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Configuration of product number

Devices
S1 C 33209 F 00E1 00

Packing specifications

00 : Besides tape & reel
OA:TCPBL 2 directions
0B : Tape & reel BACK
0C:TCPBR 2 directions
0D:TCP BT 2 directions
OE:TCPBD 2 directions
OF : Tape & reel FRONT
0G:TCP BT 4 directions
OH:TCP BD 4 directions
0J : TCP SL 2 directions
OK:TCP SR 2 directions
OL : Tape & reel LEFT

OM: TCP ST 2 directions
ON:TCP SD 2 directions
OP:TCP ST 4 directions
0Q:TCP SD 4 directions
OR: Tape & reel RIGHT

99 : Specs not fixed

Specification

Package
[D: die form; F: QFP, B: BGA]

Model number

Model name
[C: microcomputer, digital products]

Product classification
[S1: semiconductor]

Development tools
S5U1 C 33000 H2 1

00
L

Packing specifications
[00: standard packing]

Version
[1: Version 1]

Tool type

Hx: ICE

Dx : Evaluation board

Ex : ROM emulation board

Mx: Emulation memory for external ROM
Tx : A socket for mounting

Cx : Compiler package

Sx : Middleware package

Yx : Writer software

Corresponding model number
[33L01: for S1C33L01]

Tool classification
[C: microcomputer use]

Product classification
[S5U1: development tool for semiconductor products]
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1 OVERVIEW

1 Overview

The S1C33L27 is a 32-bit application specific RISC controller. It is suitable for applications that require an abun-
dance of input/output ports and serial interfaces, USB, ADC, and a display panel, such as electronic dictionaries
and control panels on OA/FA equipment.

The S1C33L27 incorporates an LCD controller and VRAM supporting QVGA display in single-chip. Adding an
external SDRAM expands this capability into more higher resolution and displayable colors (e.g., VGA display,
16M-color display). It provides an interface to communicate with a built-in RAM type LCD driver.

1.1 Features
The features of the S1C33L27 are outlined below.

CPU
* EPSON original C33 PE 32-bit RISC CPU-Core
¢ Maximum operating frequency: 60 MHz
¢ Internal two-stage pipeline
* Instruction set: 128 instructions (16-bit fixed length)

Internal Memories

* AORAM (general-purpose RAM)
- 20K bytes (including 1K-byte instruction cache and 1K-byte data cache)
- Usable as a general-purpose RAM when not used as cache RAM
* IVRAM (internal VRAM)
- 32K bytes
- Configurable as a general-purpose RAM in Area 0 or a RAM for the calculation module
* DSTRAM (DMA descriptor table RAM)
- 2K bytes
- Configurable as a RAM for the calculation module
* BBRAM (battery backup RAM)
- 16 bytes
- The RAM contents can be maintained while the system power is off using the separated power supply for
RTC.

Input clock
* High-speed clock (OSC3)
- Maximum input clock frequency: 48 MHz
- Generated by the oscillator circuit (using an external crystal or ceramic resonator) or an external clock is
input.
* Low-speed clock (OSC1)
- 32.768 kHz (typ.) clock for RTC and low-power operations
- Generated by the oscillator circuit (using an external crystal resonator) or an external clock is input.

Cache Controller (CCU)
¢ 1K-byte instruction cache and 1K-byte data cache that adopts a four-way associative method
* LRU replacement algorithm
¢ Automatic lock function during debug mode and the interrupt process of specified priority
¢ Write through function with a 1-word write buffer

DMA Controller (DMAC)

» Eight channels of table DMA
» Supports table reloading and low-priority channel pausing functions.
* 24 hardware trigger sources and 8 software trigger sources
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SRAM Controller (SRAMC)

¢ Allows connection of SRAM, ROM, and Flash memories.

* 26-bit address bus and 8/16-bit selectable data bus

» Up to six chip enable signals are available to connect external devices.

» Up to 64M-byte (A[25:0]) address space can be accessible with each chip enable signal.
* Programmable bus access wait cycle (0 to 15 cycles)

» Little endian access

* Memory mapped I/O

* Supports both AO and BS (Bus Strobe) type devices.

* Supports external wait request via the #WAIT pin.

SDRAM Controller (SDRAMC)

* Supports SDRAM interface.
» Supports only SDRAM devices with 8/16-bit data bus.
- Minimum configuration: 16M bits (2MB), 16-bit SDRAM x 1
- Maximum configuration: 512M bits (64MB), 16-bit SDRAM x 1
* CAS latency: one, two, or three programmable
» Supports two-burst read and single write operations.
* Equipped with a four-stage x 16-bit DQB (Data Queue Buffer).
» Supports up to four SDRAM banks and bank active mode.
* Built-in 12-bit auto-refresh counter
* Intelligent self-refresh function for low power operation
* Arbitrates external bus accesses by AHB-1 (CPU, DMAC, HIF) and AHB-2 (LCDC).

Host Processor Interface (HIF)

8- or 16-bit asynchronous parallel interface to control the SIC33L27 by an external host processor
» Provides semaphore registers.

Clock Management Unit/Oscillators/PLL (CMU)

* Selects the system clock source (OSC3, PLL, or OSC1).
* Turns the OSC3 and OSC1 oscillator circuits on and off.
* Controls frequency multiplication rate of the PLL (x1 to x16).
* Controls clocks according to the standby mode (SLEEP and HALT).
* Controls the external clock.
* Controls clock supply to the core and peripheral modules.
* OSC3 oscillator circuit
- Crystal oscillation: 5 MHz min. to 48 MHz max.
- Ceramic oscillation: 5 MHz min. to 48 MHz max.
- External clock input: 2 MHz min. to 48 MHz max.

* A 48 MHz clock source with 0.25% of accuracy should be connected for using the USB function.
* Before using a ceramic resonator, please be sure to contact Murata Manufacturing Co., Ltd. for further
information on conditions of use for ceramic resonators.
« PLL
- PLL input frequency: 5 MHz min. to 48 MHz max. (OSC3 X1, x1/2, x1/3, ... X1/9, x1/10)
- PLL output frequency: 20 MHz min. to 60 MHz max.
- Multiplication rate: X1, X2, X3, ... X15, x16
* OSCl1 oscillator circuit
- Crystal oscillation: 32.768 kHz typ.
- External clock input: 32.768 kHz typ.

Interrupt Controller (ITC)

* Five non-maskable interrupts
* 34 maskable interrupts (including four software exceptions)
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16-bit Audio PWM Timer (T16P)

» Two channels of 16-bit timer/counter with PWM output function

 Three bit division modes are provided. (10 bits + 6 bits, 9 bits + 7 bits, 8 bits + 8 bits)

¢ Can support 8, 16, 22.05, 32, 44.1, and 48 kHz sampling rates.

* PWM function that can handle 8-bit and 16-bit PCM data with 8 k to 48 kbps sampling rates
* Provides fine mode to improve the precision of the pulse width.

* Supports a digital volume control function.

» Can generate two types of compare-match interrupts.

* Supports DMA transfer.

Fine Mode 8-bit Timers (T8F)

* Six channels of 8-bit timer with fine mode (presettable down counter)
* Clocks generated with the counter underflow can be output to internal devices (USI, USIL, ADC, and UART).
* Each timer can generate underflow interrupts.

16-bit PWM Timer (T16A6)

* Four channels of 16-bit timer with a counter capture/comparison functions

* Each channel has built-in two comparison/capture data buffers.

* Can generate compare/capture interrupts.

* The counter clock can be selected from the system clock, OSC3 clock, and OSC1 clock.
* Supports DMA transfer.

Watchdog Timer (WDT)

* 30-bit watchdog timer to generate an NMI or a reset
* Programmable watchdog timer overflow period (NMI or reset interrupt period)
* The watchdog timer overflow signal can be output outside the IC.

Real Time Clock (RTC)

» Contains time counters (seconds, minutes, and hours) and calendar counters (days, days of the week, months,
and year).

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

* Operates with an independent power supply (RTCVpb) separated from system power (operable while the
system power is off).

* Provides the WAKEUP output pin and #STBY input pin to control standby mode.

* Can generate clock interrupts.

Universal Serial Interface (USI)

* Three channels of multi-serial interface that can be used as a UART, SPI, or I2C module
» Contains 1-byte receive data buffer and 1-byte transmit data buffer.
* UART mode
- Character length: 7 or 8 bits
- Parity mode: even, odd, or no parity
- Stop bit: 1 or 2 bits (start bit: 1 bit fixed)
- Supports both MSB first and LSB first modes.
- Parity error, framing error, and overrun error detectable
- Can generate receive buffer full, transmit buffer empty, and receive error interrupts.
- Supports DMA transfer.
* SPI mode
- Supports both master and slave modes.
- Data length: 8 or 9 bits (master mode), 8 bits fixed (slave mode)
- Supports both MSB first and LSB first modes.
- Data transfer timing (clock phase and polarity variations) is selectable from among 4 types.
- Can generate receive buffer full, transmit buffer empty, and overrun error interrupts.
- Supports DMA transfer.
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* 12C mode
- Supports both master (single master only) and slave modes.
- 7-bit addressing mode (10-bit addressing is possible by software control.)
- Supports clock stretch/wait functions.
- Can generate start/stop, data transfer, ACK/NAK transfer, and overrun error interrupts.

Universal Serial Interface with Built-in RAM LCD interface (USIL)

* Multi-serial interface that can be used as a UART, SPI, I2C, or built-in RAM LCD interface module
* Contains 1-byte receive data buffer and 1-byte transmit data buffer.
* UART mode
- Same features as USI
* SPI mode
- Data length: 8 bits fixed
- Other features are the same as USIL
* I2C mode
- Same features as USI
* LCD SPI mode
- Data length is configurable for 8 bits, 16 bits, 18 bits (4 data format) and 24 bits + CMD bit.
- CMD bit or AQ is selectable.
- Data transfer timing (clock phase and polarity variations) is selectable from among 4 types.
- Can generate transmit buffer empty interrupts.
- Supports DMA transfer.
* LCD parallel interface mode
- Provides 8-bit data bus, #CS, #RD, #WR and A0 control signals.
- Supports byte read/write access mode only.
- Can generate transmit buffer empty and receive buffer full interrupts.
- Supports DMA transfer for both data transmission and reception.

UART
* One channel of UART is available.
» Conforms to IrDA 1.0.
* Two-byte receive data buffer and one-byte transmit buffer are built in to support full-duplex communication.
* Transfer rate: 150 to 460800 bps, character length: 7 or 8 bits, parity mode: even, odd, or no parity, stop bit: 1
or 2 bits
* Parity error, framing error, and overrun error detectable
» Can generate receive buffer full, transmit buffer empty, and receive error interrupts.

I2S Bus Interface (12S)
* General-purpose I2S audio bus interface with one input and one output channels
* Contains a 24-byte FIFO (24 bits x 2 channels (L & R) X 4).
* Resolution: 16 bits and 24 bits (PCM data output format)
* Clock polarity and data shift direction (MSB first/LSB first) are software configurable.
* Can generate FIFO empty interrupts for the output channel (half empty, whole empty, or one empty) and
FIFO full interrupts for the input channel (whole full or one data).
* Supports DMA transfer.

Card Interface (CARD)

* Generates 8-bit SLC/MLC NAND Flash interface signals.

* Includes a Reed-Solomon codec to support an EDC (Error Detection Code) and an ECC (Error Correction
Code) functions.

» A #CE area can be selected to connect a NAND Flash.

MMC/SD/SDHC Card Interface (SD_MMC)

* SD/SDHC card controller compatible with SD Memory Card Physical Layer Specification Version 2.00.
* MMC controller compatible with MultiMediaCard System Specification Version 2.2.
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* Variable clock rate up to 30 MHz.

* Supports 4-bit (wide bus) and 1-bit SD bus interface.
* CRC7 and CRC16 generators

* Supports DMA transfer.

Note: Please join the SD Association (SDA) when handling SD and SDHC cards.
Infrared Remote Controller (REMC)

* Outputs a modulated carrier signal and inputs remote control pulses.

* Embedded carrier signal generator and data length counter

* Can generate counter underflow interrupts for data transmission and input rising/falling edge detection inter-
rupts for data reception.

LCD Controller (LCDC)

* Supports STN LCD panels with 4/8-bit data lines or TFT LCD panels with up to 24-bit data lines.

* Supports various panel resolutions, such as 640 x 480 pixels (VGA) and 320 x 240 pixels (QVGA) (can be
configured according to the panel used).

e Supports up to 16M-color (for color TFT), 4K-color (for color STN), and 16-level gray scale (for
monochrome STN) display modes.

 Typical display configuration when the internal VRAM (20KB) is used
- 320 x 240 pixels, 2 bpp (4-level gray scale display)

* Display configuration when an external memory is used
- 320 x 240 pixels, 16 bpp (QVGA 64K-colors display)
- 400 x 240 pixels, 16 bpp (WQVGA 64K-colors display)
- 640 x 480 pixels, 16 bpp (VGA 64K-colors display)

» Two-image overlay display via the Picture-in-Picture Plus function

 Virtual display function to handle images with a different resolution from the LCD panel (any area in the vir-
tual screen can be displayed on the LCD.)

A/D Converter (ADC10)

* 10-bit successive approximation type A/D converter
» Up to eight analog input channels (chip and PFBGA12U-180 package)
* Up to four analog input channels (TQFP24/QFP20-144pin and TQFP15-128pin packages)
* Conversion time: 10 ps min. (when 2 MHz input clock is selected)
1,250 ps max. (when 16 kHz input clock is selected)
* Can generate conversion completion and data overwrite error interrupts.

USB Function Controller (USB)

* Supports USB2.0 full speed (12M bps) mode.

* Provides auto negotiation function.

* Supports control, bulk, isochronous and interrupt transfers.

* Supports four general-purpose endpoints and endpoint 0 (control).
* Embedded 1K-byte programmable FIFO

* Can generate USB interrupts.

* Supports DMA transfer.

General-purpose I/O Ports (GPIO)

* Maximum 91 I/O ports and eight input ports are available (chip and PFBGA12U-180 package).

e Maximum 72 I/O ports and four input ports are available (TQFP24/QFP20-144pin package).

* Maximum 56 I/O ports and four input ports are available (TQFP15-128pin package).

¢ Can generate maximum 8§ port input interrupts from the 64 I/O ports selected and key input interrupts from
the predefined 32 ports.

* The GPIO ports are shared with other peripheral function pins (USI, PWM etc.). Therefore, the number of
GPIO ports depends on the peripheral functions used.
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Calculation Module (CALC)

* Multiply and accumulation (MAC)

* Matrix computation

* Affine transformation

 Butterfly computation

* Supports signed/unsigned 32-bit integer operation mode and signed 16-bit fixed-point values operation mode
with saturation processing.

Operating Voltage
* HVpp (I/0 power voltage)

27Vt03.6V 3.3V typ.)

or3.0Vto 3.6V (3.3V typ.) when the USB module is used.
AVDD (analog power voltage)

27Vt03.6V 3.3V typ.)
LVpp (internal logic/internal memory power voltage)

1.65Vto 1.95V (1.8 V typ.)

or 1.7V to 1.9V (1.8 V typ.) when a ceramic resonator is used.
PLLVDD (PLL power voltage)

1.65V1to 1.95V (1.8 V typ.)

or 1.7V to 1.9V (1.8 V typ.) when a ceramic resonator is used.
RTCVpp (RTC/BBRAM power voltage)

1.65V1to 1.95V (1.8 V typ.)

or 1.7V to 1.9V (1.8 V typ.) when a ceramic resonator is used.

LVpbp = PLLVDD = RTCVDD, HVDD = AVDD
The S1C33L27 does not support 5 V tolerant I/O.

*

Operating Temperatures

e -40 to 85°C
¢ 0 to 70°C when the USB module is used or when a ceramic resonator is used.

Power Consumption

(No I/O current is included.)
* During SLEEP: 2.3 pA typ. when RTC is running.
1.0 pA typ. when RTC is not used.
* During HALT: 4.3 mA typ. when 48 MHz OSC3 clock is used as the system clock,
all peripheral clocks = Off.
* During execution: 18 mA typ. when 48 MHz OSC3 clock is used as the system clock,
CPU is running, all peripheral clocks = Off.

* Power consumption can be reduced by controlling the clocks through the clock management unit (CMU).

Shipping Form
* Die form: 200 pads (5.213 mm X 5.213 mm, pad pitch: 90 um)
¢ Plastic package: TQFP15-128pin (14 mm X 14 mm X 1.0 mm, lead pitch: 0.4 mm)
TQFP24-144pin (16 mm X 16 mm X 1.0 mm, lead pitch: 0.4 mm)
QFP20-144pin (20 mm x 20 mm X 1.4 mm, lead pitch: 0.5 mm)
PFBGA12U-180 (12 mm X 12 mm X 1.2 mm, ball pitch: 0.8 mm)
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1.2 Block Diagram

1 OVERVIEW

External

host
Processor

SAPB

* See the “Area 3 (IVRAM, DSTRAM)” section in the “Memory Map” chapter for details.
Figure 1.2.1 Block Diagram
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1.3 Pin Descriptions

1.3.1 Pin Configuration Diagrams

The S1C33L27 comes in a TQFP15-128pin, TQFP24-144pin, QFP20-144pin, or PFBGA12U-180 package, or a die

form.

TQFP15-128pin package
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——1 P97 (FPDAT7/USIL_LCD_D7/USI_CK2)
——1 P96 (FPDAT6/USIL_LCD_D6/USI_CS2)
——1 P95 (FPDAT5/USIL_LCD_D5/USI_DO2)
—1 P94 (FPDAT4/USIL_LCD_D4/USI_DI2)
—1 P93 (FPDAT3/USIL_LCD_D3/#NAND_RD)
—1 P92 (FPDAT2/USIL_LCD_D2/#NAND_WR)
——1 P91 (FPDAT1/USIL_LCD_D1/MMCCLK)
——1 HVop

——1 P90 (FPDATO/USIL_LCD_D0O/MMCCMD)
—— P83 (FPDRDY/USIL_CK/MMCD3)
——1 P82 (FPSHIFT/USIL_CS/MMCD2)
F——TEST

—— P81 (FPLINE/USIL_DO/MMCD1)

—— #NMI

——Vss

—1 P80 (FPFRAME/USIL_DI/MMCDO0)
— 1 #RESET

— 1 LVbp

——1 P70 (AINO/EXCLO)

1 P72 (AIN2/EXCL1)

——1 P74 (AIN4/WDT_EXCL)

1 P76 (AIN6/#WAIT/#ADTRIG)

— 1 AVobp

1 #STBY

— 1 WAKEUP

—1Vss

——1RTCCLKO

—— RTCCLKI

—— RTCVbD

— 1 PLLVDD

—VCP

1 PLLVss

Figure 1.3.1.1 Pin Configuration Diagram (TQFP15-128pin)
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TQFP24-144pin/QFP20-144pin package

1 OVERVIEW

3 = o
o < ) o =
= = a 88558
= = g ww o,
] | o) IIZIz
< < o3I
& g g gigad
=SS«
g 3 £ EEgEl
O &} =] | 1a 1<
| | ! << I _|
g g g Z2zfs
3 3 ] EEBEE
2 I 8 TheEos
zaz2 % ___% 4 505885
£2225988 335858 © 228228
gg3gcties £2eig £ 33t33Basz
Lc99 [ g
BRI P N R s e BB -2 S588833808
>da<<<<Ooa00IO0OO00a000O0>00000a00000000252523>
OO TNATODONOUTOANTONONOULTONANTODONOWITO®
8588338858858 5383585553 80X RBI8IBRRRNRERRR
LVop —— 109 72 == P97 (FPDAT7/USIL_LCD_D7/US|_CK2)
(P50/#SDCS) #CE7 —— 110 71 |—= P96 (FPDAT6/USIL_LCD_D6/USI_CS2)
(P51/#HIF_INT) #CE8 —— 111 70 == P95 (FPDAT5/USIL_LCD_D5/USI_DO2)
AO/#BSL —— 112 69 —— PB3 (FPDAT11/REMC_I/MMCD3)
A1/SDA0 —— 113 68 [—— P94 (FPDAT4/USIL_LCD_D4/USI_DI2)
(HIF_D14/T16A_ATMA_O/FPDAT22) PA6 ———] 114 67 —= P93 (FPDAT3/USIL_LCD_D3/#NAND_RD)
A2/SDA1 —— 115 66 —— PB2 (FPDAT10/REMC_O/MMCD2)
Vss —1116 65 —— P92 (FPDAT2/USIL_LCD_D2/#NAND_WR)
A3/SDA2 —— 117 64 ——1 P91 (FPDAT1/USIL_LCD_D1/MMCCLK)
A4/SDA3 —— 118 63 —— HVbp
A5/SDA4 —— 119 62 ——1 P90 (FPDATO/USIL_LCD_D0/MMCCMD)
(HIF_D15/T16A_ATMB_0/FPDAT23) PA7 ——{ 120 61— P83 (FPDRDY/USIL_CK/MMCD3)
A6/SDA5 —— 121 60 [——1 PB1 (FPDAT9/#NAND_RD/MMCD1)
A7/SDA6 ] 122 59 ——1 P82 (FPSHIFT/USIL_CS/MMCD2)
HVop —— 123 58— TEST
A8/SDA7 ] 124 57 ——1 P81 (FPLINE/USIL_DO/MMCD1)
A9/SDA8 125 56 ——1#NMI
A10/SDA9 1126 55[—1Vss
A11/SDA10 —] 127 54 ——1 P80 (FPFRAME/USIL_DI/MMCDO)
A12/SDA11 —] 128 53— #RESET
Vss ——1129 52 ——1LVop
A13/SDA12 —— 130 51 —— PBO (FPDAT8/#NAND_WR/MMCDO0)
(P53) #CE10 — 131 50 ——1 P70 (AINO/EXCLO)
(HIF_D12/MMCCMD/FPDAT20) PA4 —— 132 49 ———1P72 (AIN2/EXCL1)
(P54) #RD — 133 48 ——1P74 (AIN4/WDT_EXCL)
(P55) #WRL — 134 47 =—— P76 (AIN6/#WAIT/#ADTRIG)
(P20) SDCKE —— 135 46 ——1 AVbD
LVoo —— 136 45 ——1#STBY
(P21) SDCLK —— 137 44 —— WAKEUP
(P56) #WRH/#BSH —1 138 43— Vss
(HIF_D13/MMCCLK/FPDAT21) PA5 —— 139 42 ——1 RTCCLKO
(P52) #CE9 — 140 41 —— RTCCLKI
A18/#SDWE —— 141 40 —— RTCVobD
A19/#SDCAS — 142 39 ——1PLLVbD
A20/#SDRAS — 143 38 ——VCP
Vss —{ 144 37 ——PLLVss
CrAONYTNONDPO T NDNIOONDDO - N D0 ©
ot orwo 2 rN2IRPEER2RIARIRNLRERESEBIARS
8aNRe8r 0838828889822 X58%282883¢
><<<:nnm>(<§mEEEm3wwg§m§gm6m>dﬁZomno
ITsansocy SEronore S806z5p52205 2079729
FTERC 9SS _13f<(‘a‘a‘a‘a‘ EEarOrB8ogcg = m;gm
Sookuny 98%uuuuy 3R EEED il
HEEIII 22PIIIiz 544FIf I 5
LLINS® 2r-i®oor-—> wWzowLEL * 3
EESdad QEFLJT3TY £3%55%a £ £z
¥98552 258257 ¥£:833 3 5%
teskkk $G53%353¢ L¥o32s 2 3]
Sidd 2245558 so0=82 S S
2883 GLs892% =959% I %0
SEEE EQEG=zI2 E2Waozb _ 52
LSSS FETuSTT05 g3 8 @ “E
IR2% E I¥g9a3 @Qpsu2u E) <
=P5p = =pfdyT SRUITI = ES
AR = S o~ ~ =
28y ! = SER -
== (%) © ~
= g gz
S
&
Figure 1.3.1.2 Pin Configuration Diagram (TQFP24-144pin/QFP20-144pin)
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1 OVERVIEW

PFBGA12U-180 package
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Figure 1.3.1.3 Pin Configuration Diagram (PFBGA12U-180)
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Pad opening  No. 1, 50, 51, 100, 101, 150, 151, 200: 104 x 104 pm
No. 2 to 49, 102 to 149: 80 x 104 pm
No. 52 to 99, 152 to 199: 104 x 80 pm
Chip thickness 400 pm

Figure 1.3.1.4 Pad Layout Diagram
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1 OVERVIEW

Table 1.3.1.1 Pad Coordinates

No. Pad name X (um) [ Y (um) | No. Pad name X (um) [Y (um)
1 |HVobp -2290| -2500| 51 [N.C. 2500 -2290
2 |HVbp -2115| -2500| 52 |PLLVss 2500| -2115
3 |A21/P40 -2025| -2500| 53 [VCP 2500| -2025
4 |PDO/FPDAT16/USI_DIO/SIN -1935| -2500| 54 |PLLVbp 2500| -1935
5 |A22/P41/TFT_CTL2 -1845| -2500| 55 [N.C. 2500| -1845
6 |A23/P42/TFT_CTL3 -1755| -2500| 56 [N.C. 2500| -1755
7 |PAO/HIF_D8/MMCDO/FPDAT16 -1665| -2500| 57 |RTCVobp 2500| -1665
8 |N.C. -1575| -2500| 58 |RTCCLKI 2500| -1575
9 |P30/12S_SDI/T16A_ATMA_2/HIF_AO0 -1485| -2500| 59 |RTCCLKO 2500| -1485
10 [P31/12S_WSI/T16A_ATMB_2/HIF_A1 -1395| -2500| 60 |Vss 2500| -1395
11 [P32/12S_SCLKI/T16A_ATMA_3/HIF_A2 -1305| -2500| 61 |WAKEUP 2500| -1305
12 |PD1/FPDAT17/USI_DO0/SOUT -1215| -2500| 62 [#STBY 2500| -1215
13 [Vss -1125| -2500| 63 |LVobp 2500| -1125
14 [Vss -1035| -2500| 64 |AVbp 2500| -1035
15 |A24/TFT_CTLO/P10/CMU_CLK -945| -2500| 65 [P77/AIN7 2500| -945
16 |A25/TFT_CTL1/P11/SOUT -855| -2500| 66 |P76/AIN6/#WAIT/#ADTRIG 2500| -855
17 |PA1/HIF_D9/MMCD1/FPDAT17 -765| -2500| 67 [P75/AIN5/12S_MCLKI 2500 -765
18 [P33/12S_MCLKI/T16A_ATMB_3/HIF_A3 -675| -2500| 68 |P74/AIN4/WDT_EXCL 2500 -675
19 [P12/12S_SDO/PWM_HO/HIF_D5 -585| -2500| 69 [P73/AIN3/I2S_SCLKI 2500| -585
20 |PD2/FPDAT18/USI_CS0/SCLK -495| -2500| 70 |P72/AIN2/EXCLA 2500| -495
21 |P13/12S_WSO/PWM_LO/HIF_D6 -405| -2500| 71 |P71/AIN1/I12S_WSI 2500| -405
22 |P14/12S_SCLKO/PWM_H1/HIF_D7 -315| -2500| 72 |P70/AINO/EXCLO 2500 -315
23 |P03/USI_CKO/REMC_I/HIF_DO -225| -2500| 73 |Vss 2500| -225
24 |LVop -135| -2500| 74 |PBO/FPDAT8/#NAND_WR/MMCDO 2500 -135
25 [LVobp -45| -2500| 75 |LVbp 2500 -45
26 |PD3/FPDAT19/USI_CKO 45| -2500| 76 |#RESET 2500 45
27 |DST0/P15/I2S_MCLKO/PWM_L1/#HIF_WAIT 135| -2500( 77 |P80/FPFRAME/USIL_DI/MMCDO 2500 135
28 |DST1/P16/#CE4/CMU_CLK/#NAND_WR 225| -2500| 78 |Vss 2500 225
29 |DPCO/P17/#CE5/REMC_O/#NAND_RD 315| -2500| 79 |Vss 2500 315
30 |PA2/HIF_D10/MMCD2/FPDAT18 405| -2500| 80 [#NMI 2500 405
31 |P02/USI_CSO0/SCLK/A#HIF_CS 495| -2500| 81 |P81/FPLINE/USIL_DO/MMCD1 2500 495
32 |PD4/FPDAT20/USI_DI1/#NAND_WR 585| -2500| 82 |PD6/FPDAT22/USI_CS1/T16A_ATMA_O 2500 585
33 |PA3/HIF_D11/MMCD3/FPDAT19 675| -2500| 83 |TEST 2500 675
34 |DSIO/P35 765| -2500| 84 |P82/FPSHIFT/USIL_CS/MMCD2 2500 765
35 |DST2/P36 855| -2500| 85 |PB1/FPDAT9/#NAND_RD/MMCD1 2500 855
36 |DCLK/P34 945| -2500| 86 |P83/FPDRDY/USIL_CK/MMCD3 2500 945
37 |P01/USI_DOO0/SOUT/#HIF_RD 1035| -2500| 87 |P90/FPDATO/USIL_LCD_DO/MMCCMD 2500 1035
38 |Vss 1125 -2500| 88 [HVbp 2500 1125
39 |Vss 1215 -2500| 89 [HVbp 2500 1215
40 |MCLKI 1305| -2500| 90 |P91/FPDAT1/USIL_LCD_D1/MMCCLK 2500/ 1305
41 |MCLKO 1395 -2500| 91 [LVobp 2500 1395
42 |LVop 1485| -2500| 92 |P92/FPDAT2/USIL_LCD_D2/#NAND_WR| 2500 1485
43 |LVop 1575| -2500| 93 |PB2/FPDAT10/REMC_O/MMCD2 2500| 1575
44 |BOOTO 1665| -2500| 94 |PD7/FPDAT23/USI_CK1/T16A_ATMB_0 2500| 1665
45 |P00/USI_DIO/SIN/#HIF_WR 1755| -2500| 95 |P93/FPDAT3/USIL_LCD_D3/#NAND_RD | 2500 1755
46 |HVobo 1845| -2500| 96 |P94/FPDAT4/USIL_LCD_D4/USI_DI2 2500 1845
47 |HVobb 1935| -2500| 97 |PB3/FPDAT11/REMC_I/MMCD3 2500 1935
48 |PD5/FPDAT21/USI_DO1/#NAND_RD 2025| -2500| 98 |P95/FPDAT5/USIL_LCD_D5/USI_DO2 2500 2025
49 |P60/#WAIT/WDT_CLK/#WDT_NMI 2115| -2500| 99 |P96/FPDAT6/USIL_LCD_D6/USI_CS2 2500 2115
50 |BOOT1 2290| -2500( 100 [P97/FPDAT7/USIL_LCD_D7/USI_CK2 2500| 2290
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No. Pad name X (um) | Y (um) | No. Pad name X (um) [Y (um)
101 |Vss 2290( 2500|151 |LVbp -2500| 2290
102 [N.C. 2115| 2500|152 |LVbp -2500( 2115
103 [N.C. 2025| 2500|153 |#CE7/P50/#SDCS -2500( 2025
104 [USBDM 1935| 2500| 154 |#CE8/P51/#HIF_INT -2500( 1935
105 |USBDP 1845| 2500|155 |PF3/12S_MCLKO/PWM_L1/TFT_CTL3 -2500( 1845
106 [N.C. 1755 2500|156 |AO/#BSL -2500( 1755
107 |USBVBUS 1665 2500|157 |A1/SDAO -2500( 1665
108 |PEO/MMCDO/T16A_ATMA_2/USI_DI2 1575 2500|158 |PA6/HIF_D14/T16A_ATMA_O/FPDAT22 -2500( 1575
109 |P04/USI_DI1/T16A_ATMA_0/HIF_D1 1485| 2500|159 |A2/SDA1 -2500( 1485
110 |P05/USI_DO1/T16A_ATMB_0/HIF_D2 1395| 2500 160 |Vss -2500( 1395
111 |PB5/FPDAT13/USI_DO2/MMCCLK 1305| 2500( 161 |Vss -2500( 1305
112 |P06/USI_CS1/T16A_ATMA_1/HIF_D3 1215 2500| 162 |A3/SDA2 -2500( 1215
113 |P07/USI_CK1/T16A_ATMB_1/HIF_D4 1125 2500| 163 |PF4/12S_SDI/#ADTRIG -2500( 1125
114 |PE1/MMCD1/T16A_ATMB_2/USI_DO2 1035 2500| 164 |A4/SDA3 -2500( 1035
115 [LVop 945| 2500( 165 |N.C. -2500 945
116 |LVobp 855| 2500|166 |[A5/SDA4 -2500 855
117 |DO 765| 2500|167 |[PA7/HIF_D15/T16A_ATMB_0/FPDAT23 -2500 765
118 |D1 675| 2500|168 |[A6/SDA5 -2500 675
119 |PB4/FPDAT12/USI_DI2/MMCCMD 585| 2500|169 |A7/SDA6 -2500f 585
120 |D2 495| 2500( 170 [HVbp -2500 495
121 |D3 405| 2500(171 [HVbp -2500 405
122 |PE2/MMCD2/T16A_ATMA_3/USI_CS2 315| 2500|172 |A8/SDA7 -2500 315
123 |D4 225| 2500|173 |[A9/SDA8 -2500 225
124 |D5 135| 2500|174 |A10/SDA9 -2500 135
125 |Vss 45| 2500|175 |PF0/12S_SDO/PWM_HO/TFT_CTLO -2500 45
126 |Vss -45| 2500|176 |A11/SDA10 -2500 -45
127 |D6 -135| 2500|177 |A12/SDA11 -2500| -135
128 |D7 -225| 2500|178 |Vss -2500| -225
129 |PE3/MMCD3/T16A_ATMB_3/USI_CK2 -315| 2500|179 |Vss -2500| -315
130 |D8/PCO -405| 2500|180 |[BOOT2 -2500| -405
131 |D9/PCA -495| 2500|181 |A13/SDA12 -2500| -495
132 |PB6/FPDAT14/USI_CS2/T16A_ATMA_1 -585| 2500|182 |#CE10/P53 -2500| -585
133 |D10/PC2 -675| 2500|183 |PA4/HIF_D12/MMCCMD/FPDAT20 -2500| -675
134 |D11/PC3 -765| 2500|184 |#RD/P54 -2500| -765
135 |PE4/MMCCMD/T16A_ATMA_1/REMC_O -855| 2500|185 [N.C. -2500| -855
136 |D12/PC4 -945| 2500 186 |#WRL/P55 -2500| -945
137 |HVop -1035| 2500( 187 |PF1/125_WSO/PWM_LO/TFT_CTLA1 -2500| -1035
138 |[HVobD -1125| 2500|188 [SDCKE/P20 -2500| -1125
139 |D13/PC5 -1215| 2500|189 |LVbp -2500| -1215
140 |D14/PC6 -1305| 2500|190 |LVbp -2500| -1305
141 |PB7/FPDAT15/USI_CK2/T16A_ATMB_1 -1395| 2500|191 [SDCLK/P21 -2500| -1395
142 [N.C. -1485| 2500|192 |[#WRH/#BSH/P56 -2500| -1485
143 |D15/PC7 -1575| 2500 193 |[PA5/HIF_D13/MMCCLK/FPDAT21 -2500| -1575
144 |A14/SDBAO -1665| 2500|194 [#CE9/P52 -2500| -1665
145 |PES/MMCCLK/T16A_ATMB_1/REMC_I -1755| 2500|195 |A18/#SDWE -2500| -1755
146 |A15/SDBA1 -1845| 2500 196 |PF2/I12S_SCLKO/PWM_H1/TFT_CTL2 -2500| -1845
147 |A16/DQML -1935| 2500|197 |[A19/#SDCAS -2500| -1935
148 |A17/DQMH -2025| 2500|198 |[A20/#SDRAS -2500| -2025
149 |Vss -2115| 2500|199 |Vss -2500| -2115
150 |Vss -2290| 2500|200 |Vss -2500| -2290
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1.3.2 Pin Functions

The tables below list the SIC33L27 pin functions.

Notes: ¢ Pin name
- The # prefixed to pin names indicates that the pin inputs/outputs an active low signal.
- The pin names listed in boldface denote the default pin (signal) name.
Each pin is assigned one to four functions and the function to be used must be selected us-
ing the corresponding port function select bit. See the “I/O Ports (GPIO)” chapter for more
information on the pin function selections.
e |/O
- The I/O listed in boldface and uppercase denote the default input/output direction.
- (H), (L), and (X) denote the initial output level, High, Low, and Undefined, respectively.
* Pin No.
- Chip: Pad No.
- 128: TQFP15-128pin
- 144: TQFP24-144pin and QFP20-144pin
- 180: PFBGA12U-180
* PWR (power system)
- P1:LVbp
- P2: HVoD
- P3: RTCVoD
- P4: AVpbp
- P5:PLLVDD
e DC characteristics
- Output  Type 1: loH/loL =2 mA (HVop = 3.3 V)*
Type 2: loH/loL = 4 mA (HVpp = 3.3 V)*
Type 3: loH/loL = 8 mA (HVbp = 3.3 V)*
* See “DC Characteristics” in the “Electrical Characteristics” chapter.
- PU/PD PU: Pull-up
PD: Pull-down
PUc:  Pull-up with software control
(en):  Enabled by default
(dis): Disabled by default
Table 1.3.2.1 List of Power Supply Pins
" . Pin No.
No. Pin name |(1/O Description Chip 128 144 180 Power voltage
1 [HVbp — |I/O power supply pin 1,2,46,47, | 1,57, | 1,63, | B2, E4,E8, |3.3Vtyp.(2.7t03.6V)
88, 89, 137, (88, 109 |99, 123 |E10, K6, K10|(3.0 to 3.6 V when the
138, 170, 171 USB module is used.)
2 |AVbp — |Analog power supply pin 64 42 46 M5 3.3V typ. (= HVbD)
3 [LVobp — |Internal logic/internal memory|24, 25, 42, 43,| 16, 28, | 18, 32, | D10, E6, H5, [1.8 V typ. (1.65to 1.95 V)
power supply pin 63, 75,91, |47,73,]|52,82, |H10,J10, K5,((1.7 to 1.9 V when a ce-
115, 116, 151,|97, 121 | 109, K7, K8 ramic resonator is used.)
152, 189, 190 136
4 |RTCVpbp — |RTC/BBRAM power supply pin 57 36 40 N4 1.8 V typ. (= LVbb)
5 |Vss — |Ground pin 13,14, 38,39,| 8,25, | 9,29, | D9, E5, E7, |GND
60, 73, 78, 79,| 39, 50, | 43, 55, | E9, F5, G5,
101, 125, 126, | 65, 80, | 73, 90, | J5, L2, L7,
149, 150, 160,|96, 103,| 108, | L8, M4, M6,
161,178,179,| 115, | 116, M7, M13
199, 200 128 | 129,
144
6 |PLLVbp — |PLL power supply pin 54 35 39 N3 1.8 V typ. (= LVbb)
7 |PLLVss — |PLL power supply ground pin 52 33 37 N2 GND (= Vss)
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Table 1.3.2.2 List of Clock Pins

1 OVERVIEW

Pin No. DC characteristics
No.| Pi 1 D ipti PWR
o.| Pinname 1O escription Chip| 128 [ 144 180 Input | Output| PU/PD
1 |MCLKI I |High speed (OSC3) oscillation input 40 | 26 | 30 [ L1 | P1 - - -
(crystal/ceramic resonator or external clock
input)
2 [MCLKO O |High speed (OSC3) oscillation output 41 (27|31 | M1 | P1 - - -
(crystal/ceramic resonator)
3 |RTCCLKI I |RTC (OSC1) oscillation input 58 | 37 | 41 [ P3| P3 - - -
(crystal resonator or external clock input)
4 |RTCCLKO O |RTC (OSCH) oscillation output 59 | 38| 42 | P4 | P3 - - -
(crystal resonator)
Table 1.3.2.3 List of External Bus Pins
Pin No. DC characteristics
N Pi 1 D ipti PWR
©.| Pinname 1O escription Chip| 128 [144] 180 Input | Output| PU/PD
1 |DO I/o |Data bus DO 117| 74 | 83 |J14| P2 | LVTTL | Type 2 | Bus hold
2 |D1 l/o |Data bus D1 118| 75 | 84 [J13 latch
3 |D2 I/o |Data bus D2 120| 76 | 86 |H13
4 |D3 I/0 |Data bus D3 121| 77 | 87 |H14
5 |D4 I/0 |Data bus D4 123| 78 | 88 |H12
6 |D5 I/0 |Data bus D5 124| 79 | 89 |G14
7 |D6 I/o |Data bus D6 127| 81 | 91 |G13
8 |D7 I/o |Data bus D7 128| 82 | 92 |G12
9 |D8 I/0 |Data bus D8 (default) 130| 83 | 93 [F14
PCO i/o |1/0 port
10 (D9 I/0 |Data bus D9 (default) 131| 84 | 94 |F13
PC1 i/o [1/0 port
11 |D10 I/o |Data bus D10 (default) 133| 85 | 96 |F12
PC2 i/o [1/0 port
12 |D11 I/o |Data bus D11 (default) 134| 86 | 97 |E14
PC3 i/o [1/0 port
13 |D12 I/o |Data bus D12 (default) 136| 87 | 98 |E13
PC4 i/o [1/0 port
14 |D13 I/o |Data bus D13 (default) 139| 89 | 100 |E12
PC5 i/o |1/O port
15 [D14 I/o |Data bus D14 (default) 140| 90 | 101 |D13
PC6 i/o |1/O port
16 [D15 I/o |Data bus D15 (default) 143| 91 | 103 |D14
PC7 i/o |1/O port
17 |AO/#BSL O |Address bus AO / Bus strobe (low byte) signal | 156 (100 [ 112 [B12| P2 - Type 2 -
(L) [output
18 |A1/SDAO O |Address bus A1/ SDRAM address AO 157|101 [ 113 | A12
(L)
19 |A2/SDA1 O |Address bus A2 / SDRAM address A1 159 (102|115 |B11
(L)
20 |A3/SDA2 O |Address bus A3 / SDRAM address A2 162|104 (117 |A11
L)
21 |A4/SDA3 O |Address bus A4 / SDRAM address A3 164 |105(118|B10
(L)
22 |A5/SDA4 O |Address bus A5 / SDRAM address A4 166|106 | 119 |A10
(L)
23 |A6/SDA5 O |Address bus A6 / SDRAM address A5 168|107 (121 | A9
L)
24 |A7/SDA6 O |Address bus A7 / SDRAM address A6 169 (108|122 | B9
(L)
25 |A8/SDA7 O |Address bus A8 / SDRAM address A7 172|110 | 124 | A8
(L)
26 |A9/SDA8 O |Address bus A9 / SDRAM address A8 173|111 |125| B8
L
27 |A10/SDA9 O |Address bus A10 / SDRAM address A9 174 112|126 | A7
(L)
28 |A11/SDA10 O |Address bus A11/ SDRAM address A10 176|113 |127 | B7
L)
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1 OVERVIEW

. . Pin No. DC characteristics
No. Pin name /0 Description Chip| 128 [ 144 [ 180 PWR input | Output| PU/PD
29 |A12/SDA11 O |Address bus A12 / SDRAM address A11 177 (114|128 | C7 | P2 - Type 2 -
(L)
30 |A13/SDA12 O |Address bus A13/ SDRAM address A12 181(116|130| A6
(L)
31 |A14/SDBAO O |Address bus A14 / SDRAM bank address BAO | 144 | 92 (104 |C14
(L)
32 |A15/SDBA1 O |Address bus A15/ SDRAM bank address BA1 | 146 | 93 | 105 |C13
L)
33 |A16/DQML O |Address bus A16 / SDRAM data mask (low- 147| 94 | 106 |B14
(H) |order byte) signal output
34 |A17/DQMH O |Address bus A17 / SDRAM data mask (high- 148| 95 | 107 |B13
(H) |order byte) signal output
35 |A18/#SDWE O |Address bus A18 / SDRAM write signal output | 195|125 (141 | A3
(H)
36 |A19/#SDCAS | O |Address bus A19 / SDRAM column 197 (126|142 | B3
(H) |address strobe signal output
37 |A20/#SDRAS | O |Address bus A20 / SDRAM row address strobe | 198 | 127 | 143 | A2
(H) |signal output
38 |A21 O [Address bus A21 (default) 3 2 2 |B1| P2 | LVTTL | Type 1 [100k PUc
(L) Schmitt (dis)
P40 i/o [1/0 port
39 |A22 O [Address bus A22 (default) 5 3 3 |C1
(L)
P41 i/o |1/0 port
TFT_CTL2 o |LCDC TFT I/F control signal 2 output
40 |A23 O [Address bus A23 (default) 6 4 4 | D1
L
P42 i/o |1/0 port
TFT_CTL3 o |LCDC TFT I/F control signal 3 output
41 |A24 O |Address bus A24 (default) 151 9 |10 | E1
(L)
TFT_CTLO o [LCDC TFT I/F control signal 0 output
P10 i/o |1/O port
CMU_CLK o |CMU clock external output
42 |A25 O [Address bus A25 (default) 16 [ 10 | 11 | F1
L)
TFT_CTLA o [LCDC TFT I/F control signal 1 output
P11 i/o |1/0 port
SOUT o |UART data output
43 |#CE7 O |Area 7/19 chip enable signal output 153| 98 |110[A13| P2 | LVTTL | Type 2 |100k PUc
(H) [(default) Schmitt (dis)
P50 i/o |1/0 port
#SDCS o |SDRAM chip enable signal output
44 |#CES8 O |Area 8/21 chip enable signal output 154| 99 |111|C12| P2 | LVTTL | Type 1 |100k PUc
(H) | (default) Schmitt (dis)
P51 i/o |1/0 port
#HIF_INT o [Host I/F interrupt signal output
45 |#CE9 O |Area 9/22 chip enable signal output 194 124|140 | C4
(H) | (default)
P52 i/o |1/0 port
46 |#CE10 O |Area 10/13/20 chip enable signal output 182|117 |131| B6 | P2 LVTTL | Type 1 [100k PUc
(H) | (default) Schmitt (en/dis)*
P53 i/o |1/0 port
47 [#RD O |Read signal output (default) 184|118 |133| D6 | P2 LVTTL | Type 2 [100k PUc
(H) Schmitt (dis)
P54 i/o |1/0 port
48 |#WRL O |Write (low-order byte) signal output (default) 186 119|134 | B5
(H)
P55 i/o |1/0 port

* The #CE10 pull-up resistor is disabled by default. When using the #CE10 pin as an input pin for NAND Flash, SPI-EEPROM or PC
RS232C boot mode, connect an external pull-down resistor to the #CE10 pin to set the pin level to 0 or an external pull-up resistor

to set the pin level to 1.
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1 OVERVIEW

. . Pin No. DC characteristics
No. Pin name /0 Description Chip| 128 [ 144 [ 180 PWR input | Output| PU/PD
49 [#WRH/#BSH | O |Write (high-order byte) signal / Bus strobe 1921123|138| D5 | P2 | LVTTL | Type 2 |100k PUc
(H) |(high-order byte) signal output (default) Schmitt (dis)
P56 i/o [1/0 port
50 [SDCKE O [SDRAM clock enable signal output (default) 188120135 A5 | P2 | LVTTL | Type 1 |100k PUc
(H) Schmitt (dis)
P20 i/o [1/0 port
51 |SDCLK O |SDRAM clock output (default) 191(122|137| A4 | P2 | LVTTL | Type 2 |100k PUc
(L) Schmitt (dis)
P21 i/o |1/0 port
Table 1.3.2.4 List of /0 Port and Peripheral Function Pins
. L Pin No. DC characteristics
No.| Pinname VO Description chip[128]144]180|" "R input |Output| PU/PD
1 |P00 I/0 |1/0 port (default) 45|30 | 34| L4 | P2 | LVTTL | Type 1 |100k PUc
USI_DIO i/o [USI Ch.0 data input/output (see Table 1.3.2.8.) Schmitt (dis)
SIN i |UART data input
#HIF_WR i |Host I/F write signal input
2 |PO1 I/o |I/O port (default) 37 | 24 | 28 | K4
USI_DOO0 o |USI Ch.0 data output (see Table 1.3.2.8.)
SOUT o |UART data output
#HIF_RD i |Host I/F read signal input
3 [P02 I/o |I/O port (default) 31 |20 |23 | J3
USI_CSo i/o |USI Ch.0 slave select input, data input/output
(see Table 1.3.2.8.)
SCLK i |UART clock input
#HIF_CS i |Host I/F chip select signal input
4 |P03 I/o0 |1/O port (default) 23|15 |17 | G2
USI_CKO0 i/o [USI Ch.0 clock input/output (see Table 1.3.2.8.)
REMC_I i |REMC receive signal input
HIF_DO i/o |Host I/F data bit 0
5 |P04 I/o |I/O port (default) 109| 69 | 77 |K12
USI_DI1 i/o [USI Ch.1 data input/output (see Table 1.3.2.8.)
T16A_ATMA_O | i/o |T16A6 Ch.0 capture A signal input/
compare A signal output
HIF_D1 i/o |Host I/F data bit 1
6 |P05 I/o [I/O port (default) 110| 70 | 78 |K13
USI_DO1 o |USI Ch.1 data output (see Table 1.3.2.8.)
T16A_ATMB_0 | i/o |T16A6 Ch.0 capture B signal input/
compare B signal output
HIF_D2 i/o |Host I/F data bit 2
7 |P06 I/0 [I/O port (default) 112 71 | 80 | J11
USI_CS1 i/o |USI Ch.1 slave select input, data input/output
(see Table 1.3.2.8.)
T16A_ATMA_1 | i/lo [T16A6 Ch.1 capture A signal input/
compare A signal output
HIF_D3 i/o |Host I/F data bit 3
8 |P07 1/0 |1/O port (default) 113| 72 | 81 [J12
USI_CK1 i/o |USI Ch.1 clock input/output (see Table 1.3.2.8.)
T16A_ATMB_1 | i/o |T16A6 Ch.1 capture B signal input/
compare B signal output
HIF_D4 i/o |Host I/F data bit 4
9 (P12 I/0 |1/0 port (default) 19 |12 | 14 | F4
12S_SDO o |I2S serial data output
PWM_H0 0 |T16P Ch.0 PWM_H signal output
HIF_D5 i/o |Host I/F data bit 5
10 |P13 I/0 |1/0 port (default) 21|13 | 15 | G3
12S_WSO o |I2S word select signal output
PWM_LO o [T16P Ch.0 PWM_L signal output
HIF_D6 i/o |Host I/F data bit 6
11 [P14 I/0 |1/0 port (default) 22 |14 | 16 | G1
12S_SCLKO o |I2S serial bit clock output
PWM_H1 o |[T16P Ch.1 PWM_H signal output
HIF_D7 i/o |Host I/F data bit 7
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1 OVERVIEW

. - Pin No. DC characteristics
No. Pin name |I/O Description Chip| 128 | 144] 180 PWR input | Output| PU/PD
12 |P30 I/o0 |1/O port (default) 9| 5| 6 |D2| P2 | LVTTL | Type 1 |100k PUc
12S_SDI i |12S serial data input Schmitt (dis)
T16A_ATMA_2 | i/o |T16A6 Ch.2 capture A signal input/
compare A signal output
HIF_AO0 i |Host I/F address bit 0
13 |P31 I/0 |I/O port (default) 10| 6 | 7 | D3
12S_WSI i |12S word select signal input
T16A_ATMB_2 | i/o |T16A6 Ch.2 capture B signal input/
compare B signal output
HIF_A1 i |Host I/F address bit 1
14 |P32 1/0 |1/O port (default) 117 | 8 | E3
12S_SCLKI i |I12S serial bit clock input
T16A_ATMA_3 | i/o |T16A6 Ch.3 capture A signal input/
compare A signal output
HIF_A2 i |Host I/F address bit 2
15 |P33 I/o [I/O port (default) 18 | 11 | 13 | F3
12S_MCLKI i |12S master clock input
T16A_ATMB_3 | i/o [T16A6 Ch.3 capture B signal input/
compare B signal output
HIF_A3 i [Host I/F address bit 3
16 [P60 I/o [I/O port (default) 49 [ 31| 35 | M3| P2 | LVTTL | Type 1 |100k PUc
#WAIT i |Wait cycle request input Schmitt (en)
WDT_CLK o |Watchdog timer clock output
#WDT_NMI o |Watchdog timer NMI signal output
17 |P70 1 |Input port (default) 72 | 46 | 50 | N8 | P4 |LVCMOS - 100k PUc
AINO i |ADC10 Ch.0 analog input Analog (dis)
EXCLO i |T16A6 Ch.0—-1/T16P Ch.0 external clock input LVCMOS
18 |P71 I |Input port (default) 71| - | — | P8 | P4 |LVCMOS - 100k PUc
AIN1 i |ADC10 Ch.1 analog input Analog (dis)
125_WSI i [12S word select signal input LVCMOS
19 |P72 I |Input port (default) 70 | 45| 49 | N7 | P4 |LVCMOS - 100k PUc
AIN2 i |ADC10 Ch.2 analog input Analog (dis)
EXCLA i |T16A6 Ch.2-3/T16P Ch.1 external clock input LVCMOS
20 |P73 I |Input port (default) 69| - | — | P7| P4 |LVCMOS - 100k PUc
AIN3 i |ADC10 Ch.3 analog input Analog (dis)
12S_SCLKI i |I12S serial bit clock input LVCMOS
21 |P74 I |Input port (default) 68 | 44 | 48 | N6 | P4 |LVCMOS - 100k PUc
AIN4 i |ADC10 Ch.4 analog input Analog (dis)
WDT_EXCL i |WDT external clock input LVCMOS
22 |P75 I |Input port (default) 67| - | - | P6 | P4 |LVCMOS - 100k PUc
AIN5 i |ADC10 Ch.5 analog input Analog (dis)
12S_MCLKI i |12S master clock input LVCMOS
23 |P76 I |Input port (default) 66 | 43 | 47 | N5 | P4 |LVCMOS - 100k PUc
AIN6 i |ADC10 Ch.6 analog input Analog (en)
#WAIT i |Wait cycle request input LVCMOS
#ADTRIG i |ADC10 trigger input LVCMOS
24 |P77 1 [Input port (default) 65| — | — | P5| P4 |LVCMOS - 100k PUc
AIN7 i |ADC10 Ch.7 analog input Analog (dis)
25 P80 I/o [I/O port (default) 77 | 49 | 54 | N9 | P2 | LVTTL | Type 1 |100k PUc
FPFRAME o |LCD frame clock output Schmitt (dis)
USIL_DI i/o |USIL data input/output or LCD control signal
output (see Table 1.3.2.9.)
MMCDO i/o |SD/MMC I/F data bit 0
26 |P81 1/0 |1/O port (default) 81 | 52 | 57 | M9
FPLINE o [LCD line clock output
USIL_DO o |USIL data output or LCD control signal output
(see Table 1.3.2.9.)
MMCD1 i/o |[SD/MMC I/F data bit 1
27 |P82 I/0 |1/0 port (default) 84 | 54 | 59 |M10
FPSHIFT o [LCD shift clock output
USIL_CS i/o |USIL slave select input, data input/output, or
LCD control signal output (see Table 1.3.2.9.)
MMCD2 i/o |SD/MMC I/F data bit 2
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1 OVERVIEW

. - Pin No. DC characteristics
No. Pin name |I/O Description Chip| 128 | 144] 180 PWR input | Output| PU/PD
28 |P83 I/0 |1/0 port (default) 86 | 55 | 61 [L10| P2 | LVTTL | Type 1 |100k PUc
FPDRDY o |LCD DRDY/MOD signal output Schmitt (dis)
USIL_CK i/o |USIL clock input/output or LCD control signal
output (see Table 1.3.2.9.)
MMCD3 i/o [SD/MMC I/F data bit 3
29 (P90 I/0 [I/O port (default) 87 | 56 | 62 [P11
FPDATO o |LCD data bit 0
USIL_LCD_DO | i/o |USIL LCD data bit 0
MMCCMD i/o |SD/MMC I/F command input/output
30 (P91 I/o |I/O port (default) 90 | 58 | 64 |N11
FPDATA o |LCD data bit 1
USIL_LCD_D1 | i/o |USIL LCD data bit 1
MMCCLK o |SD/MMC I/F clock output
31 |P92 1/0 |1/O port (default) 92 | 59 | 65 [M11
FPDAT2 o |LCD data bit 2
USIL_LCD_D2 | i/o |USIL LCD data bit 2
#NAND_WR o |NAND Flash write signal output
32 |P93 I/0 |1/0 port (default) 95 | 60 | 67 |K11
FPDAT3 o [LCD data bit 3
USIL_LCD_D3 | i/o |[USIL LCD data bit 3
#NAND_RD o |NAND Flash read signal output
33 |P94 I/0 |1/0 port (default) 96 | 61 | 68 [N12
FPDAT4 o |LCD data bit 4
USIL_LCD_D4 | i/o |USIL LCD data bit 4
USI_DI2 i/o [USI Ch.2 data input/output (see Table 1.3.2.8.)
34 |P95 I/0 |1/O port (default) 98 | 62 | 70 [M12
FPDAT5 o |LCD data bit5
USIL_LCD_DS5 | i/o |USIL LCD data bit 5
USI_DO2 o |USI Ch.2 data output (see Table 1.3.2.8.)
35 |P96 I/0 |1/0 port (default) 99 | 63 | 71 |L12
FPDAT6 o |LCD data bit 6
USIL_LCD_DS6 | i/o |USIL LCD data bit 6
USI_CS2 i/o |USI Ch.2 slave select input, data input/output
(see Table 1.3.2.8.)
36 |P97 1/0 |1/O port (default) 100| 64 | 72 |[N13
FPDAT7 o |LCD data bit 7
USIL_LCD_D?7 | i/o |USIL LCD data bit 7
USI_CK2 i/o |USI Ch.2 clock input/output (see Table 1.3.2.8.)
37 |PAO 1/0 |1/O port (default) 71 -151]C3
HIF_D8 i/o |Host I/F data bit 8
MMCDO i/o |SD/MMC I/F data bit 0
FPDAT16 0 |LCD data bit 16
38 |PA1 I/0 |1/O port (default) 17| - |12 | F2
HIF_D9 i/o |Host I/F data bit 9
MMCD1 i/o |SD/MMC I/F data bit 1
FPDAT17 o |LCD data bit 17
39 |PA2 I/o0 |1/O port (default) 30| - |22 J4
HIF_D10 i/o |Host I/F data bit 10
MMCD2 i/o |[SD/MMC I/F data bit 2
FPDAT18 o |LCD data bit 18
40 |PA3 I/0 |1/0 port (default) 33| - [24 ]| J1
HIF_D11 i/o [Host I/F data bit 11
MMCD3 i/o |SD/MMC I/F data bit 3
FPDAT19 o |LCD data bit 19
41 |PA4 I/0 |1/0 port (default) 183| — |132| C6
HIF_D12 i/o |Host I/F data bit 12
MMCCMD i/o |[SD/MMC I/F command input/output
FPDAT20 o |LCD data bit 20
42 |PA5 I/0 |1/0 port (default) 193| — |139| B4
HIF_D13 i/o |Host I/F data bit 13
MMCCLK o |SD/MMC I/F clock output
FPDAT21 o |LCD data bit 21
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1 OVERVIEW

. - Pin No. DC characteristics
No. Pin name |I/O Description Chip| 128 | 144] 180 PWR input | Output| PU/PD
43 |PA6 I/0 |1/O port (default) 158 | — |114|C10| P2 | LVTTL | Type 1 |100k PUc
HIF_D14 i/o |Host I/F data bit 14 Schmitt (dis)
T16A_ATMA_O | i/o |T16A6 Ch.0 capture A signal input/
compare A signal output
FPDAT22 o |LCD data bit 22
44 |PA7 I/o [I/O port (default) 167| — |120| D8
HIF_D15 i/o |Host I/F data bit 15
T16A_ATMB_0 | i/o |T16A6 Ch.0 capture B signal input/
compare B signal output
FPDAT23 0 |LCD data bit 23
45 |PBO I/0 |1/0 port (default) 74 | — | 51 | M8
FPDAT8 o [LCD data bit 8
#NAND_WR o |NAND Flash write signal output
MMCDO i/o |SD/MMC I/F data bit 0
46 |PB1 I/o |I/O port (default) 85| — | 60 | K9
FPDAT9 o [LCD data bit 9
#NAND_RD o |NAND Flash read signal output
MMCD1 i/o [SD/MMC I/F data bit 1
47 |PB2 I/0 |1/O port (default) 93 | — [ 66 [L11| P2 | LVTTL | Type 3 |100k PUc
FPDAT10 o |LCD data bit 10 Schmitt (dis)
REMC_O o |REMC transmit signal output
MMCD2 i/o |[SD/MMC I/F data bit 2
48 |PB3 I/0 |1/0 port (default) 97 | — | 69 |P13| P2 | LVTTL | Type 1 |100k PUc
FPDAT11 o |LCD data bit 11 Schmitt (dis)
REMC_I i |REMC receive signal input
MMCD3 i/o [SD/MMC I/F data bit 3
49 |PB4 I/0 |1/O port (default) 119| — | 85 |G10
FPDAT12 o |LCD data bit 12
USI_DI2 i/o |USI Ch.2 data input/output (see Table 1.3.2.8.)
MMCCMD i/o [SD/MMC I/F command input/output
50 |PB5 I/0 |1/O port (default) 111 - | 79 [K14
FPDAT13 o |LCD data bit 13
USI_DO2 o |USI Ch.2 data output (see Table 1.3.2.8.)
MMCCLK o |SD/MMC I/F clock output
51 |PB6 I/o0 |I/O port (default) 132 - | 95 [F10
FPDAT14 o |LCD data bit 14
USI_CS2 i/o |USI Ch.2 slave select input, data input/output
(see Table 1.3.2.8.)
T16A_ATMA_1 | i/o |T16A6 Ch.1 capture A signal input/
compare A signal output
52 |PB7 I/0 |1/0 port (default) 141| - |102|D12
FPDAT15 o |LCD data bit 15
USI_CK2 i/o |USI Ch.2 clock input/output (see Table 1.3.2.8.)
T16A_ATMB_1 | i/o [T16A6 Ch.1 capture B signal input/
compare B signal output
53 |PDO 1/0 |1/0 port (default) 4 | - | - |C2
FPDAT16 o |LCD data bit 16
USI_DIo i/o |USI Ch.0 data input/output (see Table 1.3.2.8.)
SIN i |UART data input
54 |PD1 1/0 |1/O port (default) 12 -] - |E2
FPDAT17 o |LCD data bit 17
USI_DOO0 o |USI Ch.0 data output (see Table 1.3.2.8.)
SOUT o |UART data output
55 |PD2 1/0 |1/O port (default) 20| - | - | G4
FPDAT18 o |LCD data bit 18
USI_CSo i/o |USI Ch.0 slave select input, data input/output
(see Table 1.3.2.8.)
SCLK i |UART clock input
56 |PD3 I/0 |1/O port (default) 26| - | - |H4
FPDAT19 o |LCD data bit 19
USI_CKO0 i/o |USI Ch.0 clock input/output (see Table 1.3.2.8.)
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1 OVERVIEW

. - Pin No. DC characteristics

No. Pin name |I/O Description Chip| 128 144] 180 PWR input | Output| PU/PD

57 |PD4 I/o0 |1/0 port (default) 32| - | - |J2| P2 | LVTTL | Type 1 |100k PUc
FPDAT20 o |LCD data bit 20 Schmitt (dis)
USI_DI1 i/o [USI Ch.1 data input/output (see Table 1.3.2.8.)

#NAND_WR o |NAND Flash write signal output

58 |PD5 I/0 |1/0 port (default) 48| - | - | M2
FPDAT21 o |LCD data bit 21
USI_DO1 o |USI Ch.1 data output (see Table 1.3.2.8.)

#NAND_RD o [NAND Flash read signal output

59 |PD6 I/0 |I/O port (default) 82| - | - | L9
FPDAT22 o |LCD data bit 22
USI_CS1 i/o |USI Ch.1 slave select input, data input/output

(see Table 1.3.2.8.)
T16A_ATMA_0 | i/o |T16A6 Ch.0 capture A signal input/
compare A signal output

60 |PD7 I/0 |1/0 port (default) 94| - | - P12
FPDAT23 o |LCD data bit 23
USI_CK1 i/o [USI Ch.1 clock input/output (see Table 1.3.2.8.)

T16A_ATMB_O | i/lo [T16A6 Ch.0 capture B signal input/
compare B signal output

61 |PEO I/o |I/O port (default) 108 - | — [L13
MMCDO i/o |[SD/MMC I/F data bit 0
T16A_ATMA _2 | i/o |T16A6 Ch.2 capture A signal input/

compare A signal output
USI_DI2 i/o |USI Ch.2 data input/output (see Table 1.3.2.8.)

62 |PE1 I/0 |1/O port (default) 114 - | - [HM
MMCD1 i/o [SD/MMC I/F data bit 1
T16A_ATMB_2 | i/o |T16A6 Ch.2 capture B signal input/

compare B signal output
USI_DO2 o |USI Ch.2 data output (see Table 1.3.2.8.)

63 |PE2 I/0 |I/O port (default) 122 - | - |G
MMCD2 i/o |[SD/MMC I/F data bit 2
T16A_ATMA_3 | i/o |T16A6 Ch.3 capture A signal input/

compare A signal output
USI_CS2 i/o |USI Ch.2 slave select input, data input/output
(see Table 1.3.2.8.)

64 |PE3 I/0 |1/0 port (default) 129 — | - [F11
MMCD3 i/o |[SD/MMC I/F data bit 3
T16A_ATMB_3 | i/o [T16A6 Ch.3 capture B signal input/

compare B signal output
USI_CK2 i/o |USI Ch.2 clock input/output (see Table 1.3.2.8.)

65 |PE4 I/o0 |I/O port (default) 135 — | — [E11| P2 | LVTTL | Type 3 [100k PUc
MMCCMD i/o [SD/MMC I/F command input/output Schmitt (dis)
T16A_ATMA_1 | i/o |T16A6 Ch.1 capture A signal input/

compare A signal output
REMC_O o |REMC transmit signal output

66 |PE5 I/o0 |1/O port (default) 145| — | — |D11| P2 | LVTTL | Type 1 |100k PUc
MMCCLK o |SD/MMC I/F clock output Schmitt (dis)
T16A_ATMB_1 | i/o |T16A6 Ch.1 capture B signal input/

compare B signal output
REMC_| i |REMC receive signal input

67 |PFO I/0 |I/O port (default) 175 - | — | C8
125_SDO o |I2S serial data output
PWM_HO o |T16P Ch.0 PWM_H signal output
TFT_CTLO o [LCDC TFT I/F control signal 0 output

68 |PF1 I/o |I/O port (default) 187| - | - | C5
125_WSO o |I2S word select signal output
PWM_LO o |T16P Ch.0 PWM_L signal output
TFT_CTLA o [LCDC TFT I/F control signal 1 output

69 |PF2 1/0 |1/O port (default) 196| - | — | D4
125_SCLKO o |I2S serial bit clock output
PWM_H1 o |[T16P Ch.1 PWM_H signal output
TFT_CTL2 o |[LCDC TFT I/F control signal 2 output
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. . Pin No. DC characteristics
No. Pin name |I/O Description Chip| 128 | 144] 180 PWR input | Output| PU/PD
70 |PF3 I/o [I/O port (default) 155| — | — |C11| P2 | LVTTL | Type 1 |100k PUc
12S_MCLKO 0 |[I2S master clock output Schmitt (dis)
PWM_L1 o |T16P Ch.1 PWM_L signal output
TFT_CTL3 o |LCDC TFT I/F control signal 3 output
71 |PF4 I/o [I/O port (default) 163 — | — | C9
12S_SDI i |12S serial data input
#ADTRIG i |ADCH10 trigger input

Table 1.3.2.5 List of USB Pins

; . Pin No. DC characteristics

No.| Pinname IO Description chip[128]144]180|" "R| Input |Output| PU/PD
1 |USBDP /o [USB D+ pin 105| 67 | 75 |M14] P2 - - —
2 |USBDM /o |USB D- pin 104| 66 | 74 |N14| P2 - - -
3 |USBVBUS I |USB VBUS pin. Allows input of 5 V. 107| 68 | 76 |L14] P2 - - -

Table 1.3.2.6 List of Debug Control Pins

" - Pin No. DC characteristics
No. Pin name (1/0 Description Chip| 128144180 PWR Input | Output| PU/PD
1 |DCLK i/0 |DCLK signal output for debugging (default) 36 |23 | 27 | K1 | P2 | LVTTL | Type2 | 50k PUc
(H) Schmitt (dis)
P34 i/o [I/O port
2 |DsIO I/0 |Serial input/output for debugging (default) 34 (21|25 | K3 | P2 | LVTTL | Type2 | 50k PUc
P35 i/o |1/0 port Schmitt (en)
3 |DST2 i/O |DST2 signal output for debugging (default) 35|22 |26 | K2| P2 | LVTTL | Type2 |100k PUc
(L) Schmitt (dis)
P36 i/o |I/O port
4 |DST1 i/0 |DST1 signal output for debugging (default) 28 | 18 | 20 | H2
(H)
P16 i/o |1/0 port
#CE4 o |Area 4/14 chip enable signal output
CMU_CLK o |CMU clock external output
#NAND_WR o [NAND Flash write signal output
5 |DSTO i/O |DSTO signal output for debugging (default) 27 |17 | 19 | H1
(H)
P15 i/o |I/O port
12S_MCLKO o |12S master clock output
PWM_L1 o |T16P Ch.1 PWM_L signal output
#HIF_WAIT o |Host I/F wait signal output
6 [DPCO i/0 |DPCO signal output for debugging (default) 29 (19|21 [ H3 | P2 | LVTTL | Type 3 [100k PUc
(H) Schmitt (dis)
P17 i/o |1/0 port
#CE5 0 |Area 5/15/16 chip enable signal output
REMC_O o |REMC transmit signal output
#NAND_RD o [NAND Flash read signal output
Table 1.3.2.7 List of Other Pins
. - Pin No. DC characteristics
No. Pin name |(1/O Description Chip| 128 [ 144 180 PWR Input | Output| PU/PD
1 [#RESET | |Reset input 76 | 48 | 53 | P9 | P2 | LVTTL - 50k PU
2 |#NMI I |NMI request input 80 | 51 | 56 |P10 Schmitt
3 |BOOTO I |Boot mode select signal 0 input 44 | 29 | 33 | L3 | P2 | LVTTL - -
4 |BOOT1 I |Boot mode select signal 1 input 50 | 32 | 36 | N1 Schmitt
5 |BOOT2 I |Boot mode select signal 2 input 180 - | - | D7
6 |WAKEUP O |C33 wakeup signal output from RTC 61 |40 | 44 | L5 | P3 - 1mA -
X)
7 |#STBY I |C33 standby input (except for RTC) 62 | 41| 45| L6 | P3| LVTTL - -
Schmitt
8 |TEST | |Test input. Connect to Vss in user mode. 83 | 53 | 58 [N10| P1 | LVCMOS - -
9 |VCP O |Test output 53 (34|38 |P2| P5 - - -
(H)
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Table 1.3.2.8 USI Pin Configuration

1 OVERVIEW

Pin name Function by interface mode
UART SPI master SPI slave 12C master 12C slave
USI_DIx Data input Data input Data input Data input/output Data input/output
(uart_rx) (spi_di) (spi_di) (i2c_sda) (i2c_sda)
USI_DOx Data output Data output Data output (spi_do) Unused Unused
(uart_tx) (spi_do) when #spi_ss =0 (output) (output)
Hi-Z when #spi_ss = 1
USI_CKx Unused Clock output Clock input Clock input/output Clock input/output
(input) (spi_ck) (spi_ck) (i2c_sck) (i2c_sck)
USI_CSx Unused Unused Slave select input Data input/output Data input/output
(input) (input) (#spi_ss) (i2c_sda) (i2c_sda)

(x: channel number, 0 to 2)

Note: In I2C mode, both the USI_DIx and USI_CSx pins can be configured as I2C data input/output pins.
However, they can not be used for I2C data input/output at the same time.

Table 1.3.2.9 USIL Pin Configuration

pi Function by interface mode
i name UART SPImaster | SPIslave 12C master I2C slave | LCD Parallel | LCD SPI
USIL_DI Data input Data input Data input Data input/ Data input/ Address output | Address output
(uart_rx) (spi_di) (spi_di) output (i2c_sda) | output (i2c_sda) (Icdp_a0) (Icds_a0)
USIL_DO Data output Data output Data output Unused Unused Write signal Data output
(uart_tx) (spi_do) (spi_do) when (output) (output) output (Icdp_wr) (Icds_do)
#spi_ss =0
Hi-Z when
#spi_ss =1
USIL_CK Unused Clock output Clock input Clock input/ Clock input/ Read signal Clock output
(input) (spi_ck) (spi_ck) output (i2c_sck) | output (i2c_sck) output (Icds_ck)
(Icdp_rd)
USIL_CS Unused Unused Slave select Data input/ Data input/ Chip select Unused
(input) (input) input (#spi_ss) |output (i2c_sda) |output (i2c_sda)| signal output (input)
(Icdp_cs)
USIL_LCD Unused Unused Unused Unused Unused 8-bit data Unused
_D[7:0] (input) (input) (input) (input) (input) input/output (input)

Note: In 12C mode, both the USIL_DI and USIL_CS pins can be configured as I2C data input/output
pins. However, they can not be used for I2C data input/output at the same time.
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1 OVERVIEW

1.3.3 Package

TQFP15-128pin Package (Unit: mm)
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Figure 1.3.3.1 TQFP15-128pin Package Dimensions
TQFP24-144pin Package (Unit: mm)
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Figure 1.3.3.2 TQFP24-144pin Package Dimensions
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1 OVERVIEW

QFP20-144pin Package (Unit: mm)
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Figure 1.3.3.3 QFP20-144pin Package Dimensions
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1 OVERVIEW

PFBGA12U-180 Package
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Figure 1.3.3.4 PFBGA12U-180 Package Dimensions
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1 OVERVIEW

1.3.4 Thermal Resistance of the Package

The chip temperature of LSI devices tends to increase with the power consumed on the chip. The chip temperature
when encapsulated in a package is calculated from its ambient temperature (Ta), the thermal resistance of the pack-
age (0), and power dissipation (Pp).

Chip temperature (Tj) = Ta + (Pp x 0) [°C]
Make sure that the chip temperature (Tj) is 125°C or less when the USB function controller is not used, or 100°C or

less while the USB function controller is operating.

Thermal resistance of the TQFP/QFP package

1. When mounted on a board (windless condition)
Thermal resistance (6j-a) = 39°C/W (TQFP24), 42°C/W (TQFP15), 33.3°C/W (QFP20)

This value indicates the thermal resistance of the package when measured under a windless condition, with
the sample mounted on a measurement board (size: 114 X 76 x 1.6 mm thick, FR4/4 layered board).

2. When suspended alone (windless condition)
Thermal resistance = 90-100°C/W
This value indicates the thermal resistance of the package when measured under a windless condition, with

the sample suspended alone.

Thermal resistance of the PFBGA package

1. When mounted on a board (windless condition)
Thermal resistance (6j-a) = 24°C/W (PFBGA12U)
This value indicates the thermal resistance of the package when measured under a windless condition, with
the sample mounted on a measurement board (size: 114.5 x 101.5 x 1.6 mm thick, FR4/4 layered board).
2. When suspended alone (windless condition)
Thermal resistance = 165°C/W

This value indicates the thermal resistance of the package when measured under a windless condition, with
the sample suspended alone.

Note: The thermal resistance of the package varies significantly depending on how it is mounted on the
board and whether forcibly air-cooled.
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2 CPU

2 CPU

The S1C33L27 contains the C33 PE Core as its core processor.
The C33 PE (Processor Element) Core is a Seiko Epson original 32-bit RISC-type core processor for the S1C33

Family microprocessors.
For details of the C33 PE Core, refer to the “S1C33 Family C33 PE Core Manual.”

2.1 Features of the C33 PE Core

Processor type
» Seiko Epson original 32-bit RISC processor

* 32-bit internal data processing
» Contains a 32-bit x 8-bit multiplier

Operating-clock frequency
* Depends on the processor model and process technology.

Instruction set

* Code length 16-bit fixed length
» Number of instructions 128
* Execution cycle Main instructions executed in one cycle

» Extended immediate instructions ~ Immediate extended up to 32 bits
¢ Multiplication instructions Multiplications for 16 X 16 and 32 x 32 bits supported

Register set
* 32-bit general-purpose registers
* 32-bit special registers

Memory space and external bus
* Instruction, data, and I/O coexisting linear space
* Up to 4G bytes of memory space
* Harvard architecture using separated instruction bus and data bus

Interrupts
* Reset, NMI, and 240 external interrupts supported
*» Four software exceptions
* Three instruction execution exceptions
* Direct branching from vector table to interrupt handler routine

Power-down mode
¢ HALT mode
¢ SLEEP mode

Coprocessor interface
e Hardware calculation accelerator
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2.2 CPU Registers

The C33 PE Core contains 16 general-purpose registers and 8 special registers.

Special registers General-purpose registers

bit 31 bit 0 bit 31 bit 0
#15 PC #15 R15
#11 DBBR #14 R14
#10 IDIR #13 R13
#8 TTBR #12 R12
#3 AHR #11 R11
#2 ALR #10 R10
#1 SP #9 R9
#0 PSR #8 R8
#7 R7
#6 R6
#5 R5
#4 R4
#3 R3
#2 R2
#1 R1
#0 RO

2.3 Instruction Set

Figure 2.2.1 Registers

The C33 PE Core instruction set consists of the function-extended instruction set of the C33 STD Core CPU and
the new instructions, in addition to the conventional S1C33-series instructions. Some instructions of the C33 STD
Core CPU are deleted. As the C33 PE Core is object-code compatible with the C33 STD Core CPU, software assets
can be transported from the S1C33 series to the C33 PE model easily, with minimal modifications required.

All of the instruction codes are fixed to 16 bits in length which, combined with pipelined processing, allows most

important instructions to be executed in one cycle. For details, refer to the “S1C33 Family C33 PE Core Manual.”

Table 2.3.1 S1C33-Series-Compatible Instructions

Classification Mnemonic Function
Arithmetic operation |add %rd, 8rs Addition between general-purpose registers
$rd, immé Addition of a general-purpose register and immediate
%sp, imm10 Addition of SP and immediate (with immediate zero-extended)
adc 8rd, 8rs Addition with carry between general-purpose registers
sub 8rd, 8rs Subtraction between general-purpose registers
$rd, immé Subtraction of general-purpose register and immediate
%sp, imm10 Subtraction of SP and immediate (with immediate zero-extended)
sbc 8rd, 8rs Subtraction with carry between general-purpose registers
cmp %rd, 8rs Arithmetic comparison between general-purpose registers
%rd, signé Arithmetic comparison of general-purpose register and immediate (with immedi-
ate zero-extended)
mlt.h 8rd, $rs Signed integer multiplication (16 bits x 16 bits — 32 bits)
mltu.h |8rd, 8rs Unsigned integer multiplication (16 bits x 16 bits — 32 bits)
mlt.w 8rd, $rs Signed integer multiplication (32 bits x 32 bits — 64 bits)
mltu.w |[%rd, 8rs Unsigned integer multiplication (32 bits x 32 bits — 64 bits)
Branch jrgt sign8 PC relative conditional jump Branch condition: 1Z & I((N A V)
jrgt.d Delayed branching possible
jrge sign8 PC relative conditional jump Branch condition: !(N A V)
jrge.d Delayed branching possible
jrlt sign8 PC relative conditional jump Branch condition: N AV
jrilt.d Delayed branching possible
jrle sign8 PC relative conditional jump Branch condition: Z | N AV
jrle.d Delayed branching possible
jrugt sign8 PC relative conditional jump Branch condition: 1Z & |C
jrugt.d Delayed branching possible
jruge sign8 PC relative conditional jump Branch condition: |C
jruge.d Delayed branching possible
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Classification Mnemonic Function
Branch jrult sign8 PC relative conditional jump Branch condition: C
jrult.d Delayed branching possible
jrule sign8 PC relative conditional jump Branch condition: Z | C
jrule.d Delayed branching possible
jreq sign8 PC relative conditional jump Branch condition: Z
jreq.d Delayed branching possible
jrne sign8 PC relative conditional jump Branch condition: |Z
jrne.d Delayed branching possible
ip sign8 PC relative jump Delayed branching possible
jp.d 3rb Absolute jump Delayed branching possible
call sign8 PC relative subroutine call Delayed call possible
call.d |srb Absolute subroutine call Delayed call possible
ret Subroutine return
ret.d Delayed return possible
reti Return from interrupt or exception handling
retd Return from the debug processing routine
int imm2 Software exception
brk Debug exception
Data transfer 1d.b %rd, 8rs General-purpose register (byte) — general-purpose register (sign-extended)
%rd, [3rb] Memory (byte) — general-purpose register (sign-extended)
$rd, [$rbl+ Postincrement possible
$rd, [$sp+immé6] |Stack (byte) — general-purpose register (sign-extended)
[8rb]l, 8rs General-purpose register (byte) - memory
[8rb]+, 8rs Postincrement possible
[$sp+immé6], 8rs |General-purpose register (byte) — stack
1d.ub 8rd, 8rs General-purpose register (byte) — general-purpose register (zero-extended)
8rd, [8rb] Memory (byte) — general-purpose register (zero-extended)
$rd, [$rb]+ Postincrement possible
%rd, [$sp+immé6] |Stack (byte) — general-purpose register (zero-extended)
1d.h %rd, $rs General-purpose register (halfword) — general-purpose register (sign-extended)
%rd, [8rb] Memory (halfword) — general-purpose register (sign-extended)
$rd, [$rb]+ Postincrement possible
$rd, [$sp+immé6] |Stack (halfword) — general-purpose register (sign-extended)
[%rb], 8rs General-purpose register (halfword) — memory
[$rbl+, $rs Postincrement possible
[$sp+imm6], 8rs |General-purpose register (halfword) — stack
1d.uh %rd, 8rs General-purpose register (halfword) — general-purpose register (zero-extended)
%rd, [$rb] Memory (halfword) — general-purpose register (zero-extended)
$rd, [$rb]+ Postincrement possible
%rd, [$sp+immé6] |Stack (halfword) — general-purpose register (zero-extended)
ld.w 8rd, 8rs General-purpose register (word) — general-purpose register
$rd, signé Immediate — general-purpose register (sign-extended)
%rd, [$rb] Memory (word) — general-purpose register
$rd, [$rb]+ Postincrement possible
$rd, [$sp+immé6] |Stack (word) — general-purpose register
[8rb], 8rs General-purpose register (word) — memory
[8rbl+, 8rs Postincrement possible
[$sp+immé6], 8rs |General-purpose register (word) — stack
System control nop No operation
halt HALT
slp SLEEP
Immediate extension |ext imml3 Extend operand in the following instruction
Bit manipulation btst [3rb], imm3 Test a specified bit in memory data
bclr [8rb], imm3 Clear a specified bit in memory data
bset [8rb], imm3 Set a specified bit in memory data
bnot [8rb], imm3 Invert a specified bit in memory data
Other swap 8rd, 8rs Bytewise swap on byte boundary in word
pushn 8rs Push general-purpose registers %rs—%tr0 onto the stack
popn grd Pop data for general-purpose registers %rd-%r0 off the stack
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Table 2.3.2 Function Extended Instructions

Classification Mnemonic Function Extended function
Logical operation and %rd, 8rs Logical AND between general-purpose The V flag is cleared after the
registers instruction has been executed.
%rd, signé Logical AND of general-purpose register and
immediate
or %rd, 8rs Logical OR between general-purpose
registers
%rd, signé Logical OR of general-purpose register and
immediate
Xor %rd, 8rs Exclusive OR between general-purpose
registers
$rd, signé Exclusive OR of general-purpose register and
immediate
not $rd, 8rs Logical inversion between general-purpose
registers (1’s complement)
%rd, signé Logical inversion of general-purpose register
and immediate (1’s complement)
Shift and rotate srl $rd, 8rs Logical shift to the right For rotate/shift operation, it has
(Bits 0—-31 shifted as specified by the register) |been made possible to shift 9-31
$rd, imm5 Logical shift to the right bits.
(Bits 0—31 shifted as specified by immediate)
s11 $rd, $rs Logical shift to the left
(Bits 0-31 shifted as specified by the register)
$rd, imm5 Logical shift to the left
(Bits 0-31 shifted as specified by immediate)
sra %rd, 8rs Arithmetic shift to the right
(Bits 0-31 shifted as specified by the register)
%rd, imm5 Arithmetic shift to the right
(Bits 0-31 shifted as specified by immediate)
sla $rd, $rs Arithmetic shift to the left
(Bits 0-31 shifted as specified by the register)
$rd, imm5 Arithmetic shift to the left
(Bits 0-31 shifted as specified by immediate)
rr %rd, 8rs Rotate to the right
(Bits 0-31 rotated as specified by the register)
$rd, imm5 Rotate to the right
(Bits 0-31 rotated as specified by immediate)
rl $rd, $rs Rotate to the left
(Bits 0—31 rotated as specified by the register)
8rd, imm5 Rotate to the left
(Bits 0-31 rotated as specified by immediate)
Data transfer 1d.w srd, $ss Special register (word) — general-purpose | The number of special registers
register that can be used to load data
%sd, $rs General-purpose register (word) — special ~ |has been increased.
register
Table 2.3.3 Instructions Added to the C33 PE Core
Classification Mnemonic Function
Branch jpr 8rb PC relative jump
jpr.d Delayed branching possible
System control psrset |imm5 Set a specified bit in PSR
psrclr |immb5 Clear a specified bit in PSR
Coprocessor control |1d.c $rd, imm4 Load data from coprocessor
ld.c imm4, 8rs Store data in coprocessor
do.c immé6 Execute coprocessor
1d.cf Load zeroto C, V, Z, and N flags
Other swaph 8rd, 8rs Bytewise swap on halfword boundary in word
push 8rs Push single general-purpose register
pop $rd Pop single general-purpose register
pushs 3ss Push special registers %ss—ALR onto the stack
pops %sd Pop data for special registers %sd-ALR off the stack
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Table 2.3.4 Instructions Removed

Classification Mnemonic Function

Arithmetic operation [divO0s 3rs First step in signed integer division
divOou 3rs First step in unsigned integer division
divl 3rs Execution of step division
div2s 3rs Data correction for the result of signed integer division 1
div3s Data correction for the result of signed integer division 2

Other mirror |%rd, %rs Bitwise swap every byte in word
mac 8rs Multiply-accumulate operation 16 bits x 16 bits + 64 bits — 64 bits
scan0 8rd, $rs Search for bits whose value = 0
scanl %rd, $rs Search for bits whose value = 1

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

Table 2.3.5 Symbol Meanings

Symbol Description
$rs General-purpose register, source
srd General-purpose register, destination
8ss Special register, source
%sd Special register, destination
[$rb] General-purpose register, indirect addressing
[8rb] + General-purpose register, indirect addressing with postincrement
%sp Stack pointer
imm2, imm4, imm3, imm5, |Unsigned immediate (numerals indicating bit length)
immé6, imm10, imm13 However, numerals in shift instructions indicate the number of bits shifted, while those in bit manipulation
indicate bit positions.
signé6, sign8 Signed immediate (numerals indicating bit length)

2.4 Debug Mode

The C33 PE Core has debug mode to assist in software development by the user.
The debug mode provides the following functions:

Instruction Break
A debug exception is generated before the set instruction address is executed. An instruction break can be set at
two addresses.

Data Break
A debug exception is generated when the set address is accessed for read or write.
A data break can be set at only one address.

Single Step

A debug exception is generated for each instruction.

Forcible Break
A debug exception is generated by an external input signal.

PC Trace
The status of instruction execution by the processor is traced.

When a debug exception occurs, the processor performs the following processing:

(1) Suspends the instruction currently being executed.
A debug exception is generated at the end of the E stage of the currently executed instruction, and is accepted at
the next rise of the system clock.

(2) Saves the contents of the PC and RO, in that order, to the addresses specified below.
PC — 0x60008
RO — 0x6000c¢

(3) Loads the debug exception vector located at the address 0x00060000 to PC and branches to the debug excep-
tion handler routine.
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In the exception handler routine, the retd instruction should be executed at the end of processing to return to the
suspended instruction. When returning from the exception by the retd instruction, the processor restores the saved
data in order of the RO and the PC.

Neither hardware interrupts nor NMI interrupts are accepted during a debug exception.

2.5 Chip ID

The S1C33L27 has chip ID bits shown below that allow the application software to identify CPU type, model, and

chip version.

Core ID Bits (D[7:01/0x20000)
These bits provide an 8-bit ID code that indicates the chip core type.

ID

0x02
0x03
0x04
0x05
0x06

Chip Core Type

C33 standard macro core (C33 STD Core)
C33 mini-macro core

C33 advanced macro core (C33 ADV Core)
C33 PE Core

C33 PE little endian core

The S1C33L27 has adopted the C33 PE little endian core, so the chip core ID is 0x06.

Product Series ID Bits (D[7:0]/0x20001)
These bits provide an 8-bit ID code that indicates the product series of the S1C33 Family.

ID

0x03
0x04
0x0E
0x15

Product Series

S1C333xx Series
S1C334xx Series
S1C33Exx Series
S1C33Lxx Series

The product series ID of the SIC33L27 is Ox15.

Model ID Bits (D[7:0]/0x20002)

These bits provide an 8-bit ID code that indicates the model.
The model ID of the SIC33L27 is 0x27.

Version Bits (D[7:0]/0x20003)

These bits provide an 8-bit ID code that indicates the version number.
0x00 is a version number.
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3 Memory Map

Figure 3.1 shows a memory map of the entire SIC33L27 address space. Figure 3.2 shows a memory map of the
embedded memory and the internal I/O area.

Internal Areas External Areas
Area22 Oxffff ffff #CE9 ]
(Reserved) External Memory Cachable
2G bytes areas for CPU
0x8000 0000
Area21 Ox7fff ffff #CEB
External Memor
(Reserved) 16 bytes y 0x20000000
0%4000 0000 External ROM/
Area20 Ox3fff ffff #*CE10 // NOR Flash
(Reserved) External Memory boot address
512M bytes
0x2000 0000
Ox1fff ffff
Area 19 Ox (Reserved) External Memory #CE7 —I Usable for
256M bytes J SDRAM
0x1000 0000
OxOfff ffff
Area 18 Ox (Reserved) (Reserved)
0x0C00 0000
0xO0bff ffff
Area 17 0x (Reserved) (Reserved) Usable as external
0x0800 0000 VRAM area
Area 16 Ox07ff ffff External Memory #CE5
(Reserved) for LCDC
0x0600 0000 32M bytes
Area 15 OxO5ff ffff External Memory #CE5
(Reserved)
0x0400 0000 32M bytes
Area 14 O0x03ff ffff External Memory #CE4 Usable as card
(Reserved) —
0x0300 0000 16M bytes ] (NAND Flash) area
Area 13 0x02ff ffff External Memory #CE10
(Reserved)
0x0200 0000 16M bytes
0x01ff ffff
Area 12 0x (Reserved) (Reserved)
0x0180 0000
0x017f ffff
Area 11 0x (Reserved) (Reserved)
0x0100 0000
Area 10 O0xO00ff ffff External Memory #CE10
(Reserved)
0x00c0 0000 4M bytes
Area9 O0x00bf ffff External Memory #CE9
(Reserved)
0x0080 0000 4M bytes
Area8 0x007f ffff External Memory #CE8
(Reserved)
0x0060 0000 2M bytes
Area7 0x005f ffff (Reserved) External Memory #CE7 Usable for
0x0040 0000 2M bytes SDRAM
Area6 0x003f ffff ) (Reserved for internal
Internal peripherals :
0x0030 0000 peripherals)
Area5 0x002f ffff External Memory #CE5
(Reserved)
0x0020 0000 1M bytes
Area4  0x001f ffff External Memory #CE4
(Reserved)
0x0010 0000 1M bytes ]
0x000f ffff
Area 3 OXO 008 0000| 'mtemal RAM area . 0x00084780
% D Debug RAM address
Area2 0x0007 ffff Reserved 9
0x0006 0000 for debugging
Area1 0x0005 ffff Reserved
0x0002 0000 | for program sequencer
0x0001 ffff
Area 0 * Internal RAM area
0x0000 0000

Figure 3.1 Entire Memory Map
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3 MEMORY MAP

Internal 1/0

0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030
0x0030

2600-0x0030 26ff SD/MMC Interface (SD_MMC)
2500-0x0030 25ff Reserved

2400-0x0030 24ff [2S Bus Interface (12S)

2300-0x0030 23ff Cache Controller (CCU)

2220-0x0030 22ff SRAM Controller (SRAMC)
2200-0x0030 221f SDRAM Controller (SDRAMC)
2100-0x0030 21£f DMA Controller (DMAC)
2000-0x0030 20£f LCD Controller (LCDC)

1600-0x0030 1fff Reserved

1500-0x0030 15ff Remote Controller (REMC)
1400-0x0030 14ff Reserved

1300-0x0030 13ff A/D Converter (ADC10)

1200-0x0030 12ff 16-bit Audio PWM Timer Ch.0, Ch.1 (T16P)
1160-0x0030 11ff 16-bit PWM Timer Ch.0—Ch.3 (T16A6)
1100-0x0030 115f Fine Mode 8-bit Timer Ch.0-Ch.5 (T8F)
1000-0x0030 10£f Watchdog Timer (WDT)

0£00-0x0030 0fff Card Interface (CARD)

0e10-0x0030 Oeff UART

0e00-0x0030 0e0Of Prescaler (PSC)

0c00-0x0030 0dff USB Function Controller
0b00-0x0030 0bff BBRAM

0a00-0x0030 Oaff Real-time Clock (RTC)

0900-0x0030 09ff Host Interface (HIF)

0800-0x0030 08ff Port MUX (PMUX)

0700-0x0030 07ff Universal Serial Interface Ch.2 (USI)
0600-0x0030 06ff Universal Serial Interface with LCD Interface (USIL)
0400-0x0030 05ff Universal Serial Interface Ch.0, Ch.1 (USI)
0300-0x0030 03ff I/O Ports (GPIO)

0200-0x0030 02ff Interrupt Controller (ITC)
0100-0x0030 01ff Clock Management Unit (CMU)
0000-0x0030 00ff Misc Registers (MISC)

Internal Areas
Area6 0x003f ffff
(Reserved)
0x0030 2700
0x0030 26ff ]
Internal peripherals | —»
0x0030 0000
Ar 0x000f ffff
eas (Reserved)
0x000c 8000
0x000c 7fff IVRAM *4 -
0x000c 0000 (32K bytes)
0x000b ffff
(Reserved)
0x0008 4800
0x0008 47ff DSTRAM *3
0x0008 4000 (2K bytes)
0x0008 3fff| Reserved for hardware
0x0008 0000 | calculation accelerator
Area2 0x0007 ffff Reserved
0x0006 0000 for debugging
Area 1 0x0005 ffff
(Reserved)
0x0004 0000
0x0003 ffff Reserved
0x0002 0000 for firmware
Ar 0x0001 ffff
eal (Reserved)
0x0001 0000
0x0000 ffff! IRAM ;‘_
0x0000 8000 (32K bytes) 1
0x0000 7fff
(Reserved)
0x0000 5000
0x0000 4fff AORAM *1 %2
0x0000 0000 (20K bytes)

#1 The 1K bytes at the beginning of AORAM are used as the instruction cache when

the cache is enabled.

%2 The 1K bytes at the top of AORAM are used as the data cache when the cache

is enabled.

+3 DSTRAM (DMAC control table or general-purpose RAM) can be switched to the

calculator RAM (CALCRAM) using a Misc register.
The 256 bytes at the top of DSTRAM are reserved for debugging and cannot be used
when performing debugging.

=4 The 32K-byte IVRAM (internal VRAM located in Area 3 by default) can be relocated

to Area 0 for use as IRAM (general-purpose RAM) or can also be switched to the
calculator RAM (CALCRAM) using a Misc register.

Figure 3.2 Internal Area Map

The following describes the area configuration of the SIC33L27.

3.1 Boot Address

When the S1C33L27 is powered on or reset, the system boots up from a NAND Flash, the host device connected
via the host interface, a NOR-Flash/external ROM, an SPI-EEPROM, or the PC connected via RS232C interface
specified using the BOOT([1:0] and #CE10 pins. Table 3.1.1 lists the pin status and the boot mode selected.

Table 3.1.1 Boot Mode Settings

Pin configuration

BOOT1 | BOOTO | #CE10 Boot mode Program execution start address
0 0 1 (Input) |Large page MLC/SLC NAND |The system loads MBR to AORAM (address 0x0) and
Flash (>1024 + 32 bytes/page) |starts executing the code loaded.
0 (Input) |Small page MLC/SLC NAND
Flash (<1024 + 32 bytes/page)
0 1 Output |Host interface The system loads MBR to the memory specified by the
host device and starts executing the code loaded.
1 0 Output |NOR Flash/external ROM The system starts executing from the address written at
address 0x20000000.
1 1 1 (Input) |SPI-EEPROM The system loads MBR to AORAM (address 0x0) and
0 (Input) |PC RS232C starts executing the code loaded.
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3 MEMORY MAP

Notes: ¢ The #CE10 pull-up resistor is disabled by default. When using the #CE10 pin as an input pin
for NAND Flash, SPI-EEPROM or PC RS232C boot mode, connect an external pull-down
resistor to the #CE10 pin to set the pin level to 0 or an external pull-up resistor to set the pin
level to 1.

* The BOOT2 pin exists in the PFBGA12U-180 package or chip model. This pin must be con-
nected to Vss.

3.2 Area 0 (AORAM, IRAM)
3.2.1 AORAM

Area 0 includes a 20K-byte RAM (AORAM) that can be used as a general-purpose RAM to store data and execute
instructions. AORAM is located at addresses 0x0 to Ox4fff.

Cache memory

When caching is enabled, the cache controller uses the AORAM areas shown below as cache memories.

Instruction cache: Address 0x0 to 0x3ff in AORAM (1K bytes at the beginning of AORAM)
Data cache: Address 0x4c00 to 0x4fff in AORAM (1K bytes at the top of AORAM)

Be sure to avoid accessing these areas from the application when the cache is enabled.
For more information on the caches, see the “Cache Controller (CCU)” chapter.

3.2.2 IRAM

In addition to the 20K-byte AORAM, the 32K-byte IVRAM (internal VRAM), which is located in Area 3 by de-
fault, can be relocated to Area 0 (addresses 0x8000 to Oxffff) to use it as a general-purpose RAM (IRAM). See Sec-
tion 3.7, “RAM Configuration,” for more information on relocation.

IRAM (relocated to Area 0) is accessed without an wait cycle inserted by setting AOWT/MISC_RAMWT register
to 0. (See the “Misc Registers (MISC)” chapter for more information on the register.)

3.3 Areas 1 and 2 (Reserved for System)

Areas 1 and 2 are reserved for the system. Be sure to avoid accessing these areas from the user program and the de-
bugger.

3.4 Area 3 (IVRAM, DSTRAM)
3.4.1 IVRAM

Area 3 includes a 32K-byte IVRAM (internal VRAM) for the LCD controller. It is located at addresses 0xc0000 to
Oxc7fff and can also be used as a general-purpose RAM.

The 32K-byte IVRAM can be relocated to Area O to use it as a high-speed general-purpose RAM or can also be
used as the calculator RAM (CALCRAM). See Section 3.7, “RAM Configuration,” for more information on reloca-
tion.

IVRAM located in Area 3 is accessed without an wait cycle inserted by setting ASWT/MISC_RAMWT register to 0.
(See the “Misc Registers (MISC)” chapter for more information on the register.)
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3.4.2 DSTRAM

Area 3 includes a 2K-byte RAM (DSTRAM) located at addresses 0x84000 to 0x8471f.

DSTRAM is used to store the control table for the DMA controller or used as a general-purpose RAM. It can also
be used as the calculator RAM (CALCRAM). See Section 3.7, “RAM Configuration,” for more information on re-
location.

DSTRAM is accessed in four cycles.
Notes: ¢ The address range from 0x84700 to 0x847ff (256 bytes) in DSTRAM is reserved for use as
the debugging RAM area. Be sure to avoid accessing this area from the user program and the

debugger. When using a debugger, specify 0x84780 as the debugging RAM address.
c33 das 0x60000 0x84780

e When DSTRAM is switched to CALCRAM, locate the DMAC control table in IVRAM (Area 3)
or an external RAM.

3.5 Area 6 (I/O Area)

Area 6 is allocated to the I/O area for the internal peripheral circuits.

For details on the internal peripheral circuits mapped to this area, see the descriptions of each peripheral module.
For the list of control registers, see the “List of I/O Registers” section in Appendix.

Area 6 includes BBRAM (16 bytes) located at addresses 0x300b00 to 0x300bOf. BBRAM operates with a power
source (RTCVpb) separated from the system power. Thus, BBRAM can retain data even if the system power is off.
BBRAM is accessed in the same manner as the Area 6 registers.

3.6 External Memory Area

Areas 4, 5, 7 to 10, 13 to 16, and 19 to 22 can be used for external memory and other external devices. Configure
the SRAMC and/or SDRAMC according to the devices connected. Although the internal address and internal data
buses of the SIC33L27 are both 32 bits wide, the maximum external data bus width is 16 bits (D[15:0]) and the
maximum external address bus width is 26 bits (A[25:0]) due to the limited number of pins available.

Notes: ¢ An SDRAM can be connected to Area 7 (2M bytes) or Area 19 (256M bytes).

¢ The external VRAM used for the LCD controller and a NAND Flash can be connected to Areas
4 to 22.

3.7 RAM Configuration

IVRAM and DSTRAM can be configured to a general-purpose RAM or a hardware-specific memory.
RAMCEFG[2:0]/MISC_RAMCEFG register is used for IVRAM/DSTRAM configuration.

Table 3.7.1 IVRAM/DSTRAM Configuration

RAMCFG[2:0] IVRAM DSTRAM
0x7-0x4 CALCRAM (CALC) DSTRAM (Area 3)
0x3 IRAM (Area 0) CALCRAM (CALC)
0x2 IRAM (Area 0) DSTRAM (Area 3)
0x1 VRAM (Area 3) CALCRAM (CALC)
0x0 VRAM (Area 3) DSTRAM (Area 3)

(Default: 0x0)
For more information on the MISC_RAMCEFG register, see the “Misc Registers (MISC)” chapter.
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3.8 Bus Masters and Accessible Memories

3 MEMORY MAP

The table below lists the bus masters and the memories that can be accessed.

Table 3.8.1 Bus Masters and Accessible Memories

Bus master

Memory CcPU DMAC HIF LCDC CALC
AORAM (Area 0) v - - - -
IVRAM — IRAM (Area 0) v - - - -
IVRAM (Area 3) v v v v -
IVRAM — CALCRAM (CALC) - - - - v
DSTRAM (Area 3) v v v - -
DSTRAM — CALCRAM (CALC) - - - - v
I/O registers (Area 6) v v v/ - -
External memory v v v v -
v:Can be accessed. —: Cannot be accessed.
3.9 Memory Access Rate

Table 3.9.1 Internal RAM and External SRAM Access Rate
Number of access cycles
Memory access cycle Single byte Single half-word Single word Successive Burst
address access

AORAM (20KB/Area 0) read 2 2 2 - -
with cache enabled or disabled
AORAM (20KB/Area 0) write 1 1 1 - -
with cache enabled or disabled
IRAM (32KB/Area 0) read 2+W 2+W 2+W Tor1+W -
IRAM (32KB/Area 0) write 1 1 1 - -
DSTRAM (2KB/Area 3) read 4 4 4 - -
DSTRAM (2KB/Area 3) write 4 4 4 - -
IVRAM (32KB/Area 3) read 4+W 4+W 4+W - 1+ W (1)
IVRAM (32KB/Area 3) write 4 4 4 - -
Area 6 register (8-bit) read 6 9 15 - -
Area 6 register (8-bit) write 3 6 12 - -
Area 6 register (16-bit) read 6 6 9 - -
Area 6 register (16-bit) write 3 3 6 - -
Area 6 register (32-bit) read 6 6 6 - -
Area 6 register (32-bit) write 3 3 3 - -
External SRAM/ROM 4+S+W+H|6+(S+W+H)x2|8+(S+W+H)x4 - (*2)
(8-bit) read/write
External SRAM/ROM 4+S+W+H 4+S+W+H 6+(S+W+H)x2 - (*2)
(16-bit) read/write

W: Number of WAIT cycles (0 min.) S: Number of SETUP cycles (1 min.) H: Number of HOLD cycles (1 min.)

(Note)

*1: The cache controller does not support IVRAM, so burst read will be issued by the LCDC when IVRAM is used as
a VRAM or by the DMAC when used as a DMA control table.
%2 Burst access can be regarded as 4 or 8 single word access cycles.
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4 POWER SUPPLY

4 Power Supply

This section explains the operating voltage of the S1C33L27.

4.1 Power Supply Pins

The S1C33L27 has the power supply pins shown in Table 4.1.1.
Table 4.1.1 Power Supply Pins

No. | Pin name Description Power voltage
1 |HVop 1/0O power supply pin 3.3V typ.(2.7 t0 3.6 V) (3.0 to 3.6 V when the USB module is used.)
2 |AVbp Analog power supply pin 3.3V typ. (= HVbD)
3 |LVobp Internal logic/internal memory|1.8 V typ. (1.65 to 1.95 V) (1.7 to 1.9 V when a ceramic resonator is used.)

power supply pin

4 |RTCVop |RTC/BBRAM power supply pin [1.8 V typ. (= LVbD)
5 |Vss Ground pin GND
6 |PLLVbp |PLL power supply pin 1.8V typ. (= LVop)
7 |PLLVss PLL power supply ground pin |GND (= Vss)
1.8 V typ.
— CPU core .
Internal logic/
internal memory
0SC3 circuits
._> 77777777777777777777777777777777
PLL
|
3.3 V typ.
| g 7o
Ly Interface circuit
AVDD
Oang Analog circuits
by (A/D converter)
1.8 V typ.
) : RTCVop N |
Y RTC/OSCH1 BBRAM
SS L >
I

Figure 4.1.1 Power Supply System
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4.2 Operating Voltage (LVbD)

The internal logic and internal memory circuits operate with a voltage supplied between the LVpp and Vss pins.
The following operating voltage can be used:

LVbp = 1.65t0 1.95V (Vss = GND)
or 1.7 to 1.9 V when a ceramic resonator is used.

Note: The S1C33L27 packages have more than one LVbp and Vss pins. Be sure to supply the operating
voltage to all the pins. Do not open any of them.

4.3 Power Supply for PLL (PLLVbbD, PLLVss)

The PLL power supply pins (PLLVDD and PLLVss) are provided separately from the LVDD and Vss pins so that the
digital circuits will not affect the PLL circuit. Supply the same voltage level as the LVDD to the PLLVDD.

PLLVbD = LVbD, PLLVss = Vss

Noise on the PLL power lines decrease the PLL output precision, so use a stabilized power supply and make the
board pattern with consideration given to that.

4.4 Power Supply for RTC (RTCVbb)

The RTC power supply pin (RTCVbp) is provided separately from the LVDD pin in order to run the RTC and OSC1

oscillator at system power down. Supply the same voltage level as the LVpp to the RTCVbp pin.
RTCVop = LVop (Vss = GND)
The RTCVpp is also used for the battery-backup RAM (BBRAM).

4.5 1/0 Interface Voltage (HVbD)

The HVDp voltage is used for interfacing with external I/O signals. For the output interface of the SIC33L27, the

HVpp voltage is used as high level and the Vss voltage as low level. The Vss pin is used for the ground common
with LVpp. The effective HVDD voltage range is as follows:

HVbb =2.71t0 3.6 V (Vss = GND)
or 3.0 to 3.6 V when the USB module is used

Note: The S1C33L27 packages have more than one HVbp pins. Be sure to supply the operating voltage
to all the pins. Do not open any of them.

4.6 Power Supply for Analog Circuits (AVbb)

The analog power supply pin (AVDD) is provided separately from other power supply pins so that the digital circuits
will not affect the analog circuits (A/D converter). The AVDD pin is used to supply an analog power voltage and the
Vss pin is used as the analog ground. The effective AVDD voltage range is as follows:

AVbp =2.71t0 3.6 V (Vss = GND)

Note: Be sure to supply a voltage within the range from 2.7 to 3.6 V to the AVbp pin even if the analog
circuit is not used.

Noise on the analog power lines decrease the A/D converting precision, so use a stabilized power supply and make
the board pattern with consideration given to that.
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4.7 Precautions on Power Supply

Power-on sequence

In order to operate the device normally, supply power in accordance with the following timing.
To ensure that the device will operate normally, observe the timing requirements given below when turning the
power on.

I/O power supply voltage

HVbb, AVDD
Internal power supply voltage Voo min-
LVop, PLLVDD, RTCVDD . tsTA3 trsT
gl
0OSC3clock _ top

#RESET

Figure 4.7.1 Power-On Sequence

(1) tvpp: Elapsed time until the power supply stabilizes after power-on
Supply power in the following sequence.
Power-on: 1. LVpp, PLLVDD, (and RTCVDD)
2. HVpp, AVpD (May be applied with 1 above at the same time.)
3. Apply the input signal

* The RTCVpD can be always supplied to the chip to operate the RTC and BBRAM.

(2) tsta3: Time at which OSC3 oscillation starts

(3) trsT:  Minimum reset pulse width
Time at which the clock supplied to the chip stabilizes plus at least three clocks; Keep the #RESET
signal low.

Power-off sequence

Shut oft the power supply in the following sequence.
Power-off: 1. Turn off the input signal
2. HVpDp, AVDD
3. LVpp, PLLVDD (and RTCVpD) (May be turned off with 2 above at the same time.)

Note: Be sure to avoid applying HVop or AVop for a duration of one second or more when the LVbp
power is off, as a breakdown may occur in the device or the characteristics may be degraded due
to flow-through current of the HVop or AVop.

Latch-up

The CMOS device may be in the latch-up condition. This is the phenomenon caused by conduction of the para-
sitic PNPN junction (thyristor) contained in the CMOS IC, resulting in a large current between LVDD and Vss
and leading to breakage.

Latch-up occurs when the voltage applied to the input/output exceeds the rated value and a large current flows

into the internal element, or when the voltage at the LVDD pin exceeds the rated value and the internal element

is in the breakdown condition. In the latter case, even if the application of a voltage exceeding the rated value is
instantaneous, the current remains high between LVDD and Vss once the device is in the latch-up condition. As
this may result in heat generation or smoking, the following points must be taken into consideration:

(1) The voltage level at the input/output must not exceed the range specified in the electrical characteristics. In
other words, it must be below the power-supply voltage and above Vss. The power-on timing should also be
taken into consideration.

(2) Abnormal noise must not be applied to the device.

(3) The potential at the unused input should be fixed at LVbp, HVpD, AVDD, or Vss.

(4) No outputs should be shorted.
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5 Reset and NMI

5.1 Initial Reset

The S1C33L27 has two initial reset sources that initialize the internal circuits.

(1) #RESET pin (external initial reset)
(2) Watchdog timer (software selectable internal initial reset)

Figure 5.1.1 shows the configuration of the initial reset circuit.

Reset input signal

Sampling circuit
#RESETC‘; piing T_D—» Internal reset signal
WDT reset signal
Watchdog '9 (to core and peripherals)

I 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

The #RESET pin is used for initial reset input from outside the IC. Set the #RESET pin to 0 (low) to reset the IC.
The #RESET input signal is sampled with the OSC3 clock. Therefore, the chip cannot be reset when the OSC3
clock is not input or generated. And as shown in Figure 5.1.1.1, to assert the internal reset signal, low level must be
continuously detected at least three times in this sampling. The #RESET signal should be held low for at least three
OSC3 clock cycles to ensure that the chip is reset. Also the internal reset signal is negated when the default OSC3
oscillation stabilization wait cycle has elapsed after the #RESET pin goes high.

The S1C33L27 is reset by the low state (= 0) on the internal reset signal, and starts operating when the reset signal
goes high (= 1).

oscacock [ F LA LI LF LA LFLF LI L LML L L
#RESET  ~ \ N\ ./ H

Internal

reset signal R B R ~ -
Less than 3 cycles Default OSC3 oscillation
3 cycles stabilization wait cycle .

<&
€ >

Reset state
Figure 5.1.1.1 #RESET Sampling

5.1.2 Resetting by the Watchdog Timer

The S1IC33L27 has a built-in watchdog timer to detect runaway of the CPU. The watchdog timer outputs a signal if
it is not reset via software (due to CPU runaway) in the programmed cycles. The output signal can generate either
NMI or reset. Write 1 to the RESEN/WDT_EN register to generate reset.

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 the programmed 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 en-
abled with software.
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5.1.3 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 cycle (128 OSC3 clock cycles) has elapsed.

Figure 5.1.3.1 shows the operating sequence following cancellation of initial reset.

The CPU starts operating in synchronization with the OSC3 clock after reset state is canceled.

Note: The oscillation stabilization cycle 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
may be longer than that indicated in the figure below.

0SC3 clock J_\_/_\_/_\_/_\_/_\_/_( WU_U_L

#RESET /<« Reset canceled \\
|

/ <—Internal reset canceled
|
]
|

l
Internal data address /| X Boot vector
7/

Internal reset

Internal data request

Oscillation stabilization
waiting cycle

Booting
Figure 5.1.3.1 Operation Sequence Following Cancellation of Initial Reset

5.1.4 Initial Reset Status

The C33 PE Core and internal peripheral circuits are initialized while the internal reset signal is at kept 0. The fol-
lowing shows the reset status of the internal IC with the initial reset.

Table 5.1.4.1 Initial Reset Status

Item Boot mode Initial reset status
CPU-TTBR All boot modes Initialized to 0x20000000
CPU - PC NOR Flash/ The reset vector at address 0x20000000 is loaded to the PC.

external ROM boot
NAND Flash boot |0x0 is loaded to the PC.
SPI-EEPROM boot
PC RS232C boot

HIF boot The address stored in the HIF scratchpad register is loaded to the PC.
CPU - PSR - Undefined
CPU - Other registers - Undefined
CPU - Operating clock - The CPU operates with OSC3 x 1/1 clock.
Oscillator circuits - Both the high-speed (OSC3) and low-speed (OSC1) oscillator circuits
are turned on. (PLL and SSCG are turned off.)
Clock supply to - Clocks are supplied to all the peripheral modules except LCDC, USB,
peripheral modules and HIF.
I/O pin state - 1/0 pins are initialized.

(See the “Pin Functions” section in the “Overview” chapter or the “Boot”
chapter in the supplementary volume.)

Other internal peripheral - Initialized or undefined (See each I/O map.)

circuits

Note: The S1C33L27 does not support a hot reset feature that maintains I/O pin status and the TTBR
value.
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5.1.5 Precautions to be Taken during Initial Reset

Core CPU

When initially reset, all internal registers of the core CPU are undefined. Therefore, these registers must be
initialized in a program. In particular, the Stack Pointer (SP) should always be initialized before accessing the
stack. Note that NMI requests are masked with hardware until data is written to the SP after an initial reset, to
prevent erratic operation.

Internal RAM

The contents of internal RAM are undefined when initially reset. Internal RAM must be initialized as required.

High-speed (OSC3) oscillator circuit

When initially reset, the high-speed (OSC3) oscillator circuit starts oscillating, and when the reset signal is
negated, the CPU starts operating with the OSC3 clock. To prevent erratic operation due to an unstable clock
when the chip is reset at power-on or while the high-speed (OSC3) oscillator circuit is idle, the reset signal
should not be negated until after oscillation stabilizes.

Low-speed (OSC1) oscillator circuit

When the chip is reset at power-on or while the low-speed (OSC1) oscillator circuit is idle, the low-speed (OSC1)
oscillator circuit also starts oscillating. The low-speed (OSC1) oscillator circuit requires a longer time for start-
ing oscillation than the high-speed (OSC3) oscillator circuit. (See the electrical characteristics table.) To prevent
erratic operation due to an unstable clock, the OSC1 clock should not be used only after this start time elapsed.

I/0 ports and I/O pins

Initial reset initializes the I/O port control and data registers, therefore, be set up back again in a program.

Other internal peripheral circuits

The control and data registers of other peripheral circuits are initialized or undefined by initial reset. Therefore,
setup of these registers with a program is required.

For the specific initial settings done on the peripheral circuits after an initial reset, see each I/O map or circuit
descriptions.

5.2 NMI Input

The S1C33L27 has three NMI sources that generate NMI.

(1) #NMI pin (external input)
(2) Watchdog timer (software selectable)
(3) Host processor via the host interface (software selectable)

Figure 5.2.1 shows the configuration of the NMI circuit.

NMI input signal

#NMI O
\ WDT NMI signal
| WaFchdog 9 NMI request signal
| timer
| .
HIF NMI signal
Host processor <= Host 9
\ interface

Figure 5.2.1 Configuration of NMI Circuit

The NMI signal, which is input from the #NMI pin, generated by the watchdog timer (WDT), or generated by the
host processor via the host interface (HIF), generates a nonmaskable interrupt to the C33 PE Core. This interrupt
takes precedence over other interrupts and is unconditionally accepted by the C33 PE Core.

For details about NMI exception handling by the C33 PE Core, refer to the “S1C33 Family C33 PE Core Manual.”
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5.2.1 #NMI Pin

The #NMI pin is used to generate a non-maskable interrupt to the C33 PE Core.
To generate an NMI (Non-Maskable Interrupt) to the C33 PE Core, the #NMI pin must be maintained at a low level
for three or more system clock cycles.

5.2.2 NMI by the Watchdog Timer

The S1C33L27 has a built-in watchdog timer to detect runaway of the CPU. The watchdog timer outputs a signal if
it is not reset with software (due to CPU runaway) in the programmed cycles. The output signal can generate either
NMI or reset. Write 1 to the NMIEN/WDT_EN register to generate NMI.

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

5.2.3 NMI by the Host Processor

Writing 1 from the external host processor to the HINT/HIF_FLAG] register generates an NMI. However, HINT _
MD/HIF_EXTCTRLI1 register must be set to O to enable the host interface for generating NMI.
For more information on NMI generation by the host processor, see the “Host Interface (HIF)” chapter.
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6 CLOCK MANAGEMENT UNIT (CMU)

6 Clock Management Unit (CMU)

6.1 CMU Module Overview

The CMU module controls the internal oscillators and the system clock.
The features of the CMU module are listed below.

* Generates the operating clocks with the built-in oscillators.
- OSC3 oscillator circuit: 48 MHz (max.) crystal or ceramic oscillator circuit
Supports an external clock input.
- OSCl oscillator circuit: 32.768 kHz (typ.) crystal oscillator circuit
Supports an external clock input.

» Switches the system clock. The system clock source can be selected from OSC3, PLL, and OSC1 with software.
* Controls PLL and SSCG.

* Generates the system clock by dividing the source clock by 1 to 32.

* Controls the clock supply to the peripheral modules.

* Controls the clocks according to the standby mode (HALT, or SLEEP).

» Controls a clock output to external devices.

To reduce current consumption, control the clock in conjunction with processing and use standby mode. For more
information on reducing current consumption, see “Power Saving” in Appendix.
Figure 6.1.1 shows the clock system and CMU module configuration.

CMU
OSC/PLL/
—SSCG Gate >
control '\—1 » To USB
MCLKI O——0SC3 L
oscillator [Wait | 0sc3
MCLKO O——|(48 MHz) “lcontrol | PLL 0sCc
0SC1 (1/1-1/32) SYSCLK Gate CCLK N To C33
PLL PE Core
x1-x16 D [Divider R
(20-60 MHz) la/-1110) Gate BOLK 1, To bus
> modules
PCLK |
SSCG ‘4 Gates | , To peripheral
| » modules
Divider Gate LCDC CLK |
RTC " 11-1/32) » To LCDC
RTCCLKI O——0SC1 |, LCDCBC::E {
oscillator oscrt ogg/sz >
RTCCLKO O——(32.768 kHz) osc1 | ocomu clk
WAKEUP O—{ PLL |
#STBY O— 0OSC3
HIF » Reset/NMI NMI
WDT control » To C33
#NMI O » PE Core
#RESET O »| RESET

Figure 6.1.1 CMU Module Configuration

Note: The CMU control registers (addresses 0x300100 to 0x30010d and 0x300114 to 0x300118) are
write-protected. Before the CMU control registers can be rewritten, write protection of these reg-
isters must be removed by writing data 0x96 to CMUP[7:0)/CMU_PROTECT register. Note that
since unnecessary rewrites to the CMU control registers could lead to erratic system operation,
CMUPI7:0] should be set to other than 0x96 unless the CMU control registers must be rewritten.
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6.2 CMU Pins

Table 6.2.1 lists the input/output pins for the CMU module.

Table 6.2.1 List of CMU Pins

Pin name 1/0 Qty Function
RTCCLKI | 1 |OSC1 oscillator input pin
Connect a crystal resonator (32.768 kHz), a feedback resistor, and a gate capaci-
tor. Or input an external clock.
RTCCLKO (0] 1 OSC1 oscillator output pin
Connect a crystal resonator (32.768 kHz), a feedback resistor, a drain resistor,
and a drain capacitor.
MCLKI | 1 |OSC3 oscillator input pin
Connect a crystal or ceramic resonator (max. 48 MHz), a feedback resistor, and a
gate capacitor. Or input an external clock.
MCLKO (0] 1 OSC3 oscillator output pin
Connect a crystal or ceramic resonator (max. 48 MHz), a feedback resistor, a
drain resistor, and a drain capacitor.
CMU_CLK (0] 1 |CMU_CLK output pin
Outputs the clock selected from OSC3, OSC1, PLL, OSC/1-0SC/32, and LCDC_
CLK.

The CMU output pin (CMU_CLK) is shared with an I/O port and are initially set as 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
CMU output pin. For detailed information on pin function switching, see the “I/O Ports (GPIO)” chapter.

6.3 Oscillators

6.3.1 OSC3 Oscillator Circuit

The OSC3 oscillator circuit generates the main clock for high-speed operation of the C33 PE Core and peripheral
circuits.
Structure of the OSC3 oscillator circuit

The OSC3 oscillator circuit accommodates a crystal/ceramic oscillator and external clock input.
Figure 6.3.1.1 shows the structure of the OSC3 oscillator circuit.

T MCLKI [~ """ 7 e
Cas MCLKI | LVoD CLKI |
‘ T OSC3 clock Vss J U U L T OSC3 clock
X'tal3 I External I
=3 or Rt | clock :
Ceramic ! !
}l/\/\/\/ : Oscillation circuit N.C Oi Oscillation circuit
; control signal U control signal
C\?Zs R MCLKO} ( Ki SLEEP control MCLKO ! ( 'o_—i SLEEP control
(1) Crystal/ceramic oscillation circuit (2) External clock input

Figure 6.3.1.1 OSC3 Oscillator Circuit

For use as a crystal or ceramic oscillator circuit, connect a crystal (X tal3) or ceramic resonator and a feedback
resistor (Rf), two capacitors (Ca3, Cp3) and, if necessary, a drain resistor (Rd) to the MCLKI and MCLKO pins
and Vss. To use an external clock, leave the MCLKO pin open and input a LVpp-level clock (with a 50% duty
cycle) to the MCLKI pin.

The range of oscillation frequencies is as follows:

* Crystal oscillator: 5 MHz (min.) to 48 MHz (max.)

* Ceramic oscillator: 5 MHz (min.) to 48 MHz (max.)

» External clock input: 2 MHz (min.) to 48 MHz (max.)

A 48 MHz clock source with 0.25% of accuracy should be connected for using the USB function.

» Before using a ceramic resonator, please be sure to contact Murata Manufacturing Co., Ltd. for further infor-
mation on conditions of use for ceramic resonators.

For details of oscillation characteristics and external clock input characteristics, see “Electrical Characteristics.”
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OSC3 oscillation on/off

The OSC3 oscillator circuit stops oscillating when OSC3EN/CMU_OSCCTL register is set to 0 and starts os-
cillating when set to 1. The OSC3 oscillator circuit stops oscillating in SLEEP mode. After an initial reset, OS-
C3EN is set to 1 and the OSC3 oscillator circuit is activated.

Stabilization wait time at start of OSC3 oscillation
The OSC3 oscillator circuit incorporates an oscillation stabilization wait timer to prevent malfunctions due to
unstable clock operations at the start of OSC3 oscillation—e.g., after an initial reset or waking from SLEEP
mode when OSC3 or PLL is used as the system clock source. The OSC3 or PLL clock is not supplied to the
system until the time set for this timer has elapsed. Use OSC3WT[3:0]/CMU_OSCCTL register to select one of
16 oscillation stabilization wait times.

Table 6.3.1.1 OSC3 Oscillation Stabilization Wait Time Settings

OSC3WT[3:0] Oscillation stabilization wait time
Oxf 128 cycles
Oxe 256 cycles
Oxd 512 cycles
0xc 1,024 cycles
Oxb 2,048 cycles
Oxa 4,096 cycles
0x9 8,192 cycles
0x8 16,384 cycles
0x7 32,768 cycles
0x6 65,536 cycles
0x5 131,072 cycles
0x4 262,144 cycles
0x3 524,288 cycles
0x2 1,048,576 cycles
0x1 2,097,152 cycles
0x0 4,194,304 cycles

(Default: 0xf)
This is set to 128 cycles (OSC3 clock) after an initial reset.

Notes: ¢ The OSC3 oscillation stabilization wait timer cannot be used when the OSC3 oscillator is
turned on with software. Therefore, a software wait routine must be implemented.

* Oscillation stability will vary, depending on the resonator and other external components.
Carefully consider the OSC3 oscillation stabilization wait time before reducing the time. When
waking from SLEEP mode if OSCS3 or PLL is used as the system clock source, set the OSC3
oscillation stabilization wait time as follows:

OSC3 oscillation stabilization wait time [cycle] > OSCS3 oscillation start time [s] (max.) x fsyscLk [Hz]
fsyscLk: SYSCLK frequency when the clock source is OSC3 or PLL.

Example: When OSC3 oscillation start time (max.) = 25 ms and fsyscLk = 48 MHz
OSC3 oscillation stabilization wait time > 1,200,000 [cycles]

OSC3WT][3:0] should be set to 0x1 (OSCS3 oscillation stabilization wait time = 2,097,152
cycles).

6.3.2 OSC1 Oscillator Circuit

The S1C33L27 contains an oscillator circuit (OSC1) used to generate a 32.768 kHz (typ.) clock as the clock source
for timekeeping operation of the RTC. The OSC1 clock can also be used as a power-saving operating clock for the
core system or peripheral circuits.

Structure of the OSC1 oscillator circuit

The OSC1 oscillator circuit accommodates a crystal oscillator and external clock input. As for the RTC,
RTCVbpp is used to supply power to this circuit.
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Figure 6.3.2.1 shows the structure of the OSC1 oscillator circuit.

Cat RTCCLKI | RTovop T oK
+——» OSCH Vss O—D%—» 0sci1
i External i
=3 X'tal1 Rf clock :
| Rd ; |
\ ‘ NC. O———
Co1 RTCCLKO | RTCCLKO '
Vss e e
(1) Crystal oscillation circuit (2) External clock input

RTCCLKI |

s Low level

RTCCLKO'!
Vss e
(3) When not used
Figure 6.3.2.1 OSC1 Oscillator Circuit

For use as a crystal oscillator circuit, connect a crystal resonator X tall (32.768 kHz, typ.), feedback resistor (Rf),
two capacitors (Cc1, Cb1), and, if necessary, a drain resistor (Rd) to the RTCCLKI and RTCCLKO pins and Vss,
as shown in the figure above.

To use an external clock, leave the RTCCLKO pin open and input an RTCVpp-level clock (whose duty cycle is
50%) to the RTCCLKI pin.

The oscillator frequency/input clock frequency is 32.768 kHz (typ.). Make sure the crystal resonator or external
clock used in the RTC has this clock frequency. With any other clock frequencies, the RTC cannot be used for
timekeeping purposes.

For details of oscillation characteristics and the input characteristics of external clock, see “Electrical Charac-
teristics.”

When not using the OSC1 oscillator circuit, connect the RTCCLKI pin to Vss and leave the RTCCLKO pin
open.

0OSC1 oscillation on/off

The OSC1 oscillator circuit stops oscillating when OSCIEN/CMU_OSCCTL register is set to 0 and starts os-
cillating when set to 1. After an initial reset, OSCIEN is set to 1 and the OSCI1 oscillator circuit is activated.
The OSC1 oscillator circuit does not stop oscillating in SLEEP mode.

Note: A finite time (see “Electrical Characteristics”) is required until oscillation stabilizes after the OSC1
oscillator starts oscillating. To prevent system malfunction, do not use the oscillator-derived clock
until this oscillation stabilization time elapses.

6.4 PLL

The PLL multiplies the OSC3 clock frequency by a given value to generate a source clock for high-speed operation.

6.4.1 PLL On/Off Control

PLLPOWR/CMU_PLLCTLO register can be used to turn the PLL on or off. Setting PLLPOWR to 1 initiates PLL
operation. When initially reset, PLLPOWR is set to 0 (power-down mode), with the PLL turned off.

Notes: ¢ An output stabilization time is required (see “Electric Characteristics”) immediately after the
PLL is started by setting PLLPOWR to 1. After the PLL is turned on, insert a waiting time for
the output clock to stabilize, before switching the system clock source to the PLL.

* The PLL must be turned off before setting the CPU to SLEEP mode (before executing the slp
instruction).

* Switch the system clock source to OSC3 or OSC1 before turning the PLL off.
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6.4.2 Selecting the PLL Input Clock

The PLL input clock can be selected from among 10 kinds of OSC3 divided clocks, OSC3/1 to OSC3/10, using
PLLINDIV[3:0]/CMU_PLLINDIV register.

Table 6.4.2.1 PLL Input Clock (OSC3 Division Ratio) Selections

PLLINDIV[3:0] Division ratio (OSC3/n)
Oxf—Oxa 1/8
0x9 110
0x8 1/9
0x7 1/8
0x6 1/7
0x5 1/6
0x4 1/5
0x3 1/4
0x2 1/3
0x1 1/2
0x0 11

(Default: 0x7)

Notes: ¢ The PLL input clock can only be selected when the PLL is turned off (PLLPOWR/CMU_
PLLCTLO register = 0) and the clock source is other than the PLL (CLKSEL[1:0//CMU_OSC-
SEL register is not 0x2). If the PLL input clock is changed while the system is operating with
the PLL clock, the system may operate erratically.

 For the range of the input clock frequency, see “Electrical Characteristics.”

6.4.3 Setting the Frequency Multiplication Rate

The PLL frequency multiplication rate can be specified as shown in the table below using PLLN[3:0]/CMU_
PLLCTLO register.

Table 6.4.3.1 PLL Frequency Multiplication Rates

PLLN[3:0] Multiplication rate
Oxf x16
Oxe x15
Oxd x14
0xc x13
Oxb x12
Oxa x11
0x9 x10
0x8 X9
0x7 x8
0x6 X7
0x5 X6
0x4 x5
0x3 x4
0x2 x3
0x1 X2
0x0 X1

(Default: 0x0)

PLL output clock frequency = PLL input clock frequency X multiplication rate

Notes: ¢ The frequency multiplication rate must be set so that the PLL output clock frequency does not
exceed the upper-limit operating clock frequency. For the multiplication rates that can be set
and the range of the output clock frequency, see “Electrical Characteristics.”

* The frequency multiplication rate can only be set when the PLL is turned off (PLLPOWR/
CMU_PLLCTLO register = 0) and the clock source is other than the PLL (CLKSEL[1:0}/CMU_
OSCSEL register is not 0x2). If the frequency multiplication rate is changed while the system
is operating with the PLL clock, the system may operate erratically.
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6.4.4 Other PLL Settings

V-Divider
To ensure that frequency fvco obtained by <output frequency X W> falls within the range of 100 to 400 MHz,

set the proper W value using PLLV[1:0]/CMU_PLLCTLO register. Lower value is better for low power con-
sumption.

Table 6.4.4.1 W Value Settings

PLLV[1:0] w
0x3 8
0x2 4
0x1 2
0x0 Setting prohibited

(Default: 0x1)
VCO Kv constant (VC value)

According to the range of fvco frequencies obtained by <output frequency x W>, set the VCO Kv circuit con-
stant (VC value) using PLLVC[3:0]//CMU_PLLCTL1 register.

Table 6.4.4.2 VC Value Settings

PLLVCI[3:0] fvco [MHz]
0x8 360 < fvco <400
0x7 320 < fvco <360
0x6 280 < fvco < 320
0x5 240 < fvco <280
0x4 200 < fvco <240
0x3 160 < fvco <200
0x2 120 < fvco £ 160
0x1 100 < fvco <120

Other Setting prohibited

(Default: 0x1)

LPF resistance value (RS value)

According to the input clock frequency, set the LPF resistance value (RS value) of the PLL by using PLL-
RS[3:0]/CMU_PLLCTLI register.

Table 6.4.4.3 RS Value Settings

PLLRSI[3:0] frerck [MHz]
Oxa 5 < fRerck < 20
0x8 20 < frerck < 150

Other Setting prohibited

(Default: 0x8)

LPF capacitance value (CS value)

Bits to set the LPF capacitance value (CS value) is provided in the CMU control registers, PLLCS[1:0]/CMU_
PLLCTL2 register. However, do not alter the value of these bits, and leave them as initially set (0x0).

Charge pump current value (CP value)

Bits to set the charge pump current value (CP value) is provided in the CMU control registers, PLLCP[4:0]/
CMU_PLLCTL2 register. However, do not alter the value of these bits, and leave them as initially set (0x10).

Table 6.4.4.4 PLL Setting Examples

PLL input clock | PLL output clock PLLNJ[3:0] PLLV[1:0] PLLVC[3:0] PLLRS[3:0]
6 MHz 60 MHz x10 (0x9) 0x1 0x1 Oxa
10 MHz 60 MHz x6 (0x5) 0x1 0x1 Oxa
40 MHz x4 (0x3) 0x2 0x2 Oxa
20 MHz 60 MHz x3 (0x2) 0x1 0x1 0x8
40 MHz x2 (0x1) 0x2 0x2 0x8
30 MHz 60 MHz x2 (0x1) 0x1 0x1 0x8
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Note: The PLL can only be set up when the PLL is turned off (PLLPOWR/CMU_PLLCTLO register = 0)
and the clock source is other than the PLL (CLKSEL[1:0/CMU_OSCSEL register is not 0x2). If
settings are changed while the system is operating with the PLL clock, the system may operate
erratically.

6.4.5 Power Supply for PLL

In order to prevent undesirable effects of noise, the PLLVDD and PLLVss pins are provided, in addition to the inter-
nal logic/internal memory power supply, to feed power to the PLL. Make sure that the following voltages are sup-
plied to the respective pins.

PLLVDD pin: Supply LVDD level voltage.

PLLVss pin: Set to Vss level.

For pin assignments, see the “Pin Descriptions” section.

6.5 SSCG

The SSCG (Spread Spectrum Clock Generator) is a circuit used to reduce EMI (Electromagnetic Interference) noise
by conducting spread spectrum (or SS modulation) on the PLL output clock signal. SSCG conducts SS modulation
on the PLL output clock signal. Thus SS modulation contributes in reducing noise when the PLL output clock is
selected as the system clock source since, in this case, the SS modulation is effective for all the operating clocks for
the core and peripheral circuits (except the RTC that uses the OSC1 clock).

Note: When the OSC3 or OSC1 clock is selected as the system clock source, SS modulation is not per-
formed for the operating clock (system clock).

* About spectrum spread (SS modulation)
The SSCG performs SS modulation by adjusting the width of the high section of the input clock. This adjust-
ment is made by increasing or reducing the set value of the internal delay adjust circuit of the SSCG. The
maximum width within which the set value is changed constitutes the maximum frequency change width. The
relevant control register is used to set the upper-limit value of this width. In the SSCG, an interval timer adjusts
the interval at which the set value changes. The relevant control register is also used to set this interval (frequency
change cycle).

\ {aximum freq:?ncy change width
4 A 4 A

/V
N\ N\ N

|/ |/
N\ N\

Frequency change cycle
Figure 6.5.1 SS Modulation

Input clock cycle +0

6.5.1 SSCG On/Off Control

The SSCG can be turned on or off using SSMCON/CMU_SSCGO register. Setting SSMCON to 1 causes the SSCG
to start operating. When initially reset, SSMCON is initialized to 0, with the SSCG turned off (bypassed).
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Notes: ¢ A stabilized clock must be supplied to the SSCG module when turning the SSCG on and off.
The following shows the operation procedure.

To turn the SSCG on
1. Turn the PLL on.
2. Wait for the PLL stabilization time to elapse at the minimum.
3. Turn the SSCG on.

To turn the SSCG off
1. Turn the SSCG off.
2. Turn the PLL off.

* SS modulation is conducted on the PLL output clock signal. SS modulation is not applicable to
the signals other than the PLL clock signal. When the PLL output clock is not used for the sys-
tem clock, turn the SSCG off.

6.5.2 SS Modulation Parameter Settings

As described in “About spectrum spread (SS modulation)” above, it is necessary to set the upper-limit value of the
maximum frequency change width and the frequency change cycle.

The maximum frequency change width should be set to the appropriate value according to the PLL output clock
frequency as shown in the table below using SSMCIDT[3:0]/CMU_SSCGI1 register. The maximum frequency
change width will be about 2% of the PLL output clock by the above setting.

Table 6.5.2.1 Maximum Frequency Change Width Settings

PLL output clock frequency f [MHz] SSMCIDT[3:0]

f<19.8 Oxf
19.8<f<21.2 Oxe
21.2<f<225 Oxd
225<f<24.2 0xc
242 <f<25.9 0xb
25.9<f<28.4 Oxa
28.4 <f<30.8 0x9
30.8<f<34.2 0x8
342 <f<37.8 0x7
37.8 <f<43.1 0x6
43.1 <f<48.9 0x5
48.9 <f<58.5 0x4
58.5 <<60.0 0x3

— 0x2

- 0x1

- 0x0

(Default: 0x0)

SSMCITM[3:0]/CMU_SSCG1 register is used to set the frequency change cycle. However, always set it to 0x1.

Notes: ¢ SSMCIDT[3:0] must be set according to the PLL output clock frequency as shown in Table
6.5.2.1. Using the SSCG with an improper setting may cause a malfunction of the IC.

* When the PLL is off, the initial values and the written values cannot be read correctly from
SSMCIDT[3:0] and SSMCITM[3:0] since the source clock is not supplied from the PLL (different
values are read out). The correct values can be read out when the PLL is on.
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6.6 System Clock Settings

OSC8 clock 0SsC Divider SYSCLK
OSC1 clock ————» ==
PLL clock ——— (171-1/32)
CLKSEL[1:0] SYSCLKDIV[2:0]

Figure 6.6.1 System Clock Control Circuit

6.6.1 System Clock Source Selection

The system clock source can be selected from OSC3, OSC1, or PLL using CLKSEL[1:0]/CMU_OSCSEL register.
Table 6.6.1.1 System Clock Source Selections

CLKSEL[1:0] Clock source
0x3 Reserved
0x2 PLL
Ox1 OSC1
0x0 OSC3

(Default: 0x0)

The following shows system clock switching procedures:

Switching the system clock to OSC1 from OSC3
1. Turn the OSCI1 oscillator on if it is off. (OSCI1EN = 1)
Wait until the OSC1 oscillation is stabilized.
Stop the peripheral circuit operations.
Select the OSC1 clock as the system clock. (CLKSEL[1:0] = 0x1)
Check if CLKSEL[1:0] is set to 0x1 to confirm that the system clock has been switched to OSC1.
Turn the OSC3 oscillator off to reduce current consumption if the CMU_CLK output circuit has not used
the OSC3 clock. (OSC3EN = 0)

AN Sl

Switching the system clock to PLL from OSC3
1. Configure the PLL parameters, such as the PLL input clock and the multiplication rate, before activating
the PLL.
Enable the PLL. (PLLPOWR = 1)
Wait until the PLL operation is stabilized.
Stop the peripheral circuit operations except the RTC.
Select the PLL clock as the system clock. (CLKSEL[1:0] = 0x2)
Check if CLKSEL[1:0] is set to 0x2 to confirm that the system clock has been switched to PLL.

ANl

Switching the system clock to OSC3 from OSC1
1. Turn the OSC3 oscillator on if it is off. (OSC3EN = 1)
Wait until the OSC3 oscillation is stabilized.
Stop the peripheral circuit operations except the RTC.
Select the OSC3 clock as the system clock. (CLKSEL[1:0] = 0x0)
Check if CLKSEL[1:0] is set to 0x0 to confirm that the system clock has been switched to OSC3.

M

Switching the system clock to PLL from OSCH1
1. Switch the system clock to OSC3 from OSC1 by following the procedure shown above.
2. Switch the system clock to PLL from OSC3 by following the procedure shown above.

Switching the system clock to OSC3 from PLL
1. Stop the peripheral circuit operations except the RTC.
2. Select the OSC3 clock as the system clock. (CLKSEL[1:0] = 0x0)
3. Check if CLKSEL[1:0] is set to 0x0 to confirm that the system clock has been switched to OSC3.
4. Disable the PLL to reduce current consumption if the CMU_CLK output circuit has not used the PLL
clock. (PLLPOWR = 0)
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6 CLOCK MANAGEMENT UNIT (CMU)

Switching the system clock to OSC1 from PLL
1. Switch the system clock to OSC3 from PLL by following the procedure shown above.
2. Switch the system clock to OSC1 from OSC3 by following the procedure shown above.

Notes: * Do not select the system clock from deactivated clock sources. It will cause the system to hang
as the CMU does not include a protection mechanism against such system clock selection.

* After the system clock is switched, change peripheral circuit settings according to the new
clock as necessary.

6.6.2 System Clock Frequency Setting

The source clock frequency can be divided by 1 to 32 to generate the system clock using SYSCLKDIV[2:0]/CMU_
SYSCLKDIV register. Setting the system clock to the lowest frequency possible according to the processing can
reduce current consumption.

Table 6.6.2.1 System Clock Division Ratio

SYSCLKDIV[2:0] Division ratio (OSC/n)
0x7—0x6 11
0x5 1/32
0x4 116
0x3 1/8
0x2 1/4
0x1 1/2
0x0 11

(Default: 0x0)

6.7 Clock Supply Control

To reduce current consumption on the chip, the CMU provides some gate circuits to disable clock supply.

The clock supply circuits other than core clock (CCLK) and bus clock (BCLK) provide a clock enable bit. When
the clock enable bit is set to 1, the clock is supplied to the peripheral module even in HALT mode as well as normal
mode. To stop the peripheral module in HALT mode, set the clock enable bit to O before executing the halt instruc-
tion. In SLEEP mode (when the slp instruction is executed), the clocks stop even if the clock enable bit is set to 1.

6.7.1 Core Clock (CCLK)

SYSCLK
CCLK
HALT

Figure 6.7.1.1 CCLK Control Circuit

The CCLK clock is the C33 PE Core operating clock.

In normal mode, CCLK is always supplied to the C33 PE Core (CPU, CCU, AORAM, COPRO).

When the C33 PE Core executes the halt or slp instruction, the CMU stops supplying the clock to the C33 PE Core
and the C33 PE Core enters a standby (HALT or SLEEP) mode. The CMU resumes the clock supply to the C33 PE
Core when the standby mode is canceled by occurrence of an interrupt.

6.7.2 Bus Clock (BCLK)

SYSCLK 4‘:}—» BCLK
BCLK_CKE
HALT
Figure 6.7.2.1 BCLK Control Circuit

The BCLK clock is used to operate the modules listed below.
e IVRAM (Area 3)

e DSTRAM (Area 3)

* SRAM controller (SRAMC) bus interface and registers

* SDRAM controller (SDRAMC) bus interface and registers
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6 CLOCK MANAGEMENT UNIT (CMU)

* Clock management unit (CMU) registers
* SAPB bus

BCLK is required for bus and memory operations, therefore, it is always supplied to the modules listed above in
normal mode.

However, the BCLK supply in HALT mode can be disabled using BCLK_CKE/CMU_CLKCTL2 register.

To stop BCLK in HALT mode, set BCLK_CKE to 0. The CMU stops supplying BCLK when the halt instruction is
executed. The CMU resumes the clock supply when the HALT mode is canceled.

To supply BCLK in HALT mode, set BCLK_CKE to 1 (default). The modules listed above operates even in HALT

mode.

BCLK stops in SLEEP mode (when the slp instruction is executed) regardless of the BCLK_CKE set value.

6.7.3 Peripheral Module Clocks (PCLK)

The peripheral module clocks (collectively called PCLK) are used to operate the modules listed below.

SYSCLK
xxxx_CKE

D—PPCLK

Figure 6.7.3.1 PCLK Control Circuit

Table 6.7.3.1 Peripheral Modules and Operating Clocks

PCLK Clock enable bit Peripheral modules Default
T16A_CLK T16A_CKE/CMU_CLKCTLO register ¢ 16-bit PWM timer (T16A6 Ch.0-3) registers Enabled
* Prescaler (PSC Ch.0) —» T16A6 Ch.0-3
TCLK TCLK_CKE/CMU_CLKCTLO register ¢ 16-bit PWM timer (T16A6 Ch.0-3) counters Enabled
* Prescaler (PSC Ch.0) —» T16A6 Ch.0-3
NANDIF_CLK "5 NANDIF_CKE/CMU_CLKCTLA1 register Card interface (CARD) Enabled
REMC_CLK REMC_CKE/CMU_CLKCTL1 register Remote controller (REMC) Enabled
ADC_CLK ADC_CKE/CMU_CLKCTL1 register A/D converter (ADC10) Enabled
PORT_CLK PORT_CKE/CMU_CLKCTL1 register 1/0 ports and port MUX (GPIO/PMUX) Enabled
SDMMC_CLK SDMMC_CKE/CMU_CLKCTLA1 register SD/MMC interface (SD_MMC) Enabled
128_CLK 12S_CKE/CMU_CLKCTLA1 register 128 (12S) Enabled
ITC_CLK ITC_CKE/CMU_CLKCTLA1 register Interrupt controller (ITC) Enabled
DMAC_CLK DMAC_CKE/CMU_CLKCTLA1 register DMA controller (DMAC) Enabled
HIF_CLK*2 HIF_CKE/CMU_CLKCTL2 register Host Interface (HIF) Disabled
LCDC_SAPB_CLK|LCDC_SAPB_CKE/CMU_CLKCTL2 register |LCD controller (LCDC) registers Disabled
LCDC_AHB_CLK |LCDC_AHB_CKE/CMU_CLKCTL2 register [LCD controller (LCDC) AHB interface and FIFO Disabled
LCDC_CLK*3 LCDC_CKE/CMU_CLKCTL2 register LCD controller (LCDC) Disabled
USBREG_CLK USBREG_CKE/CMU_CLKCTL2 register USB function controller (USB) registers Disabled
USB_CLK 4 USB_CKE/CMU_CLKCTL2 register USB function controller (USB) Disabled
BCU_CLK BCU_CKE/CMU_CLKCTL2 register * SRAM controller (SRAMC) Enabled
* SDRAM controller (SDRAMC)
PSC1/2_CLK PSC1/2_CKE/CMU_CLKCTLS register * Prescaler (PSC Ch.1) — « T8F Ch.0 — USI Ch.0 Enabled
*T8F Ch.2 — USI Ch.2
*T8F Ch.4 — ADC10
* ADC10
* Prescaler (PSC Ch.2) — « T8F Ch.1 — USI Ch.1
*T8F Ch.3 — USIL
*T8F Ch.5 —» UART
* UART
* REMC
*T16P Ch.0-1
*GPIO
T8F_CLK T8F_CKE/CMU_CLKCTLS3 register Fine mode 8-bit timer (T8F Ch.0-5) Enabled
UART_CLK UART_CKE/CMU_CLKCTLS register UART Enabled
T16P_CLK T16P_CKE/CMU_CLKCTLS register 16-bit audio PWM timer (T16P Ch.0-1) Enabled
USI_CLK USI_CKE/CMU_CLKCTLS3 register Universal serial interface (USI Ch.0-2) Enabled
USIL_CLK USIL_CKE/CMU_CLKCTLS register Universal serial interface with LCD interface (USIL) Enabled
MISC_CLK MISC_CKE/CMU_CLKCTLA4 register Misc registers (MISC) Enabled
IVRAM_ARB_CLK |IVRAM_ARB_CKE/CMU_CLKCTL4 register |IVRAM arbiter (LCDC) Enabled
A3RAM_CLK A3RAM_CKE/CMU_CLKCTL4 register DSTRAM Enabled
RTC_SAPB_CLK |RTC_SAPB_CKE/CMU_CLKCTLA4 register | Real-time clock (RTC) registers Enabled
* BBRAM
WDT_CLK WDT_CKE/CMU_CLKCTLA4 register Watchdog timer (WDT) Enabled

1 SYSCLK, OSC3, or OSC1 clock (See Section 6.7.4.)
=2 Before the HIF registers (both host side and S1C33L27 side registers) can be read or written, HIF_CLK must be enabled by writ-
ing 1 to HIF_CKE/CMU_CLKCTL2 register.

S$1C33L27 TECHNICAL MANUAL

Seiko Epson Corporation 6-11



6 CLOCK MANAGEMENT UNIT (CMU)

*3 OSC3 dividing clock (See Section 6.7.5.)

x4 OSC3 clock (48 MHz) (See Section 6.7.6.)

x5 NANDIF_CLK must be turned on (NANDIF_CKE = 1) to control the registers and EDC function of the CARD module. When the
EDC function is not used (EN/CARD_EDC_CTRL register = 0) or after the card area has been selected using RGN[2:0]/CARD_
EDC_RGN register, NANDIF_CLK can be turned off (NANDIF_CKE = 0). The #NAND_RD and #NAND_WR signals can be output
normally without NANDIF_CLK.

The peripheral module clock supply can be controlled using the clock enable bit listed above.

The clock supply is enabled by setting the clock enable bit is 1. Disable the clock supply by setting the clock enable

bit to 0 to reduce current consumption unless the modules that use the clock need to be running.

6.7.4 16-bit PWM Timer Counter Clock (TCLK)

SYSCLK clock ———— ¥
OSC3 clock > TCLK
OSC1 clock —b/f TCLK_CKE

TCLK_SEL[1:0]
Figure 6.7.4.1 TCLK Control Circuit

The T16A6 counter clock (TCLK) can be generated from the OSC3 and OSC1 clocks as well as SYSCLK.
The source clock is selected using TCLK_SEL[1:0]/CMU_CLKCTLO register.

Table 6.7.4.1 TCLK Source Clock Selections

TCLK_SEL[1:0] Source clock
0x3—0x2 OSCH1
0x1 OSC3
0x0 SYSCLK

(Default: 0x0)

TCLK_CKE/CMU_CLKCTLO register is used for clock supply control (default: enabled). Before using the T16A6,
make sure that TCLK_CKE is set to 1. Note that PCLK is required to set the T16A6 registers (see Table 6.7.3.1).

Note: Disable TCLK supply (TCLK_CKE = 0) when changing the source clock using TCLK_SEL[1:0].
6.7.5 LCDC Clock (LCDC_CLK)

0SC3 Divider
(1/1-1/32) LCDC_CLK
? LCDC_CKE —

LCLKDIV[4:0]
Figure 6.7.5.1 LCDC_CLK Control Circuit

The LCDC_CLK clock is generated by dividing the OSC3 clock and is supplied the LCD controller (LCDC). The
frequency divider generates 32 kinds of clocks from OSC3/1 to OSC3/32. Select a division ratio according to the
frame rate using LCLKDIV[4:0]/CMU_LCLKDIV register.

fLcpe_cLk
F =————|[H
rame rate XVT [Hz]

frepe_cik: LCDC_CLK frequency
HT: Horizontal total period (horizontal panel size + horizontal non-display period) [pixels]
VT: Vertical total period (vertical panel size + vertical non-display period) [lines]
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Table 6.7.5.1 LCDC Clock (OSC3 Division Ratio) Selections

LCLKDIV[4:0] Division ratio (OSC3/n) LCLKDIV[4:0] Division ratio (OSC3/n)
Ox1f 1/32 Oxf 116
Ox1e 1/31 Oxe 115
0x1d 1/30 Oxd 114
Ox1c 1/29 Oxc 113
0x1b 1/28 Oxb 112
Ox1a 1/27 Oxa 1/11
0x19 1/26 0x9 110
0x18 1/25 0x8 1/9
0x17 1/24 0x7 1/8
0x16 1/23 0x6 1/7
0x15 1/22 0x5 1/6
0x14 1/21 0x4 1/5
0x13 1/20 0x3 1/4
0x12 119 0x2 1/3
Ox11 1/18 0x1 1/2
0x10 117 0x0 11

(Default: 0x7)

LCDC_CKE/CMU_CLKCTL2 register is used for clock supply control (default: disabled). Before using the
LCDC, set LCDC_CKE to 1. Note that PCLK is required to set the LCDC registers (see Table 6.7.3.1).

Note: Disable LCDC_CLK supply (LCDC_CKE = 0) when changing the clock division ratio using LCLK-
DIV[4:0] or before executing the slp instruction.

6.7.6 USB Clock (USB_CLK)

0SC3 USB_CLK
USB_CKE ———————

Figure 6.7.6.1 USB_CLK Control Circuit

The USB_CLK clock is the USB operating clock supplied to the USB function controller. Use a 48 MHz ceramic
resonator for the OSC3 oscillator circuit when using the USB function. USB_CKE/CMU_CLKCTL?2 register is
used for clock supply control. The default setting of USB_CKE is 0, which disables the clock supply. Enable the
clock supply by setting USB_CKE to 1 before the USB function controller can be used. Note that PCLK is required
to set the USB registers (see Table 6.7.3.1).

6.8 Clock External Output (CMU_CLK)

An internally generated clock can be output from the CMU_CLK pin to external devices.
The output clock can be selected from among 11 clocks using CMU_CLKSEL[4:0]/CMU_CMUCLK register.

Table 6.8.1 CMU_CLK Selections

CMU_CLKSEL[4:0] CMU_CLK
0xf-Oxb Reserved

Oxa 0SC/32
0x9 0OSC/16
0x8 OSC/8
0x7 OSC/4
0x6 OSC/2
0x5 osci
0x4 LCDC_CLK
0x3 BCLK
0x2 PLL
0x1 OSC1
0x0 OSC3

(Default: 0x0)

CMU_CLK can be selected at any time. However, switching over the clocks creates hazards.
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Note: Settings other than those listed in Table 6.8.1 are reserved for testing. Do not set undescribed val-
ues to CMU_CLKSEL[4:0] as undesired clocks may output.

6.9 Standby Modes

The S1C33L27 supports two standby modes: HALT and SLEEP. Power consumption on the chip can be greatly re-
duced by placing the CPU in one of these standby modes.

6.9.1 HALT Mode

The CPU suspends program execution upon executing the halt instruction and enters HALT mode. HALT mode is
effective in reducing power consumption on the chip when running the CPU is unnecessary, such as when waiting
for external input or responses from peripheral circuits.

In HALT mode, CCLK stops so the CPU, CCU, and AORAM stop operating. Furthermore, BCLK (bus-related
modules) can be stopped in HALT mode (after the halt instruction is executed) by setting BCLK_CKE/CMU _
CLKCTL2 register to O (see Sections 6.7.2 for BCLK). The other internal peripheral circuits remain in the state (idle
or operating) held when the halt instruction was executed.

The CPU is released from HALT mode by initial reset, an NMI or other interrupt, or a forcible break from the de-
bugger. When an interrupt is used to cancel HALT mode, the C33 PE Core uses the interrupt signal sent from the
interrupt controller (ITC). Therefore, the interrupts used to cancel HALT mode must be enabled in the interrupt
source modules. The C33 PE Core can restart from HALT mode even if the PSR is set to disable interrupts.

When the IE (interrupt enable) bit in the PSR is set to 1 (enabled), the C33 PE Core executes the interrupt handler
routine after HALT mode is canceled. When the IE bit is set to 0 (disabled), an interrupt does not occur and the C33
PE Core resumes execution from the instruction that follows the halt instruction.

The #NMI signal releases the CPU from HALT mode when it goes low level.

6.9.2 SLEEP Mode

The CPU suspends program execution upon executing the slp instruction and enters SLEEP mode. In SLEEP mode,
the CPU stops operating and the CMU stops supplying clocks. Therefore, all peripheral modules (except for the
OSCl1 oscillator circuit and RTC) stop operating.

The CPU is reawaken from SLEEP mode by initial reset, an RTC interrupt, an NMI, other interrupt from an exter-
nal device (port or key input interrupt), or a forcible break from the debugger.

The C33 PE Core can restart from SLEEP mode even if the PSR is set to disable interrupts. When the IE (interrupt
enable) bit in the PSR is set to 0 (disabled), an interrupt does not occur and the C33 PE Core resumes execution
from the instruction that follows the slp instruction. When the IE (interrupt enable) bit in the PSR is set to 1 (enabled),
the C33 PE Core executes the interrupt handler routine after SLEEP mode is canceled.

The #NMI signal releases the CPU from SLEEP mode when it goes low level.

Notes: * In SLEEP mode, there is a time lag between inputting an interrupt signal for wake-up and
starting the clock supply to the interrupt source module, so a delay will occur until the interrupt
flag is set. Therefore, no interrupt will occur if the interrupt signal is negated before the clock is
supplied, as the interrupt flag is not set.

Furthermore, additional time is needed for the C33 PE Core to accept the interrupt request
from the ITC, the C33 PE Core may execute a few instructions that follow the slp instruction
before it executes the interrupt handler routine.

When a level trigger port or key input interrupt is used to wake up the C33 PE Core from
SLEEP mode, assert the input signal until the clock supply has started. Edge trigger port or
key input interrupts can also used to cancel SLEEP mode. The active signal edge will be auto-
matically converted into an active level signal by the GPIO module and it keeps on active until
the clock supply has started.

The same problem may occur when the CPU wakes up from SLEEP mode by an NMI. No in-
terrupt will occur if the #NMI signal is negated before the clock is supplied.

» Before setting the S1C33L27 into SLEEP mode, the clock supply for the LCDC must be dis-
abled.

« If the system clock is PLL, change it to OSC3 or OSC1 before setting SLEEP mode.
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Control Register Details

Table 6.10.1 List of CMU Registers

Address Register name Function
0x300100 [CMU_OSCSEL Clock Source Select Register Select system clock source

0x300101 |CMU_OSCCTL Oscillation Control Register Control oscillators

0x300103 |CMU_LCLKDIV LCDC Clock Division Ratio Select Register Set LCDC_CLK frequency

0x300105 |CMU_SYSCLKDIV [System Clock Division Ratio Select Register [Set system clock frequency

0x300106 |CMU_CMUCLK CMU_CLK Select Register Select CMU_CLK output clock

0x300107 |CMU_PLLINDIV PLL Input Clock Division Ratio Select Register|Set PLL input clock frequency

0x300108 [CMU_PLLCTLO PLL Control Register 0 Set PLL multiplication rate and enable PLL

0x300109 [CMU_PLLCTLA1 PLL Control Register 1 Set PLL parameters

0x30010a [CMU_PLLCTL2 PLL Control Register 2

0x30010c |CMU_SSCGO SSCG Macro Control Register 0 Enable SSCG

0x30010d |CMU_SSCG1 SSCG Macro Control Register 1 Set SSCG parameters

0x300110 |CMU_PROTECT |[CMU Write Protect Register Enable/disable CMU register write protection

0x300114

CMU_CLKCTLO

Clock Control Register 0

0x300115

CMU_CLKCTLA

Clock Control Register 1

0x300116

CMU_CLKCTL2

Clock Control Register 2

0x300117

CMU_CLKCTL3

Clock Control Register 3

0x300118

CMU_CLKCTL4

Clock Control Register 4

Control clock supply to peripheral/bus modules

The CMU module 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 CMU control registers (addresses 0x300100 to 0x30010d and 0x300114 to 0x300118)

are write-protected. Before the CMU control registers can be rewritten, write protection of
these registers must be removed by writing data 0x96 to CMUP[7:0)/CMU_PROTECT register.
Note that since unnecessary rewrites to the CMU control registers could lead to erratic system
operation, CMUP[7:0] should be set to other than 0x96 unless the CMU control registers must

be rewritten.

Clock Source Select Register (CMU_OSCSEL)

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
Clock Source |0x300100| D7-2 |- reserved - - — |0 when being read.
Select Register | (8 bits) D1-0 |CLKSEL System clock source select CLKSEL[1:0] | Clock source | 0x0 | R/W |Write-protected
(CMU_OSCSEL) [1:0] 0x3 Not allowed

0x2 PLL

ox1 OSC1

0x0 0OSC3
D[7:2] Reserved
D[1:0] CLKSEL[1:0]: System Clock Source Select Bits

Selects the system clock source.

Table 6.10.2 System Clock Source Selections

CLKSEL[1:0] Clock source
0x3 Reserved
0x2 PLL
0x1 OSC1
0x0 OSC3

(Default: 0x0)

Note: Do not select the system clock from deactivated clock sources. It will cause the system to hang as
the CMU does not include a protection mechanism against such system clock selection.
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Oscillation Control Register (CMU_OSCCTL)

\ Register name| Address | Bit | Name | Function | Setting | Init. | RNV| Remarks
Oscillation 0x300101| D7-4 [OSC3WT[3:0]|OSC3 wait cycle select OSC3WT[3:0] | Wait cycle Oxf | R/W |Write-protected
Control Register| (8 bits) Oxf 128 cycles
(CMU_OSCCTL) Oxe 256 cycles
Oxd 512 cycles
Oxc 1,024 cycles
Oxb 2,048 cycles
Oxa 4,096 cycles
0x9 8,192 cycles
0x8 16,384 cycles
0x7 32,768 cycles
0x6 65,536 cycles
0x5 131,072 cycles
0x4 262,144 cycles
0x3 524,288 cycles
0x2 1,048,576 cycles
0ox1 2,097,152 cycles
0x0 4,194,304 cycles
D3-2 |- reserved - - — |0 when being read.
D1 |0SC1EN  |OSC1 enable 1|Enable [0 [Disable 1| R/W |Write-protected
DO |OSC3EN  |OSC3 enable 1[Enable | 0|Disable 1 [RW

D[7:4]

OSC3WT[3:0]:

has elapsed.

OSC3 Wait Cycle Select Bits
An oscillation stabilization wait timer is set to prevent malfunctions due to unstable clock operation at
the start of OSC3 oscillation. The OSC3 or PLL clock is not supplied to the system immediately after
OSC3 oscillation starts—e.g., after an initial reset or when waking from SLEEP—until the time set here

Table 6.10.3 OSC3 Oscillation Stabilization Wait Time Settings

OSC3WT[3:0]

Oscillation stabilization wait time

Oxf 128 cycles
Oxe 256 cycles
Oxd 512 cycles
0xc 1,024 cycles
0xb 2,048 cycles
Oxa 4,096 cycles
0x9 8,192 cycles
0x8 16,384 cycles
0x7 32,768 cycles
0x6 65,536 cycles
0x5 131,072 cycles
0x4 262,144 cycles
0x3 524,288 cycles
0x2 1,048,576 cycles
0x1 2,097,152 cycles
0x0 4,194,304 cycles

(Default: 0xf)

This is set to 128 cycles (OSC3 clock) after an initial reset.

Notes: * The OSC3 oscillation stabilization wait timer cannot be used when the OSC3 oscillator is
turned on with software. Therefore, a software wait routine must be implemented.

¢ Oscillation stability will vary, depending on the resonator and other external components.
Carefully consider the OSC3 oscillation stabilization wait time before reducing the time.
When waking from SLEEP mode if OSC3 or PLL is used as the system clock source, set
the OSCS3 oscillation stabilization wait time as follows:

OSC3 oscillation stabilization wait time [cycle] > OSC3 oscillation start time [s] (max.) x fsyscik [Hz]

fsyscLk: SYSCLK frequency when the clock source is OSC3 or PLL.

Example: When OSC3 oscillation start time (max.) = 25 ms and fsyscLk = 48 MHz
OSC3 oscillation stabilization wait time > 1,200,000 [cycles]

OSC3WT][3:0] should be set to 0x1 (OSC3 oscillation stabilization wait time = 2,097,152
cycles).
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Reserved

OSC1EN: OSC1 Enable Bit

Enables or disables OSC1 oscillator operations.
1 (R/W): Enabled (on) (default)

0 (R/W): Disabled (off)

Do not stop the OSC1 oscillator if the OSC1 clock is being used as the system clock.
OSC3EN: OSC3 Enable Bit
Enables or disables OSC3 oscillator operations.

1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

The OSC3 oscillator cannot be stopped if the OSC3 or PLL clock is being used as the system
clock.

LCDC Clock Division Ratio Select Register (CMU_LCLKDIV)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks \
LCDC Clock  |0x300103| D7-5 |- [reserved - - | — |0 when being read.
Division Ratio (8 bits) | D4-0 [LCLKDIV[4:0]|LCDC clock division ratio select | LCLKDIV[4:0] | Division ratio | 0x7 | R/W |Clock source =
Select Register ox1f 1/32 0OSC3
(CMU_ Oxle 1/31 Write-protected
LCLKDIV) Oox1d 1/30

Ox1c 1/29

Ox1b 1/28

Oxla 1/27

0x19 1/26

0x18 1/25

ox17 1/24

0x16 1/23

0x15 1/22

0x14 1/21

0x13 1/20

0x12 119

ox11 118

0x10 117

Oxf 116

Oxe 115

Oxd 114

Oxc 113

Oxb 112

Oxa 111

0x9 110

0x8 19

Ox7 1/8

0x6 1/7

0x5 1/6

Ox4 1/5

0x3 1/4

0x2 1/3

0ox1 1/2

0x0 11
D[7:5] Reserved
D[4:0] LCLKDIV[4:0]: LCDC Clock Division Ratio Select Bits

Selects the LCDC clock (LCDC_CLK) from among 32 kinds of OSC3 division clocks. Select a clock
according to the frame rate.

Frame rate = M [Hz]
HT X VT

frepe_cik: LCDC_CLK frequency
HT: Horizontal total period (horizontal panel size + horizontal non-display period) [pixels]
VT: Vertical total period (vertical panel size + vertical non-display period) [lines]
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Table 6.10.4 LCDC Clock (OSC3 Division Ratio) Selections

LCLKDIV[4:0] Division ratio (OSC3/n) LCLKDIV[4:0] Division ratio (OSC3/n)
Ox1f 1/32 Oxf 116
Ox1e 1/31 Oxe 115
0x1d 1/30 Oxd 114
0x1c 1/29 Oxc 113
0x1b 1/28 Oxb 112
Ox1a 1/27 Oxa 1/11
0x19 1/26 0x9 110
0x18 1/25 0x8 1/9
0x17 1/24 0x7 1/8
0x16 1/23 0x6 1/7
0x15 1/22 0x5 1/6
0x14 1/21 0x4 1/5
0x13 1/20 0x3 1/4
0x12 119 0x2 1/3
Ox11 118 Ox1 1/2
0x10 117 0x0 11

(Default: 0x7)

System Clock Division Ratio Select Register (CMU_SYSCLKDIV)

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
Sy Clock |0x300105| D7-3 |— reserved - - — |0 when being read.
Division Ratio (8 bits) D2-0 [SYSCLKDIV|System clock division ratio select [SYSCLKDIV[2:0]| Division ratio | 0x0 | R/W |Clock source =
Select Register [2:0] 0x7-0x6 il OSC (OSC3, PLL,
(CMU_ 0x5 1/32 or OSC1)
SYSCLKDIV) 0ox4 116 Write-protected

0x3 1/8

0x2 1/4

ox1 1/2

0x0 11

D[7:3] Reserved

D[2:0] SYSCLKDIV[2:0]: System Clock Division Ratio Select Bits
Selects a division ratio to set the system clock frequency. To reduce current consumption, operate the
C33 PE Core and peripheral modules using the slowest possible clock speed.

Table 6.10.5 System Clock Division Ratio

SYSCLKDIV[2:0] Division ratio (OSC/n)
0x7—0x6 11
0x5 1/32
0x4 116
0x3 1/8
0x2 1/4
0x1 1/2
0x0 11

(Default: 0x0)

CMU_CLK Select Register (CMU_CMUCLK)

\ Register name| Address | Bit | Name | Function | Setting | Init. | RNV| Remarks \
CMU_CLK 0x300106| D7-5 |- reserved - - — |0 when being read.
Select Register | (8 bits) D4-0 |CMU_ CMU_CLK select CMU_CLKSEL[4:0]] CMU_CLK [ Ox0 | R/W |OSC: system clock
(CMU_CMUCLK) CLKSEL[4:0] 0xf—-0xb reserved (OSC3, PLL, OSC1)

Oxa 0SC/32 Write-protected

0x9 0OSC/16

0x8 0OSC/8

0x7 OSC/4

0x6 0sC/2

0x5 0sc/1

Ox4 LCDC_CLK

0x3 BCLK

0x2 PLL

ox1 0OSC1

0x0 0OSsC3
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D[7:5] Reserved

D[4:0] CMU_CLKSEL[4:0]: CMU_CLK Select Bits

Selects an internally generated clock to be output from the CMU_CLK pin to external devices.

Table 6.10.6 CMU_CLK Selections

CMU_CLKSEL[4:0] CMU_CLK
0xf—0xb Reserved

Oxa 0OSC/32
0x9 0OSC/16
0x8 0OSC/8
0x7 0SC/4
0x6 0OSC/2
0x5 0OSsC/1
0x4 LCDC_CLK
0x3 BCLK
0x2 PLL
0x1 0OSCH1
0x0 0SC3

(Default: 0x0)

CMU_CLK can be selected at any time. However, switching over the clocks creates hazards.

Note: Settings other than those listed in Table 6.10.6 are reserved for testing. Do not set unde-
scribed values to CMU_CLKSEL[4:0] as undesired clocks may output.

PLL Input Clock Division Ratio Select Register (CMU_PLLINDIV)

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks ‘
PLL Input Clock|0x300107| D74 |- reserved - - — |0 when being read.
Division Ratio (8 bits) D3-0 [PLLINDIV |PLL input clock division ratio PLLINDIV[3:0] | Division ratio | 0x7 | R/W |Clock source =
Select Register [3:0] select Oxf-Oxa 1/8 OSC3
(CMU_ 0x9 110 Write-protected
PLLINDIV) 0x8 1/9

0ox7 1/8

0x6 1/7

0x5 1/6

Ox4 1/5

0x3 1/4

0x2 1/3

0ox1 12

0x0 11
D[7:4] Reserved
D[3:0] PLLINDIV[3:0]: PLL Input Clock Division Ratio Select Bits

Selects the PLL input clock (OSC3 division ratio).
Table 6.10.7 PLL Input Clock (OSC3 Division Ratio) Selections

PLLINDIV[3:0] Division ratio (OSC3/n)
Oxf—Oxa 1/8

0x9 110
0x8 1/9
0x7 1/8
0x6 1/7
0x5 1/6
0x4 1/5
0x3 1/4
0x2 1/3
0x1 1/2
0x0 11

(Default: 0x7)
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Notes: * The PLL input clock can only be selected when the PLL is turned off (PLLPOWR/CMU_
PLLCTLO register = 0) and the clock source is other than the PLL (CLKSEL[1:0/CMU_
OSCSEL register is not 2). If the PLL input clock is changed while the system is operating
with the PLL clock, the system may operate erratically.

» For the range of the input clock frequency, see “Electrical Characteristics.”

PLL Control Register 0 (CMU_PLLCTLO)

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
PLL Control 0x300108| D7-4 [PLLN[3:0] |PLL multiplication rate setup PLLN[3:0] | Multiplication rate | 0x0 | R/W [Write-protected
Register 0 (8 bits) Oxf x16
(CMU_ Oxe x15
PLLCTLO) Oxd x14
Oxc x13
0xb x12
Oxa x11
0x9 x10
0x8 x9
0x7 x8
0x6 X7
0x5 x6
0x4 x5
0x3 x4
0x2 x3
0ox1 x2
0x0 x1
D3-2 [PLLV[1:0] |PLL V-divider setup PLLV[1:0] w ox1 | R'W
0x3 8
0x2 4
0x1 2
0x0 Not allowed
D1 |- reserved - - — |0 when being read.
DO |PLLPOWR |PLL enable 1]Enable  [o0]Disable 0 [ R/W |Write-protected

Note: Make sure that the PLL is turned off (PLLPOWR = 0) before altering D[7:4] in this register.

D[7:4] PLLN[3:0]: PLL Multiplication Rate Setup Bits
Sets the frequency multiplication rate of the PLL.

Table 6.10.8 PLL Frequency Multiplication Rates

PLLN[3:0] Multiplication rate
Oxf x16
Oxe x15
Oxd x14
0xc x13
Oxb x12
Oxa x11
0x9 x10
0x8 X9
0x7 X8
0x6 X7
0x5 X6
0x4 x5
0x3 x4
0x2 x3
0x1 X2
0x0 x1

(Default: 0x0)
PLL output clock frequency = PLL input clock frequency X multiplication rate

Note: The frequency multiplication rate must be set so that the PLL output clock frequency does not
exceed the upper-limit operating clock frequency. For the multiplication rates that can be set
and the range of the output clock frequency, see “Electrical Characteristics.”

D[3:2] PLLV[1:0]: PLL V-Divider Setup Bits
Sets the W value so that the fvco frequency obtained by <Output clock frequency X W> falls within the
range of 100 to 400 MHz.
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Table 6.10.9 W Value Settings

PLLV[1:0] w
0x3 8
0x2 4
0x1 2
0x0 Setting prohibited
(Default: 0x1)
D1 Reserved
DO PLLPOWR: PLL Enable Bit
Turns the PLL on or off.
1 (R/W): On

0 (R/W): Off (Default)

Up to 200 ps is required before the PLL output clock stabilizes after PLLPOWR is set to 1. Specify this
wait time in the program before changing the system clock source to the PLL.
When not using the PLL, turn the PLL off (power-down mode) to reduce current consumption.

PLL Control Register 1 (CMU_PLLCTL1)

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
PLL Control 0x300109| D7-4 [PLLVC[3:0] |PLL VCO Kv setup PLLVC[3:0] fvco [MHz] 0x1 | R/W Write-protected
Register 1 (8 bits) 0x8 360 < fvco < 400
(CMU_ 0ox7 320 < fvco < 360
PLLCTL1) 0x6 280 < fvco < 320

0x5 240 < fvco <280
0x4 200 < fvco <240

0x3 160 < fvco < 200
0x2 120 < fvco < 160
Oox1 100 < fvco <120

Other Not allowed

D3-0 [PLLRS[3:0] |PLL LPF resistance setup PLLRS[3:0] frerck [MHz] 0x8 | R/W

Oxa 5 < frReFck < 20
0x8 20 < freFck < 150

Other Not allowed

Note: Make sure that the PLL is turned off (PLLPOWR/CMU_PLLCTLO register = 0) before altering this
register.

D[7:4] PLLVCI[3:0]: PLL VCO Kv Setup Bits
Sets the VCO Kbv circuit constant (VC value) according to the range of fvco frequencies obtained by
<Output clock frequency x W>.

Table 6.10.10 VC Value Settings

PLLVCI[3:0] fvco [MHz]
0x8 360 < fvco <400
0x7 320 < fvco £ 360
0x6 280 < fvco < 320
0x5 240 < fvco <280
0x4 200 < fvco <240
0x3 160 < fvco < 200
0x2 120 < fvco < 160
0x1 100 < fvco <120

Other Setting prohibited

(Default: Ox1)

D[3:0] PLLRS[3:0]: PLL LPF Resistance Setup Bits
Sets the LPF resistance value of the PLL (RS value) according to the input clock (OSC3) frequency.

Table 6.10.11 RS Value Settings

PLLRSI[3:0] frerck [MHz]
Oxa 5 < frerFck < 20
0x8 20 < frerFck < 150

Other Setting prohibited

(Default: 0x8)
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PLL Control Register 2 (CMU_PLLCTLZ2)

\Register name|Address| Bit | Name | Function | Setting

| Init. | R/W | Remarks

PLL Control 0x30010a| D7-6 |PLLCS[1:0] |PLL LPF capacitance 0x0

0x0

R

Register 2 (8 bits) D5 |PLLBYP PLL bypass mode 0

0

R

(CMU_ D4-0 |PLLCP[4:0] |PLL charge pump current 0x10
PLLCTL2)

0x10

R

D[7:6] PLLCS[1:0]: PLL LPF Capacitance Bits
Indicates the LPF capacitance value (CS value). (Default: 0x0)

D5 PLLBYP: PLL Bypass Mode Bit
Indicates the mode when the PLL is bypassed. (Default: 0)

D[4:0] PLLCP[4:0]: PLL Charge Pump Current Bits
Indicates the charge pump current value (CP value). (Default: 0x10)

SSCG Macro Control Register 0 (CMU_SSCGO0)

\Register name|Address| Bit | Name | Function | Setting

| Init. | R/W | Remarks

SSCG Macro 0x30010c| D7-1 |- reserved -
Control Register| (8 bits)
0

0 when being read.

(CMU_SSCGO0) DO [SSMCON |SSCG enable 1]Enable  [o0]Disable 0

R/W

\Write-protected

D[7:1] Reserved

DO SSMCON: SSCG Enable Bit
Turns the SSCG on or off.
1 (R/W): On
0 (R/W): Off (Default)

Setting this bit to 1 causes the SSCG to start operating. Setting this bit to 0 causes the SSCG to stop, al-

lowing the clock to bypasses the SSCG.

SSCG Macro Control Register 1 (CMU_SSCG1)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
SSCG Macro  [0x30010d| D7—4 |SSMCITM |SSCG interval timer (ITM) 0x0 to Oxf Oxf | R/W |Write-protected
Control Register| (8 bits) [3:0] setting

1 D3-0 [SSMCIDT |SSCG maximum frequency 0x0 to Oxf 0x0 | R/'W

(CMU_SSCG1) [3:0] change width setting

Note: When the PLL is off, the initial values and the written values cannot be read correctly from this
register since the source clock is not supplied to the SSCG (different values are read out). The

correct values can be read out when the PLL is turned on.

D[7:4] SSMCITM[3:0]: SSCG Interval Timer Setting Bits

Sets the frequency change cycle in SS modulation of the SSCG. (See Section 6.5, “SSCG.”)

Always set these bits to 0x1 (Default: 0xf)

D[3:0] SSMCIDT[3:0]: SSCG Maximum Frequency Change Width Setting Bits
Sets the maximum frequency change width in SS modulation of the SSCG. (See Section 6.5, “SSCG.”)
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Table 6.10.12 Maximum Frequency Change Width Settings

PLL output clock frequency f [MHz] SSMCIDT[3:0]

f<19.8 Oxf
19.8<f<21.2 Oxe
21.2<f<225 Oxd
225<f<24.2 Oxc
242 <f<25.9 Oxb
25.9<f<28.4 Oxa
28.4<f<30.8 0x9
30.8<f<34.2 0x8
342 <f<37.8 0x7
37.8 <f<43.1 0x6
43.1 <f<48.9 0x5
48.9 <f<58.5 0x4
58.5 <f<60.0 0x3

- 0x2

- Ox1

- 0x0

(Default: 0x0)

Note: SSMCIDTI[3:0] must be set according to the PLL output clock frequency as shown in Table
6.10.12. Using the SSCG with an improper setting may cause a malfunction of the IC.

CMU Write Protect Register (CMU_PROTECT)

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
CMU Write 0x300110( D7-0 |CMUP[7:0] |CMU register write-protect flag Writing 10010110 (0x96) 0x0 | R'W
Protect Register| (8 bits) removes the write protection of
(CMuU_ the CMU registers
PROTECT) (0x300100-0x30010d,
0x300114-0x300118).
Writing another value set the
write protection.

D[7:0] CMUPI[7:0]: CMU Register Write-Protect Flag Bits
Enables or disables write protection of the CMU control registers (0x300100-0x30010d, 0x300114—
0x300118).
0x96 (R/W): Disable write protection
Other than 0x96 (R/W): Write-protect the register (default: 0x0)

Before altering any CMU control register, write data 0x96 to CMUP[7:0] to disable write protection. If
CMUP(7:0] is set to other than 0x96, even if an attempt is made to alter any CMU control register by
executing a write instruction, the content of the register will not be altered even though the instruction
may have been executed without a problem. Once CMUP[7:0] is set to 0x96, the CMU control registers
can be rewritten any number of times until being reset to other than 0x96. When rewriting the CMU
control registers has finished, CMUP[7:0] should be set to other than 0x96 to prevent accidental writing
to the CMU registers.

Clock Control Register 0 (CMU_CLKCTLO)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks \
Clock Control |0x300114| D7-4 |- reserved - - — |0 when being read.
Register 0 (8 bits) D3 |T16A_CKE |T16A6 register clock enable 1 |Enable 0 |Disable 1 | R/W |Write-protected
(cMu_ D2 [TCLK_CKE [T16A6 counter clock enable 1 [Enable 0 |Disable 1 |RW
CLKCTLO) D1-0 |[TCLK_SEL [T16A6 counter clock source select|TCLK_SEL[1:0]| Clock source | 0x0 | R/W
[1:0] 0x3-0x2 0OSC1
0x1 0SC3
0x0 SYSCLK

This register is used to control the clock supply to the peripheral modules. If no peripheral module operation is re-
quired, stop the clock supply to reduce current consumption.

D[7:4] Reserved
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D3

D2

D[1:0]

T16A_CKE: T16A6 Register Clock Enable Bit

Enables or disables the T16A6 register clock (PCLK) supply to the T16A6 module and the prescaler
Ch.0 (PSC_CTLO) register clock (PCLK) supply to the PSC module (PSC Ch.0).

1 (R/W): Enabled (on) (default)

0 (R/W): Disabled (off)

TCLK_CKE:T16A6 Counter Clock Enable Bit

Enables or disables the T16A6 counter clock (TCLK) supply to the T16A6 module and the prescaler
Ch.0 divider clock (TCLK) supply to the PSC module (PSC Ch.0).

1 (R/W): Enabled (on) (default)

0 (R/W): Disabled (off)

TCLK_SEL[1:0]: T16A6 Counter Clock Source Select Bits
Selects the source clock for generating the TI6A6 counter clock (TCLK) and the prescaler Ch.0 divider
clock (TCLK).

Table 6.10.13 TCLK Source Clock Selections

TCLK_SEL[1:0] Source clock
0x3—-0x2 OSCH1
0x1 OSC3
0x0 SYSCLK

(Default: 0x0)

Clock Control Register 1 (CMU_CLKCTL1)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
Clock Control [0x300115| D7 |NANDIF_ [CARD clock enable 1 |Enable 0 [Disable 1 | R/W |Write-protected
Register 1 (8 bits) CKE
(CMU_ D6 |REMC_CKE|REMC clock enable 1 |Enable 0 |Disable 1 |RW
CLKCTL1) D5 |ADC_CKE |ADC10 clock enable 1 |Enable 0 [Disable 1 |RW
D4 |PORT_CKE |GPIO/PMUX clock enable 1 |[Enable 0 |Disable 1 |RW
D3 [SDMMC_ [SD_MMC clock enable 1 [Enable 0 |Disable 1 |RW
CKE
D2 [I2S_CKE 12S clock enable 1 |Enable 0 [Disable 1 |RW
D1 [ITC_CKE |[ITC clock enable 1 |[Enable 0 |Disable 1 |RW
DO |[DMAC_CKE|DMAC clock enable 1 |Enable 0 |Disable 1 |RW

This register is used to control the clock supply to the peripheral modules. If no peripheral module operation is re-
quired, stop the clock supply to reduce current consumption.

D7 NANDIF_CKE: CARD Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to the CARD module.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

Note: NANDIF_CLK must be turned on (NANDIF_CKE = 1) to control the registers and EDC func-
tion of the CARD module. When the EDC function is not used (EN/CARD_EDC_CTRL regis-
ter = 0) or after the card area has been selected using RGN[2:0/CARD_EDC_RGN register,
NANDIF_CLK can be turned off (NANDIF_CKE = 0). The #NAND_RD and #NAND_WR sig-
nals can be output normally without NANDIF_CLK.

D6 REMC_CKE: REMC Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to the REMC module.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)
D5 ADC_CKE: ADC10 Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to the ADC10 module.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)
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PORT_CKE: GPIO/PMUX Clock Enable Bit

Enables or disables the operating clock (PCLK) supply to the GPIO/PMUX module.
1 (R/W): Enabled (on) (default)

0 (R/W): Disabled (off)

SDMMC_CKE: SD_MMC Clock Enable Bit

Enables or disables the operating clock (PCLK) supply to the SD_MMC module.
1 (R/W): Enabled (on) (default)

0 (R/W): Disabled (off)

12S_CKE: 12S Clock Enable Bit

Enables or disables the operating clock (PCLK) supply to the 12S module.
1 (R/W): Enabled (on) (default)

0 (R/W): Disabled (off)

ITC_CKE: ITC Clock Enable Bit

Enables or disables the operating clock (PCLK) supply to the ITC module.
1 (R/W): Enabled (on) (default)

0 (R/W): Disabled (off)

DMAC_CKE: DMAC Clock Enable Bit

Enables or disables the operating clock (PCLK) supply to the DMAC module.
1 (R/W): Enabled (on) (default)

0 (R/W): Disabled (off)

Clock Control Register 2 (CMU_CLKCTL2)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks \
Clock Control |0x300116| D7 |HIF_CKE |HIF clock enable 1 |Enable 0 |Disable 0 | R/W |Write-protected
Register 2 (8 bits) D6 |LCDC_ LCDC SAPB I/F clock enable 1 |Enable 0 |Disable 0 |[RW
(CMU_ SAPB_CKE
CLKCTL2) D5 (LCDC_ LCDC AHB I/F clock enable 1 |Enable 0 |Disable 0 |[RW
AHB_CKE
D4 |LCDC_CKE [LCDC clock enable 1 |Enable 0 |Disable 0 |RW
D3 |USBREG_ |USB register clock enable 1 |Enable 0 |Disable 0 |RW
CKE
D2 |USB_CKE |USB clock enable 1 |[Enable 0 |Disable 0 |RW
D1 |[BCU_CKE |SRAMC/SDRAMC clock enable |1 |Enable 0 |Disable 1 |RW
DO |BCLK,CKE BCLK clock enable (in HALT mode)| 1 [Enable 0 |Disable 1 |RW

This register is used to control the clock supply to the peripheral modules. If no peripheral module operation is re-
quired, stop the clock supply to reduce current consumption.

D7

Note:

D6

D5

HIF_CKE: HIF Clock Enable Bit

Enables or disables the operating clock (PCLK) supply to the HIF module.
1 (R/W): Enabled (on)

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

Before the HIF registers (both host side and S1C33L27 side registers) can be read or written,
HIF_CLK must be enabled by writing 1 to HIF_CKE.

LCDC_SAPB_CKE: LCDC SAPB I/F Clock Enable Bit

Enables or disables the LCDC register clock (PCLK) supply to the LCDC module.
1 (R/'W): Enabled (on)

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

LCDC_AHB_CKE: LCDC AHB I/F Clock Enable Bit

Enables or disables the AHB interface clock (PCLK) supply to the LCDC module.
1 (R/W): Enabled (on)

0 (R/W): Disabled (off) (default)
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D4 LCDC_CKE: LCDC Clock Enable Bit
Enables or disables the operating clock (LCDC_CLK) supply to the LCDC module.
1 (R/W): Enabled (on)
0 (R/W): Disabled (off) (default)

D3 USBREG_CKE: USB Register Clock Enable Bit
Enables or disables the USB register clock (PCLK) supply to the USB module.
1 (R/W): Enabled (on)
0 (R/W): Disabled (off) (default)

D2 USB_CKE: USB Clock Enable Bit
Enables or disables the operating clock (OSC3) supply to the USB module.
1 (R/W): Enabled (on)
0 (R/W): Disabled (off) (default)

D1 BCU_CKE: SRAMC/SDRAMC Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to the SRAMC and SDRAMC modules.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

DO BCLK_CKE: BCLK Clock Enable (in HALT mode) Bit
Enables or disables the BCLK clock supply in HALT mode.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

The BCLK clock is used to operate the modules listed below.
¢ IVRAM (Area 3)

e DSTRAM (Area 3)

* SRAM controller (SRAMC) bus interface and registers

¢ SDRAM controller (SDRAMC) bus interface and registers
¢ Clock management unit (CMU) registers

e SAPB bus

BCLK is required for bus and memory operations, therefore, it is always supplied to the modules listed
above in normal mode. However, the BCLK supply in HALT mode can be disabled to reduce current
consumption by setting BCLK_CKE to 0.

Clock Control Register 3 (CMU_ CLKCTL3)

‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
Clock Control |0x300117| D7 |PSC1/2_ PSC1/2 clock enable 1 |Enable 0 |Disable 1 | R/W |Write-protected
Register 3 (8 bits) CKE
(CMU_ D6 |T8F_CKE |T8F clock enable 1 |Enable 0 |Disable 1 |RW
CLKCTL3) D5 |UART_CKE |UART clock enable 1 |Enable 0 [Disable 1 |RW
D4 [T16P_CKE |[T16P clock enable 1 |Enable 0 |Disable 1 |RW
D3-2 |- reserved - - — |0 when being read.
D1 |USI_CKE |USI clock enable 1[Enable [0 |[Disable 1| R |Write-protected
DO |USIL_CKE |USIL clock enable 1|Enable |0 |Disable 1 |rw

This register is used to control the clock supply to the peripheral modules. If no peripheral module operation is re-
quired, stop the clock supply to reduce current consumption.

D7 PSC1/2_CKE: PSC1/2 Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to PSC Ch.1 and Ch.2 in the PSC module. The
clock is supplied to the frequency divider and control register (PSC_CTL12) of PSC Ch.1 and Ch.2.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

D6 T8F_CKE: T8F Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to the T8F module.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)
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D5 UART_CKE: UART Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to the UART module.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

D4 T16P_CKE: T16P Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to the T16P module.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

D[3:2] Reserved

D1 USI_CKE: USI Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to the USI module.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

DO USIL_CKE: USIL Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to the USIL module.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

Clock Control Register 4 (CMU_CLKCTL4)

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
Clock Control |0x300118| D7-5 |- reserved - - — |0 when being read.
Register 4 (8 bits) D4 |MISC_CKE [MISC clock enable 1 |Enable 0 [Disable 1 |RW
(CMu_ D3 (IVRAM_  [IVRAM arbiter clock enable 1 [Enable 0 |Disable 1 |RW
CLKCTL4) ARB_CKE
D2 |A3BRAM_ [Area 3 RAM clock enable 1 [Enable 0 |Disable 1 |RW
CKE
D1 |[RTC_ RTC SAPB I/F clock enable 1 |Enable 0 |Disable 1 |RW
SAPB_CKE
DO |WDT_CKE WDT clock enable 1 |Enable 0 |Disable 1 |RW

This register is used to control the clock supply to the peripheral modules. If no peripheral module operation is re-
quired, stop the clock supply to reduce current consumption.

D[7:5] Reserved

D4 MISC_CKE: MISC Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to the MISC module.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

D3 IVRAM_ARB_CKE: IVRAM Arbiter Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to the IVRAM arbiter.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

D2 A3RAM_CKE: Area 3 RAM Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to DSTRAM.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)

D1 RTC_SAPB_CKE: RTC SAPB I/F Clock Enable Bit
Enables or disables the RTC register clock (PCLK) supply to the RTC module.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)
DO WDT_CKE: WDT Clock Enable Bit
Enables or disables the operating clock (PCLK) supply to the WDT module.
1 (R/W): Enabled (on) (default)
0 (R/W): Disabled (off)
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7 Prescaler (PSC)

7.1 PSC Module Overview

The S1C33L27 incorporates a prescaler (PSC) module to generate clocks for timer and serial interface operations.

The PSC module consists of three frequency dividers (PSC Ch.0 to Ch.2) that generate 15 different frequencies by
dividing the TCLK or PCLK clock supplied from the clock management unit (CMU) into 1/1 to 1/16K. The periph-
eral modules to which the clock is supplied include clock-select registers enabling selection of one as a count or
operation clock.

PSC Ch.0
TCLK —» —»[ 171 [ 172 [ 1/a | 1/8 [ 1116 [1/32 [ 1/64 [1/128] 16-bit PWM timer (T16A6) Ch.0

( )
LLLLLLL L [> 16-bit PWM timer (T16A6) Ch.1

( )

( )

Debug

statussignalg’ idindindlindli ndlindiing

—»{1/256]1/512[ 1/1K [ 172K [ 1/4K [ 1/8K [1/16K]

16-bit PWM timer (T16A6) Ch.2
16-bit PWM timer (T16A6) Ch.3

PSC Ch.1
PCLK —» —»{ 11 [1/2 [ 1/4 | 1/8 [1/16] 1/32] 1/64 [1/128] Fine mode 8-bit timer (T8F) Ch.0 l_ » USICh.O

L> L> L> L> L> L> Lb L> [> Fine mode 8-bit timer (T8F) Ch.2 — USI Ch.2

Debug Fine mode 8-bit timer (T8F) Ch.4 —» ADC10

S
status signal i il i i i i i A/D converter (ADC10)

—»[1/256[1/512] 11K] 1/2K [ 1/4K | 1/8K [1/16K]

PSC Ch.2 Fine mode 8-bit timer (T8F) Ch.1 —>» USI Ch.1
PCLK —» —»[ 11 [ 1/2 | 1/4 | 1/8 [ 1/16 | 1/32 [ 1/64 [1/128] Fine mode 8-bit timer (T8F) Ch.3 — USIL
L> L’ L’ L, L, L> L> L’ Fine mode 8-bit timer (T8F) Ch.5 —>» UART
Debug [> UART
status signal [—’ [—’ r’ [—P [—> [—P [—> Rem.ote cgntroller (BEMC)
—»[1/256[1/512] 11K 1/2K [ 1/aK [ 1/8K [1/16K] 1G6P-:g audio PWM timer (T16P) Ch.0/1

Figure 7.1.1 Prescaler Configuration

PSC Ch.0 is controlled by PRUN/PSC_CTLO register. PSC Ch.1 and PSC Ch.2 are controlled by PRUN/PSC_
CTL12 register. To operate the prescalers, write 1 to PRUN. Writing 0 to PRUN stops the prescalers. Stopping the
prescalers while the timer and interface modules are halted enables the current consumption to be reduced. The pr-
escalers are stopped at initial reset.

Note: TCLK and PCLK must be supplied from the CMU to use the PSC Ch.0 and PSC Ch.1/2, respec-
tively.

The PSC module features another control bits, PRUND/PSC_CTLO register for Ch.0 and PRUND/PSC_CTL12
register for Ch.1/2, that specify prescaler operations in debug mode. Setting PRUND to 1 operates the prescalers in
debug mode. Setting it to O stops the prescalers when the C33 PE Core enters debug mode. Set PRUND to 1 when
operating the timer and interface modules during debugging.

7.2 Control Register Details

Table 7.2.1 PSC Registers

Address Register name Function
0x300e00 [PSC_CTLO |PSC Ch.0 Control Register Control prescaler Ch.0
0x300e01 PSC_CTL12 |PSC Ch.1/2 Control Register Control prescaler Ch.1 and 2

The PSC module registers are described in detail below.

Note: When data is written to the register, the “Reserved” bits must always be written as 0 and not 1.
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PSC Ch.0 Control Register (PSC_CTLO)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks \
PSCO Control |0x300e00| D7-2 |- reserved - - — |0 when being read.
Register (8 bits) D1 |PRUND Prescaler run/stop in debug mode | 1 |Run | 0 |Stop 0 [RW

(PSC_CTLO) DO |[PRUN Prescaler run/stop control 1 |Run [ o]stop 0 |RW

D[7:2] Reserved

D1 PRUND: Prescaler Run/Stop in Debug Mode Bit

Do

Selects prescaler operations in debug mode.
1 (R/W): Run
0 (R/W): Stop (default)

Setting PRUND to 1 enables PSC Ch.0 to operate in debug mode. Setting it to 0 stops PSC Ch.0 when
the C33 PE Core enters debug mode. Set PRUND to 1 to use the 16-bit PWM timer (T16A6) module
during debugging.

PRUN: Prescaler Run/Stop Control Bit

Starts or stops the prescaler.

1 (R/W): Start operation

0 (R/W): Stop (default)

Write 1 to PRUN to operate PSC Ch.0. Write 0 to PRUN to stop PSC Ch.0. To reduce current consump-
tion, stop PSC Ch.0 if the 16-bit PWM timer (T16A6) module is already stopped.

PSC Ch.1/2 Control Register (PSC_CTL1 2)

\ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks \
PSC1/2 Control [0x300e01| D7-2 |- reserved - - — |0 when being read.
Register (8 bits) D1 |PRUND Prescaler run/stop in debug mode | 1 |Run | 0 |Stop 0 [RW

(PSC_CTL12) D0 |PRUN Prescaler run/stop control 1 |Run [ o]stop 0 |RW

D[7:2] Reserved

D1 PRUND: Prescaler Run/Stop in Debug Mode Bit

DO

Selects prescaler operations in debug mode.
1 (R/W): Run
0 (R/W): Stop (default)

Setting PRUND to 1 enables PSC Ch.1 and Ch.2 to operate in debug mode. Setting it to O stops PSC
Ch.1 and Ch.2 when the C33 PE Core enters debug mode. Set PRUND to 1 to use the modules listed be-
low during debugging.

PRUN: Prescaler Run/Stop Control Bit
Starts or stops the prescaler.

1 (R/W): Start operation

0 (R/W): Stop (default)

Write 1 to PRUN to operate PSC Ch.1 and Ch.2. Write 0 to PRUN to stop PSC Ch.1 and Ch.2. To re-
duce current consumption, stop PSC Ch.1 and Ch.2 if the modules listed below are already stopped.

Modules that use PSC Ch.1 output clocks

¢ Fine mode 8-bit timer (T8F) Ch.0 (clock source for USI Ch.0)

¢ Fine mode 8-bit timer (T8F) Ch.2 (clock source for USI Ch.2)

* Fine mode 8-bit timer (T8F) Ch.4 (trigger source for A/D converter)
* A/D converter (ADC10)

7-2
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Modules that use PSC Ch.2 output clocks

¢ Fine mode 8-bit timer (T8F) Ch.1 (clock source for USI Ch.1)
¢ Fine mode 8-bit timer (T8F) Ch.3 (clock source for USIL)

¢ Fine mode 8-bit timer (T8F) Ch.5 (clock source for UART)

¢ Remote controller (REMC)

¢ 16-bit audio PWM timer (T16P) Ch.0 and 1

* 1/O ports (GPIO)
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8 Real-Time Clock (RTC)

8.1 RTC Module Overview

The S1C33L27 incorporates a real-time clock (RTC) with a perpetual calendar, and an OSC1 oscillator circuit to
generate the operating clock for the RTC.

The RTC and OSC1 oscillator circuit operate in SLEEP mode. Moreover, the RTC can periodically generate inter-
rupt requests to the CPU.

The main features of the RTC are outlined below.

» Contains time counters (seconds, minutes, and hours) and calendar counters (days, days of the week, months, and
year).

* BCD data can be read from and written to both counters.

* Includes read buffers to prevent carry over at reading.

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

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

* A 30-second correction function can be implemented in software.
* Clock interrupts are possible.

* Interrupt period can be selected from 1/512 second, 1/256 second, 1/128 second, 1/64 second, 1 second, 1 min-
ute, or 1 hour. (Level interrupt mode)

* Independent power supply, so that the RTC can continue operating even when system power is turned off.

* A built-in OSCI1 oscillator circuit (crystal oscillator or external clock input) that generates a 32.768-kHz (typ.)
operating clock. (See the “Clock Management Unit (CMU)” chapter.)

* Provides the #STBY and WAKEUP pins to control the system power supply.
Figure 8.1.1 shows a block diagram of the RTC.

| RTC

|
RTCCLKI O—+—OSC1 oscillator Controller [
RTCCLKO (%P‘ (32 kHz) 1512-1/64 { i
| ) v v |
I [Interrupt second  Bivider | |
} control 4—¢1 second 1Hz |
| 1-second counter ‘+’
Interrupt request to ITC 4—% 1 minute 10-second counter |
(SLEEP release request to CMU) | . }
| —
| 1Om|qut¢at countir L1yl
} 1 hour -minute counter }

; (2]
| v 1-hour counter RE
| 5 |

WAKEUP O Standby/ 24H/2H G Sur counter % T’ g
=
foTeY O ey Y 2
} [Days of week counterleg T»
‘ ‘
! 1-day counter ‘
} 10-day counter }L'
|
| |
1-month counter \
| <
} 10-month counter T’
\ v |
| 1-year counter
} 10-year counter _T’
777777777777777777777777777777777 1

Figure 8.1.1 RTC Block Diagram
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8.2 RTC Counters

The RTC contains the following 13 counters, whose count values can be read out as BCD data from the respective

registers. Each counter can also be set to any desired date and time by writing data to the respective register.

1-second counter

This 4-bit BCD counter counts in units of seconds. It counts from 0 to 9 synchronously with a 1-second signal
derived from the 32.768-kHz OSC1 clock by dividing the clock into smaller frequencies. This counter is reset
to 0 after 9 and outputs a carry over of 1 to the 10-second counter. The count data is read out and written using
RTCSL[3:0]/RTC_SEC register.

10-second counter

This 3-bit BCD counter counts tens of seconds. It counts from O to 5 with 1 carried over from the 1-second
counter. This counter is reset to 0 after 5 and outputs a carry over of 1 to the 1-minute counter. The count data is
read out and written using RTCSH[2:0]/RTC_SEC register.

1-minute counter

This 4-bit BCD counter counts in units of minutes. It counts from 0 to 9 with 1 carried over from the 10-second
counter. This counter is reset to 0 after 9 and outputs a carry over of 1 to the 10-minute counter. The count data
is read out and written using RTCMIL[3:0]/RTC_MIN register.

10-minute counter

This 3-bit BCD counter counts tens of minutes. It counts from O to 5 with 1 carried over from the 1-minute
counter. This counter is reset to 0 after 5 and outputs a carry over of 1 to the 1-hour counter. The count data is
read out and written using RTCMIH[2:0]/RTC_MIN register.

1-hour counter

This 4-bit BCD counter counts in units of hours. It counts from 0 to 9 with 1 carried over from the 10-min-
ute counter. This counter is reset to 0 after 9 and outputs a carry over of 1 to the 10-hour counter. Depending
whether 12-hour or 24-hour mode is selected, the counter is reset at 12 o’clock or 24 o’clock. The count data is
read out and written using RTCHL[3:0]/RTC_HOUR register.

10-hour counter

This 2-bit BCD counter counts tens of hours. With a carry over of 1 from the 1-hour counter, this counter
counts from 0 to 1 (when 12-hour mode is selected) or from O to 2 (when 24-hour mode is selected). The coun-
ter is reset at 12 o’clock or 24 o’clock, and outputs a carry over of 1 to the 1-day counter. The count data is read
out and written using RTCHH[1:0]/RTC_HOUR register.

When 12-hour mode is selected, RTCAP/RTC_HOUR register that indicates A.M. or P.M. is enabled, with A.M.
and P.M. represented by 0 and 1, respectively. For 24-hour mode, RTCAP is fixed to 0.

1-day counter

This 4-bit BCD counter counts in units of days. It counts from 0 to 9 with 1 carried over from the hour counter.
This counter is reset to 0 after 9 and outputs a carry over of 1 to the 10-day counter. The number of days in each
month and leap years are taken into account, so that the counter is reset to 1 when months change. The count
data is read out and written using RTCDL[3:0]/RTC_DAY register.

10-day counter

This 2-bit BCD counter counts tens of days. It counts from O to 2 or 3 with 1 carried over from the 1-day coun-
ter. The number of days in each month and leap years are taken into account, so that when months change the
counter is reset to 0 along with the 1-day counter, and outputs a carry over of 1 to the 1-month counter. The
count data is read out and written using RTCDH[1:0]/RTC_DAY register.
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1-month counter

This 4-bit BCD counter counts in units of months. It counts from O to 9 with 1 carried over from the day coun-
ter. This counter is reset to O after 9 and outputs a carry over of 1 to the 10-month counter. The counter is reset
to 1 when years change. The count data is read out and written using RTCMOL[3:0]/RTC_MONTH register.

10-month counter

This counter counts in units of 10 months, and is set to 1 with 1 carried over from the 1-month counter. When
years change, this counter is reset to 0 along with the 1-month counter, and outputs a carry over of 1 to the
1-year counter. The count data is read out and written using RTCMOH/RTC_MONTH register.

1-year counter

This 4-bit BCD counter counts in units of years. It counts from 0 to 9 with 1 carried over from the month coun-
ter. This counter is reset to 0 after 9 and outputs a carry over of 1 to the 10-year counter. The count data is read
out and written using RTCYL[3:0]/RTC_YEAR register.

10-year counter

This 4-bit BCD counter counts tens of years. It counts from 0 to 9 with 1 carried over from the 1-year counter.
The count data is read out and written using RTCYH[3:0]/RTC_YEAR register.

Days of week counter

This is a septenary counter (that counts from 0 to 6) representing the days of the week. It counts with the same
timing as the 1-day counter. The count data is read out and written using RTCWK][2:0]/RTC_WEEK register.
The correspondence between the counter values and days of the week can be set in a program as desired. Table
8.2.1 lists the basic correspondence.

Table 8.2.1 Correspondence between Counter Values and Days of the Week

RTCWK]J2:0] Days of the week
0x6 Saturday
0x5 Friday
0x4 Thursday
0x3 Wednesday
0x2 Tuesday
0x1 Monday
0x0 Sunday

(Default: indeterminate)

Initial counter values

When initially reset, the counter values are not initialized. After power-on, the counter values are indeterminate.
Be sure to initialize the counters by following the procedure described in Section 8.3.2, “RTC Initial Sequence.”

About detection of leap years

The algorithm used in the RTC to detect leap years is for Anno Domini (A.D.) only, and can automatically
identify leap years up to the year 2399.

Years (0 to 99) without a remainder when divided by 4 are considered leap years. When the 1-year and 10-year
counters both are 0, a common year is assumed.
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8.3 RTC Control

8.3.1 Operating Clock Control

Counter clock

The RTC is clocked by the 32.768-kHz (typ.) OSC1 clock. The OSC1 clock is always supplied from the OSC1
oscillator circuit (even in HALT/SLEEP mode).

Register clock

The RTC register clock (PCLK) is used for accessing the RTC control registers. To setup the registers, this
clock is required. After the registers are set up, the clock supply can be stopped by setting the CMU. For more
information on the clock control, see the “Clock Management Unit (CMU)” chapter.

Setting the wait cycles for accessing the RTC module

In order to access the RTC registers properly even if the system operates with a high-speed clock, a wait cycle
can be inserted into the RTC access cycle. The number of SYSCLK cycles to be inserted as a wait cycle can be
specified using RTCWT[2:0]/MISC_RTCWT register.

Table 8.3.1.1 Number of Wait Cycles during RTC Access

RTCWT[2:0] Number of wait cycles
0x7 7 cycles
0x6 6 cycles
0x5 5 cycles
0x4 4 cycles
0x3 3 cycles
0x2 2 cycles
0x1 1 cycle
0x0 0 cycles (cannot be set)

(Default: 0x7)
The S1C33L27 is able to operate with RTCWT[2:0] > 1.

8.3.2 RTC Initial Sequence

Immediately after power-on, the contents of RTC registers are indeterminate. After powering on, follow the proce-
dure below to let the RTC start ticking the time. Later sections detail the contents of each control.

1. Power-on

2. System initialization processing and waiting for OSC1 stabilization
Although the OSCI1 oscillator circuit starts oscillating immediately after power is switched on, a finite time of
up to 3 seconds is required before the output clock stabilizes.

3. Software reset
Write 1 to RTCRST/RTC_CNTLO register and then write O to reset the RTC.

4. Confirming accessibility status of the RTC
See Section 8.3.5, “Counter Hold and Busy Flag.”

5. Disabling the divider
Write 1 to RTCSTP/RTC_CNTLO register to stop the divider in the RTC module.

6. Setting the RTC interrupt
Set the RTC_INTMODE register.
Be sure to set RTCIMD to 1 (level sense).

7. Setting the date and time
Set the RTC_SEC, RTC_MIN, RTC_HOUR, RTC_DAY, RTC_MONTH, RTC_YEAR, and RTC_WEEK regis-
ters. Then, write 0 to RTCHLD/RTC_CNTLI register to release the 1-second, 10-second, 1-minute, 10-minute,
1-hour, 10-hour, 1-day, 10-day, 1-month, 10-month, 1-year, 10-year, and days of week counters from hold sta-
tus.
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8. Starting the divider
Write 0 to RTCSTP/RTC_CNTLO register to run the divider in the RTC module.

8.3.3 12/24-hour Mode and Counter Settings

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

The count range of hour counters 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.

Note: Rewriting RTC24H may corrupt count data for the hours, days, months, years or days of the week.
Therefore, once RTC24H settings are changed, be sure to set data back in these counters again.

Checking A.M./P.M. with 12-hour mode selected
When 12-hour mode is selected, RTCAP/RTC_HOUR register that indicates A.M. or P.M. is enabled.
RTCAP =0: A M.
RTCAP = 1: PM.

For 24-hour mode, RTCAP is fixed to 0.
When setting the time of day, write either of the values above to this bit to specify A.M. or PM.

Counter settings

Idle counters can be accessed for read or write at any time.
However, settings like those shown below should be avoided, since such settings may cause timekeeping errors.

» Settings exceeding the effective range
Do not set count data exceeding 60 seconds, 60 minutes, 12 or 24 hours, 31 days, 12 months, or 99 years.

 Settings nonexistent in the calendar
Do not set such nonexistent dates as April 31 or February 29, 2006. Even if such settings are made, the
counters operate normally, so that when 1 is carried over from the hour counter to the 1-day counter, the day
counter counts up to the first day of the next month. (For April 31, the day counter counts up to May 1; for
February 29, 2006, the day counter counts up to March 1, 2006.)

If any counter must be rewritten while operating, there is a procedure that must be followed to ensure that the
counter is rewritten correctly. For details, see Section 8.3.5, “Counter Hold and Busy Flag.”

8.3.4 Start/Stop and Software Reset

Starting and stopping divider
The RTC starts counting when RTCSTP/RTC_CNTLO register is set to 0, and stops counting when this bit is
setto 1.
The RTC is started/stopped by writing data to RTCSTP at the 32-kHz input clock divide-by stage of 8,192 Hz
or those stages that follow. The RTC does not stop at up to the input clock divide-by-2 stage (16,384 Hz).
If the RTC stops counting when 1 is carried over to the next-digit counter, the count value may be corrupted.
Therefore, see the next section to ensure that 1 is not carried over when counters are made to stop. This is un-
necessary, however, when the contents of all counters are newly set again.

Software reset
RTCRST/RTC_CNTLO register is the software reset bit used to reset the items shown below.
* Divider (32 kHz to 2 Hz bits)
* Interrupt request signal
* WAKEUP signal
» Some register bits (see Section 8.6 for the control bits and their initial values.)
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To perform software reset, write 1 to RTCRST and then write back to 0.

The registers initialized by software reset must be re-programmed after releasing from reset status.

The divider bits above are cleared 0. The output signals above become inactive while RTCRST is set to 1 and
are enabled to be output again after RTCRST is set to 0.

8.3.5 Counter Hold and Busy Flag

If 1 is carried over when writing the counters, the counter value may be corrupted. Therefore, whether counters are
in a carry (busy) state should be checked before writing data to the count registers. For this purpose, control bits
RTCBSY/RTC_CNTLI register and RTCHLD/RTC_CNTLI1 register are provided.

RTCBSY is a read-only flag indicating that carry is taking place. RTCBSY is set to 1 when carry is taking place;
otherwise, it is 0. RTCBSY should be confirmed as being 0 before accessing the counters to ensure that the correct
value will be set.

Writing 1 to RTCHLD suspends the counter operations. Note, however, that writing 1 to RTCHLD is ignored if
RTCBSY is setto 1.

RTCBSY = 0 (RTC accessible)

When a value of 0 is read from RTCBSY after writing 1 to RTCHLD, it means that carry is not taking place. In
this state, counter data can be written to.

After 1 is written to RTCHLD, the counters stop operating. So RTCBSY is fixed at 0, as carry will not take
place. In this case, the counter hold function is also actuated, with a carry over of 1 to the 1-second counter dis-
abled in hardware. The divider (counter for less than one second) continues operating.

Write data to the counter registers.

After writing data, reset RTCHLD to 0.

If 1 is being carried over when data is being written to a counter in the hold state, 1 second is automatically
added to correct the counter values when RTCHLD is reset to 0. This correction is only effective for 1 second
and no correction is conducted on the carry encountered in the second time and on. In this case, the timekeep-
ing data gets out of order. Therefore, be sure to reset RTCHLD to 0O as soon as possible after completing the
required write operation.

RTCBSY =1 (RTC is busy)

When a value of 1 is read from RTCBSY after writing 1 to RTCHLD, it means that carry is taking place.

In this case, writing 1 to RTCHLD is ignored and RTCHLD retains 0.

A period of 4 ms per second is required for a carry over of 1 to the counters. In this case, [A] repeat writing 1 to
RTCHLD and checking RTCBSY or [B] write 1 to RTCHLD and check RTCBSY after waiting for 4 ms.

A B
v v
RTCHLD « 1 RTCHLD « 1
v v
RTCBSY read RTCBSY read 4 ms wait
RTCBSY =0?
Yes
Register write Register write
v v
RTCHLD « 0 RTCHLD « 0

l !

Figure 8.3.5.1 Procedure for Checking whether the RTC is Busy
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8.3.6 30-second Correction

The description “30-second correction” means resetting the seconds to 0 and adding 1 to the minutes when seconds
of the time clock are in the range of 30 to 59 seconds. When in the range of 0 to 29 seconds, the RTC resets the sec-
onds to 0 but it does not change the minutes. This function may be used to round up seconds to minutes when reset-
ting seconds in an application.

This function can be executed by writing 1 to RTCADJ/RTC_CNTLO register.

Writing 1 to RTCADJ causes the RTC to operate as follows:

* When the 10-second counter is 3 or more, the RTC generates a carry over of 1 to start counting by the 1-minute
counter.

* When the 10-second counter is 2 or less, the RTC does not generate a carry over of 1.

After RTCADI is set to 1, it remains set for the 4-ms period required for this processing, then automatically returns
to 0. To check whether the 30-second correction processing has completed or not, [A] repeat checking RTCADJ or
[B] check RTCADIJ after waiting for 4 ms.

Accessing the counters while RTCADJ = 1 is prohibited. Writing O to RTCADJ and writing 1 to RTCRST are also
prohibited, because it would cause the RTC to operate erratically.

Writing 1 to RTCADJ when RTCBSY is 1 may corrupt the counter values. Always make sure that RTCBSY is set
to 0 before writing 1 to RTCAD]J.

A B

RTCHLD « 1 RTCHLD « 1
RTCBSY read RTCBSY read 4 ms wait
RTCBSY = 0? RTCBSY = 0?

Yes Yes
RTCADJ « 1 RTCADJ « 1
RTCHLD « 0 RTCHLD « 0

5 v |

RTCADJ read RTCADJ read 4 ms wait
RTCADJ = 0? RTCADJ = 0?

Yes Yes

Figure 8.3.6.1 Procedure for Executing 30-second Correction

8.3.7 Counter Read

In order to prevent carry over during reading counters, the RTC includes a read buffer to hold counter data.

Before reading counter data, set RTCRDHLD/RTC_CNTLI register to 1 to load the current counter data to the read
buffer.

While RTCRDHLD is set to 1, the buffered data is read out from the counter registers. Be sure to reset RTCRD-
HLD to 0 after the buffered data is read out. This operation does not affect the counters. The counters keeps count-
ing while RTCRDHLD is set to 1.
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v

RTCRDHLD « 1

v

Register read

v

RTCRDHLD « 0

v

Figure 8.3.7.1 Procedure for Reading Counters

8.4 RTC Interrupts

The RTC has a function to generate interrupts at given intervals.

Since the RTC is active even in standby mode, interrupts may be used to cancel SLEEP mode.

This section describes the internal interrupt control function of the RTC. To generate interrupts to the CPU, the in-
terrupt controller (ITC) must also be set up. For details on how to control the ITC, see the “Interrupt Controller (ITC)”
chapter. For details on how to cancel SLEEP mode using an interrupt, see the “Clock Management Unit (CMU)”
chapter.

Interrupt cycle setting

The interrupt cycle (in which the RTC outputs interrupt requests at specific intervals) can be selected from
seven choices listed in Table 8.4.1 by using RTCT[2:0]/RTC_INTMODE register.

Table 8.4.1 Interrupt Cycle Settings

RTCT[2:0] Interrupt cycle
0x7 Reserved
0x6 1/128 second
0x5 1/256 second
0x4 1/512 second
0x3 1 hour
0x2 1 minute
0x1 1 second
0x0 1/64 second

RTCT[2:0] should be set while RTC interrupts are disabled. (See the procedure for enabling and disabling inter-
rupts described below.)

Setting interrupt conditions
The RTC of the SIC33L27 supports level-sensed interrupt only.

Enabling and disabling interrupts
The RTC interrupt requests output to the ITC are enabled by setting RTCIEN/RTC_INTMODE register to 1
and disabled by setting it to 0.
RTC interrupts will be generated according to the divider and counter status and the time between writing 1 to
RTCIEN and the first interrupt request is not fixed. Use the second and subsequent interrupts as valid.

Interrupt status
When the RTC is up and running, RTCIRQ/RTC_INTSTAT register is set at the cyclic interrupt intervals set up
by RTCT[2:0]. When RTC interrupts are enabled by RTCIEN, interrupt requests are sent to the ITC.
Writing 1 to this status bit clears the bit. Because this bit is not cleared in hardware, be sure to clear it in soft-
ware after an interrupt is generated. If this bit remains set while interrupts are re-enabled or control is returned
from the interrupt handler routine by the reti instruction, the same interrupt may be generated again.
When RTCIEN is set to O (interrupt disabled), RTCIRQ is fixed at O (will not be set to 1).
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Precautions

All RTC interrupt control bits described above are indeterminate when power is turned on. Moreover, these bits
are not initialized to specific values by an initial reset.

After power-on, be sure to set RTCIEN to O (interrupt disabled) to prevent the occurrence of unwanted RTC in-
terrupts. Also be sure to write 1 to RTCIRQ to reset it.

When a software reset is performed (RTCRST — 1 — 0), RTCIRQ and RTCIEN are reset to 0 to disable the
interrupt request output. Also RTCT[2:0] is reset to Ox1.

8.5 WAKEUP and #STBY Pins

The S1C33L27 has a battery backup function that allows the system to turn the system power (LVbp, PLLVDD,
HVbp, AVDD) oft with the RTC (including the OSC1 oscillator circuit) kept active and the BBRAM data maintained
by supplying RTCVpp. The RTC provides the WAKEUP and #STBY pins used for controlling this function.

The #STBY pin is used to disconnect the circuits driven with RTCVpp (RTC, OSC1, and BBRAM) from the other
circuits driven with LVpp, PLLVDpD, HVDD, and AVDpD (including the control registers for RTC and OSC1). The
#STBY pin must be set to a high level during normal operation. Setting the #STBY pin to a low level from outside
the IC disconnects the RTCVDD circuits from the system allowing the system power (LVpp, PLLVDD, HVDD, AVDD)
turned off.

The WAKEUP pin is an output pin of which the output can be controlled by the RTC interrupt or software. This
output can control the external regulator to turn the system power (LVpp, PLLVDD, HVDD, AVDD) on and off. Note
that leakage currents flow to the RTCVpD system if the system power is turned off when the #STBY pin is set to a
high level. Therefore, the #STBY pin must be set to a low level before the system power is turned off.

Figure 8.5.1 shows an example of system standby/wakeup circuit using the WAKEUP and #STBY pins.

_ ¥3.3V
33VDCINO—+—o0 Active high _ [EN 1.8V,3.3V
POWER SW Regulator
e S1C33L27 <
RESET SW
wakewr| | GPIO (2)
ero()| L RTC et T
#RESET OSCt
» : |BBRAM
—
(When WAKEUP polarity is set to active high) RTCVop (Battery)

* LVpp, PLLVbD, HVDD, AVDD
Figure 8.5.1 Example of System Standby/Wakeup Circuit

Selecting the WAKEUP signal polarity
Use WUP_POL/RTC_WAKEUP register to select the WAKEUP output level when it is asserted by an RTC in-
terrupt or software control.
The WAKEUP output is configured to active high signal when WUP_POL is set to O or active low signal when
WUP_POL is set to 1. WUP_POL is not initialized at initial reset, therefore, it must be initialized with software
when using the WAKEUP output.

Controlling the WAKEUP output

Controlling by an RTC interrupt

When the cause of RTC interrupt that has been selected with software (see Section 8.4) occurs, the WAKEUP
signal is asserted similar to the interrupt request signal. The RTC maintains the WAKEUP signal at the active
level until the system resumes operating and clears the RTC interrupt status bit RTCIRQ/RTC_INTSTAT regis-
ter. The WAKEUP signal will be negated after RTCIRQ is cleared.
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Software control

The WAKEUP output can also be controlled using WUP_CTL/RTC_WAKEUP register.

The WAKEUP signal is asserted by setting WUP_CTL to 1 and is negated by setting WUP_CTL to 0. WUP_
CTL is not initialized at initial reset, therefore, it must be set to 1 (active) at the beginning with the initialize
routine.

The table below shows the WAKEUP signal status according to the control bit.

Table 8.5.1 WAKEUP Signal Status

Control bit settings .
WUP_POL WUP_CTL g RTCIRQ WAKEUP pin status
1 1 1 0 (Low)
1 1 0 0 (Low)
1 0 1 0 (Low)
1 0 0 1 (High)
0 1 1 1 (High)
0 1 0 1 (High)
Y 0 1 1 (High)
0 0 0 0 (Low)

When a software reset is performed (RTCRST — 1 — 0), WUP_CTL and WUP_POL are reset to 0 to set the
WAKEUP signal to 0.

Control procedures

The following shows some power control procedures using the system standby/wakeup circuit shown in Figure
8.5.1. The description below assumes that the power (3.3 V) is supplied to the regulator and the WAKEUP sig-
nal polarity is set to active high.

Power On using the POWER SW

(1) Press the POWER SW. The switch must be held down until Step (5) has completed.

(2) The regulator is enabled to output voltage and the 1.8 V (and 3.3 V) voltage is supplied to the S1C33L27
LVobp, PLLVDD, HVDD, and AVDD pins.

(3) The CPU starts operating and executes the initialize routine after power-on reset.

(4) Configure GPIO (2) as an output port and set the port output level to 1 (high). This signal is fed to the
#STBY pin resulting that the RTCVpD system circuits will be connected to the system.

(5) Write 0x2 to the RTC_WAKEUP register to set the WAKEUP polarity to active high and enable the WAKE-
UP pin to output 1 (high). This control fixes the regulator output to be enabled, thus the POWER SW can
be released (turned off).

(6) Read the key from the specific BBRAM location and check whether the backup data is valid or not (e.g.
valid if Oxaa). Then if valid, read the backup data from the BBRAM.

(7) Clear the key located in the BBRAM (e.g. write a value such as 0x00).

(8) Execute other processing.

Keep the #STBY input = 1 and WAKEUP output = 1 conditions while the IC is operating.

Power Off using the POWER SW

The following procedure should be started under the above condition (#STBY input = 1 and WAKEUP output

=1).

(1) Press the POWER SW.

(2) The GPIO (1) port inputs 1 (high). Detect this status by reading the input data or using an interrupt from the
port, and execute the sequence to place the SIC33L27 into battery backup mode.

(3) Copy the data required to be saved into the BBRAM. In addition to this, write a key for indicating that the
backup data is valid (e.g. Oxaa) to the specific location in the BBRAM.

(4) Set the RTC interrupt conditions and enable the interrupt. (when restarting the system using an RTC inter-
rupt)

(5) Write 0x0 to the RTC_WAKEUP register to set the WAKEUP pin to output O (low).

(6) Set the GPIO (2) port to output O (low). This signal is fed to the #STBY pin resulting that the RTCVDD sys-
tem circuits will be disconnected from the system.
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(7) (After the POWER SW is turned off if it is still on,) The regulator stops generating 1.8 V (and 3.3 V) and
the power of the S1C33L27 except the RTCVDD is turned off.

When automatically turning the system power off by software control, start the above procedure from Step (3).

Power On using an RTC interrupt

(1) When an RTC interrupt occurs, the WAKEUP output level goes 1 (high).

(2) The regulator is enabled to output voltage and the 1.8 V (and 3.3 V) voltage is supplied to the S1C33L27
LVbp, PLLVDD, HVDD, and AVDD pins.

(3) The CPU starts operating and executes the initialize routine after power-on reset.

(4) Configure GPIO (2) as an output port and set the port output level to 1 (high). This signal is fed to the
#STBY pin resulting that the RTCVpD system circuits will be connected to the system.

(5) Write 0x2 to the RTC_WAKEUP register to set the WAKEUP polarity to active high and enable the

WAKEUP pin to output 1 (high). This control fixes the regulator output to be enabled.
(6) Reset RTCIRQ/RTC_INTSTAT register to 0.
(7) Read the key from the specific BBRAM location and check whether the backup data is valid or not (e.g.

valid if Oxaa). Then if valid, read the backup data from the BBRAM.
(8) Clear the key located in the BBRAM (e.g. write a value such as 0x00).
(9) Execute other processing.

8.6 Details of Control Registers

Table 8.6.1 RTC Register List

Address Register name Function
0x300a00 RTC_INTSTAT RTC Interrupt Status Register Indicates RTC interrupt status.
0x300a01 RTC_INTMODE RTC Interrupt Mode Register Sets up RTC interrupt modes.
0x300a02 RTC_CNTLO RTC Control 0 Register Controls the RTC.
0x300a03 RTC_CNTL1 RTC Control 1 Register
0x300a04 RTC_SEC RTC Second Register Second counter data
0x300a05 RTC_MIN RTC Minute Register Minute counter data
0x300a06 RTC_HOUR RTC Hour Register Hour counter data
0x300a07 RTC_DAY RTC Day Register Day counter data
0x300a08 RTC_MONTH RTC Month Register Month counter data
0x300a09 RTC_YEAR RTC Year Register Year counter data
0x300a0a RTC_WEEK RTC Days of Week Register Days of week counter data
0x300a0f RTC_WAKEUP RTC Wakeup Configuration Register Sets up RTC wakeup conditions.

The following describes each RTC register.

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

* The contents of all RTC control registers are indeterminate when power is turned on, and are
not initialized to specific values by initial reset. These registers should be initialized in software.

e If 1 is being carried over when the counters are accessed for read, the correct counter value
may not be read out. Moreover, attempting to write to a counter or other control register may
corrupt the counter value. Therefore, do not write to counters while 1 is being carried over. For
the correct method of operation, see Section 8.3.5, “Counter Hold and Busy Flag,” and Section
8.3.7, “Counter Read.”

RTC Interrupt Status Register (RTC_INTSTAT)

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks ‘
RTC Interrupt [0x300a00| D7-1 |- reserved - - — |0 when being read.
Status Register| (8 bits) DO |RTCIRQ Interrupt status 1 |Occurred 0 |Not occurred| X (0) | R/W [Reset by writing 1.
(RTC_INTSTAT)

Init.: () indicates the value set after a software reset (RTCRST — 1 — 0) is performed.

D[7:1]

Reserved
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Do

Note:

RTCIRQ: Interrupt Status Bit

This bit indicates whether a cause of RTC interrupt occurred as follows:
1 (R): Cause of interrupt occurred

0 (R): No cause of interrupt occurred (software reset value)

1 (W): Resets this bit to 0

0 (W):  Has no effect

This bit is set at cyclic interrupt intervals set up by RTCT[2:0]/RTC_INTMODE register. When RTC
interrupts have been enabled by RTCIEN/RTC_INTMODE register at this time, an interrupt request is
sent to the ITC.

Writing 1 to this status bit clears it. Because this bit is not cleared in hardware, be sure to clear
it in software after an interrupt is generated. If this bit remains set while interrupts are re-en-
abled or control is returned from the interrupt handler routine by the reti instruction, the same
interrupt may be generated again. Moreover, the value of this bit is indeterminate after power-
on, and is not initialized to 0 by initial reset. To prevent the occurrence of unwanted RTC inter-
rupts, be sure to reset this bit in software after power-on and initial reset.

RTC Interrupt Mode Register (RTC_INTMODE)

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
RTC Interrupt |0x300a01| D7-5 |- reserved - - — |0 when being read.
Mode Register | (8 bits) D4-2 [RTCT[2:0] |RTC interrupt cycle setup RTCT[2:0] Cycle X |RW
(RTC_INTMODE) 0x7 reserved  [(Ox1)
0x6 1/128 second
0x5 1/256 second
Ox4 1/512 second
0x3 1 hour
0x2 1 minute
0ox1 1 second
0x0 1/64 second
D1 |RTCIMD reserved 1 X (1) | R/W |Always set to 1.
DO |RTCIEN  |RTC interrupt enable 1 [Enable [o]Disable X (0)| rRW
Init.: () indicates the value set after a software reset (RTCRST — 1 — 0) is performed.
D[7:5] Reserved
D[4:2] RTCT[2:0]: RTC Interrupt Cycle Setup Bits
These bits select the RTC interrupt cycle.
Table 8.6.2 Interrupt Cycle Settings
RTCT[2:0] Interrupt cycle
0x7 Reserved
0x6 1/128 second
0x5 1/256 second
0x4 1/512 second
0x3 1 hour
0x2 1 minute
0x1 1 second
0x0 1/64 second
(Default: indeterminate, software reset: Ox1)
RTCIRQ/RTC_INTSTAT register is set by a count-up pulse of the interrupt cycle counter selected.
When RTC interrupts are enabled by RTCIEN, an interrupt request is sent to the ITC.
RTCT][2:0] should be set while RTC interrupts are disabled. (These bits may also be set simultaneously
when RTC interrupts are enabled.)
D1 RTCIMD: Reserved (Always be sure to set to 1.)
DO RTCIEN: RTC Interrupt Enable Bit
This bit enables or disables RTC interrupt request output to the ITC.
1 (R/W): Enable interrupts
0 (R/W): Disable interrupts (software reset value)
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RTC Control 0 Register (RTC CNTLO)
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To generate an RTC interrupt or use an RTC interrupt request signal to turn off SLEEP mode, set this
bit to 1. When this bit is 0, no interrupts are generated and SLEEP mode cannot be turned off.

The value of RTCIEN is indeterminate after power-on, and not initialized to 0 by initial reset. To
prevent the occurrence of unwanted RTC interrupts, be sure to clear this bit in software after
power-on and initial reset.

‘ Register name | Address | Bit | Name Function Setting | Init. | R/W | Remarks
RTC Control 0 |0x300a02| D7-5 |- reserved - - — |0 when being read.
Register (8bits) | D4 |RTC24H  |24H/12H mode select 1[24H [o]12H X (0)| RW
(RTC_CNTLO) D3 |- reserved - - | - |owhen being read.
D2 |RTCADJ 30-second adjustment 1 |Adjust 0l- X (0)| R/W
D1 |RTCSTP Divider run/stop control 1 [Stop 0 |Run X (0)| RW
DO |RTCRST Software reset 1 [Reset 0|- X (0)| RW

Init.: (') indicates the value set after a software reset (RTCRST — 1 — 0) is performed.

D[7:5]
D4

Note:

D3
D2

Note:

D1

Reserved

RTC24H: 24H/12H Mode Select Bit
This 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 (software reset value)

The count range of hour counters changes with this selection. Basically, this setting should be changed
while the counters are idle. Since this register is assigned a control bit (D1) to start the counters, 12-
hour or 24-hour mode may be selected when starting the counters.

Rewriting RTC24H may corrupt the count data for hours, days, months, years, or days of the
week. Therefore, after changing the RTC24H setting, be sure to set data back in these coun-
ters again.

Reserved

RTCADJ: 30-second Adjustment Bit
This bit executes 30-second correction.

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

Execute 30-second correction

Has no effect

30-second correction being executed

30-second correction completed (not being executed) (software reset value)

The description “30-second correction” means adding 1 to the minutes when seconds of the time clock

are in the 30-to-59 second range, and doing nothing in the 0-to-29 second range. This function may be

used to round up seconds to minutes when resetting seconds in an application.

Writing 1 to this bit causes the RTC to operate as follows:

* When the 10-second counter is 3 or more, the RTC generates a carry over of 1 to start counting by
the 1-minute counter.

* When the 10-second counter is 2 or less, the RTC does not generate a carry over of 1.

After being set to 1, this bit remains set for the 4-ms period needed for the processing above, then is au-
tomatically reset to 0.

Accessing the counters while RTCADJ = 1 is prohibited. Writing O to this bit during such time
is also prohibited, because it would cause the RTC to operate erratically.

RTCSTP: Divider Run/Stop Control Bit
This bit starts or stops the divider. It also indicates divider operating status.

1 (W):
0 (W):

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

Stops divider

Starts divider

Divider/counters are idle

Divider/counters are operating (software reset value)
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DO

Setting this bit to O starts the divider; setting it to 1 stops the divider.

The value read from this bit is 0 when the divider/counters are operating, and 1 when the counters are
idle.

This bit starts/stops the divider at the 32-kHz input clock divide-by stage of 8,192 Hz or stages that fol-
low. The counters do not stop at up to the input clock divide-by-2 stage (16,384 Hz).

If the divider stops while carry of a counter is taking place, the count value may be corrupted. There-
fore, see Section 8.3.5 to ensure that carry is not taking place when the divider is stopped. This is not
required when, for example, the contents of all counters are newly set again.

RTCRST: Software Reset Bit

This bit resets the divider and output signals.
1 (R/W): Reset

0 (R/W): Negate reset (software reset value)

To perform software reset, write 1 to RTCRST and then write 0.

The software reset clears the 32 kHz to 2 Hz divider bits, negates the interrupt request and WAKEUP
signals, and initializes some control bits.

When setting up the RTC, first perform software reset using RTCRST.

RTC Control 1 Register (RTC_CNTL1)

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

RTC Control 1
Register
(RTC_CNTL1)

0x300a03| D7-3 |- reserved - - — |0 when being read.

(8 bits) D2 |RTCRDHLD |Read buffer enable 1 |Enable 0 |Disable X (0)| RW
D1 |RTCBSY |Counter busy flag 1 |Busy 0 |R/W possible| X (0)| R
DO |RTCHLD Counter hold control 1 |Hold 0 |Running X (0)| RW

Init.: () indicates the value set after a software reset (RTCRST — 1 — 0) is performed.

D[7:3]
D2

D1

Reserved

RTCRDHLD: Read Buffer Enable Bit
This bit enables or disables the read buffer.
1 (R/W): Enabled

0 (R/W): Disabled (software reset value)

In order to prevent carry over during reading counters, the RTC includes a read buffer to hold counter
data. Before reading counter data, set RTCRDHLD to 1 to load the current counter data to the read buf-
fer. While RTCRDHLD is set to 1, the buffered data is read out from the counter registers. Be sure to
reset RTCRDHLD to 0 after the buffered data is read out. This operation does not affect the counters.
The counters keeps counting while RTCRDHLD is set to 1.

RTCBSY: Counter Busy Flag Bit

This flag indicates whether 1 is being carried over to the next-digit counter.
1 (R): Busy (while carry is taking place)

0 (R): Accessible for read/write (software reset value)

Attempting a write or stop operation may corrupt the counter values if 1 is being carried over. There-
fore, this bit should be checked to confirm that the counters are not in a carry (busy) state before writing
data to the counter registers.

When a value of 0 is read from RTCBSY after writing 1 to RTCHLD, it means that carry is not taking
place. In this state, counter data can be written to.

After 1 is written to RTCHLD, the counters stop operating. So RTCBSY is fixed at 0, as carry will not
take place. In this case, the counter hold function is also actuated, with a carry over of 1 to the 1-second
counter disabled in hardware. The divider (counter for less than one second) continues operating.

Write data to the counter registers. After writing data, reset RTCHLD to 0.

If 1 is being carried over when data is being written to a counter in the hold state, 1 second is automati-
cally added to correct the counter values when RTCHLD is reset to 0. This correction is only effective
for 1 second and no correction is conducted on the carry encountered in the second time and on. In this
case, the timekeeping data gets out of order. Therefore, be sure to reset RTCHLD to O as soon as pos-
sible after completing the required write operation.
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When a value of 1 is read from RTCBSY after writing 1 to RTCHLD, it means that carry is taking
place. In this case, writing 1 to RTCHLD is ignored and RTCHLD retains 0. A period of 4 ms per
second is required for a carry over of 1 to the counters. In this case, repeat writing 1 to RTCHLD and
checking RTCBSY, or write 1 to RTCHLD and check RTCBSY after waiting for 4 ms.

Do RTCHLD: Counter Hold Control Bit
This bit allows the busy state of counters to be checked and the counters held intact.
1 (R/W): Checks for busy state/Holds counters
0 (R/W): Normal operation (software reset value)

For the operation of this bit, see the description of RTCBSY above.

RTC Second Register (RTC_SEC)

‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
RTC Second 0x300a04| D7 |- reserved - - — |0 when being read.
Register (8 bits) D6-4 |RTCSH[2:0]|RTC 10-second counter Oto5 X ()| RIW

(RTC_SEC) D3-0 |RTCSL[3:0] |RTC 1-second counter 0to9 X (x) | RwW

+ Software reset (RTCRST — 1 — 0) does not affect the counter values. This register retains the value set before a software reset is
performed.

Note: Data should not be read from or written to the counters while 1 is being carried over. (See Section
8.3.5, “Counter Hold and Busy Flag,” and Section 8.3.7, “Counter Read.”)

D7 Reserved

D[6:4] RTCSH[2:0]: RTC 10-second Counter Bits
These bits comprise a 3-bit BCD counter used to count tens of seconds.
The counter counts from 0 to 5 with a carry over of 1 from the 1-second counter. This counter is reset to
0 after 5 and outputs a carry over of 1 to the 1-minute counter.

D[3:0] RTCSL[3:0]: RTC 1-second Counter Bits
These bits comprise a 4-bit BCD counter used to count units of seconds.
The counter counts from 0 to 9 synchronously with a 1-second signal derived from the 32.768-kHz
OSC1 clock. This counter is reset to 0 after 9 and outputs a carry over of 1 to the 10-second counter.

RTC Minute Register (RTC_MIN)

‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks ‘
RTC Minute 0x300a05| D7 |- reserved — - — |0 when being read.
Register (8 bits) | D6-4 [RTCMIH[2:0]|RTC 10-minute counter Oto5 X () | RIW

(RTC_MIN) D3-0 |RTCMIL[3:0]|RTC 1-minute counter 0to9 X ()| RIW

* Software reset (RTCRST — 1 — 0) does not affect the counter values. This register retains the value set before a software reset is

performed.

Note: Data should not be read from or written to the counters while 1 is being carried over. (See Section
8.3.5, “Counter Hold and Busy Flag,” and Section 8.3.7, “Counter Read.”)

D7 Reserved

D[6:4] RTCMIH[2:0]: RTC 10-minute Counter Bits
These bits comprise a 3-bit BCD counter used to count tens of minutes.
The counter counts from O to 5 with a carry over of 1 from the 1-minute counter. This counter is reset to
0 after 5 and outputs a carry over of 1 to the 1-hour counter.

D[3:0] RTCMIL[3:0]: RTC 1-minute Counter Bits
These bits comprise a 4-bit BCD counter used to count units of minutes.
The counter counts from O to 9 with a carry over of 1 from the 10-second counter. This counter is reset
to 0 after 9 and outputs a carry over of 1 to the 10-minute counter.
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RTC Hour Register (RTC_HOUR)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks \
RTC Hour 0x300a06| D7 |- reserved - - — |0 when being read.
Register (8bits) | D6 |[RTCAP  |AM/PM indicator 1[Pm [o]Am X ()| RIW
(RTC_HOUR) D5-4 |RTCHH[1:0]|RTC 10-hour counter Oto2or0to1 X (x) | RrW

D3-0 [RTCHL[3:0] |RTC 1-hour counter 0to9 X (*) | RIW

* Software reset (RTCRST — 1 — 0) does not affect the counter values. This register retains the value set before a software reset is
performed.

Notes: ¢ Data should not be read from or written to the counters while 1 is being carried over. (See
Section 8.3.5, “Counter Hold and Busy Flag,” and Section 8.3.7, “Counter Read.”)

* Rewriting RTC24H/RTC_CNTLO register may corrupt the count data in this register. Therefore,
after changing the RTC24H setting, be sure to set up this register again.

D7 Reserved

D6 RTCAP: AM/PM Indicator Bit
‘When 12-hour mode is selected, this bit indicates A.M. or P.M.
1 (R/W): PM.
0 (R/W): AM.

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

Note: The RTCAP bit keeps the current set value even if RTC24H/RTC_CNTLO register is changed
from 12-hour mode to 24-hour mode, and will be fixed at 0 after the hour counter is updated (or
reset in software).

D[5:4] RTCHH[1:0]: RTC 10-hour Counter Bits
These bits comprise a 2-bit BCD counter used to count tens of hours.
With a carry over of 1 from the 1-hour counter, the counter counts from O to 1 when 12-hour mode is
selected, or from O to 2 when 24-hour mode is selected. The counter is reset at 12 o’clock or 24 o’clock,
and outputs a carry over of 1 to the 1-day counter.

D[3:0] RTCHL[3:0]: RTC 1-hour Counter Bits
These bits comprise a 4-bit BCD counter used to count units of hours.
The counter counts from O to 9 with a carry over of 1 from the 10-minute counter. This counter is reset
to 0 after 9 and outputs a carry over of 1 to the 10-hour counter. Depending on whether 12-hour mode
or 24-hour mode is selected, the counter is reset at 12 o’clock or 24 o’clock.

RTC Day Register (RTC_DAY)

‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
RTC Day 0x300a07| D7-6 |- reserved - - — |0 when being read.
Register (8 bits) D5-4 |RTCDH[1:0]|RTC 10-day counter Oto3 X ()| RIW

(RTC_DAY) D3-0 |RTCDL[3:0] |RTC 1-day counter O0to9 X () | RIW

« Software reset (RTCRST — 1 — 0) does not affect the counter values. This register retains the value set before a software reset is
performed.
Notes: ¢ Data should not be read from or written to the counters while 1 is being carried over. (See
Section 8.3.5, “Counter Hold and Busy Flag,” and Section 8.3.7, “Counter Read.”)

* Rewriting RTC24H/RTC_CNTLO register may corrupt the count data in this register. Therefore,
after changing the RTC24H setting, be sure to set up this register again.

D[7:6] Reserved
D[5:4] RTCDH[1:0]: RTC 10-day Counter Bits

These bits comprise a 2-bit BCD counter used to count tens of days. The counter counts from O to 2 or
3 with a carry over of 1 from the 1-day counter. The number of days in each month and leap years are
taken into account, so that when months change the counter is reset to O along with the 1-day counter,
and a carry over of 1 is output to the 1-month counter.
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D[3:0] RTCDL[3:0]: RTC 1-day Counter Bits
These bits comprise a 4-bit BCD counter used to count units of days.
The counter counts from O to 9 with a carry over of 1 from the hour counter. This counter is reset to 0
after 9 and outputs a carry over of 1 to the 10-day counter. The number of days in each month and leap
years are taken into account, so that the counter is reset to 1 when months change.

RTC Month Register (RTC_MONTH)

‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
RTC Month 0x300a08| D7-5 |- reserved — - — |0 when being read.
Register (8 bits) D4 |RTCMOH |RTC 10-month counter Oto1 X (=) | RW

(RTC_MONTH) D3-0 [RTCMOL[3:0]|RTC 1-month counter 0to9 X (%) | RIW

« Software reset (RTCRST — 1 — 0) does not affect the counter values. This register retains the value set before a software reset is
performed.

Notes: ¢ Data should not be read from or written to the counters while 1 is being carried over. (See
Section 8.3.5, “Counter Hold and Busy Flag,” and Section 8.3.7, “Counter Read.”)

* Rewriting RTC24H/RTC_CNTLO register may corrupt the count data in this register. Therefore,
after changing the RTC24H setting, be sure to set up this register again.

D[7:5] Reserved

D4 RTCMOH: RTC 10-month Counter Bit
This is a tens of months count bit.
This bit is set to 1 with a carry over of 1 from the 1-month counter. When years change, this bit is reset
to 0 along with the 1-month counter, and a carry over of 1 is output to the 1-year counter.

D[3:0] RTCMOL[3:0]: RTC 1-month Counter Bits
These bits comprise a 4-bit BCD counter used to count units of months.
The counter counts from 0 to 9 with a carry over of 1 from the day counter. This counter is reset to O af-
ter 9 and outputs a carry over of 1 to the 10-month counter. The counter is reset to 1 when years change.

RTC Year Register (RTC_YEAR)

\ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
RTC Year 0x300a09| D7-4 |RTCYH[3:0]|RTC 10-year counter 0to9 X () | RIW

Register (8 bits) D3-0 [RTCYL[3:0] |RTC 1-year counter Oto9 X ()| RIW

(RTC_YEAR)

+ Software reset (RTCRST — 1 — 0) does not affect the counter values. This register retains the value set before a software reset is
performed.
Notes: ¢ Data should not be read from or written to the counters while 1 is being carried over. (See
Section 8.3.5, “Counter Hold and Busy Flag,” and Section 8.3.7, “Counter Read.”)

* Rewriting RTC24H/RTC_CNTLO register may corrupt the count data in this register. Therefore,
after changing the RTC24H setting, be sure to set up this register again.

D[7:4] RTCYH[3:0]: RTC 10-year Counter Bits
These bits comprise a 4-bit BCD counter used to count tens of years. The counter counts from O to 9
with a carry over of 1 from the 1-year counter.

D[3:0] RTCYL[3:0]: RTC 1-year Counter Bits
These bits comprise a 4-bit BCD counter used to count units of years.
The counter counts from 0 to 9 with a carry over of 1 from the month counter. This counter is reset to 0
after 9 and outputs a carry over of 1 to the 10-year counter.

S1C33L27 TECHNICAL MANUAL Seiko Epson Corporation 8-17



8 REAL-TIME CLOCK (RTC)

RTC Days of Week Register (RTC_WEEK)

\ Register name| Address | Bit | Name | Function | Setting | Init. | RNV| Remarks \
RTC Days of 0x300a0a| D7-3 |- |reserved — - — |0 when being read.
Week Register | (8 bits) D2-0 [RTCWK][2:0]|RTC days of week counter RTCWK]2:0] | Days of week |X ()| R'W
(RTC_WEEK) 0x7 —

0x6 Saturday

0x5 Friday

0x4 Thursday

0x3 Wednesday

0x2 Tuesday

0ox1 Monday

0x0 Sunday
* Software reset (RTCRST — 1 — 0) does not affect the counter values. This register retains the value set before a software reset is

performed.

Notes: ¢ Data should not be read from or written to the counters while 1 is being carried over. (See
Section 8.3.5, “Counter Hold and Busy Flag,” and Section 8.3.7, “Counter Read.”)

* Rewriting RTC24H/RTC_CNTLO register may corrupt the count data in this register. Therefore,
after changing the RTC24H setting, be sure to set up this register again.

D[7:3] Reserved

D[2:0] RTCWK][2:0]: RTC Days of Week Counter Bits
These bits are the septenary counter (that counts from O to 6) bits representing days of the week. This
counter counts at the same timing as the 1-day counter.
The correspondence between the counter values and days of the week can be set in a program as de-
sired. Table 8.6.3 lists the basic correspondence.

Table 8.6.3 Correspondence between Counter Values and Days of the Week

RTCWK]2:0] Days of the week
0x6 Saturday
0x5 Friday
0x4 Thursday
0x3 Wednesday
0x2 Tuesday
0x1 Monday
0x0 Sunday

(Default: indeterminate, software reset: previous value retained)

RTC Wakeup Configuration Register (RTC_WAKEUP)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks \
RTC Wakeup 0x300a0f | D7-2 |- reserved - - — |0 when being read.
Configuration (8 bits)

Register D1 |[WUP_CTL |WAKEUP control 1 [Active [ 0 [inactive X (0)| RW

(RTC_WAKEUP) DO |WUP_POL |WAKEUP polarity select 1 |Active low | 0 |Active high [X (0)| R'W

Init.: () indicates the value set after a software reset (RTCRST — 1 — 0) is performed.
D[7:2] Reserved

D1 WUP_CTL: WAKEUP Control Bit
This bit controls the WAKEUP output.
1 (R/W): Active
0 (R/W): Inactive (software reset value)
This bit is used to control the WAKEUP output with software. The WAKEUP signal will also be as-
serted when a cause of RTC interrupt occurs.

DO WUP_POL: WAKEUP Polarity Select Bit
This bit selects the active level of the WAKEUP output signal.
1 (R/W): Active low
0 (R/W): Active high (software reset value)
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9 SRAM Controller (SRAMCO)

The S1C33L27 includes a bus controller that controls access to external memories. The bus controller consists of
an SRAM controller (SRAMC) for controlling the SRAM, an SDRAM controller (SDRAMC) for controlling the

SDRAM, and a data queue buffer (DQB) for efficiently reading from external memories.

The following describes the SRAMC. For information on the SDRAMC and DQB, see the “SDRAM Controller

(SDRAMC)” chapter.

9.1 SRAMC Overview

The SRAM controller (SRAMC) is a module for controlling the external bus. It can output up to six chip enable

signals and configure the access cycle and the connected device type for respective areas assigned to each chip en-

able signal. When the CPU or DMAC accesses an external memory space, the SRAMC reads/writes from/to the

connected memory or I/O device according to the defined access conditions.
The features of the SRAMC are described below.

* 26-bit address bus (maximum 64M-byte address space)

 8-bit or 16-bit selectable data bus

» Up to six chip enable signals are available for connecting external devices.

* Supports connections to a Flash ROM, SRAM, and other devices such as an LCD driver.
* Programmable bus access wait cycle (0 to 15 cycles)

* Little endian access

* Supports memory mapped I/O devices.

* Supports either AQ or BS (bus strobe) access type.

* Supports external wait requests via the #WAIT pin.

9.2 SRAMC Pins

Table 9.2.1 lists the pins used by the SRAMC.
Table 9.2.1 SRAMC Pin List

Pin name 1/0 Qty Function
D[15:0] I/0 16 |External data bus D[15:0]
AO/#BSL o 1 |External address bus AO / Bus strobe (low byte) signal output
A[25:1] (0] 25 |External address bus A[25:1]
#CE10, #CE9, #CES8, #CE?7, (6] 6 |Chip enable signal outputs
#CE5, #CE4
#RD (@) 1 |Read signal output
#WRL O 1 |Write (low byte) signal output
#WRH/#BSH (@) 1 |Write (high byte) signal / Bus strobe (high byte) signal output
#WAIT | 1 |External wait request signal input

Notes: ¢ Some of the bus control pins listed above are shared with general-purpose 1/O ports and they
may be configured for I/O ports at initial reset. Before the SRAMC signals assigned to these
pins can be used, the functions of these pins must be switched for the SRAMC by setting each

corresponding port function select bit.

For details on how to switch over the pin functions, see the “I/O Ports (GPIO)” chapter.

* The bus control signals can be pulled up or forcibly driven low via software. For more informa-

tion, see the “I/O Ports (GPIO)” chapter.
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9 SRAM CONTROLLER (SRAMC)

9.3 SRAMC Operating Clock

The SRAMC operates with SYSCLK supplied from the CMU.
BCLK is also used for accessing the SRAMC control registers.

For more information on the clock control, see the “Clock Management Unit (CMU)” chapter.

9.4 External Memory Areas

The SRAMC supports an external memory space, which is divided into 14 areas as shown in Figure 9.4.1.

#CE4  #CE5 #CE7  #CE8  #CE9 #CE10
Area22 Oxffff ffff External memory °
0x8000 0000 2G (64M) bytes (+2)
Area 21 Ox7fff ffff External memory °
0x4000 0000 1G (64M) bytes (x2)
Area20 Ox3fff ffff External memory °
0x2000 0000 512M (64M) bytes (+2)
Area 19 Ox1fff ffff External memory °
(1) 0x1000 0000 256M (64M) bytes (2)
Area 18 Ox0fff ffff
Reserved
0x0c00 0000
Area 17  OxObff ffff
Reserved
0x0800 0000
Area 16  0x07ff ffff External memory °
0x0600 0000 32M bytes
Area15 Ox05ff ffff External memory °
0x0400 0000 32M bytes
Area 14 O0x03ff ffff External memory
(]
0x0300 0000 16M bytes
Area 13  0x02ff ffff External memory
(]
0x0200 0000 16M bytes
Area 12 O0xO01ff ffff
Reserved
0x0180 0000
Area 11 0x017f ffff
Reserved
0x0100 0000
Area 10 O0xO00ff ffff External memory
(]
0x00c0 0000 4M bytes
Area 9 0x00bf ff£ff External memory
(]
0x0080 0000 4M bytes
Area 8 0x007f £fff External memory
{
0x0060 0000 2M bytes
Area 7 0x005f fEfff External memory °
(*1) 0x0040 0000 2M bytes
Area 6 0x003f ffff| (Reserved area for internal
0x0030 0000 peripheral modules)
Area 5 0x002f £fff External memory
o
0x0020 0000 1M bytes
Area 4 0x001f fEfff External memory
(
0x0010 0000 1M bytes

*1 Usable as an SDRAM area.
x2 Since the address bus is 26-bit wide, valid area for each area is 64M bytes from the top.

Figure 9.4.1 S1C33L27 External Memory Space

Areas 4, 5, 7 to 10, 13 to 16, and 19 to 22 comprise an external memory area accessible from the SRAMC, to which
external memory devices may be connected. The access conditions can be set by area, including the device type and
size as well as the number of wait cycles.
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9.4.1 Chip Enable Signals
The SRAMC provides maximum 26 bits of an external address bus, 16 bits of an external data bus, and 6 chip-
enable pins (#CE4, #CES, #CE7 to #CE10), allowing access to a maximum 366M-byte address space.

Two or more areas are assigned to each chip-enable signal. Table 9.4.1.1 shows the relationship between the chip-
enable pins and corresponding areas.

Table 9.4.1.1 Chip Enable Pins and Corresponding Areas

#CE pin | Corresponding area Available area capacity for a series of adjacent addresses
Area Capacity Area Capacity Area Capacity
#CE4 |Areas 4 and 14 Area 4 1MB Area 14 16MB — —
#CE5 |Areas 5, 15, and 16 Area 5 1MB Areas 15+ 16| 64MB - -
#CE7 |Areas 7 and 19 Area 7 2MB Area 19 64MB - —
#CE8 |Areas 8 and 21 Area 8 2MB Area 21 64MB - -
#CE9 |Areas 9 and 22 Area 9 4MB Area 22 64MB - -
#CE10 |Areas 10, 13, and 20 Area 10 4MB Area 13 16MB Area 20 64MB

The #CEx signal becomes active when an address in any corresponding area is accessed.

9.4.2 Area Condition Settings

Bus access conditions can be set by area for each #CEx signal. Therefore, the same conditions are set for two or
more areas accommodated by the respective #CEx signals.

This section describes the parameters to be set individually for each #CEx area and the relevant control bits.

The SRAMC control registers are initialized by an initial reset. These registers should be set up in software to suit
the external device configuration or specification as required.

Note: Letter ‘X' in the control bit and #CE names denotes a #CE area number (4, 5, or 7 to 10).

Endian mode
The S1C33L27 supports little endian mode only.

Device type

The device size can be selected from 8 bits and 16 bits. Additionally, for a 16-bit device, the device type can
also be selected from the AO (default) or BSL modes.
For selection, use CExXTYPE[1:0]/SRAMC_TYPE register.

Table 9.4.2.1 Device Type Selections

CEXTYPE[1:0] Device type Pins to be used
0x3—-0x2 8-bit device A[25:0], D[7:0], #CEXx, #RD, #WRL
0x1 16-bit BSL device |A[25:1], D[15:0], #CEx, #RD, #WRL, #BSL(A0), #BSH
0x0 16-bit AO device A[25:1], D[15:0], #CEx, #RD, #WRL, #WRH

#CE setup time

The setup time for #CEx signals (from a #CEx falling edge to the read/write signal falling edge) can be set to
within the range from 1 to 4 cycles. Use CExXSETUP[1:0] in the SRAMC_TMG47 and SRAMC_TMGS10 reg-
isters for settings.

(Default: 0x0)

Table 9.4.2.2 #CE Setup Time Settings

CEXSETUP[1:0] Setup time
0x3 4 cycles
0x2 3 cycles
0x1 2 cycles
0x0 1 cycle

(Default: 0x3)
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#CE hold time
The hold time for #CEx signals (from a read/write signal rising edge to the #CEx rising edge) can be set to with-
in the range from 1 to 4 cycles. Use CExHOLD[1:0] in the SRAMC_TMG47 and SRAMC_TMGS10 registers

for settings.

Table 9.4.2.3 #CE Hold Time Settings

CExHOLD[1:0] Hold time
0x3 4 cycles
0x2 3 cycles
0x1 2 cycles
0x0 1 cycle

(Default: 0x3)

Static wait cycles
If the number of static wait cycles is specified, the chip enable and read/write signals are always prolonged
for the number of specified cycles when the area is accessed. According to the specifications of the connected
device, set an appropriate wait cycle using CExXWAIT[3:0] in the SRAMC_TMG47 and SRAMC_TMGS810 reg-
isters. If CExWAIT[3:0] is set to 0, no static wait cycle is inserted. In this case, the minimum read/write pulse

width will be one cycle.

Table 9.4.2.4 Static Wait Cycle Settings

CEXWAIT[3:0] Static wait cycle Read/write cycle
Oxf 15 cycles 16 cycles (+ #WAIT)
Oxe 14 cycles 15 cycles (+ #WAIT)
0x1 1 cycle 2 cycles (+ #WAIT)
0x0 0 cycles 1 cycle (+ #WAIT)

(Default: 0xf)

The area to which an SRAM device is connected allows dynamic wait control using the #WAIT pin in addition

to the static wait control.

#CE setup cycle External wait cycle Static wait cycle #CE hold cycle

via #WAIT

SYSCLK N/
A[25:0] X valid X
#CEx
#RD/#WR

D[15:0] (RD) valid

D[15:0] (WR) valid

#WAIT 7N

(CEXSETUP = 0x0) (CEXWAIT = 0x1) (CEXHOLD = 0x0)
Figure 9.4.2.1 Example of Timing Parameter Settings
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9.5 Connection of External Devices and Bus Operation

9.5.1 Connecting External Devices

The following shows examples of connecting the SIC33L27 and SRAM.

S1C33L27 SRAM
A[n:0] » Aln:0]
D[7:0] | »{1/0[7:0]
#CEx »#CE

#RD »|#OE
#WRL > #WE

Figure 9.5.1.1 Example of 8-bit SRAM Connection

S1C33L27 SRAM S1C33L27 SRAM
A[n:1] » A[n-1:0] A[n:1] » A[n-1:0]
D[15:0] < » 1/0[15:0] D[15:0] (< » 1/0O[15:0]
#CEx » #CE #CEx » #CE
#RD » #OE #RD » #OE
#WRL » #WEL #WR » #WE
#WRH » #WEH #BSL > #LB
#BSH » #UB

<A0 mode, 16-bit SRAM> <BSL mode, 16-bit SRAM>
Figure 9.5.1.2 Example of 16-bit SRAM Connection

9.5.2 Data Configuration in Memory

The S1C33L27 SRAMC handles byte (8-bit), halfword (16-bit), and word (internal 32-bit) data. To access data in a
memory, addresses aligned to the boundary of the data size must be specified. Specifying other addresses generates
address misaligned exceptions.

Instructions (e.g., stack manipulating and branch instructions) that rewrite the contents of the stack pointer (SP) or
program counter (PC) forcibly alter the address specified to a boundary address to prevent address misaligned ex-
ceptions. For details of address misaligned exceptions, refer to the C33 PE Core Manual.

Table 9.5.2.1 shows where each type of data is located in a memory.

Table 9.5.2.1 Data Locations in Memory

Data type Location
Byte Byte boundary (all addresses)
Halfword Halfword boundary (A0 = 0)
Word Word boundary (A[1:0] = 0b00)

All halfword and word data in a memory are accessed in little endian mode. To increase memory efficiency, try
locating the same type of data at continuous addresses to reduce blank areas created by positioning at boundary ad-
dresses as much as possible.
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9.5.3 External Bus Operation

The internal data bus size in the SIC33L27 is 32 bits. Note, however, that it has 16 external bus pins D[15:0].
Depending on the device size and data size of the instruction executed, two or more bus operations may occur.
Table 9.5.3.1 shows bus operations in AO and BSL modes.

For details on how to connect memory, see Section 9.5.1, “Connecting External Devices.”

Table 9.5.3.1 Bus Operations

Device A0 mode BSL mode Access
, Data size R/W A1 A0 Valid D[15:8] D[7:0] Valid D[15:8] D[7:0]
size R . R R . R count
signal pins pins signal pins pins
Byt w % % #WRL - D[7:0] - - - 1
y R x * #RD - |omo| - - - 1
% 0 - D[7:0] - - 1st
w * 1 #WRL - D[15:8] - - - 2nd
Halfword
R 0 4RD - D[7:0] _ - - 1st
1 - D[15:8] - - 2nd
. 0 0 - D[7:0] - - 1st
8 bits
0 1 - D[15:8] - - 2nd
w 1 0 #WRL — | D[23:16] - - 3rd
1 1 - |D[31:24] - - 4th
Word 0 0 — | bz - - 1st
0 1 - D[15:8] - - 2nd
R 1 0 #RD - |D[23:16] - - 3rd
1 1 - | D[31:24] - - 4th
. o |#wrL| - |omol| ™R 1 _ |opomo| 1
#BSL
w #WR
# 1 #WRH | D[7:0] - D[7:0] - 1
#BSH
Byte #RD
* 0 - D[7:0] - D[7:0] 1
#BSL
R #RD 4RD
" 1 D[7:0] - spsy | D701 - 1
#WR
, #WRH ) )
16 bits w % 0 SWRL D[15:0] #BSH D[15:0] 1
Halfword #BSL
#RD
R 0 #RD D[15:0] #BSH D[15:0] 1
#BSL
0 0 #WRH D[15:0] #WR D[15:0] 1st
w #BSH
1 0 #WRL D[31:16] #BSL D[31:16] 2nd
Word
0 0 D[15:0] #RD D[15:0] 1st
R #RD #BSH
1 0 D[31:16] #BSL D[31:16] 2nd
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9.6 Bus Access Timing Charts

9.6.1 SRAM Read/Write Timing with No External #WAIT

1. SRAM read/write timings with no static wait cycles

[Example settings]
Device size:

16 bits

Number of static wait cycles: O cycles

#CE setup/hold time:

SYSCLK

A[25:0]

#CEx

#RD

D[15:0]

#WAIT

SYSCLK

A[25:0]

#CEx

#WR=*

D[15:0]

#WAIT

1 cycle

—

X

valid

valid

T N

Figure 9.6.1.1 SRAM Read Timing with No Static Wait Cycle

I ;B

X

valid

valid

Figure 9.6.1.2 SRAM Write Timing with No Static Wait Cycle

S$1C33L27 TECHNICAL MANUAL

Seiko Epson Corporation

9-7
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2. SRAM read/write timings with static wait cycles

[Example settings]

Device size: 16 bits
Number of static wait cycles: 2 cycles
#CE setup/hold time: 1 cycle

Static wait cycle

sysclk___ /7 N/ N/ \__/ /N /T \___

A[25:0] X valid X

#CEx

#RD

D[15:0] valid

#WAIT

Figure 9.6.1.3 SRAM Read Timing with Static Wait Cycle

Static wait cycle
sysclk__ /T N\ /7 /1 /L / L/
A[25:0] X valid X
#CEx
#WRs
D[15:0] valid
#WAIT

Figure 9.6.1.4 SRAM Write Timing with Static Wait Cycle
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9.6.2 SRAM Read/Write Timings with External #WAIT

Wait cycles can be inserted from the #WAIT pin only for SRAM-type devices.
The external #WAIT signal is sampled on the rising edges of SYSCLK after the #CE setup cycles end and no later
than one clock before the read or write signal goes high. A wait state is entered while the #WAIT signal is sampled
active (low), and subsequent operation resumes when the #WAIT signal is sampled inactive (high).

[Example settings]

Device size: 16 bits
Number of static wait cycles: 0 cycles (see Note below)
#CE setup/hold time: 1 cycle (see Note below)
Wait cycle
sysclk___ /0 N/ \_/  \__/  __/ _/  \__
A[25:0] X valid X
#CEx
#RD
D[15:0] valid
HWAIT N/, N/ 7 X
Figure 9.6.2.1 SRAM Read Timing with External #WAIT
Wait cycle
sysclk___ /0 N/ \_/  \_/  \__/ _/  \__
A[25:0] X valid X
#CEx
#WR:=
D[15:0] valid
HWAIT N/ N/ 7 X

Figure 9.6.2.2 SRAM Write Timing with External #WAIT
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Note: Figures 9.6.2.1 and 9.6.2.2 assume a very low operating speed for convenience of explanation.
When actually using an external wait request, to allow for a delay due to noise filter of the #WAIT
pin, be sure to set the #CE setup cycles (CEXSETUP[1:0]) or static wait cycles (CEXWAIT[3:0]) as
follows:

* When using #WAIT, set CExXSETUP[1:0] to 0x1 or higher, or set CEXWAIT[3:0] to 0x1 or higher.

* When a #CEx signal is used to generate a #WAIT signal, set the conditions no lower than the
following.

CEXSETUP[1:0] =
CEXSETUP[1:0] =
CEXSETUP[1:0] =
CEXSETUP[1:0] =

0x1 and CEXWAIT[3:0] =
0x2 and CEXWAIT[3:0] =
0x3 and CEXWAIT[3:0] =
0x4 and CEXWAIT[3:0] =

0x3, or
0x2, or
0x1, or
0x0

* When a #RD/#WRH/#WRL signal is used to generate a #WAIT signal, set the conditions no
lower than the following.

CEXWAIT[3:0] =

Ox4

When settings are other than the listed above, external wait is ineffective.

9.7 Control Register Details

Table 9.7.1 List of SRAMC Registers

Address Register name Function
0x302220 [SRAMC_TMG47 #CE[7:4] Access Timing Configuration Register |Set #CE[7:4] access conditions
0x302224 |SRAMC_TMG810 #CE[10:8] Access Timing Configuration Register |Set #CE[10:8] access conditions
0x302228 [SRAMC_TYPE #CE[10:4] Device Configuration Register Set #CE[10:4] device types

The following describes each SRAMC register.

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

#CE[7:4] Access Timing Configuration Reglster (SRAMC_TMG47)

\ Register name| Address | Bit | Name Function Setting | Init. | RNV| Remarks
#CE[7:4] 0x302220 ( D31-30 [CE7SETUP |#CE7 setup cycle CE7SETUP[1.0] Setup cycle | 0x3 | R/'W
Access Timing | (32 bits) [1:0] 0x3 4 cycles
Configuration |0x302220 0x2 3 cycles
Register (32 bits) Ox1 2 cycles
(SRAMC_ 0x0 1 cycle
TMG47) D29-28 [CE7HOLD ([#CE?7 hold cycle CE7HOLD[1:0] | Hold cycle | 0x3 | R/W
#CE[7:4] [1:0] 0x3 4 cycles
Access Timing 0x2 3 cycles
Configuration ox1 2 cycles
Register 0x0 1 cycle
(SRAMC_ D27-24 |CE7WAIT |#CE?7 static wait cycle CE7WAIT[3:0] | Wait cycle oxf | R/W
TMG47) [3:0] Oxf 15 cycles
Oxe 14 cycles
Oox1 1 cycle
0x0 0 cycles
D23-16 |- reserved - - — |1 when being read.
D15-14 |CESSETUP |#CES5 setup cycle CE5SETUP[1:0]| Setup cycle | 0x3 | R/'W
[1:0] 0x3 4 cycles
0x0 1 cycle
D13-12 |CESHOLD |#CE5 hold cycle CE5HOLD[1:0]| Hold cycle | 0x3 | R/W
[1:0] 0x3 4 cycles
0x0 1 cycle
D11-8 |CESWAIT |#CE5 static wait cycle CE5WAIT[3:0] | Wait cycle oxf | R/W
[3:0] Oxf 15 cycles
0x0 0 cycles
D7-6 [CE4SETUP [#CE4 setup cycle CE4SETUP[1:0]| Setup cycle | 0x3 | R/W
[1:0] 0x3 4 cycles
0x0 1 cycle
9-10 Seiko Epson Corporation S1C33L27 TECHNICAL MANUAL
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‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks ‘
#CE[7:4] 0x302220| D5-4 [CE4HOLD [#CE4 hold cycle CE4HOLD[1:0]| Hold cycle | 0x3 | R/'W
Access Timing | (32 bits) [1:0] 0x3 4 cycles
Configuration : :
Register 0x0 1 cycle
(SRAMC_ D3-0 (CE4WAIT [#CE4 static wait cycle CE4WAIT[3:0] [ Wait cycle oxf | R/W
TMG47) [3:0] Ooxf 15 cycles
0x0 0 cycles

See the descriptions of the SRAMC_TMG810 register.

#CE[10:8]Access Timing Configuration Register (SRAMC_TMG810)
[

‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks ‘
#CE[10:8] 0x302224 | D31-24 |- reserved - - — |1 when being read.
Access Timing | (32 bits) | D23-22 |CE10SETUP|#CE10 setup cycle CE10SETUP[1:0]| Setup cycle | 0x3 | R/W
Configuration [1:0] 0x3 4 cycles
Register 0x2 3 cycles
(SRAMC_ 0ox1 2 cycles
TMG810) 0x0 1 cycle
D21-20 [CE10HOLD [#CE10 hold cycle CE10HOLD[1:0]| Hold cycle | 0x3 | R/'W
[1:0] 0x3 4 cycles
0x2 3 cycles
0ox1 2 cycles
0x0 1 cycle
D19-16 [CE10WAIT [#CE10 static wait cycle CE10WAIT[3:0]| Wait cycle oxf | R/W
[3:0] Oxf 15 cycles
Oxe 14 cycles
0ox1 1 cycle
0x0 0 cycles
D15-14 |CE9SETUP (#CE9 setup cycle CE9SETUP[1:0]| Setup cycle | 0x3 | R/W
[1:0] 0x3 4 cycles
0x0 1 cycle
D13-12 |CE9HOLD [#CE9 hold cycle CEQHOLD[1:0] | Hold cycle 0x3 | R'W
[1:0] 0x3 4 cycles
0x0 1 cycle
D11-8 |CEOWAIT |#CE9 static wait cycle CE9WAIT[3:0] Wait cycle oxf | R/W
[3:0] oxf 15 cycles
0x0 0 cycles
D7-6 [CE8SETUP [#CES8 setup cycle CE8SETUP[1:0]| Setup cycle | 0x3 | R/W
[1:0] 0x3 4 cycles
0x0 1 cycle
D5-4 [CES8HOLD |#CES8 hold cycle CE8HOLD[1:0]| Hold cycle | 0x3 | R/W
[1:0] 0x3 4 cycles
0x0 1 cycle
D3-0 [CE8WAIT |#CES8 static wait cycle CE8WAIT[3:0] Wait cycle oxf | R/W
[3:0] Ooxf 15 cycles
0x0 0 cycles

The SRAMC_TMG47 and the SRAMC_TMGS810 registers are used to set the SRAM access timing for each #CE

area.

Letter ‘x’ in the control bit and #CE names denotes a #CE area number (4, 5, or 7 to 10).

D[31:30], D[23:22], D[15:14], D[7:6]

CEXSETUPI[1:0]: #CEx Setup Cycle Bits

Configures the #CEx signal setup time (#CEx falling edge to read/write signal falling edge).

Table 9.7.2 #CE Setup Time Settings

CEXSETUP[1:0] Setup time
0x3 4 cycles
0x2 3 cycles
0x1 2 cycles
0x0 1 cycle

(Default: 0x3)
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D[29:28], D[21:20], D[13:12], D[5:4]
CExHOLD[1:0]: #CEx Hold Cycle Bits
Configures the #CEx signal hold time (read/write signal rising edge to #CEx rising edge).

Table 9.7.3 #CE Hold Time Settings

CExXHOLDI[1:0] Hold time
0x3 4 cycles
0x2 3 cycles
0x1 2 cycles
0x0 1 cycle

(Default: 0x3)

D[27:24], D[19:16], D[11:8], D[3:0]
CEXWAIT[3:0]: #CEx Static Wait Cycle Bits
Configures the #CEx signal static wait cycle. If the number of static wait cycles is specified, the chip
enable and read/write signals are always prolonged for the number of specified cycles when the area is
accessed. If CExWAITI[3:0] is set to 0, no static wait cycle is inserted. In this case, the minimum read/
write pulse width will be one cycle.

Table 9.7.4 Static Wait Cycle Settings

CEXWAIT[3:0] Static wait cycle Read/write cycle
Oxf 15 cycles 16 cycles (+ #WAIT)
Oxe 14 cycles 15 cycles (+ #WAIT)
0x1 1 cycle 2 cycles (+ #WAIT)
0x0 0 cycles 1 cycle (+ #WAIT)

(Default: Oxf)

The area to which an SRAM device is connected allows dynamic wait control using the #WAIT pin in
addition to the static wait control.

External wait cycle . .
via #WAIT Static wait cycle #CE hold cycle

SYSCLK N/ N

A[25:0] X valid X

#CE setup cycle

#CEx

#RD/#WR:

D[15:0] (RD) ‘ —_vaid

D[15:0] (WR) ; ‘ valid

HWAIT N N

(CEXSETUP = 0x0) (CEXWAIT = 0x1) (CEXHOLD = 0x0)
Figure 9.7.1 Example of Timing Parameter Settings
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#CE[10:4] Device Configuration Register (SRAMC_TYPE)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks \
#CE[10:4] 0x302228 | D31-14 |- reserved — - — |0 when being read.
Device (32 bits) |D13—-12|CE10TYPE |#CE10 device type CEXTYPE[1:0] | Device type | Ox0 | R/W
Configuration [1:0] 0x3-0x2 8-bit device
Register D11-10|CE9TYPE [#CE9 device type Ox1 16-bit BSL type| 0x0 | R/W
(SRAMC_TYPE) [1:0] 0x0 16-bit AO type
D9-8 [CESTYPE |#CES8 device type 0x0 | R'W
[1:0]
D7-6 |CE7TYPE [#CE7 device type 0x0 | R'W
[1:0]
D54 |- reserved - - — |0 when being read.
D3-2 [CESTYPE |#CES5 device type CEXTYPE[1:0] Device type | Ox0 | R/W
[1:0] 0x3-0x2 8-bit device
D1-0 [CE4TYPE |#CE4 device type 0ox1 16-bit BSL type| 0x0 | R/W
[1:0] 0x0 16-bit AO type

D[31:14], D[5:4]
Reserved

D[13:12], D[11:10], D[9:8], D[7:6], D[3:2], D[1:0]
CEXTYPE[1:0]: #CEx Device Type Bits

Selects the device type for each #CE area.

Table 9.7.5 Device Type Selections

CEXTYPE[1:0] Device type Pins to be used
0x3—-0x2 8-bit device A[25:0], D[7:0], #CEx, #RD, #WRL
0x1 16-bit BSL device |A[25:1], D[15:0], #CEx, #RD, #WRL, #BSL(A0), #BSH
0x0 16-bit AO device A[25:1], D[15:0], #CEXx, #RD, #WRL, #WRH

(Default: 0x0)

S$1C33L27 TECHNICAL MANUAL

Seiko Epson Corporation

9-13



10 SDRAM CONTROLLER (SDRAMC)

10 SDRAM Controller (SDRAMC)

The S1C33L27 includes a bus controller that controls access to external memories. The bus controller consists of
an SRAM controller (SRAMC) for controlling the SRAM, an SDRAM controller (SDRAMC) for controlling the
SDRAM, and a data queue buffer (DQB) for efficiently reading from external memories.

The following describes the SDRAMC and DQB. For information on the SRAMC, see the “SRAM Controller
(SRAMC)” chapter.

10.1 SDRAMC Overview

The SDRAM controller (SDRAMC) allows up to 64MB of SDRAM to be connected to Areas 7 and 19.
The main features of the SDRAMC are outlined below.

* Supports direct connection of an SDRAM from minimum 16M bits (2MB) to maximum 512M bits (64MB).
» The operating clock frequency: Maximum 60 MHz (same as the CPU clock frequency)

* Data bus width: 16 bits (16-bit SDRAM X 1 or 8-bit SDRAM X 2)

* CAS latency: Can be setto 1, 2 or 3.

* Supports burst transfers (burst length: 2).

* Supports 2- or 4-bank SDRAM (BA1 and BAO outputs).
Row address range: 2K (SDA10-SDAO), 4K (SDA11-SDAO), or 8K (SDA12-SDAO)
Column address range: 256 (SDA7-SDAO), 512 (SDA8-SDADO), or 1K (SDA9-SDAO)

* Supports byte writes with the DQML and DQMH pins.

¢ Includes a programmable 12-bit auto refresh counter.
Necessary refreshing enabled irrespective of the clock frequency used.

* Provided with intelligent self-refresh mode for low-power operation.

* Supports the EMRS (Extended Mode Register Set) command to program drive strength, temperature compen-
sated self refresh, and partial array self refresh, in addition to MRS (Mode Register Set).

10.2 SDRAMC Pins

Table 10.2.1 lists the pins used by the SDRAMC.

Table 10.2.1 SDRAMC Pin List

Pin name 1/0 Qty Function
A[15:14])/SDBA[1:0] O 2 |Bank select signal output
A[13:1]/SDA[12:0] O 13 |Address signal output
D[15:0] /0 16 |Data signal I/O
SDCKE 0 1 SDRAM clock enable signal output
SDCLK O 1 |SDRAM clock output
#SDCS O 1 SDRAM chip enable signal output
A20/#SDRAS (0] 1 |SDRAM row address strobe signal output
A19/#SDCAS 0] 1 |SDRAM column address strobe signal output
A18/#SDWE 6] 1 |SDRAM write signal output
A16/DQML O 1 |SDRAM data (to select low-order byte) input/output mask signal output
A17/DQMH (0] 1 |SDRAM data (to select high-order byte) input/output mask signal output
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Notes: ¢ Some of the bus control pins listed above are shared with general-purpose I/O ports and they
may be configured for I/O ports at initial reset. Before the SDRAMC signals assigned to these
pins can be used, the functions of these pins must be switched for the SDRAMC by setting
each corresponding port function select bit.

For details on how to switch over the pin functions, see the “I/O Ports (GPIO)” chapter.

* The bus control signals can be pulled up or forcibly driven low via software. For more informa-
tion, see the “I/O Ports (GPIO)” chapter.

10.3 SDRAMC Operating Clock

The SDRAMC operates with SYSCLK supplied from the CMU. This clock is used as SDCLK.
BCLK is also used for accessing the SDRAMC control registers.

For more information on the clock control, see the “Clock Management Unit (CMU)” chapter.

10.4 Configuration of SDRAM

10.4.1 SDRAM Area

A #CE7 area (Area 7 or Area 19) is reserved for the SDRAMC. Note that the #CE7 area is configured for an
SRAM area controlled with the SRAMC as the SDRAMC is disabled at initial reset. Therefore, to use the SDRAM,
the #CE7 area must be configured for the SDRAM area by setting SDON/SDRAMC_INIT register to 1.

Note: Setting SDON to 1 overrides the external SRAM access conditions for the #CE7 area set in the
SRAMC.

10.4.2 SDRAM Size and Access Condition Settings

Table 10.4.2.1 lists the conditions related to SDRAM size and timing parameters that the SDRAMC can accommo-
date.

Table 10.4.2.1 SDRAM Setup ltems

Item Setting contents Control bit settings
SDRAM address [32M x 16 bits x 1 ADDRCI2:0/SDRAMC_CFG register = 0x7
configuration 16M x 16 bits x 1 ADDRCI2:0/SDRAMC_CFG register = 0x3
8M x 16 bits x 1 ADDRCI[2:0/SDRAMC_CFG register = 0x2
4M x 16 bits x 1 ADDRCI2:0)/SDRAMC_CFG register = Ox1
1M x 16 bits x 1 (default) ADDRCI2:0)/SDRAMC_CFG register = 0x0 (default)
16M x 8 bits x 2 ADDRCI2:0)//SDRAMC_CFG register = 0x6
8M X 8 bits x 2 ADDRCI2:0/SDRAMC_CFG register = 0x5
CAS latency 3,2,0r1 CAS[1:0/SDRAMC_APP register = 0x3, 0x2 or 0x1
Burst length 2 (fixed) -
tRP, tRCD 1 (default) to 4 cycles T24NS[1:0/SDRAMC_CFG register = 0x0 (default) to 0x3
tRAS 1 (default) to 8 cycles T60NS[2:0/SDRAMC_CFG register = 0x0 (default) to 0x7
tRc, tRFC, tXSR 1,5, 9, or 13 cycles T8ONS[3:0/SDRAMC_CFG register = 0x0, 0x4, 0x8, or 0xc

SDRAM address configuration

Use ADDRCJ[2:0]/SDRAMC_CFG register to select the SDRAM size and chip configuration. This selection
also sets up the bank size, column address size (page size), and row address size.
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Table 10.4.2.2 SDRAM Size Selections and SDRAM Address

ADDRC[2:0] 0x0 (defaul)] ox1 [ ox2 | ox3 | ox7 ox4 | ox5 | ox6
SDRAM device 16-bit device Two 8-bit devices
Capacity (M bit) 16 | 64 | 128 | 256 | 512 - | e4x2 | 128x2
Data width 16 bits

Row size 2048 4096 4096 8192 8192 - 4096 4096
Column size 256 256 512 512 1024 - 512 1024
Number of banks 2 4 4 4 4 — 4 4
A25 - - - - R10 - - -
A24 - - - R12 R12 - - R11
A23 - - R11 R11 R11 - R11 R10
A22 - R11 R9 R9 R9 - R9 R9
A21 - R8 R8 R8 R8 - R8 R8
A20 R7 R7 R7 R7 R7 - R7 R7
A19 R6 R6 R6 R6 R6 - R6 R6
A18 R5 R5 R5 R5 R5 - R5 R5
A17 R4 R4 R4 R4 R4 - R4 R4
A16 R3 R3 R3 R3 R3 - R3 R3
A15 R2 R2 R2 R2 R2 - R2 R2
A14 R1 R1 R1 R1 R1 - R1 R1
A13 RO RO RO RO RO - RO RO
A12 R10 R10 R10 R10 B1 - R10 B1
Al1 R9 R9 BO BO BO - BO BO
A10 R8 B1 B1 B1 c9 - B1 c9
A9 BO BO c8 c8 c8 - c8 c8
A8 c7 c7 c7 c7 c7 - c7 c7
A7 cé cé [ cé cé - cé cé
A6 [ [ C5 [ [ - [ C5
A5 c4 c4 c4 c4 c4 - c4 c4
A4 c3 c3 c3 c3 c3 - c3 c3
A3 c2 c2 c2 c2 c2 - c2 c2
A2 C1 C1 Ct [ C1 - [ C1
A1 co co co co co - co co
A0 DaM DQM DQM DQM DQM - DQM DQM

When reading/writing byte data, the SDRAMC decodes AO/#BSL and WRH/BSH into DQML and DQMH.
Upper address bits that are not used (depending on memory size) are all fixed to 0.
Figures 10.4.2.1 and 10.4.2.2 show examples of how to connect SDRAMs.

S1C33L27 SDRAM
SDBA[1:0] » BA[1:0]
SDA[12:0] » A[12:0]

D[15:0] |« »DQ[15:0]
SDCLK CLK
SDCKE » CKE
#SDCS #CS
#SDRAS »#RAS
#SDCAS #CAS
#SDWE #WE
DQMH DQMU
DQML DQML

32M x 16 bits (4 banks)
Figure 10.4.2.1 64MB SDRAM Connection Example
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S1C33L27 SDRAM S1C33L27 SDRAM
SDBA[1:0] » BA[1:0] SDBA[1:0] > BA[1:0]
SDA[11:0] » A[11:0] SDA[11:0] > A[11:0]

D[15:0] 1« » DQ[15:0] D[15:8] 1« » DQ[7:0]
D[7:0]
SDCLK CLK SDCLK » CLK
SDCKE » CKE SDCKE » CKE
#SDCS #CS #SDCS » #CS
#SDRAS #RAS #SDRAS > #RAS
#SDCAS » #CAS #SDCAS » #CAS
#SDWE #WE #SDWE > #WE
DQMH DQMU DQMH » DQM
DQML » DQML DQML —
> BA[1:0]
8M x 16 bits (4 banks) L »{A[11:0]
» DQ[7:0]
» CLK
» CKE
» #CS
> #RAS
» #CAS
> #WE
» DQM

8M x 8 bits (4 banks) x 2
Figure 10.4.2.2 16MB SDRAM Connection Example

Timing setup

The following parameters can be configured according to the SDRAM specifications.

e inininininininininl
Gommand
SDBA[1:0]
SDA[12:11, 9:0] Réw

sDA10 T N R ) )
DQ[15:0] @@)

|
trcD CAS latency trP
trAs

trc

SDCLK

Command ( NoP

SDCKE 1 I

SDBA[1:0] \\ \\ X BA_

SDA10 Y X | \\\\ \\\\ ROW

SDA[12:11, 9:0] | H H néw

DQ[15:0] ) )
trp Self-refresh mode txsr + 1 cycle "

trFC

Figure 10.4.2.3 SDRAM Timing Parameters

(1) CAS Latency
CAS latency refers to the number of SDCLK clock cycles that run until data is output from the SDRAM
after the READ command is issued. In this SDRAM interface, CAS latency can be set from 1 to 3 using
CAS[1:0]/SDRAMC_APP register.
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Table 10.4.2.3 CAS Latency Settings

CASI[1:0] CAS latency
0x3 3
0x2 2
0x1 1
0x0 Reserved

(Default: 0x2)

(2) trc, trFc, txsr
trc: ACTIVE to ACTIVE command cycle time
trRFC: Auto-refresh cycle time
txsr: Self-refresh end to ACTIVE command period

These timing parameters can be set from 1 to 16 cycles in SDCLK using T8ONS[3:0]/SDRAMC_CFG reg-
ister.

Table 10.4.2.4 tRrc, trRFc, and txsr Settings

T8ONS[3:0] trc, tRFC, txsr
0xc 13 cycles
0x8 9 cycles
0x4 5 cycles
0x0 1 cycle

Other Reserved

(3) tras

(Default: Oxe)

tras: ACTIVE to PRECHARGE command period

This timing parameter can be set from 1 to 8 cycles in SDCLK using T60NS[2:0]/SDRAMC_CFG register.
Table 10.4.2.5 tras Settings

T60NS[2:0] trAs
0x7 8 cycles
0x6 7 cycles
0x1 2 cycles
0x0 1 cycle

(4) trp, tRcD

(Default: 0x0)

trr:  PRECHARGE to ACTIVE command period
trep: ACTIVE to READ/WRITE delay time

These timing parameters can be set from 1 to 4 cycles in SDCLK using T24NS[1:0]/SDRAMC_CFG regis-
ter.

Table 10.4.2.6 trp and trcp Settings

T24NS[1:0] trP, tRCD
0x3 4 cycles
0x2 3 cycles
0x1 2 cycles
0x0 1 cycle

(Default: 0x0)
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10.5 Control and Operation of SDRAM Interface

10.5.1 Initializing SDRAM

To use the SDRAM, it must be initialized by following the procedure below.

1. Initializing the SDRAMC registers
Set up the SDRAMC registers in the following order:

(1) SDRAMC_CFG register
Set the SDRAM size, address configuration and access timing parameters.

(2) SDRAMC_REEF register
Set the auto-refresh and self-refresh counters.

(3) SDRAMC_INIT register
Set SDON to 1 to enable SDRAMC.

(4) SDRAMC_APP register
Set the CAS latency.

2. Waiting after SDRAM power-on
After the power to the SDRAM is turned on, a NOP state (#SDCS = 1) must be maintained at least for a certain
length of time (e.g., 100 us or 200 ps). Because this duration varies with each SDRAM, refer to the specifica-
tions of the SDRAM being used.

3. Executing an SDRAM initial sequence
In order to initialize the SDRAM, the PALL (Precharge All banks), REF (Auto Refresh), and MRS (Mode
Register Set) commands must be executed sequentially. Note that the initialization sequence depends on the
SDRAM used.
Example 1: PALL — REF — REF — MRS (— EMRS)
Example 2: PALL — MRS — REF — REF (— REF — REF — REF — REF — REF — REF)

Refer to the specifications of the SDRAM to be used for the initialization sequence.
Each command can be executed separately using the control bit shown below.

To execute the PALL (Precharge All) command:
Write 0x12 to the SDRAMC_INIT register to set INIPRE to 1.
Then write any data to any address in the SDRAM. This dummy write causes the PALL command to be
sent to the SDRAM.

To execute the REF (Auto Refresh) command:
Write 0x11 to the SDRAMC_INIT register to set INIREF to 1.
Then write any data to any address in the SDRAM. This dummy write causes the REF command to be sent
to the SDRAM.

When executing the REF command twice or more, insert the nop instruction between the executions.
REF command execution — nop instruction execution — REF command execution (= REF — nop —
REF...)

The SDRAM timing parameters set in the SDRAMC_CFG register is disabled when this initialization se-
quence is executed. Therefore, enough number of nop instructions must be executed to satisfy the SDRAM
timings.

To execute the MRS/EMRS (Mode Register Set/Extended Mode Register Set) command:
Write 0x14 to the SDRAMC_INIT register to set INIMRS to 1.
Then write any data to a specific address of SDRAM shown below according to the CAS latency (MRS) or
extended mode parameters (EMRS).
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Table 10.5.1.1 Data Write Address to Execute the MRS/EMRS Command

CPU address A5 | A14 [ A3 [ A2 [ A1 [ A10 | A9 | A8 [ A7 [ A6 | A5 | A4 | A3 [ A2 [ A1
SDRAM address BA1 | BAO [SDA12|SDA11[SDA10| SDA9 | SDA8 | SDA7 | SDA6 | SDA5 | SDA4 | SDA3 | SDA2 | SDA1 | SDAO
MRS Mode Reserved WB Test mode CAS latency BT Burst length
CASlatency=1| 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1
CAS latency=2| 0 0 0 1 0 0 1 0 0 0 1
CASlatency =3[ 0 0 0 0 0 1 0 0 0 1 1 0 0 0 1
EMRS Mode Reserved DS TCSR PASR
1] o 0o ] o J]oJoJ o] oo See the SDRAM specification.

For example, to execute an MRS command with CAS latency = 2, write any value to address 0x10000442
(when the SDRAM is mapped to Area 19) after writing Ox14 to the SDRAMC_INIT register.

Notes: ¢ The CAS latency specified in the MRS command must be the same as the setting for
CAS[1:0/SDRAMC_APP register.

* After the initial sequence commands are executed, the command enable bit must be set to 0.
Write 0x10 to the SDRAMC_INIT register after the last initialization command has been ex-

ecuted.

¢ The self-refresh function must be disabled until the SDRAM has finished initialization.

4. Checking if the SDRAM has been initialized
INIDO/SDRAMC_INIT register is reset to O after power-on, and is set to 1 upon completion of the SDRAM
initialization sequence shown above. Make sure that INIDO is set to 1 before the SDRAM is accessed.

In addition to being reset at power-on, INIDO is reset to 0 by writing 0 to SDON/SDRAMC_INIT register.

SDRAM power supply _~

SDCLK

Command

SDCKE
#SDCS

#SDRAS
#SDCAS

#SDWE

DQMH/DQML
SDON bit

INIPRE
INIREF
INIMRS

bit
bit
bit

INIDO bit

SDA10
SDBA[1
SDA[12

:0]
111, 9:0]

Vcc(min.)

B ! ! ! ! !
_,_NOP XPALL REF X NOP X REF X NOP X MRS X NOP X CMD

H

L

y X

e

100 ],LS(min.)‘

trP

T
trFc

trFC

Figure 10.5.1.1 SDRAM Power-on and Initialization

j
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10 SDRAM CONTROLLER (SDRAMC)

10.5.2 SDRAM Commands

The SDRAM is controlled by commands that are comprised of a combination of high or low logic level signals.
The table below lists the commands output by the SDRAMC.

Table 10.5.2.1 List of the Supported SDRAM Commands

Command

SDCKE

DQM

(DQMH/L) SDA10

SDBA[1:0]

SDA[12:11]
SDA[9:0]

#SDCS

#SDRAS | #SDCAS | #SDWE

Deselect

I

Bank Active (ACTV)

\

Specified Bank Precharge (PRE)

<|<|!I

Precharge All banks (PALL)

Write (WRIT)

Read (READ)

<|<|!I

Mode Register Set (MRS)

< <|<|!I

No Operation (NOP)

Auto-Refresh (REF)

Self-Refresh (SELF)

|| |||
I/ Tl
I T IT|r|IT|rjrjr|xl

End Self-Refresh

Ll
Iir

I

Data Write/Output Enable

Data Write/Output Disable

x|l || |T|T|T|T|T|T|T|T|T

V =Valid, —

Optional/Unknown, L = Low level, H = High level

Because all of these commands are output by the SDRAM controller as necessary, they do not need to be controlled

by the user program, except for initializing the SDRAM.

10.5.3 SDRAM Bus Operations

The external data bus of the SIC33L.27 is sized to 16 bits. Depending on the device size and data size of the instruc-
tion executed, two or more bus operations may occur. The table below shows bus operations in the SDRAM area.

Table 10.5.3.1 Bus Operations
Device Little endian Access
. Data size| R/W Al A0 Valid | D[15:8] | D[7:0]
size . . . count
signal pins pins
W i 0 DQML - D[7:0] 1
Byte * 1 DQMH | D[7:0] - 1
* 0 - D[7:0] 1
R " 1 DQMH/L D[7:0] ~ 1
W * * DQMH/L D[15:0] 1
Halfword
16 bits R * * DQMH/L D[15:0] 1
0 * D[15:0] 1st
W DQMH/L
1 * D[31:16] 2nd
Word
0 * D[15:0] 1st
R DQMH/L
1 * D[31:16] 2nd

10-8
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10 SDRAM CONTROLLER (SDRAMC)

10.5.4 Read/Write Cycles

Read cycle
The SDRAMC always reads data from the SDRAM in bursts. The burst length is fixed to 2. Figure 10.5.4.1
shows an example of timing chart when reading out 2-word data from the same row address.

Parameter setting example: CAS latency = 2, tRcD = 2 cycles, tRas = 4 cycles, tRp = 2 cycles

e ainipipipininininigipipiiph
Command ‘
SDCKE H
#SDCS ] |

#SDRAS | | | |
#SDCAS | | | |

#SDWE L]
SDBA[1:0] BA BA BA BA
SDA10 R T
SDA[12:11, 9:0] ‘ ROW () oLt -
DQMH/DAML
DQ[15:0] D(1:-1) D(1-2) D(g-1)

e N
T d

trP treD CAS CAS
latency latency

Figure 10.5.4.1 Burst Read in the Same Page

Figure 10.5.4.2 shows an example of a timing chart in cases where the row address is changed during burst
read.

Parameter setting example: CAS latency = 2, treD = 2 cycles, tRas = 4 cycles, trp = 2 cycles

ST ipininipipipinipipipipininipinint
Command ‘
SDCKE H
#SDCS ] |

#SDRAS L L [ I

#SDCAS L] L]
#SDWE L] L]
SDBA[1:0] ] BA BA BA _X(ea BA BA
SDA10 ] : ] Y : ]

SDA[12:11,9:0] ><Row1>< ><c0Ln>( ‘ XrowaX_YcoLo)
DQMH/DQML

DQ[15:0] { D) YDn+1)) {D@ X by

]

trr treo CAS trr trcD CAS
latency latency

Figure 10.5.4.2 Changing Row Address During Burst Read
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10 SDRAM CONTROLLER (SDRAMC)

Write cycle

When writing to the SDRAM, data are always written in a single operation.

Parameter setting example: CAS latency = 2, treD = 2 cycles, tRas = 4 cycles, trp = 2 cycles

SDCLK
Command X PRE Y NOP ACTVX NOP XREAD XwrITY__ X PRE X

SDCKE H
#SDCS T [ [ I
#SDRAS [ L
#SDCAS R L]
#SDWE L] L
SDBA[10)
SDA10 < | ‘ ] ‘
SDA[12:11, 90]—:@@@@@( ‘
DQMH/DQML |_| 5
DQ[15:0] /_Dn)

trP trcD CAS

latency

Figure 10.5.4.3 Burst Read to Single Write (same page)

Bank interleaved access
Multiple banks (up to four banks) can be activated at the same time. This makes it possible to access the

SDRAM successively, one bank after another without issuing the ACTV (Active) command.

Parameter setting example: CAS latency = 2, trcD = 2 cycles, trRAs = 4 cycles, tRp = 2 cycles

SDCLK
Command ACTV
SDCKE H

#SDCS
#SDRAS

#SDCAS
#SDWE
SDBA[1:0]
SDA10
SDA[12:11, 9:0]
DQMH/DQML
DQ[15:0]

D(n) AD(n+1)X D(m) XD(m+1)

t *

Bank 1 Read Precharge

Bank 2 Active Read

CAS trP

latency (Bank 1 cannot be accessed.)
Figure 10.5.4.4 Bank Interleaved Access
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10 SDRAM CONTROLLER (SDRAMC)

10.5.5 SDRAM Refresh

The SDRAMC supports two SDRAM refresh modes: auto-refresh and self-refresh.

Auto-refresh

The SDRAMC includes a 12-bit auto refresh counter. This counter continues counting on the SDCLK clock
edges, and when a specified count is reached, commands are sent to the SDRAM that precharges and auto-
refreshes all banks. The counter is reset at that time, and starts counting for the next refresh period. The counter
is also reset by self-refresh.

The auto-refresh period is determined by the SDCLK (SYSCLK) clock frequency and the count value set in
AURCO[11:0//SDRAMC_REEF register.

AURCO[11:0] should be set to the appropriate value meeting the specifications of the SDRAM. The count
value is obtained by the equation below.

AURCO < x fcLk - BL - CL -2 x trp - trcD - 3

RFP
ROWS
RFP:  Maximum refresh period [s]
ROWS: Row address size
fcek:  SDCLK clock frequency [Hz]
BL: Burst length (= 2)
CL: CAS latency
tRP: PRECHARGE command period [Number of cycles]
tRcp:  ACTIVE to READ/WRITE delay time [Number of cycles]

If RFP = 64 ms, ROWS = 4,096, fcLk = 20 MHz, CL = 2, trp = 2, and trcD = 2, for example, the value to set is
calculated as follows:

AURCOS%XZ0,000,000-2-2-2><2-2-3=299

Therefore, set a value equal to or less than 299 (0x12b) to AURCO[11:0].

sooc [ L[ LTI

Command XPALLX NOP X REF X NOP XACTVX

SDCKE H
#SDCS T |
#SDRAS | |
#SDCAS L]
#SDWE L
SDBA[1:0]

SDA10 Y 1 X
SDA[12:11, 9:0]
DQMH/DQML L
DQ[15:0]

L
L
L

L L L

trP trFc
Figure 10.5.5.1 Auto-Refresh

Self-refresh

Self-refresh uses the self-refresh function of the SDRAM and does not require any clocks during the refresh pe-
riod, thus helping to reduce power consumption. This self-refresh function is also used for data retention in the
power-down mode. To cause the SDRAM to be self-refreshed, set SELEN/SDRAMC_REEF register to 1. This
enables the SDRAMC to send the self-refresh command (which sets the SDCKE output to low) to the SDRAM.
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10 SDRAM CONTROLLER (SDRAMC)

The command is actually sent a certain time after accessing or auto-refreshing the SDRAM, so the SDRAMC
contains a self-refresh counter to count this time. The counter counts on SDCLK clock edges, and when the
designated count is reached, the SDRAMC sends the self-refresh command to the SDRAM. When an SDRAM
access or auto-refresh command is issued, the counter is reset and starts counting again. The counter value can
be specified in a range of 1 to 127 using the SELCO[6:0]//SDRAMC_REEF register. Do not set the counter to 0
when the self-refresh function is enabled.

If an access to the SDRAM occurs while the SDRAM is in self-refresh mode, SDCKE is reset to high, thereby
self-refresh mode is canceled. After the SDRAM access has finished, the SDRAMC sends another self-refresh
command when the designated count is reached again. When the auto-refresh command is issued or an SDRAM
access occurs, the counter will restart if the self-refresh command has not been sent to the SDRAM. Therefore,
the self-refresh counter value to be set must be smaller than the auto-refresh counter value.

The SDRAM clock stops when SCKON = 0.
e

ST S o O o B o O o
Command
SDCKE ] [
#SDCS | | |

#SDRAS | | |
#SDCAS L
#SDWE L]
SDBA[1:0]

SDA10 VX
SDA[12:11, 9:0]
DQMH/DQML L
DQ[15:0]
SREFDO //

;

N B —
| L 1—

trp Self-refresh mode

Enters self-refresh mode Exits self-refresh mode
Figure 10.5.5.2 Self-Refresh

During self-refresh (while SDCKE = low), the SREFDO/SDRAMC_REF register remains 0. Therefore, it is
possible to determine whether or not self-refresh is in operation by reading this status bit.

Furthermore, SDRAM clock output during self-refresh can be turned off in order to reduce power consumption
by setting the SCKON/SDRAMC_REEF register to 0.

To cancel self-refresh mode
Perform the following procedure to cancel self-refresh mode:
1. Disable self-refresh mode by clearing SELEN to 0.
2. Read data from an SDRAM address and then write the read value to the same address (any address can
be specified).
3. Read SREFDO to check if self-refresh mode is canceled (SREFDO = 1).

Note that auto-refresh mode cannot be canceled.

Note: Be sure to avoid setting SDON/SDRAMC_INIT register to 0 (SDRAMC disabled) during self-
refreshing. Before disabling the SDRAMC, always make sure the SDRAMC is not in self-refresh
mode.
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10 SDRAM CONTROLLER (SDRAMC)

10.5.6 Power-Down Mode

The S1C33L27 supports two power-down modes for the C33 PE Core (HALT and SLEEP).

HALT mode

The SDRAM clock will be supplied in HALT mode, if it is not disabled in normal mode.

The SDRAM clock can be stopped before executing the halt instruction by controlling the CMU. To maintain
data in the SDRAM during HALT status with no SDRAM clock supplied, place the SDRAM in self-refresh
mode by setting SELEN/SDRAMC_REEF register to 1 before disabling the SDRAM clock supply.

SLEEP mode

In SLEEP mode, the SDRAM can be turned off to reduce power consumption by the following procedure:

1. If the CPU runs with the program stored in the SDRAM, it must be changed to a program located in the
built-in RAM or a memory other than the SDRAM.

Turn the SDRAM power off.

Switch the ports used for the SDRAM to general-purpose I/O ports.

Drive the data and address buses to low.

Set SDON/SDRAMC_INIT register to O to disable the SDRAMC.

Execute the slp instruction.

ANl

Perform the following procedure when the CPU wakes up from SLEEP status:

The CPU wakes up from SLEEP status.

Configure the port functions for the SDRAM.

Release the data and address buses from forced low driving.

Turn the SDRAM power on.

Wait at least 100 or 200 ps for the SDRAM to be stabilized, according to the SDRAM specifications.
Set SDON/SDRAMC_INIT register to 1 to enable the SDRAMC.

Initialize the SDRAMC.

N sEwDd -

10.6 Data Queue Buffer (DQB)

The bus controller of the S1C33L27 also includes a data queue buffer (DQB) to increase the C33 PE Core memory
access performance.

Data iNnput <—— DaLau?fz?ue
SDRAM/ External
To AHB bus Data output inSteRrg'\ge <:> memory
#WAIT «— Read/write N
Read/write ———» control

signals
Figure 10.6.1 Data Queue Buffer

The DQB is a 4 x 16-bit buffer used as an instruction/data buffer for reading from the SDRAM or the external
memories of the SRAMC.

The DQB acts as a pure read buffer for storing all data read from the SDRAM or external memories of the
SRAMC, regardless of whether the target is an instruction or data. Note that the DQB cannot be disabled.

Table 10.6.1 lists the DQB status corresponding to the bus operation for the SDRAM or the external memories of
SRAMC.
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10 SDRAM CONTROLLER (SDRAMC)

Table 10.6.1 Correspondence between DQB Status and Bus Operation

Bus operation DQB status
CPU instruction fetch Enabled
CPU vector fetch Enabled
CPU data read Enabled
CPU data write Disabled
CPU stack read Enabled
CPU stack write Disabled
DMAC data read Enabled
DMAC data write Disabled

If the CPU executes writing to the address of data buffered in the DQB, the buffered data concerned are flushed.
Initial resetting also resets and empty the DQB.

10.7 Control Register Details

Table 10.7.1 List of SDRAMC Registers

Address Register name Function

0x302200 |SDRAMC_INIT SDRAM Initialization Register Enable SDRAMC and control SDRAM initialization
0x302204 [SDRAMC_CFG |SDRAM Configuration Register Set SDRAM size and timing parameters
0x302208 [SDRAMC_REF |SDRAM Refresh Control Register Control SDRAM refresh

0x302210 |SDRAMC_APP  |SDRAM Application Configuration Register Set CAS latency

The following describes each SDRAMC register.

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

SDRAM Initialization Register (SDRAMC_INIT)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks \
SDRAM 0x302200| D31-5 |- reserved - - — |0 when being read.
Initialization (32 bits) D4 |SDON SDRAM controller enable 1 |Enable 0 |Disable 0 |RW
Register D3 |INIDO SDRAM initialization status 1 [Finished 0 |Busy 0 R
(SDRAMC_INIT) D2 [INIMRS MRS command enable for init. 1 |Enable 0 |Disable 0 |[RW
D1 |INIPRE PALL command enable for init. 1 |Enable 0 |Disable 0 |RW
DO |INIREF REF command enable for init. 1 |Enable 0 |Disable 0 |RW
D[31:5] Reserved
D4 SDON: SDRAM Controller Enable Bit

Note:

D3

D2

Enables the SDRAM controller.
1 (R/W): Enabled
0 (R/W): Disabled (default)

When SDON is set to 1, the SDRAM controller activates and outputs the SDRAM clock from the SD-
CLK pin. Before setting SDON to 1, be sure to start SDRAMC clock supply to the SDRAM controller.

Be sure to avoid setting SDON to 0 (SDRAMC disabled) during self-refreshing. Before dis-
abling the SDRAMC, always make sure the SDRAMC is not in self-refresh mode.

INIDO: SDRAM Initialization Status Bit

Indicates that the SDRAM has finished initialization (Mode Register Set).
1 (R): Initialization finished

0 (R): Before initialization (default)

INIDO is set to 1 when the initialization sequence is completed. Make sure that INIDO is set to 1 be-
fore the SDRAM is accessed.

INIMRS: MRS Command Enable for Initialization Bit

Enables to output the MRS (Mode Register Set) command for initializing the SDRAM.
1 (R/W): Enabled

0 (R/W): Disabled (default)

10-14

Seiko Epson Corporation S1C33L27 TECHNICAL MANUAL



10 SDRAM CONTROLLER (SDRAMC)

In order to initialize the SDRAM, the PALL (Precharge All), REF (Auto-Refresh), and MRS (Mode
Register Set) commands must be executed sequentially. Note that the initialization sequence depends on
the SDRAM used. Refer to the specification of the SDRAM to be used for the initialization sequence.
Example 1: PALL — REF — REF — MRS (— EMRS)

Example 2: PALL — MRS — REF — REF (— REF — REF — REF — REF — REF — REF)

To execute the MRS/EMRS (Mode Register Set/Extended Mode Register Set) command, write 0x14 to this
register to set INIMRS to 1. Then write any data to a specific address of SDRAM shown below according to
the CAS latency (MRS) or extended mode parameters (EMRS).

Table 10.7.2 Data Write Address to Execute the MRS/EMRS Command

CPU address A15 Al14 A13 Al12 Al A10 A9 A8 A7 A6 A5 A4 A3 A2 Al
SDRAM address BA1 | BAO [SDA12|SDA11|SDA10| SDA9 | SDA8 | SDA7 | SDA6 | SDA5 | SDA4 | SDA3 | SDA2 | SDA1 | SDAO
MRS Mode Reserved WB Test mode CAS latency BT Burst length
CASlatency=1| 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1
CAS latency = 2 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1
CAS latency =3 0 0 0 0 0 1 0 0 0 1 1 0 0 0 1
EMRS Mode Reserved DS TCSR PASR
1] o 0o ] o J]oJoJoJo]Jo See the SDRAM specification.

Note:

D1

Do

Notes:

For example, to execute an MRS command with CAS latency = 2, write any value to address
0x10000442 (when the SDRAM is mapped to Area 19) after writing 0x14 to the SDRAMC_INIT regis-
ter.

The CAS latency specified in the MRS command must be the same as the setting for
CAS[1:0/SDRAMC_APP register.

INIPRE: PALL Command Enable for Initialization Bit

Enables to output the PALL (Precharge All) command for initializing the SDRAM.
1 (R/W): Enabled

0 (R/W): Disabled (default)

To execute the PALL (Precharge All) command, write 0x12 to this register to set INIPRE to 1. Then
write any data to any address in the SDRAM. This dummy write is required as the trigger to send the
PALL command to the SDRAM. See INIMRS for the initialization sequence.

INIREF: REF Command Enable for Initialization Bit

Enables to output the REF (Auto-Refresh) command for initializing the SDRAM.
1 (R/W): Enabled

0 (R/W): Disabled (default)

To execute the REF (Auto-Refresh) command, write Ox11 to this register to set INIREF to 1. Then write
any data to any address in the SDRAM. This dummy write is required as the trigger to send the REF
command to the SDRAM. See INIMRS for the initialization sequence.

When executing the REF command twice or more, insert the nop instruction between the executions.
REF command execution — nop instruction execution — REF command execution (— REF — nop —
REF...)

e The SDRAM timing parameters set in the SDRAMC_CFG register is disabled when the
initialization sequence is executed. Therefore, enough number of nop instructions must be
executed to satisfy the SDRAM timings.

¢ After the initial sequence commands are executed, the command enable bit must be set to
0. Write 0x10 to the SDRAMC_INIT register after the last initialization command has been
executed.

¢ The self-refresh function must be disabled until the SDRAM has finished initialization.
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SDRAM Configuration Register (SDRAMC_CFG)

\ Register name | Address | Bit | Name Function Setting | Init. | R/W | Remarks \
SDRAM 0x302204 | D31-14 |- reserved — - — |0 when being read.
Configuration (32 bits) [D13-12|T24NS[1:0] |Number of SDRAM trp and trco T24NS[1:0] # of cycles | OxO | R/W
Register cycles 0x3 4 cycles
(SDRAMC_CFG) 0x2 3 cycles
0ox1 2 cycles
0x0 1 cycle
D11 |- reserved - - — |0 when being read.
D10-8 |T60NS[2:0] [Number of SDRAM tras cycles T60NS[2:0] # of cycles | OxO | R/W
0x7 8 cycles
0x6 7 cycles
0ox1 2 cycles
0x0 1 cycle
D7-4 [T80NS[3:0] [Number of SDRAM ftrc, trRFc and T8ONS[3:0] # of cycles | Oxe | R/W
txsr cycles Oxc 13 cycles
0x8 9 cycles
0x4 5 cycles
0x0 1 cycle
Other reserved
D3 |- reserved - - — |0 when being read.
D2-0 [ADDRC[2:0]|SDRAM address configuration ADDRCJ2:0] | Configuration | 0x0 | R/W |Do not set to Ox4.
0x7 512M bits
0x6 128M bits x 2
0x5 64M bits x 2
Ox4 reserved
0x3 256M bits
0x2 128M bits
ox1 64M bits
0x0 16M bits

D[31:14] Reserved

D[13:12] T24NS[1:0]: Number of SDRAM trp and trcp Cycles Bits
Sets the trp and tRcb SDRAM timing parameters.

* (RP PRECHARGE to ACTIVE command period
*tRcD  ACTIVE to READ/WRITE delay time
Table 10.7.3 trp and trcp Settings
T24NS[1:0] trp, tRCD
0x3 4 cycles
0x2 3 cycles
0x1 2 cycles
0x0 1 cycle
(Default: 0x0)
D11 Reserved
D[10:8] T60NS[2:0]: Number of SDRAM tras Cycles Bits
Sets the tRas SDRAM timing parameter.
* tRAS ACTIVE to PRECHARGE command period
Table 10.7.4 tras Settings
T60NS[2:0] trAs
0x7 8 cycles
0x6 7 cycles
0x1 2 cycles
0x0 1 cycle
(Default: 0x0)
D[7:4] T80NS[3:0]: Number of SDRAM trc, trFc, and txsr Cycles Bits
Sets the trc, tRFC and txsR SDRAM timing parameters.
* RC ACTIVE to ACTIVE command cycle time
* tRFC Auto-refresh cycle time
* tXSR Self-refresh end to ACTIVE command period
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Table 10.7.5 trc, trFc, and txsr Settings

T8ONS[3:0] tre, trRFC, txsr

0xc 13 cycles

0x8 9 cycles

0x4 5 cycles

0x0 1 cycle

Other Reserved
(Default: Oxe)

D3 Reserved
D[2:0] ADDRCJ[2:0]: SDRAM Address Configuration Bits

Selects SDRAM size and chip configuration. This selection also sets up the bank size, column address
size (page size), and row address size.

Table 10.7.6 SDRAM Size Selections

ADDRC[2:0] |Number of banks Row size Column size | SDRAM chip configuration | Memory size
0x7 4 8K 1K 32M x 16 bits x 1 64M bytes
0x6 4 4K 1K 16M x 8 bits x 2 32M bytes
0x5 4 4K 512 8M x 8 bits x 2 16M bytes
0x4 Reserved (Do not set ADDRCJ[2:0] to 0x4.)
0x3 4 8K 512 16M X 16 bits x 1 32M bytes
0x2 4 4K 512 8M x 16 bits x 1 16M bytes
0x1 4 4K 256 4M x 16 bits x 1 8M bytes
0x0 2 2K 256 1M X 16 bits x 1 2M bytes

(Default: 0x0)

SDRAM Refresh Register (SDRAMC_REF)

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks ‘
SDRAM 0x302208 | D31-26 |— reserved - - — |0 when being read.
Refresh Control| (32 bits) | D25 [SREFDO [SDRAM self-refresh status 1 |Finished 0 |Busy 0 R
Register D24 |SCKON SDRAM clock during self-refresh | 1 |Enable 0 |Disable 0 |RW
(SDRAMC_REF) D23 |[SELEN SDRAM self-refresh enable 1 [Enable 0 |Disable 0 |[RW
D22-16 |SELCO[6:0] | SDRAM self-refresh counter 0x0 to Ox7f 0ox7f | R/W
D15-12 |- reserved — - — |0 when being read.
D11-0 |AURCO[11:0](SDRAM auto-refresh counter 0x0 to Oxfff 0x8c | R'W

D[31:26] Reserved

D25 SREFDO: SDRAM Self-Refresh Status Bit
Indicates the SDRAM self-refresh status.
1 (R): Self-refresh has finished
0 (R): Self-refresh mode (default)
SREFDO is set to 0 while the SDRAM is placed into self-refresh mode. Otherwise, SREFDO is set to 1.
Before entering the SLEEP mode, always be sure to read this bit using a program stored elsewhere (i.e., not
in the SDRAM) to confirm that the SDRAM is in self-refresh mode.

D24 SCKON: SDRAM Clock During Self-Refresh Bit
Specifies whether to stop the SDRAM clock during self-refresh or not.
1 (R/W): Enabled (output continued)
0 (R/W): Disabled (output disabled) (default)
Writing 0 to SCKON disables the SDRAM clock output from the SDCLK pin while the SDRAM is in
self-refresh mode. This helps to reduce the current consumption.
If SCKON is 1, the SDRAM clock is always output from the SDCLK pin even if the SDRAM is in self-
refresh mode.

D23 SELEN: SDRAM Self-Refresh Enable Bit

Enables the self-refresh control function of the SDRAM.
1 (R/W): Enabled
0 (R/W): Disabled (Default)
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D[22:16]

D[15:12]
D[11:0]

Writing 1 to SELEN enables the SDRAMC to start self-refreshing the SDRAM (by setting SDCKE

output low). Note that self-refreshing of the SDRAM actually begins a certain time after accessing or

auto-refreshing the SDRAM. The duration of this elapsed time is defined by the number of clock cycles

in SELCO[6:0].

To cancel self-refresh mode, perform the following procedure:

1. Disable self-refresh mode by clearing SELEN to 0.

2. Read data from an SDRAM address and then write the read value to the same address (any address
can be specified).

3. Read SREFDO to check if self-refresh mode is canceled (SREFDO = 1).

SELCO[6:0]: SDRAM Self-Refresh Counter Bits

Sets the value for the self-refresh counter. (Default: 0x7f)

If SELEN is set to 1 (self-refresh enabled), the self-refresh counter starts counting up on the SDCLK
clock edges beginning with O after accessing or auto-refreshing the SDRAM. When the count specified
here is reached, the SDCKE output is pulled low, causing the SDRAM to start self-refreshing. If an ac-
cess to the SDRAM occurs during self-refresh, SDCKE returns high, thereby self-refresh mode is can-
celed.

Reserved

AURCO[11:0]: SDRAM Auto-Refresh Counter Bits

Sets the auto-refresh counter value. (Default: 0x8c)

The auto-refresh counter counts up on the SDCLK clock edges beginning with 0, and when the count
specified here is reached, the SDRAM controller sends an auto-refresh command. The counter is reset
at that point, and starts counting the next refresh period. The counter is also reset by self-refresh.

The value calculated from the equation below is the maximum count that can be set.

AURCO < x fcik - BL-CL -2 x tRP - tRcD - 3

RFP
ROWS
RFP:  Maximum refresh period [s]
ROWS: Row address size
fcik:  SDCLK clock frequency [Hz]
BL: Burst length (= 2)
CL: CAS latency
tRP: PRECHARGE command period [Number of cycles]
trep:  ACTIVE to READ/WRITE delay time [Number of cycles]

SDRAM Application Configuration Register (SDRAMC_APP)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks \
SDRAM 0x302210| D31-6 |- reserved - - — |0 when being read.
Application (32 bits) D5 |- reserved - 0 — |Donotsetto 1.
Configuration D4 |- reserved — - — |0 when being read.
Register D3-2 [CAS[1:0] |[CAS latency setup CAS[1:0] CAS latency | Ox2 | R/W
(SDRAMC_APP) 0x3 3
0x2 2
0ox1 1
0x0 reserved
D1 |- reserved — - — |0 when being read.
DO |- reserved - 0 — |Do not setto 1.
D[31:6] Reserved
D5 Reserved (Do not set to 1.)
D4 Reserved
D[3:2] CAS[1:0]: CAS Latency Setup Bits
Sets the CAS latency.
CAS latency refers to the number of SDCLK clock cycles counted until data is output from the
SDRAM after issuing the READ command.
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10 SDRAM CONTROLLER (SDRAMC)

Table 10.7.7 CAS Latency Settings

CASI[1:0] CAS latency
0x3 3
0x2 2
0x1 1
0x0 Reserved

(Default: 0x2)
D1 Reserved

DO Reserved (Do not set to 1.)

10.8 Precautions

If the operating clock (SYSCLK) is stopped while the SDRAM is being accessed, a system failure may occur due
to stoppage of the SDRAM operation in uncontrolled status. The following operations stop SYSCLK. Do not per-
form these operations when the SDRAM may be accessed.

- Placing the S1C33L27 into SLEEP status

- Disabling the clock supply to the SDRAMC module

Besides from the CPU, the SDRAM can be accessed from the DMAC (if DMA transfers are enabled toward
the SDRAM). In this case, before performing the above operations, stop the DMAC to disable its access to the
SDRAM.
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11 Host Interface (HIF)

11.1 HIF Overview

The S1C33L27 includes a host interface (HIF) for connecting to an external host processor. This allows use as a
controller such as an LCDC or as a sub-processor. The HIF includes an AHB interface and allows access by an
external host processor to all SIC33L27 internal peripheral circuits as well as system memory (excluding RAM in
Area 0).

The main features are listed below.

» Supports 80-based processors.

¢ Data bus: 8 bits (HIF_D[7:0]) or 16 bits (HIF_D[15:0]) selectable
Successive reads and writes enable byte, half-word, and word access to the inside of the SIC33L.27.
(Either little-endian or big-endian format can be selected.)

* Address bus: 4 bits (HIF_A[3:0]), specifies the I/O (HIF register) address.
The S1C33L27 internal address can be specified using an address register that allows selection of
fixed address or automatic address increment.

* Bus control signals: Chip enable (#HIF_CS), Read (#HIF_RD), Write (#HIF_WR)
* A wait request signal (#HIF_WAIT) can be output to the external host processor.
* An interrupt request signal (#HIF_INT) can be output to the external host processor.

» The external host processor can generate interrupts to the C33 PE Core by setting a register (selection of mask-
able interrupts or non-maskable interrupts (NMI) enabled).

¢ Incorporates eight semaphore registers and four scratchpad registers that can be accessed from both the external
host processor and the C33 PE core.

* Supports booting from the external host processor. (see Appendix)

S1C33L27
C33 PE Core |
Host interface
External R S . | [AHB External host = Port |« HIF_D[15:0]
memory | | ' |SRAMC/ ¢ |Interfaces interface [ O HIF_A[3:0]
| SDRAMC no | le— #HIF_CS
| < i
| [SAPBbrdge | | | Dl [ Q#HIF_RD
‘ - L '_"W"_' ] O #HIF_WR
Do L O #HIF_WAIT
| 2 N |
| Internal peripheral |
circuit 1
(SAPB device) |
Interrupt control O #HIF_INT

Figure 11.1.1 HIF Module Block Diagram

Note: The priorities of the AHB bus masters are set as follows:
1. LCDC — 2. DMAC — 3. HIF — 4. C33 PE (cache)
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11.2 HIF Pins

Table 11.2.1 lists the HIF input/output pins.
Table 11.2.1 List of HIF Pins

Pin name /0 Qty Function
HIF_D[15:0)/HIF_D[7:0] 110 16/8 |External host processor data bus D[15:0] (16-bit I/F mode)
or D[7:0] (8-bit I/F mode)
HIF_A[3:0] | 4  |External host processor address bus A[3:0]
#HIF_CS [ 1 External host processor chip select signal input
#HIF_RD | 1 External host processor read signal input
#HIF_WR [ 1 External host processor write signal input
#HIF_WAIT (0] 1 Wait request signal output
#HIF_INT (0] 1 Interrupt request signal output

The HIF input/output pins 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 HIF input/
output pins.

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

Host processor S1C33L27
A[3:0] > HIF_A[3:0]
D[15:0)/D[7:0] |« » HIF_D[15:0)/HIF_D[7:0]
#CS #HIF_CS
#RD #HIF_RD
#WE #HIF_WR
HVDD% -
H#WAIT . l #HIF_WAIT
#INT - #HIF_INT

Figure 11.2.1 Host Processor (80-series) Connection Example

11.3 HIF Registers

11.3.1 HIF Register Assignment

The HIF module incorporates registers that allow access only from an external host processor and shared registers
that enable access from both an external host processor and the C33 PE Core.

The external host processor views the SIC33L27 as a single I/O device and accesses the registers in the HIF mod-
ule using a chip enable signal and a 4-bit address (A[3:0]). The SIC33L27 system memory and internal peripheral
modules other than the HIF module are accessed via registers in the HIF module.

The HIF registers viewed by the external host processor are assigned to addresses 0x0 to Oxf. Two of these registers
are used as an index and as a data port to access additional special registers.

The shared registers (including special registers) viewed by the C33 PE Core are assigned to addresses 0x300901 to
0x300919.
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Table 11.3.1 HIF Registers

Host [Index Register Function S1C33L27
address| (x1) Internal address
0x0 — |HIF Direct Interface Byte Data (HIF_DRIF_B) Register |Data direct read/write register Cannot be

(for C33 byte access only) accessed
0x1 — |HIF Direct Interface Half Word Data (HIF_DRIF_HW) Data direct read/write register
Register (for C33 half-word access only)
0x2 — |HIF Direct Interface Word Data (HIF_DRIF_W) Register |Data direct read/write register
(for C33 word access only)
0x3 — |HIF Indirect Interface Data (HIF_IDIF_DAT) Register Data indirect read/write register
0x4 — |HIF Indirect Interface Control (HIF_IDIF_CTRL) Register |Data indirect read/write control
0x6 — |HIF Control (HIF_CTRL) Register Setting of access conditions, interrupt
permission to the host
0x8 — |HIF Address (HIF_ADDRO) Register 0 Address bits A[7:0] (8-bit I/F mode)
Address bits A[15:0] (16-bit I/F mode)
0x9 — |HIF Address (HIF_ADDR1) Register 1 Address bits A[15:8] (8-bit I/F mode)
Address bits A[31:16] (16-bit I/F mode)
Oxa — |HIF Address (HIF_ADDR2) Register 2 Address bits A[23:16] (8-bit I/F mode)
Oxb — |HIF Address (HIF_ADDRS3) Register 3 Address bits A[31:24] (8-bit I/F mode)
Oxc — |HIF Special Register Index (HIF_SP_IDX) Register Designation of special registers
Oxd HIF Special Register Data (HIF_SP_DAT) Register Special register data
0x1 |HIF Extended Control (HIF_EXTCTRL1) Register 1 (x2) |Interrupt mode settings 0x300901
0x8 |HIF Semaphore (HIF_SMPHO) Register 0 (2) Semaphore 0 0x300908
0x9 [HIF Semaphore (HIF_SMPH1) Register 1 (x2) Semaphore 1 0x300909
Oxa [HIF Semaphore (HIF_SMPH2) Register 2 (x2) Semaphore 2 0x30090a
0xb [HIF Semaphore (HIF_SMPH3) Register 3 (x2) Semaphore 3 0x30090b
Oxc |HIF Semaphore (HIF_SMPH4) Register 4 (+2) Semaphore 4 0x30090c
0xd [HIF Semaphore (HIF_SMPH5) Register 5 (+2) Semaphore 5 0x30090d
Oxe [HIF Semaphore (HIF_SMPHS6) Register 6 (+2) Semaphore 6 0x30090e
0xf |HIF Semaphore (HIF_SMPH7) Register 7 (x2) Semaphore 7 0x30090f
0x10 [HIF Scratchpad (HIF_SCRATCHO) Register 0 (+2) Scratchpad register 0 0x300910
0x11 [HIF Scratchpad (HIF_SCRATCH1) Register 1 (x2) Scratchpad register 1 0x300911
0x12 [HIF Scratchpad (HIF_SCRATCH2) Register 2 (+2) Scratchpad register 2 0x300912
0x13 [HIF Scratchpad (HIF_SCRATCH3) Register 3 (+2) Scratchpad register 3 0x300913
Oxe — |HIF Flag (HIF_FLAGO) Register 0 Slave flags 0x300918
Ooxf — |HIF Flag (HIF_FLAG1) Register 1 Host flags 0x300919

Registers that can only be accessed by the host processor (all other registers are shared registers)

*1 Index of special registers that the host specifies with the HIF_SP_IDX register (0xc) (specified registers are accessed by the host
through the HIF_SP_DAT register (0xd)). "-" indicates that these addresses are directly accessible by the host addresses.

«2  Special register

The registers will be described in detail on the following pages.

If a shared register has been accessed by both the external host processor and the C33 PE Core simultaneously, the
arbiter gives the host priority; access by the C33 PE Core is placed on hold until access by the host has been com-
pleted (the CPU enters the waiting state).

11.3.2 Semaphore Registers

The HIF module incorporates eight semaphore registers (each one a one-bit semaphore) that can be accessed by
both the external host processor and C33 PE Core to enable easy program setting/browsing of the status of use of a
specified resource (up to eight).

To access a semaphore register from the external host processor, first write the index (0x8 to 0xf) specifying the
semaphore register to the HIF_SP_IDX register (host address Oxc), then access the HIF_SP_DAT register (host ad-
dress 0xd).

To access a semaphore register from the C33 PE Core, perform access in the same manner normally used to access
an /O register.
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Table 11.3.2.1 Semaphores

Semaphore Index to set at HIF_SP_IDX S1C33 internal address
SMPHO/HIF_SMPHO register 0x8 0x300908
SMPH1/HIF_SMPH1 register 0x9 0x300909
SMPH2/HIF_SMPH2 register Oxa 0x30090a
SMPH3/HIF_SMPHS3 register 0xb 0x30090b
SMPH4/HIF_SMPH4 register 0xc 0x30090c
SMPH5/HIF_SMPHS5 register Oxd 0x30090d
SMPH6/HIF_SMPHS6 register Oxe 0x30090e
SMPH7/HIF_SMPH?7 register Oxf 0x30090f

A semaphore (SMPHX) is assigned to bit O of each register.

The module (external host processor or SIC33L27 internal program) that will use the resource reads the corre-
sponding SMPHx. If SMPHx was O (can be used), the resource is used and processing continues. SMPHx automati-
cally changes to 1 (in use) when read. Accordingly, if SMPHx was 1, this indicates that another module is using the
resource. In this case, resource use is placed on hold until SMPHx reverts to 0. When a module has finished using a
resource, 1 must be written to SMPHx to reset it to 0.

11.3.3 Scratchpad Registers

The HIF module incorporates four 8-bit scratchpad registers. These registers have no effect on the operation of the
host interface and can be used for temporary storage of data or for communication between the external host pro-
cessor and the C33 PE Core.

To access a scratchpad from an external host processor, first write the index (0x10 to 0x13) specifying the scratch-
pad register to the HIF_SP_IDX register (host address Oxc), then access the HIF_SP_DAT register (host address
0xd).

To access a scratchpad register from the C33 PE Core, perform access in the same manner normally used to access
an I/O register.

Table 11.3.3.1 Scratchpad Registers

Scratchpad register Index to set at HIF_SP_IDX S1C33 internal address
HIF_SCRATCHO register 0x10 0x300910
HIF_SCRATCHT1 register 0x11 0x300911
HIF_SCRATCH2 register 0x12 0x300912
HIF_SCRATCHS register 0x13 0x300913

11.3.4 Flag Registers

The following flags are assigned to the two flag registers (HIF_FLAGO register and HIF_FLAGTI register).

SFLAG[3:0]
The SFLAG[3:0]/HIF_FLAGO register bits are general-purpose flags that can be set/reset by the C33 PE Core.
Only reading and resetting can be performed from the external host processor; settings cannot be made. These
flags can be used for various purposes, such as reporting the status of the SIC33L27 to the external host proces-
SOr.
To manipulate the flag using the C33 PE Core, write 1 (set) or O (reset).
To reset the flag from the external host processor, write 1 (see the note below).

HFLAG[2:0]
The HFLAG[2:0]/HIF_FLAG] register bits are general-purpose flags that can be set/reset by the external
host processor. Only reading and resetting can be performed from the C33 PE core; settings cannot be made.
These flags can be used for various purposes, such as reporting the status of the external host processor to the
S1C33L27.
To manipulate the flag, write 1 (set) or 0 (reset) from the external host processor.
The flags can also be reset by writing 1 from the C33 PE Core. However, note that write protection for the HIF _
FLAGI1 register must be cleared (see the note below).
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In addition to the above flags, SINT/HIF_FLAGO register for generating a software interrupt from the SIC33L27 to
the external host processor and HINT/HIF_FLAGTI register for generating an S1C33L27 HIF interrupt or an NMI
from the external host processor are also provided. For more information on these flags, see Section 11.6, “Interrupts.”

Notes: ¢ To prevent errant operations resulting from unnecessary overwrites, the default setting for the
HIF_FLAGO (D[4:0]) and HIF_FLAG1 (D[3:0]) registers (host addresses Oxe and 0xf) are the
write-protected state. To overwrite these two registers, the write protection must be cleared by
writing 0x96 to the HIF_FLAGO register (host address Oxe). (This can only be done from the
external host processor.)

To enable the write protection of these two registers, write 0xff to the HIF_FLAGO register (host
address Oxe). (This can only be done from the external host processor.)

* To reset the SFLAG[3:0] flags and SINT, be sure to write PROTECT to 0 when writing to the
HIF_FLAGO register. The flags will not be reset if PROTECT is 1.

11.4 Accessing the S1C33L27 from the Host Processor

Described below are the settings and procedures required to access the SIC33L27’s internal peripheral circuits and
system memory from the external host processor.

11.4.1 Setting Access Conditions

Selecting the data bus width (8 bits/16 bits)
Select the data bus width of the host interface using HIFSEL/HIF_CTRL register. Writing 0 to HIFSEL config-
ures the data bus to 8 bits (HIF_D[7:0]); writing 1 to HIFSEL configures the data bus to 16 bits (HIF_D[15:0]).
The HIF register bit width is also set to 8- or 16 bits according to this selection (except the special registers).

Enabling AHB bus access
The HIF module incorporates an AHB interface and functions as an AHB bus master. The external host proces-
sor accesses the S1C33L.27’s internal peripheral circuits and system memory via the HIF registers and the AHB
interface.
Since the AHB interface is initially disabled, it must be enabled by writing 1 to AHB_EN/HIF_CTRL register
before the external host processor can access the SIC33L27.

Selecting endian mode
The HIF module provides an 8- or 16-bit data bus as an interface to an external host processor. Although data
transfers to/from the external host processor are performed in 8/16-bit units, byte access, half-word access, and
word access are enabled inside the S1C33L27 (for detailed information on this control method, see Section
11.4.2, “Direct Interface,” and Section 11.4.3, “Indirect Interface”).
To perform half-word or word access, select the endian mode using ENDIAN/HIF_CTRL register. Set ENDI-
AN to 0 (default) for little endian (transfer with the low-order byte first) and to 1 for big endian (transfer with
the high-order byte first).
Depending on the data bus width and internal access size, the external host processor performs reads/writes
once, twice, or four times. The following table shows the access data bits for each instance according to the en-
dian mode selected.

Table 11.4.1.1 Relationship Between Addresses and Data Bits According to Selected Endian Mode

Data bus width Internal access |Internal address low-order bit Internal read/write bit Acf:ess number
size Al A0 Little endian Big endian | of times/Number
8 bits Byte * * D[7:0] D[7:0] One time
Half-word * 0 D[7:0] D[15:8] First time
* 1 D[15:8] D[7:0] Second time
Word 0 0 D[7:0] D[31:24] First time
0 1 D[15:8] D[23:16] Second time
1 0 D[23:16] D[15:8] Third time
1 1 D[31:24] D[7:0] Fourth time
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Data bus width Internal access |Internal address low-order bit Internal read/write bit Acf:ess number
size A1 A0 Little endian Big endian | of times/Number
16 bits Byte * * D[7:0] D[7:0] One time
Half-word * 0 D[15:0] D[15:0] One time
Word 0 0 D[15:0] D[31:16] First time
1 0 D[31:16] D[15:0] Second time

Setting the address and selecting address control mode

The S1C33L27 memory address accessed by the external host processor is set to the HIF_ ADDRx registers (host
address 0x8 to Oxb).

Table 11.4.1.2 Address Settings

. . Register address C33 address bits specified
Data bus width Register (hist address) with the regis?er

8 bits HIF_ADDRO register 0x8 A[7:0]
HIF_ADDR1 register 0x9 A[15:8]
HIF_ADDR2 register Oxa A[23:16]
HIF_ADDRS register Oxb A[31:24]

16 bits HIF_ADDRO register 0x8 A[15:0]
HIF_ADDR1 register 0x9 A[31:16]

Both the direct interface mode and indirect interface mode (described later) use these registers.

Notes: ¢ When accessing the S1C33L27 in half-word size, set a half-word boundary address (A0 = 0).
When accessing in word size, set a word boundary address (A[1:0] = 0b00).

¢ If an access attempt is made for an address of a memory not actually installed, an invalid write
or invalid read will occur.
The post-increment access function can be used if the external host processor accesses the S1IC33L27 more
than once in succession. ADDR_MD[1:0]/HIF_CTRL register is used for this selection.
Table 11.4.1.3 Address Control Mode

ADDR_MDI[1:0]

Address control mode

0x3-0x2 Reserved
Ox1 Post increment
0x0 Fixed address

(Default: 0x0)

If ADDR_MD[1:0] is 0x0 (default), the address set in the HIF_ ADDRXx register will not change, even following
access.

If ADDR_MDI[1:0] is set to Ox1, the low-order 16 bits of the address set in the HIF_ADDRUXx registers are incre-
mented by the amount of the access size after access.

When the access is byte access: +1

When the access is half-word access: +2

When the access is word access: +4

This enables successive access to the memory area without altering the HIF_ADDRUX register via software.

Note: The post-increment function is enabled only for the low-order 16 bits of the address (A[15:0]). Ac-
cordingly, successive accesses that exceed the 64-KB boundary address (OxXXXXffff) are not
possible.

11.4.2 Direct Interface

Using the direct interface function enables access to the address set at the HIF_ADDRXx register (host address 0x8 to
0x9 or Oxb) simply by reading/writing to a data register. However, the external host processor must have an external
wait request input pin to connect to the S1C33L27 #HIF_WAIT pin (active low).

The S1C33L27 provides three different data registers corresponding to the internal access size. Use the register
matching the access size and following procedure for read/write operations.

11-6 Seiko Epson Corporation S1C33L27 TECHNICAL MANUAL



11 HOST INTERFACE (HIF)

8-bit interface

START

Set the access address to the
HIF_ADDRX registers (0x8 to Oxb).

access size
Half-word

Read/write the HIF_DRIF_B Read/write the HIF_DRIF_HW Read/write the HIF_DRIF_W
register (0x0). register (0x1) (first byte). register (0x2) (first byte).

Read/write the HIF_DRIF_HW Read/write the HIF_DRIF_W

register (0x1) (second byte). register (0x2) (second byte).

Read/write the HIF_DRIF_W
register (0x2) (third byte).

Read/write the HIF_DRIF_W

register (0x2) (fourth byte).
T

( END )
Figure 11.4.2.1 Reading/Writing Using the Direct Interface (8-bit interface)

Byte access (8-bit interface)
Read/write the HIF_DRIF_B register (host address 0x0) once.

Writing data

1. Set the address to be accessed to the HIF_ADDRO to HIF_ADDR3 registers (only when required).

2. Write data D[7:0] to the HIF_DRIF_B register.
The data sent from the host is written to the write data buffer, and a byte write bus operation is executed
with the HIF module serving as the bus master.

Reading data

1. Set the address to be accessed to the HIF_ADDRO to HIF_ADDR3 registers (only when required).

2. Read the HIF_DRIF_B register.
A byte read bus operation is executed with the HIF module serving as the bus master. Once the read
values are loaded into the read data buffer, the byte data is output to HIF_D[7:0].

Half-word access (8-bit interface)
Read/write the HIF_DRIF_HW register (host address 0x1) twice.

Writing data
1. Set the half-word address to be accessed to the HIF_ ADDRO to HIF_ADDR3 registers (only when re-
quired).

2. Write data D[7:0] (when little endian has been selected) or D[15:8] (when big endian has been selected)
to the HIF_DRIF_HW register. The data sent from the host is written to the write data buffer.

3. Write data D[15:8] (when little endian has been selected) or D[7:0] (when big endian has been selected)
to the HIF_DRIF_HW register. The data is written to the write data buffer, and a half-word write bus
operation is executed with the HIF module serving as the bus master.

Reading data

1. Set the half-word address to be accessed to the HIF_ADDRO to HIF_ADDR3 registers register (only
when required).

2. Read the first byte data from the HIF_DRIF_HW register.
A half-word read bus operation is executed with the HIF module serving as the bus master. When the
half-word read value is loaded into the read data buffer, the data D[7:0] (when little endian has been se-
lected) or D[15:8] (when big endian has been selected) is output to HIF_D[7:0].
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3.

Read the next byte data from the HIF_DRIF_HW register.
The data D[15:8] (when little endian has been selected) or D[7:0] (when big endian has been selected)
in the read data buffer is output to HIF_D[7:0].

Word access (8-bit interface)
Read/write the HIF_DRIF_W register (host address 0x2) four times.

Writing data

1. Set the word address to be accessed to the HIF_ADDRO to HIF_ADDR3 registers (only when required).

2. Write data D[7:0] (when little endian has been selected) or D[31:24] (when big endian has been selected)
to the HIF_DRIF_W register. The data sent from the host is written to the write data buffer.

3. Write data D[15:8] (when little endian has been selected) or D[23:16] (when big endian has been select-
ed) to the HIF_DRIF_W register. The data sent from the host is written to the write data buffer.

4. Write data D[23:16] (when little endian has been selected) or D[15:8] (when big endian has been select-
ed) to the HIF_DRIF_W register. The data sent from the host is written to the write data buffer.

5. Write data D[31:24] (when little endian has been selected) or D[7:0] (when big endian has been se-

lected) to the HIF_DRIF_W register. The data is written to the write data buffer, and a word write bus
operation is executed with the HIF module serving as the bus master.

Reading data

1.
2.

Set the word address to be accessed to the HIF_ADDRO to HIF_ADDR3 registers (only when required).
Read the first byte data from the HIF_DRIF_W register.

A word read bus operation is executed with the HIF module serving as the bus master. When the word
read value is loaded into the read data buffer, the data D[7:0] (when little endian has been selected) or
D[31:24] (when big endian has been selected) is output to HIF_D[7:0].

Read the second byte data from the HIF_DRIF_W register.

The data D[15:8] (when little endian has been selected) or D[23:16] (when big endian has been select-
ed) in the read data buffer is output to HIF_D[7:0].

Read the third byte data from the HIF_DRIF_W register.

The data D[23:16] (when little endian has been selected) or D[15:8] (when big endian has been select-
ed) in the read data buffer is output to HIF_D[7:0].

Read the fourth byte data from the HIF_DRIF_W register.

The data D[31:24] (when little endian has been selected) or D[7:0] (when big endian has been selected)
in the read data buffer is output to HIF_D[7:0].

#HIF_WAIT becomes active while data is being read/written, and the host enters wait status.

16-bit interface

START

Set the access address to the
HIF_ADDRX registers (0x8 to 0x9).

Byte Internal Word

access size
Half-word

Read/write the HIF_DRIF_B Read/write the HIF_DRIF_HW Read/write the HIF_DRIF_W

register (0x0). register (0x1). register (0x2) (first half-word).

Read/write the HIF_DRIF_W
register (0x2) (second half-word).
|

»le

END
Figure 11.4.2.2 Reading/Writing Using the Direct Interface (16-bit interface)
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11 HOST INTERFACE (HIF)

Byte access (16-bit interface)
Read/write the HIF_DRIF_B register (host address 0x0) once.

Writing data

1. Set the address to be accessed to the HIF_ ADDRO and HIF_ADDRI registers (only when required).

2. Write data D[7:0] to the low-order 8 bits of the HIF_DRIF_B register. Note that the high-order 8 bits
D[15:8] of the HIF_DRIF_B register are ineffective.
The data sent from the host is written to the write data buffer, and a byte write bus operation is executed
with the HIF module serving as the bus master.

Reading data

1. Set the address to be accessed to the HIF_ADDRO and HIF_ADDRI registers (only when required).

2. Read the HIF_DRIF_B register.
A byte read bus operation is executed with the HIF module serving as the bus master. Once the read
values are loaded into the read data buffer, the byte data is output to HIF_D[7:0]. Note that the high-
order 8 bits D[15:8] of the HIF_DRIF_B register are ineffective. The HIF_D[15:8] pins output O.

Half-word access (16-bit interface)
Read/write the HIF_DRIF_HW register (host address 0x1) once.

Writing data
1. Set the half-word address to be accessed to the HIF_ ADDRO and HIF_ADDRI1 registers (only when re-
quired).

2. Write data D[15:0] to the HIF_DRIF_HW register.
The data sent from the host is written to the write data buffer, and a half-word write bus operation is ex-
ecuted with the HIF module serving as the bus master.

Reading data

1. Set the half-word address to be accessed to the HIF_ADDRO and HIF_ADDRI registers (only when
required).

2. Read half-word data from the HIF_DRIF_HW register.
A half-word read bus operation is executed with the HIF module serving as the bus master. Once the
read values are loaded into the read data buffer, the half-word data is output to HIF_D[15:0].

Word access (16-bit interface)
Read/write the HIF_DRIF_W register (host address 0x2) twice.

Writing data
1. Set the word address to be accessed to the HIF_ADDRO and HIF_ADDRI registers (only when re-
quired).

2. Write data D[15:0] (when little endian has been selected) or D[31:16] (when big endian has been select-
ed) to the HIF_DRIF_W register. The data sent from the host is written to the write data buffer.

3. Write data D[31:16] (when little endian has been selected) or D[15:0] (when big endian has been se-
lected) to the HIF_DRIF_W register. The data is written to the write data buffer, and a word write bus
operation is executed with the HIF module serving as the bus master.

Reading data

1. Set the word address to be accessed to the HIF_ADDRO and HIF_ADDRI registers (only when re-
quired).

2. Read the first half-word data from the HIF_DRIF_W register.
A word read bus operation is executed with the HIF module serving as the bus master. When the word
read value is loaded into the read data buffer, the data D[15:0] (when little endian has been selected) or
D[31:16] (when big endian has been selected) is output to HIF_D[15:0].

3. Read the next half-word data from the HIF_DRIF_W register.
The data D[31:16] (when little endian has been selected) or D[15:0] (when big endian has been select-
ed) in the read data buffer is output to HIF_D[15:0].

#HIF_WAIT becomes active while data is being read/written, and the host enters wait status.
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11 HOST INTERFACE (HIF)

11.4.3 Indirect Interface

The indirect interface function is used when a processor lacking an external wait request input is connected. A data
read/write register (HIF_IDIF_DAT register (host address 0x3)) and a bus operation control register (HIF_IDIF
CTRL register (host address 0x4)) differing from those for the direct interface are provided. The same registers as
those used for the direct interface, HIF_ADDRUXx registers (host address 0x8 to Oxb), are used for address settings.
When using the indirect interface, use the following procedure for read/write operations.

Writing data via 8-bit interface

START

Write data buffer empty.

no

Set the address to write data to the
HIF_ADDRX registers (0x8 to Oxb).

Byte Word

Internal access size
Half-word

Write data to the HIF_IDIF_DAT Write data to the HIF_IDIF_DAT Write data to the HIF_IDIF_DAT
register (0x3). register (0x3) (first byte). register (0x3) (first byte).
I I
Write data to the HIF_IDIF_DAT Write data to the HIF_IDIF_DAT
register (0x3) (second byte). register (0x3) (second byte).

Write data to the HIF_IDIF_DAT
register (0x3) (third byte).
I

Write data to the HIF_IDIF_DAT
register (0x3) (fourth byte).

»le |

Write the following value to the
HIF_IDIF_CTRL register (0x4).
0x1: Byte writing
0x3: Half-word writing
0x5: Word writing

END
Figure 11.4.3.1 Writing Data Using the Indirect Interface (8-bit interface)

Read the HIF_IDIF_CTRL register (host address 0x4). Check the WR_BF value.

The WR_BF flag indicates the status of the write data buffer. The flag bit is 1 (data full) if the prior data
writing operation has not been completed and O (data empty) if it has been completed.

Wait until the WR_BF flag bit becomes O.

Set the address to be accessed to the HIF_ADDRO to HIF_ADDR3 registers (only when required).

Write data to the HIF_IDIF_DAT register.

If byte access is used, write once.

If half-word access is used, write twice according to the endian mode setting.
If word access is used, write four times according to the endian mode setting.
The data is written to the write data buffer.

Write the byte data that has been set as follows to the HIF_IDIF_CTRL register.
D[7:3] = 0b00000

D[2:1] (ACCESS_MD][1:0]) = 0b00 (byte), 0b01 (half-word), or 0b10 (word)
DO (RW_SEL) =1 (write)

ACCESS_MD[1:0]/HIF_IDIF_CTRL register specifies the internal access size.
RW_SEL/HIF_IDIF_CTRL register specifies reading or writing.

11-10
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When this data is written to the HIF_IDIF_CTRL register, the HIF module writes the data in the write data
buffer to the specified address.

Reading data via 8-bit interface

START

Set the address to read data to the
HIF_ADDRX registers (0x8 to Oxb).

Write the following value to the
HIF_IDIF_CTRL register (0x4).
0x0: Byte reading
0x2: Half-word reading
0x4: Word reading

Byte

|
<

Bus controller busy

Internal access size
Half-word

Read data from the HIF_IDIF_DAT
register (0x3).

Read data from the HIF_IDIF_DAT

Read data from the HIF_IDIF_DAT

register (0x3) (first byte).
I

register (0x3) (first byte).
I

Read data from the HIF_IDIF_DAT
register (0x3) (second byte).

Read data from the HIF_IDIF_DAT
register (0x3) (second byte).

Read data from the HIF_IDIF_DAT
register (0x3) (third byte).
I

Read data from the HIF_IDIF_DAT
register (0x3) (fourth byte).

< |

END
Figure 11.4.3.2 Reading Data Using the Indirect Interface (8-bit interface)

Set the address to be accessed to the HIF_ADDRO to HIF_ADDR3 registers (only when required).

Write the byte data that has been set as follows to the HIF_IDIF_CTRL register.
D[7:3] = 0b00000

D[2:1] (ACCESS_MD]1:0]) = 0b00 (byte), 0b01 (half-word), or 0b10 (word)
DO (RW_SEL) = 0 (read)

When this data is written to the HIF_IDIF_CTRL register, the HIF module reads the data from the specified
address and stores it in the read data buffer.

Read the HIF_IDIF_CTRL register (host address 0x4). Check the BUSY value.

The BUSY flag indicates the status of the bus controller. The flag bit is 1 (busy) if data is being accessed,
and 0 (ready) when the bus operation has been completed.

Wait until the BUSY flag becomes 0.

Read data from the HIF_IDIF_DAT register.

If byte access is used, read once.

If half-word access is used, read twice according to the endian mode setting.
If word access is used, read four times according to the endian mode setting.
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Writing data via 16-bit interface

START

Write data buffer empty.

no

Set the address to write data to the
HIF_ADDRX registers (0x8 to 0x9).

Byte ) Word
Internal access size
Half-word
Write data to the HIF_IDIF_DAT Write data to the HIF_IDIF_DAT Write data to the HIF_IDIF_DAT

register (0x3). register (0x3). register (0x3) (first half-word).
I

Write data to the HIF_IDIF_DAT
register (0x3) (second half-word).
T

Write the following value to the
HIF_IDIF_CTRL register (0x4).
0x1: Byte writing
0x3: Half-word writing
0x5: Word writing

END
Figure 11.4.3.3 Writing Data Using the Indirect Interface (16-bit interface)

1. Read the HIF_IDIF_CTRL register (host address 0x4). Check the WR_BF value.
The WR_BF flag indicates the status of the write data buffer. The flag bit is 1 (data full) if the prior data
writing operation has not been completed and O (data empty) if it has been completed.
Wait until the WR_BF flag bit becomes 0.

2. Set the address to be accessed to the HIF_ADDRO and HIF_ADDRI registers (only when required).

3. Write data to the HIF_IDIF_DAT register.
If byte access is used, write once. Data must be written to the low-order 8 bits of the HIF_IDIF_DAT regis-
ter.
If half-word access is used, write once.
If word access is used, write twice according to the endian mode setting.
The data is written to the write data buffer.

4. Write the data that has been set as follows to the HIF_IDIF_CTRL register.
D[15:3] = 0b0000000000000
D[2:1] (ACCESS_MD][1:0]) = 0b00 (byte), 0b01 (half-word), or 0b10 (word)
DO (RW_SEL) = 1 (write)

ACCESS_MDI1:0)/HIF_IDIF_CTRL register specifies the internal access size.

RW_SEL/HIF_IDIF_CTRL register specifies reading or writing.

When this data is written to the HIF_IDIF_CTRL register, the HIF module writes the data in the write data
buffer to the specified address.
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Reading data via 16-bit interface

Set the address to read data to the
HIF_ADDRX registers (0x8 to 0x9).

Write the following value to the
HIF_IDIF_CTRL register (0x4).
0x0: Byte reading
0x2: Half-word reading
0x4: Word reading

€
<

Bus controller busy

Byte Internal access size
Half-word
Read data from the HIF_IDIF_DAT Read data from the HIF_IDIF_DAT Read data from the HIF_IDIF_DAT
register (0x3). register (0x3). register (0x3) (first half-word).
Read data from the HIF_IDIF_DAT
register (0x3) (second half-word).
Jle T
END

Figure 11.4.3.4 Reading Data Using the Indirect Interface (16-bit interface)

1. Set the address to be accessed to the HIF_ADDRO and HIF_ADDRI registers (only when required).

2. Write the data that has been set as follows to the HIF_IDIF_CTRL register.
D[15:3] = 0b0000000000000
DI[2:1] (ACCESS_MD]1:0]) = 0b00 (byte), 0b01 (half-word), or 0b10 (word)
DO (RW_SEL) = 0 (read)

When this data is written to the HIF_IDIF_CTRL register, the HIF module reads the data from the specified
address and stores it in the read data buffer.

3. Read the HIF_IDIF_CTRL register (host address 0x4). Check the BUSY value.
The BUSY flag indicates the status of the bus controller. The flag bit is 1 (busy) if data is being accessed,
and O (ready) when the bus operation has been completed.
Wait until the BUSY flag becomes 0.

4. Read data from the HIF_IDIF_DAT register.
If byte access is used, read once. The low-order 8 bits of the HIF_IDIF_DAT register are effective as read
data. The high-order 8 bits are read as 0.
If half-word access is used, read once.
If word access is used, read twice according to the endian mode setting.
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11.5 Timing Chart

The HIF is controlled by PCLK (SYSCLK) supplied from the CMU.
The following diagram is a read/write timing chart.

HIF_A[3:0] | |

#HIF_CS | [\ [
#HIFRD /

#HIF_WR \ [
#HIF_ZWAIT — | / \ [

HIF_D[15:0] ————— ) { —

Figure 11.5.1 HIF Register Reading/Writing by the Host

11.6 Interrupts

The HIF module can output interrupt requests sent to an external host processor and to the ITC.

Generating interrupts to the external host processor

The HIF can output an interrupt request signal to the external host processor in either of the following cases:
1. When an interrupt request is generated from the ITC to the C33 PE Core
2. When the SINT flag is set by the SIC33L27 program (software interrupt)

The factor generating an interrupt can be selected using INTSEL/HIF_CTRL register.
The SINT flag interrupt request is selected if INTSEL is O (default), and the ITC interrupt request is selected if
INTSEL is 1.

SINT
If INTSEL is 0, and 1 is written from the C33 PE Core to SINT/HIF_FLAGQO register, the #HIF_INT signal
becomes active, enabling an interrupt request to be issued to an external host processor. 0 can also be writ-
ten to perform a reset operation. In this case the #HIF_INT signal will become inactive.
The external host processor can read and reset the SINT flag only; settings cannot be made. Write 1 to reset
the SINT flag from the external host processor. If an interrupt request was received by the external host pro-
cessor, be sure to clear this flag (make the #HIF_INT signal inactive).

ITC interrupt request signal
If INTSEL is set to 1, the interrupt signal output by the ITC to the C33 PE Core is output to an external host
processor as a #HIF_INT signal. Accordingly, the #HIF_INT signal becomes active when any of the inter-
rupts authorized by the ITC is generated. The S1C33L27 internal interrupt control method is the same as
that used when generating an interrupt to the C33 PE Core.

Interrupts from the external host processor
Writing 1 from the external host processor to the HINT/HIF_FLAGTI register flag bit enables an HIF interrupt
request to be issued to the ITC or an NMI to be generated. A reset operation can also be performed by writing 0.
The C33 PE Core can read and reset the HINT flag only; settings cannot be made. Write 1 to reset the HINT flag
bit from the C33 PE Core. If an interrupt request was received, be sure to clear this flag.
Whether to generate a maskable HIF interrupt or an NMI by setting HINT is determined by the value set for
HINT_MD/HIF_EXTCTRLI1 register. When HINT_MD is set to 0 (default), an NMI will be generated; when it
is set to 1, an HIF interrupt request will be issued to the ITC.

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

11.7.1 Host Processor Special-Purpose Registers

Table 11.7.1.1 List of Host Processor Special-Purpose Registers

Address Register name Function

Host 0x0 [HIF_DRIF_B HIF Direct Interface Byte Data Register Byte data direct read/write register

Host 0x1 [HIF_DRIF_HW HIF Direct Interface Half Word Data Register Half word data direct read/write register

Host 0x2 [HIF_DRIF_W HIF Direct Interface Word Data Register Word data direct read/write register

Host 0x3 [HIF_IDIF_DAT HIF Indirect Interface Data Register Data indirect read/write register

Host 0x4 [HIF_IDIF_CTRL |HIF Indirect Interface Control Register Control data indirect reading/writing

Host 0x6 |HIF_CTRL HIF Control Register Set access conditions

Host 0x8 |HIF_ADDRO HIF Address Register 0 Address bits A[7:0] (8-bit I/F) or A[15:0] (16-bit I/F)
Host 0x9 [HIF_ADDR1 HIF Address Register 1 Address bits A[15:8] (8-bit I/F) or A[31:16] (16-bit I/F)
Host Oxa [HIF_ADDR2 HIF Address Register 2 Address bits A[23:16] (8-bit I/F)

Host Oxb |HIF_ADDR3 HIF Address Register 3 Address bits A[31:24] (8-bit I/F)

Host Oxc |HIF_SP_IDX HIF Special Register Index Register Specify special register

Host Oxd [HIF_SP_DAT HIF Special Register Data Register Special register data

The host processor special-purpose registers are described individually below. All these registers cannot be ac-
cessed from the C33 PE Core.

Notes: ¢ These registers are all configured as 8-bit registers when HIF is set to 8-bit interface, or as 16-
bit registers when HIF is set to 16-bit interface.

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

HIF Direct Interface Byte Data Register (HIF_DRIF_B)
Notes: ¢ This register is used only with the direct interface.

* To use the direct interface, the host processor must have an external wait request input pin,
and this pin must be connected to the S1C33L27 #HIF_WAIT pin (active low).
If a host processor lacking an external wait request input is used, read/write using the HIF_
IDIF_DAT register (host address 0x3) and the HIF_IDIF_CTRL register (host address 0x4) for
the indirect interface.

In 8-bit interface mode

\ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
HIF Direct Inter-| Host D7-0 |B_DAT[7:0] |Byte access data 0x0-0x(ff X |RW

face Byte Data 0x0

Register (8 bits)

(HIF_DRIF_B)

D[7:0] B_DAT[7:0]: Byte Access Data Bits
This register is used to read/write data when accessing the S1C33L27 in byte size via the direct inter-
face. (Default: undefined)

Reading Data

When the external host processor reads this register, a bus operation to read byte data from the address
set at the HIF_ADDRXx registers (0x8 to Oxb) is executed. Once the read values have been loaded into the
read data buffer, the byte data is output to HIF_D[7:0].

Writing Data

When the external host processor writes data to this register, a byte write bus operation is executed for
the address set at the HIF_ADDRXx registers (0x8 to Oxb), with the HIF module serving as the bus mas-
ter.
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In 16-bit interface mode

‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks ‘
HIF Direct Host D15-8 |- reserved — - — |0 when being read.
Interface Byte 0x0 D7-0 |B_DAT[7:0] |Byte access data 0x0—0xff X [RW

Data Register (16 bits)

(HIF_DRIF_B)

D[15:8] Reserved

D[7:0] B_DAT[7:0]: Byte Access Data Bits
This register is used to read/write data when accessing the S1IC33L27 in byte size via the direct inter-
face. (Default: undefined)

Reading Data

When the external host processor reads this register, a bus operation to read byte data from the address
set at the HIF_ADDRXx registers (0x8 and 0x9) is executed. Once the read values have been loaded into
the read data buffer, the byte data is output to HIF_D[7:0]. HIF_D[15:8] outputs 0.

Writing Data

When the external host processor writes data to this register, a byte write bus operation is executed for
the address set at the HIF_ ADDRx registers (0x8 and 0x9), with the HIF module serving as the bus
master.

HIF Direct Interface Half Word Data Register (HIF_DRIF_HW)
Notes: ¢ This register is used only with the direct interface.

* To use the direct interface, the host processor must have an external wait request input pin,
and this pin must be connected to the S1C33L27 #HIF_WAIT pin (active low).
If a host processor lacking an external wait request input is used, read/write using the HIF_
IDIF_DAT register (host address 0x3) and the HIF_IDIF_CTRL register (host address 0x4) for
the indirect interface.

In 8-bit interface mode

\ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
HIF Direct Inter-| Host D7-0 [HW_DAT |Half word access data 0x0—0xff X |RW

face Half Word 0ox1 [7:0]

Data Register (8 bits)

(HIF_DRIF_HW)

D[7:0] HW_DAT[7:0]: Half Word Access Data Bits
This register is used to read/write data when accessing the SIC33L27 in half-word size via the direct
interface. (Default: undefined)
Access this register twice in succession to read/write half-word data.

Reading Data

When this register is read for the first time, a bus operation to read half-word data from the address set
at the HIF_ADDRY registers (0x8 to 0xb) is executed. Once the read half-word values have been loaded
into the read data buffer, the first byte data is output to HIF_D[7:0].

When the register is read the second time, the second byte data is read from the read data buffer and then
output to HIF_D[7:0].

Writing Data

Write data to this register in the sequence of first byte, then second byte. The data is temporarily stored
in the write data buffer and collated as half-word data.

When the second byte has been written, a half-word write bus operation is executed for the address set
at the HIF_ADDRXx registers (0x8 to Oxb), with the HIF module serving as the bus master.

The sequence of the first and second bytes will differ, depending on the endian mode specified at EN-
DIAN/HIF_CTRL register.
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Table 11.7.1.2 Half-Word Data Byte Arrangement (for 8-bit interface)

Little endian Big endian
First byte D[7:0] D[15:8]

Second byte D[15:8] D[7:0]
In 16-bit interface mode
‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
HIF Direct Host D15-0 |HW_DAT |Half word access data 0x0—-0xffff X [RW
Interface Half 0ox1 [15:0]
Word Data (16 bits)
Register
(HIF_DRIF_HW)

D[15:0] HW_DAT[15:0]: Half Word Access Data Bits
This register is used to read/write data when accessing the SIC33L27 in half-word size via the direct
interface. (Default: undefined)

Reading Data

When the external host processor reads this register, a bus operation to read half-word data from the ad-
dress set at the HIF_ADDRX registers (0x8 and 0x9) is executed. Once the read values have been loaded
into the read data buffer, the half-word data is output to HIF_D[15:0].

Writing Data

When the external host processor writes data to this register, a half-word write bus operation is executed
for the address set at the HIF_ ADDRx registers (0x8 and 0x9), with the HIF module serving as the bus
master.

HIF Direct Interface Word Data Register (HIF_DRIF_W)
Notes: * This register is used only with the direct interface.

¢ To use the direct interface, the host processor must have an external wait request input pin,
and this pin must be connected to the S1C33L27 #HIF_WAIT pin (active low).
If a host processor lacking an external wait request input is used, read/write using the HIF_
IDIF_DAT register (host address 0x3) and the HIF_IDIF_CTRL register (host address 0x4) for
the indirect interface.

In 8-bit interface mode

‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
HIF Direct Inter-| Host D7-0 [W_DAT[7:0]|Word access data 0x0-0xff X |RW

face Word Data 0x2

Register (8 bits)

(HIF_DRIF_W)

D[7:0] W_DAT[7:0]: Word Access Data Bits
This register is used to read/write data when accessing the S1C33L27 in word size via the direct inter-
face. (Default: undefined)
Access this register four times in succession to read/write word data.

Reading Data

When this register is read for the first time, a bus operation to read word data from the address set at the
HIF_ADDRXx registers (0x8 to Oxb) is executed. Once the read word values have been loaded into the
read data buffer, the first byte data is output to HIF_D[7:0].

When the register is read the second, third, and fourth times, the second, third, and fourth byte data are
read from the read data buffer and then output to HIF_D[7:0].

Writing Data

Write data to this register in the sequence of first byte through fourth byte. The data is temporarily
stored in the write data buffer and collated as word data.

When the fourth byte has been written, a word write bus operation is executed for the address set at the
HIF_ADDRX registers (0x8 to Oxb), with the HIF module serving as the bus master.
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The sequence of the first through fourth bytes will differ, depending on the endian mode specified at the
ENDIAN/HIF_CTRL register.

Table 11.7.1.3 Word Data Byte Arrangement (for 8-bit interface)

Little endian Big endian
First byte D[7:0] D[31:24]
Second byte D[15:8] D[23:16]
Third byte D[23:16] D[15:8]
Fourth byte D[31:24] D[7:0]
In 16-bit interface mode
‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
HIF Direct Host D15-0 |W_DAT Word access data 0x0—Oxffff X |RW
Interface Word 0x2 [15:0]
Data Register (16 bits)
(HIF_DRIF_W)
D[15:0] W_DAT[15:0]: Half Word Access Data Bits

This register is used to read/write data when accessing the SIC33L27 in word size via the direct inter-
face. (Default: undefined)
Access this register twice in succession to read/write word data.

Reading Data

When this register is read for the first time, a bus operation to read word data from the address set at the
HIF_ADDRXx registers (0x8 and 0x9) is executed. Once the read word values have been loaded into the
read data buffer, the first half-word data is output to HIF_D[15:0].

When the register is read the second time, the second half-word data is read from the read data buffer
and then output to HIF_D[15:0].

Writing Data

Write data to this register in the sequence of first half-word, then second half-word. The data is tempo-
rarily stored in the write data buffer and collated as word data.

When the second half-word has been written, a word write bus operation is executed for the address set
at the HIF_ADDRXx registers (0x8 and 0x9), with the HIF module serving as the bus master.

The sequence of the first and second half-words will differ, depending on the endian mode specified at
ENDIAN/HIF_CTRL register.

Table 11.7.1.4 Word Data Half-Word Arrangement (for 16-bit interface)

Little endian Big endian
First half-word D[15:0] D[31:16]
Second half-word D[31:16] D[15:0]

HIF Indirect Interface Data Register (HIF_IDIF_DAT)

Note: This register is used only with the indirect interface.

In 8-bit interface mode

‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
HIF Indirect Host D7-0 (IDIF_DAT |[Indirect interface data 0x0—0xff X [RW

Interface Data 0x3 [7:0]

Register (8 bits)

(HIF_IDIF_DAT)

D[7:0] IDIF_DAT[7:0]: Indirect Interface Data Bits

This register is used to read/write data when accessing the SIC33L27 via the indirect interface. (Default:
undefined)

If byte access is used, read/write this register once.

If half-word access is used, read/write this register twice.

If word access is used, read/write this register four times.
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Reading Data

When a read command is written to the HIF_IDIF_CTRL register (host address 0x4), the HIF module
reads data at the specified size (byte, half-word or word) from the address specified at the HIF_ADDRx
registers (0x8 to 0xb) and stores it in the read data buffer. During this bus operation, BUSY/HIF_IDIF_
CTRL register is set to 1. Once the read data is stored in the read data buffer, BUSY is reset to 0.

After confirming that the BUSY bit is O, read this register for the number of times required by the se-
lected access size.

Writing Data

After checking that the write data buffer is empty (WR_BF/HIF_IDIF_CTRL register = 0), write data
to this register for the number of times required by the selected access size. The data is temporarily
stored in the write data buffer and collated as data of the selected access size.

Next, write a write command to the HIF_IDIF_CTRL register (host address 0x4). This results in the
execution of a data write bus operation to the address set at the HIF_ADDRX registers (0x8 to 0xb),
with the HIF module serving as the bus master.

When performing half-word or word access, confirm that the byte data read/write sequences match the
endian mode specified at ENDIAN/HIF_CTRL register (see Tables 11.7.1.2 and 11.7.1.3).

In 16-bit interface mode

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
HIF Indirect Host D15-0 |IDIF_DAT |Indirect interface data 0x0—Oxffff X |RW

Interface Data 0x3 [15:0]

Register (16 bits)

(HIF_IDIF_DAT)

D[15:0] IDIF_DAT[15:0]: Indirect Interface Data Bits

This register is used to read/write data when accessing the SIC33L27 via the indirect interface. (Default:
undefined)

If byte access is used, read/write this register once. Note that the low-order 8 bits are effective.

If half-word access is used, read/write this register once.

If word access is used, read/write this register twice.

Reading Data

When a read command is written to the HIF_IDIF_CTRL register (host address 0x4), the HIF module
reads data at the specified size (byte, half-word or word) from the address specified at the HIF_ADDRx
registers (0x8 and 0x9) and stores it in the read data buffer. During this bus operation, BUSY/HIF_
IDIF_CTRL register is set to 1. Once the read data is stored in the read data buffer, BUSY is reset to 0.
After confirming that the BUSY bit is 0, read this register for the number of times required by the se-
lected access size.

Writing Data

After checking that the write data buffer is empty (WR_BF/HIF_IDIF_CTRL register = 0), write data
to this register for the number of times required by the selected access size. The data is temporarily
stored in the write data buffer and collated as data of the selected access size.

Next, write a write command to the HIF_IDIF_CTRL register (host address 0x4). This results in the
execution of a data write bus operation to the address set at the HIF_ADDRx registers (0x8 and 0x9),
with the HIF module serving as the bus master.

When performing word access, confirm that the half-word data read/write sequences match the endian
mode specified at ENDIAN/HIF_CTRL register (see Table 11.7.1.4).
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HIF Indirect Interface Control Register (HIF_IDIF_CTRL)

Note: This register is used only with the indirect interface.

In 8-bit interface mode

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
HIF Indirect In- Host D7-5 |- reserved - - — |0 when being read.
terface Control |  0x4 D4 |WR_BF  |Write buffer full flag 1 [Full 0 [Empty o | R
Register (8 bits) D3 [BUSY Bus controller busy flag 1 |Busy 0 |Ready 0o |R
(HIF_IDIF_ D2-1 |ACCESS [Access mode select ACCESS_MD[1:0] Mode 0x0 | RW
CTRL) _MDI[1:0] 0x3-0x2 Word
0ox1 Half word
0x0 Byte
DO |[RW_SEL |Read/write cycle select 1 [write 0 |Read R

In 16-bit interface mode

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
HIF Indirect Host D15-5 |- reserved - - — |0 when being read.
Interface ox4 D4 |WR_BF _ |Write buffer full flag 1 [Full 0 [Empty 0 | R
Control Register| (16 bits) [ D3 [BUSY Bus controller busy flag 1 |Busy 0 |Ready o0 | R
(HIF_IDIF_ D2-1 |ACCESS |Access mode select ACCESS_MDY[1:0] Mode 0x0 | RW
CTRL) _MD[1:0] 0x3-0x2 Word
0x1 Half word
0x0 Byte
DO |RW_SEL |Read/write cycle select 1 [Write 0[Read 0 [RwW

D[15:5] Reserved (16-bit interface)
D[7:5] Reserved (8-bit interface)

D4 WR_BF: Write Buffer Full Flag Bit
Indicates the write data buffer status.
1 (R): Full
0 (R): Empty (default)

When the first data is written to the HIF_IDIF_DAT register (host address 0x3), WR_BF is set to 1.
After data is written to the specified memory address, this bit is reset to 0. When the indirect interface
is used to write data from the external host processor, confirm that this bit is 0 before writing data to the
HIF_IDIF_DAT register (host address 0x3).

D3 BUSY: Bus Controller Busy Flag Bit
Indicates the HIF internal bus controller status.
1 (R): Busy
0 (R): Ready (default)

This bit is set to 1 (busy) while the HIF is accessing data and it reverts to 0 (ready) when the bus opera-
tion has been completed. When the indirect interface is used to perform data reading, confirm that this
bit is 0 before reading the HIF_IDIF_DAT register (host address 0x3).

D[2:1] ACCESS_MD[1:0]: Access Mode Select Bits
Indicates the S1C33L27 internal access size.

Table 11.7.1.5 Access Size Specification

ACCESS_MD[1:0] Access size
0x3 or Ox2 Word
0x1 Half-word
0x0 Byte
(Default: 0x0)
DO RW_SEL: Read/Write Cycle Select Bit

Selects whether to execute data reads or data writes.
1 (R/W): Write

0 (R/W): Read (default)
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When a write is performed to this register, the bus operation specified at D[2:0] is executed.

Table 11.7.1.6 Operation by Writing to HIF_DIF_CTRL Register

RW_SEL ACCESS_MDI[1:0] Bus operation

1 0x3 or Ox2 Word writing
0x1 Half-word writing

0x0 Byte writing

0 0x3 or Ox2 Word reading
0x1 Half-word reading

0x0 Byte reading

HIF Control Register (HIF_CTRL)

In 8-bit interface mode

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks ‘
HIF Control Host D7 [HIFSEL  [HIF data width select 1]16bits  [0][8 bits 0 [RW
Register 0x6 D6-5 |- reserved - - — |0 when being read.
(HIF_CTRL) (8 bits) D4 [INTSEL Interrupt source select 1JITC_INT _ [0[SINT 0 [RW
D3-2 [ADDR_MD |Address control mode select ADDR_MDJ[1:0] Mode 0x0 | R/'W
[1:0] 0x3-0x2 reserved
0x1 Post increment
0x0 Fixed
D1 |ENDIAN Endian mode select 1 |Big endian [0 |Little endian| 0 [RW
DO [AHB_EN |AHB interface enable 1 [Enable 0 |Disable 0 [Rw

In 16-bit interface mode

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks \
HIF Control Host D15-8 |- reserved - - — |0 when being read.
Register 0x6 D7 [HIFSEL  [HIF data width select 1[16bits  [o]8 bits 0 [rRw
(HIF_CTRL) (16 bits) | D65 |- reserved - — | — |owhen being read.
D4 [INTSEL [interrupt source select 1JITC_INT _ [0[SINT 0 [rRw
D3-2 [ADDR_MD |Address control mode select ADDR_MD[1:0] Mode 0x0 | R'W
[1:0] 0x3-0x2 reserved
0ox1 Post increment
0x0 Fixed
D1 |[ENDIAN  |Endian mode select 1[Big endian | 0]Little endian | 0 [R/MW
DO [AHB_EN  |AHB interface enable 1 [Enable 0 |Disable 0 |[RW
D[15:8] Reserved (16-bit interface)
D7 HIFSEL: HIF Data Width Select Bit
Selects the host interface data bus width.
1 (R/W): 16 bits
0 (R/W): 8 bits (default)
Writing 0 to HIFSEL configures the host interface to 8-bit data bus (HIF_D[7:0]); writing 1 to HIF-
SEL configures to 16-bit data bus (HIF_D[15:0]). The HIF register bit width is also set to 8- or 16 bits
according to this selection (except the special registers).
D[6:5] Reserved
D4 INTSEL: Interrupt Source Select Bit
Selects the interrupt source of the SIC33L27 to generate an interrupt to the external host processor.
1 (R/W): ITC interrupt request output
0 (R/W): SINT control (default)
When INTSEL is 0, writing 1 to SINT/HIF_FLAGO register asserts the #HIF_INT signal, enabling an
interrupt request to be issued to an external host processor. When INTSEL is set to 1, the interrupt sig-
nal output by the ITC to the C33 PE Core is also output to #HIF_INT. Accordingly, an interrupt is also
generated to an external host processor at the same time an interrupt is generated inside the S1C33L27.
D[3:2] ADDR_MDJ[1:0]: Address Control Mode Select Bits

Specifies the address control method after a memory access operation.
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Table 11.7.1.7 Transfer Address Control

Transfer address control
ADRR_MD[1:0] Byte access | Half-word access | Word access
0x3 or 0x2 Reserved
0x1 Increment (+1) Increment (+2) Increment (+4)
0x0 Fixed address Fixed address Fixed address

(Default: 0x0)

When ADDR_MD[1:0] is 0x0, the address set in the HIF_ADDRO to 3 registers (host address 0x8 to
0xb) will not be changed after a read or write operation.

When ADDR_MDI[1:0] is set to 0x1, the address set in the HIF_ADDRO to 3 registers is incremented
by the amount of the access size after a read or write operation, enabling successive reads or writes of
that address without rewriting the HIF_ADDRO to 3 registers.

Note: The post-increment function is enabled only for the low-order 16 bits of the address (A[15:0]).
Accordingly, successive accesses that exceed the 64-KB boundary address (OxXXXXffff) are
not possible.

D1 ENDIAN: Endian Mode Select Bit
This bit selects the endian mode when half-word or word access is performed.
1 (R/W): Big endian
0 (R/W): Little endian (Default)
Depending on the internal access size, the external host processor performs reads/writes once (byte),
twice (half-word), or four times (word). The following table shows the access data bits for each instance
for the endian mode selected.
Table 11.7.1.8 Relationship Between Address and Data Bits According to Endian Mode Selected
Data bus Internal Internal address low-order bit Internal read/write bit Access number
width access size A1 A0 Little endian Big endian | of times/Number
8 bits  |Byte * * D[7:0] D[7:0] One time
Half-word * 0 D[7:0] D[15:8] First time
* 1 D[15:8] D[7:0] Second time
Word 0 0 D[7:0] D[31:24] First time
0 1 D[15:8] D[23:16] Second time
1 0 D[23:16] D[15:8] Third time
1 1 D[31:24] D[7:0] Fourth time
16 bits  |Byte * * D[7:0] D[7:0] One time
Half-word * 0 D[15:0] D[15:0] One time
Word 0 0 D[15:0] D[31:16] First time
1 0 D[31:16] D[15:0] Second time
DO AHB_EN: AHB Interface Enable Bit
This bit permits access by the external host processor of the AHB slave device.
1 (R/W): Permitted
0 (R/W): Disabled (Default)
Setting AHB_EN to 1 enables the external host processor to access the internal memory in Area 3, in-
ternal peripheral circuits/memory in Area 6, and the external memory connected to the SIC33L27.
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In 8-bit interface mode (HIF_ADDRO-HIF_ADDR3)

11 HOST INTERFACE (HIF)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
HIF Address Host D7-0 [ADDR S1C33L27 internal address 0x0—Oxff 0x0 | R'W
Register 0 0x8 [7:0] A[7:0]

(HIF_ADDRO) (8 bits)

HIF Address Host D7-0 (ADDR S1C33L27 internal address 0x0-0xff 0x0 | R/'W
Register 1 0x9 [15:8] A[15:8]

(HIF_ADDR?1) (8 bits)

HIF Address Host D7-0 [ADDR S1C33L27 internal address 0x0—Oxff 0x0 | R'W
Register 2 Oxa [23:16] A[23:16]

(HIF_ADDR2) (8 bits)

HIF Address Host D7-0 [ADDR S1C33L27 internal address 0x0-0x(ff 0x0 | R/'W
Register 3 0xb [31:24] A[31:24]

(HIF_ADDR3) (8 bits)

In 16-bit interface mode (HIF_ADDRO-HIF_ADDR1)

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
HIF Address Host D15-0 |ADDR Address A[15:0] 0x0-0xffff 0x0 | R'W
Register 0 0x8 [15:0]

(HIF_ADDRO) (16 bits)

HIF Address Host D15-0 |ADDR Address A[31:16] 0x0—Oxffff 0x0 | R'W
Register 1 0x9 [31:16]

(HIF_ADDR1) | (16 bits)

ADDR[31:0]: S1C33L27 Internal Address Bits

Sets the SIC33L27 memory address accessed by the external host processor. (Default: 0x0)

Both the direct interface mode and the indirect interface mode use these registers to specify the address.

Notes: * When accessing the S1C33L27 in half-word size, set a half-word boundary address (A0 = 0).
When accessing in word size, set a word boundary address (A[1:0] = 0b00).

 If an access attempt is made for an address of a memory not actually installed, an invalid

write or invalid read will occur.

HIF Special Register Index Register (HIF_SP_IDX)

In 8-bit interface mode

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks ‘
HIF Special Host D7-5 |— reserved - - — |0 when being read.
Register Index Oxc D4-0 (INDEX[4:0] [Special register index 0x1-0x13 0x0 | R'W

Register (8 bits)

(HIF_SP_IDX)

In 16-bit interface mode

‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks ‘
HIF Special Host D15-5 |— reserved - - — |0 when being read.
Register Index Oxc D4-0 |(INDEX[4:0] [Special register index 0x1-0x13 0x0 | R'W

Register (16 bits)

(HIF_SP_IDX)

D[15:5] Reserved (16-bit interface)

D[7:5] Reserved (8-bit interface)

D[4:0] INDEX[4:0]: Special Register Index Bits

Specifies the special register accessed through the HIF_SP_DAT register (host address 0xd) using an

index number (0x1, 0x8 to Oxf, 0x10 to 0x13). (Default: 0x0)

Special registers can be accessed by reading/writing from/to the HIF_SP_DAT register (host address

0xd) after writing the index to this register.

The special registers are shared registers that can also be accessed by the C33 PE Core. For more infor-

mation on these registers, see Section 11.7.2, “Shared Registers.”
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Table 11.7.1.9 List of Special Registers

Index Special register Function
0x1 |HIF Extended Control (HIF_EXTCTRL1) Register 1 |Set interrupt mode
0x8 |HIF Semaphore (HIF_SMPHO0) Register 0 Semaphore 0
0x9 |HIF Semaphore (HIF_SMPH1) Register 1 Semaphore 1
Oxa |HIF Semaphore (HIF_SMPH2) Register 2 Semaphore 2
Oxb [HIF Semaphore (HIF_SMPH3) Register 3 Semaphore 3
Oxc |HIF Semaphore (HIF_SMPH4) Register 4 Semaphore 4
0xd |HIF Semaphore (HIF_SMPHS5) Register 5 Semaphore 5
Oxe |HIF Semaphore (HIF_SMPH®6) Register 6 Semaphore 6
0xf |HIF Semaphore (HIF_SMPH7) Register 7 Semaphore 7
0x10 [HIF Scratchpad (HIF_SCRATCHO) Register 0 Scratchpad register 0
0x11 [HIF Scratchpad (HIF_SCRATCH1) Register 1 Scratchpad register 1
0x12 |HIF Scratchpad (HIF_SCRATCH2) Register 2 Scratchpad register 2
0x13 |HIF Scratchpad (HIF_SCRATCHS3) Register 3 Scratchpad register 3

HIF Special Register Data Register (HIF_SP_DAT)

In 8-bit interface mode

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
HIF Special Host D7-0 [SP_DAT[7:0]|Special register data 0x0—-0xff 0x0 | R/'W

Register Data Oxd

Register (8 bits)

(HIF_SP_DAT)

In 16-bit interface mode

‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
HIF Special Host D15-8 |— reserved - — |0 when being read.
Register Data Oxd D7-0 [SP_DAT[7:0](Special register data 0x0—0xff 0x0 | R'W

Register (16 bits)

(HIF_SP_DAT)

D[15:8] Reserved (16-bit interface)

D[7:0] SP_DAT[7:0]: Special Register Data Bits

The external host processor reads/writes the special register specified with the HIF_SP_IDX register (host

address 0xc) through this register. (Default: 0x0)
11.7.2 Shared Registers

Table 11.7.2.1 List of Shared Registers

Address Register name Function
Host 0xd[0x1] |HIF_EXTCTRL1 [HIF Extended Control Register 1 Set interrupt mode
/0x300901
Host 0xd[0x8] |HIF_SMPHO HIF Semaphore Register 0 Semaphore 0
/0x300908
Host 0xd[0x9] [HIF_SMPH1 HIF Semaphore Register 1 Semaphore 1
/0x300909
Host 0xd[Oxa] [HIF_SMPH2 HIF Semaphore Register 2 Semaphore 2
/0x30090a
Host Oxd[Oxb] |HIF_SMPH3 HIF Semaphore Register 3 Semaphore 3
/0x30090b
Host 0xd[Oxc] |HIF_SMPH4 HIF Semaphore Register 4 Semaphore 4
/0x30090c
Host 0xd[0xd] [HIF_SMPH5 HIF Semaphore Register 5 Semaphore 5
/0x30090d
Host 0xd[Oxe] |HIF_SMPH6 HIF Semaphore Register 6 Semaphore 6
/0x30090e
Host 0xd[0xf] |HIF_SMPH7 HIF Semaphore Register 7 Semaphore 7
/0x30090f
Host 0xd[0x10] |HIF_SCRATCHO [HIF Scratchpad Register 0 Scratchpad register 0
/0x300910
Host 0xd[0x11] |HIF_SCRATCH1 |HIF Scratchpad Register 1 Scratchpad register 1
/0x300911
Host 0xd[0x12] |HIF_SCRATCH2 |HIF Scratchpad Register 2 Scratchpad register 2
/0x300912
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Address Register name Function
Host 0xd[0x13] |HIF_SCRATCH3 [HIF Scratchpad Register 3 Scratchpad register 3
/0x300913
Host Oxe HIF_FLAGO HIF Flag Register 0 Slave flag
/0x300918
Host 0Oxf HIF_FLAG1 HIF Flag Register 1 Host flag
/0x300919

Each shared register that can be accessed by both the C33 PE Core and the external host processor is described below.
The C33 PE Core and the external host processor access addresses differ. These addresses are described below.

Example: Host Oxe

Host 0xd[0x1]

0x300901

External host processor address

Special register specified with the index 0x1 set at HIF_SP_IDX (host address 0xc) and
accessed through the HIF_SP_DAT register (host address 0xd)

S1C33L27 address

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

* Do not read or write the HIF registers on the S1C33L27 side when HIF_CLK is disabled by
HIF_CKE/CMU_CLKCTL2 register is set to 0.

HIF Extended Control Register 1 (HIF_EXTCTRL1)

On the host side (8-bit interface mode)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks \
HIF Extended |HostOxd| D7-2 |- reserved - - — |0 when being read.
Control [0x1]

Register 1 (8 bits) D1 [HINT_MD [Host interrupt mode select 1]INT [o]NMmI 0 [Rw

(HIF_EXTCTRL1) DO |- reserved - - — |0 when being read.
On the host side (16-bit interface mode)

\ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks \
HIF Extended |HostOxd | D15-2 |- reserved - - — |0 when being read.
Control [0x1]

Register 1 (16 bits) | D1 [HINT_MD [Host interrupt mode select 1]INT [o]NMmI 0 [Rw

(HIF_EXTCTRL1) DO |- reserved - - — |0 when being read.
On the S1C33L27 side

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

HIF Extended |0x300901| D7-2 (- reserved - - — |0 when being read.
Control (8 bits)

Register 1 D1 |[HINT_MD [Host interrupt mode select 1]INT [o]NMI 0 [rRW

(HIF_EXTCTRL1) DO |- reserved - - — |0 when being read.

D[15:8] Reserved (External host processor, 16-bit interface mode)
D[7:2] Reserved

D1 HINT_MD: Host Interrupt Mode Select Bit
Selects the type of interrupt generated when the external host processor writes 1 to the HINT/HIF_
FLAGI register.
1 (R/W): Maskable interrupt
0 (R/W): NMI (default)

When HINT_MD is 0, setting HINT to 1 generates an NMI. When HINT_MD is set to 1, setting HINT
to 1 issues an HIF interrupt request to the ITC.

DO Reserved
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HIF Semaphore Registers 0-7 (HIF_SMPHO0-7)

On the host side (8-bit interface mode)

\ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks \
HIF Semaphore | Host Oxd | D7-1 |- reserved - - — |0 when being read.
Register x [0x8]
(HIF_SMPHx) |
[0xf]
(8 bits) DO [SMPHx Semaphore x 1 [Busy [ 0 [Not busy 0 [RW
On the host side (16-bit interface mode)
‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
HIF Semaphore | Host Oxd | D15-1 |- reserved - - — |0 when being read.
Register x [0x8]
(HIF_SMPHx) |
[0xf]
(16 bits) DO |SMPHx Semaphore x 1 |Busy | 0 |Not busy 0 [RW
On the S1C33L27 side
‘ Register name | Address | Bit | Name Function Setting | Init. | R/W | Remarks ‘
HIF Semaphore [ 0x300908( D7-1 |- reserved - - — |0 when being read.
Register x |

(HIF_SMPHx) | 0x30090f

(8 bits) DO |SMPHx Semaphore x

1 |Busy

| 0 |Not busy 0

R/W

Note: The “X’in the register and bit names represents a semaphore number (0 to 7).

D[15:8] Reserved (External host processor, 16-bit interface mode)

D[7:1] Reserved

DO SMPHx: Semaphore x Bit
Switches the semaphore.
1 (W): Resets the semaphore
0 (W): Ignored
1 (R): Resource in use

0 (R): Resource can be used (set to 1 after reading) (default)

The module (external host processor or SIC33L27 program) that will use the resource reads the corre-

sponding SMPHx. If SMPHx = O (can be used), the resource is used and processing continues. SMPHx

automatically changes to 1 (in use) when read. Accordingly, if SMPHx = 1, another module is using the
resource. In this case, resource use is placed on hold until SMPHx reverts to 0. When a module has fin-

ished using a resource, 1 must be written to SMPHx to reset it to O.

HIF Scratchpad Registers 0-3 (HIF_SCRATCHO0-3)

On the host side (8-bit interface mode)

\ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
HIF Scratchpad | Host Oxd | D7-0 |[SCRx[7:0] (Scratch data 0x0—0xff 0x0 | R'W
Register x [0x10]
(HIF_SCRATCHXx) |
[0x13]
(8 bits)
On the host side (16-bit interface mode)
‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
HIF Scratchpad | Host Oxd | D15-8 |- reserved - - — |0 when being read.
Register x [0x10]
(HIF_SCRATCHXx) | D7-0 [SCRx[7:0] |Scratch data 0x0—0xff 0x0 | R'W
[0x13]
(16 bits)
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On the S1C33L27 side

‘ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks
HIF Scratchpad [0x300910| D7-0 |SCRx{7:0] |Scratch data 0x0-0x(ff 0x0 | R/'W
Register x |
(HIF_SCRATCHXx) | 0x300913
(8 bits)

Note: The “X’in the register and bit names represents the scratchpad number (0 to 3).

D[15:8] Reserved (External host processor, 16-bit interface mode)

D[7:0] SCRx[7:0]: Scratch Data Bits
This register is used as a general-purpose register. (Default: 0x0)
Any data can be stored to this register temporarily.
The data written to this register has no effect on HIF operations.

HIF Flag Register 0 (HIF_FLAGO)

On the host side (8-bit interface mode)

‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks ‘
HIF Flag HostOxe| D7 [PROTECT [HIF_FLAG write protect 1 [Set/remove | 0 [Disable 0 [RW
Register 0 (8 bits) | D6-5 |- reserved - - — |0 when being read.
(HIF_FLAGO) D4 [SFLAG3 |[Slave flag 3 1[Set 0|Cleared 0 | R
1 |Reset 0 [Ignored - w
D3 |SFLAGZ Slave flag 2 1)Set 0 [Cleared 0 R
1 |Reset 0 [Ignored - w
D2 |SFLAG1 Slave flag 1 1|Set 0 [Cleared 0 R
1 [Reset 0 |lgnored - w
D1 |SFLAGO Slave flag 0 1 [Set 0 [Cleared 0 R
1 |Reset 0 |Ignored - w
DO |SINT Slave interrupt flag 1 [Set 0 |Cleared 0 R
1 |Reset 0 [Ignored - w
On the host side (16-bit interface mode)
‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks ‘
HIF Flag Host Oxe | D15-8 |- reserved - - — |0 when being read.
Register 0 (16bits) | D7 |PROTECT |HIF_FLAG write protect 1 [Set/remove | 0 [Disable 0 |RW
(HIF_FLAGO) D6-5 |- reserved - - | - |owhen being read.
D4 [SFLAG3 Slave flag 3 1|Set 0 [Cleared 0 R
1 [Reset 0 |lgnored - w
D3 |SFLAG2 Slave flag 2 1 [Set 0 [Cleared 0 R
1 |Reset 0 |Ignored - w
D2 |SFLAG1 Slave flag 1 1 [Set 0 |Cleared 0 R
1 |Reset 0 [Ignored - w
D1 |SFLAGO Slave flag 0 1 [Set 0 |Cleared 0 R
1 |Reset 0 [Ignored - w
DO |SINT Slave interrupt flag 1[Set 0 [Cleared o[ R
1 |Reset 0 [Ignored - w
On the S1C33L27 side
\ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks \
HIF Flag 0x300918] D7-5 |- reserved - - — |0 when being read.
Register 0 (8 bits) D4 |SFLAG3 Slave flag 3 1 [Set 0 [Clear 0 |RW
(HIF_FLAGO) D3 [SFLAG2 Slave flag 2 1|Set 0 [Clear 0 [RW
D2 |[SFLAG1 Slave flag 1 1 [Set 0 |Clear 0 |RW
D1 |SFLAGO Slave flag 0 1 [Set 0 |Clear 0 |RW
DO |SINT Slave interrupt flag 1 [Set 0 |Clear 0 [RW

D[15:8] Reserved (External host processor, 16-bit interface mode)

D7 PROTECT: HIF_FLAG Write Protect Bits (for the external host processor only)
Changes the write-protect setting of the HIF_FLAGO0/1 registers. This register has a special configura-
tion, and the values for the entire HIF_FLAGO register must be written (writing only to the D7 bit will
have no effect).
0x96 (W): Disable write protection
Oxff (W): Write-protect the registers
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11 HOST INTERFACE (HIF)

Notes:

D[6:5]
D[7:5]
D[4:1]

DO

¢ PROTECT cannot be set from the C33 PE Core.

* To reset the flags in the HIF_FLAGO register, set PROTECT to 0 when writing to the HIF_
FLAGO register. The flags will not be reset if PROTECT is 1.

Reserved (External host processor)
Reserved (S1C33L27)

SFLAG[3:0]: Slave Flag Bits 3—0
These general-purpose flags can be set by the C33 PE Core.

C33 PE Core External host processor
1 (W): Setflag (1) Reset flag (0)
0 (W): Reset flag (0) Ignored
1 (R): Flag=1 Flag=1
0(R): Flag=0 Flag=0

The C33 PE Core can set or reset the flag by writing 1 or 0.
The external host processor can read the flags and can reset by writing 1 (cannot set the flags).

SINT: Slave Interrupt Flag Bit
This flag activates the #HIF_INT output and sends an interrupt request to an external host processor.

C33 PE core External host processor
1 (W): Set flag #HIF_INT — Low) Reset flag (0)
0 (W): Reset flag (#HIF_INT — High) Ignored
1 (R): Flag=1 (#HIF_INT = Low) Flag =1
0 (R): Flag =0 (#HIF_INT = High) Flag=0

Interrupts by this flag are only enabled when INTSEL/HIF_CTRL register = 0. If INTSEL is 1, the in-
terrupt request signal from the ITC to the C33 PE Core is sent to an external host processor.

This flag cannot be set from the external host processor.

When an interrupt has been received by the external host processor, this flag must be reset (make #HIF_
INT inactive).

HIF Flag Register 1 (HIF_FLAG1)

On the host side (8-bit interface mode)

\ Register name | Address | Bit | Name | Function Setting | Init. | R/W | Remarks \
HIF Flag Host Oxf | D7-4 |- reserved - - — |0 when being read.
Register 1 (8 bits) D3 |HFLAG2 Host flag 2 1 |Set 0 [Clear 0 |RW
(HIF_FLAG1) D2 |HFLAG1 Host flag 1 1 |Set 0 [Clear 0 |RW
D1 |HFLAGO Host flag 0 1 [Set 0 |Clear 0 [RW
DO |HINT Host interrupt flag 1 |Set 0 |Clear 0 [RW
On the host side (16-bit interface mode)
‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks
HIF Flag Host 0xf | D154 |- reserved - - — |0 when being read.
Register 1 (16 bits) D3 |HFLAG2 Host flag 2 1 [Set 0 |Clear 0 [RW
(HIF_FLAG1) D2 |HFLAG1 Host flag 1 1|Set 0 [Clear 0 [RW
D1 |HFLAGO Host flag 0 1 [Set 0 |Clear 0 |RW
DO |HINT Host interrupt flag 1|Set 0 |Clear 0 [RW
On the S1C33L27 side
‘ Register name | Address | Bit | Name | Function | Setting | Init. | R/W | Remarks ‘
HIF Flag 0x300919| D7-4 |- reserved - - — |0 when being read.
Register 1 (8 bits) D3 |HFLAG2 Host flag 2 1 [Set 0 |Cleared 0 R
(HIF_FLAG1) 1 |Reset 0 |lgnored - | W
D2 |HFLAG1 Host flag 1 1 [Set 0 [Cleared 0 R
1 |Reset 0 |Ignored - w
D1 [HFLAGO Host flag 0 1 [Set 0 |Cleared 0 R
1 |Reset 0 |Ignored - w
DO |HINT Host interrupt flag 1 |Set 0 |Cleared 0 R
1 |Reset 0 [Ignored - w
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11 HOST INTERFACE (HIF)

Note: To prevent errant operations resulting from unnecessary overwrites, the default setting for the
HIF_FLAG1 register is the write-protected state. To overwrite this register, the write protection
must be cleared by writing 0x96 to the HIF_FLAGO register (host address Oxe). (This can only be
done from the external host processor.)

D[15:4]
D[7:4]
D[3:1]

Do

Reserved (External host processor, 16-bit interface mode)
Reserved

HFLAG[2:0]: Host Flag Bits 2—-0
These general-purpose flags can be set by the external host processor.

External host processor C33 PE core
1 (W):  Setflag (1) Reset flag (0)
0 (W): Reset flag (0) Ignored
1 (R): Flag =1 Flag =1
0 (R): Flag=0 Flag=0

The external host processor can set or reset the flag by writing 1 or 0.
The C33 PE Core can read the flags and can reset by writing 1 (cannot set the flags).

HINT: Host Interrupt Flag Bit
The setting at the external host processor determines whether an NMI is generated or an interrupt re-
quest is issued to the ITC.

External host processor C33 PE core
1 (W): Set flag (Generates an NMI/interrupt) Reset flag (0)
0 (W): Reset flag (Clears the NMI/interrupt) Disabled
1 (R): Flag=1 Flag=1
0(R): Flag=0 Flag=0

This flag cannot be set from the C33 PE core.

When an interrupt has been received by the C33 PE Core, this flag must be reset.

Whether to generate a maskable HIF interrupt or an NMI by the HINT operation is determined by the
value set to HINT_MD/HIF_EXTCTRLI1 register. When HINT_MD is set to 0 (default), an NMI is
generated; when it is set to 1, an HIF interrupt request is issued to the ITC.
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12 Cache Controller (CCU)

12.1 CCU Module Overview

In order to enable fast access to instructions and data, the S1C33L27 incorporates a cache controller (CCU) that
runs by the 4-Way set associative method. Addresses 0x0 to 0x3ff (1K bytes) and 0x4c00 to Ox4fff (1K bytes) in
AORAM are used as cache memories for instructions and data, respectively, enabling fast access to external ROM/

SRAM/SDRAM in the specified area (excluding access to the embedded memory and internal peripheral modules
from data to be cached).

The cache can be locked before executing an interrupt handler routine of the specified interrupt level, this makes it
possible to avoid refilling the cache by a lower priority interrupt when a routine that requires high-speed process-
ing has been cached. Also, the cache is automatically locked in debugging mode, enabling debugging in a hardware
break in the same timing as the normal operation.

The main features of the CCU are outlined below.

» Cache adopting the 4-Way set associative method with separate memories for instructions (1K bytes) and data (1K
bytes).

* One area can be selected separately for each of the categories, instructions and data, (from Areas 14 to 22) as the
area for caching.

* One-word write buffer is built in to support write through mode.

* Refill is performed using the LRU algorithm.

* A four-word burst reading function is provided to reduce waiting time for refill.

* A locking function works in debugging and interrupts (with specification of the interrupt level).

* An automatic flush function is provided for the instruction cache to work in response to software PC break in de-
bugging.

Table 12.1.1 Cache Speed
Status Number of cycles
Reading from the instruction or data cache (upon hitting) 2 cycles *1

Concurrent reading from the instruction and data caches (upon hitting)
Reading from AORAM

Writing to the data cache (upon hitting and emptying the write buffer) 2 cycles *2

Writing to the data cache (upon mishitting and emptying the write buffer)

Writing to AORAM 1 cycle

Reading from the instruction or data cache (upon mishitting) Depends on the access setting for the
Writing to the data cache (when the write buffer is full) external memory

+1: As the instruction and data caches can be accessed at the same time, performance is maintained even when data
are accessed while instructions are being fetched.

+2: Data are written to the data cache and the write buffer at the same time in the first cycle and written to an external
memory in the next cycle.

Notes: ¢ The CCU does not have a snooping function (for maintaining the data in the cache memory
to match those in the external memory). The cache and the external memory are maintained
in synch if reading/writing is only executed in the C33 PE Core. Use software to secure data
integrity in cases where data are shared with the DMAC.

* When the CPU executes the halt or slp instruction, the clocks supplied to the C33 PE Core
and cache both stop. To avoid unexpected bus operations, lock or disable the cache and make
sure that the cache has been locked or disabled using the CCU_STAT register.
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12.2 Cache Configuration

The CCU uses addresses 0x0 to 0Ox3ff (1K bytes) and 0x4c00 to 0x4ftf (1K bytes) in AORAM for the instruction
cache and the data cache, respectively. The instruction cache and the data cache can be separately enabled in soft-

ware. When using the CCU, take care not to allow data to be accidentally written to the cache from an application.
The cache memory spaces only store data sections; the TAG sections are stored in the memory within the CCU

module.
Area 0 C33 PE Core
Reserved 4 t t
0x0000 4fff
* Data cache (1KB) |« >
0x0000 4c00
0x0000 3bff
General-purpose RAM | Cache _ SRAMC, |, _| External
(AORAM) N controller |~ SDRAMC |~ memory
0x0000 0400
0x0000 03ff
* Instruction cache (1KB) [« >
0x0000 0000

Figure 12.2.1 Cache Memory

The CCU adopts the 4-Way set associative method.

One frame is composed of cache data containing four lines (4 x 4 words), and one Way consists of four frames.
Four frames located at the corresponding area in each Way are managed under one LRU entry.

Data to a cache from the external memory are loaded in units of a line (four words).

Figure 12.2.2 shows the cache configuration.

TAG DATA
Frame 0 Line 3 Line 2 Line 1 Line O
Frame 1
Frame 2
Frame 3 Way 0 Way 0

| Way 1 | [ [ [ Way i
| Way 2 I I I | Way2
I Way 3 I I I [ Wway3

Figure 12.2.2 Cache Configuration

TAG and Data Sections

Each frame is divided into the TAG and Data sections as shown in Figure 12.2.3. The TAG section stores 18-bit
addresses for comparison. The Data section consists of four words (16 bytes each) by four lines.

TAG DATA

[ CA[25:8] | Line 3 Line 2 [ Line 1 [ Line 0 |
e » »le e I

18 bits 4 words 4 words 4 words 4 words

Address for comparison
W3 [ w2 [ W1 [ W0
=44 =I< =44
32 bits 32 bits 32 bits 32 bits
128 bits

Figure 12.2.3 Frame Configuration

LRU Section

Configured with 4-Ways, the CCU has four frames of data assigned the same entry number. If nothing is hit, it
is needed to select one of the four Ways to replace with, in which case, the LRU section stores the Way number.
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12.3 Cache Settings and Operations

12.3.1 Cache Enable

At initial reset, the caching function is disabled.
Set up as follows to use caching.

When the instruction cache is used
Set the IC/CCU_CFG register to 1.

When the data cache is used
Set the DC/CCU_CFQG register to 1.

Turning IC and DC back to O flushes and clears all data cached.

Note: Be sure to disable the instruction and data caches before executing the halt or slp instruction.

12.3.2 Selecting Area to Be Cached

The CCU caches access to one area (an external memory) out of Areas 14 to 22. Select a target area for caching
in the instruction cache in ARIC[2:0]/CCU_AREA register and one for caching in the data cache in ARDC[2:0]/
CCU_AREA register, respectively.

Table 12.3.2.1 Selecting Area to Be Cached

ARIC[2:0/ARDC[2:0] Areas to be cached

0x7 Area 22 (0x80000000 to Oxffffffff)

0x6 Area 21 (0x40000000 to Ox7fffffff)

0x5 Area 20 (0x20000000 to Ox3fffffff)

0x4 Area 19 (0x10000000 to Ox1fffffff)

0x3 Area 18 (0x0c000000 to 0xOfffffff)

0x2 Area 17 (0x08000000 to OxObffffff)

0x1 Areas 15 and 16 (0x04000000 to 0xO07ffffff)
0x0 Area 14 (0x03000000 to Ox03ffffff)

(Default: 0x0)

The CCU only caches access to the range of 64MB starting at the top of the selected area. The areas after the lead-
ing 64MB space in Areas 19 to 22 are mirror areas.

12.3.3 Comparing Addresses and Cache Hit/Mishit

Among addresses output by the SRAMC, two bits at A[7:6] represent the entry number (frame offset). A[25:8] is
deemed as a comparison address and compared with the address for comparison (CA[25:8]) stored in the TAG sec-
tion containing four Ways under the entry selected in A[7:6].
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External memory address A[31:0] from SRAMC

31 26 25 8 76543210
[ Ast2e] | A25:8] [A7:6][A5:4][Al3:2][A[1:0] FO : Frame offset
Area | Address for comparison || FO || LO ||WO|| BO | LO : Line offset
WO: Word offset
BO : Byte offset
l l v DATAl l
Line 3 Line 2 Line 1 Line 0
LRU TAG 'W3 W2 W1 Wo'w3 W2 W1 Wo'w3 w2 W1 wWo''w3 w2 w1 wo'
Entry 0 Frame 0
Entry 1 Frame 1
Entry 2 Frame 2
Entry 3 Frame 3 Way 0
Way 1
LT T 1 [ T T T T T T T Tway2
LT 111 [ T T T T T T T Tways
I A 4 I v I A 4 l A 4
CMPO | CMP1 | CMP2 | CMP3
YVYV Y
A S S N wox
I Selection of Way
Hit l
[ D[31:0]
Hit data

Figure 12.3.3.1 Cache-wise Operation

The following describes operation up to cache hit/mishit judgement.

1.
2.

Generates entry numbers (0-3) from address A[7:6] output by the SRAMC.

Reads information for four Ways from the TAG section in the selected