impedance status when the port function is switched.
The SCLS and SDAS pins do not output a high level, so these lines should be pulled up to Vbp
with an external pull-up resistor. Be sure to avoid pulling these pins up to a voltage that exceeds
the VDD level.

VbD
I :
SDASI SCLS I
12CS 12C slave

12C master

Figure 19.2.1 [2C Connection Example

19.3 Operation Clock

The 12CS module operates with the clock output from the external [2C master device by inputting it from the SCLS

pin.

The I2CS module also uses the peripheral module clock (PCLK) for its operations. The PCLK frequency must be
set eight-times or higher than the SCLS input clock frequency during data transfer. In standby status, use of the
asynchronous address detection function allows the application to lower the PCLK clock frequency to reduce cur-
rent consumption. For more information, see “Asynchronous address detection function” in Section 19.4.3.

19.4 Initializing 12CS

19.4.1 Reset

The 12CS module must be reset to initialize the communication process and to set the I2C bus into free status (high
impedance). The following shows two methods for resetting the module:

(1) Software reset
The I2CS module can be reset using SOFTRESET/I2CS_CTL register.
To reset the I2CS module, write 1 to SOFTRESET to place the I2CS module into reset status, then write 0 to
SOFTRESET to release it from reset status. It is not necessary to insert a waiting time between writing 1 and 0.
The 12CS module initializes the 12C communication process and put the SDAS and SCLS pins into high-im-
pedance to be ready to detect a start condition. Furthermore, the I2CS control bits except for SOFTRESET are
initialized. Perform the software reset in the initial setting process before staring communication.

(2) Bus free request with an input from the #BFR pin

The I2CS module can accept bus free requests via the #BFR pin. The bus free request support is disabled by
default. To enable this function, set BFREQ_EN/I2CS_CTL register to 1.

When this function is enabled, a low pulse (One peripheral module clock (PCLK) cycles or more pulse width is
required. Two PCLK clock cycles or more pulse width is recommended.) input to the #BFR pin sets BFREQ/
12CS_STAT register to 1. This initializes the I2C communication process and puts the SDAS and SCLS pins
into high-impedance. The control registers will not be initialized as distinct from the software reset described
above.

Note: When BFREQ is set to 1 (an interrupt can be used for checking this status), perform a software
reset and set the registers again.
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19.4.2 Setting Slave Address

I2C devices have a unique slave address to identify each device.
The I2CS module supports 7-bit address (does not support 10-bit address), and the address of this module must be
set to SADRS[6:0]/12CS_SADRS register.

19.4.3 Optional Functions

The I2CS module has a clock stretch, asynchronous address detection, and noise filter optional functions selectable
in the application program.

Clock stretch function

After data and ACK are transmitted or received, the slave device may issue a wait request to the master device
until it is ready to transmit/receive by pulling the I2C bus SCL line down to low. The I2CS module supports this
clock stretch function.

The master device enters a standby state until the wait request is canceled (the SCL line goes high). The clock
stretch function in this module is disabled by default. When using the clock stretch function, set CLKSTR_EN/
I2CS_CTL register to 1 before starting data communication. Note that the data setup time (after the SDAS pin
outputs the MSB of SDATA[7:0]/I2CS_TRNS register until I2CS turns the SCLS pin pull-down resistor off)
while the I2CS module is operating with the clock stretch function enabled varies depending on the I2CS mod-
ule operating clock (PCLK) frequency.

Asynchronous address detection function

The I12CS module operation clock (PCLK) frequency must be set eight-times or higher than the transfer rate
during data transfer. However, the PCLK frequency can be lowered to reduce current consumption if no other
processing is required during standby for data transfer. The asynchronous address detection function is provided
to detect the I2C slave address sent from the master in this status.

The asynchronous address detection function in this module is disabled by default. When using the asynchro-
nous address detection function, set ASDET_EN/I2CS_CTL register to 1.

If the slave address sent from the master has matched with one that has been set in this I2CS module when the
asynchronous address detection function has been enabled, the I2CS module generates a bus status interrupt
and returns NAK to the I2C master to request for resending the slave address.

Set the PCLK frequency to eight-times or higher than the transfer rate and reset ASDET_EN to O in the inter-
rupt handler routine. Data transfer will be able to resume normally after the master retries transmission. After
the master generates a stop condition to put the I2C bus into free status, the asynchronous address detection
function can be enabled again to lower the operating speed.

Notes: - When the asynchronous address detection function is enabled, the 12C bus signals are input
without passing through the noise filter. Therefore, the slave address may not be detected in
a high-noise environment.

+ When the asynchronous address detection function is enabled, data transfer cannot be per-
formed even if the PCLK frequency is eight-times or higher than the transfer rate. Be sure to
disable the asynchronous address detection function during normal operation.

Noise filter

The I2CS module includes a function to remove noise from the SDAS and SCLS input signals. This function is
enabled by setting NF_EN/I2CS_CTL register to 1.

19.5 Data Transfer Control

Make the following settings before starting data transfers.
(1) Initialize the I2CS module. See Section 19.4.
(2) Set the interrupt conditions to use I2CS interrupt. See Section 19.6.

Note: Make sure that the I2CS module is disabled (I2CSEN/I2CS_CTL register = 0) before setting the
conditions above.

S1C17F57 TECHNICAL MANUAL Seiko Epson Corporation 19-3
(Rev. 1.1)



19 I12C SLAVE (12CS)

Enabling data transfers

First, set [2CSEN/I2CS_CTL register to 1 to enable I2CS operation. This makes the I2CS in ready-to-transmit/
receive status in which a start condition can be detected.

Note: Do not set the I2CSEN bit to 0 while the 12CS module is transmitting/receiving data.

Starting data transfer

To start data transmission/reception, set COM_MODE/I2CS_CTL register to 1 to enable data communications.
When the slave address for this module that has been sent from the master is received after a start condition is
detected, the I2CS module returns an ACK (SDAS = low) and starts operating for data reception or data trans-
mission according to the transfer direction bit that has been received with the slave address.

When COM_MODE is 0 (default), the I2CS module does not send back a response if the master has sent the
slave address of this module (it is regarded as that the I2CS module has returned a NAK to the master).

Transfer direction
0: master — slave (data reception)

7-bit slave address 1: slave — master (data transmission)

,,,,, D7 D6 D5 D4 D3 D2 D1 DO

SDAS (input) \\ (A6 ) A5 ) A4 ) A3 A2 A1 | A0 JR/W)

SDAS (output) Vo i ! ! AACK/
(o INak

SCLS (input) 1\ 2\ [3\ [4\ [5\ [e\ [7\ [8\ [9

Start condition
Figure 19.5.1 Receiving Slave Address and Data Direction Bit

When a start condition is detected, BUSY/I2CS_ASTAT register is set to 1 to indicate that the 12C bus is put
into busy status. When the slave address of this module is received, SELECTED/I2CS_ASTAT register is set
to 1 to indicate that this module has been selected as the 12C slave device. BUSY is maintained at 1 until a stop
condition is detected. SELECTED is maintained at 1 until a stop condition or repeated start condition is de-
tected.

The value of the transfer direction bit is set to R/W/I2CS_ASTAT register, so use R/W to select the transmit- or
receive-handling.

If the slave address of this module is detected when the asynchronous address detection function has been en-
abled, ASDET/I2CS_STAT register is set to 1. The I2CS module generates a bus status interrupt and returns
NAK to the I2C master to request for resending the slave address. Set the PCLK frequency to eight-times or
higher than the transfer rate and disable the asynchronous address detection function in the interrupt handler
routine. Data transfer will be able to resume normally after the master retries transmission. ASDET can be
cleared by writing 1.

Data transmission

The following describes a data transmission procedure.

The I12CS module starts data transmission process when both SELECTED and R/W are set to 1. It sets TXEMP/
I2CS_ASTAT register to 1 to issue a request to the application program to write transmit data. Write transmit
data to SDATA[7:0]/I2CS_TRNS register.

When setting the first transmit data after this module has been selected as the slave device, follow the precau-
tions described below.

When the clock stretch function is disabled (default)
Transmit data must be written to SDATA[7:0] within 1 cycle of the I2C clock (SCLS input clock) after TX-
EMP has been set to 1. This time is not enough for data preparation, so write transmit data before TXEMP
has been set to 1. If the previous transmit data is still stored in SDATA[7:0], it is overwritten with the new
data to be transferred. Therefore, the clear operation (see below) using TBUF_CLR is unnecessary.
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19 12C SLAVE (12CS)

When the asynchronous address detection function is used, the data written before ASDET_EN is reset to 0
becomes invalid. Therefore, transmission data must be written after TXEMP has been set to 1.

When the clock stretch function is enabled
The master device is placed into wait status by the clock stretch function, so transmit data can be written
after TXEMP is set. However, if the previous transmit data is still stored in SDATA[7:0], it will be sent im-
mediately after TXEMP has been set. In order to avoid this problem, clear the I2CS_TRNS register using
TBUF_CLR/I2CS_CTL register before this module is selected as the slave device. The I2CS_TRNS regis-
ter is cleared by writing 1 to TBUF_CLR then writing O to it.
It is not necessary to clear the I2CS_TRNS register if the first transmit data is written before TXEMP has
been set.
When the asynchronous address detection function is used, the data written before ASDET_EN is reset to 0
becomes invalid. Therefore, transmission data must be written after TXEMP has been set to 1.

For writing transmit data other than the first time, use an interrupt that can be generated when TXEMP is set
to 1. TXEMP is also set to 1 when the transmit data written to SDATA[7:0] is loaded to the sift register during
transmission. TXEMP is cleared by writing transmit data to SDATA[7:0].

When the clock stretch function is disabled (default)
When the clock stretch function has been disabled, data must be written to the [2CS_TRNS register within
7 cycles of the I2C clock (SCLS input clock) from TXEMP being set to 1.
If data has not been written in this period, the current register value (previous transmit data) will be sent.
In this case, TXUDF/I2CS_STAT register is set to 1 to indicate that invalid data has been sent. An interrupt
can be generated when TXUDF is set to 1, so an error handling should be performed in the interrupt han-
dler routine. TXUDF is cleared by writing 1.

When the clock stretch function is enabled
When the clock stretch function has been enabled, the I2CS module pulls down the SCLS pin to low to
generate a clock stretch (wait) status until transmit data is written to the I2CS_TRNS register.

Transmit data bits are output from the SDAS pin in sync with the SCLS input clock sent from the master. The
MSB is output first. After the eight bits has been output, the master sends back an ACK or NAK in the ninth
clock cycle.

SDAS (output) 'Y [ b0

SDAS (input) i/ i

SCLS (input) \ [ 1)

Figure 19.5.2 ACK and NAK

The ACK bit indicates that the master could receive data. It is also a transmit request bit, therefore, the next
transmit data must be written in advance. Receiving an ACK generates a clock stretch status when the clock
stretch function has been enabled, so data can be written after an ACK is received.

A NAK will be returned from the master if the master could not receive data or when the master terminates data
reception. In this case a clock stretch status is not generated even if the clock stretch function has been enabled.
Read DA_NAK/I2CS_STAT register to check if an ACK is returned or if a NAK is returned. DA_NAK is set to
0 when an ACK is returned or set to 1 when a NAK is returned. An interrupt can be generated when DA_NAK
is set to 1, so an error or termination handling can be performed in the interrupt handler routine. DA_NAK is
cleared by writing 1.

The SDA line status during data transmission is input in the module and is compare with the output data. The
comparison results are set to DMS/I2CS_STAT register. DMS is set to 0 when data is output correctly. If the
SDA line status is different from the output data, DMS is set to 1. This may be caused by a low pull-up resistor
value or another device that is controlling the SDA line. An interrupt can be generated when DMS is set to 1, so
an error handling can be performed in the interrupt handler routine. DMS is cleared by writing 1.
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19 I12C SLAVE (12CS)

Note: If the I2CS module has sent back a NAK as the response to the address sent by the master
when the conditions shown below are all met, the master must wait for 33 ps or more before it
can send another slave address (except when the master sends the I12CS slave address again).
1. The transfer rate is set to 320 kbps or higher.

2. The asynchronous address detection function is enabled.
3. The 12CS module is placed into transfer standby state and OSC1 is used as the operating
clock (PCLK).

Data reception
The following describes a data receive procedure.
The 12CS module starts data receiving process when SELECTED is set to 1 and R/W is set to 0. The received
data bits are input from the SDAS pin in sync with the SCLS input clock sent from the master. When the eight-
bit data (MSB first) is received in the shift register, the received data is loaded to RDATA[7:0]/I2CS_RECV
register.
When the received data is loaded to RDATA[7:0], RXRDY/I2CS_ASTAT register is set to 1 to issue a request
to the application program to read RDATA[7:0]. An interrupt can be generated when RXRDY is set to 1, so the
received data should be read in the interrupt handler routine. RXRDY is cleared by reading the received data.

When the clock stretch function is disabled (default)
When the clock stretch function has been disabled, data must be read from the I2CS_RECYV register within
7 cycles of the I2C clock (SCLS input clock) from RXRDY being set to 1.

When the clock stretch function is enabled
When the clock stretch function has been enabled, the I2CS module pulls down the SCLS pin to low to
generate a clock stretch (wait) status until the received data is read from the I2CS_RECV register.

If the next data has been received without reading the received data, RDATA[7:0] will be overwritten. In this
case, RXOVF/I2CS_STAT register is set to 1 to indicate that the received data has been overwritten. An inter-
rupt can be generated when RXOVF is set to 1, so an error handling should be performed in the interrupt han-
dler routine. RXOVF is cleared by writing 1.

To return NAK during data reception

During data reception (master transmission), the I2CS module sends back an ACK (SDAS = low) every time an
8-bit data has been received (by default setting). The response code can be changed to NAK (SDAS = Hi-Z) by
setting NAK_ANS/I2CS_CTL register. An ACK will be sent when NAK_ANS is 0 or a NAK will be sent when
NAK_ANS is set to 1.

NAK_ANS should be set within 7 cycles of the I2C clock (SCLS input clock) after RXRDY has been set to 1
by receiving data just prior to one required for returning NAK.

RXRDY ] / [

NAK_ANS ¢

4 NAK_ANS setting period
Receive interrupt
Figure 19.5.3 NAK_ANS Setting and NAK Response Timing

End of data transfer (detecting stop condition)

Data transfers will be terminated when the master generates a stop condition. The stop condition is a state in
which the SDA line is pulled up from Low to High with the SCL line maintained at High.
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19 12C SLAVE (12CS)

SDAS (input) _/__
SCLS (input) /

Stop condition
Figure 19.5.4 Stop Condition

If a stop condition is detected while the I2CS module is selected as the slave device (SELECTED = 1), the
I2CS module sets DA_STOP/I2CS_STAT register to 1. At the same time, it sets the SDAS and SCLS pins into
high-impedance and initializes the I12C communication process to enter standby state that is ready to detect the
next start condition. Also SELECTED and BUSY are reset to 0.

An interrupt can be generated when DA_STOP is set to 1, so a communication terminating process should be
performed in the interrupt handler routine. DA_STOP is cleared by writing 1.

Disabling data transfer

After data transfer has finished, write O to the COM_MODE/I2CS_CTL register to disable data transfer.
Always make sure that BUSY and SELECTED are 0 before disabling data transfer.
To deactivate the I2CS module, set 2CSEN/I2CS_CTL register to 0.

Timing charts

Start condition
Slave address reception Clock stretch | Data transmission

poLk A AR A A A A AR A A A A A A AR AR A ARAN AR AR
sctsnpwy — 1 | [ L [ L L L L L [ B B

SCLS (output) | | PEERXG
SDAS (input) ‘\ / A6 A5 A4 Y A3 Y A2 | At Ao ¥ AW =1
SDAS (output) I\ ack [HLY{ D7 | D6 |
RW | | \ :
BUSY J ‘
SELECTED i '
TXEMP \ 1
TXUDF
DA_NAK
DA_STOP
Transmit data shift register ‘ X valid | shift X:
SDATA[7:0] ‘ X D[7:0]
Interrupt [ Transmit interrupt uTransmit interrupt
1

Transmit data is set.

Figure 19.5.5 12CS Timing Chart 1 (start condition — data transmission)

Stop condition
N\,

Data transmission Clock stretch Data transmission

peuk [ S S A A S S A S ASAASA
sesgpwy 1] 1T | LT LT Lo Lo L 1] L LT L

SCLS (output) \—PCLK‘_:XG"
SDAS (input) \_Ack TNAR L T

SDAS (output) [ DO" ] \ﬂk D7 f D6 J D5 | D4 Y D3 J D2 )| DI | DO | |
RW : I
BUSY ! |
SELECTED 3 |
TXEMP 1 -

TXUDF : ;
DA_NAK | 0
DA_STOP : [

Transmit data shift register __|__shift | 5( valid | shift _J shift ) shit _\ shift J shit \ shift )} shift [
SDATA[7:0] D[7:0]

Interrupt | [ Transmit interrupt [ I

t t t

Transmit data is set. Bus status interrupt

Figure 19.5.6 12CS Timing Chart 2 (data transmission — stop condition)
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Start condition
Slave address reception ) Data reception

T A A AL LA RCUR AR O AL
sots@p 11T L T L T LT L L LT LT L LI 17T LTl
SCLS (output) - ;
SDAS(npuy) — \ | A6 ) A5 | A4 ) As | Az ) Al | A0 ) RW=0/ o7 J_pe | o5 ]
SDAS (output) | ACK |
R/W !
BUSY |
SELECTED
RXRDY
RXOVF
DA_STOP
Receive data sift register [ sift ) shit )\ shit )\ shit | shift )\ shift )\ shift )\ shift | J shift J shit )
RDATA[7:0]

Interrupt

Figure 19.5.7 12CS Timing Chart 3 (start condition — data reception)

Stop condition
Data reception Clock stretch Data reception

poL [ A U S AU N
sosGnpu — L[ L[ | L. L L L Lo 1L L LI
SCLS (output) ‘ | ‘ ‘
SDAS (inputy __ | DO'_J U br ) D6 | D5 ) D4 Y D3 ) b2 Y Dbi | Do J \
SDAS (output) ACK 3 [ NAK |
RIW :
BUSY
SELECTED
RxROY [ |
RXOVF |
DA_STOP ;
Receive data sift register __shift ] X shit | shift Y shit | shift f shit | shift J shift J
RDATA[7:0] ™ D[7:0] | D[7:0]

Interrupt Receive interrupt [Receive interrupt_______

Receive data is read. Bus status interrupt

IR

&

Figure 19.5.8 12CS Timing Chart 4 (data reception — stop condition)

19.6 12CS Interrupts

The I2CS module includes a function for generating the following three different types of interrupts.
 Transmit interrupt

* Receive interrupt

* Bus status interrupt

The I2CS module outputs one interrupt signal shared by the three above interrupt causes to the interrupt controller
ATC).

Transmit interrupt

When a read request (R/W bit = 1) issued by the 12C master is received and if transmit data has not be written
to SDATA[7:0]/I2CS_TRANS register, an interrupt signal is output to the ITC. This interrupt can be used to
write transmit data to SDATA[7:0]. Writing transmit data to SDATA[7:0] clears the interrupt signal. After that,
an interrupt signal is also output to the ITC when transmit data written to SDATA[7:0] is sent to the transmit
shift register (TXEMP/I2CS_ASTAT register = 1) during transmission. Set TXEMP_IEN/I2CS_ICTL register
to 1 when using this interrupt. If TXEMP_IEN is set to O (default), interrupt requests by this cause will not be
sent to the ITC.

This interrupt will not occur after a stop condition that terminates transmission is generated even if SDATA[7:0]
is empty, as TXEMP will not be set to 1.
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19 12C SLAVE (12CS)

Receive interrupt

When the received data is loaded to RDATA[7:0]/I2CS_RECV register, RXRDY/I2CS_ASTAT register is
set to 1 and an interrupt signal is output to the ITC. This interrupt can be used to read the received data from
RDATA[7:0]. Set RXRDY_IEN/I2CS_ICTL register to 1 when using this interrupt. If RXRDY_IEN is set to 0
(default), interrupt requests by this cause will not be sent to the ITC.

Bus status interrupt

The 12CS module provides the status bits listed below to represent the transmit/receive and I2C bus statuses (see
Section 19.5 for details of each function).

1.

ASDET/I2CS_STAT register: This bit is set to 1 when the slave address is detected by the asynchronous ad-

dress detection function.

TXUDF/I2CS_STAT register: This bit is set to 1 when a transmit operation has started before transmit data

is written. (When the clock stretch function is disabled)

DA_NAK/I2CS_STAT register: This bit is set to 1 when a NAK is returned from the master during trans-

mission.

DMS/I2CS_STAT register: This bit is set to 1 when the SDA line status is different from transfer data.

DMS will also be set to 1 when another slave device issues ACK to this I2C slave address (when ASDET_

EN/I2CS_CTL register = 0).

Note: When the master device of the I2C bus, which has multiple slave devices connected in-
cluding this IC, starts communication with another slave device, the 12CS module issues
NAK in response to the sent slave address. On the other hand, the selected slave device
issues ACK. Therefore, DMS may be set due to a difference between the output value of
this IC and the SDA line status. When SELECTED/I2CS_ASTAT register is set to 0, you
can ignore DMS without a problem even if it is set to 1 as there is a difference in the re-
sponse code (ACK/NAK) from the selected slave device.
When the 12CS module is placed into asynchronous address detection mode (ASDET_EN
= 1), a DMS does not occur as in the condition above.

RXOVF/I2CS_STAT register: This bit is set to 1 when the next data has been received before the received

data is read (the received data is overwritten). (When the clock stretch function is disabled)

BFREQ/I2CS_STAT register: This bit is set to 1 when a bus free request is accepted.

DA_STOP/I2CS_STAT register: This bit is set to 1 if a stop condition or a repeated start condition is de-
tected while this module is selected as the slave device.

When one of the bits listed above is set to 1, BSTAT/I2CS_STAT register is set to 1 and an interrupt signal is
output to the ITC. An interrupt occurs if other interrupt conditions are satisfied. This interrupt can be used to
perform an error or terminate handling.

Set

BSTAT_IEN/I2CS_ICTL register to 1 when using this interrupt. If BSTAT_IEN is set to O (default), inter-

rupt requests by this cause will not be sent to the ITC.

For more information on interrupt processing, see the “Interrupt Controller (ITC)” chapter.

19.7

Control Register Details

Table 19.7.1 List of I2CS Registers

Address Register name Function
0x4360 I2CS_TRNS |I12C Slave Transmit Data Register 12C slave transmit data
0x4362 I2CS_RECV |I2C Slave Receive Data Register 12C slave receive data
0x4364 12CS_SADRS |I2C Slave Address Setup Register Sets the 12C slave address.
0x4366 12CS_CTL 12C Slave Control Register Controls the 12C slave module.
0x4368 12CS_STAT 12C Slave Status Register Indicates the I12C bus status.
0x436a I2CS_ASTAT |I2C Slave Access Status Register Indicates the 12C slave access status.
0x436¢ 12CS_ICTL 12C Slave Interrupt Control Register Controls the I12C slave interrupt.

The I2CS module registers are described in detail below.

Note:

When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.
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19 I12C SLAVE (12CS)

I2C Slave Transmit Data Register (12CS_TRNS)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
12C Slave 0x4360 | D15-8 |— reserved - - — |0 when being read.
Transmit Data | (16 bits) | D7-0 |SDATA[7:0] (12C slave transmit data 0-0xff 0x0 | R/'W

Register

(12CS_TRNS)

D[15:8] Reserved

D[7:0] SDATA[7:0]: I12C Slave Transmit Data Bits

Sets a transmit data in this register. (Default: 0x0)

The serial-converted data is output from the SDAS pin beginning with the MSB, in which the bits set
to 0 are output as Low-level signals. When the data set in this register is sent to the shift register, a
transmit interrupt occurs. The next transmit data can be written to the register after that.

If the clock stretch function has been disabled, data must be written to this register within 7 cycles of
the 12C clock (SCLS input clock) after a transmit interrupt has been occurred.

However, when setting the first transmit data after this module has been selected as the slave device,
follow the precautions described below.

When the clock stretch function is disabled (default)

Transmit data must be written to SDATA[7:0] within 1 cycle of the 12C clock (SCLS input clock)
after TXEMP has been set to 1. This time is not enough for data preparation, so write transmit data
before TXEMP has been set to 1. If the previous transmit data is still stored in SDATA[7:0], it is
overwritten with the new data to be transferred. Therefore, the clear operation (see below) using
TBUF_CLR is unnecessary.

When the asynchronous address detection function is used, the data written before ASDET_EN is re-
set to 0 becomes invalid. Therefore, transmission data must be written after TXEMP has been set to 1.

When the clock stretch function is enabled

The master device is placed into wait status by the clock stretch function, so transmit data can be
written after TXEMP is set. However, if the previous transmit data is still stored in SDATA[7:0], it
will be sent immediately after TXEMP has been set. In order to avoid this problem, clear the I2CS_
TRNS register using TBUF_CLR/I2CS_CTL register before this module is selected as the slave
device. The I2CS_TRNS register is cleared by writing 1 to TBUF_CLR then writing O to it.

It is not necessary to clear the I2CS_TRNS register if the first transmit data is written before TX-
EMP has been set.

When the asynchronous address detection function is used, the data written before ASDET_EN is re-
set to 0 becomes invalid. Therefore, transmission data must be written after TXEMP has been set to 1.

I2C Slave Receive Data Register (I2CS_RECV)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks

12C Slave 0x4362 | D15-8 |- reserved - - — |0 when being read.

Receive Data (16 bits) | D7-0 |RDATA[7:0] |I2C slave receive data 0-0xff 0x0| R

Register

(12CS_RECV)

D[15:8] Reserved

D[7:0] RDATA[7:0]: I2C Slave Receive Data Bits
The received data can be read from this register. (Default: 0x0)
The serial data input from the SDAS pin beginning with the MSB is converted into parallel data, with
the high-level signals changed to 1 and the low-level signals changed to 0. The resulting data is stored
in this register.
When a receive operation is completed and the data received in the shift register is loaded to this reg-
ister, RXRDY/I2CS_ASTAT register is set and a receive interrupt occurs. Thereafter, the data can be
read out.
When the clock stretch function has been disabled, data must be read from this register within 7 cycles
of the I12C clock (SCLS input clock) after RXRDY is set to 1. If the next data has been received with-
out reading the received data, this register will be overwritten with the newly received data.
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I2C Slave Address Setup Register (I2CS_SADRS)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
12C Slave 0x4364 | D15-7 |— reserved - - — |0 when being read.
Address Setup | (16 bits) | D6-0 |SADRS[6:0] |I2C slave address 0-0x7f 0x0 | R/W
Register
(12CS_SADRS)
D[15:7] Reserved
D[6:0] SADRSI[6:0]: 12CS Address Bits
Sets the slave address of the I2CS module to this register. (Default: 0x0)
I12C Slave Control Register (12CS_CTL)
‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
12C Slave 0x4366 | D15-9 |- reserved - - — |0 when being read.
Control Register| (16 bits) D8 |TBUF_CLR |I2CS_TRNS register clear 1 [Clear state |0 [Normal 0 [RW
(12CS_CTL) D7 [I2CSEN I2C slave enable 1 [Enable 0 |Disable 0 |RW
D6 |SOFTRESET |Software reset 1 [Reset 0 [Cancel 0 |RW
D5 |NAK_ANS |NAK answer 1 [NAK 0 |ACK 0 |RW
D4 |BFREQ_EN |Bus free request enable 1 |Enable 0 [Disable 0 |R/W
D3  |CLKSTR_EN|Clock stretch On/Off 1[On 0 |Off 0 |RW
D2 |NF_EN Noise filter On/Off 1[On 0 |Off 0 |RW
D1 |ASDET_EN |Async.address detection On/Off |1 [On 0 |Off 0 |RW
DO |[COM_MODE|I2C slave communication mode | 1 |Active 0 |Standby 0 |RW
D[15:9] Reserved
D8 TBUF_CLR: 12CS_TRNS Register Clear Bit
Clears the I2CS_TRNS register.
1 (R/W): Clear state
0 (R/W): Normal state (clear state cancellation) (default)
When TBUF_CLR is set to 1, the I2CS_TRNS register enters clear state. After that writing 0 to
TBUF_CLR returns the [2CS_TRNS register to normal state. It is not necessary to insert a waiting
time between writing 1 and 0.
If a new transmission is started when the I2CS_TRNS register still stores data for the previous trans-
mission that has already finished, the data will be sent when TXEMP/I2CS_ASTAT register is set. In
order to avoid this problem, clear the I2CS_TRNS register using TBUF_CLR before starting trans-
mission (before slave selection). The clear operation is not required if transmit data is written to the
I2CS_TRNS register before TXEMP is set to 1.
Data can be written to the I2CS_TRNS register even if it is placed into clear state (TBUF_CLR = 1).
However, this writing does not reset TXEMP to 0. Note that TXEMP is not reset to 0 when TBUF_
CLR is set back to 0. Therefore, data must be written to the I2CS_TRNS register when TBUF_CLR = 0.
D7 I2CSEN: 12C Slave Enable Bit
Enables or disables operations of the I2CS module.
1 (R/W): Enabled
0 (R/W): Disabled (default)
When I2CSEN is set to 1, the I2CS module is activated and data transfer is enabled.
When I2CSEN is set to 0, the I2CS module goes off.
D6 SOFTRESET: Software Reset Bit

Resets the I2CS module.
1 (R/W): Reset
0 (R/W): Cancel reset state (default)

To reset the I2CS module, write 1 to SOFTRESET to place the I2CS module into reset status, then
write 0 to SOFTRESET to release it from reset status. It is not necessary to insert a waiting time be-
tween writing 1 and 0. The I2CS module initializes the [2C communication process and put the SDAS
and SCLS pins into high-impedance to be ready to detect a start condition. Furthermore, the I12CS
control bits except for SOFTRESET are initialized. Perform the software reset in the initial setting
process before staring communication.
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D5 NAK_ANS: NAK Answer Bit
Specifies the acknowledge bit to be sent after data reception.
1 (R/W): NAK
0 (R/W): ACK (default)
When an eight-bit data is received, the I2CS module sends back an ACK (SDAS = low) or a NAK
(SDAS = Hi-Z). Either ACK or NAK should be specified using NAK_ANS within 7 cycles of the 12C
clock (SCLS input clock) after RXRDY has been set to 1 by receiving the previous data.
D4 BFREQ_EN: Bus Free Request Enable Bit
Enables or disables I2C bus free requests by inputting a low pulse to the #BFR pin.
1 (R/W): Enabled
0 (R/W): Disabled (default)
To accept I2C bus free requests, set BFREQ_EN to 1. When a bus free request is accepted, BFREQ/
I2CS_STAT register is set to 1. This initializes the [2C communication process and puts the SDAS and
SCLS pins into high-impedance. The control registers will not be initialized in this process.
When BFREQ_EN is set to 0, low pulse inputs to the #BFR pin are ignored and BFREQ is not set to 1.
D3 CLKSTR_EN: Clock Stretch On/Off Bit
Turns the clock stretch function on or off.
1 (R/W): On
0 (R/W): Off (default)
After data and ACK are transmitted or received, the slave device may issue a wait request to the mas-
ter device until it is ready to transmit/receive by pulling the 12C bus SCL line down to Low. The I12CS
module supports this clock stretch function. The master device enters a standby state until the wait
request is canceled (the SCL line goes high). When using the clock stretch function, set CLKSTR_EN
to 1 before starting data communication.
D2 NF_EN: Noise Filter On/Off Bit
Turns the noise filter on or off.
1 (R/W): On
0 (R/W): Off (default)
The I2CS module contains a function to remove noise from the SDAS and SCLS input signals. This
function is enabled by setting NF_EN to 1.
D1 ASDET_EN: Async. Address Detection On/Off Bit
Turns the asynchronous address detection function on or off.
1 (R/W): On
0 (R/W): Off (default)
The I2CS module operation clock (PCLK) frequency must be set eight-times or higher than the trans-
fer rate during data transfer. However, the PCLK frequency can be lowered to reduce current con-
sumption if no other processing is required during standby for data transfer.
The asynchronous address detection function is provided to detect the I2C slave address sent from the
master in this status. This function is enabled by setting ASDET_EN to 1. If the slave address sent
from the master has matched with one that has been set in this I2CS module when the asynchronous
address detection function has been enabled, the I2CS module generates a bus status interrupt and
returns NAK to the I2C master to request for resending the slave address. Set the PCLK frequency to
eight-times or higher than the transfer rate and reset ASDET_EN to O in the interrupt handler routine.
Data transfer will be able to resume normally after the master retries transmission. After the master
generates a stop condition to put the I2C bus into free status, the asynchronous address detection func-
tion can be enabled again to lower the operating speed.

Notes: + When the asynchronous address detection function is enabled, the 12C bus signals are
input without passing through the noise filter. Therefore, the slave address may not be
detected in a high-noise environment.
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« When the asynchronous address detection function is enabled, data transfer cannot be
performed even if the PCLK frequency is eight-times or higher than the transfer rate. Be
sure to disable the asynchronous address detection function during normal operation.

COM_MODE: I12C Slave Communication Mode Bit
Enables or disables data communication.

1 (R/W): Enabled

0 (R/W): Disabled (default)

Set COM_MODE to 1 to enable data communication after setting I2CSEN to 1 to enable 12CS opera-
tion. When COM_MODE is 0 (default), the I2CS module does not send back a response if the master
has sent the slave address of this module (it is regarded as that the I2CS module has returned a NAK
to the master).

I2C Slave Status Register (12CS_STAT)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
12C Slave 0x4368 | D15-8 |- reserved - - — |0 when being read.
Status Register | (16 bits) D7 |BSTAT Bus status transition 1 |Changed | 0 |Unchanged 0
(12CS_STAT) D6 |- reserved - - - |0 when being read.
D5 |TXUDF Transmit data underflow 1 [Occurred | O [Not occurred| O | R/W |Reset by writing 1.
RXOVF Receive data overflow
D4 |BFREQ Bus free request 1|Occurred | O [Not occurred] 0 |R/W
D3 |DMS Output data mismatch 1 |Error 0 [Normal 0 [R/W
D2 |ASDET Async. address detection status | 1 |Detected 0 |Not detected| 0 |R/W
D1 |DA_NAK |NAK receive status 1 [NAK 0 |ACK 0 |RW
DO |DA STOP |STOP condition detect 1|Detected | O |Not detected] 0 |R/W
D[15:8] Reserved
D7 BSTAT: Bus Status Transition Bit
Indicates transition of the bus status.
1 (R): Changed
0 (R): Unchanged (default)
When one of the TXUDF/RXOVF, BFREQ, DMS, ASDET, DA_NAK, and DA_STOP bits is set to
1, BSTAT is also set to 1 and an interrupt signal is output to the ITC if the interrupt is enabled with
BSTAT_IEN/I2CS_ICTL register. This interrupt can be used to perform an error or terminate han-
dling. BSTAT will be reset to 0 when the TXUDF/RXOVF, BFREQ, DMS, ASDET, DA_NAK, and
DA_STOP bits are all reset to 0.
D6 Reserved
D5 TXUDF: Transmit Data Underflow Bit (for transmission)
RXOVF: Receive Data Overflow Bit (for reception)
Indicates the transmit/receive data register status.
1 (R/W): Data underflow/overflow has been occurred
0 (R/W): Data underflow/overflow has not been occurred (default)
This bit is effective during transmission/reception when the clock stretch function is disabled. If a
data transmission begins before transmit data is written to the I2CS_TRNS register, it is regarded as
a transmit data underflow and TXUDF is set to 1. If the next data reception has completed before the
received data is read from the I2CS_RECYV register and the I2CS_RECYV register value is overwritten
with the newly received data, it is regarded as a data overflow and RXOVF is set to 1.
At the same time, an interrupt signal is output to the ITC if the interrupt is enabled with BSTAT IEN/
[2CS_ICTL register. This interrupt can be used to perform an error handling.
After TXUDF/RXOVF is set to 1, it is reset to O by writing 1.
D4 BFREQ: Bus Free Request Bit
Indicates the 12C bus free request input status.
1 (R/W): Request has been issued
0 (R/W): Request has not been issued (default)
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D3

D2

D1

Note:

If BFREQ_EN/I2CS_CTL register has been set to 1 (bus free request enabled), a low pulse longer
than five peripheral module clock (PCLK) cycles input to the #BFR pin sets BFREQ to 1 and the bus
free request is accepted. When a bus free request is accepted, the 12CS module initializes the I2C com-
munication process and puts the SDAS and SCLS pins into high-impedance. The control registers will
not be initialized in this process.

At the same time, an interrupt signal is output to the ITC if the interrupt is enabled with BSTAT IEN/
[2CS_ICTL register. This interrupt can be used to perform an error handling.

After BFREQ is set to 1, it is reset to 0 by writing 1.

If BFREQ_EN is set to 0, low pulse inputs to the #BFR pin are ignored and BFREQ is not set to 1.

DMS: Output Data Mismatch Bit

Represents the results of comparison between output data and SDA line status.
1 (R/W): Error has been occurred

0 (R/W): Error has not been occurred (default)

The 12C bus SDA line status during data transmission is input in the module and is compared with the
output data. The comparison results are set to DMS. DMS is set to 0 when data is output correctly. If
the SDA line status is different from the output data, DMS is set to 1. This may be caused by a low
pull-up resistor value or another device that is controlling the SDA line. At the same time, an interrupt
signal is output to the ITC if the interrupt is enabled with BSTAT IEN/I2CS_ICTL register. This in-
terrupt can be used to perform an error handling. After DMS is set to 1, it is reset to 0 by writing 1.

When the master device of the 12C bus, which has multiple slave devices connected including
this IC, starts communication with another slave device, the 12CS module of this IC issues
NAK in response to the sent slave address. On the other hand, the selected slave device
issues ACK. Therefore, DMS may be set due to a difference between the output value of this
IC and the SDA line status. When SELECTED/I2CS_ASTAT register is set to 0, you can ignore
DMS without a problem even if it is set to 1 as there is a difference in the response code (ACK/
NAK) from the selected slave device. When the 12CS module is placed into asynchronous
address detection mode (ASDET_EN = 1), a DMS does not occur as in the condition above.

ASDET: Async. Address Detection Status Bit
Indicates the asynchronous address detection status.
1 (R/W): Detected

0 (R/W): Not detected (default)

The 12CS module operation clock (PCLK) frequency must be set eight-times or higher than the
transfer rate during data transfer. However, the PCLK frequency can be lowered to reduce current
consumption if no other processing is required during standby for data transfer. The asynchronous ad-
dress detection function is provided to detect the I2C slave address sent from the master in this status.
ASDET is set to 1 if the slave address of the I2CS module is detected when the asynchronous address
detection function has been enabled by setting ASDET_EN/I2CS_CTL register.

The 12CS module returns a NAK to the I2C master to request for resending the slave address. At the
same time, an interrupt signal is output to the ITC if the interrupt is enabled with BSTAT_IEN/I2CS_
ICTL register. Set the PCLK frequency to eight-times or higher than the transfer rate and reset AS-
DET_EN to O in the interrupt handler routine. Data transfer will be able to resume normally after the
master retries transmission. After ASDET is set to 1, it is reset to O by writing 1.

DA_NAK: NAK Receive Status Bit

Indicates the acknowledge bit returned from the master.
1 (R/W): NAK

0 (R/W): ACK (default)

DA_NAK is set to 0 when an ACK is returned from the master after an eight-bit data has been sent.
This indicates that the master could receive data. If DA_NAK is 1, it indicates that the master could not
receive data or the master terminates data reception. At the same time DA_NAK is set to 1, an interrupt
signal is output to the ITC if the interrupt is enabled with BSTAT_IEN/I2CS_ICTL register. This inter-
rupt can be used to perform an error handling. After DA_NAK is set to 1, it is reset to O by writing 1.
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DA_STOP: Stop Condition Detect Bit

Indicates that a stop condition or a repeated start condition is detected.
1 (R/W): Detected

0 (R/W): Not detected (default)

If a stop condition or a repeated start condition is detected while the I2CS module is selected as the
slave device (SELECTED/I2CS_ASTAT register = 1), the I2CS module sets DA_STOP to 1. At the
same time, it initializes the 12C communication process.

When DA_STOP is set to 1, an interrupt signal is output to the ITC if the interrupt is enabled with
BSTAT_IEN/I2CS_ICTL register. This interrupt can be used to perform a terminate handling. After
DA_STOPis set to 1, it is reset to O by writing 1.

I12C Slave Access Status Register (I2CS_ASTAT)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
12C Slave 0x436a | D15-5 |- reserved - - — |0 when being read.
Access Status | (16 bits) D4 |RXRDY Receive data ready 1 |Ready 0 |Not ready 0 R
Register D3 |[TXEMP Transmit data empty 1 [Empty O|Notempty | 0 | R
(I2CS_ASTAT) D2 |BUSY 12C bus status 1 [Busy 0 |Free 0 | R
D1 |SELECTED |I2C slave select status 1 |Selected 0 |Not selected| 0 R
DO |R/W Read/write direction 1 [Output 0 |Input 0 R
D[15:5] Reserved
D4 RXRDY: Receive Data Ready Bit
Indicates that the received data is ready to read.
1 (R): Received data ready
0 (R): No received data (default)
When the received data is loaded to the I2CS_RECYV register, RXRDY is set to 1. At the same time,
an interrupt signal is output to the ITC if the interrupt is enabled with RXRDY_IEN/I2CS_ICTL reg-
ister. This interrupt can be used to read the received data from the I2CS_RECYV register.
After RXRDY is set to 1, it is reset to O when the I2CS_RECYV register is read.
D3 TXEMP: Transmit Data Empty Bit
Indicates that transmit data can be written.
1 (R): Transmit data empty (data can be written)
0 (R): Transmit data still stored (data cannot be written) (default)
TXEMP is set to 1 if the I2CS_TRNS register is empty when a read request (R/W bit = 1) issued by
the I2C master is received or if the I2CS_TRNS register becomes empty until a stop condition that
terminates transmission is generated by the 12C master. At the same time TXEMP set to 1, an interrupt
signal is output to the ITC if the interrupt is enabled with TXEMP_IEN/I2CS_ICTL register. This in-
terrupt can be used to write the next transmit data to the I2CS_TRNS register.
After TXEMP is set to 1, it is reset to O when data is written to the [2CS_TRNS register.
D2 BUSY: I12C Bus Status Bit
Indicates the 12C bus status.
1 (R): Bus busy status
0 (R): Bus free status (default)
When the I12CS module detects a start condition or detects that the SCLS or SDAS signal goes low,
BUSY is set to 1 to indicate that the I2C bus enters busy status. The slave select status whether this
module is selected as the slave device or not does not affect the BUSY status. After BUSY is set to 1,
it is reset to O when a STOP condition is detected.
D1 SELECTED: I2C Slave Select Status Bit
Indicates that this module is selected as the I2C slave device.
1 (R): Selected
0 (R): Not selected (default)
When the slave address that is set in this module is received, SELECTED is set to 1 to indicate that
this module is selected as the I2C slave device. After SELECTED is set to 1, it is reset to 0 when a
stop condition or a repeated start condition is detected.
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R/W: Read/Write Direction Bit

Represents the transfer direction bit value.

1 (R): Output (master read operation)

0 (R): Input (master write operation) (default)

The transfer direction bit value that has been received with the slave address is set to R/W. Use R/W
to select the transmit- or receive-handling.

I12C Slave Interrupt Control Register (1I2CS_ICTL)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
12C Slave 0x436¢c | D15-3 |- reserved - - — |0 when being read.
Interrupt Con- | (16 bits) D2 |BSTAT_IEN |Bus status interrupt enable 1 |Enable 0 |Disable 0 |R/W
trol Register D1 |RXRDY_IEN|Receive interrupt enable 1 |Enable 0 |Disable 0 |RW
(12CS_ICTL) DO |[TXEMP_IEN|Transmit interrupt enable 1 [Enable 0 |Disable 0 |RW
D[15:3] Reserved
D2 BSTAT_IEN: Bus Status Interrupt Enable Bit
Enables or disables the bus status interrupt.
1 (R/W): Enabled
0 (R/W): Disabled (default)
When BSTAT_IEN is set to 1, I2C bus status interrupt requests to the ITC are enabled. A bus status
interrupt request occurs when BSTAT/I2CS_STAT register is set to 1. (See description of BSTAT.)
When BSTAT _IEN is set to 0, a bus status interrupt will not be generated.
D1 RXRDY_IEN: Receive Interrupt Enable Bit
Enables or disables the I2CS receive interrupt.
1 (R/W): Enabled
0 (R/W): Disabled (default)
When RXRDY_IEN is set to 1, I2CS receive interrupt requests to the ITC are enabled. A receive in-
terrupt request occurs when the data received in the shift register is loaded to the I2CS_RECV register
(receive operation completed). When RXRDY_IEN is set to 0, a receive interrupt will not be gener-
ated.
DO TXEMP_IEN: Transmit Interrupt Enable Bit
Enables or disables the I2CS transmit interrupt.
1 (R/W): Enabled
0 (R/W): Disabled (default)
When TXEMP_IEN is set to 1, I2CS transmit interrupt requests to the ITC are enabled. A transmit
interrupt request occurs when the data written to the I2CS_TRNS register is transferred to the shift
register. When TXEMP_IEN is set to 0, a transmit interrupt will not be generated.
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20 EPD Controller/Driver (EPD)

20.1 EPD Module Overview

The S1C17F57 includes an EPD controller/driver (EPD) module to implement EPD display control functions.
The main features of the EPD module are listed below.

* Number of driver outputs: 64 segments + 2 back plane + 2 top plane outputs

* EPD drive voltages: Two voltage values, VEPD and Vss

* EPD drive power control function

¢ Includes an EPD display waveform memory (programmable drive waveform).

¢ Includes a display data memory.

 Supports reverse, all white, and all black display functions.

» Can generate an interrupt at the end of the drive waveform output.

* Allows the software to direct control the outputs from the segment, back plane, and top plane pins.
* A trigger signal and clock can be output to an external Seiko Epson EPD driver.

Figure 20.1.1 shows the configuration of the EPD module.

EPDTCLKSRC[1:0] DIRCTL i EPD
DSPMD[1:0] ||
OSC3B —f Divider UPDTRG [
OSC3A —| (1/128-1/16K) EPDTCLK
Divider Display .
OSC1 —» EPD drive [ ETPO, ETP1
(1/1-1/128) EPDTCLKE waveform | waveform dEri'\D/Zr %EBPO, EBP1
EPDTCLKD[2:0] memory generator [ ESEGO-ESEG63
Display data
memory

EPD > :8 EPDTRG
power supply Vez > EPDCLK
Display update
ITC interrupt Interru_pt c_ontrol
circuit
Figure 20.1.1 EPD Module Configuration

20.2 EPD Output Pins

Table 20.2.1 lists the EPD pins.

A

Table 20.2.1 List of EPD Pins

Pin name 1/0 Qty Function
ESEGO-ESEG63 O 64 |EPD segment output pins
These pins output the segment drive waveforms.
ETPO (0] 2 |EPD top plane output pins
ETP1 These two pins output the same top plane drive waveforms.
EBPO O 2 |EPD back plane output pins
EBP1 These two pins output the same back plane drive waveforms.
EPDTRG (6] 1 |External EPD driver trigger output pin
Outputs a trigger signal to update a screen when an external EPD driver is used.
EPDCLK (0] 1 External EPD driver clock output pin
Outputs the operating clock when an external EPD driver is used.

The EPD module output pins (EPDTRG, EPDCLK) are shared with I/O ports and are initially set as general pur-
pose 1/O port pins. The pin functions must be switched using the port function select bits to use the general purpose
I/0 port pins as EPD module output pins. For detailed information on pin function switching, see the “I/O Ports (P)”
chapter.
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20.3 Power Supply for EPD Driver

The chip generates the EPD drive voltage VEpPD using the on-chip EPD power supply circuit, so no external power
supply is required. For more information on the power supply, see the “Power Supply” chapter.

Note: An external power supply can be used if the on-chip EPD power supply circuit has not enough
drive capability. For more information on use of an external power supply, see the “Power Sup-
ply” chapter.

20.4 EPD Clock

The EPD controller includes a clock source selector, dividers, and a gate circuit for controlling the EPD timing
clock (reference clock for generating drive waveforms).

When using the EPD controller in wave mode or when supplying a clock to the external EPD driver, make the set-
tings shown below to supply the clock to the EPD drive waveform generator. These settings are not required when
the EPD controller is used in direct mode.

Clock source selection
Select the clock source from OSC3B, OSC3A, and OSC1 using EPDTCLKSRC[1:0]/EPD_TCLK register.
Table 20.4.1 Clock Source Selection

EPDTCLKSRC[1:0] Clock source
0x3 Reserved
0x2 OSC3A
0x1 0SCH1
0x0 0OSC3B

(Default: 0x0)

Clock division ratio selection
Select the division ratio using EPDTCLKDI[2:0]/EPD_TCLK register.

Table 20.4.2 Division Ratio Selection

Division ratio
EPDTCLKD[2:0] Clock source = OSC3B or OSC3A Clock source = OSC1

0x7 1/16384 1/128

0x6 1/8192 1/64

0x5 1/4096 1/32

0x4 1/2048 1/16

0x3 1/1024 1/8

0x2 1/512 1/4

0x1 1/256 1/2

0x0 1/128 11

(Default: 0x0)
Clock enable

The clock supply is enabled with EPDTCLKE/EPD_TCLK register. The EPDTCLKE default setting is 0,
which stops the clock. Setting EPDTCLKE to 1 feeds the clock generated as above to the EPD drive waveform
generator. If no EPD controller operation is required or when the EPD controller is used in direct mode, stop
the clock to reduce current consumption.

20.5 Operating Mode

The EPD controller supports two operating modes (wave mode and direct mode) that can be selected using
DIRCTL/EPD_CTL register.

Wave mode (DIRCTL = 0, default)

When a screen update trigger is issued, the EPD controller outputs the drive waveforms programmed in the
display waveform memory. In this mode, no CPU power is required for generating drive waveforms. For more
information on the waveform programming, see Section 20.6.
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Direct mode (DIRCTL = 1)

This mode is provided to control the segment, top plane, and back plane pin outputs directly via software. The
program must control the waveform generation in real time.

20.6 Display Waveform Memory

The display waveform memory stores the settings for the EPD controller to generate drive waveforms in wave
mode.

The display waveform memory is capable of storing up to 32 timing sets (Timing set O to Timing set 31) that con-
sist of 15 bits. Timing set O represents the initial state and its period generated immediately after a screen update
trigger is issued. The changes in the waveforms should be programmed one by one in the subsequent timing sets (1
ton = Max. 31).

A timing set consists of the bits shown below.

Table 20.6.1 Contents of a Timing Set
Bit name* Contents

EOW (End Of Wave, D15) |Specifies the end of waveform. The waveform generation is completed at the timing
set in which EOW is set to 1. The pins are set into high-impedance state until the sub-
sequent display update trigger is issued. The timing sets other than the last must be
programmed with EOW set to 0.
HIZ (High Impedance, D13) |Sets the segment and back plane pins into high-impedance state. When this bit is set
to 1, the segment and back plane pins are placed into high-impedance state for the
period specified in the timing set (BB/BW/WB/WW settings are ignored). When this bit
is set to 0, the pins go to the level specified by BB/BW/WB/WW.
TP (Top Plane, D12) Sets the waveform output from the top plane pins. When this bit is set to 1, the top
plane pins go to the VErp level for the period specified in the timing set. When this bit is
set to 0, the pins go to the Vss level.
BB (Black to Black, D11)  |Sets the waveform output from the segment and back plane pins to maintain black
display during update (black to black). When this bit is set to 1, the segment and back
plane pins go to the Verp level for the period specified in the timing set. When this bit is
set to 0, the pins go to the Vss level.
BW (Black to White, D10) |Sets the waveform output from the segment and back plane pins to switch black
display to white during update. When this bit is set to 1, the segment and back plane
pins go to the Vepp level for the period specified in the timing set. When this bit is set to
0, the pins go to the Vss level.
WB (White to Black, D9) Sets the waveform output from the segment and back plane pins to switch white
display to black during update. When this bit is set to 1, the segment and back plane
pins go to the Vepp level for the period specified in the timing set. When this bit is set to
0, the pins go to the Vss level.
WW (White to White, D8) Sets the waveform output from the segment and back plane pins to maintain white
display during update (white to white). When this bit is set to 1, the segment and back
plane pins go to the VErD level for the period specified in the timing set. When this bit is
set to 0, the pins go to the Vss level.
INTV[7:0] (Interval, D[7:0]) |Specifies the timing set period in a number of EPDTCLK clocks.
Time [s] = (INTV[7:0] + 1)/EPDTCLK frequency

* Dx indicates a bit number in the EPD_WAVEX registers.

The conditions above can be set using the EPD_WAVEO to EPD_WAVE31 registers provided for the timing sets
individually. The registers consist of the bits with the names shown above.

The following simple example shows the correspondence between the settings in the timing sets and the waveforms

generated.
Table 20.6.2 Setting Example of Timing Sets
Timing set number EOW HIZ TP BB BW wB ww INTV[7:0]
(register) (D15) (D13) (D12) (D11) (D10) (D9) (D8) (D[7:0])
0 (EPD_WAVEDQ) 0 0 0 0 0 0 0 0x1
1 (EPD_WAVEA1) 0 0 1 0 1 0 1 0x2
2 (EPD_WAVE2) 0 0 0 0 0 1 1 0x0
3 (EPD_WAVER) 0 1 1 * * * * 0x1
4 (EPD_WAVE4) 1 0 0 0 0 0 0 0x3
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eporeek [ L L LT L LI L L L L L L L

EOW 0 0 0 0 1
HIZ 0 0 0 1 0
ETPO/1 output TP 0 1 0 1 0
BB 0 0 0 - HEZ T 0
BW 0 1 0 - Hiz 0
ESEGx, EBP0/1 output
WB 0 0 1 - Hiz 0
WwW 0 1 1 - Hiz T 0
2 clocks 3 clocks 1 2 clocks 4 clocks
clock:
Timing set 0 1 2 3 4
ETPO/1, EBPO/1, ( )
ESEGx pin outputs Hi-Z X X:X X Hi-Z

Figure 20.6.1 Example of display waveforms (by settings in Table 20.6.2)

Note: Table 20.6.2 and Figure 20.6.1 show merely an example to explain relationships between the
settings and waveforms, not those that can be used for actual EPD driving.

20.7 Display Data Memory

The EPD module includes a display data memory that consists of 64 bits (for segment outputs) + 2 bits (for top
plane and back plane outputs).

Segment output data should be set to the SEGO to SEG63 bits in the EPD_SEGDATO to EPD_SEGDAT3 registers.
Back plane output data should be set to BP/EPD_PLNDAT register. Writing 1 to the bit specifies black display in
wave mode or high (VEPD) level output in direct mode; writing O specifies white display in wave mode or low (Vss)
level output in direct mode.

Top plane output data should be set to TP/EPD_PLNDAT register. This bit is effective only in direct mode. Writing
1 specifies high (VEPD) level output; writing O specifies low (Vss) level output.

In wave mode, the top plane output is controlled according to the contents of the display waveform memory.

The display data memory settings take effect when a display update trigger (described later) is issued. Writing to
the display data memory does not update the screen.

After an initial reset, the display data memory is cleared to 0.

20.8 Display Control in Wave Mode

This section describes the display control method in wave mode.
Make the following all settings regardless of the sequence before starting display:

(1) Set up the EPD timing clock to feed it to the EPD drive waveform generator. See Section 20.4.

(2) Configures the EPD power supply circuit to supply the EPD drive voltage to the EPD controller. See the “Power
Supply” chapter.

Note: Be sure to supply an external power voltage when the on-chip EPD power supply circuit is not
used (see the “Power Supply” chapter).

(3) Program the drive waveforms in the display waveform memory. See Section 20.6.
(4) Enable EPD interrupts. See Section 20.12.

Control the display as the flow chart shown in Figure 20.8.1.
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( Display update )

o (or reverse, all white,
Write display data or all black specification)
\
UPDTRG < 1
4
No .
@ An EPD interrupt can be used.
Yes
( END )

Figure 20.8.1 Display Control in Wave Mode

Normal display control

Display can be updated in the procedure shown below.
(1) Write segment and back plane display data for update to the display data memory.

(2) Write 1 to UPDTRG/EPD_CTL register to issue a display update trigger.
The EPD drive waveform generator outputs the drive waveforms programmed in the display waveform
memory to the segment, top plane and back plane pins according to the contents of the display data memory
and the current display data. The waveform generation status can be checked using UPDST/EPD_CTL reg-
ister. UPDST goes 1 by a display update trigger and reverts to O upon completion of the programmed drive
waveform output. The last display data before updating are stored in the EPD controller.

(3) When the display update has completed (at the same time UPDST reverts to 0), an EPD interrupt occurs.

Notes:  Be sure to avoid rewriting the display data memory while UPDST is set to 1 (display update is
underway).

+ Writing 1 to UPDTRG is ineffective while UPDST is set to 1.

« The EPD controller generates the drive waveforms with the current display data regarded as
0 in the first display update after an initial reset.

+ When direct mode is switched to wave mode, fluctuations on screen may occur only in the
first display update.

EPDTCLK NN
UPDTRG | |

EPDTRG output

UPDST

Timing set counter

Cycle counter

ETPO/1 output 0 1 0 1 0
o 0 0 0 [Hz 0
B 0 1 0 iz 0
ESEGx, EBPO/1 output
wB 0 0 1 - HiZz 0
ww 0 1 1 - HiZz 0
ETPO/1, EBPO/1, / )
ESEGx pin outputs Hi-Z X X:X X Hi-Z
Interrupt Display update interruptT
Figure 20.8.2 Timing Chart of Waveform Output Example (by settings in Table 20.6.2)
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Reverse, all white, and all black display control

In wave mode, the screen can be reversed or turned to all white or black without rewriting the display data
memory via software. Use DSPMDI[1:0]/EPD_CTL register for this control.

Table 20.8.1 Display Control

DSPMDI[1:0] Display mode
0x3 All black display
0x2 All white display
0x1 Reverse display
0x0 Normal display

(Default: 0x0)

By writing 1 to UPDTRG after altering DSPMD[1:0], drive waveforms are output to change the display.
However, do not write 1 to UPDTRG while UPDST is set to 1.

All white display mode:

All black display mode:

Reverse display mode:

In this mode, writing 1 to UPDTRG updates the display so that the all segments will
turn to white regardless of the display memory contents.

In this mode, writing 1 to UPDTRG updates the display so that the all segments will
turn to black regardless of the display memory contents.

In this mode, meaning of the display memory bits are swapped between 1 and 0. In
other words, writing 1 to UPDTRG in this mode updates the display so that the seg-
ments/back plane corresponding to the bits set to 1 will turn to white, and those corre-
sponding to the bits set to 0 will turn to black.

Note: Do not alter DSPMD[1:0] while UPDST is set to 1.

20.9 Display Control in Direct Mode

This section describes the display control method in direct mode.

Before starting display, configures the EPD power supply circuit to supply the EPD drive voltage to the EPD con-
troller. See the “Power Supply” chapter.

Update the display as the flow chart shown in Figure 20.9.1.

( Display update )
\

Write output data
>l

V‘
UPDTRG < 1

Yes

Waveform completed?

( End )

Start interval count

Write next output data

Figure 20.9.1 Display Control in Direct Mode
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20 EPD CONTROLLER/DRIVER (EPD)

(1) Write the initial output level (high/low/Hi-Z) of the segment, top plane, and back plane pins to the display data
memory.
To set the segment and back plane pins into high-impedance, write 1 to SEGHZ/EPD_PLNDAT register. To set
the top plane pins into high-impedance, write 1 to TPHZ/EPD_PLNDAT register. Settings in the display data
memory are ineffective if SEGHZ and TPHZ is 1.

(2) Write 1 to UPDTRG/EPD_CTL register to issue a display update trigger.
The EPD drive waveform generator outputs the contents of the display data memory to the segment, top plane
and back plane pins.

(3) Start counting the current level output period using a timer.
(4) Write the subsequent output data to the display data memory during counting.
(5) Wait for the end of counting such as a timer interrupt.

(6) Terminate the processing when the display update waveforms have been output.
Return to Step (2) if the display update waveforms have not been output completely.

20.10 Outputs for External Driver

The EPD controller is able to output the timing clock (EPDCLK) and the display update trigger signal allowing
use of an external EPD driver. The clock is output from the EPDCLK pin and the trigger signal is output from the
EPDTRG pin. No output control is required, note, however, that the output pins must be switched for EPD outputs
using the port function select bits, as the pins are configured for I/O ports by default. For the trigger signal output
timing, see Figure 20.8.2.

20.11 EPD Interrupt

The EPD module includes a function for generating interrupts at the end of display update waveform output in

wave mode.

Display update interrupt
This interrupt request occurs when the drive waveform output by a display update trigger (output of the timing
set in which EOW is set) has finished and sets the interrupt flag DUPDIF/EPD_INT register in the EPD module
to 1. See Figure 20.8.2 for the interrupt timing.
To use this interrupt, set DUPDIE/EPD_INT register to 1. When DUPDIE is set to O (default), interrupt requests
for this interrupt cause are not sent to the interrupt controller (ITC). If DUPDIF is set to 1 while DUPDIE is set
to 1 (interrupt enabled), the EPD module outputs an interrupt request to the ITC. An interrupt is generated if the
ITC and S1C17 Core interrupt conditions are satisfied.
For more information on interrupt processing, see the “Interrupt Controller (ITC)” chapter.

Notes: - To prevent interrupt recurrences, the EPD module interrupt flag DUPDIF must be reset in the
interrupt handler routine after an EPD interrupt has occurred.

To prevent unwanted interrupts, DUPDIF should be reset before enabling EPD interrupts with
DUPDIE.

20.12 Control Register Details

Table 20.12.1 List of EPD Registers

Address Register name Function
0x5070 EPD_TCLK EPD Timing Clock Control Register Selects the EPD timing clock.
0x5604 EPD_CTL EPD Display Control Register Controls display on EPD.
0x5606 EPD_INT EPD Interrupt Control Register Controls interrupts.
0x5620 EPD_PLNDAT |EPD Top/Back Plane Data Register Top plane/back plane output data
0x5622 EPD_SEGDATO0 |EPD Segment Data Register 0 Segment output data (ESEGO-ESEG15)
0x5624 EPD_SEGDAT1 |EPD Segment Data Register 1 Segment output data (ESEG16-ESEG31)
0x5626 EPD_SEGDAT2 |EPD Segment Data Register 2 Segment output data (ESEG32-ESEG47)
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20 EPD CONTROLLER/DRIVER (EPD)

Address Register name Function
0x5628 EPD_SEGDAT3 |EPD Segment Data Register 3 Segment output data (ESEG48-ESEG63)
0x5640 EPD_WAVEQ EPD Wave Timing Set 0 Register Display waveform data (Timing set 0)
0x5642 EPD_WAVE1 EPD Wave Timing Set 1 Register Display waveform data (Timing set 1)
0x567e EPD_WAVE31 |EPD Wave Timing Set 31 Register Display waveform data (Timing set 31)

The EPD module registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

EPD Timing Clock Control Register (EPD_TCLK)

‘ Register name |Address| Bit | Name | Function | Setting | Init. | R/W| Remarks
EPD Timing 0x5070 D7 |— reserved - - — |0 when being read.
Clock Control (8 bits) | D6-4 |EPDTCLKD|EPD timing clock division ratio Division ratio | 0x0 | R/W
i EPDTCLKD
Register [2:0] select 2:0] 0OSC3B/ 0sCH
(EPD_TCLK) ) OSC3A
0x7 1/16384|1/128
0x6 1/8192 | 1/64
0x5 1/4096 | 1/32
0x4 1/2048 | 1/16
0x3 1/1024 | 1/8
0x2 1/512 | 1/4
0x1 1/256 | 1/2
0x0 1/128 | 11
D3-2 |EPDTCLK |EPD timing clock source select EPDTCLK Clock source 0x0 | R/'W
SRCI[1:0] SRC[1:0]
0x3 reserved
0x2 OSC3A
0x1 0OSC1
0x0 0OSsC3B
D1 |- reserved - - — |0 when being read.
DO |EPDTCLKE |EPD timing clock enable 1|Enable [0 [Disable 0 |RW

Note: The EPD timing clock must be set up when the EPD controller is used in wave mode or when
supplying the clock to an external EPD driver. The settings are not required when the EPD con-
troller is used in direct mode.

D7 Reserved

D[6:4] EPDTCLKD[2:0]: EPD Timing Clock Division Ratio Select Bits
Selects the division ratio for generating the EPD timing clock.

Table 20.12.2 Clock Division Ratio Selection

Division ratio
EPDTCLKDI[2:0] Clock source = OSC3B or OSC3A Clock source = OSC1

0x7 1/16384 1/128

0x6 1/8192 1/64

0x5 1/4096 1/32

0Ox4 1/2048 1/16

0x3 1/1024 1/8

0x2 1/512 1/4

Ox1 1/256 1/2

0x0 1/128 1/1

(Default: 0x0)
D[3:2] EPDTCLKSRC[1:0]: EPD Timing Clock Source Select Bits

Selects the EPD timing clock source.

Table 20.12.3 Clock Source Selection

EPDTCLKSRCI[1:0] Clock source
0x3 Reserved
0x2 OSC3A
0x1 0SCH1
0x0 OSC3B

(Default: 0x0)
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Reserved

EPDTCLKE: EPD Timing Clock Enable Bit

Enables or disables the EPD timing clock supply to the drive waveform generator.
1 (R/W): Enabled (on)

0 (R/W): Disabled (off) (default)

The EPDTCLKE default setting is 0, which disables the clock supply. Setting EPDTCLKE to 1 sends
the clock selected as above to the drive waveform generator. If EPD controller operation is not re-
quired or is used in direct mode, disable the clock supply to reduce current consumption.

EPD Display Control Register (EPD_CTL)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
EPD Display 0x5604 | D15-5 |- reserved - - — |0 when being read.
Control Register| (16 bits) D4 |DIRCTL Wave/direct mode select 1 |Direct 0 |Wave 0 |R/W
(EPD_CTL) D3-2 |DSPMD Display mode select DSPMDI[1:0] | Display mode | 0x0 | R/W |Effective only in
[1:0] 0x3 All black wave mode
0x2 All white
0x1 Reverse
0x0 Normal
D1 |UPDST Display update status 1 |Busy 0 (Idle 0 R |Always setto 0 in
direct control mode.
DO |UPDTRG |Display update trigger 1 |Trigger 0 |lgnored 0 W |0 when being read.
D[15:5] Reserved
D4 DIRCTL: Wave/Direct Mode Select Bit
Sets the EPD controller into wave or direct mode.
1 (R/W): Direct mode
0 (R/W): Wave mode (default)
Writing 0 to DIRCTL sets the EPD controller into wave mode. When a screen update trigger is issued
in wave mode, the EPD controller outputs the drive waveforms programmed in the display waveform
memory. In this mode, no CPU power is required for generating drive waveforms.
Writing 1 to DIRCTL sets the EPD controller into direct mode. This mode is provided to control the
segment, top plane, and back plane pin outputs directly via software. The program must control the
waveform generation in real time.
D[3:2] DSPMD[1:0]: Display Mode Select Bits (Wave mode)
Selects a display mode.
Table 20.12.4 Display Control
DSPMDI[1:0] Display mode
0x3 All black display
0x2 All white display
0x1 Reverse display
0x0 Normal display
(Default: 0x0)
To turn the display to reverse, all white, or all black, write 1 to UPDTRG after setting DSPMD[1:0].
However, do not write 1 to UPDTRG while UPDST is set to 1. This display control does not affect the
display data memory.
To perform normal display, set DSPMDI[1:0] to 0x0 and perform display update operations.
The display mode selection is effective only in wave mode. DSPMD[1:0] settings are ineffective in
direct mode.
D1 UPDST: Display Update Status Bit (Wave mode)
Indicates the display update status in wave mode.
1 (R): Busy
0 (R): Idle (default)
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UPDST goes 1 when a display update operation is started by writing 1 to UPDTRG, and reverts to 0
upon completion of the programmed drive waveform output (output of the timing set in which EOW
is set).

UPDST is ineffective in direct mode and is always read as 0.

Note: Be sure to avoid rewriting the display data memory and altering DSPMDI[1:0] while UPDST is
setto 1.

DO UPDTRG: Display Update Trigger Bit
Starts display update sequence.
1 (W): Display update trigger
0 (W): Ignored (default)
In wave mode, the EPD drive waveform generator outputs the drive waveforms programmed in the
display waveform memory to the segment, top plane and back plane pins according to the contents of
the display data memory. Writing 1 to UPDTRG is ineffective while UPDST is set to 1 (display up-
date is underway).
In direct mode, the EPD drive waveform generator switches the segment, top plane and back plane
pin output levels to the contents of the display data memory.

EPD Interrupt Control Register (EPD_INT)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks

EPD Interrupt | 0x5606 | D15-9 |- reserved - - — |0 when being read.

Control Register| (16 bits) D8 |DUPDIF Display update interrupt flag 1 |Occurred | 0 |Not occurred| 0 | R/W [Reset by writing 1.

(EPD_INT) D7-1 |- reserved - - | - |owhen being read.
DO |DUPDIE Display update interrupt enable | 1 |Enable | 0 |Disable 0 |R/W

D[15:9] Reserved

D8 DUPDIF: Display Update Interrupt Flag Bit (Wave mode)
Indicates whether the cause of display update interrupt has occurred or not.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored

DUPDIF is set when the drive waveform output by a display update trigger (output of the timing set
in which EOW is set) has finished. DUPDIF is reset by writing 1.

D[7:1] Reserved

DO DUPDIE: Display Update Interrupt Enable Bit (Wave mode)
Enables or disables display update interrupts.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)

Setting DUPDIE to 1 enables EPD interrupt requests to the ITC. Setting it to O disables interrupts.

EPD Top/Back Plane Data Register (EPD_PLNDAT)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
EPD Top/Back | 0x5620 |D15-10 |- reserved - - — |0 when being read.
Plane Data (16 bits) D9 |SEGHZ Segment/back plane Hi-Z control | 1 |Hi—Z | 0 |Normal 0 | R/W |Effective only in
Register D8 [TPHZ Top plane Hi-Z control 1 |Hi-Z | 0 |Normal 0 | R/W [direct mode
(EPD_PLNDAT) D7-5 |- reserved - - | - |owhen being read.
D4 (TP Top plane control data 1 |High 0 |Low 0 | R/W |Effective only in
direct mode
D3-1 |- reserved - - — |0 when being read.
D0 [BP Back plane display data 1 [Black [ 0 ]white 0 |R/W |Wave mode
1 |High [ 0]tow Direct mode
D[15:10] Reserved
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D9 SEGHZ: Segment/Back Plane Hi-Z Control Bit (Direct mode)
Sets the segment/back plane outputs into high-impedance state.
1 (R/W): High-impedance
0 (R/W): Normal output (default)

Issuing a display update trigger (UPDTRG = 1) after setting SEGHZ to 1 sets the segment and back
plane pins into high-impedance state. In this case, pin output level settings using the BP and SEGxx
bits are ineffective.

Pin output level settings using the BP and SEGuxx bits take effect when SEGHZ is set to 0.

Note that SEGHZ is ineffective in wave mode.

D8 TPHZ: Top Plane Hi-Z Control Bit (Direct mode)
Sets the top plane outputs into high-impedance state.
1 (R/W): High-impedance
0 (R/W): Normal output (default)

Issuing a display update trigger (UPDTRG = 1) after setting TPHZ to 1 sets the top plane pins into
high-impedance state. In this case, pin output level settings using the TP bit is ineffective.

Pin output level settings using the TP bit take effect when TPHZ is set to 0.

Note that TPHZ is ineffective in wave mode.

D[7:5] Reserved

D4 TP: Top Plane Control Data Bit (Direct mode)
Sets the top plane output level.
1 (R/W): High level
0 (R/W): Low level (default)

Issuing a display update trigger (UPDTRG = 1) after setting TP to 1 sets the top plane pins to high.
The pins go to low if TP is 0.
Note that TP is ineffective in wave mode.

D[3:1] Reserved

DO BP: Back Plane Display Data Bit
Sets the back plane display data/output level.
1 (R/W): Black (wave mode)/High level (direct mode)
0 (R/W): White (wave mode)/Low level (direct mode) (default)

In wave mode, issuing a display update trigger (UPDTRG = 1) after setting BP to 1 outputs the drive
waveform that turns the back plane display to black from the back plane pins. The pins output the
drive waveform that turns the display to white if BP is 0.

In direct mode, issuing a display update trigger (UPDTRG = 1) after setting BP to 1 sets the back
plane pins to high. The pins go to low if BP is 0.

Note: Settings to this register do not update the screen. A display update trigger using UPDTRG is
required.

EPD Display Data Registers 0-3 (EPD_SEGDAT0-EPD_SEGDAT?3)

‘RegisternamelAddressl Bit | Name | Function | Setting |Init.|R/W| Remarks

EPD Segment | 0x5622 | D15-0 [SEG[15:0] |ESEG[15:0] display data 1 |Black 0 |White 0 | R/W [Wave mode
Data Register 0| (16 bits) - -
(EPD_SEGDATO) 1 |High 0 |Low Direct mode
EPD Segment | 0x5624 | D15-0 [SEG[31:16] |ESEG[31:16] display data 1 [Black 0 (White 0 |R/W [Wave mode
Data Register 1| (16 bits) - -
(EPD_SEGDAT1) 1 |High 0 |Low Direct mode
EPD Segment | 0x5626 | D15-0 [SEG[47:32] |ESEG[47:32] display data 1 |Black 0 |White 0 |R/W [Wave mode
Data Register 2| (16 bits) - -
(EPD_SEGDAT2) 1 |High 0 |Low Direct mode
EPD Segment | 0x5628 | D15-0 [SEG[63:48] |ESEG[63:48] display data 1 |Black 0 |White 0 |R/W [Wave mode
Data Register 3| (16 bits) - -
(EPD_SEGDAT3) 1 |High 0 |Low Direct mode
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D[15:0]

SEGxx: ESEGxx Display Data Bits

Sets the segment display data/output level.

1 (R/W): Black (wave mode)/High level (direct mode)

0 (R/W):  White (wave mode)/Low level (direct mode) (default)

In wave mode, issuing a display update trigger (UPDTRG = 1) after setting SEGxx to 1 outputs the
drive waveform that turns the segment to black from the ESEGxx pin. The pin outputs the drive wave-
form that turns the display to white if SEGxx is 0.
In direct mode, issuing a display update trigger (UPDTRG = 1) after setting SEGxx to 1 sets the seg-
ment pin to high. The pin goes low if SEGxx is 0.

Note: Settings to the data registers do not update the screen. A display update trigger using UPDTRG
is required.

EPD Waveform Timing Set x Registers (EPD_WAVEXx)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
EPD Waveform | 0x5640 | D15 [EOW End of wave 1 [End [ 0]Continue 0 [RW
Timing Set 0 | D14 |- reserved - - — |0 when being read.
Register 0x567e | D13 |HIZ High impedance 1|Hi-Z 0 |Output 0 |RW
(EPD_WAVEOQ) | (16 bits) | D12 [TP Top plane 1 [High 0 |Low 0 |[RW
| D11 [BB Black to black 1 |High 0 |Low 0 |R/W
EPD Waveform D10 [BW Black to white 1 |[High 0 |Low 0 |rw
Timing Set 31 D9 |WB White to black 1 [High 0 |Low 0 [RW
Register D8 |ww White to white 1 [High 0 |Low 0 |rw
(EPD_WAVES1) D7-0 [INTV[7:0] |interval 00255 0x0 | RW

These registers are used to set the display waveform memory for wave mode.

The display waveform memory is capable of storing up to 32 timing sets (Timing set O to Timing set 31) that con-
sist of 15 bits. The EPD_WAVEx register corresponds to Timing set x. Timing set O represents the initial state and
its period generated immediately after a screen update trigger is issued. The changes in the waveforms should be

programmed one by one in the subsequent timing sets (1 to n = Max. 31).

D15

D14
D13

D12

EOW: End of Wave Bit
Specifies the end of waveform.
1 (R/W): End

0 (R/W): Continued (default)

The waveform generation is completed at the timing set in which EOW is set to 1. The pins are set
into high-impedance state until the subsequent display update trigger is issued. The timing sets other
than the last must be programmed with EOW set to 0.

Reserved

HIZ: High Impedance Bit

Sets the segment and back plane pins into high-impedance state.

1 (R/W): High-impedance

0 (R/W): High/low output (default)

When this bit is set to 1, the segment and back plane pins are placed into high-impedance state for the

period specified in the timing set (BB/BW/WB/WW settings are ignored). When this bit is set to 0,
the pins go to the level specified by BB/BW/WB/WW.

TP: Top Plane Bit

Sets the waveform output from the top plane pins.

1 (R/W): High

0 (R/W): Low (default)

When this bit is set to 1, the top plane pins go to the high (VerD) level for the period specified in the
timing set. When this bit is set to 0, the pins go to the low (Vss) level.
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D11 BB: Black to Black Bit
Sets the waveform output from the segment and back plane pins to maintain black display during up-
date (black to black).
1 (R/W): High
0 (R/W): Low (default)
When this bit is set to 1, the segment and back plane pins go to the high (VepD) level for the period
specified in the timing set. When this bit is set to 0, the pins go to the low (Vss) level.
D10 BW: Black to White Bit
Sets the waveform output from the segment and back plane pins to switch black display to white dur-
ing update.
1 (R/W): High
0 (R/W): Low (default)
When this bit is set to 1, the segment and back plane pins go to the high (VepD) level for the period
specified in the timing set. When this bit is set to 0, the pins go to the low (Vss) level.
D9 WB: White to Black Bit
Sets the waveform output from the segment and back plane pins to switch white display to black dur-
ing update.
1 (R/W): High
0 (R/W): Low (default)
When this bit is set to 1, the segment and back plane pins go to the high (VepD) level for the period
specified in the timing set. When this bit is set to 0, the pins go to the low (Vss) level.
D8 WW: White to White Bit
Sets the waveform output from the segment and back plane pins to maintain white display during up-
date (white to white).
1 (R/W): High
0 (R/W): Low (default)
When this bit is set to 1, the segment and back plane pins go to the high (VepD) level for the period
specified in the timing set. When this bit is set to 0, the pins go to the low (Vss) level.
D[7:0] INTV[7:0]: Interval Bits
Specifies the timing set period in a number of EPDTCLK clocks. (Default: 0x0)
Time [s] = (INTV[7:0] + 1)/EPDTCLK frequency
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21 Sound Generator (SND)

21.1 SND Module Overview

The S1C17F57 includes a sound generator (SND) for generating a buzzer signal.

The main features of the SND module are outlined below.

¢ Provides buzzer inverted and non-inverted output pins to directly drive a piezoelectric buzzer.
¢ Programmable buzzer signal frequency (eight frequencies) and volume level (eight levels)

¢ Duty ratio controlled digital envelope function (attenuation time is selectable from four types.)
¢ One-shot output function (output time is selectable from four types.)

Figure 21.1.1 shows the SND configuration.

BZFQ[2:0] BZDT2:0] SND
0SC1 » Gate Progr.ar.nmable Duty I’&?tIO. E.n.velope .
divider control circuit addition circuit
" i
SNDCLKE| [One-shot buzzer Buzzer output OBz
control circuit | control circuit O#BZ
f £ i
[BzMD[1:0] [BZTM[1:0]] [ BZEN |

Figure 21.1.1 SND Module Configuration

21.2 SND Output Pins

Table 21.2.1 lists the SND pins.

Table 21.2.1 List of SND Pins

Pin name 1/0 Qty Function
BZ (0] 1 Buzzer non-inverted output pin
Outputs the buzzer signal generated by the sound generator.
#BZ O 1 Buzzer inverted output pin
Outputs the inverted buzzer signal generated by the sound generator.

The SND module output pins (BZ, #BZ) are shared with I/O ports and are initially set as general purpose I/O port
pins. The pin functions must be switched using the port function select bits to use the general purpose I/O port pins
as SND module output pins. For detailed information on pin function switching, see the “I/O Ports (P)” chapter.

21.3 SND Operating Clock

The SND module uses the OSC1 clock (32.768 kHz Typ.) output from the CLG as its operating clock.

The OSCI1 clock supply to the SND module is enabled with SNDCLKE/SND_CLK register. The SNDCLKE de-
fault setting is O, which stops the clock. Setting SNDCLKE to 1 feeds the OSC1 clock to the SND module. Set
SNDCLKE to 1 before performing buzzer output. If no buzzer output is required, stop the clock to reduce current

consumption.
For more information on OSC1 oscillator control, see the “Clock Generator (CLG)” chapter.

Note: This chapter describes buzzer frequencies and one-shot output times assuming that the OSC1
clock frequency is 32.768 kHz. The frequencies and times vary depending on the OSC1 clock
frequency.
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21 SOUND GENERATOR (SND)

21.4 Buzzer Frequency and Volume Settings

21.4.1 Buzzer Frequency

The SND module generates the buzzer signal by dividing the OSC1 clock (32.768 kHz). The buzzer frequency can

be selected from among the eight types with different division ratios. BZFQ[2:0]/SND_BZFQ is used for this selec-
tion.

Table 21.4.1.1 Buzzer Frequency Selections

BZFQ[2:0] Buzzer frequency (Hz)
0x7 1170.3
0x6 1365.3
0x5 1638.4
0x4 2048.0
0x3 2340.6
0x2 2730.7
0x1 3276.8
0x0 4096.0

(Default: 0x0)

21.4.2 Volume level

The buzzer volume level is controlled by changing the duty ratio of the buzzer signal.
The volume level can be selected from among eight types using BZDT[2:0]/SND_BZDT register.

Table 21.4.2.1 Volume Level Settings

Duty ratio by buzzer frequency (Hz)
Volume level BZDT[2:0] 4096.0 3276.8 2730.7 2340.6
2048.0 1638.4 1365.3 1170.3
Level 1 (Max.) 0x0 8/16 8/20 12/24 12/28
Level 2 0x1 7/16 7/20 11/24 11/28
Level 3 0x2 6/16 6/20 10/24 10/28
Level 4 0x3 5/16 5/20 9/24 9/28
Level 5 0x4 4/16 4/20 8/24 8/28
Level 6 0x5 3/16 3/20 7/24 7/28
Level 7 0x6 2/16 2/20 6/24 6/28
Level 8 (Min.) 0x7 1/16 1/20 5/24 5/28

(Default: 0x0)

Setting BZDT[2:0] to 0x0 turns the volume up to maximum level; setting it to Ox7 turns the volume down to mini-
mum level.

Cycle

?

Level 1 (Max.)
Level 2
Level 3

Level 4

|
|
|
Level 5 1
|
|
|

Duty ratio =

Cycle

Level 6

Level 7

.
L5597 ]
L5593 ]
e

Level 8 (Min.)
Figure 21.4.2.1 Buzzer Signal Waveforms by Different Duty Ratios

Note: BZDT[2:0] is ineffective in envelope mode, as the duty ratio is automatically controlled by the
hardware.
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21.5 Buzzer Mode and Output Control

21.5.1 Buzzer Mode Selection

The SND module supports three buzzer modes that allow different types of buzzer outputs.
BZMDI1:0]/SND_CTL register is used to select a buzzer mode.

Table 21.5.1.1 Buzzer Mode

BZMDI[1:0] Buzzer mode
0x3 Reserved
0x2 Envelope mode

A software trigger starts buzzer output. The SND module automatically turns down the vol-
ume from Level 1 (maximum) and stops output when the volume reaches Level 8 (minimum).
0x1 One-shot mode

This mode is provided for generating short buzzer sounds such as key operation sounds.
The buzzer output starts by a software trigger and stops automatically after the specified
time has elapsed.

0x0 Normal mode

Buzzer output is turned on and off via software.

(Default: 0x0)

21.5.2 Output Control in Normal Mode

In normal mode, setting BZEN/SND_CTL register to 1 starts buzzer output and setting it to O stops the output. The
buzzer frequency setting with BZFQ[2:0] and volume setting with BZDT[2:0] are both effective.

BZEN 0 1 0
BZ output ‘
#BZ output ‘

Figure 21.5.2.1 Buzzer Output in Normal Mode

Note: The buzzer signal is generated asynchronously to BZEN, so a hazard may occur when the signal
is turned on or off by setting BZEN.

21.5.3 Output Control in One-shot Mode

The SND module has a one-shot output function for generating short buzzer sounds such as key operation sounds.

Output time selection

The one-shot buzzer output time can be selected from among four types shown below using BZTM[1:0]/SND
CTL register.

Table 21.5.3.1 One-shot Buzzer Output Time Selections

BZTM[1:0] Output time
0x3 125 ms
0x2 62.5 ms
0x1 31.25ms
0x0 15.63 ms

(Default: 0x0)

Output control
Writing 1 to BZEN/SND_CTL register starts one-shot buzzer output. When this trigger is issued, a buzzer sig-
nal is output from the buzzer output pin. When the set time has elapsed, the buzzer output stops.
BZEN functions as a status bit. It retains 1 while a one-shot buzzer signal is being output and reverts to O upon
completion of the output.
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21 SOUND GENERATOR (SND)

Writing O to BZEN while a one-shot buzzer signal is being output stops the output immediately.

Writing 1 to BZEN again before a one-shot buzzer output is finished, a new one-shot output begins from that
point.

The buzzer frequency setting with BZFQ[2:0] and volume setting with BZDT[2:0] are both effective in one-
shot mode.

Figure 21.5.3.1 shows a timing chart in one-shot mode.

Write 1 Write 1 Write O
BZEN (WR)

BZEN(RD) |
8z output ___[[IIITITITITATTTAATATATL_ AT
#zoutput  [[{LLULALLLLLEEALALL

125/62.5/31.25/15.63 ms
Figure 21.5.3.1 Buzzer Output in One-shot Mode

21.5.4 Output Control in Envelope Mode
In envelope mode, a digital envelope by duty control can be added to the buzzer signal. The SND module controls

envelope by changing the duty ratio from Level 1 (maximum) to Level 8 (minimum) listed in Table 21.4.2.1.

Attenuation time selection

The envelope attenuation time (time to change the duty ratio) can be selected from among four types using
BZTM][1:0]/SND_CTL register.

Table 21.5.4.1 Envelope Attenuation Time Selections

BZTM[1:0] Attenuation time
0x3 125 ms
0x2 62.5 ms
0x1 31.25 ms
0x0 15.63 ms

(Default: 0x0)

Output control

Writing 1 to BZEN/SND_CTL register starts buzzer output in envelope mode. The duty ratio is set to Level 1
(maximum) at the beginning of the output and is stepped down every attenuation time selected. When attenu-
ated down to Level 8 (minimum), the buzzer output stops.

BZEN functions as a status bit. It retains 1 while a buzzer signal is being output and reverts to O upon comple-
tion of the output.

Writing O to BZEN while a buzzer signal is being output stops the output immediately.

Writing 1 to BZEN again before a buzzer output is finished, the duty ratio returns to the maximum level and a
new envelope output begins from that point.

Figure 21.5.4.1 shows a timing chart in envelope mode.
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Write 1 Write 1 Write 0
BZEN (WR) __||
BZEN (RD) _| |
8z output __ [T (TATTARTATIIIIIII.
ez output  |[LIMEULNEANAFAFEE RO EEEEEEEEERLEAA HEEH L
Duty ratio —L% 3 -
(Volume level) 4 5 ] 7 8 ‘_\—L

125/62.5/31.25/15.63 ms
Figure 21.5.4.1 Buzzer Output in Envelope Mode

21.6 Control Register Details

Table 21.6.1 List of SND Registers

Address Register name Function
0x506e SND_CLK SND Clock Control Register Controls the SND clock.
0x5180 SND_CTL SND Control Register Controls buzzer outputs.
0x5181 SND_BZFQ Buzzer Frequency Control Register Sets the buzzer frequency.
0x5182 SND_BZDT Buzzer Duty Ratio Control Register Sets the buzzer signal duty ratio.

The SND module registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

SND Clock Control Register (SND_CLK)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
SND Clock 0x506e | D7-1 |- reserved - - — |0 when being read.
Control Register| (8 bits)

(SND_CLK) DO |SNDCLKE [SND clock enable 1[Enable [0 |Disable 0 |[RW

D[7:1] Reserved

DO SNDCLKE: SND Clock Enable Bit

Enables or disables the OSC1 clock supply to the SND module.
1 (R/W): Enabled (on)
0 (R/W): Disabled (off) (default)

The SNDCLKE default setting is 0, which disables the clock supply. Setting SNDCLKE to 1 sends
the OSCI clock to the SND module to enable buzzer outputs. If no buzzer output is required, stop the
clock to reduce current consumption.

SND Control Register (SND_CTL)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
SND Control 0x5180 | D7-6 |- reserved - - — |0 when being read.
Register (8 bits) | D5-4 |BZTM[1:0] |Buzzer envelope time/one-shot BZTM[1:0] Time 0x0 | R'W
(SND_CTL) output time select 0x3 125 ms
0x2 62.5 ms
0x1 31.25ms
0x0 15.63 ms
D3-2 |BZMD[1:0] |Buzzer mode select BZMDJ[1:0] Mode 0x0 | R/'W
0x3 reserved
0x2 Envelope
0x1 One-shot
0x0 Normal
D1 |- reserved - - — |0 when being read.
DO |BZEN Buzzer output control 1 |On/Trigger | 0 |Of‘f 0 |R/W
D[7:6] Reserved
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D[5:4]

D[3:2]

D1
DO

BZTM[1:0]: Buzzer Envelope Time/One-shot Output Time Select Bits
Selects an envelope attenuation time or a one-shot output time.

Table 21.6.2 Envelope Attenuation Time/One-shot Buzzer Output Time Selections
BZTM[1:0] Attenuation time/One-shot output
time

0x3 125 ms

0x2 62.5 ms

0x1 31.25ms

0x0 15.63 ms

(Default: 0x0)

In envelope mode, an attenuation time (time to change the duty ratio) can be selected (see Figure
21.54.1).

In one-shot mode, a one-shot buzzer output time can be selected (see Figure 21.5.3.1).

BZTM][1:0] does not affect buzzer outputs in normal mode.

BZMDI[1:0]: Buzzer Mode Select Bits
Selects a buzzer mode.

Table 21.6.3 Buzzer Mode

BZMDI[1:0] Buzzer mode

0x3 Reserved

0x2 Envelope mode

A software trigger starts buzzer output. The SND module automatically turns down the
volume from Level 1 (maximum) and stops output when the volume reaches Level 8
(minimum).

0x1 One-shot mode

This mode is provided for generating short buzzer sounds such as key operation
sounds. The buzzer output starts by a software trigger and stops automatically after the
specified time has elapsed.

0x0 Normal mode
Buzzer output is turned on and off via software.

(Default: 0x0)
Reserved

BZEN: Buzzer Output Control Bit
Controls buzzer output.

1 (R/W): On/Trigger

0 (R/W): Off (default)

Normal mode
Setting BZEN to 1 starts buzzer output and setting it to O stops the output.

One-shot mode
Writing 1 to BZEN starts one-shot buzzer output. When the time set with BZTM[1:0] has elapsed,
the buzzer output stops. BZEN functions as a status bit. It retains 1 while a one-shot buzzer signal
is being output and reverts to O upon completion of the output. Writing O to BZEN while a one-shot
buzzer signal is being output stops the output immediately. Writing 1 to BZEN again before a one-
shot buzzer output is finished, a new one-shot output begins from that point.

Envelope mode

Writing 1 to BZEN starts buzzer output in envelope mode. The duty ratio is set to Level 1 (maximum)
at the beginning of the output and is stepped down every attenuation time selected. When attenuated
down to Level 8 (minimum), the buzzer output stops. BZEN functions as a status bit. It retains 1
while a buzzer signal is being output and reverts to 0 upon completion of the output. Writing 0 to
BZEN while a buzzer signal is being output stops the output immediately. Writing 1 to BZEN again
before a buzzer output is finished, the duty ratio returns to the maximum level and a new envelope
output begins from that point.
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Buzzer Frequency Control Register (SND_BZFQ)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Buzzer 0x5181 | D7-3 |- reserved - - — |0 when being read.
Frequency (8 bits) | D2-0 |BZFQ[2:0] |Buzzer frequency select BZFQI[2:0] Frequency | Ox0 | R/'W
Control Register| 0x7 1170.3 Hz
(SND_BZFQ) 0x6 1365.3 Hz

0x5 1638.4 Hz

Ox4 2048.0 Hz

0x3 2340.6 Hz

0x2 2730.7 Hz

0x1 3276.8 Hz

0x0 4096.0 Hz

D[7:3] Reserved

D[2:0] BZFQ[2:0]: Buzzer Frequency Select Bits
Selects a buzzer signal frequency.

Table 21.6.4 Buzzer Frequency Selections

BZFQ[2:0] Buzzer frequency (Hz)
0x7 1170.3
0x6 1365.3
0x5 1638.4
0x4 2048.0
0x3 2340.6
0x2 2730.7
0x1 3276.8
0x0 4096.0

(Default: 0x0)

Buzzer Duty Ratio Control Register (SND_BZDT)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Buzzer 0x5182 | D7-3 |- reserved - - — |0 when being read.
Duty Ratio (8 bits) | D2-0 |BZDT[2:0] |Buzzer duty ratio select BZDT[2:0] | Duty (volume) | 0x0 | R/W
Control Register| 0x7 Level 8 (Min.)
(SND_BZDT) : :

0x0 Level 1 (Max.)

D[7:3] Reserved

D[2:0] BZDT[2:0]: Buzzer Duty Ratio Select Bits
Selects a duty ratio that determines the buzzer volume level.

Table 21.6.5 Volume Level Settings

Duty ratio by buzzer frequency (Hz)
Volume level BZDT[2:0] 4096.0 3276.8 2730.7 2340.6
2048.0 1638.4 1365.3 1170.3
Level 1 (Max.) 0x0 8/16 8/20 12/24 12/28
Level 2 Ox1 7/16 7/20 11/24 11/28
Level 3 0x2 6/16 6/20 10/24 10/28
Level 4 0x3 5/16 5/20 9/24 9/28
Level 5 0x4 4/16 4/20 8/24 8/28
Level 6 0x5 3/16 3/20 7/24 7/28
Level 7 0x6 2/16 2/20 6/24 6/28
Level 8 (Min.) 0x7 1/16 1/20 5/24 5/28

(Default: 0x0)

Setting BZDT|[2:0] to 0x0 turns the volume up to maximum level; setting it to 0x7 turns the volume
down to minimum level.

Note: BZDT[2:0] is ineffective in envelope mode, as the duty ratio is automatically controlled by the
hardware.
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22 R/F Converter (RFC)

22.1 RFC Module Overview

The S1C17F57 includes an R/F converter (RFC) module with two conversion channels. It is capable of being used
as a CR oscillation type A/D converter. A thermo-hygrometer can easily be implemented by connecting only resis-

tive sensors (e.g., thermistor and humidity sensor) and a few passive elements (resistors and capacitors) to the R/F
converter.
The following shows the features of the RFC module:

e Conversion method: Resistance to frequency conversion type
¢ Number of conversion channels: Max. 2 channels
e Oscillation mode: DC oscillation mode (for resistive sensors)

AC oscillation mode (for resistive sensors)
¢ Counter length: 24 bits

 Five types of interrupts can be generated: Reference oscillation completion interrupt
Sensor A oscillation completion interrupt
Sensor B oscillation completion interrupt
Measurement counter overflow error interrupt
Time base counter overflow error interrupt

Figure 22.1.1 shows the RFC configuration.

To ITC
A
0OSC3B Divider
0SC3A (1/1-1/8) Gate | TCCLK
OSC1 — Interrupt
control
RFCLKO O circuit
SENBO O ¢
SENA0 O C.h'o Time base counter ”
REF0 O) oscillator (¢ ! TC[23:0] —> E
circuit . Counter =
RFINO O control %
A} circuit c
Multi- RFCLK, | Measurement counter N E
plexer MC[23:0]
- 1
RFIN1 O Ch.1 CR
REF1 O oscillator oscillation
SENA1 O circuit control
SENB1 O circuit REC

Figure 22.1.1 R/F Converter Configuration

The R/F converter converts the resistance of the sensor connected into frequency (RFCLK) using the embedded
CR oscillator circuit, and counts this frequency using the measurement counter for a set period of time to provide
the digital value equivalent to the sensor value. The time base counter is also included for generating the measure-
ment time by counting an internal clock (TCCLK). In addition to CR oscillation using a sensor (sensor oscillation),
the R/F converter performs CR oscillation using a reference element with less variation in the characteristics due to
external factors (reference oscillation). This removes error factors such as voltage fluctuations and unevenness in
quality to realize precise measurements. The CR oscillator circuit supports AC driving and external clock input as
well as general DC driving, allowing use of various sensors.
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22.2 RFC Input/Output Pins

Table 22.2.1 lists the RFC input/output pins.

Table 22.2.1 List of R/F Converter Input/Output Pins

Pin name 1/0 Qty Function
SENBO/SENBH1 1/0 2 |Sensor B oscillation control pin (see Note 1 below)
SENAO/SENA1 1/0 2 [Sensor A oscillation control pin (see Note 1 below)
REFO/REF1 1/0 2 |Reference oscillation control pin (see Note 1 below)
RFINO/RFIN1 1/0 2 |RFCLK input and oscillation control pin (see Note 2 below)
RFCLKO (0] 1 RFCLK monitoring output pin

Outputs RFCLK to monitor the oscillation frequency.

Notes: 1.The pins go to high impedance status when the port function is switched for the R/F converter.
2.The RFINx pin goes to Vss level when the port function is switched for the R/F converter. A
large current may flow through the RFINXx pin if the pin is externally biased.

The R/F converter input/output pins are shared with I/O ports and are initially set as general-purpose 1/O port pins.
The pin functions must be switched using the port function select bits to use the general-purpose 1/O port pins as R/
F converter input/output pins.

For detailed information on pin function switching, see the “I/O Ports (P)” chapter.

22.3 Operation Clock

The RFC module includes a clock source selector, dividers, and a gate circuit for controlling the operation clock.

Note: The operation clock (TCCLK) must be enabled before setting the R/F converter. Otherwise, the
R/F converter cannot operate normally.

Clock source selection
Use RFCCLKSRC[1:0]/RFC_CLK register to select the clock source from OSC3B, OSC3A, and OSC1.

Table 22.3.1 Clock Source Selection

RFCCLKSRCI[1:0] Clock source
0x3 Reserved
0x2 OSC3A
0x1 0OSCH1
0x0 0OSC3B

(Default: 0x0)

Clock division ratio selection

When the clock source is OSC1
No division ratio needs to be selected when OSCI1 is selected for the clock source. The OSC1 clock (typ.
32.768 kHz) is directly used as TCCLK.

When the clock source is OSC3B or OSC3A
When OSC3B or OSC3A is selected for the clock source, use REFECCLKD[1:0]/RFC_CLK register to select
the division ratio.

Table 22.3.2 OSC3B/OSC3A Division Ratio Selection

RFCCLKD[1:0] Division ratio
0x3 1/8
0x2 1/4
0x1 1/2
0x0 11

(Default: 0x0)

The time base counter uses the clock selected here for counting. Selecting a high-speed clock improves the
conversion accuracy. However the clock must be selected so that the time base counter will not overflow in the
reference oscillation phase.
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Clock enable

The clock supply is enabled with RFECCLKE/RFC_CLK register. The RFCCLKE default setting is 0, which
stops the clock. Setting RFCCLKE to 1 feeds the clock generated as above to the RFC circuit. If no RFC opera-
tion is required, stop the clock to reduce current consumption.

22.4 Operating Modes

The R/F converter features two oscillation modes that use the RFC internal oscillator circuit and a mode for mea-
suring an external input clock. Also it includes a CR oscillation clock (RFCLK) monitoring function and continu-
ous oscillation function for measuring the oscillation clock frequency. Each channel can be set to a different mode.

22.4.1 Oscillation Mode

In measurements using the RFC internal oscillator circuit, operate the oscillator with the reference element and then
the sensor for the same duration in time to count each oscillation frequency. The sensor value can be determined
from the difference between the two count values by software. The R/F converter supports DC bias resistive sen-
sors and AC bias resistive sensors. The RFC internal oscillator circuit can operate in two oscillation modes corre-
sponding to the sensor to be used that is specified by SMODE[1:0]/RFC_CTL register.

Table 22.4.1.1 Oscillation Mode Selection

SMODE[1:0] Oscillation mode
0x3-0x2 Reserved
0x1 AC oscillation mode for measuring resistive sensors
0x0 DC oscillation mode for measuring resistive sensors

(Default: 0x0)

DC oscillation mode for measuring resistive sensors (SMODE[1:0] = 0x0, default)
This mode drives the oscillator with the reference resistor and resistive sensor by applying DC bias voltage.
Select this mode when a DC bias resistive sensor is connected. This mode enables two resistive sensors to be
connected to a channel. One reference resistor and one reference capacitor is also required.

Current passing direction
i (DC driving)

RREF .
RRer: Reference resistor

RseN1: Resistive sensor (DC bias)
Rsen2: Resistive sensor (DC bias)
71/; CRer: Reference capacitor

CREF

Figure 22.4.1.1 Connection Example in DC Oscillation Mode for Measuring Resistive Sensors

When one resistive sensor only is used, leave the unused pin open.

AC oscillation mode for measuring resistive sensors (SMODE[1:0] = 0x1)
This mode drives the oscillator with the reference resistor and resistive sensor by applying AC bias voltage. Se-
lect this mode when an AC bias resistive sensor is connected. This mode enables only one resistive sensor to be
connected to a channel. One reference resistor and one reference capacitor is also required.
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Current passing direction
i (AC driving)
RREF

RReF: Reference resistor
RseN: Resistive sensor (AC bias)

CREF
J/; CREer: Reference capacitor

Figure 22.4.1.2 Connection Example in AC Oscillation Mode for Measuring Resistive Sensors

22.4.2 External Clock Input Mode (Event Counter Mode)

This mode enables to input clocks/pulses from an external circuit such as an oscillator and count them same as
those of internal oscillation clocks. It supports rectangular waves, triangular waves, and sign waves to be input. (For
the threshold voltage of the Schmitt input buffer, see “Electrical Characteristics.”)

Setting EVTEN/RFC_CTL register to 1 enables this function. The measurement control procedure is the same as
that when the internal oscillator circuit is used.

« JLIL//AA SN

Supports rectangular waves,
triangular waves, and sign waves.

Figure 22.4.2.1 External Clock Input

The unused pins should be left open.

22.4.3 Functions for Measuring CR Oscillation Clock Frequency

CR Oscillation Clock (RFCLK) Monitoring Function

The CR oscillation clock (RFCLK) during converting can be output from the RFCLKO pin for monitoring. Use
this output to measure the oscillation frequency.

SSENA, SSENB, or SREF

RFINXx pin

RFCLKO output |—| - VoD
(Measurement counter clock) - Vss

Figure 22.4.3.1 CR Oscillation Clock (RFCLK) Waveform

Continuous oscillation function

The CR oscillations by the sensor and reference element will automatically stop due to stop conditions. Setting
1 to CONEN/RFC_CTL register enables the continuous oscillation function and CR oscillation will continue
until stopped by software. Using this function with the CR oscillation monitoring function helps easily measure
the CR oscillation clock frequency.
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22.5 RFC Counters

The R/F converter includes two kinds of counters: measurement counter (MC) counting the reference element and
sensor oscillation clocks, and time base counter (TC) counting the TCCLK clock.

Measurement counter (MC)

The measurement counter is a 24-bit presettable up counter. Counting the reference oscillation clock and the
sensor oscillation clock for the same duration in time using this counter minimizes errors caused by voltage,
and unevenness of IC quality, as well as external parts and on-board parasitic elements. The counter values
should be corrected via software after the reference and sensor oscillation are completed according to the sen-
sor characteristics to determine the value being currently detected by the sensor.

Time base counter (TC)

The time base counter is a 24-bit presettable up/down counter. The time base counter counts up by TCCLK
during reference oscillation to measure the reference oscillation time. During sensor oscillation, it counts down
from the reference oscillation time and stops the sensor oscillation when it reaches 0x0. This means that the
sensor oscillation time becomes equal to the reference oscillation time. The value counted during reference
oscillation should be saved in the memory. It can be reused at the subsequent sensor oscillations omitting refer-
ence oscillations.

Counter initial value

To obtain the difference between the reference oscillation and sensor oscillation clock count values from the
measurement counter simply, appropriate initial values must be set to the counters before starting reference os-
cillation and sensor oscillation.

Connecting the reference element and sensor with the same resistance will result <Initial value> = <Counter
value at the end of sensor oscillation> (if no error introduced). Setting a small initial value to the measurement
counter improves measurement accuracy. However, the measurement counter may overflow during sensor
oscillation when the sensor value decreases below the reference element value (the measurement will be can-
celed). The initial value for the measurement counter should be determined taking the range of sensor value
into consideration.

The time base counter should be cleared to 0x0 before starting reference oscillation.

22.6 Conversion Operations

The conversion operations by the R/F converter should be controlled in the following procedure regardless of the
operating mode: initial settings, reference oscillation control, and sensor oscillation control. The R/F converter
channels are controlled individually and both channels cannot operate simultaneously. This section describes these
control procedure.

Although the following explanations assume that the internal oscillator circuit is used, the control procedures are
the same even in external clock input mode. When the R/F converter is used in external clock input mode, select
which oscillation is performed either reference or sensor and determine the counter initial values depending on the
purpose for using.

22.6.1 Initial Settings

Clock and pin configurations
(1) Select the R/F converter operating clock (TCCLK) and enable the clock supply. (See Section 22.3.)

(2) Configure the pins to be used for the R/F converter by switching from general-purpose input/output ports.
See the “I/O Ports (P)” chapter.
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22 R/F CONVERTER (RFC)

R/F converter channel and mode settings
(1) Set RFCEN/RFC_CTL register to 1 to enable the R/F converter.

(2) Select the channel to perform conversion using CHSEL/RFC_CTL register. Setting CHSEL to O (default)
selects Ch. 0 and setting 1 selects Ch.1.

(3) Set the oscillation mode using SMODE[1:0]/RFC_CTL register. (See Section 22.4.1.)

22.6.2 Reference Oscillation Control

First, perform oscillation with the reference resistor/capacitor and obtain the time base counter value to perform
sensor oscillation for the same period of time.

(1)  Set the initial value (0x0 - n) to MC[23:0]/RFC_MC(H/L) registers (measurement counter). (See Section 22.5.)
(2)  Set 0x0 to TC[23:0]/RFC_TC(H/L) registers (time base counter).
(3) Reset the cause-of-interrupt flags OVTCIF and EREFIF in the RFC_IFLG register by writing 1.

(4)  Set SREF/RFC_TRG register to 1 to start reference oscillation.
The CR oscillator circuit starts oscillating with the reference resistor/capacitor and outputs the clock to the
measurement counter. The measurement counter starts counting up using the CR oscillation clock from the
initial value that has been set. The time base counter starts counting up using TCCLK from 0x0.

Note: For restrictions and precautions on control bit settings, see the descriptions in the “Control Regis-
ter Details” section. The control bits may not be set to the desired values depending on conditions.

(5) When the measurement counter or the time base counter overflows (Oxffffff — 0x0), SREF is reset to 0 and
the reference oscillation stops automatically.

(6-1) The measurement counter overflow sets EREFIF to 1 indicating that the reference oscillation has been termi-
nated normally. An interrupt can be generated at this point. Read the time base counter value (TC[23:0] = X)
and store it to the memory by the interrupt handler routine. When this interrupt is not used, perform the same
processing after checking if EREFIF has been set.

(6-2) The time base counter overflow sets OVTCIF to 1 indicating that the reference oscillation has been terminat-
ed abnormally. An interrupt can be generated at this point. Handle this error in the interrupt handler routine.
When this interrupt is not used, perform the same processing after checking if OVTCIF has been set.

Overflow Overflow
(normal termination) (abnormal termination)
EREFIF =1, SREF =0 OVMCIF =1, SSENx=0
Count value Max. G
(Oxffffff) H
Countn ! Count value m1
I Varied depending
) on environment
two's-complement Count Up _.‘é Count value m2
Measurement counter of value n ; i A
(set via software)j '," ______ Determine the value
Count (00 - n)i ; o e detected by the sensor
o e using the measurement
[ Count Up counter values m1 and m2.
Count value Min.
0x0
(0x0) Overflow (set automatically by reference oscillation
(abnormal termination) or set via software) Time
OVTCIF =1, SREF =0
Count value Max. ,'=
(Oxftffff) ," (set automatically by reference oscillation
',/ or set via software)
Time base counter yd
Gount Up
(set via software)
Count value Mi o
ountva ue(o):g)' T ] Underflow
. Reference oscillation Sensor oscillation ! (normal termination)
t - period tREF t _ period tsEN (= tREF) ESENXIF = 1, SSENx =0
Start of reference oscillation Start of sensor oscillation
SREF=0—1 SSENx=0—1

Figure 22.6.2.1 Counter Operations During Reference/Sensor Oscillation
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22.6.3 Sensor Oscillation Control

Perform oscillation with the sensor for the period of time obtained by the time base counter in reference oscillation
and count the oscillation clock by the measurement counter.

(1) Initialize MC[23:0] (measurement counter) by writing 0x0. This can be omitted after a reference oscillation
has completed.

(2) Initialize TC[23:0] (time base counter) by writing the value (X) that has been counted in the time base counter
during reference oscillation. This can be omitted after a reference oscillation has completed.

(3) Reset the cause-of-interrupt flags OVMCIF, ESENBIF, and ESENAIF in the RFC_IFLG register by writing 1.

(4) Set SSENA/RFC_TRG register (for sensor A) or SSENB/RFC_TRG register (for sensor B) to 1 to start sen-
sor oscillation.
The CR oscillator circuit starts oscillating with the sensor and outputs the clock to the measurement counter.
The measurement counter starts counting up using the CR oscillation clock from 0x0. The time base counter
starts counting down using TCCLK from the initial value (X) that has been set.

Note: For restrictions and precautions on control bit settings, see the descriptions in the “Control Reg-
ister Details” section. The control bits may not be set to the desired values depending on condi-
tions.

(5) When the time base counter reaches 0x0 or the measurement counter overflows (Oxffffff — 0x0), SSENA or
SSENB is reset to 0 and the sensor oscillation stops automatically.

(6-1) The time base counter reached 0x0 sets ESENAIF (for sensor A) or ESENBIF (for sensor B) to 1 indicating
that the sensor oscillation has been terminated normally. An interrupt can be generated at this point. Read the
measurement counter value (MC[23:0] = m) and process the detection results by the interrupt handler routine.
When this interrupt is not used, perform the same processing after checking if ESENAIF or ESENBIF has
been set.

(6-2) The measurement counter overflow sets OVMCIF to 1 indicating that the sensor oscillation has been termi-
nated abnormally. An interrupt can be generated at this point. Handle this error in the interrupt handler rou-
tine. When this interrupt is not used, perform the same processing after checking if OVMCIF has been set.

22.6.4 Forced Termination

To abort reference oscillation or sensor oscillation, write O to SREF (reference oscillation), SSENA (sensor A oscil-
lation), or SSENB (sensor B oscillation) in the RFC_TRG register used to start the oscillation. The counters main-
tain the value at they stopped, note, however, that the conversion results cannot be guaranteed if the oscillation is
resumed. When resuming oscillation, initialize the counters.

22.6.5 Conversion Error

Performing reference oscillation and sensor oscillation with the same resistor and capacitor results n = m. The dif-
ference between n and m is a conversion error. The conversion error may be introduced caused by temperature,
voltage, and unevenness of IC quality, as well as external parts and on-board parasitic elements. For sample errors,
see “Electrical Characteristics.”
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22.7 RFC Interrupts

The RFC module includes a function for generating the following five different types of interrupts.
» Reference oscillation completion interrupt

* Sensor A oscillation completion interrupt

* Sensor B oscillation completion interrupt

* Measurement counter overflow error interrupt
* Time base counter overflow error interrupt

The RFC module outputs one interrupt signal shared by the five above interrupt causes to the interrupt controller
(ITC). Inspect the interrupt flag to determine the interrupt cause occurred.

Reference oscillation completion interrupt
To use this interrupt, set EREFIE/RFC_IMSK register to 1. If EREFIE is set to 0 (default), interrupt requests
for this cause will not be sent to the ITC.
When the measurement counter overflows and a reference oscillation is completed normally, the R/F converter
sets EREFIF/RFC_IFLG register to 1. If reference oscillation completion interrupts are enabled (EREFIE = 1),
an interrupt request is sent simultaneously to the ITC.

Sensor A oscillation completion interrupt
To use this interrupt, set ESENAIE/RFC_IMSK register to 1. If ESENAIE is set to O (default), interrupt re-
quests for this cause will not be sent to the ITC.
When the time base counter reaches 0x0 and a sensor A oscillation is completed normally, the R/F converter
sets ESENAIF/RFC_IFLG register to 1. If sensor A oscillation completion interrupts are enabled (ESENAIE =
1), an interrupt request is sent simultaneously to the ITC.

Sensor B oscillation completion interrupt
To use this interrupt, set ESENBIE/RFC_IMSK register to 1. If ESENBIE is set to 0 (default), interrupt re-
quests for this cause will not be sent to the ITC.
When the time base counter reaches 0x0 and a sensor B oscillation is completed normally, the R/F converter
sets ESENBIF/RFC_IFLG register to 1. If sensor B oscillation completion interrupts are enabled (ESENBIE =
1), an interrupt request is sent simultaneously to the ITC.

Measurement counter overflow error interrupt
To use this interrupt, set OVMCIE/RFC_IMSK register to 1. If OVMCIE is set to O (default), interrupt requests
for this cause will not be sent to the ITC.
When the measurement counter overflows and a sensor oscillation is terminated abnormally, the R/F converter
sets OVMCIF/RFC_IFLG register to 1. If measurement counter overflow error interrupts are enabled (OVMCIE
= 1), an interrupt request is sent simultaneously to the ITC.

Time base counter overflow error interrupt
To use this interrupt, set OVTCIE/RFC_IMSK register to 1. If OVTCIE is set to O (default), interrupt requests
for this cause will not be sent to the ITC.
When the time base counter overflows and a reference oscillation is terminated abnormally, the R/F converter
sets OVTCIF/RFC_IFLG register to 1. If time base counter overflow error interrupts are enabled (OVTCIE = 1),
an interrupt request is sent simultaneously to the ITC.

For more information on interrupt processing, see the “Interrupt Controller (ITC)” chapter.

Notes: - To prevent interrupt recurrences, the interrupt flag must be reset in the interrupt handler rou-
tine after an RFC interrupt has occurred. The interrupt flag is reset by writing 1.

+ To prevent unwanted interrupts, reset the interrupt flags before enabling interrupts with the
interrupt enable bits.
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22.8 Control Register Details

Table 22.8.1 List of RFC Registers

Address Register name Function
0x5067 RFC_CLK RFC Clock Control Register Selects the operating clock.
0x53a0 RFC_CTL RFC Control Register Controls R/F converter.
0x53a2 RFC_TRG RFC Oscillation Trigger Register Controls oscillations.
0x53a4 RFC_MCL RFC Measurement Counter Low Register Measurement counter data
0x53a6 RFC_MCH RFC Measurement Counter High Register
0x53a8 RFC_TCL RFC Time Base Counter Low Register Time base counter data
0x53aa RFC_TCH RFC Time Base Counter High Register
0x53ac RFC_IMSK RFC Interrupt Mask Register Enables/disables interrupts.
0x53ae RFC_IFLG RFC Interrupt Flag Register Indicates/resets interrupt occurrence status.

The R/F converter registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

RFC Clock Control Registers (RFC_CLK)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
RFC Clock 0x5067 | D7-6 |- reserved - - — |0 when being read.
Control Register| (8 bits) | D5-4 [RFCCLKD |RFC clock division ratio select RFCCLKDJ[1:0] | Division ratio | 0xO | R/W [When the clock
(RFC_CLK) [1:0] 0x3 1/8 source is OSC3B or
0x2 1/4 OSC3A
0x1 1/2
0x0 11
D3-2 |RFCCLK |RFC clock source select RFCCLK Clock source 0x0 | R/'W
SRCI[1:0] SRCI[1:0]
0x3 reserved
0x2 OSC3A
0x1 OsC1
0x0 0OSsC3B
D1 |- reserved - - — |0 when being read.
D0 |RFCCLKE |RFC clock enable 1|Enable [0 [Disable 0 |[RW

D[7:6] Reserved

D[5:4] RFCCLKDI[1:0]: RFC Clock Division Ratio Select Bits
Selects the division ratio for generating the TCCLK clock when OSC3B or OSC3A is used as the
clock source.

Table 22.8.2 OSC3B/OSC3A Division Ratio Selection

RFCCLKD[1:0] Division ratio
0x3 1/8
0x2 1/4
0x1 1/2
0x0 1/1

(Default: 0x0)
D[3:2] RFCCLKSRCJ[1:0]: RFC Clock Source Select Bits
Selects the count clock source.

Table 22.8.3 RFC Clock Source Selection

RFCCLKSRC[1:0] Clock source

0x3 Reserved

0x2 OSC3A

0x1 0OSCH1

0x0 0OSC3B

(Default: 0x0)

D1 Reserved
DO RFCCLKE: RFC Clock Enable Bit

Enables or disables the TCCLK clock supply.
1 (R/W): Enabled (on)
0 (R/W): Disabled (off) (default)
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The RFCCLKE default setting is 0, which disables the clock supply. Setting RFCCLKE to 1 sends the
clock selected to the R/F converter.

RFC Control Register (RFC_CTL)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
RFC Control 0x53a0 | D15-8 |- reserved - - — |0 when being read.
Register (16 bits) D7 |CONEN Continuous oscillation enable 1 |Enable 0 |Disable 0 |RW
(RFC_CTL) D6 |EVTEN Event counter mode enable 1 [Enable 0 |Disable 0 |[RW
D5-4 |SMODE[1:0]{Sensor oscillation mode select SMODE[1:0] Sensor 0x0 | R/W
0x3-0x2 reserved
0x1 AC resistive
0x0 DC resistive
D3-2 |- reserved - - — |0 when being read.
D1 |CHSEL Conversion channel select 1]Ch.1 [o]ch.0 0 [R/W
DO |RFCEN RFC enable 1|Enable | 0|Disable 0 [RrRwW

D[15:8] Reserved

D7 CONEN: Continuous Oscillation Enable Bit
Enables continuous oscillation by disabling the automatic CR oscillation stop function.
1 (R/W): Continuous oscillation enabled
0 (R/W): Continuous oscillation disabled (default)

Setting 1 to CONEN disables the reference oscillation/sensor oscillation stop conditions so that the
CR oscillator will continue oscillating. Set SREF (reference oscillation), SSENA (sensor A oscilla-
tion), or SSENB (sensor B oscillation) in the RFC_TRG register to 1 to start oscillation even in this
mode, and set to O to stop oscillation.

Using this function with the CR oscillation monitoring function helps easily measure the CR oscilla-
tion clock frequency.

D6 EVTEN: Event Counter Mode Enable Bit
Enables external clock input mode (event counter mode).
1 (R/W): External clock input mode
0 (R/W): Normal mode (default)

Setting EVTEN to 1 enables the external clock input to the RFINx pin. SREF (reference oscillation),
SSENA (sensor A oscillation), or SSENB (sensor B oscillation) should be used to control starting os-
cillation (starting conversion) to perform converting operation even in this mode.

Note: Do not input an external clock before setting EVTEN to 1. The RFINXx pin is pulled down to Vss
when the pin function is switched for the R/F converter.

D[5:4] SMODE[1:0]: Sensor Oscillation Mode Select Bits
Selects an oscillation mode.

Table 22.8.4 Oscillation Mode Selection

SMODE[1:0] Oscillation mode
0x3-0x2 Reserved
0x1 AC oscillation mode for measuring resistive sensors
0x0 DC oscillation mode for measuring resistive sensors

(Default: 0x0)
For more information on the oscillation mode, see Section 22.4.1.
D[3:2] Reserved

D1 CHSEL: Conversion Channel Select Bit
Selects the channel to perform conversion.
1 (R/'W): Ch.1
0 (R/W): Ch.0 (default)

The D[7:4] settings in this register and oscillation control using the RFC_TRG register are effective
only for the channel specified by CHSEL.
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DO RFCEN: RFC Enable Bit
Enables or disables the R/F converter.
1 (R/W): Enabled
0 (R/W): Disabled (default)

Setting RFCEN to 1 enables the R/F converter to start converting operations. When RFCEN is 0, ma-
nipulations of the RFC_TRG register for oscillation control are ineffective.

RFC Oscillation Trigger Register (RFC_TRG)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
RFC Oscillation| 0x53a2 | D15-3 |- reserved - - — |0 when being read.
Trigger Register| (16 bits) D2 |SSENB Sensor B oscillation control/status | 1 [Start/Run 0 |Stop 0 |R/W
(RFC_TRG) D1 [SSENA Sensor A oscillation control/status | 1 [Start/Run | 0 |[Stop 0 |RW

DO |SREF Reference oscillation control/status | 1 [Start/Run | 0 [Stop 0 |R/W

D[15:3] Reserved

D2 SSENB: Sensor B Oscillation Control/Status Bit
Controls CR oscillation for sensor B. This bit also indicates the CR oscillation status.
1 (W): Start oscillation
0 (W): Stop oscillation
1 (R): Being oscillated
0 (R): Stopped (default)

Sensor B cannot be used in AC oscillation mode for resistive sensors.

D1 SSENA: Sensor A Oscillation Control/Status Bit
Controls CR oscillation for sensor A. This bit also indicates the CR oscillation status.
1 (W): Start oscillation
0 (W): Stop oscillation
1 (R): Being oscillated
0 (R): Stopped (default)

DO SREF: Reference Oscillation Control/Status Bit
Controls CR oscillation for the reference element. This bit also indicates the CR oscillation status.
1 (W): Start oscillation
0 (W): Stop oscillation
1 (R): Being oscillated
0 (R): Stopped (default)

Notes: * SREF, SSENA, and SSENB are all ineffective when RFCEN/RFC_CTL register is 0 (converting
operation disabled).

Writing 1 to SSENB does not start oscillation when SMODE[1:0]/RFC_CTL register is 0x1 (AC
oscillation mode for resistive sensors).

+ When writing 1 to SREF, SSENA, or SSENB to start oscillation, be sure to avoid that more
than one bit are set to 1.

+ Be sure to reset the interrupt flags in the RFC_IFLG register (EREFIF, ESENAIF, ESENBIF,
OVMCIF, and OVTCIF) before starting oscillation using SREF, SSENA, and SSENB.
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RFC Measurement Counter Low and High Registers (RFC_MCL, RFC_MCH)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
RFC 0x53a4 | D15-0 |MC[15:0] Measurement counter low-order 0x0-Oxffff 0x0 | R/W

Measurement | (16 bits) 16-bit data

Counter Low

Register

(RFC_MCL)

RFC 0x53a6 | D15-8 |- reserved - - — |0 when being read.
Measurement | (16 bits) | D7-0 |MC[23:16] |Measurement counter high-order 0x0-0xff 0x0 | R/W

Counter High 8-bit data

Register

(RFC_MCH)

D[7:0)/RFC_MCH, D[15:0]/RFC_MCL
MCJ[23:0]: Measurement Counter Bits
Measurement counter data can be read and written to. (Default: 0x0)

Note: The measurement counter must be set from the low-order value (MC[15:0//RFC_MCL register)
first. The counter may not be set to the correct value if the high-order value (MC[23:16]/RFC_

MCH register) is written first.

RFC Time Base Counter Low and High Registers (RFC_TCL, RFC_TCH)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
RFC Time Base| 0x53a8 | D15-0 (TC[15:0] Time base counter low-order 0x0-0xffff 0x0 | R/'W

Counter Low (16 bits) 16-bit data

Register

(RFC_TCL)

RFC Time Base| 0x53aa | D15-8 |- reserved - - — |0 when being read.
Counter High (16 bits) | D7-0 [TC[23:16] |Time base counter high-order 0x0-0xff 0x0 [ R'W

Register 8-bit data

(RFC_TCH)

D[7:0)/RFC_TCH, D[15:0/RFC_TCL
TC[23:0]: Time Base Counter Bits
Time base counter data can be read and written to. (Default: 0x0)

Note: The time base counter must be set from the low-order value (TC[15:0]/RFC_TCL register) first.

The counter may not be set to the correct value if the high-order value (TC[23:16]/RFC_TCH reg-

ister) is written first.

RFC Interrupt Mask Register (RFC_IMSK)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
RFC Interrupt 0x53ac | D15-5 |- reserved - - — |0 when being read.
Mask Register | (16 bits) D4 |OVTCIE TC overflow error interrupt enable | 1 |[Enable 0 [Disable 0 |R/W
(RFC_IMSK) D3 |OVMCIE MC overflow error interrupt enable | 1 |[Enable 0 |Disable 0 |RW
D2 |ESENBIE |[Sensor B oscillation completion |1 [Enable 0 [Disable 0 |R/W
interrupt enable
D1 |ESENAIE |[Sensor A oscillation completion | 1 |[Enable 0 |Disable 0 |R/W
interrupt enable
DO |EREFIE Reference oscillation completion |1 [Enable 0 |Disable 0 |[R/W
interrupt enable

D[15:5] Reserved

D4 OVTCIE: TC Overflow Error Interrupt Enable Bit
Enables or disables time base counter overflow error interrupts.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)

D3 OVMCIE: MC Overflow Error Interrupt Enable Bit
Enables or disables measurement counter overflow error interrupts.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)
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ESENBIE: Sensor B Oscillation Completion Interrupt Enable Bit
Enables or disables sensor B oscillation completion interrupts.

1 (R/W): Interrupt enabled

0 (R/W): Interrupt disabled (default)

ESENAIE: Sensor A Oscillation Completion Interrupt Enable Bit
Enables or disables sensor A oscillation completion interrupts.

1 (R/W): Interrupt enabled

0 (R/W): Interrupt disabled (default)

EREFIE: Reference Oscillation Completion Interrupt Enable Bit
Enables or disables reference oscillation completion interrupts.

1 (R/W): Interrupt enabled

0 (R/W): Interrupt disabled (default)

RFC Interrupt Flag Register (RFC_IFLG)

‘RegisternamelAddressl Bit | Name | Function | Setting |Init.|R/W| Remarks

RFC Interrupt
Flag Register
(RFC_IFLG)

0x53ae | D15-5 |- reserved -

(16 bits) D4 |OVTCIF TC overflow error interrupt flag 1 |Cause of 0 [Cause of
D3 |OVMCIF  |MC overflow error interrupt flag interrupt interrupt not
D2 |ESENBIF |[Sensor B oscillation completion occurred occurred
interrupt flag
D1 |ESENAIF |[Sensor A oscillation completion 0 |R/W
interrupt flag
DO |EREFIF Reference oscillation completion 0 |R/W
interrupt flag

— |0 when being read.
R/W [Reset by writing 1.
R/W
R/W

o|lo|o|f |

D[15:5]
D4

D3

D2

Reserved

OVTCIF: TC Overflow Error Interrupt Flag Bit

Indicates the time base counter overflow error interrupt cause occurrence status.
1 (R): Cause of interrupt has occurred

0 (R): No cause of interrupt has occurred (default)

1 (W): Flag is reset

0 (W): Ignored

OVTCIF is set to 1 when a reference oscillation is terminated abnormally due to time base counter
overflow. OVTCIF is reset to 0 by writing 1.

OVMCIF: MC Overflow Error Interrupt Flag Bit

Indicates the measurement counter overflow error interrupt cause occurrence status.
1 (R): Cause of interrupt has occurred

0 (R): No cause of interrupt has occurred (default)

1 (W): Flag is reset

0 (W): Ignored

OVMCIF is set to 1 when a sensor oscillation is terminated abnormally due to measurement counter
overflow. OVMCIF is reset to 0 by writing 1.

ESENBIF: Sensor B Oscillation Completion Interrupt Flag Bit
Indicates the sensor B oscillation completion interrupt cause occurrence status.
1 (R): Cause of interrupt has occurred

0 (R): No cause of interrupt has occurred (default)

1 (W): Flag is reset

0 (W): Ignored

ESENBIF is set to 1 when the time base counter reaches 0x0 and a sensor B oscillation is completed
normally. ESENBIF is reset to 0 by writing 1.
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D1 ESENAIF: Sensor A Oscillation Completion Interrupt Flag Bit
Indicates the sensor A oscillation completion interrupt cause occurrence status.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored
ESENALIF is set to 1 when the time base counter reaches 0x0 and a sensor A oscillation is completed
normally. ESENAIF is reset to 0 by writing 1.
DO EREFIF: Reference Oscillation Completion Interrupt Flag Bit
Indicates the reference oscillation completion interrupt cause occurrence status.
1 (R): Cause of interrupt has occurred
0 (R): No cause of interrupt has occurred (default)
1 (W): Flag is reset
0 (W): Ignored
EREFIF is set to 1 when the measurement counter overflows and a reference oscillation is completed
normally. EREFIF is reset to O by writing 1.
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23 Temperature Detection Circuit (TEM)

23.1 TEM Module Overview

The S1C17F57 includes a temperature detection circuit to detect chip temperature. The detected temperature can be

read via software.
The following shows the features of the TEM module:

» Temperature sensor detectable temperature range: -40°C to 85°C
¢ Sensor output voltage to digital value (8 bits) conversion circuit using a linear search method

¢ Conversion time (comparison time) adjustment function
* TEM compares the sensor detection voltage with the reference voltage.

¢ Can generate conversion completion interrupts.

Figure 23.1.1 shows the TEM module configuration.

TEM

-

F sensor
TEMCLKE |
Comparator [ Conversion

OSC3B —~—» Divider TEMGLK Comparison Comparison results
OSC3A ——»{ (1/1-1/8) Gate > time setting - voltage | !

Temperature

v

Internal data bus

circuit setting circuit

TEMIE |—> Interrupt

control circuit

A4

i T )
: TEMCLKSRCI[1:0] [CvIM[7:0] | [ TEMTRG |
| A 4

TEM interrupt request

Figure 23.1.1 TEM Module Configuration
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23.2 Operation Clock

The TEM module includes a clock source selector, dividers, and a gate circuit for controlling the operation clock
(TEMCLK).

Clock source selection
Use TEMCLKSRCI[1:0/TEM_CLK register to select the clock source from OSC3B, OSC3A, and OSCI1.

Table 23.2.1 Clock Source Selection

TEMCLKSRCI1:0] Clock source
0x3 Reserved
0x2 OSC3A
0x1 0SCH1
0x0 0OSC3B

(Default: 0x0)

Clock division ratio selection

When the clock source is OSC1
No division ratio needs to be selected when OSC1 is selected for the clock source. The OSC1 clock (typ.
32.768 kHz) is directly used as TEMCLK.

When the clock source is OSC3B or OSC3A
When OSC3B or OSC3A is selected for the clock source, use TEMCLKD[1:0]/TEM_CLK register to se-
lect the division ratio.

Table 23.2.2 OSC3B/OSC3A Division Ratio Selection

TEMCLKDI[1:0] Division ratio
0x3 1/8
0x2 1/4
0x1 1/2
0x0 11

(Default: 0x0)

Clock enable

The clock supply is enabled with TEMCLKE/TEM_CLK register. The TEMCLKE default setting is 0, which
stops the clock. Setting TEMCLKE to 1 feeds the clock generated as above to the TEM circuit. If no TEM op-
eration is required, stop the clock to reduce current consumption.
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23 TEMPERATURE DETECTION CIRCUIT (TEM)

23.3 TEM Control

The TEM module detects temperature by comparing the temperature sensor output (that varies according to tem-

perature) and a comparison voltage generated from an 8-bit digital value (0x0 to 0xff). The comparison is started
from the comparison voltage equivalent to an 8-bit value 0, then it is incremented in the specified comparison
cycles (maximum 256 steps). When the sensor output and a comparison voltage are matched, the 8-bit comparison
voltage value is loaded to a register as the conversion result and the TEM module stops temperature conversion. An
interrupt can be generated at this time, so the detection results can be read in the interrupt handler routine.

Comparison time setting
Set the time for comparing each comparison voltage by the comparator to CVTM[7:0]/TEM_TIME register.
Be sure to set a 150 us or more comparison time including clock frequency dispersion.
CVIM + 1
frEMCLK

CVTM: CVTM][7:0] setting value (0 to 255)
fremcLk: TEMCLK frequency

Comparison time = =150 us

Temperature conversion control

Follow the procedure shown below to convert temperature using the TEM module.

(1) Configure the operating clock TEMCLK and supply it to the TEM module. (See Section 23.2.)
(2) Set the comparison time to CVTM[7:0].

(3) Enable TEM interrupts. (See Section 23.4.)

(4) Write 1 to TEMEN/TEM_CTL register to turn the temperature sensor on.
The temperature sensor starts detecting temperature.

(5) Wait at least 10 ms for the temperature sensor to stabilize.

(6) Write 1 to TEMTRG/TEM_CTL register to start temperature conversion.
TEMST/TEM_STAT register goes 1 during conversion and reverts to 0 upon completion of the conversion.
Note, however, that maximum one TEMCLK cycle is required to set TEMST to 1 after writing 1 to
TEMTRG.

The conversion time varies depending on the comparison time set and the current temperature.

The temperature conversion being executed can be stopped by writing 0 to TEMTRG. The conversion
results become invalid in this case.

(7) ATEM interrupt occurs when the conversion has completed.
Read the conversion results from TEMP[7:0]/TEM_RSLT register after an interrupt has occurred.

(8) To perform subsequent temperature conversion, write 1 to TEMTRG again.

/L

TEMEN _ |
Temperature Invalid X Valid (N)
sensor output — |
TEMTRG | ]

TEMST

. \
Comparison voltage 0 X 1 2 Y 3 Xj\\ N X

I B U

TEMPI[7:0] ‘ "~ Invalid X Conversion results

4 4

Conversion  Reset
completion interrupt  interrupt flag

TEMIF | :

10 ms 150 ys 150 ps

Figure 23.3.1 Temperature Conversion Operation
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23 TEMPERATURE DETECTION CIRCUIT (TEM)

Correspondence between detection results and temperature

The table below lists the temperature (within the detection range) corresponding to the 8-bit value read from

TEMP[7:0].

Table 23.3.1 Detected Temperature

Out of the guaranteed range Guaranteed range Out of the guaranteed range
TEMP[7:0] Temperature (°C) TEMPI[7:0] Temperature (°C) TEMP[7:0] Temperature (°C)
0xb5 0.1 0x80 50.5
0xb4 1.1 Ox7f 51.5
0xb3 2.0 0x7e 52.4
0xb2 3.0 0x7d 53.3
0xb1 3.9 0x7c 54.3
Oxff-Oxdf Invalid 0xb0 4.9 0x7b 55.2
Oxaf 5.9 0x7a 56.2
Oxae 6.8 0x79 57.1
Oxad 7.8 0x78 58.0
Oxac 8.7 0x77 59.0
Oxab 9.7 0x76 59.9
(Oxdf) (-40.8) Oxaa 10.7 0x75 60.8
Oxde -39.9 0xa9 11.6 0x74 61.8
Oxdd -38.9 0xa8 12.6 0x73 62.7
Oxdc -37.9 Oxa7 13.5 0x72 63.6
0xdb -36.9 Oxab 14.5 0x71 64.6
Oxda -35.9 0xab5 15.5 0x70 65.5
0xd9 -34.9 Oxa4 16.4 0x6f 66.4
0xd8 -34.0 0xa3 17.4 0x6e 67.4
0xd7 -33.0 Oxa2 18.3 0x6d 68.3
0xd6 -32.0 Oxat 19.3 0x6¢c 69.2
0xd5 -31.0 0xa0 20.2 0x6b 70.1
Oxd4 -30.0 0x9f 21.2 Ox6a 711
0xd3 -29.1 0x9e 22.1 0x69 72.0
0xd2 -28.1 0x9d 23.1 0x68 72.9
Oxd1 -27.1 0x9c 24.0 0x67 73.9
0xd0 -26.1 0x9b 25.0 0x66 74.8
Oxcf -25.1 0x9a 26.0 0x65 75.7
Oxce -24.2 0x99 26.9 0x64 76.6
Oxcd -23.2 0x98 27.9 0x63 77.6
Oxcc -22.2 0x97 28.8 0x62 78.5
0xcb -21.2 0x96 29.8 0x61 79.4
Oxca -20.3 0x95 30.7 0x60 80.3
0xc9 -19.3 0x94 31.7 0x5f 81.3
0xc8 -18.3 0x93 32.6 0x5e 82.2
0xc7 -17.3 0x92 33.5 0x5d 83.1
0xc6 -16.4 0x91 34.5 0x5¢ 84.0
0xch5 -15.4 0x90 35.4 0x5b 85.0
Oxc4 -14.4 0x8f 36.4 (Ox5a) (85.9)
0xc3 -13.5 0x8e 37.3
0xc2 -12.5 0x8d 38.3
Oxc1 -11.5 0x8c 39.2
0xc0 -10.5 0x8b 40.2
Oxbf -9.6 0x8a 411
Oxbe -8.6 0x89 421
i e e A I
0xbb -5.7 0x86 44.9
Oxba -4.7 0x85 45.8
0xb9 -3.8 0x84 46.8
0xb8 -2.8 0x83 a7.7
Oxb7 -1.8 0x82 48.7
0xb6 -0.9 0x81 49.6

Error within the guaranteed temperature range (0°C to 50°C): +5°C
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23 TEMPERATURE DETECTION CIRCUIT (TEM)

The effective range of the converted values is 0x5b to Oxde. If the TEMP[7:0] read value is out of the range, it
should be handled as a conversion error.

Note: The detection results are the temperature inside the device detected by the sensor embedded in
the device.

23.4 TEM Interrupt

The TEM module includes a function for generating interrupts when a temperature conversion is completed.

When a temperature conversion has completed, the interrupt flag TEMIF/TEM_STAT register is set to 1. To use
this interrupt, set TEMIE/TEM_CTL register to 1. When TEMIE is set to O (default), interrupt requests for this
cause will not be sent to the interrupt controller (ITC). If TEMIF is set to 1 while TEMIE is set to 1 (interrupt en-
abled), the TEM module outputs an interrupt request to the ITC. An interrupt is generated if the ITC and S1C17 Core
interrupt conditions are satisfied.

TEMIF is reset by writing 1.

For more information on interrupt processing, see the “Interrupt Controller (ITC)” chapter.

Notes: + To prevent interrupt recurrences, the interrupt flag TEMIF must be reset in the interrupt han-
dler routine after a TEM interrupt has occurred.

+ To prevent unwanted interrupts, reset the interrupt flag TEMIF before enabling interrupts with
the interrupt enable bit TEMIE.

23.5 Control Register Details

Table 23.5.1 List of TEM Registers

Address Register name Function
0x506f TEM_CLK TEM Clock Control Register Controls the TEM clock.
0x51a0 TEM_TIME TEM Comparison Time Setting Register Sets the sensor output comparison time.
0x51a1 TEM_CTL TEM Control Register Controls the temperature detection circuit.
0x51a2 TEM_STAT TEM Status Register Indicates the conversion status.
0x51a3 TEM_RSLT TEM Conversion Result Register Temperature conversion results

The TEM module registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

TEM Clock Control Register (TEM_CLK)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
TEM Clock 0x506f | D7-6 |- reserved - - — |0 when being read.
Control Register| (8 bits) | D5-4 [TEMCLKD |TEM clock division ratio select TEMCLKD[1:0] | Division ratio | 0x0 | R/W [When the clock
(TEM_CLK) [1:0] 0x3 1/8 source is OSC3B or
0x2 1/4 OSC3A
0x1 1/2
0x0 1
D3-2 |TEMCLK |TEM clock source select TEMCLK Clock source 0x0 | R/'W
SRCI[1:0] SRCI[1:0]
0x3 reserved
0x2 OSC3A
0x1 OsC1
0x0 0SsC3B
D1 |- reserved - - — |0 when being read.
D0 [TEMCLKE |[TEM clock enable 1|Enable [0 [Disable 0 |[rW

D[7:6] Reserved

D[5:4] TEMCLKD[1:0]: TEM Clock Division Ratio Select Bits
Selects the division ratio for generating the TEMCLK clock when OSC3B or OSC3A is used as the
clock source.
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23 TEMPERATURE DETECTION CIRCUIT (TEM)

D[3:2]

D1
Do

Table 23.5.2 OSC3B/OSC3A Division Ratio Selection

TEMCLKD[1:0]

Division ratio

0x3 1/8
0x2 1/4
0x1 1/2
0x0 11

(Default: 0x0)

TEMCLKSRC[1:0]: TEM Clock Source Select Bits
Selects the clock source.

Table 23.5.3 Clock Source Selection

TEMCLKSRC[1:0]

Clock source

0x3 Reserved
0x2 OSC3A
0x1 0OSC1
0x0 0SC3B

(Default: 0x0)
Reserved

TEMCLKE: TEM Clock Enable Bit
Enables or disables the TEMCLK clock supply.
1 (R/W): Enabled (on)

0 (R/W): Disabled (off) (default)

The TEMCLKE default setting is 0, which disables the clock supply. Setting TEMCLKE to 1 sends
the clock selected to the temperature detection circuit.

TEM Comparison Time Setting Register (TEM_TIME)

‘ Register name |Address|

Bit | Name |

Function | Setting | Init. |R/W| Remarks
TEM 0x51a0 | D7-0 [CVTMI[7:0] |Comparison time select 0 to 255 clocks 0 |R/W
Comparison (8 bits) .
Time Setting w =150 ps
Register fremoLk
(TEM_TIME)
D[7:0] CVTM[7:0]: Comparison Time Select Bits

Sets the time for comparing the sensor output with the comparison voltage using the comparator.

(Default: 0x0)

The comparison value must be set to 150 us or more including clock frequency dispersion.
CVIM + 1

Comparison time =
fTEMCLK

=150 us

CVTM: CVTM][7:0] setting value (O to 255)
fremcLk: TEMCLK frequency

TEM Control Register (TEM_CTL)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks ‘
TEM Control 0x51a1 | D7-5 |- reserved - - — |0 when being read.
Register (8 bits) D4 |TEMIE Conversion completion int. enable| 1 |Enable |0 |Disable 0 |R/W
(TEM_CTL) D3-2 |- reserved - - | - |owhen being read.
D1 |[TEMTRG |Conversion trigger 1 [Start [0]stop o | w
DO [TEMEN  [TEM enable 1 |Enable |0 |Disable 0 |[rRW
D[7:5] Reserved
D4 TEMIE: Conversion Completion Interrupt Enable Bit
Enables or disables conversion completion interrupts.
1 (R/W): Interrupt enabled
0 (R/W): Interrupt disabled (default)
D[3:2] Reserved
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TEMTRG: Conversion Trigger Bit
Starts temperature conversion.

1 (W): Start conversion

0 (W): Stop conversion (default)

Writing 1 to TEMTRG starts conversion operation. When 1 is written to TEMEN to activate the tem-
perature sensor, wait at least 10 ms for sensor to stabilize before starting conversion.

Writing 0 to TEMTRG during converting can abort the temperature conversion operation. The
conversion results in this case become invalid.

TEMEN: TEM Enable Bit

Enables or disables the temperature sensor to operate.
1 (R/W): Enabled

0 (R/W): Disabled (default)

Setting TEMEN to 1 enables the temperature sensor to generate the output voltage according to the
detected temperature. The temperature sensor takes 10 ms until the output voltage is stabilized.

TEM Status Register (TEM_STAT)

‘ Register name |Address| Bit | Name | Function Setting | Init. |R/W| Remarks
TEM Status 0x51a2 | D7-5 |- reserved - - — |0 when being read.
Register (8 bits) D4 |TEMIF Conversion completion interrupt | 1 [Cause of 0 |Cause of 0 |R/W [Reset by writing 1.
(TEM_STAT) flag interrupt interrupt not
occurred occurred
D3-1 |- reserved - - — |0 when being read.
DO |TEMST Conversion status 1|Busy |0 |Idle 0 R

D[7:5] Reserved
D4 TEMIF: Conversion Completion Interrupt Flag Bit

Indicates the conversion completion interrupt cause occurrence status.

1 (R): Cause of interrupt has occurred

0 (R): No cause of interrupt has occurred (default)

1 (W): Flag is reset

0 (W): Ignored

TEMIF is the interrupt flag of the TEM module and is set to 1 when a temperature conversion opera-

tion is completed. TEMIF is reset by writing 1.
D[3:1] Reserved
DO TEMST: Conversion Status Bit

Indicates the temperature conversion operating status.
1 (R): Busy
0 (R): Idle (default)

TEMST goes 1 when a conversion operation is started by setting TEMTRG/TEM_CTL register and
it reverts to O upon completion of conversion. Note, however, that maximum one TEMCLK cycle is
required to set TEMST to 1 after writing 1 to TEMTRG.

TEM Conversion Result Register (TEM_RSLT)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
TEM 0x51a3 | D7-0 |TEMP[7:0] |Conversion result 0 to 255 0 R

Conversion (8 bits)

Result Register

(TEM_RSLT)

D[7:0] TEMP[7:0]: Conversion Result Bits

The temperature conversion results can be read out. (Default: 0x0)
Read values before conversion is completed become invalid.
For correspondence between the read value and temperature, see Table 23.3.1.

S1C17F57 TECHNICAL MANUAL Seiko Epson Corporation 23-7

(Rev. 1.1)



24 SUPPLY VOLTAGE DETECTION CIRCUIT (SVD)

24 Supply Voltage Detection Circuit
(SVD)

24.1 SVD Module Overview

The SIC17F57 includes an SVD (supply voltage detection) circuit to monitor the power voltage supplied to the

Vb pin. It can be used to check whether the power supply voltage drops below the detection level set with soft-
ware or not. The following shows the features of the SVD module:

* Power supply voltage to be detected: Vbp
¢ Detection voltage levels: 13 levels (2.0 Vto3.2V)

Figure 24.1.1 shows the SVD configuration.

SVDEN

. [ SVDC[4:0] Detection | |
| voltage | T esuit >

Internal data bus

Comparison comparator SVDDT
voltage ¥
setting circuit

Figure 24.1.1 SVD Configuration

24.2 Comparison Voltage Setting

The SVD circuit compares the power supply voltage (VpD) against the comparison voltage set by software and out-
puts results indicating whether the power supply voltage exceeds this comparison voltage. The comparison voltage
can be selected from among the 13 levels listed in Table 24.2.1 with the SVDC[4:0]/SVD_CMP register.

Table 24.2.1 Comparison Voltage Settings

SVDCI[4:0] Comparison Voltage SVDCI4:0] Comparison Voltage
Ox1f Oxf 210V
Oxle Oxe 2.00V
Ox1d Reserved Oxd
Ox1c Oxc
Ox1b Oxb
Ox1a 3.20V Oxa
0x19 3.10V 0x9
0x18 3.00V 0x8
ox17 290V 0x7 Reserved
0x16 2.80V 0x6
0x15 2.70V 0x5
0x14 2.60V 0x4
0x13 250V 0x3
0x12 240V 0x2
0x11 230V 0x1
0x10 220V 0x0

(Default: 0x0)

Note: The comparison voltage is effective only when it is set within the operating voltage range. If the
comparison voltage set is out of the operating voltage range, no correct detection results will be
obtained.
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24 SUPPLY VOLTAGE DETECTION CIRCUIT (SVD)

24.3 SVD Control

Power supply voltage detection using the SVD circuit is initiated by writing 1 to SVDEN/SVD_EN register. Af-
ter that, the supply voltage detection results can be read out from SVDDT/SVD_RSLT register. By writing 0 to
SVDEN, the SVD circuit sets the detection result at that point to SVDDT and stops detection.

The detection results and SVDDT readings are as follows.

* When power supply voltage (VDpb) = comparison voltage: SVDDT =0

* When power supply voltage (VDb) < comparison voltage: SVDDT = 1

Notes: -

An SVD circuit-enable response time is required to obtain stable detection results after
SVDEN is altered from 0 to 1. Also when SVDC[4:0] is altered, an SVD circuit response time
is required to obtain stable detection results. Wait until the response time has elapsed before
reading SVDDT. Also when reading the detection results after stopping the SVD circuit,
SVDEN should be set to 0 after the response time has elapsed. For these response times,
see “Electrical Characteristics.”

Operating the SVD circuit increases current consumption. If power supply voltage detection
is not required, stop SVD operations by setting SVDEN to 0.

24.4 Control Register Details

Table 24.4.1 List of SVD Registers

Address Register name Function
0x5100 SVD_EN SVD Enable Register Enables/disables the SVD operation.
0x5101 SVD_CMP SVD Comparison Voltage Register Sets the comparison voltage.
0x5102 SVD_RSLT SVD Detection Result Register Voltage detection results

The SVD module registers are described in detail below.

Note: When data is written to the registers, the “Reserved” bits must always be written as 0 and not 1.

SVD Enable Register (SVD_EN)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
SVD Enable 0x5100 | D7-1 |- reserved - - — |0 when being read.
Register (8 bits)

(SVD_EN) DO [SVDEN SVD enable 1]Enable  [0]Disable 0 [RW

D[7:1] Reserved

DO SVDEN: SVD Enable Bit

Enables or disables SVD operations.
1 (R/W): Enabled
0 (R/W): Disabled (default)

Setting SVDEN to 1 initiates power supply voltage detection; setting to O stops detection after loading
the detection results to SVDDT/SVD_RSLT register.

Notes: - An SVD circuit-enable response time is required to obtain stable detection results after

SVDEN is altered from 0 to 1. Also when SVDCI4:0] is altered, an SVD circuit response
time is required to obtain stable detection results. Wait until the response time has elapsed
before reading SVDDT. Also when reading the detection results after stopping the SVD
circuit, SVDEN should be set to 0 after the response time has elapsed. For these response
times, see “Electrical Characteristics.”

+ Operating the SVD circuit increases current consumption. If power supply voltage
detection is not required, stop SVD operations by setting SVDEN to 0.
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24 SUPPLY VOLTAGE DETECTION CIRCUIT (SVD)

SVD Comparison Voltage Register (SVD_CMP)

‘ Register name |Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
SVD 0x5101 | D7-5 |— reserved - - — |0 when being read.
Comparison (8 bits) | D4-0 |SVDC[4:0] |SVD comparison voltage select SVDC[4:0] Voltage 0x0 | R/'W
Voltage Register 0x1f-0x1b reserved
(SVD_CMP) Oxla 3.20V

0x19 3.10V

0x18 3.00V

0x17 290V

0x16 2.80V

0x15 270V

0x14 2.60V

0x13 2.50V

0x12 240V

0x11 230V

0x10 220V

Oxf 210V

Oxe 2.00V

0xd-0x0 reserved

D[7:5] Reserved
D[4:0] SVDC[4:0]: SVD Comparison Voltage Select Bits

Selects one of 13 comparison voltages for detecting voltage drops.

Table 24.4.2 Comparison Voltage Settings

SVDCJ[4:0] Comparison Voltage SVDCI[4:0] Comparison Voltage
Ox1f Oxf 210V
Ox1e Oxe 2.00V
Ox1d Reserved Oxd
Ox1c Oxc
Ox1b Oxb
Ox1a 3.20V Oxa
0x19 3.10V 0x9
0x18 3.00V 0x8
0x17 290V 0x7 Reserved
0x16 2.80V 0x6
0x15 2.70V 0x5
0x14 2.60V 0x4
0x13 250V 0x3
0x12 240V 0x2
Ox11 230V 0x1
0x10 220V 0x0

Note:

(Default: 0x0)

The SVD circuit compares the power supply voltage (Vpp) against the comparison voltage set by
SVDC[4:0], and outputs results indicating whether the power supply voltage exceeds this comparison
voltage.

The comparison voltage is effective only when it is set within the operating voltage range. If
the comparison voltage set is out of the operating voltage range, no correct detection results
will be obtained.
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SVD Detection Result Register (SVD_RSLT)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
SVD Detection | 0x5102 | D7-1 |- reserved - - — |0 when being read.
Result Register| (8 bits)
(SVD_RSLT) DO |svDDT SVD detection result 1 JLow [ 0[Normal x | R
D[7:1] Reserved
Do SVDDT: SVD Detection Result Bit
Indicates the power supply voltage detection results.
1 (R): Power supply voltage (VDD) < comparison voltage
0 (R): Power supply voltage (VbD) = comparison voltage
The SVD circuit compares the power supply voltage (Vpp) against the voltage set in SVDC[4:0]/
SVD_CMP register while SVDEN/SVD_EN register = 1. The current power supply voltage status can
be monitored by reading SVDDT. Also the detection result is set to SVDDT by writing O to SVDEN,
so the power supply voltage status can be checked by reading SVDDT after that.
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25 On-chip Debugger (DBG)

25.1 Resource Requirements and Debugging Tools

Debugging work area

Debugging requires a 64-byte debugging work area. For more information on the work area location, see the
“Memory Map, Bus Control” chapter.
The start address for this debugging work area can be read from the DBRAM register (0xffff90).

Debugging tools

Debugging involves connecting ICDmini (SSU1C17001H) to the SIC17F57 debug pins and inputting the de-
bug instruction from the debugger on the personal computer.

The following tools are required:

* S1C17 Family In-Circuit Debugger ICDmini (SSU1C17001H)

* S1C17 Family C compiler package (e.g., SSU1C17001C)

Debug pins
The following debug pins are used to connect ICDmini (SSU1C17001H).

Table 25.1.1 List of Debug Pins

Pin name 1/0 Qty Function
DCLK O 1 On-chip debugger clock output pin
Outputs a clock to the ICDmini (S5U1C17001H).
DSIO /0 1 |On-chip debugger data input/output pin
Used to input/output debugging data and input the break signal.
DST2 (0] 1 |On-chip debugger status signal output pin
Outputs the processor status during debugging.

The on-chip debugger input/output pins (DCLK, DST2, DSIO) are shared with I/O ports and are initially set as
the debug pins. If the debugging function is not used, these pins can be switched using the port function select
bits to enable use as general-purpose 1/O port pins.

For detailed information on pin function switching, see the “I/O Ports (P)” chapter.

25.2 Debug Break Operation Status

The S1C17 Core enters debug mode when the brk instruction is executed or a debug interrupt is generated by a

break signal (Low) input to the DSIO pin. This state persists until the retd instruction is executed. During this time,
hardware interrupts and NMIs are disabled.

The default setting halts peripheral circuit operations. This setting can be modified even when debugging is underway.
The peripheral circuits that operate with PCLK will continue running in debug mode by setting DBRUN1/MISC_
DMODETI register to 1. Setting DBRUNT1 to 0 (default) will stop these peripheral circuits in debug mode.

The peripheral circuits that operate with a clock other than PCLK will continue running in debug mode by setting
DBRUN2/MISC_DMODE?2 register to 1. Setting DBRUN2 to O (default) will stop these peripheral circuits in de-
bug mode.

Some peripheral circuits, such as SPI, I2CS, and T16A2, that run with an external input clock will not stop operat-
ing even if the S1C17 Core enters debug mode.

The EPD controller/driver and RTC continue the operating status at occurrence of the debug interrupt.
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25.3 Additional Debugging Function

The S1C17F57 expands the following on-chip debugging functions of the S1C17 Core.

Branching destination in debug mode
When a debug interrupt is generated, the SIC17 Core enters debug mode and branches to the debug processing
routine. In this process, the SIC17 Core is designed to branch to address 0xfffcO0. In addition to this branching
destination, the SIC17F57 also allows designation of address 0x0 (beginning address of the internal RAM) as
the branching destination when debug mode is activated. The branching destination address is selected using
DBADR/MISC_IRAMSZ register. When the DBADR is set to O (default), the branching destination is set to
O0xfffc00. When it is set to 1, the branching destination is set to 0x0.

Adding instruction breaks

The S1C17 Core supports two instruction breaks (hardware PC breaks). The SIC17F57 increased this number
to five, adding the control bits and registers given below.

¢ IBE2/DCR register: Enables instruction breaks #2.
¢ IBE3/DCR register: Enables instruction breaks #3.
¢ IBE4/DCR register: Enables instruction breaks #4.

* IBAR2[23:0]/IBAR?2 register: Set instruction break address #2.
* IBAR3[23:0]/IBAR3 register: Set instruction break address #3.
* IBAR4[23:0]/IBAR4 register: Set instruction break address #4.

Note that the debugger included in the SSUIC17001C (Ver. 1.2.1) or later is required to use five hardware PC
breaks.

25.4 Control Register Details

Table 25.4.1 List of Debug Registers

Address Register name Function
0x4020 MISC_DMODE1 |Debug Mode Control Register 1 Enables peripheral operations in debug mode (PCLK).
0x5322 MISC_DMODE?2 |Debug Mode Control Register 2 Enables peripheral operations in debug mode (except PCLK).
0x5326 MISC_IRAMSZ |IRAM Size Select Register Selects the IRAM size.
0xffffo0 DBRAM Debug RAM Base Register Indicates the debug RAM base address.
0xffffa0 DCR Debug Control Register Controls debugging.
0xffffb8 IBAR2 Instruction Break Address Register 2 Sets Instruction break address #2.
0xffffbc IBAR3 Instruction Break Address Register 3 Sets Instruction break address #3.
0xffffdo IBAR4 Instruction Break Address Register 4 Sets Instruction break address #4.

The debug registers are described in detail below.

Notes: < When data is written to the registers, the “Reserved” bits must always be written as 0 and
not 1.

+ For debug registers not described here, refer to the S1C17 Core Manual.

Debug Mode Control Register 1 (MISC_DMODE1)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Debug Mode 0x4020 | D7-2 |- reserved - - — |0 when being read.
Control (8 bits)

Register 1 D1 |DBRUNf1 Run/stop select in debug mode | 1 |Run | 0 |Stop 0 |R/W

(MISC_DMODE1) DO |- reserved - - - |0 when being read.

D[7:2] Reserved

D1 DBRUN1: Run/Stop Select Bit in Debug Mode
Selects the operating status of the peripheral circuits that operate with PCLK in debug mode.
1 (R/W): Run
0 (R/W): Stop (default)
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Setting DBRUNI to 1 enables the peripheral circuits that operate with PCLK to run even in debug
mode. Setting it to O will stop them when the S1C17 Core enters debug mode. Set DBRUNI to 1 to
maintain running status for these peripheral circuits in debug mode.

DO Reserved

Debug Mode Control Register 2 (MISC_DMODE2)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Debug Mode 0x5322 | D15-1 |- reserved - - — |0 when being read.
Control (16 bits)

Register 2 DO |DBRUN2 |Run/stop select in debug mode |1 |Run 0 [Stop 0 |R/W

(MISC_DMODE?2) (except PCLK peripheral circuits)

D[15:1] Reserved

DO DBRUN2: Run/Stop Select Bit in Debug Mode (except PCLK peripheral circuits)
Selects the operating status of the peripheral circuits that operate with a clock other than PCLK in de-
bug mode.
1 (R/W): Run
0 (R/W): Stop (default)

Setting DBRUN? to 1 enables the peripheral circuits that operate with a clock other than PCLK to run
even in debug mode. Setting it to 0 will stop them when the S1C17 Core enters debug mode. Set DB-
RUNZ2 to 1 to maintain running status for these peripheral circuits in debug mode.

Some peripheral circuits, such as SPI, I2CS, and T16A2, that run with an external input clock will not
stop operating even if the S1C17 Core enters debug mode.

The EPD controller/driver and RTC continue the operating status at occurrence of the debug interrupt.

IRAM Size Select Register (MISC_IRAMSZ)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
IRAM Size 0x5326 | D15-9 |- reserved - - — |0 when being read.
Register (16 bits) | D8 |DBADR  |Debug base address select 1 Jox0 | 0 Joxfffcoo 0 |rW
(MISC_ D7 |- reserved - - | - |0 when being read.
IRAMSZ) D6-4 [IRAMACTSZ|IRAM actual size 0x3 (= 2KB) ox3| R
[2:0]
D3 |- reserved - - — |0 when being read.
D2-0 (IRAMSZ[2:0](IRAM size select IRAMSZ[2:0] Size 0x3 | R'W
0x5 512B
0x4 1KB
0x3 2KB
Other reserved

D[15:9] Reserved

D8 DBADR: Debug Base Address Select Bit
Selects the branching destination address when a debug interrupt occurs.
L(R/W):  0x0
O(R/W):  Oxfffc00 (default)

D7 Reserved

D[6:4] IRAMACTSZ[2:0]: IRAM Actual Size Bits
Indicates the actual internal RAM size embedded. (Default: 0x3)

D3 Reserved

D[2:0] IRAMSZ[2:0]: IRAM Size Select Bits
Selects the size of the internal RAM to be used.
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Table 25.4.2 Internal RAM Size Selection

IRAMSZ[2:0] Internal RAM size
0x5 512B
0x4 1KB
0x3 2KB
Other Reserved

(Default: 0x3)

Note: The MISC_IRAMSZ register is write-protected. To alter this register settings, you must override
this write-protection by writing 0x96 to the MISC_PROT register. Normally, the MISC_PROT reg-
ister should be set to a value other than 0x96, except when altering the MISC_IRAMSZ register.
Unnecessary rewriting of the MISC_IRAMSZ register may result in system malfunctions.

Debug RAM Base Register (DBRAM)

‘ Register name |Address| Bit | Name | Function Setting | Init. |R/W| Remarks
Debug RAM 0xffffo0 (D31-24 |- Unused (fixed at 0) 0x0 0x0 | R

Base Register | (32 bits) | D23-0 [DBRAM[23:0]|Debug RAM base address 0x7c0 0x7c0l R

(DBRAM)

D[31:24] Not used (Fixed at 0)

D[23:0] DBRAM[23:0]: Debug RAM Base Address Bits
Read-only register containing the beginning address of the debugging work area (64 bytes).

Debug Control Register (DCR)

‘ Register name |Address| Bit | Name | Function Setting | Init. |R/W| Remarks
Debug Control | Oxffffa0 D7 |IBE4 Instruction break #4 enable 1 |Enable 0 |Disable 0 |[R/W
Register (8 bits) D6 |IBE3 Instruction break #3 enable 1 |Enable 0 [Disable 0 |RW
(DCR) D5 |IBE2 Instruction break #2 enable 1 |Enable 0 |Disable 0 |R/W
D4 |DR Debug request flag 1 |Occurred 0 |Not occurred| 0 | R/W [Reset by writing 1.
D3 |IBE1 Instruction break #1 enable 1 |Enable 0 |Disable 0 |RW
D2 |IBEO Instruction break #0 enable 1 |Enable 0 |Disable 0 |RW
D1 |[SE Single step enable 1 |Enable 0 |Disable 0 |RW
DO |DM Debug mode 1 |Debug 0|User mode | 0O R
mode
D7 IBE4: Instruction Break #4 Enable Bit

Enables or disables instruction break #4.
1 (R/W): Enabled
0 (R/W): Disabled (default)

If this bit is set to 1, the instruction fetch address and the value set in the IBAR4 register are compared.
If they match, an instruction break is generated. If this bit is set to 0, no comparison is performed.

D6 IBE3: Instruction Break #3 Enable Bit
Enables or disables instruction break #3.
1 (R/W): Enabled
0 (R/W): Disabled (default)

If this bit is set to 1, the instruction fetch address and the value set in the IBAR3 register are compared.
If they match, an instruction break is generated. If this bit is set to 0, no comparison is performed.

D5 IBE2: Instruction Break #2 Enable Bit
Enables or disables instruction break #2.
1 (R/W): Enabled
0 (R/W): Disabled (default)

If this bit is set to 1, the instruction fetch address and the value set in the IBAR2 register are compared.
If they match, an instruction break is generated. If this bit is set to 0, no comparison is performed.
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D4 DR: Debug Request Flag Bit
Indicates the presence or absence of an external debug request.
1 (R): Request generated
0 (R): Request not generated (default)
1 (W): Flag is reset
0 (W): Ignored

This flag is cleared (reset to 0) when 1 is written. It must be cleared before the debug processing rou-

tine is terminated by the retd instruction.

D3 IBE1: Instruction Break #1 Enable Bit
Enables or disables instruction break #1.
1 (R/W): Enabled
0 (R/W): Disabled (default)

If this bit is set to 1, the instruction fetch address and the value set in the IBAR1 register are com-
pared. If they match, an instruction break is generated. If this bit is set to 0, no comparison is per-

formed.

D2 IBEO: Instruction Break #0 Enable Bit
Enables or disables instruction break #0.
1 (R/W): Enabled
0 (R/W): Disabled (default)

If this bit is set to 1, the instruction fetch address and the value set in the IBARO register are com-

pared. If they match, an instruction break is generated. If this bit is set to 0, no comparison is per-

formed.

D1 SE: Single Step Enable Bit
Enables or disables single-step operations.
1 (R/W): Enabled
0 (R/W): Disabled (default)

DO DM: Debug Mode Bit
Indicates the processor operating mode (debug mode or user mode).
1 (R): Debug mode
0 (R): User mode (default)

Instruction Break Address Register 2 (IBAR2)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Instruction Oxffffb8 | D31-24 |— reserved - - — |0 when being read.
Break Address | (32 bits) | D23-0 (IBAR2[23:0]|Instruction break address #2 0x0 to Oxffffff 0x0 | R/'W
Register 2 IBAR223 = MSB
(IBAR2) IBAR20 = LSB
D[31:24] Reserved
D[23:0] IBAR2[23:0]: Instruction Break Address #2 Bits

Sets instruction break address #2. (default: 0x000000)
Instruction Break Address Register 3 (IBAR3)
‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Instruction Oxffffbc | D31-24 |- reserved - - — |0 when being read.
Break Address | (32 bits) | D23-0 |IBAR3[23:0]|Instruction break address #3 0x0 to Oxffffff 0x0 | R/W
Register 3 IBAR323 = MSB
(IBAR3) IBAR30 = LSB

D[31:24] Reserved

D[23:0] IBAR3[23:0]: Instruction Break Address #3 Bits
Sets instruction break address #3. (default: 0x000000)
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Instruction Break Address Register 4 (IBAR4)

‘ Register name |Address| Bit | Name | Function | Setting | Init. |R/W| Remarks
Instruction Oxffffd0 | D31-24 |— reserved - - — |0 when being read.
Break Address | (32 bits) | D23-0 [IBAR4[23:0]|Instruction break address #4 0x0 to Oxffffff 0x0 | R/'W

Register 4 IBAR423 = MSB

(IBAR4) IBAR40 = LSB

D[31:24] Reserved

D[23:0] IBAR4[23:0]: Instruction Break Address #4 Bits
Sets instruction break address #4. (default: 0x000000)
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26 MULTIPLIER/DIVIDER (COPRO)

26 Multiplier/Divider (COPRO)

26.1 Overview

The S1C17F57 has an embedded coprocessor that provides multiplier/divider functions.
The following shows the features of the multiplier/divider:

e Multiplication: Supports signed/unsigned multiplications.
(16 bits x 16 bits = 32 bits)
Can be executed in 1 cycle.

e Multiplication and accumulation (MAC): Supports signed MAC operations with overflow detection function.
(16 bits x 16 bits + 32 bits = 32 bits)
Can be executed in 1 cycle.

¢ Division: Supports signed/unsigned divisions.
(16 bits + 16 bits = 16 bits with 16-bit residue)
Can be executed in 17 to 20 cycles.

Argument 2

I Argument 1 1 J | :

_______ ) AN
Arithmetic unit [« {----+ Mode setting
Operation :
S1C17 Core